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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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WESTERN DIGITAL'S INTERARCHITECTURE 

Western Digital's Interarchitecture 

Western Digital designs and manufactures a full 
range of VLSI (very large-scale integration) 
products that control the fundamental functions of 
computing: storage control, video, data com­
munications, and systems logic. This diverse 
technical expertise enables Western Digital to 
design all components from a systems perspec­
tive. And through the Interarchitecture™ products 
that result from that design process, the company 
can provide a level of compatibility and perfor­
mance that other companies can't. 

Interarchitecture is not limited to devices only, but 
extends to drives as well. Western Digital employs 
this process extensively in designing drives; the 
controller and drive electronics are designed 
together to produce an intelligent drive of incom­
parable performance and reliability. And when, for 
example, Western Digital's Caviar or Piranha 
drives are paired with Western Digital's 7600 core 
logic, the result is even greater performance char­
acteristics and guaranteed compatibility. 

Interarchitecture is the process whereby devices 
are developed "inter"dependently, that is the 
designer of the core logic, for example, works with 
the designer of the video device. This interaction 
produces device solutions that work together bet­
ter, resulting in matched chip sets with unmatched 
performance. 

The Advantages Of Inter architecture 
Through its Interarchitecture products -- complete 
platform solutions designed in concert exclusively 
by Western Digital -- you can realize a number of 
significant advantages: 

Accelerated Time To Market 
Using Western Digital's Interarchitecture 
products will reduce your research and design 
cycle, allowing you to get your product to 
market faster. 

Cost-Effective Solutions 
The inherent qualities of Western Digital's In­
terarchitecture products will enable you to 
design and manufacture your products more 
cost effectively. Your designers can increase 
system functionality while simplifying system 
integration, and by providing full functionality 
in fewer chips, these solutions will reduce 
manufacturing, test and maintenance costs. 

Increased Design And System 
Flexibility 
Interarchitecture products give your systems 
designers more platform and application 
choices and more ways to solve specific 
design problems. Using the same set of chips, 
designers can upgrade or downgrade their 
systems utilizing different processors (e.g.: 
80286 or 80386SX) and implement a variety 
of systems software (UNIX, OS/2, DOS). 

Optimized Performance 
Western Digital designs its Interarchitecture 
chips together, that is, the core logic was 
developed with the video, etc. Accordingly, 
when all these pieces are implemented as a 
total solution, speed enhancements for certain 
applications can be achieved. 

Improved Reliability And Com­
patibility 
The process of co-designing across an entire 
product line increases overall product 
reliability. 

Western Digital guarantees the compatibility of 
one of its devices to another, and when used in 
conjunction, Interarchitecture products can help 
ensure overall system compatibility. 

ix 



WESTERN DIGITAL'S INTERARCHITECTURE 

Interarchitecture Solutions For Desktop 
And Laptop Systems 

WD7600 System Chipset for 80286 or 80386SX desktop systems 

Components: 

WD76C10 single-chip core logic 
• memory control, CPU control, DMA 

interrupts, buffers 
• AT-bus control up to 25 MHz 
• 1.25 micron CMOS design 
• 80286 or 80386SX interface 

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 modes 
• chip select logic generation 

WD76C30 single-chip data communications 

x 

• serial/parallel 1/0 control, programmable 
coprocessor clock, floppy frequency 
generator, keyboard clock, baud rate 
generator, AT-bus clock, interrupt multiplexor 

• 1.25 n:'icron CMOS design 
• FIFO port operation 

WD90Cll (PVGA1C) single chip video 
• fully integrated VGA video control 
• optional video RAMDAC and video clock 
• 85141 A video option 

WD90C61 - video graphics array clock 
(PCLK2) 

Western Digitallnterachitecture 
Intelligent Drives* 

Caviar™ Drives: 
• one-inch, 42- and 85-Mbyte formatted 

capacities, 18 milliseconds 
• CacheFlow™, adaptive segmented cache 
• Automatic head parking, advanced defect 

management and embedded sector servo 
control 

Piranha™ Drives: 
• 3.5-inch, 106- and 212-Mbyte formatted 

capacities, 16 milliseconds 
• Cache Flow, adaptive segmented cache 
• Automatic head parking, advanced defect 

management and embedded sector servo 
control 

* For more information on Western Digital's intel­
ligent drives, call 1-800-832-4778 in the US, or 
1-800-448-8470 in Canada. 



WESTERN DIGITAL'S INTERARCHITECTURE 

WD7600LP System Chipset for 80286 or 80386SX portable systems 

Components: 

WD76C10lP single-chip core logic 
• memory control, CPU control, DMA 

interrupts, buffers 

• special sleep, speed-up modes 

• extensive set of power management 
features 

• AT-bus control up to 12.5 MHz 

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 

WD90C20 (PVGA 1 F) single-chip video 
• full VGA video support with laptop RAMDAC 

• optional video clock 

• supports 32-color, gray-scale palette 

WD90C61 -- video graphics array clock 
(PClK2) 

Western Digital Inter architecture 
Intelligent Drives* 

AB130 Piranha Drive: 
• 2.5-inch, 0.6 inches high 

• 31.5 Mbyte formatted capacity 

• 19 milliseconds average seek time 

• CacheFlow multi-segmented, adaptive 
cache 

• 6 power-management modes 

AH260 Hornet Drive: 
• 2.5-inch, 0.75 inches high 

• 62.9 Mbyte formatted capacity 

• 19 milliseconds average seek time 

• CacheFlow multi-segmented, adaptive 
cache 

• 6 power-management modes 

* For more information on Western Digital's intel­
ligent drives, call 1-800-832-4778 in the US, or 
1-800-448-8470 in Canada. 
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WESTERN DIGITAL QUALITY 

Western Digital Quality 
Customer Satisfaction Through Relentless Improvement 

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

The company's goal is to continually improve the 
reliability of those products through the implemen­
tation of a variety of quality programs, utilization of 
the most advanced evaluation and analysis tools 
and the execution of an extensive set of qualifica­
tion and testing procedures. 

Western Digital can deliver unique customer ad­
vantages due to the vertically integrated structure 
of the company, whereby it designs, develops, 
manufactures, tests and markets all of its 
products. Accordingly, Western Digital can ensure 
that the quality and reliability of its designs are 
translated into products of similar quality for the 
end user. 

Quality starts with employees at Western Digital. 
Employees undergo thorough training to ensure 
the most technically-advanced workforce, and 
those employees then work closely with upper 
management through customer satisfaction com­
mittees, steering committees and executive 
partnerships to solve problems. 

The company then implements its "total quality 
management" program for every chip, board and 

xii 

drive product. That program begins with a com­
plete quality evaluation of the materials used to 
make products. Materials must pass a full comple­
ment of inspections and audits, and vendors are 
constantly measured and re-qualified. 

An exhaustive product evaluation program is then 
executed, encompassing a complete battery of 
characterization and functionality tests from en­
gineering prototypes through unlimited production. 
An additional set of tests are conducted at the 
manufacturing phase, with special attention paid 
to the environmental factors that can adversely 
affect product quality. 

Western Digital's quality process doesn't end after 
a product is manufactured. The company con­
stantly works to reduce cycle time; it is continually 
evaluating its certified vendors, while achieving 
certification by its own customers; and it is always 
striving for superior customer service and techni­
cal support through programs such as its "cus­
tomer quality alert" program, through which cus­
tomer quality issues are addressed in less than 
48 hours. 

From raw materials to finished product, Western 
Digital is dedicated to quality and to guaranteeing 
that the result of its design and manufacturing ef­
forts is the most reliable product attainable. 
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INTRODUCTION FE3001 

1.0 INTRODUCTION 

1.1 DESCRIPTION 1.2 FEATURES 

The FE3001 contains all of the clock generation 
and cycle control logic necessary to implement 
an IBM AT compatible computer. It is part of the 
FE3600 chip set intended to simplify the design 
of 80286 based AT computers. 

Its features include programmable CPU and DMA 
clock generation, system clock generation, 
programmable bus timing, programmable wait 
state generator, refresh and DMA controls, bus ar­
bitration logic, NMI generator and parity error 
logic, reset/shutdown control, sleep mode, and 
80286 interface logic and packaged in an 84-pin 
PLCC. 

CPU CONTROL FE3001 
CPU CONTROL 

FE 3021 
ADDRESS BUFFER 

MEMORY 
CONTROLLER 

80286 ADDRESS 

DATA 

FE 3010 
PERIPHERAL 

r- CONTROL 

80287 

FE 3031 

DATA BUFFERS 

KEYBOARD 

MOUSE 

Programmable CPU and DMA clock 
generator 

System clock generator 

Programmable bus timing 

Programmable wait state generator 

Refresh and DMA controls 

Bus arbitration logic 

NMI generator and Parity error logic 

Reset/shutdown control 

Sleep mode 

80286 interface logic 

1.25 micron HCMOS technology 

84-Pin PLCC 

INTERNAL CONTROL 

I 
AT ADDRESS BUS 

AT BUS CONTROL 

-RAM 

ADDRESS 

~ DRAM r-

INTERRUPTS & DMA 

RAM DATA 

E DATA 

REAL TIME 

CLOCK 

PROM 
(BIOS) 

AT DATA BUS 

FIGURE 1-1. FE3600 CHIP SET FUNCTIONAL BLOCK DIAGRAM 
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CLK16- -PROCLK 
-DMACLK --

CLKHS-
CLOCK - EADRO/PCLK, PCLK 

CONTROL -SYSCLK 

CLK14 -TMRCLK 

-CLK287 

--AEN DMARDY --- YIOR 

DMA IOCS16 --
--- YIOW 
DMAMR CONTROL DLY'D DMAMR ---YMEMR 

REFRESH 
YMEMW 

MNIO COMMAND 
- CONTROL ALE 
S1 

BALE -AO SO 
-ADRO INTA 

BHE HLDA 
READY 

AEN ONBRD 
AO/BHE -- MEMCS16 ACK 
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--
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SCYCLE -ABHE 

ADRO DTR 

BHE SDTR 

RESCPU --- IOCS16 DENO RESET 
RESET MEMCS16 BUS DEN1 

-- CONTROL 
RESIN CONTROL CPU RES HLDA SDEN 

---
ONBRD SCYCLE 
MASTER ONBRDL 

PTYERR NMI 

ERROR D6 
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D7 
OUT1 HLDA1 
HRQ1 HOLDRQ --

BUSY RST287 HLDA PRIORITY 
IRQ13 IOCHRDY CONTROL REFRESH ---

ERROR CO·PROC. ---
BZ286 INTA ERFSH 
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F,IGURE 1·2. FE3001 BLOCK DIAGRAM 
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84 CLK16 PROCLK 24 

CLKHS SYSCLK 22 
OMACLK 21 

83 CLK14 TMRCLK 20 
EAORO/PCLK 17 

55 RESIN PCLK 18 

56 RESCPU CLK287 27 
OLYWR 40 

54 OMAMR RESET 3 

82 SO ONBROL 4 

81 S1 
CPU RES 5 

80 MNIO 
YMEMR 41 

57 MEMCS16 
YMEMW 42 

58 IOCS16 
YIOR 43 

59 ZEROWS 
YIOW 45 

60 ONBRO 
ALE 25 
BALE 26 

61 MASTER OTR 28 

48 BHE OENO 29 

69 AO OEN1 30 

70 A1 SOTR 31 

71 A3 SOEN 32 

52 02 FE3001 
SCYCLE 33 

53 03 AORO 47 

49 06 ABHE 37 

50 07 RTCALE 6 

62 10CHROY READY 35 
OMAROY 36 

73 PTYERR NMI 15 

75 10CHCK ACK 34 

76 NMICS EBHE 46 

77 PBCS HOLORQ 7 

66 HRQ1 REFRESH 39 

67 OUT1 ERFSH 8 

68 HLDA HLOA1 9 

78 AEN INTA 10 

79 OACK2 NPCS 16 

63 BUSY RST287 11 

64 ERROR BZ286 13 

72 CS287 IRQ13 14 
V SS1 2 

19 V DD1 
V SS2 

12 

51 V DD2 
V SS3 23 

74 VDD3 
V SS4 38 
V SS5 44 
V SS6 65 

FIGURE 1-3. FE3001 PIN ASSIGNMENTS 
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PIN# SIGNAL TYPE DESCRIPTION 

1 CLKHS I High speed clock input. This provides the high speed clock when 
selected. When CLK16 (pin 84) is pulled high, this input (divided 
by two) is used as the low speed clock. 

2 VSS1 Ground. 

3 RESET 0 Reset to the system. 

4 ONBRDL 0 ONBRD input latched by ALE internally. Follows ONBRD when 
HLDAhigh. 

5 CPU RES 0 Reset to 80286. 

6 RTCALE 0 Real Time Clock Address Latch Enable (1/0 address 70H). 

7 HOLDRQ 0 Hold request to 80286 for DMA or Refresh. 

8 ERFSH 0 Enable refresh address signal to FE3010. Puts refresh address on 
address bus. 

9 HLDA1 0 DMA hold acknowledge signal to FE301 o. Not active during 
refresh. 

10 INTA 0 Interrupt acknowledge to FE3010. 

11 RST287 0 Reset to 80287 (Write to 1/0 address F1 H or system reset). 

12 VSS2 Ground. 

13 BZ286 0 80287 busy signal to 80286. Latched low by 80287 ERROR 
signal. 

14 IRQ13 0 Interrupt request 13 for 80287 error to FE3010. 

15 NMI 0 Non-Maskable Interrupt to 80286. 
Generated in response to a parity error or bus 10CHCK. 

16 NPCS 0 80287 Co-processor chip select. (1/0 Addresses F8H, FAH and 
FCH). 

17 EADRO/PCLK 0 Tristate output to AT bus SAO & 7.16 MHz clock for keyboard 
controller. 

18 PCLK 0 Inverted PCLK. 

19 VDD1 +5 VVDD. 

20 TMRCLK 0 1.19 MHz timer clock to FE3010. 

21 DMACLK 0 Software selectable clock for DMA to FE3010. 

22 SYSCLK 0 System clock needed for bus timing. 
See description in synchronization section. 

23 VSS3 Ground. 

24 PROCLK 0 Software selectable 80286 clock. 

25 ALE 0 Local Address Latch Enable. 

26 BALE 0 Bus Address Latch Enable. (Programmable) 

27 CLK287 0 Clock for 80287. See clock section for details. 

28 DTR 0 Data direction to FE3031 data buffer. 

29 DENO 0 Low byte PC/AT Bus data enable to FE3031 data buffer. 

30 DEN1 0 High byte PC/AT Bus data enable to FE3031 data buffer. 

31 SDTR 0 PC/AT Bus byte swap direction to FE3031 data buffer. 

32 SDEN 0 PC/AT Bus byte swap enable to FE3031 data buffer. 
33 SCYCLE 0 Latch low byte during byte swap read. 

TABLE 1·1. SIGNAL DESCRIPTIONS 
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PIN SIGNAL TYPE DESCRIPTION 

33 SCYCLE 0 Latch low byte during byte swap read. 

34 ACK 0 DMA or Refresh Acknowledge signal to the PC/AT bus. 

35 READY 0 Ready to 80286. 

36 DMARDY 0 When high allows FE3010 to complete a DMA cycle. 

37 ABHE 0 High byte enable for devices on local bus. 

38 VSS4 Ground. 

39 REFRESH I/O Refresh cycle. Generated from FE3010 timer signal OUT1 
or externally from the bus. 

40 DLYWR I/O YIOW delayed to the FE3010, active edge delayed one PROCLK. 
Input from FE3010 during DMA to generate YIOW. 

41 YMEMR I/O Memory read. Input during Master cycle. 

42 YMEMW I/O Memory write. Input during HLDA cycle. 

43 YIOR I/O I/O read. Input during HLDA cycle. 

44 VSS5 Ground. 

45 YIOW I/O I/O write. Input during Master cycle. 

46 EBHE I/O High byte enable to expansion bus. Input during Master cycle. 
47 ADRO I/O Low byte enable. Latched with ALE during a CPU cycle, driven 10Vl 

during 16-Bit DMA cycles. 

48 BHE I/O High byte enable from the 80286. Output during MASTER 
and DMA cycles for use by the FE3021. 

49 06 I/O Peripheral data bus bit 6. 

50 07 I/O Peripheral data bus bit 7. 

51 VDD2 +5 V VDD. 

52 02 I Peripheral data bus bit 2. 

53 03 I Peripheral data bus bit 3. 

54 DMAMR I DMA memory read from DMA controller. 

55 RESIN I System reset input. 

56 RESCPU I CPU reset input from keyboard controller. 

57 MEMCS16 I Signals 16 bit memory transfer capability on the PC/AT bus. 

58 IOCS16 I Signals 16 bit I/O transfer capability on the PC/AT bus. 

59 ZEROWS I Zero wait state bus cycle request. See description for more 
details. 

60 ONBRD I 16 bit on-board DRAM memory, BIOS, or I/O device. Implies 
local memory on memory cycles and fast I/O bus timing for I/O 
cycles. 

61 MASTER I Master on PC/AT bus has control of the bus when asserted. 

62 lOCH ROY I Current bus cycle may complete when high. May be used 
to extend CPU, DMA, or refresh cycles. 

63 BUSY I 80287 co-processor busy. 

64 ERROR I Errorfrom 80287. 

65 VSS6 Ground. 

66 HRQ1 I Hold request from DMA controller in FE3010. 

TABLE 1-1. SIGNAL DESCRIPTIONS, Continued 
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PIN SIGNAL TYPE DESCRIPTION 

67 OUT1 I . Refresh timer input from FE3010. 

68 HLOA I Hold acknowledge from 80286. 

69 AO I Local 80286 address bus O. 

70 A1 I Local 80286 address bus 1. 

71 A3 I Local 80286 address bus 3. 

72 CS287 I 80287 select decode from FE3021 (OEOH - OFFH). 

73 PTYERR I On-board RAM parity error. Sampled on the first falling edge of 
PROCLK after YMEMR goes high. 

74 VDD3 +5 V VDD. 

75 10CHCK I Error from PC/AT bus. 

76 NMICS I NMI port enable decode (07XH). Also used for programming 
bus control registers. 

77 PBCS I Port B chip select decode (061 H - 06FH, ODD). See register 
description for decode definitions. 

78 AEN I OMA cycle enable from FE3010. 

79 OACK2 I 16 bit OMA acknowledge from FE3010. 

80 M/IO I 80286 memory/IO select. High indicates memory halt, or shut-
down cycles. Low indicates I/O or interrupt acknowledge cycles. 

81 S1 I 80286 Status 1 . 

82 SO I 80286 Status O. 

83 CLK14 I 14.318 MHz clock input used to derive TMRCLK, EAORO/PCLK, 
and PCLK. 

84 CLK16 I 16 M Hz clock input. This provides the low speed CPU clock for 8 
MHz operation. When this pin is pulled high, CLKHS + 2 is used 
as the low speed clock. 

TABLE 1·1. SIGNAL DESCRIPTIONS, Continued 
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FUNCTIONAL DESCRIPTION 

2.0 FUNCTIONAL DESCRIPTION 

2.1 OVERVIEW 
The FE3001 is designed to run with the FE3010 
peripheral controller, and the FE3021 and 
FE3031 buffers/memory controls to create a 16 
MHz or 20 MHz PC/AT compatible system. The 
basic architecture of an AT compatible system 
using the FE3600B chip set involves putting the 
system DRAM on the local data and command 
bus, allowing high speed access. The BIOS ROM 
can be put on the local bus or expansion bus; the 
FE3021 has provisions especially to use the 
ROM on the higher speed bus. During accesses 
to local memory, the data buffer controls in the 
FE3001 A prevent data collisions between the 
local and expansion buses. The FE3021 and 
FE3031 also inhibit memory read and write sig­
nals to the expansion bus for local memory ac­
cesses. 

The FE3001 generates all of the clocks needed 
in the system. The CPU clock to the 80286 
processor (PROCLK) is programmable, as is the 
DMA clock for the DMA controller in the FE301 0 
(DMACLK). The expansion bus clock (SYSCLK) 
and coprocessor clock for the 80287 (CLK287) 
automatically adjust to the current operating con­
figuration. The clock for the timers in the FE3010 
(TMRCLK) is fixed at 1.19 MHz, and the clocks 
for the keyboard controller (PCLK and PCLK) are 
fixed at 7.16 MHz. 

The FE3001 has registers to delay the five com­
mands (memory read and write, I/O read and 
write, interrupt acknowledge) during a CPU cycle 
and control the length of the commands based on 
various input signals (16-bit memory, 16-bit I/O, 
on-board memory, fast 16-bit I/O device, and 
zero wait state device). On power-up, these 
registers are loaded with values to run the sys­
tem with a 16 MHz PROCLK (8 MHz system) 
with full AT compatibility and no register program­
ming necessary. Before switching to high speed 
operation, it is necessary to program the registers 
for proper bus emulation. These registers 
eliminate the need to either slow down the 
processor for expansion bus operations or run 
the bus asynchronously. Note that a 16 MHz sys­
tem can be made to exactly match the bus timing 
of an 8 MHz system. 

2.2 CLOCK GENERATOR 
This module generates clocks for the CPU, DMA, 

FE3001 

8042 keyboard controller, timer and 80287 
Numeric Processor. The CPU clock is software 
selectable for low speed or high speed CPU 
operation. The DMA clock is also software selec­
table between standard and high speed. The 
80287 clock is fixed at the low speed CPU clock. 

2.2.1 PROCLK 
The CLK16 and CLKHS input clocks to the 
FE3001 are used to create the low speed and 
high speed clocks to the CPU. The CLKHS input 
is used when the high speed CPU clock is 
selected. If the CLK16 input is connected to an 
oscillator, it will be used when the low speed 
CPU clock is selected (typically from 6 to 8 MHz 
CPU speed). Alternatively, if CLK16 is tied high 
through a pullup resistor, then CLKHS + 2 will be 
used as the low speed clock, saving an oscillator. 

The CPU clock circuitry ensures a glitchless 
speed switch. PROCLK will be held high at most 
1 1/2 clock periods of the clock being selected in 
order to achieve synchronization. Since 
SYSCLK and DMACLK are based on PROCLK, 
they will also switch speeds without glitches. 

2.2.2 DMACLK 
DMACLK can be software selected between 
standard speed and a special high speed mode. 
Standard speed provides a 4 MHz DMA clock to 
the DMA controller on a 16 MHz system, the 
same as an 8 MHz IBM PC/AT. This will be the 
most common selection of DMA speed. Select­
ing high speed DMA runs the DMA controller at 
twice standard speed. This would likely be con­
fined to special dedicated systems where only 
well defined DMA peripherals that can run that 
fast are used. 

DMACLK is PROCLK + 4 when the low speed 
CPU clock is selected. DMACLK is PROCLK + 8 
when the high speed CPU clock is selected. 
DMACLK will always change on CPU "t" state 
boundaries, but no other synchronization is at­
tempted. The previous discussion applies to 
standard speed DMA. If high speed DMA is 
selected, it runs twice as fast in all cases. 

2.2.3 CLK287 
CLK287 is always the same as the low speed 
CPU clock. It is not affected by speed switching. 
It follows CLK16 if that input is toggling or is 
CLKHS + 2 if CLK16 is pulled high. 
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PROCLK 

ALE ------~~~--------------------------------------------

SYSCLK =x~ ______ ~\~ _____ / ,,'-------~/ 

FIGURE 2-1. SYSCLK TIMING DURING HIGH SPEED OPERATIONS 

2.2.4 SYSCLK 
When the low speed clock is selected, SYSCLK 
is PROCLK + 2. During high speed operation, 
SYSCLK is PROCLK + 4. In the high speed case, 
SYSCLK is brought into sync with the PC/AT bus 
at the end of ALE. See Figure 2-1 for SYSCLK 
functional timing. 

2.2.5 EADRO/PCLK, PCLK, and TMRCLK 

The CLK14 input is used to generate 
EADRO/PCLK, PCLK, and TMRCLK. It must be 
14.31818 MHz in order for TMRCLK to be 1.1932 
MHz, as required for the timers in the FE3010 to 
be AT compatible. TMRCLK is CLK14 + 1_2. __ 
EADRO/PCLK is CLK14 + 2 (7.16 MHz). PCLK 
is the complement of EADRO/PCLK. 
EADRO/PCLK and PCLK can be used to drive 
the 8042 keyboard controller. 

2.2.6 STOPPING THE CLOCKS 
(SLEEP MODE) 

Software may put the FE3001 in sleep mode by 
setting port 063H bit 6. In sleep mode, PROCLK 
and DMACLK will be stopped at a high level. 
SYSCLK will also be stopped, but at an indeter­
minate logic level. DMACLK and PROCLK will 
each stop on their first rising edge after HLDA is 
seen active by the FE3001. Typically, this would 
be the first refresh cycle after the sleep bit is writ­
ten. SYSCLK will stop with PROCLK. 

By stopping these clocks, power can be con­
served in battery operated systems. Note that a 
static CMOS 80286 must be used in order to stop 
the CPU clock. EADRO/PCLK, PCLK, TMRCLK, 
and CLK287 will continue to run in sleep mode, 
allowing the keyboard controller, timers, and 
coprocessor to operate. Either a keyboard inter-

rupt or a system clock interrupt is a likely choice 
to wake the CPU up. 

To restart the clocks (wake up the CPU), the 
RESCPU input must be pulsed low. The rising 
edge of RESCPU will kick off internal 
synchronization that will restart the clocks roughly 
2 EADRO/PCLK periods later. No glitches will 
occur on the clocks as a result of a restart. Also 
note that the pulse on RESCPU will not reset the 
CPU if the FE3001 is in sleep mode. Refer to Ap­
plication Notes for information on external logic 
needed to implement sleep mode. 

2.3 COMMAND CONTROL 

This module generates the I/O read and write 
commands, memory read and write commands, 
interrupt acknowledge, ALE and BALE from S 1 , 
SO, and MNIO. It also controls the number of wait 
states used during each CPU cycle. See the 
register descriptions for programming informa­
tion. For recommended program values, refer to 
AppendixA. 

2.3.1 ON-BOARD CYCLES 

When the ONBRD signal is active, then this cycle 
is directed toward 16-bit, high speed local DRAM, 
BIOS, or I/O. The timing for these cycles is 
defined by registers R9, R10, and R12. The AT 
bus timing signals MEMCS16 and IOCS16 have 
no effect. 10CHRDY can be used to lengthen the 
cycle, and indeed is used by the FE3021 to add 
wait states for a DRAM page miss or EMS 
cycles. 

The wait states for on-board reads and writes are 
individually programmable by registers R9 and 
R10 in order to optimize DRAM access speed. 
Both memory and I/O cycles use these values. 
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The command delay for on-board I/O cycles is 
set by register R12. The command delay for on­
board memory cycles is always zero. 

2.3.2 AT BUS CYCLES 
All I/O and memory cycles where ONBRD is inac­
tive will be directed to the AT bus. The command 
delay and wait states are programmable for each 
type of AT bus cycle. Refer to section 3 for more 
details. 

Memory cycles use 16-bit timing when 
MEMCS16 is driven low before either the 
memory command (YMEMR or YMEMW) is 
programmed to go active or BALE falls, 
whichever is earlier. I/O cycles use 16-bit timing 
when IOCS16 is driven low before the I/O com­
mand (YIOR or YIOW) is programmed to go ac­
tive. Otherwise, all cycles use 8-bit timing. 

ZEROWS can be driven low for either 8-bit or 16-
bit cycles to terminate the cycle early. As on the 
AT, it should not be driven until a command is ac­
tive. It will cause the cycle to end after the 
prescribed minimum number of wait states in 
register R8 is met. Note that the FE3001 con­
tains circuitry to ensure that an AT bus cycle will 
end (command goes high) on a rising edge of 
SYSCLK and will add a wait state if needed to en­
force this. This synchronization circuitry will over­
ride register programming and the 10CHRDY and 
ZEROWS inputs. 

2.3.3 OTHER CYCLES 
Interrupt acknowledge cycles follow the same 
command timing as an 8-bit AT bus cycle. HALT 
cycles do not generate ALE, BALE or cause the 
READY output to go high. Effectively, the 
FE3001 A does not respond to a HALT cycle. A 
SHUTDOWN cycle is handled like a HALT, ex­
cept that it causes the CPU RES line to be 
pulsed, resetting the CPU only. 

2.4 BUS CONTROL 
This module generates the data buffer controls 
for CPU, DMA, and refresh cycles. DENO and 
DEN1 are used to enable the lower and upper 
bytes of the FE3031 AT Bus data buffers, respec­
tively. DTR sets the direction of these buffers. 
SDEN and SDTR control the enable and direc­
tion of a buffer which transfers data between the 
upper and lower bytes of the AT data bus. The 
rising edge of SCYCLE latches data on the lower 
byte of the AT bus into the FE3031, needed for 
16-bit to 8-bit bus conversion cycles. ONBRDL is 

ONBRD latched by ALE to keep it valid 
throughout the cycle. 

The ONBRD signal is used to indicate on-board 
DRAM and I/O operations. On-board memory 
and fast on-board I/O devices are assumed to be 
16 bit devices. During CPU cycles which access 
on-board memory, the AT data buffers will be dis­
abled. For Bus Master and DMA cycles, ONBRD 
must be decoded only for on-board memory. 

2.5 AO/BHE GENERATOR 
This module generates the system ADRO, ABHE, 
and EBHE using AO and BHE from the 80286 
CPU and AEN and DACK2 from the DMA control­
ler in the FE3010. 

2.5.1 ADRO 
During CPU cycles, AO from the 80286 is latched 
with ALE to produce ADRO. For 16 bit DMA trans­
fers and interrupt acknowledge cycles, ADRO is 
forced low so that the low byte of the data bus is 
activated. For all other CPU hold conditions 
ADRO is tri-stated. The FE3001 performs two 
cycles when the CPU attempts a 16 bit operation 
to an 8-bit device on an even address boundary. 
ADRO is automatically forced to one at the start 
of the second cycle to select the second byte. 

2.5.2 ABHE 
ABHE is the local upper byte select used by the 
FE3031. During CPU cycles, ABHE is BHE 
latched with ALE. It is forced low during 16-bit 
DMA (DACK2 and AEN inputs high) so that the 
upper byte is always selected. For 8-bit DMA, it 
is the inversion of ADRO so that only one byte is 
selected at a time. During master mode, ABHE 
follows the EBHE input. 

2.5.3 EBHE 
EBHE is the upper byte select to the AT bus. 
During CPU cycles, EBHE is ABHE latched with 
BALE to provide proper AT bus timing. During 
DMA, EBHE follows ABHE. During refresh the 
EBHE output is disabled. It is an input during 
Master Mode transfers. 

2.6 PRIORITY CONTROL 
The Priority Control module generates the hold re­
quest signal to the CPU in response to a request 
from the DMA controller or refresh timer. 

2.6.1 REFRESH CYCLES 
The FE3001 generates a hold request in 
response to a rising edge on the OUT1 input, sig-
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nailing that a refresh cycle is needed. A refresh 
cycle is initiated when HLDA comes back from 
the CPU. The FE3001 refresh state machine 
drives REFRESH low to signal a refresh cycle to 
the AT bus, and sets ERFSH low to the FE3010 
to enable the refresh address onto the CPU ad­
dress bus. YMEMR will also be strobed low 
during a refresh cycle. Refer to the timing . 
diagrams for more detail. Note that REFRESH IS 

a bidirectional open-collector signal, and a 
refresh cycle can be started by an expansion 
card. 

2.6.2 DMA CYCLES AND REQUEST 
ARBITRATION 

Requests for control by the DMA controller are 
made by taking the HRQ1 input high. The 
FE3001 grants control to the DMA controller by 
setting HLDA 1 high. 

When the FE3001 receives a HLDA, it grants con­
trol either to the refresh state machine 
(REFRESH goes low) or to the DMA controller 
(HLDA1 goes high). Priority is given to the 
refresh state machine in the event of simul­
taneous requests. Note that if simultaneous re­
quests do exist, then HOLDRC? will ~o.t be 
dropped after the first request IS satisfied. I~­
stead, the FE3001 will grant control sequentially 
to both requestors with the same HLDA. 

2.7 DMA CONTROL 
This module generates the DMARDY signal for 
the FE3010 peripheral controller. This signal indi­
cates that the DMA may complete its cycle. The 
module also generates YMEMR during DMA by 
delaying the leading (falling) edge of the FE3010 
DMAMR signal by one DMA clock. 

2.8 ERROR CONTROL 
This module generates a non-maskable interrupt 
(NMI) to the 80286 when a parity error or system 
bus error is encountered. Parity error, system bus 
error or NMI can be enabled or disabled from 
software. They are all disabled on system reset. 

The PTYERR input is examined each time 
YMEMR goes high and it is an on-board cycle 
(ONBRDL low). The state of the PTYERR input 
is actually latched on the first falling edge of 
PROCLK after YMEMR goes high. This applies 
to all on-board reads including CPU, DMA, and 
Bus Master cycles. If PTYERR was high, it sig­
nals a parity failure and will generate an NMI to 
the CPU if enabled. The parity error latch can be 

FUNCTIONAL DESCRIPTION 

cleared by disabling and then enabling parity er­
rors. 

The 10CHCK input is driven low by a device on 
the AT bus to signal a catastrophic error, such as 
a parity error on a plug-in RAM card. A low on 
the 10CHCK input will generate an NMI to the 
CPU if enabled. The error condition can be 
cleared by disabling and then enabling 10CHCK. 
However, the 10CHCK input must also be reset 
high or it will generate another NMI. 

When the CPU receives an NMI, it can inter­
rogate 1/0 register 061 H (PORT B) to.determine 
whether a parity error or an 10CHCK IS the 
source of the interrupt. Note that this is the only 
time the FE3001 will drive the data bus. All other 
1/0 locations are write only. Also, only bits 6 and 
7 will be driven during the read. The FE3010 will 
supply the 6 lower order bits. 

2.9 COPROCESSOR INTERFACE 
The Coprocessor Interface module provides the 
system interface to the 80287 Numeric Processor 
Extension. The reset and chip select to the 80287 
are generated in this module in addition to the 
busy signal to the CPU and interrupt request 13 
to the interrupt controller. 

In a FE3600 system, as in any PC/AT compati~le 
system, ERROR from the 80287 coprocessor IS 

not connected to the ERROR input on the 80286. 
Instead, the ERROR input on the 80286 is tied 
high, while BUSY and interrupt request 13 are 
used to flag errors. The FE3001 has a BZ286 
output which connects to the BUSY input of the 
80286. It also has ERROR and BUSY inputs 
which hook to those outputs from the 80287. 

Normally BZ286 just follows the BUSY i~ 
Howeve;' when ERROR goes low while BUSY is 
low, IRQ13 will go active to signal the CPU that a 
coprocessor error has occurred. IRQ13 will stay 
active until ERROR goes back high. Also, BZ286 
will be latched low to prevent another coproces­
sor instruction from being loaded. BZ286 will 
stay low until either the 80287 is reset or there is 
a write to 1/0 address OFOH. When either of 
these occurs, then BZ286 will return to following 
the BUSY input. 

The FE3001 RST287 output connects to the 
80287 RESET input. This allows the coproces­
sor to be reset through software by an 1/0 write to 

address OF1 H. It will also be reset when the sys-
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FUNCTIONAL DESCRIPTION FE3001 

MilO S1 SO TYPE OF BUS CYCLE 

0 0 0 Interrupt Acknowledge 

0 0 1 1/0 Read 

0 1 0 I/O Write 

0 1 1 None, not a status cycle 

1 0 0 Halt (if A 1 =1) or Shutdown (if A 1 = 0) 

1 0 1 Memory Read 

1 1 0 Memory Write 

1 1 1 None, not a status cycle 

TABLE 2-1. BUS CYCLES 

tem RESET output is active. 

The FE3001 expects the CS287 input to be ac­
tive for addresses OEOH-OFFH. This is used to 
provide the NPCS chip select decode output for 
the 80287. It will be active for addresses OE8H­
OEFH and OF8H-OFFH when INTA is high and MI 
10 from the CPU was low for this cycle. 

2.10 RESET CONTROL 
This module generates the CPU RES signal 
which is used to reset only the 80286 and the 
RESET signal which resets the rest of the system 
(including the FE3001). The RESIN input causes 
a full system reset when driven low. Both 
CPU RES and RESET will go active for as long 
as RESIN is low and for at least 30 PROCLK 
cycles after RESIN goes high. 

The RESCPU input, when driven low, causes 
only the CPU RES output to go high. RESCPU 
would normally be connected to both the 8042 
keyboard controller and the FE3021 (to provide 
"hot" reset). The CPU RES output will stay high 
for at least 4 DMACLK periods, longer if 
RESCPU remains low. CPURES will also go 
high for 4 DMACLK periods if the 80286 ex­
ecutes a Shutdown cycle. 

2.11 GENERAL NOTES 
• ONBRD must not be active during interrupt 

acknowledge cycles. 
For memory cycles with ONBRD asserted, 
the system will use the MDATA bus of the 
FE3031 for data transfers. For I/O cycles with 
ONBRD asserted, the system will use the ex­
pansion bus (DATA) of the FE3031 for data 
transfers. 
On-board I/O devices must drive IOCS16 in 
order for a Bus Master to access them as 
16-bit devices. Otherwise, SDEN will go low 
for Bus Master I/O cycles where ADRO is 
high. 
Inputs CLK16, BUSY, ERROR, and CS287 
have internal toOk n (approx.) pull-up resis­
tors. 
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FE3001 

3.0 REGISTERS 

3.1 ERROR CONTROL REGISTER (061 H), 
READIWRITE 

The error control register contains masks for the 
on-board RAM parity check and lID channel 
check signals. It also provides a read port to 
check the status of these signals. 

76543210 

061 (RD) I I I x I x I x I x I x I x I 

061 (WR) 

L L 110 CH CHK FROM PC/AT BUS 
(ACTIVE HIGH) 

PARITY ERROR (ACTIVE HIGH) 

765432 0 

0= ENABLE PARITY CHECK 
1 = DISABLE RAM PARITY CHECK 

3.2 SPEED SELECT (063H), WRITE 
The speed select register controls the speed of 
the CPU and OMA clocks. This register is also 
used to stop the CPU (sleep mode) and unlock 
the command control and speed select registers 
for access. The lock bit must be reset and 07 
must be low to change speed or stop clocks. 

The Stop Clock bit stops all the clocks except for 
the timer clock, coprocessor clock, and keyboard 
controller clocks. This allows refresh to continue. 
Bits 2,3, and 6 in the register are cleared and bit 
7 is set by system reset. 

REGISTERS 

76543210 

063 (WR) Illxlxlllxlxl 

L Lo= CPU SPEED· CLK16 
1= CPU SPEED· CLKHS 

0= DMA SPEED· STANDARD 
1 = DMA SPEED· HIGH SPEED 

(2 X STANDARD) 

- 1 = STOP CPU & DMA CLOCKS 

'--__ 0 = UNLOCK & WRITE REGISTERS 
1 = LOCK COMMAND REGISTERS 

3.3 NMI ENABLE (070H), WRITE 

The NMI enable register contains the mask for 
NMI to the 80286. Bit 7 is set on power-up. 

070 (WR) 

7 6 543 2 0 

0= ENABLE NMI 
1= DISABLE NMI 
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REGISTERS FE3001 

3.4 COMMAND CONTROL REGISTERS 
(072H,073H), WRITE 

The timing of the command controls on the ex­
pansion bus is programmable via the Command 
Control Registers. These registers control t~ 
timing of BALE, YMEMR, YMEMW, YIOR, YIOW, 
INTA and the number of wait states in a CPU 
cycle. This section describes the programming of 

these registers. Recommended program values 
for CPU clock speeds of 16, 25, and 32 MHz ate 
provided in Appendix A. 

The programmable bus signals are shown in Fig­
ure 3-1. A summary of the timing registers is 
shown in Table 3-1. 

{; Ts Tc Tw Tw Tw 

PROCLK 
1 d: I, 0 .: ALE 

Ai1--B ==:j 1 

BALE I) ~ 1 

1 1 

COMMAND ~ ~c-J r 
1 

FIGURE 3-1. PROGRAMMABLE COMMAND TIMING 

REG BITS FUNCTION WAVEFORM DEFAULT RANGE 

..... ~9. ...................... ? .......................... ~.~~.§ ... ~~.~.~r. .. !~~.~ .. ~.~~ .. ~.~~~.i~JJ .. ~.~.~~ ............................ ~ ......................................... ~ .......................................... ~ .. ~ .. ~ ...... .. 
R1 2 BALE width B 1 - 3 

R2 Not used 

R3 4 a-bit memory, a/16-bit I/O - command delay C 1 0 - 15 

..... F3.~ ..................... ~ .......................... ~:~~~ .. ~.!?~~~!.i~.~ ... ~ .. ~':i.i~ .. ~~':i~~~ .................................................... c.? ........................................ ~ .......................................... ~ ... : .. ~.~ .. .. 

..... F3.? ...................... ~ .......................... ~.~.=~.~~ .. I!.9. ... ?.p..~~~~i?.~ ... ~ ... ~.~~! .. ~!~!.~~ .................................... P ..................................................................................... ~ ... : .. ~.~ .. .. 

..... F3.~ ...................... ~ .......................... ~.~.:~.i! .. ~~.~?~r. .. ?p..~r.~!i?~ .. :. ... ?c:>.~.~~~.~ .. ~.~.I.':i¥. ...... 9 ........................................ ~ ......................................... ~ ... ~ ... ~.~ .. .. 

..... F3.! .................... ~ .......................... ~.~.=~.~! .. ~~.~?~r...?P..~r.~!i?~ ... ~.~~i!~!':i.t.~~ ................. P ..................................... ~ ...................................... ~ ... ~ ... ~.~ .. .. 
Rs 4 Minimum number of wait states when 0 0 0 - 15 

ZEROWS is asserted - wait states 

..... F3.~ ...................... ~ .......................... SJ.~~.~.':i.~.~ ... ~ .. ~.~.~i.! . .r..~~~ .. ?y..?I.~ .. ~ .. ~':i.i.t ... ~!.':i!~~ ................ ~ ...................................................................................... ~ .. ~ ... ~.~ .. .. 

..... F3.~.~ .................. ~ .......................... SJ.~~.~.':i.~.~ ... ~ .. ~.~.~i.! .. ~~!.t.~ .. ?y..?~~ .. = .. ~.~!~ .. ~~.~!~.~ .............. P ..................................................................................... ~ ... ~ ... ~.~ .. .. 
Not used 

4 On-Board I/O operation - command delay C 1 

TABLE 3-1. SUMMARY OF COMMAND TIMING REGISTERS 

Command delay is number of PROCLKs from end of Ts 
Each wait state is two PROCLKs, 
One wait state may be added in high speed mode for synchronization. 

ADVANCE INFORMATION 11120190 
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FE3Q01 

3.5 COMMAND REGISTER 
POINT.ER (072H) 

The Command Regi~ter Pointer points to one of 
11 registers at location 073H. Each register pon- . 
tains a command timing parameter based on the 
selected CPU clock. Whichever register number 
is loaded in bits 7,6,3, and 2 in location 072H is 
the register which is loaded with the next write to 
address 073H. Refer to Table 3 -1 for details. 

7 6 5 4 3 2 o 

072 (WR) 

REGISTER NUMBER = r 

7 6 5 4 320 

073 (WR) 

REGISTER VALUE = d 

3.6 BALE TIMING (Ro,R1) 

The leading edge and width of BALE are control­
led by these two registers. BALE delay is defined 
as the number of PROCLK cycles from the lead­
ing edge of ALE. BALE width is the width in 
PROCLK cycles. 

Default values: Delay (Ro) - a 
Width (R1) - 1 

3.7 8-BIT MEMORY AND 8/16-BIT 
I/O COMMAND DELAY (R3) 

This register controls the command delay for 8-bit 
memory and 8/16-bit I/O operations. Command 
delay is defined as the number of PROCLK 
cycles from the trailing edge of ALE to the start of 
the command. 

Default value: Command Delay (R3) - 1 

REGISTERS 

3.8 8-BIT MEMORY AND I/O 
WAIT STATES (R4) 

This register controls the number of wait states 
for 8-bit operations. The number of wait states is 
the number of CPU wait states required for these 
operations. 

Default value: Wait States (R4) - 4 

3.9 16-BIT I/O WAIT STATES (R5) 

This register controls the number of wait states 
for 16-bit I/O cycles. These cycles are indicated 
by the assertion of 10CS 16. The number of wait 
states is the number of CPU wait states required 
for this operation. 

Default values: Wait States (R5) - 1 

3.10 16-BIT AT BUS MEMORY TIMING 
(R6,R7) 

These registers control the command delay and 
number of wait states for 16-bit memory opera­
tions. These cycles are indicated by the assertion 
of MEMCS16. Command delay is defined as the 
number of PROCLK cycles from the trailing edge 
of ALE. The number of wait states is the number 
of CPU wait states required for this operation. 

Default values: Command Delay (R6) - a 
Wait States (R7) - 1 

3.11 ZEROWS BUS CYCLE WAIT STATES 
This register sets the minimum number of wait 
states which must occur before the assertion of 
the ZEROWS signal can terminate a cycle. 

Default values: . Wait States, ZWS (Ra) - a 

3.12 ON-BOARD MEMORY TIMING 
(Rg,R1O) 

These two registers control the number of wait 
statesfor"on-board operations. These cycles are 
indicated by the assertion of ONBRD during CPU 
cycles. Command delay is zero for all on board 
memory operations. The number of wait states is 
the number of CPU wait states required for this 
operation. There are separate registers to pro- . 
gram the number of wait states for read and write 
operations to give the system designer.added 
flexibility and potential for greater speed. 

Default values: Wait States, Read (Rg) -.1 
Wait States,Write (R1O) ~ 1 
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REGISTERS 

3.13 ON-BOARD I/O TIMING (R12) 

This register controls the command delay for 16-
bit on-board I/O operations. These cycles are indi­
cated by the assertion of ONBRD during CPU I/O 
cycles. Command delay is defined as the number 
of PROCLK cycles from the trailing edge of ALE. 
The number of wait states for on-board I/O is 
defined by the on-board memory registers 
described above. Additional wait states can be 
added by using the 10CHRDY signal. 

Default values: Command Delay (R12) - 1 

3.14 CLEAR 80287 BUSY (OFOH), WRITE 
When an error signal is received from the 80287, 
the BZ286 signal is latched low. The latch is 
cleared by an OUT instruction to this port. The 
output data is don't care. 

SYMBOL PARAMETER MIN 

VIL Input LOW Voltage 

VIH Input HIGH Voltage 2.0 

IOL LOW V Output Current1,4 4 

IOH HIGH V Output Current1 -4 

IOL LOW V Output Current2 8,203 

IOH HIGH V Output Current2 -8 

VOHC PROCLK Out HIGH Volt 3.8 

VDD Supply Voltage (Any VDD) 4.5 

IDD Supply Current (Total) 

FE3001 

3.15 RESET 80287 (OF1 H), WRITE 
An OUT instruction to this port generates a reset 
to the 80287. 

4.0 PACKAGE 
The FE3001 is packaged in a 84-pin PLCC. 

5.0 ABSOLUTE MAXIMUM RATINGS 
Ambient Temperature (operating): O· to + 70· C 
Storage Temperature: -40· to + 125· C 
Voltage on any pin to ground: - .5 V to +7 V 
Power Dissipation: 400 mW 

6.0 DC CHARACTERISTICS 
Refer to Table 6-1 below. 

MAX UNIT TEST CONDITION 

0.8 V 

V 

mA VOL= 0.4 V 

mA VOH= 2.4 V 

mA VOL= 0.4 V 

mA VOH= 2.4 V 

V IOH= -2 mA 

5.5 V 

mA 

TABLE 6-1. DC CHARACTERISTICS 

1. Output currents are for DMACLK, TMRCLK, PCLK, PCLK, CLK287, CPURES, ALE, RTCALE, 
DTR, SDTR, DENO, DEN1, SDEN, SCYCLE, READY, DMARDY, liiPCS, RST287, BZ286, IRQ13, 
NMI, HOLDRQ, ERFSH, HLDA 1, INTA, DLYWR,7fBF{l;, BHE, ONBRDL. 

2. Output currents are for RESET, YMEMR, YMEMW, YIOR, YIOW, 06, 07, A ORO, SYSCLK, 
BALE, EBHE, ACK. 
3. Output current for-'=R=E=~=R=E=S'H' should be 20 mA at 0.4\1. This is an 110 pin which is only driven low 
in output mode. It is in a tri-state condition otherwise. A 300 ohm pull-up resistor is needed to bring 
the output high. 

4. Output low current for PROCLK. 
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FE3001 TIMING PARAMETERS 

7.0 TIMING PARAMETERS 
(T 8=0° to 70°C, Voo=4.5 to 5.5V,CL=50pf) 

16MHz 
SYMBOL PARAMETER MIN MAX (NS) 

T1 ALE rising edge delay from PROCLK 12 

T2 ALE falling edge delay from PROCLK 15 

T3 BALE rising edge delay from PROCLK 21 

T4 BALE falling edge delay from PROCLK 20 

T5 YMEMR, YMEMW fall delay from PROCLK 16 

T6 YMEMR, YMEMW rise delay from PROCLK 19 

T7 YIOR, YIOW falling delay from PROCLK 20 

T8 YIOR, YIOW rising delay from PROCLK 20 

T11 READY falling edge delay from PROCLK 12 

T12 READY rising edge delay from PROCLK 16 

T13 DTR fall delay from PROCLK; read cycle 20 

T16 DENO, DEN1 rise delay from PROCLK; 
read cycle 18 

T17 DENO, DEN1 low delay from PROCLK; 
write cycle 28 

T18 DENO, DEN1 rise delay from PROCLK; 
write cycle 24 

T21 S1, SO setup time to PROCLK 13 

T23 ONBRD setup time to PROCLK; 
memory cycle 22 

T24 ONBRD setup time to PROCLK; 
I/O cycle 32 

T25 MEMCS16 setup time to PROCLK 32 

T26 IOCS16 setup time to PROCLK 35 

T27 10CHRDY setup time to PROCLK 12 

T28 10CHRDY hold time from PROCLK 0 

T30 S1, SO hold time from PROCLK 1 

T31 AO setup time to PROCLK 10 

T32 BHE setup time to PROCLK 2 

T33 BHE hold time from PROCLK 15 

T34 AO hold time from PROCLK 15 

-T35 ABHE delay from PROCLK 21 

T36 ADRO delay from PROCLK 20 

T37 EBHE delay from PROCLK 28 

138 ONBRD hold time from PROCLK 10 

TABLE 7-1. TIMING PARAMETERS 
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TIMING PARAMETERS FE3001 

16 MHz 
SYMBOL PARAMETER MIN MAX (NS) 

T39 ONBRDL delay from ONBRD 19 

T40 ONBRDL delay from PROCLK 24 

T41 CLK14 period 69 

T42 CLK14 low time 27 

T43 CLK14 high time 27 

T44 EADRO /PCLK rise/fall delay from CLK14 falling 29 

T45 PCLK rise/fall delay from CLK14 falling 24 

T46 TMRCLK rise/fall delay from CLK14 falling 27 

T47 CLKHS period 31 

T48 CLKHS high time 14 

T49 CLKHS low time 14 

T50 PROCLK falling edge delay from CLKHS fall; 
High speed PROCLK selected 20 

T51 PROCLK rising edge delay from CLKHS rising; 
r-- - __ --- High speed PROCLK selected 16 

-
T52 PROCLK duty cycle skew (T50 - T51); 

High ~peed PROCLK selected. 
PROCLK low time = T 49 - T52 
PROCLK high time = T48 + T52 -2 4 

T53 PROCLK rise/fall delay from CLKHS falling; 
Low speed PROCLK, CLK16 tied to +5V 26 

T54 CLK287 rise/fall delay from CLKHS falling; 
CLK16 input tied to +5V 18 

T55 CLK16 period 62 

T56 CLK16 high time 28 

T57 CLK16 low time 28 

T58 PROCLK rise/fall delay from CLK16 ; 
low speed PROCLK, CLK16 toggling 22 

T59 CLK287 rise/fall delay from CLK16 ; 
CLK16 toggling 18 

T60 SYSCLK rise/fall delay from PROCLK; 
Low speed PROCLK selected 17 

T61 SYSCLK rise/fall delay from PROCLK; 
High speed PROCLK selected 17 

T62 DMACLK rise/fall delay from PROCLK; 
Divide by 2 30 

T63 DMACLK rise/fall delay from PROCLK; 
Divide by 4 37 

TABLE 7-1. TIMING PARAMETERS, Continued 
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fE3001 TIMING PARAMETERS 

16 MHz 
SYMBOL PARAMETER MIN MAX (NS) 

T64 DMACLK riselfall delay from PROCLK; 
Divide by 8 37 

T65 MilO setup time to SO, S1 falling edge 4 

T66 MilO hold time from PROCLK (end of Ts) 15 

T67 DTR rise delay from PROCLK; read cycle 24 

T68 SDTR rise delay from PROCLK 24 

T69 SDTR fall delay from PROCLK 30 

T70 PTYERR setup time to PROCLK 11 

T71 PTYERR hold time from PROCLK 4 

T72 MEMCS16 hold time from PROCLK 17 

T73 DENO low delay from PROCLK; read cycle 27 

T74 DEN1 low delay from PROCLK; read cycle 25 

T75 ZEROWS setup time to PROCLK 24 

T76 ZEROWS hold time from PROCLK 0 

T77 DENO, DEN1 low delay from ONBRD high; 
write cycle 28 

T78 IOCS16 hold time from PROCLK 5 

T79 DLYWR falling edge delay from PROCLK 13 

T80 DLYWR rising edge delay from PROCLK 23 

T81 SDEN falling edge delay from PROCLK 30 

T82 SDEN rising edge delay from PROCLK; 
YMEMR, YMEMW, or YIOR active 32 

T83 SDEN rising edge delay from PROCLK; 
YIOWactive 16 

T84 SCYCLE rising edge delay from PROCLK 17 

T85 SCYCLE falling edge delay from PROCLK 22 

T86 INTA falling edge delay from PROCLK 18 

T87 INTA rising edge delay from PROCLK 17 

T88 ADRO low delay from PROCLK; 
interrupt acknowledge cycle 21 

T89 DENO low delay from PROCLK; 
interrupt acknowledge cycle 26 

T90 DENO rise delay from PROCLK; 
interrupt acknowledge cycle 19 

T91 CPU RES rising edge delay from PROCLK; 
shutdown cycle 18 

TABLE 7·1. TIMING PARAMETERS, Continued 
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TIMING PARAMETERS FE3001 

16MHz 
SYMBOL PARAMETER MIN MAX (NS) 

T92 CPU RES falling edge delay from PROCLK; 
shutdown cycle 17 

T93 OUT1 setup time to EAORO/PCLK; asynchronous input 15 

T94 HOLORQ rising edge delay from EAORO/PCLK 12 

T95 HOLDRQ falling edge delay from EAORO/PCLK 14 

T96 HLOA setup time to EAORO/PCLK; asynchronous input 26 

T97 REFRESH low delay from HLOA high 29 

T98 REFRESH output tristate delay from EAORO/PCLK 9 

T99 ERFSH falling edge delay from EAORO/PCLK 10 

T100 ERFSH rising edge delay from EAORO/PCLK 10 

T101 YMEMR falling edge delay from EAORO/PCLK; 
refresh cycle 10 

T102 YMEMR rising edge delay from EAORO/PCLK; 
refresh cycle 10 

T103 lOCH ROY setup time to EAORO/PCLK 19 

T104 HRQ1 setup to EAORO/PCLK; asynchronous input 18 

T105 HLOA1 rising edge delay from EAORO/PCLK 10 

T106 HLOA 1 high delay from HLOA high 20 

T107 HLOA1 falling edge delay from EAORO/PCLK 11 

T108 BALE high delay from HLOA high 18 

T109 BALE low delay from HLOA low 19 

T110 ACK high delay from HLOA high 16 

T111 ACK high delay from MASTER high 16 

T112 ACK low delay from HLOA low 16 

T113 ACK low delay from MASTER low 16 

T114 ONBRO setup before YIOR falls 9 

T115 ONBRO to ONBROL delay; HLOA high 19 

T116 HLOA high to AORO float delay' 20 

T117 HLOA low to AORO enable delay 20 

T118 AORO input to ABHE output delay 19 

T119 HLOA high to EBHE float delay 23 

T120 HLOA low to EBHE enable delay 23 

T121 AEN high to EBHE enable delay 23 

T122 AEN low to EBHE float delay 22 

T123 AORO input to EBHE output delay 28 

T124 HLOA 1 high to BHE enable delay 10 

T125 HLOA1 low to BHE float delay 11 , 
TABLE 7-1. TIMING PARAMETERS, Continued 
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FE3001 TIMING PARAMETERS 

16 MHz 
SYMBOL PARAMETER MIN MAX (NS) 

T126 EBHE to BHE delay 11 

T127 HLDA high to YIOR float delay 21 

T128 HLDA low to YIOR enable delay 23 

T129 HLDA high to YMEMW float delay 21 

T130 HLDA low to YMEMW enable delay 23 

T131 YIOR low to DENO low delay 20 

T132 YIOR high to DENO high delay 19 

T 133 YIOR low to DTR low delay 18 

T134 YIOR high to DTR high delay 18 

T135 YIOR low to SDTR high delay 26 

T136 YIOR high to SDTR low delay 23 

T137 ONBRD setup before DMACLK which causes 
YMEMR to go low 22 

T138 DMAMR setup time to DMACLK 16 

T139 YMEMR falling edge delay from DMACLK 10 

T140 DMAMR high to YMEMR high delay 19 

T141 DL YWR input low to YIOW output low 16 

T142 DL YWR input high to YIOW output high 16 

T143 YMEMR low to DEN1 low delay 18 

T144 YMEMR high to DEN1 high delay \ 17 

T145 YMEMR low to SDEN low delay 21 

T146 YMEMR high to SDEN high delay 19 

T147 AEN high to ADRO enable delay; DACK2 high 25 

T148 DACK2 low to ADRO float delay 20 

T149 AEN high to ABHE low delay; DACK2 high 27 

T150 IOCHRDY setup time before DMACLK 14 

T151 YIOR low to DMARDY low delay 17 

T152 DMAMR low to DMARDY low delay 18 

T153 DMARDY rising edge delay from DMACLK 11 

T154 YMEMR setup time before PROCLK 11 

T155 ONBRDL hold time from PROCLK 2 

T156 EBHE to ABHE delay; master mode 22 

T157 AEN low to ADRO float delay; master mode 23 

T158 AEN high to DLYWR float delay 20 

T159 AEN low to DLYWR enable delay 21 

TABLE 7-1. TIMING PARAMETERS, Continued 
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TIMING PARAMETERS FE3001 

16 MHz 
SYMBOL PARAMETER MIN MAX (NS) 

T160 ONBRD setup time before memory command 
falls; master mode 18 

T161 ADRO setup time before memory command 
falls; master mode 6 

T162 EBHE setup time before memory command 
falls; master mode 6 

T163 DTR low delay from memory command low; 
master mode 17 

T164 DTR high delay from memory command high; 
master mode 17 

T165 DENO low delay from memory command low; 
master mode 20 

T166 DENO high delay from memory command high; 
master mode 19 

T167 DEN1 low delay from memory command low; 
master mode 19 

T168 DEN1 high delay from memory command high; 
master mode 18 

T169 MEMCS16 setup time before memory command 
falls; master mode, ADRO high 9 

T170 SDTR low delay from memory command low; 
master mode, ADRO high 21 

T171 SDTR high delay from memory command high; 
master mode, ADRO high 20 

T172 SDEN low delay from memory command low; 
master mode, ADRO high 21 

T173 SDEN high delay from memory command high; 
master mode, ADRO high 20 

T174 ADRO setup time before I/O command falls; 
master mode 5 

T175 SDTR low delay from I/O command low; 
master mode, ADRO high 19 

T176 SDTR high delay from I/O command high; 
master mode, ADRO high 19 

T177 SDEN low delay from I/O command low; 
master mode, ADRO high 23 

T178 SDEN high delay from I/O command high; 
master mode, ADRO high 23 

T179 IOCS16 setup time before I/O command 
falls; master mode, ADRO high 14 

TABLE 7·1. TIMING PARAMETERS, Continued 
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FE3001 

NOTES: 

All delays with respect to PROCLK are with 
respect to the falling edge of PROCLK. 

T22:ZEROWS SETUP TIME NOTES 

The ZEROWS signal is sampled by the FE3001 
in the middle of every CPU wait state during AT 
bus cycles. ZEROWS will terminate an AT bus 
cycle early when it is sampled after the minimum 
number of wait states programmed into R8 have 
occurred. . 

T25: MEMCS16 SETUP TIME NOTES 

MEMCS16 is only examined during AT bus 
memory cycles. It must be valid before the ear-

TIMING PARAMETERS 

lier of either (1) the memory command strobe 
falls as programmed by R6, or (2) BALE falls as 
programmed by RO and R1. 

T26: IOCS16 SETUP TIME NOTES 

IOCS16 is only examined during AT bus I/O 
cycles. It must be valid before the I/O command 
falls as programmed by R3. 

T27: 10CHRDY SETUP TIME NOTES 

10CHRDY is sampled with the falling edge of 
PROCLK at the end of each CPU ''t'' state. It 
must be sampled low one full ''t'' state before a 
cycle would normally end in order to extend it. 
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(NOTE 3) 
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NOTES: 
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1 {::rlnnnA 
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T12 

(1) RO = 0; R1 = 1 (low speed BALE timing) 
(2) RO = 1; R1 = 2 (16MHz BALE timing) 

1 T11 

1~ 

FE3001 

(3) IOCHRDY is being used to add one wait state to this on-board cycle, which is otherwise 
programmed by R9 or R10 to be 0 wait states 

FIGURE 7-1. CPU CYCLE TIMING FOR ALE, BYTE SELECT, 

ONBRD and READY 
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CLK14 

EADRO/PCLK ~1 T44 ~ \ r 
T45 II '------' 

-PCL-K ~ll\~-------,! l 
TMRCLK 

I r_T46 ___ II __ -----, 

~ \'----

CLKHS 

I NOTE 1 

I PROCLK 

f----
I NOTE2 

I PROCLK 

~OTE3 -

: CLK287 

CLK16 

T56 T57 

~OTE4------------------­

I PROCLK I 

~--------------------~ 
NOTE 5 T59 

I CLK287 I 
I I 

NOTES: 
(1) Bit 2 of I/O Addr 63 set to 1 (High speed CPU clock) 
(2) Bit 2 of I/O Addr 63 set to 0 (low speed CPU clock) and CLK16 input connected to +5V 
(3) CLK16 input connected to +5V 
(4) Bit 2 of I/O Addr 63 set to 0 (low speed CPU clock) and CLK16 input driven by an oscillator 
(5) CLK16 input driven by an oscillator 

FIGURE 7-2. CLOCK TIMING (1 of 2) 
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FE3001 

Ts Tc Tw Ts Tc Ts Tc 

DMACLK 
(NOTE 4) 

T63 ~ t DMACLK ~ \ \ (NOTES) 

T64 -.j r= DMACLK ~ \ / (NOTE 6) 

NOTES: 
(1) Bit 2 of I/O Addr 63 set to 0 (low speed CPU clock) 
(2) Bit 2 of I/O Addr 63 set to 1 (high speed CPU clock) 
(3) SYSCLK low time extended when SYSCLK is low while ALE is high and the high speed 

CPU clock has been selected 
(4) Bit 2 of I/O Addr 63 set to 0 (low speed CPU clock) and Bit 3 set to 1 (high speed OMA) 
(5) I/O Addr 63 Bits 2 and 3 set to the same value; low speed CPU clock and low speed OMA, 

or high speed CPU clock and high speed OMA 
(6) Bit 2 of I/O Addr 63 set to 1 (high speed CPU clock) and Bit 3 set to 0 (low speed OMA) 

FIGURE 7-3. CLOCK TIMING (2 of 2) 
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FE3001 

ON-BOARD ZERO WAIT ON-BOARD ONE WAIT 
STATE MEMORY READ STATE MEMORY WRITE 

- Ts - Tc Ts - -Tc -I-TW-

PROCLK 

S1 

SO 

I 
MIlO I I I 

I 
I I I I I ONBRDL \ I I I I I T1~ r --. TS7 I I I I FI DTR I I I (NOTE 2) 

T69 I TS~ 

F 
--. 

r: 

I I 
SDTR 

I 
I 

I I (NOTE 2) 

I 
I I I ~T5r ~TSF 

YMEMW I I I 
T~ r -1 Ts r=: YMEMR 

"'m PTYERR 
(NOTE 3) 

T71 

NOTES: 
(1) DENO, DEN1, and SDEN will remain high and SYSCLE will remain low during on-board 

memory cycles 
(2) NOT USED by the FE3031 during on-board memory cycles; shown for reference only 
(3) PTYERR must be low when shown to prevent a parity NMI from being generated (if enabled)_ 

PTYERR is sampled one PROCLK after the end of an on-board memory read 

FIGURE 7-4. ON-BOARD MEMORY CYCLE TIMING 
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PROCLK 

so 

MilO 

SYSCLK 

BALE 

ONBRDL 

YMEMR 
(NOTE 3) 

ADRO 

DENO 

DEN1 

DTR 

ZEROWS 

NOTES: 

J 

DEFAULT CYCLE ZEROWS ACTIVE 

-~-I-~-I-~- -~-I-~-

1 

\'-----_-------,-1---'1 
1 

(1) NPCS is high during these cycles 
(2) Setup/Hold times referenced to PROCLK edge which is programmed by R6 to cause 

YMEMR or YMEMW to go low 
(3) R6 = 0; R7 = 1; R8 = 0; RO = 0; R1 = 1 

FIGURE 7-5. 16-81T MEMORY READ TIMING FOR LOW SPEED CPU 

CLOCK 

ADVANCE INFORMATION 11120190 
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FE3001 

PROCLK 

MilO 

SYSCLK 

BALE 

MEMCS16 

YMEMW 
(NOTE 2) 

ADRO 

DENO 
(NOTES 3, 4) 

J 

DEFAULT CYCLE 

- Ts-I -Te-I-TW-

I 
\'-----+1---'--'1 

I 

ZEROWS ACTIVE 

-Ts - I-Te -

I 

\~--+---

I : '~ r: \'---__ /,--t---: -
II 1\ I : 

I JJc:: : "'~ F 
---~---t----'1I\ I 1 

DEN1 ---~-+-I r- T17 ---1 F~_8 --------
(NOTES 3, 4) ---1 ~T77 
DTR _----'I 

\~_----,I 

NOTES: 
(1) NPCS is high during these cycles 
(2) R6 = 0; R7 = 1; R8 = 0; RO = 0; R1 = 1 
(3) DENO and DEN1 go high one PROCLK cycle after the write command goes high. However, 

each will remain low for back to back write cycles when it is active in both cycles. 
(4) The falling edge of DE NO or DEN1 in a write cycle will be controlled by ONBRD if it goes 

high in the last half of the processor Ts state, or by PROCLK if ONBRD is high earlier. 
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FIGURE 7-6. 16-81T MEMORY WRITE TIMING FOR LOW SPEED CPU 

CLOCK 
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FE3001 

DEFAULT CYCLE 
-Th-I-Th-I-~-I-~-I-~-I-~- T5 

, I 

PROCLK 
Si,so ~ I I I I I 
SYSCLK ~n I I rt-

I I j I I 
~" 1 / I \ \ ~ 
ONBRD 1111I111lI1l: \\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\U 

"'~" \\\\\\\\\\~$\\\f\\\\9 -f'~ @~/a 111//1111/ /II/III/IIll /III all II/ll¥ /III ~Illl 
~~~~' 1:\ I I . I I I 

I I I I I (NOTE-;- - -1:- ~ --1- - - - - - - - - - T~r-II 
I YMEMR I I I I t I f+I 
1- I 1 rT73 -, ~T5 T1J rh 

DENO I _ I I I 
I I I -J T74 T ~ I 
15EN1 II It I I~I 
I I I ~ r 13 I T 67 I I 
IDTR II ~ I "1 ~I 
~---~----+-----------L~-

II 16 T~ ~ I (NOTE3) 

YMEMW -J:~T17 -/T5 T18 1 I 
I m=t; . -I A DENO I I . 
I~~~ I 
I DEN1 =J r T~ ~ 
I (NOTE 4) TE.j t= i I 

I 
I DTR I 
L- ______________________ _ 

NOTES: 
(1) RO = 1; R1 = 2; R6 = 2; R7 = 4; NPCS is high during these cycles 
(2) Memory read cycle timing 
(3) Memory write cycle timing __ 
(4) The falling edge of DE NO or DEN1 in a write cycle will be controlled by ONBRD if it goes 

high in the last half of the processor Ts state, or by PROCLK if ONBRD goes high earlier 

FIGURE 7·7. 16·BIT MEMORY TIMING FOR HIGH SPEED (16 MHZ) CPU 
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FE3001 

PROCLK 

81, so 

SYSCLK 

BALE 

ONBRDL 

MEMCS16 

ZEROWS 
(NOTE 3) 

YMEMR, 

YMEMW 

NOTES: 

ZERO WAIT STATE CYCLE 

- T5 -I - Tc -I-TW - I -Tw- -T5 -

1 

NOTE 2 1 ~~--------------~ 

1 \ 

\ 

\\\\\\\\\\\\\\\\\\\\\\\\\\\ 

I 

I 

\ I I 
I 
I 

I I 
I I 
I I 
I I 

I////l/l////l/l////~///////////ll 
I 

T22 I-- I 
-------~\"'\\"\\"\\\~\\ffi1 J b 

\'--____ --'1 

(1) RO = 1; R1 = 2; R6 = 2; NPCS is high during these cycles 
(2) SYSCLK is extended low one extra half period when it is low during the processor's Ts state 

and the high speed CPU clock is selected 
(3) Register R8 = 2. When the high speed CPU clock is selected, no AT bus cycle can terminate 

until the cycle when SYSCLK goes high. This ensures proper synchronization of the rising 
edge of the command strobes with SYSCLK 
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FIGURE 7-8. 16-BIT MEMORY TIMING WITH 

ZEROWS ASSERTED AND HIGH SPEED (16 MHz) CPU 
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FE3001 

16-BIT 1/0 READ 16-BIT 1/0 WRITE 

- Ts-I - Tc -1- Tw- -Ts -I -Tc -l-TW- Ts 

PROCLK 

S1, SO I ! 
SVSCLK I 

I ;t I I I 
/ BALE 

: ~llmm~mmlmm~l~ : 
I 

ONSRD 

I il T26 I- I I ~ T78 =f 
IOCS16 

I (NOTE 2) ~ I I I 
I ~ f VIOR 

T8 I FI I I I I 
I I I --1 T7 I 

~ T8 I 
VIOW 

I I I [I I FI 
I I I --1 T 79 

I t: [ DLVWR 

I I I (NOTE 3) I -. 
ADRO, \ I I I T 80 I I 
ASHE I I I I 
DENO, I I rtl I; 
DEN1 

I I I 
DTR I \ I ! I 

NOTES: 
(1) RO = 0; R1 = 1; R3 = 1; R5 = 1 
(2) IOCS16 setup time is to the PROCLK which causes YIOR or YIOW to go low as pro-. 

grammed by R3. Hold time is from the end of the cycle~= 
(3) DLYWR falling edge is one PROCLK later than YIOW. DLYWR rising edge is coincident 

with YIOW rising edge 

FIGURE 7-9. 16-81T 1/0 TIMING WITH LOW SPEED CPU CLOCK 

ADVANCE INFORMA TlON 11120190 
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FE3001 

DEFAULT CVCLE 

"I~I PROCLK . 

S1,SO I I I I I 
=" ~I :\ I' 1\: ' \ 1''--1'---
BALE I I ! 1\ I I I I 

ONBRD ~: \\\\\\\\\\\\\\\\\\\\\\\ 4\\\\\\\\K\\\\\\\\\\\\i\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\t\\\\ \$\\\\\\\ 
I t-T26 _1 I LT7a~r-

:~g~~621 -r-I --+I--+----~ I I I -4 
ADRO, 11\1 I I I I 
;:3 - ~ _1- i - - - -- - L -1- - - - - - - -1- =t - l 
IVIOR ~ I I T7 1 61 J ~I I 
I DENO, I I \ -1 I Tal/I I 
I :::1 ! I : \ ' : I I / I I 
~NOTE4 - -11- t -------1- 1 - - - - - - - + -11- 1 
IYIOW ~ ~I I C I 
I DLVWR I I I t TBj pi I 
I (NOTE 51 I I ~ ro= =:;J I 
I DENO, I I \ TaO I 'I DEN1 
IDTR_ ~ ______________________ J 

NOTES: 
(1) RD = 1; R1 = 2; R3 = 4; R5 = 4. NPCS is high during these cycles 
(2) IOCS16 setup time is referenced to the PROCLK which causes YIOR or YIOW to go low as 

programmed by R3. Hold time is from the cycle end 
(3) 1/0 read cycle timing 
(4) 1/0 write cycle timing 
(5) DLYWR falling edge is one PROCLK,later than YIOW. DLYWR rising edge is coincident wit 

YIOW rising edge 
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FIGURE 7-10. 16-81T I/O TIMING WITH HIGH SPEED (16 MHZ) 

CPU CLOCK 
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FE3001 

DEFAULT CYCLE 

Ts Tc Tw Tw Tw Tw 

I 

SVSCLK I I 
I I I I 

BALE 1111\ 1 I 

ONBRO moqmmm : \\\\\}\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\1\\\\\\\~\\\\\\\\ 
IOCS16 I I I / f I I (NOTE 2) I . I 

~~,i';;' oJpmmfn ~ 

:~": i:~: : : 
COMMANO I / I I 1'---'---1 -(NOTE 4) ----t--' I· . 

I I ~I-
(~~~~~) I I 1\ III 

I:..-=-+-L ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~I 
I OENO I I I \ I I I I 

IOTR -G I : \. I I: I L---+----- ________________ J 
I NOTE 7 I I I I 
I OENO I I \ I /" I 
IOTR ~ I 
L _________________________ J 

NOTES: 
(1) RO = 0; R1 = 1; R3 = 1; R4 = 4. NPCS is high during this cycle 
(2) IOCS16 affects only I/O cycles 
(3) MEMCS16 affects only memory cycles 
(4) COMMAND means either VIOR, VIOW, =VM .... E"'M=R, or VMEMW 
(5) DLVWR is active only in cycles where VIOW is active 
(6) Read cycle timing 
(7) Write cycle timing 

FIGURE 7-11. 8-BIT CYCLE TIMING FOR LOW SPEED CPU CLOCK-­

EVEN BYTE ACCESS 
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FE3001 

DEFAULT CYCLE 

Ts Tc Tw Tw Tw Tw 

PROCLK 

Sl,SO 

SYSCLK 

BALE 

ADRO 

ABHE 

DENO 

__ ~ ________ -+_r-~=_1 ______________________________ ~ 

NOTES: 
(1) RO = 0; R1 = 1; R3 = 1; R4 = 4, NPCS and ONBRD are inactive, IOCS16 is inactive during 

I/O cycles. MEMCS16 is inactive during memory cyc~le~s,"", ........... 
(2) COMMAND means either YIOR, YIOW, YMEMR, or YMEMW 
(3) Read cycle timing 
(4) Write cycle timing 
(5) SDEN stays low one additional PROCLK during cycles when YIOW is active 
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FIGURE 7-12.8-BIT CYCLE TIMING FOR LOW SPEED CPU CLOCK-­

ODD BYTE ACCESS 
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NOTES: 

~ 

co 
l-

t 

CD 

l-

T 

~ ~ ~f gt 
I- I- I- I-

W 
..J 

Iz a: ~ 
~ b ~ 1

2 a: 
W I­o 0 
CI) CI) 

FE3DD1 

(1) RO = 0; R1 = 1; R3 = 1; R4 = 4. NPCS and ONBRD are inactive. IOCS16 is inactive during 
I/O cycles. MEMCS16 is inactive during memory cycles 

(2) Two additional wait states are not shown 
(3) One additional wait state is not shown 
(4) COMMAND means either YIOR or "YM------=EM ........... R 

FIGURE 7-13. 8-BIT CYCLE TIMING FOR LOW SPEED CPU CLOCK-­

WORD READ FROM EVEN ADDESS 
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FE3001 

LlJ 
-' 
(,) 
>-
(,) 

I-
-' 
:::> « 
LL 
LlJ 
a 

NOTES: 

:;: 
l-

:;: 
I-

:;: 
I-

" I-

a 
z-

~~IO :;1- z 
00 LlJ 
(,)~ a 

ro 

I-

L!) 

LlJ 

b z 
H 

~ t 

f ~ 
~ 

~t· I-
ro 
I-

ro 
I-

t 

... ro 
I-

t 

'" '" 

Iz cr: 
LlJ I­
a a 

LlJ 
-' 

~ lrii g: (,) a a 
(f) (f) (f) 

(1) RO = 0; R1 = 1; R3 = 1; R4 = 4. NPCS and ONBRD are inactive. IOCS16 is inactive during 
I/O cycles. MEMCS16 is inactive during memory cycles 

(2) Two additional wait states are not shown 
(3) One additional wait state is not shown 
(4) COMMAND means either YIOW or·c-,Y~M""E'"M"'W" 
(5) SDEN low time extended one PROCLK for I/O write cycles 
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FIGURE 7-14. a-BIT CYCLE TIMING FOR LOW SPEED CPU CLOCK-­

WORD WRITE TO EVEN ACCESS 
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NOTES: 
(1) R3=1;R4=4 

I­
I 

to 
<Xl 
t-

(2) Two additional processor T states not shown 
(3) 80286 floats these lines during interrupt acknowledge cycles 

FE3001 

(4) Because AO is floating, the state of ADRO is unknown from the rising edge of ALE 
until INTA falls, when ADRO is forced low 

(5) Because BHE is floating, the state of ABHE (and EBHE ) is unknown 
(6) DENO is forced low when INTA falls. It could have gone low at the end of Ts 

depending on the state of ADRO 
(7) The state of DEN1 follows ABHE and therefore cannot be determined 

FIGURE 7-15. INTERRUPT ACKNOWLEDGE CYCLE FOR LOW SPEED CPU 

CLOCK 
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FE3001 

...J ...J 

>0 >0 
::.: ::.:~ (I)~ 

8 I~ ~~ ~~ 
a: ~ 0 I@ ~ ~ i1i :;; ° ~o NOTES: a. 1(1) 1(1) :;; <c <c a: Cl~ ()~ 

(1) The width of CPU RES will be four DMACLK periods 
(2) DMACLK is shown as it would be for high speed DMA and a high speed CPU clock or for low 

speed DMA and a low speed CPU clock. Refer to Figure 8. Note that the phase of DMACLK 
with respect to Ts is uncertain. 

(3) CPU RES will be asserted on the first PROCLK edge which begins a T state, after an internal 
divide by 4 of DMACLK makes a low to high transition. The phase of this internal signal is 
impossible to determine, although it changes on the rising edge of DMACLK. CPU RES is 
shown going active here as early as possible. It could be delayed up to three more DMACLK 
periods· 

FIGURE 7-16. SHUTDOWN CYCLE TIMING 
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EADRO/PCLK 

OUT1 
(NOTE 2) 

HOLDRQ 

HLDA 
(NOTE 2) 

REFRESH 
(NOTE 3) 

ERFSH 

YMEMR 

IOCHRDY 
(NOTE 2) 

NOTES: 

FE3001 

I I TO I T1 I T2 I Tw I T3 I T4 I 

LJLf\- I I I I I 

~11~11~~93 ~\\\\\\\~\\\\\\t\\\\\\~\\\\\~\\\\\\t\\\\\\\\\\\\\ 

~ ~: ~ ~T96: : : T9~ L 
-----.,J/~ I I I I T98 I \\\\\\\\\ 
____ T_97_~.---~ I I I I 4 f---

\ I I I I I· 
)sr----~=1-t-0 99 I I I I f T 100 

I ~ I I I I 
)S)-----+: _T_10=1_1 hi r: :~: r T 102 

------)s 
I TI103 I LT103 I 

11111\\\11/11\\1 i lr+-: ---+:--

(1) Cycle shown with one wait state (one EAORO/PCLK period) inserted 
(2) OUT1, HLOA , and lOCH ROY are asynchronous inputs. Setup times are shown only to 

guarantee recognition at a particular edge of EAORO/PCLK 
(3) The falling edge of REFRESH is combinatorially generated from HLOA. The rising edge is 

controlled by the FE3001 
(4) HRQ1 and HLOA1 are not active 

FIGURE 7-17. REFRESH CYCLE TIMING 
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FE3001 

EADRO/PCLK 

HRQ1 
. (NOTE 2) 

HOLDRQ 

HLDA 

HLDA1 
(NOTE 3) 

BALE 

ACK 
(NOTE 4) 

MASTER 
·(NOTE 5) 

NOTES: 

1 

1 1 T104 mr-
------d--/=n---.-rgtlr-'-� ------'-I ---S) \L.L.l.\ \-->-..L~JLL-I __ __ 

T 104 r--r---,-I-
T
-

1
-
O
-
5 
-»~----=1-j---,1 r_95 ___ _ 

T94, ,~- 1 

Ir-~----S)~--------~· -----~ 

--J ~ CT107 IL---
S)~--~--l-- 1 T 106 1 

1 1 . 

S)~------------~:~g T'08 -: r 
J 6'2 1 t F) 1 -----T-1-10--,~I~ ~ 

__________ ~ ____ T_1_'~ ~ =l ____ T_1_11 ____________ _ 

(1) No refresh cycle is pending 
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(2) HRQ1 is an asynchronous input. Setup time is shown only to guarantee recognition at 
a particular EADRO/PCLK edge . 

(3) HLDA 1 rising edge will be controlled by the later of the EADRO/PCLK edge shown 
or HLDA 

(4) ACK will follow the dashed lines shown only when MASTER is asserted 
(5) Applicable for Bus Master cycles only 

FIGURE 7-18. BASIC HOLD/HDLA TIMING FOR DMA AND MASTER MODE 
TRANSFERS 
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DMACLK 

HLDA 

HLDA1 

AEN 

ONBRD 

ONBRDL 
(NOTE 2) 

ADRO 

ABHE 
(NOTE 6) 

EBHE 
(NOTE 4) 

BHE 
(NOTES) 

YIOR 

YMEMW 

DENO 

DTR 

SDTR 

~ I }-

~ : \~~:~I-
I I I ',----,-I----,-----.----l-: ----t-ll ~,-----,--I _ 

I. IrT114~ I I 
II I~ II 1 
II ~~ II I I I 
II I { T 115 I I / I 

----1Jir116 I I' . I I 

--=+r I! II NOTE 3 I :/~e7 
I T118 - rr= II I I I 

;:-1\1 :.!lT123 11 I I I I T120 

~ ~ r= : T122 -+lri F ~~~9W6:: I I T12S ~r-- Ir-
\·1 IIU . } I 

T127., I -- ,_T\21 II I I~ T12B ;-1 t=-
T 129 I ~.. I I \ I NOTE 3 I ! ' I 

::....J ~ i I T130 ---.I r--
~ .. J \ NOTE 3 l! I \ . ,r-

T131 ~r T132i r 
-----I~ T1344r----

T133_~ II 
I l~~~~--'-,I 

------T-13-5 ---.1---;--"1.- T 136 _, !+-'--------

DMAMR VOH NOTE 3 

DLYWR V
OH NOTES 3, B 

YMEMR, 
YIOW VOH 

NOTES: 
(1) No refresh cycles are pending 
(2) ONBRDL follow ONBRD when HLDA is high 
(3) The FE3010 drives these signals when AEN is high 

FE3001 

(4) The FE3001 tri-states EBHE when HLDA goes high, but drives it again when AEN is high. 
It is the inversion of ADRO 

(5) BHE is driven by the FE3001 when HLDA 1 is high. It follows EBHE 
(6) ABHE is the inversion of ADRO while HLDA is high (8-Bit DMA) 
(7) DEN1 and SDEN remain high during 8-Bit, even byte transfers 
(8) The FE3001 tri-states DLYWR when AEN is high 

FIGURE 7-19. DMA TRANSFER TIMING: 8-BIT, 1/0 TO ON-BOARD 

MEMORY, EVEN BYTE, WITH NO ADDED WAIT STATES 
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FE3001 

DMACLK 

HLDA 

HLDA1 

AEN 

ONBRD 

ONBRDL 

ADRO 

ABHE 
(NOTE 5) 

EBHE 

DMAMR 

YMEMR 

DLYWR 

YIOW 

NOTES: 

T3 T4 

~ 
1 

1 1 

~ __ ~ ____ ~ __ -+ __ ~II 1 

~~ __ ~ __ ~~In-
1 1 

1r-+----'---+--=-N=O=TE=-=2:---t-----t---'--1 -. 1_ -~ 

----I----h--n...--rr--,l,---;-;"I. 1 --, T117 

T122__ L 
____ JT1 201_ / 

1 1 

1'----t_N-'O_T_E 2 __ ----;-1 ~:r------'I------ --f 
-, r T139 i,:=T140 1 1 

~ 1 { 1 1 

-----r------j---------:NO=TES--;:--:----~1:1 j"-----,---: t:-... J1 F_T142 ---+-: ----'----: 

i i T1~ r= =4 eM i 
T-12-7.----:-1 ---;-1 -------'I-~ : t---T1-28-. -'1-

T~ _! _ /~-NO-T-E-2 T_1_4.L._. __ t= ___ ~-----''---_T_1_46 __ T____.13~ f-

NOTE 3 

NOTE 6 

(1) No refresh cycles are pending 
(2) The FE3010 drives these signals when AEN is high 
(3) The FE3001 tri-states EBHE when HLDA goes high, but drives it again when AEN is high 
(4) The FE3001 tri-states DLYWR when AEN is high 
(5) ABHE is the inversion of ADRO when HLDA is high 
(6) BHE is driven by the FE3001 when HLDA1 is high. It follows EBHE 
(7) DENO and DTR remain high and SDTR remains low during this cycle 
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FIGURE 7-20. DMA TRANSFER TIMING: a-BIT, ON-BOARD MEI\IIORY TO 

IIOf ODD BYTE, WITH NO ADDED WAIT STATES 
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DMACLK 

HLDA 

HLDA1 

AEN 

ONBRD 

DACK2 

ADRO 

ABHE 
(NOTE 4) 
EBHE 

BHE 

YIOR 

FE3001 

---{ : ~ 
----+) I ~ I 

I I I I 
Il v \ 

I I I II I'--t--I I rT114H 
II I ~ I I I I III 

~I~I--~I --~I I--~~--~I--~~\I I I 
J II IT116 I I I I I T14~ I I I r 
-lr~~7 I I r 171 

I : T149 ~ 1 r- : I I NOTE 2 I I I T117 
I I \ \ \ \\t\ \'---;-\ ~ -------'--1 ---r-I -------,---FI "-'-'=--'=-f--I -------'-1--------'--'11\\ I! dl\\\ 

-=i-cf~9~21 I I I I I I I T122 \ H- }-
~ T124 1---->1 ~ T12~ I INOTE3 I I iJ ~20 

\1 m\~\\\\r I I I II NOTE 5 I : T125 --I r- ~28 
~T\27 ~I I I ~.-J\ . F= 

; ~ 1 / I ll. I I NOTE 6 I I I T130 
~I-T129 I ;-------~ --

~YM=EM::-CCW:-:- I} I / I I \L--t-I NO_T_E 6----,-1 ------t-JI \ Ir 
I - I I I 

DTR,DENO, 
DEN1 
IOCHRDY 

DMARDY 
(NOTE 10) 
NOTES: 
(1) 
(2) 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

(9) 
(10) 

i : : \'---------'-1 ---,-I ---,-1 ---11 
I I t= T150 1 

II I ~ \\\\\\\\~ I 1 I n5~ ~ ~ n~ 
I r- T15~ ~r =1 t= 

~ . ~ NOTE 8 

No refresh cycles are pending 
ADRO is tri-stated when HLDA goes high, then driven again when both DACK2 and AEN 
are high(16-Bit DMA) 
EBHE is tri-stated when HLDA goes high, then driven again when AEN is high 
ABHE is set low when HLDA, DACK2, and AEN are high __ 
BHE is driven by the FE3001 when HLDA1 is high. It follows EBHE 
The FE3010 drives these signals when AEN is high 
SDEN is high and SDTR is the inversion of DTR for this cycle 
DMARDY would follow the dashed line shown for any DMA cycle where 10CHRDY is not 
driven low (default timing) __ 
DMAMR, DL YWR, YMEMR, and YIOW timing is the same as for an 8-Bit I/O to memory cycle 
DMARDY is driven low by DMAMR in a Memory to I/O DMA cycle 

FIGURE 7-21. DMA TRANSFER TIMING: 16-BIT, 110 TO ON-BOARD 

MEMORY, WAIT STATE ADDED 
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PROCLK 

YMEMR 
(NOTE 1) 

ONBRDL 

PTYERR 
(NOTE 2) 

NOTES: 

I 

I 

~ T154 
I 
I 
I 

-1 h7 T 155 

: {illl8mO 
T70 j ~ 

--~4FT71 

(1) "Y"'M""'E"'M=R is an asynchronous signal during DMA or MASTER cycles. Setup time is shown for 
recognition at a particular edge of PROCLK 

(2) PTYERR will be sampled at the first falling edge of PROCLK after YMEMR goes high 

FIGURE 7-22. PARITV ERROR TIMING FOR DMA OR MASTER MODE ." -

, TRANSFERS 
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DMACLK 
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~ 
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~ HLDA 
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~ 
11 \ I HLDA1 
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AEN II t \ 1/ / 1\ I 

II 
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MASTER II 
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ESHE { II=> < I (NOTE 2) 

II I 
1/ > I 

~ T126 I I 

II I I 1/ 
T1254 

~: < 
SHE ) X (NOTE 3) 

II 1/ 

T' T 24 
IT1~ 

I 
ASHE 

I I X I (NOTE 4) 

I T116 I I I 

~~ ET147
-: 

K=T157 

II~ 
-I FT117 

ADRO I .. I 
< > (NOTE 5) 1/ 

T1584 r- -I.t=T159 1/ 
DLYWR \. / 

NOTES: 
(1) No refresh cycles are pending 
(2) EBHE is driven by the FE3001 when HLDA is low or AEN is high. It is driven by a Bus Master 

when MASTER is low 
(3) BHE is driven by the FE3001 when HLDA1 is high. BHE will follow EBHE during Master mode 
(4) ABHE follows EBHE during Master mode 
(5) ADRO is driven by the FE3001 when HLDA is low. It will also be driven by the FE3001 when 

AEN is high if DACK2 is high (Bus Master uses DMA channel 5 - 7). ADRO will be driven by 
the FE3021 when MASTER is low 

FIGURE 7·23. BASIC MASTER MODE TRANSFER TIMING 
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ONBRD 

ONBRDL 

ADRO 

EBHE 

YMEMR 

YMEMW 

DTR 
(NOTE 2) 

DENO 
(NOTE 3) 

DEN1 
(NOTE 4) 

1-46 

I 
BUS MASTER READ BUS MASTER WRITE 

if"" T160 --I 
---t=T161 ~ \ 

I 

1= I I 
T 162 ==:! 

{ ~ 
I I \ r I I I I 
I I -+: rT163 I FT164 

I I I 
I I =:j rT165 

-1 FT166 

I I I I 
---J t T167 ~ FT168 

~ rT167 ~ F"M 
NOTES: 
(1 ) MASTER is low during these cycles 
(2) DTR follows YMEMW during Master Mode __ 
(3) DENO follows YMEMR or YMEMW if both ONBRD and ADRO are low 
(4) DEN1 follows YMEMR or YMEMW if both ONBRD and EBHE are low 
(5) SDEN is high during these cycles 

FIGURE 7-24. MASTER MODE TRANSFER TIMING: ON-BOARD MEMORY 

READ/WRITE 

ADVANCE INFORMATION 11120190 



ONBRD 

ADRO 

YMEMR 

YMEMW 

MEMCS16 

SDTR 
(NOTE 2) 

SDEN 
(NOTE 3) 

FE3001 

I 
8-BIT, EVEN BYTE OR 
16-BIT MEMORY READ 

--tT1601 

1="" -\'---__ ----'1 1 

8-BIT, ODD BYTE 
MEMORY WRITE 

--------------------~I 1,------
T 169 l--------11 

! 1111111111111111111111111111111111111 rm F I \\\\\\\\\ 
1 

----------------4--'---1 t_T_17_0 __ --..-,I_F T171 

I ~ 
________________ ----+l __ [T172 'I FT173 

NOTES: .,.........-;== (1) MASTER is low during these cycles 
(2) SDTR follows YMEMW when MASTER is low 
(3) SDEN follows YMEMR or YMEMW when ADRO, MEMCS16, and ONBRD are high 
(4) DENO and DEN1 will stay high during these cycles because ONBRD is high 

FIGURE 7-25. MASTER MODE TIMING: OFF-BOARD MEMORY READ/WRITE 
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ADRO 

SDTR 
(NOTE 2) 

SDEN 

1-48 

I a-BIT, EVEN BYTE OR I 
1S-BIT liD READ 

a-BIT, ODD BYTE 
110 WRITE 

1= T1741'------------'I.--_t_T 174--+-~ __ _ 

I 

T179 

T~ 

NOTES: 
(1) "'M"A"S~TC;=E""'R is low during these cycles 
(2) SDTR follows VIOW 
(3) SDEN follows VIOR or VIOW when ADRO and IOCS16 are high. ONBRD does nol 

affect SDEN for I/O cycles 
(4) DENO and DEN1 will stay high during I/O cycles 

FIGURE 7-26.I\ttASTER MODE TIMING: OFF-BOARD I/O READIWRITE 
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~ (66 OSmm) 
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FIGURE 7·27. 84·PIN PLCC PACKAGING DIAGRAM 
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APPENDIX A 
RECOMMENDED BUS 

CYCLE PROGRAMMING 

The following tables give recommended values 
for programming bus timing registers RO-R8 (see 
Figure 5 and Table 3). These tables address only 
AT bus timing parameters, as on-board timing is 
very application specific. Values are provided for 
6.25, 8, 12.5 and 16 MHz system clock speeds. 
The recommended values in these tables are 
based on emulating an 8 MHz IBM PC/AT Expan­
sion Bus. Two issues that may affect these 
recommended values are listed below. Consult ap­
plication notes for additional details. 

(1) If the sum of RO and R1 is 3 or greater, then 
an internal BALE logic error in first production 
FE3001 parts may cause BALE to remain high 
from a previous on-board cycle and fall one 
PROCLK cycle too early. Widening BALE by one 
clock accounts for this. 

(2) Some adapter boards decode the SAO-SA 19 
address lines to generate MEMCS16, a 
dangerous practice. However, widening BALE 
and delaying the commands relative to an 8 MHz 
AT provides relaxed MEMCS16 setup time, which 
is needed for some of these boards to function 
reliably. 

When preparing to select a new CPU clock 
speed, it is important to setup the FE3001 
registers in a particular order so that BALE and 
commands do not become too short during the 
programming process. The recommended 
programming order for selecting high speed or 
low speed CPU clocks are given below: 

Selecting High Speed CPU Clock: 

R5, R6,R7,R8, R9, R10,R12, R4,R3,R1, RO 

Selecting Low Speed CPU Clock: 

R5,R6,R7,R8, R9, R10,R12, RO,R1,R3, R4 
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A.1 6.25 MHz SYSTEM CLOCK SPEED 

REGISTER FUNCTION VALUE 
RO BALE delay from ALE leading edge 0 
R1 BALE wid1h 1 

R3 8-bit memory, 8/16-bit I/O - command delay 1 

R4 8-bit memory or I/O cycle - wait states 4 

R5 16-bit I/O cycle - wait states 1 

R6 16-bit memory cycle - command delay 0 
R7 16-bit memory cycle - wait states 1 

R8 Minimum number of wait states when 
ZE ROWS is asserted 0 

A.2 8 MHz SYSTEM CLOCK SPEED 

REGISTER FUNCTION VALUE 
RO BALE delay from ALE leading edge 0 
R1 BALE width 1 

R3 8-bit memory, 8/16-bit I/O - command delay 1 

R4 8-bit memory or I/O cycle - wait states 4 

R5 16-bit I/O cycle - wait states 1 
R6 16-bit memory cycle - command delay 0 
R7 16-bit memory cycle - wait states 1 

R8 Minimum number of wait states when 
ZEROWS is asserted 0 
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A.3 12.5 MHz SYSTEM CLOCK SPEED 

REGISTER FUNCTION VALUE 
RO BAL.E delay from ALE leading edge 1 
Rl BALE width 2 
R3 8-bit memory, 8/16-bit I/O - command delay 4 
R4 8-bit memory or I/O cycle - wait states 8 
R5 16-bit I/O cycle - wait states 4 
R6 16-bit memory cycle - command delay 2 
R7 16-bit memory cycle - wait states 4 

R8 Minimum number of wait states when 
ZEROWS is asserted 2 

A.4 16 MHz SYSTEM CLOCK SPEED 

REGISTER FUNCTION VALUE 
.. RO BALE delay from ALE leading edge 1 

R1 BALE width 2 

R3 8-bit memory, 8/16-bit I/O - command delay 4 

R4 8-bit memory or I/O cycle - wait states 10 

R5 16-bit I/O cycle - wait states 4 

R6 16-bit memory cycle - command delay 2 

R7 16-bit memory cycle - wait states 4 

R8 Minimum number of wait states when 
ZEROWS is asserted 2 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 

The FE3001 A contains all of the clock generation 
and cycle control logic necessary to implement an 
IBM AT compatible computer. It is part of the 
FE3600B/C chip set intended to simplify the design 
of 80286/80386SX based AT computers. 

Its features include programmable CPU and DMA 
clock generation, system clock generation, 
programmable bus timing, programmable wait 
state generator, refresh and DMA controls, bus 
arbitration logic, NMI generator and parity error 
logic, reseVshutdown control, sleep mode, 80286 
interface logic and is packaged in an 84-pin PLCC. 

1.2 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

CPU CONTROL FE3001A 
CPU CONTROL 
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ADDRESS BUFFER 

MEMORY 
CONTROLLER 

80286 ADDRESS 
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FE 3031 

DATA BUFFERS 

KEYBOARD 
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FE3001A 

FEATURES 

Programmable CPU and DMA clock generator 

System clock generator 

Programmable bus timing 

Programmable wait state generator 

Refresh and DMA controls 

Bus arbitration logic 

NMI generator and parity error logic 

Reset/shutdown control 

Sleep mode 

80286 interface logic 

1 .25 micron HCMOS technology 

84-pin PLCC 

INTERNAL CONTROL 

I 

AT ADDRESS BUS 

AT BUS CONTROL 

f--- RAM 

ADDRESS 

PROM 

- DRAM - (BIOS) 

INTERRUPTS & DMA 

RAM DATA 

AT DATA BUS 
E DATA 

REAL TIME 

CLOCK 

FIGURE 1-1. FE3600B/C CHIP SET FUNCTIONAL BLOCK DIAGRAM 
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CLK16- f-----PROCLK 
f-----DMACLK 

·CLKHS- CLOCK f---- EADRO/PCLK 
CONTROL f----- SYSCLK 

CLK14- f-----TMRCLK 
-CLK287 

PCLK 

AEN DMARDY ~IOR _ ---

DMA IOCS16 
YIOW --

DMAMR CONTROL DLY'D DMAMR 
---- YMEMR 

REFRESH 
YMEMW 

MNIO COMMAND 
- CONTROL ALE 
Sl BALE 

AD SO INTA -ADRO BHE HLDA 
AEN ONBRD READY 

AO/BHE -- MEMCS16 ACK 
HLDA GEN -EBHE 

INTA --
SCYCLE f-----ABHE 

ADRO DTR 
BHE SDlR 

IOCS16 DENO RESCPU RESET --

RESET MEMCS16 BUS DENl 
-- CONTROL RESIN CONTROL CPU RES HLDA SO EN 

ONBRD SCYCLE 
M~STER ONBRDL 

PTYERR NMI 

ERROR 06 
IOCHCK CONTROL 07 

OUTl HLDAl 
HRQl HOLDRQ 

--
BUSY RSl287 HLDA PRIORITY 

IRQ13 IOCHRDY CONTROL REFRESH 
ERROR CO·PROC. INTA ERFSH 

CONTROL BZ286 1------

CS287 NPCS REFRESH 

FIGURE 1-2. FE3001A BLOCK DIAGRAM 
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VSS2 12 74 VDD3 
BZ286 13 73 PTYERR 

IRQ13 14 72 CS287 
NMI 15 71 A3 

NPCS 16 70 A1 
EADRO/PCLK 17 69 AO 

PCLK 18 68 HLDA 

VDD1 19 67 OUT1 

TMRCLK 20 66 HRQ1 

DMACLK 21 FE3001A 65 VSS6 

SYSCLK 22 64 ERROR 
VSS3 23 63 BUSY 

PROCLK 24 62 IOCHRDY 

ALE 25 61 MASTER 

BALE 26 60 ONBRD 

CLK287 27 59 ZEROWS 
DTR 28 58 "iOCs16 

DENO 29 57 MEMCS16 
DEN1 30 56 RESCPU 
SDTR 31 55 RESiN 
SDEN 32 54 DMAMR 

FIGURE 1·3. FE3001A PIN ASSIGNMENTS 
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PIN# SIGNAL TYPE DESCRIPTION 
1 CLKHS I High speed clock input. This provides the high 

speed clock when selected. When CLK16 (pin 84 
is pulled high, this input (divided by two) is used 
as the low speed clock. 

2 VSS1 Ground. 
--

3 RESET 0 Reset to the system. 

4 ONBRDL 0 ONBRD input latched by ALE internally. Follows 
ONBRD when HLDA high. 

5 CPURES 0 Reset to 80286. 

6 RTCALE 0 Real Time Clock Address Latch Enable 
(I/O address 70H). 

7 HOLDRQ 0 Hold request to 80286 for DMA or Refresh. 
--

8 ERFSH 0 Enable refresh address signal to 3010. Puts 
refresh address on address bus. 

9 HLDA1 0 DMA hold acknowledge signal to FE301 o. Not 
active during refresh. 

10 INTA 0 Interrupt acknowledge to FE3010. 

11 RST287 0 Reset to 80287 (Write to I/O address F1 H or 
system reset). 

12 VSS2 Ground. 

13 BZ286 0 80287 busy signal to 80286. Latched low by 
80287 ERROR signal. 

14 IRQ13 0 Interrupt request 13 for 80287 error to FE301 o. 
15 NMI 0 Non-Maskable Interrupt to 80286. Generated in 

response to a parity error or bus 10CHCK. 

16 NPCS 0 80287 Co-processor chip select. (110 Addresses 
F8H, FAH and FCH). 

17 EADRO/ 0 7.16 MHz clock for keyboard controller/ EADRO for 
PCLK AT bus. 
--

18 PCLK 0 Inverted PCLK for keyboard controller. 

19 VOO1 +5 V Voo. 

20 TMRCLK 0 1.19 MHz timer clock to FE301 o. 
21 DMACLK 0 Software selectable clock for DMA to FE3010. 

T.ABLE 1-1. SIGNAL DESCRIPTIONS 
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PIN# SIGNAL TYPE DESCRIPTION 

22 SYSCLK 0 System clock needed for bus timing. 
See description in synchronization section. 

23 VSS3 Ground. 

24 PROCLK 0 Software selectable 80286 /80386SX clock. 

25 ALE 0 Local Address Latch Enable. 

26 BALE 0 Bus Address Latch Enable. (Programmable) 

27 CLK287 0 Clock for 80287. See clock section for details. 

28 DTR 0 Data direction to FE3031 data buffer. 
--

29 DENO 0 Low byte PC/AT Bus data enable to FE3031 data 
buffer. 

30 DEN1 0 High byte PC/AT Bus data enable to FE3031 data 
buffer. 

31 SDTR 0 PC/AT Bus byte swap direction to FE3031 data 
buffer. 

--
32 SDEN 0 PC/AT Bus byte swap enable to FE3031 data 

buffer. 

33 SCYCLE 0 Latch low byte during byte swap read. 

34 ACK 0 DMA or Refresh Acknowledge signal to the PC/AT 
bus. 

35 READY 0 Ready to 80286. 

36 DMARDY 0 When high allows FE3010 to complete a DMA 
cycle. 

--
37 ABHE 0 High byte enable for devices on local bus. 

38 VSS4 Ground. 

39 REFRESH I/O Refresh cycle. Generated from FE3010 timer 
signal OUT1 or externally from the bus. 

40 DLYWR I/O YIOW delayed to the FE301 0, active edge delayed 
one PROCLK. Input from FE3010 during DMA to 
generate YIOW. 

41 YMEMR I/O Memory read. Input during Master cycle. 

42 YMEMW 110 Memory write. Input during HLDA cycle. 

43 YIOR 110 I/O read. Input during HLDA cycle. 

TABLE 1-1. SIGNAL DESCRIPTIONS (Continued) 
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PIN# SIGNAL TYPE DESCRIPTION 
44 VSS5 Ground. 

45 YIOW liD liD write. Input during Master cycle. 

46 EBHE liD High byte enable to expansion bus. Input during 
Master cycle. 

47 ADRO liD Low byte .enable. Latched with ALE during a CPU 
cycle, driven low during 16-Bit DMA cycles. 

48 BHE I/O High byte enable from the 80286. Output during 
Master and DMA cycles for use by the FE3021. 

49 D6 liD Peripheral data bus bit 6. 

50 D7 liD Peripheral data bus bit 7. 

51 VOO2 +5 VVoo. 

52 D2 I Peripheral data bus bit 2. 

53 D3 I Peripheral data bus bit 3. 

54 DMAMR I DMA memory read from DMA controller. 

55 RESIN I System reset input. 

56 RESCPU I CPU reset input from keyboard controller. 

57 MEMCS16 I. Signals 16-bit memory transfer capability on the 
PC/ATbus. 

58 IOCS16 I Signals 16-bit liD transfer capability on PC/AT bus. 

59 ZEROWS I Zero wait state bus cycle request. See description 
for more details. 

60 ONBRD I 16-bit on-bo~rd DRAM memory, BIOS, or liD 
device. Implies local memory on memory cycles 
and fast liD bus timing for liD cycles. 

61 MASTER I Master on PC/AT bus has control of the bus when 
asserted. 

62 10CHRDY I Current bus cycle may complete when high. May 
be used to extend CPU, DMA, or refresh cycles. 

63 BUSY I 80287/80387SX co-processor busy. 

64 ERROR I Error from 80287/80387SX. 

65 VSS6 Ground. 

TABLE 1-1. SIGNAL DESCRIPTIONS (Continued) 
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PIN SIGNAL TYPE DESCRIPTION 

66 HRQ1 I Hold request from OMA controller in FE3010. 

67 OUT1 I Refresh timer input from FE3010. 

68 HLOA I Hold acknowledge from 80286. 

69 AO I Local 80286 address bus o. 
70 A1 I Local 80286 address bus 1. 

69 AO I Local 80286 address bus o. 
70 A1 I Local 80286 address bus 1. 

71 A3 I Local 80286 address bus 3. 
--

72 CS287 I 80287 select decode from FE3021 (OEOH - OFFH) during 1/0 
cycle. ROM chip select decode during memory cycle .. 

73 PTYERR I On-board RAM parity error. Sampled on the first 
falling edge of PROCLK after YMEMR goes high. 

74 VDD3 +5 V VDD. 

75 10CHCK I Error from PC/AT bus. 
--

76 NMICS I NMI port enable decode (07XH). Also used for 
programming bus control registers. 

77 PBCS I Port B chip select decode (061 H - 06FH, 000). 
See register description for decode definitions. 

78 AEN I OMA cycle enable from FE3010. 

79 OACK2 I 16-bit OMA acknowledge from FE3010. 

80 MilO I 80286 memoryllO select. High indicates memory 
halt, or shutdown cycles. Low indicates 1/0 or 
interrupt acknowledge cycles. 

-
81 S1 I 80286 Status 1. 

82 SO I 80286 Status O. 

83 CLK14 I 14.318 MHz clock input used to derive TMRCLK, EAORO/PCLK, 
and PCLK. 

84 CLK16 I 16 MHz clock input. This provides the low speed CPU clock for 
8 MHz operation. When this pin is pulled high, CLKHS + 2 is 
used as the low speed clock. 

TABLE 1-1. SIGNAL DESCRIPTIONS (Continued) 
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2.0 FUNCTIONAL DESCRIPTION 
2.1 FUNCTIONAL OVERVIEW 

The FE3001A is designed to run with the FE3010 
peripheral controller, and the FE3021 and FE3031 
buffers/memory controls to create a 16 MHz or 20 
MHz PC/AT compatible system. The basic ar­
chitecture of an AT compatible system using the 
FE3600B/C chip set involves putting the system 
DRAM on the local data and command bus, allow­
ing high speed access. The BIOS ROM can be put 
on the local bus or expansion bus; the FE3021 has 
special provisions to use the ROM on the higher 
speed bus. During accesses to local memory, the 
data buffer controls in the FE3001 A prevent data 
collisions between the local and expansion buses. 
The FE3021 and FE3031 also inhibit memory read 
and write signals to the expansion bus for local 
memory accesses. 

The FE3001 A generates all of the clocks needed in 
the system. The CPU clock to the 80286/80386SX 
processor (PROCLK) is programmable, as is the 
DMA clock for the DMA controller in the FE3010 
(DMACLK). The expansion bus clock (SYSCLK) 
and coprocessor clock for the 80287 (CLK287) 
automatically adjust to the current operating con­
figuration. The clock for the timers in the FE3010 
(TMRCLK) is fixed at 1.19 MHz, and the clocks for 
the keyboard controller (PCLK and PCLK) are fixed 
at7.16 MHz. 

The FE3001A has registers to delay the five com­
mands (memory read and write, I/O read and write, 
interrupt acknowledge) during a CPU cycle and 
control the length of the commands based on 
various input signals (16-bit memory, 16-bit I/O, 
on-board memory, fast 16-bit I/O device, and zero 
wait state device). On power-up, these registers are 
loaded with values to run the system with a 16 MHz 
PROCLK (8 MHz system) with full AT compatibility 
and no register programming necessary. Before 
switching to high speed operation, it is necessary 
to program th'e registers for proper bus emulation. 
These registers eliminate the need to either slow 
down the processor for expansion bus operations 
or run the bus asynchronously. Note that a 16 MHz 
system can be made to exactly match the bus 
timing of an 8 MHz system. 

FUNCTIONAL DESCRIPTION 

2.2 CLOCK GENERATOR 

This module generates clocks for the CPU, DMA, 
8042 keyboard controller, timer and 80287 numeric 
processor. The CPU clock is software selectable for 
low speed or high speed CPU operation. The DMA 
clock is also software selectable between standard 
and high speed. The 80287 clock is fixed at the low 
speed CPU clock. 

2.2.1 PROCLK 

The CLK16 and CLKHS input clocks to the 
FE3001 A are used to create the low speed and high 
speed clocks to the CPU. The CLKHS input is used 
when the high speed CPU clock is selected. If the 
CLK16 input is connected to an oscillator, it will be 
used when the low speed CPU clock is selected 
(typically from 6 to 8 MHz CPU speed). Alternative­
ly, if CLK16 is tied high through a pullup resistor, 
then CLKHS + 2 will be used as the low speed clock, 
saving an oscillator. . 

The CPU clock circuitry ensures agJitchless speed 
switch. PROCLK will be held high at no more than 
1 1/2 clock periods of the clock being selected in 
order to achieve synchronization. Since SYSCLK 
and DMACLK are based on PROCLK, they will also 
switch speeds without glitches. 

2.2.2 DMACLK 

DMACLK can be software selected between stand­
ard speed and a special high speed mode. Stand­
ard speed provides a 4 MHz DMA clock to the DMA 
controller on a 16 MHz system, the same as an 8 
MHz IBM PC/AT. This will be the most common 
selection of DMA speed. Selecting high speed 
DMA runs the DMA controller at twice standard 
speed. This would likely be confined to special 
dedicated systems where only well defined DMA 
peripherals that can run that fast are used. 

DMACLK is PROCLK + 4 when the low speed CPU 
clock is selected. DMACLK is PROCLK + 8 when 
the high speed CPU clock is selected. When R13 
bit 7 is set, DMACLK is PROCLK + 12 at high speed. 
DMACLK will always change on CPU "t" state boun­
daries, but no other synchronization is attempted. 
The previous discussion applies to standard speed 
DMA. If high speed DMA is selected, it runs twice 
as fast in all cases. 
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PROCLK 

ALE ------~;----\~--------------------------------------------

SYSCLK =x~ ____ ~\ ______ ~/ \~------~I 

FIGURE 2-1. SYSCLK TIMING DURING HIGH SPEED OPERATION 

2.2.3 CLK287 

CLK287 is always the same as the low speed CPU 
clock. It is not affected by speed switching. It 
follows CLK16 if that input is toggling or is CLKHS 
+ 2 if CLK16 is pulled high. 

2.2.4 SVSCLK 

When the low speed clock is selected, SYSCLK is 
PROCLK + 2. During high speed operation, 
SYSCLK is PROCLK + 4. When R13 bit 7 is set, 
SYSCLK is PROCLK + 6. In the high speed case, 
SYSCLK is brought into synchronization with the 
PC/AT bus at the end of ALE. See Figure 4 for 
SYSCLK functional timing. 

2.2.5 PCLKlEADRO, PCLK, and TMRCLK 

The CLK14 ~t is used to generate 
EADRO/PCLK, PCLK, and TMRCLK. It must be 
14.31818 MHz in order for TMRCLK to be 1.1932 
MHz, as required for the timers in the FE3010 to be 
AT compatible. TMRCLK is CLK14 + 12. 
EADRO/PCLK is CLK14 + 2 (7.16 MHz). PCLK is 
the complement of EADRO/PCLK. EADRO/PCLK 
and PCLK can be used to drive the 8042 keyboard 
controller. 

During power up, PCLKlEADRO will behave like 
PCLK. When RESIN goes high while RESET is 
low, the DMAMEMR input will be sampled. If 
sampled high, this p-in will behave as PCLK until the 
next rising edge of RESIN. If sampled low, this pin 
will behave as EADRO. See Section 2.5.4 for 
details. 

2.2.6 Stopping the Clocks (Sleep Mode) 

Software may put the FE3001 A in sleep mode by 
setting port 063H bit 6. In sleep mode, PROCLK 
and DMACLK will be stopped at a high level. 
SYSCLK will also be stopped, but at an indeter­
minate logic level. DMACLK and PROCLK will 
each stop on their rising edge of phase 2 after 
HLDA is seen active by the FE3001. Typically, this 
would be the first refresh cycle after the sleep bit is 
written. SYSCLK will stop with PROCLK. 

By stopping these clocks, power can be conserved 
in battery operated systems. Note that a static 
CMOS 80286 must be used in order to stop the 
CPU clock. EADRO/PCLK, PCLK, TMRCLK, and 
CLK287 will continue to run in sleep mode, allowing 
the keyboard controller, timers, and coprocessor to 
operate. Either a keyboard interrupt or a system 
clock interrupt is a likely choice to wake the CPU 
up. 

To restart the clocks (wake up the CPU), the 
RESCPU input must be pulsed low. The rising 
edge of RESCPU will kick off internal synchroniza­
tion that will restart the clocks roughly 2 
EADRO/PCLK periods later. No glitches will occur 
on the clocks as a result of a restart. Also note that 
the pulse on RESCPU will not reset the CPU if the 
FE3001 A is in sleep mode. Refer to Application 
Notes for information on external logic needed to 
implement sleep mode. 
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2.3 COMMAND CONTROL 
This module generates the I/O read and write com­
mands, memory read and write command~nter­
rupt acknowledge, ALE and BALE from S1 , SO, and 
MNIO. It also controls the number of wait states 
used during each CPU cycle. See the register 
descriptions for programming information. For 
recommended program values, refer to Appendix 
A. 

2.3.1 On-Board Cycles 

When the ONBRD signal is active, then this cycle 
is directed toward 16-bit, high speed local DRAM, 
BIOS, or I/O. The timing for this cycle is defined by 
registers R9, R10, and R12. The AT bus timing 
signaisMEMCS16 and IOCS16 have no effect. 
10CHRDY can be used to lengthen the cycle, and 
indeed is used by the FE3021 to add wait states for 
a DRAM page miss or EMS cycles. 

The wait states for on-board reads and writes are 
individually programmable by registers R9 and R10 
in order to optimize DRAM access speed. Both 
memory and I/O cycles use these values. The 
command delay for on-board I/O cycles is set by 
register R12. The command delay for on-board 
memory cycles is always zero. 

FUNCTIONAL DESCRIPTION 

2.3.2 AT Bus Cycles 

All 110 and memory cycles where ONBRD is inac­
tive will be directed to the AT bus. The command 
delay and wait states are programmable for each 
type of AT bus cycle. 

Memory cycles use 16-bit timing when MEMCS16 
is driven low before either the memory command 
(YMEMR or YMEMW) is programmed to go active 
or BALE falls, whichever is earlier. I/O cycles use 
16-bit timing when 10CS 16 is driven low before the 
I/O command (YIOR or YIOW) is programmed to 
go active. Otherwise, all cycles use 8-bit timing. 

ZEROWS can be driven low for either 8-bit or 16-bit 
cycles to terminate the cycle early. As on the AT, it 
should not be driven until a command is active. It 
will cause the cycle to end after the prescribed 
minimum number of wait states in register R8 is 
met. Note that the FE3001A contains circuitry to 
ensure that an AT bus cycle will end (command 
goes high) on a rising edge of SYSCLK and will add 
a wait state if needed to enforce this. This 
synchronization circuitry will override register 
programming and the 10CHRDY and ZEROWS 
inputs. 

2.3.3 Other Cycles 

Interrupt acknowledge cycles follow the same com­
mand timing as an 8-bit AT bus cycle. HALT cycles 
do not generate ALE, BALE or cause the READY 
output to go high. Effectively, the FE3001A does 
not respond to a HALT cycle. A SHUTDOWN cycle 
is handled like a HALT, except that it causes the 
CPU RES line to be pulsed, resetting the CPU only. 
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2.4 BUS CONTROL 

This module generates the data buffer controls for 
CPU, DMA, and refresh cycles. DENO and DEN1 
are used to enable the lower and upper bytes of the 
FE3031 AT bus data buffers, respect~DTR 
sets the direction of these buffers. SDEN and 
SDTR control the enable and direction of a buffer 
which transfers data between the upper and lower 
bytes of the AT data bus. The rising edge of 
SCYCLE latches data on the lower byte of the AT 
bus into the FE3031, needed for 16-bit to 8-bit bus 
conversion cycles. ONBRDL is ONBRD latched by 
ALE to keep it valid throughout the cycle. 

The ONBRD signal is used to indicate on-board 
DRAM and 110 operations. On-board memory and 
fast on-board 110 devices are assumed to be 16-bit 
devices. During CPU cycles which access on­
board memory, the AT data buffers will be disabled. 
For Bus Master and DMA cycles, ONBRD must be 
decoded only for on-board memory. 

2.5 AO/BHE GENERATOR 
This module generates the system ADRO, ABHE, 
EBHE, and EADRO using AO and BHE from the 
80286 CPU and AEN and DACK2 from the DMA 
controller in the FE3010. 

2.5.1 ADRO 

During CPU cycles, AD from the 80286 is latched 
with ALE to produce ADRO. For 16-bit DMA trans­
fers and interrupt acknowledge cycles, ADRO is 
forced low so that the low byte of the data bus is 
activated. For all other CPU hold conditions ADRO 
is tri-stated. The FE3001 A performs two cycles 
when the CPU attempts a 16-bit operation to an 
8-bit device on an even address boundary. ADRO 
is automatically forced to one at the start of the 
second cycle to select the second byte. 

FE3001A 

2.5.2 ABHE 

ABHE is the local upper byte select used by the 
FE3031. During CPU cycles, ABHE is BHE latched 
with ALE. It is forced low during 16-bit DMA 
(DACK2 and AEN inputs high) so that the upper 
byte is always selected. For 8-bit DMA, it is the 
inversion of ADRO so that only one byte is selected 
at a time. During master mode, ABHE follows the 
EBHE input. 

2.5.3 EBHE 

EBHE is the u~yte select of the AT bus. During 
CPU cycles, EBHE is ABHE latched with BALE to 
provide ~r AT bus timing. During DMA, EBHE 
follows ABHE. During refresh the EBHE output is 
disabled. It is an input during master mode trans­
fers. 

2.5.4 EADRO 

EADRO is the lower byte select of the AT bus. 
During CPU cycles, EADRO is ADRO latched with 
BALE to provide proper AT bus timing. During DMA 
and refresh, EADRO follows ADRO. This pin will 
disable during master mode transfer. 

ADVANCE INFORMATION 10124190 2-11 

• 



FE3001A 

2.6 PRIORITY CONTROL 

The priority control module generates the hold re­
quest signal to; the CPU in response to a request 
from the DMA controller or refresh timer. . 

2.6.1 Refresh Cycles 

The FE3001 A generates a hold request in response 
to a rising edge on the OUT1 input, signalling that 
a refresh cycle is needed. A refresh cycle is initiated 
when HLDA comes back from the CPU. The 
FE3001A refresh state machine drives REFRESH 
low to signal a refresh cycle to the AT bus, and sets 
ERFSH low to the FE3010 to enable the refresh 
address onto the CPU address bus. YMEMR will 
also be strobed low during a refresh cycle. Refer 
to the timing diagrams for more detail. Note that 
REFRESH is a bidirectional open-collector signal, 
and a refresh cycle can be started by an expansion 
card. 

2.6.2 DMA Cycles and Request Arbitration 

Requests for control by the DMA controller are 
madebytakingtheHRQ1 input high. TheFE3001A 
grants control to the DMA controller by setting 
HLDA1 high. 

When the FE3001A receives a HLDA, it grants 
control either to the refresh state machine 
(REFRESH goes low) or to the DMA controller 
(H LDA 1 goes high). Priority is given to the refresh 
state machine in the event of simultaneous re­
quests. Note that if simultaneous requests do exist, 
then HOLDRQ will not be dropped after the first 
request is satisfied. Instead, the FE3001Awili grant 
control sequentially to both requestors with the 
same HLDA. 

2.7 DMA CONTROL 

This module generates the DMARDY signal for the 
FE3010 peripheral controller. This signal indicates 
that the DMA may complete its cycle. The module 
also generates YMEMR during DMA by delaying 
the leading (falling) edge of the FE3010 DMAMR 
signal by one DMA clock. 

FUNCTIONAL DESCRIPTION 

2.8 ERROR CONTROL 
This module generates a non-maskable interrupt 
(NMI) to the 80286 when a parity error or system 
bus error is encountered. Parity error, system bus 
error or NMI can be enabled or disabled from 
software. They are all disabled on system reset. 

The PTYERR input is examined each time YMEMR 
goes high and it is an on-board cycle (ONBRDL 
low). The state of the PTYERR input is actually 
latched on the first falling edge of PROCLK after 
YMEMR goes high for all on-board CPU reads. 
When HLDA is active, the PTYERR input is 
sampled on the riding edge ofYMEMR. If PTYERR 
was high, it signals a parity failure and will generate 
an NMI to the CPU if enabled. However, when R13 
bit 6 is set, FE3001A will disqualify the PTYERR 
with the CS287 signal. So, NMI will not be 
generated for ROM cycles. This can eliminate the 
external glue logic. The PTYERR from FE3031 
can be connected to PTYERR input of the FE3001 A 
directly. The parity error latch can be cleared by 
disabling and then enabling parity errors. 

The 10CHCK input is driven low by a device on the 
AT bus to signal a catastrophic error, such as a 
parity error on a plug-in RAM card. A low on the 
10CHCK input will generate an NMI to the CPU if 
enabled. The error condition can be cleared by 
disabling and then enabling 10CHCK. However, 
the 10CHCK input must also be reset high or it will 
generate another NMI. 

When the CPU receives an NMI, it can interrogate 
I/O register 061 H (PORT B) to determine whether 
a parity error or an 10CHCK is the source of the 
interrupt. Note that this is the only time the 
FE3001 A will drive the data bus. All other I/O 
locations are write only. Also, only bits 6 and 7 will 
be driven during the read. The FE3010 will supply 
the 6 lower order bits. 
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2.9 COPROCESSOR INTERFACE 

The coprocessor interface module provides the 
system interface to the 80287 numeric processor 
extension. The reset and chip select to the 80287 
are generated in this module in addition to the busy 
signal to the CPU and interrupt request 13 to the 
interrupt controller. 

In a FE3600B/C system, as in any PC/AT com­
patible system, ERROR from the 80287 coproces­
sor is not connected to the ERROR input on the 
80286/S0386SX. Instead, the ERROR input on the 
80286/80386SX is tied high, while BUSY and inter­
rupt request 13 are used to flag errors. The 
FE3001 A has a BZ286 output which connects to the 
BUSY input of the 80286/80386SX. It also has 
ERROR and BUSY inputs which hook to those 
outputs from the 80287/80387SX. 

Normally, BZ2i36 just follows the BUSY input. How­
ever, when ERROR goes low while BUSY is low, 
IRQ13 will go active to signal the CPU that a 
coprocessor error has occurred. IRQ13 will stay 
active until ERROR goes back high. Also, BZ286 
will be latched low to prevent another coprocessor 
instruction from being loaded. BZ286 will stay low 
until either the 80287/80387SX is reset or there is 
a write to 1/0 address OFOH. When either of these 
occurs, then BZ286 will return to following the 
BUSY input. 

The FE3001 A RST287 output connects to the 
80287 RESET input. This allows the coprocessor 
to be reset through software by an 1/0 write to 

FE3001A 

address OF1 H. It will also be reset when the system 
RESET output is active. 

The FE3001 A expects the CS287 input to be active 
for addresses OEOH-OFFH. This is used to provide 
the NPCS chip select decode output for the 80287. 
It will be active for addresses OE8H-OEFH and 
OF8H-OFFH when INTA is high and MilO from the 
CPU was low for this cyeie. 

2.10 RESET ONTROl 

This module generates the CPU RES signal which 
is used to reset only the 80286/80386SX and the 
RESET signal which resets the rest of the system 
(including the FE3001 A). The RESIN input causes 
a full system reset when driven low. Both CPU RES 
and RESET will go active for as long as RESIN is 
low and for at least 30 PROCLK cycles after RESIN 
goes high. 

The RESCPU input, when driven low, causes only 
the CPU RES output to go high. RESCPU would 
normally be connected to both the 8042 keyboard 
controller and the FE3021 (to provide "hot" reset). 
The CPURES output will stay high for at least 16 
CPUCLK periods, longer if RESCPU remains low. 
CPURES will also go high for 16 CPUCLK periods 
if the 80286 executes a shutdown cycle. 

MIlO 51 SO TYPE OF BUS CYCLE 

0 0 0 Interrupt Acknowledge 

0 0 1 1/0 Read 

0 1 0 1/0 Write 

0 1 1 None, not a status cycle 

1 0 0 Halt (if A 1 =1) or Shutdown (if A 1 = 0) 

1 0 1 Memory Read 

1 1 0 Memory Write 

TABLE 2-1. BUS CYCLES 
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2.11 GENERAL NOTES 

ONBRD must not be active during interrupt ac­
knowledge cycles .. 

For memory cycles with ONBRD asserted, the sys­
tem will use the MDATA bus of the FE3031 for data 
transfers. For 1/0 cycles with ONBRD asserted, the 
system will use the expansion bus (DATA) of the 
FE3031 for data transfers. 

On-board 1/0 devices must drive IOCS16 in order 
for a Bus Master to access them as 16-bit devices. 
Otherwise, SDEN will go low for Bus Master 1/0 
cycles where ADRO is high. 

Inputs CLK16, BUSY,~ROR, DLYWR, 
YMEMR, YMEMW, YIOR, YIOW, ADRO, BHE and 
CS287 have internal100k Q (approx.) pullup resis­
tors. 
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3.0 FE3001 A REGISTERS 
3.1 ERROR CONTROL REGISTER (061 H), 

READIWRITE 

The error control register contains masks for the 
on-board RAM parity check and liD channel check 
signals. It also provides a read port to check the 
status of these signals. 

7 6 5 4 3 2 1 0 

061 (RD) I I I X I X I X I X I X I X I 

061 (WR) 

L L 1/0 CH CHK FROM PCIAT BUS 
(ACTIVE HIGH) 

PARITY ERROR (ACTIVE HIGH) 

7 6 5 4 3 2 1 0 

x X X X X X 

NABLE 1/0 CH CHK 0= E 
1= D 

J 
ISABLE 1/0 CH CHK 

0= E NABLE PARITY CHECK -
1 = DISABLE RAM PARITY CHECK 

FIGURE 3-1. ERROR CONTROL REGISTER, READIWRITE 
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3.2 SPEED SELECT (063H), WRITE 
The speed select register controls the speed of the 
CPU and OMA clocks. This register is also used to 
stop the CPU (sleep mode) and unlock the com­
mand control and speed select registers for access. 
The lock bit must be reset and 07 must be low to 
change speed or stop clocks. 

The stop clock bit stops all the clocks except for the 
timer clock, coprocessor clock, and keyboard con­
troller clocks. This allows refresh to continue. Bits 
2, 3, and 6 in the register are cleared and bit 7 is set 
by system reset. 

765 

063 (WR) 

o 

0= CPU SPEED - CLK16 
1 = CPU SPEED - CLKHS 

FE3001A REGISTERS 

o = DMA SPEED - STANDARD 
1 = DMA SPEED - HIGH SPEED 

2-16 

(2 X STANDARD) 

1 = STOP CPU & DMA CLOCKS 

o = UNLOCK & WRITE REGISTERS 
1 = LOCK COMMAND REGISTERS 

FIGURE 3-2. SPEED SELECT, WRITE 
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3.3 NMI ENABLE (070H), WRITE 

The NMI enable register contains the mask for NMI 
to the 80286. Bit 7 is set on power-up. 

7 6 5 4 3 2 0 

070 (WR) x 

-

X X X 

0= ENABLE NMI 
1 = DISABLE NMI 

X X 

FIGURE 3-3. NMI ENABLED, WRITE 
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3.4 COMMAND CONTROL REGISTERS 
(072H,073H), WRITE 

The timing of the command controls on the expan­
sion bus is programmable via the command control 
registers. These registers control the timing of 
BALE, YMEMR, YMEMW, YIOR, YIOW, INTA and 
the number of wait states in a CPU cycle. This 
section describes the programming of these 

registers. Recommended program values for CPU 
clock speeds of 16, 25, 32 and 40 MHz are· 
provided in Appendix A. 

PROCLK 

ALE 

BALE 

COMMAND ~ 

TS Tc 

The programmable bus signals are shown in Figure 
3-4. A summary of the timing registers is shown in 
Table 3-1. 

Tw Tw Tw 

:G I. D .: 
r-ATl--B~ I 

IA ~ I 
I \ 
~c-----1 {-

FIGURE 3-4. PROGRAMMABLE COMMAND TIMING 

REG BITS FUNCTION WAVEFORM DEFAULT RANGE 

Ro 

R1 

R2 

R3 

R4 

Rs 

Rs 

R7 

Rs 

Rg 

R10 

R11 

R12 

R13 

2-18 

2 BALE delay from ALE leading edge A 0 

4 BALE width B 1 

Not used 

4 8-bit mem., 8/16 bit I/O-command delay C 1 

4 8-bit operation - wait states D 4 

4 16-bit I/O operation - wait states D 1 

4 16-bit memo - command delay C 0 

4 16-bit memory operation - wait states D 1 

4 Minimum number of wait states when D 0 
ZEROWS is asserted - wait states 

4 On-board 16-bit read cycle - wait states D 1 

4 On-board 16-bit write cycle - wait states D 1 

Not used 

4 On-board I/O op. - command delay C 1 

4 Enhanced Features Enable N/A OFF 

TABLE 3-1. SUMMARY OF COMMAND TIMING REGISTERS 

Command delay is number of PROCLKs from end of Ts 

Each wait state is two PROCLKs. 

One wait state may be added in high speed mode for synchronization. 
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FE3001A REGISTERS 

3.5 COMMAND REGISTER 
POINTER (072H) 

The command register pointer points to one of 11 
registers at location 073H. Each register contains a 
command timing parameter based on the selected 
CPU clock. Whichever register number is loaded in 
bits 7, 6, 3, and 2 in location 072H is the register 
which is loaded with the next write to address 073H. 
Refer to Table 3-5 for details. 

7 6 5 4 3 

072 (WR) r3 r2 X X r1 

2 o 

rO X X 

L REGISTER NUMBER = r 

7 6 5 4 3 2 1 o 

073 (WR) d3 d2 X X d1 dO X X 

L REGISTER VALUE = d 

FIGURE 3-5. COMMAND REGISTER POINTER 
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3.6 BALE TIMING (Ro,R1) 

The leading edge and width of BALE are controlled 
by these two registers. BALE delay is defined as 
the number of PROCLK cycles from the leading 
edge of ALE. BALE width is the width in PROCLK 
cycles. 

Default values: Delay (Ro) - 0 
Width (R1) - 1 

3.7 8-BIT MEMORY AND 8/16 BIT (R3) 

This register controls the command delay for 8 bit 
memory and 8/16 bit I/O operations. Command 
delay is defined as the number of PROCLK cycles 
from the trailing edge of ALE to the start of the 
command. 

Default value: Command Delay (R3) - 1 

3.8 8-BIT MEMORY AND I/O 
WAIT STATES (R4) 

This register controls the number of wait states for 
8 bit operations. The number of wait states is the 
number of CPU wait states required for these 
operations. 

Default value: Wait States (R4) - 4 

3.9 16-BIT I/O WAIT STATES (Rs) 

This register controls the number of wait states for 
16-bit I/O cycles. These cycles are indicated by the 
assertion of IOCS16. The number of wait states is 
the number of CPU wait states required for this 
operation. 

Default values: Wait States (Rs) - 1 

FE3001A REGISTERS 

3.10 16-BIT AT BUS MEMORY TIMING (Rs,R7) 

These registers control the· command delay and 
number of wait states for 16-bit memory operations. 
These. cycles are indicated by the assertion of 
MEMCS16. Command delay is defined as the num­
ber of PROCLK cycles from the trailing edge of ALE. 
The number ofwa:it states is the number of CPU 
wait states required for this operation. 

Default values: Command Delay (Rs) - 0 
Wait States (R7) - 1 

3.11 ZEROWS BUS CYCLE WAIT STATES 

This register sets the minimum number of wait 
states which must occur before the assertion of the 
ZEROWS signal can terminate a cycle. 

Default values: Wait States, ZWS (Rs) - 0 

3.12 ON-BOARD MEMORY TIMING (Rg,R1O) 

These two registers control the number of wait 
states for on-board operations. These cycles are 
indicated by the assertion of ONBRD during CPU 
cycles. Command delay is zero for all on-board 
memory operations. The number of wait states is 
the number of· CPU wait states required for this 
operation. There are separate registers to program 
the number of wait states for read and write opera­
tions to give the system designer added flexibility 
and potential for greater speed. 

Default values: Wait States,Read (Rg) - 1 
Wait States,write (R1O) - 1 
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3.13 ON·BOARD I/O TIMING (R12) 

This register controls the command delay for 16-bit 
on-board 1/0 operations. These cycles are indi­
cated by the assertion of ONBRD during CPU I/O 
cycles. Command delay is defined as the number 
of PROCLK cycles from the trailing edge of ALE. 
The number of wait states for on-board 1/0 is 
defined by the on-board memory registers 
described above. Additional wait states can be 
added by using the 10CHRDY signal. 

Default values: Command Delay (R12) - 1 

3.14 ENHANCED FEATURES ENABLE (R13) 

Bit 2 provides one extra CPU cycle (2 CPUCLKs) 
data hold time for AT bus cycles at high speed. Bit 
3 must be programmed to '0'. When Bit 6 is set, 
CS287 will be treated as ROMCS for all memory 
cycles. Bit 7 enables SYSCLK = PROCLK + 6 and 
DMACLK = PROCLK + 12 option at high speed. 

3.15 CLEAR 80287 BUSY (OFOH), WRITE 

When an error signal is received from the 80287, 
the BZ286 signal is latched low. The latch is 
cleared by an OUT instruction to this port. The 
output data is don't care. 

3.16 RESET 80287 (OF1 H), WRITE 

An OUT instruction to this port generates a reset to 
the 80287. 
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4.0 PACKAGE 

The FE3001 is packaged in a 84-pin PLCC. 

5.0 ABSOLUTE MAXIMUMRATINGS 

Ambient 
Temperature (operating): ....... o· to + 70· C 

Storage Temperature: ......... -40· to +125· C 

Voltage on any pin to ground: ... - .5 V to +7 V 

Power Dissipation: ........... 400 mW 

6.0 DC CHARACTERISTICS 

Refer to Table 6-1 below. 

SYMBOL PARAMETER 

VIL Input LOW Voltage 

VIH Input HIGH Voltage 

10L LOW V Output Current 1,4 

10H HIGH V Output Current1 

10L LOW V Output Current3 

10H HIGH V Output Currenf! 

VOHC PROCLK Out HIGH Volt 

Voo Supply Voltage (Any Voo) 

100 Supply Current (Total) 

IOL Low V Output Current2 

MIN MAX UNIT 

0.8 V 

2.0 V 

4 rnA 

-4 rnA 

20 rnA 

-8 rnA 

3.8 V 

4.75 5.25 V 

rnA 

8 rnA 

TABLE 6-1. DC CHARACTERISTICS 

PACKAGE 

TEST CONDITION 

VOL= 0.4 V 

VOH= 2.4 V 

VOL= 0.4 V 

VOH= 2.4 V 

10H= -2 rnA 

VOL=O.4V 

1. Output currents are for OMACLK, TMRCLK, PCLK, PCLK, CLK287, CPURES, ALE, RTCALE, OTR, SOTR, 
DENO, DEN1, SDEN, SCYCLE, READY, OMAROY, NPCS, RST287, BZ286, IRa 13, NMI, HOLORQ, ERFSH, 
HLOA 1 , INTA, DLYWR, ABHE, BHE, ONBRDL. 

2-22 

2. Output currents are for FiESEr, YMEMR, ~YM:-=E=M'-::W.7.", YIOR, YIOW, 06, 07, AORO, SYSCLK, BALE, EBHE, ACK. 
3. Output current for REFRESH should be 20 mA at 0.4V. This is an I/O pin which is only driven low in output 
mode. It is in a tri-state condition otherwise. A 300 ohm pullup resistor is needed to bring the output high. 
4. Ou~put low current for PROCLK. 
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7.0 FE3001ATIMING PARAMETERS 

(T a=O· to 70·C, VDD=4.5 to 5.5V,CL=50pf) 

SYMBOL PARAMETER 

T1 ALE rising edge delay from PROCLK 

T2 ALE falling edge delay from PROCLK 

T3 BALE rising edge delay from PROCLK 

T4 BALE falling edge delay from PROCLK 

T5 YMEMR, YMEMW fall delay from PROCLK 

T6 YMEMR, YMEMW rise delay from PROCLK 

T7 YIOR, YIOW falling delay from PROCLK 

T8 YIOR, YIOW rising delay from PROCLK 

T11 READY falling edge delay from PROCLK 

T12 READY rising edge delay from PROCLK 

T13 DTR fall delay from PROCLK; read cycle 
----

T16 DENO, DEN1 rise delay from PROCLK; read 
----

T17 DENO, DEN1 low delay from PROCLK; write 
----

T18 DENO, DEN1 rise delay from PROCLK; write 
--

T21 S1, SO setup time to PROCLK 

T23 ONBRD setup time to PROCLK; memory cycle 

T24 ONBRD setup time to PROCLK; I/O cycle 

T25 MEMCS16 setup time to PROCLK 

T26 IOCS16 setup time to PROCLK 

T27 10CHRDY setup time to PROCLK 

T28 10CHRDY hold time from PROCLK 

T30 S1, SO hold time from PROCLK 

T31 AO setup time to PROCLK 

T32 BHE setup time to PROCLK 

T33 BHE hold time from PROCLK 

16 MHz 
MIN MAX (NS) 

18 

18 

21 

20 

16 

19 

20 

20 

12 

12 

20 

16 

28 

29 

11 

22 

32 

32 

35 

11 

0 

1 

30 

15 

15 

Table 7-1. FE3001A TIMING PARAMETERS 
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20 MHz 
MIN MAX 

18 

15 

21 

20 

13 

19 

20 

20 

9 

9 

20 

12 

28 

29 

8 

16 

24 

32 

35 

7 

0 

1 

30 

15 

15 
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16 MHz 20 MHz 
SYMBOL PARAMETER MIN MAX (NS) MIN MAX 

T34 AO hold time from PROCLK 15 15 

T35 ABHE delay from PROCLK 28 26 

T36 ADRO delay from PROCLK 29 26 

T37 EBHE/EADRO delay from PROCLK 30 30 

T38 ONBRD hold time from PROCLK 10 10 

T39 ONBRDL delay from ONBRD 30 23 

T40 ONBRDL delay from PROCLK 24 24 

T41 CLK14 period 69 69 

T42 CLK14 low time 27 27 

T43 CLK14 high time 27 27 

T44 EADRO /PCLK rise/fall delay from CLK14 falling 29 29 
--

T45 PCLK rise/fall delay from CLK14 falling 33 33 

T46 TMRCLK riselfall delay from CLK14 falling 35 35 

T47 CLKHS period 31 31 

T48 CLKHS high time 14 14 

T49 CLKHS low time 14 14 

T54 CLK287 rise/fall delay from CLKHS falling; 27 27 

CLK16 input tied to +5V 

T55 CLK16 period 62 62 

T56 CLK16 high time 28 28 

T57 CLK16 low time 28 28 

T59 CLK287 rise/fall delay from CLK16 ; 
CLK16 toggling 27 27 

T60 SYSCLK rise/fall delay from PROCLK; 
Low speed PROCLK selected 17 17 

T61 SYSCLK rise/fall delay from PROCLK; 
High speed PROCLK selected 17 17 

T62 DMACLK rise/fall delay from PROCLK; 
Divide by 2 37 37 

Table 7-1. FE3001A TIMING PARAMETERS (Continued) 
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16MHz 20 MHz 
SYMBOL PARAMETER MIN MAX(NS) MIN MAX 

T63 DMACLK riselfall delay from PROCLK; 
Divide by 4 37 37 

T64 DMACLK riselfall delay from PROCLK; 
Divide by 8 37 37 

T65 MilO setup time to SO, S1 falling edge 4 4 

T66 MilO hold time from PROCLK (end of Ts) 15 15 

T67 DTR rise delay from PROCLK; read cycle 30 30 

T68 SDTR rise delay from PROCLK 28 28 

T69 SDTR fall delay from PROCLK 35 35 

T70 PTYERR setup time to PROCLK 11 11 

T71 PTYERR hold time from PROCLK 4 4 

T72 MEMCS16 hold time from PROCLK 17 17 

T73 DENO low delay from PROCLK; read cycle 33 33 

T74 DEN1 low delay from PROCLK; read cycle 33 33 

T75 ZEROWS setup time to PROCLK 24 24 

T76 ZEROWS hold time from PROCLK 0 0 

T77 DENO, DEN1 low delay from ONBRD high; 
write cycle 28 28 

T78 IOCS16 hold time from PROCLK 15 15 

T79 DL YWR falling edge delay from PROCLK 13 13 

T80 DLYWR rising edge delay from PROCLK 25 25 

T81 SDEN falling edge delay from PROCLK 42 42 

T82 SDEN rising edge delay from PROCLK; 
YMEMR, YMEMW, or YIOR active 47 47 

T83 SDEN rising edge delay from PROCLK; 
YIOWactive 47 47 

T84 SCYCLE rising edge delay from PROCLK 17 17 

T85 SCYCLE falling edge delay from PROCLK 22 22 

T86 INTA falling edge delay from PROCLK 25 25 

Table 7-1. FE3001A TIMING PARAMETERS (Continued) 
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16MHz 20 MHz 
SYMBOL PARAMETER MIN MAX (NS) MIN MAX 

T87 INTA rising edge delay from PROCLK 25 25 

T88 ADRO low delay from PROCLK; 
interrupt acknowledge cycle 21 21 

T89 DENO low delay from PROCLK; 
interrupt acknowledge cycle 33 33 

T90 DENO rise delay from PROCLK; 
interrupt acknowledge cycle 16 12 

T91 CPU RES rising edge delay from PROCLK; 
shutdown cycle 5 17 5 14 

T92 CPU RES falling edge delay from PROCLK; 
shutdown cycle 5 17 5 14 

T93 OUT1 to CLK14; asynchronous input 15 15 

T94 HOLDRQ rising edge delay from CLK14 46 46 

T95 HOLDRQ falling edge delay from CLK14 46 46 

T96 HLDA to CLK14; asynchronous input 26 26 

T97 REFRESH low delay from HLDA high 31 31 

T98 REFRESH output tri-state delay from CLK14 9 9 

T99 ERFSH falling edge delay from CLK14 43 43 
--

T100 ERFSH rising edge delay from CLK14 43 43 

T101 YMEMR falling edge delay from CLK14; 
refresh cycle 40 40 

T102 YMEMR rising edge delay from CLK14; 
refresh cycle 40 40 

T103 IOCHRDY setup time to CLK14 19 

T104 HRQ1 to CLK14; asynchronous input 18 

T105 HLDA1 rising edge delay from CLK14 43 43 

T106 HLDA 1 high delay from HLDA high 30 30 

T107 HLDA 1 falling edge delay from CLK14 43 43 

T108 BALE high delay from HLDA high 20 20 

T109 BALE low delay from HLDA low 20 20 

Table 7-1. FE3001A TIMING PARAMETERS (Continued) 
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16 MHz 20 MHz 
SYMBOL PARAMETER MIN MAX (NS) MIN MAX 

T110 ACK high delay from HLDA high 21 21 

T111 ACK high delay from MASTER high 19 19 

T112 ACK low delay from HLDA low 21 21 

T113 ACK low delay from MASTER low 19 19 

T114 ONBRD setup before YIOR falls 9 

T115 ONBRD to ONBRDL delay; HLDA high 30 30 

T116 HLDA high to ADRO float delay 20 20 

T117 HLDA low to ADRO enable delay 20 20 

T118 ADRO input to ABHE output delay 19 19 
--

T119 HLDA high to EBHE float delay 23 23 

T120 HLDA low to EBHE enable delay 23 23 
--

T121 AEN high to EBHE enable delay 23 23 

T122 AEN low to EBHE float delay 22 22 
--

T123 ADRO input to EBHE output delay 28 28 
-

T124 HLDA 1 high to BHE enable delay 10 10 
-

T125 HLDA1 low to BHE float delay 11 11 

T126 EBHE to BHE delay 11 11 
--

T127 HLDA high to YIOR float delay 21 21 

T128 HLDA low to YIOR enable delay 23 23 

T129 HLDA high to YMEMW float delay 21 21 

T130 HLDA low to YMEMWenable delay 23 23 

T131 YIOR low to DENO low delay 25 25 

T132 YIOR high to DE NO high delay 25 25 
--

T 133 YIOR low to DTR low delay 23 23 

T134 YIOR high to DTR high delay 23 23 

T135 YIOR low to SDTR high delay 31 31 

T136 YIOR high to SDTR low delay 31 31 

Table 7-1. FE3001A TIMING PARAMETERS (Continued) 
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16MHz 20 MHz 
SYMBOL PARAMETER MIN MAX (NS)· MIN MAX 

T137 ONBRD setup before DMACLK which causes 
YMEMR to go low 22 22 

T138 DMAMR setup time to DMACLK 16 16 

T139 YMEMR falling edge delay from DMACLK 15 15 

T140 DMAMR high to YMEMR high delay 19 19 

T141 DL YWR input low to YIOW output low 19 19 

T142 DL YWR input high to YIOW output high 19 19 

T143 YMEMR low to DEN1 low delay 25 25 

T144 YMEMR high to DEN1 high delay 25 25 

T145 YMEMR low to SDEN low delay 30 30 

T146 YMEMR high to SDEN high delay 30 30 

T147 AEN high to ADRO enable delay; DACK2 high 25 25 

T148 DACK2 low to ADRO float delay 20 20 

T149 AEN high to ABHE low delay; DACK2 high 27 27 

T150 IOCHRDY setup time before DMACLK 15 15 

T151 YIOR low to DMARDY low delay 27 27 

T152 DMAMR low to DMARDY low delay 27 27 

T153 DMARDY rising edge delay from DMACLK 25 25 

-- --
T156 EBHE to ABHE delay; master mode 22 22 

T157 AEN low to ADRO float delay; master mode 23 23 

T158 AEN high to DL YWR float delay 20 20 

T159 AEN low to DLYWR enable delay 21 21 

T160 ONBRD setup time before memory command 
falls; master mode 18 18 

T161 ADRO setup time before memory command 
falls; master mode 6 6 
--

T162 EBHE setup time before memory command 
falls; master mode 6 6 

Table 7-1. FE3001A TIMING PARAMETERS (Continued) 
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16 MHz 20 MHz 
SYMBOL PARAMETER MIN MAX (NS) MIN MAX 

T163 DTR low delay from memory command low; 
master mode 23 23 

T164 DTR high delay from memory command high; 
master mode 23 23 
--

T165 DENO low delay from memory command low; 
master mode 25 25 
--

T166 DENO high delay from memory command high; 
master mode 25 25 
--

167 DEN1 low delay from memory command low; 
master mode 25 25 
--

T168 DEN1 high delay from memory command high; 
master mode 25 25 

T169 MEMCS16 setup time before memory 
command falls; master mode, ADRO high 10 10 

T170 SDTR low delay from memory command low; 
master mode, ADRO high 31 31 

T171 SDTR high delay from memory command high; 
master mode, ADRO high 31 31 

T172 SDEN low delay from memory command low; 
master mode, ADRO high 30 30 

T173 SDEN high delay from memory command high; 
master mode, ADRO high 30 30 

T174 ADRO setup time before I/O command falls; 
master mode 5 5 

T175 SDTR low delay from I/O command low; 
master mode, ADRO high 31 31 

T176 SDTR high delay from I/O command high; 
master mode, ADRO high 31 31 

T177 SDEN low delay from I/O command low; 
master mode, ADRO high 30 30 
--

T178 SDEN high delay from I/O command high; 
master mode, ADRO high 30 30 

T179 IOCS16 setup time before I/O command 
falls; master mode, ADRO high 14 14 

Table 7-1. FE3001A TIMING PARAMETERS (Continued) 
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NOTES: 

All delays with respect to PROCLK are with respect 
to the falling edge of PROCLK. 

T22: ZEROWS SETUP TIME NOTES 

The ZEROWS signal is sampled by the FE3001A 
in the middle of every CPU wait state during AT bus 
cycles. ZEROWS will terminate an AT bus cycle 
early when it is sampled after the minimum number 
of wait states programmed into R8 have occurred. 

T25: MEMCS16 SETUP TIME NOTES 

MEMCS16 is only examined during AT bus memory 
cycles. It must be valid before the earlier of either 
(1) the memory command strobe falls as 
programmed by R6, or (2) BALE falls as 
programmed by RO and R1. 

T26: IOCS16 SETUP TIME NOTES 

IOCS16 is only examined during AT bus I/O cycles. 
It must be valid before the I/O command falls as 
programmed by R3. 

T27: 10CHRDY SETUP TIME NOTES 

10CHRDY is sampled with the falling edge of 
PROCLK at the end of each CPU ''t'' state. It must 
be sampled low one full "t" state before a cycle 
would normally end in order to extend it. 
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PROCLK 

81, so 

BHE 

AD 

ALE 

ABHE 

~ n. .~ r L.Ll.\\ ..LL\ \ \l.I..Ui\-LL\ \ \.LL]\\jLLl.\ \ \..LL\ \ \'------

~Ro ____ Dl ___ ~_~ _____ , 
1 NOTE 1 T3 rl~T4 1 

1 BALE W 1 ~'-. ----'-I --,--I -----
1 T37 ~ 1 1 1 1 

~BHE/EADR~ _ _ Ll + d: 1 1 

1 NOTE 2 1 g3 ~T4 1 1 

1 BALE : 1 1 1 

1 EBHE/EADRO :; 1 1 

------r-----I-~-----~ 
T23, I T38 

ONBRD 

ONBRDL 

IOCHRDY 
(NOTE 3) 

READY 

T12 

NOTES: 
(1) RO = 0; R1 = 1 (low speed BALE timing) 

(2) RO = 1; R1 = 2 (16MHz BALE timing) 

(3) IOCHRDY is being used to add one wait state to this on-board cycle, which is otherwise 
programmed by R9 or R10 to be 0 wait states 

Figure 7-1. CPU Cycle Timing for ALE, Byte Select, 
ONBRD and READY 
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CLK14 

EADRO/PCLK 

PCLK 

TMRCLK 

CLKHS 

NOTE 1 

CLK287 

CLK16 

NOTE 2 
CLK287 

T 41 T 42 T 43 

__ ,IT 44 

J T45 

I ))'\....-----,1 
I f_T 46 ---f~\t-----.\'---

T 47 T 48 
T 49 

T 54 

T 55 
T 56 T 57 

- T 59 

NOTES: 
(1) CLK16 input connected to +5V 

(2) CLK16 input driven by an oscillator 

Figure 7·2. Clock Timing (1 of 2) 
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Ts Tc Tw 

PRQCLK 

ALE 

Ts Tc Ts Tc 

1 

1 

~E-;- - - - -~T6~ - - - - - - - - - - - - - - --l 

ISYSCLK) ~ r 1/ \ NOTE 3 I \'-___ 1 

L~------T~~--------------_J 
DMACLK 
(NOTE 4) 

T63 --J t DMACLK ~ (NOTE 5) 

~ 
T64 ---I r= DMACLK 

(NOTE 6) 

NOTES: 
(1) Bit 2 of I/O Addr 63 set to 0 (low speed CPU clock) 

(2) Bit 2 of I/O Addr 63 set to 1 (high speed CPU clock) 

(3) SYSCLK low time extended when SYSCLK is low while ALE is high and the high speed CPU clock 
has been selected 

(4) Bit 2 of I/O Addr 63 set to 0 (low speed CPU clock) and Bit 3 set to 1 (high speed DMA) 

(5) I/O Addr 63 Bits 2 and 3 set to the same value; low speed CPU clock and low speed DMA, or high 
speed CPU clock and high speed DMA 

(6) Bit 2 of I/O Addr 63 set to 1 (high speed CPU clock) and Bit 3 set to 0 (low speed DMA) 

Figure 7-3. CLOCK TIMING (2 of 2) 
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ON-BOARD ZERO WAIT ON-BOARD ONE WAIT 
STATE MEMORY READ STATE MEMORY WRITE 

- Ts -I -Tc Ts - -TC-I-TW-

PROCLK 

S1 

SO 

I 
MIlO I 

I I 
ONBRDL \ I I 

T1~ T67 
I I r F DTR 

T69 I I I (NOTE 2) 
TS~ 

F -, [ I I 
SDTR I I (NOTE 2) I I 

I I ~T5[ ~TSF 
YMEMW I I 

T~ 

t -1TS(=1 
YMEMR 

I T70m 
PTYERR 
(NOTE 3) 

T71 

NOTES: 
(1) DENO, DEN1, and SDEN will remain high and SYSCLE will remain low during on-board memory cycles 

(2) NOT USED by the FE3031 during on-board memory cycles; shown for reference only 

(3) PTYERR must be low when shown to prevent a parity NMI from being generated (if enabled) 
PTYERR is sampled one PROCLK after the end of an on-board memory read 

Figure 7-4. On-board Memory Cycle Timing 
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DEFAULT CYCLE ZEROWS ACTIVE 

-n-I-~-I_~_ -n-I-~-

PROCLK 

\L--_--+--'I \L-_----.l---l! 1 

MIlO J 1 \ 

SYSCLK 

BALE 

I 1 1 1 1 --T---.J~ ~T721 1 1 1 
r.-;;:oN~~=~~:=-16 \\\\\\\\\\\\\\t 1 ~\\\\\\\\\\\\\\\\\\~\\\\\\\\\ 1 1 A\\\~\\\\\ 

T~ r T-il r= : \: 1 I YMEMR 
(NOTE3) 

ADRO 

1 1 1 
----.\1 1 II 1 1 

T73 1 T16 I 1 1 l r -I F : 1 1 
~--------,--I-------. 1 1 1 ___ --J! 1 1 \ 1 

__ ----'--I ___ -+-1 _T7_4 ~_~ 1 I FT16 

T13 I I 
~ r T67 ~ F-----.\ ~ i : r-

DEN1 

DTR 

ZEROWS "'1 ~ J C-" 
NOTES: 

(1) NPCS is high during these cycles 

(2) Setup/Hold times referenced to PROCLK edge which is programmed by R6 to cause YMEMR or YMEMW 
togo low 

(3) R6 = 0; R7 = 1; RS = 0; RO = 0; R1 = 1 

Figure 7-5. 16-Bit Memory Read Timing-Low Speed CPU Clock 
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PROCLK 

SO 

51 

MIlO 

SYSCLK 

BALE 

ONBRD 

MEMCS16 

YMEMW 
(NOTE 2) 

ADRO 

DENO 
(NOTES 3, 4) 

ABHE 

DEN1 
(NOTES 3, 4) 

DTR 

ZEROWS 

DEFAULT CYCLE ZEROWS ACTIVE 

- Ts - I - Tc -I - Tw-

I 

-Ts - I-TC -

1 ~ / 
1 

1 

j 
1 

1 

th 
{ 1 

1 

\\\\\\\\m!\\ 1 

1 1 T~.J r 1 1 

1 1 

1 1\ 

=1 1 [T17 

---LI T77 

1 1\ 

~ : t'" 
-, T77 

I 

1 \ I 
1 

1 

1 

1 

1 

/l 
1 1 

\ssmSSSSSSSSSSS~SSSE~SV 
A\\\\\\\\\\\\\\\\\~\\\\\~\\\ . 

T~ r: \ 
1 

1 

1 

1 

1 I 
~ 

T18 

F 
\ 

NOTES: 

\L-_---,-__ 

1 

\L-_-+-I _ 

1ll/lIl1l1t/lIlI 

T18~ F 

(1) NPCS is high during these cycles 

(2) R6 = 0; R7 = 1; RS = 0; RO = 0; R1 = 1 

(3) DENO and DEN1 go high one PROCLK cycle after the write command goes high. However, each will remain· 
low for back to back write cycles when it is active in both cycles 

(4) The falling edge of DENO or DEN1 in a write cycle will be controlled by ONBRD if it goes high in the last half 
of the processor Ts state, or by PROCLK if ONBRD is high earlier 

Figure 7-6. 16-8it Memory Write Timing-Low Speed CPU Clock 

2-36 ADVANCE INFORMATION 10124190 



FE3001A 

DEFAULT CYCLE 

-D-I-B-I-~-I-~-I-~-I-~- T. 
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I DENO _ III INOTE4) II I 
1_ =M F Tl~ ~ 
I 1~~~4) T~ t;= 1 I 

I I DTR I 
L-- _____________________ _ 

NOTES: 
(1) RO = 1; R1 = 2; R6 = 2; R7 = 4; NPCS is high during these cycles 

(2) Memory read cycle timing 

(3) Memory write cycle timing 

(4) The falling edge of DENO or DEN1 in a write cycle will be controlled by ONBRD if it goes high in the last 
half of the processor Ts state, or by PROCLK if ONBRD goes high earlier 

Figure 7-7. 16-Bit Memory Timing for High Speed(16 MHz) CPU 
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FE3001A 

PROCLK 

51,50 

5Y5CLK 

BALE 

ONBRDL 

MEMC516 

ZEROW5 
(NOTE 3) 

ZERO WAIT STATE CYCLE 

- TS.-I-TC -I-TW -.1 -Tw- -Ts-
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\ 
I I 
I I 
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T22 

1\\11111\ \ID1 

\'--_________ ----'1 

NOTES: 
(1) RD = 1; R1 = 2; R6 = 2; NPCS is high during these cycles 

(2) SYSCLK is extended low one extra half period when it is low during the processor's Ts state and 
the high speed CPU clock is selected 

(3) Register R8 = 2. When the high speed CPU clock is selected, no AT bus cycle can terminate until 
the cycle when SYSCLK goes high. This ensures proper synchronization of the rising edge of the 
command strobes with SYSCLK 

Figure 7·8. 16·Bit Memory Timing with ZEROWS Asserted 

and High Speed (16 MHz) CPU 

ADVANCE INFORMATION 10124190 



FE3001A 

16-BIT 110 READ 16-BIT 110 WRITE 

NOTES: 
(1) RO = 0; R1 = 1; R3 = 1; RS = 1 

(2) IOCS16 setup time is to the PROCLK which causes YIOR or YIOW to go low as programmed by R3. 
Hold time is from the end of the cycle 

(3) DLYWR falling edge is one PROCLK later than YIOW at low speed. DLYWR rising edge is coincident with 
YIOW rising edge 

Figure 7-9. 16-Bit 1/0 Timing with Low Speed CPU Clock 
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FE3001A 

DEFAULT CYCLE 
Ts Tc Tw Tw Tw Tw 

PROCLK 

51,SO -T\ I : : 
SYSCLK ~ I I 1 I ,---i--

: : I \ : I I : BALE 

ONBRD OROfORlIIlIY I \\\\\\\\\\\\\\\\\\\\\\\\\l\\\\\\~\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\t\\\\\\\\~\\\\\\\\\ 
IOCS16 I I I C T26 --1 I r T7S --ir-
(NOTE 2) I I ~----11-----'-' -----------'---+---4 
ADRO, I I I I 
ASHE I I \ I I I I 
~:3 - T -: - T -----~j7 li - - - - - - -[f+ - ~ 
~ ~ I ~~ I 

IDEN1 7 I I \ : I i I I 
I DTR I I I \. 1..--'1-1 

i~:·-:-r------~-q----J di 
I~NL~R5) I I ~ 1.= ~ p-I 
I DENO, I I \ T 80 I I I 
I DEN1 I 

DTR ~ '-- ________________________ --l 

NOTES: 
(1) RO = 1; R1 = 2; R3 = 4; R5 = 4. NPCS is high during these cycles 

(2) IOCS16 setup time is referenced to the PROCLK which causes YIOR or YIOW to go low as 
programmed by R3. Hold time is from the cycle end 

(3) 1/0 read cycle timing 

(4) 1/0 write cycle timing 

(5) DL YWR falling edge is one PROCLK later than YIOW at low speed, DLYWR rising edge is coincident 
with YIOW rising edge 

. Figure 7-10,16-Bit I/O Timing w/High Speed (16 MHz) CPU Clk 
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FE3001A 

DEFAULT CYCLE 

Ts Tc Tw Tw Tw Tw 

PROCLK 

SYSCLK 

BALE ~--~~~~~--r-----~--------------------~~---
. \\\\%\\\\\\\\\\\\\\\\\$\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\~\\\m\\\\\\\\\ l.ll~ 

, , 

ONBRD 

:: : : 
IOCS1S , , ,: / (NOTE 2) ~ ________ -;....I, , ' , 

\\\\\b\\\\\\\\\\\\\\\~\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ili\\\\\\\\b\\\\\ 

ABHE 

COMMAND~ 
(NOTE 4) , 

DLYWR 
(NOTE 5) 

DEN1 ~ 

\~--~--~----~--------------------+---r--
1 

\~------~--------------------~~ 
\-----~~, (NOTE 8) 1 

:iioiE -6-- - - --~ -- --- -"- - - - - - -r -------- --- -- -------- ---- ---- -- -- --- ------------------- -- -- ------- --- -- ----: ------: -------
, , , 

:DENO \~ __________________________________ ~~I 

iDTR -L.Jr-~---:-; 1,--7---
: ' 
:NOTE 7 

: DENO 

: DTR 

\~------------------------------------~I 
~ 

l _________________________________________________________ NOT.ES; ________________________________________________ _ 
(1) RO = 0; R1 = 1; R3 = 1; R4 = 4. NPCS is high during this cycle 

(2) iOCS16 affects only 1/0 cycles 

(3) MEMCS 16 affects only memory cycles 

(4) COMMAND means either VIOR, VIOW, VMEMR, or VMEMW 

(5) DLVWR is active only in cycles where VIOW is active 

(6) Read cycle timing 

(7) Write cycle timing 

(8) DL VWR will be further delayed by 2 PROCLK at high speed 

Figure 7-11. 8-Bit Cycle Timing for Low Speed CPU Clock--

Even Byte Access 
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FE3001A 

DEFAULT CYCLE 
Ts To Tw 

I 
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ir=" I ,J L ,~ F' 
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~ ________________________ J 

ABHE 

NOTES: 
(1) RO = 0; R1 = 1; R3 = 1; R4 = 4. NPCS and ONBRD are inactive. IOCS16 is inactive during I/O cycles. 

MEMCS16 is inactive during memory cycles 

(2) COMMAND means either YIOR, YIOW, YMEMR, or YMEMW 

(3) Read cycle timing 

(4) Write cycle timing 

(5) SDEN stays low one additional PROCLK during cycles when YIOW is active 

Figure 7-12. 8-Bit Cycle Timing for Low Speed CPU Clock --

Byte Access 
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NOTES: 

FE3001A 

(1) RO = 0; R1 = 1; R3 = 1; R4 = 4. NPCS and ONBRD are inactive. IOCS16 is inactive during 110 cycles. 
MEMCS16 is inactive during memory cycles 

(2) Two additional wait states are not shown 

(3) One additional wait state is not shown 

(4) COMMAND means either YIOR or YMEMR 

Figure 7-13. a-Bit Cycle Timing for Low Speed CPU Clock --

Word Read from Even Address 
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NOTES: 
(1) RO = 0; Rl = 1; R3 = 1 ; R4 = 4. NPCS and ONBRD are inactive. IOCS16 is inactive during 1/0 cycles. 

MEMCS16 is inactive during memory cycles 

(2) Two additional wait states are not shown 

(3) One additional wait state is not shown 

(4) COMMAND means either YIOW or YMEMW 

(5) SDEN low time extended one PROCLK for 1/0 write cycles 

Figure 7-14. 8-Bit Cycle Timing for Low Speed CPU Clock--

Word Write to Even Address 
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NOTES: 
(1) R3=1;R4=4 

(2) Two additional processor T states not shown 

(3) 80286 floats these lines during interrupt acknowledge cycles 

(4) Because AD is floating, the state of ADRO is unknown from the rising edge of ALE 
untillNTA falls, when ADRO is forced low 

(5) Because BHE is floating, the state of ABHE (and EBHE ) is unknown 

(6) DENO is forced low when INTA falls. It could have gone low at the end of Ts 
depending on the state of ADRO 

(7) The state of DEN1 follows ABHE and therefore cannot be determined 

FE3001A 

Figure 7-15. Interrupt Acknowledge Cycle-Low Speed CPU Clock 
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FE3001A 

NOTES: 

(1) The width of CPU RES will be four DMACLK periods 

(2) DMACLK is shown as it would be for high speed DMA and a high speed CPU dock or for low speed DMA 
and a low speed CPU clock. Refer to Figure 8. Note that the phase of DMACLK with respect to Ts is uncertain. 

(3) CPU RES will be asserted on the first PROCLK edge which begins a T state, after an internal divide by 4 
of DMACLK makes a low to high transition. The phase of this internal signal is impossible to determine, 
although it changes on the rising edge of DMACLK. CPU RES is shown going active here as early as 
possible. It could be delayed up to three more DMACLK periods 

Figure 7-16. Shutdown Cycle Timing 
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FE3001A 

TO Tl T2 Tw T3 T4 

CLK14 

EADRO/PCLK 

, , , 

OUTl 
(NOTE 2) -----'--'1l--LL.cll~ cl 93 ffi\ \\ \\ \\ \\\\\\\ 1\\ \\\\\\\\ \1\\\\\\\ \ \ \ II II \1 I \1 \\ 

'~ , " '~ HOLDRQ 

HLDA 
(NOTE 2) 

----.;......: p_ 94 : : : T 95: ~----

__ T---1"~; iT 96 i: T ~ r \11111l\\ 
REFRESH 
(NOTE 3) 

YMEMR 

~------1i,..,t 99 i ~ r T 100 

i T1~ r ~! rT102 -------I~ 

IOCHRDY 
(NOTE 2) 

-------I~ 
i Ti 1 03 ~ ~ T 103 : 

\\\\\\\\\\\\\m ~ l~~--
, , 

NOTES: 
(1) Cycle shown with one wait state (one EADRO/PCLK period) inserted 

(2) OUT1, HLDA, and IOCHRDY are asynchronous inputs. Setup times are shown only to guarantee 
recognition at a particular edge of EADRO/PCLK 

(3) The falling edge of REFRESH is combinatorially generated from HLDA. The rising edge is controlled 
by the FE3001 A 

(4) HRQl and HLDAl are not active 

Figure 7-17. Refresh Cycle Timing 
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FE3001A 

CLK14 

EADRO/PCLK 

HRQl 
(NOTE 2) 

HOLDRQ 

HLDA 

HLDAl 
(NOTE 3) 

T 107 }L-__ 

C-----+---
BALE 

T 108 -!F ~~ ____________ ~~, ~9 

ACK 
(NOTE 4) 

MASTER 
(NOTE 5) 

6-,12 -----+---'T 110 t t!=t 
T "1 ~ ~ j..--L_T __ l_ll __________ _ 

2-48 

NOTES: 
(1) No refresh cycle is pending 

(2) HRQ1 is an asynchronous input. Setu'p time is shown only to guarantee recognition at 
a particular EADRO/PCLK edge . 

(3) . HLDA 1 rising edge will be controlled by the later of the EADRO/PCLK edge shown 
or HLDA 

(4) ACK will follow the dashed lines shown only when MASTER is asserted 

(5) Applicable for Bus Master cycles only 

Figure 7-18. Basic HOLD/HDLA-DMA & Master Mode Transfers 
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IF
,' ______ _ 

It .. 
I -,----------b ________ ~1 Il~ ___ _ 
=>I *- T136 ~ J+-

T133 

T13S 

DMAMR V OH NOTE 3 

DLYWR V
OH NOTES 3, 8 

YMEMR, 
YIOW V OH 

NOTES: 
(1) No refresh cycles are pending 

(2) ONBRDL follow ONBRD when HLDA is high 

(3) The FE3010 drives these signals when AEN is high 

(4) The FE3001A tri-states EBHE when HLDA goes high. but drives it again when AEN is high. 
It is the inversion of ADRO 

(5) BHE is driven by the FE3001 A when HLDA 1 is high. It follows EBHE 

(6) ABHE is the inversion of ADRO while HLDA is high (8-Bit DMA) 

(7) DEN1 and SDEN remain high during 8-Bit. even byte transfers 

(8) The FE3001A tri-states DLYWR when AEN is high 

Figure 7-19. DMA Transfer: B-Bit, 1/0 to On-board Memory 

Even Byte, with no Added Wait States 
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FE3001A 

2-50 

DMACLK 

HLDA 

HLDA1 

AEN 

ONBRD 

ADRO 

ABHE 
(NOTES) 

EBHE 

BHE 

YMEMR 

DEN1 

YIOR, 
YMEMW 

NOTE 3 

NOTE 6 

I NOTE 2 

: =1 rT139 
I FT140 

--+---------'-I-----:CN=OTES -:::-:--2, 4 j: I ~r-:--I ---'--------'"-
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I T143 =1 r- ~ FT144 I 

I I~ I I 

T127, I I 1 I t T128, I 

T~! 1' ___ NO_T-E-2-
T1

-
4S---->l----L------=4-' --'-----_T_146 __ T_13~ 

NOTES: 
(1) No refresh cycles are pending 

(2) The FE3010 drives these signals when AEN is high 

(3) The FE3001A tri-states EBHE when HLDA goes high, but drives it again when AEN is high 

(4) The FE3001A tri-states DLYWR when AEN is high 

(5) ABHE is the inversion of ADRO when HLDA is high 

(6) BHE is driven by the FE3001Awhen HLDA1 is high. It follows EBHE 

(7) DENO and DTR remain high and SDTR remains low during this cycle 

Figure 7-20. DMA Transfer: 8-Bit, On-board Memory to 110, 

Byte, with No Added Wait States 
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DMACLK 

HLDA --.J I L 
HLDAl ~: I 

II 1 I \ ! AEN 
11II : r T114 y :Ij-

~ I I rr--
DACK2 J II Iii ~ : I I , ~16 I I I T148 i I 
ADRO ==i+) ,---:>i .\~7 I --11 r1 Tll;;1, ~ 

11T149-{ it I: I: NOTE 2 : I J 1 
~:~;E4) ~ I \\\\\~\\~ , " I \\\\t\\i\\\\ 
~~ T121 I T122 -1 rt }--

EBHE J.!Tl~lrr-TL; : I NOTE 3 I I YI~20 
SHE "If\\\\\\\\\~ I I NOTE 5 I T125 -I r-~r--: 
~ -=t-r;L.;-j ! :~. II ,,~\1.F· 
YMEMW --=1---t I' , I I I , NOTE 6 I; ~F 

I I I : I I ~::~ENO. I I" L I; l ~ T150 
I I \\\\\\\\l I, I IOCHRDY 

DMARDY (NOTE 10) 
----L ____ T_15_1-+t,~, T,15o-' ~/_--,_r--f-T_l53 ________ _ 

L " NOTE8 

NOTES: 
(1) No refresh cycles are pending 

(2) ADRO is tri-stated when HLDA goes high, then driven again when both OACK2 and AEN 
are high(1S-Bit OMA) 

(3) EBHE is tri-stated when HLOAgoes high, then driven again when AEN is high 

(4) ABHE is set low when HLDA, OACK2, and AEN are high 

(5) BHE is driven by the FE3001 A when HLOA 1 is high. It follows EBHE 

(S) The FE301 OB drives these signals when AEN is high 

(7) SOEN is high and SOTR is the inversion of OTR for this cycle 

(8) DMARDY would follow the dashed line shown for any DMA cycle where lOCH ROY is not 
driven low (default timing) 

(9) DMAMR, OLYWR, YMEMR, and YIOW timing is the same as for an 8-Bit I/O to memory cycle 

(10) DMAROY is driven low by DMAMR in a Memory to I/O OMA cycle 

Figure 7-21. DMA Transfer: 16-Bit, 1/0 to On-board Memory 

Wait State Added 

ADVANCE INFORMATION 10124190 

FE3001A 

• 

2-51 



FE3001A 

YMEMR I (NOTE 1) 

--. f- T 155 

ONBRDL : '/ / / / / / / / / / 
T 70- .--

- f-T 71 
PTYERR \ (NOTE 2) 

T-I ,-, , , 

X 
, 

X -- , 

CS287 

NOTES: 
(1) YMEMR is an asynchronous signal during DMA or MASTER cycles. Setup time is shown for recognition. 

at a particular edge of PROCLK 

(2) PTYERR will be sampled at the first falling edge of PROCLK after YMEMR goes high 

Figure 7-22. Parity Error Tlmmg-DMA or Master Mode Transfer 
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DMACLK 

HLDA 

HLDA1 

AEN 

MASTER 

ESHE 
(NOTE 2) 

SHE 
(NOTE 3) 

ASHE 
(NOTE 4) 

ADRO 
(NOTES) 

DLYWR 

FE3001A 
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I I ,-----_----:,1 I 
II 11 \1'------11------'1 I\'-----jl----
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~r= ~t )-1 .... r_T117 _ -------1-:-1 r T147 I K------;;~ ... <~ ___ -'. i-
T158 -J r-- ~ r_T1-,-,59 __ ll __ ~\ . 
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NOTES: 
(1) No refresh cycles are pending 

(2) EBHE is driven by the FE3001 A when HLDA is low or AEN is high. It is driven by a Bus Master when 
MASTER is low 

(3) BHE is driven by the FE3001 A when HLDA 1 is high. BHE will follow EBHE during Master mode 

(4) ABHE follows EBHE during Master mode 

(5) ADRO is driven by the FE3001A when HLDA is low. It will also be driven by the FE3001A when AEN 

Figure 7-23. Basic Master Mode Transfer Timing 
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FE3001A 

I 
BUS MASTER READ BUS MASTER WRITE 

ONBRD 

4f~: ONBRDL 

ADRO 
----t=T161 -J \ 

1 
EBHE 

1=1 I 
YMEMR 

T1629 

1 
1 

YMEMW I ~ t 
I 1 1 
I -: rT163 I FT164 DTR 

(NOTE 2) 

1 1 
1 =1 rT165 I FT166 

DENO 
(NOTE 3) 1 1 1 

-1 r T167 ----->j FT168 
-+I rT167 --./ FT168 

DEN1 
(NOTE 4) 

NOTES: 
(1 ) MASTER is low during these cycles 

(2) . DTR follows YMEMW during Master Mode 

(3) DENO follows YMEMR or YMEMW if both ONBRD and ADRO are low 

(4) DEN1 follows YMEMR or YMEMW if both ONBRD and EBHE are low 

(5) SDEN is high during these cycles 

Figure 7-24. Master Mode Transfer Timing: On-board Memory 

ReadlWrite 
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ONBRD 

ADRO 

YMEMR 

YMEMW 

MEMCS16 

SDTR 
(NOTE 2) 

SDEN 
(NOTE 3) 

FE3001A 

I 8-BIT, EVEN BYTE OR 
16-BIT MEMORY READ 

-tT160 1 

1=",,~ 

8-BIT, ODD BYTE 
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________________ =1----+I~t_T_17_0 ---+-:,--F T 171 
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NOTES: 
(1) MASTER is low during these cycles 

(2) SDTR follows YMEMW when MASTER is low 

(3) SDEN follows YMEMR or YMEMW when ADRO, MEMCS16, and ONBRD are high 

(4) DENO and DEN1 will stay high during these cycles because ONBRD is high 

Figure 7-25. Master Mode Timing: Off-Board Memory Read/Write 

ADVANCE INFORMATION 10124190 2-55 



FE3001A 

ADRO 
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IOCS16 

SDTR 
(NOTE 2) 

SDEN 
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(1 ) 

(2) 

(3) 

(4) 

I 
8-BIT, EVEN BYTE OR I 
16-BIT I/O READ 

8-BIT, ODD BYTE 
I/O WRITE 

1-"" =l L". j 
~'------..JI,-------t-I ---
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MASTER is low during these cycles 

SDTR follows VIOW 

NOTES: 

I 
~ 

I 

"~ t--------' 

SDEN follows VIOR or VIOW when ADRO and 10CS 16 are high. ONBRD does not 
affect SDEN for 1/0 cycles 

DENO and DEN1 will stay high during 1/0 cycles 

Figure 7-26. Master Mode Timing: Off-Board 1/0 Read/Write 
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FE3010 84-Pin Plastic Chip Carrier (J-bend Leads) 

.045' .003 1-- m (114' .08mm) 
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1 
11 "' 
o " 

6 PLACES illl 
010ML~== 
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1. Mating Socket. Bumdy part number 01 LE84P1 0 

.028: .002 

(711 : .05mm) 170:.005 

(432: .13 mm) 

FE3001A 

J J _I ~ 026:.002 I (.86: .05 mm) 

098 REF 

(2.49mm) 

Figure 7-27. 84-Pin PLCC Packaging Diagram 
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APPENDIX A 

FE3001 A RECOMMENDED BUS 
CYCLE PROGRAMMING 

The following tables give recommended values for 
programming bus timing registers RO-R8 (see Fig­
ure 5 and Table 3). These tables address only AT 
bus timing parameters, as on-board timing is very 
application specific. Values are provided for 6.25, 
8, 12.5 and 16 MHz system clock speeds. The 
recommended values in these tables are based on 
emulating an 8 MHz IBM PC/AT Expansion Bus. 
Two issues that may affect these recommended 
values are listed below. Consult application notes 
for additional details. 

(1) If the sum of RO and R1 is 3 or greater, then an 
internal BALE logic error in first production FE3001 A 
parts may cause BALE to remain high from a pre­
vious on-board cycle and fall one PROCLK cycle 
too early. Widening BALE by one clock accounts 
for this. 

(2) Some adapter boards decode the SAO-SA 19 
address lines to generate MEMCS16, a dangerous 
practice. However, widening BALE and delaying 
the commands relative to an 8 MHz AT provides 
relaxed MEMCS16 setup time, which is needed for 
some of these boards to function reliably. 

When preparing to select a new CPU clock speed, 
it is important to setup the FE3001 A registers in a 
particular order so that BALE and commands do not 
become too short during the programming process. 
The recommended programming order for selecting 
high speed or low speed CPU clocks are given 
below: 

Selecting High Speed CPU Clock: 

R5,R6, R7,R8,R9,R10,R12,R4,R3,R1,RO 

Selecting Low Speed CPU Clock: 

R5,R6, R7,R8,R9,R10, R12,RO, R1,R3,R4 
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A.1 6.25 MHz SYSTEM CLOCK SPEED 

REGISTER FUNCTION VALUE 

RO BALE delay from ALE leading edge 0 

R1 BALE width 3 

R3 a-bit memory, 8/1S-bit 1/0 - command delay 3 

R4 a-bit memory or 1/0 cycle - wait states 5 

R5 1S-bit 1/0 cycle - wait states 2 

RS 1S-bit memory cycle - command delay 2 

R7 1S-bit memory cycle - wait states 2 

R8 Minimum number of wait states when 
ZEROWS is asserted 1 

A.2 8 MHz SYSTEM CLOCK SPEED 

REGISTER FUNCTION VALUE 

RO BALE delay from ALE leading edge 0 

R1 BALE width 3 

R3 8-bit memory, 8/16-bit 1/0 - command delay 3 

R4 8-bit memory or 1/0 cycle - wait states 5 

R5 1S-bit 1/0 cycle - wait states 2 

RS 1S-bit memory cycle - command delay 2 

R7 1S-bit memory cycle - wait states 2 

R8 Minimum number of wait states when 
ZEROWS is asserted 1 
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A.3 12.5 and 16 MHz SYSTEM CLOCK SPEED 

REGISTER FUNCTION VALUE· .. 

RO BALE delay from ALE leading edge 1 

R1 BALE width 6 

R3 8-bit memory, 8/16-bit I/O - command delay 7 

R4 8-bit memory or I/O cycle- wait states 12 

R5 16-bit I/O cycle - wait states 6 

R6 16-bit memory cycle - command delay 6 

R7 16-bit memory cycle - wait states 6 

R8 Minimum number of wait states when 
ZEROWS is asserted 4 

A.4 . 20 MHz SYSTEM CLOCK SPEED 

REGISTER FUNCTION VALUE 

RO BALE delay from ALE leading edge 2 

R1 BALE width 5 

R3 8-bit memory, 8/16-bit I/O - command delay 9 

R4 8-bit memory or I/O cycle - wait states 15 

R5 16-bit I/O cycle - wait states 8 

R6 16-bit memory cycle - command delay 6 

R7 16-bit memory cycle - wait states 8 

R8 Minimum number of wait states when 
ZEROWS is asserted 5 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 
As part of the Western Digital@ FE3600B and 
FE3600C chip sets, the FE3010C AT Peripheral 
Control Device allows designers to build PC/AT 
Bus compatible single board computers that will 
operate at speeds from 10 MHz to 20 MHz with 
an 80286, or 16 or 20 MHz with an 80386SX 
processor. 

The FE3010C is typically used in conjunction with 
the FE3001 (AT CPU Control Device), the 
FE3021 (AT Address Buffer and Memory Control 
Device), and the FE3031 (Data Buffer Device). 
Doing so allows you to reduce the size of an 
80286 or 80386SX-based PC/AT compatible sys­
tem board by 80%, power by 70%, and com­
ponent count by 62%. 

The FE3010C contains the functional equivalent 
of two 8237 DMA Controllers in cascade mode. 
This block improves the performance of a system 
by allowing external devices to transfer data 
directly from the system's memory. The FE3010C 
also contains the functional equivalent of two 

FE3010C 

8259 interrupt controllers in cascade mode. Addi­
tional features include 15 interrupt channels, 3 
timer channels, 7 DMA channels, DMA page 
registers, 8 MHz DMA, and TTL compatibility. 

1.2 FEATURES 
Hardware and software compatible with the 
IBM AT 

15 interrupt channels 

3 timer channels 

7 DMA channels 

TTL compatible 

DMA clock rate up to 8 MHz 

Refresh circuitry for 256 Kbyte or 
1 Mbyte DRAMs 

DMA page registers 

1.25 Micron HCMOS technology 

84-Pin PLCC 

DMACLK 
MASTER 

KBINT 
IR03 
IR04 
IROS 
IR06 
IRQ7 
INTR 
OUT1 
Vss 
TCLK 
SPKR 
IRoe 
IR09 
IR010 
IR011 
IR012 
AL(O) 
AL(1) 
AL(2) 

12!= ~ Q) CD ,... co It) ..;t (f) C\J .... ~ fa ~ 1:0 g ~ ~ j:::: ~ ~74 

13 • 73 
DROS 
DR06 
DR07 
AEN 

wDe 
FE3010e 

72 

TC 
HRO 
DACKEN 
DACKO 
DACK1 
DACK2 
Vss 
CLEAR 
IR013 
IR014 
IR01S 
INTA 
RTCCS 
ALE 
RFSH 
AH(13) 
AH(12) 

FIGURE 1·1. FE3010C PIN LOCATIONS 
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FIGURE 1-2. FE3010C FUNCTIONAL BLOCK DIAGRAM 
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PIN TYPE SYMBOL FUNCTION 
1 VSS GROUND 

2 1/0 DATA(O) DATABITO 

3 1/0 DATA(1) DATA BIT 1 

4 1/0 DATA(2) DATABIT2 

5 1/0 DATA(3) DATABIT3 

6 1/0 DATA(4) DATABIT4 

? 1/0 DATA(5) DATABIT5 

8 1/0 DATA(6) DATABIT6 

9 1/0 DATA(?) DATA BIT? 

10 I HLDA HOLD ACKNOWLEDGE 
Active high. Acknowledge from the 
CPU (80286) for a request for the 
bus from the DMA controller. 

11 I DMARDY DMAREADY 
Active high 
Signal to indicate that the DMA 
may complete its current cycle. 

12 I DMACLK DMACLOCK 
System clock! DMACLK 
6 MHz I 3 or 6 MHz 
8 MHz I 4 or 8 MHz 
10 MHzI 5 MHz 

13 I MASTER BUS MASTER 
Active low 
Signal indicating a master on the 
expansion bus has bus control. 

14 I KBINT KEYBOARD INTERRUPT 
Active high 

15 I IRQ3 INTERRUPT REQUEST 3 
Active high 

16 I IRQ4 INTERRUPT REQUEST 4 
Active high 

17 I IRQ5 INTERRUPT REQUEST 5 
Active high 

18 I IRQ6 INTERRUPT REQUEST 6 
Active high 

19 I IRQ? INTERRUPT REQUEST? 
Active high 

20 0 INTR INTERRUPT REQUEST TO CPU 
(80286) 
Active high 

21 0 OUT1 TIMER CHANNEL 1 OUTPUT 
22 Vss GROUND 

TABLE 1-1. PIN ASSIGNMENT INFORMATION 
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PIN TYPE SYMBOL FUNCTION 

23 I TCLK TIMER CLOCK 
(1.19 MHz clock for timer) 

24 0 SPKR SPEAKER DATA 

25 I IRQ8 INTERRUPT REQUEST 8 
Active low 

26 I IRQ9 INTERRUPT REQUEST 9 
Active high 

27 I IRQ10 INTERRUPT REQUEST 10 
Active high 

28 I IRQ11 INTERRUPT REQUEST 11 
Active high 

29 I IRQ12 INTERRUPT REQUEST 12 
Active high 

30-39 I/O AL(0-9) ADDRESS BIT 0-9 

-----------------------------------------------------------------------------------------------
NOTE 

All addresses sent to the FE3010C during CPU cycles are latched with ALE except for AO. This allow~ 
compatibility for 16-bit writes to the FE3010C, although 8-bit accesses are preferred. AO is latched ir 
the FE3001, so no external latch on AO is necessary if an FE3001 is used with the FE3010C. 

----------- --------------- ----------------- ------------------------------------------------
40 0 AH(O) ADDRESS BIT 10 

41 0 AH(1) ADDRESS BIT 11 

42 Vss GROUND 

43 . Voo +5 VOLTS SUPPLY 

44 0 AH(2) ADDRESS BIT 12 

45 0 AH(3) ADDRESS BIT 13 

46 0 AH(4) ADDRESS BIT 14 

47 0 AH(5) ADDRESS BIT 15 

48 0 AH(6) ADDRESS BIT 16 

49 0 AH(7) ADDRESS BIT 17 

50 0 AH(8) ADDRESS BIT 18 

51 0 AH(9) ADDRESS BIT 19 

52 0 AH(10) ADDRESS BIT 20 

53 0 AH(11) ADDRESS BIT 21 
54 0 AH(12) ADDRESS BIT 22 

TABLE 1-1. PIN ASSIGNMENT INFORMATION, CONTINUED 
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PIN TYPE SYMBOL FUNCTION 

55 0 AH(13) ADDRESS BIT 23 

56 I RFSH REFRESH ADDRESS 
Active low 
Signal to enable the refresh address 
to the address bus during a RAM 
refresh cycle. 

57 I ALE ADDRESS LATCH ENABLE 
Active high 

58 0 RTCCS REAL TIME CLOCK CHIP SELECT 

59 I INTA INTERRUPT ACKNOWLEDGE 
FROM CPU (80286) 
Active low 
Interrupt acknowledge to the 
interrupt controllers 

60 I IRQ15 INTERRUPT REQUEST 15 
Active high 

61 I IRQ14 INTERRUPT REQUEST 14 
Active high 

62 I IRQ13 INTERRUPT REQUEST 13 
Active low 
Error interrupt from (80287) 

63 I CLEAR SYSTEM CLEAR 
Active low 

64 Vss GROUND 

65 0 DACK2 DMA ACKNOWLEDGE BIT 2 

------------ --------------- ----------------- -------------------------------------------------
DACK2 DACK1 DACKO DMA Channel Acknowledge 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 illegal 

1 0 1 5 

1 1 0 6 

1 1 1 7 

------------ --------------- ----------------- ------------------------------------------------
66 0 DACK1 DMA ACKNOWLEDGE BIT 1 

67 0 DACK2 DMA ACKNOWLEDGE BIT 0 
68 0 DACKEN DMA ACKNOWLEDGE ENABLE 

Active low 
Signal to enable DACKO, DACK1, 
and DACK2 decode. 

TABLE 1-1. PIN ASSIGNMENT INFORMATION, CONTINUED 
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PIN TYPE SYMBOL FUNCTION 
69 0 HRQ DMA REQUEST TO CPU (80286) 

Active high 

70 0 TC DMA END OF OPERATION 
Active high 
Signal to indicate the DMA 
controller has finished its cycle. 

71 0 AEN DMAAEN 
Active high 
Signal to indicate that the current 
bus is a DMA cycle. 

72 I DRQ7 CHANNEL 7 DMA REQUEST 
Active high 

73 I DRQ6 CHANNEL 6 DMA REQUEST 
Active high 

74 I DRQ5 CHANNEL 5 DMA REQUEST 
Active high 

75 I DRQ3 CHANNEL 3 DMA REQUEST 
Active high 

76 I DRQ2 CHANNEL 2 DMA REQUEST 
Active high 

77 I DRQ1 CHANNEL 1 DMA REQUEST 
Active high 

78 I DRQO CHANNEL 0 DMA REQUEST 
Active high 

79 0 SYSALE SYSTEM ALE 
Active high 
Signal to latch the address 
in the address latch. 

80 I/O lOR I/O READ COMMAND 
Active low 

81 I/O lOW I/O WRITE COMMAND 
Active low 

NOTE 

Data must be valid before lOW to the FE3010C goes low because the leading edge of lOW is used tc 
clock some registers in the FE3010C. This setup time (data valid to lOW active low) is specified at 3( 
ns minimum. 

82 0 MEMR MEMORY READ COMMAND 
Active low 

83 0 MEMW MEMORY WRITE COMMAND 
Active low 

84 Voo +5 VOLTS SUPPLY 

TABLE 1·1. PIN ASSIGNMENT INFORMATION, CONTINUED 
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2.0 DMA CONTROL 

2.1 OVERVIEW 

The FE3D1 DC contains two 8237 equivalent OMA 
controllers. OMA controller #1 is in the I/O ad­
dress space from 000 to OOF and is used for 8-bit 
transfers. OMA controller #2 is in the I/O space 
from OCO to ODE and is used for 16-bit transfers. 
Channel 0 of OMA controller #2 is used to cas­
cade OMA controller #1. 

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 OMA 
Cont. #1 

5 #2 Channel 1 16-bit 

6 #2 Channel 2 16-bit 

7 #2 Channel 3 16-bit 

TABLE 2-1. DMA TRANSFER TYPES 

2.2 TRANSFER MODES 

Each OMA channel may be programmed in Single 
Transfer Mode, Block Transfer Mode, Demand 
Transfer Mode, or Cascade Mode. 

2.2.1 Single Transfer Mode 

In single transfer mode the channel will make one 
transfer for each request. The word count will be 
decremented, and the address will be incre­
mented or decremented at the end of each trans­
fer. When the word count goes from 0000 to 
FFFF, a terminal count (TC) will be generated. To 
start a transfer, the ORO should be held active 
high until a OACK is received. If the ORO is held 
active through the cycle, only one transfer will 
take place. The ORO must go low and then high 
to start another transfer. The bus will be released 
between transfers. 

FE3010C 

2.2.2 Block Mode Transfer 

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 becomes active. Block 
mode should be used with caution since refresh 
will be locked out. The address and word count 
behave as in single mode. 

2.2.3 Demand Mode 

In demand mode, a transfer will continue to take 
place until ORO is inactive or a TC is reached. If 
the ORO is dropped, the bus will be released. If 
ORO is activated again, the transfer will resume. 
The address and word count behave as in single 
mode. 

2.2.4 Cascade Mode 

Cascade mode is used to cascade OMA controller 
#2 to OMA controller #1, and for bus master trans­
fers. A channel in cascade mode will get the bus 
when a ORO is active, but the word count and 
address are ignored. The channel will hold the 
bus until ORO is inactive. The lOR, lOW, MEMR, 
and MEMW signals must be generated by the bus 
master device. The addresses from the FE3010C 
are floated when the MASTER signal becomes 
active. 

2.3 TRANSFER TYPES 

There are three types of transfers: read, write, 
and verify. 

A read transfers data from memory to an I/O 
device. 

Write 
A write transfers data from an I/O device to 
memory. 

A verify transfer is a pseudo transfer that does not 
generate lOR, lOW, MEMR, or MEMW signals. 
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2.4 AUTOINITIALIZE 2.9 COMMAND REGISTER WRITE 

A channel may be programmed to autoinitialize for This register is cleared by a reset or Master Clear 
any transfer type. In this mode when a TC is command. 
reached the channel is loaded with the original 
word count and address, and is ready to start 
another transfer. 

2.5 PRIORITY 

Each OMA 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. The OMA controller #2 has 
priority over the OMA controller #1 . 

2.6 EXTENDED WRITE 

0-1 Unused 

2 Controller Disable 

3 Must be 0 for extended 
write, otherwise no effect 

4 Rotating Priority 

5 Extended Write 

6-7 Unused 

TABLE 2-2. COMMAND REGISTER WRITE 
FORMAT 

In normal timing the MEMR or lOR pulse is two 2.10 STATUS REGISTER READ 
clock cycles and the MEMW or lOW is one clock Bits 0-3 are cleared by a reset, a Master Clear 
cycle. If extended write is selected, the MEMW or command or a status read. 
lOW will be the same as the MEMR or lOR. 

2.7 BASE AND CURRENT ADDRESS 
REGISTERS 

Each channel has a 16-bit base and current ad­
dress register. The current address register is 
loaded from the base register when the base 
register is loaded or when in autoinitilize mode. 
The current address register is incremented or 
decremented during a transfer. 

Addresses are driven to the bus while RFSH is 
low, 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 gets incremented on 
the rising edge of RFSH. 

2.8 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 autoinitilize mode. 
The current word count is decremented during a 
transfer. 

0 

1 

2 

3 

4 

5 

6 

7 

Channel 0 has Reached TC 

Channel 1 has Reached TC 

Channel 2 has Reached TC 

Channel 3 has Reached TC 

Channel 0 ORO Active 

Channel 1 ORO Active 

Channel 2 ORO Active 

Channel 3 ORO Active 

TABLE 2-3. STATUS REGISTER READ 
FORMAT 

2.11 REQUEST REGISTER WRITE 
Each channel may be started by a software re­
quest. These request are not affected by the 
mask register. It is cleared by a reset or a Master 
Clear command. 

0-1 Channel Number => 00 Channel 0 

2 Request 01 Channel 1 

3-7 Unused 10 Channel 2 

11 Channel 3 

TABLE 2-4. REQUEST REGISTER WRITE 
FORMAT 
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2.12 MASK REGISTER WRITE 
Each channel has a mask bit associated with it. If 
it is set, the channel is disabled. The bits may be 
set or cleared by software or set by a TC if the 
channel is not in autoinitilize mode. All the bits are 
set by a reset or a Master Clear Function. 

SINGLE MASK 

0-1 Channel Select 

2 Set/Clear Mask 
(0 = Clear, 1 = Set) 

3-7 Unused 

CLEAR MASK 

0-7 Unused 

MASK ALL 

0 Channel 0 Mask 

1 Channel 1 Mask 

2 Channel 2 Mask 

3 Channel 3 Mask 

4-7 Unused 

TABLE 2-5. MASK REGISTER WRITE FORMAT 

2.13 MODE REGISTER WRITE 

0-1 Channel Select ~ 00 Channel 0 

01 Channel 1 

10 Channel 2 

11 Channel3 

2-3 Transfer Type ~ 00 Verify 

01 Write 

10 Read 

11 Unused 

4 Autoinitialize 

5 Address Decrement 

6-7 Mode~ 00 Demand 

01 Single 

10 Block 

11 Cascade 

TABLE 2-6. MODE REGISTER WRITE 

FE3010C 

2.14 CLEAR POINTER WRITE 
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 is toggled. 
When the flip flop is cleared, bits 0-7 are ac­
cessed and when it is set, bits 8-15 are accessed. 
The pointer may be cleared by writing to the Clear 
Pointer. Any data is ignored. 

2.15 MASTER CLEAR WRITE 
A write to the Master Clear 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 

Any data will be ignored. 
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1/0 Address Read/Write DMAControlier Function 

000 Read/Write 1 Channel 0 Address 

001 Read/Write 1 Channel 0 Word Count 

002 Read/Write 1 Channel 1 Address 

003 Read/Write 1 Channel 1 Word Count 

004 Read/Write 1 Channel 2 Address 

005 Read/Write 1 Channel 2 Word Count 

006 Read/Write 1 Channel 3 Address 

007 Read/Write 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 

OOF Write 1 Mask All 

OCO Read/Write 2 Channel 0 Address 

OC2 Read/Write 2 Channel 0 Word Count 

OC4 Read/Write 2 Channel 1 Address 

OC6 Read/Write 2 Channel 1 Word Count 

OC8 Read/Write 2 Channel 2 Address 

OCA Read/Write 2 Channel 2 Word Count 

OCC Read/Write 2 Channel 3 Address 

OCE Read/Write 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 

ODA Write 2 Master Clear 

ODC Write 2 Clear Mask 

ODE Write 2 Mask All 

TABLE 2·7. DMA CONTROL FUNCTION MAP 
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3.0 DIFFERENCES BETWEEN THE FE3010C AND 8237 
The FE3010C implementation is different from the 
Intel 8237 in two ways. The DMA address in the 
8237 is valid during the entire DMA cycle, while 
the FE3010C multiplexes the address and trans­
fer count on the address bus. Therefore, addres­
ses A 16-AO from the FE3010C need to be latched 
with SYSALE coming out from the FE3010C. 
These latches are in the FE3021 . 

The second difference is in the cascade mode; 
the 8237 does not enable the address outputs, 
while the FE3010C does. Since the only way to 
use the cascade mode on an AT system is 
through Bus Master operation, this is not a prob­
lem, since the FE3010C disables its address out­
puts when the MASTER signal becomes active. 
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4.0 8259 INTERRUPT CONTROLLERS 

The FE3010C contains two 8259 equivalent inter­
rupt controllers. Interrupt controller #1 is in the I/O 
space of 020 to 021, and interr.upt controller #2 is 
in the I/O space of OAO to OA 1. Interrupt 2 of 
interrupt controller #1 is used to cascade interrupt 
controller #2. 
4.1 INTERRUPT·SEQUENCE 

1. When an interrupt arrives from a peripheral 
device, the interrupt may be programmed to be 
level or edge sensitive. In the level mode, the 
interrupt will keep occuring as long as the inter­
rupt is kept high. In the edge mode, it must go low 
and high for each interrupt. The interrupt will set 
the appropriate bit in the Interrupt Request 
Register (IRR). 

System Interrupt 
Interrupt Controller Use 

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 R.T.C. 
9-12 #2 Level 1-4 AT Bus 
13 #2 Level 5 Co-Processor 
14-15 #2 Level 6-7 AT Bus 

TABLE 4-1. INTERRUPT SEQUENCE FORMAT 

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. 

8259 INTERRUPT CONTROLLERS 

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 that causes the 
interrupt controller to send a vector to ttje CPU 
and 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 will be inhibited unless 
programmed for special mask mode. 

6. An EOI is issued to end the interrupt. This 
clears the appropriate bit in the Interrupt Service 
Register. For the slave adapter (interrupt control­
ler #2), two EOI's must be issued. There are three 
types of EOI's. 

Specific 
An EOI is issued by software for a specific inter­
rupt. 

Non-Specific 
A non-specific EOI is issued by software. The 
hardware will generate a EOI for the highest level 
active interrupt. 

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 ser­
viced. 

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 (Le. allow higher interrupts to occur 
when a lower interrupt is being serviced), 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 if any 
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other interrupts are active. If there are no inter­
rupts active, a non-specific EOI should be sent to 
the master. 

4.2 SETUP 
The interrupt controllers are setup by writing a 
series of initialization command words (ICW). The 
sequence is started by writing ICW1 with data bit 
4 = 1. ICW2 is then written followed by ICW3 and 
ICW4 if they are needed. 

ICW1 Write 

0 ICW4 Needed 

1 Not Cascade Mode 

2 Unused 

3 Level Triggered 

4 1 

5-7 Unused 

ICW2Write 

0-2 Unused 

3-7 Interrupt Vector 

ICW3 Write (Interrupt Controller #1 only) 

0-1 0 

2 Interrupt 2 has slave 

3-7 0 

ICW3 Write (Interrupt Controller # 2 only) 

0-2 Slave I/O 

3-7 0 

ICW4 

0 1 

1 Auto EOI 

2-3 0 

4 Special Fully 
Nested Mode 

5-7 0 

TABLE 4-2. ICW FORMATS 

4.3 OPERATION 
Once the interrupt controllers are setup, they may 
be programmed by Operation Control Words 
(OCW). 

FE3010C 

OCW1 

0 Interrupt 0 Mask 

1 Interrupt 1 Mask 

2 Interrupt 2 Mask 

3 Interrupt 3 Mask 

4 Interrupt 4 Mask 

5 Interrupt 5 Mask 

6 Interrupt 6 Mask 

7 Interrupt 7 Mask 

OCW2 

0-2 Interrupt Level 

3-4 0 

5-7:::::} 001 Non-specific EOI 

011 Specific EOI 

111 Rotate on Specific EOI 

101 Rotate on Non-
Specific EOI 

100 Select Rotate on 
Automatic EOI 

000 Clear Rotate On 
Automatic EOI 

110 Set Priority 

010 Unused 

TABLE 4-3. OCW FORMATS 

4.3.1 OCW3 
Bits 0, 1, and 2 of OCW3 determine what the next 
read of the interrupt controller will yield. 

0-1 :::::} 00 Unused 

01 Unused 

10 Select Read IRR 

11 Select Read ISR 

2 Poll Command 

3 1 

4 0 

5-6:::::} 00 Unused 

01 Unused 

10 Reset Special Mask Mode 

11 Set Special Mask Mode 

7 0 

TABLE 4-4. OCW3 FORMATS 
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Interrupt Controller Address Function Read/Wrlte 
1 020 ICW1 Write 

1 021 ICW2 Write 

1 021 ICW3 Write 

1 021 ICW4 Write 

1 021 OCW1 Write 

1 020 OCW2 Write 

1 020 OCW3 Write 

1 020 IRR Read 

1 020 ISR Read 

1 021 Mask Read 

1 020,021 Interrupt Level Read 

2 OAO ICW1 Write 

2 OA1 ICW2 Write 

2 OA1 ICW3 Write 

2 OA1 ICW4 Write 

2 OA1 OCW1 Write 

2 OAO OCW2 Write 

2 OAO OCW3 Write 

2 OAO IRR Read 

2 OAO ISR Read 

2 OA1 Mask Read 

2 OAO,OA1 Interrupt Level Read 

TABLE 4-5. INTERRUPT CONTROLLER FUNCTION MAP 
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5.0 8254 TIMER 
The FE3010C contains an 8254 equivalent timer 
that contains three independent counters. All the 
timers run off a 1.19 MHz clock. The GATEO and 
GATE1 signals are tied high. The GATE2 signal is 
tied to register 61, bit o. The counters decrement 
when counting. The largest possible count is O. 

Each counter may be programmed for different 
counting modes and the count may be read back. 
To initilize a counter, the Control Word must be 
written followed by one or two bytes of count if 
needed. Each counter may be programmed to 
count in BCD or binary. 

Timer Channel Use 

o 

2 

1/0 
Address 

040 
041 
042 
043 

Use 

Time of Day (Interrupt) 

Refresh Request 

Speaker 

Timer 0 Count/Status 
Timer 1 Count/Status 
Timer 2 Count/Status 
Control Word 

CONTROL WORD (FORMAT 1) 

0 CD 
1-3 Mode~ 

4-5 Function ~ 

6-7 Counter~ 

CONTROL WORD (FORMAT 2) 

0 
1 

2 
3 
4 
5 
6-7 

Read/Write 

Read/Write 
Read/Write 
ReadlWrite 
Write 

000 Mode 0 
001 Mode 1 

X10 Mode 2 
X11 Mode 3 

100 Mode 4 
101 Mode 5 

00 Counter Latch Command 
01 ReadlWrite Low Byte 

10 ReadlWrite High Byte 
11 ReadlWrite Low Byte then High Byte 

00 Counter 0 

01 Counter 1 
10 Counter 2 

0 
Select Counter 0 

Select Counter 1 
Select Counter 2 

Latch Status 
Latch Count 
1 

TABLE 5-1. CONTROL WORD FORMAT 
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5.1 SETUP 

Each counter may be set in one of 5 modes by 
writing a command word (format 1). The com­
mand word must specify the counter and the num­
ber of count bytes to be written. A new count may 
be written at any time. 

5.1.1 Mode 0 Interrupt on Terminal Count 

The counter starts when the count is loaded. 
When the count = 0, the counter will continue 
counting from FFFF in binary mode or 9999 in 
BCD mode. GATE = 1 enables counting. GATE = 
o disables counting. 

OUT will go low when the counter starts. It will go 
high when the count = 0, and stay 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. 

5.1.2 Mode 1 Hardware Retriggerable 
One Shot 

The counter starts when GATE goes from low to 
high. When the count = 0, the counter will con­
tinue counting from FFFF in binary mode or 9999 
in BCD mode. 

Any time GATE goes from low to high, the counter 
will be reloaded with the original count and the 
counter started. 

OUT will go low when GATE goes from low to 
high. It will go 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. 

5.1.3 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 will initially be high. When the count = 1, 
OUT will go 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. 

8254 TIMER 

5.1.4 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 will be high. When 
the count is half done, OUT will go 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. 

5.1.5 Mode 4 Software Triggered Strobe 
The counter starts when the count is loaded. 
When the count = 0, the counter will continue 
counting from FFFF in binary mode or 9999 in 
BCD mode. GATE = 1 enables counting. GATE = 
o disables counting. OUT will initially be high. 
When the count = 0, OUT will go low for one 
clock. 

If a new count is written while the counter is 
counting, it will be loaded on the next clock pulse. 

5.1.6 Mode 5 Hardware Triggered Strobe 
The counter starts when the count is loaded. 
When the count = 0, the counter will continue 
counting from FFFF in binary mode or 9999 in 
BCD mode. GATE = 1 enables counting. GATE = 
o disables counting. If GATE goes from low to 
high, the counter is reloaded. OUT will be high 
when the counter starts. When count = 0, OUT 
will go 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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5.2 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 fact that the counter 
may be changing while it is read. 

2. The count may be read via a Counter Latch 
Command. (See COMMAND WORD format 1). 
This command latches the count so it may be 
read without changing. 

3. The count may be read via a Read Back Com­
mand. (See COMMAND WORD format 2). This 
command is the equivalent of multiple Counter 
Latch Commands. 

5.3 READING STATUS 
The status of a counter may be read by issuing a 
Read Back Command with data bit 4 = O. (See 
COMMAND WORD format 2). Bits 0-5 are the 
same as the command word for the counter. Bit 6 
tells if 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 

FE3010C 

5.4 PAGE 
The page register is an 8-bit by 16-byte dual­
ported RAM. It is used to 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. 

5.5 REFRESH ADDRESS 

This block contains an 11-bit counter that is used 
for the address during a refresh. 
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6.0 DECODE 

Address Decodes Hex 

9 8 7 6 5 4 3 2 1 01 

0 0 0 0 0 X X X X X DMA Controller 1 (Ch 0-3)0 00-01F 

0 0 0 0 1 X X X X X Interrupt Controller Master 020-03F 

0 0 0 1 0 X X X X X Timer 040-05F 

0 0 0 1 1 0 X X X 1 Port B (PIO) 060-06F (odd) 

0 0 0 1 1 1 X X X 1 Real Time Clock (RTCCS) 070-07F(odd) 

0 0 1 0 0 X X X X X Page Register 080-09F 

0 0 1 0 1 X X X X X Interrupt Controller Slave OAO-OBF 

0 0 1 1 0 X X X X X DMA Controller 2 (Ch 4-7) OCO-ODF 

TABLE 6-1. DECODE ADDRESSES 

6.1 PAGE REGISTER DECODES 

Address Decode 

0087 DMA Channel 0 

0083 DMA Channel 1 

0081 DMA Channel 2 

0082 DMA Channel 3 

008B DMA Channel 5 

0089 DMA Channel 6 

TABLE 6-2. 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; instead the 16-bit 
DMA address is shifted up one bit and AO is 
floated in the FE3010C to be driven by external 
logic. 

6.2 PIO 
This block contains the control port to control the 
speaker and timer channel. It also contains cir­
cuitry to detect if refresh is running. This condition 
may be read back as bit 4. Bits 2 and 3 are 
read/write, but they do not perform any function. 
They are used for software compatibility with the 
IBM PC AT. 

Port B (PIC) is an 8-bit control and status register 
on the AT. Bits 0 through 5 are defined in the 
FE3010C, while bits 6 and 7 are generated in the 
FE3001. During a read of Port B (address 0061), 
the FE3010C drives data bits 0-5 and tri-states 
bits 6 and 7. The FE3001, if used, will drive bits 6 
and 7 indicating the parity error and channel 
check status. Bits 0 through 5 are described in the 
table below. 

Bits 3 and 2 perform no function on the FE3010C; 
they are duplicated here to provide the read/write 
capability, but the actual enable functions are per­
formed in the FE3001. 

Bit Function 

5 OUT2 from timer channel 2 
(read only) 

4 Toggles on each refresh 
(read only) 

3 Enable channel check 
(active low) 

2 Enable parity check 
(active low) 

1 Enable speaker (active high) 
0 Gate for timer channel 2 

TABLE 6-3. DECODE BIT FUNCTIONS 
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7.0 ABSOLUTE MAXIMUM RATINGS 

TA=+2S "C 

Power supply voltage, 
VDD@VSS=O 7.0V 

Power dissipation, 
PDMAX @VDD=S.2SV 300mW 

Current, IDD @VDD=S.2SV SSmA 

Input voltage, VI O.OV to VDD + 0.3V 

Output voltage,Vo O.OV to VDD + 0.3V 

Operating temperature, TOPT 0" C to 70" C 

Storage temperature, T STG _40" C to 12S" C 

• Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause per­
manent damage. The device is not meant to be operated under conditions outside the limits described 
in the operational sections of this specification. Exposure to absolute maximum rating conditions for ex­
tended periods may affect device reliability. 

8.0 CAPACITANCE 

(TA=+2S" C, VDD = OV) 

Parameter Symbol Max Limits Test Condition 

Input capacitance CI 10 pF fc = 1 MHz unmeasured 

pins returned to OV 

I/O capacitance Cia 1S pF 

9.0 DC CHARACTERISTICS 
TA = 0" C to 70" C, VDD = SV ± S%, these inputs have internal SOK Q(min.) pullups. 
[ALE, DMACLK, DMARDY, DROO, DR01, DR02, DR03, DROS, DR06, DR07, HLDA, IR03, IR04, 
IROS, IR06, IR07, IR09, IR01O, IR011, IR012, IR014, IR01S, KBINT, CLEAR, INTA, IR013, 
MASTER, RFSH, TLCK, IROa] 

Parameter Symbol Min Max Unit Test Condition 

Input low 
voltage VIL Vss o.a V VDD = SV ±S% 

Input high 
voltage VIH 2.0 VDD V VDD = SV ±S% 

Input low 
current hL -10.0 -300.0 uA VIN = O.OV 

Input high 
current hH 40.0 uA VIN = VDD 
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[A(O), A(1), A(2), A(3), A(4), A(5), A(6), A(7), A(8), A(9), DATA(O), DATA(1), DATA(2), DATA(3), DATA(4), 
DATA(5), DATA(6), DATA(7), lOR, lOW 1 

Parameter Symbol Min Max Unit Test Condition 
Input low 
voltage VIL Vss 0.8 V VDD = 5V±5% 

Input high 
voltage VIH 2.0 VDD V VDD = 5V±5% 

Input low 
current ilL -10.0 uA VIN = O.OV 

Input high 
current IIH 10.0 uA VIN = VDD 

Output low 
voltage VOL 0.4 V IOL = 4.0 rnA 

Output high 
voltage VOH 2.4 V IOH = - 4.0 rnA 

Output 
current loz -10.0 10.00 uA OV < VOUT <VDD 

[AEN, DACKO, DACK1, DACK2, HRQ, INTR, DACKEN, RTCCS, OUT1, SPKR, SYSALEl 

Parameter Symbol Min Max Unit Test Condition 

Output low 
voltage VOL 0.4 V IOL= 2.0 rnA 

Output high 
voltage VOH 2.4 V IOH = - 2.0 rnA 

[A(10), A(11), A(12), A(13), A(14), A(15), A(16), A(17), A(18), A(19), A(20), A(21), A(22), A(23), MEMR, 
MEMW, TCl 

..... ~.~.r.~.'!.'~~~~ ............... ~y.~.~~I ............................ ~.~~ .............................. ~.~~ ............................ ~.~.i.~ .................................. !.~.~~ .. ~.C?r.'.~.i.t.i.C?..r.' .................... . 
Output low 
voltage VOL 0.4 V IOL = 4.0 rnA 

Output high 
voltage VOH 2.4 V IOH = -4.0 rnA 

Output 

current loz -10.0 10.00 uA 
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10.0 AC CHARACTERISTICS 

TA = o· C to +70· C, VDD = +5V ±5% load capacitance = 85 pF, operating at 8 MHz. 

Symbol Parameter Min Max Unit 

t1 DRO high setup time to DMACLK high 20 ns 

t2 HRO active high delay from DMACLK rising edge 10 49 ns 

t3 HLDA high setup time to 
DMACLK rising edge 15 ns 

t4 AEN active high delay from DMACLK falling edge 14 69 ns 

t5 AEN inactive low delay from DMACLK rising edge 15 74 ns 

t6 SYSALE active high delay from 
DMACLK rising edge 10 54 ns 

t7 SYSALE inactive low delay from 
DMACLK rising edge 14 69 ns 

t8 lOR and MEMR active low delay 
from DMACLK rising edge 12 60 ns 

t9 lOW and MEMW active low delay 
from DMACLK rising edge 12 60 ns 

t10 lOR and MEMR inactive high delay 
from DMACLK rising edge 11 52 ns 

t11 lOW and MEMW inactive high delay 
from DMACLK rising edge 11 52 ns 

t12 DACKEN active low delay from 
DMACLK falling edge 13 63 ns 

t13 DACKEN inactive high delay from 
DMACLK falling edge 10 49 ns 

t14 TC active high delay from DMACLK 
falling edge 11 58 ns 

t15 TC inactive low delay from DMACLK 
falling edge 13 68 ns 

t16 DMARDY high setup time delay 
to DMACLK rising edge 10 2 ns 

t17 ADDR active delay from AEN rising edge 2 18 ns 

t18a ADDR valid delay from DMACLK rising edge 178 ns 

t19 ADDR float delay from DMACLK falling edge 83 ns 

t20 DATA valid delay from lOR falling edge 14 68 ns 

t21 DATA float delay from lOR rising edge 11 51 ns 

t22 ADDR valid setup time to SYSALE inactive low 71 ns 

t23a SYSALE inactive low to ADDR valid hold time 121 ns 

t24 ADDR valid delay from RFSH falling edge 15 78 ns 

t25 ADDR float delay from RFSH rising edge 10 60 ns 

t26 SYSALE active high from delay RFSH falling edge 6 29 ns 

t27 SYSALE inactive low delay from RFSH rising edge 8 40 ns 
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10.0 AC CHARACTERISTICS 
(CONTINUED) 

Symbol Parameter 
t28 SYSALE active high delay trom ALE rising edge 

t29 SYSALE inactive low delay from ALE falling edge 

t30 INTR (mstr) active hIgh delay from IRQ rising edge 

t31 INTR (slave) active high from ALE rising edge 

t32 DATA valid delay from INTA falling,.edge 

t33 DATA fioat delay from INTA rising edge 

t34 RTCCS active law qelay from ALE rlsirig edge 

t35 RTCSS inactive high delay from ALE rising edge 

t36 OUT1 active high delay from TCLK falling edge 

t37 OUT1 inactive low delay from TCLK falling edge 

t38 DATA invalid time delay from 
DATA to TOW. inactive high 

t39 DATA set-up time to lOW active low 
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Min Max Unit 
5 31 ns 

9 46 ns 

11 105 ns 

27 1j6 ns 

17 84 ns 

9 45 ns 

13 66 ns 

9 46 ns 

7 53 ns 

10 63 ns 

30 ns 

30 ns 
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,045: .003 

(1.14:.08mm) 

FE3010C 84-Pin Plastic Chip Carrier (J-bend Leads) 
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FIGURE 10-6. FE3010C 84-PIN PLCC PACKAGE DIMENSioNS 
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DESCRIPTION 

1.0 DESCRIPTION 
1.1 

The FE3021 is a 16 MHz AT address buffer and 
memory controller in a 132-pin JEDEC package. 
Chip count is significantly reduced by integrating 
the memory controller, AT bus address buffers, 
and I/O into one chip. The memory controller is a 
high performance design, with programmable 
modes of operation. It controls page mode 
DRAM or static column DRAM. A maximum of 4 
banks of DRAM can be controlled allowing a 
maximum of 8 MB of memory to be controlled by 
the FE3021. The DRAM bank locations are 
programmable on 128K byte boundries. One 
memory bank allows split addressing, so that 
one portion may be placed in conventional 
memory with the remainder in extended memory. 

Additional features of the FE3600B chip set in­
clude EMS 4.0 support, on-chip address and 
control signal buffers for directly driving the AT 
bus, zero wait state access at 16 M Hz using 100 
ns DRAM with page mode access, generation of 
chip selects for floppy controller, 8042, 80287, 
and NMI, and mapping main and EGA BIOS into 
one physical PROM. 

CPU CONTROL I FE 3001 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

CPU CONTROL 

FE 3021 
ADDRESS BUFFER 

MEMORY 
CONTROLLER 

I 
80286 ~ 

~~ 
I FE 3010B 

I ~ 
PERIPHERAL 
CONTROL 

80287 

FE 3031 

DATA BUFFERS 

KEYBOARD 

MOUSE 

I 

FE3021 

FEATURES 

Page mode DRAM access with interleaved 
memory banks 
Controls up to 4 banks (up to 8 MBytes) of 
memory 
On- chip RAS and CAS drivers for DRAM 
chips 
On- chip DRAM address multiplexer 
LIM standard EMS expanded memory 
hardware (supports EMS 4.0 multi-tasking) 
On- chip address and control signal buffers 
for directly driving AT bus 
Zero wait state access at 16 MHz using 100 
ns DRAM with page mode access 
Generates chip selects for floppy controller, 
8042,80287, and NMI 
Generates programmable chip selects for 
four additional devices 
Maps system BIOS and EGA BIOS into one 
physical PROM 
"Hot" reset generation for quick 80286 
switch from protected to real mode 
Fast Alternate Gate A20 generation 
132 pin JEDEC plastic flat package 

INTERNAL CONTROL J 
AT ADDRESS BUS 

1 AT BUS CONTROL 

RAM 
ADDRESS 

rl I 
PROM 

DRAM 
(BIOS) 

INTERRUPTS & DMA 

RAM DATA 

AT DATA BUS 
E DATA 

I 
REAl TIME 

I CLOCK 

Figure 1. FE3600B Chip Set Functional Block Diagram 
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DESCRIPTION 

1.2 INTRODUCTION 

The FE3021 device is designed to reduce chip 
count, increase flexibility, and provide improved 
operating speed and functionality when used 
with the FE3001, FE3010B, and FE3031 devices 
to implement a low cost, high performance AT 
compatible computer. 

Chip count is reduced by integrating the memory 
controller, AT bus address buffers, and lID 
Management functions into one chip. 

The memory controller is a high performance 
design, with programmable modes of operation. 
It controls page mode DRAM or static column 
DRAM. 

Up to 4 banks of DRAM may be controlled. The 
DRAM bank locations are programmable on 
128K byte boundaries. One memory bank allows 
split addressing, so that one portion may be 
placed in conventional memory with the 
remainder in extended memory, with an addition­
al mode to allow copying BIOS code from ROM 
to RAM for faster execution. 

FE3021 

A major function of the FE3021 is to generate 
chip select decodes for peripheral chips on the 
system board; for instance, the floppy controller, 
hard disk controller, serial, and parallel port 
chips. The floppy and hard disk chip selects may 
be disabled or may be enabled for either the • 
primary or secondary address decode, as l 

defined by IBM. Four programmable chip selects 
are available, for supporting serial, parallel, 
mouse, or other types of ports. Refer to Figure 2 
for Pin assignment information and locations. 

To reduce chip count and improve performance, 
particularly when an EGA or VGA graphics con­
troller is placed on the system board, separate 
blocks of ROM may be mapped into a single 
physical ROM. For instance, the EGA BIOS and 
standard BIOS may be placed into the same pair 
of ROM chips or into a single 8-bit wide ROM. 
Besides reducing chip count, EGA operating 
speed will be improved, since EGA BIOS will be 
accessed 16 bits at a time. To improve BIOS 
performance, ROM code may be copied into 
RAM, and the BIOS ROM mapped out and 
replaced by RAM. 

11/16/90 4-3 



FE3021 

2.0 80286 INTERFACE 

This interface port connects with the 80286 ad­
dress lines and the 80286 bus status lines. By 
connecting directly to the 80286 and by duplicat­
ing a portion of the bus controller logic, early 
determination of memory or lID accesses may 
be made, as well as whether the access will be 8 

PIN NUMBER MNEMONIC 1/0 
74 A23 I/O 
78 A22 I/O 
79 A21 I/O 
80 A20 lID 

81 A19 lID 

82 A18 lID 

83 A17 lID 

84 A16 I/O 
85 A15 lID 

86 A14 lID 

87 A13 lID 

88 A12 lID 

89 A11 lID 

90 A10 I/O 
109 A9 lID 

110 A8 lID 

111 A7 lID 

112 A6 lID 

113 A5 lID 

114 A4 lID 

115 A3 lID 
116 A2 I/O 
117 A1 I/O 
118 AO lID 

119 SO I 
120 S1 I 
121 MIlO I 
122 CPUCLK I 
123 HLDA I 
21 SHE I 

80286 INTERFACE 

bits or 16 bits. Pins A23-AO are normally inputs, 
receiving addresses from the 80286. When 
MASTER is asserted, these pins become out­
puts. 

FUNCTION 
80286 Address Une 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
80286 Status Une 

80286 Status Line 

80286 Status Line 

80286 Clock 

80286 Hold Acknowledge Une 
80286 Byte High Enable 

Table 1. 80286 Interface Pin Functions 
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DATA BUS INTERFACE 

3.0 DATA BUS INTERFACE 

The data bus port is 4 bits wide, which should 
connect to the EDATA local data bus, and is used 
to access the internal FE3021 control registers. 
The upper 4 bits should be ignored when reading 

PIN NUMBER MNEMONIC 1/0 
17 EDATA3 1/0 
16 EDATA2 1/0 

15 E DATA 1 1/0 
14 EDATAO 1/0 

FE3021 

the control registers. Refer to Table 2 for pin as­
signments. 

FUNCTION 
Control Register Data Line 

" " 
" " 
Control Register Data Line 

Table 2. Data Bus Interface Pin Assignments 
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FE3021 

4.0 I/O CHIP SELECTS 

This logic section generates chip selects for 
standard system board functions such as the 
8042 keyboard controller, 80287 math coproces­
sor, floppy controller, and hard disk controller. It 
also generates chip selects for up to 4 additional 
I/O ports which may have programmable add res-

PIN NUMBER MNEMONIC I/O 
48 CSO 0 
47 CS1 0 
46 CS2 0 
45 CS3 a 

49 CSF 0 

60 CS8042 0 
56 CS287 0 
20 CSNMI 0 
22 CSPTB 0 

//0 CHIP SELECTS 

ses and wait state characteristics. Refer to Table 
3 for pin assignments. 

FUNCTION 
Programmable Chip Select 0 

Programmable Chip Select 1 

Programmable Chip Select 2 

Programmable Chip Select 3 
Or H. D. Control Chipselect 

Floppy Disk Controller Chip Select Or Operation Or 
Configuration Register Select 

8042 Keyboard Control Select 

80287 Coprocessor Select 

NMI Logic Chip Select 
Memory Parityand I/o Check Control Chip Select 

Table 3. 1/0 Chip Selects Pin Assignments 
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5.0 I/O CONTROL 

This logic section contains control logic for the 
I/O bus. 

The 10RDY signal will go low when generating 
wait states. For 12 MHz systems, this signal 
may be tied directly to the bus signal 10CHRDY. 
For 16 MHz or 20 MHz systems, this signal 
should be sent to the FE3001 directly. The 
10CHRDY bus signal should be buffered through 
an open collector driver and wire-OR'ed with the 
10RDY signal. The 10RDY pin will normally be at 
a high impedance state. When generating wait 
states, it will go low. When going from a low to a 
high state, the 10RDY pin will be actively driven 
high for one processor clock time, then the out­
put will tri-state. An external pullup resistor 
should be used to keep the 10RDY signal high 
when the 10RDY pin is at a high impedance 
state. The state of 10RDY is sampled at the 
rising edge of RESET ; if 10RDY is low at this 
time, the FE3021 will fetch data and instructions 
from the BIOS ROM 8 bits at a time over the 
EDATA bus, otherwise a 16 bit wide ROM on the 
MDATA bus is assumed. 

Table 4 lists the data word size, I/O addresses, 
and chip selects generated for each variable port 
type. 

PIN NUMBER PIN NAME I/O 
127 10RDY I/O 

40 SELDAT 0 

8 lOR 110 

9 lOW I/O 

10 YMEMR I 

11 YMEMW I 

FE3021 

The PORT 0, PORT 1, PORT 2, and PORT 3 
addresses are fully programmable, with the 
choice of either using nine I/O addresses for· 
decode, or masking the A8 address bit (for in­
stance, for decoding dual serial ports). The LSB 
(AO) address is always ignored. The lower 2, 3, 
or 4 bits of the address may also be ignored so 
that 2, 4, 8, or 16 bytes may be allocated for the 
port. 

All FE3021 control registers, except those used 
for EMS page mapping, are accessed by first 
writing eight times to address FFFOO (in an area 
allocated for ROM BIOS). Any memory access 
outside of the ROM BIOS address space, either 
data acce~s or instruction fetch, will abort the 
unlocking process. Once unlocked, memory ac­
cesses outside of the ROM BIOS area may be 
made without affecting the unlocked state. When 
unlocked, the address space from FFF01 to 
FFFFE becomes register controls for the FE3021 
device. The controls are locked again by reading 
location FFFFF. This access method guarantees 
that all control register changes will be made 
through the BIOS. 

FUNCTION 
Ready Line, modified Open Drain, Input 
At Reset Time For 8-Bit ROM Sizing 

Direction Of Data Tranceiver Data 
To EDATA Bus 

System I/O Read Command Signal, Drives 
Expansion Bus. An Input In Master Mode. 

System I/o Write Command Signal, Drives 
Expansion Bus. An Input In Master Mode. 

Ungated System Memory Read Command 
Signal From FE3001 

Ungated System Memory Write Command 
Signal From FE3001 

Table 4. I/O Control Pin Functions 
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FE3021 110 CONTROL 

PIN NUMBER MNEMONIC 1/0 FUNCTION 
53 ADSTB I Address Strobe From FE3001 And FE3010B. 

12 YIOR 1/0 Ungated 1/0 Read Strobe From 
FE3001, An Output In Master Mode. 

13 YIOW 1/0 Ungated 1/0 Write Strobe Frqm 
FE3001, output In Master Mode. 

19 FRES 1/0 "HOT" Reset Output 

25 LOMEG 0 To FE3031 Memory Strobe Gating 

28 RESET I Master Reset For FE3021 

52 MASTER I Bus Master Signal From AT Bus 

54 A20GT I From 8042. When High, A20 Is Ungated 

57 ONBD 0 To FE3001. Indicates High Speed 
On-Board Access 

59 ADDR19 0 AT Bus SA19 

61 ADDR18 0 AT Bus SA18 

62 ADDR17 0 AT Bus SA17 

64 ADDR16 I/O AT Bus SA16 

65 ADDR15 I/O AT Bus SA15 

66 ADDR14 1/0 AT Bus SA14 

68 ADDR13 I/O AT Bus SA13 

69 ADDR12 1/0 AT Bus SA12 

72 ADOR 11 I/O AT Bus SA11 

73 ADDR10 I/O AT Bus SA10 

75 ADDR9 I/O AT Bus SA9 

94 ADDR8 I/O AT Bus SA8 

96 ADDR7 I/O AT Bus SA7 

97 ADDR6 I/O AT Bus SA6 

98 ADDR5 I/O AT Bus SA5 

100 ADDR4 I/O AT BusSA4 

101 ADDR3 I/O AT Bus SA3 

104 ADDR2 I/O AT Bus SA2 

106 ADDR1 I/O AT Bus SA1 

105 ADORO I/O AT Bus SAO 

63 LA23 I/O AT Bus LA23 

70 LA22 I/O AT Bus LA22 

71 LA21 I/O AT ~us LA21 

93 LA20 I/O AT Bus LA20 

95 LA19 I/O AT Bus LA19 

102 LA18 I/O AT Bus LA18 

103 LA17 I/O AT Bus LA17 

Table 4. I/O Control Pin Functions (Continued) 
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//0 CONTROL 

A Version Number register provides information 
on the version of the FE3021 chip. It also con­
tains a bit which toggles between '0' and '1' when 
the register is read, which provides indication 
that the register set has been unlocked. 

VERSION NUMBER 

FFF01 I x I x I x I x I : VER : I T I 
7 6 5 4 3 2 0 

T : toggles between 0 and 1 with every read ac­
cess of the Version Number register. 

VER: 000 when T =0 
101 when T =1 for Early Production Version 
100 when T =1 for Production Version 

System board devices may be located on the 
EDATA bus rather than on the I/O expansion slot 
DATA bus. The SELDAT signal which controls 
the DATA to EDATA bus direction is affected by 
the two port location registers. This option is 
available for peripheral devices which cannot 
directly drive the high current I/O slot DATA bus. 
Note, however, that DMA transfers cannot be 
made to devices on the EDATA bus. 

The SELDAT signal is active (low) when lOR is 
active and address bits A8 and A9 are low, or the 
PORTS LOCATION register indicates that an ad­
dressed port is on the EDATA bus. The SELDAT 
signal is also low when MEMR is active and the 
8-bit BIOS is being accessed. 

FE3021 

PORTS LOCATION REGISTER 

FFF061 X I X I X I X I A I B I c I D I 
765432 0 

A=O Port 0 On DATA Bus 
A=1 Port 0 On EDATA Bus 

B=O Port 1 On DATA Bus 
B = 1 Port 1 On EDATA Bus 

C=O Port 2 On DATA Bus 
C = 1 Port 2 On EDATA Bus 

D=O Port 3 On DATA Bus 
D = 1 Port 3 On EDATA Bus 

THE PORTS LOCATION REGISTER IS 
CLEARED BY A MASTER RESET. 

HOT RESET REGISTER 

FFF07 I x I x I x I x I 0/1 I DA I A I H I 
7 6 543 2 0 

THE HOT RESET REGISTER IS CLEARED BY 
A MASTER RESET. 

Register FFF07 is used to generate a hot reset to 
the processor or to generate an alternate A20 
gate. The state of the A bit is OR'ed with the 
A20GT pin. If either the A bit is set or the A20GT 
pin is high, the A20 line is undisturbed. If both are 
low, then the A20 line is gated low. If the DA bit is 
set, then a CPU reset generated by the keyboard 
controller will reset the A bit; the A bit will not be 
reset by a hot reset generated by the FE3021 . A 
hot reset is generated by changing the H bit from 
a '0' to a '1'. 131 clocks after the trailing edge of 
the MEMW strobe, the FRES pin will be pulled 
low. The reset pulse lasts for 32 clocks, then the 
FRES pin is actively pulled high for one clock 
cycle, then is tri-stated. If the FRES pin is pulled 
low externally (e.g. if wire-OR'ed with the 8042 
CPU reset line), then the internal FE3021 
registers will relock. If the FRES pin is not used, 
then it should be pulled up externally or the 
FE3021 registers will not unlock. 

Bit 3 is a writeable bit which is not currently used. 
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FE3021 

ENABLE PORTS REGISTER 

FFF10 I X I X I X I X I EN3 EN2 ENl 

~7~6~·5~·4~~3~-'2.-~.--L-nO~ 

ENO 

THE ENABLE PORTS REGISTER IS CLEARED 
BY A MASTER RESET. 

The programmable PORT 0, PORT 1, PORT 2, 
and PORT 3 chip selects are enabled with the 
Enable Ports register. If the Enable bit is 0, the 
port chip select bit will always be at an inactive 
(high) state. All four ports are disabled after 
master reset. EN3 enables CS3 only when CS3 
is a programmed ~ select. When CS3 is a 
HDC chip select, CS3 is enabled by register 
FFF49, bit 1. 

For ports 0, 1, and 2, the access will have the 
default wait states: 1 wait state for 16 bit acces­
ses and 4 wait states for 8 bit accesses, with the 
wait states set from the FE3001. The selected 
chip must generate IOCS16 if it is a 16 bit 
peripheral. 

PORT 3 CONTROL REGISTER 

FFF08 I x I x I x I x I ~S IWSE I OB I 
765432 0 

THE PORT 3 CONTROL REGISTER IS 
CLEARED BY A MASTER RESET. 

WS HDC DATA PORT HIGH 
SPEED WAIT STATES 

00 1 
01 2 

10 3 

11 4 

OB CS3 WAIT STATES 

0 Default (slow) 
1 High Speed Hard 

Disk Controller 

//0 CONTROL 

WSE: HIGH SPEED HDC WAIT 
STATE ENABLE 

0: High Speed HDC Wait 
States Set By FE3001 

1 : High Speed HDC Wait 
States Set By WS Field 

For port 3, the access will normally have the 
default wait states but may also be programmed 
to have high speed wait state timing when CS3 is 
programmed as a hard disk chip select and the 
on-board 16-bit hard disk controller is capable of 
high speed access. When the high speed disk 
controller configuration is used, the WSE and OB 
fields should be set to '1', and the WS field will 
set the number of high speed wait states, timed 
from the CPUCLK, rather than from SYSCLK. 
The other disk controller ports will always be ac­
cessed at low speed. 

When OB is set to a 1, the FE3021 will generate 
the ONBD signal to the FE3001 during HDC ac­
cesses through port 3. The FE3001 will provide 
the same number of wait states it does for on­
board memory. If it is desired, the number of wait 
states for the HDC can be extended using the 
WS and WSE fields. 

When implementing a high speed disk controller 
port, it is necessary to provide a separate ad­
dress path for the hard disk controller. The HDC 
receives ungated 1/0 read and write strobes at 
the full CPU speed. The following schematic il­
lustrates the required connections. 
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//0 CONTROL FE3021 

A 
A23-AO 

80286 DI5-DO 8D15-8DO AT DATA BU8 D FE3031 

80 81 

I I 
37C65 

YIOR-
FE3021 FLOPPY IOR-

YIOW- IOW- CTRL 

FE3001 
A CS3 t---

RD- D 

WR-

42C22 
CS- HDC 

A3-AO 
/ D A3-AO 

/ 

ALE C 

latch 

Figure 3. High Speed HOC Configuration 
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FE3021 

FFF09 
FFF11 
FFF19 
FFF21 

I x I x I x I x I 0 I u 
7 6 S 4 3 2 

LMASK ADDRESS BITS COMPARED 
00 A9 AS A7 A6 AS A4 A3 A2 A1 
01 A9 AS A7 A6 AS A4 A3 A2 X 
10 A9 AS A7 A6 AS A4 A3 X X 
11 A9 AS A7 A6 AS A4 X X X 

U = 0 : INCLUDE AS IN ADDRESS COMPARISON 

LMASK ADDRESS BITS COMPARED 

00 A9 X A7 A6 AS A4 A3 A2 A1 
01 A9 X A7 A6 AS A4 A3 A2 X 
10 A9 X A7 A6 AS A4 A3 X X 
11 A9 X A7 A6 AS A4 X X X 

U = 1 : IGNORE AS IN ADDRESS COMPARISON 

1 0 

X 
X 
X 
X 

X 
X 
X 
X 

THE PORT ADDRESS MASK REGISTER IS CLEARED BY A MASTER RESET. 

//0 CONTROL 

PORT PORT CONTROL NOTE: Bit 3 is not writeable and is always '0'. 

REGISTER ADDRESS 
0 FFF09 

1 FFF11 

2 FFF19 

3 FFF21 

4-12 11/16/90 



//0 CONTROL FE3021 

PORT ADDR - LOWER MSB 
FFFOA 

I X I 1 X I I IXIA91ASI 
FFF12 
FFF1A X X X 
FFF22 

7 6 5 4 3 2 0 

PORT ADDR - UPPER LSB 
FFFOB 

I I I I I A71 ..I ..I A4 I 
FFF13 X X X X FFF1B 
FFF23 

7 6 5 4 3 2 0 

PORT ADDR - LOWER LSB 
FFFOC 

I I I 

, 

I All A21 Al I I 
FFF14 X X X FFF1C X 0 
FFF24 

7 6 5 4 

PORT PORT 1/0 ADDRESS REGISTERS 

A9-A8 A7-A4 
0 FFFOA FFFOB 
1 FFF12 FFF13 
2 FFF1A FFF1B 
3 FFF22 FFF23 

The PORT I/O ADDRESS registers for all four 
ports are set to all zeros by a master reset. 

The following tables list the I/O addresses and 
chip selects generated for each fix~ort~. 
The chip selects are not gated with lOR or lOW. 

. The CSNMI signal is decoded for both even and 

OPERATIONS REGISTER ACCESS 

CONFIG REGISTER ACCESS 

FLOPPY CHIP SELECT ACTIVE 

3 2 0 

A3-AO 
FFFOC 
FFF14 
FFF1C 
FFF24 

odd addresses, so that access may be made to 
the FE3001 control register at address 073. 

The floppy controller operations register select, 
configuration register select, and floppy disk 
controller chip select may be generated from the 
CSF pin and the ADDR2 and ADDR1 lines. 

ADDR2 ADDR1 CSF 

0 X 1 

1 1 1 

X 0 1 
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FE3021 //0 CONTROL 

PORT BIT SIZE 1/0 ADDRESS ACTIVE PIN FUNCTION 
FLOPPY 8 3F2 CSF FDC Operation Select. 

372 3F2 Is Primary Address, 
372 Is Secondary 

8 3F4-3F5 CSF 3F4-3F5 Are Primary 
374-375 Addresses, 374-375 Are 

Secondary. 

8 3F6 CS3* Hard Disk Controller 
376 Chip Select. 3F6 Is 

Primary Address, 376 
Is Secondary. 

8 3F7 CSF CS3 And CSF Pins Will 
377 CS3* Be Asserted. 3F7 Is 

Primary Address, 377 
Is Secondary. 

80287 8 OEO-OFF CS287 80287 Chip Select. 

8042 8 060-06E CS8042 8042 Chip Select. 
(EVEN) 

NMI 
LOGIC 8 070-07F CSNMI Real Time Clock And 

NMI Logic Select 

PARITY 
CHECK 8 061-06F CSPTB Parity Check Select 

(ODD) And Port B Decode. 
External Logic Must 
Separate The Signals. 

HARD 
DISK 16 1FO CS3 * HOC Chip Select - Data 

170 Port Access. 1 FO Is 
Primary Address, 
170 Is Secondary 

8 1F1-1F7 CS3 HOC Chip Select - TASK 
171-177 FILE.1F1-1F7 Are 

Primary Addresses, 
171-177 Are Secondary. 

Table 5. I/O Addresses/Chip Selects for Fixed Ports 

* WHEN CS3 PIN IS PROGRAMMED AS HDC CHIP SELECT. 
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//0 CONTROL 

PRIMARY / SECONDARY PORT FUNCTION SELECT 

FFF49 I X I X I X I X I DH I PS I H I F I 
765432 0 

DH=O: CS3 pin will respond to address 
programmed by FFF22-FFF24 
DH=1: CS3 pin will respond to hard disk addres­
ses 
PS=O: Primary hard disk and floppy disk address 
PS=1: Secondary hard disk and floppy disk ad­
dress 
H=O: On-board hard disk controller enabled 
H=1: Disable on-board hard disk controller 
F=O: On-board floppy disk controller enabled 
F=1: Disable on-board floppy disk controller 

FE3021 

DH, PS, H, AND F ARE CLEARED TO '0' BY 
MASTER RESET 

NOTE: For early production version (ID Register 
= 0000, 1011) bits 2 - 0 had different 
definitions: 

Bit 2 = 0: Enable CSF Output 
Bit 1 = 0: Primary Hard Disk Address 
Bit 0 = 0: Primary Floppy Disk Address 
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6.0 MEMORY CONTROL 

Four RAS pins are available for controlling up to 
four 16 bit wide banks of system board RAM. 
Eight CAS pins control the low and high bytes of 
each bank. During a refresh cycle, all RAS sig­
nals will be active (ignoring the RAM configura­
tion register FFF57) and CAS signals will stay 
inactive. 

PIN NUMBER MNEMONIC 1/0 
128 RASO 0 
129 RAS1 0 
130 RAS2 0 
132 RAS3 0 
125 CASLO 0 

126 CASL1 0 

2 CASL2 0 

3 CASL3 0 

4 CASHO 0 

5 CASH1 0 

6 CASH2 0 

131 CASH3 0 

18 REFR I 

43 CSPROM 0 
26 TAP2 I 

44 TAP1 I 

58 RAS 0 
23 DBLE 0 
24 ADRO I 

MEMORY CONTROL 

The RAS and CAS lines drive the DRAM array 
directly. 

FUNCTION 
RAS Signal For DRAM Memory Bank 0 

RAS Signal For DRAM Memory Bank 1 

RAS Signal For DRAM Memory Bank 2 

RAS Signal For DRAM Memory Bank 3 

CAS Signal For DRAM Memory Bank 0, 
Low Byte 

CAS Signal For DRAM Memory Bank 1, 
Low Byte 

CAS Signal For DRAM Memory Bank 2, 
Low Byte 

CAS Signal For DRAM Memory Bank 3, 
Low Byte 

CAS Signal For DRAM Memory Bank 0, 
High Byte 

CAS Signal For DRAM Memory Bank 1, 
High Byte 

CAS Signal For DRAM Memory Bank 2, 
High Byte 

CAS Signal For DRAM Memory Bank 3, 
High Byte 

Memory Refresh Signal 

BIOS PROM Select 

Second Tap Output Of RAS Delay Line 

First Tap Output Of RAS Delay Line 

To RAS Delay Line Input 

To FE3031 Memory Data Bus Latch Enable 

From FE3001 Byte Conversion 

Table 6. Memory Control Pin Information 
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7.0 MEMORY ADDRESS MULTIPLEXER 

The memory address multiplexer generates the 
row and column addresses for the DRAM. The 
memory address multiplexer outputs should be 
buffered by external drivers when driving the 
memory array. 

The memory address multiplexer is designed so 
that SIMM mounted DRAM's of the three dif­
ferent sizes may be inserted into SIMM sockets 
without the need to change board jumpers. 

The memory address multiplexer supports three 
sizes of DRAM: 64K, 256K, and 1 MB. The three 
sizes of DRAM's may be intermixed in any order. 

PIN NUMBER MNEMONIC 1/0 FUNCTION 
31 RAO 0 Memory Address Multiplexer Output Bit 0 (LSB) 

32 RA1 0 Memory Address Multiplexer Output Bit 1 

33 RA2 0 Memory Address Multiplexer Output Bit 2 

34 RA3 0 Memory Address Multiplexer Output Bit 3 

35 RA4 0 Memory Address Multiplexer Output Bit 4 

36 RA5 0 Memory Address Multiplexer Output Bit 5 

37 RA6 0 Memory Address Multiplexer Output Bit 6 

3S RA7 0 Memory Address Multiplexer Output Bit 7 

39 RAS 0 Memory Address Multiplexer Output Bit S 

41 RA9 0 Memory Address Multiplexer Output Bit 9 (MSB) 

Table 7. Memory Address Multiplexer Outputs 

64K DRAM ADDRESS MULTIPLEXER CONFIGURATION 

Memory Mode MA9 MAS MA7 MA6 MA5 MA4 MA3 MA2 MA1 MAO 

Independent RAS (A10 A9) AS A7 A6 A5 A4 A3 A2 A1 
Non Page Mode CAS (A20 A1S) A16 A15 A14 A13 A12 A11 A10 A9 

Independent RAS (A20 A1S) A16 A15 A14 A13 A12 A11 A10 A9 
Page Mode CAS (A10 A9) AS A7 A6 A5 A4 A3 A2 A1 

2 Way Intlv RAS (A20 A1S) A16 A15 A14 A13 A12 A11 A10 A17 
Page Mode CAS (A10 A9) AS A7 A6 A5 A4 A3 A2 A1 

4 Way Intlv RAS (A20 A1S) A16 A15 A14 A13 A12 A11 A1S A17 
Page Mode CAS (A10 A9) AS A7 A6 A5 A4 A3 A2 A1 

256K DRAM ADDRESS MULTIPLEXER CONFIGURATION 

Independent RAS (A10) A9 AS A7 A6 A5 A4 A3 A2 A1 
Non Page Mode CAS (A20) A1S A16 A15 A14 A13 A12 A11 A10 A17 

Independent RAS (A20) A1S A16 A15 A14 A13 A12 A11 A10 A17 
Page Mode CAS (A10) A9 AS A7 A6 A5 A4 A3 A2 A1 

2 Way Intlv RAS (A20) A1S A16 A15 A14 A13 A12 A11 A19 A17 
Page Mode CAS (A10) A9 AS A7 A6 A5 A4 A3 A2 A1 

4 Way Intlv RAS (A20) A1S A16 A15 A14 A13 A12 A20 A19 A17 
Page Mode CAS (A10) A9 AS A7 A6 A5 A4 A3 A2 A1 

Table 8. Address Multiplexer Configurations 
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1 MBIT DRAM ADDRESS MULTIPLEXER CONFIGURATION 
Independent RAS A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 
Non Page Mode CAS A20 A18· A16 A15 A14 A13 A12 A11 A19 A17 

Independent RAS A20 A18 A16 A15 A14 A13 A12 A11 A19 A17 
Page Mode CAS A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

2 Way Intlv RAS A20 A18 A16 A15 A14 A13 A12 A21 A19 A17 
Page Mode CAS A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

4 Way Intlv RAS A20 A18 A16 A15 A14 A13 A22 A21 A19 A17 
Page Mode CAS A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 

REFRESH ADDRESS· ALL DRAM SIZES 
A9 A8 A7 A6 A5 A4 A3 A2 A1 AO 

Table 8. Address Multiplexer Configurations (Continued) 

NOTE: Addresses in parentheses not used by 
DRAM. 

SYSTEM BOARD ROM WAIT STATE 

CONTROL REGISTER 

FFF50 I x I x I x I x I R~S I 0 I RWSE 

765432 0 

RWS HIGH SPEED 
WAIT STATE 

00 * 1 

01 2 

10 3 

11 4 

RWSE=1: Enables RWS, otherwise on-board 
ROM and RAM Wait States will be set 
by FE3001. 

THIS REGISTER IS CLEARED TO ZERO BY 
MASTER RESET. 

The FE3021 can extend the number of processor 
wait states for an on-board BIOS access by set­
ting the RWSE bit to a '1'. The number of wait 
states will then be determined by the value of the 
RWS field. If the RWSE bit is set to a '0', the 
number of wait states for an on-board BIOS ac­
cess is controlled by the FE3001. 

The ability to add wait states for BIOS accesses 
is important for a 16-bit BIOS because the on­
board memory read wait states programmed into 
the FE3001 apply to both on-board BIOS and 
on-board DRAM. That value will be programmed 
to optimize DRAM access time (typically zero 
wait states for page mode operations). This very 
fast access time will likely be too quick for BIOS 
ROMs and can therefore be extended for BIOS 
accesses by setting the RWSE bit. 

Bit 1 is used for diagnostic purposes and should 
remain '0'. 

The system BIOS address space may be from FOOOO 
to FFFFF or EOOOO to FFFFF. If the EGA BIOS is to 
be mapped, then the BIOS ROM chip select is also 
active when the region from COOOO to C3FFF or 
COOOO to C7FFF is addressed. The address output 
onto the expansion bus will be automatically trans­
lated. The BIOS PROM size and number of wait 
states will then apply to both the system BIOS region 
FOOOO-FFFFF and COOOO-C3FFF. 

The BIOS EPROM size may either be 8 bits or 16 
bits. The EPROM size is determined at reset time, 
and is signaled by the 10RDY line. If the 10RDY line is 
high at the trailing edge of master reset, then the 
EPROM size is set to 16 bits. If the 10RDY line is low 
at the trailing edge of master reset, then the EPROM 
size is set to 8 bits. No extemallogic is required for the 
16 bit EPROM size. To select the 8 bit EPROM size, 
the 10RDY line should be pulled low by a master 
reset. The MDATA bus is used for 16 bit EPROM's 
while the EDATA bus is used for 8 bit EPROM's. 

The CSPROM Signal is only active when MEMR 
is active. 
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MEMORY ADDRESS RANGE 
FOR ACTIVE CSPROM FUNCTION 

OFOOOO-OFFFFF BIOS SIZE = 64K (DEFAULT) 
FFOOOO-FFFFFF 

OEOOOO-OFFFFF BIOS SIZE = 128K 
FEOOOO-FFFFFF 

OCOOOO-OC3FFF 16K EGA BIOS Mapping Enabled 
Addresses Translated To OF8000-0FBFFF 
Or OFOOOO - OF3FFF 

OCOOOO-OC7FFF 32K EGA BIOS Mapping Enabled 
Addresses Translated To OF8000-0FFFFF 
Or OFOOOO - OF7FFF 

EPROM I RAM MAP CONTROL REGISTER 

FFF51 

7 6 543 2 o 

EGA=OO MS=X: No EGA mapping. 
EGA=01 MS=O: 16K EGA map. CODOC - C3FFF 

mapped to F8000 - FBFFF 
MS=1: 16K EGA map. CODOC - C3FFF 

mapped to FOOOO - F3FFF 
EGA=10 MS=O: 32K VGA map. CODOC - C7FFF 

mapped to F8000 - FFFFF 
MS=1: 32K VGA map. CODOC - C7FFF 

mapped to FOOOO - F7FFF 
PS = 0: PROM chip select will be active 

when address is OFOOOO-OFFFFF 
or FFOOOO-FFFFFF, for 64K 
of BIOS. 
Default case after master reset. 

1 : PROM chip select will be active 
when address is OEOOOO-OFFFFF 
or FEOOOO-FFFFFF, for 
128K of BIOS. 

THIS REGISTER IS CLEARED TO ZERO BY A 
MASTER RESET. 

• A 16 is ignored in early production version (0000, 1011) 

FFF52 

7 6 5 4 3 2 

ALL BITS ARE CLEARED BY MASTER RESET 

XLA=O: 
XLA=1: 

MLA=O: 

MLA=1: 

FAD=O: 
FAD=1 : 

LA23 - LA17 low speed timing 
LA23 - LA17 high speed timing 

LA23 - LA 17 latches are transparent 
during refresh cycles 
LA23 - LA 17 gated to '0' du ring refresh 
cycles 

3 wait state EMS misses 
2 wait state EMS misses 

Register FFF52 controls logic for various speed 
enhancement and diagnostic modes. The XLA bit 
controls the timing of the LA23 - LA 17 signals. 
Use of this bit can affect compatibility of plug-in 
bus cards. 

When XLA=O, LA23 - LA 17 signals are 
generated E.Y latching the processor addresses 
by active SO or S 1. The LA23 - LA 17 latches 
become transparent when a MEMR, MEMW, 
lOR, or lOW strobe occurs. This bit should be 0 
when running at 8 MHz, when the FE3001 is 
using the low speed clock. 
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When XLA= 1, LA23 - LA 17 signals are latched 
by active SO or Sf, but do not become 
transparent again until two CPU clocks after 
MEMR, MEMW, lOR, or lOW. This delay 
provides proper 8 MHz bus emulation of the 
LA23 - LA 17 signals when the processor is run­
ning at 16 MHz. 

The MLA bit is provided for diagnostic purposes. 
Bit 2 of register FFF52 is reserved and must be 
'0'. 

The FAD bit can be used to enhance EMS per­
formance for lower speed systems. EMS misses 
are normally three wait states, which are neces­
sary for 16/20 MHz operation. At 12 MHz and 
below: EMS misses only need to be two wait 
states. This bit can be used for the non-page or 
page mode 2 operation at 12 MHz or below. This 
bit should remain a for page mode 3 or 16/20 
MHz operation. 

A single contiguous block of memory may be 
write protected, so that when BIOS ROM is 
copied into RAM, the RAM copy will not be inad­
vertently altered. Write protection is ac­
complished by not asserting CAS when MEMW 
is active. 

Master reset clears the upper address boundary 
registers and presets the lower address bound­
ary registers, which disables write protection. 
Write protection is enabled on the address range 
where the RAM address is less than or equal to 
the upper address boundary as well as greater 
than or equal to the lower address boundary. 

RAM WRITE PROTECT 

UPPER ADDRESS BOUNDARY 

FFF53 1 x 1 x 1 x 1 X 1'1' IA1SIA171 A16 
7 6 5 4 3 2 0 

THIS REGISTER IS CLEARED BY MASTER RESET 

RAM WRITE PROTECT 

LOWER ADDRESS BOUNDARY 

FFF55 1 x 1 x 1 x 1 X 1'1' IA1SIA171 A161 
7 6 543 2 0 

THIS REGISTER IS PRESET TO ALL '1' BY MASTER RESET 

MEMORY ADDRESS MUL TIPLEXER 

Write protection is programmable on 64K bCit,in­
daries, and the write protection boundaries must 
be equal to or above 80000H and equal to or 
below FFFFFH. Write protection will not affect 
EMS writing even if the EMS window address 
range is covered by write protection boundaries. 
This allows protection of BIOS code copied Into 
RAM without affecting operation of EMS. 

The memory banks may be programmed to 
various sizes on 128K boundaries, except the 
upper split of bank 0, which is programmable on 
64K boundaries. 

A pair of window registers determines the ad­
dress range for each memory bank. This allows 
the banks to be positioned at varying points and 
in different order than the bank number. If one 
bank of memory is defective, it can be disabled 
and the other banks can be programmed to 
replace it. 

NOTE: For the early production version of the 
FE3021 (version reg=OOOO, 1011), bank a has 
three pairs of window registers to allow split ad­
dressing. The bottom split could be used for con­
ventional memory from 8000 to 9FFFF. The top 
split could be used for extended memory or 
could be used to copy main BIOS from ROM to 
RAM in the address range EOOOO or FOOOO to 
FFFFF. A middle split was available for copying 
user and video BIOS from ROM to RAM. This 
middle split had boundaries programmable be­
tween COOOO to DFFFF in 16K address incre­
ments. One limitation was that if the middle split 
were used, unused memory between the splits 
could not be translated and used for extended 
memory. 

For the production version of the FE3021 (ver­
sion reg=OOOO, 1001), the middle split of Bank a 
was removed. Video BIOS is shadowed instead 
by mapping the EGAlVGA BIOS to FOOOO or 
F8000 and then shadowing the FOOOO - FFFFF 
BIOS area. This method also allows a ROM resi­
dent setup program to reside at FOOOO in ROM, 
which can be replaced with EGAlVGA BIOS by 
shadowing. This method allows a 512K bank to 
be allocated as 128K of conventional memory, 
64K of shadowed VGA and system BIOS, and 
320K of extended or EMS memory. 
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BANK 0 • UPPER SPLIT 

BANK 0 • LOWER SPLIT 

UPPER ADDRESS BOUNDARY 

FFF57 I X I X I X I X I A19 I AlB I A17 0/1* 

7 6 5 4 3 2 o 
UPPER BOUNDARY MUST BE OFXXXX OR BELOW 

LOWER ADDRESS BOUNDARY 

FFF59 I X I X I X I X I A19 AlB A17 0/1* 

7 6 5 4 3 2 o 
LOWER BOUNDARY MUST BE OFXXXX OR BELOW 

UPPER ADDRESS BOUNDARY = 09XXXX (HEX) BY MASTER RESET 

LOWER ADDRESS BOUNDARY = OBXXXX (HEX) BY MASTER RESET 

BANK 0 • UPPER SPLIT 

UPPER ADDRESS BOUNDARY· MSD UPPER ADDRESS BOUNDARY· LSD 

FFF5A 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A23 A22 A21 A20 FFF5B 

I X 

I 
X 

I 
X 

I 
X I 

7 6 5 4 3 2 0 7 6 5 4 

A19 

3 

LOWER ADDRESS BOUNDARY· MSD LOWER ADDRESS BOUNDARY· LSD 

FFF5C IXIXIXIXIA~ 1A22 A21 

5 3 

UPPER ADDRE$S BOUNDARY = OOXXXX (HEX) BY MASTER RESET 

LOWER ADDRESS BOUNDARY = FFXXXX (HEX) BY MASTER RESET 
( UPPER SPLIT DISABLED) 

A20 

o 

FFF5D A19 

7 6 5 4 3 

• Don't care 

FE3021 

A18 A17 I mo.l 
2 0 

A18 A17 A16**1 
2 o 

•• A16 is ignored in early production version (0000,1011) 
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BANK 0 - MIDDLE SPLIT 

UPPER ADDRESS BOUNDARY - MSD 

FFF5E '1' '0' 

7 6 5 4 3 2 

LOWER ADDRESS BOUNDARY - MSD 

'1' '0' 

UPPER ADDRESS BOUNDARY = DDXXXX (HEX) BY MASTER RESET 

LOWER ADDRESS BOUNDARY = FFXXXX (HEX) BY MASTER RESET 

(MIDDLE SPLIT DISABLED) 

BANK 1 

UPPER ADDRESS BOUNDARY - MSD 

FFF62 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A23 A22 A21 

7 6 5 4 3 2 

LOWER ADDRESS BOUNDARY - MSD 

FFF64 

I 
X 

I 
X 

I 
X 

I 
X I A23 I 

A22 A21 

UPPER ADDRESS BOUNDARY = 07XXXX (HEX) BY MASTER RESET 

LOWER ADDRESS BOUNDARY = DDXXXX (HEX) BY MASTER RESET 

4-22 

MEMORY ADDRESS MUL T1PLEXER 

(ONLY IN EARLY PRODUCTION VERSION) 

UPPER ADDRESS BOUNDARY - LSD 

A16 FFF5F A14 '0' '0' 

o 

LOWER ADDRESS BOUNDARY - LSD 

A16 

o A14 '0' '0' 

2 o 

BANK 1 

UPPER ADDRESS BOUNDARY - LSD 

A20 FFF63 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A19 AlB A17 Oil' 

0 7 6 5 4 3 2 0 

LOWER ADDRESS BOUNDARY - LSD 

A20 

I I I I I I 
FFF65 X X X X A19 AlB A17 Oil' 

0 

7 6 5 4 3 2 0 

, Don't care 
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BANK 2 

UPPER ADDRESS BOUNDARY - MSD 

FFF66 A20 

7 6 5 4 3 2 o 

THESE REGISTERS ARE CLEARED BY MASTER RESET 

LOWER ADDRESS BOUNDARY - MSD 

A21 A20 

7 6 5 4 3 2 o 

THESE REGISTERS ARE PRESET TO ALL '1' BY MASTER RESET 

(BANK 2 DISABLED BY MASTER RESET) 

BANK 3 

UPPER ADDRESS BOUNDARY - MSD 

FFF6A 

7 6 5 4 3 2 o 

THESE REGISTERS ARE CLEARED BY MASTER RESET 

LOWER ADDRESS BOUNDARY - MSD 

7 6 5 4 3 2 o 

THESE REGISTERS ARE PRESET TO ALL '1' BY MASTER RESET 

(BANK 3 DISABLED BY MASTER RESET) 

FE3021 

BANK 2 

UPPER ADDRESS BOUNDARY - LSD 

FFF67 A19 AlB A17 0/1' 

7 6 5 4 3 2 o 

LOWER ADDRESS BOUNDARY - LSD 

FFF69 I X I X I X I X I A19 AlB A17 0/1' 

7 6 5 4 3 2 o 

BANK 3 

UPPER ADDRESS BOUNDARY - LSD 

FFF6B AlB A17 0/1' 

7 6 5 4 3 2 o 

LOWER ADDRESS BOUNDARY - LSD 

FFF6D I X I X I X I X I A19 
AlB A17 0/1' 

7 6 5 4 3 2 o 

, Don't care 
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The RAM banks may be either independent or 
two-way or four-way page interleaved. DRAM 
banks which are interleaved must be the same 
DRAM size. 

This register is not used in non-page mode. 

FFF6F I X I X I X I X I 0/1* I : eFG: I 
765432 0 

• Don't care 

2 WAY INTERLEAVE 

3 

2 

3 

MEMORY ADDRESS MULTIPLEXER 

When the memory system operates in page 
mode, the banks of memory may operate inde­
pendently or may be interleaved. Interleaving 
may decrease the average number of wait 
states, thus increasing performance, but inter­
leaving may only be done if the memory banks to 
be interleaved are the same size. 

CFG FUNCTION 

000* All banks are independent 

011 Bank 2 paired with Bank 3, 
Banks 0 and 1 are 
independent 

101 Bank 0 paired with Bank 1, 
Banks 2 and 3 are 
independent 

111 Bank 0 paired with Bank 1, 
Bank 2 paired with Bank 3 

110 All four banks are 
interleaved 

* : Default after Master Reset 

4 WAY INTERLEAVE 

3 

2 

1 
BANKS 2 +3 

4-24 

2047 

1024 
1023 

o 
ADDRESS 

2 

3 

0 

1 

0 

1 

0 

0 

3 

0 

3 

BANKS 0 + 1 
2 

1 

0 
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When the memory system operates in page 
mode, accesses to DRAM in the same page are 
made with zero wait states. An access to a dif­
ferent page, or the first access to a page after a 
refresh, DMA, or master cycle will be made either 
with two wait states for memory mode 2, or three 
wait states for memory mode 3. The actual page 
size is variable, depending on the DRAM size. 

DRAM SIZE PAGE SIZE 
1 64K. 512 bytes 
256K 1024 bytes 
1M 2048 bytes 

Multiple banks of memory operating in page 
mode may operate independently or may be 
interleaved. Interleaving may decrease the 

FE3021 

average number of wait states, thus increasing 
performance, but interleaving may only be done if 
the memory banks to be interleaved are the same 
size. Only banks 0 and 1 or banks 2 and 3 may 
be interleaved together when implementing 2-way 
interleave. When banks 0 and 1 are interleaved, 
bank 1 boundary registers should be programmed 
so that the bank is disabled and the bank 0 boun­
daries should be programmed as if bank 0 were 
twice the normal size. As an example, for a sys­
tem with 2 banks of 256K DRAM operating inde­
pendently, the banks could be programmed as 
shown in the upper diagram below. 

When the banks are interleaved, the banks 
would be programmed as shown in the lower 
diagram below. 

1408K- }-

'----_1_02_4_K_----' bank 0 upper split 

640K 

512K-

512K 

0-

1408K-

1024K 

640K­

OK 

}- bank 0 lower split 

}-book1 

}- ","k 0 """ "", 

bank 0 lower split 
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The following tables illustrate memory system 
characteristics with various configurations of 
memory and processor speed, both for page 
mode and non-page mode DRAM access. 

For a page mode hit, the read and write acces­
ses may have different performance. For a page 

CPU 

MEMORY ADDRESS MULTIPLEXER 

mode miss or the first access to a page, the read 
and write accesses have the same performance. 
In a page mode miss, RAS starts out low and 
must be brought high for a RAS prechargetime 
before the memory can be accessed. 

WAIT STATES 

EMS NON-PAGE MODE DRAM SPEED 
FREQUENCY READ WRITE MISS 

MODE 4 8MHz 0 0 2 120 ns 

MODE 0 16 MHz 1 1 3 80 ns 

MODE 4 12.5 MHz 1 1 2 120 ns 

CPU WAIT STATES 
PAGE MODE NON-EMS EMS DRAM SPEED 

FREQUENCY READ WRITE MISS MISS 

MODE 2 12.5 MHz 0 1 2 3 120 ns 

MODE 3 20 MHz 0 1 3 3 80 ns 

MODE 3 16 MHz 0 1 3 3 100 ns 

MODE 3 12.5 MHz 0 1 3 3 120 ns 
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RAM SIZE CONFIGURATION REGISTER - BANK 1 AND 0 

FFF70 
BNK 1 
SZ 

BNK 0 
SZ 

3 2 0 

SZ = 00 ': 256K 
01 :1M 
10 : RESERVED 
11 :64K 

RAM SIZE CONFIGURATION REGISTER - BANK 3 AND 2 

FFF71 
BNK 3 
SZ 

BNK 2 
SZ 

3 2 0 

SZ = 00 ': 256K 
01 :1M 
10 : RESERVED 
11 :64K 

FE3021 

The DRAM timing is set by an external delay line 
for DMA or master mode transfers_ The RAS 
leading ed~ becomes active from the active 
level of the EMR or MEMW signals_ 

The DRAM timing modes are programmed by writ­
ing into register FFF72_ The DRAM timing mode is 

actually switched during a processor hold state 
caused by a refresh, DMA, or bus master cycle_ 
The Present DRAM liming Mode register con­
tains the current timing mode_ Registers FFF72 
and FFF73 will thus disagree until after a proces­
sor hold state occurs; typically, a refresh cycle 
will occur in 10 to 15 microseconds_ 

DRAM TIMING MODE 

FFF72 [X[X[X[X[D[ ~TY~ [ 

765432 0 

DRAM TIMING MODE WILL GO INTO EFFECT AFTER 
REFRESH, DMA, OR OTHER HOLD CYCLE 

PRESENT DRAM TIMING MODE 

FFF73 [X [ x [ x [ x [ D [ ~ T Y ~ [ READ-ONLY 

765432 0 

DTYP DRAM MODE 
000* Non-Page 

001 Zero Wait State Read, One Wait State Write 

010 Page Mode DRAM At 12_5 MHz CPU rate 

011 Standard Page Mode for 8-20 MHz CPU rate 

100 Identical to Mode 0, but RAS delayed 
one-half CPU clock 

101 Non-Page for 8-12 MHz CPU rate,with 0 Wait 
States, RAS pulse width is 2 CPU clocks 

* -
D=O: 
1 : 

Default after Master Reset 
Normal operation (default) 
Reversed for diagnostics; 
disables DRAM PCl;ge Mode Hit/Miss logic 

11/16/90 

(MODE 0) 

(MODE 1) 

(MODE 2) 

(MODE 3) 

(MODE 4) 

(MODE 5) 
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8.0 EMS MEMORY 

RAM memory above 1024K may be used both 
. for expanded or extended memory. EMS memory 
may be as small as 128K bytes or as large as 
7168K bytes. The EMS memory is accessed by 
two sets of EMS Page Registers, which reside in 
user I/O space. Each set of EMS Page Registers 
points to 36 blocks of memory, each block 16K 
bytes in size, which make up the EMS Page 
Frame. Four of the blocks are located above 
640K, with the other 32 blocks located between 
128K and 640K. 

Each EMS Page Register is associated with one 
page of the EMS Page Frame, and consists of 
an enable bit and a 10 bit page number. When 
enabled, a 24 bit real address is formed by 
taking the 10 bit page number and appending the 
14 bit address referencing the byte or word in the 
EMS page. The 24 bit address is then used to 
access the DRAM memory controlled by the 
FE3021. 

In either page mode or non-page mode, if the 
DRAM row address does not change, then no 
additional wait states are required for EMS 
translation. This will allow EMS access without 
additional wait states if accesses are made to 

EMS MEMORY 

the same 512, 1024, or 2048 byte page, depend­
ing on DRAM size . 

The EMS hardware must first be configured by 
programming the EMS control registers located 
in the FFFOO-FFFFF register space, which is un­
locked by writing to memory location FFFOO eight 
times. The I/O port locations of the EMS Page 
Registers are in user I/O space and their loca­
tions are selected with EMS Configuration 
Registers FFF75 and FFF78. 

EMS Configuration Register FFF79 is used to 
completely enable or disable EMS, as well as to 
switch between the two sets of EMS Page 
registers. When the 'E' bit is '0', EMS operation is 
disabled and the EMS registers in user I/O space 
are inaccessible. When this is '0', it is as if the 
EMS hardware had been "unplugged" from the 
bus. When the 'E' bit is a '1', the EMS registers in 
the Liser I/O space become accessible. Registers 
FFF75 and FFF78 (which determine the I/O port 
addresses for the EMS logic), should be 
programmed prior to setting the 'E' bit to '1'. 
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EMS MEMORY 

EMS CONFIGURATION REGISTER N 

~51 > : 
3 2 0 

THIS REGISTER IS LOADED WITH '0110' BY MASTER RESET 

EMS CONFIGURATION REGISTER M 

F"~I>:I 
3 2 1 0 

THIS REGISTER IS LOADED WITH '1000' BY MASTER RESET 

EMS CONFIGURATION REGISTER 

FFF79 I E I·.· I p ~ A I E=1: MASTER ENABLE FOR EMS 
. .. BIT 2 RESERVED, '0' 

3 2 1 0 
PFA = 00 : EMS PAGE FRAME C4000-D3FFF 
PFA = 01 : EMS PAGE FRAME C8000-D7FFF 
PFA = 10 : EMS PAGE FRAME CCOOO-DBFFF 
PFA = 11 : EMS PAGE FRAME DOOOO-DFFFF 

THIS REGISTER IS CLEARED BY MASTER RESET 

MSD LSD 

FE3021 

FFF76 A23 A22 A21 A20 FFF77 A19 A18 A17 0/1* 

3 2 o 3 2 o 
LOWER EMS BOUNDARY 

THESE REGISTERS ARE SET TO '1111' BY MASTER RESET • Don't care 

Registers FFF76 and FFF77 are used to allocate 
memory for EMS, on 128K byte boundaries. 
Memory with addresses below the EMS bound­
ary is accessed normally, as conventioanl or ex­
tended memory. 

On-board memory with addresses above the 
EMS boundary is reserved for use only as EMS 

memory. DRAM memory accesses to addresses 
above the EMS boundary are made to the ex­
pansion bus. This allows EMS, off-board, and on­
board extended memory to be used simul­
taneously. 
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FE3021 EMS MEMORY 

EMS REGISTER CPU ADDRESS 

D B 
~/ 

RESULT 1: I 0 I OFFF • 

23 14 13 o 

o EMS LOWER ADDRESS BOUNDARY 

23 16 

RESULT 2: 1 o 0 FFF GENERATED ADDRESS 

Any CPU address above 1 MB (the EMS lower 
address boundary), is assumed to reference 
memory on the expansion bus, rather than on­
board memory, which prevents extended 
memory references from affecting on-board EMS 
memory. 

EMS DMA Control Register FFF7A is used to 
control the selected EMS map register set 
during. DMA or master transfers. This allows DMA 
transfars to be made to a particular EMS task, 
whether or not it is the currently selected task. 

On-board memory may be allocated either to ex­
tended or to EMS memory in 128K byte blocks. 
EMS memory is allocated from the top of on­
board memory down to the desired limit. 

As an example, if the system contained 2 MB of 
DRAM, the memory map (without EMS) might 
look similar to figure 5a on the following page. 
The system would contain 640K of conventional 

memory and 1 ,280K of extended memory. The 
1 ,280K of extended memory is composed of two 
parts: the original 1,024K and 256K of memory 
relocated from OAOOOO - OEOOOO. The 128K area 
from OEOOOO - OFOOOO could also be relocated 
but in this example, it is not. 

Figure 5b illustrates the memory map after EMS 
has been installed. The EMS boundary registers 
have been programmed so that on-board 
memory above 1, 152K is reserved for EMS. 
128K of on-board extended memory remains be­
tween 100000 - 120000. Additional extended 
memory could be added on the expansion bus, 
starting at 120000. Two EMS areas are shown, 
one 64K area at ODOOOO - OEOOOO, and the other 
at 020000 - OAOOOO. 

Figure 5c shows the possible EMS page num­
bers ranging from 0 - 4F for the 1,280K of 
memory available for EMS paging. 
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FE3021 

The EMS Control Register and EMS Page 
Registers are addressed in the user I/O port ad­
dress space, I/O ports 100 (hex) through 3FF 
(hex). The EMS Control Registers and EMS 
Page Registers are selected when the I/O port 
address bits 9 - 6 match the value 'M' 
programmed by register FFF78 and the I/O port 
address bits 5 - 2 match the value 'N' 
programmed by register FFF75. 

The EMS I/O Control Port is used to enable or 
disable EMS translation. When EMS translation 
is disabled, the EMS I/O control port and EMS 
page registers may still be accessed, but EMS 
page swapping will not occur. 

The EMS I/O Control Port is also used to select 
the active page register set. When the processor 

EMS CONTROL REGISTER 

EMS MEMORY 

accesses EMS memory, it always uses the 
register set specified by the TK bit. Normally, 
when DMA accesses EMS memory, it also uses 
the register set specified by the TK bit. Alterna­
tively, the DMA transfer. may be made using a 
particular register set, independently of the 
register set currently being used by the proces­
sor. This allows a DMA operation to start, con­
tinue, and finish while the processor is time-slic­
ing and swapping back and forth between two 
programs. 

The P and W fields for each page register are 
specified in the following table. Each EMS Page 
register is composed of a one bit enable bit (E) and 
a 10-bit page number (09-00). EMS translation for 
the EMS page is enabled when the E bit is a'1'. 

~g:~OL I EMS I TK I DTK I DEN I 

4-32 

1/0 PORT 
ADDRESS 

1/0 PORT 
ADDRESS 

1/0 PORT 
ADDRESS 

3 2 

EMS=l: 

DEN =0: 

DEN=l : 

o 

EMS TRANSLATION ENABLED 

DMA TRANSFERS MADE TO MAP REGISTER 
SET SPECIFIED BY "TK" BIT 

DMA TRANSFERS MADE TO MAP REGISTER 
SET SPECIFIED BY ··DTK" BIT 

EMS CONTROL REGISTER ADDRESS LOCATION 

VO PORT 
ADDRESS 

Ixlxlxlxl1111 : ~ : I : ~ : Ixlxl 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

EMS PAGE REGISTER - MSD 

1 : ~ : 1
1

1
0

1 : ~ : 1 : 7: 1 ~ 1 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 : ~ : 1 0 11 1 : ~ : 1 : 7 : 1 7 1 
15 14 13 12 11 10 9 8 7 6 5 432 1 0 

EMS PAGE REGISTER - LSD 

1 : ~ : 1 0 1 0 1 : ~ : 1 : 7 : 1 ~ 1 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

11/16/90 
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TEST MODE 

9.0 TEST MODE 

All output pins will become tristated if YMEMR 
and YMEMW are active simultaneously while MR 
is active. The outputs will remain tristated if MR 
is brought inactive while YMEMR and YMEMW 
are both active. The outputs will become active 

P W EMS PAGE 

PFA=OO PFA=01 
0000 11 DOOOO-D3FFF D4000-D7FFF 
0000 10 CCOOO-CFFFF DOOOO-D3FFF 
0000 01 C8000-CBFFF CCOOO-CFFFF 
0000 00 C4000-C7FFF C8000-CBFFF 

1001 11 9COOO-9FFFF 624K TO 640K 
1001 10 98000-9BFFF 608KTO 624K 
1001 01 94000-97FFF 592KTO 608K 
1001 00 90000-93FFF 576KTO 592K 

1000 11 8COOO-8FFFF 560KTO 576K 
1000 10 88000-8BFFF 544KTO 560K 
1000 01 84000-87FFF 528KTO 544K 
1000 00 80000-83FFF 512KTO 528K 

0111 11 7COOO-7FFFF 496KTO 512K 
0111 10 78000-7BFFF 480KT0496K 
0111 01 74000-77FFF 464K TO 480K 
0111 00 70000-73FFF 448KTO 464K 

0110 11 6COOO-6FFFF 432KTO 448K 
0110 10 68000-6BFFF 416K TO 432K 
0110 01 64000-67FFF 400KTO 416K 
0110 00 60000-63FFF 384KTO 400K 

0101 11 5COOO-5FFFF 368KTO 384K 
0101 10 58000-5BFFF 352KTO 368K 
0101 01 54000-57FFF 336K TO 352K 
0101 00 50000-53FFF 320KTO 336K 

0100 11 4COOO-4FFFF 304KTO 320K 
0100 10 48000-4BFFF 288K TO 304K 
0100 01 44000-47FFF 272KTO 288K 
0100 00 40000-43FFF 256KTO 272K 

0011 11 3COOO-3FFFF 240KTO 256K 
0011 10 38000-3BFFF 224KTO 240K 
0011 01 34000-37FFF 208KTO 224K 
0011 00 30000-33FFF 192K TO 208K 

0010 11 2COOO-2FFFF 176K TO 192K 
0010 10 28000-2BFFF 160K TO 176K 
0010 01 24000-27FFF 144K TO 160K 
0010 00 20000-23FFF 128KTO 144K 

FE3021 

drivers again when MR is brought low without 
both YMEMR and YMEMW active. This "all out­
put tristate" mode allows an in-circuit board 
tester to drive the FE3021 output pins. 

PFA=10 PFA=11 

D8000-DBFFF DCOOO-DFFFF 
D4000-D7FFF D8000-DBFFF 
DOOOO-D3FFF D4000-D7FFF 
CCOOO-CFFFF DOOOO-D3FFF 

Table 9. EMS Page Register Information 
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FE3021 

10.0 FE3021 PINOUT 

As illustrated in Figure 5, the FE3021 is pack­
aged in a 132-pin plastic flat pack. Table 10 
groups the pins by function. 

C\lT'""omCX)f'.(OltJ"It'MN ..... omrof'. 
~(Ol.()vMC\lT'""O MMMC\lC\lC\lC\lC\lC\lC\lC\lC\lC\I ............... 
........................................ mCX)~(Ol.()vMC\I ..................................................................................... 

REFR 18 • FRES 19 

CSNMI 20 
BHE 21 

CSPTB 22 
DBlE 23 
ADRO 24 

lOMEG 25 
TAP2 26 

GROUND 27 FE3021 
RESET 28 

GROUND 29 
vee 30 
RAO 31 
RA1 32 
RA2 33 
RA3 34 
RA4 35 
RAS 36 
RA6 37 
RA7 38 
RA8 39 

SElDAT 40 
RA9 41 

GROUND 42 
eSPROM 43 

TAP1 44 
eS3 45 
eS2 46 
eS1 47 
eso 48 
eSF 49 
vce 50 

..... C\lMvl.()(of'.OOO')O ..... C\lMvl.()(Of'.CX)O')O ..... C\lMvl.()(Of'.CX)O')O ..... C\lM 
1.()I.()I.()I.()I.()I.()I.()I.()I.()(o(o(o(o(o(o(o(o(oWf'.f'.""f'.f'.f'.""f'.f'.f'.CX)CX)CX)CX) 

0la: ~ I- gl:;;I[ilI~ at~ IX) "" '" co '" .. 0'" '" '" N ~ 0 gJ '" 0 8 '" NO'" IX) "" ~~oog>~za:~ ~~S~~~~~~SS~~<~z>~<~«< 
0000'" 00 o~oo 0000 00 00 06 a:«< 0 0 00 000a: 00 00 < 
G~ < ««<G« « ffi 

Figure 5. FE3021 Pin Assignment 
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FE3021 PINOUT 

116 A2 

115 A3 

114 A4 

113 A5 

112 A6 

111 A7 

110 A8 

109 A9 

108 GROUND 

107 vee 

106 ADDR1 

105 AD ORO 

104 ADDR2 

103 LA17 

102 lA18 

101 ADDR3 

100 ADDR4 
99 GROUND 

98 ADDR5 

97 ADDR6 

96 ADDR7 

95 LA19 
94 ADDR8 

93 LA20 

92 vee 
91 GROUND 

90 A10 
89 A11 

88 A12 
87 A13 

86 A14 

85 A15 

'84 A16 



FE3021 PINOUT FE3021 

AT BUS DATA BUS 80286 INTERFACE MEMORY CONTROL 
LA23 63 EDATA3 17 A23 74 RASa 128 
LA22 70 EDATA2 16 A22 78 RAST 129 
LA21 71 EDATA1 15 A21 79 RAS2 130 
LA20 93 EDATAO 14 A20 80 RAS3 132 
LA19 95 CHIP SELECTS A19 81 CASrn 125 
LA18 102 AND CONTROL A18 82 CASTI 126 
LA17 103 CSU 48 A17 83 GASL2 2 
ADDR19 59 CST 47 A16 84 CfIS[3 3 
ADDR18 61 CS2 46 A15 85 CASRU 4 
ADDR17 62 CS3 45 A14 86 CASHT 5 
ADDR16 64 CSF 49 A13 87 CASR2 6 
ADDR15 65 GS8042 60 A12 88 CASR3 131 
ADDR14 66 CS2B7 56 A11 89 REFR 18 
ADDR13 68 GSf\Jl\ifI 20 A10 90 CSPROM 43 
ADDR12 69 CSPTB 22 A9 109 ONBU 57 
ADDR11 72 ADSTB 53 A8 110 ERE 21 
ADDR10 73 SECDAl 40 A7 111 DBLE 23 
ADDR9 75 Y'MEMR 10 A6 112 ADRO 24 
ADDR8 94 YMEMW 11 A5 113 IDMEG 25 
ADDR7 96 Y'TOR 12 A4 114 A20GT 54 
ADDR6 97 
ADDR5 98 

YTOW 13 A3 115 
TOR 8 A2 116 RESET 

ADDR4 100 TOW 9 A1 117 RESET 28 

ADDR3 101 MEMORY ADDRESS AO 118 FRES 19 

ADDR2 104 MUX SO 119 
ADDR1 106 RA9 41 ST 120 
ADDRO 105 RA8 39 l'ii'I7TO 121 
MASIER 52 RA7 38 CPUCLK 122 

GROUND POWER RA6 37 HLDA 123 
1 7 RA5 36 IORDY 127 
27 30 RA4 35 

29 50 RA3 34 

42 55 RA2 33 

51 77 RA1 32 

67 92 RAO 31 

76 107 HAS 58 

91 
99 
108 
124 

Table 10. FE3021 Pins Grouped By Function 
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FE3021 DC OPERA T1NG CHARACTERISTICS 

11.0 DC OPERATING CHARACTERISTICS 

T a = 0' to 70' C, Vee = 5 V ± .25 V 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

ilL Input Leakage ±10 UA VIN=.4 TO VCC 

10Z Tri-State And Open ±10 UA VOUT =.4 TO VCC 

Drain Output Leakage 

VIH Input High Voltage 2.0 V 

VIL Input Lowvoltage .8 V 

VILC CPU Clock Input 
High Voltage .6 V 

VILC CPU Clock Input 
Low Voltage .6 V 

ICC Supply Current 50 rnA All Outputs Open, 

Inputs At 2.0V, 

CPUCLK = 16 MHz 

For outputs: VIOR, VIOW, RA9-RAO, ONBD, LOMEG, A23-AO, CSF, CSO, CS1, CS2, CS3, CS8042, 
CS287, CSNMI, CSPTB, RAS, RASO, RAS1, RAS2, RAS3, CASLO, CASL 1, CASL2, CASL3, CASHO, 
CASH1, CASH2, CASH3, CSPROM, DBLE, FRES, SELDAT, AND EDATA3-EDATAO 

For outputs: ADDR19-ADDRO, LA23-LA17, lOR, lOW, 10RDV 

* 10 rnA for lOR, lOW. 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOH Output High Voltage 2.4 V IOUT=-1 rnA 

VOL Output Low Voltage .4 V IOUT=1 rnA 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOH Output High Voltage 2.4 V IOUT=-3 rnA 

VOL Output Low Voltage .4 V IOUT=12 rnA* 
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AC TIMING CHARACTERISTICS FE3021 

12.0 AC TIMING CHARACTERISTICS 

load capacitance = 

load capacitance = 

load capacitance = 

50 pF for outputs: CSF, CSO, CS1, CS2, CS3, CS8042, CS287, CSi\fMT, 
CSPTB, SELDAT, RAO-RA9, ONBD, lOMEG, DBlE, RAS, CSPROM, 
YIOR, YIOW, FRES 

100 pF for output: IORDY, A19-AO, EDATA3-EDATAO 

200 pF for outputs: RASO, RASf, RAS2, RAS3, CASlO, CASl1, CASl2, 
CASl3, CASHO, CASH1, CASH2, CASH3, LA23-lA 17, 

ADDR19-ADDROi lOR, lOW 
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FE3021 SYSTEM TIMING 

13.0 SYSTEM TIMING 

PRELIMINARY PRELIMINARY PRELIMINARY 

12MHz 16 MHz 20 MHz 
SYMBOL CHARACTERISTIC MIN MAX MIN MAX MIN MAX 

T1 CPUCLK Cycle 40 31 25 

T2 CPUCLK High Pulse 13 . 12 

T3 CPUCLK Low Pulse 11 10 

T4 A23-AO, MIO Setup To 
SO OR S1 Falling 22 22 

T5 A23-AO, MIO To ONBD 38 34 

T6 SO, S1 Setup To 
CPUCLK Falling 20 11 9 

T7 SO, S1 Hold From 
CPUCLK Falling 3 2 1 

T10 MIO, A23 .. AO To LA23 .. LA17 50 45 45 

T13 YMEMR To CSPROM 45 38 30 

T14 ADSTB To CSO, CS1, CS2, 
CS3, CSPTB, CSF, CS287, 
CSNMI, CS8042 45 35 35 

T17a YIORTo lOR 40 35 35 

T17 YIOWTo lOW 40 35 35 

T18 ADSTB To ADDR19 .. ADDR1 50 45 45 

T19 ADRO To ADDRO 45 40 40 

T20 Data Valid From YMEMR 
Or YIOR Active 180 150 150 

T22 LA23 .. LA 17 From 
CPUCLK Falling 50 45 45 

T24 DATA Setup To YMEMW 
Or YIOW Inactive 180 150 150 

T25 Data Hold From YMEMW 
Or YIOW Inactive 10 10 10 

T26 YIOR OrYMEMR 
To SELDAT 50 45 45 

T27 lOR To SELDAT, 
Master Mode Cycle 50 45 45 

T28 ADSTB To Row Address; 
DMA Cycle, Non-EMS 50 42 35 

T28a ADSTB To Row Address; 
DMA Cycle, EMS 180 145 145 
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SYSTEM TIMING FE3021 

PRELIMINARY PRELIMINARY PRELIMINARY 

12 MHz 16 MHz 20 MHz 
SYMBOL CHARACTERISTIC MIN MAX MIN MAX MIN MAX 

T29 YMEMR To RAS, RAS3: 
RASa ; Refresh Cycle 35 30 30 

T30 YMEMR Or YMEMW To 
RAS ; OMA Cycle 35 30 30 

T31 TAP1 Falling To 
Column Address 45 37 30 

T32 YMEMR Or YMEMW To 
RAS3 .. RASO; OMA Cycle 35 30 30 

T33 TAP2 Falling To CASL3 .. 
CASLO, CASHO; OMA Cycle 30 26 25 

T34 YMEMR Or YMEMW Rising 
To CASL3 ... CASLO Or 
CASH3 .. CASHO Inactive 35 28 27 

T35 YMEMR Active To OLE 
Active; OMA Or Master Mode 40 32 30 

T36 YMEMR inactive To OLE 
inactive: OMA Or Master Mode 40 32 30 

T37 SHE Or AORO Setup To 
CPUCLK Falling 25 20 20 

T38a AORO Setup To 
CPUCLK Falling 25 20 20 

T38b SHE Setup To 
CPUCLK Falling 25 20 20 

T39 A23 .. A1 To RA9 .. RAO Row 
Address; Mode 0, 1, 4, 5 45 37 30 

T40 TAP1 Falling To RA9 .. RAO 
Column Address; 
Mode 0, 1, 4, 5 45 37 30 

T41 RA9 .. RAO Row Address Valid 
From CPUCLK At End Of CAS 50 39 

T43 CPUCLK Falling To RAS ; 
Mode 0,1, & 5 35 30 30 

T44 CPUCLK Falling To RAS3 ; 
RASa ; Mode a & 1 & 5 35 30 30 

T45 CPUCLK Rising To RAS ; 
Mode 4 35 30 30 

T46 CPUCLK Rising To 
RAS3 .. RASO; Mode 4 35 30 30 
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FE3021 SYSTEM TIMING 

PRELIMINARY PRELIMINARY PRELIMINARY 

12 MHz 16MHz 20 MHz 
SYMBOL CHARACTERISTIC MIN MAX MIN MAX MIN MAX 

T47 TAP2 Falling To CASL3 .. 
CASLO; Or CASH3 .. CASHO 
Active; Mode 0, 1, &4 & 5 35 25 25 

T48 CPUCLK Falling To CASL3 .. 
CASLO Or CASH3 .. CASHO 
Inactive; Mode 0, 1, & 4 & 5 35 27 27 

T49 Row ADDR From SO Or S1 
Inactive; Mode 2 50 44 

T50 TAP2 Falling To OLE 
Active; Mode 0, 1, 4, & 5 35 30 30 

T51 CPUCLK Falling To OLE 
Inactive; Mode 0, 1, 4, & 5 35 30 30 

T52 Ready Low From SO OR 
S1 low 35 30 30 

T53 Ready High From 
CPUCLK Falling 35 30 

T54 Column ADDR From 
CPUCLK Falling; Mode 2 40 34 

T56 RAS3 .. RASO Active From 
CPUCLK Falling; Mode 2 35 30 

T57 CASL3 .. CASLO Or CASH3 .. 
CASHO Active From 
CPUCLK Rising; Mode 2 30 23 

T58 CASL3 .. CASLO Or CASH3 .. 
CASHO Inactive 
From CPUCLK Rising 30 23 

T5857 Difference Of CAS Inactive 
And Active Time (T58-T57) 4 4 

T59 OLE From CPUCLK 35 26 

T60 Row Address Valid From 
CPUCLK Falling; Mode 3 40 34 

T61 RAS3 .. RASO Inactive 
From SO Or S1 Active 35 30 

T62 RAS3 .. RASO Inactive 
From HLDA Active 40 35 

T63 Column Address Hold 
From End Of CAS 1 1 1 

T64 Column Address From 
CPUCLK; MODE 2 & 3 50 44 
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SYSTEM TIMING FE3021 

PRELIMINARY PRELIMINARY PRELIMINARY 

12 MHz 16 MHz 20 MHz 
SYMBOL CHARACTERISTIC MIN MAX MIN MAX MIN MAX 

T65 Column Address From A23-A 1 45 37 

T66 RAS3 .. RASO Active From 
CPUCLK Rising; Mode 3 35 30 

T67 CASL3 .. CASLO Or CASH3 .. 
CASHO Active From 
CPUCLK;Mode 3 28 23 

T68 CASL3 .. CASLO Or CASH3 .. 
CASHO Inactive From 
CPUCLK Rising; Mode 3 28 23 

T6867 Difference Of CAS Inactive 
And Active Time (T68-T67) 4 4 

T69 REFR ToONBD 40 35 35 

T70 Refresh Address Valid 
From REFR 50 39 35 

T72 MASTER Active To 
LA[23:17], ADDR[16:0] 
High Impedance 45 45 45 

T73 MASTER Inactive To LA[23:17] 
ADDR [16:0] Low Impedance 45 45 45 

T74 ADDR[9:0] To Chip Selects 65 65 

T75 MASTER Active To A[23:0], 
ADRO Low Impedance 45 45 45 

T76 MASTER Inactive To A[23:0], 
ADRO High Impedance 45 45 45 

T77 LA[23:17], ADDR[16:1] 
To RA[9:0] 45 40 40 

T78 MASTER Active To YIOR, 
YIOW Low Impedance 45 45 45 

T79 MASTER Inactive To YIOR, 
YIOW High Impedance 45 45 45 

T80 MASTER Active To lOR, 
lOW High Impedance 45 45 45 

T81 MASTER Inactive To lOR, 
lOW Low impedance 45 45 45 

T82a lOR ToYIOR 30 25 25 

T82b lOW ToYIOW 30 25 25 

T83 LA[23:17], ADDR[16:0] 
To A[23:0], ADRO 40 35 35 
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FE3021 

CPUCLK 

A23-AO, 
MIO 

so, 
51 

LA23-LAI7 

READY 

YIOR, YIOW, 

10R,IOW 

D3-DO 
(READ CYCLE) 

D3-DO 
(WRITE CYCLE) 

CSPROM 

DLE 

ADSTB 

CSx 

ADDR19-ADDRI 

ADRO 

ADDRO 

4-42 

SYSTEM TIMING 

1 Ts 1 Te ,- Tw I 

1 =1 16 r d 16 

--=J IS r=1 1 1 I-J IsF 

--I 110 1+-1: I ::J '" i'-
~ . NOTE 1. . X~ ________ _ 
--~: .. "~-
-.jIS2~ 

I r 
126--1 126=J r 

L-:-12-0-~~------------~~ F 
1 

-- - --1-<I IJX~ __ -,--_,---' 
1 124------1 ~ I I I 7 7 f rl 

114--+1 

118~ 

113 ==-i 
1 135--+ 

I I X 1 
12S----.j 
113~ F 

I 
F 136 --+ 

r--
--------~><~---------------------------

________ ~x~------------------------------+I 119 ~ __________ ~><r---------------------------
NOTE 1: LA23 - LA17 LATCHED AT MIDDLE OF T8 UNTIL MEMORY OR 1/0 STROBE 

Figure 6. Basic Timing 
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SYSTEM TIMING 

CPUCLK 

A23-AO, 

MIO 

SO,S1 

LA23-LA17 

10R,IOW, 

MEMR,MEMW 

FE3021 

I"-+-----, ~ 
~--~------------------------t~22 t== 

~~ __ I_(_NO_T_E_2_) __________________ ~)(~ ______________________ __ 

'-----____ -----'1 

NOTE 2: FOR OFF-BOARD CYCLES, LA23 - LA17 LATCHED AT MIDDLE OF Ts UNTIL 
2 CPUCLK's AFTER MEMORY OR I/O STROBE 

Figure 7. High Speed Mode LA23-LA 17 Timing 
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Figure 11. Memo~ Mode 2 (PAGE) 1 OF 2 

11116190 4-47 



FE3021 

CPUCLK 

A23-AO, 
MIO 

ONBD 

50 

51 

BHE,ADRO 

READY 

RA9-RAO 

RASm 

RASn 

SYSTEM TIMING 

2 W,S. READ MISS -----or-- 1 W.S. WRITE HIT 

I T, I To I Tw I Tw I T, I To I Tw I 

.-q I 11: 'I 1 : II: I 11 1 
. 1 1 . . 1 '. I 1 1 

1 1 1 1 1 I 1 1 
1 ~r__r-~-~~---~-_+--~--

1 

1 1153j ·I .. · .... I .. ··1 .. · .. 1 

~ 149 -.I ~ t"";154 1 ~ 165 V,L----I _ 
COLUMN 7 7 X ROW X'----r-COL_U_MN_;-.--'_X_ COLUMN I )( 

1 164 ~ 

152 

161j F 156J L-t_-+-: _-+-: ___ -+-_-+-: _ 
I 1 1 

~~=-____________ ~I I I 
CASLm, CASHm 1 57 -0\ ~ -0\ 1= 158 I' 
CASLn,CASHn I I 157 j t 158j ~ 

_________ ~I I ,-________ _ 
159-0\ t -0\ 1=159 

OLE 

MEMR 

MEMW 
L--___ ----li 

Figure 12. Memory Mode 2 (PAGE) 2 OF 2 

4-48 11/16/90 



SYSTEM TIMING FE3021 

CPUCLK 

A23-AO, 

MIO 

ONBD 

so 

S1 

BHE,ADRO 

READY 

RA9-RAO 

RASm 

RASn 

CASLm, CASHm 

CASLn, CASHn 

MEMW 

MEMR 

DLE 

I 

j' 3 W,S, FIRST ACCESS-----I·>+-I' 0 W.S, READ HIT I 
I T< I Tc I Tw I Tw I Tw I T< I Tc I 

-q I 1 I I I II I I I I II 
I I I I I I i I I I Tl i ::: I I I I I 
I I I I I I I I I I I I I I I I I 1 ~t38a,t38b I II I I I 11 IH38a,t3Bb I 

~ ~1-'~ ~j F~III 
~ :- -'i: ~' '00;7 : ~ : ( 

t66J I.- I 
t I 

t631~ 

t67-1 t t 68~F f--_~-'-,I b t 67 

I 

I 
t59--/ t 

Figure 13. Memory Mode 3 (PAGE) 1 OF 2 

11/16/90 

I I 

I 
I 
I l 

t59~ F 

4-49 



FE3021 

CPUCLK 

A23-AO, 
MIO 

SYSTEM TIMING 

ro-I" --- 3 W.S. READ MISS ----+t+"I"- 1 W.S. WRITE HIT--"I 

1 Ts 1 Tc 1 Tw 1 Tw 1 Tw 1 T, 1 Tc 1 Tw 1 

H : 1 : : I r : 1 : 
I I I I ,I I I I 

=l : II I I: I . 
BHE, ADRO I -, I.- t 3Ba,t3ab I I I I I =1 ~ t 38a:t38b I 

t52':f1: I :~ p,a·····1···(···1· 1. 

; 

t60J ~ -+ t64~ I I.- t65~ COL~MN I 
. )( ROW )C COLUMN ~. . X 

-~~ I I I r~ 

READY 

RA9-RAO 

I t63~_ I t63~_ 

~ t66~ r-,_--,-__ --LI +-------,---..Llt---I - II II 
II II 

RASm 

RASn 

I I t I I 
-=-=--CASLm,-=-=-==CASHm=----------;-;;t6:;-=h7 j r- t68 -1 C : I : 

CASLn, CASHn I t 67 ~ r- t 68 j ~ 
Irl _____________ _ 

t59-.! r- t59-+ F OLE 

MEMW 
L-___ --li 

Figure 14. Memory Mode 3 (PAGE) 2 OF 2 

4-50 11116/90 



SYSTEM TIMING 

CPUCLK 

A23-AO, 

MIO 

ONBO 

so 

S1 

BHE 

AORO 

RA9-RAO 

RAS 

TAP1 

TAP2 

RASn 

CASLn 

CASHn 

OLE 

MEMW 

MEMR 

FE3021 

I Ts I Tc I Ts I Tc I Ts I 

> 
11 1 1 1 nil 1 1 
J1 1 1 1 1 1 1 I 1 
Tl 1 1 1 1 1 1 

i ~,~ i k iii 
: 1 h'----'I_--'---'--_ 

144-1 CL---+------' 
147::::;1 

1 [ : 

I 1 1['----
1 1 

1144~ F 1 
1 1 

----14-7 ::::;If----,~ L 
'-----'-=-----q..----' I 1 48 --J 

---14C::-7~--;----'t 148J 147-1 r 148~ r-[-

150J ~ ~ ~151 

Figure 15. Memory Mode 5 (Non.Page) 0 WS Read & Write 

11/16/90 4-51 



FiE3021 SYSTEM TIMING 

A23-AO, LA (( / / / MIO 
I 

I~ L I 
ONBD I 

I ~ t69 
I 

ADRO ~ / / / LA 
I I 

RA9-RAO I X REFRESH ~ I 
I ---J ~t 70 I 

t62iJ= ~ ~29 RASn,RAS t294 4 
I I I 

I I I I 
I I I I CASLn, CASHn 
I I I I 
I I 
I I 

MEMR 
I I 
I I 

DLE I I 
I I 

HLDA J I 

REFR 
I 

Figure 16. Refresh Cycle 

4-52 11116190 



SYSTEM TIMING FE3021 

MASTER I~ ___ -----,---------
~ ~ L 
LA23-LA17, 

ADDR16-ADDRO 

CSn 

ADSTB 
(NOTE 2) 

A23-AO , ACRO 

RA9-RAe 

RAS 

TAPl 

TAP2 

RASn 

CASLn 

CASHn 

DLE 
(NOTE 1) 

VIOW,VIOR 

lOW, lOR 

SELDAT 

. <XXX 
1 

1741 

J ~UTPUT 
~ t73 

INPUT 

~t ____________________ ~I~1 ---:L 
176 

COLUMN 

130 

'~1 r .. J f--F ---+---

: ""l ,--C -1+-,1 ~ 134 

----~------------~:----133-~~C ~~ ~-1-34----------1-----

135-+1 t'---_________ I-li 
17Sj r--. . . . ·1· 

I SO --I r--. 

.--_17_9_--1-'----'r--

182a,182b 1 I-t __ 1+--jF,82a"s2b 1 r I 181 .... , 

L.-+-_I 1 

------------------------------,-27-j~Lb ____ j~F,27 

NOTE1: DLE GENERATED ONLV FOR MEMORV READ CVCLES 
NOTE 2 : EARL V PRODUCTION FE3021 REQUIRES ADSTB HIGH DURING MASTER CVCLE 

Figure 17. Bus Master Cycle 

11/16/90 4-53 



FE3021 PACKAGE DIAGRAMS 

14.0 PACKAGE DIAGRAMS 

PIN 17 

4-54 

\.980"4XJ 

1111111111111111111111111111111111 

t CL 

.800· REF 

_----'-i CL 

1IIIIIIIIIIIIIIIIIIIIIIIIIIIe 

___ ---Lt .075" 

0.025"TYP ----...........,-1 

DETAIL A 
(ENLARGED) 

-------l= 95. ~ 
1.08" 

1.1' 

.025"TVP 

I 
I 

I 
I 
I 

I 

L" 
Figure 18. 132·Pin JEDEC Flat Pack Packaging Diagram 

11116/90 



1.100 

1.300 

Amp Incorporated 
Harrisburg PA 

.900 

Part No. 821932-5 

r'----1.340 ----~·I 
.950 __ --I.' 

,-,--------r-, I" 
' ~iiiiiiiiiiiii ......... iiiiiiiiiiiii~~~C4: 1 I 

-- --t-- -- I 
I 

I 1 J 

l I J 
'---- ....l.....- __ &- _ -----l _ / 

1.340 

.950 

Figure 19. Socket Diagram 

11/16/90 

FE3021 

.145 

.062 P.C. BOARD 
REF. 

4-55 





FE3021A 

Address Buffer and 

Memory Controller 

~ WESTERN DIGITAL 

• 



PREFACE .... 

1.0 DESCRIPTION 

1.1 FEATURES 

1.2 INTRODUCTION 

2.0 80286 INTERFACE 

3.0 DATA BUS INTERFACE 

4.0 1/0 CHIP SELECTS 

5.0 1/0 CONTROL 

6.0 MEMORY CONTROL 

TABLE OF CONTENTS 

7.0 MEMORY ADDRESS MULTIPLEXER 

8.0 EMS MEMORY . . 

9.0 TEST MODE . . . . . . . . . 

10.0 FE3021 A PINOUT 

11.0 ELECTRICAL SPECIFICATIONS 

11.1 MAXIMUM RATINGS ..... 

11.2 DC OPERATING CHARACTERISTICS 

11.3 AC TIMING CHARACTERISTICS 

ADVANCED INFORMATION 11/13/90 

FE3021A 

Page 

5-iii 

5-1 

5-1 

5-2 

5-4 

5-5 

5-6 

5-7 

5-16 

5-17 

5-27 

5-33 

5-34 

5-36 

5-36 

5-36 

5-37 

5-i 



FE3021A 

LIST OF ILLUSTRATIONS 
Figure Title Page 

1 FE3600B/C Chip Set Functional Block Diagram 5-2 

2 FE3021 A Functional Block Diagram 5-3 

3 High Speed HOC Configuration 5-12 

4 Banks Operating Independently 5-25 

5 Banks Interleaved 5-25 

6 EMS/Memory Map Configuration 5-30 

7 JEDEC Pack Pin Assignments 5-35 

8 Basic Timing 5-42 

9 High Speed Mode LA23-LA 17 Timing 5-43 

10 DMA Memory Cycle 5-44 

11 Memory Mode 0 (Non-Page Mode) 5-45 

12 Memory Mode 1 (Non-Page) 0 WS Read 1 WS Write 5-46 

13 Memory Mode 2 (Page) 1 of 2 5-47 

14 Memory Mode 2 (Page) 2 of 2 5-48 

15 Memory Mode 3 (Page) 1 of 2 5-49 

16 Memory Mode 3 (Page) 2 of 2 5-50 

17 Memory Mode 5 (Non-Page) 0 WS Read And Write 5-51 

18 Refresh Cycle 5-52 

19 Bus Master Cycle 5-53 

20 132-Pin Flat Pack Packaging Diagram 5-54 

LIST OF TABLES 
Table Title Page 

80286 Interface Pin Assignments 5-4 

2 Data Bus Interface Pin Assignments 5-5 

3 I/O Chip Select Pin Assignments 5-6 

4 I/O Control Pin Assignments 5-8 

5 I/O Address/Chip Selects for Fixed Ports 5-15 

6 Memory Control Pin Assignments 5-16 

7 Memory Address Multiplexer Output Pin Assignments 5-17 

8 Address Multiplexer Configurations 5-18 

9 EMS Page Register Information 5-32 

10 Pin Listing 5-34 

11 DC Operating Characteristics 5-36 

12 System Timing 5-37 

5-ii ADVANCED INFORMATION 11/13/90 



FE3021A 

PRE F ACE 
The FE3021A Address Buffer And Memory Controller device is an enhancement of the FE3021. 
Although the two devices are very similar in design, it is important to use the appropriate document 
when designing around the use of this device. The FE3021 literature order number is 10505. The 
FE3021A literature order number is 10503. 

Some of the areas affected by the enhancement of the device are: 

The FE3021A operates as a 20 MHz address buffer and memory controller using 80 ns DRAMs, 
as well as a 16 MHz using 100 ns DRAMs as does the FE3021. 

The version numbers read from the Version Number Register (FFF01) are 010 = FE3021A and 
100 = FE3021. 

Bits 3 and 2 of the Hot Reset Register (FFF07) have been redefined. Bit 3 = 1 to tri-state ADDRO 
(pin 105), bit 2 no longer has a f/Jnction and bits 1 and 0 remain unchanged. 

Page Mode 2 now operates at 16 MHz with 80 ns DRAMs as well as 12.5 MHz with 120 ns 
DRAMs. 

The efficiency of all timing parameters have been increased considerably. 
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DESCRIPTION 

1.0 DESCRIPTION 
The FE3021 A is a 20 MHz AT address buffer and 
memory controller in a 132-pin PQFP package. 
Chip count is significantly reduced by integrating 
the memory controller, AT bus address buffers, 
and 1/0 into one chip. The memory controller is a 
high performance design, with programmable 
modes of operation. It controls page mode DRAM 
or static column DRAM. Up to 4 banks of DRAM, 
allowing a maximum of 8 Mbytes of memory can 
be controlled by the FE3021 A. The DRAM bank 
locations are programmable on 128 Kbyte boun­
daries. One memory bank allows split addressing, 
so that one portion may be placed in conventional 
memory with the remainder in extended memory. 

Additional features of the FE3021 A include EMS 
4.0 support, on-chip address and control signal 
buffers for directly driving the AT bus, zero wait 
state access at 16 MHz using 100 ns DRAM with 
page mode access, generation of chip selects for 
floppy controller, 8042 keyboard controller, 80287 
numeric processor, and NMI, and mapping main 
and EGAlVGA BIOS into one physical PROM. 

FE3021A 

1_1 FEATURES 

• Page mode DRAM access with interleaved 
memory banks 

• Controls up to 4 banks (up to 8 Mbytes) of 
memory 

• On-chip RAS and CAS drivers for DRAM chips 

• On-chip DRAM address multiplexer 

• LIM (Lotus, Intel, Microsoft) standard EMS 
expanded memory hardware (supports EMS 
4.0 multi-tasking) 

• On-chip address and control signal buffers for 
directly driving AT bus 

• Zero wait state access at 16 MHz using 100 ns 
DRAM with page mode access and up to 20 
MHz with 80 ns DRAM 

• Generates chip selects for floppy controller, 
8042 keyboard controller, 80287 numeric 
processor, and NMI (Non-maskable Interrupt) 

• Generates programmable chip selects for four 
additional devices 

• Address buffer and memory controller for the 
four chip core logic set 

• Maps system BIOS and EGA BIOS into one 
physical PROM 

• "Hot" reset generation for quick 80286 switch 
from protected to real mode 

• Fast Alternate Gate A20 generation 

• Interfaces with the FE3600/B/C chip set 
devices FE3001/A, FE3010/B/C, and FE3031/A 

• 132-pin JEDEC PQFP (plastic quad flat 
package) 
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FE3021A 

1.2 INTRODUCTION 

The FE3021 A device is designed to reduce chip 
count, . increase flexibility, and provide improved 
operating speed and functionality when used with 
the FE3001/A, FE3010B/C, and FE3031/A 
devices to implement a low cost, high perfor­
mance AT compatible computer at speeds up to 
20 MHz. Together these four chips make up the 
FE3600B/C chip set. 

Chip count is reduced by integrating the memory 
controller, AT bus address buffers, and lID 
Management functions into one chip. 

Th~ me":Jory controller is a high performance 
design, with programmable modes of operation. It 
controls page mode DRAM or static column DRAM. 

Up to 4 banks of DRAM may be controlled. The 
DRAM bank locations are programmable on 128 
Kbyte boundaries. One memory bank allows split 
addressing, so that one portion may be placed in 
conventional memory with the remainder in ex­
tended memory, with an additional mode to allow 
copying BIOS code from ROM to RAM for faster 
execution. 

DESCRIPTioN 

A ~ajor function of the FE3021 A is to generate 
chip select decodes for peripheral chips on the 
systerl'! board; for instance, the floppy controller, 
hard disk controller, serial, and patallel port chips. 
T.he floppy and hard disk chip selects may be 
disabled or may be enabled for either the primary 
or secondary address decode, as defined by IBM. 
Four programmable chip selects are available, for 
supporting serial, parallel, mouse, or other types 
of ports. Refer to Figure 7 for Pin assignment and 
locations. 

To ~educe chip count and improve performance, 
particularly when an EGA or VGA graphics control­
ler is placed on the system board, separate blOcks 
of ROM may be mapped into a Single physical 
ROM. For instance, the EGA BIOS and standard 
BIOS may be placed into the same pair of ROM 
chips or into a single 8-bit wide ROM .. Besides 
reducing chip count, EGA operating speed will be 
improved, since EGA BIOS will. be accessed 16 
bits at a time. To improve BIOS performance, 
ROM code may be copied into RAM, and the 
BIOS ROM mapped out and replaced by RAM. 

CPU CONTROL I FE 3001 A 
CPU CONTROL INTERNAL CONTROL I 

AT ADDRESS BUS 

FE 3021A 

1 ADDRESS BUFFER AT BUS CONTROL 
MEMORY 

CONTROLLER RAM 

I 

ADDRESS 

I 
80286 I ADDRESS 

~ 
PROM 

I DRAM 
(BIOS) 

DATA 

I FE3010B/C INTERRUPTS & OMA 

I ~ I PERIPHERAL 
CONTROL 

80287 

RAM DATA 
FE 3031 

I DATA BUFFERS 
AT DATA BUS 

E DATA 

KEYBOARD 

I I 
REAL TIME 

I MOUSE CLOCK 

FIGURE 1. FE3600B/C CHIP SET FUNCTIONAL BLOCK DIAGRAM 
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FE3021A 

2.0 80286 INTERFACE 
; This interface port connects with the 80286 address 
. lines and the 80286 bus status lines. By connecting 
directly to the 80286 and by duplicating a portion 

. of the bus controller logic, early determination 
of memory or I/O accesses may be made, as well 

PIN 
MNEMONIC I/O NUMBER 

74 A23 I/O 

78 A22 I/O 

79 A21 I/O 

80 A20 I/O 

81 A19 I/O 

82 A18 I/O 

83 A17 I/O 

84 A16 I/O 

85 A15 I/O 

86 A14 I/O 

87 A13 I/O 

88 A12 I/O 

89 A11 I/O 

90 A10 I/O 

109 A9 I/O 

110 A8 I/O 

111 A7 I/O 

112 A6 I/O 

113 A5 I/O 

114 A4 I/O 

115 A3 I/O 

116 A2 I/O 

117 A1 I/O 

118 AD I/O 

119 SO I 

120 81 I 

121 M/IO I 

122 CPUCLK I 

123 HLDA I 

21 BHE I 

80286 INTERFACE 

as whether the access will be 8 bits or 16 bits . 
Pins A23-AO are normally inputs, receiving ad­
dresses from the 80286. When MASTER is as­
serted, these pins become outputs. 

FUNCTION 

80286 ADDRESS LINE 

" " 
" " 

" " 
" " 
" " 
" " 
" " 
" " 

" " 

" " 

" " 

" " 

" " 

" " 

" " 

" " 

" " 

" " 

" " 
" " 

" " 

" " 
" " 

80286 STATUS LINE 

80286 STATUS LINE 

80286 STATUS LINE 

80286 CLOCK 

80286 HOLD ACKNOWLEDGE LINE 

80286 BYTE HIGH ENABLE 

TABLE 1. 80286 INTERFACE PIN ASSIGNMENTS 
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DATA BUS INTERFACE 

3.0 DATA BUS INTERFACE 
The data bus port is 4 bits wide, which should 
connect to the EDATA local data bus, and is used 
to access the internal FE3021 A control registers. 
The upper 4 bits should be ignored when reading 
the control registers. Refer to Table 2 for pin as­
signments. 

PIN MNEMONIC 1/0 
NUMBER 

17 EDATA3 1/0 

16 EDATA2 110 
15 EDATA1 1/0 

14 EDATAO 1/0 

FUNCTION 

Control Register Data Une 

" " 

" " 
Control Register Data Une 

TABLE 2. DATA BUS INTERRFACE PIN ASSIGNMENTS 
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4.0110 CHIP SELECTS 

This logic section generates chip selects for 
standard system board functions such as the 
8042 keyboard controller, 80287 math coproces­
sor, floppy controller, and hard disk controller. It 
also generates chip selects for up to 4 additional 
1/0 ports which may have programmable addres­
ses and wait state characteristics. Refer to Table 
3 for pin assignments. 

PIN MNEMONIC I/O NUMBER 

48 CSO 0 
47 CS1 0 
46 CS2 0 
45 CS3 0 

49 CSF 0 

60 CS8042 0 
56 CS287 0 

20 CSNMI 0 
22 CSPTB 0 

I/O CHIP SELECTS 

FUNCTION 

Programmable Chip Select 0 

Programmable Chip Select 1 

Programmable Chip Select 2 

Programmable Chip Select 3 or H. D. 
Controller Chip Select 

Floppy Disk Controller Chip Select or 
Operation or Config. Register Select 

8042 Keyboard Controller Select 

80287 Coprocessor Select/ROM Chip 
Select 

NMI Logic Chip Select 

Memory Parity and 1/0 Check 

TABLE 3. I/O CHIP SELECT PIN ASSIGNMENTS 
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110 CONTROL 

5.0 1/0 CONTROL 
This logic section contains control logic for the I/O 
bus. 

The 10ROY signal will go low when generating 
wait states. For 12 MHz systems, this signal may 
be tied directly to the bus signal lOCH ROY. For 
16 MHz or 20 MHz systems, this signal should be 
sent to the FE3001A directly. The 10CHROY bus 
signal should be buffered through an open collec­
tor driver and wire-ORed with the 10ROY signal. 
The 10ROY pin will normally be at a high im­
pedance state. When generating wait states, it 
will go low. When going from a low to a high state, 
the 10ROY pin will be actively driven high for one 
processor clock time, then the output will tri-state. 
An external pullup resistor should be used to 
keep the 10ROY signal high when the 10ROY pin 
is at a high impedance state. The state of 10ROY 
is sampled at the rising edge of RESET; if 10ROY 
is low at this time, the FE3021 A will fetch data 
and instructions from the BIOS ROM 8 bits at a 
time over the EOATA bus, otherwise a 16-bit wide 
ROM on the MOATA bus is assumed. 

FE3021A 

The PORT 0, PORT 1, PORT 2, and PORT 3 
addresses are fully programmable, with the 
choice of either using nine I/O addresses for 
decode, or masking the A8 address bit (for in­
stance, for decoding dual serial ports). The LSB 
(AO) address is always ignored. The lower 2, 3, or 
4 bits of the address may also be ignored so that 
2, 4, 8, or 16 bytes may be allocated for the port. 

All FE3021A control registers, except those used 
for EMS page mapping, are accessed by first writ­
ing eight times to address FFFOO (in an area allo­
cated for ROM BIOS). Any memory access out­
side of the ROM BIOS address space, either data 
access or instruction fetch, will abort the unlock­
ing process. Once unlocked, memory accesses 
outside of the ROM BIOS area may be made 
without affecting the unlocked state. When un­
locked, the address space from FFF01 to FFFFE 
becomes register controls for the FE3021A 
device. The controls are locked again by reading 
location FFFFF. This access method guarantees 
that all control register changes will be made 
through the BIOS. 
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FE3021A I/O CONTROL 

PIN MNEMONIC I/O FUNCTION NUMBER 

127 10RDY I/O Ready line, modified open drain, input at 
reset time for 8-bit ROM sizing. 

40 SELDAT 0 Direction of data transceiver data to 
EDATAbus. 

8 lOR I/O System I/O Read Command signal, drives 
expansion bus. An input in master mode. 

9 lOW I/O System "I/O Write Command signal, drives 
expansion bus. An input in master mode. 

10 YMEMR I Ungatedsystem memory Read 
Command signal from FE3001A. 

11 YMEMW I Ungated system memory Write Command 
signal from FE3001 A. 

53 ADSTB I Address strobe from FE3001A and 
FE3010B/C. 

12 YIOR I/O Ungated lIO read strobe from FE3001A. 
An output in master mode. 

13 YIOW I/O Ungated I/O write strobe from FE3001A. 
An output in master mode. 

19 FRES I/O "HOT" reset output 

25 LOMEG 0 To FE3031 memory strobe gating. 

28 RESET I Master Reset for FE3021 A. 

52 MASTER I Bus master signal from the AT bus. 

54 A20GT I From 8042. When high, A20 is ungated. 

57 ONBD 0 To FE3001A. Indicates high speed 
on-board access. 

TABLE 4. I/O CONTROL PIN ASSIGNMENTS 
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I/O CONTROL FE3021A 

PIN MNEMONIC I/O FUNCTION NUMBER 

59 ADDR19 0 AT BUS SA19 

61 ADDR18 0 AT BUS SA18 

62 ADDR17 0 AT BUS SA17 

64 ADDR16 liD AT BUS SA16 

65 ADDR15 liD AT BUS SA15 

66 ADDR14 liD AT BUS SA14 

68 ADDR13 liD AT BUS SA13 

69 ADDR12 liD AT BUS SA12 

72 ADDR11 liD AT BUS SA11 

73 ADDR10 liD AT BUS SA10 

75 ADDR9 liD AT BUS SA9 

94 ADDR8 liD AT BUS SA8 

96 ADDR7 liD AT BUS SA7 

97 ADDR6 liD AT BUS SA6 

98 ADDR5 liD AT BUS SA5 

100 ADDR4 liD AT BUS SA4 

101 ADDR3 liD AT BUS SA3 

104 ADDR2 liD AT BUS SA2 

106 ADDR1 liD AT BUS SA1 

105 ADDRO liD AT BUS SAO 

63 LA23 liD AT BUS LA23 

70 LA22 liD AT BUS LA22 

71 LA21 liD AT BUS LA21 

93 LA20 liD AT BUS LA20 

95 LA19 liD AT BUS LA19 

102 LA18 liD AT BUS LA18 

103 LA17 liD AT BUS LA17 

TABLE 4. I/O CONTROL PIN ASSIGNMENTS (Cent.) 

ADVANCED INFORMATION 11/13/90 5-9 



FE3021A 

A Version Number register provides information 
on the version of the FE3021 A chip .. It also con· 
tains a bit which toggles between '0' and '1' when 
the register is read, which provides indication that 
the register set has been unlocked. 

VERSION NUMBER 

FFF01 I x I x I x I x I :VER : I T I 
765432 0 

T : toggles between 0 and 1 with every read ac· 
cess of the Version Number register. 

VER : 000 when T =0 
01 0 when T = 1 for version FE3021 A 
1 00 when T = 1 for version FE3021 

System board devices may be located on the 
EDATA bus rather than on the I/O expansion slot 
DATA bus. The SELDAT signal which controls the 
DATA to EDATA bus direction is affected by the 
two port location registers. This option is available 
for peripheral devices which cannot directly drive 
the high current I/O slot DATA bus. Note, how­
ever, that DMA transfers cannot be made to 
devices on the EDATA bus. 

The SELDAT signal is active (low) when lOR is 
active and address bits A8 and A9 are low, orthe 
PORTS LOCATION register indicates that an ad­
dressed port is on the EDATA bus. The SELDAT 
signal is also low when MEMR is active and the 
8·bit BIOS is being accessed. 

110 CONTROL 

PORTS LOCATION REGISTER 

FFF061 X I X I X I X I A I B I C I D I 
7 6 5. 4 3 2 0 

The Ports Location Register is cleared by a 
master reset. 

A = 0 Port 0 On Data Bus 
A = 1 Port 0 On Edata Bus 

B = 0 Port 1 On Data Bus 
B = 1 Port 1 On Edata Bus 

C=O 
C = 1 

D=O 
D= 1 

Port 2 On Data Bus 
Port 2 On Edata Bus 

Port 3 On Data Bus 
Port 3 On Edata Bus 

HOT RESET REGISTER 

FFF071 X I X I X I X I T I X I A I H I 
765432 0 

The Hot Reset Register is cleared by a 
master reset. 

Register FFF07 is used to generate a hot reset to 
the processor or to generate an alternate A20 
gate. The state of the A bit is ORed with the 
A20GT pin. If either the A bit is set or the A20GT 
pin is high, the A20 line is undisturbed. If both are 
low, then the A20 line is gated low. A hot reset is 
generated by changing the H bit from a '0' to a '1'. 
131 clocks after the trailing edge of the MEMW 
strobe, the FRES pin is pulled low. The reset 
pulse lasts for 32 clocks, then the FRES pin is 
actively pulled high for one clock cycle, then is 
tri-stated. If the FRES pin is pulled low externally 
(e.g. if wire-OR'ed with the 8042 CPU reset line), 
then the internal FE3021A registers will relock. If 
the FRES pin is not used, then it should be pulled 
up externally. 

When the T bit is set, ADDRO is tri-stated (pin 
105). 
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110 CONTROL 

ENABLE PORTS REGISTER 

FFF10 I X I X I X I X I EN3 I EN2 I ENl ENO 

7 6 5 4 3 2 1 o 

The Enable Ports Register is cleared by a 
master reset. 

The programmable PORT 0, PORT 1, PORT 2, 
and PORT 3 chip selects are enabled with the 
Enable Ports register. If the Enable bit is 0, the 
port chip select bit will always be at an inactive 
(high) state. All four ports are disabled after 
master reset. EN3 enables CS3 only when CS3 is 
a programmed chip select. When CS3 is a HOC 
chip select, CS3 is enabled by register FFF49, bit 1. 

For ports 0, 1, and 2, the access will have the 
default wait states: 1 wait state for 16 bit acces­
ses and 4 wait states for 8 bit accesses, with the 
wait states set from the FE3001 A. The selected 
chip must generate IOCS16 if it is a 16-bit 
peripheral. 

PORT 3 CONTROL REGISTER 

7 6 543 2 0 

The Port 3 Control Register is cleared by a 
master reset. 

WS HDC DATA PORT HIGH 
SPEED WAIT STATES 

00 1 

01 2 

10 3 

11 4 

FE3021A 

OB CS3 WAIT STATES 

0 Default (slow) 

1 High speed hard 
disk controller 

WSE HIGH SPEED HDC WAIT 
STATE ENABLE 

0 High speed HOC wait 
states set by FE3001 A 

1 High speed HOC Wait 
States set by WS field 

For port 3, the access will normally have the 
default wait states but may also be programmed 
to have high speed wait state timing when CS3 is 
programmed as a hard disk chip select and the 
on-board 16-bit hard disk controller is capable of 
high speed access. When the high speed disk 
controller configuration is used, the WSE and 08 
fields should be set to '1', and the WS field will set 
the number of high speed wait states, timed from 
the CPUCLK, rather than from SYSCLK. The 
other disk controller ports will always be accessed 
at low speed. 

When 08 is set to a 1, the FE3021 A will generate 
the ONSO signal to the FE3001 A during HOC ac­
cesses through port 3. The FE3001A will provide 
the same number of wait states it does for on­
board memory. If it is desired, the number of wait 
states for the HOC can be extended using the WS 
and WSE fields. 

When implementing a high speed disk controller 
port, it is necessary to provide a separate address 
path for the hard disk controller. The HOC 
receives ungated 1/0 read and write strobes at 
the full CPU speed. The following schematic il­
lustrates the required connections. 
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FE3021A I/O CONTROL 

A 
A23-AO 

80286 D15-DO 8D15-8DO AT DATA BU8 D FE3031 

80 81 

1 I 
37C65 

- FE3021A - FLOPPY· YIOR lOR 
'?lOW lOW CTRL 

FE3001A 
A CS3 r---

RD D 
-
WR 

42C22 -
C8 HDC 

A3-AO 
/ D A3-AO . 

I 

ALE C 

latch 

FIGURE 3. HIGH SPEED HOC CONFIGURATION 
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I/O CONTROL 

FFF09 
FFF11 
FFF19 
FFF21 

PORT ADDRESS MASK REGISTER 

7 6 5 4 3 2 1 0 

The Port Address Mask Register is cleared by a master reset. 

LMASK ADDRESS BITS COMPARED 

00 A9 AS A7 A6 AS A4 A3 A2 A1 X 
01 A9 AS A7 A6 AS A4 A3 A2 X X 
10 A9 AS A7 A6 AS A4 A3 X X X 
11 A9 AS A7 A6 AS A4 X X X X 

U = 0 : Include A8 In Address Comparison 

LMASK ADDRESS BITS COMPARED 

00 A9 X A7 A6 AS A4 A3 A2 A1 X 
01 A9 X A7 A6 AS A4 A3 A2 X X 
10 A9 X A7 A6 AS A4 A3 X X X 
11 A9 X A7 A6 AS A4 X X X X 

U = 1 : Ignore A8 In Address Comparison 

PORT PORT CONTROL 
REGISTER ADDRESS 

0 FFF09 
1 FFF11 
2 FFF19 
3 FFF21 

NOTE: Bit 3 is not writable and is always '0', 
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FE3021A 

FFFOB 
FFF13 
FFF1B 
FFF23 

FFFOC 
FFF14 
FFF1C 
FFF24 

7 

PORT ADDR - LOWER MSB 

PORT ADDR • UPPER LSB 

6 5 4 3 2 

PORT ADDR • LOWER LSB 

The Port I/O Address registers for all four 
ports are set to all zeros by a master reset. 

o 

PORT PORT 1/0 ADDRESS REGISTERS 

A9-AB A7-A4 A3-AO 

0 FFFOA FFFOB FFFOC 

1 FFF12 FFF13 FFF14 

2 FFF1A FFF1B FFF1C 

3 FFF22 FFF23 FFF24 

ADDR2 ADDR1 

OPERATIONS REGISTER ACCESS 0 X 

CONFIG REGISTER ACCESS 1 1 

FLOPPY CHIP SELECT ACTIVE X 0 

I/O CONTROL 

CSF 

1 

1 

1 

Table 5 lists the I/O addresses and chip selects 
generated for each fixed port type. The chip 
selects are not gated with lOR or lOW. The 
CSNMI signal is decoded for both even and odd 
addresses, so that access may be made to the 
FE3001 A control register at address 073. 

The floppy controller operations register select, 
configuration register select, and floppy disk con­
troller chip select may be generated from the CSF 
pin and the ADDR2 and ADDR1 lines. 
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I/O CONTROL FE3021A 

PORT BIT I/O ACTIVE FUNCTION 
SIZE ADDRESS SIGNAL 

FLOPPY 8 3F2 CSF FDC operation select. 3F2 is primary 
372 address, 372 is secondary. 

8 3F4-3F5 CSF 3F4-3F5 are primary addresses, 
374-375 374-375 are secondary. 

8 3F6 CS3' Hard disk controller chip select. 3F6 
376 is primary address, 376 is secondary. 

8 3F7 CSF CS3 and CSF pins will be asserted. 
377 CS3' 3F7 is primary address, 377 is secondary. 

80287 8 OEO-OFF CS287 80287 Chip Select. 

8042 8 060-06E CS8042 8042 Chip Select. 
(EVEN) 

NMI 8 070-07F CSNMI Real Time Clock and NMI logic select. 
LOGIC 

PARITY 8 061-06F CSPTB Parity check select and Port B decode. 
CHECK (ODD) External logic must separate the signals. 

HARD 16 1FO CS3 • HOC Chip Select - Data Port access. 1 FO IS 
DISK 170 primary address, 170 is secondary. 

8 1F1-1F7 CS3 HOC Chip Select - Task File. 1 F1-1 F7 are 
171-177 pri mary addresses, 171-177 are secondary. 

TABLE 5. I/O ADDRESS/CHIP SELECTS FOR FIXED PORTS 

'When CS3 pin is programmed as HOC Chip Select . 

PRIMARY / SECONDARY PORT FUNCTION SELECT 

FFF49 I x I x I x I x I DH I PS I H I F I 

765432 0 

DH, PS, H, and F are cleared to '0' by 
master reset 

DH=O: CS3 pin will respond to address 
.e!:Q9rammed by FFF22-FFF24 

DH=1: CS3 pin will respond to hard disk 
addresses 

PS=O: Primary hard disk and floppy disk 
address 

PS=1: Secondary hard disk and floppy disk 
address 

H=O: On-board hard disk controller enabled 
H=1: Disable on-board hard disk controller 

F=O: On-board floppy disk controller enabled 
F=1: Disable on-board floppy disk controller 

NOTE: For early production version (10 
Register= 0000, 1011) bits 2 - 0 had 
different definitions: 

Bit 2 = 0 : Enable CSF Output 
Bit 1 = 0 : Primary Hard Disk Address 
Bit 0 = 0 : Primary Floppy Disk Address 
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FE3021A MEMORY CONTROL 

6.0 MEMORY CONTROL 
Four RAS pins are available for controlling up to 
four 16-bit wide banks of system board RAM. Eight 
CAS pins control the low and high bytes of each 
bank. During a refresh cycle, all RAS signals will 
be active (ignoring the RAM configuration register 
FFF57) and CAS signals will stay inactive. 

The RAS and CAS lines drive the DRAM array 
directly. 

PIN MNEMONIC 1/0 FUNCTION NUMBER 

128 RASO 0 RAS signal for DRAM Memory Bank 0 

129 RAS1 0 RAS signal for DRAM Memory Bank 1 

130 RAS2 0 RAS signal for DRAM Memory Bank 2 

132 RAS3 0 RAS signal for DRAM Memory Bank 3 

125 CASLO 0 CAS signal for DRAM Memory Bank 0, low byte 

126 CASL1 0 CAS signal for DRAM Memory Bank 1, low byte 

2 CASL2 0 CAS signal for DRAM Memory Bank 2, low byte 

3 CASL3 0 CAS signal for DRAM Memory Bank 3, low byte 

4 CASHO 0 CAS signal for DRAM Memory Bank 0, high byte 

5 CASH1 0 CAS signal for DRAM Memory Bank 1, high byte 

6 CASH2 0 CAS signal for DRAM Memory Bank 2, high byte 

131 CASH3 0 CAS signal for DRAM Memory Bank 3, high byte 

18 REFR I Memory Refresh signal 

43 CSPROM 0 BIOS PROM select 

26 TAP2 I Second tap output of RAS delay line 

44 TAP1 I First tap output of RAS delay line 

58 RAS 0 To RAS delay line input 

23 DLE 0 To FE3031 memory data bus latch enable 

24 ADRO I From FE3001 A byte conversion 

TABLE 6. MEMORY CONTROL PIN ASSIGNMENTS 
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MEMORY ADDRESS MUL TlPLEXER FE3021A 

7.0 MEMORY ADDRESS MULTIPLEXER 

The memory address multiplexer generates the 
row and column addresses for the DRAM. The 
memory address multiplexer outputs should be 
buffered by external drivers when driving the 
memory array. 

The memory address multiplexer is designed so 
that SIMM mounted DRAM's of the three different 
sizes may be inserted into SIMM sockets without 
the need to change board jumpers. 

The memory address multiplexer supports three 
sizes of DRAM: 64K, 256K, and 1 MB. The three 
sizes of DRAM's may be intermixed in any order. 

PIN MNEMONIC 1/0 FUNCTION NUMBER 

31 RAO 0 Memory address multiplexer output bit 0 (LSB) 

32 RA1 0 Memory address multiplexer output bit 1 

33 RA2 0 Memory address multiplexer output bit 2 

34 RA3 0 Memory address multiplexer output bit 3 

35 RA4 0 Memory address multiplexer output bit 4 

36 RA5 0 Memory address multiplexer output bit 5 

37 RA6 0 Memory address multiplexer output bit 6 

38 RA7 0 Memory address multiplexer output bit 7 

39 RA8 0 Memory address multiplexer output bit 8 

41 RA9 0 Memory address multiplexer output bit 9 (MSB) 

TABLE 7. MEMORY ADDRESS MULTPLEXER OUTPUT PIN ASSIGNMENTS 
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FE3021A MEMORY ADDRESS MUL TIPLEXER 

64K DRAM ADDRESS MULTIPLEXER CONFIGURATION 
MEMORY MODE MAS MAS MA7 MA6 MAS MA4 MA3 MA2 MA1 MAO 

INDEPENDENT RAS (A10 A9) AS A7 A6 AS A4 A3 A2 A1 
NON PAGE MODE CAS (A20 A1S) A16 A1S A14 A13 A12 A11 A10 AS 

INDEPENDENT RAS (A20 A1S) A16 A1S A14 A13 A12 A11 A10 AS 
PAGE MODE CAS (A10 AS) AS A7 A6 AS A4 A3 A2 A1 

2 WAY INTLV RAS (A20 A1S) A16 A1S A14 A13 A12 A11 A10 A17 
PAGE MODE CAS (A10 AS) AS A7 A6 AS A4 A3 A2 A1 

4 WAY INTLV RAS (A20 A1S) A16 A1S A14 A13 A12 A11 A1S A17 
PAGE MODE CAS (A10 A9) AS A7 A6 AS A4 A3 A2 A1 

256K DRAM ADDRESS MULTIPLEXER CONFIGURATION 
INDEPENDENT RAS (A10) AS AS A7 A6 AS A4 A3 A2 A1 
NON PAGE MODE CAS (A20) A1S A16 A1S A14 A13 A12 A11 A10 A17 

INDEPENDENT RAS (A20) A1S A16 A1S A14 A13 A12 A11 A10 A17 
PAGE MODE CAS (A10) AS AS A7 A6 AS A4 A3 A2 A1 

2WAYINTLV RAS (A20) A1S A16 A1S A14 A13 A12 A11 A1S A17 
PAGE MODE CAS (A10) AS AS A7 A6 A5 A4 A3 A2 A1 

4 WAY INTLV RAS (A20) A1S A16 A15 A14 A13 A12 A20 A19 A17 
PAGE MODE CAS (A10) A9 AS A7 A6 AS A4 A3 A2 A1 

1 MBIT DRAM ADDRESS MULTIPLEXER CONFIGURATION 
INDEPENDENT RAS A10 AS AS A7 A6 AS A4 A3 A2 A1 
NON PAGE MODE CAS A20 A1S A16 A15 A14 A13 A12 A11 A1S A17 

INDEPENDENT RAS A20 A1S A16 A1S A14 A13 A12 A11 A19 A17 
PAGE MODE CAS A10 AS AS A7 A6 AS A4 A3 A2 A1 

2 WAY INTLV RAS A20 A1S A16 A1S A14 A13 A12 A21 A1S A17 
PAGE MODE CAS A10 A9 AS A7 A6 AS A4 A3 A2 A1 

4WAYINTLV RAS A20 A1S A16 A1S A14 A13 A22 A21 A19 A17 
PAGE MODE CAS A10 AS AS A7 A6 AS A4 A3 A2 A1 

REFRESH ADDRESS - ALL DRAM SIZES 
AS AS A7 A6 AS A4 A3 A2 A1 AO 

TABLE 8. ADDRESS MULTIPLEXER CONFIGURATIONS 

Note: Addresses in parentheses are not used by DRAM 
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MEMORY ADDRESS MUL TlPLEXER 

SYSTEM BOARD ROM WAIT STATE 

CONTROL REGISTER 

FFF50 I X I X I X I X I R~S I 0 I RWSE 

765432 0 

This register is cleared to zero by master 
reset. 

RWS HIGH SPEED 
WAIT STATE 

00 * 

01 2 

10 3 

11 4 

RWSE=1: Enables RWS, otherwise on-board 
ROM and RAM Wait States will be set 
by FE3001A. 

The FE3021A can extend the number of proces­
sor wait states for an on-board BIOS access by 
setting the RWSE bit to a '1 '. The number of wait 
states will then be determined by the value of the 
RWS field. If the RWSE bit is set to a '0', the 
number of wait states for an on-board BIOS ac­
cess is controlled by the FE3001 A. 

The ability to add wait states for BIOS accesses is 
important for a 16-bit BIOS because the on-board 
memory read wait states programmed into the 

MEMORY ADDRESS RANGE 
FOR ACTIVE CSPROM 

FE3021A 

FE3001 A apply to both on-board BIOS and on­
board DRAM. That value will be programmed to 
optimize DRAM access time (typically zero wait 
states for page mode operations). This very fast 
access time will likely be too quick for BIOS 
ROMs and can therefore be extended for BIOS 
accesses by setting the RWSE bit. 

Bit 1 is used for diagnostic purposes and should 
remain '0'. 

The system BIOS address space may be from 
FOOOO to FFFFF or EOOOO to FFFFF. If the EGA 
BIOS is to be mapped, then the BIOS ROM chip 
select is also active when the region from COOOO 
to C3FFF or COOOO to C7FFF is addressed. The 
address output onto the expansion bus will be 
automatically translated. The BIOS PROM size 
and number of wait states will then apply to both 
the system BIOS region FOOOO-FFFFF and 
COOOO-C3FFF. 

The BIOS EPROM size may either be 8 bits or 16 
bits. The EPROM size is determined at reset time, 
and is signaled by the 10RDY line. If the 10RDY 
line is high at the trailing edge of master reset, 
then the EPROM size is set to 16 bits. If the 
10RDY line is low at the trailing edge of master 
reset, then the EPROM size is set to 8 bits. No 
external logic is required for the 16 bit EPROM 
size. To select the 8 bit EPROM size, the 10RDY 
line should be pulled low by a master reset. The 
MDATA bus is used for 16 bit EPROM's while the 
EDATA bus is used for 8 bit EPROM's. 

The CSPROM signal is only active when MEMR 
is active. 

FUNCTION 

OFOOOO-OFFFFF BIOS Size = 64K (Default) 
FFOOOO-FFFFFF 

OEOOOO-OFFFFF BIOS Size = 128K 
FEOOOO-FFFFFF 

OCOOOO-OC3FFF 16K EGA BIOS mapping enabled addresses translated to 
OF8000-0FBFFF or OFOOOO - OF3FFF 

OCOOOO-OC7FFF 32K EGA BIOS mapping enabled addresses translated to 
OF8000-0FFFFF or OFOOOO - OF7FFF 
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FE3021A 

EPROM / RAM MAP CONTROL REGISTER 

FFF51 I X I X I X I X I E~A I MS I PS I 
76543210 

FFF52 I X I X I X I X I XLA I '0' I MLA I FAD I 
7 6 543 2 0 

The EPROM/RAM Map Control Register is 
cleared to zero by a master reset. 

EGA=OO MS=X: No EGA mapping. 

EGA=01 MS=O: 16K EGA map. cocoa -C3FFF 
mapped to F8000- FBFFF 

MS=1: 16K EGA map. cocoa -C3FFF 
mapped to FOOOO - F3FFF 

EGA=10 MS=O: 32K VGA map. cocoa -C7FFF 
mapped to F8000 - FFFFF 

MS=1: 32K VGA map. cocoa -C7FFF 
mapped to FOOOO - F7FFF 

PS =: 0: PROM chip select will be active 
when address is OFOOOO-OFFFFF 
or FFOOOO-FFFFFF, for 64K of BIOS. 
Default case after master reset. 

PS = 1: PROM chip select will be active 
when address is OEOOOO-OFFFFF 
or FEOOOO-FFFFFF, for 128K of 
BIOS. 

XLA=O: LA23 - LA17 low speed timing 

XLA=1: LA23 - LA17 high speed timing 

MLA=O: LA23 - LA17 latches are transparent 
during refresh cycles 

MLA= 1: LA23 - LA 17 gated to '0' during 
refresh cycles 

FAD=O: 3 wait state EMS misses 

FAD=1: 2 wait state EMS misses 

. MEMORY ADDRESS MUL TIPLEXER 

Register FFF52 controls logic for various speed 
enhancement and diagnostic modes. The XLA bit 
controls the timing of the LA23 - LA 17 signals. 
Use of this bit can affect compatibility of plug-in 
bus cards. 

When XLA=O, LA23 - LA17 signals are generated 
by latching the processor addresses by active SO 
or S1. The LA23 - LA 17 latches become 
transparent when a MEMR, MEMW, lOR, or lOW 
strobe occurs. This bit should be 0 when running 
at 8 MHz, when the FE3001 A is using the low 
speed clock. 

When XLA= 1 J".A23 - LA 17 signals are latched by 
active SO or S1, but do not become transparent 
again until two CPU clocks after MEMR, MEMW, 
lOR, or lOW. This delay provides proper 8 MHz 
bus emulation of the LA23 - LA 17 signals when 
the processor is running at 16 MHz or 20 MHz. 

The MLA bit is provided for diagnostic purposes. 
Bit 2 of register FFF52 is reserved and must be 
'0'. 

The FAD bit can be used to enhance EMS perfor­
mance for lower speed systems. EMS misses are 
normally three wait states, which are necessary 
for 16/20 MHz operation. At 12 MHz and below, 
EMS misses only need to be two wait states. This 
bit can be used for the non-page or page mode 2 
operation at 12 MHz or below. This bit should 
remain 0 for page mode 3 or 16/20 MHz opera­
tion. 

A single contiguous block of memory may be write 
protected, so that when BIOS ROM is copied into 
RAM, the RAM copy will not be inadvertently al­
tered. Write protection is accomplished by not as­
serting CAS when MEMW is active. 
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MEMORY ADDRESS MUL T1PLEXER 

RAM Write Protect - Upper Address Boundary 

FFF53 

7 6 5 4 3 2 o 
The Upper Address Boundary Register is cleared by master reset 

RAM Write Protect - Lower Address Boundary 

FFF55 

7 6 543 2 o 
The,Lower Address Boundary Register is preset to all1's by master reset 

Master reset clears the upper address boundary 
registers and presets the lower address boundary 
registers, which disables write protection. Write 
protection is enabled on the address range where 
the RAM address is less than or equal to the 
upper address boundary as well as greater than 
or equal to the lower address boundary. Write 
protection is programmable on 64K boundaries, 
and the write protection boundaries must be equal 
to or above 80000H and equal to or below 
FFFFFH. Write protection will not affect EMS 
writing even if the EMS window address range is 
covered by write protection boundaries. This allows 
protection of BIOS code copied into RAM without 
affecting operation of EMS. 

BANK 0 - LOWER SPLIT 

Upper Address Boundary 

FFF57 I X I X I X I X I A19 

7 6 5 4 3 

A18 

2 
Upper boundary must be OFXXXX or below 

A17 0/1* 

o 

FE3021A 

The memory banks may be programmed to 
various sizes on 128K boundaries, except the 
upper split of bank 0, which is programmable on 
64K boundaries. 

A pair of window registers determines the address 
range for each memory bank. This allows the 
banks to be positioned at varying points and in 
different order than the bank number. If one bank 
of memory is defective, it can be disabled and the 
other banks can be programmed to replace it. 

Video BIOS is shadowed instead by mapping the 
EGANGA BIOS to FOOOO or F8000 and then 
shadowing the FOOOO - FFFFF BIOS area. This 
method also allows a ROM resident setup pro­
gram to reside at FOOOO in ROM, which can be 
replaced with EGANGA BIOS by shadowing. This 
method allows a 512K bank to be allocated as 
128K of conventional memory, 64K of shadowed 
VGA and system BIOS, and 320K of extended or 
EMS memory. 

BANK 0 - LOWER SPLIT 

Lower Address Boundary 

FFF59 I X I X I X I X I A19 

7 6 5 4 3 

A18 I A171 0/1* I 
210 

Lower boundary must be OFXXXX or below 
Upper Address Boundary = 09XXXX (Hex) by master reset 
Lower Address Boundary = 09XXXX (Hex) by master reset 

ADVANCED INFORMATION 11/13/90 5-21 



FE3021A MEMORY ADDRESS MUL TlPLEXER 

BANK 0 • UPPER SPLIT BANK 0 • UPPER SPLIT 

Upper Address Boundary· MSD Upper Address Boundary· LSD 

FFF5A 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A23 

I 
A22 

I 
A2l I A20 

I 
FFF5B 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A19 I AlB 

I 
A17 I A16" I 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

Lower Address Boundary· MSD Lower Address Boundary· LSD 

FFF5C 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A23 

I 
A22 

I 
A21 I A20 

I 
FFF5D 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A19 

I 
AlB 

I 
A17 I A16 .. 1 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

Upper Address Boundary = OOXXXX (Hex) by master reset 

Lower Address Boundary = FFXXXX (Hex) by master reset ' Don't care 

(upper split disabled) 
** A16 is ignored in early production version (0000, 1011) 

BANK 1 
BANK 1. 

Upper Address Boundary· MSD Upper Address Boundary· LSD 

FFF62 
I 

X 

I 
X 

I 
X 

I 
X 

I 
A23 I A22 

I 
A2l 

I 
A20 

I 
FFF63 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A19 

I 
AlB 

I 
A17 

I 
Oil' 

I 
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

Lower Address Boundary· MSD Lower Address Boundary· LSD 

FFF64 

I 
X 

I 
X 

I 
X 

I 
X I A23 I A22 I A21 I 

A20 I FFF65 
I 

X 

I 
X 

I 
X I X 

I 
A19 

I 
AlB 

I 
A17 I Oil' 

I 
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

Upper Address Boundary = 07XXXX (Hex) by master reset ' Don't care 
Lower Address Boundary = OOXXXX (Hex) by master reset 
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BANK 2 

Upper Address Boundary - MSD 

A22 A21 A20 

2 a 

Registers FFF66 and FFF67 are cleared by master reset 

Lower Address Boundary - MSD 

A22 A21 

2 

Registers FFF68 and FFF69 are preset to all '1 s' by master reset 

(Bank 2 disabled by master reset) 

BANK 3 

Upper Address Boundary - MSD 

A22 A21 

3 2 

Registers FFF6A and FFF6B are cleared by master reset 

Lower Address Boundary - MSD 

FFF6C 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A23 A22 A21 

7 6 5 4 3 2 

Registers FFF6C and FFF6D are preset to all '1 s' by master reset 

(Bank 3 is disabled by master reset) 

A20 

o 

A20 

a 

A20 

0 

BANK 2 

Upper Address Boundary - LSD 

FFF67 I X I X I X I X I A19 

7 6 5 4 3 

Lower Address Boundary - LSD 

BANK 3 

Upper Address Boundar - LSD 

FFF6B I X I X I X I X I A19 

7 6 5 4 3 

Lower Address Boundary - LSD 

FFF6D 

I 
X 

I 
X 

I 
X 

I 
X 

I 
A19 

7 6 5 4 3 

ADVANCED INFORM A TlON 11113190 

FE3021A 

AlB A17 0/1' 

2 a 

AlB A17 011' 

2 o 

, Don't care 

AlB A17 0/1' 

2 a 

AlB A17 0/1' 

2 o 

, Don'teare 
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The RAM banks may be either independent or 
two-way or four-way page interleaved. DRAM 
banks which are interleaved must be the same 
DRAM size. 

FFF6F I x I x I x I x I 011* I : CFG : I 
7 6 5 4 3 2 1 0 

• Don't care 

Register FFF6F is not used in non-page mode. 

When the memory system operates in page 
mode, the banks of memory may operate inde­
pendently or may be interleaved. Interleaving may 
decrease the average number of wait states, thus 
increasing performance, but interleaving may only 
be done if the memory banks to be interleaved 
are the same size. 

CFG FUNCTION 
000· 

011 

101 

All banks are independent 

Bank 2 paired with Bank 3, 
Banks 0 and 1 are independent 

Bank 0 paired with Bank 1, 
Banks 2 and 3 are independent 

111 Bank 0 paired with Bank 1, 
Bank 2 paired with Bank 3 

110 All four Banks are interleaved 
• Default after master reset 

When the memory system operates in page 
mode, accesses to DRAM in the same page are 
made with zero wait states. An access to a dif­
ferent page, or the first access to a page after a 
refresh, DMA, or master cycle will be made either 
with two wait states for memory mode 2, or three 
wait states for memory mode 3. The actual page 
size is variable,depending on the DRAM size. 

. MEMORY ADDRESS MUL TlPLEXER 

DRAM SIZE 

64K 

256K 

1M 

2 WAY INTERLEAVE 

2047 

1024 
1023 

0 

ADDRESS 

3 

2 

3 

2 

3 

0 

1 

0 

1 

0 

PAGE SIZE 

512 bytes 

1024 bytes 

2048 bytes 

4 WAY INTERLEAVE 

3 

2 

1 
BANKS2+ 3 

0 

3 

0 

3 

BANKSO+ 1 
2 

1 

0 

Multiple banks of memory operating in page mode 
may operate independently or may be interleaved . 
Interleaving may decrease the average number. of 
wait states, thus increasing performance, but in­

terleaving may only be done if the memory banks 
to be interleaved are the same size. Only banks 0 
and 1 or banks 2 and 3 may be interleaved 
together when implementirig 2-way interleave. 
When banks 0 and 1 are interleaved, bank 1 
boundary registers should be programmed so that 
the bank is disabled and the bank 0 boundaries 
should be programmed as if bank 0 were twice 
the normal size. As an example, for a system with 
2 banks of 256K DRAM operating independently, 
the banks could be programmed as shown in Fig­
ure 4. 

When the banks are interleaved, the banks would 
be programmed as shown Figure 5. 
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1408K -

}-""'. 0 "PP" "'" 1024K 

640K 
}- bank 0 lower split 

512K-

}-oo"" 
512K 

0-

FIGURE 4. BANKS OPERATING 
INDEPENDENTL V 

The following tables illustrate memory system 
characteristics with various configurations of 
memory and processor speed, both for page 
mode and non-page mode DRAM access. 

CPU 

FE3021A 

1408K-

}- b~' 0 "''''' "'. 1024K 

640K-
bank 0 lower split 

OK 

FIGURE 5. BANKS INTERLEAVED 

For a page mode hit, the read and write accesses 
may have different performance. For a page 
mode miss or the first access to a page, the read 
and write accesses have the same performance. 
In a page mode miss, RAS starts out low and 
must be brought high for a RAS precharge time 
before the memory can be accessed. 

WAIT STATES 

EMS NON-PAGE MODE DRAM SPEED 
FREQUENCY READ WRITE MISS 

MODE 4 8 MHz 0 0 2 120 ns 

MODE 0 16 MHz 1 1 3 80 ns 

MODE 4 12.5 MHz 1 1 2 120 ns 

CPU WAIT STATES 

PAGE MODE NON-EMS EMS DRAM SPEED 
FREQUENCY READ WRITE MISS MISS 

MODE 2 16 MHz 0 1 2 3 80 ns 

MODE 3 20 MHz 0 1 3 3 80 ns 

MODE 3 16 MHz 0 1 3 3 100 ns 

MODE 3 12.5 MHz 0 1 3 3 120 ns 
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The DRAM timing is set by an external delay line 
for DMA or master mode transfers. The RAS 
leadin~ becomes active from the active level 
of the MEMR or MEMW signals. 

RAM SIZE CONFIGURATION REGISTER - BANK 1 AND 0 

FFF70 BNK 1 
SZ 

3 2 

BNK 0 
SZ 

o 

SZ = 00 *: 256K 
01 : 1M 
10 : RESERVED 
11 :64K 

RAM SIZE CONFIGURATION REGISTER - BANK 3 AND 2 

I 
SZ = 00 *: 256K 

FFF71 
BNK 3 BNK 2 01 : 1M 

SZ SZ 10 : RESERVED 
I 11 : 64K 

3 2 0 

DTYP DRAM MODE 

000· Non-page 

MEMORY ADDRESS MUL TIPLEXER 

The DRAM timing modes are programmed by 
writing into register FFF72. The DRAM timing 
mode is actually switched during a processor hold 
state caused by a refrssh, DMA, or bus master 
cycle. The Present DRAM Timing Mode register 
contains the current timing mode. Registers 
FFF72 and FFF73 will thus disagree until after a 
processor hold state occurs; typically, a refresh 
cycle will occur in 10 to 15 microseconds. 

DRAM TIMING MODE 

7 6 543 2 o 

DRAM TIMING MODE WILL GO INTO EFFECT AFTER 
REFRESH. DMA, OR OTHER HOLD CYCLE 

PRESENT DRAM TIMING MODE 

FFF73 I x I x I x I x I 0 I ~ T Y ~ I READ~NL Y 

765432 0 

(MODE 0) 

001 Zero wait state read, one wait state write (MODE 1) 

010 Page mode DRAM at 12.5 MHz CPU rate (MODE 2) 

011 Standard page mode for 8-20 MHz CPU rate (MODE 3) 

100 Identical to mode 0, but RAS delayed one-half CPU clock (MODE 4) 

101 Non-page for 8-12 MHz CPU rate,with 0 wait (MODE 5) 
states, RAS pulse width is 2 CPU clocks 

• Default after master reset 
D = 0: Normal operation (default) 
D = 1: Reserved for diagnostics; disables DRAM page mode hit/miss logic 
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8.0 EMS MEMORY 
RAM memory above 1 D24K may be used both for 
expanded or extended memory. EMS memory 
may be as small as 128 Kbytes or as large as 
7168 Kbytes. The EMS memory is accessed by 
two sets of EMS Page Registers, which reside in 
user I/O space. Each set of EMS Page Registers 
points to 36 blocks of memory, each block 16 
Kbytes in size, which make up the EMS Page 
Frame. Four of the blocks are located above 
64DK, with the other 32 blocks located between 
128K and 64DK. 

Each EMS Page Register is associated with one 
page of the EMS Page Frame, and consists of an 
enable bit and a 1 D-bit page number. When 
enabled, a 24-bit real address is formed by taking 
the 1 D-bit page number and appending the 14 bit 
address referencing the byte or word in the EMS 
page. The 24-bit address is then used to access 
the DRAM memory controlled by the FE3D21A. 

In either page mode or non-page mode, if the 
DRAM row address does not change, then no ad­
ditional wait states are required for EMS transla­
tion. This will allow EMS access without additional 
wait states if accesses are made to the same 512, 
1D24, or 2D48 byte page, depending on DRAM 
size. 

FE3021A 

The EMS hardware must first be configured by 
programming the EMS control registers located in 
the FFFDD-FFFFF register space, which is unlock­
ed by writing to memory location FFFDD eight 
times. The I/O port locations of the EMS Page 
Registers are in user I/O space and their locations 
are selected with EMS Configuration Registers 
FFF75 and FFF78. 

EMS Configuration Register FFF79 is used to 
completely enable or disable EMS, as well as to 
switch between the two sets of EMS Page 
registers. When the 'E' bit is 'D', EMS operation is 
disabled and the EMS registers in user I/O space 
are inaccessible. When this is 'D', it is as if the 
EMS hardware had been "unplugged" from the 
bus. When the 'E' bit is a '1', the EMS registers in 
the user I/O space become accessible. Registers 
FFF75 and FFF78 (which determine the I/O port 
addresses for the EMS logic), should be 
programmed prior to setting the 'E' bit to '1'. 
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FFF76 A23 

3 

EMS CONFIGURATION REGISTER N 

3 2 o 

This register is set to '0110' by master reset 

EMS CONFIGURATION REGISTER M 

3 2 1 o 
This register is set to '1000' by master r,eset 

EMS CONFIGURATION REGISTER 

FFF79 

MSD 

3 2 o 
PFA = 00 : EMS PAGE FRAME C4000-D3FFF 

PFA = 01 : EMS PAGE FRAME C8000-D7FFF 

PFA = 10: EMS PAGE FRAME CCOOO-DBFFF 

PFA = 11 : EMS PAGE FRAME DOOOO-DFFFF 

E=1: MASTER ENABLE fOR EMS 

Bli 2 RESERVED, '0' 

This register is cleared by master reset 

LSD 

EMS MEMORY 

A22 A21 A20 FFF77 A19 A18 A17 0/1* 

2 o 3 2 1 o 
LOWER EMS BOUNDARY 

These registers are set to '1111' by master reset • Don't care 

Registers FFF76 and FFF77 are used to allocate 
memory for EMS, on 128 Kbyte boundaries. 
Memory with addresses below the EMS boundary 
is accessed normally, as conventional or ex­
tended memory. 

On-board memory with addresses above the EMS 
boundary is reserved for use only as EMS 
memory. DRAM memory accesses to addresses 
above the EMS boundary are made to the expan­
sion bus. This allows EMS, off-board, and on­
board extended memory to be used simul­
taneously. 

5-28 ADVANCED INFORMATION 11113/90 



EMS MEMORY FE3021A 

EMS REGISTER CPU ADDRESS 

C I 080FFF I 
~/ 

RESULT 1: I 0 I OFFF I 
23 14 13 o 

G EMS LOWER ADDRESS BOUNDARY 

23 16 

RESULT 2: 1 o 0 

Any CPU address above 1 MB (the EMS lower 
address boundary), is assumed to reference 
memory on the expansion bus, rather than on­
board memory, which prevents extended memory 
references from affecting on-board EMS memory. 

EMS DMA Control Register FFF7 A is used to con­
trol the selected EMS map register set during 
DMA or master transfers. This allows DMA trans­
fers to be made to a particular EMS task, whether 
or not it is the currently selected task. 

On-board memory may be allocated either to ex­
tended or to EMS memory in 128 Kbyte .blocks. 
EMS memory is allocated from the top of on­
board memory down to the desired limit. 

As an example, if the system contained 2 MB of 
DRAM, the memory map (without EMS) might 
look similar to Figure 6 (a) on the following page. 
The system would contain 640K of conventional 

FFF GENERATED ADDRESS 

memory and 1 ,280K of extended memory. The 
1 ,280K of extended memory is composed of two 
parts: the original 1,024K and 256K of memory 
relocated from OAOOOO - OEOOOO. The 128K area 
from OEOOOO - OFOOOO could also be relocated but 
in this example, it is not. 

Figure 6 (b) illustrates the memory map after EMS 
has been installed. The EMS boundary registers 
have been programmed so that on-board memory 
above 1, 152K is reserved for EMS. 128K of on­
board extended memory remains between 
100000 - 120000. Additional extended memory 
could be added on the expansion bus, starting at 
120000. Two EMS areas are shown, one 64K 
area at ODOOOO - OEOOOO, and the other at 
020000 - OAOOOO. 

Figure 6 (c) shows the possible EMS page num­
bers ranging from 0 - 4F for the 1,280K of 
memory available for EMS paging. 
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OB 1 
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00 

a ) 2 MB Memory Map 
before EMS installed 
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11 

10 
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1 I 
1 11521< RE~v.eO . . j 

. FOR EMS··· I· ... ·1 

1152K 
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00, 64K EMS 

OC 

OB 

OA 
640K 

512K EMS 1 

1 

09 
08 
07 
OS 
OS 
04 
03 
02 - - - - - - ,128K 

01 128K 

00 CONVENTIONAL , 0 

b) EMS Installed 

EMS PAGE # 
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o 
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EMS MEMORY FE3021A 

The EMS Control Register and EMS Page 
Registers are addressed in the user I/O port ad­
dress space, I/O ports 100 (hex) through 3FF 
(hex). The EMS Control Registers and EMS Page 
Registers are selected when the I/O port address 
bits 9 - 6 match the value 'M' programmed by 
register FFF78 and the I/O port address bits 5 - 2 
match the value 'N' programmed by register 
FFF75. 

accesses EMS memory, it always uses the 
register set specified by the TK bit. Normally, 
when DMA accesses EMS memory, it also uses 
the register set specified by the TK bit. Alterna­
tively, the DMA transfer may be made using a 
particular register set, independently of the 
register set currently being used by the processor. 
This allows a DMA operation to start, continue, 
and finish while the processor is time-slicing and 
swapping back and forth between two programs. 

The EMS I/O Control Port is used to enable or 
disable EMS translation. When EMS translation is 
disabled, the EMS I/O control port and EMS page 
registers may still be accessed, but EMS page 
swapping will not occur. 

The P and W fields for each page register are 
specified in the following table. Each EMS Page 
register is composed of a one bit enable bit (E) and 
a 10-bit page number (09-00). EMS translation for 
the EMS page is enabled when the E bit is a '1 '. 

The EMS I/O Control Port is also used to select 
the active page register set. When the processor 

1/0 PORT 
ADDRESS 

1/0 PORT 
ADDRESS 

1/0 PORT 
ADDRESS 

EMS CONTROL REGISTER 

~g:~OL I EMS I TK I DTK I DEN I 
3 2 

EMS = 1: 

DEN =0: 

DEN = 1 : 

o 

EMS TRANSLATION ENABLED 

DMA TRANSFERS MADE TO MAP REGISTER 
SET SPECIRED BY ''TK'' BIT 

DMA TRANSFERS MADE TO MAP REGISTER 
SET SPECIFIED BY "DTK" BIT 

EMS CONTROL REGISTER ADDRESS LOCATION 

~~~~S Ixlxlxlxl1111 : ~ : I : ~: Ixlxl 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

EMS PAGE REGISTER - MSD 

\ : ~ : \1\0\ ~: \ : ~ : \ ~ I 
15 14 13 12 11 10 9 a 7 6 5 4 3 2 1 0 

\ : ~ : \0\1\ : ~ : \ : ~ : \ ~ \ 
15 14 13 12 11 10 9 a 7 6 5 4 3 2 1 0 

EMS PAGE REGISTER - LSD 

\ : ~ : \0\0\ : ~ : \ :~ : I ~ \ 
15 14 13 12 11 10 9 a 7 6 5 4 3 2 1 0 
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03 02 01 DO 

~ 
03 02 01 DO 

~ 
03 02 01 DO 
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FE3021A EMS MEMORY 

P W EMS PAGE 
PFA=OO PFA=01 PFA=10 PFA=11 

0000 11 DOOOO-D3FFF D4000-D7FFF DSOOO-DBFFF DCOOO-DFFFF 

0000 10 CCOOO-CFFFF DOOOO-D3FFF D4000-D7FFF DSOOO-DBFFF 

0000 01 CSOOO-CBFFF CCOOO-CFFFF DOOOO-D3FFF D4000-D7FFF 

0000 00 C4000-C7FFF CSOOO-CBFFF CCOOO-CFFFF DOOOO-D3FFF 

1001 11 9COOO-9FFFF 624KTO 640K 

1001 10 9S000-9BFFF 60SKT0624K 

1001 01 94000-97FFF 592KT060SK 

1001 00 90000-93FFF 576KT0592K 

1000 11 SCOOO-SFFFF 560KTO 576K 

1000 10 88000-SBFFF 544KTO 560K 

1000 01 84000-87FFF 52SKTO 544K 

1000 00 80000-83FFF 512KTO 528K 

0111 11 7COOO-7FFFF 496K TO 512K 

0111 10 78000-7BFFF 480KTO 496K 

0111 01 74000-77FFF 464KTO 480K 

0111 00 70000-73FFF 448KT0464K 

0110 11 6COOO-6FFFF 432KT044SK 

0110 10 6S000-6BFFF 416KT0432K 

0110 01 64000-67FFF 400KTO 416K 

0110 00 60000-63FFF 3S4KTO 400K 

0101 11 5COOO-5FFFF 36SKT0384K 

0161' 10 5S000-5BFFF 352KT0368K 

0101 01 54000-57FFF 336KT0352K 

0101 00 50000-53FFF 320KTO 336K 

0100 11 4COOO-4FFFF 304KTO 320K 

0100 10 48000-4BFFF 2S8KTO 304K 

0100 01 44000-47FFF 272KT0288K 

0100 00 40000-43FFF 256KT0272K 

0011 11 3COOO-3FFFF 240KTO 256K 

0011 10 3S000-3BFFF 224KTO 240K 

0011 01 34000-37FFF 208KTO 224K 

0011 00 30000-33FFF 192KT020SK 

0010 11 2COOO-2FFFF 176K TO 192K 

0010 10 28000-2BFFF 160K TO 176K 

0010 01 24000-27FFF 144KT0160K 

0010 00 20000-23FFF 12SKTO 144K 

TABLE 9. EMS PAGE REGISTER INFORMATION 
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TEST MODE 

9.0 TEST MODE 
All output pins will become tri-stated if YMEMR 
and YMEMW are active simultaneously while MR 
is active. The outputs will remain tri-stated if MR is 
brought inactive while YMEMR and YMEMW are 
both active. The o~uts will become active 
drivers again when MR is brought low without 
both YMEMR and YMEMW active. This "all output 
tri-state" mode allows an in-circuit board tester to 
drive the FE3021 A output pins. 
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10.0 FE3021 A PINOUT 
The FE3021A is packaged in a 132-pin plastic 
quad flat pack. Table 10 lists the pins according to 
their function. 

AT BUS CHIP SELECTS & 
LA23 63 CONTROL 

LA22 70 CSO 48 
1 CS1 47 LA21 71 

LA20 93 CS2 46 
-

LA19 95 CS3 45 

LA18 102 CSF 49 

LA17 103 CS8042 60 

ADDR19 59 CS287 56 

ADDR18 61 CSNMI 20 

ADDR17 62 CSPTB 22 

ADDR16 64 ADSTB 53 

ADDR15 65 SELDAT 40 

ADDR14 66 YMEMR 10 

ADDR13 68 YMEMW 11 

ADDR12 69 YIOR 12 

ADDR11 72 YIOW 13 

ADDR10 73 lOR 8 

ADDR9 75 lOW 9 

ADDR8 94 
ADDR7 96 MEMORY ADDRESS 

MUX 
ADDR6 97 RA9 41 
ADDR5 98 RA8 39 
ADDR4 100 

RA7 38 
ADDR3 101 

RA6 37 
ADDR2 104 

RA5 36 
ADDR1 106 

RM 35 
ADDRO 105 

RA3 34 
MASTER 52 

RA2 33 
RA1 32 

DATA BUS 
RAO 31 

EDATA3 17 
RAS 58 

EDATA2 16 TAP1 44 
EDATA1 15 

TAP2 26 
EDATAO 14 

80286 INTERFACE 

A23 74 
A22 78 
A21 79 
A20 80 
A19 81 
A18 82 
A17 83 
A16 84 
A15 85 
A14 86 
A13 87 
A12 88 
A11 89 
A10 90 
A9 109 
A8 110 
A7 111 
A6 112 
A5 113 
M 114 
A3 115 
A2 116 
A1 117 
AO 118 
SO 119 
S1 120 
MIlO 121 
CPUCLK 122 
HLDA 123 
IORDY 127 

RESET 

RESET 28 
FRES 19 

TABLE 10. PIN LISTING 
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MEMORY CONTROL 

RASO 128 
--
RAS1 129 
RAS2 130 
RAS3 132 
CASLO 125 
CASL1 126 
CASL2 2 
CASL3 3 
--
CASHO 4 
CASH1 5 
CASH2 6 
CASH3 131 
REFR 18 
CSPROM 43 
ONBD 57 
BHE 21 
DLE 23 
ADRO 24 
LOMEG 25 
A20GT 54 

GROUND POWER 

1 7 
27 30 
29 50 
42 55 
51 77 
67 92 
76 107 
91 
99 
108 
124 



FE3021A PINOUT FE3021A 

REFR 18 • 116 A2 

FRES 19 115 A3 

eSNMI 20 114 A4 

BHE 21 113 A5 

eSPTB 22 112 A6 

DLE 23 111 A7 

ADRO 24 110 A8 

LOMEG 25 109 A9 

TAP2 26 108 GROUND 

GROUND 27 107 vee 

RESET 28 106 ADDR1 

GROUND 29 105 ADDRO 

vee 30 104 ADDR2 

RAO 31 103 LA17 

RA1 32 102 LA18 

RA2 33 
RA3 34 FE3021A 

101 ADDR3 

100 ADDR4 
RA4 35 99 GROUND 
RA5 36 98 ADDR5 
RA6 37 97 ADDR6 
RA7 38 96 ADDR7 
RA8 39 95 LA19 

SELDAT 40 94 ADDR8 
RA9 41 93 LA20 

GROUND 42 92 vee 
eSPROM 43 91 GROUND 

TAP1 44 
eS3 45 

90 A10 
89 A11 

eS2 46 88 A12 
eS1 47 87 A13 
eso 48 86 A14 
eSF 49 85 A15 
vee 50 84 A16 

FIGURE 7. (PQFP) PLASTIC QUAD FLAT PACK PIN ASSIGNMENTS 
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FE3021A 

11.0 ELECTRICAL SPECIFICATIONS 
11.1 MAXIMUM RATINGS 

Supply Voltage (VCC) with respect to VSS (ground) 
Operating temperature 
Storage temperature 
Power dissipation 

NOTE 

ELECTRICAL SPECIFICATIONS 

· -O.5Vto+N 
· OOC (32"F) to 70°C (158°F) 
· -4Q°C (-4CfF) to 125°C (251'F) 
.500mW 

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.. 

11.2 DC OPERATING CHARACTERISTICS 

T a = OOC (32°F) to 70°C (158°F), Vcc = 5 V ± .25 V 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

ilL Input Leakage ±10 j..lA VIN = .4 TO VCC 

10Z Tri-state And Open ±10 j..lA VOUT = .4 TO VCC 
Drain Output Leakage 

VIH Input High Voltage 2.0 V 

VIL Input Low voltage .8 V 

VIHC CPU Clock Input .6 V 
High Voltage 

VILC CPU Clock Input .6 V 
Low Voltage 

ICC Supply Current 50 mA All outputs open, 
inputs at 2.0V, 
CPUCLK = 16 MHz 

TABLE 11. DC OPERATING CHARACTERISTICS 

For outputs VIOR, VIOW, RA[9:0), ONBD, LOMEG, A[23:0), CSF, CS[3:0), CS8042, CS287, 
CSNMI, CSPTB, RAS, RAS[3:0), CASL[3:01, CASH[3:0], CSPROM, OLE, 
FRES, SELDAT, and EDATA[3:0] 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOH Output High Voltage 2.4 V lOUT = -1 mA 

VOL Output Low Voltage .4 V lOUT = 1 mA 

TABLE 11. DC OPERATING CHARACTERISTICS cont. 

For outputs ADDR[19:0], LA[23:17], lOR, lOW, 10RDV 
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ELECTRICAL SPECIFICA TlONS FE3021A 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOH Output High Voltage 2.4 V lOUT = -3 mA 

VOL Output Low Voltage .4 V lOUT = 12 mAo 

TABLE 11. DC OPERATING CHARACTERISTICS cont. 

" 10 mA for lOR, lOW. 

11.3 AC TIMING CHARACTERISTICS 

Load Capacitance = 20 pF for output: OLE 

Load Capacitance = 50 pF for outputs: CSF, CS[3:0), CS8042, CS287, CSNMI CSPTB, SELOAT, 
RA[9:0), ONBO, LOMEG, RAS, CSPROM, YIOR, YIOW, 
FRES 

Load Capacitance = 100 pF for output: 10ROY, A[19:0), EOATA[3:0), CASL[3:0), CASH[3:0) 

Load Capacitance = 200 pF for outputs: RAS[3:0), LA[23:17), AOOR[19:0), lOR, lOW 

PRELIMINARY PRELIMINARY PRELIMINARY 
SYMBOL CHARACTERISTIC 12 MHZ 16 MHZ 20 MHZ 

MIN MAX MIN MAX MIN MAX 

T1 CPUCLK Cycle 40 31 25 

T2 CPUCLK High Pulse 13 12 

T3 CPUCLK Low Pulse 11 10 

T4 ~3:01l'1/10 Setup To 22 16 12 
SO Or S1 Falling 

T5 A[23:0], MIlO To ONBO, 56 33 27 
Memory Cycle 

T5a A[23:6), MIlO to ONBO, 56 33 22 
1/0 cycle 

T6 SO, S1 Setup To CPUCLK 20 11 8 
Falling 

T7 SO, S1 Hold From CPUCLK 3 2 1 
Falling 

T10 MIlO, A[23:0] To LA[23:17] 50 45 45 

T13 YMEMR To CSPROM 45 46 46 

TABLE 12. SYSTEM TIMING 
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FE3021A ELECTRICAL SPECIFICA TlONS 

PRELIMINARY PRELIMINARY PRELIMINARY 
SYMBOL CHARACTERISTIC 12 MHz 16 MHz' 20 MHz 

MIN MAX MIN MAX MIN MAX 

T14 ADSTB To CS[3:0], CSPTB, 45 37 37 
CSF, CSNMI, CS8042 

T14a ADSTB To CS287 45 37 30 

T14b CPUCLK Falling To CS287 44 44 44 
ROM Cycle 

T15 CPUCLK Falling To LOMEG 43 43 43 

T17a YIORTo lOR 40 35 35 

T17 YIOWTolOW 40 35 35 

T18 ADSTB To ADDR[19:1] 78 59 45 

T19 ADRO To ADDRO 45 40 40 

T20 Data Valid From YMEMR 180 150 140 
Or YIOR Active 

T22 LA[23:17] From 50 45 45 
CPUCLK Falling 

T24 Data Setup To YMEMW 180 150 150 
Or YIOW Inactive 

T25 Data Hold From YMEMW 10 10 10 
Or YIOW Inactive 

T26 YIOR Or YMEMR 55 55 55 
To SELDAT 

T27 lOR To SELDAT, 
Master Mode Cycle 50 45 45 

T28 ADSTB To Row Address; 50 47 47 
DMA Cycle, NON-EMS 

T28a ADSTB To Row Address; 180 147 147 
DMA Cycle, EMS 

T29 YMEMR To RAS, RAS[3:0], 36 36 36 
Refresh Cycle 

T30 YMEMR Or YMEMW To 35 30 30 
RAS; DMACycle 

T31a TAP1 Falling To ROW 5 5 5 
Address Invalid 

T31b TAP1 Falling To 45 T33+18 T33+12 
Column Address Valid 

T32 YMEMR Or YMEMW To 35 ... 30 30 
RAS[3:0], DMA Cycle 

TABLE 12. SYSTEM TIMING cont. 
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ELECTRICAL SPECIFICA TlONS FE3021A 

PRELIMINARY PRELIMINARY PRELIMINARY 
SYMBOL CHARACTERISTIC 12 MHz 16 MHz 20 MHz 

MIN MAX MIN MAX MIN MAX 

T33 TAP2 Falling To CASL[3:0j, 30 29 29 
CASHO, OMA Cycle 

T34 YMEMR Or YMEMW Rising 35 29 29 
To CASL[3:0j Or CASH[3:0j 
Inactive 

T35 YMEMR Active To OLE 40 32 32 
Active; OMA Or 
Master Mode 

T36 YMEMR inactive To OLE 40 32 32 
Inactive: OMA Or Master 
Mode 

T37 BHE Or AORO Setup To 25 20 20 
CPUCLK Falling 

T38a AORO Setup To CPUCLK 25 20 20 
Falling 

T38b BHE Setup To CPUCLK 25 20 20 
Falling 

T39 A[23:1j To RA[9:0j Row 45 27 27 
Address; Mode 0, 1, 4, 5 

T40 TAP1 Falling To RA[9:0j 45 29 29 
Column Address; Mode 0, 1, 
4,5 

T41 RA[9:0j Row Address Valid 50 47 47 
From CPUCLK At End Of 
CAS[3:0j 

T43 CPUCLK Falling To RAS; 35 30 30 
Mode 0, 1,5 

T44 CPUCLK Falling To RAS[3:0j, 35 30 30 
Mode 0,1,5 

T47 TAP2 Falling To CASL[3:0j, 35 29 29 
Or CASH[3:0j, Active; 
Mode 0,1,4,5 

T48 CPUCLK Falling To CASL[3:0j, 35 27 27 
Or CASH[3:0j Inactive; 
Mode 0, 1, 4, 5 

T49 ROW Address From Middle 52 52 
OfTS 

T50 TAP2 Falling To OLE Active; 35 32 32 
Mode 0,1,4,5 

TABLE 12. SYSTEM TIMING cant. 
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FE3021A ELECTRICAL SPECIFICA TlONS 

PRELIMINARY PRELIMINARY PRELIMINARY 
SYMBOL CHARACTERISTIC 12 MHz 16 MHz 20 MHz 

MIN MAX MIN MAX MIN MAX 
T51 CPUCLK Falling To OLE 35 35 35 

Inactive; Mode 0, 1,4, 5 

T52a Ready Low From SO Or 35 30 25 
S1 Low 

T52b Ready Low From CPUCLK 35 30 25 
Rising 

T53 Ready High From 35 30 30 
CPUCLK Falling 

T54 Column Address From T57+30 N/A 
CPUCLK Falling 

T56 RAS[3:0] Active From 30 N/A 
CPUCLK Falling 

T57 CAS[3:0] Active From 23 N/A 
CPUCLK Rising 

T58 CAS[3:0] Inactive From 23 N/A 
CPUCLK Rising 

T59a OLE Active From CPUCLK 35 30 30 
Falling 

T59b OLE Inactive From CPUCLK T68+5 T68+5 T68+5 
Rising 

T60 Row Address Valid From 52 52 52 
CPUCLK Falling; Mode 3 

T61a RAS[3:0] Inactive From 30 30 30 
CPUCLK Falling 

T62 RAS[3:0] Inactive From 40 35 35 
HLOAActive 

T63 Column Address Hold 1 1 1 
From End Of CAS[3:0] 

T64 Column Address From 50 T67+30 T67+21 
CPUCLK; Mode 2 & 3 

T65 Column Address From 45 T67+19 T67+13 
A[23:1] 

T66 RAS[3:0] Active From 35 30 26 
CPUCLK Rising; Mode 3 

T67 CASL[3:0] Or CASH[3:0] 28 19 19 
Active From CPUCLK; 
Mode 3 

TABLE 12. SYSTEM TIMING cont. 
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ELECTRICAL SPECIFICA TlONS FE3021A 

PRELIMINARY PRELIMINARY PRELIMINARY 
SYMBOL CHARACTERISTIC 12 MHz 16 MHz 20 MHz 

MIN MAX MIN MAX MIN MAX 

T68 CASL[3:0] Or CASH[3:0], 28 23 23 
Inactive From CPUCLK 
Rising; Mode 3 

T6867 Difference Of CAS[3:0] 4 4 N/A 
Inactive And Active Time 
(T[68:67]) 

T69 REFRTo ONBD 50 50 50 

T70 Refresh Address Valid From 50 50 50 
REFR 

T72 MASTER Active To LA[23:17], 45 45 45 
ADDR[16:0] High Impedance 

T73 MASTER Inactive To LA 45 45 45 
[23:17], ADDR [16:0] Low 
Impedance 

T74 ADDR[9:0] To Chip Selects 65 65 65 

T75 MASTER Active to A[23:0], 45 45 45 
ADRO Low Impedance 

T76 MASTER Inactive To A[23:0], 45 45 45 
ADRO High Impedance 

T77 LA[23:17], ADDR[16:1] To 45 42 42 
RA[9:0] 

T77a LA[23:17], ADDR [16:1] To 198 198 198 
RA [9:0] - EMS Cycle 

T78 MASTER Active To VIOR, 45 45 45 
VIOW Low Impedance 

T79 MASTER Inactive To VIOR, 45 45 45 
VIOW High Impedance 

T80 MASTER Active To lOR, 45 45 45 
lOW High Impedance 

T81 MASTER Inactive To lOR, 45 45 45 
lOW Low Impedance 

T82a lOR To VI OR 30 25 25 

T82b lOW To VIOW 30 25 25 

T83 LA[23:17], ADDR[16:0] 40 35 35 
To A[23:0], ADRO 

TABLE 12. SYSTEM TIMING cont. 
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FE3021A._ 

CPUCLK 

A23-AO, 

MIO 

80,81 

ONBD 

LA23-LAI7 

READY 

YIOR, YIOW, 
YMEMR, YMEMW 

lOR, lOW 

SELDAT 

D3-DO 
(READ CYCLE) 

D3-DO 
(WRITE CYCLE) 

CSPROM 

DLE 

CS287 

ADSTB 

CSx 

ADDRI9-ADDRI 

ADRO 

ADDRO 

ELECTRICAL SpECIFICATIONS 

I 'Ts ' '1 . Tc . Tw ~ 

~.'I 
I =1 16 L· Y 16 ~. • 

~~I I I 1~1~r---~---

=>(1 :,=': :~ 'x= . 
~ 152 ~~ 153 F 

117J -r; ~ 117 

I I 
I 126==4 r- ·126--1 F 
I I---: 1 20 ---+t 

. . . . . . . -. I -... -.... -r(JJJj, > 
~ ~ C 124J 7 7 7 / 7 7 7 7 8= 125 

113 --1 ~ 113 --1 F 
135 =J ~ 

I F 136 --+ 

115--, ~ 
114b--+1 ~ 

114'"4aJ r-I 118 __ 

X 
--------~><~--------------------------------I 1 19 j4"---

----------~><~------------~-----------

LOW SPEED MODE 

NOTE 1: lA23 - LA17 AT MIDDLE OF TS UNTIL MEMORY OR ItO STROBE 

FIGURE 8. BASIC TIMING 
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ELECTRICAL SPECIFICATIONS FE3021A 

CPUCLK 

A23-AO, 

MIO 

SO, S1 

LA23-LA17 

10R,IOW, 

MEMR, MEMW 

1"---+-------, I 
~--~----------------------+----_,t22 ~ 

~~ __ I_(_N_OT_E_2_) __________________ ~)(L ______________________ ___ 

'-------------1 
NOTE 2: For OFF-BOARD cycle, LA23 - LA171atched at middle of Ts until two CPUCLK's after memory or 110 strobe 

FIGURE 9. HIGH SPEED MODE LA23-LA 17 TIMING 
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FE3021A ELF;CTRICAL SPECIFICA TlONS 

HLDA I L 
A23-Al, 

X///~ > ADRO, BHE 

1101-

LA23-LA17 X//IX 
ADSTB n 

-----11181"-

ADDR19-ADDRl :X 
--+; 1281-

RA9-RAO XI I I I K ROW X COLUMN X 
1",·->1 ~ MEMW, MEMR 

1 
-j131bt-

I 
RAS 130J b ! 130 -.I F 

: i 
I 

TAPl I I 
I I 

TAP2 I I I I 
132~ r 132--, r RASn I I I 

I I I 
CASLn I 13:Y t d 

~ 134 

I I 
- 133--+! ~ 134 CASHn I 
- 135J t j ~ 136 
DLE I I 

NOTE 1 

-
NOTE 1 : DLE GENEATED ONLY FOR MEMORY READ CYCLES 

FIGURE 10. DMA MEMORY CYCLE 
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ELECTRICAL SPECIFICA TlONS FE3021A 

CPUCLK 

A23-AO, 
Mia 

SO/SI 

I Ts I Tc I Tw I Tw I Ts I 

) 
I I I I I 

I I I 
I I I 

~~~~ : 

I I 
13S---..I I- 140---.1 I+--- I 

RAS-RAO ~I--R-OW---'--'---'-"------'---,xr-C-O-LU-M--'--~---~~ ROW ) 

RAS 
MODE 0 

RASn 
MODE 0 

TAP2 

143--1 

I 
144--1 

I I ~--,----.----~ 

I I L-b_l-----__ 1 43_--1~~ I 

I I 
b'--_'----__ 144_--1------'I- I 

I 

I .-----'---_____ _ 
148-1 ~ CASLn 

MEMR/MEMW 

FIGURE 11. MEMORY MODE 0 (NON-PAGE MODE) 
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FE3021A ELECTRICAL SPECIFICATIONS 

I Ts/ I Tc I Tw I Ts I Tc I Ts I 

CPUCLK 

A23-AO, 
MIO 

. ) 
,.',. 

ONBO 

SO 

51 

BHE 

13 

-n I I I LJ I I I I I I I r I I I ~ I I I I I 
-t--i I I I I I I I 
I I I I I I I I 
I I I I I I I 
I I I I I I 
I I=, r- 138b I I n I I 
I I I I I I I 

I 
RA9-RAO 

RAS I 
I 

TAP1 
I 

TAP2 

RASn 

I II 
14~ [ 

I I 
I 

I 
I 

I I 
CASLn 

CASHn 

147.J I FI48 147.J 

~ 
I ~148 - -I I 

FI48 
I 

~ Ft48 147....J .J 147--1 
I 

OLE 150.....\ ~ j FI51 

MEMW 

MEMR 

FIGURE 12. MEMORY MODE 1 (NON-PAGE 0 WS READ - 1 WS WRITE) 
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ELECTRICAL SPECIFICA TlONS FE3021A 

CPUCLK 

A23-AO, 
MIO 

I IS' 
1
- 2 W,S. WRITE FIRST ACCESS .-0 W .. READ HIT-

1 1 

1 Ts 1 Tc 1 Tw 1 Tw 1 Ts 1 Tc 1 

1 :: :~: :: :1:: : II: 
so I I I I I I I 
S1 

ADRO 

BHE 

READY 

RA9-RAO 

RASm 

RASn 

CASLm,CASHm 

I I I 
I t38~ :+-1 
I I 11----'--+_1 --

I I 1 t-t38b I 
tJ3j F' ... ···11····· : 

l-+jt54~ L lt65 -, : 
ROW; X~-,--_CO_L_UM_N _--IXr-----'--C-OL-UM-N--'---~) 

-1 164 ~ 

I 1 I I 
t~~ r~ __ ~ ___ +:--~---+:----

I I 
t 57 J ~b--_1_58-J____'r-~-t-57---++: ~t__t 5_8__++-: ---'~ 

CASLn, CASHn I I 
I I 

MEMW I I 
I I 

MEMR 

DLE 

: 1,----+-: ---,I 
----------------15-9a-~~~t-__ ~~~ 

FIGURE 13. MEMORY MODE 2 (PAGE) 1 OF 2 
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FE3021A 

CPUCLK 

A23-AO. 
MIO 

ONBD 

ADRO 

BHE 

READY 

RA9-RAO 

RASm 

RASn 

ELECTRICAL SPECIFICATIONS 

I 

1:+-' ----2 W.S. READ MISS ----------O.:j+-. --- 1 W.S. WRITE HIT--'.j 

1 Ts 1 Tc 1 Tw 1 Tw 1 Ts 1 Tc 1 Tw 1 

Y I I 111 I I : II I HI I 
I I I I I I I I I II I 
I I I I I I I : I 1 I I I 

1 i , .. ~ li iii Iii , .. 1 ~i : 
Ii'" lt38b I! I! I I I -1 ~t38b: : 

··~1-t~2a.b t~~ Fi l ': ............ : : 

~4~ ROW '-.< 1:,'" I L "':;-;I I I 
~ )( COLUMN;)( COLUMN 

I I I t641o-

t61a ..... 1 1- t56J l I I 
~-~I --+I-----r--~--

I I 
__________________ ~I I ~--------~----~-

C-ASLm-. CASHm t 57-+1 ~ -+I F t 58 

I I 
CASLn. CASHn 

I 
I I 

OLE 
------------------t59-a~~t ~ ~F-t5-9b------------------

I 
MEMR 

MEMW '-___ ......JI 
FIGURE 14. MEMORY MODE 2 (PAGE) 2 OF 2 
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ELECTRICAL SPECIFICATIONS FE3021A 

CPUCLK 

A23-AO, 
MIO 

ONSD 

so 

ADRO 

READY 

RA9-RAO 

RASm 

RASn 

I 
3 W.S. FIRST ACCESS ----_°

1
4-4 0 W.S. READ HIT I 
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FIGURE 15. MEMORY MODE 3 (PAGE) 1 OF 2 
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FE3021A ELECTRICAL SPECIFICATIONS 

CPUCLK 

A23-AO. 
MIO 

ONBD 

so 

~I' -~- 3 W.S. READ MISS ------i''�<-I' - 1 W.S. WRITE HIT-----+!'I 
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FIGURE 16. MEMORY MODE 3 (PAGE) 2 OF 2 
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ELECTRICAL SPECIFICATIONS FE3021A 
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FIGURE 17. MEMORY MODE 5 (NON-PAGE) 0 WS READ AND WRITE 
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FE3021A ELECTRICAL SPECIFICA TlONS 

A23-AO, 7) (( 7 7 7 MIO 
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Lt69 ONBO I 
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FIGURE 18. REFRESH CYCLE 
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ELECTRICAL SPECIFICATIONS FE3021A 

MASTER ] HLDA L 
LA23-LA17, 

ADDR16-ADDRO 

CSn 
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(NOTE 2) 
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FE3021A 

12.0 PACKAGE DIAGRAM 
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FIGURE 20. 132-PIN PQFP PACKAGE 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DESCRIPTION 

1.2 FEATURES 

o 100 Pin PLCC The FE3031 is an IBM" AT data buffer and parity 
generator/checker in a 100-pin PLCC package 
that contains all of the data buffers necessary to 
implement an AT compatible computer. The 
FE3031 functions as a peripheral data bus buffer, 
memory data bus buffer, a parity/generator/check­
er, and PC/AT data bus buffer. 

o PC AT" Data Bus Buffers 
o Peripheral Data Bus Buffer 
o Memory Data Bus Buffers 
o Parity Generator/Checker 
o 1.25 Micron CMOS Tec~nology 

This document describes the pinouts, signals, 
timing and electrical specifications of the FE3031 
AT Data Buffer IC. The FE3031 is part of the 
FE3600B AT Core Logic chip set for 16 MHz 
80286 based AT computers. 

CPU CONTROL FE 3001 
CPU CONTROL INTERNAL CONTROL 

I 
AT ADDRESS BUS 

FE 3021 
ADDRESS BUFFER AT BUS CONTROL 

MEMORY 
CONTROLLER -RAM 

ADDRESS 

80286 ADDRESS 

- DRAM -
DATA 

FE 3010B INTERRUPTS & DMA 

PERIPHERAL 

I-
CONTROL 

80287 

RAM DATA 

FE 3031 

DATA BUFFERS E DATA 

KEYBOARD REAL TIME 

MOUSE CLOCK 

FIGURE 1·1. FE3600B CHIP SET FUNCTIONAL BLOCK DIAGRAM 
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FE3031 INTRODUCTION 

DATA (0:7) 

D (0:7) 

EDATA (0:7) 

D ( 8:15) DATA (8:15) 

'MDATA (0:7) 

PARITY OUTPUTS 
PARITY 
INPUTS PARITY ERROR 

MDATA (8:15) 

MEMR 

YMEMR 
MEMW 

YMEMW 

FIGURE 1-2. FE3031 FUNCTIONAL BLOCK DIAGRAM 
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INTRODUCTION 

D15 
D14 
D13 
D12 
Dll 
Dl0 
D9 
DB 
D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 

DTR 
DENO 
DENl 

ADRO 
SCYCLE 

SDEN 
SDTR 

ACK 
SELDATA 

INTA 
ABHE 
BUFDIS 
BIT 

ONBRD16 
iiilASTEi'\" 
LOWMEG 

YMEMR 
YMEMW 

PLO 
PHI 

,':::::,:':'\::: .. :.::'.::::;:'::}::,: .:: ...... : 
"':',:: ," ...... :; .... 

......... 
:.':,',: ,:. , .... 

DATA15 
DATA14 
DATA13 
DATA12 
DATAll 
DATAl 0 
DATA9 
DATA8 
DATA7 
DATA6 
DATA5 
DATA4 
DATA3 
DATA2 
DATAl 
DATAO 

MDATA15 
MDATA14 
MDATA13 
MDATA12 
MDATAll 
MDATA10 
MDATA9 
MDATA8 
MDATA7 
MDATA6 
MDATA5 
MDATA4 
MDATA3 
MDATA2 
MDATAl 
MDATAO 
EDATA7 
EDATA6 
EDATA5 
EDATA4 
EDATA3 
EDATA2 
EDATAl 
EDATAO 
MEMW 
MEMR 
SMEMW 
SMEMR 
PERROR 
POLO 
POHI 

FIGURE 1-3. FE3031 PIN ASSIGNMENTS & LOCATIONS 
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FE3031 SIGNAL DESCRIPTIONS 

2.0 SIGNAL DESCRIPTIONS 

PIN# SIGNAL TYPE DESCRIPTION 
1-4 D(0:15) I/O 80286 Local Data Bus 
6-9 
11-14 
16-19 
5,15 Vss Ground 
26,36 
60,65 
74,83 
94 
10,21 VDD +5VVDD 
31,41 
70,78 
89,99 
20 POLO 0 Low byte parity bit to the DRAMs 
22-25 DATA (0:15) I/O PC/AT Data Bus 
27-30 
32-35 
37-40 
42 DTR I Data direction for DATA buffers 
43 DENO I Low byte data enable to 

DATA buffers 
44 DEN 1 I High byte data enable to 

DATA buffers 
45 ADRO I Address bit 0 for MDAT A 

buffers and byte swap 
46 SCYCLE I Latch low byte during 

byte swap read 
47 SDEN I Byte swap data buffer enable 
48 SDTR I Byte swap data direction 

to swap buffer 
49 ACK I DMA Acknowledge signal 

to the PC/AT bus 
50 SELDATA I EDA TAbus enable 
51 INTA I Interrupt acknowledge 
52 ABHE I High byte enable for MDAT A bus 
53 BUFDIS I Disable Buffers when low 
54 DLE I Latch MDAT A bus during a read 
55 PLO I Low byte parity bit from DRAMs 
56 PHI I High byte parity bit from DRAMs 
57 ONBRD16 I ONBRD indicates a local 

TABLE 2-1. FE3031 SIGNAL DESCRIPTIONS 
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ABSOLUTE MAXIMUM RA TlNGS FE3031 

PIN SIGNAL TYPE DESCRIPTION 
58 LOWMEG I LOWMEG indicates access 

of low MB of memory 
59 MASTER I Master on PC bus has control 

of the bus 
61-64 EDATA(0:7) I/O Peripheral Data Bus for FE3001, 
66-69 FE301OB, RTC 

and Keyboard controller 
71 SMEMR 0 Low 1 MB Memory Read to PC bus 
72 SMEMW 0 Low 1 MB Memory Write to PC bus 
73 MEMR I/O Memory read to/from AT bus 
75 MEMW I/O Memory read to/from AT bus 
76 YMEMR I/O Memory read to/from FE3001 
77 YMEMW I/O Memory write to/from FE3001 
79 PERROR 0 RAM parity error 
80-82 MDATA (0:15) I/O Memory Data bus 
84-88 
90-93 
95-98 
100 POHI 0 High byte parity bit to the DRAMs 

TABLE 2-1. FE3031 SIGNAL DESCRIPTIONS, Continued 

3.0 ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature (operating) = 
Storage Temperature = 
Voltage on any pin to ground = 
Power Dissipation = 

4.0 DC CHARACTERISTICS 

O· to + 70·C 
- 40· to +12S·C 
+7V 
400mW 

SYMBOL PARAMETER MIN MAX UNIT TEST CONDITION 
VIL Input LOW Voltage 0.8 
VIH Input HIGH Voltage 2.0 
IOL LOW V Output Currene 4 
IOH HIGH V Output Current! -4 
IOL LOW V Output CurrentL 604 
IOH mGH V Output Currenr -604 
VDD Supply Voltage 4.75 5.25 

FIGURE 4-1. DC CHARACTERISTICS 

Notes: 

1. Output currents are for D(0:1S), EDATA(O:7), 
YMEMR, YMEMW, PERROR 
2. Output currents are for DATA(0:1S), MDATA(0:1S), 
MEMR, MEMW, SMEMR, SMEMW, 
POLO, PHI 

ADVANCE INFORMATION 11/14/90 
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5.0 AC CHARACTERISTICS 

SIGNAL PATH PROP DLY (MAX)} 
D(0:7) from DATA (0:7) 22 

MDATA(0:7) 20 
ADRO 30 
BUFDIS 30 
ONBRD16 30 
YMEMR 30 
DENO 30 
DATA (8:15) 40 
EDATA(0:7) 40 

D(8:15) from DATA (8:15) 22 
MDATA (8:15) 20 
ABHE 30 
BUFDIS 30 
ONBRD16 30 
YMEMR 30 
DEN 1 3.0 
DATA (0:7) 40 
EDATA(0:7) 40 

DATA (0:7) from D(0:7) 22 
D(8:15) 40 
DATA(8:15) 22 
EOATA(0:7) 22 
SDEN 30 
DENO 30 
INTA 30 
SELDATA 30 

DATA (8:15) from D (8:15) 22 
DATA (0:7) 22 
DEN 1 30 

EDAT A (0:7) from DAT A(0:7) 36 
D(0:7) 36 
D(8:15) 36 
INTA 40 
SELDATA 40 

YMEMW from MEMW 33 
MASTER 40 

YMEMR from MEMR 33 
MASTER· 40 

TABLE 5-1. AC CHARACTERISTICS 

Notes: 1. Prop delays are for 75pf load. 
2. Add 8 ns for 200pf load. 
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UNIT NOTES 
ns 
ns 
ns 
ns 
ns 1 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 1 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 1,2 
ns 
ns 
ns 
ns 
ns 
ns 1,2 
ns 
ns 
ns 
ns 1 
ns 
ns 
ns 1 
ns 
ns 1 
ns 



AC CHARACTERISTICS 

SIGNAL PATH PROP DLY (MAX) 1 

MEMW from YMEMW 20 
MASTER 30 
ONBRD16 30 

MEMR from YMEMW 20 
MASTER 30 
ONBRD16 30 

SMEMW from YMEMW 20 
MASTER 30 
ONBRD16 30 

SMEMR from YMEMW 20 
MASTER 30 
ONBRD16 30 

PERROR from MDAT A(O: 15) 40 
PLO 40 
PIll 40 
ADRO 40 
ABHE 40 

POLO from D(0:7) 35 
POHI from D(8: 15) 35 
MDATA (0:7) from D (0:7) 18 

ADRO 30 
ONBRD16 30 
YMEMR 30 
DLE 30 

MDATA (8:15) from D (8:15) 18 
ABHE 30 
ONBRD16 30 
YMEMR 30 
DLE 30 

TABLE 5-1. AC CHARACTERISTICS, Continued 

Notes: 1. Prop delays are for 75pf load. 
2. Add 8 ns for 200pf load. 
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UNIT NOTES 
ns 
ns 1 
ns 
ns 
ns 1 
ns 
ns 
ns 1 
ns 
ns 
ns 1 
ns 
ns 
ns 
ns 1 
ns 
ns 
ns 1 
ns 1 
ns 
ns 
ns 1 
ns 
ns 
ns 
ns 
ns 1 
ns 
ns 
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FE3031 AC CHARACTERISTICS 

PIN NO. 1 (REF) 

j PIN NO.1 IDENTIFIER 

ill 
PIN NO. 25 (REF) 

LL. 
W 
a: 

~ 
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DETAIL A 

.035R 

NOTE: 
ALL DIMENSIONS 
ARE IN MILLIMETERS 

0.005 RAD. TYP 
AROUND ALL CORNERS 

.015 

FIGURE 5-1.10o-PIN PLCC PACKAGING DIAGRAM 
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PC/AT DATA BUS CYCLES 

6.0 PC/AT DATA BUS CYCLES 

This description of the data bus cycles of the 
FE3600B PC AT expansion bus includes CPU, 
DMA, and MASTER cycles. The data portion of 
the PC AT expansion bus is a 16-bit wide bus 
divided into two bytes. In general, the low byte 
(DATA[O:7]) is accessed during cycles in which 
the address is even. The high byte (DATA[8:15]) 
is accessed when the address is odd. During 16-
bit operations, both low and high bytes are ac­
cessed. There are several combinations of byte 
wide, word wide, even and odd addressing. Each 
of these combinations present a unique pattern of 
bus buffer enables and directions. These data 
buffer control states are described in this docu­
ment. 

* 
NOTES: 

Eight bit devices on the PC AT bus are al­
ways on the low byte (DATA[O:7]) of the ex­
pansion bus regardless of 

80286 646 

o (0:7) A < > B 

SCYCLE CBA CAB 
DTR DIR 

ADRO SBA SAB 
DENO EN 

D (8:15) 245 
-
DEN1 EN 

DTR DIR 

A < > B 

* 

* 

FE3031 

add.ra.ss. Sixteen bit devices use ADRO and 
EBHEto distinguish between high and low 
byte transfers. 

In previous designs, the data buffers on the 
PC AT were inactive during DMA. This was 
due to the on-board DRAM being on the sys­
tem bus. Now that the DRAM is on the 286 
local bus the data buffers must be enabled 
and directed during DMA operations. 

A block diagram of the data bus hardware on 
the PC AT board is shown in Figure 5-1. It 
represents the equivalent 74LSXXX circuitry 
for the data buffers contained on the board. 
Signals used in this document are discussed 
in Table 6-1. 

DATA (0:7) 

LOW 

245 
LOW 

SDEN m 
SDTR DIR 
- B <>A 

DATA (8:15) 

FIGURE 6·1. PC/AT DATA BUS ARCHITECTURE 
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FE3031 PC/AT DATA BUS CYCLES 

'646 
EN DENO DIRDTR CBASCYCLE SBAADRO OPERATION 

X X A X· LATCHBDATA 
0 0 X 0 A <------B (REAL TIME) 

, 0 0 X 1 A <------B (LATCHED DATA) 
0 1 X X A ------>B (REAL TIME) 
1 X X X BUFFERS DISABLED 

'245 
DIR OPERATION 

o A <------------ B 
1 A -----------> B 

COMMAND SIGNALS DEFINITIONS 

SO,S1 BUS CYCLE STATUS FROM 286 
MEMR SYSTEM MEMORY READ 
MEMW SYSTEM MEMORY WRITE 
lOR SYSTEM I/O READ 
lOW SYSTEM I/O WRITE 
NPCS NUMERIC PROCESSOR CHIP SELECT 
AO ADDRESS BIT 0 FROM 286 
BHE BUS HIGH ENABLE FROM 286 
HLDA HOLD ACKNOWLEDGE FROM 286 
HLDA1 DMA HOLD ACKNOWLEDGE FROM 

DMA CONTROLLER 
PROMSL BIOS DECODE FROM MEMORY/IO DECODER 
ONBRD ON BOARD DRAM OR I/O DECODE 
IOCS16 16-BIT I/O DEVICE DECODE FROM 

EXPANSION BUS 
MEMCS16 16-BIT MEMORY DEVICE DECODE FROM 

EXPANSION BUS 

MASTER BUS CONTROL SIGNAL FROM BUS MASTER 
CONTROL SIGNALS DEFINITIONS 

OTR DATA TRANSMIT/RECEIVE 
DENO LOW BYTE DATA ENABLE 
DEN1 ' HIGH BYTE DATA ENABLE 
SDEN BYTE SWAP BUFFER ENABLE 
SCYCLE LOW BYTE DATA LATCH 
SDTR BYTE SWAP BUFFER TRANSMIT/RECEIVE 

TABLE 6·1. SIGNAL DEFINITIONS 
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CPU CYCLES 

7.0 CPU CYCLES 
The following cycles represent data cycles under 
CPU control for all devices excluding the on board 
DRAM and the 80287 Math Coprocessor. Since 
the 80287 and on-board DRAM are on the local 
bus, the data bus drivers for the expansion bus 
will be disabled. This is accomplished by setting 
DENO DEN1 and SDEN = 1 when ONBRD + 
/MNIO = 0 or NPCS = O. Note that on-board I/O is 
indicated by ONBRD + MNIO = O. On-board I/O 
devices are on the system bus. 

The following cycles are described in this section. 

7.1 16-bit transfer, read from 16-bit device 
7.2 16-bit transfer, write to 16-bit device 
?3 16-bit transfer, read from 8-bit device 
7.4 16-bit transfer, write to 8-bit device 

FE3031 

For all CPU cycles HLDA=O and INTA- =1. In the 
following tables, CS16 indicates that there is a 
16-bit device on the expansion bus. The boolean 
equation for CS16 is: 

CS16 = PROMCS * (IOCS16 + MNIO) * 
(MEMCS16 + /MNIO) 

7.5 8-bit sfer, low byte read from 8 or 16-bit device 
7.6 8-bit transfer, low byte write to 8 or 16-bit device 
7.7 8-bit transfer, high byte read from 8-bit device 
7.8 8-bit transfer, high byte write to 8-bit device 
7.9 8-bit transfer, high byte read from 16-bit device 
7.1 0 8-bit transfer, high byte write to 16-bit device 

7.1 16-BIT READ FROM 16-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 0 
SO 1 

80286 AO 0 &ORAM 646 

BHE 0 
0(0:7) A < B 

OATA(0:7) CS16 0 

~ 

CONTROL 
~ B - A I---

SIGNALS STATE 
0(8:15) 245 

~ 

DTR 0 

I OATA(8:15) DENO 0 
A < B 

DEN1 0 
SDEN 1 

SCYCLE X 
SDTR X 
ADRO 0 

ADVANCE INFORM A TlON 11/14/90 6-11 



FE3031 CPU CYCLES 

7.2 16-BIT WRITE TO 16-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 1 
SO 0 

60286 646 AO 0 
BHE 0 

0(0:7) A > B CS16 0 
DATA (0:7) 

~ 

-B AI--- CONTROL 
SIGNALS STATE 

DTR 1 
DENO 0 

O( 8:15) ~ 
'---

I A B 
DATA (8:15) 

> 

'---
DEN1 0 
SDEN 1 
SCYCLE X 
SDTR X 
ADRO 0 

7.3 16-BIT READ FROM 8-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 0 
SO 1 

• FIRST CYCLE • LATCH LOW BYTE AO 0 
60286 646 

BHE 0 

0(0:7) 1----1 A B r-__ ---'O::..;At.::..:A..c::( 0",-:7f--) _ CS16 1 

245 

CONTROL 
B . A SIGNALS STATE 

0(8:15) 245 DTR X 
DENO X 

L----4A • B~~ __ 0::..:A~~~(8=:1~5)_ 
DEN1 X 
SDEN 1 
SCYCLE 1\ 

SDTR X 
ADRO 0 
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CPU CYCLES 

.. Second cycle - Enable latched low byte to 
286 low byte and enable bus low byte to 286 
high byte. 

80286 646 

0(0:7) A < B 
DATA (0:7) 

245 

B < A 

0(8:15) 245 

A B 
DATA (8:15) 

< 

• SCYCLE must not change from low to high 
during the cycle. 

7.4 16-BIT WRITE TO 8-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 1 
SO 0 
AO 0 
BHE 0 
CS16 1 

o FIRST CYCLE 

- 8-bit, low byte write to 8-bit device or 16-bit device 
- ADRO is driven low during this cycle 
- EaHE is driven high during this cycle 

o SECOND CYCLE 

- 8-bit, high byte write to 8-bit device 
- ADRO is driven high during this cycle 
- EBHE is driven low during this cycle 

INPUT 
SIGNALS 

S1 
SO 
AO 
BHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 
ADRO 

ADVANCE INFORMATION 11/14/90 
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STATE 

0 
1 
0 
0 
1 

STATE 

0 
0 

0 
0 
X· 
1 
1 
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7.5 8-BIT, LOW BYTE READ FROM 8-BIT 
OR 16-BIT DEVICE 

80286 646 

0(0:7) A < B 
DATA (0:7) 

245 

B A 

0(8:15) 245 

A B 
DATA (8:15) 

7.6 8-BIT, LOW BYTE WRITE TO 8-BIT 
OR 16-BIT DEVICE 

80286 646 

0(0:7) A > B 
DATA (0:7) 

245 

B A 

0(8:15) 245 

A B 
OATA(8:15) 

INPUT 
SIGNALS 

S1 
SO 
AO 
BHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 
ADRO 

INPUT 
SIGNALS 

S1 
AO 
BHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DEN1 
SDEN 
SCYCLE 
SDTR 
ADRO 
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STATE 

0 
1 
0 
1 
X 

STATE 

0 

0 
1 
1 
X 
X 
0 

STATE 

1 
0 

1 
X 

STATE 

1 
1 
1 
X 
X 
0 



CPU CYCLES FE3031 

7.7 8-BIT, HIGH BYTE READ FROM 8-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 0 
SO 1 

80286 646 AO 1 
BHE 0 

D(0:7) A B 
DATA (0:7) CS16 1 

245 

B < A 
CONTROL 
SIGNALS STATE 

D(8:15) 245 DTR 0 

A < B 
DATA (8:15) DENO 1 

DEN1 0 
SDEN 0 
SCYCLE X 
SDTR 1 
ADRO 1 

7.8 8-BIT, HIGH BYTE WRITE TO 8-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 1 
SO 0 

80286 646 AO 1 
BHE 0 

D(0:7) ~--~A _ B~------~D~~~A(SO:7r)~ CS16 1 

245 

CONTROL 
SIGNALS STATE 

D (8:15) 245 
DTR 1 

'---------.I A > B ~--'-------=DAc:.:TA"-'(-=8:1:=-5'-) DENO 1 
DEN1 0 
SDEN 0 
SCYCLE X 
SDTR 0 
ADRO 1 

ADVANCE INFORM A TlON 11114190 6-15 



FE3031. . CPU CYCLES 

7.9 8-BIT, HIGH BYTE READ FROM 16-91T DEVICE 

INPUT 
SIGNALS STATE 

S1 0 

SO 1 

80286 646 AO 1 

SHE 0 
0(0:7) A B 

DATA (0:7) CS16 0 

245 

B A CONTROL 
SIGNALS STATE 

0(8:15) 245 

OTR 0 

B 
DATA (8:15) 

A < 
OENO 1 
OEN1 0 
SOEN 1 
SCYCLE X 
SOTR X 
AORO 1 

7.10 8-BIT, HIGH BYTE WRITE TO 16-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 1 

SO 0 
80286 646 AO 1 

SHE 0 
0(0:7) A B 

DATA (0:7) 
CS16 0 

245 

B A CONTROL 
SIGNALS STATE 

0(8:15) 245 
OTR 1 

A 
DATA (8:15) 

> B 
OENO 1 
OEN1 0 
SOEN 1 

SCYCLE X 
SOTR X 
AORO 1 
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DMACYCLES FE3031 

8.0 DMA CYCLES 

The following cycles represent data cycles under 8.4 
DMA control for all devices. DMA may be for on 

8-bit DMA to odd memory address from 
8-bit I/O device. 

board DRAM (ONBRD =0) or system memory 8.5 
(ONBRD =1). Note that ONBRD decode for on- 8.6 

16-bit DMA from memory to 16-bit I/O. 
16-bit DMA to memory from 16-bit I/O. 

board I/O will be disabled during DMA. 

The following DMA cycles are described in this 
section. 

o For on board DRAM (ONBRD = 0) 

8.1 

8.2 

8.3 

8-bit DMA from even memory address to 
8-bit I/O device. 
8-bit DMA to even memory address from 
8-bit I/O device. 
8-bit DMA from odd memory address to 
8-bit I/O device. 

8.1 8-BIT DMA TRANSFER FROM EVEN 
MEMORY ADDRESS TO 8-BIT 
I/O DEVICE 

DRAM 646 

0(0:7) A > B OATA.lO:7-L 

~ 

~ B - A I---

0(8:15) 
~ 

L---

I OATA(8:15) 
A • B 

o For system memory (ONBRD = 1) 

8.7 8-bit DMA from 16-bit memory, odd 
address to 8-bit I/O device. 

8.8 8-bit DMA to 16-bit memory, odd addreSS 
from 8-bit I/O device. 

o For all other DMA cycles the data buffers are 
disabled. 

8.9 All other DMA cycles. 

For all DMA cycles HLDA=1, HLDA1=1 and 
MASTER =1. 

INPUT 
SIGNALS STATE 

DMAMR 0 
MEMW 1 
lOR 1 
lOW 0 
ADRO 0 
EBHE 1 

CONTROL 
SIGNALS STATE 

DTR 1 
DENO 0 
DEN1 1 
SDEN 1 
SCYCLE X 
SDTR X 
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8.2 8-BIT DMA TRANSFER TO EVEN MEMORY 
ADDRESS FROM 8-BIT I/O DEVICE 

DRAM 646 

0(0:7) A < B 
DATA(0:7) 

245 

B A 

0(8:15) 245 

A B 
DATA(8:15) 

8.3 8-BIT DMA TRANSFER FROM ODD 
MEMORY ADDRESS TO 8-BIT I/O DEVICE 

DRAM 646 

0(0:7) A B 
DATA (0:7) 

245 

B > A 

0(8:15) 245 

A B 
DATA (8:15) 

> 

INPUT 
SIGNALS 

DMAMR 
MEMW 
lOR 
lOW 
ADRO 
EBHE 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 

INPUT 
SIGNALS 

DMAMR 
MEMW 
lOR 
lOW 
ADRO 
EBHE 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 
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STATE 

1 
0 
0 
1 
0 
1 

STATE 

0 
·0 

1 
1 
X 
X 

STATE 

0 
1 
1 
0 
1 
0 

STATE 

1 
1 
0 
0 
X 
0 
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8.4 8-BIT DMA TRANSFER TO ODD MEMORY 
ADDRESS FROM 8-BIT 1/0 DEVICE 

DRAM 646 

0(0:7) A B 
DATA (0:7) 

~ 

_B < A 4----

0(8:15) ~ -

I A < B 
DATA (8:15) 

-

8.5 16-BIT DMA TRANSFER FROM 
MEMORY TO 16-BIT 1/0 DEVICE 

DRAM 646 

0(0:7) A > B 
DATA (0:7) 

245 

B A 

D( 8:15) 245 

A > B 
DATA (8:15) 

INPUT 
SIGNALS 

DMAMR 
MEMW 
lOR 
lOW 
ADRa 
EBHE 

CONTROL 
SIGNALS 

DTR 
DENa 
DEN1 
SDEN 
SCYCLE 
SDTR 

INPUT 
SIGNALS 

DMAMR 
MEMW 
lOR 
lOW 
ADRa 
EBHE 

CONTROL 
SIGNALS 

DTR 
DENa 
DEN1 
SDEN 
SCYCLE 
SDTR 
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FE3031 

STATE 

1 
a 
a 
1 
1 
a 

STATE 

a 
1 
a 
a 
x 
1 

STATE 

a 
1 
1 
a 
a 
a 

STATE 

1 
a 
a 
1 
X 
X 
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8.6 16-BIT DMA TRANSFER TO MEMORY 
FROM 16-BIT I/O DEVICE 

DRAM 646 

0(0:7) A < B DATA (0:7) 

245 

B A 

0(8:15) 245 

A < B 
OATA(8:15) 

8.7 8-BIT DMA FROM 16-BIT MEMORY, 
ODD ADDRESS TO 8-BIT I/O DEVICE. 

DRAM 646 

0(0:7) A - B 
DATA (0:7) 

~ 

,.. B > A f----t 

0(8:15) ~ 
'---

I A > B 
DATA (8:15) 

-

INPUT 
SIGNALS 

OMAMR 
MEMW 
lOR 
lOW 
AORO 
EBHE 

CONTROL 
SIGNALS 

OTR 
OENO 
OEN1 
SOEN 
SCYCLE 
SOTR 

INPUT 
SIGNALS 

OMAMR 
MEMW 
lOR 
lOW 
AORO 
EBHE 
MEMCS16 * 
PROMSL 

CONTROL 
SIGNALS 

OTR 
OENO 
OEN1 
SO EN 
SCYCLE 
SOTR 
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STATE 

1 
0 

0 
1 
0 

0 

STATE 

0 
0 

0 
1 

X 
X 

STATE 

0 
1 
1 

0 

1 
0 

0 

STATE 

X 
1 
1 
0 

X 
0 
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8.8 8-BIT DMA TO 16-BIT MEMORY, ODD 
ADDRESS FROM 8-BIT 1/0 DEVICE 

DRAM 646 

0(0:7) r---~A - Br-______ =DA=~~(0~:7~)-

245 

D(8:15) 245 

'----------I A < B I----'---_D_AT_A '--( 8:_15,--) -+ 

8.9 ALL OTHER DMA CYCLES 
(DATA BUFFERS DISABLED) 

DRAM 646 

0(0:7) A B 
DATA (0:7) 

245 

,- B A-

D( 8:15) 245 

I A B 
DATA (8:15) 

INPUT 
SIGNALS 

DMAMR 
MEMW 
lOR 
lOW 
ADRO 
EBHE 
MEMCS16 * 
PROMSL 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 

INPUT 
SIGNALS 

DMAMR 
MEMW 
lOR 
lOW 
ADRO 
EBHE 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 
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STATE 

1 
0 
0 
1 
1 
0 

0 

STATE 

X 
1 
1 
0 

X 
1 

STATE 

0 

STATE 

X 
1 
1 
1 
X 
X 
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9.0 BUS MASTER CYCLES 

The following cycles Jepresent data cycles under 
the control of a bus master other than the 80286 
or DMA controller. This condition is indicated by 
hold acknowledge active (HLDA=1) and bus 
master asserted (MASTER = 0). It is assumed 
that the bus master is always a 16-bit device. On­
board DRAM and on-board 1/0 are distinguished 
by the memory or 1/0 readlwrite commands. 

9.1 8-BIT LOW BYTE READ FROM 
MEMORY 

DRAM 646 

D( 0:7) A> B DATA (0:7) 

~ 

- B At--

'---
D (8:15) ~ 

I A B 
DATA (8:15) 

'---

BUS MASTER CYCLES 

o For on-board DRAM 

9.1 8-bit transfer low byte read from memory 
9.2 8-bit transfer low byte write to memory 
9.3 8-bit transfer high byte read from memory 
9.4 8-bit transfer high byte write to memory 
9.5 16-bit transfer read from memory 
9.6 16-bit transfer write to memory 

o For system memory and 1/0 

9.7 8-bit transfer high byte read from 8-bit 
system memory or 1/0 

9.8 8-bit transfer high byte write to 8-bit 
system memory or 1/0 

INPUT 
SIGNALS STATE 

MEMR 0 
MEMW 1 
ADRO 0 
EBHE 1 
CS16 1 

CONTROL 
SIGNALS STATE 

DTR 1 
DENO 0 
DEN1 1 
SDEN 1 
SCYCLE X 
SDTR X 
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9.2 8-BIT LOW BYTE WRITE TO MEMORY 

INPUT 
SIGNALS STATE 

MEMR 1 
MEMW 0 

DRAM 646 ADRa a 
EBHE 1 

D(0:7) A < B 
DATA ( 0:7) CS16 1 

245 

B A 

CONTROL 
D (8:15) 245 SIGNALS STATE 

A B 
DATA (8:15) DTR 0 

DENa 0 
DEN1 1 
SOEN 1 
SCYCLE X 
SOTR X 

9.3 8-BIT HIGH BYTE READ FROM MEMORY 

INPUT 
SIGNALS STATE 

MEMR a 
MEMW 1 

DRAM 646 AORa 1 
EBHE 0 

D(0:7) A B 
DATA (0:7) CS16 1 

~ 

r- B A f---

D(8:15) ~ 
'----

I A > B 
DATA (8:15) 

CONTROL 
SIGNALS STATE 

DTR 1 
DENa 1 
OEN1 0 

SDEN 1 
SCYCLE X 
SDTR X 
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9.4 8-BIT HIGH BYTE WRITE TO MEMORY 

INPUT 
SIGNALS STATE 

MEMR 1 
MEMW 0 

DRAM 646 AORO 1 
EBHE 0 

0(0:7) A B 
DATA (0:7) CS16 1 

245 

B A 

CONTROL 
0(8:15) 245 SIGNALS STATE 

A < B 
OATA(8:15) OTR 0 

OENO 1 
OEN1 0 

SOEN 1 
SCYCLE X 
SOTR X 

9.5 16-BIT READ FROM MEMORY 

INPUT 
SIGNALS STATE 

MEMR a 
MEMW 1 
AORa a 

DRAM 646 
EBHE a 

0(0:7) A > B DATA (0:7) CS16 1 

245 

B A 

0(8:15) 245 CONTROL 
SIGNALS STATE 

A > B 
OATA(8:15) OTR 1 

DENa a 
OEN1 a 
SOEN 1 
SCYCLE X 
SOTR X 
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9.6 16-BIT WRITE TO MEMORY 

DRAM 646 

D (0:7) A < B DATA (0:7) 

245 

B A 

D(8:15) 245 

A < B 
DATA (8:15) 

9.7 8-BIT HIGH BYTE READ FROM 8-BIT 
DEVICE 

DRAM 646 

D(0:7) t-----j A - B t--__ ---=D::..:.AT::..:.A.>...::( 0"--]:7)c--

245 

D(8:15) 245 

~------l A _ B I---,-__ D::;..A:.:.:.TA::..( 8::.;:1::..:5)-+ 

INPUT 
SIGNALS 

MEMR 
MEMW 
ADRa 
EBHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENa 
DENa 
DEN1 
SDEN 
SCYCLE 
SDTR 

INPUT 
SIGNALS 

MEMR "lOR 
MEMW" lOW 
ADRO 
EBHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENa 
DEN1 
SDEN 
SCYCLE 
SDTR 

ADVANCE INFORMATION 11/14/90 
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STATE 

1 
a 
a 
a 
1 

STATE 

0 
0 
0 
a 
1 
X 
X 

STATE 

a 
1 
1 
a 
1 

STATE 

X 
1 

1 
a 
x 
1 
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9.8 8-BIT HIGH BYTE WRITE TO 8-BIT DEVICE 

INPUT 
SIGNALS STATE 

MEMR * lOR 1 
MEMW*IOW a 

DRAM 646 ADRa 1 
EBHE a 

0(0:7) A B DATA (0:7) 
CS16 1 

245 

B > A 

CONTROL 
0(8:15) 245 SIGNALS STATE 

A B 
OATA(8:15) DTR X 

DENa 1 
DEN1 1 
SDEN a 
SCYCLE x 
SDTR a 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 
The FE3031A is an IBM AT data buffer and parity 
generator/checker in a 100-pin PLCC package 
that contains all of the data buffers necessary to 
implement an AT compatible computer. The 
FE3031A functions as a peripheral data bus buff­
er, memory data bus buffer, a parity/gener­
ator/checker, and PC/AT data bus buffer. 

This document describes the pinouts, signals, 
timing and electrical specifications of the 
FE3031A AT Data Buffer IC, which is part of the 
FE3600 B/C AT Core Logic chip set for 16 MHz 
80286 and 80386SX based AT computers at 
speeds up to 20 MHz. 

10 

D4 

GND 
D3 
D2 
0, 
DO 

vee 
DATA, 5 

• 

FE3031A 

1.2 FEATURES 
• Data Buffer for the FE3600 BC AT 4-chip 

Core Logic Set 

For 80286 and 80386SX systems, up to 20 
MHz. 

Peripheral Data Bus Buffer 

Memory Data Bus Buffers 

Parity Generator/Checker 

1.25 Micron CMOS Technology 

100 Pin PLCC 

.. 9796 
MJATAS 
MDATAS 

MDATA'3 
MIlATA'4 

VMEMW 

FE3031A YMEMR 
75 MEMW 

GND 
M,'EMii" 

72 SME_ 

GND 
EDATM 

FIGURE 1-1. FE3031A PIN LOCATIONS 
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DATA ( 0:7 ) 

D ( 0:7 ) 

0:7 ) 

D ( 8:15 ) DATA 8:15) 

MDATA ( 0:7 ) 

PARITY ERROR 

MDATA ( 8:15 ) 

MEMR 
YMEMR 

MEMW 
YMEMW 

FIGURE 1-2. FE3031 A FUNCTIONAL BLOCK DIAGRAM 
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INTRODUCTION FE3031A 

CPU CONTROL FE3001 
CPU CONTROL INTERNAL CONTROL I 

AT ADDRESS BUS 

FE3021 
ADDRESS BUFFER AT BUS CONTROL 

MEMORY 
f-- RAM CONTROLLER 

ADDRESS 

80286 ADDRESS PROM 
- DRAM - (BIOS) 

DATA 

FE3010 INTERRUPTS & DMA 

PERIPHERAL 
CONTROL 

80287 

RAM DATA 
FE3031 A 

AT DATA BUS 
DATA BUFFERS E DATA 

KEYBOARD REAL TIME 

MOUSE. CLOCK 

FIGURE 1-3. FE3600 BIC CHIP SET FUNCTIONAL BLOCK DIAGRAM 
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2.0 SIGNAL DESCRIPTIONS 

PIN# SYMBOL TYPE FUNCTION 

1-4 0(0:15) I/O 80286 Local Data Bus 
6-9 
11-14 
16-19 

5,15 Vss Ground 
26,36 
60,65 
74,83 
94 

10,21 Voo +5V Voo 
31,41 
70,78 
89,99 

20 POLO 0 Low byte parity bit to the DRAMs 

22-25 DATA (0:15) 1/0 PCIAT Data Bus 
27-30 
32-35 
37-40 

42 DTR I Data direction for DATA buffers 

43 DENO I Low byte data enable to DATA buffers 

44 DEN1 I High byte data enable to DATA buffers 

45 ADRO I Address bit 0 for MDATA buffers and byte swap 

46 SCYCLE I Latch low byte during byte swap read 

47 SDEN I Byte swap data buffer enable 

48 SDTR I Byte swap data direction to swap buffer 

49 ACK I DMA Acknowledge signal to the PCI AT bus 

50 SELDATA I EDATA bus enable 

51 INTA I Interrupt acknowledge 

52 ABHE I High byte enable for MDATA bus 

53 BUFDIS I Disable Buffers when low 

54 OLE I Latch MDATA bus during a read 

55 PLO I Low byte parity bit from DRAMs 

56 PHI I High byte parity bit from DRAMs 

57 ONBRD16 I ONBRD indicates a local DRAM operation 

58 LOWMEG I LOWMEG indicates access of low Mbyte of memory 

59 MASTER I Master on PC bus has control of the bus 

TABLE 2-1. FE3031A PIN ASSIGNMENT INFORMATION 
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PIN# SYMBOL TYPE FUNCTION 

61-64 EDATA(0:7) I/O Peripheral Data Bus for FE3001, 
66-69 FE3010B, RTC and Keyboard controller 

71 SMEMR 0 Low 1 MB Memory Read to PC bus 

72 SMEMW 0 Low 1 MB Memory Write to PC bus 

73 MEMR I/O Memory read to/from AT bus 

75 MEMW I/O Memory read to/from AT bus 

76 YMEMR I/O Memory read to/from FE3001 

77 YMEMW I/O Memory write to/from FE3001 

79 PERROR 0 RAM parity error 

80-82 MDATA (0:15) I/O Memory Data bus 
84-88 
90-93 
95-98 

100 POHI 0 High byte parity bit to the DRAMs 

TABLE 2-1. FE3031A PIN ASSIGNMENT INFORMATION, Continued 
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PIN NO.1 (REF) 

I PIN NO.1 IDENTIFIER 

PIN NO. 25 (REF) /" 

7-6 

u. 
w 
a: 

~ 

DETAIL A 

.035R 

86 DEG. - 89 DEG. 

NOTE: 
ALL DIMENSIONS 
ARE IN MILLIMETERS 

0.005 RAD. TYP 
AROUND ALL CORNERS 

.015 

C/) 

It) c( c( .090 

.070 

FIGURE 2-1.100-PIN PLCC PACKAGING DIAGRAM 
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PC/AT DATA BUS CYCLES 

3.0 PC/AT DATA BUS CYCLES 
This description of the data bus cycles of the 
FE3600B/C PC AT expansion bus includes CPU, 
DMA, and MASTER cycles. The data portion of 
the PC AT expansion bus is a 16-bit wide bus 
divided into two bytes. In general, the low byte 
(DATA[O:7)) is accessed during cycles in which 
the address is even. The high byte (DATA[8:1S]) 
is accessed when the address is odd. During 16-
bit operations, both low and high bytes are ac­
cessed. There are several combinations of byte 
wide, word wide, even and odd addressing. Each 
of these combinations present a unique pattern of 
bus buffer enables and directions. These data 
buffer control states are described in this docu­
ment. 

80286 646 

o ( 0:7 ) A < > B 

SCYCLE CBA CAB 
DTR DIR 
ADRO SBA SAB -
DE NO EN 

0(8:15) 245 
-- -
DEN1 EN 
DTR DIR 

A < > B 

FE3031A 

NOTES: 
Eight bit devices on the PC AT bus are al­
ways on the low byte (DATA[O:7]) of the ex­
pansion bus regardless of address. Sixteen 
bit devices use ADRO and EBHE to distin­
guish between high and low byte transfers. 

In previous ATdesigns, the data buffers on 
the PC AT were inactive during DMA. This 
was due to the on-board DRAM being on the 
system bus. Now that the DRAM is on the 
CPU local bus the data buffers must be 
enabled and directed during DMA opera­
tions. 

A block diagram of the data bus hardware on 
the PC AT board is shown in Figure 3-1. It 
represents the equivalent 74LSXXX circuitry 
for the data buffers contained on the board. 
Signals used in this document are discussed 
in Table 9-1. 

DATA ( 0:7 ) 

LOW 

245 
LOW 

SDEN EN 
SDTR DIR 
,-- B < > A 

DATA ( 8:15 ) 

FIGURE 3-1. PC/AT DATA BUS ARCHITECTURE 
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'646 
EN DENO DIRDTR CBASCYCLE SBAADRO OPERATION 

X X X X LATCHBDATA 
0 0 X 0 A <------B (REAL TIME) 
0 0 X 1 A <------B (LATCHED DATA) 
0 1 X X A ------>B (REAL TIME) 
1 X X X BUFFERS DISABLED 

'245 
OPERATION 
A <------------ B 
A -----------> B 

COMMAND SIGNALS DEFINITIONS 

SO,S1 BUS CYCLE STATUS FROM 286 

MEMR SYSTEM MEMORY READ 

MEMW SYSTEM MEMORY WRITE 

lOR SYSTEM I/O READ 

lOW SYSTEM I/O WRITE 

NPCS NUMERIC PROCESSOR CHIP SELECT 

AO ADDRESS BIT 0 FROM 286 

BHE BUS HIGH ENABLE FROM 286 

HLDA HOLD ACKNOWLEDGE FROM 286 

HLDA1 DMA HOLD ACKNOWLEDGE FROM DMA CONTROLLER 

PROMSL BIOS DECODE FROM MEMORY/IO DECODER 

ONBRD ON BOARD DRAM OR I/O DECODE 

IOCS16 16-BIT I/O DEVICE DECODE FROM EXPANSION BUS 

MEMCS16 16-BIT MEMORY DEVICE DECODE FROM EXPANSION BUS 

MASTER BUS CONTROL SIGNAL FROM BUS MASTER 

DTR DATA TRANSMIT/RECEIVE 

DE NO LOW BYTE DATA ENABLE 

DEN1 HIGH BYTE DATA ENABLE 

SDEN BYTE SWAP BUFFER ENABLE 

SCYCLE LOW BYTE DATA LATCH 

SDTR BYTE SWAP BUFFER TRANSMIT/RECEIVE 

ADRO SYSTEM ADDRESS BIT 0 

TABLE 3-1. SIGNAL DEFINITIONS 
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4.0 CPU CYCLES 
The following cycles represent data cycles under 
CPU control for all devices excluding the on 
board DRAM and the 80287 Math Coprocessor. 
Since the 80287 and on-board DRAM are on the 
local bus, the data bus drivers for the expansion 
bus will be disabled. This is accomplished by set­
ting DENO, DEN1 and SDEN = 1 when ONBRD 
+ IMNIO = 0 or NPCS = O. Note that on-board 1/0 
is indicated by ONBRD + MNIO = o. On-board 
1/0 devices are on the system bus. 

The following cycles are described in this section: 
4.1 16-bit transfer, read from 16-bit device 
4.2 16-bit transfer, write to 16-bit device 
4.3 16-bit transfer, read from 8-bit device 
4.4 16-bit transfer, write to 8-bit device 
4.5 8-bit transfer, low byte read from 8 or 16-bit 

device 
4.6 8-bit transfer, low byte write to 8 or 16-bit 

device 

4.1 16·BIT READ FROM 16·BIT DEVICE 

80286 
& DRAM 646 

D( 0:7) A < B 
DATA ( 0:7) 

245 

B A 

D(8:15) 245 

A < B 
DATA (8:15) 

FE3031A 

4.7 8-bit transfer, high byte read from 8-bit 
device 

4.8 8-bit transfer, high byte write to 8-bit device 
4.9 8-bit transfer, high byte read from 16-bit 

device 
4.10 8-bit transfer, high byte write to 16-bit device 

For all CPU cycles HLDA=O and INTA- =1. In the 
following tables, CS16 indicates that there is a 16-
bit device on the expansion bus. The boolean 
equation for CS16 is: 

CS16 = (MNIO * NMEMCS16) + 
(MNIO * NIOCS16) + NPROMCS 

INPUT 
SIGNALS STATE 

S1 0 

SO 1 

AO 0 

BHE 0 

CS16 0 

CONTROL 
SIGNALS STATE 

DTR 0 

DENO 0 

DEN1 0 

SDEN 1 

SCYCLE X 

SDTR X 

ADRO 0 
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4.2 16-BIT WRITE TO 16-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 1 
SO 0 

AO 0 
80286 646 BHE 0 

0(0:7) A > B 
DATA (0:7) CS16 0 

245 

CONTROL 
B A SIGNALS STATE 

0(8:15) 245 DTR 1 

A > B 
DATA (8:15) 

DENO 0 

DEN1 0 

SDEN 1 
SCYClE X 

SDTR X 

ADRO 0 

4.3 16-BIT READ FROM 8-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 0 

SO 1 

• FIRST CYCLE - LATCH LOW BYTE AO 0 
80286 646 BHE 0 

O( 0:7) A Br-____ ~OA~Th~(~0:7r)- CS16 1 

245 

CONTROL 
B - A SIGNALS STATE 

0(8:15) 245 
DTR X 

DENO X 
'-----I A _ B f----'-__ -=:OA.:;.;TAC-'(..:::.8:1:..::.5!-) 

DEN1 X 

SDEN 1 
SCYCLE 1\ 

SDTR X 

ADRO 0 
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CPU CYCLES 

* Second cycle - Enable latched low byte to 
286 low byte and enable bus low byte to 286 
or 386/SX high byte. 

80286 ~ 

0(0:7) 4---A < B 
DATA (0:7) 

~ 

'---
r-- B < 

A __ 

0(8:15) 
~ 

-

I A B 
DATA (8:15) 

< 

~ 

* SCYCLE must not change from low to 
high during the cycle. 

4.4 16-BIT WRITE TO 8-BIT DEVICE 

INPUT 
SIGNALS STATE 

S1 1 

SO 0 

AO 0 

BHE 0 

CS16 1 

o FIRST CYCLE 
- 8-bit, low byte write to 8-bit or 16-bit device 
- ADRO is driven low during this cycle 
- EBHE is driven high during this cycle 

o SECOND CYCLE 
- 8-bit, high byte write to 8-bit device 
- ADRO is driven high during this cycle 
- EBHE is driven low during this cycle 

INPUT 
SIGNALS 

S1 

SO 

AO 

BHE 

CS16 

CONTROL 
SIGNALS 

DTR 

DENO 

DEN1 

SDEN 

SCYCLE 

SDTR 

ADRO 

ADVANCE INFORMATION 11/14/90 
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4.5 8-BIT, LOW BYTE READ FROM 
8-BIT OR 16·BIT DEVICE 

80286 646. 

0(0:7) A < 6 
DATA (0:7) 

245 

6 A 

0(8:15) 245 

A 6 
DATA (8:15) 

4.6 8-BIT, LOW BYTE WRITE 
TO 8·BIT OR 16·BIT DEVICE 

80286 ~ 

0(0:7) f----o A > 6 
OATA(O:7) 

~ 
-

-6 AI--

0(8:15) ~ 
~ 

I A 6 
DATA (8:15) 

'----

INPUT 
SIGNALS 

S1 

SO 

AO 

BHE 

CS16 

CONTROL 
SIGNALS 

DTR 

DENO 

DEN1 

SDEN 

SCYCLE 

SDTR 

ADRO 

INPUT 
SIGNALS 

S1 

AO 

BHE 

CS16 

CONTROL 
SIGNALS 

DTR 

DEN1 

SDEN 

SCYCLE 

SDTR 

ADRO 
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4.7 8-BIT, HIGH BYTE READ 
FROM 8-BIT DEVICE 

80286 646 

0(0:7) A 6 
DATA (0:7) 

245 

6 < A 

0(8:15) 245 

A < 6 
DATA (8:15) 

4.8 8-BIT, HIGH BYTE WRITE 
TO 8-BIT DEVICE 

80286 646 -

0(0:7) -A 6 
DATA (0:7) 

~ 
-

--+6 > A ---0 

0(8:15) ~ 
~ 

I A > 6 
DATA (8:15) 

'---

INPUT 
SIGNALS 

S1 
SO 
AO 
BHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 
ADRO 

INPUT 
SIGNALS 

S1 
SO 
AO 
BHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 
ADRO 
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4.9 8-BIT, HIGH BYTE READ FROM 16-BIT 
DEVICE 

80286 646 

0(0:7) A B 
OATA (0:7) 

245 

B A 

0(8:15) 245 

A B 
OATA(8:15) 

< 

4.10 a-BIT, HIGH BYTE WRITE TO 16-BIT 
DEVICE 

80286 646 

0(0:7) A B 
OATA(O:7) 

245 

B A 

0(8:15) 245 

A > B 
OATA(8:15) 

INPUT 
SIGNALS 

S1 
SO 
AO 
BHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 
ADRO 

INPUT 
SIGNALS 

S1 
SO 
AO 
BHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENO 
DEN1 
SDEN 
SCYCLE 
SDTR 
ADRO 
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DMACYCLES 

5.0 DMA CYCLES 
The following cycles represent data cycles under 
DMA control for all devices. DMA may be for on 
board DRAM (ONBRD =0) or system memory 
(ONBRD =1). Note that ONBRD decode for on­
board I/O will be disabled during DMA. 

The following DMA cycles are described in this 
section. 

o For on board DRAM (ONBRD = 0) 

5.1 8-bit DMA from even memory address to 
8-bit I/O device .. 

5.2 8-bit DMA to even memory address from 
8-bit I/O device. 

5.3 8-bit DMA from odd memory address to 
8-bit 1/0 device. 

5.4 8-bit DMA to odd memory address from 
8-bit 1/0 device. 

5.5 16-bit DMA from memory to 16-bit 1/0. 
5.6 16-bit DMA to memory from 16-bit 1/0. 

5.1 8-BIT DMA TRANSFER FROM EVEN 
MEMORY ADDRESS TOI 8-BIT 1/0 
DEVICE 

DRAM 646 

0(0:7) A > B DATA 0:7 

245 

B A 

0(6:15) 245 

A B 
DATA (6:15) 

FE3031A 

o For system memory (ONBRD = 1) 

5.7 8-bit DMA from 16-bit memory, odd address to 
8-bit 1/0 device. 

5.8 8-bit DMA to 16-bit memory, odd address from 
8-bit 1/0 device. 

o For all other DMA cycles the data buffers are 
disabled. 

5.9 All other DMA cycles. 

For all DMA cycles HLDA= 1, HLDA 1 =1 and 
MASTER =1. 

INPUT 
SIGNALS STATE 

DMAMR 0 

MEMW 1 

lOR 1 

lOW 0 

ADRO 0 

EBHE 1 

CONTROL 
SIGNALS STATE 

DTR 1 

DENO 0 

DEN1 1 

SDEN 1 

SCYCLE X 

SDTR X 
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5.2 8-BIT DMA TRANSFER TO EVEN MEM­
ORY ADDRESS FROM 8-BIT 1/0 DEVICE 

DRAM 646 

D(O:7) A < B 
DATA(0:7) 

245 

B A 

D (8:15) 245 

A B 
DATA (8:15) 

5.3 8-BIT DMA TRANSFER FROM ODD 
MEMORY ADDRESS TO 8-BIT 1/0 DEVICE 

DRAM 646 

D (0:7) A B 
DATA (0:7) 

245 

D (8:15) 245 

A > B 
DATA(8:15) 

INPUT 
SIGNALS 

DMAMR 
MEMW 
lOR 
lOW 
ADRa 
EBHE 

CONTROL 
SIGNALS 

DTR 
DENa 
DEN1 
SDEN 
SCYCLE 
SDTR 

INPUT 
SIGNALS 

DMAMR 
MEMW 
lOR 
lOW 
ADRa 
EBHE 

CONTROL 
SIGNALS 

DTR 
DENa 
DEN1 
SDEN 
SCYCLE 
SDTR 
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DMACYCLES 

5.4 8-BIT DMA TRANSFER TO ODD MEMORY 
ADDRESS FROM 8-BIT I/O DEVICE 

DRAM 646 

0(0:7) A B 
DATA ( 0:7) 

245 

B < A 

0(8:15) 245 

A < B 
DATA (8:15) 

5.5 16-BIT DMA TRANSFER FROM 
MEMORY TO 16-BIT I/O DEVICE 

DRAM ~ 

0(0:7) f---o A > B 
DATA (0:7) 

~ 

-
- B A-

0(8:15) 245 -
-

I A > B 
DATA (8:15) 

-

INPUT 
SIGNALS 

DMAMR 

MEMW 

lOR 

lOW 

ADRa 

EBHE 

CONTROL 
SIGNALS 

DTR 

DENa 

DEN1 

SDEN 

SCYCLE 

SDTR 

INPUT 
SIGNALS 

DMAMR 

MEMW 

lOR 

lOW 

ADRa 

EBHE 

CONTROL 
SIGNALS 

DTR 

DENa 

DEN1 

SDEN 

SCYCLE 

SDTR 
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5.6 16-BIT DMA TRANSFER TO MEMORY 
FROM 16-BIT 1/0 DEVICE 

DRAM 646 

0(0:7) A < B 
DATA (0:7) 

245 

B A 

D( 8:15) 245 

A < B 
DATA (8:15) 

5.7 8-BIT DMA FROM 16-BIT MEMORY, 
ODD ADDRESS TO 8-BIT 1/0 DEVICE 

DRAM 646 

0(0:7) A _ B t---___ Dc...AT_A-'-'.( 0,-':7) ... 

245 

0(8:15) 245 

A > B 
DATA (8:15) 

INPUT 
SIGNALS 

DMAMR 

MEMW 

lOR 

lOW 

ADRa 

EBHE 

CONTROL 
SIGNALS 

DTR 

DENa 

DEN1 

SDEN 

SCYCLE 

SDTR 

INPUT 
SIGNALS 

DMAMR 

MEMW 

lOR 

lOW 

ADRa 

EBHE 

MEMCS16 * 
PROMSL 

CONTROL 
SIGNALS 

DTR 

DENa 

DEN1 

SDEN 

SCYCLE 

SDTR 
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5.8 8-BIT DMA TO 16-BIT MEMORY, ODD 
ADDRESS FROM 8-BIT I/O DEVICE 

DRAM 646 

0(0:7) A _ B 1--__ -=OAc.:..:TA->-.::( 0.:r:7)'--. 

245 

0(8:15) 245 

L-__ ~A< BI--~_OA_~~(_8:1~5)_ 

5.9 ALL OTHER DMA CYCLES 
(DATA BUFFERS DISABLED) 

DRAM 646 

0(0:7) A B DATA (0:7) 

245 

B A 

0(8:15) 245 

A B 
OATA(8:15) 

INPUT 
SIGNALS 

DMAMR 

MEMW 

lOR 

lOW 

ADRO 

EBHE 

MEMCS16 * 
PROMSL 

CONTROL 
SIGNALS 

DTR 

DENO 

DEN1 

SDEN 

SCYCLE 

SDTR 

INPUT 
SIGNALS 

DMAMR 

MEMW 

lOR 

lOW 

ADRO 

EBHE 

CONTROL 
SIGNALS 

DTR 

DENO 

DEN1 

SDEN 

SCYCLE 

SDTR 
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6.0 BUS MASTER CYCLES 
The following cycles represent data cycles under 
the control of a bus master other than the 80286 
or DMA controller. This condition is indicated by 
hold acknowledge active (HLDA=1) and bus 
master asserted (MASTER = 0). It is assumed 
that the bus master is always a 16-bit device. On­
board DRAM and on-board I/O are distinguished 
by the memory or I/O readlwrite commands. 

6.1 8-BIT BYTE READ FROM MEMORY 

DRAM 
~ 

D( 0:7) r------ A> B DATA(0:7) 

~ 
'----

r- B • A I--

D (8:15) ~ 
'-----. 

I' 
A - B DATA ( 8:15) 

'----

BUS MASTER CYCLES 

Q For on-board DRAM 

6.1 8-bit transfer low byte read from memory 
6.2 8-bit transfer low byte write to memory 
6.3 8-bit transfer high byte read from memory 
6.4 8-bit transfer high byte write to memory 
6.5 16-bit transfer read from memory 
6.6 16-bit transfer write to memory 

Q For system memory and I/O 

6.7 8-bit transfer high byte read from 8-bit system 
memory or I/O 

6.8 8-bit transfer high byte write to 8-bit system 
memory or I/O 

INPUT 
SIGNALS STATE 

MEMR 0 

MEMW 1 

ADRO 0 

EBHE 1 

CS16 1 

CONTROL 
SIGNALS STATE 

DTR 1 

DENO 0 

DEN1 1 

SDEN 1 

SCYCLE X 

SDTR X 
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6.2 8-BIT LOW BYTE WRITE TO MEMORY 

INPUT 
SIGNALS STATE 

MEMR 1 
MEMW 0 

DRAM 646 
ADRO 0 

EBHE 1 
D (0:7) A < B DATA (0:7) 

CS16 1 
245 

B A CONTROL 
D (8:15) 245 SIGNALS STATE 

DTR 0 
A B 

DATA (8:15) 

DENO 0 

DEN1 1 
SDEN 1 
SCYCLE X 

SDTR X 

6.3 8-BIT HIGH BYTE READ FROM MEMORY 

INPUT 
SIGNALS STATE 

MEMR 0 

MEMW 1 

ADRO 1 
DRAM ~ EBHE 0 

D (0:7) f--- A - B DATA (0:7) CS16 1 

~ 
~ 

r- B - A r----
CONTROL 

D (8:15) ~ 
'--- SIGNALS STATE 

I DATA ( 8:15~ DTR 1 
A > B 

- DENO 1 
DEN1 0 

SDEN 1 
SCYCLE X 

SDTR X 
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6.4 8·BIT HIGH BYTE WRITE TO MEMORY 

INPUT 
SIGNALS STATE 

MEMR 1 

MEMW a 

AORa 1 
DRAM ~ 

EBHE a 
0(0:7) _A B DATA (0:7) CS16 1 

~ 

- B - A-
CONTROL 

D (8:15) ~ 
'----

l A < B DATA (8:15) 

SIGNALS STATE 

OTR a 

c..,.-- DENa 1 

OEN1 a 

SOEN 1 

SCYCLE X 

SOTR X 

6.5 16·BIT READ FROM MEMORY 

INPUT 
SIGNALS STATE 

MEMR a 

MEMW 1 

AORa a 

DRAM ~ EBHE a 

0(0:7) r------- A > B OATA(O:7) 
CS16 1 

~ 

- - B - A-

0(8:15) ~ 
-

I A > B 
OATA(8:15) 

CONTROL 
SIGNALS STATE 

OTR 1 
'------ DENa a 

OEN1 a 

SOEN 1 

SCYCLE X 

SOTR X 
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6.6 16-BIT WRITE TO MEMORY 

ORAM 646 
,---

O( 0:7) ~A < B OATA (0:7) 

~ 

'---
- B - A c---

0(8:15) ~ -

l A < B 
OATA (8:15) 

-

6.7 8-BIT HIGH BYTE READ FROM 8-BIT 
DEVICE 

ORAM 646 

0(0:7) A - B f---__ ---"O=AT=A (=0:7TL) _ 

245 

0(8:15) 245 

~--~A _ Bf---~~0~~~A(~8:1~5)~ 

INPUT 
SIGNALS 

MEMR 
MEMW 
ADRa 
EBHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENa 
DENa 
DEN1 
SDEN 
SCYCLE 
SDTR 

INPUT 
SIGNALS 

MEMR * lOR 
MEMW*\OW 
ADRa 
EBHE 
CS16 

CONTROL 
SIGNALS 

DTR 
DENa 
DEN1 
SDEN 
SCYCLE 
SDTR 
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6.8 8-BIT HIGH BYTE WRITE 
TO 8-BIT DEVICE 

DRAM 646 

0(0:7) A _ B~ ____ ~0~~~A(~0:7r)~ 

245 

0(8:15) 245 

'--__ ---j A _ B ~-,--__ -=OA=TA,,-,(=8:1=5)e-

7.0 ABSOLUTE MAXIMUM RATINGS 
Ambient Temperature. (operating) ....... 0· to +70·C 

INPUT 
SIGNALS 

MEMR * lOR 

MEMW*IOW 

ADRO 

EBHE 

CS16 

CONTROL 
SIGNALS 

DTR 

DENO 

DEN1 

SDEN 

SCYCLE 

SDTR 

Storage Temperature ....... ~ ....... , .40· to + 125·C 
Voltage on any pin to grol!nd ........... +7V 
Power Dissipation .................... 400 mW 
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DC CHARACTERISTICS FE3031A 

8.0 DC CHARACTERISTICS 

SYMBOL PARAMETER MIN MAX UNIT TEST CONDITION . 

VIL Input LOW Voltage 0.8 V 

VIH Input HIGH Voltage 2.0 V 

IOL LOW V Output Current 1 4 rn VOL = 0.4V 

IOH HIGH V Output Current' -4 rnA VOH = 2.4V 

IOL LOW V Output Currenf 6.4 rnA VOL = O.4V 

IOH HIGH V Output Current~ -6.4 rnA VOH = 2.4V 

.Voo Supply Voltage 4.75 5.25 V 

TABLE 8-1. DC CHARACTERISTICS 

Notes: 
1. Output currents are for D(0:15), EDATA(0:7), MEMR, YMEMW, PERROR 
2. Output currents are for DATA(0:15), MDATA(0:15), MEMR, MEMW, SMEMR, SMEMW, POLO, PHI 
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9.0 AC CHARACTERISTICS 

SIGNAL PATH PROP DLY (MAX)1 UNIT NOTES 
16 MHz 20 MHz 

D(0:7) from DATA (0:7) 22 22 ns 
MDATA(0:7) 20 20 ns 
ADRO 30 30 ns 
BUFDIS 30 30 ns 
ONBRD16 30 30 ns 1 
YMEMR 30 30 ns 
DENO 30 30 ns 
DATA (8:15) 40 40 ns 
EDATA(0:7) 40 40 ns 
NSDEN 50 50 ns 
SDTR 50 50 ns 

D(8:15) from DATA (8:15) 22 22 ns 
MDATA (8:15) 20 20 ns 
ABHE 30 30 ns 
BUFDIS 30 30 ns 
ONBRD16 30 30 ns 
YMEMR 30 30 ns 1 
DEN1 30 30 ns 
DATA (0:7) 40 40 ns 
EDATA(0:7) 40 40 ns 
NSOEN 50 50 ns 
NSDEN 50 50 ns 

DATA (0:7) from D(0:7) 22 22 ns 
D(8:15) 40 40 ns 
DATA(8:15) 22 22 ns 
EDATA(0:7) 22 22 ns 
SDEN 30 30 ns 
DENO 30 30 ns 
INTA 30 30 ns 1,2 
SELDATA 30 30 ns 
MDATA(0:7) 40 40 ns 
MDATA(8:15) 60 60 ns 
SDTR 30 30 ns 
NSDEN 30 30 ns 

Setup Time from SCYCLE 07 07 ns 
Hold lime from SCYCLE 05 05 ns 
DATA (8:15) from D(8:15) 22 22 ns 

DATA (0:7) 22 22 ns 
DEN1 30 30 ns 1,2 
MDATA(8:15) 40 40 ns 

TABLE 9-1. AC CHARACTERISTICS 
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SIGNAL PATH PROP DLY (MAX)1 UNIT NOTES 
16 MHz 20 MHz 

DATA(8:15) continued 
NSDEN 30 30 ns 1,2 
SDTR 30 30 ns 

EDATA (0:7) from DATA(0:7) 36 36 ns 
D(0:7) 36 36 ns 
D (8:15) 36 36 ns 
INTA 40 40 ns 1 
SELDATA 40 40 ns 
NSDEN 40 40 ns 
SDTR 40 40 ns 

YMEMWfrom MEMW 33 33 ns 
MASTER 40 40 ns 

YMEMRfrom MEMR 33 33 ns 1 
MASTER 40 40 ns 

MEMWfrom YMEMW 20 20 ns 
MASTER 30 30 ns 1 
ONBRD16 30 30 ns 

MEMR from YMEMW 20 20 ns 
MASTER 30 30 ns 1 
ONBRD16 30 30 ns 

SMEMWfrom YMEMW 20 20 ns 
MASTER 30 30 ns 1 
ONBRD16 30 30 ns 

SMEMRfrom YMEMW 20 20 ns 
MASTER 30 30 ns 1 
ONBRD16 30 30 ns 

PERROR from MDATA(0:15) 30 30 ns 
PLO 40 40 ns 
PHI 40 40 ns 1 
ADRO 40 40 ns 
ABHE 40 40 ns 

POLO from D(0:7) 19 19 ns 1 

POHI from D(8:15) 19 19 ns 1 

MDATA (0:7) from D (0:7) 18 18 ns 
ADRO 27 27 ns 
ONBRD16 30 25 ns 1 
YMEMR 30 30 ns 
DLE 30 30 ns 
DATA(0:7) 40 40 ns 
DENO 50 50 ns 

TABLE 9-1. AC CHARACTERISTICS, Continued 
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SIGNAL PATH PROP DLY (MAX)1 UNIT NOTES 
16 MHz 20 MHz 

MDATA(0:15) 
PLO, PH1 Setup Time from NDLE 05 05 ns 
PLO, PH1 Hold Time from NDLE 05 05 ns 

MDATA(8:15) from D(8:15) 18 18 ns 
ABHE 27 27 ns 
ONBRD16 30 25 ns 
YMEMR 30 30 ns 1 
DATA(0:7) 40 40 ns 
DATA (8:15) 40 40 ns 
DLE 30 30 ns 

TABLE 9-1. AC CHARACTERISTICS, Continued 

Notes: 
1. Prop delays are for 75 pf load. 
2. Add 8 ns for 200 pf load. 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 

The low-power CMOS WD16C451/WD16C551 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 
WD16C451/WD16C551 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. 

1.2 

WD16C4511WD16C551 

FEATURES 

Fully programmable serial interface charac­
teristics including: 

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

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

- 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 

Vss 
DBO 
DB' 
DBI 

DB5 
DB6 
OB7 21 

98765432'~~~~M~~~ 

• 
INT2IiNi'2" 
SiJN 
iNiT 
AFii 
Fe 

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. 

i'XR1iYo' 

Vss 
PDQ 
PD' 
PD2 
PD3 
PD4 
PD5 
PD6 
PD7 
INTQ 
BDO 
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Vee 
RTSO 
iiTRo 

* INTERNAL NO CONNECTS FOR 
WD16C451116C451A/16C451 B, RXRDYO 

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

WD16C551116C451B. 

Figure 1. S8-Pin Quad 
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Complete status reporting capabilities 

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

Programmable baud rate generator and 
MODEM control signals 

Fu"y prioritized independent interrupt system 
controls 

CMOS implementation for high-speed, low­
power requirements 

68-pin QUAD package 

AVAILABLE VERSIONS 

WD16C451 with: 

8-2 

- Centronics (PC/AT) compatible bidirectional 
parallel port for direct printer interface 

11/15/90 
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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 
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ACE 1 -----------------------------

AO 

A1 

A2 

lOW 

lOR 

CLKlXTAL1t 

XTAL2t 

MR 

BDO 

--------- .. 
~ 

SELECT 
AND 

CONTROL 
LOGIC 

CSo_ 
ACE 

TXRDYO*.....- SELECT & 

RXADYO*.....-
CONTROL 

LOGIC 

~ 

I 
I 

I RCVRtt L I RCVR SHIFT 
I 
I 

I REGISTER I I REGISTER 
I 

• I 
I 
I 
I 
I 
I 
I 
I 
I 

J XMTtt I J XMTSHIFT I 
I 
I 

I REGISTER I I REGISTER I I 

.~ 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
MODEM 

CONTROL I 

I 
I 

I 
I 
I 

----------------------- ______ 1 

DATA 
00·07 <:=:> BUS 

BUFFER 

ERR _ 

PARALLEL SLCT_ 
PORT 

BUSY_ SELECT 

PE_ AND 
CONTROL 

~INIT AcK_ LOGIC 

BIDEN -----. r--- AFo 
CS2_ PARALLEL f----STB PORT 

~SUN 
~ INT2IINT2 ** 

(.) TXRDYO and RXRDYO for WD16C551 only. 
( •• ) INT2 for WD16C451/16C451A, INT2 for WD16C551/16C451B. 
(t) ClK for IND16C451/16C551 , XTAl1 and XTAL2 for WD16C451A/16C451B. 
(tt) 16-by1e FIFO buffers for WD16C551. 

Figure 2. WD16C451/wD16C55A Block Diagram 
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2.0 SERIAL CHANNEL REGISTERS 

2.1 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 AD 
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, 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 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 
HoldinQ ReQister (write) 

Interrupt Enable ReQister 
Interrupt Identification ReQister (read only) 

FIFO Control ReQister (write only) 

Line Control ReQister 

MODEM Control ReQister 
Line Status ReQister (read only) 

MODEM Status ReQister 

Scratch Pad ReQister 
Divisor Latch Register (least significant byte) 

Divisor Latch Register (most significant byte) 

Table 2-1. Register Addressing 

8-4 11/15/90 
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3.0 ACE OPERATIONAL DESCRIPTION 

3.1 MASTER RESET 3.2 ACE ACCESSIBLE REGISTERS 

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

The system programmer has access to any of the 
registers as summarized in Table 3-2. 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 Data 

Transmitter Holdino Reoister 
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 HiOh 
MODEM Status Register Master Reset Bits 0-3 Low, 

Bits 4-7 at Input Signal 
Divisor Latch (low order byte) Writing into the Latch Data 
Divisor Latch (high order byte) Writing into the Latch Data 
SOUT Master Reset High 

BOO BOO = RCLK • lOR High 
(At Master Reset, the CPU 
sets RCLK and lOR = Low 
when device is selected.) 

INTO (RCVR ERRS) Master ReseVRead LSR Low 
INTO (RCVR DATA READY) Master ReseVRead RBR Low 
INT2 (WD16C451IWD16C451A) Master ReseVACK (High] Low 
INT2 (WD16C5511WD16C451B) Master ReseVRead PPSR HiOh 
RTS Master Reset High 
DTR Master Reset High 
RCVR FIFO Counter MR or FCR1 • FCRO or AFCRO All Bits Low 
(WD16C551 Only) 

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

FIFO CONTROL (WD16C551 only) Master Reset All Bits Low 
07 - 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 3-1. Reset Control of Registers and Pinout Signals 
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Register Address 
o DLAB=O o DLAB=O 1DLAB=0 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 Bit 0 FIFO Select Bit 
Holding (IIDBO) Reset 1 (WLS1) 
Register (RFR) 
Empty 
Interrupt 

I (ETBE!) 

2 Data Bit 2 Data Bit2 Enable Interrupt Transmitter Number of 
Receiver 10 Bit2 FIFO Stop Bits 
Line Status (IIDB2) Reset (STB) 
Interrupt (TFR) 

I (ERLSI) 
3 Data Bit 3 Data Bit 3 Enable Interrupt DMA Parity 

MODEM 10 Bit 3 Mode Enable 
Status (IIDB3) • Select (PEN) 
Interrupt 

I(EDSSI) 
(OMS) 

4 Data Bit4 Data Bit4 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 

I (FERO) I (RTMSB) I (DLAB) 

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

Table 3·2. Accessible WD16C451IWD16C551 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) JDCTS) 

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) (PEl Indicator 

I (TER!) 

3 Interrupt Framing Delta Bit3 Bit 3 Bit 11 
(Int) Error Receive 

(FE) Line Signal 
Detect 

I (DRLSD) 

4 Loop Break Clear to Bit 4 Bit4 Bit 12 
Interrupt Send 

I(BI) I (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 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 3·2. Accessible WD16C451/WD16C551 Registers (Contd) 
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3.3 LINE CONTROL REGISTER 

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

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

Bit 2: T.his 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 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 OPERA TlONAL 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 th~ 
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. 

8-8 11/15/90 
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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 3-3. 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 3-4. 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 3-5. Baud Rates Using 80.0 MHz Clock 
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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 FI FO 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 Re.ceiver 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 Regi$ter. 

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. 

Bit 3: This 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 bit is detected as a zero bit (Spacing Level). 

WD16C4511WD16C551 

When in FIFO Mode, an FE 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. 

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 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 
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 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. 
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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 
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. 

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 

ACE OPERATIONAL DESCRIPTION 

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) 

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 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 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 II R 
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 3-6. 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 
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 0 
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 
10gicO. 

3.8 SCRATCH PAD REGISTER 

This 8-bit register does not control or report status 
on any part ofthe ACE. It is a readlwrite register that 
can be used by the programmer to 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 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 FI FO 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 
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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Receiver Line Status INT -----, 

Receive Data INT 

Time Out INT -~==~ 
THRE INT 

MODEM INT -----I 

Loopback (MCR4) ----0 

INT Enable (MCR3) -----I 

WD16C4511WD16C551 

INTO 
or 

INT1 

Figure 3. Interrupt Signal Logic 

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 Re~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 
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 
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 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
troll nterrupts are also operational but the 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 
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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. Besides this information, four 
bits of the MODEM Status Register provide change 
information. These bits are set to a 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 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 Ringjndicator 
(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 ofthe 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. 

5.1 FIFO INTERRUPT MODE OPERATION 
NOTES 

When FCRO=1 and IERD=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 read from the FIFO 
buffer has exceeded 4 continuou,s 
character times. 

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

2. When the HCVR 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. 

5.2, '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 
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. 
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5.3 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 

W016C451IW016C551 

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 PARALLEL PORT DESCRIPT.ION 

The parallel port supports Centronics-type printers. 
When CS2 is low, the para:llel port is selected 
allowing access to all parallel port control an9 status 
registers. (Refer to Tables 6-1 and 6-2.) 

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 

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 6-2. 

Read Control Register 
Bits 0 through 3: These bits show the status 
of the corresponding pins. Refer to Table 6-2. 

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

A1 AO lOR lOW REGISTER 
0 0 0 1 Read Data 
0 1 0 1 Read Status 
1 0 0 1 Read Contro! 
1 1 0 1 Invalid 
0 0 1 0 Write Data 
0 1 1 0 Invalid 
1 0 1 0 Write Data 
1 1 1 0 Invalid 

Table 6·1. 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 Bit3 Error Slin Slin Data Bit3 
4 Data Bit4 Sict Irq Enb Irq Enb Data Bit4 
5 Data Bit 5 PE 1 DIR • Data Bit 5 
6 Data Bit 6 Ack 1 1 Data Bit 6 
7 Data Bit7 Busy 1 1 Data Bit 7 

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

Table 6-2. 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. 

Write Control Register 

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 6-3. 

Port Mode Port Direction 
Extended Write 

Extended Write 
Extended Read 

Compatible Write 

Compatible Read 

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. 

Pin 1 Biden Direction Bit 
1 0 
0 X 
1 1 

0 N/A 

1 N/A 

Table 6-3. 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 HiQh Impedance 

SUN Master Reset HiQh 

INIT Master Reset Low 

AFD Master Reset HiQh 

STB Master Reset High 

Table 6-4. Registers/Signals Parallel Port Reset Control 
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7.0 TYPICAL APPLICATIONS 

Figures 7-1 and 7-2 show how to use the ACE devices in a 80286 system and in a microcomputer 
system with a high-capacity data bus. 

8-20 

ss 

OCOMPUTER MICR 
SYST EM 

ss 

lOW RECEIVER DISABLE 

iow 

r - - - - - - -------
I WDl6C4521552 

I 
~ I I 

I I 
DATA BUS DATA BUS 

I 07·00 

I I 

I I 
I 'tJ I 
I I .. - - - -- - - -- ---.I 

a-BIT BUS 
TRANSCEIVER 

BOO 

DRIVER DISABLE 

Figure 4. Typical Interface for a High-Capacity Data Bus 
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8.0 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 

Temp. Range: O°C (32°F) to +70°C (158°F) 

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 Tolerance: ± 0.01 % 
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Vee 

DRIVER 
EXTERNAL 
CLOCK XTAU 
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DRIVER TO BAUD 
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CLOCK LOGIC 
OUTPUT XTAL2 

I~I 

XTAU 

~I 
TIMING MIN UNITS 

tXH 100 nsec 
tXL 115 nsec 

Figure 6. External Clock Input (8.0 MHz 
Maximum) 
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XTAL1 
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I C2 

--

Crystal R1 

8.0 MHz 1MOhm 

3.1 MHz 1M Ohm 

1.8 MHz 1MOhm 

WD16C4511WD16C551 

WD16C451AJ16C451B 

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 7. Typical Crystal Oscillator Network 
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APPENDIX A 
A.O PIN DESCRIPTIONS 

Figure A-1 illustrates the 68-Pin QUAD assembly. Table A-1 lists all pin designations. 

+- +-
"'~ • ...J...J 

I~ . ~ ~ ~ XX ~::.::~ ..... a: 
x ~ ~ m iJ g 8 gJ 910 W ::> g 81a: 18 gJ 
~»»u»m<~moo>w» 

2 1 6867666564636261 

N.C • 
NC 
NC 
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DBO 

DB1 
DB2 

DB3 
DB4 

DBS 
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DB7 
TXRDYO' 

Vee 
RTSO 
DTRO 

SOUTO 

~1~IOI21010 ~ ~ °1~1~1"'1~ g 0 ~ ~ > Q~~OO «oOoow>~» 
t;~ ~o --Offi en 
~ ~ 

• INTERNAL NO CONNECTS FOR WD16C451/16C451A116C451 B RXRDYO 
(PIN 9), AND TXRDYO(PIN 22) FOR WD16C551 . 

•• INT2 FOR WD16C451/16C451AAND INT2 FORWD16C551/16C451B. 
+ PIN 41S ClK, PIN 5 IS Vss FOR WD16C451/16C551. PIN 41S XTAl1, PIN 

51S XTAl2 FOR WD16C451A116C451B. 

NC 
INT2IiNi'2" 

SUN 
iNiT 
AF5 
STB 

Vss 
PD~ 

PD1 
PD2 

PD3 
PD4 
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PD6 

PD7 
INTO 
BDO 

PIN DESCRIPTIONS 

Figure A-1. WD16C4511WD16C551 68-Pin QUAD Assembly Pin Designations 
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PIN MNEMONIC SIGNAL NAME FUNCTION 
NUMBERS 

1 BIDEN Bidirectional Input signal in WD16C451/16C451 A when low 
enable enables the parallel 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 
WD16C551/16C451B works 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 System signal ground. 
43,54,61,62 
3,23,40,64 Vcc Power Supply +5V power supply. 
WD16C451/16C551 : 
4 ClK (Times 1) Clock Input External clock input. 

5 Vss Ground System signal ground. 
WD16C451A116C551B: 
4 XTAll External Clock In Connects the crystal to the ACE baud rate 

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

Out 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=l) with FCR3=0, 
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 buffer (FIFO Mode), or 
holding register (Character Mode) is empty. 

Mode 1: In FIFO Mode (FCRO=l) 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. 

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

Table A·1. Pin Descriptions 
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PIN MNEMONIC SIGNAL NAME FUNCTION 
NUMBERS 

10-12 NC No connection Internally not connected. 
14-21 DBO-DB7 Data Bits Tri-state, bidirectional communication lines be-

tween the internal registers and Data Bus. DO 
is the LSB and the first serial transmitted or 
received bit. 

22 TXRDYO· Transmitter Transmit ready output is used to signal. DMA 
Read~ transfer to the CPU from the ACE. Two modes 
FIFO Contra 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=O, TXRDY 
will be active (low) if there are no characters in 
the Xmit FIFO buffer (FIFO Mode) or Xmit hold-
ing 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. This 
value is reflected in bit 1 of the MODEM Control 
Register. 

25 DTRO Data Terminal Output when low informs the MODEM or data 
Ready set that the ACE is ready to receive. This value 

is reflected in bit 0 of the MODEM Control 
Register. 

26 SOUTO Serial Data Transmitted Serial Data Out to the communica-
Output tion 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. 

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

Table A·1. Pin Designations (Contd) 
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PIN MNEMONIC SIGNAL NAME FUNCTION 
NUMBERS 

29 RLSDO Received Line IInput from the DCE indicating that the ACE is 
Signal Detect 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 com-
munication link indicates that it is ready to 
exchange data with the ACE. Bit 5 of the as-
sociated MODEM Status Register reflects the 
DSR looical state. 

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

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

36 lOW In~ut/Out~ut Input when active (low), causes data from the 
Write Strobe 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 Input active (low) will display data from the 
Read Strobe selected internal register on the data bus DBO-

DB7. The chip select line determines 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 In- Received Serial Data Input from the com-
puts munication link to the ACE. Data on the serial 

data inputs are disabled when exercising loop-
back mode, and internally connected to their 
respective SIN lines. 

Table A·1. Pin Descriptions (Contd) 
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PIN MNEMONIC SIGNAL NAME FUNCTION 
NUMBERS 

44 BDO Bus Buffer Output goes active when either the serial chan-
Output nel or the parallel port is serial channel or the 

parallel port is selected as an output. BDO is 
used to control the system bus driver device 

I (74LS245). 

45 INTO Serial Channel Tri-state output (enabled by bit 3 of MCR) goes 
Interrupt 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 Output line, when active, provides the line 
Strobe printer with a signal to latch the data currently 

on the parallel port. 
56 AFDt Line Printer Output line, when active, provides a signal for 

Autofeed the line printer to autofeed continuous form 
paper. 

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

58 SLiNt Line Printer Output line, when active (low), selects the 
Select printer. 

59 INT2!1NT2tt Interrupt Printer Tri-state output enabled by bit 4 of WCR. For 
Port the WD16C451/16C451A, INR,ru>es active 

high on the rising transition of ACK and reset 
(low) on the falling transition of ACK. For the 
WD16C551/16C451B, INT2goes active low on 
the rising edge of ACK. INT 2 is reset (high) on 
the rising edge of lOR, when reading the paral-
lel port status register. 

60 NC No connection Internally not connected. 

63 ERR Line Printer Error Input line from the line printer, informs the paral-
lel 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-uj2L 
. (tt) This pin is INT2 fro WD16C451/16C451Aand INT2 for WD16C551/16C451B. 

Table A-1. Pin Descriptions (Contd) 
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PIN DESCRIPTIONS WD16C451/wD16C551 

PIN MNEMONIC SIGNAL NAME FUNCTION 
NUMBERS 

65 SLCT Line Printer Input from the line printer that goes high when 
Select 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 Input from the line printer goes high when the 
Paper Empty printer is out of paper. 

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

WD16C451/16C551 to the printer was suc-
cessful. 

Table A-1. Pin Descriptions (Contd) 
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APPENDIX B 

B.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 WD16C451IWD16C551 ........ 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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WD16C451IWD16C551 
TEST 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 
Vilx Clock Input Low Voltage -0.5 0.8 V 
Vihx Clock Input High Voltage 2.0 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 = 4.0 mAon OBO-OB7. 
101 = 24 mA on POO-P07. 
101 = 20 mA on INIT, STB, 
SUN, AFO 
(NOTE). 
101 = 2.0 mA on other outputs. 

Voh Output High Voltage 2.4 V loh = 4.0 mA on 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 60 mA Vcc = 5.25V, no load~ 
outputs: SINO, SIN1, OSRO, 
OSR1, RLSOQ.J!LS01, 
CTSO, CTS1, RIO, RI1 = 2.0V. 
Other inputs = 0.8V. 
Baud Rate = 512K. 
BRG =8MHz. 

Iii Input Leakage iB10 uA Vcc = 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, 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 SUN, 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 mAo The internal pull-ups generate 2.0 
mA of internal 101. 

Ta = O°C (32°F) to = 70°C (158°F), Vcc = +5V±5%, Vss = OV, unless otherwise specified. 

Table B-1. DC Operating Characteristics 

11115190 8-31 



WD16C4511WD.16C551 DC OPERATING CHARACTERISTICS 

WD16C4511WD16C551 
TEST 

SYMBOL CHARACTERISTIC TYP 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 (77'F), f = 1.0 MHz, Vee = Vss = OV 

Table B·2. Capacitance 
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APPENDIXC 

C.o AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

Ta = O"C (32"F) to + 70"C (15S"F), Vss = +5V ±5% 

TIMING DIAGRAMS 

FIGURE NUMBER TITLE 
C-1 Receiver Timina 
C-2 Transmitter Timing 
C-3 MODEM Control Timing 
C-4 Read Cycle Timing 
C-5 Write Cycle Timing 
C-6 RCVR FIFO Signaling Timing for First Byte 
C-7 RCVR FIFO Signaling Timing after First Byte (RBR already set) 
C-S Receiver DMA Mode 0 Timing (FCRO = 0 or FCRO = 1 and FCR3 = 0) 
C-g Receiver DMA Mode 1 Timing (FCRO = 1 and FCR3 = 1) 
C-10 Transmitter DMA Mode 0 Timing (FCRO = 0 or FCRO = 1 and FCR3 = 0) 
C-11 Transmitter DMA Mode 1 (FCR3 = 1) 
C-12 Parallel Port Timing 
C-13 WD16C451IWD16C451A Parallel Port Input Timina 
C-14 WD16C551IWD16C451 B Parallel Port Input Timina 

Table C-1. WD16C4511WD16C551 Timing Diagrams 
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RCLK 

SAMPLECLK 

SIN (RECEIVER 
INPUT DATA) 

SAMPLECLK 

~55---u---55-U-

-I'" I 16CLKS -\ 

... I .. SCD 55 ------,U LJ 
... 

I 
8CLKS 

PARITY STOP 

I I 55-

-----.,.--------J---r"~ 551 
iOR 1 .... iIRINT 1'::--

(READ REC 
DATA BUFFER) 

INTERRUPT 

NOTE: 

1 See Read Cycle Timing' 

Figure C-1. Receiver Timing 

VVD16C451~D16C551 

SYMBOL CHARACTERISTIC MIN MAX UNITS TEST CONDITIONS 
tSCD Delay from RCLKt to 2 j..ls 

Sample lime 
tSINT Delay from 17· RCLKt 100 pF Load 

Stop to Set Interrup Cycles 
tRINT Delay from lOR 1 j..ls 100 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 C-2. Receiver Timing 
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SERIAL OUT 
(SOUT) 

NOTES: 

1 See Write Cycle TIming 
2 See Read Cycle TIming 

Figure C-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 I nterrujlt Cycles 

tSTI Delay from Stop to 8 8 TCLKt Clock 
Interrupt trHRE) Cycles 

tlR Delay from lOR 250 ns 
(RD IIR to Reset 
Interrupt (THRE) 

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

twx I Delay from Write to 0 300 ns 
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 C-3. Transmitter Timing 

11115190 
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TEST CONDITIONS 
100 pF Load 

100 pF Load 
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jOwl 

(WRMCR) \ 3.oot \ -1 J-'.oo RTS,5TR 

CTS, OSR, RLSO i t \ \ 
INTR 

~ltSIM .- I~ ... tRIM'-I~ ~ .-
IOR2 tRIM 

(RO MSR) 

~ ~ } Ai 
NOTES: \ 
1 See Write Cycle Timing 
2 See Read Cycle Timing 

Figure C-3. MODEM Control Timing 

WD16C451IWD16C551 
SYMBOL CHARACTERISTIC MIN MAX UNITS TEST CONDITIONS 

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

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

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

Table C-4. MODEM Control Timing 
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.~~---------------------RC----------------------~ •• 

BOO 

DATA 

~-~ 

Figure C-4. Read Cycle Timing 

I~. __ ------------------------WC------------------------~" ·1 
V 

J 

.-
X VALID I X 

IWC • 
lOW 

I
DOC ---------t .. I~ ~I~ 

-----------------------------{- ''OW --f------------------
\.-- IDS ~I~I 

-------------------------------« VALID DATA )>--------------DATA 
q,- Dr 

Figure CoS. Write Cycle Timing 
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WD16C451IWD16C551 
SYMBOL CHARACTERISTIC MIN MAX UNITS TEST CONDITIONS 

tDIW lOR Strobe Width 125 ns 1 TIL Load 
tRC Read Cycle Delay 125 ns 1 TIL Load 

RC Read Cycle = 280 ns 1 TIL Load 
tOlC +tOIW + 
tRC + 20 nsec 

tDD lOR to Driver 60 ns 1 TIL Load 
Enable (BDO) Delay 

tDDD Delay from lOR 100 ns 1 TIL Load 
to Data 

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

tDOW lOW Strobe Width 100 ns 1 TIL Load 

twc Write Cycle Delay 150 ns 1 TIL Load 

WC Write Cycle = 280 ns 1 TIL Load 
+ tDOC + tDOW 
+ !WC + 20 nsec 

tDS Data Setup Time 30 ns 1 TIL Load 
tDH Data Hold lime 30 ns 1 TIL Load 
tOIC lOR DELAY from 30 ns 1 TIL Load 

Select or Address 
tDOC lOW Delay from 30 ns 1 TIL 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 TIL Load 
Select Hold lime 
from lOR 

tMR Master Reset Pulse 5.0 Ils 1 TIL Load 
Width 

tXH Duration of Clock 55 ns 1 TIL Load 
HIGH Pulse 

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

Table C-5. Read/Write Cycle Timing 

8-38 11/15/90 



AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS WD16C4511WD16C551 

SERIAL IN 
(SIN) 

SAMPLE CLK 

ss~ ~'---L.I ___ D_A_TA_(:....5-....:B)_:SS~ STOP: START 
-~ 

_~I--~--~~--SS-~--~~--~~---
FIFO TRIGGER 

LEVEL INTERRUPT 
FCR6 = 0, FCR? = 0 

LSINT 

-----------------I .. ---~~S5 t RINT ... ~ 
______________ ~ __ ~/ L I~ 

lOR 
(RDLSR) 

lOR 
(RDRBR) 

SERIAL IN 
(SIN) 

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

Figure C-S. RCVR FIFO Signaling Timing For First Byte 

~ r------ss 
\.I--LI ___ D_A_TA....:(_5-B...:..) -55 

SAMPLE CLK --,-I ---'---'----'----ss-----'---'----'I----'------'-I---

FIFO TRIGGER 
LEVEL INTERRUPT 

FCR6 = 0, FCR? = 0 :-'~-I· 
LSINT - - - - - - - - - - - - - - - - - - _" '--_____ -'tA'r-T-OP-B-Y-TE-O-F-F-IF-O~\.'--_t_---

lOR _-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-____ +-~_t_SI_NT_~___':1_-__,.- ~1~T~lr--l-~__I----
(RDLSR) PREVIOUS ACTIVE .J 

lOR 
(RDRBR) 

BYTE READ 
______________ ,FROM FIFOIr-----------~, 

Figure C-7. RCVR FIFO Signaling Timing After First Byte 
(RBR Already Set) 
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8-40 

lOR 
(RDRBR) 

SIN 

SAMPLE ClK 

RXRDY 

lOR 
(RDRBR) 

SIN 

SAMPLECLK 

RXRDY 

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

FIFO 

(FIRST BYTE) 

=x 'AA~ r=T==O::-p T: -"""'~ 

Figure CoS. Receiver DMA Mode 0 Timing 

(FCRO = 0 or FCRO = 1 and FCR3 = 0) 

LAST BYTE 
--------55---------IRE~!~OM;____ 

~ 
( FIRST BYTE TO ) 

REACH TRIGGER lEVEL 

PARITY STOP 

Figure Cog. Receiver DMA Mode 1 Timing (FCRO=1 and FCR3=1) 
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lOW 
(WRTHR) 

SOUT 

TXRDY 

lOW 
(WRTHR) 

SOUT 

TXRDY 

BYTE 9 
DATA I ~ 

twxl--.l 1- tSXA --. 

Figure C-10. Transmitter DMA Mode 0 Timing 

(FCRO = 0 or FCRO = 1 and FCR3 = 0) 

LAST BYTE 

9 
DATA I ~ 

twxl--.l 1- t SXA --' 

START 

1-

START 

1-
Figure C-11. Transmitter DMA Mode 1 (FCRO = 1 and FCR3 = 1) 
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CS2 -----____, -----

-1----v1..----A rt 1~2 r.-. R\ 
----~ I 

~tDoc~1 t 

BIDEN J ..... tDIC I.... "'1 WD I·x 
'l.--tHD~1 

PDO-PD?, ~ t LPD I .. .:-__________ ---.:I_ .... ~_.:tp_.:D~H:_..-.._.:_, I ~------____, 
S~~~,I~~~ ----« I I I X I >-

-I '.... I- t- 'oow -j- ',cw_1 

------------,Jl------ :~DI-W---.-J;-~ .. ~~~--tA-C-R-~---I------lOR 

ACK 

BUSY 

INT2IINT2 

_______________________________ ~ __ ~I ___ tD_~I~~~~-------------
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t t DII 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 C-12. Parallel Port Timing 
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INT2 

NOTE: INT2 is driven both high and low. 

Fig. C-13. WD16C451/WD16C451A Parallel Port Interrupt Timing 

FA 
(Reading PPSR) 

\ 

\ 

-{.~t-
NOTE: INT2 is open collector. is driven low only. 

1 
-I t'''' 

Fig. C-14. WD16C551IWD16C451 B Parallel Port Interrupt Timing 
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WD16C451IWD16C551 

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 High to PDO-PD?, 1 j.ls 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 PDO-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 lime from lOW 
tACR Chip Select and Address 20 ns 

Hold lime from lOR 
tBSA BUSY Start to ACK ms Printer Dependent 
tBSY BUSY Width Ills Printer Dependent 
tAK ACKWidth IllS 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 

tDII lOW high to INT2/1NT2 0 100 ns 1 TIL Load 
Tri-state 

Table C-6. Parallel Port Timing 
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APPENDIX D 
0.0 PACKAGE DIAGRAM 

Figure D-1 illustrates the 68-Pin QUAD plastic package showing dimensions in inches . 

... 0.075 
1.905 

8 PLCS 

1 .. ______ 0.985/0.995 _____ _ 
25.019/25.273 

ceP1N NO. 1 1.0. 

0.022 

t=~~~~~==ltO.558 

OPTION C 

OPTION 
--A-

Figure 0·1. 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 of 512K with a clock frequency of 8.0 MHz. 

(t) The FIFO mode of operation and PS/2 compatible 
parallel port are not available in the WD16C452. 
(*)AII trademarks mentioned herein belong to their 
respective companies. 

1.2 FEATURES 

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

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

• Loopback controls for communications link 
fault isolation for each ACE 

WD16C4521WD16C552 

• 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 

• Programmable FIFO threshold levels of 1, 4, 
8, 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 

9 8 7 6 5 4 3 2 1 6867666564636261 

• 

• INDICATES INTERNAL NO CONNECTS ON WD16C452 . 
.. INT2 FOR WD16C452 AND INT2 FOR WD16C552. 

Figure 1. S8-Pin QUAD 

P07 
INTO 
BOO 
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1.3 GENERAL 

The WD16C4521WD16C552 is a dual ACE, plus a 
bidirectional parallel port. The two ACE's perform 
parallel-to-serial cpnversion 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. 

INTRODUCTION 

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 trans~it 
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 

A' 

A2 

lOW 

iOR 
ClK 

MR 
BOO 

00-07 

=: 
=: 
=: --

<:=::: 

NO TE: 

SELECT 
AND I--CONTROL 

lOGIC 

DATA 
BUS 

BUFFER 

CSO_ 
ACE 

TXROYO*.....- SELECT. 

RXRDYO·.....-
CONTROL 

LOGIC 

CS1_ 
ACE 

TXADY1* ........ SELECT & 

RXADV1* ........ 
CONTROL 

lOGIC 

ERR _ 

SlCT _ PARALLEL 
PORT 

BUSY_ SELECT 

PE_ AND 
CONTROL 

ACK_ LOGIC 
BIDEN _ 

CS2_ 

------ ------ ------ ------
.(*) TXRDYO, TXRDY1, RXRDYO, RXRDY1 for WD16C552 only . 
. (**) INT2 for WD16C452, INT2 forWD16C552 . 
. (t) 16-byte FIFOs for WD16C552. 

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

R::;::et RCVRSHIFT 
REGISTER 

• 

RE::lR XMTSHIFT 
REGISTER 

• 

MODEM 
CONTROL 

~----------------------------
ACE 2 
----------------------------

RCVRt 1 RCVRSIOFT I 
1 REGISTER 1 REGISTER I· 

• 

J XMTt J XMTSIOFT 
1 REGISTER 1 1 REGISTER 1 

• 
J XMTFlFO ~ 

MODEM 
CONTROL 

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

_INIT 

_AFD 
PARALLEL 

PORT -STB 

_SUN 

---.. INT2IINT2 ** 

Figure 2. WD16C4521WD16C552 Block Diagram 
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2.0 SERIAL CHANNEL REGISTERS 

The WD16C552 contains two serial ports. There­
fore, the following registers exist in duplicate, one 
per channel. 

Divisor Latches, forcing the transmitter and 
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. 

2.1 SERIAL PORT REGISTER 
ADDRESSING 

Chip Select (CSa, CS1): When csa is low, 
registers for serial channel a can be accessed, and 
when CS1 is low, registers for serial channel 1 can 
be accessed. No more than one CS (CSa, CS1) 
should ever be low at any time (an invalid condi­
tion). 

Chip Select (CSa, CS1) and register select (Aa, A 1, 
A2) signals must be stable for the duration of a read 
or write operation. 

Register Select (Aa, A 1, A2): To select a register 
for read or write operation, see Table 2-1. 

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

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. Software Reset: 

A software reset is performed by writing to the 

DLAB A2 A1 AD REGISTER 

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

a a a Interrupt Enable Register 

X a a Interrupt Identification Register (read only) 

X a a FIFO Control Register (write only) 

X a 1 1 Line Control Register 

X a a MODEM Control Register 

X a 1 Line Status Register (read only) 

X a MODEM Status Register 

X 1 Scratch Pad Register 

a a a Divisor Latch Register (least significant byte) 

a a 1 Divisor Latch Register (most significant byte) 

Table 2·1. Register Addressing 
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3.0 ACE OPERATIONAL DESCRIPTION 

3.1 MASTER RESET 3.2 ACE ACCESSIBLE REGISTERS 

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

The system programmer has access to any of the 
registers as summarized in Table 3-2. 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 Rese..L1be 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 .dFCRO 

XMIT FIFO Counter (WD16C552 only) MR or FCR2· FCRO or .dFCRO 

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 3-1. Reset Control of Registers and Pinout Signals 
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Register Address 
o DLAB=O ODLAB=O 1DLAB=0 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 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 
(ERBFI) 

1 Data Bit 1 Data Bit 1 Enable Interrupt Rcvr Word Length 
Transmitter 10 Bit 0 FIFO Select Bit 
Holding (IIDBO) Reset 1 (WLS1) 
Register (RFR) 
Empty 
Interrupt 
(ETBEI) 

2 Data Bit2 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 Bit 3 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 o· 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 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 BitO 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 Bit 4 Bit4 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 Bit 7 Bit7 Bit 15 
RCVR Line Signal 
FIFO· Detect 
(EIRF) (RLSD) 

(.) These bits are 0 in Character Mode. 

Table 3-2. Accessible WD16C4521WD16C552 Registers (Contd) 
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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 BitO 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 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 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 OPERATIOf.jAL 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 divisorfrom 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 3-3, 3-4, and 3-5 illustrate the use of the 
Baud Generator with three different driving fre­
quencies. One is referenced to a 1.8432 MHz 
clock. Another is 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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;ee 

Desired 
Baud 
Rate 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 
56000 

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 3-3. BAUD Rates Using 1.8432 MHz Clock 

Divisor Used Percent Error 
to Generate Difference Between 

16 Times Clock Desired and Actual 

3840 
2560 
1745 0.026 
1428 0.034 
1280 
640 
320 
160 
107 
96 
80 
53 0.628 
40 
27 1.230 
20 
10 
5 
3 14.285 

Table 3-4. BAUD Rates Using 3.072 MHz Clock 
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9-10 

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 TlONAL 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 3·5. BAUD Rates Using 8.0 MHz Clock 
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3.5 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 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 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. 

Bit 3: This 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 bit is detected as a zero bit (Spacing Level). 
Bit 3 is reset to logic 0 whenever the CPU reads the 

WD16C452IWD16C552 

contents of the Line Status Register. When in FIFO 
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 O) 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. 

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 inter­
rupt 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 
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. The 
Transmitter FIFO Empty indications will be delayed 
one character time minus the last Stop bit time 
whenever the following occurs: 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. The first transmitter interrupt after changing 
the first bit of FIFO Control Register will be imme­
diate if it is enabled. 
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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 
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: 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 additional 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); 

ACE OPERA TlONAL 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 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 prioritiyinterrupt 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 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 3-6. Interrupt Control Functions 
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3.7 INTER.RRUPT ENABLE REGISTER 

This 8-bit register enables the four interrupt sources 
of the ACE to separately activate the device Inter­
rupt (INT) outputsignal, 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 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. 

3.8 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. 

ACl: 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, 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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Receiver Line Status INT ----, 

Receive Data INT 

Time Out INT --;:::::=l INTO 
or 

INT1 
THREINT 

MODEM INT ---..... 

Loopback (MCR4) ----<::1 

INT Enable (MCR3) ------I 

Figure 3. Interrupt Signal Logic 

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 Re~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 
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 
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 but the 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 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 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 RingJndicator 
(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 
equivalent to Bit 3 of the MODEM Control Register, 
if Bit 4 of the MODEM Control Register is set to 1. 

MODEM STATUS REGISTER 

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 XM IT FIFOs are still 
fully capable of holding characters. 
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PARALLEL PORT DESCRIPTION 

6.0 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 6-1 and 6-2.) 

Register Descriptions: 

Read Port Register 

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 6-2. 

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 Control Register 

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 

Bits 0 through 3: These bits show the status 
of the corresponding pins. Refer to Table 6-2. 
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 Control 
0 Invalid 

Table 6-1. 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 Strobe Strobe Data Bit 0 

1 Data Bit 1 Autofd Autofd Data Bit 1 

2 Data Bit 2 INT· Init Init Data Bit 2 

3 Data Bit3 Error Slin Slin Data Bit 3 

4 Data Bit4 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 Data Bit 7 

(.) These bits are only available in the WD16C552. 

Table 6-2. 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. 

register is.used to write data to the parallel bus 
based on Table 6-3. 

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

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 

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 
Mode 

Extended 

Extended 

Extended 

Compatible 

Compatible 

Registerl 
Signal 

Control 

Data (Write) 

Data (Read) 

Status 

INT2 

SUN 

INIT 

AFD 

STB 

Port Pin 1 Direction 
Direction Biden Bit 

Write 0 

Write 0 X 

Read 1 

Write 0 N/A 

Read N/A 

Table 6-3. Parallel Port Operation Modes 

Reset 
Control 

Master Reset 

Master Reset 

Master Reset 

Master Reset 

Master Reset 

Master Reset 

Master Reset 

Master Reset 

Master Reset 

Reset 
State 

All bits low. 

All bits low. 

Data 

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

High Impedence. 

High. 

Low. 

High. 

High. 

Table 6-4.Parallel Port Reset Control of Registers & Signals 
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7.0 TYPICAL APPLICATIONS 

Figures 4 and 5 show how to use the ACE devices in a 80286 system and in a microcomputer system with 
a high-capacity data bus. 

ss 

OOOMPUTER MICR 
SVSTE M 

ss 

-
lOW RECEIVER DISABLE 

iOw 

r------ -------
I I WD16C4521552 

I ~ I 
I I 

DATA BUS DATA BUS 

I D7·DO 

I I 

I I 
I "t-J I 

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

8-BITBUS 
TRANSCEIVER 

BDO 

DRIVER DISABLE 

Figure 4. Typical Interface for a High-Capacity Data Bus 
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AO - A2 J¢========:::>I AO - A2 

A3 - A23 1====::>\_1 ADDRESS E ~ 
=OPROCESSOR I DECODE _ CS2 

r- ClK 

07-00 
DATA PORT 

AO-A15 i"" 

82284 CLOCK 
GENERATOR 
AND DRIVER 

RESET 

8237A-5 

DBa - DB? 

TXADVO 

1----1 RXRDYO 

DMA TXADY1 
CONTROLlERI-__ -I RXRDYl 

+5V 0-- Vee 

* 
GND 

RESET 

ClK - BIDEN 

+ 

~ ~ !!! !!! !!! 

+ + r '~71 

WD16C552 

I ~I~ ~ w gl~I~I~I~I~ ~ < m ~ 00 _ < W 0 _ 

TYPICAL APPLICATIONS 

TXADY1 

RXRDY1 

Rll 

RlSOl 

CTSl 

soun 

-'" 
~ 
~~ 

~ 

RS-232 
CONNECTOR 

1/61488~ 

1/61488~ 
~ 

1""-:';\/6 14891--­

~1/61489f---l!.­
;; 1/61489~ 
~ ~ 

.... 1{6 148~ ---:-­
~ .....l... 
A 1/6 1489 ---:--

~:;;~ .. ~ ..2.... 

PIN CONNECTIONS ARE PRINTER MOOEl DEPENDENT I 

Figure 5. Typical 16-8it Microprocessor/RS-232 Terminal Interface 
Using the WD16C552 

9-20 11/21/90 



PIN DESIGNATIONS WD16C452IWD16C552 

APPENDIX A 
A.O PIN DESIGNATIONS 

Figure A-1 illustrates the 68-Pin QUAD assembly. Table A-1 lists all pin designations. 

SQ1ITj 
DTRl 
RTSl 

CTSl 
DBO 

DBl 
DB2 

DB3 
DB4 

DB5 
DB6 

DB7 
TXRDYO* 

VCC 

RTSO 
DTRO 

SOUTO 

• 60 

59 
58 
57 

56 
55 
54 

53 

52 
51 

50 
49 

48 
47 
46 

45 
44 

2728293031323334353637383940414243 

• INDICATES INTERNAL NO CONNECTS ON WD16C452 . 
•• INT2 FOR WDl6C452 AND INT2 FOR WD16C552. 

INTl 

INT2/INT2** 
SLiN 
INIT 

AFD 

STs 
Vss 
PDO 
PDl 
PD2 

PD3 
PD4 

PD5 
PD6 
PD7 

INTO 
BDO 

Figure A-1. WD16C4521WD16C552 68-Pin QUAD Assembly 
Pin Designations 

11/21/90 9-21 



WD16C452IWD16C552 

PIN 
NUMBERS 

2,7,27, 
43,54 

3 

4 

5, 31 

6,30 

8,29 

9,61 

MNEMONIC 

BIDEN 

Vss 

CS1 

ClK (1 time) 

DSR1, DSRO 

SIGNAL 
NAME 

Bidirectional 
enable 

Ground 

Chip Select 1 

Clock Input 

Data Set Ready 

R11, RIO Ring Indicator 

RlSD1, RlSDO Received Line 
Signal Detect 

RXRDYO+, Receiver Ready 
RXRDY1+ 

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

PIN DESIGNA T/ONS 

FUNCTION 

Input signal 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 these 
pins to be driven with data. The 
BIDEN input signal on the WD16C552 
works in conjunction with the DIR bit 
(see Table 6-3) to control the direction 
of the parallel port data bit. 

System signal ground. 

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

External clock input. 

When low, this input signal from 
the communication link indicates 
that it is ready to exchange data 
with the associated ACE. Bit 5 of 
the associated MODEM Status 
Re~r reflects the logical state 
of DSR. 

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. 

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 Register reflects 
this value. 

Receiver 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 Character Mode. 

Table A-1. Pin Designations 
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PIN DESIGNA TlONS 

PIN 
NUMBERS 

10,26 

11,25 

12,24 

13,28 

14 thru 21 

MNEMONIC SIGNAL 
NAME 

SOUT1, SOUTO Serial Data Output 

Data Terminal Ready 

Request to Send 

Clear to Send 

DBO-DB? Data Bits 

WD 16C4521WD 16C552 

FUNCTION 

Mode 0: When in Character Mode 
(FCRO=O), or in the FIFO Mode 
(FCRO=1) with FCR3=0, 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. 

Transmitted Serial Data Out to the 
communication link from the associ­
ated ACE. The SOUT signal is set 
to a marking condition (logical 1) 
upon a Master Reset. 

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 Register. 

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. 

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. 

Tri-state, bidirectional communi­
cation lines between the ACE and 
Data Bus. DO is the least significant 
bit (LSB) and the first serial trans­
mitted or received bit. 

22, 42 TXRDYO + , Transmitter Ready Transmit ready output is used to 
TXRDY1+ FIFO Control 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 Character Mode. 

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

Table A-1. Pin Designations (Contd) 
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PIN MNEMONic SIGNAL FUNCTION 
NUMBERS NAME 

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 (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 F~ 
TXRDY will be active (low). TXRDY 
will go inactive when the FIFO 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 thru 35 A2,A1,AO Address lines A2-AO These three inputs are used to select 
an internal register of the ACE, or 
parallel port. 

36 lOW IngutlOutgut Input when active (low), causes data 
Write Strobe 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 (respectively). 

37 lOR IngutlOutgut Input active (low) will display data 
Read Strobe from the selected internal register on 

the data bus DBO-DB7. The chip 
select line determines 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 in which all 
serial data activities are suspended. 
The device will remain in an idle state 
until programmed to begin data 
activities. 

Table A-1. Pin. Designations (Contd) 
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PIN DESIGNATIONS 

PIN 
NUMBERS 

41,62 

44 

45,60 

46 thru 53 

55 

56 

57 

58 

59 

MNEMONIC 

SINO, SIN1 

BDO 

INTO,INT1 

PD7-PDO 

STBt 

AFDt 

INITt 

SLlNt 

INT2IINT2tt 

SIGNAL 
NAME 

Serial Data Inputs 

Bus Butter Output 

Serial Channel 
Interrupts 

Parallel Data Bits 

Line Printer Strobe 

Line Printer Autofeed 

Line Printer Initialize 

Line Printer Select 

Interrupt Printer Port 

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

MfD16~5~D16C552 

FUNCTION 

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

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

Tri-state output (enabled by bit 3 of 
MCR) goes high whenever an 
enabled interrupt is pending for the 
associated ACE. INT is reset when 
the pending interrupt(s) are serviced, 
or a Master Reset is performed. 

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 high. 

Output line, when active, provides the 
the line printer with a signal to latch 
the data currently on the parallel port. 

Output line, when active, provides a 
signal for the line printer to autofeed 
continuous form paper. 

Output line to printer, when active 
(low), signals the line printer to begin 
an initialization routine. 

Output line, when active (low), selects 
the printer. 

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. 

(tt) This pin is INT2 for WD16C452 and INT2 for WD16C552. 

Table A-1. Pin Designations (Contd) 
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PIN 
NUMBERS 

63 

65 

66 

67 

68 

MNEMONIC 

SLCT 

BUSY 

PE 

ACK 

. SIGNAL 
NAME 

Line Printer Error 

Line Printer Select 

Line Printer Busy 

Line Printer 
Paper Empty 

Line Printer 
Acknowledge 

P1N DESIGNA TlONS 

FUNCTION 

Input line from the line printer, informs 
the parallel port of an error by input­
ting an active low signal. Set low by 
the printer upon a deselect condition, 
PE, or other error condition. 

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

Input from the line printer that goes 
high when the line printer has an 
operation in progress. 

Input from the line printer goes high 
when the printer is out of paper. 

Input from line printer that goes low 
to confirm the data transfer from the 
WD16C552 to the printer was suc­
cessful. 

Table A-1. Pin Designations (Contd) 
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DC OPERA TlNG CHARACTERISTICS WD 16C452JWD 16C552 

APPENDIX B 

B.O DC OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Temperature 
Under Bias .................................. O°C (32°F) to 70°C (15aOF) 

Storage Temperature .......................... -65°C (-a5°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 CONDJTIONS 

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-OB7. 
101 =24 mA on POO-P07. 
101 = 20 mAon INIT, STB, 
SLlN, AFO 
(NOTE). 
101 = 2.0 mA on other outputs. 

Voh Output High Voltage 2.4 V loh = -0.4 mA on OBO-OB7. 
loh = -15.0 mAon POO-P07. 
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 10ads-2D-
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 I1A Vcc = 5.25V, Vss = 0.0v. 
All other pins float. 

Icl Clock Leakage ±10 I1A Vin = O.OV, 5.25V. 

Idl Data Bus Leakage ±10 I1A Vout = O.4V, Vout = 4.6V 
Data Bus in High 
Impedance State. 

loz 3 State Leakage ±20 I1A Vee = 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 

NOT~ ___ 
The SUN, 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 mAo The internal pull-ups 
generate 2.0 mA of internal 101. 

Table B-1. DC Operating Characteristics 
Ta = O°C {32°F} to =70°C {158°F}, Vcc = +5V ± 5%, Vss = OV, 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 B-2. Capacitance 
Ta = 2S·C (77·F), f = 1.0 MHz, Vcc = Vss = OV 

11121190 9-29 



WD16C452IWD16C552 AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

APPENDIX C 

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 

C-13 

C-14 

9-30 

TITLE 

Receiver Timing 

Transmitter liming 

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 (FCR3 = 1) 

Parallel Port liming 

WD16C452 Parallel Port Interrupt Timing 

WD16C552 Parallel Port Interrupt Timing 

Table C-1. WD16C4521WD16C552 Timing Diagrams 
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RCLK 

SAMPLECLK 

SIN (RECEIVER 
INPUT DATA) 

SAMPLECLK 

IF--u55~551I 

--I" t 16CLKS "I 
..... I .... SCD 55 -------.U IS 

.. 
I 

8CLKS 

PARITY STOP 
START 

I I 55-

y-+'"'' 55 
INTERRUPT ______________ ..J. l 

lOR 1 ..... tt RINT I~ 
(READ REC 

DATA BUFFER) 

NOTE: 

1 See Read Cycle Timing 

Figure C-1. ReceiverTiming 

WD16C4521WD16C552 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 
CONDITIONS 

tSCD Delay from RCLKt to 2 Ils 
Sample Time 

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

tRINT Delay from lOR IlS 100 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 C-2. Receiver Timing 
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SERIAL OUT 
(SOUT) 

NOTES. 

1 See Write Cycle Timing 
2 See Read Cycle Timing 

Figure C-2. Transmitter liming 

WD16C4521WD16C552 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

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

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

lSI" Delay from Initial 16 24 TCLKt Clock 
Write to Interrupt Cycles 

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

IIR Delay from lOR 250 ns 
(RD IIR to Reset 
Interrupt (THRE) 

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

IWXI Delay from Write to 0 300 ns 
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, lSI might extend to beginning of the Stop bit. 
See Une Status Register for details. 

Table C-3. Transmitter liming 
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lOW 1 

(WRMCR) \ Joot \ _1 }-'"" RTS. OTR 

CTS. OSR. RLSO i I \ / \ 
INTR 

"'IISIM .... I~ lRIM .... I~ ..... ... .... 
IOR2 tRIM 

(ROMSR) 

~ ~ J Ai 

\ NOTES: 

1 See Write Cycle Timing 
2 See Read Cycle Timing 

Figure C-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 DelaVQ..Reset Interrupt 250 ns 100 pF Load 
from lOR (RD MSR) 

Table C-4. MODEM Control Timing 
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9-34 
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lOW 
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Figure C-4. Read Cycle Timing 
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1'--- I os ------..I~I 
---------------------------------« VALID DATA )>-------

Figure C-S. Write Cycle Timing 
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WD16C4521WD16C552 
TEST 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tDIW lOR Strobe Width 125 ns 1TTLLoad 

tRC Read Cycle Delay 125 ns 1 TTL Load 

RC Read Cycle = 280 ns 1 TTL Load 
tDIC + tDIW + 
tRC + 20 nsec 

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

tDDD Delay from lOR 100 ns 1TTL Load 
to Data 

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

tDOW lOW Strobe Width 100 ns 1TTLLoad 

twc Write Cycle Delay 150 ns 1TTL Load 

WC Write Cycle = 280 ns 1TTL Load 
+ tDOC+ tDOW 
+ twc + 20 nsec 

tDS Data Setup Time 30 ns 1TTLLoad 

tDH Data Hold Time 30 ns 1 TTL Load 

tDIC lOR DELAY from 30 ns 1TTLLoad 
Select or Address 

tDOC lOW Delay from 30 ns 1TTLLoad 
Select or Address 

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

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

tMR Master Reset Pulse 5.0 f.ls 1TTL Load 
Width 

tXH Duration of Clock 55 ns 
HIGH Pulse 

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

Table C-5. Read/Write Cycle Timing 
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SERIAL IN 
(SIN) 

SAMPLECLK 

\ I 

I 

ss 
DATA (5-8) ss 

ss 

FIFO TRIGGER 
LEVEL INTERRUPT 

FCR6 = 0, FCR? = 0 

LSINT 

lOR 
(RDLSR) 

---------------'-I-.. ---~~~ss t RINT ... ~ 
__________ ~ __ ~I L I~ 

iOR 
(RDRBR) 

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

Figure CoS. RCVR FIFO Signaling Timing for First Byte 

SERIAL IN ______ ss 
(SIN) ",-, --L1 _____ D_A_TA-'.(5_-8.:...)_SS 

SAMPLE CLK ---l.----l. __ -l-__ --l. ___ SS _--'-__ --'-__ --'-__ --'-__ --'-____ _ 

LEVEL INTERRUPT 
FIFO TRIGGER r ss 

FCR6 = 0, FCR? = 0 

9-36 

LSINT 

lOR 
(RDLSR) 

lOR 
(RDRBR) 

l4-tSINT-' t RINT ... 

------------------, I TOP' BYTE OF FIFO \ 
------------------~ ~tSINT .. I- - ~I;T~ -l~ 

PREVIOUS ACTIVE 

BYTE READ 
FROM FIFO 

~ 

Figure C-7. RCVR FIFO Signaling Timing After First Byte 
(RBR Already Set) 
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lOR 
(RDRBR) 

SIN 

SAMPLE ClK 

RXRDY 

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

FIFO 

(FIRST BYTE) 

~ 'AA~ I'=ST::::O::-P ': -',,--

l.-tSINT ... ~~---55 

Figure C-8. Receiver DMA MODE 0 Timing (FCRO = 0 OR FCRO = 1 and FCR3 = 0) 

lOR 
(RDRBR) 

SIN 

SAMPlEClK 

RXRDY 

LAST BYTE 
------- 55 -------_____ READ FROM 

FIFO 
~ 

( FIRST BYTE TO ) 
REACH TRIGGER lEVEL 

~ 'AA~r': 

Figure C-g. Receiver DMA Mode 1 Timing (FCRO = 1 and FCR3 = 1) 
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lOW 
(WRTHR) 

SOUT 

TXRDY 

lOW 
(WRTHR) 

SOUT 

TXRDY 

AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

BYTE 

~ 
DATA I ~ 

twxl ___ 1 1- tSXA ___ 

Figure C·10. Transmitter DMA Mode 0 Timing 
(FCRO = 0 or FCRO = 1 and FCR3 = 0) 

LAST BYTE 

9 
DATA 

~ 
twxl ___ 1 1- tSXA ___ 

START 

1-

START 

1-
Figure C·11. Transmitter DMA Mode 1 (FCRO = 1 and FCR3 = 1) 
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CS2-----~ 

-1----1...----
I ~ tooc --'1 t 

iiiDEN J --. t DiC 1..- -'1 wo 1"-1 
'l....--t HO --"'1 

POQ-PD7, --. t LPO I~ 1..- tpOH -'1 
s;~~,I~i~ ----«'-__ ~ ___ ~ ___ __=I __ ~I~Xr-----1 ----->-

--I 'eo, 1- t- 'row -1- '"",--I 

------~t- '"w --j-- '.e, --I 
I 

lOR 
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BUSY 
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_______________ -._~I_t_6_" ~~~------------

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 C-12. Parallel Port Timing 

11/21/90 9-39 



WD16C452/wD16C552 AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

INT2 

NOTE: INT2 is driven both high and low. 

Figure C-13. WD16C452 Parallel Port Interrupt Timing 

iOR 
(Reading PPSR) 

\ 

\ 

-1· .. t-
NOTE: INT2 is open collector, is driven low only. 

1 
-I J'-'""' 

Figure C-14. WD16C552 Parallel Port Interrupt Timing 
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VVD1SC452AND1SC552 
TEST 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tDOC lOW Delay from Chip 30 ns 
Select and Address 

tDIC lOR Delay from Chip 30 ns 
Select and Address 

tWD lOW H.l.9!Lto PDO-PD?, ~s No External Pull-up 
SLlN, INIT, AFD, STB Resistor and 50 pF Load 

tHD BIDEN High to PDO-PD? 120 ns 
tri-state 

tLPD BIDEN Low to PDO-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 ~s Printer Dependent 

tAK ACKWidth ~s Printer Dependent 

tAl INT2 Delay from ACK 60 ns 1 TTL Load 
(WD16C452) 

tASI ACK to set interrupt 60 ns 1 TTL Load 
(WD16C552) 

tRRI Read Parallel Port Status 60 ns 1 TTL Load 
~ster (PPSR) to reset 
INT2. 

tOil lOW High to INT2IINT2 0 100 ns 1 TTL Load 
tri-state 

Table C-S. Parallel Port Timing 
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WD1'6C4521WD16C552 PACKAGE DIAGRAM 

APPENDIX 0 

0.0 PACKAGE DIAGRAM 

Figure 0-1 illustrates the 68-Pin QUAD plastic package showing dimensions in inches . 

9-42 
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.. 0.075 
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~
PINNO'1I.D' 
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OPTION C 

OPTION 
-A-

Figure 0-1. 68-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 

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 

DO 
D1 AI 
D2 RLSD 

00 5SR 
D4 CTS 
D5 MR 
00 M1 
D7 FA 

RGU< RTS 
~N CiJT2 

9)JT INTRPT 

C3l RXRDY 
CS1 M 

CS2 A1 

~ PO 

XTAL1 I'DS 
XTAL2 lXRDY 

Dciilli DDiS 

DCSTR OISfR 

"" DISfR 

Figure 1-1. 40-Pin DIP 

I@ I'" IC/l ,,¢CI')C\I..--ouB_-lCf.lI-
00000 Z >I~ oc 0 u 

05 MR 

06 OUT1 

07 OTR 

RCLK RTS 

SIN OU1"2 

NC NC 

SOUT INTRPT 

CSO RXROY 

CS1 AO 

CS2 A1 

BAUOOUT A2 

~ ~ I§ § ~ ~ I~ ~ B I~ I Q 
00 0 0 ~ 

Figure 1-2. 44-Pin QUAD 

< 
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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 WD16C450 (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. 

PARALlEL K) 

NTERFACE 

DATA 
BUS DATA BUS 

BUFFER 
ADDRESS 

SYSTEM BUS 
PROCESSOR 

CONTROl 
BUS 

'0 • • SELECT AND 
CONTROl 
LOG" 

MEMORY 

INTRODUCTION 

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. 

Internal registers 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, monitor,ing word conditions, 
interrupts and MODEM status. 

An additional feature of the ACE is a programmable 
baud rate generator capable of dividi ng a TIL signal 
clock by a divisor of 1 to (216 - 1). 

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

I 
r-l 

RECEIVER -} SECT<N J DATA IN 

TOFAOM 

~ 
PERFHEAAL 
MOOEM OR 
DATA SET 

j TRANSMrITER I SERLI\l 
SECTION J DATA 0IJf 

~~="- I 
MODEM CONTROl 
FUNCTI(J\I5 

AND STATUS I TOf"ROM MOOEM 
LOG" OR DATA SET 

INTERRUPT I 
""""" _ I ENABlE AND 
NTERRUPr 

CONTROL I 

Figure 1·3. WD16C550 General System Configuration 
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+SV{ __ 
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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 (AO, 
A1, A2) and chip select (CSO, CS1, CS2). (Refer to 
figure 1-2.) 

The definition of a chip selected is CSO, 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 (AD, A1, A2) and Chip 
Select (CSO, 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, A 1, A2) 

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

NOTE: 

DLAB A2 A1 
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 

10-4 

AO 
0 

1 
0 
0 
1 

0 
1 
0 
1 

0 
1 

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

REGISTER 
Receiver Buffer (read), Transmitter 
Holding Register (write) 
Interrupt Enable 
Interrupt Identification (read only) 
FIFO Control (write only) 
Line Control 

MODEM Control 
Line Status (read only) 

MODEM Status 
Scratch Pad 
Divisor Latch (least significant byte) 
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 First Word Received Data 
Register 
Transmitter Holding Writing into the Data 
Register Transmitter Holding Register 
Interrupt Enable Master Reset All Bits Low (0-3 forced 
Register and 4-7 Permanent) 
Interrupt Identification Master Reset Bit 0 is Hi~h, and Bits 1-3, 6 
Register and 7 are arced Low. Bits 4 

and 5 are Permanently Low 
Line Control Master Reset All Bits Low 
Register 
MODEM Control Master Reset All Bits Low (0-3 forced and 
Register and 4-7 Premanent) 
Line Status Master Reset Bits 0-4 and 7 forced Low, 
Register Bits 5 and 6 forced High 
MODEM Status Master Reset Bits 0-3 Low, 
Register MODEM Signal Inputs Bits 4-7 - Input Signal 
Divisor Latch Writing into the Latch Data 
(low order byte) 
Divisor Latch Writing into the Latch Data 
(high order byte) 
SOUT Master Reset High 
BAUDOUT Writing into either Low 

Divisor Latch 
DDIS DDIS = RCLK • DISTR High 

(At Master 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 Low 
OUT 2 Master Reset High 
RTS Master Reset High 
DTR Master Reset High 
OUT1 Master Reset High 
RCVR FIFO MR or FCR1 • FCRO or 8FCRO All Bits Low 
XMITFIFO MR or FCR2 • FCRO or 8FCRO All Bits Low 
FIFO CONTROL Master Reset All Bits Low (Bits 0-3, 

7 forced Low; Bits 4 and 5 
Permanently Low) 

07 - DO Data Bus In THREE-STATE Mode, THREE-STATE 
Lines Unless DISTR = HIGH Data ~ACE to CPU~ 

or DOSTR = HIGH when Data CPU to ACE 
device is selected 

Table 3-1. 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 ReQister Control 

Register ReQister Register Register (Write Only) Register 
(Read Only) (WnteOnly) (Read Only) 

0 Data BitO Data Bit 0 Enable "0" if FIFO Word Length 
Received Interrupt Enable Select Bit 0 
Data Pending ~Write Only) (WLSO) 
Available ID Bit 0 FEWO) 
Interrwr (IP) 
(ERB I) 

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

2 Data Bit 2 Data Bit 2 Enable Interru~t Transmitter Number of 
Receiver ID Bit FIFO St~ Bits 
Line Status (IIDB2) Reset (S B) 
Interru~t (TFR) 
(ERLS) 

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

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

5 Data Bit 5 Data Bit5 0 0 Reserved StickParity 
(STP) 

6 Data Bit6 Data Bit 6 0 FIFO Rcvr FIFO Set Break 
Enabled* Tr~~er Level Control 
~READ ONLY) (L )(RTLSB) (SBR) 
FERO) 

7 Data Bit 7 Data Bit 7 0 FIFO Rcvr FIFO Divisor 
Enabled* Tri~~er Level Latch 
~READ ONLY) ~M ) 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 MODEM Scratch Divisor Divisor 
No. Control Status Status Pad Latch Latch 

Register Register Register Register (LSB) (MSB) 

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

Reguest Overrun Delta Bit 1 Bit 1 Bit 9 
to Send Error Data Set 
(RTS) (OE) Read~ 

(DDS) 

2 Out 1 Parity Trailin~ Bit 2 Bit 2 Bit 10 
Error Edge ing 
(PE) Indicator 

(TERI) 

3 Out 2 Framing Delta Bit 3 Bit 3 Bit 11 
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 Bit5 Bit 13 
Holding Readr 
Register (DSR 
Empty (THRE) 

6 0 Transmitter Ring Bit6 Bit 6 Bit 14 

~~~) Indicator 
(RI) 

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

• These bits are 0 in Character Mode. 

Table 3·2. Accessible WD16C550 Registers (Contd) 

1211/90 10-7 



WD16C550 

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 BitO Word Lenath 
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 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 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. 

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

ACE OPERA T10NAL 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. 

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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Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16X 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 3-5. BAUD Rate Using 8.0 MHz Clock 

• Smallest allowable divisor when using corresponding clock. 
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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 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). 

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 inter- ~ 
rupt 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. 

1211190 10-11 



WD16C550 

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 Identif.ication 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 Bit 2 Bit 1 Bit 0 Priority Interrupt Interrupt Interrupt 
Level Flag Source Reset Control 

0 0 0 None None 

0 0 Highest Receiver Overrun Error Reading the 
Line Status or Parity Error Line Status 

or Framing Error Register 
or Break Interrupt 

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

Register 

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, 

III and at least one 
character occupies 
it during this time. 

0 0 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 

Table3-S. 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 OPERA TlONAL 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 
t6 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 

10-14 1211/90 



MODEM CONTROL REGISTER 

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. 

Bit 4: This bit provides a loopback feature for 
di~gnostic testing of the ACE. When bit 4 is set to 
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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 R~er 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
troll nterrupts are also operational but the 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 Ringjndicator 
(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 
setto 1. 

5.1 FIFO OPERATION NOTES 

FIFO Interrupt Mode Operation Notes: 

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

1. A FI FO timeout interrupt 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 inter­
rupt, 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 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. 

OCOMPUTER MICR 
SYST EM 

lOW RECEIVER DISABLE 
-
DOSTA 

ACE 

I" 
DATA BUS DATA BUS 

07- DO 

'~ 

B-BIT BUS 
TRANSCEIVER 

DDIS 

DRIVER DISABLE 

Figure 6-1. Typical Interface for a High-Capacity Data Bus 

......... 
Ao AO 

16 ~ ~± A, A, 

A2 A2 "'AI. 1 - D-
17 

"""" 

""" MICRCPROCEss:fl 

07- DO 
DATA R:Rr 

NJ-A 15 

~ 
*- ClK 

82284 CLOCK 
GENERATOR 
NIID DRIVER 

RESET 

COO "'AI. 2 -ADORES) I 
CS1 BAUD"" ::J DECWE I CS1 RClJ( 

..... 
t om 

1/6 , ... 
WD16C550 

....:~/6 , ... 
000 

ms _ .... 
DATA 0 0iJi'1 

~ 
DB1 DATA 1 1iii'2 -DB2 DATA 2 

DB! DATA 3 iii _+fN , ... .. Rim 1/6 
DB4 DATA 4 /I~''" """"'" DSR '''' """'" DB5 DATA 5 

B137AO 
CCNTRClli'A 

CTS 
...... 1/6 '''' DB5 DATA 6 

DMA 
~ 

CCNTRClli'A DB7 DATA 7 

..... 1'" , ... 
;--c;, DISTR 

OCIJT .... 
;- DC6TR 

......,116 16 

f~ Tl<RDY 
SIN ~ 

INmPT -RlCRIlV DDIS -
Dlsm c= F DOSTR 

MR - -I'D' 
"', Ike 

-:!,- i> + '" 
-=-
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Interface Using the ACE 

1211/90 

ALTERNATE 
xrAl CONTRa... 

AS- ." 
CONNECTCA 

'" 4 

, 
6 

5 

2 

3 

7 

1 

10-17 



WD16C550 CRYSTAL MANUFACTURERS (Partial List) 

7.0 CRYSTAL MANUFACTURERS (Partial List) 

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 

Q-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: iO.01 % 

WD16C550 

Vet:; 

DRIVER 
EXTERNAL 
CLOCK XTALl 

OSC 
OPTIONAL CLOCK 

OPTIONAL DRIVER -=- ~~~AUD 
CLOCK f---t------+-+ LOGIC 
OUTPUT XTAl2 

XTAl1 

~I 
TIMING MIN UNITS 

tXH 100 nsec 
tXL 115 nsec 

Figure 7·1. External Clock Input (8.0 MHz 
Max.) 
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CRYSTAL MANUFACTURERS (Partial List) 

R2 
OClystal' 

-=-
R.l 

I C1 R1 

-=-
XTAL 2 

CIy.l1aI R1 R2 

3.1 MHz 2K 0.5M 
1.8 MHz 2K 0.5M 

W016CffiJ 

XTAL1 

I C1 

-=- ~ 
CS; OCrys1aI' 
CLCCK TO 

-=- B'\IJDGEN R2 

l.OO1C 
XTAL2 

I C2 

-= 

Ra C1 C2 C3 CIystaI R1 

8.0 MHZ 1 M? 

o.5M ~ o.01pF 1~ 3.1 MHz 1M? 

0.5M ffi.1~ o.01pF 1(}15pF 1.8 MHz 1 M? 

Figure 7-2. Typical Crystal Oscillator Networks 

• See Crystal Specifications 

1211/90 

WD16C550 

W016CSOO 

CS; 

CLCCK TO 

-=- B'\IJD GEN 
LOO1C 

R2 C1 C2 • 1.6SK 22pF • 
1.51< 1~ ~ 
1.OK 5-15pF 5(}1~ 
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WD16C550 , PIN DESIGNA TlONS 

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. 

DO 
01 RI 

.".,," ~ 0 u 8 -I~ Iffi If!! c c c c c z > 10: 0: C u 

D2 Ami 
D3 DSR 
D4 CTS 05 MR 
os MR 06 0UT1 
D6 aJT 1 07 OTR 
07 DTR RCLK RTS 

"RCLK RTS SIN OUT2 
SIN aJT2 NC NC 

SOUT INTRPT SOUT INTRPT 
CSl RXRDY CSO RXROY 
CS1 PD CS1 AO 
~ A1 CS2 A1 

BAUDaJT A2 BAuDoUT A2 
XTAL1 ADS 
XTAL2 TXRDY 

DCSTR DOIS 

~ ~I~ ~ ~ ~I~ ~ §I§I~ DCSTR OISTR 

Vss DlSTR 

Figure A·1. WD16C550 4O-Pin DIP Assembly Figure A .. 2. WD16C550 44·Pin QUAD 
Pin Designations Assembly Pin Designations 
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PIN DESIGNA TlONS WD16C550 

PIN NUMBERS MNEMONIC SIGNAL NAME FUNCTION 
DIP QUAD 

1 2 DO DATA BUS 3-state, bi-directional 
thru thru thru communication lines 

8 9 D7 between the ACE and Data 
bus. All prepared TX and 
assembled REC data, Control 
characters, and Status 
information are transferred 
via the data (DO-D7). 

NC NO CONNECTION No Connection. 

9 10 RClK RECEIVE ClK 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 Whe~O and CS1 are high, 
and CS2 is low, chip is 
selected. Selection is 
comple~en 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 divisor 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. Pin DeSignations 
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WD16C650 PIN DESIGNA TlONS 

PIN NUMBERS MNEMONIC SIGNAL NAME FUNCTION 
DIP . QUAD 

16 18 XTAL 1 EXTERNAL CLOCK These pins connect the 
IN crystal or signal clock to 

17 19 XTAL2 EXTERNAL CLOCK the ACE baud rate divisor 
OUT circuit. See Fig.7-1 and 7-2 

for circuit connection 
diagrams. 

18 20 DOSTR DATA OUT When the chip ~n 
STROBE selected, a low DOSTR or 

19 21 DOSTR DATA OUT high DOSTR will latch into 
the selected WD16C550 
register (a CPU write). 
Only one of these lines 
Need be used. Tie unused 
line to its inactive state, 
DOSTR - high or 
DOSTR -low. 

20 22 Vss GROUND System signal ground. 

23 NC NO CONNECTION No Connection. 

21 24 DISTR DATA IN When chip has ~ 
STROBE 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 

22 25 DISTR DATA IN be used. Tie unu~e to 
STROBE its inactive state, DISTR - high 

or D ISTR - low. 

23 26 DDIS DRIVER Output goes low whenever 
DISABLE data is being read from 

the ACE. Can be used to 
reverse data direction of 
external transceiver. 

24 27 TXRDY I.BANS.MIT TXRDY output is used to 
READY DMA transfers. Two modes of 

operatoin are available when 
using FIFO Mo;de, 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 char~ode 
with FCR3=0, TXRDY will be 
active (low) if there are no 
characters in the XMIT FIFO 
(FIFO Mode) or Xmit Holding 
~r (CHAR Mode). 
TXRDY will go inactive after 
the first character is loaded. 

Table A-1. Pin Designations (Contd) 
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PIN DESIGNATIONS 

PIN NUMBERS 
DIP QUAD 

25 28 

26 29 

27 30 

28 31 

29 32 

MNEMONIC 

A2 

A1 

AO 

RXRDY 

SIGNAL NAME 

ADPRESS 
STROBE 

REGISTER 
SELECTA2 
REGISTER 
SELECTA1 
REGISTER 
SELECT AO 

.B.EQEJ.YER 
READY 

WD16C550 

FUNCTION 

Mode 1 : Multiple DMA 
bursts are made until TXMT 
is empty or XMIT is full. 
In FIFO Mode (FCR=l) with 
FCR3=1, if there is at 
least one unfill~tion in 
the Xmit FIFO. TXRDY will be 
active (low). TXRDY will go 
inactive after the first character 
is loaded into the Xmit FIFO. 

When low, provides 
latching for Register 
Select (AO,A 1 ,A2~ Chip 
Select (CSO,CS1,CS2). 
NOT~ rising edge (i ) 
of the ADS signal is required 
when the Register Select 
(AO,A1,A2) and the Chip 

Select (CSO, CS1 , CS2) 
signals are not stable for the 
duration of a read or write 
~ation. If not required, the 
ADS input can be tied perman 
-ently low. 

These three inputs are 
used to select an internal 
register of the ACE during a 
read or a write. See Table 2-1. 

Receiver Ready output is used 
to signal DMA transfes. 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=l), 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. 

Table A·1. Pin Designations (Contd) 
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WD16C550 PIN DESIGNATIONS 

PIN NUMBERS MNEMONIC SIGNAL NAME ,'FUNCTION 
DIP QUAD 

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. 

30 33 INTRPT INTERRUPT Output goes high 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 Register 
(OUT2 goes low when 
Bit 3 = 1). 

32 36 RTS REQUEST TO Output when low informs 
SEND the modem or data set that 

the ACE is ready to transmit 
data. See Modem Control 
Register. 

33 37 DTR DATA Output when low informs 
TERMINAL the modem or data set that 
READY the ACE is ready to receive 

data. 

34 38 OUT 1 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 When high clears the 
RESET registers to the states as 

indicated in Table 3-1. 

36 40 CTS CLEAR TO Input from DCE indicating 
SEND remote device is ready to 

Transmit data. See Modem 
Status Register. 

37 41 DSR QAIAS,ET Input from DCE used to 
READY indicate the status of the local 

data set. See Modem 
Status Register. 

Table A-1. Pin Designations (Contd) 
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PIN DESIGNATIONS WD16C550 

PIN NUMBERS MNEMONIC SIGNAL NAME FUNCTION 
DIP QUAD 

38 42 RLSD RECEI~EB Input from DCE indicating 
LINE SIGNAL that it is receiving a 
DETECT signal which meets its signal 

quality conditions. See Modem 
Status Register. 

39 43 AI RING Input when low indicates 
INDICATOR 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. Pin Designations (Contd) 
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WD16C550 

APPENDIX B 

B.O DC OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Temperature 

DC OPERATING CHARACTERISTICS 

Under Bias ................................. O°C (32°F) to 70°C (1SS0F) 

Storage Temperature 
Ceramic ................................ -65°C (-SSOF) to + 1S0°C (302°F) 
Plastic ................................. -SO°C (-SSOF) to +12SoC (2STF) 

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

Power Dissipation WD16CSSO .................. 40mW 

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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DC OPERATING CHARACTERISTICS WD16C550 

WD16C550 TEST 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Vii x Clock Input Low 
Voltage 

-0.5 0.8 V 

Vih x Clock Input High 0.2 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 = 1.6mA on 
all outputs 

Voh Output High Voltage 2.4 V loh = -100!1A 

Icc kAV) Average Power 8 mA Vcc = S.2SV 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 S12K. 

Iii Input Leakage ±1S uA Vcc = S.2SV. Vss = OV. a All other pins floating. 

Icl Clock Leakage ±10 uA Vin = OV, S.2SV 

Idl Data Bus Leakage ±10 uA Vout = O.OV Vout = 5.25\ 
Data Bus is at High-
I mpedance 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 (15S0F), Vcc = +5V ± 5%, Vss = OV, Unless Otherwise Specified. 

WD16C550 TEST 
SYMBOL CHARACTERISTIC TYP 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 

Table B-2. Capacitance 
Ta = 25°C (77°F), f = 1.0 MHz, Vee = Vss = OV 
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WD16C550 AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

APPENDIX C 

C.O At; OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

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

C.1 TIMING DIAGRAMS 

FIGURE NUMBER 

C-1 

C-2 

C-3 

<>4 
C-5 

C-6· 

C-7 

C-8 

c-g 

C-10 

C-11 

C-12 

10-28 

. 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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AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS WD16C550 

Figure C-1. BAUD Rate Generator Timing 

WD16C550 TE5T 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

N Baud Rate Divisor (2 16 - 1) 

tBLD Baud Output Negative 100 nsec 100pF Load 
Edge Delay 

tBHD Baud Output Positive 100 nsec 100pF Load 
Edge Delay 

tLW Baud Output Low Time 32 nsec 100pF Load 
(fx = 8. 0 MHz+1) 

tHW Baud Output High Time 30 nsec 100pF Load 
(fx = 8. 0 MHz+1) 

Table C-2. BAUD Rate Generator Timing 
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WD16C550 AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

SYMBOL 

tSCD 

tSINT 

tRINT 

RCIJ( 

SPMPIE Cl.K 

SIN (RECSVER 
INPIJf DATA) 

11 ...... 1----- 8 CLKS :.::II .. ~ ----'U 

SPMPIE Cl.K 

551 1 1 1 55-

INTERRUPT 

.... 1 !.-tSNT 

______ ----'}- SS~ 

-----~'-~ D'iSTRioISIR 1 
(RB\D REG DATA 
aJFFER) 

NOTE: 

See Real Cycle TiTrg 

Figure C-2. Receiver Timing 

WD16C550 
CHARACTERISTIC MIN MAX UNITS 

Delay from RCLK to 2 ~ec 

Sample Time 

Delay from 1" RCLK 
Stop to Set Interrupt Cycles 

Delay from 0.250 ~ec 

DIST/DISTR 
(RD RBR) Reset 
Interrupt 

Table C-3. Receiver Timing 

TEST 
CONDITIONS 

100pF Load 

100pF Load 

* 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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AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

SERIAl OJT 
(9:lJT) 

INTERRUPT (IHRE) 

1 
DamIDC6TR 

(WR iHR) 

DiSiiWISTR 2 
(AD IIRI 

N01l'S: 

1 See W,., Cyce Tmrg 
2~~~TmlrY'l 

SYMBOL 

tHR 

tlRS 

tSI 

tSTI 

tSXA 

twx I 

Figure C-3. Transmitter Timing 

WD16C550 
CHARACTERISTIC MIN MAX UNITS 

Delay from DOSTRI 0.175 Ilsec 
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 
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 

1211/90 

WD16C550 

TE~T II CONDITIONS 

100pF Load 

100pF Load 
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WD16C550 AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

IMll 

NOTES: 
1 See Write Cycle liming 
2 See Read Cycle liming 

Figure C-4. MODEM Control Timing 

WD16CS50 
SYMBOL CHARACTERISTIC MIN MAX UNITS 

tMDO Delay from DOSTRI 0.200 Ilsec 
DOSTR (WR MeR) 
to Output 

tSIM Delay to Set Interrupt 0.250 Ilsec 
from MODEM Input 

tRIM Delay to Reset Interrupt 0.250 Ilsec 
from DISTRI 
DISTR (RD MSR) 

Table CoS. MODEM Control Timing 
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CONDITIONS 

100pF Load 

100pF Load 

100pF Load 



AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS WD16C550 

... 3"'~-tAW-T----- RC ------ss-~~·I /r----

l~pcs~1 ~ -.j ~. ~ 
AO A, A2 ~ r-----------~----~r_--
'I>ND_~Vf>jJD I X ~ 

CSO,CS',CS2 I: '--, D-IC-' -----,------....:....--

I" tDID :l.--tDlW ~I.. 'RC ~ 
~q===--~~--/~!~ 

I I SS ~ 
-----------------~----~--~-----~ 

~'oo~ 
~'DDD----.j ~IHZ~ 

D~~T~ --------------------<;(Vf>jJD DATA >--

DI5TRJ!lISTR 

DCSTRlDCSTR 

DDIS 

• See TaE C<l 

Figure C-S. Read Cycle Timing 
III 

ADS 3f4-~IAW-1,.------------wc-===~~ss-~.r-
r'ACS~ r-'ACH --I 'AON ' I--

AO,A" A 2 ~ X I ~ 
AND_ ----./\ VALID . . ~ 

CSO,CS',CS2 

,. - .. I I 
"""I .. ..--__ 

DOC
_' DOD -1_ I DOW ... 

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

I I 

I .. 

JOSTFl'DOSTR 

ss 
~ 55 

OR 

SS ~ 55 

DISTFVDlSTR 

~ 'DS .I~DH.I 
DDATA _______________________ --« VALID DATA )>-----

0- D7 .. 

" See Table C-6 

Figure C-S. Write Cycle Timing 
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WD16C550 AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

WD16C550 TEST 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 
tAW Address Strobe Width 60 nsec 111 L Load 

tACS Address and Chip 60 nsec 1TTL Load 
Select Setup Time 

tACH Address and Chip 0 nsec 1TTLLoad 
Select Hold Time 

tDID DISTR/DISTR Delay nsec 1 TTL Load 
from latch 

tDIW DISTRIDISTR Strobe 125 nsec 1TTLLoad 
Width 

tRC Read Cycle Delay 125 nsec 1TTL Load 

RC Read cDcle = tACS + 280 nsec 1TTLLoad 
tOlD + t IW + tRC + 
20 nsec 

tDD DISTRIDISTR to 60 nsec 1TTLLoad 
Driver Disable Delay 

tDDD Del¥! from DISTRI 100 nsec 1 TTL Load 
DIS R to Data 

tHZ DISTR/DISTR to 0 100 nsec 1 TTL Load 

tDOD 
Eloatin~ Data Delay 
DOST IDOSTR Delay nsec 1 TTL Load 
from Latch 

tDOW DOSTR/DOSTR Strobe 100 nsec 1TTLLoad 
Width 

twc Write Cycle Delay 150 nsec 1 TTL Load 

WC Write Cy~le =tACS + 
tDOD+ DOW + 
twc + 20 nsec 

280 nsec 1 TTL Load 

tDS Data Setup Time 30 nsec 1TTLLoad 

tDH Data Hold Time 30 nsec 1TTLLoad 

tDIC" DISTRIDISTR DELAY 30 nsec 1TTLLoad 
from Select or Address 

tDOC" DOSTR/DOSTR Delay 30 nsec 1TTLLoad 
from Select or Address 

tACR" Address and Chip 20 nsec 1 TTL Load 
SelecU:l.olcl Time 
from DISTR/DISTR 

tACW" Address and Chip 20 nsec 1 TTL Load 
Select Hold Time 

tMR 
from DOSTR/DOSTR 
Master Reset Pulse 5.0 Ilsec 1 TTL Load 
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 C-6. ReadlWrite Cycle Timing 
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AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS WD16C550 

SERIAL IN ------". 1'-----55 
(SIN) ',-. -.1.. ____ D_A"_A...;.(S_-S..:...) -:55 

SAMPLECLK _-L_-L_J-_~_55_~_~_-L_-L_-L ____ 

FIFO TRIGGER 
LEVEL INTERRUPT 

FCR6 = 0, FCR7 = 0 

LSINT 

DISTR 
(RDLSR) 

DISTR 
(RDRBR) 

Figure C-7. RCVR FIFO Signaling Timing for First Byte 

SERIAL IN -----.. 55 
(SIN) ',-. -.1..1 ____ D_A"_A..:...(5-_S:..-) -55 

SAMPLE CLK -~----'------'-----'L---55 _----'_----'_----'iL--_'--_Li __ 

FIFO TRIGGER 
LEVEL INTERRUPT 

FCR6 = 0, FCR? = 0 

LSINT \ 

I 1 55 

,..-t SINT --'1 
.,--------... t TOP BYTE OF FIFO "" 

~tSINT.1 t RINT .... ' I~ 
DISTR "I I. 

(RDLSR) ---------------P-RE-V-IO-U-S+----~ l'r--------jl-----
BYTE READ 

DISTR _____________ __,.FROMFIFO r-----------,I 
(RDRBR) ~ 

Figure C-B. RCVR FIFO Signaling Timing After First Byte 
(RBR Already Set) 
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WD16C550 

DISTR 
(RDRBR) 

SIN 

SAMPLECLK 

RXRDY 

--
DISTR 

(RDRBR) 

SIN 

SAMPLECLK 

--
RXRDY 

,,-

10-36 

AC OPERATING CHARACT€RISTICS AND TIMING DIAGRAMS 

LAST BYTE -------- 55 ---------'\ READ FROM 

1\ FIFO 

(FIRST BYTE) 

=x PARITV rop I \-----

I ~tSINT ... 1----55 --"'-1~1~ tRINT 

Figure Cog. Receiver DMA Mode 0 TIming 
(FCRO=O or FCRO=1, FCR3:O) 

55 

( FIRST BYTE TO ) 
REACH TRIGGER LEVEL 

PARITY STOP I 

I I I 

l.-tsINT ... r 55 

LAST BYTE 
\ RE:II.D FROM 

1\ FIFO 

... 1 1~tRINT 
Figure C-10. Receiver DMA Mode 1 TIming (FCRO=1 or FCR3=1) 
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AC OPERA TlNG CHARACTERISTICS AND TIMING DIAGRAMS 

DOSTR 
(WRTHR) 

SOUT 

TXRDY 

DOSTR 
(WRTHR) 

SOUT 

TXRDY 

DATA 

\ FIRST 
BYTE 

i 

'WXI ---.1 
• SXA---. 

Figure C-11. Transmitter DMA Mode 0 Timing 
(FCRO=O or FCRO=1 and FCR3=O) 

LAST BYTE 

\~~"i 

DATA I ~ 
• WXI---.I 1- 'SXA ---. 

Figure C-12. Transmitter DMA Mode 1 Timing 
(FCRO:O or FCRO=1 and FCR3=O) 

1211190 

WD16C550 

START 

• 

START 

1-
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.WD16C550 PACKAGE DIAGRAMS 

APPENDIX D 
0.0 PACKAGE DIAGRAMS 

Figures 0-1, 0-2, and 0-3 illustrate the 40-Pin DIP packages and 44-Pin QUAD package showing 
dimensions in inches. 

-l~' 13.72 ! oM 

0.075 ! 0.025 
,:00 :! 0.64 

\

.. 2.060 ! 0.020 ------.J 
52.32! 0.51 ,... r,r..r, r..r..r..1 

Eo::: 0: :I: v: ::: ::r:' :D= 
1M1 + 0.38 

?;;,;::;:;::;:;::;::;:::;:;:::;:;:::;::;:::;;;:;:::;:;:;;:::;::;:::;:;::;:;:::;:;:::;:;:::;:;::~~UJ -0.00 

---. 
J ~--::-f 0.020 

3.81 ! 0051 

0.o18! 0.003 
0.46 ~ 0.08 

Figure 0·1. 4O·Pin Lead Plastic "PL" 

PIN 1 10. 

0.150~l 

m~ 
0.610 ! 0.015 
15.49 ! 0.38 

LJ 
0.012 ! 0.003 
oj() ! 0.08 

0.S10C- I I 
15.49"!' 0.38 .. 

L~~;::;;;;;::;;;:;~~~ 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 
As part of the Western Digital® Micro Channel 
compatible chip sets (WD6500, WD6400SX, 
WD6400SX/LP), the WD6000 CPU and 
Peripheral Control Logic integrated circuit sig­
nificantly facilitates the design and implementation 
of system boards compatible with IBM's Micro 
Channel architecture. It decreases the design 
complexity and saves space by combining the 
functions of many discrete arrays and com­
ponents, while reducing system cost and increas­
ing system reliability. 

The Extended Setup Facility (ESF) is a fully com­
patible enhancement that allows designers to 
easily configure additional functionality such as a 
Winchester controller, LAN adapter, or an addi­
tional serial port on the system board. This facility 
can help reduce costs and provide system level 
product differentiation. Figure 1 shows a typical 
system diagram using Western Digital's Micro 
Channel compatible chip sets. 

WD6000 

1.2 FEATURES 
Hardware (Register Level) and Software 
Compatible to the IBM Personal System/2 
Micro Channel implementations 
Functionality equivalent to the following: 

Two 8259 Interrupt Controllers 
8254 Timer 
Watchdog Timer Logic 
System Board 1/0 Decode Logic 
Peripheral Bus Control Generator 
NMI Generator 
Error Control Logic 

Interfaces Directly to the Micro Channel 
Operates in an 80486, 80386DX or 80386SX 
System 
Math Coprocessor Support (80387/80387SX, 
Weitek 4167/3167 or compatible) 
Programmable Option Select (POS) Logic 
Clock Generation Logic for Math Coproces­
sor and Keyboard Controller 
Support for External CMOS RAM for storage 
of Configuration Data 
Extended Setup FacilityTM (ESPM) 

Low Power 1.25 Micron CMOS Technology 
132-Lead JEDEC Plastic Quad Flat Pack 

ADVANCE INFORMATION 11/28/90 11-1 

III 



WD6000 INTRODUCTION 

CACHE _ ~ 

EXTERNAL ~---.-lf=:=;:=;i1-------~~--------..... ------

FIGURE 1. SYSTEM DIAGRAM 

(DEVICES WITH BOLD OUTLINES AVAILABLE FROM WESTERN DIGITAL CORPORATION) 

11-2 ADVANCE INFORMATION 11/28/90 



INTRODUCTION 

KYBDINT 

SERINT1 

SERINT2 

RTCIRO 
AUXINT 

IRO (3:7,9:12, 

14~ 
INT1EN 

INT2EN 

INTR 

MHZ28 
MHZ30 

CLK387 

MHZ14 

REFREO 

DRVAUDIO 

CLK8742 

CDSFDBK 

CDSETEN 
CDSETUP(0:7) 

PPEM 
CHRESET 

VGASETUP 

ERROR387 

BUSY387 
WTKIR013 

BUSY386 

PROS86 

=: 
-----t 

--.c 

::::ik 
-----t 

2 

-----t 

-----t 

-----t --
~ --
--.c 

~ 
::=: 
----c 

----c 

~ 
-------> 
----c --

A 
DI:CODEeUS 

INTERRUPT 
OeCODE8uS 

CONTROL 

r---r-----

~ r-
TIMER 0 OUT I ~ 

CLOCK 
CLOCKS r-----

GENERATION r-- IOR,W REFREO 
AND f-

TIMERS 
INTA 

oeCODe eus .1 

SYSTEM 
~IlECODE BUS 

BOARD 
SETUP 

A 
DECODE BUS 

U ~ " 

SYSTEM 
CONTROL 

REGS 

A 
06CODEBUS ~ DECODE BUS=) " 

GATE TIMER2 -
NMIENA 

COPROCESSOR 
INTERFACE 

IR013 

~ oecOOE aus . 
V 

A 

~CODEBUS 

FIGURE 2. WD6000 BLOCK DIAGRAM 

ADVANCE INFORMATION 11/28/90 

WD6000 

_HLDA 

EXTERNAL :J_ PROMCS 

DEVICE :J+-- DACK 

ENABLE ~ CS8742 

~ FDCCS 
~ppes 

~ SERCS1 

~ SERCS2 

~NPS1 

~CSA 

~CSB 

~Ak 
PERIPHERAL V 

BUS :J+-- SO,S1 

CONTROL p+-- MilO 

p+-- CMD 

p+-- RESET 
p------. lOR 

p----. lOW 

p------. MEMRD 

p----. MEMWR 

1----+ IORDY 
p----. IODTR 

p------. IODEN 

1----+ IODCSA 
1----+ RTCAS 

p----. RTCRD 

p------. RTCWR 

~(F III 
p.-- EDRENA 

EXTENDED 1----+ CMOSA (0:1 
CMOS RAM p------. CMoses 
INTERFACE 

2) 

EXTENDED 
SETUP 

FACILITY 

:J+---+ CHCK 

NMI :J+-- PAR ERR 

CONTROL ~NMI 

11-3 



WD6000 

2.0 PIN DESCRIPTION 

18 

50 

51 

woe 
W06000 

PIN 1 INDICATOR 

116 

84 

83 

132· PIN JEDEC FLAT PACK 

FIGURE 1. 132-PIN JEDEC FLAT PACK 

PIN NAME PIN NAME PIN NAME 
1 SD6 34 SA14 67 TEST 
2 VDD 35 VDD 68 VDD 
3 SD5 36 SA13 69 CMOSA10 
4 CLK387 37 SA12 70 CMOSA9 
5 SD4 38 SA11 71 CMOSA8 
6 SD3 39 SA10 72 CMOSA7 
7 SD2 40 SA9 73 CMOSA6 
8 WTKIR013 41 SA8 74 CMOSA5 
9 SD1 42 SA7 75 CMOSA4 
10 SDO 43 SA6 76 Vss 
11 Vss 44 SA5 77 CMOSA3 
12 CHCK 45 SA4 78 CMOSA2 
13 Vss 46 SA3 79 CMOSA1 
14 BUSY387 47 SA2 80 CMOSAO 
15 ERROR387 48 . SA1 81 MHZ14 
16 RESET 49 SAO 82 NMI 
17 MHZ28 50 Vss 83 DRVAUDIO 
18 PARERR 51 IR011 84 SYSSTA 
19 CDSETEN 52 IR010 85 CMOSCS 
20 MHZ30 53 IR09 86 VDD 
21 SERINT2 54 RTCIRO 87 INTR 
22 SERINT1 55 IR07 88 Vss 
23 INT2EN 56 IR06 89 NPS1 
24 INT1EN 57 IR05 90 PPCS 
25 AUXINT 58 IR04 91 SERCS2 
26 DACK 59 IR03 92 SERCS1 
27 PROMCS 60 KYBDINT 93 FDCCS 
28 HLDA 61 MilO 94 CS8742 
29 IR015 62 CMD 95 PPEM 
30 IR014 63 N/C 96 VGASETUP 
31 EDRENA 64 S1 97 IORDY 
32 IR012 65 SO 98 REFREO 
33 SA15 66 CDSFDBK 99 VDD 
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PIN DESCRIPTION 

PIN NAME 
100 RTCWR 
101 Vss 
102 RTCRD 
103 RTCAS 
104 lOW 
105 lOR 
106 MEMWR 
107 MEMRD 
108 N/C 
109 CLK8742 
110 IODCBA 
111 IODEN 
112 IODTR 
113 PR0386 
114 CMOSA12 
115 Vss 
116 CMOSA11 
117 BUSY386 
118 CSA 
119 CSB 
120 N/C 
121 CDSETUPO 
122 CDSETUP1 
123 VDD 
124 CDSETUP2 
125 Vss 
126 CDSETUP3 
127 CDSETUP4 
128 CDSETUP5 
129 CDSETUP6 
130 CDSETUP7 
131 CHRESET 
132 SD7 

fa 



PIN DESCRIPTION WD6000 

PIN NO. NAME TYPE FUNCTION 
INTERRUPT CONTROL 

60 KYBDINT I KEYBOARD INTERRUPT - Driven by the system 
keyboard controller. 

22 SERINT1 I SERIAL INTERRUPT 1 - Internally switched with 
SERINT2 to share IRQ3 and IRQ4 under 
software control. The Program Control Register 
(PCR) and Setup Register 01 02H are used to as-
sign the serial interrupt signals. 

21 SERINT2 I SERIAL INTERRUPT 2 - Internally switched with 
SERINT1 to share IRQ3 and IRQ4 under 
software control. The Program Control Register 
(PCR) and Setup Register 01 02H are used to as-
sign the serial interrupt signals. 

54 RTCIRQ I REAL-TIME CLOCK INTERRUPT - Generated 
by the system Real-Time Clock module. 

25 AUXINT I AUXILIARY INTERRUPT - Driven by the system 
keyboard controller. 

59 IRQ3 I INTERRUPT REQUESTS - Asynchronous inputs 
58 IRQ4 that may be shared by other interrupting devices. 
57 IRQ5 
56 IRQ6 
55 IRQ7 
53 IRQ9 
52 IRQ10 • 51 IRQ11 
32 IRQ12 
30 IRQ14 
29 IRQ15 

24 INT1EN I SERIAL INTERRUPT 1 ENABLE - System 
generated programmable output that gates the in-
terrupt signal SERINT1 from the associated 
serial device. This line must be grounded to 
enable the interrupt. 

23 INT2EN I SERIAL INTERRUPT 2 ENABLE - System 
generated programmable output that gates the in-
terrupt signal SERINT2 from the associated 
serial device. Line must be grounded to enable 
the interrupt. 

87 INTR 0 INTERRUPT - Drives the system CPU interrupt 
pin. 

CLOCK GENERATION & TIMERS 
17 MHZ28 I 28.636 MHz - Basic clock used for all WD6000 in-

ternal functions (timers, wait generator, bus inter-
face logic. 

o = Output, I = Inputy, I/O = BI-dlrectlonal 

ADVANCE INFORMATION 11128190 11-5 



WD6000 PIN DESCRIPTION - . 

PIN NO. NAME TYPE FUNCTION 
CLOCK GENERATION & TIMERS, Continued 

20 MHZ30 I . 30.0 MHz - Drives the coprocessor and keyboard 
(optional) clock outputs appropriately. See Pin 109 below. 

81 . MHZ14 0 14.318 MHz - This clock output drives the Chan-
nel OSC line. 

98 REFREQ 0 REFRESH REQUEST - Timer output used to re-
quest a refresh cycle by the CACP and DMA con-
troller. 

83 DRVAUDIO 0 DRIVE AUDIO - Drives the audio summing net-
work shared by the Channel audio line and Timer 
2 OUT gated by Control Port B (0061 H) bit o. 

109 CLK8742 0 8742 CLOCK - Drives the keyboard controller. It 
is derived from the 30 MHz clock input divided by 
3 if the MHZ30 clock input is present. If the 
MHZ30 clock input is connected to the MHZ28 
clock, then the keyboard clock (CLK8742), is 
derived from the MHZ28 clock input divided by 3, 
and a math coprocessor will not be supported. 

4 CLK387 I For systems using an 80387 or 80387SX, this 
pin should be connected to the CLK phase of the 
coprocessor. It is used to synchronize the 
coprocessor logic to the coprocessor clock .. For 
systems with non-Intel coprocessors, this pin 
should be left unconnected. . 

SYSTEM BOARD SETUP 
66 CDSFDBK I CARD SELECTED FEEDBACK - This Channel 

signal indicates the addressed slave is present. 
19 CDSETEN I CARD SETUP ENABLE - Timing decode for the 

01 00H-01 07H from the WD601 O. 
121 CDSETUPO ·0 CARD SETUP - Each signal drives a Channel 
122 CDSETUP1 slot. 
124 CDSETUP2 
126 CDSETUP3 
127 CDSETUP4 
128 CDSETUP5 
129 CDSETUP6 
130 CPSETUP7 
95 PPEM 0 PARALLEL PORT EXTENDED MODE - When 

asserted, this signal puts the parallel port into Ex-
tended (bidirectional) Mc;>de. 

131 CHRESET 0 CHANNEL RESET - This software-generated sig-
nal resets all Channel resident adapters and sys-
tem board 1/0 devices only. Located in register 
0096H Bit 7. 

96 VGASETUP 0 VGA SETUP - Tells the VGA device to enter 
Setup Mode. 

o = Output, I = Input, 1/0 = BI-dlrectlonal 
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PIN DESCRIPTION WD6000 

PIN NO. NAME TYPE FUNCTION 
SYSTEM CONTROL REGISTERS 

84 SYSSTA 0 SYSTEM STATUS - This signal is used to drive a 
hard disk active LED. 

COPROCESSOR INTERFACE 
15 ERROR387 I ERROR 387 - Driven by the coprocessor, this sig-

nal indicates the coprocessor has encountered 
an error condition which causes an interrupt 
(13H) to be issued and holds the BUSY386 sig-
nal in the busy state. The busy and interrupt are 
cleared by issuing an 8-bit I/O write command to 
location OOFOH with data equal to OOH. For 
80387/80387SX-based systems, this pin should 
be connected to the ERROR pin. 

14 BUSY387 I BUSY 387 - Driven by the coprocessor, this sig-
nal indicates the coprocessor is currently execut-
ing a command. This can also be used on 
80386SXl80387SX-based systems. 

117 BUSY386 0 BUSY 386 - Indicates the coprocessor is current-
ly executing a command. 

8 WTKIR013 I For systems implementing a Weitek 4167/3167 
(or compatible) math coprocessor, this pin should 
be connected to the IR013 pin of the EMC (Ex-
tended Math Coprocessor) socket. It is used to 
generate an interrupt 13 to the system when the III 
Weitek coprocessor requires service. 

This pin has dual functions. At power up (trailing 
edge of RESET), the state of this pin is latched to 
determine whether the WD6000 will implement 
an 80386 or 80386SX-compatible math interface. 

For an 80386/80386SXl80486 system, this pin 
should be pulled down with a 100 ohm resistor. 

For an 80386/80386SXl80486 system which in-
cludes a Weitek (or compatible) coprocessor, this 
pin should be connected to the IR013 pin of the 
Weitek device. 

113 PR0386 0 The PR0386 signal is OR'ed with the coproces-
sor request (PEREO) to drive the PR0386 signal 
to the CPU high to allow the coprocessor to com-
plete any pending data transfers. 

EXTERNAL DEVICE ENABLE 
28 HLDA I BUS HOLD ACKNOWLEDGE - This line indi-

cates when the CPU has given the system local 
bus to another master (Channel bus master or 
DMA controller). It is used to prevent non-sys-
tem CPU access to locations OOOO-OOFFH in the 
WD6000 during master cycles. 

o = Output, I = Input, I/O = BI-dlrectlonal 
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\;Vo~ooo PIN DESCRIPTION 

PIN NO. NAME TYPE FUNCTION 
EXTERNAL DEVICE ENABLE, Continued 

27 PROMCS I PROM CHIP SELECT - This signal indicates an 
access to a PROM location and is activated on 
read accesses to the PROM address spaces 
EOOOO - FFFFFH, FEOOOO - FFFFFFH (80386SX 
systems), or FFFEOOOO - FFFFFFFFH (80386 
systems). This line is used by the WaiVReady in 
the WD6030 logic to control the length of the 
channel cycle for PROM accesses. 

26 DACK I FLOPPY DMA ACKNOWLDGE - This pin is ac-
tivated on a DMA Transfer to the floppy disk. It is 
used by the Wait/Ready logic in the WD6030 to 
control the length of the channel cycle for the 
floppy DMA. 

94 CS8742 0 CHIP SELECT 8742 - This signal is the chip 
select to the keyboard/auxiliary device controller. 

93 FDCCS 0 FLOPPY DISK CONTROLLER CHIP SELECT -
This signal is the chip select to the floppy disk 
controller. 

90 PPCS 0 PARALLEL PORT CHIP SELECT - This signal is 
the chip select to the parallel port controller. 

92 SERCS1 0 SERIAL CHIP SELECT 1 - This signal is the chip 
select for the first serial port controller. 

91 SERCS2 0 SERIAL CHIP SELECT 2 - This signal is the chip 
select for the second serial port controller. 

89 NPS1 0 NUMERIC PROCESSOR SELECT - This signal 
is the chip select for the math coprocessor. 

118 CSA 0 CHIP SELECT A - This signal is a software-
programmable chip select. 

119 CSB 0 CHIP SELECT B - This signal is a software-
programmable chip select. 

PERIPHERAL BUS CONTROL 
10 SDO I/O SYSTEM DATA - Theses bi-directionallines are 
9 SD1 the low byte of data from the Channel data bus 
7 SD2 (buffered). 
6 SD3 
S SD4 
3 SDS 
1 SD6 

132 SD7 
10 = Output, I = Input, I/O = BI-dlrectlonal 
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PIN DESCRIPTION WD6000 

PIN NO. NAME TYPE FUNCTION 
PERIPHERAL BUS CONTROL Continued 

49 SAO I SYSTEM ADDRESS - These 16 address lines 
48 SA1 are used to decode the appropriate locations of 
47 SA2 the system CPU 64K I/O space. These lines 
46 SA3 should be connected to the channel address bus 
45 SA4 (0 ... 15). 
44 SA5 
43 SA6 
42 SA7 
41 SA8 
40 SA9 
39 SA10 
38 SA11 
37 SA12 
36 SA13 
34 SA14 
33 SA15 

65 SO I CHANNEL STATUS and MEMORY I/O - These 
64 S1 three lines encode information on the type of 
61 M/IO Channel bus cycle. 

62 CMD I COMMAND - This signal defines when data to or 
from the Channel is valid. 

16 RESET I RESET - This signal initializes all the internal 
logic to a power-on state. 

105 lOR 0 I/O READ, I/O WRITE, MEMORY READ and 
II 

104 lOW MEMORY WRITE - These signals comprise the 
107 MEMRD command information for peripheral bus cycles 
106 MEMWR and track the Channel cycle. 

97 10RDY 0 I/O READY - This signal indicates the WD6000 is 
finished with the current bus cycle. It is deac-
tivated to extend the current Channel cycle. 

112 10DTR 0 I/O DATA TRANSMIT/RECEIVE, I/O DATA 
111 10DEN 0 ENABLE, I/O DATA CLOCK (latches when clock 
110 10DCBA 0 is low) - These three lines control the address 

and data buffer latches for the peripheral bus. 
The I/O data transmit/receive signal controls the 
direction of the I/O data buffers inside the 
WD6022. If 10DTR is low, the WD6022 drives 
data from 100 (0:15) to 0 (0:15), and if 10DTR is 
high, the WD6022 drives data from 0 (0:15) to 
100 (0:15). 10DEN enables the I/O data buffers. 
When active, the WD6022 drives either the 0 
(0:15) to 100 (0:15), depending on the direction 
set by 10DTR. The I/O data clock (IODCBA) is 
used to latch the data during reads from the 
Channel peripherals on the I/O bus. 

10 = Output, I = Input, I/O = BI-dlrectlonal 
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WD6000 PIN DESCRIPTION 

PIN NO. NAME TYPE FUNCTION 
PERIPHERAL BUS CONTROL, Continued 

103 RTCAS 0 REAL-TIME CLOCK ADDRESS SELECT - This 
signal latches the address into the Real-lime 
Clock module. 

102 RTCRD 0 REAL-TIME CLOCK READIWRITE - These two 
100 RTCWR lines are the command lines to the Real-lime 

Clock module. 
EXTENDED CMOS RAM INTERFACE 

31 EDRENA I ESF DATA REGISTER PORT ENABLE - This sig-
nal from the WD601 0 indicates that the ESF 
Data Register is being read or written to. 

80 CMOSAO 0 CMOS ADDRESS - These 13 lines are used to 
79 CMOSA1 address the Extended CMOS RAM. 
78 CMOSA2 
n CMOSA3 
75 CMOSA4 
74 CMOSA5 
73 CMOSA6 
72 CMOSA7 
71 CMOSA8 
70 CMOSA9 
69 CM08A10 
116 CMOSA11 
114 CMOSA12 
85 CMOSCS 0 CMOS CHIP SELECT - This line is used to select 

the Extended CMOS RAM. 
NMICONTROL 

12 CHCK I/O CHANNEL CHECK - This signal is the channel 
error indication. It is driven by bus resident adap-
ters. During a bus master DRAM cycle, the sys-
tem board drives this line if a parity error occurs. 
When this signal is an output, it is an open collec-
tor output. 

18 PARERR I PARITY ERROR - This signal is the output of the 
DRAM controller parity generator. 

82 NMI 0 NON-MASKABLE INTERRUPT - When driven by 
the WD601 0 to the CPU, NMI indicates the 
CACP has reached a bus timeout condition while 
monitoring the bus. When the signal is received 
by the WD601 0 fromn the WD6000, it instructs 

. the CACP in the WD601 0 to initiate an arbitration 
cycle to remove any bus masters so the the CPU 
can service the interrupt. 

10 = Output, I = Input, I/O = BI-dlrectlOnal 
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PIN DESCRIPTION WD6000 

PIN NO. NAME TYPE FUNCTION 
MISCELLANEOUS 

2,35,68, VDD I +5 Power Supply 
86,99,123 
11,13,50, Vss I o V Ground 
76,88,101 
115,125 

63,108, N/C - Not Connected 
120 
67 TEST I TEST PIN - This is an active low pin that 

facilitates board-level testing. When low, this sig-
nal tri-states all outputs and bi-directional signal 
lines, allowing an ATE tester to drive these sig-
nals. When high, the outputs and bi-directional 
lines are enabled by the chip. 

10 = Output, I = Input, I/O = BI-dlrectlonal 

• 
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The WD6500 and WD6400SX I/O map is shown in Table 1. 

ADDRESS RANGE LOCATION 
0000 to OOOFH WD601 0 
001SH WD6010 
001AH WD6010 
0020 to 0021 H WD60001 
0040,0042-00440047H WD6000 
0060H WD6000 
0061H WD6000 
0064H WD6000 
0070H WD6000 
0071H WD6000 
0074H WD6000 
0075H WD6000 
0076H WD6000 

00S1 to 00S3 00S7H WD6010 

00S9 to OOSB, OOSFH WD601 0 
0090H WD6010 
0091H WD6000 
0092H WD6000 
0094H WD6000 
0096,0097H WD6000 
OOAO to OOA 1 H WD6000 
OOCO to OODFH WD6010 
OOFOH WD6000 
00F1H WD6000 
OOFS to OOFFH WD6000 
0100,0101H WD6000 
0102 to 0107H WD6000 
027S to 027BH WD6000 
02FS to 02FFH WD6000 

037S to 037BH WD6000 
03BC to 03BFH WD6000 

03B4 03B5, 03BA, 03CO-03C5H VIDEO 

03CE, 03CF, 0304, 0305, 03DAH VIDEO 
03C6 to 03C9H VIDEO 
03FO to 03F7H WD6000 
03FS to 03FFH WD6000 
0700H WD6010 

[1] No Channel cycle IS generated on these I/O addresses 
[2] I/O location 03C3H (VGA Enable Register) is in WD6010. 

PIN DESCRIPTION 

FUNCTION 
DMA Controller, Channels 0-3 [11 
Extended Function Reoister [11 
Extended Function Execute [1] 
Interrupt Controller 1 (Master) 

System Timers 

Keyboard Data Port 
System Control Port B 

RD=Kybd status, WR=Kybd command 

RTC/CMOS Addr. Register, NMI Mask 

RTC/CMOS Data Port 

EARO Extended CMOS RAM, ESF 
EAR1 Extended CMOS RAM 
Extended CMOS RAM data port 

DMA Paoe Reoisters {O-3)[11 

DMA Page Registers (4-71[11 
Central Arbitration Control Point [11 

Card Selected Feedback 

System Control Port A 
System Board Setup 

POS, Channel Connector Select 
Interrupt Controller 2 (Slave) 

DMA Controller (4 to 7)[1] 

Coprocessor Clear Busy 

Coprocessor Reset 
Coprocessor 
System 10 

Sj'stem Board Confiouration (POS) 

Parallel Port 3 

Alternate Serial Port 

Parallel Port 2 

Parallel Port 1 

Video Subsystem [21 
Video Subsystem [21 

Video DAC [2] 

Diskette Drive Controller 

Primary Serial Port 
ESF Data Register (Default) 

TABLE 1. SYSTEM LEVEL I/O MAP 
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INTERRUPT CONTROLLER 

3.0 INTERRUPT CONTROLLER 

The Interrupt Controller is functionally equivalent 
to two Intel 8259 controllers cascaded together. It 
operates in level-sensitive mode and controls six­
teen levels of interrupts, five interna,1 and eleven 
system interrupts. Interrupt Controller 1 is the 
master controller, located at I/O space 0020H and 
0021 H. Interrupt Controller 2 is the slave and is 
located at I/O space OOaOH and 00A1H. Interrupt 
Request 2 (IRQ2) from Interrupt Controller 1 is 
used to cascade the two controllers, as illustrated 
in Figure 4. 

The edge trigger mode is not available. Any or all 
of the interrupts may be masked. The non-mask­
able interrupt may be masked by setting Register 
(0070H) Bit 7. 

Interrupts may be shared by more than one 
hardware interrupt. Table 2 shows the interrupt 
assignments in a typical system environment. 

The auxiliary and serial port interrupt signals are 
discussed below: 

AUXINT is the interrupt from the auxiliary 
device. It is an active high input that is ORed 
with IRQ12 from the Channel. It is treated 
exactly like an IRQ12 interrupt. 

SERINT1 is an active high interrupt from 
Serial Port 1 (SP1). SERINT1 is masked by 
INT1 EN, which must be low in order to detect 
SERINT1. SERINT1 is ORed with IRQ3 or 
IRQ4, depending on the programming. If 
SP1 is enabled (See Section 4.0), and it is 
programmed to Alternate Addresses 02F8 -
02FFH, SERINT 1 is treated as IRQ3. It is 
treated as IRQ4 when SP1 is programmed to 
Primary Addresses 03F8 - 03FFH. 

SERINT2 is an active high interrupt from 
Serial Port 2 (SP2). SERINT2 is masked by 
INT2EN, which must be low in order to detect 
SERINT2. SERINT2 is ORed with IRQ3 or 
IRQ4, depending on the programming. If 
SP2 is enabled (See Section 9.2.3), and it is 
programmed to Primary Addresses 03F8 -
03FFH, SERINT2 is treated as IRQ4. It is 
treated as IRQ3 when SP2 is programmed to 
Alternate Addresses 02F8 - 02FFH. 

WD6000 

3.1 INTERRUPT CONTROLLER 
OPERATION 

Figure 5 contains a functional diagram of an inter­
rupt controller in the WD6000~ providing an opera­
tional representation of how each controller 
works. The various interrupt controller functions 
are described below. 

3.1.1 Interrupt Request Register (IRR) and 
In-Service Register (ISR) 

Interrupts are handled by the IRR and the ISR. 
The IRR stores all the interrupt levels that are 
being serviced. 

3.1.2 Priority Resolver 

This function decodes the priorities of the bits set 
in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISR 
during the INTA cycle. 

3.1.3 Interrupt Mask Register 

The IMR stores the bits that mask selected inter- III 
rupt lines. Masking a higher priority input does 
not affect lower priority interrupt request lines. 

3.1.4 ReadlWrite Control Logic 

This function accepts commands from the CPU 
and allows the status of the Interrupt Controller to 
be read on the Data Bus. It contains the Initializa­
tion Command Word (ICW) and Operation Com­
mand Word (OCW) registers, that store the 
various control formats for device operation. 

3.1.5 Cascade Buffer/Comparator 

This function stores and compares the I D of the 
slave controller. In the WD6000 Interrupt Control­
ler configuration, the CAS bus is an output from 
the master and an input to the slave. When a 
slave request line is activated and acknowledged, 
the master sends the ID of the slave, fixed at 2, to 
the CAS bus. This enables the slave to send its 
pre-programmed subroutine address to the data 
bus during the second INTA cycle. All handshak­
ing is handled internally. 
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IRoo 

KYBDINT 

CHAN SLenS 

SETUP 
REGISTER 
INPUTS 

11-14 

AUXINT 

COPROCIRQ 

INTA 

SERINT1 

SERINT2 

INT2EN 

ESF:20(O) 

ESF:20(1) 

ESF:20(2) 

ESF:20(3)' 

0102(0) 

0102(2) 

0102(3) 

INTERRUPT CONTROLLER 

2 

INT INTR 

5-7 

CHANNEL INTERRUPTS 
INTA 

INT 

9-11,14,15 

12 

13 

INTA 

SEL 

MUX 

FIGURE 4. INTERRUPT CONTROLLER BLOCK DIAGRAM 
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INTERRUPT CONTROLLER WD6000 

SYSTEM SOURCE CHANNEL LEVEL 
Timer - o f11 
Keyboard Port - 1 
Cascade - 2 f11 
Alternate Srial Port IRQ3 3 
Primary Serial Port IRQ4 4 
Reserved IRQ5 5 
Floppy Disk IRQ6 6 
Parallel Port IRQ7 7 
RTC - 8 
Cascade Redirectd IRQ9 9 
Reserved IRQ10 10 
Reserved IRQ11 11 
Mouse/Auxiliarv IRQ12 12 
Coprocessor - 13 f11 
Hard Disk IRQ14 14 
Reserved IRQ15 15 .. . . 
[1] This Interrupt IS Internally generated In the WD6000 . 

TABLE 2. INTERRUPT SHARING 

3.2 INTERRUPT SEQUENCE 
The sequence of events that make up an interrupt 
system environment are described below: 

1. One or more interrupts arrive from a peripheral 
device which sets the corresponding bit(s) in the 
IRR. 

2. The request is evaluated and if the interrupt 
has not been masked, it is passed to the priority 
circuit and the Interrupt Controller sends an inter­
rupt (INTR) to the CPU. 

3. The CPU responds to the interrupt with an 
INTAcycle. 

4. When the INTA is received, the priority is 
frozen and the highest priority ISR bit is set. The 
Interrupt Controller does not drive the data bus 
during this cycle. 

5. The CPU initiates another INTA cycle that 
causes the Interrupt Controller to send an 8-bit 
vector to the CPU. Either the master or slave 
may be programmed to send the byte of data. As 
long as the ISR bit is set, all interrupts at the 
same level or lower are inhibited. In Special Mask 

Mode (SMM), only interrupts at the same level are __ 
inhibited. If a higher priority interrupt occurs during ... 
an interrupt service routine, it is only acknow-
ledged if the GPU internal interrupt enable has 
been re-enabled. 

When the slave issues an interrupt, other inter­
rupts from the slave are locked out. To preserve 
ptiority in the slave, that is, to allow higher inter­
rupts to occur when a power interrupt is being 
serviced, Special Fully Nested Mode (SFNM) 
should be programmed in the master. See Sec­
tion 2.9.4 for more details. 

6. At the end of the second INTA cycle, one or two 
End-of-Interrupt (EOI) commands must be issued 
to complete the interrupt; one for the master and 
the other for the slave. This clears the ap­
propriate bit in the ISR. 

3.3 END OF INTERRUPT 
There are three EOI commands: Specific, Non­
Specific, and Automatic. When the Interrupt Con­
troller· is programmed to operate in modes that 
preserve fully nested interrupts, the CPU can 
determine which ISR bit to reset on EOI, since the 
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lOR 

lOW 

SAO 

CASO 

CAS1 

CAS2 

11-16 

INTERRUPT CONTROLLER 

INTA INTR 

CONTROL LOGIC 

IN 
SERVICE 

REGISTER 
(ISR) 

PRIORITY 

RESOLVER 

INTERRUPT MASK REGISTER 

(IMR) 

FIGURE 5. INTERRUPT CONTROLLER FUNCTIONAL DIAGRAM 

(TYPICAL MASTER OR SLAVE) 
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current highest priority ISR bit is necessarily the 
last level acknowledged and serviced. In this 
case, a non-specific EOI can be issued. In 
Special Mask Mode, an ISR bit that is masked in 
the IMR is not cleared by a non-specific EOI. 

When the fully nested structure is not preserved, 
a Specific EOI must be issued at the end of the 
interrupt service routine, which includes the ISR 
bit to reset. Both Specific and Non-Specific EOls 
are issued with OCW2. 

Automatic EOI (AEOI) automatically occurs on the 
trailing edge of the second INTA cycle. AEOI can 
only be used for the master, not the slave. AEOI 
is set with ICW4. 

3.4 POLLED MODE 

oe o e. n IS m , 
The Interrupt Controller may also be operated in 
P II d M d I th· ode interrupts should be 
masked by the CPU. An interrupt is detected 
when the software issues a poll command, setting 
P = 1 in OCW3. This results in an equivalent INTA 
cycle during the next read operation to the Inter-
rupt Controller (i.e., lOR = 0, DECODE = 0) which 
sets the IS bit, if a request was made, and allows 
the priority level to be read. See Figure 6. The 
IRR remains frozen until the read cycle is com-
plete. At the end of the process, Polled Mode is 
reset to zero. 

D7 D6 D5 D4 D3 D2 D1 DO 
I - - - - W2 W1 WO 

WO-W2: Binary code of the highest priority level 
requesting service. 

I: Equal to "1" if there is an interrupt. 

FIGURE 6. INTERRUPT PRIORITY LEVEL 
USING THE POLL COMMAND 

3.5 INTERRUPT PRIORITY 

There are three types of interrupt priority: 
Fixed Priority 

Automatic Rotation 

Specific Rotation 

WD6000 

3.5.1 Fixed Priority 
In this mode, the interrupts are fully nested; IRQO 
is assigned the highest priority, and IRQ7 the 
lowest priority. Fixed priority is the default condi­
tion, unless Automatic or Specific Rotation is 
programmed with OCW3. 

3.5.2 Automatic Rotation 

Automatic Rotation is useful for applications 
where a number of interrupting devices have 
equal priority, as the priority is rotated between 
them. In this mode, the last interrupt serviced has 
the lowest priority. Figures 7 and 8 show the 
status of the ISR before and after Automatic Rota­
tion. Once the interrupt with the highest priority 
(IRQ4 in Figure 7) has been serviced, its status 
changes from the highest to the lowest priority, as 
illustrated in Figure 7. 

IRQ7IRQ6 IRQ5 IRQ4 IRQ3 IRQ2 IRQ1 IRQO 
0 I 1 I 0 I 1 I 0 I 0 I 0 I 0 
IRQ STATUS 

Lowest Priority Highest Priority 
I I 

3 I 2 I 1 I 0 I 7 I 6 1 5 I 4 
PRIORITY STATUS 

FIGURE 7. INTERRUPT PRIORITY BEFORE 
AUTOMATIC ROTATION 

IRQ7 IRQ6 IRQ5 IRQ4 IRQ3 IRQ2 IRQ1 IRQO 
011 I 0 I 0 I 0 I 0 I 0 I 0 
IRQ STATUS 

Lowest Priority Highest Priority 
I I 

4 I 3 1 2 I 1 I 0 I 7 I 6 I 5 
PRIORITY STATUS 

FIGURE 8. INTERRUPT PRIORITY AFTER 
AUTOMATIC ROTATION 
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3.5.3 Specific Rotation 
Specific Rotation fixes the priorities by assigning 
one interrupt the lowest priority, and thus chang~ 
ing the priorities of the rest. For example, if IRQ4 
is programmed to have the lowest priority, then 
the new order of priority is 5, 6, 7, 0, 1, 2, 3, and 
4, with IRQ5 having the highest priority and IRQ4 
the lowest priority. 

Specific Rotation is programmed with OCW2 in 
two ways, Rotate on Specific EOI, and Set 
Priority. Note that priority changes can only be 
made during an EOI command by using Rotate 
on Specific EOL 

3.6 SPECIAL MASK MODE 

Special Mask Mode (SMM) allows the interrupt 
priority structure to be dynamically changed. In 
SMM, when a bit is masked in OCW1, interrupts 
are inhibited at that level; all other levels, lower or 
higher, that are not masked are enabled. This 
selectively enables interrupts by changing the 
IMR. SMM is programmed with OCW3. 

3.7 READING REGISTER STATUS 
The status of the IRR and ISR can be read at 
Address 020H (master) and OAOH (slave). Prior to 
the read status operation, indicate the register to 
be read with OCW3. The contents of the selected 
register can be read again, unless Polled Mode is 

IRQ 

INTR_-t--J 

INT A ---+-_ ___.. 

LATCH EARLIEST IRQ 
ARMED CAN BE REMOVED 

INTERRUPT CONTROLLER 

selected, that is, there is no need to write another 
OCW3 to read the same register. 

The IMR can be read at Addresses 021 Hand 
OA1H. 

3.8 INTERRUPT TRIGGERING 

An interrupt request is recognized by a low level 
on the IRQ input. The interrupt request must be 
removed before the EOI is issued or before the 
CPU internal interrupt enable has been re­
enabled. Otherwise, a second interrupt is 
detected. 

The IRQ inputs must remain low until after the 
falling edge of the first INTA as generated from 
interrupt acknowledge cycles from the CPU. See 
Figure 9. If the IRQ goes high before this time, the 
Interrupt Controller issues an Interrupt Level 7 
vector during the second INTA cycle, thus ignoring 
the false interrupt. This allows false interrupts 
caused by spurious noise glitches on the interrupt 
inputs to be detected. 

If IRQ7 is needed for another purpose, a false 
IRQ7 can still be detected by reading the ISR. A 
normal IRQ7 sets the corresponding ISR bit; a 
false IRQ7 does not, except when a false IRQ7 
occurs during a normal IRQ7. In this case, it is 
necessary to keep track of IRQ7 occurrences to 
determine default occurrences that may follow. 

LATCH 
ARMED 

LEVEL TRIGGERED MODE ONLY 

*INTA IS A WD6000 INTERNAL SIGNAL 

FIGURE 9. TRIGGERING TIMING REQUIREMENTS 

(NOTE: I/O ADDRESS 20/21H APPLIES TO MASTER, AO/A1H APPLIES TO SLAVE) 
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INITIALIZATION (WRITE) COMMAND (WRITE) 

1---

BYTE POINTER 

TO 20H OR AOH WITH 

DATABIT4=1. IT 

INCREMENTS SEQ­

UENTIALL Y WITH EACH 

lOW. 

BYTE POINTER 

ICW30RICW4 

BYTE POINTER 

CHANGED BY lOW TO 

20H OR AOH WITH DATA 

(4) = 1 (ICW1) OR lOW 

TO 21H OR A1H (OCW1) 

-- --, 

- ---, 
- ---, 

ICW1 

ICW2 

ICW3 

ICW4 

READY FOR 
COMMANDS 

IRR 

ISR 

IMR 

STATUS (READ) 

OCW1 

1---' OCW2 

---. OCW3 

~ lOW ADRS ENDS IN 

.----IOR ADRS ENDS IN 

o 
o 

FIGURE 10. INTERRUPT CONTROLLER PROGRAMMING MODEL 

(NOTE: 1/0 ADDRESS 20/21H APPLIES TO MASTER, AO/A1H APPLIES TO SLAVE) 
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3.9 PROGRAMMING 
The Interrupt Controller is initialized by writing a 
series of Initialization Command Words (ICWs) to 
each controller, whether master or slave. See 
Figure 10 for more information. After initialization, 
the controllers are ready to accept interrupt re­
quests. Operation Control Words (OCWs) can 

INTERRUPT ADDRESS 
CONTROLLER 

1 020 
1 021 
1 021 
1 021 
1 021 
1 020 
1 020 
1 020 
1 020 
1 021 
2 OAO 
2 OA1 
2 OA1 
2 OA1 
2 OA1 
2 OAO 
2 OAO 
2 OAO 
2 OAO 
2 OA1 

INTERRUPT CONTROLLER 

then be used to change operating modes and 
command the controllers for various functions. 
The master and slave can be programmed to 
work in different modes. 

Table 3 indicates each readlwrite function and its 
corresponding address for Interrupt Controllers 1 
and 2, master and slave respectively. 

FUNCTION READIWRITE 

ICW1 Fixed 
ICW2 Write 
ICW3 Write 
ICW4 Write 

OCW1 Write 
OCW2 Write 
OCW3 Write 

IRR Read 
ISR Read 
IMR Read 

ICW1 Write 
ICW2 Write 
ICW3 Write 
ICW4 Write 

OCW1 Write 
OCW2 Write 
OCW3 Write 

IRR Read 
ISR Read 
IMR Read 

TABLE 3. INTERRUPT CONTROLLER FUNCTION MAP 
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3.9.1 Initialization Command Word 1 
(ICW1) 

The initialization sequence is started by writing 
ICW1 to Address 020H or OAOH. ICW1 has a 
fixed format, illustrated in Figure 11. Initialization 
accomplishes the following: 

1. The Interrupt Mask Register is cleared. 

WD6000 

2. Fixed Priority Mode is selected. 

3. The Slave Mode address is set to 2. 

4. Special Mask Mode is cleared. 

5. IRR is set for Status Read. 

The next three commands to Addresses 021 H or 
OA 1 H load ICW2 through ICW4. 

FIGURE 11. ICW1 

= Nonprogrammable 

3.9.2 Initializaation Command Word 2 
(ICW2) 

Bits 3-7 are the five most significant bits of the 
interrupt vector (T3-T7); they are programmable by 
the CPU. Bits 0-2 are generated by the Priority 

7 I 6 I 5 I 4 I 
1 I o I 1 I o I 1 I o I 1 I o I 

Resolver during the INTA cycle, according to the 
interrupt level. Refer to Table 2. Figure 12 shows 
the format for ICW2. 

3 I 2 I 1 I 0 
1 I o I 1 I 0 I 1 I o I 1 I 0 

INTERRUPT LEVEL HAS SLAVE 
YES I NO I YES I NO I YEsl No I YES I NO I YES I NO I YES I NO I YES I NO I YEsl NO 

0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 

"" / 
LEVEL 

02 01 00 MASTER SLAVE 
0 0 0 0 8 
0 0 1 1 9 
0 1 0 2 10 
0 1 1 3 11 
1 0 0 4 12 
1 0 1 5 13 
1 1 0 6 14 
1 1 1 7 15 

FIGURE 12. ICW2 FORMATS 
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3.9.3 Initialization Command Word 3 
(ICW3) 

ICW3 initializes the master and slave. For the shows the format for ICW3 for master and slave. 
master, ICW3 sets a 1 for each IRQ input used to The formats are fixed and must be written as 
cascade a slave. For the slave, bits 0-2 of ICW3 shown in order to function. 
provide the Slave Mode address. Figure 13 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
1 I o I 1 I o I 1 I o I 1 I o I 1 I o I 1 I o I 1 I o I 1 1 0 

INTERRUPT LEVEL HAS SLAVE 
YES I NO I YES I NO I YES I No I YES I NO I YES I NO I YES I NO I YES I NO I YES] NO 

0 I 0 I 0 I 0 I 0 I 

"" 02 01 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

FIGURE 13. ICW3 FORMATS 

3.9.4 Initialization Command Word 4 
(ICW4) 

ICW4 is used to program Special Fully Nested 
Mode (SFNM) and Automatic End of Interrupt 
(AEOI). See Figure 14 for details. 

FIGURE 14.ICW4 
= Non-programmable 
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3.9.5 Operation Control Word 1 (OCW1) 

OCW1 sets and clears the mask bits in the IMR. 
See Figure 15. MO-M7 represent the eight mask 
bits, where MO controls IROO, M1 controls IR01, 
and so on. Programming a 1 indicates that the 
interrupt is masked. 

7 I 6 I 5 I 4 I 
1 I o I 1 I o I 1 I o I 1 I o I 

M7/S15 I M6/S14 I M5/S13 I M4/S12 I 
YES I NO I YES I NO I YES I Nol YES I NO I 

Mn = Master Mask Bit 
Sn = Slave Mask Bit 

3 I 2 I 
1 I o I 1 I o I 

M3/S11 I M2IS10 I 
YES I Nol YES I NO I 

FIGURE 15. OCW1 (MAS REG) 

3.9.6 Operation Control Word 2 (OCW2) 
Bits 5-7 (EOI, SL and R) of COW2 control the EOI 
and Rotate modes and combinations of the two. 
See Figure 16. Bits 0-2 (LO-L2) of OCW2 deter­
mine which interrupt is affected when Bit 6 is ac­
tive. 

0 0 0 Non-specific EOI Command 
0 1 1 Specific EOI Command 
1 0 1 Rotate Non-specific EOI command 
1 0 0 Rotate In Automatic EOI Mode (set) 
0 0 0 Rorate in Automatic EOI Mode (Clr) 
1 1 1 ·Rotate on Specific EOI Command 
1 1 0 ·Set Priority Command 
0 1 0 No Operation 

*LO-L2 ARE USED 

= Non-programmable 

L2 L1 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

FIGURE 16. OCW2 

LO 

0 
1 
0 
1 
0 
1 
0 
1 
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1 I 0 
1 I o I 1 I 0 

M1/S9 I MO/S8 
YES I NO I YES I NO 

III 

8 
9 
10 
11 
12 
13 
14 
15 
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3.9.7 Operation Control Word 3 (OCW3) 
Bits 5 and 6 program Speciao Mask Mode (SMM). 
Sets Bits 5 (SMM) and 6 (ESMM) to 1 to program 
SMM. Refer to Figure 17. If SMM is set to zero, it 
resets the controller to Normal Mask Mode. Polled 
Mode is enabled when Bit 2 is set to 1. 

ESMM SMM Special Mask 
Mode 

0 0 No Action 

0 1 No Action 
Reset Special 

1 0 Mask 
1 1 Set Special 

Mask 

I = Non-programmable 

INTERRUPT CONTROLLER 

Set Bit 1 (RR) and Bit 0 (RIS) to 0 to read the 
status of the ISR on SDO-SD7 at Address 020H or 
OAOH. Set Bit 1 to 1 and Bit 0 to 0 to read the 
status of the IRR on SDO-SD7 at Address 020H or 
OAOH. 

0 0 No Action 
0 1 No Action 
1 0 IR Reg On Next Rd Pulse 
1 1 IS Reg On Next Rd Pulse 

FIGURE 17. OCW3 
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4.0 TIMERS AND CLOCK GENERATION 
The WD6000 has four counters of timers desig­
nated Timers 0, 1, 2 and 3. See Figure 18. 

INTERNAL 
DATA BUS TIMER 0 Vee IROO 

-"---'-JI SETUP LATCH 

WD6000 

D Q~~-------------+ IRQO 

1.19MHZ 
OUT r-----.--J> ClK 

,----------j MODE 2 OR 3 RST 

IRQ OVERRUN 

TIMER 3 0092H 
WATCHDOG 
TIMEOUT 

ARB MASK 
(WD6010) 

OUTr---.---~~------------~-----+mffi 

SETUP 

0061H 
INHIBIT 

TIMER 2 

.~"""",,,,--~~.,", ... ",,, .... :."J.. SETUP 

-----+/ClKIN 

.-----------+1 GATE 

r-----------A-U-D-IO------' SPKR 

=yr----+I·aJ 

28.636 MHZ 

30.0 MHZ 
(OPTIONAL) 

OUTr-------*---~ 

1.19 MHZ 

CHAN SLOT 
AUDIO 

TIMER 1 

+24 

-;-2 +18 
'--. - ._.-

f3 OUT 

-

FIGURE 18. SYSTEM TIMER FUNCTIONAL BLOCK DIAGRAM 
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ClK8742 

11-25 

II 



WD6000 

4.1 TIMERS 
Timer 1 generates Refresh requests, and is not 
programmable. REFREQ is generated based on 
a 1.19 MHz clock divided by 18 (28.636 MHz 
divided by 24). 

Timer 1 also generates the clocks to the 
80387/80387SX and 8742 devices. The MHZ30 
clock input is optional, making a lower cost im­
plementation possible. If a MHZ30 clock input is 
connected to a 30.0 MHz clock, the output clock 
is 10 MHz. If not, this pin will be connected to a 
MHZ28 pin, in which case the output to the 8742 
device will be 9.54 MHz. 

MODE DESCRIPTION 
0 Interrupt on Terminal Count 
1 Hardware Retriggerable One 

Shot (Timer 2 only) 
2 Rate Generator 
3 Square Wave 
4 Software Retriaaerable Strobe 

TABLE 4. COUNTER OPERATING MODES 

INTERNAL BUS I . 
'o.moc I rdh WORD lATCH 
REGISTER r----. 

TIMERS AND CLOCK GENERATION 

Timers 0 and 2 are 16-bit, programmable binary 
or BCD down counters. Timer 3 is an 8-bit binary 
down counter which' can be preset. All three 
timers are fully independent and can be 
programmed, except as noted, to operate in the 
modes shown in Table 4. Addresses 0040H 
0042H, and 0044H are the data ports for Timer~ 
0, 2, and 3, respectively. Timers 0 and 2 are 16-
bit, programmable, binary or BCD 16-bit 
synchronous down counters that can be preset. 

ADDRESS FUNCTION 
040H Timer 0 ReadlWrite 
042H Timer 2 ReadlWrite 
044H Timer 3 ReadlWrite 
043H Control Word Reg. (Timer 0 or 

3) Write Only 
047H Control Word Reg. (Timer 3) 

Write Only 

TABLE 5. COUNTERITIMER ADDRESS MAP 

-} 

1 

m"!~ 
CR M' 

I I 
CR .. 

I 
REGISTER 

U 
I 

CONTROL CE 
lOGIC 

1j 1 

l~ 
lOll .~. w 

~ ~ t< 
" " 0 

I M ~ MOST SIGNIFICANT BYTE I 
L = LEAST SIGNIFICANT BYTE 

FIGURE 19. INTERNAL BLOCK DIAGRAM OF A COUNTER 
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4.2 PROGRAMMING 

At power-up the counter mode, count value, and 
output of all counters and registers is undefined. 
Each counter must be programmed before it can 
be used. 

Counters are programmed by writing a Control 
Word to the Control Word Register followed by an 
initial count. The Control Word indicates the 
counter being programmed and the format of the 
initial count (e.g. most significant only). Figure 20 
shows the format for the Control Word for Timers 
o and 2 and 3 at their respective addresses. 

4.2.1 Write Operations 
When writing to each counter, the Control Word 
must be written before the initial count is written 
and the initial count must follow the format 
specified in the Control Word. As long as the con­
ventions in the Control Word formats are followed, 
no particular programming sequence is required. 

W06000 

A new initial count may be written to a counter at 
any time without affecting the programmed mode 
of the counter, provided the programmed format is 
followed. Counting is affected as described in the 
mode definitions. 

------------------- Important ----------------
When writing two-byte counts, do not 
transfer control to another routine that 
writes into the same counter between the 
first and second bytes. If you do so, the 
counter is loaded with an incorrect count. 

4.2.2 Read Operations 
The counters can be read in three ways: a read 
operation, the Counter latch Command, and the 
Read-Back Command. A simple read operation to 
a counter requires that the ClK input of the 
selected counter be inhibited by using the GATE 
input. If it is not inhibited, a false reading could 
result because the counter may change during 
the read. 

0 0 Select Counter 0 0 0 Counter Latch Command 0 0 0 0 
0 1 Reserved (see Read Operations) 0 0 1 1 
1 0 Select Counter 2 0 Read/Write X 1 0 2 
1 1 Read·back Com- least significant byte only X 1 1 3 

mand (See Read 0 Read/Write 1 0 0 4 
Operations) most significant byte only 1 0 1 5 

Read/Write 
least significant byte first, 

0 0 Select Counter 3 Counter 0 Latch Command 
0 1 Reserved Read/Write 
1 0 Reserved least significant byte only 
1 1 Reserved 0 Reserved 

1 Reserved 

(Register 0047H W/O) bi:#l1Hft+J = Nonprogrammable 

FIGURE 20. CONTROL WORD FORMATS 
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FIGURE 21. READ-BACK COMMAND 

----------------------Important ---------------

When reading two-byte counts, do not 
transfer control to another routine that 
reads from the same counter between the 
first and second byte. This could result in 
an incorrect count being read. 

Counter Latch Command-When a Counter Latch 
Command is issued in a Control Word (see Figure 
20), the output latches OLs of the selected 
counter latch, the current count of the CEo The 
count remains latched until read by the CPU or 
until the counter is reprogrammed. A subsequent 
counter latch command for the same counter is 
ignored if issued before the latches are read. A 

OUTPUT COUNT READIWRITE MODE 

0 0 Counter Latch Command 
(see Read Operations) 

Counter Latch Command may be issued to more 
than one counter. It does affect the programmed 
mode of the counter. 

Read-Back Command-When a Read-Back 
Command is issued in a Control Word (see Figure 
21), the count, programmed mode, and current 
states of the OUT pin and Null Count flag of the 
selected counter(s) can be checked. The Read­
Back Command can be used to latch multiple 
counter output latches QLs by setting D5 = 0 and 
by selecting the desired counter(s). This com­
mand i$ equivalent to several counter latch com­
mands; one for each counter latched. As with the 
counter latch command, counts are held until read 
by the CPU or until the counter is reprogrammed. 

PROGRAM MODE 

0 0 0 0 
0 0 1 1 

0 1 ReadIWrite least significant byte only X 1 0 2 
1 0 Read/WrHe most significant byte only X 1 1 3 
1 1 Read/WrHe least significant byte first, 1 0 0 4 

then most significant byte 1 0 1 5 

Counter 3 Status Byte 
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COMMAND DESCRIPTION RESULT 

07 D6 05 04 03 02 01 DO 

1 1 0 0 0 0 1 0 Read back count and status Count and status latched 
of Counter 0 for Counter 0 

1 1 1 0 0 1 0 0 Read back status-Counter 1 Status latched for Counter 1 

1 1 1 0 1 1 0 0 Read back status of Status latched for Counter 
Counters 2, 1 2, but not Counter 1 

1 1 0 1 1 0 0 0 Read back count-Counter 2 Count latched for Counter 2 

1 1 0 0 0 1 0 0 Read bacvk count and Count latched for Counter 
status of Counter 1 1, but not status 

1 1 1 0 0 0 1 0 Read back status of Command ignored, status 
Counter 1 already latched for Cntr 1 

FIGURE 23. READ·BACK COMMAND EXAMPLES 

Status information of the selected counter(s) can 
be latched by the Read-Back Command by set­
ting status bit D4 = a. The status is latched until 
read by the CPU with a read operation to the 
counter or until the counter is reprogrammed. Fig­
ure 21 shows the format for the counter status. 
Bits a-5 indicate the programmed status of the 
counter as written into the Control Word Register. 

D7 (Figure 22) allows the counter output to be 
monitored. The Null Count (NC) flag indicates the 
condition of the CEo NC = 1 during a write opera­
tion to the Control Word Register or the counter. 
NC = a when a new count is loaded from the CRs 
to the CEo If the counter is programmed for two­
byte counts, NC = 1 when the second byte is 
written. 

Both the count and status of the selected 
counter(s) may be latched simultaneously by set­
ting D4 and D5 to a. This command is equivalent 
to two read-back commands. 

MODE MIN COUNT MAX COUNT 
a 1 a 
1 1 a 
2 2 a 
3 2 a 
4 1 a 
5 ·1 a 

Note: o is equivalent to 216 for binary counting and 104 for 
BCD counting. 

FIGURE 24. MINIMUM AND MAXIMUM INITIAL 
COUNTS 

If both the count and the status are latched with a 
read-back command, the first read operation to 
the selected counter(s) returns the status. The 
next read, or two reads if the counter is 
programmed for two-byte counts, returns the 
latched count. Subsequent reads return unlatched 
counts. 

4.3 COUNTER OPERATION 

Each counter may be set in one of five modes by 
writing a Control Word. When a Control Word is 
written to a counter, all Control logic is immedi- III 
ately reset and OUT goes to a known initial state; 
no ClK pulse is required. 

New counts are loaded and counters are decre­
mented on the falling edge of ClK. The maximum 
possible initial count is a-equivalent to 65536 in 
binary operation or 1aaaa in BCD. The counter 
does not stop when it reaches a. In Modes a, 1, 4, 
and 5 it wraps around to the highest count (FFFF 
in binary operation or 9999 in BCD). In Modes 2 
and 3, the counter is reloaded with the initial count 
and continues counting. Figure 24 shows mini­
mum and maximum initial counts for each mode. 

The GATE input is level-sensitive in Modes a, 2, 
3, and 4 and is sampled on the rising edge of 
ClK. In Modes 1, 2, 3, and 5 the GATE input is 
rising-edge sensitive. A rising edge (trigger) sets 
an internal flip-flop whose output is sampled on 
the next rising edge of ClK. The flip-flop resets 
immediately after it is sampled. Note that in 
Modes 2 and 3, the GATE input is both edge-and­
level-sensitive. 
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CW=10 lSB=4 

WR ~ 

ClK 

GATE -.l 

OUT~ / 
I N I N I N I N I 0 0 0 0 0 I FF I FF I 

4 3 2 1 0 FF FE 

CW=10 lSB=3 

WR ~ 

ClK 

GATE \ / 

OUT~ / 
0 

I ~ I ~ 0 0 
I o I FF I I N I N I N I N I 3 2 I 1 o FF 

~_-----.lSB=2~ ______ _ 

WR 

ClK 

GATE -.l 
OUT~L ____________________ ~/ 

I N I N I N I N I ~ I ~ I ~ I ~ I ~ I ~ I ~~ I 

FIGURE 25. MODE 0 EXAMPLES 

4.3.1 Mode O-Interrupt on Terminal Count 

Mode 0 is typically used for event counting. Writ­
ing the Control Word causes OUT to go low and 
remain low until the counter reaches o. At this 
time OUT goes high and remains high. The 
counter continues to run until a new count or Con­
trol Word is written. Counting is enabled when 
GATE = 1. Disabling the count (GATE = 0 ) has 
no effect on OUT. 

The initial count is loaded into the CE on the next 
ClK pulse after the Control Word and initial count 
are written. For an initial count of N, OUT goes 
high N+ 1 ClK pulses later. Writing a new count 

reloads the counter (CE) on the next ClK pulse 
and counting continues from the new count. 

When writing a two-byte count, the first byte dis­
ables counting and OUT is set low. After writing 
the second byte, the new count is loaded on the 
next ClK pulse. This allows the counting se­
quence to be synchronized by the software. 

If an initial count is written when GATE = 0, it is 
still loaded on the next ClK pulse. When GATE = 
1, counting begins and OUT goes high N ClK 
pulses later. Figure 25 shows examples of Mode 
o operation. 
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CW=12 lSB=3~ ______________ _ 

WR~ 

elK 

GATE -----\ r\"-----\ r\"----

OUT --7 \ / 

I ~ 
0 0 

I ~ 
FF 0 0 

I N I N I N I N I N 
2 1 FF 3 2 

CW=12 lSB=3 
WR ~ 

ClK 

GATE - - - - - \ r\" - - - \ r\"'--_____ _ 

OUT - - 7 \'-----_______ ~;-

WR 

ClK 

I I 03 I O2 I N I N I N INN o 
1 

o 
3 

o 
2 ~ I ~ I 

-~--~lSB=4r---------------

----
GATE -----\ r\"-----\ r\"'-----___ _ 

OUT - -7 \L-_~/ \'----
I N I N I N I N I N I ~ I ~ I ~ I ~~ I ~~ I ~ o 

3 

FIGURE 26. MODE 1 EXAMPLES 

WD6000 

4.3.2 Mode 1-Hardware Retriggerable 
One-Shot 

Writing the Control Word causes OUT to go high. 
A trigger (Le., GATE = 1) causes OUT to go low 
on the next ClK pulse and remain low until the 
counter reaches 0; this creates a one-shot pulse. 
At this time, OUT goes high and remains high 
until the next trigger. An initial count of N results in 
a one-shot pulse N ClK cycles long. 

Since the one-shot is retriggerable, if another trig­
ger occurs during a one-shot pulse, OUT remains 
low to extend the pulse for N ClK cycles. Writing 
a new count during a one-shot pulse has no effect 
unless the counter is retriggered, in which case 
the pulse extends from the new count. GATE has 
no effect on OUT. Figure 26 shows examples of 
Mode 1 operation. Mode 1 is valid for Counter 2 
only. 
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CW=14 lSB=3~ ___________ _ 

WR~ 

ClK 

GATE -.I 

OUT _----' 

o 
I N I N I N I N I 3 

o 
2 

o 
1 

o 
3 

o 
2 

o 
1 

o 
3 

CW=14 lSB=3~ ___________ _ 

WR~ 

ClK 

GATE 

OUT~ 

I N I N I N I N I ~ I ~ I ~ o 
3 

CW=14 r-__ ~lSB=5~ _______ _ 
WR 

ClK 

GATE -.I 

OUT~ 

I N I N I N I N I ~ I ~ I ~ I ~ I ~ o 0 
4 3 

FIGURE 27. MODE 2 EXAMPLES 

4.3.3 Mode 2-Rate Generator 
Mode 2 functions as a divide-by-N counter. It is 
typically used to generate a real-time clock inter­
rupt. Writing the Control Word causes OUT to go 
high, When the initial count reaches 1, OUT goes 
low for one ClK pulse. When OUT becomes high, 
the counter reloads the initial count and the 
process is repeated. For an initial count of N, the 
sequence repeats every N ClK cycles. Note that 
a count of one is illegal in Mode 2. 

Counting is enabled when GATE = 1. GATE = 0 
disables counting and forces OUT to high. A trig­
ger reloads the counter with the initial count on 
the next ClK pulse. Using the GATE input allows 
counting to be synchronized with external events. 

Writing a new count during a counting sequence 
has no effect unless the counter is triggered. If 
triggered, the count is extended by the new count 
on the next ClK pulse. If not, the new count is 
loaded at the end of the current counting cycle. 
Figure 27 shows examples of Mode 2 operation. 
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CW=16 lSB=4~ ____________________________________ __ 

WR~ 

ClK 

GATE J 

OUT __ ~/ \'---~/ \'---~/ 
o 

I N I N I N I N I 4 ~ I ~ ~ I ~ ~ I ~ ~ I ~ 
CW=16 lSB=5~ ____________________________________ __ 

WR~ 

ClK 

GATE J 

OUT __ ~/ 

I N I N I N I N 
o 
4 

o 
2 

\'---~/ 

~I~ ~I~I~ 
CW=16 lSB=4~ ____________________________________ __ 

WR~ 

ClK 

GATE 

OUT - - / 

I N I N I N I N I ~ I ~ I ~ 

\'------'/ 

o 
4 

FIGURE 28. MODE 3 EXAMPLES 

4.3.4 Mode 3-Square Wave Generator 
Mode 3 is typically used for Baud rate generation. 
This mode is identical to Mode 2 except for the 
OUT duty cycle. Writing to the Control Word 
causes OUT to become high and remain high for 
the first half of the count. Then OUT becomes low 
and remains low for the remainder of the count. 
The cycle is repeated, creating a square wave 

with a period of N ClK cycles when the initial 
count is N. 

If the counter is loaded with an even count, the 
OUT duty cycle is 50% (i.e., high = low = N2). For 
odd count values, OUT is high for one ClK cycle 
longer than it is low (i.e., high = (N+ 1 )/2 and low = 
(N-1 )/2). Figure 28 shows examples of Mode 3 
operation. 
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CW=18 lSB=3 

WR 
~~------------------

ClK 

GATE ~ 

OUT~ 

I N I N I N I N 

CW=18 lSB=3 

o 
3 

o 
2 

~ 
o I 0 I FF I FF I FF I 
1 0 FF FE FD 

WR ~~--------------------

ClK 

GATE ----------------~/ 
OUT~ ~ 

I N I N I N I N I ~ I ~ I ~ I ~ o I 0 I FF I 
1 0 FF 

CW=18 

WR 

ClK 

GATE ~ 

OUT~ 

I N I N I N I N I ~ I ~ I ~ I ~ I ~ I ~ I ~~ I 

FIGURE 29. MODE 4 EXAMPLES 

4.3.5 Mode 4-Software Triggered Strobe 
Writing the Control Word causes OUT to go high. 
When the initial count expires, OUT goes low for 
one ClK cycle. The sequence is started by writing 
the initial count. Counting is enabled when GATE 
= 1. Disabling the count (GATE = 0) has no effect 
on OUT. 

The initial count is loaded on the next ClK pulse 
after the Control Word and initial count are writ­
ten. For an initial count of N, OUT goes low for 
one ClK cycle N+ 1 ClK cycles later. 

If a new count is written during a counting se­
quence, it is loaded into the CE on the next ClK 
pulse and counting continues from the new count. 
When writing a two-byte count, the first byte has 
no effect on counting. After writing the second 
byte, the new count is loaded on the next ClK 
pulse. This allows the counting sequence to be 
retriggered by the software. Figure 29 shows ex­
amples of Mode 4 operation. 
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CW=1A lSB=3 
WR ~----------------------

ClK 

-----
GATE \ f'\:-----\ f'\:--

OUT _--17 

I N I N I N I N I N I ~ 

CW=1A lSB=3 

o 
2 

~ 
o I 0 I FFI 0 
1 0 FF 3 

WR ~---------------

ClK 

-----GATE - - \ f'\: \ f'\: - - - - - - - - -

OUT _----'7 ~ 

I N I N I N I N I N I N I ~ o 
2 

o 
3 

o 
2 

CW=1A lSB=3 
,---~-

WR 

ClK 

-----GATE __________ \~f'\: - - - - - - - \ f'\: - - - -

OUT _--17 ~ 

I N I N I N I N I N I ~ I ~ I ~ I ~ I ~~I ~~ o 
5 

o 
4 

FIGURE 30. MODE 5 EXAMPLES 

4.3.6 Mode 5-Hardware Triggered Strobe 
Writing the Control Word causes OUT to go high. 
Count-ing is started by a trigger (Le., rising edge 
of GATE) which loads the CE on the next ClK 
pulse. When the initial count N expires, N ClK 
cycles later, OUT goes low for one ClK cycle. 
GATE = 0 disables the counting. 

Writing a new count during a counting sequence 
has no effect unless the counter is triggered. If 
triggered, the count is extended by the new count 
on the next ClK pulse. If not, the new count is 
loaded at the end of the current counting cycle. 
Figure 30 shows examples of Mode 5 operation. 
Mode 5 is valid only for Counter 2. 
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4.4 WATCHDOG TIMER OPERATION 
The watchdog timer is set up by writing the control 
word for Timer 3 to location 0047H and the count 
value to location 0044H. Timer 3 is enabled to 
count on the first ClK pulse after the count is 
loaded to the CEo The ClK pulse for the 
watchdog timer is the output of Timer 0 and oc­
curs every 55.05 ms. 

The watchdog timer, Timer 3, can be enabled to 
monitor the IROO service routine. When Timer 3 is 
loaded with a count of one and latched I ROO is 
pending for more than one ClK cycle, Timer 3 
decrements to zero, generating a watchdog 
timeout and NMI. Write access to Timer 0 and 3 is 
not permitted when a watchdog time-out occurs. 

TIMERS AND CLOCK GENERATION 

The watchdog timer implementation assumes that 
the NMI vector in low memory has not been cor­
rupted. System recovery may be invoked. by the 
NMI service routine. 

The IROO latch is reset by any of the following: 

1. System Reset 

2. lOW to 0061H D7 = 1 

3. INTA (Interrupt Ack) with vector (D7:0)=8 

Timer 3 is disabled by resetting the IROO latch 
and then performing the steps described for the 
watchdog set up. 

WD6000 RESIDENT 
SETUP REGISTERS 

• 
REG 0094H 

RfW 

ESF:20 
RlW 

REG 0102H 
RlW 

REG 0096H 
RlW 

11-36 

TIMING --+ 

SYSTEM BOARD 
PERIPHERALS 

CHANNEL ADAPTERS 1----1 
1 1 

1 

1 

1 

1 

FIGURE 31. SYSTEM BOARD SETUP FUNCTIONAL BLOCK DIAGRAM 
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5.0 SYSTEM BOARD SETUP 
The Programmable Option Select (PaS) is imple­
mented by 1/0 Registers 0091 H, 0094H, 0096H, 
0100H, 0101H, 0102H, and 0103H. For details, 
see Figure 31. pas eliminates switches from the 
system board and Channel adapters by incor­
porating programmable registers. The 
programmed configuration data and adapter ID 
numbers are then stored in battery-backed CMOS 
RAM. This permits the Power-On Self-Test 
(POST) to automatically reconfigure the system 
whenever the system is powered on. 

System 10 Setup 

pas Registers 0100H and 0101 H contain the 
system ID code. These registers are read-only, 
but can be written once to store the appropriate 
ID. 

Parallel Port Setup 

Figure 32 defines the bits in POS Registers 
0102H and 0103H. Bit 0 of Register 0102H allows 
Bits 1, 2, and 4 to enable and disable their 
respective devices. In Compatible Mode (Bit 7 = 
1), the parallel port is compatible with the PCIAT 
printer port. In Extended Mode, it operates in bi­
directional mode, compatible with PS/2 MCA 
machines. This port is configured by pas 
Register 01 02H, Bits 4-7. 

Serial Ports Setup 

The configuration of on-board serial ports is con­
trolled by either pas Register 0102H or the 
Peripheral Control Register (PCR). The PCR is 
part of the Extended Setup Facility (ESF). The 
physical ports are identified as SP1 and SP2. 
There are two logical ports identified as the 
primary serial port at Locations 03F8-03FFH 
(IRQ4) and the alternate serial port at Locations 
02FS-Q2FFH (IRQ3). SP1 is configured by pas 
Register 01 02H, Bits 2 and 3. Note that Bits 2 and 
3 are overridden in Extended Mode. For more in­
formation, see Section 9.0, Extended Setup 
Facility. 

WD6000 

Micro Channel Setup 

Figure 33 defines the bits for pas Registers 
0091 H, 0094H, and 0096H. pas Register 0091 H, 
a read-only register, is used to determine if the 
PVGA, the system board, or a Channel adapter is 
present in the systems board peripherals. The 
Card Select Feedback CDSFDBK is set to zero 
when the address space of the adapter is ac­
cessed. Bit 0 of 0091 H is set to one whenever 
CDSFDBK is asserted or when the system board 
1/0 functions are accessed by an 1/0 cycle. 

Video Setup 

The Video Graphics device, system board 
peripherals and Channel adapters are configured 
or enabled by specific bit settings in Registers 
0094H and 0096H. Bits 5 and 7 of Register 
0094H configures Setup Mode and System Board 
Setup Mode, respectively. Bit 3 of Register 0096H 
enables Adapter Setup Mode. 

... ---------- --- Important -------------------------

Only one category of device can be in 
Setup Mode at a time. If more than one is in 
Setup Mode, bus conflicts occur. 
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0103H •• 111 = Nonprogrammable 

(0102H and 01 

0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 

aim = Default 1 1 1 7 
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6.0 SYSTEM CONTROL REGISTERS 
The WD6000 has two IBM MC-conmpatible sys­
tem control registers at 0061 H (Control Port B) 
and 0092H (Control Port A). These ports are 
defined in Figures 34 and 35. 

See Section 10.0 for details of other control 
registers. 

7.0 COPROCESSOR INTERFACE 
The coprocessor support function supplies error 
and control signals between the CPU and 
coprocessor, if any. An error signal from the 
coprocessor generates Interrupt IRQ13 in the 
WD6000. This causes the busy signal to the CPU 
to be held in the busy state. The interrupt and 
busy signals are cleared by writing OOH to the 
Coprocessor Clear Busy register, OOFOH. This in­
terface also holds BUSY386 low during power on 
reset to initiate self test on the 80386 processor. 

For further information, refer to the Pin Table. For 
an interface to the Weitek 3167 and competition, 
also refer to the Pin Table. 

WD6000 

8.0 EXTERNAL DEVICE ENABLE 
The WD6000 enables the following external 
devices: 

Keyboard/Auxiliary Controller (8742) 

Floppy Disk Controller 

Parallel Port 

Serial Ports 

VGAVideo 

Real-time Clock/CMOS RAM 

Coprocessor 

Port AlB decodes (programmable decodes) 

In general, an lOR or lOW to the address ranges 
shown in the I/O map in Table 1 activates the 
various chip select lines. The WD6000 control in­
terface is shared by the Channel. The System 
Board Setup Functional Block Diagram in Figure 
32 indicates the selection of the floppy disk con- III 
troller FDCCS, the parallel port controller PPCS, 
and Serial Ports 1 SERCS1 and 2 SERCS2, by 
enabling the appropriate POS registers. 

The keyoardlauxiliary controller is selected 
through CS8742 when the keyboard data port is 
accessed at location 0060H, or when a read or 
write to the keyboard command/status port is ex­
ecuted at location 0064H. The coprocessor is 
selected through NPS1 when the coprocessor 
ports are addressed at Locations 00F8-QOFFH. 
CSA and CSB are configurable select lines con­
trolled by Ports A and B. See Section 9.0 for a 
description of the other control registers. 

ADVANCE INFORMATION 11/28/90 11-39 



WD6000 PERIPHERAL BUS CONTROL 

FIGURE 34. SYSTEM CONTROL REGISTER FORMATS (0061 H) 

SYSTEM STATUS (SYSSTA) RESERVED 

Write-Only in WD6010. 

ill = DEFAULT 

E 35. SYSTEM CONTROL REGISTER FORMATS(0092H READ/WRITE) 

9.0 PERIPHERAL BUS CONTROL 

The Peripheral Bus Control generates control sig­
nals that interface with the peripheral devices, and 
are enabled by the External Device Enable func­
tion to the CPU complex. SO, S1, and MIlO en­
code the information on the type of Channel bus 
cycle, as shown in Table 6. 

10.0 EXTENDED CMOS RAM INTER­
FACE AND EXTENDED SETUP 
FACILITY 

MIlO 

0 

0 
0 
0 
1 

1 
1 
1 

S1 

0 

0 
1 
1 
0 

0 
1 
1 

SO BUS CYCLE TYPE 

0 Interrupt Acknowledge 

1 10 Read 
0 10 Write 

1 No Cycle 

0 System CPU Halt or 
Shutdown 

1 Memory Read 

0 Memory Write 

1 No Cycle 
The WD6000 provides external signals that are 
related to the Extended CMOS RAM (ECR) and 
the Extended Setup Facility (ESF). The WD6000 
shares the implementation of the ECR and ESF 
with the WD601 O. Figure 36 is a block diagram of 
the ECR and ESF, indicating how functions are 
divided between the WD6000 and the WD6010. 

TABLE 6. CHANNEL COMMAND ENCODING 
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0(0:7) 

AOR ...... ~!:==~~ 

1 ·ESF:10, 11 are reserved ------------
-------------1 

WD6000 

1 
ESFOECOOE '--------1 

EARO 

50(0:7) """""""""~""""~ 

IOW0074H ~E;;;;A;,;,;Rl ................... "i-a ...... """" ...... ..,... ...... ~ 
1 

IOW0075H 

LE=OR~E~NA~ ____ ~ ______________ ~I--1 g 
1 ~ 1 

1 R 1 

I __ ~ 

ESF:20 

ESF:21 

ESF:22 

ESF:23 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
ESF:24 1 

ESF:25 1 

1 ESF:26 1 L ___________ _ 

FIGURE 36. ECR and ESF BLOCK DIAGRAM 

WD6000 

10.1 EXTENDED CMOS RAM (ECR) 
INTERFACE 

The ECR supports Real-Time Clock (RTC) ac­
cess and additional storage for POS and the ESF 
parameters needed for large systems. The RTC 
function is accessed through I/O Ports 0070H and 
0071 H. Port 0070H is used to point to the internal 
register or RAM location. Refer to Figure 37. Port 
0071 H is the read/write data port. Refer to the 
IBM Technical Reference for the byte definitions 
of the CMOS RAM. 

The ECR interface allows an additional SK bytes 
for storage of POS and/or additional system 
parameters. This function is accessed through 
Ports 0074H, 0075H, and 0076H when the RTC 
CMOS address port (0070H) is set to SOH. Ports 
0074H (EARO) and 0075H (EAR1) are used to set 
the desired RAM address. The ECR address bus 
(CMOSA), consists of EARO (the LSB of the ECR 
address), and bits Q-4 of EAR1 (the MSB of the 
ECR address). Port 0076H is the data port. 
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10.2 EXTENDED SETUP FACILITY (ESF) 

The ESF function consists of the ESF Pointer 
Register (EPR) and associated decode logic that 
generates the ESF Data Register Enable 

(EDRENA) output from the WD6010 to the 
WD6000. It is designed to extend the configura­
tion architecture established with the POS fea­
tures. See Figure 38 for an ESF overview. 

1 

11-42 

= DEFAULT 

FIGURE 37. RTC/CMOS ADDRESS PORT REGISTER (0070H) 

MEMW FFFFDH 

UNLOCK 

CMOS 

CHECKSUM 

VALID 

EARO 

0074H 

0075H 

ADDRESS 

ESF POINTER REGISTER (EPA) 

EPR can oocupy 
any loeatJonon 
a 256 byte page 
boundary. 

Contents of EPR 
IS the va address 
of the ESF Data 
Register. 

Up to 128 or (32K) 
ESF Registers 

(EDR) 

FIGURE 38. EXTENDED SETUP FACILITY OVERVIEW 
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ESF supportS: 

Memory Map Control Registers 

Additional physical serial port 

Programmable Port Enables A and B 

External DRAM control configuration 

Customer specified enhancements that could 
include: 

System Identification 
System Version 
Miscellaneous system board features 

10.2.1 ESF Access 
ESF is based on an "alternate lID space" concept 
similar to how IBM has implemented their Ex­
tended CMOS RAM feature. ESF space (128 
locations expandable to 32K) is accessed through 
a single "real lID space" window called the ESF 
Data Register (EDR). ESF space may be imple­
mented as either word or byte-wide at the discre­
tion of the designer. 

The EDR is pointed to by the software con­
figurable (write only) ESF Pointer Register (EPR) 
located in the WD6010. The EPR is loaded by 
writing to memory location FFFFDH or FFFFFDH 
(normally a PROM). The power-on default loca­
tion for the EDR is located at 10 address 0700H. 

The following procedure is recommended for 
modifying the EPR: 

1. Set the value 8DH in Port 0070H to disable 
NMI. 

2. Read the System Control POr( B at 0061 H 
and test for a change in the state of Bit 4 
(Refresh Toggle) to synchroniz'e with the 
refresh circuitry. 

3. Read EARO at 0074H (normally write-only) to 
unlock the EPR. 

4. Write the new value into the EPR (FFFFDH). 
This locks the EPR again. 

5. Enable NMI if required. 

Note that the EPR is locked when written or on 
the next refresh cycle, whichever occurs first. 

The value in the EPR becomes the new 8-bit ad­
dress of the EDR. The EDR can reside at any of 
256 locations in the 64K 10 space of the CPU 
from 0400H to FFOOH. 

To address the ESF lID space: 

1. Write the value 8DH to port 0070H to disable 
NMI. 

2. Write the address value to EARO at 0074H 
(and EAR1 if expanded ESF is being 
used). 

3. Issue an lID Read or Write command to EDR 
Address. 

The selected ESF register is determined by 
decoding the EARO (and EAR1) address value. 

10.2.2 ESF Address Maps 
The lower 64 bytes (EARO = OOH-3FH) are 
reserved for Western Digital functions and fea­
tures. The upper 64 bytes (EARO = 40H-7FH) 
are for customer use (see Table 7). All functions 
using ESF must include Bit 7 in the decode. Bit 7 III 
of EARO must be 0 when addressing only 128 
ESF registers. To expand the ESF to 32,768 loca-
tions, set EARO Bit 7 to 1 and write the second 
ESF address byte to EAR1. 

ESF FUNCTION 
ADDRESS 

OOH-OFH System Reserved 

10H-1FH System board core functions 

20H-3FH System board peripheral functions 

TABLE 7. ESF GENERAL USAGE MAP 

The ESF address map in a WD6500 and 
WD6400SX(LP) system environment is shown in 
Table 8. 
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ESF FUNCTION RIW WD6500 
ADDRESS DEVICE 

0-OO1FH . Reserved - -
20H PeriQheral Configuration RIW WD6000 

21,24H Port A, B Control RIW WD6000 

22,25H Port A, B Address (LSB) RIW WD6000 

23,26H Port A B Address (MSB) RIW WD6000 
30-3FH Reserved - -
40-7FH Customer-specified - -
0180H Memory Configuration RIW WD6030 

0181H Memory Size Register RIW WD6030 

0182H Bank Enable Register RIW WD6030 

0183H Split Address Extension RIW WD6030 

0184H Memory Window Bank 0 RIW WD6030 

0185H Memory Window Bank 1 RIW WD6030 

0186H Memory Window Bank 2 RIW WD6030 

0187H Memory Window Bank 3 RIW WD6030 

0188H CAS Pulse Width RIW WD6030 

0189H RAS Pre-Charge Delay RIW WD6030 

018AH RAS Puise Width 1 - RAS to CAS Delay 2 RIW WD6030 

018BH RAS Access Time1 -PSRAM Chip Seled RIW WD6030 

018CH Enhanced Addressing RIW WD6010 
018DH Reserved - -
018EH Reserved - -
018FH System Control Register 1 RIW WD6030 

System Configuration2 *** 
Notes: 
1. WD6500 implementation only. 
2. WD6400SX(/LP) implementation only. 
*** Dependent on the state of the UCHMSTER and A20GTX signals at reset. 

TABLE 8. ESF ADDRESS MAP IN A WD6500 or WD6400SX (LP) 

SYSTEM ENVIRONMENT 
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WD6400SX(/LP} 
DEVICE 

-
WD6000 
WD6000 

WD6000 

WD6000 

-
-

WD6036SX 
(lLP) 

WD6036SX 
(/LP) 

WD6036SX 
(/LP) 

N/A 

WD6036SX 
(lLP) 

WD6036SX 
(lLP) 

WD6036SX 
(fLP) 

WD6036SX 
(/LP) 

WD6036SX 
(/LP) 

WD6036SX 
(/LP) 

WD6036SX 
(lLP) 

WD6036SX 
(lLP) 

N/A 
-
-

WD6036SX 
(LP) 
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10.2.3 Peripheral Configuration Register 11.0 NMI CONTROL 
(PCR) 

The PCR is assigned to ESF location 20H. It al­
lows the additional serial port, SP2, to be con­
figured. When PCR Bit 0 = 1 (Extended Mode 
enabled), Bits 2 and 3 in the System Board Setup 
register (0102H) are overridden. Figure 39 shows 
the PCR format. 

The NMI Control logic generates an NMI signal 
when any of the following events occur: 

10.2.4 Port AlB Decodes 

Ports A and B are identical device-enable ports 
that are configurable by software. The 16-bit start­
ing I/O address, port depth (up to 128 bytes), 
programmable wait state logic, and enable/disable 
control are provided by Ports A and B. The start­
ing address must be on an even binary multiple of 
the port depth. Figure 40 shows the ESF format 
for Port A and B Control Registers. 

1 

1. Channel CHCK line asserted (Bit 3 = 0 of 
Control Port B at 0061 H). 

2. DRAM parity error (Bit 2 = 0 of Control 
Port B). 

3. Watchdog Timer time-out (Enabled by 
programming the Timer). 

4. System channel time-out. 

.Srl = DEFAULT 

FIGURE 39. PERIPHERAL CONFIGURATION REGISTER FORMAT 
(ESF:20 READIWRITE) 

COMMAND WIDTH SELECT I/O SPACE DEPTH 

0 0 0 70 
0 0 1 140 
0 1 0 280 0 0 0 2 
0 1 1 420 0 0 1 4 
1 0 0 560 0 1 0 8 
1 0 1 700 0 1 1 16 
1 1 0 840 1 0 0 32 
1 1 1 980 1 0 1 64 

1 1 0 128 
the cycle beyond 1 1 1 Reserved 

inactive. 

FIGURE 40. PORT A OR B CONTROL REGISTER 

(ESF:21, ESF:24 READIWRITE - TYPICAL) 

o 
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12.0 TECHNICAL SPECIFICATIONS 

12.1 ABSOLUTE MAXIMUM RATINGS 
The absolute maximum stress ratings for the device are listed below. Permanent device damage can 
result from exposing the device to conditions exceeding these ratings. 

PARAMETER SYMBOL MIN MAX UNITS 
Supply Voltage (Voo-Vss) 0 7 V 

Input Voltage VIABS Vss-O.3 Voo+O.3 V 

Bias on output pin VOABS Vss-O.3 Voo+O.3 V 

Storage Temperature Ts -40 125 °C 

12.2 NORMAL OPERATING CONDITIONS 
Exposure of the device to conditions exceeding the normal operating conditions for extended periods of 
time can affect the long term reliability of the device. 

PARAMETER SYMBOL MIN MAX UNITS 
Power Supply Voltage Voo 4.75 5.5 V 

Ambient Temperature TA 0 70 °C 

Input Voltage VIN -0.3 Voo+0.3 V 

Power Dissipation Pw - TBD mW 

Supply Current 100 - TBD rnA 
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12.3 DC CHARACTERISTICS (UNDER 
NORMAL OPERATING CONDITIONS) 

PARAMETER SYMBOL MIN 
"Input capacitance @ fc=1 MHz CI -
"1/0 capacitance CIO -
Logic high input voltage VIH 2.0 

Logic low input voltage Vil -
"Input leakage ill -
"Tri-state output leakage ILO -
"1/0 pin leakage hOl -

OUTPUTS MHZ14 AND CHCK 
"Source current @ VOH=2.4 V IOH 4 

"Sink current @ VOl=O.4 V IOl 24 

OUTPUTS CDSETUP [0:07] 
Source current @ VOH=2.4 V IOH 1 

Sink current @ VOl=O.4 V IOl 6 
ALL OTHER OUTPUTS 

·Source current @ VOH=2.4 V IOH 1 

·Sink current @ VOl=O.4 V IOl 4 

*Notes: 

WD6000 

MAX UNITS 
5 pF 

10 pF 

- V 

0.8 V 

+10 JlA 
±30 JlA 
±40 uA 

- rnA 
- rnA 

- rnA 
- rnA 

- rnA 
- rnA 

Pins INT1 EN and INT2EN have internal pulldowns of 10K ohms nominal value. Measurement of input capacitance III 
and input leakage values on these pins will be affected by these resistances. 

CHCK is an open drain output. An external pullup is required. Only the sink current value applies. 

NMI is an open drain output. An external pullup is required. Only the sink current value applies. 

13.0 TIMING 

See following tables. 
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PARAM DESCRIPTION MIN 
T1 SO, Sf(0:1) hold from CMD on 30 
T2 SA(0:15) setup to CMD on 60 
T3 SD(0:7) setup to CMD on -

T4 SA(0:15) hold from CMD off 0 
T5 SD(0:7) hold from CMD off 0 
T6 CDSETEN hold from CMD on 30 
T7 PROMCSUH setup to CMD on 25 
T8 PROMCSUH hold from CMD off 0 
T9 MilO hold from CMD on 30 

T10 CDSFDBK setup to CMD on 10 
T11 ED RENA setup to CMD on 25 
T12 EDRENA hold from CMD on 0 
T13 IORIW, MEMRDIWR delay from CMD on 40 

T14 MEMRDIWR pulse width -
T14 IORIW, CS8742 160 
T14 IORIW, FDCCS 90 
T14 . IORIW, SERCS1, SERCS2 125 
T14 IORIW, PPCS 125 
T14 IORIW, NPS1 90 

T14 IORIW, CSA, CSB 70 
T15 IORIW, MEMRDIWR off to CMD off 60 
T16 IODTR setup to IODEN on 5 
T17 IODTR hold from IODEN off 5 
T18 IODEN on from CMD on 5 
T19 IODEN hold from CMD off 5 
T20 IODCBA on from CMD on 40 
T21 ·IODCBA off to IOW/R, MEMRDIWR off 5 
T22 SO(1 :0) on to IORDY off -
T23 IORDY on to CMD off 60 
T24 SD(0:7) read access from lOR on 25 
T25 SD(0:7) read hold from lOR off 5 
T26 CS (ext.dev) setup to IOR/R, 70 

MEMRDIWR on 
T27 CS (ext.dev) hold from IORIW, 25 

MEMRDIWRon 
T28 RTCRD, RTCWR, RTCAS delay from 40 

CMDon 

T29 RTCRD, RTCWR, RTCAS off to CMD off 60 
T30 RTCRD, RTCWR, RTCAS pulse width 325 

T30A CMOSA(0:12) on from CMD on 40 

T31 CDSETUPJO:7) hold from CMD on 30 
NOTES: 1. THE W06000 allows SO bus valid to be later than CMO active. 

2. T21 for MEMROIWR follows CMO input. 

TABLE 9. PERIPHERAL BUS CYCLE (IN NSEC) 
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MAX NOTE 
- -
- -

25 1 

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- 2 

- -
- -
- -

- -

- -
980 -

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

20 -
- -
- -
- -
- -

- -

- -

- -

- -
- -
- -
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PARAM DESCRIPTION MIN MAX NOTE 
T1 MHZ28 period 35 - -
T2 MHZ28 low time 17 - -
T3 MHZ28 high time 16 - -
T4 MHZ30 period 33 - -
T5 MHZ30 18 - -
T6 MHZ30 high time 15 - -
T7 MHZ14 ~eriod 70 - -
T8 MHZ14 high time 20 - -
T9 MHZ14 low time 20 - -
T10 CLK387 period 105/100 - 1 

T10F CLK387 rise time - 10 3 
T10R CLK387 fall time - 10 3 
T11 CLK387 high time 28 - 4 
T12 CLK387 low time 62 - 4 
T13 CLK8742 period 105/100 - 1 
T14 CLK8742 low time 33 - -
T15 CLK8742 high time 33 - -
T16 REFREQ period 15 ~s - 2 

NOTES: 1. Clock denved from 28.636 MHz, unless optional 30 MHz IS used. 
2. 50% duty cycle . 
3. Rise and fall times are measured between 0.8 V and 2.0 V. 
4. Clock low time measured at 1.0 V, clock high time measured at 3.6 V. 

TABLE 10. CLOCK CYCLE TIMES (IN NSEC EXCEPT WHERE NOTED) 

T1~T3-
MHZ28 

T2-+ 

MHZ30 ~ (OPTIONAL) 
T4 T6 

T5 

MHZ14 

CLK8742 

REFREQ y'---____ \L---} 
~L- T16 -----+l~ 

FIGURE 42. CLOCK CYCLE 
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PARAM DESCRIPTION MIN MAX 
T1 INTR output delay - 100 

T2 INTR hold from INTACK on 10 32 

NOTES: 1. Interrupt inputs must be held until the first Interrupt Acknowledge cycle begins. 

TABLE 11. INTERRUPT CYCLE (IN NSEC) 

KYBDINT 
SERINT1 

~~~:~~2 ~\\-------\ 
AUXINT '---_____ -' 

IRQ(3:7,9:12,14:15) T1 
--t------.. 

INTR 

WD6000 

NOTE 
-
1 

_______ T~~11~~\~ /~ ______ _ 
INT ACK CYCLES I\.f.! . V 
(WD6000 INTERNAL SIGNAL) 

FIGURE 43. INTERRUPT CYCLE 
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FIGURE 44. 80387 INTERFACE FUNCTIONAL TIMING DIAGRAM 
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INTRODUCTION 

1.0 INTRODUCTION 

As part of the Western Digital® Micro Channel 
compatible chip sets (WD6500, WD6400SX, 
WD6400SXlLP), the WD6010 DMA and Arbitra­
tion Control Device significantly facilitates the 
design and implementation of system boards 
compatible with IBM's Micro Channel architecture. 
It decreases design complexity and saves space 
by combining the functions of many discrete ar­
rays and components, while reducing system cost 
and increasing system reliability. 

The Extended Setup Facility is a Western Digital 
enhancement, designed to allow more 
functionality such as a Winchester Controller, LAN 
Adapter or additional serial port to be added onto 
the system board. It provides product differentia­
tion at the system level and helps hold down 
costs. Figure 1 illustrates a typical system using 
Western Digital's Micro Channel compatible chip 
sets. Devices with bold outlines are available from 
Western Digital. 

WD6010 

1.1 Features 

• Completely compatible with the IBM Personal 
System/2 Models 70 and 80 

• Configurable for systems based on the 
80386SX, 80386DX, or 80486 

• 16, 20, 25, and 33 MHz Clock Speeds to 
Maximize Flexibility and Performance 

• Half-speed 80387/80387SX Operation 

• 4-Gigabyte Enhanced Addressing 

• Micro Channel Arbitration Control Logic 

• Functionality equivalent to two 8237 DMA 
controllers with Extended Mode Support 

• Clock, Resets, and Parity Latch Control 
• Extended Setup FacilityTM (ESF)TM 

• Low Power 0.9 Micron CMOS Technology 

I~ACHE_~ 
I ~TERNAL ~ ____ ~~~~=;~ __________ .-____________ -. ________ __ 
CACHE CONTROL 

WD603X 
DRAM/CACHE 

CHANNEL 
CONTROL 

-~ 

I CACHE 
(OPTIONAL) I 

L- __ 

FIGURE 1. SYSTEM DIAGRAM 
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PIN DESCRIPTION 

2.0 PIN DESCRIPTION 

The signals assigned to the different pins are 
grouped according to their function, and dis­
cussed individually in the table on the following 
pages. 

2.1 Diagnostic Interface 

This interface is used to diagnose errors in the 
system. The diagnostic signals recover the state 
of the bus after an error condition. For more 
details, see Section 8.6. 

2.2 DMA Controller and CPU Bus 
Interface 

The DMA Controller in the WD6010 is fully com­
patible with the Micro Channel architecture in the 
basic mode. In addition, the WD6010 provides an 
enhanced addressing mode, the 4Gig Mode, to 
enhance the DMA addressing capability. 

NOTE: The registers implemented on the 
WD6010 can only be accessed by the system 
microprocessor. 

2.3 Arbitration Control 

The Arbitration Control block in the WD6010 ar­
bitrates between different masters requesting use 
of the bus at the same time. The Central Arbitra­
tion Control Point (CACP) controls the arbitration 
timing in accordance with Micro Channel 
specifications. 

2.4 Reset Control 

The Reset Control block in the WD6010 
generates three levels of resets, compatible with 
the Micro Channel architecture. 

A system reset (RESET), which resets all the 
devices in the system. 

A CPU reset (RES386), which only resets the 
microprocessor. The synchronization of this sig-

WD6010 

nal to the CPU clock, CLK2, must be done exter­
nally. 

A numeric coprocessor reset (RES387), which 
only resets the 80387/80387SX numeric 
coprocessor. Synchronizing this signal to the 
numeric coprocessor clock, CLK2387, must be 
executed externally. 

NOTE: The WD6010 is compatible with the 
80386SX, 80386DX, and 80486 microprocessors. 
In the following description, any references to the 
system microprocessor refer to the 80386SX, 
80386DX and 80486, unless specifically stated 
otherwise. Similarly, any references to the NPX 
(Numeric coprocessor extension) refer to the 
80387SX, and the 80387DX, unless explicitly 
stated otherwise. Section 10.0 describes the dif­
ferences in implementation on an 80386SX sys­
tem versus an 80386DX system. 

2.5 Numeric Coprocessor Extension (NPX) 
Half-speed Interface 

The NPX half-speed interface allows the NPX to 
be operated at half the speed of the CPU. A half­
speed NPX interface is useful in systems where 
the cost-performance requirements dictate an in­
expensive coprocessor. In an 80386SX system, 
the coprocessor used is an 80387SX; on an 
80386DX system it is an 80387DX; on an 80486 
system, the coprocesser is not required. 

2.6 Parity Error Interface 

This signal interfaces with external parity latches 
and provides the capability to latch parity errors. 

2.7 Decodes 

This block implements the decodes for system­
wide functions. 

2.8 Miscellaneous 

This set of signals include the Vss and Voo signal 
pins as well as the reserved pins, which should 
not be connected, but left open in the system. 
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FIGURE 3. PIN DIAGRAM 

PIN NAME PIN NAME PIN NAME PIN NAME 
1 ClK2 34 PD7 67 REFRESH 100 Voo 
2 Vss 35 Vss 68 BEO 101 PA17 
3 ClK 36 PD8 69 BE1 102 PA16 
4 ClK2387 37 PD9 70 BE2 103 PA15 
5 Voo 38 PD10 71 BE3 104 PA14 
6 ClK387 39 PD11 71 Vss 105 PA13 
7 EOT 40 PD12 73 ADS 106 PA12 
8 REFREQ 41 PD13 74 MilO 107 PA11 
9 UCHCMD 42 PD14 75 DC 108 Vss 
10 A20GATE 43 Vss 76 WR 109 PA10 
11 N/C 44 PD15 77 RESET 110 PA9 
12 INTR 45 PD16 78 RES386 111 PA8 
13 PWRGOOD 46 PD17 79 RES387 112 PA7 
14 SHUTDOWN 47 PD18 80 CDSETEN 113 PA6 
15 BURST 48 PD19 81 VGAEN 114 PAS 
16 TEST 49 PD20 82 ED RENA 115 PA4 
17 Vss 50 Vss 83 Voo 116 Voo 
18 PREEMPT 51 PD21 84 PA31 117 PA3 
19 ARBO 52 PD22 85 PA30 118 PA2 
20 ARB1 53 PD23 86 PA29 119 NMI 
21 ARB2 54 PD24 87 Vss 120 ENPCHK 
22 ARB3 55 Voo 88 PA28 121 DACK 
23 Vss 56 PD25 89 PA27 122 ADSO 
24 CHRESET 57 PD26 90 PA26 123 RDV0387 
24 CHCK 58 PD27 91 PA25 124 RDVO 
26 PDO 59 PD28 92 PA24 125 FDDRQ 
27 PD1 60 PD29 93 PA23 126 UCHMSTR 
28 PD2 61 PD30 94 PA22 127 A20GTX 
29 PD3 62 PD31 95 Vss 128 Vss 
30 Voo 63 HOLD 96 PA21 129 HlDA 
31 PD4 64 Vss 97 PA20 130 BS16 -32 PD5 65 ARB/GNT 98 PA19 131 NA 
33 PD6 66 TC 99 PA18 132 RDV 
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PIN DESCRIPTION WD6010 

PIN NO. NAME TYPE FUNCTION 

DIAGNOSTIC INTERFACE 

127 A20GTX I/O ADDRESS BIT 20 GATE - This pin has dual functions. 
At power-up (trailing edge of RESET), the state of this 
pin is latched and in conjunction with UCHMSTR, 
determines the speed at which the system will operate. 

At all other times, A20GTX, is an output signal acting 
as a gating signal for address bit 20. This signal is ac-
tive whenever A20GATE is active or whenever Alter-
nate Gate A20 (port 92H, bit 1) is asserted and the 
CPU has the bus. 

FREQUENCY UCHMASTER A20GTX 
16 MHz 0 0 
20 MHz 0 1 
25 MHz 1 1 
33 MHz 1 0 

25 CHCK I CHANNEL CHECK - This signal which is driven by a 
master or slave device, indicates that a serious system 
error has occurred. 

24 CHRSET I CHANNEL RESET - This signal is generated by the 
WD6000 to initialize or reset all adapters or on-board 
peripheral controllers at power-on. The system can 
also generate this signal through software control (port 
96H, bit 7). 

10 A20GATE I ADDRESS 20 GATE - This signal which is generated 
by the 8x42 micro-controller activates the A20GTX sig-
nal whenever it is active when the CPU generates an 
address. 

9 UCHCMD I CHANNEL COMMAND - This signal is the logical OR 
of the CMD and MMCMD signals, and indicates that a 
command is present on the Channel. 

DMA CONTROLLER AND CPU BUS INTERFACE 

121 DACK I/O DMA REQUEST ACKNOWLEDGE - This pin has dual 
functions. At power-up (trailing edge of RESET), the 
state of this pin is sampled to determine whether the 
WD6010 will operate in an 80386SX-compatible or 
80386/80486-compatible mode. 

At all other times, DACK is an output signal to the 
WD6000 and floppy disk controller. When it is active, it 
initiates a single I/O read or write transfer. Multiple 
transfers are initiated only if BURST is also active. 
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WD6010 PIN DESCRIPTION 

PIN NO. NAME TYPE FUNCTION 

118 PA2 lID CPU ADDRESS BUS - This bi-directional address bus 
117 PA3 between the CPU and DMA controller. During CPU ac-
115 PA4 cesses to the WD601 0 registers, these are input sig-
114 PA5 nals, and during DMA transfers, these are output sig-
113 PA6 nals. 
112 PA7 
111 PA8. During DMA transfers in the IBM compatibility mode, 
110 PA9 which is the power-on default, the WD601 0 drives PA 
109 PA10 (2:31) according to the programmed address. Bits 
107 PA11 (24:31) are driven to zero. In Enhanced Addressing 
106 PA12 Mode bits (24:31) are driven according to the 
105 PA13 programmed address. 
104 PA14 
103 PA15 When the WD601 0 is used in an 80386SX system, 
102 PA16 CPU Address Bus signals (24:31) should be leftuncon-

nected. 
101 PA17 lID CPU ADDRESS BUS - (Cont'd) 
99 PA18 
98 PA19 
97 PA20 
96 PA21 
94 PA22 
93 PA23 
92 PA24 
91 PA25 
90 PA26 
89 PA27 
88 PA28 
86 PA29 
85 PA30 
84 PA31 

/ 
; 
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PIN DESCRIPTION 

PIN NO. NAME 

62 PD31 
61 PD30 
60 PD29 
59 PD28 
58 PD27 
57 PD26 
56 PD25 
54 PD24 
53 PD23 
52 PD22 
51 PD21 
49 PD20 
48 PD19 
47 PD18 
46 PD17 
45 PD16 
44 PD15 
42 PD14 
41 PD13 
40 PD12 
39 PD11 
38 PD10 
37 PD9 
36 PD8 
34 PD7 
33 PD6 
32 PD5 
31 PD4 
29 PD3 
28 PD2 
27 PD1 
26 PD~ 

TYPE 

liD 

WD6010 

FUNCTION 

CPU DATA BUS - This bi-directional data bus be-
tween the CPU and WD6010 is used to transfer data 
during DMA transfers and CPU accesses to the 
WD6010 registers. 

The WD6010 has a 32-bit data bus interface com-
patible with the 80368/80486. However, DMA Trans-
fers are in 8-bit or 16-bit blocks. The WD6010 per-
forms internal swaps and asserts the correct byte 
enables to put the data in the right location. It handles 
misaligned transfers by generating the multiple cycles 
needed to complete the transfer. 

The WD6010 performs dynamic bus sizing to accom-
modate 16-bit and 32-bit devices on a cycle-by-cycle 
basis, accomplishing this by sampling the BS16 input. 
The combinations of byte enables asserted for dif-
ferent transfers are tabulated below. 

VALID DATA 80386/80486 -
Bus Signals BE3 BE2 BE1 BEO Byte/Word 
PD(O:7) 1 1 1 0 Byte 0 
PD(8:15) 1 1 0 1 Byte 1 
PD(16:23) 1 0 1 1 Byte 2 
PD(24:31) 0 1 1 1 Byte 3 
PD(O:15) 1 1 0 0 Word 0 
PD(8:23) 1 0 0 1 Word 1 
PD(16:31) 0 0 1 1 Word 2 

The next table illustrates the way in which the 
WD6010 splits misaligned transfers into multiple bus 
cycles. BS16 is sampled during each cycle to adjust 
the transfer accordingly. 

DATA TRANSFER SIZE (Bytes) 
1 2 

CPU Address 
PA (0:1) 

xx 00 01 

Transfer Cycles B 
over PO Bus 
Legend: 

W LB 
HB 

10 

W 

11 

LB 
H 

Transfers in bold letters indicate that BS16 was active 
when sampled. 

B - Byte 
W-Word 
HB -High Order Byes 
LB-Low Order Byte 

*-The 80386/80486 will first transfer the HB, and then 
the LB. 
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PIN NO. NAME 

CPU DATA BUS (con't) 

76 WR 

75 DC 

74 MilO 

12-8 

TYPE 

liD 

liD 

liD 

PIN DESCRIPTION 

FUNCTION 

If the BS16 input is permanently tied low, the WD601 0 
data bus interface generates a 16-bit interface com­
patible with the 80386SX. In this mode, the CPU data 
bus (16:31) should be left unconnected as they each 
have a weak internal pull-up. The combinations of byte 
enables asserted for different transfers in an 80386SX 
system are tabulated below. 

VALID DATA 80386SX - ----
Signal BE3 BE2 BE1 BEO Byte/Word --

(PA1) (BEH) (BEL) 
PD(O:7) x 0 1 0 Byte 0 
PD(8:15) x 0 0 1 Byte 1 
PD(O:7) x 1 1 0 Byte 2 
PO(8:15) x 1 0 1 Byte 3 
PD(O:15) x 0 0 0 Word 0 
PD(O:15) x 1 0 0 Word 1 

WRITE/READ - This signal is directly connected to the 
CPU WR signal. This signal is an input when the CPU 
has control of the bus and it is an output when the 
WD6010 DMA controller has control of the bus. 
Together with DC and MilO, these signals identify the 
type of bus cycle being executed on the CPU bus. 
DATAICONTROL - This signal is directly connected to 
the CPU DC signal. This signal is an input when the 
CPU has control of the bus and it is an output when the 
WD6010 DMA controller has control of the bus. 
Together with WR and MilO, these signals identify the 
type of bus cycle being executed on the CPU bus. 
MEMORY liD -This signal is directly connected to the 
CPU MilO signal. This signal is an input when the CPU 
has control of the bus and it is an output when the 
WD6010 DMA controller has control of the bus. 
Together with WR and DC, these signals identify the 
type of bus cycle being executed on the CPU bus. 

MilO DC WR WD6010 FUNCTION 
0 0 0 Does not occur 
0 0 1 Does not occur 
0 1 0 liD Read 
0 1 1 liD Write 
1 0 0 Does not occur 
1 0 1 Does not occur 
1 1 0 Memory Read 
1 1 1 Memory Write 
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PIN NO. NAME TYPE FUNCTION 

73 ADS 1/0 ADDRESS STROBE - This signal is directly con-
nected to the CPU ADS signal. This signal is an input 
when the CPU has control of the bus and it is an out-
put when the WD601 0 DMA controller has control of 
the bus. This signal is used to track bus cycles. 

71 BE3 1/0 BYTE ENABLE - These signals are used during data 
70 BE2 transfers to indicate which data bytes are valid on the 
69 BE1 CPU data bus. During DMA operations these signals 
68 BEO are output signals. When the system CPU accesses 

the WD6010 registers, they are input signals. The 
definition of these signals changes to match the type of 
microprocessor (80386SX or (80386/80486), as con-
figured by DACK at power-up. 

SIGNAL S03S6SX S0386/S0486 

- -
BE3 BE3 Not connected 
BE2 BE2 PA1 -
BE1 BE1 BEH 
BEO BEO BEL 

132 RDY I READ - This signal is directly connected to the CPU 
READY signal. This signal is used to track bus cycles. 
It is synchronized with ClK2. 

131 NA I NEXT ADDRESS - This signal is generated by the 
WD6030 whenever a pipelined cycle can be supported 
by the system. If this signal is asserted and the 1m 
WD6010 has an internal request pending, the WD6010 
goes into pipelined mode. For the WD601 0 this is an 
input only signal, that is applicable during DMA trans-
fers. Figure 4 illustrates a non-pipelined transfer and 
FiQure 5 illustrates a typical pipelined transfer. 

130 BS16 I BUS SIZE 16 - This signal is generated by the 
WD6030 to indicate whether the CPU or WD601 0 is ac-
cessing a 32-bit or (16-bit or 8-bit) port. The signal is 
high whenever a 32-bit port is accessed and all the 
byte enables should be active. BS16 is low whenever 
a 16-bit port or 8-bit port is accessed. The byte 
enables are sampled to determine if the access is to a 
16-bit or 8-bit port. 

3 ClK I CLOCKS - ClK is a CMOS-level clock signal which 
1 ClK2 has the same frequency as the CPU. ClK2 is also a 

CMOS-level clock. ClK2 has a frequency twice that of 
the CPU clock frequency. The WD601 0 shares the 
ClK2 signal with the CPU. 
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WD6010 PIN DESCRIPTION 

PIN NO. NAME TYPE FUNCTION 

66 , TC 0 TERMINAL COUNT - This signal is generated by the 
WD6010 DMA controller logic during the last 1/0 bus 
cycle of a DMA transfer to indicate that the DMA chan-
nel currently servicing the Channel has reached a ter-
minal count condition. This indicates to the DMA slave 
that this is the last cycle to be performed. 

ARBITRATION CONTROL 

126 UCHMASTR 1/0 CHANNEL MASTER - This pin has dual functions. At 
power-up (trailing edge of RESET), the state of this sig-
nal is latched and in conjunction with A20GTX, deter-
mine the speed at which the system will operate. 

At all other times, UCHMSTR is an output signal which 
becomes active whenever a Micro Channel master 
other than the CPU or the WD601 0 DMA controller 
gets control of the bus. 

FREQUENCY UCHMSTR A20GTX 
16 MHz 0 0 
20 MHz 0 1 
25 MHz 1 1 
33 MHz 1 0 

119 NMI liD NON-MASKABLE INTERRUPT - When driven by the 
WD6010 to the CPU, NMI indicates that the CACP has 
reached a bus time-out condition while monitoring the 
bus. When the signal is received from the WD6000, it 
tells the CACP to initiate an arbitrated cycle to remove 
any bus masters so that the CPU can service t~e inter-
rupt. 

22 ARB3 1/0 ARBITRATION BUS - These four open collector lines 
21 ARB2 comprise the aribtration bus. These signals are driven 
20 ARB1 by DMA slaves, system master and bus masters when 
19 ARBO requesting control of the bus during arbitration cycles. 

When the floppy disk controller requests the bus 
through FDDRQ, the ARB (0:3) signals are driven by 
the WD6010. 

18 PREEMPT 1/0 PREEMPT - This open collector line signals that an ar-
bitrating device wants to use the bus, and the CACP in-
itiates an arbitration cycle when this line is active. A 
floppy disk controller request, a refresh cycle request, 
or the receipt of a NMI causes this signal to be driven 
by the CACP in the WD601 O. 

129 HLDA I HOLD ACKNOWLEDGE - The CPU asserts HLDA in 
response to a HOLD signal to indicate that it has relin-
Quished the local bus. 
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PIN DESCRIPTION WD6010 

PIN NO. NAME TYPE FUNCTION 

125 FDDRQ I FLOPPY DISK REQUEST - This signal indicates that 
the floppy disk controller requires the DMA controller to 
transfer data. The CACP translates this request into a 
level 2 priority and competes for the bus. 

15 BURST I BURST - This input signals that the current Channel 
bus owner will continue to hold the bus for more than 
one transfer. For DMA transfers, BURST is removed 
during the last I/O bus cycle of the transfer or if a ter-
minal count is reached. 

12 INTR I INTERRUPT -If bit 4 of the CACP register, port 90H, 
is set and a master other than the CPU is using the 
bus, this interrupt signal is used to initiate an arbitration 
cycle. This allows the CPU to service an interrupt 
during bus master cycles. 

8 REFREQ I REFRESH REQUEST - This timer output signal is 
generated by the WD6000 to request a refresh cycle. 
The WD6010 responds by driving the PREEMPT sig-
nal. The CACP enters the ARB state and requests the 
bus. The refresh cycle is executed and the bus 
returned to the GNT state. If the CACP is already in the 
ARB state, the refresh request extends the period by 
one bus cycle. 

7 EOT I END OF TRANSFER - This signal from the WD6022 
Address Buffer indicates an end of transfer condition. 
An end of transfer occurs when CMD, SO and S1 are 
inactive on the Channel. Internally, EOT is Of{ed with 
BURST to show an end of transfer condition. 

67 REFRESH 0 REFRESH - This Channel signal indicates that the 
memory read operation on the bus is a refresh cycle. 
Address lines (2:10) and BE(0:3) hold the state of the 
refresh address counter in the DMA controller. Address 
lines (11 :31) are driven to zero. 

In response, the WD6030 performs a memory read 
operation on the Channel and a RAS-only refresh for 
the motherboard DRAM. On the Channel, any slave 
can choose to extend the refresh cycle by de-asserting 
CHRDY. 

65 ARB/GNT 0 ARBITRATION/GRANT - This signal indicates the 
state of the CACP. In the arbitration state (high), an ar-
bitration cycle is in progress and all devices wishing to 
own the bus drive their arbitration levels on the arbitra-
tion bus and compete for Channel ownership. At the 
end of the arbitration cycle (300 ns minimum), owner-
ship of the Channel is given to the owner with the win-
ning arbitration level. The change to a grant cycle is 
signified by the change in the polarity of the signal to 
GNT (low). 
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WD6010 PIN DESCRIPTION 

PIN NO. NAME TYPE FUNCTION 

63 HOLD 0 HOLD - This signal is synchronous with CLK2. When 
asserted, it requests the CPU to relinguish the CPU 
bus for a refresh, DMA, or Channel master transfer. 

RESET CONTROL 

14 SHUTDOWN I SHUTDOWN - This signal initiates a CPU reset and is 
generated by the 8742 keyboard controHer, as com-
manded by the CPU. 

13 PWRGOOD I POWERGOOD - This signal originates in the power 
supply and indicates the state of the power supply vol-
tages. RESET is derived from the state of this line. 

79 RES387 0 80387 RESET - This reset signal is generated on a 
system reset or a NPX soft reset and is an un-
synchronized reset for the NPX. It must be externally 
synchronized with CLK2387 before being sent to the 
NPX. 

On a system reset, the pulse width of this signal is 
determined by the power supply logic. On a NPX soft 
reset (an 1/0 write to port F1 H), this signal has a pulse 
width of at least 256 CLK2s. When the NPX is operat-

. ing at half the frequency of the 80386, the pulse width 
is 128 CLK2387 periods (CLK2387 period = 2*CLK2 
period). 

78 RES386 0 80386 RESET - This signal is generated by the 
WD6010 by the following reset sources; Power-On, Al-
ternate Hot Reset, Keyboard Shutdown or Processor 
Shutdown. It must be externally synchronized with 
CLK2 before beino sent to the CPU. 

77 RESET 0 RESET - This signal is derived from the state of the 
PWRGOOD signal. It is synchronized with ClK2 and 
resets all the components in the system. While active 
no memory refreshes take place. 

NUMERIC COPROCESSOR EXTENSION (NPX) HALF-SPEED INTERFACE 

124 RDYO I READYOUT - This signal is the READYO from the 
NPX. When used in Full Speed Mode, this pin should 
be connected to VDP. When used in Half-Speed Mode, 
this sionai is used to track bus cycles to the NPX. 

6 CLK387 I 80387 CLOCKS - CLK387 is a CMOS-level clock sig-
4 CLK2387 I· nal which is generated by external circuitry and is 

synchronized with CLK. CLK2387 is also a CMOS-
level clock signal. It is synchronized with CLK2. These 
two signals should be connected to VDD when the 
NPX is used in Full-Speed Mode. In Half-Speed Mode, 
these signals will operate at half the speed of ClK and 
CLK2 respectively. 
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PIN DESCRIPTION WD6010 

PIN NO. NAME TYPE FUNCTION 

123 RDY0387 0 80387 READYOUT - When the NPX is used in Full-
Speed Mode, this signal is left unconnected and the 
READYO output from the NPX is directly connected to 
the logic for RDY. 

122 ADSO 0 ADDRESS STROBE - This signal is the address 
strobe output to the NPX in Half-Speed Mode. In Full-
Speed Mode this pin is aN/C. 

PARITY ERROR INTERFACE 

120 ENPCHK 0 ENABLE PARITY CHECK - This signal is a duplication 
of bit 0 of the Memory Encoding Register 1 (port E1 H) 
in the WD6030. It is used to enable/disable parity 
checking. The signal directly interfaces with the exter-
nal parity latches. Refer to the WD6030 Data Sheet for 
more information. 

82 EDRENA 0 EXTENDED DATA REGISTER ENABLE - When ac-
tive, EDRENA enables the selected ESF register to 
read or write. This signal is generated by comparing 
the CPU I/O address to the value stored in the ESF 
Pointer Register (port xxH). 

81 VGAEN 0 VIDEO GRAPHICS ADAPTER ENABLE - When 
enabled by the Video Subsystem Enable Register (port 
3C3H, bit 0), this signal decodes the upper address 
bits (20:31) for the system board video RAM area, 
AOOOOOH to BFFFFFH. 

80 CDSETEN 0 CARD SETUP ENABLE - This signal decodes I/O ad-
dresses. 100H to 1 07H with the appropriate timing for 
the WD6000 for channel setup cycles in the system. • MISCELLANEOUS 

5 VDD I +5 POWER SUPPLY 
30 
55 
83 
100 
116 

2 Vss I OVGROUND 
17 
23 
35 
43 
50 
64 
72 
87 
98 \ 

108 
128 

11 N/C Not Connected 

ADVANCE INFORMATION 12-3-90 12-13 



WD6010 PIN DESCRIPTION 

PIN NO. NAME TYPE FUNCTION 
16 iEST I TEST - This is an active low signal that facilitates 

board-level testing. When low, this signal tri-states all 
outputs and bi-directional signal lines, allowing an ATE 
tester to drive these signals. When high, the outputs 
and bi-directional lines are enabled by the chip. 
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Figure 4 illustrates a typical non-pipelined bus 
cycle for the WD6010, and shows that the bus 
interface for the WD601 0 is identical to the 80386, 

CLK2 

CLK 

~31:2) 

BE(3:0) 

MIO,DC,WR 

NA 

BS16 

RDY 

PD(0:31) 
(READ) 

PD (0:31) 
(WRITE) 

~ __ ~ __ ~~~~ ____ ~~x~~ __ ~~ __ ~x~~ __ ~~ __ ~) 
.~ .'LY : LJ 

_w~w~w~w~ . .' , . .. . .. . 
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~ X X X 

FIGURE 4. NON-PIPELINED MODE TIMING DIAGRAM 
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WD6010 PIN DESCRIPTION 

Figure 5 illustrates a typical Pipelined bus cycle 
for the WD6010. The WD6010 generates bus 

cycles which are identical to the 80386 bus 
cycles. 

I 
I T2P T1P I T2 I T2P T1P T2 I T2P I T1 P I T2 I T2P TIP I T2 I T2P 

ClK2 

ClK 

PA(31:2) , r-----~ ,..--;--------. r-----
~~ ~ X X, X X 
MIO,DC,WR --7----~ ~-------! '-----

ADS 

NA 

BS16 

RDY 

PD (0:31) 
(READ) 

PD (0:31) 

(WRITE) 

12-16 

~ ~:f@}f}}}j ~ ~ ~ ~ ~ ~ 
: : ::: : : : : : : : : : : 

~~'~~~~ 

FIGURE 5. PIPLINED MODE TIMING DIAGRAM 
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PIN DESCRIPTION WD6010 

ADDRESS RANGE LOCATION FUNCTION 

0000 to OOOFH WD6010 DMA Controller Chs 0-3* 

0018H WD6010 Extended Function ReQ. * 
001AH WD6010 Extended Function Execute* 

0020 to 0021 H WD6000 Interrupt Controller 1 

0040,0040-0044,0047H WD6000 System Timers 

0060H WD6000 Keyboard Data Port 

0061H WD6000 System Control Port 8 
0064H WD6000 Rd - Keyboard Status, Wr -Keyboard Com-

mand 
0070H WD6000 RTC/CMOS Address ReQister NMI Mask 
0071H WD6000 RTC/CMOS Data Port 

0074H WD6000 EARO Extended CMOS RAM, ESF 
0075H WD6000 EAR1 Extended CMOS RAM 

0076H WD6000 Extended CMOS RAM Data Port 

0081 to 0083, 0087H WD6010 DMA PaQe Registers 0-3' 

0089 to 0088, 009FH WD6010 DMA Page Registers 4-7* 

0090H WD6010 CACP Register* 
0091H WD6000 Card Selected Feedback 

0092H WD6000 System Control Port A 

0094H WD6000 System 80ard Setup 

0096,0097H WD6000 POS, Channel Connector Select 
00AO,00A1H WD6000 Interrupt Controller 2 

OOCO to OODFH WD6010 DMA Controller (even only)" 

OOEO to 00E1 H WD6030 Memory Control Registers 

00E2 to 00E7H WD6010 Diagnostic Registers • OOFOH WD6000 Coprocessor Clear 8usy 

00F1H WD6000 Coprocessor Reset 

00F8 to OOFFH NPX 80387/80387SX Coprocessor" 

0100,0101H WD6000 System ID 

0102 to 01 07H WD6000 80ard Configuration (POS) 
0278 to 0278H WD6000 Parallel Port 3 
02F8 to 02FFH WD6000 Alternate Serial Port 

0378 to 0378H WD6000 Parallel Port 2 

038C to 038FH WD6000 Parallel Port 1 
0384, 0385, 038A, 03CO-03C5H WD90COO Video Subsystem** 
03CE, 03CF, 03D4, 03D5, 03DAH WD90COO Video Subsystem 

03C6 to 03C9H WD90COO Video DAC** 
03FO to 03F7H WD6000 Diskette Drive Controller 
03F8 to 03FFH WD6000 Primary Serial Port 
0700H WD6010 ESF Data Register (Default) 

TABLE 1. SYSTEM LEVEL I/O MAP (WD6500) 

" No Channel cycle generated on these addresses. 
""The WD90COO Enable Register (03C3H) is in the WD601 O. 
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WD6010 

3.0 DMA CONTROLLER 

The DMA Controller is a serial transfer device 
compatible with the Intel* 8237, and includes the 
IBM extended controller interface and functions. 
Its logic supports eight independent channels, six 
of which are assigned fixed priorities. The remain­
ing two have programmable priorities. 

The WD6010 takes two channel cycles to transfer 
a word or byte between memory and I/O. Each 
channel cycle needs two or more CPU clock 
cycles. Channel and bus arbitration functions are 
resolved externally. 

3.1 DMA Interface 
The DMA Controller interfaces to the system on 
the CPU local bus. As the table in the description 
of the PO signals shows, it generates and en­
codes the same control signals as the CPU. The 
controller may be programmed at any time that 
Hold Acknowledge (HLDA) from the CPU is inac­
tive. The programming may only be done by the 
system CPU. 

Each of the two transfer bus cycles requires two 
or more CPU clock cycles. The time taken by the 
I/O portion of the cycle depends on the response 
from the system interface: whether it is a local 
cycle or a Channel cyle. All Channel cycles take 
at least 200 ns. The time taken by the memory 
portion of the cycle depends on the response from 
the system interface, that is, if it is a local cycle 
versus a Channel cycle, cache hit versus a cache 
miss, page hit versus a page miss, and so on. 

A Channel transfer is established by the CPU 
setup and initiated from an external slave source 
through arbitration control in the form of DMAREQ 
input. The requesting DMA channel is specified on 
the ARB bus input. 

3.2 Internal Architecture 
The internal architecture of the DMA Controller in 
the WD6010 is based on the six basic modules 
described in the subsections that follow. 

3.2.1 Address Translator 
This module converts address and data informa­
tion from the CPU interface that is in PC/AT Com­
patibility Mode format into the Extended Mode for­
mat. This information is then stored for run-time 
use. 

DMA CONTROLLER 

3.2.2 RAM Registers 
These RAM locations store the 32-bit base ad­
dress, the 32-bit current address, the 16-bit base 
count, the 16-bit current count, and the 16-bit cur­
rent I/O address, for each channel. The current 
values are read/write and are written by the CPU 
at the same time as the base registers. An addi­
tional register, the Transfer Holding Register, tem­
porarily stores data between bus cycles of a 
transfer. This register can not be accessed by the 
system CPU. 

The RAM array is 112 bits x 8 locations, with one 
location allocated to each channel. The Channel 0 
and 4 implement the Virtual DMA feature of the 
Micro Channel system. 

3.2.2.1 Base Memory Address Register 
This 32-bit register is initialized by the CPU 
through byte-wide accesses. This is a write 
register and can not be read by the CPU. In Com­
patibility Mode, three writes are executed to pro­
gram twenty-four address bits, and four writes are 
executed in Enhanced Addressing Mode to pro­
gram thirty-two address bits. 

3.2.2.2 Current Memory Address Register 
The CPU initializes this 32-bit readlwrite register 
by byte-wide accesses at the same time that it 
initializes the Base Memory Address Register. 
This register can also be read in byte-wide acces­
ses. 

During DMA transfers, this register is incremented 
or decremented after each memory bus cycle. 
Enabling Auto-Initialize reloads this register at the 
end of a transfer with the value stored in the Base 
Memory Address Register. This state is reached 
when the DMA controller reaches a terminal count 
condition and the TC signal has been generated. 
Figure 6 illustrates a read cycle with Auto-Initial­
ize, followed by another transfer. 

3.2.2.3 ~ase Transfer Count Register 
The CPU initializes this 16-bit register in byte­
wide accesses. The number of transfers is the 
value in the register + 1. The WD6010 does a 
single transfer when this register is programmed 
to OOOOH. 

3.2.2.4 Current Transfer Count Register 
The CPU initializes this 16-bit read/write register 
by byte-wide accesses at the same time that it 
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T1 I T2 T1 I T2 I T2 I T2 TI I TI I TI I TI I TI T1 I T2 T1 I T2 I T2 I T2 

ClK2 

ClK 

PA(2:31) \;-_--.-1' X,_------~-~---~'f__I BE(3:0):J\ , _ 

MIO. DC. WR 110 ' X~ ______ ~0=11~ __ ~~ __ ~~~ 

ADS 

NA 

8S16 
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PO (0:31) D-< ) 
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FIGURE 6. READ CYCLE WITH AUTO-INITIALIZE 

initializes the Base Transfer Count Register. The 
CPU can read it in byte-wide accesses. 

During DMA transfers, this register is decre­
mented atier each memory bus cycle. Enabling 
Auto-Initialize reloads this register at the End-of­
Transfer (EDT) with a value from the Base Trans­
fer Count Register. 

3.2.2.5 Current 1/0 Address Register 

This register is initialized by the CPU in Extended 
Mode only. The value gated to the bus during the 
liD bus cycle depends on the state of Bit 0 in the 
Extended Mode Register. If Programmed liD Ad­
dress Mode is set, then the value in the register is 
used; if not, OOOOH is used. 

3.2.2.6 Temporary Holding Register 

This register temporarily stores data between bus 
cycles of a transfer. The CPU can not access this 
register. 

3.2.3 DMA Registers 

The DMA registers consist of the Mask, Mode, 
Arbus, and Status registers. Table 2 shows the 
allocation of these registers. 

Figure 7 shows the format for the Mask register, 
and Figure 8 shows the format for the Mode 
Register. See Section 3.3 for a description of the 
various modes and transfer types set in the Mode 
Register. 
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WD6010 DMA CONTROLLER 

REGISTER SIZE QTY ALLOCATION 
MASK 8 bits 2 1 for Chs 0-3 

1 for Chs 4-7 

MODE 8 bits 8 1 per channel 
ARBUS 8 bits 2 1 for Ch 0, 1 for Ch 4 
STATUS 8 bits 2 1 for Chs 0-31 

1 forChs4-7· 

TABLE 2. DMA REGISTER ALLOCATION 

7 5 3 2 o 
I 0 I 0 I 0 I 0 I 0 

RESERVED I MASK BIT CHANNEL SELECT 
0 I QIS> lENA - -

1 0 Channel 

0 0 o or 4 
0 1 1 or 5 
1 0 2or6 
1 1 30r7 

RESERVED ICH30R 7 ICH 2 ORG CH 1 OR 5 CHOOR4 

0 1 DIS, ···.1 ENA I !:lIS. 1 ENA Dis' ENA OlSjENA 

Default = C:=J 

FIGURE 7. MASK REGISTER FORMAT 
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Mode Select Count Dir I Auto Initial Transfer Type Channel Select 
- - DEC IINC lENA lOIS - - - -

7 6 Mode Select 3 2 Transfer Type 1 0 Channel 
0 0 Demand 0 0 Verify 0 0 o or4 
0 1 Single (N) 0 1 Write Mem 0 1 1 or 5 
1 0 Block (N) 1 0 Read Mem 1 0 2 or6 
1 1 Cascade(N) 1 1 Reserved 1 1 3 or 7 

PC/AT Compatible Mode 

Extended Mode 
Reserved Width Reserved I Count Dir Transfer Transfer Auto Initial IOAdr 

0 16Bit 18 Bit 0 
I DEC IINC 

Wr~e Read Data I Verify On Off Prog IOOOOH 
Xler Xfer Mem Mem Value 

N=Not Used 

FIGURE 8. MODE REGISTER FORMAT 

RESERVED ARBITRATION LEVEL 
- I - I - I - - - - I -

3 2 1 0 Level 
0 0 0 0 o Available 
0 0 0 1 1 See Warning • 0 0 1 0 2 See Warning 
0 0 1 1 3 See Warning 
0 1 0 0 4 Available 
0 1 0 1 . 5 See Warning 
0 1 1 0 6 See Warning 
0 1 1 1 7 See Warning 
1 0 0 0 8 Available 
1 0 0 1 9 Available 
1 0 1 0 A Available 

WARNING: 1 0 1 1 B Available 
These levels are assigned to DMA channels 1-3, 5-7. If channel 

1 1 0 0 C Available o or 4 is assigned to one of these levels, the user must insure 
that no conflict occurs. 1 1 0 1 D Available 

1 1 1 0 E Available 
1 F Reserve-System 

MPU 

FIGURE 9. ARBUS REGISTER FORMAT 
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Request Status Terminal Count Status 
Chan 3 ()r 7 .1 Chan 2 m 6 I Chan 1 or..5 l Chan 0 ()r4 . Chan 3 or 7 1 Chan 2 or 6 I Chan 1 or 5 I Chan 0 or 4 

V,es ~ .... :ji; ..... 1 V,es I'" N··o· .. .::, 1 Yes I· .. ·N'· Q"'\'j Y,es 1 '/<'1;";'" Yes t.·:·.:7N.· \0..:'.:.,: .. "' .. 1 Yes t.<No.·· .. ·. ':<.;1 Yes I:. : 'No . .'J: Yes I;:'.,:.'; .• :. i.i.:'::'\.';:' t.:· .:.1.""1.:'''' : ..... ," '.: , ....... :<:1 ·I .. :'·::·r' ... ·:· I: "" :j I' :"'1 I:: t I~ 

Defauit = 1<"/.1 
FIGURE 10. STATUS REGISTER FORMAT 

The two Arbus registers, one each for DMA Chan­
nels 0 and 4, implement the "virtual DMA" feature. 
The software can use these registers to dynami­
cally re-assign the arbitration level to which these 
channels respond during a DMA operation. This 
allows Channels 0 and 4 to service devices at any 
arbitration level. Normally, Channels 0 and 4 are 
assigned levels 08H to OEH only, Levels 01-03H 
and 05-07H are assigned to DMA Channels 1-3 
and 5-7. If Channels 0 or 4 are assigned one of 
these levels, it is up to the user to ensure that 
there are no conflicts. Figure 9 illustrates the 
Arbus register format. 

In Extended Mode, a status read provides the 
status of Channels 0-3, and a second read gives 
the status of Channels 4-7. The byte pointer is 
initialized when the command is given. Figure 10 
shows the format of the Status Register. 

3.2.4 Transfer Control 
This module provides the interface for the CPU 
bus. The signals and timings are equivalent to 
those of the CPU, and are generated from the 
same CPU clock source. 

3.2.5 Register Control 

This control function co-ordinates the various 
modules during a DMA transfer cycle. 

3.2.6 Work Registers 
These registers are used for the temporary 
storage of data and parameters during and be­
tween DMA transfer bus cycles. 

3.3 System CPU Access Modes 

The system CPU can access the DMA controller 
in two modes: PC/AT Compatibility Mode, and 
PS/2 Extended Mode. At run-time, the mode 
through which the transfer was set up is not 
retained. 

The WD6010 does not support the Compatibility 
Mode command, and request and rotating priority 
functions. The Mode register is only supported to 
the extent detailed in the following subsections. 

3.3.1 Compatibility Mode 

Table 3 provides an 1/0 map of this mode. 
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1/0ADRS DESCRIPTION BIT WIDTH 

OOOOH Ch 0 Memory Adrs. Reg.1RIW} 15-00 

0001H Ch 0 Transfer Count ReQ.JRIWJ 15-00 

0002H Ch 1 Memory Adrs. Reg. (R/W) 15-00 

0003H Ch 1 Transfer Count Reg. (RIW) 15-00 

0004H Ch 2 Memory Adrs. Reg. (R/W) 15-00 

0005H Ch 2 Transfer Count Reg. (RIW) 15-00 

0006H Ch 3 Memory Adrs. Reg. (R/W) 15-00 
0007H Ch 3 Transfer Count Reg. (RIW) 15-00 

0008H Chs 0-3 Status Register 07-00 

OOOAH Chs 0-3 Mask Reg. (SetlRst)(W) 07-00 
OOOBH Chs 0-3 Mode Register (W) 07-00 

OOOCH Chs 0-3 Clear Byte Pointer (W) N/A 
OOODH Chs 0-3 Master Clear (W) N/A 

OOOEH Chs 0-3 Clear Mask Register (W) N/A 

OOOFH Chs 0-3 Write Mask Register (W) 07-00 
0081H Ch 2 Page Register (RIW) 07-00 

0082H Ch 3 Page Register (R/W) 07-00 
0083H Ch 1 Page Register (RIW) 07-00 

0087H Ch 0 Page Register (R/W) 07-00 

0089H Ch 6 Page Register (RIW) 07-00 

008AH Ch 7 Page Register (RIW) 07-00 
008BH Ch 5 Page Register (RIW) 07-00 

008FH Ch 4 Page Register (RIW) 07-00 
OOCOH Ch 4 Memory Adrs. Reg. (R/W) 15-00 
00C2H Ch 4 Transfer Count Reg. (RIW) 15-00 

00C4H Ch 5 Memory Adrs. Reg. (R/W) 15-00 
00C6H Ch 5 Transfer Count Reg. (RIW) 15-00 

00C8H Ch 6 Memory Adrs. Reg. (R/W) 15-00 

OOCAH Ch 6 Transfer Count Reg. (RIW) 15-00 

OOCCH Ch 7 Memory Adrs. Reg. (RlW) 15-00 
OOCEH Ch 7 Transfer Count Reg. (RIW) 15-00 

OODOH Chs 4-7 Status Register 07-00 
00D4H Chs 4-7 Mask Reg. (Set/Rst)(W) 07-00 
00D6H Chs 4-7 Mode Register (W) 07-00 

00D8H Chs 4-7 Clear Byte Pointer (W) N/A 
OODAH Chs 4-7 Master Clear (W) N/A 
OODCH Chs 4-7 Clear Mask Register (W) N/A 
OODEH Chs 4-7 Write Mask Register (W) 07-00 

TABLE 3. COMPATIBILITY MODE 1/0 MAP 

• Both Memory Address and Transfer Count Registers are loaded on a 
write operation; only the Current register is readable. 
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3.3.2 Extended Mode 
This mode is accessed through four locations in 
the I/O space, as Table 4 shows. The format for 
the Extended Function Register (EFR), 0018H, is 
shown in Figure 11. 

The protocol for Extended Mode is as follows: 

1.write to the EFR (0018H) to set the channel 
selection and function command. This resets the 
internal byte pointer to point to least significant 
byte (LSB). Direct commands only require an I/O 
write to the EFR. If it is not a direct command, go 
on to Step 2. 

2.Write or read the appropriate number of times to 
execute the function from the EFE port. The byte 
pointer increments automatically. 

DMA CONTROLLER 

Direct commands written to the EFR include Mask 
Register Set Bit, Mask Register Reset Bit, and 
Master Clear. The Mask Register Set Bit com­
mand masks or disables all the channels in the 
Mask Register. The Mask Register Reset Bit com­
mand unmasks or enables all the channels in the 
Mask Register. The Master Clear can be 
generated by the CPU or by a bus time-out condi­
tion. If a Master Clear command is given, the 
DMA controller must be re-initialized. The Master 
Clear masks all the channels in the Mask 
Register, that is, it sets all the bits to one. It also 
resets all the bits of the Status Register to zero. 

1/0 ADDRESS DESCRIPTION 
0018H Extended Function Register (EFR) (W) 
0019H Reserved 
001AH Extended Function Execute (EFE) (W) 
001BH Reserved 

TABLE 4. EXTENDED MODE I/O ADDRESS 
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7 6 I S I 4 I 3 2 1 I 0 

1 I 0 1 I 0 I 1 0 I 1 I 0 I 1 I 0 1 I 0 1 0 I 1 I 0 

Proarammed Command (1AH) I Reserved Channel Selection 

Bit7 Bit 6 I BitS I Bit 4 I Bit 3 Bit 2 Bit 1 I Bit 0 

~ 
7 6 5 4 Command Bit Width Byte Ptr 2 1 0 Channel 
a a a a 1/0 Adr R:1/ (R/W) 00-15 yes 
a a a 1 1 Reserv - - 0 0 0 0 
a a 1 a 2 Mem Adr Reg ~R/~ 00-23 yes 0 0 1 a a 1 1 3 Mem Adr Reg ea 00-23 yes 

1 
a 1 a a 4 Xfer Cnt Reg ~~ 00-15 yes 0 1 0 2 a 1 a 1 5 Xfer Cnt Re~ ea 00-15 
a 1 1 a 6 Status Reg ead 00-07 

yes 
0 1 1 yes 3 

a 1 1 1 7ModeRegr~ 00-{)7 -
1 a a a 8 Arbus Reg R 00-07 - 1 0 0 4 
1 a a 1 9 Mask Reg et Bit Direct -
1 a 1 a A Mask R:;tb Reset Bft Direct - 1 0 1 5 
1 a 1 1 B IBM Test RQ -
1 1 a a C IBM Test Clear - 1 1 0 6 
1 1 a 1 D Master Clear Direct - 1 1 1 
1 1 1 a E Reserved - - 7 
1 1 1 1 F Reserved -
• These functions are not implemented. 

FIGURE 11. EXTENDED FUNCTION REGISTER (EFR) (OO18H) 

3.3.3 Enhanced Mode 

The DMA Controller Enhanced Mode is a Western 
Digital innovation implemented on the WD6010 
which extends the DMA address space up to 4 
Gbytes. A DMA operation can now take place in 
Memory Addresses 00000000 to FFFFFFFFH. 

The WD6010 powers up in a mode compatible 
with the Model 80, which allows DMA operation in 
Compatibility Mode or Extended Mode. The 
memory address space in which a DMA operation 
can take place extends from 000000 to FFFFFFH. 
If the addresses exceed FFFFFFH, they roll over 
to 000000. Address Bits 24 to 31 are always zero 
in this mode. 

Setting the Mode 4 Gig bit in the Enhanced Ad­
~ressing Register (ESF:018CH) puts the WD6010 
In Enhanced Mode. In this mode, the addresses 
roll over to 00000000 if they exceed FFFFFFFFH 
instead of FFFFFFH. ' 

When in this mode, all the channels generate 32-
bit addresses. To program the memory addresses 
for thirty-two bits, four writes to the Memory Ad­
dress Register should be executed in Extended 
Mode. To read back the memory addresses, four 
reads are executed to the same locations. Inter­
nally, the bytes are organized as Bytes 0, 1, 2, 
and 3. If the upper-most byte is not programmed, 

the old value is used. Therefore, care must be 
taken to program all the bytes with their proper 
values. Figure 12 shows the bit assignment for 
Register ESF:18CH. 

3.4 DMA Operation • 
The state of the HLDA signal from the CPU distin- ' 
guishes the operaion of the DMA controller. If 
HLDA is inactive, the operating mode of the DMA 
controller can be programmed. See Section 5 
Arbitration Control, for more information. If HLDA 
is active, the DMA can only execute transfer 
cycles that have been set up previously. 

To terminate a transfer. the DMA controller ex­
amines the state of the BURST signal. As lon~s 
this signal is active and the terminal count (TC) 
has not been reached, transfers continue to be 
executed. If BURST is inactive at the beginning 
of a transfer, a single transfer is executed. 

3.4.1 Single Transfer Mode 

This mode consists of one I/O bus cycle and one 
me~ory bus cycle, in either order. A single trans­
fer IS executed when BURST is found to be inac­
tive at the beginning of a cycle. 
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3.4.2 Demand Transfer Mode 

Demand transfers are continous transfers carried 
out as long ast the BURST signal remains active. 
They may be either slave-terminated or controller­
terminated. 

A slave-terminated transfer ends under either of 
two conditions. The transfer ends when the slave 
has transferred one byte or word and has not as-

7 I 6 I 5 I 4 

1 1 0 I 1 I 0 I 1 1 0 I 1 I 0 

Reserved 
Bit 7 I Bit 6 I Bit5 I Bit 4 

0 
1 

DMA CONTROLLER 

serted the BURST signal, or when the slave has 
completed a partial transfer and releases BURST 
during the last I/O cycle. 

A controller-terminated transfer can only end 
when the TC has been reached for that channel. 
At EaT, the channel is masked from further 
operation until the CPU interacts with it. Figures 
13 to 15 provide timing diagrams of typical DMA 
operations in Demand Transfer Mode. 

3 I 2 I 1 0 
1 0 I 1 0 I 1 0 1 I 0 

Mode I Reserved AddressinCi 
Bit3 I Bit 2 I Bit 1 BilO 

~ / 
80386 Mode 0 16 MByle 
80386SX Mode Addressing 

1 4 GByle 
Addressing 

FIGURE 12. ENHANCED ADDRESSING REGISTER ESF:018CH 
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T1 T2 T1 T2 T2 T2P TiP T2 T1 T2 T2 T2 

CLK2 

PA (2:31) 

)( ~(0:3) X :X :X ) 

MIO :\ j :\ 
DC 

WR 

• ~ ~ 
. . .: . : . 

~: _~ffia 
. . . . . , 

:\ 
'----~---

PD (0:31) 

IN OUT IN OUT: 

FIGURE 13. 16-BIT READ TRANSFER with COUNT EXPIRATION 
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I I I 
T1 I T2 I T2 I T2P I T1 P I T2 I T2P I T1 P I T2 I T2P I T1 P I T2 I T2 

ClK2 

ClK 

PA(2:31) :x BE (0:3) :X :X 'X > 
Mia / :\ / 
DC 

WR 

NA _'~~~f%!B~~~ 
, . . . . . . . . . , . . . 

B816 _Y@WY@W~~ 
, , 

RDY ----~--~:~~~:--~~ ~ ~ 

\'-------'-'/ 
PD(0:31) ~~~--~~~:------~)~--~~~: ~-~) 

IN OUT IN OUT 

FIGURE 14. 16-BIT WRITE TRANSFER with COUNT EXPIRATION 
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T1 I T2 I T2 T2P I T1 P I T2 I T2 T2 T1 I T2 I T2 I T2 

ClK2 

ClK 

PA (2:31) 

BE (0:3) 
~~ __ ~~x~~~ __________________ ~) 

MIO,OC,WR ____ o_1o __ ~~--~. X~~ ____ ~ ____________ :_11_1 __________ ~ __ ~ __ _ 

:\3 ~ . . \3 . . 
. . . 

~Wa8?@' 

B816 _W1w/w/W1~~ 
ROY \J u Lr: 

PO (0:31) 

!N OUT OUT 

BE3, BE2, 
BE1, BEO _____ ·_11_0_0~· __ ~X~ __ ~--~:-10-0-1--------~X~---------10-1-1-. __ ~ __ ~ 

FIGURE 15. WRITE CYCLE at ADDRESS N+1 to 16·BIT MEMORY 

3.4.3 Verify Mode 
This mode performs address and TC generation 
as in normal transfers, but only initiates memory 
read commands on the bus. Figures 16 and 17 
illustrate this mode through timing diagrams. 

3.4.4 Submodes 
Auto-initialize Mode allows a channel to operate 
continuously without interaction from the CPU. At 
EOT, the values in the Base Memory Address 
Registers are loaded into the Current Memory Ad­
dress Registers; the channel remains unmasked. 
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ClK2 

ClK 

PA(2:31) 
BE(O:3) 

MIO 

DC 

WR 

T1 I T2 

DMA CONTROLLER 

TI TI TI TI T1 T2 

ADS ~ :\3 
NA 

8S16 

ROY v V 
TC :\ :;-
PD(O:31) :---c-------<O O)--~ 

IN IN 

FIGURE 16. VERIFY TRANSFER with TRANSFER COUNT EXPIRATION 

The Increment/Decrement submode can set each 
channel Memory Address Register to increment or 
decrement. . 

3.4.5 80undary and End Conditions 
When the Memory Address Register reaches. the 
end of a 64 Kbyte segment of memory, it carries 
into the upper byte of the counter without indicat­
ing this to the CPU. 
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I I 
Tl I T2 I T2 I T2 In IT2 I T2 I T2 I TI I TI I TI I TI TllT2IT2 T2 

ClK2 

ClK 

PA(2:31) 

MIO. DC. WR (~ ____ ~1~10--------------------~) 

ADS ~ . . : "---I 

NA 

BS16 

ROY v V \if 
PD(24:31) PD(0:7) PD(~:23) 

PD(0:31) 0 0 0 
IN iN IN 

01:11 X BE3. BE2. BEl •. _----:-~ __ ~ _ __' 
1110 X 1001 

BEO 

FIGURE 17. VERIFY CYCLE at ADDRESS N+3 

With a 16M or 4 GByte physical memory limit, if 
the Current Transfer Count Register has a valid 
count remaining and the DMA slave continues to 
request service, the Current Memory Address 
Register rolls over to Address 0 and continues. If 
the transfer is a memory write, no warning is 
given of the alteration to low memory. 

At TC, the Current Transfer Count Register decre­
ments to FFFFH and stops. If the register was 
initially set to FFFFH, the counter decrements 
until it encounters FFFFH again. 

At EOT, the mask register bit is not set if Auto-Ini­
tialize was selected for that channel, as this would 
disable the channel. 
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3.4.6 Direct Commands 
The Clear Byte Pointer command initializes the 
internal byte pointer to point to the least significant 
byte. 

The Master Clear command sets the Mask 
Register to mask or disable all channels. It also 
resets all status bits to zeros. 

The Clear Mask Register command unmasks or 
enables all the channels. 

DMA CONTROLLER 

The Write All Register Mask Bits command masks 
or disables all the channels. 

3.4.7 Enhanced Mode 
II the DMA operations described in this section are 
valid when the system is operating in Enhanced 
Mode. However,· it must be remembered that all 
channels generate 32-bit addresses when in this 
mode, necessitating four read or write operations 
to program the memory addresses. See Section 
3.3.3 for more information. 
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4.0 RESET CONTROL 

The clock and reset control functions on the 
WD6010 include the generation of CPU resets, 
coprocessor resets, and general system resets. 

The Alternate Hot Reset Function specified by 
Control Port A (0092H, Bit 0) is write-only in the 
WD6010 and read/write on the WD6000. Figure 
19 shows the Clock and Reset control function in 
an WD6010-based system. The block diagram 
shows an WD6500 system; however, the same 

Frequency UCHMSTR (F1) 
16 MHz 0 
20 MHz 0 
25 MHz 1 
33 MHz 1 

WD6010 

architecture applies to any system based on the 
WD6010. 

The generation of different resets is described in 
the Pin Description Table. 

The clock rates and the signal pins are shown in 
Table 5. The state of three signal pins at power-on 
reset (POR) determines the clock rates. After 
POR, the pins revert to their normal functions. 

A20GTX (Fa) 
1 
0 
1 
0 

TABLE 5. CLOCK RATE DEFINITIONS 
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5.0 ARBITRATION CONTROL (AC) 

Arbitration Control controls and monitors the 
Channel and local .bus arbitration functions. The 
AC functions are controlled by the bit settings in 
the Arbitration Register at 0090H. Figure 18 
shows the format for the Arbitration Register. 

5.1 Arbitration Register 
The Arbitration Register (0090H) controls the dif­
ferent functional parameters of the CACP. Figure 

7 6 5 4 
1 I 0 1 I 0 1 I 0 1 I 0 

CPU NMI Bus IRQ Master 

Cycles Occurred Timeout Preempt 

ENA lOIS .'. Yes INo .... Yes INC:> ENA lOIs' .. 

Read 

CPU ARB ARB IRQ Master 

Cycles State Cycle Preempt 

ENA Itm:f •. ' Arb' jGnt Extd IN()j:m ENA lOIS 
Write 

Default=! '.' . I 

ARBITRA TlON CONTROL (A C) 

18 shows the bit assignments for this register for 
read and write operations. 

5.2 Arbitration Control Functions 
The Central Arbitration Control Point (CACP) 
functions are discussed in more detail in the sub­
sections that follow. 

3 I 2 I 1 I 0 
1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 

Arbitration Level 

Reserved 
- 1- 1- 1-

FIGURE 18. ARBITRATION REGISTER FORMAT (0090H) 
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CPU 

RESET 

CLK2 

oucl,: .............. . 
f---t------i·'PWaaOOD;, ..... . 

. . . .,'. 

r:;;::~~r_+_----I, ~~, . 

~{~I-----;-RE-S-E-T----cR;O;E=:;;S:;:;ET=38~6 
SYNCHRONIZATION 

WD6010 

WD6000 

RESET REAL TIME 
CLOCK 

CHANNEL 

FIGURE 19. SYSTEM CLOCK and RESET CONTROL 
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5.2.1 Execute Arbitration Cycles 

An arbitration cycle is defined as a transition of 
the ARB/GNT signal from low to high to low, GNT 
to ARB to GNT. When it is high (ARB), all compet­
ing local arbiters may drive ARB (0:3) to deter­
mine the new bus owner. Refresh cycles are ex­
ecuted when ARB/GNT is high and extend the 
arbitration cycle by that amount. An arbitration 
cycle can be initiated by these external requests: 

• Refresh Request 

• Bus Time-out 
• Competing Bus Master 

• Competing DMA Slave 

• NMI 
• Bus Idle 
• Interrupt, When 0090H, Bit 4 is 1 

The bus is at an idle state when a Bus Master or 
DMA slave has been granted the bus, and CMD, 
and BURST are not active. It indicates a condition 
when DMA slave or Bus Master transfers have 
been executed. 

5.2.2 Arbitrate the Local CPU Bus 

Bus cycles originating from the DMA slave, Chan­
nel bus master, or refresh requests require the 
CPU to give up the local bus. This arbitration re­
quest function is performed by the CACP. 

5.2.3 Regulate Arbitration Cycle Duration 

5.2.3.1 CPU-Programmable 

When Bit 5 of the Arbitration Register (0090H) 
equals one, the default arbitration cycle is ex­
tended from a minimum of 300 ns to a maximum 
of 750 ns, depending on the CPU clock rate. 
Table 6 defines this relationship. 

CPU Clock Arbitration Control Register 
Bit 5=0 Bit 5=1 

16 MHz 312.5 ns 750 ns 
20 MHz 300 ns 750 ns 
25 MHz 300 ns 750 ns 
33 MHz 300 ns 750 ns 

TABLE 6. EXTENDING ARBITRATION 

ARBITRA TlON CONTROL (A C) 

... 
5.2.3.2 ARB (0:3) = 0000 Special Case 

If the Arbitration bus changes to 0000 during an 
arbitration cycle, the arbitration cycle can be shor­
tened to a minimum of 100 ns. 

5.2.3.3 Dynamic Extension of Arbitration Time 

Arbitration time can be extended by an NMI or 
Refresh cycle. The NMI sets Bit 6 of the Arbitra­
tion Register to one, which forces the ARB/GNT 
signal to ARB until the CPU resets that bit to zero. 

5.2.4 Arbitration Monitor 

Since the Channel arbitration mechanism is dis­
tributed between the system board and the Micro 
Channel-based peripherals, a central monitoring 
point is needed to allow for error recovery. The 
CACP monitors the Channel bus, and when a bus 
master does not release the bus as requested by 
an asserted PREEMPT signal, it hands system 
control to the CPU, so that the CPU can initiate 
error recovery. 

When a bus time-out occurs, the CACP captures 
the arbitration level of the device and generates 
an NMI. The DMA controller is also reset to allow 
the CPU to attempt error recovery. 

The time-out mechanism is based on the refresh 
timer which cycles approximately every fifteen 
microseconds. The time-out is armed when a 
refresh request is pending and when the arbiter is 
in any state except refresh. If the refresh request 
is not honored before the next refresh request, a 
channel time-out condition is said to exist. 

The channel time-out and the resulting NMI are 
held asserted until cleared by a write from the 
CPU which resets Bit 6 of the Arbitration Register 
to zero. 

5.2.5 Floppy Disk Controller/DMA Interface 

On behalf of the floppy disk controller, this func­
tion competes for ownership of the system bus by 
converting DMA requests such as FDDRQ and 
DACK into the appropriate signals for the CACP. 

5.3 PREEEMPT GENERATOR 
==:-:-=:-= The WD6010 generates the PREEMPT signal in 

certain situations, which are described below. 
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5.3.1 Floppy Disk Controller Request 

The CACP generates a PREMPT signal on behalf 
of the floppy disk controller when the floppy disk 
controller issues a FDDRQ, and Floppy DMA 
Controller Channel 2 is not masked. This signal is 
cleared when a DMA Master Clear command is 
received or when the bus has been won by Flop­
py Disk DMA Channel 2 after a bus arbitration 
cycle. 

5.3.2 Refresh Request 

A refresh request is made when the ARB/GNT 
line is in the GNT state will cause a PREEMPT 
signal to be asserted. 

WD6010 

5.3.3 Arbitration Register Bit 6 Set 

A PREEMPT is asserted when the ARB/GNT line 
is in the GNT state and Arbitration Register Bit 6 
is set and the ARBUS value is set with any ARB 
value but a system board value, that is, other than 
OFH. 

5.3.4 Interrupt Request 
A PREEMPT signal is asserted when the 
ARB/GNT line is in the GNT state, ARB (3:0) * 
1111 B, Arbitration Register Bit 4 is set, and an 
interrupt request to the CPU is active. 
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6.0 DECODES 

The addresses used by the system control func­
tions are listed below. 

1. The ESF Pointer Register (EPR), located at 
FFFFDH or FFFF, FFFDH, is used to decode the 
ESF Data Register (EDR). 

2. Setup Mode Timing Strobe (CDSETEN) 

7 1 6 I 5 1 4 
1 I 0 I 1 I 0 I 1 I 0 1 1 1 0 

Reserved 

1 - I - I -

I 
I 

I 

DECODES 

3. The VGA Enable Register (03C3H) 

4. Refresh Addre~s Generator (11 bits) 

The VGA Enable Register (03C3H) format is 
defined in Figure 20. When Bit 0 is set to one, an 
access to an address space below 1 MByte as­
serts VGAEN, which indicates that the video sub­
sytem is enabled. 

3 1 2 I 1 0 
1 I 0 I 1 I 0 I 1 I 0 1 I 0 

VGA 
Subsystem 

- 1 - 1 - ENA IDIS 

FIGURE 20. PVGA REGISTER FORMAT 
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7.0 HALF·SPEED INTERFACE 

This interface runs the NPX at half the speed of 
the CPU, permitting the designer to utilize a 
slower numeric coprocessor to implement a more 
cost-effective version. For example, when the 
CPU is running at 25 MHz, it allows the NPX to 
operate at 12.5 MHz. When used in half-speed 
mode, the CLK2387 of the NPX has the same 
frequency as the ClK signal on the WD601 o. The 
reset signal for the NPX (RES387) must be 

WD6010 

synchronized to the NPX primary c!ock 
(ClK2387) with the proper setup and hold times 
so that ClK387 has the same phase relationship 
as the internal ClK of the NPX. The phase 
relationship and clock frequency are set up at 
power up, and once set, can not be changed. 

Figure 21 shows a block diagram of the NPX half­
speed interface, and Figure 22 contains a timing 
diagram of this interface. 

NPX 
,...-------1 ADS RDYO 1---------, 

~C::=:LK~23:::::87~_....,.._+----_l CLK2387 

...:C=LK.=38::..7 _ _._-+-+----- 1 CLK387 

WD6010 

,..---+----<1 AOS ADS<> ~ ___ -' 

~ RtWO ~~----, 
----< i!iDv 

'---+---+---1 CLI<2367 
CLKS87 

CPU 

OTHER READY 
SOURCES 

FIGURE 21. NPX HALF-SPEED INTERFACE 
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r-- CPU BUS CYCLE =l-CPU BUS CY 

I r- NPX BUS CYC r- NPX BUS CYCLE 

ClK 

CLK2387 

CLK387 I 
ADS I ,---/---1-+--+---1--1 
ADSO I I I I I I II I I I 1\ I 1/'---+-1--+1----11 

: : : : : : : :\:~: : : :\ :~ 
I I I I I I I I ILfI I I 110 

RDYO 

RDY0387 

FIGURE 22. NPX HALF-SPEED INTERFACE TIMING DIAGRAM 
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8.0 DIAGNOSTIC INTERFACE 

This logic allows the state of the Micro Channel 
bus to be latched on a Channel Check condition 
and is useful to diagnose faults in the system. 
The error recovery interface is compatible with the 
Model 80-071. 

On a Channel Reset, the latching of the channel 
state is enabled. At the leading edge of each 
CMD or MMCMD, the channel state is latched. 
When a Channel check takes place, the latching 
is disabled, and the last channel state is retained. 
The current channel state can be read by the 
CPU at 1/0 Locations 00E2H - 00E6H. An 1/0 

8.1 Diagnostic Register 1 

7 I 6 I S I 4 
1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 

PA31 I PA30 I PA29 I PA28 

I 
I 

I 

WD6010 

Read at 00E7H returns the state of local bus DC 
pin (Bit 0), and enables the latching again. 

The diagnostic signals are described in Section 2. 
The six read-only diagnostic registers are 
described here: 

• PA (24:31)- 00E2H 

• PA (16:23)- 00E3H 

• PA (8:1S)- 00E4H 
- -

• ARB/GNT, MilO, PA (2:7)- OOESH 

• BE (0:3), ARB (0:3)- 00E6H 

• DC, RESERVED- 00E7H 

3 I 2 I 1 I 0 
1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 

PA27 I PA26 I PA2S I PA24 

A Read at this location, 00E2H, gives the last latched state of the bus. 

8.2 Diagnostic Register 2 

7 I 6 I S I 4 I 3 I 2 I 1 I 0 
1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 

PA23 I PA22 I PA21 I PA20 I PA19 I PA18 I PA17 I PA16 

A Read at this location, 00E3H, gives the last latched state of the bus. 

8.3 Diagnostic Register 3 

7 I 6 I S I 4 I 3 I 2 I 1 I 0 
1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 

PA7 I PA6 I PAS I PA4 I PA3 I PA2 I MilO I ARB/GNT 

A Read at this location, 00E4H, gives the last latched state of the bus. 

8.4 Diagnostic Register 4 

7 I 6 I S I 4 I 3 I 2 I 1 I 0 
1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 

PA7 I PA6 I PAS I PA4 I PA3 I PA2 I MilO I ARB/GNT 

A Read at this location, OOESH, gives the last latched state of the bus. 
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8.5 Diagnostic Register 5 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
1 J 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 ' I 0 

ARB3 I ARB2 I ARB1 I ARBO I BE3 I BE2 I BE1 I BEO 

A Read at this location OOE6H, gives the last latched state of the bus. 

8.6 Diagnostic Register 6 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
1 I 0 I 1 I 0 I 1 I 0 I 1 I 0 I 1 I 9 I 1 I 0 I 1 I 0 I 1 I 0 

Reserved I DC 

A Read at this location, OOE7H, gives the last latched state of the bus. It also enables the relatching of 
the channel state. 
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9.0 EXTENDED SETUP FACILlTY(ESF) 

The ESF function consists of the ESF Pointer 
Register (EPR) and associated decode logic that 
generates the ESF Data Register Enable 
(EDRENA) output from the WD6010 to the 
WD6000. ESF is designed to extend the con­
figuration architecture established with POS fea­
tures. See Figures 23 and 24 for an overview of 
the ESF function. ESF supports: 

• Memory Map Control Registers 
• Additional Physical Serial Port (SP2) 
• Programmable Port Enables A and B 
• EMS Control Registers 
• External DRAM Control Configuration 
• System Board LAN Configuration 
• Customer-specified Enhancements that include 

• System Identification 
• System Version 

0(0:7) 

ADR ___ ....... ~ 

WD6010 

9.1 ESF Access 

ESF is based on an "alternate 110 space" concept 
similar to the way in which the Extended CMOS 
RAM feature was implemented by IBM. ESF 
space, which consists of 128 locations, expan­
dable to 32K, is accessed through a single "real 
I/O space" window called the ESF Data Register 
(EDR). ESF space may be implemented as word­
wide or byte-wide, at the discretion of the desig­
ner. 

The write-only ESF Pointer Register (EPR), con­
figurable by the software, points to the EDR. It is 
loaded by writing to memory location FFFFFDH or 
FFFF, FFFDH, a PROM location. The power-on 
default location for the EDR is at I/O Address 
0700H. 

Uet the value 8DH in Port 0070H to disable 
NMI. 

2. Read System Control Port B at 0061 H, and test 
for a change in the state of Bit 4 (Refresh Toggle) 
to synchronize it with the refresh circuitry. 

i--- WD60OO ---' 

ESFOECODE 

I 
SO (o:7j'.,... ............ -lj.;;;;;;.. .......... "II"" ..... ..J..."""" ..... -I 

~SF:20 

ESF:21 

ESF:22 

ESF:23 

ESF:24 

ESF:25 

ESF:26 
'--- ________ --.1 

FIGURE 23. ECR & ESF BLOCK DIAGRAM 
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ESF POINTER REGI5rER (EPR) 

MEMW FFFFDh 

--X ~,------;-;-_I ~ 00 -=-J 
UNLOCK I~' 

, 
' 

" ' EPRam_p, 
any Iocabpn on 
a 256 byte page 

boundary 

Contents of EPA 

rOR~ 
X-NO YES-x 

0074 

0075 

CMOS 

CHECKSUM 

VALlD 

EARD 

EAR1 

ADDRESS 

is the VO address 
of the ESFData ........ , 

Up to 128 or (32K) 
ESF Registers 

(EDR) 

FIGURE 24. EDR and ESF BLOCK DIAGRAM 

3. Read EARO at 0074H, (normally write-only) to 
unlock the EPR. 

4. Write the new value into the EPR (at FFFFDH). 
This locks the EPR once again. 

5. Enable NMI if required. 

Note that the EPR is locked when written, or on 
the next refresh cycle, whichever occurs first. 

The value in EPR becomes the new 8-bit address 
of the EDR. The EDR can reside at any of 256 
locations in the 64K liD space of the CPU from 
0400H to FFOOH. 

To address the ESF liD space: 

1. Write 8DH to Port 0070H to disable NMI. 

2. Write the address value to EARO at 0074H (and 
EAR1 if expanded ESF is being used). 

3. Issue an liD Read or Write command to the 
EDR address. 

The selected ESF register is determined by 
decoding the EARO address value. 

9.2 ESF ADDRESS MAPS 

The lower 64 bytes (EARO = OOH - 3FH) are 
reserved for Western Digital functions and fea­
tures. The upper sixty-four bytes (40H -7FH) can 
be used by the customer. (see Table 7 for details). 
All functions Lising ESF must include Bit 7 of 
EARO in the decode. This bit must be 0 when 
addressing only 128 ESF registers. To expand the 
ESF to 32,768 location, set EARO Bit 7 to 2 and 
write the second ESF address byte to EAR1. 

ESFADDRESS FUNCTION 
OOH-OFH System reserved 
10H-1 FH System board core functions 
20H-3FH " System board peripheral 

, functions 

12-44 ADVANCE INFORMATION '12-3-90 



EXTENDED SETUP FACILlTY(ESF) 

ESF FUNCTION R/W WD6500 
ADDRESS DEVICE 
0- 001FH ReseNed - -
20H Peripheral Confiauration R/W WD6000 
21,24H Port A,B Control R/W WD6000 
22,25H Port A,B Address (LSB) R/W WD6000 
23,26H Port A,B Address (MSB) R/W WD6000 
30-3FH· ReseNed - -
40 -7FH Customer-specified - -
0180H Memory Configuration R/W WD6030 
0181H Memory Size Register R/W WD6030 
0182H Bank Enable Register R/W WD6030 
0183H Split Address Extension R/W WD6030 
0184H Memory Window Bank 0 R/W WD6030 
0185H Memory Window Bank 1 R/W WD6030 
0186H Memory Window Bank 2 R/W WD6030 
0187H Memory_Window Bank 3 R/W WD6030 
0188H CAS Pulse Width R/W WD6030 
0189H RAS PreCharae Delay R/W WD6030 
018AH RAS Pulse Width RIW WD6030 
018BH RAS Access Time R/W WD6030 
018CH Enhanced Addressing R/W WD6010 
018DH ReseNed - -
018EH ReseNed - -
18FH System Control Register 1 R/W WD6030 

System Configuration2 ••• 

TABLE 7. MICRO CHANNEL COMPATIBLE ESF REGISTERS 

1. WD6500 implementation only. 
2. WD6400SX(LP) implementation only . 
••• Dependent on the state of the UCHMASTER and A20GTX signals at 
reset. 

ADVANCE INFORMATION 12-3-90 

WD6010 

WD6400SX/(LP) 
DEVICE 
-
WD6000 
WD6000 
WD6000 
WD6000 
-

-
WD6036SXI(LP) 
WD6036SX/(LP) 
WD6036SXI(LP) 

N/A 
WD6036SX/(LP) 
WD6036SX/(LP) 
WD6036SXI(LP) 
WD6036SX/(LP) 
WD6036SXI(LP} 
WD6036SXI(LP) 

WD6036SX/(LP~ 

WD6036SXlJLP~ 

N/A 
-
-
WD6036SXI(LP) .. 
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10.0 80386/80486 80386SX ENVIRONMENTS 

As described before, the W06010 can be con­
figured to be used in either an 80386/80486-
based system or an 80386SX-based system. The 
differences in usage in these two environments is 
summarized in this section. 

Certain signals, listed below, have been provided 
with weak internal pull-ups to ease system 
design: 

• PA (24:31 )20K internal pull-up 

• PO (16:31 )20K internal pull-up 

• OACK20K internal pull-up 

• BE (0:3)20K internal pull-up 

80386/80486 80386SX ENVIRONMENTS 

When using an 80386/80486-based system, the 
following points should be noted: 

• PO (0:31) connect to the 80386/80486 data 
lines (0:31) 

• PA (2:31) connect to the 80386/80486 address 
lines (2:31) 

• BE (0:3) connect to the 80386 byte enables 
(0:3). 

• The W06010 BS16 connect to the 80386 bus 
size 16. 

When using a 80386SX-based system, the follow­
ing points should be rioted: 

• PO (0:15) connect to the 80386SX data lines 
(0:15), PO (16:51) are left unconnected. 

• PA (2:23) connect to the 80386SX address 
lines (2:23), PA (24:31) are left unconneCted. 

• BE (0: 1) connect to the 80386SX BEL and 
BEH respective~E2 connect the 80386SX 
address line 1. BE3 is left unconnect~. 

• BS16 is tied to GNO. 
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11.0 TECHNICAL SPECIFICATIONS 

11.1 Absolute Maximum Ratings 
The absolute maximum stress ratings for the WD6010 device are tabulated below. Permanent damage 
to the device could result from exposing it to conditions exceeding these ratings. 

11.2 Normal Operating Conditions 

PARAMETER SYMBOL MIN MAX UNITS 
Supply Voltage (VDD - Vss) 0 7 V 
Input Voltage VIABS Vss - 0.3 VDD + 0.3 V 
Bias on Output Pin VOABS VSS - 0.3 VDD + 0.3 V 
Storage Temperature TS -40 125 °c 

Exposure of the device to conditions exceeding the normal operating conditions for extended periods of 
time can affect the long-term reliability of the device. 

PARAMETER SYMBOL MIN MAX UNITS 
Power Supply Voltage VDD 4.75 5.5 V 
Ambient Temperature TA 0 70 °c 
Input VoltaQe VIN -0.3 VDD + 0.3 V 
Power Dissipation PW - TBD mW 
Supply Current IDD - TBD mA 
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11.3 DC Characteristics 
(under Normal Operating Conditions) 

PARAMETER SYMBOL MIN MAX 
*Input Capacitance @ fc = 1 CI - 5 
MHz 
*1/0 Capacitance CIO - 10 
Logic High Input Voltage VIH 2.0 -
Logic Low Input Voltage Vil - 0.8 
*Input Leakage III - ±10 
*Tri-state Output Leakage IOl - ±30 
*1/0 Pin Leakage hOl - ±40 

OUTPUTS BE(0:3), MIlO, DC, WR ADS 

Source Current @ VOH = 2.4V IOH - -
Sink Current @ VOH = 0.4V IOl - 24 

OUTPUTS TC, ARB (0:3), PREEMPT, ARB/GNT, REFRESH 

Source Current @ VOH = 2.4V IOH - -
Sink Current @ VOH = 0.4V IOl - 24 

ALL OTHER OUTPUTS 

Source Current @ VOH = 2.4V IOH - -
Sink Current @ VOH = O.4V IOl - 4 

NOTES: 

Underlined signals are open collector outputs. 

Signals PA (24:31). BE3, PD(16:31), and DACK have internal pullups of 20K. 

When TEST = 0, all outputs and bi-directional signal lines are tristated. 

UNITS 
pF 

pF 
V 
V 

IlA 
IlA 
~ 

IlA 
j..LA 

IlA 
IlA 

uA 
j..LA 

·Pins ARB (0:3) NMI and PREEMPT are open collector outputs. Source current value does not apply. 
External pullups are required on these outputs. 
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11.4 A.C. Test Loads 

OUTPUTS SYMBOL 
BE(0:3), WR, MilO, DC, ADS" CL 
PA(2:31), PD(0:31)" CL 
ARB(0:3), PREEMPT CL 
TC, ARB/GNT, REFRESH CL 
ALL OTHER OUTPUTS CL 

NOTE 

1.PA{2:31), BE(0:3), PD(0:31), ADS, MilO, DC, 
WR, ARB{0:3), PREEMPT, and NMI are bi-direc­
tional signals. 

2.UCHMSTR, A20GTX, and DACK are inputs 
only at power-up; they are outputs the rest of the 
time. 

WD6010 

MIN MAX UNITS 
- 75 pF 

- 120 pF 

- 200 pF 
- 240 pF 
- 50 pF 

3.TC is a tristate output signal. 

4.ARB{0:3), PREEMPT, and NMI are open collec­
tor signals and require external pullups. 

"These signals are tested at 50 pF for the 25 and 
33 MHz frequency. 
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12.0 TIMING 

The following inputs are asynchronous to CLK2: 
. A20GATE, PREEMPT, BURST, EOT, FDDRQ, 
REFREQ. CHCi<. CHRESET, UCHCMD, NMI, 
INTR, SHUTDOWN, PWRGOOD, and ARB(0:3). 

UCHMSTR, A20GTX, RES386, RES387, RESET, 
and ENPCHK. 

The following outputs are asynchronous to CLK2: 

The timings in the following table are in 
nanoseconds, except where specified. 

ARB/GNT, ARB(0:3), DACK, REFRESH, 

PARAMETER DESCRIPTION 
T1A PREEMPT on to EOT 
T2A ARB/GNT high from EOT 
T3A PREEMPT off from ARB/GNT low 
T4A BURST on from ARB/GNT low 
T5A ARB/GNT hioh 
T6A Driver turn-on delay from ARB/GNT hioh 
T7A Driver turn-off delay from ARB/GNT hioh 
T8A Driver turn-on delay from hioher priority line 
T9A ARB [0:3] stable before ARB/GNT low 
T10A Tristate drivers from ARB/GNT hioh 

TABLE 8. ARBITRATION CYCLES 

NOTE 
1 EOT signifies the End of Transfer on the Chan­
nel with Chs[0:11, BURST, and CMD off. 
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0 7.8lJS -
30 - 1 

0 50 -
- 50 -
300 - -
0 50 -
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0 50 -
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T5A • -I T1A 
+-- -----t T3A ~ 
EOT 

PREEMPT 1/ 
/ 

\ 

BURST ~ T4A I----
\~ 

ARB/GNT :IT6A 1\ 
T7A 

~T2A h10A 
ARB (0:3) 

UCHMSTR 

~:( 
~ TSA-.\ -- T9A I--

--

FIGURE 25. ARBITRATION TIMING 
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Parameter 

T1B 

T2B 
T3B 

T4B 

T5B 

FDDRQ 

PREEMPT 

ARB/GNT 

HOLD 

HLDA 

CMD 

12-52 

Description 16 MHz 20 MHz 

Min Max Min Max 

FDDRQ on to PREEMPT on 25 - 20 -
ARB/GNT high to DACK off 0 - 0 -
ARB/GNT high to HOLD on 0 - 0 -
ARB/GNT high to HOLD off 0 - 0 -
HLDA to ARB/GNT low 25 - 20 -

TABLE 9. FLOPPY REQUEST CYCLES (ns) 

FLOPPY REQUEST CYCLE 

\ \Ir-------. 
\\ 

MEMORY I/O 

FIGURE 26. FLOPPY REQUEST CYCLE 
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25 MHz 33 MHz 

Min Max Min Max ' 

15.6 - 12 -
0 - 0 -
0 - 0 -
0 - 0 -

15.6 - 12 -
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Parameter Description 33MHz 16MHz 20 MHz 25 MHz Notes 
Operating Frequency 8 33 4 16 4 20 4 25 MHz 

CLOCKS 
T1C ClK2 Period 15 62.5 31.25 125 25 125 20 125 @2V 

T2AC ClK2 High Time 4.25 - 5 - 5 - 4.5 - @(Voo-O.8V) 

T2BC ClK2 High Time 6.25 - 9 - 8 - 7 - @2V 

T3AC ClK2 low Time 4.25 - 7 - 6 - 4.5 - @O.8V 

T3BC ClK2 low Time 6.25 - 9 - 8 - 7 - @2V 

T4C ClK Period 30 125 62.5 250 50 250 40 250 -
T5C ClK HiQh Time 8 - 20 - 14 - 10 - -
T6C ClK low Time 8 - 15 - 12 - 10 - -
T7C ClK2387 Period 30 12.5 62.5 250 50 250 40 250 -
T8C ClK2387 HighTime 8 - - - - - 10 - -
T9C ClK2387 low Time 8 - - - - - 10 - -
T10C ClK387 Period 60 125 12.5 500 100 500 80 - -
T11C ClK387 High Time 12 - - - - - 17 - -
T12C ClK387 low Time 12 - - - - - 17 - -

ClK2 

ClK 

FIGURE 27. INPUT CLOCK TIMING SPECIFICATIONS 

CLK2387 

ClK387 

FIGURE 28. INPUT CLOCK SPECIFICATIONS II 
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DMA OPERATION· OUTPUTS 
Parameter Description 16 MHz 20 MHz· 25 MHz 33 MHz Notes 

Min Max· Min Max Min Max Min Max 
PA (31 :2), BE (3:0) 

T1D VALID·· 2 38 2 32 2 24 2 15 
T2D DISABLE 2 38 2 32 2 24 2 15 

MilO, DC, WR, ADS 
T3D VALID 4 35 4 30 2 21 2 15 
T4D DISABLE 4 35 4 30 4 21 2 15 

REGISTER READ 
T5D PD (31 :0) VALID 2 75 2 75 2 75 2 75 
T6D PD (31 :0) DISABLE 2 75 2 75 2 75 2 75 

DMAWRITE 
T7D PD (31 :0) VALID 2 50 2 40 2· 27 2 24 
T8D PDJ31:0) DISABLE 2 35 2 27 2 22 2 17 

HOLD 
T9D VALID 4 35 4 30 4 24 2 19 
T10D DISABLE 4 35 4 30 4 24 2 19 

TC 
THD VALID 4 25 4 25 4 25 4 25 
T12D DISABLE 4 25 4 25 4 25 4 25 

NOTE: 2. LOADING CAPACITANCE = 75 Pf for 16 and 
1. LOADING CAPACITANCE = 120 Pf for16 and 20 MHz, 50 Pffor 25 and 33 MHz. 
20 MHz, 50 Pf for 25 and 33 MHz. 

CLK2 

PA(2:31) 

BE(O:3) 

MIlo 
OC,WR, 
ADS 

PO (0:31) 

W06010 
REGISTER READ 

PD(O:31) 
OMAWRITE 

12-54 

FIGURE 29. WD6010 OUTPUT VALID DELAY TIMING 

ADVANCE INFORMATION 12-3-90 



TIMING WD6010 

FIGURE 30. WD601 0 OUTPUT VALID DELAY TIMING II • 
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DMA OPERATION - INPUTS 
Parameter Description 16 MHz 20 MHz 25 MHz 33 MHz Notes 

Min Max Min Max Min Max Min Max 

RDY 
T13D SETUP TIME 20 - 11 - 10.5 - 7.5 -
T14D HOLD TIME 3 - 3 - 3 - 3 -

HLDA 
T15D SETUP TIME 25 - 18 - 16 - 10 -
T16D HOLD TIME 3 - 3 - 3 - 3 -

PA (2:31), BE(0:3) 
T17D SETUP TIME 22 - 20 - 16 - 15 -
T18D HOLD TIME 2 -' 2 - 2 - 2 -

MilO, DC, WR, ADS, 
T19D SETUP TIME 22 - 20 - 16 - 15 -
T20D HOLD TIME 2 - 2 - 2 - 2 -

REGISTER WRITE 
T21D PO (0:31) SETUP TIME 75 - 75 - 75 - 7.5 -
T22D PO (0:31)HOLD TIME 15 - 15 - 15 - 15 -

DMAREAD 
T23D PO (0:31) SETUP TIME 10 - 10 - 10 - 10 -
T24D PO (0:31)HOLD TIME 5 - 5 - 5 - 5 -

NA, BS16 
T25D SETUP TIME 20 - 20 - 20 - 15 -
T26D HOLD TIME 5 - 5 - 5 - 5 -

NMI,INTR 
T27D SETUP TIME 15 - 15 - 15 - 15 -
T28D HOLD TIME 5 - 5 - 5 - 5 -
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CLK2 

UCHCMD 

PA(31 :2),BE(3:0» 
ARB(3:0),ARBNGNT 
MIO,DC 

CLK2 

ROY 

HLOA 

PA (2:31). BE (0:3) 

ADS,M/IO 
DC,WR 

PD(31:0) 
FE6010 REGISTER 
WAITE 

PD(31:0) 
DMA READ·CYCLE 

INTR,NMI 

~.d i 

FIGURE 31. INPUT SETUP AND HOLD TIMINGS 

FIGURE 32. DIAGNOSTIC INTERFACE TIMING 

ADVANCE INFORMATION 12-3-90 

WD6010 

12-57 



WD6010 

Parameter 

T1H 

T2H 

T3H 

T4H 

T1E 

CLK2 

PA (2:31) 
BE (0:3) 

CDSETEN, 
VGAEN 
EDRENA 
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80387 HALF·SPEED INTERFACE 

Description 16 MHz 20 MHz 

Min Max Min Max 

ADSO 6 34 6 28 
Valid from CLK2387 
Setup Time to CLK2387 20 - 11 -
RDYO rising edge 
Hold Time from CLK2387 4 - 4 -
RDYO risina edae 
Valid from CLK2387 2 25 2 25 
NRDY0387 

DEVICE ENABLE TIMINGS 

CDSETEN,VGAEN,EDRENA - 20 - 20 
Valid from CLK2387 

II II 

FIGURE 33. DEVICE ENABLE TIMINGS 
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25 MHz 33 MHz 

Min Max Min Max 

3 24 - 21 

9 - - 7 

3 - - 3 

2 19 2 15 

- 20 - 20 
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~ $1 ; ill ~ ~ III1 a i 8 i ~ ~ §. ~ ~I ~I ~ ~ ! I ~ ~I II II ~ ~ ; ~ ~ 
I I I I I I I I I 1 I 1 I I I 

11 18 15 14 13 12 11 10 9 8 7 6 6 4 3 2 1 132 131 130 129128 121 126125124123122 121120 119118117 
YOD 

ARBO 
,. 

11. PM 

ARBl .. 11. PM 

ARB2 21 113 P .. 

ARBO .. "' PA7 

ysa 23 111 PAS 

CHRESET .. 110 PAS 

CHCK .. 109 PAlO 

PDO .. 108 VSS 

POl 27 107 PAll 

PD2 .. WESTERN DIGITAL 106 PA12 

PDS .. 108 PA13 

VDD 30 WD6010 104 PA14 

PO< 31 103 PAlS 

POS 32 102 PAl. 

POI 33 101 PA17 

P07 34 100 YOD 
vss as PAl • 

POI .. •• PA19 

POI 37 .7 PA20 

POlO 38 .. PA21 

P011 .. .. vss 
P012 40 •• PA .. • P013 . , 93 PA23 

POl' .. .. PA24 
ysa 43 ., 

PA2S 

POl. .. .. PAD 

POl' .. .. PAZ/ 

P017 .. .. PA28 

POl. .7 .7 vss 
POll .. .. PA29 

PD20 .. .. PA30 .. 

FIGURE 34. PIN LAYOUT DIAGRAM-TOP VIEW 
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PIN 17 
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[ .9BO"4XJ 
111111111111111111111111111111111 

I i_ f CL 

:; .BOO" REF 

I l ___ --1..i CL 
UIIIIIIIIIIIIIIIIIIIIIIIIII~ 

t·075" 

~----'-'010" 
0.025"TYP ------.j 

DETAIL A 
(ENLARGED) 

.025"TYP 

-------

~95,.~ 
1.08" .. 

1.1 ,. 

FIGURE 35. 132-PIN JEDEC FLAT PACK PACKAGE DIAGRAM 
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Amp Incorporated 
Harrisburg PA 
Part No. 821932-5 

RECOMMENDED P.C. BOARD HOLE PATIERN 
SOCKET SIDE 

132 POSN 

r' ----1.340 ------->I 

14---- .950 ----->10' 

1.340 

----+----

1 

FIGURE 36. SOCKET DIAGRAM 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 

As part of the Western Digital WD6400SX or 
WD6400SX!LP Chip Set, the WD6020 Address 
and Data Buffer Device significantly facilitates the 
design and implementation of an 80386SX based 
IBM PS/2 compatible system boards. By combin­
ing functionality normally implemented in 10 dis­
crete components, the WD6020 decreases design 
complexity, saves space, reduces system cost, 
and increases system reliability. Figure 1-1 shows 
a typical system diagram using the WD6400 Chip 
Set. 

80386SX 
LOCAL WD6020 

80387SX ADR/DATA 
(OPTIONAL) BUFFER 

WD601 0 
DMNCACP 
CONTROL 

P 
E 

WD60361LP t- R 
PSRAMICHANNEL t-- I 

CONTROL P 

I I 
H 
E 
R 

I I 
A 

PSRAM L 

1.2 

I 

WD6020 

FEATURES 

• Provides Address and Data Buffers that 
Interface to the Micro Channel 

• Meets Micro Channel AC/DC 
Specifications 

• Contains Peripheral Bus Address and 
Data Buffers 

• Runs in Systems with Clock Speeds to 25 
MHz 

• 24 Milliamp Output Drive Capability 
• Low Power 1.25 Micron CMOS 

Technology 
• Surface Mountable 132 Lead JEDEC 

Plastic Quad Flat Pack 

CHANNEL 

WD6000 
PERIPHERAL IJ---

WD90C20 

CONTROL LAPTOP 
VGA 

WD57C65 
FLOPPY 

CONTROL L---- WD90C51 
LAPTOP 

WD16C552 
RAMDAC 

2 SERIAL 
1 PARALLEL 

KEYBOARD 
MOUSE 

REAL TIME 

I CLOCK 

EPROM 
(BIOS) 

Figure 1. System Diagram 
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PA(1) 

PA(2:19, 21 :23) 

SHE 
-

MilO 

A(O) 

Uc5i=iMsTR 

MASLTCH 

DETAIL A 

1-------------- 1 

r---- l 
1 

D Q 
,-V I 

1 - LE D Q 
NOTE 1 

1 

1 

~ 

- LE 
1 

.I ,-
'--

-..J 
Q D 

1 

1 LE r-
1 

1 ~ __ I 
~- ------- -- ---

DETAIL A x 23· 

NOTES: 

13-2 

[1) This latch exists only 9 times. lOAD latch is driven 
by separate MAD input. 
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WD60~() .INTRODUCTION 

WD6020 

132 Pin JEDEC Flat Pack 

Figure 4. Pin Diagram 

PIN - NAME PIN - NAME PIN - NAME PIN - NAME 
1 - A12 34 - PA16 67 - D6 100 - IOD7 
2 - A11 35 - PA17 68 - Vss 101 - IOD6 
3 - A10 36 - PA18 69 - D7 102 - IOD5 
4 - Vss 37 - PA19 70 - D8 103 - IOD4 
5 - A9 38 - PA21 71 - D9 104 - IOD3 
6 - A8 39 - PA22 72 - Vss 105 - IOD2 
7 - A7 40 - PA23 73 - D10 106 - IOD1 
8 - Vss 41 - ~ 74 - D11 107 - 10DO 
9 - A6 42 - ENADL 75 - D12 108 - VSfL 
10 - A5 43 - 10DTR 76 - Vss 109 - MilO 
11 - A4 44 - WRLE 77 - D13 110 - BHE 
12 - Vss 45 - ADRLE 78 - D14 111 - IOA8 
13 - A3 46 - MASLTCH 79 - D15 112 - IOA7 
14 - A2 47 - RDLE 80 - BIAS .113 - IOA6 
15 - A1 48 - 10DCBA 81 - Voo 114 - IOA5 
16 - Voo 49 - CMDBUF 82 - PDO 115 - 10A4 
17 - PA1 50 - UCHMSTR 83 - PD1 116 - IOA3 
18 - PA2 51 - AO 84 - PD2 117 - IOA2 
19 - PA3 52 - IODEN 85 - PD3 118 - IOA1 
20 - PA4 53 - ENADH 86 - PD4 119 - 10AO 
21 - PA5 54 - DTRAD 87 - PD5 120 - A23 
22 - PA6 55 - SWPAD 88 - PD6 121 - A22 
23 - PA7 56 - Voo 89 - PD7 122 - A21 
24 - Voo 57 - MM/IO 90 - PD8 123 - Vss 
25 - PA8 58 - SBHE 91 - PD9 124 - A19 
26 - PA9 59 - DO 92 - PD10 125 - A18 
27 - PA10 60 - Vss 93 - Vss 126 - A17 
28 - PA11 61 - D1 94 - PD11 127 - A16 
29 - Vss 62 - D2 95 - PD12 128 - Vss 
30 - PA12 63 - D3 96 - PD13 129 - A15 
31 - PA13 64 - Vss 97 - PD14 130 - A14 
32 - PA14 65 - D4 98 - PD15 131 - A13 
33 - PA15 66 -.. D5 99 - Voo 132 - Vss 

Table 1. WD6020 Pm Assignments 
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PIN DESCRIPTIONS W{)6020 

2.0 PIN DESCRIPTIONS 

PIN NO. NAME TYPE FUNCTION 

ADDRESS BUS LATCHES 

17 PA1 I/O PROCESSOR ADDRESS BUS 
18 PA2 Bi-directional address bus connected to the 80386SX and the WD6010. AO and 
19 PA3 A20 come directly from the WD601 O. 
20 PM 
21 PA5 
22 PA6 
23 PA7 
25 PA8 
26 PA9 
27 PA10 
28 PA11 
30 PA12 
31 PA13 
32 PA14 
33 PA15 
34 PA16 
35 PA17 
36 PA18 
37 PA19 
38 PA21 
29 PA22 
40 PA23 
51 AO I/O CHANNEL ADDRESS BUS 
15 A1 Bi-directional Channel address bus. 
14 A2 
13 A3 
11 A4 
10 AS 
9 A6 
7 A7 
6 AS • 5 A9 
3 A10 
2 A11 
1 A12 
131 A13 
130 A14 
129 A15 
127 A16 
126 A17 
125 A18 
124 A19 
122 A21 
121 A2,2 
120 A23 

Table 2. Pin Descriptions 

o = Output, I = Input, I/O = Bidirectional 
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WD6020 PIN DESCRIPTIONS 

PIN NO. NAME TYPE FUNCTION: 

110 BHE I/O BYTE ,HIGH ENABLE 
" This signal is connected to the WD6010 and CPU and indicates whether a 

high byte is being transferred dl!Jring the current cycle. 

109 MilO 1/0 MEMORY INPUT/OUTPUT 
This signal is connected to theWD6010 and CPU and is used to encode the 
local bus cycle type information. 

58 SBHE 1/0 SYSTEM BYTE HIGH ENABLE 
This signal is connected to the Channel and indicates whether a high byte is 
beina transferred durina the current cycle. 

57 MMIIO 110 CHANNEL MEMORY INPUTIOUTPUT 
This signal ,and CHS(0:1) from the WD601 0 encode the Channel bus cycle 
I type information. 

50 UCHMSTR I CHANNEL MASTER 
This signal determines the direction of the address. 

49 CMDBUF I BUFFERED CHANNEL COMMAND 
This sianal latches the address for the local bus. 

46 MASLTCH I MASTER LATCH 
This signal latches the address from the Channel. 

45 ADRLE I ADDRESS LATCH ENABLE 
This signal latches the address to the Channel. 

119 10AO 0 I/O ADDRESS BUS 
118 IOA1 These signals are the address bus to the on-board peripherals. 
117 IOA2 
116 IOA3 ' 
115 IOA4 
114 IOA5 
113 10A6 
112 IOA7 
111 10AS 

DATA BUS LATCHES 

82 POO 1/0 PROCESSOR DATA BUS 
83 POi Bi-directional data bus connected to the CPU and the W06010. 
84 P02 
85 P03 
86 P04 
87 P05 
88 P06 
89 P07 
90 P08 
91 P09 
92 P010 

Table 2. Pin Descriptions (Contd) 

o = Output, I = Input, 1/0 = Bidirectional 
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PIN DESCRIPTIONS WD6020 

PIN NO. NAME TYPE FUNCTION 

94 PD11 1/0 PROCESSOR DATA BUS (contd) 
95 PD12 Bi-directional data bus connected to the CPU and the WD601 O. 
96 PD13 
97 PD14 
98 PD15 
59 DO 1/0 CHANNEL DATA BUS 
61 D1 Bi-directional Channel data bus. 
62 D2 
63 D3 
65 D4 
66 D5 
67 D6 
69 D7 
70 D8 
71 D9 
73 D10 
74 D11 
75 D12 
77 D13 
78 D14 
79 D15 
107 10DO VO VODATABUS 
106 IOD1 These signals are the peripheral data bus. 
105 IOD2 
104 IOD3 
103 IOD4 
102 IOD5 
101 IOD6 
100 IOD7 
55 SWPAD I ENABLE SWAP ADDRESS 

This signal enables a byte swap on the Channel. 
54 DTRAD I DATA TRANSFER DIRECTION 

This signal indicates the direction of the data transfer on the Channel. When • asserted low. Channel to CPU is enabled. 
53 ENADH I ENABLE DATA HIGH 

This signal enables the high byte from the Channel. 
52 10DEN I 1/0 DATA ENABLE 

This signal enables the local data bus. 
48 10DCBA I 1/0 DATA CLOCK 

This siQnal latches the data from the peripheral bus. 
47 RDLE I READ LATCH ENABLE 

This signal latches Channel low read data. 
44 WRLE WRITE LATCH ENABLE 

This signal latches write data to the Channel. 

Table 2. Pin Descriptions (Contd) 

o = Output. I = Input. 1/0 = Bidirectional 
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WD6020 PIN DESCRIPTiONS 

PIN NO. NAME TYPE FUNCTION 
43 10DTR I I/O DATA TRANSMIT/RECEIVE 

This signal indicates the direction of the local data bus. 
42 ENADL I ENABLE DATA LOW 

This signal enables the low byte from the Channel. 

MISCELLANEOUS 

80 BIAS I BIAS 
This pin provides a bias for internal current drivers. It should be con-
nected through a 1 % 1.25K Ohm resistor to ground externally. 

16,24,56, Voo I +5V Power Supply 
81,99 

4,8,12, Vss I OV Ground 
29,41,60, 
64,68,72, 
76,93,108, 
123,128, 
132 

Table 2. Pin Descriptions (Contd) 

0= Output, I = Input, I/O = Bidirectional 
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TECHNICAL SPECIFICA TlONS WD6020 

3.0 TECHNICAL SPECIFICATIONS 

3.1 ABSOLUTE MAXIMUM RATINGS 

These are absolute maximum stress ratings for the device. Permanent device damage can result from 
. h d . d·· exposing t e eVlce to con It Ions exceeding these ratings. 

PARAMETER SYMBOL MIN MAX UNITS 

Supply Voltage (Voo-Vss) 0 7 V 

Input Voltage VIABS Vss-o.3 Voo+0.3 V 

Bias on Output Pin VOABS VSS-o.3 Voo+0.3 V 

Storage Temperature Ts -40 125 DC 

3.2 NORMAL OPERATING CONDITIONS 

Exposure of the device to conditions exceeding the normal operating conditions for extended periods of 
f ff t th I t r bTt f th d . Ime can a ec e ong erm re la I 1[\ 0 e eVlce. 

PARAMETER SYMBOL MIN MAX UNITS 

Power Supply Voltage Voo 4.75 5.25 V 

Ambient Temperature TA 0 70 DC 

Input Voltage VIN -0.3 VDD+0.3 V 

Power Dissipation Pw - TBD mW 

Supply Current 100 - TBD rnA 

3.3 DC CHARACTERISTICS (UNDER NORMAL OPERATING CONDITIONS) 

PARAMETER SYMBOL MIN MAX UNITS 

*Input Capacitance@ fc= 1 MHz CI - 10 pF 

1/0 Capacitance CIO - 15 pF 

*Logic High Input Voltage VIH 2.0 - V 

*Logic Low Input Voltage Vil - 0.8 V 

*Input Leakage III - ±10 uA 

Tri-state Output Leakage IOl - ±30 uA 

1/0 Pin Leakage hOl - ±40 uA 

OUTPUTS A [23:21], A [19:1], D [15:0], MMlIO, SBHE 

Source Current ~ VOH= 2.4 V IOH 4 - rnA 

Sink Current@ VOl= 0.4 V IOl 24 - rnA 

ALL OTHER OUTPUTS 

rs::rce Current @ VOH= 2.4 V IOH 1 - rnA 

II Sink Current @ VOl= 0.4 V IOl 4 - rnA 

Note: The input pin "BIAS" is connected externally to ground through a 1 % 1.25K Ohm resistance and 
is part of an internal biasing circuit. Capacitance, leakage, and threshold measurements on this pin do 
not apply. 
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WD6020 TIMING 

4.0 TIMING 

PARAM DESCRIPTION MIN MAX NOTE 

T1 PA(21.:23, 1 :19) delay to A(21 :23,1:19) 0 25 1, 

T2 PA(21 :23,1 :19) delay to A(21 :23,1:19) 0 25 1 

T3 PA(1 :8) delay to IOA(1 :8) 0 50. 1 

T4 PA(1 :8) delay to IOA(1 :8) 0 50 1 

T5 A(O) delay to IOA(O) 0 25 2 

T6 A(O) delay to IOA(O) 0 25 2 

T7 BHE, MilO delay to SBHE, MM/IO 0 25 1 

T8 BHE, MilO delay to SBHE, MM/IO 0 25 1 

T9 UCHMSTR on to A(21 :23,1 :19) tristate 0 15 1 

T10 UCHMSTR off to PA(21 :23,1 :19) tristate 0 15 1 

11"1 UCHMSTR on to SBHE, MM/IO tristate 0 15 1 

T12 UCHMSTR off to BHE, MilO tristate 0 15 1 

T13 PA(21 :23,1 :19), BHE, MilO setup to ADRLE on 10 - 1 

T14 PA(21 :23,1 :19), BHE, MilO hold after ADRLE on 5 - 1 
T15 PA(21 :23,1 :19), BHE, MilO setup to CMDBUF on 10 - -
T16 PA(21 :23,1 :19), BHE, MilO hold after CMDBUF on 5 - -
T17 A(21 :23,1 :19), SBHE, MM/IO setup to CMDBUF on 10 - 2 

T18 A(21 :23,1 :19), SBHE, MM/IO hold after CMDBUF on 5 - 2 

T19 A(21 :23,1 :19), SBHE, MM/IO setup to MASLTCH on 10 - 1 

T20 A(21 :23,1 :19), SBHE, MM/IO hold after MASLTCH on 5 - 1 

T21 A(21 :23,1 :19) delay to PA(23:21, 1 :19) 0 25 1 

T22 A(21 :23,1 :19) delay to PA(23:21 ,1:19) 0 25 1 

T23 SBHE, MM/IO delay to BHE, MilO 0 25 1 

T24 SBHE, MM/IO delay to BHE, MilO 0 25 1 

Table 3. Address Buffer Timing (in nsec) 

Notes: 1. Refer to CPU/Channel Address Control Function Table for control states. 
2. Refer to Channel/Peripheral Bus Address Control Function Table for control states. 

13-10 ADVANCE INFORMATION 1211/90 



TIMING WD6020 

INPUT OUTPUT 

ADRLE UCHMSTR PA(1 :23), MilO, BHE A[1 :25), MilO, SBHE 

0 0 StorinQ Tristate 

0 1 Transparent Current Inputs 

1 0 Storing Tristate 

1 1 Storing Previous Inputs 

INPUT OUTPUT 

MASLTCH UCHMSTR A(1 :23), MM/IO, SBHE PA(1 :23}, MilO, BHE 

0 0 Transparent Current Inputs 

0 1 Storing Tristate 

1 0 Storing Previous Inputs 

1 1 Storing Tristate 

Table 4. CPU/Channel Address Control Functions 

INPUT OUTPUT 

CMDBUF A(O:23} IOA(O:8} 

0 X Previous A(O:23} 

1 - A(O:23) 

Table 5. ChannellPeripheral Bus Address Control Functions • 
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TIMING WD6020 

PAR AM DESCRIPTION MIN MAX NOTE 
T1 PD(0:15) delay to D(0:15) 0 25 1 
T2 PD(0:15) delay to D(0:15) 0 25 1 
T3 PD(0:7) delay to IOD(0:7) 0 50 -
T4 PD(0:7) delay to IOD(0:7) 0 50 -
T5 PD(8:15) delay to D(0:7) 0 25 1 
T6 PD(8:15) delay to D(0:7) 0 25 1 
T7 PD(8:15) delay to IOD(0:7) 0 50 -
T8 PD(8:15) delay to IOD(0:7) 0 50 -
T9 D(0:15) delay to PD(0:15) 0 25 1 

T10 D(0:15) delay to PD(0:15) 0 25 1 
T11 IOD(0:7) delay to PD(0:7) 0 50 -
T12 IOD(0:7) delay to PD(0:7) 0 50 -
T13 D(0:7) delay to PD(8:15) 0 25 1 

T14 D(0:7) delay to PD(8:15) 0 25 1 

T15 IOD(0:7) delay to PD(8:15) 0 25 -
T16 IOD(0:7) delay to PD(8:15) 0 25 -
T17 PD(0:15) setup to WRLE high 10 - 1 

T18 PD(0:15) hold after WRLE high 5 - 1 

T19 D(0:7) setup to RDLE high 10 - 1 

T20 D(0:7) hold after RDLE high 5 - 1 

T21 IOD(0:7) setup to RDLE high 10 - -
T22 IOD(0:7) hold after RDLE hiQh 5 - -
T23 IOD(0:7) setup to 10DCBA low 10 - 2 
T24 IOD(0:7) hold after 10DCBA low 5 - 2 

T25 PD(0:7) tristate from ENADL or DTRAD 0 15 1 
T26 PD(8:15) tristate from ENADH or DTRAD high 0 15 1 
T27 D(0:7) tristate from ENADL high 0 15 1 • T28 PD(8:15) tristate from ENADH high 0 15 1 

T29 D(0:15) tristate from DTRAD high 0 15 1 

T30 IOD(0:7) tristate from 10DDEN high 0 15 2 
T31 IOD(0:7) tristate from 10DTR low 0 15 2 

T32 D(0:7) tristate from SWPAD or DTRAD high 0 15 1 

T33 D(8: 15) tristate from DTRAD low 0 15 1 

T34 D(8:15) tristate from SWPAD high 0 15 1 

T35 D(0:7) tristate from 10DEN or 10DTR hiQh 0 15 2,3 

T36 D(0:7) delay to IOD(0:7) 0 25 2 

T37 D(0:7) delay to IOD(0:7) 0 25 2 

T38 IOD(0:7) delay to D(0:7) 0 25 2 

T39 IOD(0:7) delay to D(0:7) 0 25 2 

Table 6. Data Buffer Timing (in nsec) 
Notes: 1. Refer to CPU/Chhannel Data Control Function Table for control states. 

2. Refer to Channel/Peripheral Bus Data Control Function Table for control status. 
3. Data Sourced from 10D bus latch. 
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,WD6020 TIMING 

RDLTCH WRLE DTRAD ENADL ENADH SWPAD PO PO 0 0 
(8:15) (0:7) (8:15) (0:7) 

0 X 0 0 0 1 0(8:15) 0(0:7) - -
0 X 0 0 0 0 0(0:7) 0(0:7) - -
1 X 0 0 0 1 0(1:15) Pre- - -

vious 
0(0:7) 

1 X 0 1 1 1 Tristate Tristate - -
X 0 1 0 0 1 - - PO(8:15) PO(0:7) 

X 0 1 0 0 0 - - PO(8:15) PO(0:15) 

X 1 1 0 0 1 - - Pre- Pre-
vious vious 
0(15:8) 0(7:0) 

X 1 1 1 1 1 - -- Tristate Tristate 

Table 7. CPU/Channel Data Control Functions 

10DTR 10DEN 10DCBA 0(0:7) 100(0:7) 
0 0 0 100(0:7) -
0 0 1 Previous -

100(0:7) 
X 1 X Tristate -
1 0 X - 0(0:7) 
1 1 X - Tristate 

Table 8. Channel/Peripheral Bus Data Control Functions . 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 

The WD6022 devices form part of Western 
Digital's® innovative WD6500 chip set, which 
facilitates the design and implementation of 32-bit 
Micro Channel system boards. It decreases design 
complexity and saves space by combining the func­
tions of many discrete arrays and components, also 
reducing system cost and increasing system 
reliability. 

The chip set contains two WD6022 devices, one 
configured as an Address Buffer Device, and the 
other as a Data Buffer Device. Configuration is 
determined by a Mode pin. When this is zero, the 
device is configured as an address buffer; when it 
is one, the device is configured as a data buffer. 

WD6022 

The block diagram in Figure 1 illustrates a typical 
system using the WD6500 chip set, and shows the 
two WD6022 devices. Devices with bold outlines 
are available from Western Digital Corporation. 

1.2 FEATURES 

o Provides Address and Data Buffers that inter­
face 
to the Micro Channel 

o Meets Micro Channel AC/DC Specifications 
o Contains Peripheral Bus Address and Data 

Buffers 
o Low Power 1.25 Micron CMOS Technology 
o 132-Lead JEDEC Plastic Quad Flat Pack 

I CACHE_~ 

~~WOR ~ -;XTERNAL ~~-~~~~=;l-----~~~~----.-------~486 ~ CACHE CONTROL FLEXX CHANNEL 
___ .J 

WD~3X 
DRAM/CACHE 

CHANNEL 
CONTROL 

I CACHE I 
(OPTIONAL) 

Figure 1. System Block Diagram 
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WD6022 ADDRESS AND DATA BUFFER DEVICES 

2.0 ADDRESS AND DATA BUFFER DEVICES 

The WD6500 chip set contains two WD6022 Ad­
dress and Data: Buffer Devices, one configured as 
an Address Buffer Device, and the second as a 
Data Buffer Device. 

Address Buffer Configuration 

To configure the WD6022 as an address buffer, the 
MODE signal (pin 66) is tied to ground. When 
configured as an address buffer, the WD6022 per­
forms address bus latches, implements the Central 

Translator function for the Micro· Channel and 
provides decodes for the BIOS EPROMs. 

Data Buffer Configuration 

To configure the WD6022 as a data buffer, the 
MODE signal is tied to power. In this mode, the 
WD6022 performs data bus latches, Micro Chan­
nel data steering and data swaps for 80386/80486 
and DMA operations. 
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ADDRESS AND DATA BUFFER DEVICES WD6022 

PA (2:31) 
ADDRESS BUS LATCHES 

HLDA, UCHMSTR, A20GTX 
A (0:16) 

CMD, CMDBUF, MMCMD, UCHCMD 
MIlO, MM710 

r+ 
1/0 ADDRESS BUS LATCHES 

en lOA (0:16) 

~t+ 
z 
a: 
w 
I-
Z CENTRAL TRANSLATOR 

BE (0:3), MBE (0:3) 

SBHE TR3Z 

A ...,.. • 
DECODES 

SO,81 PROMCSL , PROMCSI 

...... 
MADE24 Y, EOT 

Figure 2. Address ButTer Mode Block Diagram 
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WD6022 ADDRESS AND DATA BUFFER DEVICES 

WD6022 

Figure 3. Address ButTer Mode Pin Diagram 

PIN - NAME PIN - NAME PIN - NAME PIN - NAME 

1 - IOAs 34 - A9 67 - TEST 100 - Voo 
2 - IOA8 35 - Voo 68 - MMIIO 101 - PA20 
3 - Voo 36 - A10 69 - UCHCMD 102 - PA19 
4 - IOA7 37 - A11 70 - EOT 103 - PA18 
5 - IOA6 38 - Vss 71 - PROMCSL 104 - PA17 
6 - IOA5 39 - A12 72 - PROMCSH 105 - PA16 
7 - 10M 40 - A13 73 - RESERVED 106 - PA15 
8 - IOA3 41 - A14 74 - BE2 107 - PA14 
9 - IOA2 42 - A15 75 - BE3 108 - PA13 

10 - IOA1 43 - Vss 76 - Vss 109 - Vss 
11 - IOAO 44 - A16 77 - MBEO 110 - PA12 
12 - MADE24 45 - A17 78 - MBE1 111 - PA11 
13 - TR32 46 - Voo 79 - MBE2 112 - PA10 

" <:' 14 - CMDBUF 47 - A18 80 - MBE3 113 - PA9 
15 - A20GTX 48 - A19 81 - MIlO 114 - PA8 
16 - S1 49 - A20 82 - BIAS 115 - PA7 
17 - Vss 50 - Vss 83 - Voo 116 - Voo 
18 - Vss 51 - Vss 84 - HLDA 117 - Vss 
19 - SO 52 - A21 85 - MMCMD 118 - PA6 
20 - CMD 53 - A22 86 - SBHE 119 - PA5 
21 - UCHMSTR 54 - A23 87 - Vss 120 - PA4 
22 - AO 55 - A24 88 - PA31 121 - PA3 
23 - A1 56 - A25 89 - PA30 122 - PA2 
24 - Voo 57 - Voo 90 - PA29 123 - BE1 
25 - A2 58 - A26 91 - PA28 124 - BEO 
26 - A3 59 - A27 92 - PA27 125 - IOA16 
27 - Vss 60 - Vss 93 - PA26 126 - IOA15 
28 - A4 61 - A28 94 - PA25 127 - IOA14 
29 - A5 62 - A29 95 - PA24 128 - IOA13 
30 - A6 63 - A30 96 - PA23 129 - IOA12 
31 - A7 64 - A31 97 - PA22 130 - IOA11 
32 - Vss 65 - Vss 98 - Vss 131 - IOA10 
33 - A8 66 - MOPE 99 - PA21 132 - Vss 

Table 1. Address ButTer Mode (Mode = 0) Pinout 
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ADDRESS AND DATA BUFFER DEVICES WD6022 

2.1 ADDRESS BUFFER MODE PIN 
DESCRIPTIONS 

PIN NO. NAME TYPE FUNCTION 
ADDRESS BUS LATCHES 

22 AO I CHANNEL ADDRESS BUS 
23 A1 This Channel address bus interfaces directly to the Channel. It is an input 
25 A2 during 80386/DMA cycles. Note that AO is always an input, and is 
26 A3 generated by the WD6030 during 80386/DMA cycles. 
28 A4 
29 A5 
30 A6 
31 A7 
33 A8 
34 A9 
36 A10 
37 A11 
39 A12 
40 A13 
41 A14 
42 A15 
44 A16 
45 A17 
47 A18 
48 A19 
49 A20 
52 A21 
53 A22 
54 A23 
55 A34 
56 A25 
58 A26 
59 A27 
61 A28 
62 A29 
63 A30 
64 A31 
124 PAO I/O PROCESSOR ADDRESS BUS 
123 PA1 This is the local processor address bus on the motherboard, and inter-
122 PA2 faces directly with the processor address bus. It is an input for 
121 PA3 80386180486/DMA cycles and output for master cycles. 
120 PA4 
119 PA5 
118 PA6 
115 PA7 
114 PAS 
113 PA9 
112 PA10 
111 PA11 
110 .. PA12 
108 PA13 
107 PA14 
106 PA15 
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WD6022 ADDRESS AND DATA BUFFER DEVICES 

PIN NO. NAME TYPE FUNCTION 
105 PA16 I/O PROCESSOR ADDRESS BUS (CONT) 
104 PA17 
103 PA18 
102 PA19 
101 PA20 
99 PA21 
97 PA22 
96 PA23 
95 PA24 
94 PA25 
93 PA26 
92 PA27 
91 PA28 
90 PA29 
89 PA30 
88 PA31 
11 10AO 0 I/O ADDRESS BUS 
10 IOA1 This is the I/O address bus on the system board. It is the latched version 
9 IOA2 of the addresses on the Channel. The I/O address bUl~ supplies the ad-
8 IOA3 dresses to all the Channel peripherals on the system board, such as the 
7 IOA4 video, floppy, serial port, parallel port, timer and interrupt controllers, and 
6 IOA5 EPROM. 
5 IOA6 
4 IOA7 
2 IOA8 
1 IOA9 

131 IOA10 
130 IOA11 
129 IOA12 
128 IOA13 
127 IOA14 
126 IOA15 
125 IOA16 
84 HLDA I HOLD ACKNOWLEDGE 

80386/ The CPU generates this signal in response to a HOLD signal from the 
80486 DMA contr.oller. When active, it indicates that the CPU has relinquished 

control of the local bus. . 
21 UCHMSTR I CHANNEL MASTER 

This signal is generated by the CXACP in the WD601 o. When active, it in-
dicates that a Channel master has control ofthe bus. It is used to control 
the direction of the address buffers. 

15 A20GTX I ADDRESS BIT 20 GATE SIGNAL 
This signal is generated by the WD601 0, and has no effect on the address 
when the DMA or Micrh Channel master is generating the addresses. It is 
encoded in the following manner: 

HLDA UCI::IMSTR A2QGTX A2O.. SQUSCE DE~ICE 
0 0 0 0 8038,6/80486 
0 0 1 PA20 80386/80486 
1 0 x PA20 DMA 
1 1 x A20 Micro Channel Master 
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PIN NO. NAME TYPE FUNCTION 
20 CMD I COMMAND 

The Command signal generates the latch signal that latches the Channel 
addresses when a Channel master has the bus. 

14 CMDBUF I BUFFERED CHANNEL COMMAND 
This signal latches the Channel addresses for the IDA (16:0) address bus. 
The input to this signal is the CMD signal which is generated by the 
WD6030. 

85 MMCMD I CHANNEL MATCHED MEMORY COMMAND 
This is the Matched Memory Command signal on the Channel. This signal 
is pulled-up as MMC is not supported. 

69 UCHCMD 0 CHANNEL COMMAND 
This signal is the logical OR of the CMD and MMCMD signals, and indi-
cates that a command is present on the Channel. It is used in the 
WD6010 diagnostic interface. 

81 MilO 110 LOCALBUS MilO 
The MilO signal is on the local bus, and interfaces directly with the MilO 
signal on the CPU. When a Channel master accesses the system board 
DRAM, this signal is a latched version of the MMIIO signal. 

68 MMIIO 110 CHANNEL MilO 
This signal.i!:llimaces directly with the Channel MilO signal, a delayed ver-
sion of the CMD signal generated by the WD6000. When !be 80386 or the 
DMA accesses the Channel this siQnal is the same as MilO. 

CENTRAL TRANSLATOR 

86 SBHE I SYSTEM BYTE HIGH ENABLE 
Ib.e...System Byte High Enable signal on the Channel interfaces directly to 
SBHE on the Channel. When the address flow is from the processor bus... 
to the Channel bus, the WD6030 generates this signal as a decode of BE 
(0:3). When the address flow goes from the Channel bus to the processor 
bus, this signal is used in the central translator function. 

13 TR32 110 TRANSLATE 32 
The Translate 32 signal on the Channel is used in the central transla~ 
10Qk:... When it is active, the central translator translates AO, A 1, and SBHE 
to BE (0:3). TR32 is used for a 16-bit master communicating with a 32-bit 
slave. 

124 .B.EQ 110 BYTE ENABLES 
123 .BEl. These byte enables on the local bus interface directly with the 
74 .BE2 80386/80486 byte enables. When the address flow is from the processor 
75 BE3 address bus to the Channel address bus, these signals generate Address • Bit 1 (A1). AO is generated by the WD6030. When the address flow is 

from the Channel address bus to the processor address bus, these Signals 
are generated by a 32-bit master on the Channel or the central translator 
for a 16-bit master. 

77 MB.EQ 110 CHANNEL BYTE ENABLES 
78 MaE! These Channel byte enable signals interface directly to the BE (0:3) on the 
79 MBE2 Micro Channel. During an 80386/80486/DMA cycle, these signals are out-
80 MBE3 I puts. For a master cycle they are not input signals. 

DECODES 
19 .so I CHANNEL CONTROL SIGNALS 
16 S,1 These two signals interface directly to the Channel 8(0:1) signals. 

Together with MADE24, MMIIO, and the Channel address, it generates the 
PROM chip selects. 
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WD6022 ADDRESS AND DATA BUFFER DEVICES 

PIN NO. NAME TYPE FUNCTION 
12 MADE24 I/O CHANNEL MADE24 SIGNAL 

This signal directly interfaceS..ll!lith the Channel MADE24 signal. In com-
bination with S(0:1) and MMIIO, it generates the PROM chip selects. 
During 80386/80486/DMA cycles, this signal is an output signal. 

ADDBESSES MADE24 
0-16 MBytes 1 
>16 MBYtes 0 

71 ~BQMCSL 0 ~BQM CI::lI~ SELECI (Lo.w) 
72 PROMCSH 0 PROM CHIP SELECT (High) 

These signals select the two 64K by 8 (27512) PROMs which together 
form the 128K of PROM on the system board. The two PROMs are or-
ganized into even and odd banks, providing a 16-bit wide interface. 
PROMCSL selects the even banks and PROMCSH selects the odd banks. 
Configurations with 8-bit wide, 1 M bit PROMs (27010) are also possible. 
In such a case, PRQM Chip Select is generated by executing a logical OR 
of PROMCSL and PROMCSH. 
To get the BIOS to execute faster, the PROM can be mapped to the 
DRAM and executed from there. 
The PROMs are located at OOOEOOOOH - OOOFFFFFH and at FFFEOOOO -
FFFFFFFFH. An access to either of these locations generates the chip 
selects for the PROM. However, a Channel cycle to access the PROM 
will only be run if an access. is made to FFFEOOOO - FFFFFFFFH, or if a 
read access is made to EOOOO -FFFFF, and the PROM is not mapped to 
RAM. Writes to these addresses are ignored. 

70 EOT 0 END-OF-TRANSFER -- -
This signal is activated when CMD and S(1 :0) are~. The CACP 
controller inside the WD601 0 uses this signal and BURST to detect an 
End-of-Transfer condition. 

MISCELLANEOUS 
66 MODE I MODE PIN 

This pin determines the mode of operation for the WD6022 device. When 
tied to Voo, it puts the WD6022 into the data buffer mode; when it is tied to 
I ground, it puts it into the address buffer mode 

67 TEST I TEST PIN 
This is an active low pin to facilitate board-level testing. When low, this sig-
nal tristates all outputs and bi-directional signal lines so that an ATE tester 
can drive these signals instead. 

82 BIAS I BIAS PIN 
This pin controls the biasing of the internal buffers, and should be pulled 
low with a 1.25K ±1 % resistor. 

3,24, Voo I +5 V Power Supply 
35, 

46,57, 
83,100, 

116 
17,18, Vss I o V Ground 
27,32, 
38,43, 
50,51, 
60,65, 
76,87, 
98,109, 
117,132 
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PD (0:31) 

TODEN~TR, 10DCBA 

en 
:::> m 

SWPBYT, SWPWORD, 
SWPDIR 

..oJ « 
Z 
a: 
W 
I­
Z 

DATA BUS LATCHES 

I/O DATA BUS LATCHES 

DATA STEERING/SWAPPING 

Figure 4. Data ButTer Mode Block Diagram 
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WD6022 f,DDRESSAND DATA eUFFER DEVICES 

WD6022 

Figure 5. Data Buffer Mode Pin Diagram 

PIN - NAME PIN - NAME PIN - NAME PIN - NAME 

1 - IOD9 34 - D9 67 - TEST 100 - Voo 
2 - IOD8 35 - Voo 68 - RESERVED 101 - PD20 
3 - Voo 36 - D10 69 - RESERVED 102 - PD19 
4 - IOD7 37 - D11 70 - RESERVED 103 - PD18 
5 - IOD6 38 - Vss 71 - RESERVED 104 - PD17 
6 - IOD5 39 - D12 72 - RESERVEo' 105 - PD16 
7 - IOD4 40 - D13 73 - RESERVED 106 - PD15 
8 - IOD3 41 - D14 74 - RESERVED 107 - PD14 
9 - IOD2 42 - D15 75 - RESERVED 108 - PD13 

10 - IOD1 43 - Vss 76 - Vss 109 - Vss 
11 - 10DO 44 - D16 77 - RESERVED 110 - PD12 
12 - 10DEN 45 - D17 78 - RESERVED 111 - PD11 
13 - 10DTR 46 - Voo 79 - RESERVED 112 - PD10 
14 - WRLE 47 - D18 80 - RESERVED 113 - PD9 
15 - WRENH 48 - D19 81 - RESI;RVED 114 - PDB 
16 - WREN1 49 - D20 82 - BIAS 115 - PD7 
17 - Vss 50 - Vss 83 - Voo 116 - Voo 
18 - Vss 51 - Vss 84 - SWPDIR 117 - Vss 
19 - WRENO 52 - D21 85 - SWPWORD 118 - PD6 
20 - RDLEO 53 - D22 86 - SWPBYT 119 - PD5 
21 - RDEN 54 - D23 87 - Vss 120 - PD4 
22 - DO 55 - D24 88 - PD31 121 - PD3 
23 - D1 56 - D25 89 - PD30 122 - PD2 
24 - Voo 57 - Voo 90 - PD29 123 - PD1 
25 - D2 58 - D26 91 - PD28 124 - PDO 
26 - D3 59 - D27 92 - PD27 125 - 10DCBA 
27 - Vss 60 - Vss 93 - PD26 126 - IOD15 
28 - D4 61 - D28 94 - PD25 127 - IOD14 
29 - D5 62 - D29 95 - PD24 128 - IOD13 
30 - D6 63 - D30 96 - PD23 129 - IOD12 
31 - D7 64 - D31 97 - PD22 130 - IOD11 
32 - Vss 65 - Vss 98 - Vss ,131 - IOD10 
33 - D8 66 - MODE 99 - PD21 132 - Vss 

Table 2. Data Buffer Mode (Mode = 1) Pinout 
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ADDRESS AND DATA BUFFER DEVICES 

2.2 DATA BUFFER MODE PIN 
DESCRIPTIONS 

PIN NO. NAME TYPE 
DATA BUS LATCHES 

22 00 VO CHANNEL OATA BUS 

WD6022 

FUNCTION 

23 01 These Channel data bus signal lines connect directly to the Channel data 
02 blis. 25 

~6 03 
28 04 
29 05 
30 06 
31 07 
33 08 
34 09 
36 010 
37 011 
39 012 
40 013 
41 014 
42 015 
44 016 
45 017 
47 018 
48 019 
49 020 
52 021 
53 022 
54 023 
55 024 
56 025 
58 026 
59 027 
61 028 
62 029 
63 030 
64 031 
124 POO VO PROCESSOR OATA BUS 
123 P01 These processor data bus signal lines connect directly to the 80386 data 
122 P02 bus. 
121 P03 
120 P04 
119 P05 
118 P06 
115 P07 
114 P08 
113 P09 
112 P01Q 
111 P011 
110 P012 
108 P013 
107 P014 
106 P015 
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PIN NO. NAME TYPE FUNCTION 
105 PD16 lID PROCESSOR DATA BUS (CONT) 
104 PD17 
103 PD18 
102 PD19 
101 PD20 
99 PD21 
97 PD22 
96 PD23 
95 PD24 
94 PD25 
93 PD26 
92 PD27 
91 PD28 
90 PD29 
89 PD30 
88 PD31 

11,9-4, 10D (0:15) lID 16-BIT I/O DATA BUS 
3-1, to 100 (0:0) This is the 16-bit lID data bus, which provides support for devices eight 

13-125. bits or sixteen bits wide. 

21 RDEN I READ ENABLE 
This read-enable signal enables for the processor data bus (PO (0:31)) 
when data flows from the Channel data bus to the processor data bus. 
This signal is active when the CPU or the OMA performs a read from the 
Channel, or when a Channel master writes to the system board ORAM. 

20 RDLEO I READ LATCH ENABLE 0 
This s~nal is the latch enable signal for Byte 0 (0:7). When the CPU or 
the D A performs a cycle to an 8-bit device on the Channel, the cycle is 
split in two. This signal latches the first 8 bits (0:7) during the first cycle, 
reads the next 8 bits (8:15) during the second cycle, and this presents the 
16 bits to the CPU. 

19 WB..ENQ I WRITE ENABLE (HIGH, 0:1) 
16 WBE~:1 This signal enables the buffer during data flow from the processor data 
15 WRENH bus to the Channel data bJ&.Q.1Q,:31). These signals control Byte 0 (0:7) 

(WRENO), byte 1 (8:15) (WREN1), and the upper word (16:31) (WREN H). 
These signals are valid when the CPU or the DMA performs a write opera-
tion to the Channel or when a Channel master performs a read from the 
motherboard DRAM. 

14 WRLE I WRITE LATCH ENABLE 
This write latch enable signal latches the write data during a CPU or DMA 
write operation to the Channel. It also provides the write-data-hold time re-
quired by the Channel during these operations. This signal. also latches 
the data when the CPU or DMA writes to an 8-bit port and the cycle has to 
be split in two. 

12 10DEN I VO DATA ENABLE 
The lID Data Enable signal enables the lID data buffers and is generated 
by the WD6000. When it is active, the WD6022 ~ither 0(0:15) or 
IOD(0:15), depending on the direction set by the 100TR signal. 

13 100TR I VO DATA TRANSMIT/RECEIVE 
The lID Oata Transmit/Receive signal controls thedir~tion of the I/O data 
buffers inside the WD6022. The signal itself is generated by the W06000 
device. 

lQDJB DIRECTION 
1 D(0:15) to IOD(0:15) 
0 IOD(0:15) to D(0:15) 
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PIN NO. NAME TYPE FUNCTION 
125 10DCBA I 1/0 DATA CLOCK 

The 1/0 Data Clock signal is used to latch the data during reads from the 
Channel peripherals on the 1/0 bus. 
The MEMRD, MEMWR, 10RD.....and 10WR commands to the peripherals 
are shorter than the Channel CMD signal. This si~nsures that the 
data being read meets the timings of the Channel CMD signal. 

DATA STEERINGISWAPPING 
86 SWPBYT I BYTE SWAP 

When the CPU or DMA accesses an 8-bit port the cycle is split into two. 
This signal is used to swap the data to the correct byte: 
D(0:7) ~}e swapped to D(8:15) for a read operation; D(8:15) are swapped 
to D(0:7 for a write operation. 

85 SWPWORD WORD SWAP 
This signal swaps words when a 16-bit Channel master communicates 
with a 32-bit slave. The cycle is split into two and SWPWORD is used to 
swap data to the correct word: D(16:31) is swapped to D(0:15) for a Chan-
nel master read operation and D(0:15) is swapped to D(16:31) for a Chan-
nel master write operation. This function is known as data steering. 

84 Sllll~QIB I SWAP DIRECTION 
(COPRES) At power-up, the state of this signal is latched by the WD6030 to determine 

the presence of the numeric coprocessor. At all other times, SWPDIR 
determines the direction of the byte and word swap buffers. A low on 
SWPDIR indicates a read operation (byte swap D(0:7) to D(8:15) or a 
Channel master write operation (word swap D(0:15)~« D(~t3111i ~)righ 
on SWPDIR indicates a write operation (bYte swap D 8:15 to D 0:7 . 

MISCELLANEOUS 
66 MODE I MODE PIN 

This pin determines the mode of operation for the WD6022 device. When 
tied to Voo, it puts the WD6022 into the data buffer mode; when it is tied to 
,ground, it puts it into the address buffer mode .. 

67 TEST I TEST PIN 
This is an active low pin to facilitate board-level testing. When low, this sig-
nal tristates all outputs and bi-directional signal lines so that an ATE tester 
can drive these signals instead. 

82 BIAS I BIAS PIN 
This pin controls the biasing of the internal buffers, and should be pulled 
low with a 1.25K ±1 % resistor. 

3,24, Voo I +5 V Power Supply 
l1li 

35, 
46,57, 

83,100, 
116 

17,18, Vss I o V Ground 
27,32, 
38,43, 
50,51, 
60,65, 
76,87, 

98,109, 
117,132 
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WI;)6022 ADDRESS AND DATA BUFFER DEVICES 

PIN NO. NAME TYPE .. FUNCTION 
68,69, Reserved - RESERVED PINS 
70,71, These pins should not be connected. 
72,73, 
74,75, 
77,78, 
79,80, 

81 
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A<O:31 > 

TR32 

SBHE 

MBE<O:3> 

A20GTX 
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HLDA 
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CMDBUF 

PROMCS<L,H> 
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Figure 6. Address Mode: Channel Master Accesses Translate Function 
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A20GTX 

UCHMSTR 

HLDA 

PA<2:31>, 
BE<O:3> 
MIO 

CMD • 

A<1:31>, 
MBE<O:3> 
MMIO 

CMDBVF 

PROMC8<L,11> 

IOA<O:16> 

MADE24 

TR32 

NOTE EmlER CMD 
~ MMCMD CAN BE 
ASSERTEDINTHE 
$,t,MECYCLE. 
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---S~~(~>------------------------------------

~~~> 
~--~~)r-------------------------------------------------

---s M>;---t--.... 

Figure S. Address Mode: S0386/S04S6/DMA Channel Accesses 

RDEN 

D< 

PD< 

100<0:15> 

IODCSA 

VALID 

W VALID 

" / 

VALID 

I" /1 
DATA BUFFER MODE: 

388/486 OMA READS FROM THE MICRO CHANNEL 
(NO SWAP) 

• CHANNEL ONLY 
- CHANNEL AND 1/0 BUS 

~>. SWPBYT. SWPWORD '" 1 

WRLE • x 

Figure 9. Data Mode: S0386/S04S6iDMA Reads from the Channel 
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10DIR 

~ ~ ~r-10DEN 

'''- "-
IOD<0:7> 

--< BYTE 0 >---< BYTE 1 >--
10DCBA 

WD6021: 386/486 DMA READS FRDM THE MICRO CHANNEL 
(WITH SWAP) 

- CHANNEL ·ONLY 

- CHANNEL AND 110 BUS 

WREN<O:1,H:>, SWPWORD '" 1 

WRLE • X 

WD6022 

Figure 10. Data Mode: S03S6/S04S6/DMA Reads from the Channel with Swap 

WREN<O:l Ji, 

WRLE 

PD< 

D< 

10DTR 

laDEN 

10D< 

!< '>" 

~ : VALID ~ 
, 

r 
VALID ) 

,"'- / 
< VALID > 

WD6021: 386/486 DMA - WRITES TO THE MICRO CHANNEL 
(NO SWAP) 
- CHANNEL ONLY 
- CHANNEL AND I/O BUS 

RDEN, SWPBYT, SWPWORD = 1 

RDLEO, SWPDIR, 10DCBA = X 

Figure 1l.Data Mode: S0386/S04S6IDMA Writes to the Channel 
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SWPOIR 

0,0;15> 

WRl.E 

iiWl'"QVT 

SWPDIR 

PO< 

IOIDTA 

10lmi 

100<0:7> 

IODc8:1$> 

ADDRESS AND DATA BIJFFER DEVICES 

________ //i 
! 

i 
BYTe 0.1 

BYTe ~ BYTe 1 

W06021: 3861486 DMA WAITE TO THE WORD CHANNEL 

(WITH SWAP) 

• MICRO CHANNEL ONLY 

• MICRO CHANNEL AND IIQ BUS 

'Fffi'E'N, SW"PWc5'RD • 1 

'FfM:Eij, iCi'freiA .. x 

Figure 12. Data Mode: 80386/80486/DMA Writes to the Channel with Swap 
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lY 

X 

0<16:31> 

SWPOIR 

0<;0:15> " 1/ 

X 

W06021: MICRO CHANNEL MASTER - WORD SWAP 

SWPBYT, NWRLE, NROLEO • 1 

COi5fR, NiQiiEiij, N ROEN = X 

WREN<O:l,H> 

Figure 13. Data Mode: Channel Master Word Swap 
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TECHNICAL SPECIFICATIONS WD6022 

3.0 TECHNICAL SPECIFICATIONS 

3.1 ABSOLUTE MAXIMUM RATINGS 

The absolute maximum stress ratings for the WD6022 devices are tabulated below. Permanent dam~ge 
to the devices could result from exposing it to conditions exceeding these ratings. 

PARAMETER SYMBOL MIN MAX UNITS 
Supply Voltage Voo - Vss 0 7 V 
Input Voltage VIABS VSS - 0.3 Voo + 0.3 V 
Bias on Output Pin VOABS Vss - 0.3 Voo + 0.3 V 
Storage Temperature Ts -40 125 'c 

3.2 NORMAL OPERATING CONDITIONS 

Exposing the WD6022 to conditions exceeding the normal operating conditions for extended periods of 
time can affect the long-term reliability of the device. 

VSS = OV 

PARAMETER SYMBOL MIN MAX UNITS 
Power Supply Voltage Voo 4.75 5.25 V 
Ambient Temperature TA 0 70 'c 
Input Voltage VIN -0.3 VDD+0.3 V 
Power Dissipation Pw - TBD mW 
Supply Current 100 - TBD mA 

3.3 DC CHARACTERISTICS (UNDER NORMAL OPERATING CONDITIONS) 

PARAMETER SYMBOL MIN MAX UNITS 

l/}QUt Capacitance @ fc = 1 MHz CI - 5 pF 

110 Capacitance CIO - 10 pF 
Logic High Input Voltage VIH 2.0 - V 
Logic Low Input Voltage Vil - 0.8 V 
Input Leakage hl - +-10 uA 
Tristate Output Leakage 10l - +-30 uA 
1/0 Pin Leakage hOl - +-40 j.LA 

WD6022 ADDRESS BUFFER MODE (MODE = 0) 
OUTPUTS PROMCSL, PROMCSH, EOT, UCHCMD PA(2:31)* 

Source Current @ VOH = 2.4 V IOH - - mA 

Sink Current @ VOL = 0.4 V IOl 4 - mA 
OUTPUTS BECO:3), MilO· 

Source Current @ VOH = 2.4 V IOH - - mA 

Sink Current @ VOL = 0.4 V IOl 6 - mA 

OUTPUT IOA(0:16) 

Source Current @ VOH = 2.4 V IOH - - mA 

Sink Current @ VOL = 0.4 V IOl 8 - mA 

ALL OTHER OUTPUTS* 
Source Current @ VOH = 2.4 V IOH - - mA 

Sink Current @ VOL = 0.4 V IOl 24 - mA 
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WD6022 TECHNICAL SPECIFICATIONS 

PARAMETER 1 SYMBOL I MIN I MAX 1 UNITS 
WD6022 DATA BUFFER MODE (MODE = n. 

OUTPUTS PD(0:31)* 
Source Current@-VOH= 2.4 V ·1 IOH 1 

.. 
1 1 rnA - -

Sink Current @ VOL = 0.4 V I IOL 1 4 1 - 1 rnA 
OUTPUTS IOD(0:15)* 

Source Current @ VOH = 2.4 V 1 IOH 1 - 1 - 1 rnA 

Sink Current@ VOL = 0.4 V 1 IOL 1 6 1 - I rnA 
OUTPUT D(0:31) 

Source Current@ VOH= 2.4 V 1 IOH I - 1 - 1 rnA 
Sink Current @ VOL = 0.4 V 1 IOL 1 24 1 - 1 rnA 

*The following signals are bi-directional: PA(31 :2), BE(3:0), MIlO, MAOE24, TR32, MM/IO, MBE(3:0), 
A(31:1), SBHE, PO(31 :0), 100(15:0), and 0(31 :0). 

NOTE 
1. The input pin "BIAS" is connected externally to ground through a 1 % 1.25 K ohm resistor, and is part 

of an internal biasing circuit. Capicitance; leakage, and threshold measurements on this pin dO 
not apply. . _ __ _ _ . 

2. The following signals have internal pullups of 20K: BE(3:2), MBE(3:0), MM/IO, MilO. 
3. When TEST = 0, all outputs and bi-directional signal lines are tristated. 

PARAMETER SYMBOL MIN MAX UNITS 
WD6022 ADDRESS BUFFE~ MODE (MODE = 0) 

PROMCSL, PROMCSH, EOT, . CL 50 - pF 
UCHCMO 
BE(0:3), M/IO* CL 120 - DF 
PA(2:31},IOA(0:16)* CL 120 - of 
.MA.[lE24, TR32, MMLIQ...MMC, CL 240 - pF 
MBE(0:3), A(1 :31), SBHE* 

WD6022 DATA BUFFER MODE (MODE = 1) 
PO(0:31), 100(0:15)" CL 120 - of 
0(0:31)" CL 240 - DF 

3.4 A.C. LOAD SPECIFICATIONS 

*The following signals are bi-directional: PA(31 :2), BE(3:0), MIlO, MAOE24, TR32, 'MM/IO, MBE(3:0), 
A(31:1), SBHE, PO(31 :0),100(15:0), and 0(31 :0). 

NOTE 
1. The following signals nave internal pull ups of 20K: 6E(3:2), MBE(3:0), MM/IO, MilO. 
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4.0 TIMING 
PARAM DESCRIPTION MIN MAX UNITS 

T1 Propagation Delay ns 
A1, SBHE, MBE(0:3) to BE(0:3) 28 ns 
PA(2:31), to A(2:32) 26 ns 
A(0:31) to PA(2:31), BE(0:3)' 26/28 ns 

A20GTX to A20 26 ns 

MIlO to MM/IO 25 ns 
MM/IO to MIlO 25 ns 

TR32, A(0:1), SBHE to MBE(0:3) or 28 ns 
BE(0:3) - 28 ns 

T2 CMD, MMCMD, to UCHCMD - 20 ns 

T3 8(0:1), CMD to EOT - 25 ns 

T4A MIlO, S(0:1), MADE24, A(O, 31 :17) - 27 ns 
, SBHE to PROMCSL, PROMCSH - 27 ns 

T4B PA(13:17), A20GTX, HLDA, UCHMSTR to - 54 ns 

PROMCSL, PROMCSH - 54 ns 
T5A A(0:16), to IOA(0:16) - 25 ns 
T5B PA(2:16), BE(3:0) to IOA(0:16) - 50 ns 

T6 HLDA to MMC or MADE24 - 25 ns 

T7A Setup to Falling Edge of CMD, MADE24, 5432, MIlO, 10 - ns 
MM/IO, PA(2:31), BE(0:3), A(0:31), MBEjO:3), . 10 - ns 
SBHE,8(0:1) 10 - ns 

T7B Setup to FallinQ EdQe of CMD 40 - ns 

A20GTX,UCHMSTR,HLDA 40 - ns 

T8A Hold from FallinQ EdQe of MCMD, MADE24, TR32, 10 - ns 

MIlO, MM/IO, PA(2:31), BE(0:3), A(0:31), 10 - ns 

MBE(0:3), SBHE 8(0:1) 10 ns I - I 
T8B Hold from Falling Edge of CMD 15 - ns 

A20GTX,UCHMSTR,HLDA 15 - ns 

T9 CMD Inactive Pulse Width 30 - ns III 
T10A Setup to Rising Edge of CMDBUF 10 - ns 

PA(2:31), BE(0:3), A(0:15) 10 - ns 

T10B Setup to Rising Edge of CMD 5 - ns 

T11 Hold from RisinQ EdQe of CMDBUF 5 - ns 

PA (2:31), BE(0:3), A(0:15) 5 - ns 
T12 CMDBUF Inactive Pulse Width 30 - ns 

T13A Disable - from UCHMSTR 21 - ns 

A(1:31), MBE(0:3), MM/IO, MADE24, 21 - ns 

TR32, SBHE, PA(2:31), BE(0:3), MIlO 21 - ns 

T13B Enable - from UCHMSTR . 26 - ns 
A(1:31), MBE(0:3), MM/IO, MADE24 26 - ns 
TR32, SBHE, PA(2:31), BE(0:3), MIlO 26 - ns 

Table 3. Address Buffer Mode Timings (ns) 
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"FROM" SIGNAL \ 

"TO"SIGNAL 

CMD 

INPUT SIGNAL 

CMDBUF 

INPUT SIGNAL 

14-22 

----t N 4------ ----. N 

N = 1 

2 

3 

4 

5 

6 

Figure 14. Address Buffer Mode: Propagation Delay Timings 

1"-

~ 

_1' ~'-----------'-t81_F9 =1_ 

12 --- 10 .... 11 .... 

Figure 15. Address Buffer Mode: Latch Timings 
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UCHMSTR 

A(1 :31), MBE(O:3) 
MMIO,MADE24,TR32 
SBHE 

PA(2:31 ),BE(O:3) 
MIO 

Figure 16. Address Buffer Mode: Float/Enable Timings 
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WD6022 TIMING 

PARAM DESCRIPTION MIN MAX UNITS 
T1 Output Enable/Disable - - ns 

WRENO to D(0:7) - 26 ns 
WREN1 to D(8:15) - 26 ns 
WRENH to D(16:31) - 26 ns 
RDEN to PD(0:31) - 28 ns 
10DEN or 10DTR to D(0:15) or IOD(0:15) - 25 ns 

T2 Propaoation Delay in Transparent Mode - - ns 
PD(0:31) to D(0:31) - 26 ns 
D(0:31) to PD(0:31) - 26 ns 

T3 Latch Enable to Data - - ns 
WRLE to D(0:31) (WRENX active) - 15 ns 
RDLEO to PD(0:7) {RDENL active) - 15 ns 

T4A Data Setup to Latch Enable - - ns 
D(0:7) to RDLEO 10 - ns 
IOD(0:15) to 10DCBA 10 - ns 

T4B Data Setup to Latch Enable 20 - ns 
PD(0:31) to WRLE 20 - ns 

T5 Data Hold from Latch Enable 5 - ns 
D(0:7) from RDLEO 5 - ns 
IOD[0:15) from 10DCBA 5 - ns 
PD(0:31) from WRLE 5 - ns 

T6A Latch Enable Active Pulse Width 15 - ns 
WRLE, RDLEO, 10DCBA 15 - ns 

T6B Latch Enable Active Pulse Width 30 - ns 
WRLE, RDLEO, 10DCBA 30 - ns 

T7 Propagation Delay - - ns 
SWPDIR to Dllor PD( 1 - 30/28 ns 
SWPBYT to D( ) or PDt ) - 28/28 ns 
SWPWORD to D( ) or PDt ) - 28/28 ns 

Table 4. Data Buffer Mode Timings (ns) 
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BUFFER_ENABLE 

OUTPUT 

BUFFER ENABLE TIMING 

"FROM" SIGNAL 

"TO"SIGNAL 

------t N --- ------t N 

PROPAGATION DELAY TIMING 

N= 2 
7 

Figure 17. Data Buffer Mode: Propagation Delay Timings 

INPUT DATA 

__ 4 ---t 5t= III 

OUTPUT DATA 

---0 3 ~ 
6 

Figure 18. Data Buffer Mode: Latch Timings 
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VSS 18 

~ ~~ 
UCHMSTR 21 

AO 22 
Al 23 

VOO 24 
A2 25 WD6022 

116 VOO 
115 PA7 
114 PA8 
113 PA9 
112 PAlO 
111 PAll 
110 PA12 
109 VSS 

A3 26 
VSS 27 

A4 28 
. A5 29 

A6 30 
A7 31 

VSS 32 
A5 33 
A9 34 

VOO 35 
Al0 36 
All 37 

(ADDRESS BUFFER MODE) 
108 PA13 
107 PA14 
106 PA15 
105 PA16 
104 PA17 
103 PA18 
102 PA19 
101 PA20 
100 VOO 
99 PA21 
98 VSS 

VSS 38 97 PA22 
A12 39 
A13 40 
A14 41 
A15 42 
VSS 43 
A16 44 
A17 45 

VOO 46 
A18 47 
A19 48 

96 PA23 
95 PA24 
94 PA25 
93 PA26 
92 PA27 
91 PA28 
90 PA29 
89 PA30 
88 PA31 

A20 49 87 VSS 
vss 50 86 SI!RE" 

85 MMCMO 
84 HLOA 

Figure 19. Address Buffer Mode: Pin Layout Diagram 

~1~ 
RDtEu- 20 
ROEI'r 21 

DO 22 
01 23 voo 24 
02 25 
03 26 

VSS 27 
04 28 
05 29 
06 30 
07 31 

VSS 32 
08 33 
09 34 

voo 35 
010 36 
011 37 
vss 36 
012 39 
013 40 
014 41 
015 42 
VSS 43 
016 44 
017 45 
voo 46 
018 47 
019 48 
020 49 
VSS 50 

WD6022 

(DATA BUFFER MODE) 

116 voo 
115 P07 
114 P08 
113 P09 
112 POlO 
111 POll 
110 P012 
109 VSS 
108 P013 
107 P014 
106 P015 
105 P016 
104 P017 
103 P018 
102 P019 
101 P020 
100 VOO 
99 P021 
98 VSS 
97 P022 
96 P023 
95 P024 
94 PD25 
93 P026 
92 P027 
91 P028 
90 P029 
89 P030 
86 P031 
87 VSS 
86 SWI'BVT" 
65 SWI'WOI!lJ 
84 SWPOIR 

Figure 20. Data Buffer Mode: Pin Layout Diagram 
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PIN 17 

[ 
.980"4XJ 

111111111111111111111111111111111 

~ t CL 

§ 

1== I .80!" REF 

~_---,-t CL 

1IIIIIIIIUlllllllllllllllll0' 

___ -Lt .075" 

~O1O" 
0.025''TYP ------e-l 

DETAIL A 
(ENLARGED) 

WD6022 

.025"TYP 

--- - ---,-:/-------

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

~e_--- .95" 

1-&----- 1.08" 

.-a----- 1.1" 

Figure 21. 132·Pin JEDEC Flat Pack Packaging Diagram 
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RECOMMENDED P.C. BOARD HOLE PATTERN 
SOCKET SIDE 

Amp Incorporated 
Harrisburg PA .. 
Part No. 821932-5 

132 POSN 
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Figure 22. Socket Diagram 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 

The WD6030 integrated circuit forms part of 
Western Digital's innovative WD6500 chip set. It 
facilitates the design and implementation of sys­
tem boards compatible with IBM's Micro Channel 
architecture, decreases design complexity, saves 
space by combining the functions of many discrete 
arrays and components, and reduces system cost 
and increases system reliability. 

The Extended Setup Facility, or ESF, is a Western 
Digital enhancement designed to allow more 
functionality such as a Winchester Controller, LAN 
Adapter, or additional Serial Port to be added onto 
the system board. It provides product differentia­
tion at the system level and helps reduce costs. 
The block diagram in Figure 1 illustrates a typical 
system utilizing the WD6500 chip set. Devices with 
bold outlines are available from Western Digital 
Corporation. 

WD6030 
DRAMICACHE 

CHANNEL 
CONTROL 

-~ 

I CACHE 
(OPTIONAL) I 

'--- --

WD6030 

1.2 FEATURES 

o Hardware (register level) and software com­
patible to the IBM Personal System/2 Micro 
Channel implementations 

o Direct-Mapped Cache Controller 
(J Direct-mapped, write-through implementa­

tion 
(J Line size equals four bytes 
(J Page mode hits on cache misses 

o DRAM Controller 
(J Memory Configuration Registers 
(J Complete 256 KB, 1 MB, and 4 MB DRAM 

support 
(J Ability to mix DRAM sizes in different 

banks 
(J Support for up to four banks (up to 64 M-

Bytes) of memory 
o Channel Controller 
o Channel Buffer Controls 
o Programmable Wait States 
o Shadow RAM for fast BIOS execution 
o Extended Setup Facility (ESF) 
o Low Power 0.9 Micron CMOS Technology 
o 132-Lead JEDEC Plastic Quad Flat Pack 

Figure 1. System Block Diagram 
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WD6030 INTRODUCTION 

0(0:7) 
-A20GTX, UCHMSTR, CLK2, CLK SRDY 

HLDA, ADS, RESET -
MilO DC WR LOCAL BUS BS16 

BE(O:3j, ROY INTERFACE -
PA(2:31) NA 

" , 

- --
HIT 

!--
HITVALID 

TAGWR TAGDEN CACHE 
CDIR, CDEN(0:3) 00" CONTROLLER 

CCHWR(0:3), CCHCS 

w 
00 
:::> 

REFRESH 
m MADS MDIR 

I-- MDENIO:31 
-I MUX DRMA(18:19) 
<C DRAM DRMWR(0:3) Z CONTROLLER 

~ .. CASCO::!), RAS 
PARCLK 

- -
CMD, S(O:l) 

--<0 

MADE24 
--<0 ADL, SBHE AO 

DS32RTN, DS16RTN 
--<0 

CHRDYRTN, TR32 
--<0 CHANNEL UCHRDY 

CONTROLLER -- --
MEMDS32 

-- ---.. SWPBYT, sWPWORD 
- -- ---

CHANNEL BUFFER WRLE, WRENH, WREN(O:l) 

SWPDIR CONTROLLER - -
ROLE, RDEN 

Figure 2. WD6030 Block Diagram 

15-2 ADVANCED INFORMATION 9/17/90 



PIN DESCRIPTION 

2.0 PIN DESCRIPTION 

The signals assigned to different pins are grouped 
according to their function and discussed in­
dividually in Table 1. 

2.1 LOCAL BUS INTERFACE 

The WD6030 sits directly on the CPU bus, control­
ling the CPUlDMA accesses to local memory, I/O, 
and the Channel. The WD6030 also controls Micro 
Channel master accesses to the local memory. 

2.2 CACHE CONTROLLER 

The Cache Controller in the WD6030 implements 
a direct-mapped cache for the 80386, which im­
proves performance significantly by allowing the 
majority of memory cycles to be run at zero wait 
states. These signals form part of the interface 
between the cache controller and the external 
cache and Tag RAMs. See Section 3.0 for a 
detailed description of the cache controller. 

2.3 DRAM CONTROLLER 

The DRAM Controller supports Page Mode and 
allows DRAMs of different sizes to be used 
together. Pipelined operation, which allows fast 
accesses to the DRAMs, is also supported. 

WD6030 

2.4 CHANNEL CONTROLLER 

The Channel controller implements the interface to 
the system board. The WD6030 generates the 
Channel interface signals whenever the CPU or 
the DMA controller accesses any resource on the 
Channel. 

2.5 CHANNEL BUFFER CONTROLLER 

The Channel Buffer signals control the data buffers 
between the local processor data bus and the 
Channel data bus. The data buffers are integrated 
in the WD6022 device providing the interface to 
that device. Note that the WD6022 must be 
strapped in the Data Buffer Mode. 

2.6 MISCELLANEOUS 

This set of signals includes the Vss and Voo signal 
pins, as well as the reserved pins, which should 
not be connected but left open in the system. 
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WD6030 PIN DESCRIPTION 

WD6030 

Figure 3. 132-PIN PLASTIC QUAD FLAT PACK 

PIN NAME PIN NAME PIN NAME PIN NAME 
PA2 34 N.C. 67 WREN1 100 CDEN2 

2 PA3 35 TR32 68 WRENH 101 CDEN1 
3 PA4 36 CHRDYRTN 69 WRlE 102 CDENO 
4 PA5 37 DS16RTN 70 SWPWORD 103 COIR 
5 PA6 38 DS32RTN 71 Vss 104 TAGWR 
6 PA7 39 Voo 72 SWPBYT 105 TAGDEN 
7 PA8 40 MEMDS32 73 SWPOIR 106 Vss 
8 PA9 41 UCHRDY 74 RAS 107 HITVALIP 
9 PA10 42 SO 75 CASO 108 SRDY 

10 PA11 43 S1 76 CAS1 109 MAOS 
11 PA12 44 Vss 77 CAS2 110 ROY 
12 PA13 45 CMO 78 CAS3 111 HIT 
13 PA14 46 AO 79 DRMWRO 112 MAOE24 
14 PA15 47 SBHE 80 DRMWR1 113 BEO 
15 PA16 48 AOl 81 ORMWR2 114 BE1 
16 PA17 49 N.C. 82 ORMWR3 115 BE2 
17 VSS 50 Vss 83 Vss 116 Vss 
18 PA18 51 PARClK 84 DRMA19 117 BE3 
19 PA19 52 NA 85 DRMA18 118 wiFi 
20 PA20 53 BS16 86 MUX 119 DIe 
21 PA21 54 00 87 MDEN3 120 MIlO 
22 PA22 55 01 88 MOEN2 121 AOS 
23 PA23 56 02 89 MOEN1 122 Voo 
24 Voo 57 03 90 MOENO 123 REFRESH 
25 PA24 58 Vss 91 MOIR 124 RESET 
26 PA25 59 04 92 Voo 125 HlOA 
27 PA26 60 05 93 CCHCS 126 UCHMSTR 
28 Vss 61 06 94 CCHWR3 127 A20GTX 
29 PA27 62 D7 95 Vss 128 N.C. 
30 PA28 63 RDEN 96 CCHWR2 129 TEST 
31 PA29 64 ROLE 97 CCHWR1 130 ClK 
32 PA30 65 WRENO 98 CCHWRO 131 ClK2 
33 PA31 66 VDD 99 CDEN3 132 Vss 
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PIN DESCRIPTION 

PIN NO. 

127 

126 

54 - 57 

59 - 62 

131 

130 

125 

NAME 

A20GTX 

UCHMSTR 

DO - D7 

ClK2 

ClK 

HlDA 

TYPE 

I/O 

WD6030 

FUNCTION 

LOCAL BUS INTERFACE 

GATE 
At power-up, the state of A20GTX is latched at the trailing edge of RESET 
and, in conjunction with UCHMSTR, determines the frequency at which the 
WD6030 operates. The following table lists the clock frequencies available. 

FREQUENCY 
16MHz 

UCHMSTR A20GTX 
o 0 

20 MHz o 1 
25 MHz 1 1 
33 MHz 1 0 

After power-up, A20GTX is used to wrap around addresses in the Real and 
Virtual 8086 modes of the processor. The signal is generated by the 
WD6010 and is a combination of the A20GATE generated by the 8742 and 
the Alternate Gate A20 signal from Port 0092H, bit 1. The WD6030 uses 
this signal internally to generate the address for memory accesses. 
Depending on the frequency configuration required, this signal should be 
pulled up/down with a 470K resistor. 

CHANNEL MASTER 
At power-up, the state of UCHMSTR is latched at the trailing edge of RESET, 
and in conjunction with A20GTX, determines the frequency at which the 
WD6030 operates. 

After power-up, UCHMSTR functions as a signal from the Central Arbitration 
Control Point (CACP) in the WD6010. When active, it indicates that a 
Channel master has the bus. A 2.7K resistor is used to pull up/down this 
signal. 

CHANNEL DATA BUS 
The WD6030 internal registers are programmed via the Channel Data Bus. 
These registers can only be accessed by 8-bit operations. When the ... 
registers are accessed, a Channel cycle (SO, S 1, CMD, etc.) is initiated, and ... 
the controls for the Channel buffers are activated to complete the cycle. 

CLOCKS 
Both ClK and ClK2 are CMOS level signals. ClK is of the same frequency 
as the processor clock, while ClK2 is twice the frequency of the processor 
clock. The WD6030 shares ClK2 with the CPU. 

HOLD ACKNOWLEDGE 
HlDA indicates that the CPU has given control of the system local bus to a 
different master (Channel Bus Master or DMA Controller). HlDA prevents 
non-system CPU accesses to locations OOOO-OOFFH in the WD6000 during 
master cycles. 

Table 1. Pin Description 

ADVANCED INFORMATION 9117190 15-5 



WD6030 

PIN NO. 

124 

121 

120 

119 

118 

117 

115 

114 

NAME 

RESET 

ADS 

MilO 

DIC 

W/R 

BE3 

BE2 

BE1 

113 BEO 

110 

1 - 16 

18 - 23 

25 - 27 

29 - 33 

108 

15-6 

RDY 

PA2- PA17 

PA18 - PA23 

PA24 - PA26 

PA27 - PA31 

SRDY 

TYPE 

° 

PIN DESCRIPTION 

FUNCTION 

RESET 
RESET is driven by the WD601 0 and is asserted at power-on. It initializes 
all internal state machines and registers to the power-up default values. 

ADDRESS STROBE 
The WD6030 uses ADS to keep track of bus cycles on the CPU address, 
data, and status busses. 

MEMORY lID, DATA/CONTROL, WRITE/READ 
The MilO, DIC, and W/R signals define the type of bus cycle being executed on 
the CPU local bus. When the CPU is in control of the CPU local bus, MIlO, DIC, 
and W/Rare inputfrom the CPU. When the WD601 0 DMAControlier is in control 
of the CPU local bus, MIlO, DIC, and W/R are input from the WD601 o. 

MilO ole W/R WD6030 OPERATION 

o 0 0 Reserved 

o 
o 
o 
1 

1 

1 

o 
1 

1 

o 
o 
1 

1 1 

BYTE ENABLES 

1 

o 
1 

o 
1 

o 
1 

Reserved 

110 Read 

110 Write 

Memory Code Read 

Reserved 

Memory Read 

Memory Write 

These Byte-Enable signals are driven by the CPU, the WD6010 DMA 
controller, or the Channel master. 

READY 
The Ready signal is used to track bus cycles on the CPU local bus. The 
READY signals from the chip set are combined externally to generate one 
RDY signal to the CPU. 

PROCESSOR ADDRESS BUS 
PA2 through PA31 is the local processor address bus on the motherboard 
and interfaces directly with the 80386/80486 address bus. This address bus 
is driven by the CPU, DMA Controller, or a Channel Master. 

SYSTEM READY 
The WD6030 generates a READY signal for system resources not on the local 
bus, including the local DRAM. The SRDY signal is generated whenever the 
80386, 80486, or DMA Controller performs a bus cycle that is neither an access 
to the numeric coprocessor (80387 or Weitek 3167) nor a memory access 
resulting in a cache hit. This signal is logically ORed on the system board with 
the other sources of READY to generate READY to the CPU. Note that the 
default for the READY signal to the 80386, 80486, or DMA Controller is a "not 
ready" interface. 

Table 1. Pin Description (Continued) 
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PIN DESCRIPTION WD6030 

PIN NO. NAME TYPE FUNCTION 

53 BS16 0 BUS SIZE 16 
BS16 is used to indicate whether the CPU or WD6030 is accessing a 32-bit, 
16-bit, or 8-bit port. When a 32-bit port is accessed, BS16 is de-asserted and 
all byte enables should be active. When a 16-bit or 8-bit port is ac-
cessed, BS16 is asserted and the byte enables are sampled to determine 
whether the access is to a 16-bit or 8-bit port. 

52 NA 0 NEXT ADDRESS 
The Next Address signal is asserted when a pipelined cycle can be supported 
by the system. The WD6030 requests a pipeline cycle whenever a cycle 
other than a Cache-Read-Hit occurs. 

CACHE CONTROLLER 

111 HIT I CACHE HIT 
The external tag subsystem sends this signal to the WD6030 to indicate that 
the current cycle resulted in a match of the Tag. Depending on whether or 
not the DRAM cycle can be cached, this signal is internally qualified to 
generate a cache hit indication. If a cache hit occurs on a memory read cycle, 
a zero wait state operation is accomplished. 

107 HITVALID 0 CACHE HIT QUALIFIER -
The WD6030 asserts the HITVALID signal to indicate that the HIT signal from 
the tag subsystem is valid and can be sampled by the external logic. HIT 
and HITVALID are logically AN Oed externally to assert the READY signal to 
the 80386, 80486, or DMA Controller, resulting in a zero wait state cycle on 
a Cache-Read-Hit. 

-
For a cycle requiring a cache update, HIT may be inactive in the early part 
of the cycle and active in the latter part when the Tag is updated. HITVALID 
is de-asserted in the latter part of the cycle to prevent generating a spurious 
READY signal to the CPU. 

105 TAGDEN 0 TAG DATA ENABLE 
TAGDEN opens a ''Tag Buffer", such as a 74F244, during a Tag update cycle. 
Tag updates occur on a Cache-Miss cycle on cachable memory areas . 

104 TAGWR 0 TAG WRITE 
TAGWR updates the Tag in the Tag RAM for a Cache-Update cycle. A • pipelined cycle is requested and TAGWR updates the Tag value when a 
Cache-Miss occurs. 

103 CDIR 0 CACHE BUFFER DIRECTION 
CDIR determines the direction of the data flow between the Processor Data 
Bus (PO) and Cache Data Bus (CD) for the 74F245 buffers. The 74F245 
buffers minimize the loading on the CPU local bus and permit more relaxed 
timings on the Cache Data SRAMs. The 74F245 buffers also permit the use 
of SRAMs which do not require the Output Enable function. 

CDIR Direction 

0 CD(0:31) to PD(0:31) 

1 PD(0:31) to CD(0:31) 

Table 1 Pin Description (Continued) 
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WD6030 PIN DESCRIPTION 

PIN NO. NAME TYPE FUNCTION 

102 CDENO 0 CACHE BUFFER ENABLES 

101 CDEN1 CDEN(0:3) provides the enable signals for the 74F245 buffers between the 

100 CDEN2 Processor Data Bus (PD) and the Cache Data Bus (CD). Each data byte 

99, CDEN3 
has a separate enable which is qualified internally by the byte enable from 
the 80386, 80486, or DMA Controller. Figure 4 illustrates a typical cache 
cycle with page hits. 

98 CCHWRO 0 DATA CACHE WRITE 

97 CCHWR1 CCHWR(0:3) individually enables each of the four bytes of the cache data. 

96 CCHWR2 The WD6030 asserts the write signal corresponding to the byte enable 

94 CCHWR3 
asserted during the cycle. 

93 CCHCS 0 DATA CACHE CHIP SELECT 
CCHCS is the Chip Select signal to the Cache Data SRAMs. CCHCS is 
always asserted at the beginning of a cycle, permitting the slowest possible 
SRAMs to be used. . CCHCS is only de-asserted for a cache update 
operation. 

DRAM CONTROLLER 

123 REFRESH I REFRESH 
REFRESH from the WD6010 indicates that a Refresh cycle is in progress 
and a Memory Read cycle is taking place run on the local bus. When 
REFRESH is asserted, the DRAM controller initiates a RAS-only cycle, with 
the address supplied by the WD6010. Simultaneously, a Memory Read 
cycle is initiated on the Channel. A READY signal is generated when both 
cycles have been completed. 

109 MADS 0 MEMORY ADDRESS STROBE 
The MADS signal from the WD6030 latches all addresses for the external 
cache data and DRAM to the external address latches 74AS373. Figures 5 
through 8 illustrate a typical cycle to the DRAM. 

91 MDIR 0 DRAM BUFFER DIRECTION 
MDIR determines the direction of the data flow for the 74F657 bidirectional 
transceivers between the Processor Data Bus (PD), and the DRAM Data 
Bus (MD). 

MDIR Direction 

0 MD(0:31) to PD(0:31) 

1 PD(0:31) to MD(0:31) 

---
90 MDENO 0 DRAM BUFFER ENABLES 

89 MDEN1 MDEN(0:3) are the enable signals for the 74F657 transceivers between the 

88 MDEN2 Processor Data Bus (PD) and DRAM Data Bus (MD). Each data byte has 

87 MDEN3 
its own enable which is qualified internally by the byte enables from the 
80386, 80486, or DMA Controller. 

Table 1 Pin Description (Continued) 
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PIN DESCRIPTION WD6030 

PIN NO. NAME TYPE FUNCTION 

86 MUX 0 ADDRESS MULTIPLEXER 
MUX interfaces with the external address multiplexers and controls the 
generation of the row and column addresses to the DRAM. 

MUX Function 

0 Row Address 

1 Column Address 

85 DRMA18 0 DRAM SPLIT MEMORY ADDRESS 

84 DRMA19 DRMA(1 8: 19) provide Address Bits 18 and 19 for DRAM accesses, which are 
sent to the external DRAM address multiplexers. These signals implement 
the split addressing memory feature. 

82 DRMWR3 0 DRAM WRITE 

81 DRMWR2 DRMWR(3:0) are the enable signals to the system DRAM. Each data by1e 

80 DRMWR1 has a separate enable which is internally qualified by the by1e enables from 

79 DRMWRO 
the 80386, 80486, or DMA Controller. The four write enable signals to the 
DRAM should be buffered by a 74AS1832. 

78 CAS3 0 DRAM CAS 

77 CAS2 Each of the four banks has its own CAS signal. The bank being accessed 

76 CAS1 has its CAS signal asserted during a cycle. At the end of the cycle, all CAS 

75 CASO 
signals are de-asserted. These signals should be buffered by a 74AS1832. 
Page Mode DRAMs can be employed because the WD6030 de-asserts this 
signal at the end of each cycle. Static Column DRAMs may also be used, 
however, they will operate in Page Mode. 

74 RAS 0 DRAM RAS 
RAS connects to the RAS inputs of all the DRAMs and should be buffered by 
a 74AS1832. 
This signal is active in Page Mode as long as the accesses remain within the 
same row. RAS remains active even if the accesses are made to addresses 
in different memory banks which share the. same row address, because the 
row addresses are shared by the different memory banks. In normal 
RAS/CAS Mode, a RAS precharge takes place for every DRAM access. 

51 PARCLK 0 PARITY ERROR CLOCK 
PARCLK is used as a clock to latch in parity error information during DRAM III read cycles. At the rising edge of this signal, the parity error information is 
latched in. The Parity Error Latch function is implemented on the system 
board. 

CHANNEL CONTROLLER 

45 CMD 1/0 COMMAND 
CMD defines when data to or from the Channel is valid. CMD is an input 
during Channel Master Cycles and an output during all other cycles. 

43 S1 1/0 CHANNEL STATUS 

42 SO S1 and SO, along with MilO, identify the type of cycle taking place on the 
channel. S1 and SO are input signals during a Channel Master Cycle and an 
output during all other cycles. 

Table 1 Pin Description (Continued) 
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WD6030 PIN DESCRIPTION 

PIN NO. NAME TYPE FUNCTION 

112 MADE24 I MEMORY ADDRESS ENABLE 24 
MADE24 is asserted by the channel when an address greater than 16 
Mbytes is placed on theProcessor Address Bus (PA). The WD6022 Address 
Buffer Device de-asserts MADE24 whenever the CPU or DMA Controller 
performs a. Channel Memory access above the 16 Mbyte boundary. 

38 DS32RTN I DATA SIZE 32 RETURN 
DS32RTN corresponds to, and directly interfaces with, the DS32RTN signal 
on the Channel and is generated by ORing all the CDDS32N signals on the 
Channel. Asserting DS32RTN during a Channel cycle indicates that the 
slave being addressed is capable of transferring 32 bits of data. 

37 DS16RTN I DATA SIZE 16 RETURN 
DS16RTN corresponds to, and directly interfaces with, the DS16RTN signal 
on the Channel and is generated by ORing all the CDDS16N signals on the 
Channel. Asserting DS16RTN during a Channel cycle indicates that the 
slave being addressed is capable of transferring 16 bits of data. 

36 CHRDYRTN I CHANNEL READY RETURN 
CHRDYRTN is an AND of all CDCHRDY signals present on the Channel, 
i.e., the individual Channel slots, video subsystem, WD6000 (IORDY) and 
the system board DRAM (UCHRDY). A Channel slave uses CHRDYRTN 
to extend the Channel cycle. 

35 TR32 I TRANSLATE 32 
TR32 facilitates communication between a 16-bit master and a 32-bit slave. 
TR32 generates the necessary control signals used in data swapping. 
When asserted, it indicates that a 16-bit master has the Channel and that 
the Central Translator function should be turned on. The CPU and DMA 
Controller are 32-bit masters, therefore, the WD6022 de-assertes TR32 
when the Channel is accessed by the CPU or DMA Controller. 

48 ADL 0 ADDRESS DECODE LATCH 
ADL provides the slave with an appropriate method to latch valid addresses 
and status signals. 

47 SBHE 0 SYSTEM BYTE HIGH ENABLE 
46 AO ADDRESS BIT 0 

SBHE and AO are used by 16-bit slaves to determine the byte that con-
tains data during the current transfer of data. 

AD SBHE DATA AVAILABLE 
0 0 D(0:15) 
0 1 D(0:7) 
1 0 D(8:15) 
1 1 Reserved 

Note that this signal is not used by 8-bit or 32-bit slaves. The latter uses 
BE(0:3) signals to perform the same function. 

Table 1 Pin Description (Continued) 
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PIN DESCRIPTION WD6030 

PIN NO. NAME TYPE FUNCTION 

41 UCHROY 0 LOCAL DRAM CHANNEL READY 
UCHROY is used to extend cycles when a Channel Master accesses the 
system board DRAM. UCHROY is also used in the external logic to generate 
CHROYRTN. Figures 9 through 12 indicate typical Channel Master cycles 
to the system board DRAM. 

40 MEMOS32 0 LOCAL DRAM MEMORY SIZE 32 
MEM0S32 is used in external logic on the system board to generate the 
OS16RTN and OS32RTN signals. MEMOS32 is driven by the W06030 
when a Channel Master accesses the system board DRAM and indicates 
that the memory accessed is 32 bits wide. 

CHANNEL BUFFER CONTROLLER 

73 SWPOIR 1/0 SWAP DIRECTION 
At power-up, the state of SWPOIR is latched by the trailing edge of RESET 
to determine the presence or absence of the numeric processor. 

SWPDIR RESET STATE FUNCTION 

0 Numeric coprocessor present 

1 Numeric coprocessor absent 

After power-up, SWPOIR indicates the direction of the byte and word swap 
buffers. 

SWPOIR de-asseted indicates a read operation, byte swap 0(0:7) to 0(8:15) 
or a Channel Master write operation, word swap 0(0:15) to 0(16:31). 

SWPOIR asserted indicates a write operation, byte swap 0(8:15) to 0(0:7) 
or a Channel Master read operation, word swap 0(16:31) to 0(0:15). 

72 SWPBYT 0 BYTE SWAP 
When the CPU or OMA accesses an 8-bit port, the cycle is split into two. 
This signal is used to swap data to the correct bytes. 
0(0:7) is swapped to 0(8:15) for a read and normal operation 
0(8:15) is swapped to 0(0:7) for a write operation 

70 SWPWORO 0 WORD SWAP 
SWPWORO swaps words when a 16-bit Channel Master communicates with 
a 32-bit slave. The cycle is split into two and SWPWORO is used to swap 
data to the correct word. 0(16:31) is swapped to 0(0:15) for a Channel 
Master read operation, 0(0:15) is swapped to 0(16:31) for a Channel Master 
write operation. This function is known as steering. 

69 WRLE 0 WRITE LATCH ENABLE 
WRLE latches the write data during a CPU or OMA write operation to the 
Channel. It provides the write-data-hold time required by the Chan nel during 
these operations. WRLE also latches data when the CPU or OMA writes to 
an 8-bit port and the cycle must be split in two. 

Table 1 Pin Description (Continued) 
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WD6030 PIN DESCRIPTION 

PIN NO. NAME TYPE FUNCTION 

68 WRENH 0 WRITE ENABLE (HIGH, 0:1) 

67 WREN1 These signals enable the buffer during data flow from the Processor Data 

65 WRENO Bus (PD) to the Channel Data Bus (D). These signals control byte 0 (0:7) 
(WRENO), byte 1 (8:15) (WREN1), and the upper word (16:31) (WRENH). 
These signals are valid when the CPU or DMA controller performs a write 
operation to the Channel or when a Channel Master performs a read 
operation from the system board DRAM. 

--
64 RDLE 0 READ LATCH ENABLE --

RDLE is the latch enable signal for byte 0 (0:7). When the CPU or DMA 
controller performs a cycle to an 8-bit device on the Channel, the cycle is 
split in two. This signal latches the first 8 bits (0:7) during the first cycle, 
reads the next 8 bits (8:15) during the second cycle, and then presents the 
16 bits to the CPU. 

--
63 RDEN 0 READ ENABLE --

RDEN enables the buffer for the Processor Data Bus (PD) when the data 
flows from the Channel Data Bus (D) to the Processor Data Bus (PD). 
RDEN is asserted when the CPU or DMA controller performs a read from 
the Channel or when a Channel Master writes to the system board DRAM. 

MISCELLANEOUS 

24,39, VDD I +5 V Power Supply 

66,92, 

122 

17,28, Vss I o V Ground 

44,50, 

58,71, 

83,95, 

106, 

116,132 

34,49, N.C. Not connected 

128 

--
129 TEST I TEST PIN 

This is an active low signal that facilitates board-level testing. When low, 
this signal tri-states all outputs and bidirectional signal lines, allowing an 
ATE tester to drive these signals. When high, the outputs and bidirectional 
lines are enabled by the WD6030. 

Table 1 Pin Description (Continued) 
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PIN DESCRIPTION 

Table 2 details the state of the pins on the 
WD6030 after a reset. 

SIGNAL BUS STATE 
AFTER RESET 

0(0:7) Z· 
NA, BS16 High -- ----
S (0:1 ), AOL, CMO High 
SBHE,AO High 

MEMOS32 High 
--

UCHROY, SROY High 
MADS High 
HITVALIO High --
CCHCS High 
COIR, MOIR Low 

CCHWR (0:3), COEN (0:3) High 
TAGWR, TAGOEN High 

RAS, CAS (0:3) High 

MUX, PARCLK Low 
ORMWR (0:3) High 
ORMA (18:19) High 

MOEN (0:3) High 
ROEN High 
--
ROLE Low 
WREN (0:1), WRENH High 
WRLE Low 
SWPBYT, SWPWORO High 
SWPOIR High 

* Z = High Impedance 

Table 2. Pin State After Reset 
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CLK2 

CLK 

ADS 

HIT 

HITVALID 

RDY 

CCHCS 

CCHWR(0:3) 

CDEN(0:3) 

CDIR 

TAGWR 

TAGDEN 

DRMWR(0:3) 

CAS(0:3) 

MDEN(0:3) 

MDIR 

MADS 

NA 

SRDY 

15-14 

80386/80486/DMA-CACHE CYCLES WITH PAGE HIT-MOTHERBOARD DRAM 
16/20/25/33 MHz 

1 1 1 
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Figure 4. Cache Cycle with Page Hits 
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DRAM CONTROLLER 

3.0 DRAM CONTROLLER 

3.1 MEMORY ORGANIZATION 

The WD6030 supports up to four banks of DRAMs, 
each consisting of 36 bits, with each byte having an 
associated parity bit. The total memory capacity on 
the system board is dependent on the type of 
memory used and the number of banks populated, 
and could range from 1 MB to 64 MB. Table 3 lists 
the memory size options that are available. 

DRAM TYPE MEMORY CAPACITY 

256K x 1 1 MB x (Number of Banks) 

1M x 1 4 MB x (Number of Banks) 

4M x 1 16 MB x (Number of Banks) 

Table 3. Memory Size Options 

The Model 80-071 provides two banks, each with 1 
MB of memory. The Model 80-111 has two banks 
of 2 MB each. The WD6030 default setting at 
power-up is compatible with the Model 80-071 and 
Model 80-111: two 1 MB memory banks. The Ex­
tended Setup Facility feature can be used to 
enable more memory on the board. 
Each of the banks can be enabled or disabled by 
programming the Memory Configuration Register. 
In addition, banks can be swapped, in order to map 
around defective memory banks. 

The WD6030 permits DRAMs of different sizes to be 
used in the four banks. However, all the DRAMs 
within a bank should be of the same size. For ex­
ample, if Bank 0 were composed of 1 M x 1 DRAMs, 
Bank 1 of 256K x 1 DRAMs, and Banks 2 and 3 were 
unpopulated, this would be a valid use of different­
sized DRAMs. Certain restrictions that apply to 
mixing DRAM sizes should be noted carefully: 

o The WD6030 does not support Page Mode 
operation when DRAMs of different sizes are 
used in different banks; therefore, in such 
cases, the DRAMs must be set in Forced Row 
Misses Mode through the Memory Configura­
tion register. This will result in degraded per­
formance when compared to Page Mode 
operation for the DRAMs. 

WD6030 

o When using a mixture of DRAM sizes, always 
place the larger-sized DRAMs in the lower 
banks, or the system will not function. A sys­
tem populating three banks with 4M x 1, 1 M x 
1 , and 256K x 1 DRAMs should organize them 
such that Bank 0 consists of 4M x 1, Bank 1 of 
1 M x 1, and Bank 2 of 256K x 1 DRAMs, with 
Bank 3 unpopulated. 

o When DRAMs of different sizes are used 
together and the Split RAM is placed in the 
memory map, the BIOS must ensure that the 
split RAM starting address is located at an 
address that is a multiple of the largest 
DRAMs. Thus, for 4M x 1 DRAMs, it should be 
located at a 16 Mbyte boundary, for 1 M x 1 
DRAMs at a 4 Mbyte boundary, for 256K x 1 
DRAMs on a 1 Mbyte boundary. See Section 
2.1.2.4 for further information. 

When the DRAMs are used in Page Mode, the 
following address assignments should be used for 
the external multiplexers. REF refers to the ad­
dresses for Refresh Cycles. The DA bus is the 
address bus for the physical DRAM. RAS, CAS, 
and REF are from the MA or Latched Memory 
Addresses Bus. 

When DRAMs of different sizes are used in the 
banks, the following address aSSignments are 
recommended for use with the external mUlti­
plexers. Other address aSSignments may be 
used; however, care should be taken to ensure 
that the addressing for the smaller DRAMs is a 
subset of the addressing for the larger DRAMs, so 
that the DRAMs are addressed correctly even 
though different sizes are used in different banks. 

The DA bus is the address bus for the physical 
DRAMs. The address bits for RAS, CAS, and REF 
are from the MA bus. REF refers to the addresses 
for Refresh cycles. 
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W06030 DRAM CONTROLLER 

256K x 1 DRAMS 

DA (j 1 2 3 4 5 6 7 8 

CAS 2 3 4 5 6 7 9 10 8 

RAS 11 12 13 14 15 16 17 18 19 

REF 2 3 4 5 6 7 0 1 X 

1Mx1 DRAMS 

DA 0 1 2 3 4 5 6 7 8 9 

CAS 2 3 4 5 6 7 8 10 11 9 

RAS 20 21 13 14 15 16 17 18 19 12 

REF 2 3 4 5. 6 7 8 0 1 X 

4Mx1 DRAMS 
DA 0 . 1 2 3 4 5 6 7 8 9 10 

CAS 2 3 4 5 6 7 8 9 10 11 12 

RAS 20 21 13 14 15 16 17 18 19 22 23 

REF 2 3 4 5 6 7 8 9 0 1 X 

Table 4. Page Mode DRAM Address Assignments 

256 K x 1 DRAMS 
DA 0 1 2 3 4 5 6 7 8 

CAS 2 3 4 5 6 7 9 10 8 

RAS 11 12 13 14 15 16 17 18 19 

REF 2 3. 4 5 6 7 0 1 X 

1 Mx 1 DRAMS 
DA 0 1 2 3 4 5 6 7 8 9 

CAS 2 3 4 5 6 7 9 10 8 20 

RAS 11 12 13 14 15 16 17 18 19 21 

REF 2 3 4 5 6 7 0 1 8 X 

4Mx 1 DRAMS 
DA 0 1 2 3 4 5 6 7 8 9 10 

CAS 2 3 4 5 6 7 9 10 8 20 22 

RAS 11 12 13 14 15 16 17 18 19 21 23 

REF 2 3 4 5 6 7 0 1 8 9 X 

Table 5. Addresses For Different Sized DRAMs 
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DRAM CONTROLLER 

3.1.1 Memory Maps 

The first 640K of memory is used for system RAM. 
Additional banks of RAM are mapped in con­
tiguous blocks, starting at 1 MB. The 256/384K of 
extra RAM from the first 1 MB is the Split RAM, and 
is remapped to the top of the last block of memory 
on the system after the BIOS has determined the 
total memory size. 

ENSPLIT 
SIX40 
ROMEN 

Split Address 

ADDRESS RANGE (Hex) 

00000000 - 0007FFFFH 

00080000 - 0009FFFFH 

OOOAOOOO - OOOBFFFFH 

OOOCOOOO - OOODFFFFH 

OOOEOOOO - OOOFFFFFH 

00100000 - (00100000+A) 

(00100000+A) - (00100000+A+B) 

(00100000+A+B) - FFFDFFFF 

FFFEOOOO - FFFFFFFFH 

WD6030 

Tables 6 through 13 provide memory maps for a 
typical system. In these tables, 'A' represents the 
amount, in Mbytes, of system board memory in­
stalled and enabled, starting at OOOOOOOOH; 'B' 
represents the amount, in Mbytes, of memory 
available on the Channel, starting at or above 
000100000H. 

=1 
=1 
=1 

= Disabled 

FUNCTION 

512K System Board RAM 

Not Used 

128K Video ROM 

Channel ROM 

128K System Board ROM 

System Board RAM 

Channel RAM 

Not Used 

128K System Board ROM 
(same as OOOEOOOO - OOOFFFFFH) 

Table 6. Memory Map 1 

ENSPLIT =1 
SIX40 =0 
ROMEN =1 

Split Address = Disabled 

ADDRESS RANGE (Hex) FUNCTION 

00000000 - 0009FFFFH 640K System Board RAM 

OOOAOOOO-OOOBFFFFH 128K Video ROM 

OOOCOOOO - OOODFFFFH Channel ROM 

OOOEOOOO - OOOFFFFFH 128K System Board ROM 

00100000 - (00100000+A) System Board RAM 

(00100000+A) - (00100000+A+B) Channel RAM 

(001 OOOOO+A+B) - FFFDFFFF Not Used 

FFFEOOOO - FFFFFFFFH 128K System Board ROM 
(same as OOOEOOOO - OOOFFFFFH) 

Table 7. Memory Map 2 
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ENSPLIT =0 
SIX40 =1 
ROMEN =1 

Split Address =1+A+B 

ADDRESS RANGE (Hex) FUNCTION 

00000000 - 0007FFFFH 512K System Board RAM 

00080000 - 0009FFFFH Not Used 

OOOAOOOO - OOOBFFFFH 128K Video ROM 

OOOCOOOO - OOODFFFFH Channel ROM 

OOOEOOOO - OOOFFFFFH 128K System Board ROM 

00100000 - (00100000+A) System Board RAM 

(00100000+A)-(00100000+A+B) Channel RAM 

(00100000+A+B) -(00100000+A+B+384K) 384K System Board RAM 

(00100000+A+B+384K)-FFFDFFFF Not used 

FFFEOOOO-FFFFFFFFH 128K System Board ROM 
(same as OOOEOOOO - OOOFFFFFH) 

Table 8. Memory Map 3 

ENSPLIT =0 
SIX40 =0 
ROM EN =1 

Split Address =1+A+B 

ADDRESS RANGE (Hex) FUNCTION 

00000000 - 0009FFFFH 640K System Board RAM 

OOOAOOOO - OOOBFFFFH 128K Video ROM 

OOOCOOOO - OOODFFFFH Channel ROM 

OOOEOOOO - OOOFFFFFH 128K System Board ROM 

00100000 - (00100000+A) System Board RAM 

(00100000+A) - (00100000+A+B) Channel RAM 

(00100000+A+B) - (00100000+A+B+256K) 256K System Board RAM 

(00100000+A+B+256K) - FFFDFFFF Not used 

FFFEOOOO-FFFFFFFFH 128K System Board ROM 
(same as OOOEOOOO - OOOFFFFFH) 

Table 9. Memory Map 4 

15-24 ADVANCED INFORM A TlON 9/17/90 



DRAM CONTROLLER WD6030 

ENSPLIT =1 
SIX40 =1 
ROMEN =0 

Split Address = Disabled 

ADDRESS RANGE (Hex) FUNCTION 

00000000 - 0007FFFFH 512K System Board RAM 

00080000 - 0009FFFFH Not Used 

OOOAOOOO-OOOBFFFFH 128K Video ROM 

OOOCOOOO - OOODFFFFH Channel ROM 

OOOEOOOO - OOOFFFFFH 128K System Board RAM 

00100000 - (00100000+A) System Board RAM 

(OO100000+A)-(00100000+A+B) Channel RAM 

(00100000+A+B) - FFFDFFFF Not Used 

FFFEOOOO-FFFFFFFFH 128K System Board ROM 

Table 10. Memory Map 5 

ENSPLIT =1 
SIX40 =0 
ROMEN =0 

Split Address = Disabled 

ADDRESS RANGE (Hex) FUNCTION 

00000000 - 0009FFFFH 640K System Board RAM 

OOOAOOOO - OOOBFFFFH 128K Video ROM 

OOOCOOOO - OOODFFFFH Channel ROM 

OOOEOOOO - OOOFFFFFH 128K System Board RAM 

00100000 - (00100000+A) System Board RAM III 
(00100000+A)-(00100000+A+B) Channel RAM 

(00100000+A+B) - FFFDFFFF Not Used 

FFFEOOOO - FFFFFFFFH 128K System Board ROM 

Table 11. Memory Map 6 
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" 

ENSPLIT =0 
SIX40 ='1 
ROMEN =0 

Split Address =1+A+B 

ADDRESS RANGE (Hex) FUNCTION 

00000000 - 0007FFFFH 512K System Board RAM 

00080000- 0009FFFFH Not Used 

OOOAOOOO - OOOBFFFFH 128K Video ROM 

OOOCOOOO - OOODFFFFH Channel ROM 

OOOEOOOO - OOOFFFFFH 128K System Board RAM 

00100000 - (00100000+A) System Board RAM 

(00100000+A)-(00100000+A+B) Channel RAM 

(00100000+A+B) - (00100000+A+B+384K) 384K System Board RAM 

(00100000+A+B+384K)-FFFDFFFF Not used 

FFFEOOOO - FFFFFFFFH 128K System Board ROM 

Table 12. Memory Map 7 

ENSPLIT =0 
SIX40 =0 
ROMEN =0 

Split Address =1+A+B 

ADDRESS RANGE (Hex) FUNCTION 

00000000 - 0009FFFFH 640K System Board RAM 

OOOAOOOO - OOOBFFFFH 128K Video ROM 

OOOCOOOO - OOODFFFFH Channel ROM 

OOOEOOOO, - OOOFFFFFH 128K System Board RAM 

00100000 - (00100000+A) System Board RAM 

(00100000+A) - (00100000+A+B) Channel RAM 

(00100000+A+B)-(00100000+A+B+256K) 256K System Board RAM 

(00100000+A+B+256K) - FFFDFFFF Not used 

FFFEOOOO - FFFFFFFFH 128K System Board ROM 

Table 13. Memory Map 8 
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3.1.2 MEMORY CONFIGURATION 

The tables in this section describe the format of the 
ESF and I/O registers that are used to configure 
memory on the system board. Note that the 
registers on the WD6030 can only be accessed by 
the CPU. In this description of the registers that 
can be written to, bits marked RESERVED should 
always be written with zeros; this will ensure com­
patibility with future Western Digital products. 

3.1.2.1 Memory Control Register 0103H (W) 

The Memory Control Register is implemented in the 
WOO000. At power-on, a refresh rate compatible 
with that of the Model 80, 0.8 ~ refreshes, is 
selected, but the BIOS later changes this to 15.1 ~. 

Bit 0 Reserved 

Bit 1 FREF Fast Refresh 
o = Refresh of 0.8 l1S 
1 = Refresh of 15.1 l1S 

Bits 2-7 Reserved 

(Power-on Default = 00000000) 

Table 14. Memory Control Register 

3.1.2.2Memory card Definition Register 0103H (R) 

In the Western Digital chip set, this register is im­
plemented in the WD6000. The power-on default, 
256K x 1 DRAMs, is compatible with both the 
80-071 and the 80-111. 

The IBM Memory Card Definition register is imple­
mented on the Model 80 to detect the presence of 
two memory modules on the system board. 

This register treats memory on the system board 
as being installed in two connectors. The Model 
80-071 has connectors with 1 MB each; the Model 
80-111 connectors can have up to 2 MB. Bits T1 
and R1 are the encodings for Connector 1, and 
Bits T2 and R2 are the encodings for Connector 2. 
Some bits that were reserved on the 80-071 have 
been coded on the 80-111, but are compatible with 
the 80-071. 

WD6030 

There are certain differences between the Western 
Digital and IBM implementations of this register. 
The Western Digital Memory Card Definition 
register does not support the detection of memory 
connectors, so it always indicates 11110000. Fur­
ther, it views the system board memory sequential­
ly in four banks of 1 MB, 4 MB, or 16 MB 
each. However, to maintain compatibility with the 
Model 80, at power-up the 256K x 1 DRAMs are 
mapped to correspond to the IBM connector map­
pings. Table 16 shows the mapping used in the 
Model 80 Compatibility Mode (256K x 1 DRAMs). 

Bits 1, 0 R1, T1 
00 - 1 MB RAM in Connector 1 
10 - 2 MB RAM in Connector 1 
X1 - No RAM (ShOUld be at least 1 MB) 

Bits 3,2 R2,T2 
00 - 1 MB RAM in Connector 2 
10- 2 MB RAM in Connector 2 
X1 - No RAM 

Bits 4-7 1 = Reserved 

(Power-on Default = 11110000) 

Table 15. Memory Card Definition Register 

wo-
Implement- IBM Model 80 Implementation 

alion 

BankO Lower 1 MB of Connector 1 

Bank 2 Upper 1 MB of Connector 1 

Bank 1 Lower 1 MB of Connector 2 

Table 16. Model 80 Compatibility Mode 
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3.1.2.3 Memory Encoding Register 1 OOE1 H 
And Shadow RAM (R/W) 

The bit encodings of this register on the 80-071 and 
the 80-111 differ, requiring several extra I/O writes 
to make the 80-111 compatible with the 80-071. 

Western Digital implements this register on the 
WD6030 with all the bits being readlwrite. The 
register is compatible with the 80-111. Bit 0, 
ENPLRPCH, is duplicated in the WD601 0, where it is 
a write-only bit used to control the ENPCHK signal. 
Table 17 shows the bit assignment for this register. 

This register implements the Shadow RAM func~ 
tion and controls the copying of ROM to RAM, and 
the subsequent execution out of RAM. 

When RaMEN is one, all read accesses are 
directed to the ROM, and all write accesses are 
directed towards the RAM. When it is zero, all 
read accesses are directed to the RAM, and write 

, accesses are directed to the Chan'nel, where they 
are ignored. Physical RAM locations EOOOOH­
FFFFFH are always reserved for this purpose. 

To use the Shadow RAM, execute the following steps: 

1. Set RaMEN to one. 

2. Read Locations EOOOO - FFFFFH, and write to 
the same locations. This copies the ROM code 
to the RAM. 

3. Set RaMEN to zero. The' code will now ex­
ecute out of RAM. 

DRAM CONTROLLER 

Bit 0 ENPLRPCH' 
o - Enable Parity Checking of DRAM 
1 - DisableParityCheckingof DRAM 

Bit 1 RaMEN 
0- ROM Address Space (EooOO-
F#F;FFH) in DRAM 
1 - ROM Address Space in ROM 

Bit 2 SIX40. 
o -First Meg Split at 640K 

. 1 - First Meg Split at'512K ,', 

Bit3 ENSPLIT 
o -Split Memory Mapped by Split 
Address Register 
1'- Split Memory Disabled 

Bits 4-5 EN01, EN02 
00 - 2 ME! Enabled in Connector 1 
10 - First 1 MB Disabled in Connector 1 
01 - 1 MB Enabled in Connector 1 
11 - Invalid (Memory Disabled in 

Connector 1) 

Bits 6-7 Reserved 

(Power-on Default =11'101011) 

Table 17. ME!mory Encoding Register 1 

NOTE 
Do not perform any ESF operations while 
these three steps are being executed, as 
the. ESF register may be corrupted. 

Table 18 details different memory configurations 
generated .under the combinations of ENSPLlT, 
SIX40. and RaMEN. 

ENSPLIT SIX40 ROMEN CONFIGURATION 

0 0 0 , ROM Disabled. 256 KBat Split Address 

0 0 1 ROM Enabled. 256 KB at Split Address 

0 1 0 ROM Disabled. 384 KB at Split Address 

0 1 1 ROM Enabled. 384 KB at Split Address 

Table 18. ENSPLlT, SIX40, and ROMEN Memory Configurations 
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3.1.2.4Memory Encoding Register 2 OOEOH (R/W) 

The bit encodings of this register on the 80-071 and 
the 80-111 differ, requiring several extra I/O writes 
to make the 80-111 compatible with the 80-071. 

Western Digital implements this 80-111 compatible 
register on the WD6030. Bits 0 - 3 of this register 
define the starting address for the Split Memory 
and should not be set to zero unless ENSPLIT is 
one. The Split Address can be used in conjunction 
with the Split Address Extension Register to map 
the Split Memory anywhere in the 4 Gigabyte 
memory space. The only restriction being that the 
split memory should always be remapped at an 
address that is a multiple of the largest bank size, 
for example, with 1 M x 1 DRAMs, it should be 
remapped at a 4 MByte boundary. Table 19 con­
tains the bit assignments for this register. 

Bit 0 SPA20 Split Address 20 

Bit 1 SPA21 Split Address 21 

Bit 2 SPA22 Split Address 22 

Bit 3 SPA23 Split Address 23 

Bits 4-5 EN11, EN12 
00 - 2 MB Enabled in Connector 2 
10 - First 1 MB Disabled in Connector 2 
01 - 1 MB Enabled in Connector 2 
11 - Invalid (Memory Disabled in 

Connector 2) 

Bits 6-7 1 - Reserved 

(Power-on Default = 11100010) 

Table 19. Memory Encoding Register 2 

The Western Digital implementation of the memory 
encoding registers differs from the IBM implemen­
tation. Bits 4 and 5 of these registers (EN12, 
EN11, EN01, EN02) are only applicable when all 
the banks are populated with 256K x 1 DRAMs, 
the IBM-compatible power-on default. When other 
DRAMs are used, the encodings in Table 20 are 
used. In this table, the "x" in ENx2 and ENx1 
indicates either a zero or a one. 

WD6030 

REGISTER ENx2 ENx1 FUNCTION 

00E1 0 0 Bank 0 Enabled 

1 1 Bank 0 Disabled 

0 1 Reserved 

1 0 Reserved 

OOEO 0 0 Bank 1 Enabled 

1 1 Bank 1 Disabled 

0 1 Reserved 

1 0 Reserved 

Table 20. DRAM Encodings 

3.1.2.5 Split Address Extension Register 
ESF:0183H (R/W) 

This read/write register is a Western Digital enhan­
cements and is accessed through the Extended 
Setup Facility. It is used in combination with the 
Split Address Register to relocate the Split Address 
at any 1 MByte boundary in the 4 Gigabyte 
memory address space of the 80386/80486. Most 
systems will place the split address above the 
Channel adapter memory in the memory map. 
Table 21 contains the bit assignment for this 
register. 

Bit 0 - Split Address Bit 24 

Bit 1 - Split Address Bit 25 

Bit2 - Split Ad.dress Bit 26 

Bit 3 - Split Address Bit 27 

Bit 4 - Split Address Bit 28 

BitS - Split Address Bit 29 

Bit 6 - Split Address Bit 30 

Bit 7 - Split Address Bit 31 

(Power-on Default = 00000000) 

Table 21. Split Address Extension Register 
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3.1.2.6 Bank Enable And Version Number 
Register ESF:0182H (RIW) 

This read/write register is a Western Digital enhan­
cement, and does not exist on the Model 80. It 
disables or enables Memory Banks 2 and 3 and 
provides the version number of the WD6030 
device. Table 22 provides the bit assignment for 
this register. 

Bits 0, 1 EN22, EN21 
00 - Enables Bank 2 
11 - Disables Bank 2 
10 - Reserved 
01 - Reserved 

Bits 2, 3 EN32, EN31 
00 - Enables Bank 3 
11 - Disables Bank 3 
01 - Reserved 
10 - Reserved 

Bits4-7 WD6030 Version Number 

(Power-on Default = xx~x1111) 

The value of 'x' is dependent upon the 
version number of the WD6030. 

Table 22. Bank Enable And Version Number 
Register 

DRAM CONTROLLER 

3.1.2.7 Memory Size Register ESF:0181 H (RIW) 

This read/write register is a Western Digital enhan­
cement that does not exist on the Model 80. It 
indicates the type of DRAM chips being used in the 
memory banks, information that is used internally 
to implement the memory maps. The software 
must initialize these bits appropriately, as outlined 
in Section 3.1.3. Table 23 shows the bit assign­
ment. All the bits are read/write. 

Certain points must be kept in mind when using 
this register. 

o When the system integrator uses different­
sized DRAMs in the memory banks, the 
software programming and the hardware must 
ensure that the larger DRAMs are always 
placed in the lower banks and the smaller 
DRAMs placed in the higher banks. 

o To get the best performance from the system, 
Page Mode DRAMs should be used in Page 
Mode. This mode requires the system to have 
DRAMs of the same size in all the banks. 

Bits 0, 1 - MSIZOO, MSIZ01 Memory Size in Bank 0 
00 - 256K x 1 DRAMs 
10 - 1 M x 1 DRAMs 
11 - 4M x 1 DRAMs 
01 - Reserved 

Bits 2, 3 - MSIZ10, MSIZ11 Memory Size in Bank 1 
00 - 256K x 1 DRAMs 
10 - 1 M x 1 DRAMs 
11 -4M x 1 DRAMs 
01 - Reserved 

Bits 4,5 - MSIZ20, MSIZ21 Memory Size in Bank 2 
00 - 256K x 1 DRAMs 
10 - 1M x 1 DRAMs 
11 - 4M x 1 DRAMs 
01 - Reserved 

Bits 6,7 - MSIZ30, MSIZ31 Memory Size in Bank 3 
00 - 256K x 1 DRAMs 
10- 1M x 1 DRAMs 
11 - 4M x 1 DRAMs 
01 - Reserved 

(Power-on Default = 00000000) 

Table 23. Memory Size Register 
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3.1.2.8 Memory Window Bank 0 Register 
ESF:0184H (R/W) 

This read/write register is a Western Digital enhan­
cement and is accessed through the ESF. It relo­
cates Memory Bank 0 to anywhere up to 64 
M Bytes , the maximum memory supported by the 
board. For 256K x 1, 1 M x 1, and 4M x 1 DRAMs, 
it relocates Memory Bank 0 at a 1 MByte boundary, 
a 4 MByte boundary and a 16 MByte boundary 
respectively, in the processor address space. 

To program any of the Memory Window registers 
correctly, the software must make sure that the 
address re-mapping does not cause any address 
conflicts. This means that it has to account for the 
size of the DRAMs installed in the banks and must 
program the register so that Bank 0 has unique 
addresses. 

Table 24 details the bit assignment for this register. 
Note that only the combination of bits indicated by 
the + in the table needs to be programmed for the 
different DRAM )Sizes. This applies to the other 
memory window registers as well, described in 
Sections 3.1.2.9 - 3.1.2.11. 

256K 1M 4M 

Bit 0 - Address Bit 20 + 

Bit 1 - Address Bit 21 + 

Bit 2 - Address Bit 22 + + 

Bit 3 - Address Bit 23 + + 

Bit 4 - Address Bit 24 + + + 

Bit 5 - Address Bit 25 + + + 

Bits 6,7 - Reserved 

Power-on Default = 00000000 (256K x 1 DRAMs) 

Table 24. Memory Window Bank 0 Register 

WD6030 

3.1.2.9 Memory Window Bank 1 Register 
ESF:0185H (R/W) 

This read/write register is a Western Digital enhan­
cement and is accessed through the ESF. It relo­
cates Memory Bank 1 to anywhere up to 64 
MBytes, the maximum memory supported by the 
board. For 256K x 1, 1 M x 1, and 4M x 1 DRAMs, 
it relocates Memory Bank 1 at a 1 MByte boundary, 
a 4 MByte boundary, and a 16 MByte boundary 
respectively, in the processor address space. 
Table 25 details the bit assignment for this register. 

256K 1M .4M 

Bit 0 - Address Bit 20 + 

Bit 1 - Address Bit 21 + 

Bit 2 - Address Bit 22 + + 

Bit 3 - Address Bit 23 + + 

Bit 4 - Address Bit 24 + + + 

Bit 5 - Address Bit 25 

Bits 6, 7 - Reserved 

Power-on Default = 00000001 (256K x 1 DRAMs) 

Table 25. Memory Window Bank 1 Register 

2.1.2.1 OMemory Window Bank 2 Register 
ESF:0186H (R/W) 

This read/write register is a Western Digital enhan­
cement and is accessed through the ESF. It relo-
cates Memory Bank 2 to anywhere up to 64 _ 
MBytes, the maximum memory supported by the ... 
board. For 256K x1, 1 M x 1, and 4M x 1 DRAMs, 
it relocates Memory Bank 2 at a 1 MByte boundary, 
a 4 MByte boundary, and a 16 MByte boundary 
respectively, in the processor address space. 

Table 26 details the bit assignment for this register. 
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256K 1M 4M 

Bit 0 - Address Bit 20 + 

Bit 1 - Address Bit 21 + 

Bit 2 - Address Bit 22 + + 

Bit 3 - Address Bit. 23 + + 

Bit4 - Address Bit 24 + + + 

Bit 5 - Address Bit 25 + + + 

Bits 6,7 - Reserved 

Power-on Default = 00000010 (256K x 1 DRAMs) 

Table 26. Memory Window Bank 2 Register 

3.1.2.11 Memory Window Bank 3 Register 
ESF:0187H (R/W) 

This read/write register is a Western Digital enhan­
cement, accessed through the ESF. It relocates 
Memory Bank 3 to anywhere up to 64 MBytes, the 
maximum memory supported by the board. For 
256K x 1, 1 M x 1, and 4M x 1 DRAMs, it relocates 
Memory Bank 3 at a 1 MByte boundary, a 4 MByte 
boundary, and a 16 MByte boundary respectively, 
in the processor address space. 

While re-mapping banks, the software should ensure 
that no holes are created in memory and that the 
system board memory always starts at Address 
OOOOOOOOH. Further, all system board memory 
should be placed contiguously in the memory map. 
The only exception is the split addresses, which are 
placed contiguously above the Channel RAM. Table 
27 details the bit assignment for this register. 

256K 1M 4M 

Bit 0 - Address Bit 20 + 

Bit 1 - Address Bit 21 + 

Bit 2 - Address Bit 22 + + 

Bit 3 - Address Bit 23 + + 

Bit 4 - Address Bit 24 + + + 

Bit 5 - Address Bit 25 + + + 

Bits 6, 7 Reserved 

Power-on Default = 00000011 (256K x 1 DRAMs) 

Table 27. Memory Window Bank 3 Register 
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3.1.2.12Memory Configuration Register 
ESF:0180H (RIW) 

This read/write register is a Western Digital ESF 
enhancement. It controls the enabling and disa­
bling of the cache and Page Mode for the DRAMs. 
Table 28 details the bit assignment for this register. 

At power-on, the software must read the Memory 
Size Register and ensure that all the banks have 
DRAMs of the same size before setting Bit 4, 
FRMISS, to zero. When the cache is set for 
Forced Misses at power-up to ensure proper 
cache initialization, read data for the Memory Read 
cycle comes from the DRAM and writes go tethe 
DRAM. The Tag RAM and cache are updated on 
each Read Miss. When the DRAMs are set in 
Forced Row Misses, the DRAMs are not operated 
in Page Mode, and a RAS/CAS precharge is per­
formed for every DRAM cycle. This mode should 
be used if there are no Static Column or Page 
Mode DRAMs being used in the system. 

Bit 0 FMISS Cache Forced Miss 
o -Cache Operating in Normal Mode 
1 - Cache Operating in Forced Misses 

Mode 

Bits 1-3 Reserved 

Bit 4 FRMISS Forced Row Miss 
o -DRAMs Operating in Page Mode 
1 - DRAMs Operating in Normal 

RAS/CAS Mode 

Bits 5-6 Reserved 

Bit 7 RASTMOUT RAS Time-out 
o - 10 microseconds RAS Time-out 

Disabled 
1 - 10 microseconds RAS Time-out 

Enabled 

Power-on Default = 00010001 

Table 28. Memory Configuration Register 

When Bit 7, RASTMOUT, is set, it enables an internal 
timer which monitors the length of the NRAS pulse 
and precharges it every 10 ms. The bit must be set 
for DRAMs requiring the maximum pulse width on 
NRAS to be less than or equal to 10 ms. Do not, 
however, enable Bit 7 for DRAMs that do not require 
it, as this will degrade memory performance. 
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The approximate RAS time-out periods at different 
operating frequencies is tabulated below. 

FREQ. APPROXIMATE RAS TIME-OUT 
PERIOD 

16 MHz 9~ 

20 MHz 9.6~ 

25 MHz 8.96~ 

33 MHz 8.64 Ils 

Western Digital allows memory performance to be 
fine-tuned to the CPU frequency through a series 
of Memory Timing Registers which allow the criti­
cal DRAM parameters in the memory cycle to be 
directly programmed. This enables DRAMs with 
different parameters, including different access 
times, to be used. The memory wait states ob­
tained are a result of this programming and can not 
be explicitly programmed. The system's primary 
(ClK2) and phase clock (ClK) signals provide the 
time granularity for programming. Refer to Section 
3.3, liming Configuration, for further details on 
programming. 

3.1.2.13CAS Pulse Width Register ESF:0188H 
(R/w) 

This read/write register is a Western Digital ESF 
enhancement; Table 29 describes its format. 

Bit 0 programs the CAS pulse width for DRAM 
read cycles when the DRAM being used has a 
CAS access time greater than 35 ns, or when the 
system is using 100 ns DRAMs and is being run at 
a frequency higher than 25 MHz. DRAM write 
cycles cannot be programmed. The programming 
of this bit determines the number of wait states to 
be provided by the WD6030 wait state generator. 

When a Channel master performs a read to sys­
tem board memory, Bit 1 extends the cycle if the 
DRAM being used has a CAS access time greater 
than 35 ns, or when the system is using 100 ns 
DRAMs and is being run at a frequency higher 
than 25 MHz. DRAM write cycles can not be 
programmed. Bit 1 (CPW1) also controls the re­
assertion of CHRDY, as shown in Table 29. Note 
that ClK2 in this table denotes a frequency twice 
that of the processor. Bit 2 allows timing between 
RAS to MUX and MUX to CAS to be controlled by 
sofware. For 33 MHz systems this bit can be 

WD6030 

programmed to one, and the DRAM controller in 
the WD6030 will change MUX after two ClK2s and 
CAS will drop two ClK2s after MUX. Bit 3 CPW 
allows programming of UCHRDY signal. For 
asynchronous extended cycles during Master ac­
cesses, the UCHRDY is removed as CMD falling 
edge. This feature improves system performance 
for Master accesses for 25 and 33 MHz systems. 

Bit 0 CPWO CAS Pulse Width from 
386/486/DMA cycles 
0- CAS Pulse Width = 2CLK (1 WS 

with Page Hit) 
1 - CAS Pulse Width = 3CLK (2 WS 

with Page Hit) 

Bit 1 CPW1 CHRDY Re-assertion for Channel 
Master cycle 
o - UCHRDY released after leading 

edge of CAS 
1 - UCHRDY released after leading 

edge of CLK2 

Bit 2 RAS to MUX to CAS 
o - 1 CLK2 (default) 
1 - 2 CLK2 

Bit 3 o - Sync extended Master cycle 
1 - Async Master cycle 

Bits 4-7 Reserved 

(Power-on Default = 00000111) 

Table 29. CAS Pulse Width Register 

3.1.2.14 RAS Precharge Delay Register 
ESF:0189H (R/w) 

This read/write register is a Western Digital ESF 
enhancement, which permits the RAS precharge 
time to be programmed in ClK2 (twice the proces­
sor frequency) increments to suit the type of 
DRAM being used. The range extends from a 
minimum delay of 2 ClK2s (62.5 ns at 16 MHz) up 
to a maximum of 6 ClK2s (90 ns at 33 MHz). 
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Bits 2-0 PREC (2:0) RAS Precharge 
000 - 2 CLK2s 
001 - 3 CLK2s 
010 - 4 CLK2s 
011 - 5 CLK2s 
100 - 6 CLK2s 
101 - Reserved 
110 - Reserved 
111 - Reserved 

Bits 3-7 Reserved 

(Power-on Default = 00000100) 

Table 30. RAS Precharge Delay Register 

3.1.2.15 RAS Pulse Width Register 
ESF:018AH (RIW) 

This read/write register is a Western Digital ESF 
enhancement, which permits the RAS pulse width 
to be programmed and tailored to the DRAM. The 
pulse width obtained in actual operation is equal to 
or greater than the programmed value. It can 
range from 3 CLK2s (93.75 ns at 16 MHz) to 7 
CLK2s (105 ns at 33 MHz). 

Bits 2:0 RPW (2:0) RAS Pulse. Width 
000 - 3CLK2 
001 - 4CLK2 
010 - 5CLK2 
011 - 6CLK2 
100 -7CLK2 
101 - Reserved 
110 - Reserved 
111 - Reserved 

Bits 3-7 Reserved 

(Power-on Default = 00000100) 

Table 31. RAS Pulse Width Register 
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3.1.2.16 RAS Access Time Register 
ESF:018BH (RIW) 

This read/write register is a Western Digital ESF 
enhancement; it programs the RAS pulse width to 
meet the DRAM RAS access times. The pulse 
widths can range from 4 CLK2s (125 ns at 16 MHz) 
up to a maximum of 9 CLK2s or (135 ns at 33 
MHz). Actual pulse widths will be equal to or 
greater than the value programmed. 

For Memory Configuration Registers ESF:188, 
ESF:189, ESF:18A, and ESF 188 (Sections 
3.1,2.13 - 3.1.2.16), the software must program 
these registers appropriately before accessing 
them if the DRAMs being used have parameters 
that differ from the default values. 

Bits 2:0 ACC (2:0) RAS Pulse Width due to 
access time 

000 - 4 CLK2s 
001 - 5 CLK2s 
010 - 6 CLK2s 
011-7CLK2s 
100 - 8 CLK2s 
101 - 9 CLK2s 
110 - Reserved 
111 - Reserved 

Bits 3-7 Reserved 

(Power-on Default = 00000101) 

Table 32. RAS Access Time Register 

15-34 ADVANCED INFORMATION 9/17/90 



DRAM CONTROLLER 

3.1.2.17 System Configuration Register 
ESF:018FH (R/W) 

This read/write register is a Western Digital ESF 
enhancement that provides configuration data for 
the system. Bit 0 is used to detect the 
presence/absence of an optional numeric 
coprocessor device, Intel's 80387. If it is present, 
the I/O bus cycles with Address Bit 31 (PA31) set 
are directed towards the 80387, and the 80387 
generates a Ready signal. If the coprocessor is 
absent, the Ready signal for those bus cycles is 
generated by the WD6030. 

Bit 1 enables/disables the optional Weitek 3167 or 
compatible coprocessor. When Bit 1 is enabled, 
memory accesses in the range COOOOOOO -
COOOFFFFH are directed to the Weitek coproces­
sor and the coprocessor generates the Ready sig­
nal. When it is disabled, the WD6030 generates 
the Ready signal for those addresses. 

Bits 7 and 6 latch the state of the frequency configura­
tion bits. The software uses this information to deter­
mine the speed at which the system is operating. 

When the system is powered on, the state of the 
UCHMSTR, A20GTX and SWPDIR signals are 
latched into WD6030 internal signals F1, FO and 
COPRES, respectively. 

Bit 0 80387 Present/Absent (RIO) 
o - 80387 Present 
1 - 80387 Absent 

Bit 1 WTKEN Weitek 1167 EnablelDisable 
(R/W) 
o - Module Disabled 
1 - Module Enabled 

Bits 2-5 Reserved 

Bits 6-7 UCHMSTR, A20GTX (RIO) 
00 -16 MHz 
01 - 20 MHz 
11-25MHz 
10-33MHz 

(Power-on Default = xxOOOOOx) 

Table 33. System Configuration Register 

The value of "x" in the power-on default above depends 
on the configuration of the system, and may vary. 

WD6030 

3.1.3 Operating Modes 

The DRAM controller is optimized for Page Mode 
DRAMs. They allow one wait state operation on a 
cache miss if the access was to the same DRAM 
row, thus keeping the cache miss overhead low. 

The first cache miss takes two wait states, but 
subsequent misses only take one wait state, be­
cause of the operation of the CPU and the 
WD6010 in Pipelined Mode. 

Page Mode and ordinary RAS/CAS DRAMs are 
also supported. Note that the Static Column Mode 
should be turned off in the DRAM controller when 
using RAS/CAS DRAMs, or degraded perfor­
mance could result. 

The system requires 100 ns DRAMs. Faster 
DRAMs can be used, but all accesses to the 
DRAMs will still take at least one wait state be­
cause of the use of the cache. 

3.2 MEMORY INITIALIZATION 

The system power-on default configuration follows: 

Q 1 MByte per bank 
Q Banks 0 and 1 enabled; all other banks disabled 
Q Split Address at 000100000H 
Q ROM enabled through Memory Encoding 

Register 1 
Q Split Memory enabled through Memory Encod­

ing Register 1 
Q 640 enabled through Memory Encoding 

Register 1 
Q Page Mode disabled 
Q Cache disabled 
Q 80386 in Protected Mode at power-on __ 

The following steps describe one possible way to 
initialize the system board DRAM in a system 
using a mixture of DRAM sizes. 

1. Determine the first bank in the system, which 
contains Addresses 00000000 - 0007FFFFH. 

To determine the bank, enable Bank n (0, 1, 2 
or 3) and disable the others. Execute a RAM 
test on the first 512K. If the test passes, Bank 
n is the first bank. If it fails, disable that bank, 
and identify it as a failed bank. Repeat the test 
with the next bank, until you find a bank that 
passes the test. If all the banks fail the test, the 
system is non-functional. 
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2. Determine the size of the DRAMs in the first 
bank that passes the RAM test. 

NOTE 
If any portion of a bank is found to be bad, 
that bank can still be used by setting the 
memory size bits to the next lower value. 
For example, if MBytes 8-16 are found to 
be bad with 4M x 1 0 RAMs, set the 
memory size to 1 M x 1, and use that bank 
as a 1 M x 1 bank. 

Enable Bank n (0, 1, 2, or 3), and disable the 
others. Set the Memory Window Bank n 
register to OOOOH,: and set the memory size bits 
for the bank to 256K x 1. 

Do a RAM test on the first MByte. 
FAIL - Bank is bad; disable it 
PASS J, 

Set the memory size bits to 1 M x 1 
FAIL - Bank is bad; disable it 
PASS J, 

Do a RAM test on Mbytes 0-4 
F AIL- DRAMs in this bank are 

4Mx 1 
PASS J, 

Set the memory size bits to 4M x 1 
Do a RAM test on Mbytes 0 - 16 

FAIL - DRAMs are 1M x 1 
PASS - Leave the memory size bits 

at4M xl 

By the end of Step 2, the Memory Size register 
and the Bank Enable bits should have been 
correctly programmed. 

3. Set ROMEN = 1, read Locations OOOEOOOO­
OOOFFFFFH and write to the same addresses. 
This copies the ROM to the physical DRAM. 
Then set ROMEN = o. This directs all read 
accesses to the RAM, which now holds the 
contents of the ROM, and also write-protects 
these RAM locations. The shadow RAM is now 
in operation. 

4. Perform the RAM tests described in Step 2 on 
each of the remaining untested banks to deter­
mine their availability and memory size. If any 
bank is bad or is unpopulated, re-assign the 
addresses through the Memory Window 
registers. 

DRAM CONTROLLER 

At the end ohhis step, the memory size bits for 
all the populated banks should be known. The 
software should now re-assign the addresses 
for the banks using the Memory Window 
registers, and avoiding address conflicts. All 
the addresses should be contiguous, starting at 
OOOOOOOOH. . 

5. If the banks are found to contain DRAMs of dif­
ferent sizes, during address assignment the 
software must ensure that the larger DRAMs are 
always mapped to the lower banks. If the DRAMs 
are of the same size, Page Mode can be tumed 
ON through the Memory Configuration register 
after initializing the cache as described in Section 
4.3. The cache may also be tumed ON at this 
point, using the same register. 

3.3 TIMING CONFIGURATION 

The WD6030 supports DRAMs with different 
timing parameters by reprogramming the Memory 
Timing Registers. To facilitate programming, the 
critical RAM parameters in the memory cycle can 
be directly programmed. These paFameters in­
clude RAS access time (ESF:018B), RAS pulse 
width (ESF:018A), RAS precharge (ESF:0189) 
and CAS pulse width (ESF:0188). Thus, the sys­
tem can be programmed for the best memory per­
formance at different CPU and memory speeds. 

At power-up, the WD6030 defaults to the largest 
value of each parameter so as to accomodate the 
slowest RAMs. The Memory liming Registers must 
then be re-programmed by the BIOS to extract the 
best possible performance from the system .. 

The WD6030 automatically inserts the wait states 
to satisfy all the programmed parameters. The 
wait states in the system can not be explicitly 
programmed. 

:The minimum time granularity for programming is 
the primary clock, CLK2: 15 ns with a 66 MHz 
CLK2 for a system operating at 33 MHz. Note that 
the system always operates at half the clock 
speed. The RAS CAS time is always guaranteed 
to be 2*CLK2. 
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Table 34 shows the programming for a typical 
DRAM. 

NOTE 
This is intended as an example only; sys­
tem designers must complete a full timing 
analysis of the memory cycles for the 
DRAMs used in their particular systems. 

System Operation 25 MHz 
CLK2: Frequency= 50 MHz 

CLK2: Period= 20 ns 
DRAM: 1M x 1 Fast Page Mode DRAM 

TIMING DESCRIPTION 

tRAC RAS Access Time = 1 00 ns 
RAS Access Time Register 01 H. 
(Programmed for 5 CLK2s) 

tRAS RAS Pulse Width = 100 ns (min) 100,000 
ns (max) 
RAS Pulse Width Register 02H. 
(Programmed for 5 CLK2s) 

tRP RAS Precharge = 80 ns 
RAS Precharge Delay Register 02H. 
(Programmed for 4 CLK2s) 

tCAC Access Time from CAS = 25 ns 
CAS Pulse Width Register, Bit 0 = O. 
Programmed for CAS pulse width of 4 
CLK2s = 80 ns, which ensures that a 
pipelined one-wait state operation to the 
DRAM can complete. 
CAS Pulse Width Register, Bit 0 = 1. 
CHRDY re-asserted from the leading 
edge of CAS for Master cycles. 

tRCD RAS to CAS Delay Time = 25 ns (min), 75 
ns (max) 
RAS to CAS Delay = 2 CLK2s = 40 ns 

Table 34. Typical DRAM Program Parameters 
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4.0 CACHE CONTROLLER 

The cache is organized in sets. Each set contains 
one or more lines, a line being the basic unit of 
data transfer between the cache and the DRAM. 
The cache controller in the WD6030 implements a 
direct-mapped, write-through cache for the 
80386/80486 with a line-size of four bytes, that 
executes 80386 bus cycles, DMA, and Channel 
master bus cycles. Each set in an WD6030-based 
system contains one line. 

The cache subsystem delivers high performance by 
ensuring zero wait state cache read-hits, and a low, 
one wait state miss overhead. Zero wait state access 
is achieved on a cache read-hit, and cache misses 
are supported by the page mode DRAMs which 
provide fast, one wait state access for a page hit. 

4.1 CACHE ORGANIZATION 

The WD6030 implements the cache controller on 
the chip, but the Tag subsystem is implemented 
externally to ensure more flexibility in design. The 
cache controller allows the system designer to 
determine the amount of DRAM to be cached and 
the size of the cache according to the cost and 
performance requirements. A typical cache system 
uses 64 KBytes of cache, caching 16 MB of DRAM. 

To build a direct-mapped cache, the processor 
addresses are organized in the following manner: 

BE (0:3) 
They select the bytes in the line for transfer. 
A write-hit causes only the selected bytes 
to be replaced, but a cache update opera­
tion executed after a cache miss will 
replace the entire line. 

CACHE CONTROLLER 

PA(2:N) 
They form the index for the cache and deter­
mine which line is to be transferred to the 
device requesting the transfer. "N" depends 
on the size of the implemented cache. 

PA(N+1:M) . 
They form the tag for the cache. These bits 
are compared to the ones stored· in the 
TagRAM for that particular index. If they 
match bit-for-bit, the requested data lies in the 
cache. "M" depends on the size of the DRAM 
being cached. The table below shows the 
values when 16 Mbytes of DRAM are cached. 

CACHE SIZE TAG INDEX 

32 Kbytes PA(15:23) PA(2:14) 

64 Kbytes PA(16:23) PA(2:15) 

128 Kbytes PA(17:23) PA(2:16) 

256 Kbytes PA(18:23) PA(2:17) 

Table 35 •. Typical Cache Values 

4.2 CACHE POLICY 

The cache policy used in an WD6030-based sys­
tem is described in Table 36. Only the local 
DRAM, that is, the DRAM set by the Memory Win­
dow registers, is cached. All other bus cycles, 
such as 110 cycles or accesses to the Channel, are 
treated as non-cachable areas and are not 
cached. 
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80386/80486 BUS CYCLES 

TYPE CACHE HIT OPERATION 

Read Yes Read from cache 
No Read from DRAM, Update cache 

Write Yes Write to the cache and DRAM 
No Write to the DRAM only 

DMA (WD601 0) CYCLE 

TYPE CACHE HIT OPERATION 

Read Yes Read from cache 
No Read from DRAM 

Write Yes Write to the cache and DRAM 
No Write to the DRAM only 

CHANNEL MASTER BUS CYCLES 
TYPE CACHE HIT OPERATION 

Read X Read from DRAM 

Write Yes Write to Cache and DRAM 
No Write to DRAM 

Table 36. Cache Operation in Different Bus Cycles 

4.3 CACHE INITIALIZATION AND 
DIAGNOSTICS 

At power-up, invalid tags are stored in the TagRAMs. 
These tags in the tag directory must be correctly 
initialized before the cache can be used. To initialize 
the tags, the power-up default for the cache controller 
is Forced Misses Mode. The software reads the 
cache size data (e.g. 64 Kbytes for a 64K cache) 
from the DRAM, and this action updates the cache 
and tags to their correct values. The cache can then 
be programmed in Normal Mode and is ready for use. 

There are several ways to conduct system-level diag­
nostics and verify the correct operation of the cache 
and DRAM in a cache-based system. Examples of 
software DRAM testing and cache testing follow. 

To test the DRAMs, a typical write-read-compare 
operation can be performed on the data. Before 
doing this, ensure that the data always comes from 
the DRAMs, by using the Memory Configuration 
Register to program the cache to Forced Misses 
Mode; this directs all read and write accesses to the 
DRAM. The cache is updated on a read operation, 
but a write operation does not affect the cache. To 
prevent the code executing this diagnostic routine 
from being overwritten in the cache, either make the 

code ROM-based, or ensure that the area being 
tested does not overlap the area where the code 
resides. Then execute the write-read-compare 
operation: 

1. Write a pattern of data. 

2. Read it back and compare it. 

To test the cache, perform another write-read-com­
pare operation, using the following sequence: 

1. Disable the cache by setting it in Forced 
Misses Mode. 

Write Pattern 1: 
DRAM = Pattern 1, Cache = unknown 

Read Pattern 1: 
DRAM = Pattern 1, Cache = Pattern 1 

Write Pattern 2: 
DRAM = Pattern 2, Cache = Pattern 1 

2. Enable the cache by setting it to Normal Mode. 
Read and compare the results. If it is Pattern 
1 , the cache is functioning properly. If it shows 
Pattern 2, it indicates that the Hit/Miss circuitry 
has failed. Any other pattern indicates that 
the cache is bad. 
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4.4 CACHE TIMING 

Table 37 shows the typical speeds for the SRAMs 
required to build the data cache and the TagRAMs 
required for zero wait state operation. 

NOTE 
This is intended as an example only; sys­
tem designers must complete a full timing 
analysis of the memory cycles for the 
SRAMs used in their particular systems. 

TIMING/FREQUENCY 16 MHz 

Processor Address to HIT 57 ns 
generation' 

Data Cache SRAM Access Time 64 ns 
(Address to data) 

20 MHz 25 MHz 

47 ns 38 ns 

45 ns 35 ns 

'The parameters take into account a 6 ns delay to generate A20 externally. 

Table 37. Cache Timing 
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5.0 CHANNEL CONTROLLER 

The Channel Controller in the WD6030 controls 
the CPU and the DMA accesses. to the Micro 
Channel. Accesses by a Channel master to the 
system board DRAM are controlled by the DRAM 
controller in the WD6030. The timing generated by 
the WD6030 are compatible with the IBM Micro 
Channel specifications. Figures 24 through 27 
illustrates typical accesses to the Channel. 

Control is provided for default and extended 
memory or I/O Channel cycles. 8-bit, 16-bit and 
3"2-bit data can be transferred to the Channel. The 
CPU always treats a port as being at least sixteen 
bits wide. Therefore, on an access to an 8-bit port, 
the WD6030 splits a 16-bit cycle into two cycles 
and performs any necessary byte swaps. Though 
the byte-swap is implemented by the WD6022 in 
Data Buffer Mode, the Channel controller provides 
the controls for it. It also controls the word swaps, 
which are necessary when a 16-bit master talks to 
a 32-bit slave. Figures 26 through 29 illustrates 
typical byte-swap cycles. 

WD6030 

The special timings required by the Channel setup 
cycles are also implemented by the Channel con­
troller. The Channel Controller also functions as a 
buffer controller, controlling all data transfers to or 
from the Channel. 

Since the Channel timing remain constant in a 
system, the WD6030 determines the speed of the 
processor and optimizes its Channel bus cycles to 
match Channel specifications. This allows the 
controller to support the 80386 and 80486 proces­
sors at different frequencies: 16, 20, 25, and 33 
MHz. The speed of the processor is determined 
by the state of signals UCHMSTR and A20GTX at 
power-up. Table 38 supplies a frequency table. 

FREQUENCY UCHMSTR A20GTX 

16 MHz 0 0 

20 MHz 0 1 

25 MHz 1 1 

33 MHz 1 0 

Table 38. Frequency Table 
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6.0 EXTENDED SETUP FACILITY (ESF) 

The Extended Setup Facility (ESF) is a Western Digi­
tal enhancement that permits additional functionality 
to be configured on the board. Based on the concept 
of "alternate I/O space", it uses memory space that is 
currently unused on the Model 80 to add more fea­
tures, or to tailor the board to meet specific needs. 
The ESF is flexible and can be reprogrammed to other 
locations if a conflict should arise with future IBM 
enhancements to the Model 80 design. 

The ESF function consists of the ESF Pointer 
Register (EPR) and associated decode logic that 
generates the ESF Data Register Enable (ED RENA) 
output from the WD601 0 to the WD6000. The ESF is 
designed to extend the configuration architecture es­
tablished with POS features. Refer to Figures 13 and 
14 for an overview of the ESF function. ESF supports: 

o System Configuration Registers 
o Memory Map Control Registers 

FUNCTION ESF 
ADDRESS 

Reserved 0- 001FH 
Peripheral Configuration 20H 

Port A, B Control 21,24H 
Port A, B Address (LSB) 22,25H 
Port A, B Addre.ss (MSB) 23,26H 

Reserved 30 - 3FH 
Customer-specified 40 -7FH 

Memory Configuration 0180H 
Memory Size Register 0181H 
Bank Enable Register 0182H 

Split Address Extension 0183H 
Memory Window Bank 0 0184H 
Memory Window Bank 1 0185H 
Memory Window Bank 2 0186H 
Memory Window Bank 3 0187H 

CAS Pulse Width 0188H 
RAS PreCharge Delay 0189H 

RAS Pulse Width 018AH 
RAS Access Time 018BH 

Enhanced Addressing 018CH 
Reserved 018DH 
Reserved 018EH 

System Control Register 018FH 

EXTENDED SETUP FACILITY (ESF) 

o Additional Physical Serial Port 
o Programmable Port Enables A and B 
o EMS Control Registers 
o External DRAM Control Configuration 
o System Board LAN Configuration 
o Customer-specified Enhancements that include: 

System Identification 
System Version 

6.1 ESF ADDRESS MAP 

The lower sixty-four bytes (EARO = OOH - 3FH) of the 
ESF are reserved for Western Digital functions and 
features. The upper sixty-four bytes (40H -7FH) can 
be used by the customer. Refer to Table 39 for 
details. All functions using ESF must include Bit 7 of 
EARO in the decode. This bit must be zero when 
addressing only 128 ESF registers .. To expand the 
ESF to Location 32,768, set EARO Bit 7 toone and 
write the second ESF address byte to EAR1. 

RIW WD6500 
DEVICE 

- -
RIW WD6000 
RIW WD6000 
RIW WD6000 
RIW WD6000 

- -
- -

RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6030 
RIW WD6010 

- -
- -

RIW WD6030 

Table 39. ESF Address Map In A WD6500 System Environment 
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ESF POINTER REGISTER (EPR) 

MEMWR FFFFDh ______ X -------~L---.,_I 
I----~ 

1 00 I_~ 

UNLOCK 

I 

~OR~ 
x-- NO YES--r 

BIOS I 
DEFAULT 
VALUE 

0074h 

0075h 

CMOS 

CHECKSUM 

VALID 

EARO 
co-

'------

co-

'------

EAR1 

I 
CMOS 
RAM 
VALUE 

ADDRESS 

I 

I 

'- ____ 1 

EPR can occupy 
any location on 
a 256 byte page 
boundary. 

Contents of EPR 
is the I/O address 
of the ESF Data 
Register. 

Up to 128 or (32K) 
ESF Registers 

r 
1 

I 
I 

... 1 

"'1 
..0IIII ~ 

'IIQ ,.. 

I 
DATA REG L 

r 
(EDR) 

Figure 13. ECR And ESF Block Diagram 

ADVANCED INFORMATION 9/17/90 15-43 

• 



WD6030 EXTENDED SETUP FACILITY (ESF) 

WD6010 1-------- XI-' 

MEMWFFFFDh 

~ 
I I EPR I ~ 

... 

Is 
;:6 

ESF .IJ-~ 
0(0:7) -

j 
10 I 

I 00 . I I - g 
-~ 

IOR-x 

I IO~ I 11 ADR PARE - 10 

I ESF II I '----

I 
DECODER I 

1 _____ ~SF:10~arereserv~ ____ ~ I 

-----------------1 
I WD6000 
I ESF DECODE I r----------- I 
I I EARO·. I I -

SD(0:7) ECR 
I 

iowOO?r: - EAR1 - - - l I 
SK 

I I 
I IOW0075 

I - I I -

I I -0 .. I 
--

I 
E 

EDR ENA I C I I 
I 

0 

I I I 0 

I I E 
I I R 

I 26 I '-------- I I 
I 

5 I_~_J I 4 
3 I I 2 

1 
I I 20 J 

I 
ESF:20 I 

I 
ESF:21 I 

I 
ESF:22 I 

I ESF:23 I 
I ESF:24 I 

I ESF:25 I 

I ESF:26 I 
I ________________ J 

Figure 14. Extended Set-UP Facility Overview 
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6.2 ESF ACCESS 

ESF space consists of 128 locations expandable 
to 32K, and may be implemented as word-wide or 
byte-wide, at the discretion of the designer. Table 
39 provides an address map of the ESF registers, 
access to which is accomplished through the Ex­
tended Data registers EARO and EAR1 , and a "real 
liD space" window, the Extended Data register 
(EDR). Registers that are not documented in this 
table are reserved and should not be used. For a 
discussion of some ESF registers, see Section 
3.1.2. 

The write-only ESF Pointer Register (EPR), con­
figurable by the software, points to the EDR. It is 
loaded by writing to memory location FFFFDH or 
FFFF, FFFDH, a PROM. The power-on default 
location for the EDR is at liD Address 0700H. 

The following procedure is recommended to 
modify the EPR: 

1. Set Port 0700H to 8DH to disable NMI. 

2. Read System Control Port B at 0061 H, and test 
for a change in the state of Bit 4, Refresh Tog­
gle, to synchronize it with the refresh circuitry. 

3. To unlock the EPR, read EARO at 0074H, nor­
mally a write-only address. 

4. Write the new value into the EPR at FFFFDH. 
This locks the EPR once again. 

5. Enable NMI if required. Note that the EPR is 
locked when written, or on the next refresh 
cycle, whichever occurs first. The value in EPR 
becomes the new 8-bit address of the EDR. 
The EDR can reside at any of 256 locations in 
the 64K liD space of the CPU from 0400H to 
FFOOH. 

WD6030 

To address the ESF liD space, follow these steps: 

1. Write 8DH to Port 0070H to disable NMI. 

2. Write the address value to EARO at 0074H. If 
Expanded ESF is being used, also write the 
value to EAR1. 

3. Issue an liD Read or Write command to the EDR 
address. 

The selected ESF register is determined by decod­
ing the EARO address value. 
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7.0 PERFORMANCE 

7.1 MEMORY PERFORMANCE 

The performance of a system using a cache 
depends on several factors, such as the hit rate, 
the miss overhead, etc. A 64K direct-mapped 
cache typically produces an 85 - 90% hit rate, with 
a 30% improvement in performance over a 2 wait 
state memory design for memory-intensive ap­
plications. In DOS environments, the hit rates can 
exceed 99%. Table 40 shows the performance 
that can be obtained from the memory subsystem. 

NOTE 
The performance figures noted above 
could vary with the software being run. 

CACHE/PAGE MODE 16 MHz 
ENABLE 

CACHE HIT 125 ns (0) 

CACHE MISS AND PAGE HIT, 
PIPELINED 

187.5 (1) 

PERFORMANCE 

7.2 TYPICAL CHANNEL ACCESS 
. PERFORMANCE 

Table 41' shows typical performance obtained on 
80386/80486 or DMA accesses to the Channel. 
The numbers refer to the cycle times. 

Notes 

. 1. For DRAM accesses, the Page Miss perfor­
mance may vary, depending on the timing 
parameters of the 0 RAMs used and the 
programming in the registers for the CAS 
pulse width, RAS precharge delay, RAS 
pulse width and RAS access tim~. 

2. The CAS access time in Page Mode must be 
equal to or better than 35 ns to achieve the 
performance shown in Table 41. 

3. The numbers in parentheses denote the wait 
states. 

As described above, when operating in Pipelined 
Mode, the default Page Mode results in one wait 
state on a cache miss. 

20 MHz 25 MHz 33MHz 

100 ns (0) 80 ns (0) 62.5 nS (0) 

150 ns (1) 120ns(1) 93.75 ns (1) 

Table 40. Typical Performance Of A Memory Subsystem 

CHANNEL BUS CYCLE 16 MHz 20 MHz 25 MHz 33 MHz 

I/O or Memory 321.5 ns 300 ns 280 ns 281.25 ns 
without wait" 

I/O or Memory with wait" 375+ ns 350+ ns 360+ ns 375 + ns 

"The timings shown are for Pipelined Mode. For Non-Pipelined Mode, add an extra wait state. 

Table 41. Channel Bus Cycle 
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7.3 PERFORMANCE FOR OTHER BUS CYCLES 

The wait state controller within the WD6030 
generates the required number of wait states on an 
80386/80486 or DMA bus cycle, by delaying the 
SRDY signal until the cycle is completed. It does not, 
however, respond to accesses to the 80387, as the 
80387 generates its own signal RDYO (READYO), 
nor to memory accesses that result in a cache hit. 

The wait states generated by the controller obey 
the following rules: 

o Local memory accesses that do not generate 
cache hits result in wait states as shown in 
Table 42. 

1/0 CYCLE 16 MHz 

Cycle following pipelined 3WS 
cycle 

Cycle following non-pipelined 4WS 
cycle 

WD6030 

o Accesses to the local 110, including the registers 
on the WD6010 and the WD6030, and the ESF 
registers, but excluding Port 00F1 H, require an 
access time of 100 ns, which results in the wait 
states shown in Table 42. 

o Channel cycles, including Interrupt Acknow­
ledge cycles, are determined by the assertion 
of CHRDYRTN. 

o With Halt or Shutdown cycles, a zero wait state 
operation is completed. 

o When a write operation is carried out to Port 
00F1 H to reset the 80387, 130 wait states are 
inserted. 

20 MHz 25 MHz 33 MHz 

3WS 5WS 7WS 

4WS 6WS 8WS 

Table 42. Typical Performance for Accesses to Local 1/0 
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8.0 TECHNICAL SPECIFICATIONS 

8.1 ABSOtUTEMAXIMUM RATINGS 

The absolute maximum stress ratings for this device are listed below. Note that permanent device damage 
could result from exposing the device to conditions exceeding these ratings. . 

PARAMETER SYMBOL MIN MAX UNITS 

Supply Voltage (Voo-Vss) 0 7 V 

Input Voltage VIABS Vss-0.3 Voo+0.3 V 

Bias on Output Pin VOABS Vss-0.3 Voo+0.3 V 
Storage Temperature Ts -40 125 'c 

8.2 NORMAL OPERATING CONDITIONS 

Exposure of the device to conditions exceeding the recommended normal operating conditions for extended 
periods of time could affect the long-term reliability of the device. 

PARAMETER SYMBOL MIN MAX UNITS 

Power Supply Voltage Voo 4.75 5.25 V 

Ambient Temperature TA 0 70 'c 
Input Voltage VIN -0.3 Voo+0.3 V 

Power Dissipation Pw - 850 mW 

Supply Current 100 - 165 mA 

8.3 DC CHARACTERISTICS (UNDER NORMAL OPERATING CONDITIONS) 

PARAMETER SYMBOL MIN M~X UNITS 

Input Capacitance @ fc = 1 MHz CI - 5 pF 
I/O Capacitance CIO - 10 pF 
Logic High Input Voltage VIH 2.0 - V 

Logic Low Input Voltage VIL - 0.8 V 

Input Leakage ill - ±10 ~ 
Tristate Output Leakage IOL - ±30 ~ 
I/O Pin Leakage IIOL - ±40 ~ 

OUTPUT CCHCS 

Source current @ VOH = 2.4 V IOH - -
I 

mA 

Sink current @ VOL = 0.4 V IOL - 6 mA 

OUTPUTS D(0:7), S(0:1), ADL, CMD, AD, SBHE 

Source current @ VOH = 2.4 V IOH - - mA 

Sink current @ VOL = 0.4 V IOL - 24 mA 

ALL OTHER OUTPUTS 

Source current@ VOH = 2.4 V IOH - - mA 

Sink current @ VOL = 0.4 V IOL - 4 mA 

Note: 
When TEST = 0, all outputs and bidirectional lines are tri-stated. 
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8.4 AC LOAD SPECIFICATIONS 

OUTPUTS SYMBOL MIN MAX UNITS 

CCHC5 CL - 75 pF 
------ --

D(0:7), 5(0:1), ADL, CMD, AO, 5BHE CL - 240 pF 

All other outputs CL - 50 pF 

9.0 TIMING 

PARAM/DESCRIPTION 116 MHz 20 MHz 25 MHz 33 MHz NOTES 
MIN/MAX MIN/MAX MIN/MAX MINIMAX 

CLOCKS 

Operating Frequency 4/16 4/20 4/25 8/33 MHz 

T1 C/CLK2 Period 31.25/125 25/125 20/125 15/62.5 =CLK2 

T2AC/CLK2 High Time 9/- 8/- 7/- 6.25/- @2V 

T2BC/CLK2 High Time 5/- 5/- 4/- 4.51- @Vcc 

T3AC/CLK2 Low Time 9/- 8/- 7/- 6.25/- @2V 

T3BC/CLK2 Low Time 7/- 6/- 4/- 4.5/- @0.8V 

T4C/CLK Period 62.5/250 50/250 40/250 30/125 =CLK 

T5C/CLK High Time 201- 14/- 101- 81-

T6C/CLK Low Time 15/- 12/- 101- 8/-

80386/80486 BUS INTERFACE 

RDY 
T1 B/5etup Time 201- 12.5/- 10.5/- 7.5/ 
T2B/Hold Time 3/- 3/- 3/- 4 

HLDA 
T3B/5etup Time 20/- 20/- 18/- 10 
T4B/Hold Time 3/- 3/- 3/- 4 

PA(2:31), BE(O:3) 
T5B/5etup Time 22/- 181- 19 (PA2:31) 15 

16 (BEO:3) 
T6B/Hold Time 2/- 2/- 4 4 

M/IO, DC, WR, ADS 
T7B/5etup Time 22/- 201- 19 15 III 
T8B/Hoid Time 2/- 2/- 4 4 
-----
NA, BS16, SRDY -- --
T9BNaiid 2/15 2/20 (5RDYL- 2/18 (5RDY) 2/12 (5RDYL-

2.25 (NA, B516) 2/20 (NA, B516) 2/15 (NA, B516) 

WD6030 Register Read 
T10B/D (0:31) Valid 2/50 2/40 2/31 2/31 
T11B/D (0:31) Disable 2/50 2/40 2/22 2/22 

WD6030 Register Write 
T12B/D (0:31) 5etup 301- 301- 30/- 301 
T13B/D (0:31) Hold 30/- 30/- 30/- 19 
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PARAM/DESCRIPTION 16 MHz 20 MHz 25 MHz 33 MHz NOTES 
MINIMAX MINIMAX ~IN/MAX MINIMAX 

CACHE INTERFACE 

HIT 
T11/Setup Time 251- 20/- 15/- 11 
T21/Hoid Time 5/- 5/- SI- S 

MADS, 
HITVALID, C~ 2/24 (MADS, 2/20 (MADS, 2115 (MADS, 
CDEN(0:3). TAGWR, CDIR, CCHCS} CDIR, CCHCS} CDIR, CCHCS} 
TAG DEN, CCHCS 2/20 [HITVALlD, 2/17 [HITVALlD, 2/12 [HITVALlD, 

2/20 CDEN(O:3), CDEN(0:3), CDEN(0:3), 4 
T31Naiid TAGWR, TAGWR, TAGWR, 

TAGDEN] TAGDEN] TAGDEN] 

CCHWR(0:3) 
T41/Assertion 2/20 2/25 2/20 2/15 
T51/De-assertion -/20 -/25 120 115 
T61/Puise Width 1,5CLK/- . 1,5CLKI- 1,5CLKI-

DATA CACHE TIMINGS REQUIRED (EXTERNAL SRAMS) ** 
ADDRESS 
T1 S/Access Time -/64 -/45 -/30 -/20 

OUTPUT HOLD 
T2S/From Address Change 2/- 2/- 2/- 21 

CHIP SELECT 
T3S/Access Time -/64 -/45 -/35 -/20 

WRITE 
T4S/Pusie Width -/1,5CLK -/1.,5CLK -/1.5CLK -/1.5CLK 

ADDRESS 
T5S/Hoid from WRITE -/2 -/2 -/2 -/2 

CACHE·WRITE 
T6S/Data Setup -/CLK-7 -/CLK-7 -/CLK-7 -/CLK-7 
T7S/Data Hold -/0 -/0 -/0 -/0 

TAG RAM TIMINGS REQUIRED (EXTERNAL TAG RAM) *** 
HIT 
T1 T/From Address -/57 -/47 -/38 -/23 

WRITE 
T2T/Puise Width -/CLK2 -/CLK2 -/CLK2 -/CLK2 

DRAM INTERFACE 

RAS, MUX, 2/25 [MDEN(0:3), 2/20 [MDEN(0:3), 2/15 [MDEN(0:3), 
CAS(0:3), DRMWR(0:3), DRMWR(0:3), DRMWR(0:3), DRMWR(0:3), 
MDEN(0:3), MDIR, PARCLK PARCLK] PARCLK 
PARCLK, DRMA(18:19) MDIRL- 2/25 (MDIR) MDIRL-

1 T1DNaiid 2/20 2/20 [RAS, 2/17 [RAS, 2/12 [RAS, 
MUX, CAS(0:3), MUX, CAS(0:3), MUX, CAS(0:3), 

. DRMA(18:19)] DRMA(18:19)] DRMA(18:19)] 
DRMWR(0:3) _ 
T2D/Hoid from CAS 0/- 0/- 0/- 0/-
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PARAM/DESCRIPTION 16 MHz 20 MHz 25 MHz 33 MHz NOTES 
MINIMAX MINIMAX MINIMAX MINIMAX 

CHANNEL CONTROLLER 

CHRDYRTN* 
DS16RTN,DS32RTN 
T1E/Setup 25 25 20 201- 2 
T2E/Hoid 5/- 5/- 5/- 5/- 2 

AO --
T3ENaHd from BE(0:3) -/25 -/35 -/35 -/30 
T4E1Hold from S(0:1) 01- 01- 01- 0 

-- ----
ADL, S(O:1 ), CMD, RDEN, 
RDLE, WREN(O:1, H), --
WRLE, SWPBYT, 2/25 [ADL, 2/20 (ADL,CMD) 
SWPWORD, SWPDIR CMD, S(0:1») 

T5ENaHd 2/20 2/25 2/20 (Rest) 2/15 (Rest) 

CHANNEL MASTER ACCESSING SYSTEM BOARD DRAM 

PA(2:31), _ 
BE(0:3), MIlO, SBHE, 
MADE~0:1), ADL, 
CMD, TR32 
T1 M/Setup to CLK2 15/- 15/- 15/- 15/- 2 
T2M/Hoid from CLK2 2/- 2/- 2/- 21 2 

UCHRDY 
T3M/De-assert from address -/35 -/35 -/35 /35 
T4M/De-assert from S(0:1) 0/30 -/30 -/30 -/30 
T5MNaHd from CLK2 -/15 -/20 -/20 -/20 

MEMDS32 -
T6M/Assert from Addr, MIlO -/25 -/25 -/25 -/25 

RDEN, WREN(0:1, H) 
T7MNaiid from CMD -/20 -/20 -/20 -/20 

READ DATA 
T8M/From UCHRDY -/60 -/60 -/60 -/60 3 

CENTRAL TRANSLATOR 

SWPWORD from 
S(O:1), CMD, TR32, 
DS32RTN, BE(0:3) -/25 -/25 -/25 -/25 
T1XNaHd 

I 
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NOTES *. 
1. These outputs should track each other liIld the 

cache control outputs. 

The SRAMs used shduld have parameters 
equal to or better than thos~ listed in this table. 
The numbers shown are only representative 
numbers· for a typical system; designers 
should do a complete timing analysis for their 
own systems to select the SRAMs. 

2. These inputs can be asynchronous to CLK2. 

3. This is a system level specification. 

4. These outputs should track each other and the 
DRAM controller outputs. 

..* The TagRAMs used, whether built out of dis­
crete components or not, should have 
parameters equal to or better than those listed 
in this table. The numbers shown. are only 
representative numbers for a typical system; 
designers should do a complete timing 
analysis for their own systems to select the 
SRAMs. 

• CHRDYRTN can tolerate a 20 ns setup. 

CLK2 

RDY 

HLDA 

PA(2:31), BE(0:3) 

ADS, MilO, DC, WR 

D(0:1) 
(WD6030 Register Write) 

II II 

I I 
~ ~ 
I I· l' ·1 I 

18 28 

~ .:. ; 

I 38 I 48 

~ .1. 
I· 58 68 I 
I~~--rl--~ 

~7B.r~~ 
; r 128 I 138 I 

Figure 15. 80386/80486 Bus Interface Input Setup And Hold 

It 
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TIMING WD6030 

II II II 

CLK2 1 1 1 1 1 
---

~ : =J 98~ 1 
NA,8S16 

1 

1 1 1 1 

SROY 1 1 1 1 

1 1 \ 1 I 1 

1 
- 98 F -98 I+-- 1 1 1 

1 1 1 1 
0(0:7) 1 1 

: J ( ) (W06030: Registe~) ------J ~ ~ Read) 1 
1108 111B 

I 

Figure 16. 80386/80486 Bus Interface Output Valid Delay 

NOTE: In Pipelined Mode, MADS is only CLK2 wide 

Figure 17. WD6030 Cache Interface Timing 
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ADDRESS 

DATA OUT 

CS 

DATA OUT 

ADDRESS 

CS 

WR 

DATA IN 

DATA OUT 

ADDRESS 

HIT 

ADDRESS 

WR 

=1 X 
15==1 25 

PREVIOUS DATA ~ VALID 

~ 35 " / 

< X VALID >--
-i 551"= 

'X 

45 

'\ 

i-== 65 ----- 75~ 

------~(====~~)---------------------
Figure 18. Data Cache SRAM Timing 

6T-3-r------'X'-----­

~~. ------------~>-

____ ~x~ __________________ ~x~ ____ __ 

~-2T f 

Figure 19. WD6030 TagRAM Timing 
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CHIP SELECTED 
CONTROLLED 
READ 

WRITE 
CYCLE 

Hit Timing 

CS=L 

WR=H 

Tag Update Timing 
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TIMING 

CLK2 

RAS, MUX, CAS(O:3) 
DRMWR(O:3), MDEN(O:3) 
MDIR, PARCLK, DRMA(18:19) 

WD6030 

I 
I I I 

~-+----+-----: ~ r 10, 101~ I 

I I I 
Figure 20. DRAM Interface Output Valid Delay Timing 

CLK2 
---

S(0:1), ADL, CMD, MMCMD 
----

RDEN, RDLE, 

WREN(0:1 ,H), WRLE, 

SWPBYT, SWPWORD, 

SWPDIR 

CHRDYRTN, DSI6RTN, 

DS32RTN 

Figure 21. Channel Controller Timing 

BE(0:3) => 
S(0:1) 

y 

AO )< 
-----0 3E ~ ~4E~ 

I 

I 
I I 
~ ~ 

5E F I I 
I I 
I I 
I I 
I I 
I I 
I I 

16-BIT ACCESS TO 
8-BIT PORT 

Figure 22. Channel Controller: 16-Bit Access to a-Bit Port 
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S(0:1) 't( VALID Y 
PA(2:31) 

: ~ VALID X MOO, MADE24 

CMD I I ~ ;f 
I 

BE(0:3) I 3M~ X I VALID X I 
I I I' 

I 4M 

~ I I UCHRDY I 
I I I 

MEMDS32 

L6M~ I / I 
I I I 

Ip= J( RDEN,WREN(0:1,H) 

-, 7M 

I :7M 

D(0:31) (READ) < )-I ~L i I 8M 

D(0:31) (WRITE) 1 ) 
I 

Figure 23. Channel Master Accesses to System Board DRAM 

UCHMSTR= 1 

S(0:1) \~------------~y 
TR32 X ~ __________________ ~X~ ______________ _ 
BE(0:3) ____________ ~x~ ________ ~x~ ____________ _ 
DS32RTN \'--------'/ 
CMD 

SWPWORD 

Figure 24. Central Translator Function 

15-56 ADVANCED INFORMATION 9/17/90 



TIMING 

80387 SOFT 
RESET 

HALT/SHUTDOWN 

CYCLE 

WD6010, WD6030 
REGISTER ACCESS 

-2 WAIT STATES 

ILLUSTRATED 

ClK2 

ClK 

ADS 

PA(2:31) 

RDY 

S(0:1) 

ADL 

CMD 

CHRDYRTN 

DS16RTN, DS32RTN 

SRDY 

RDEN 

WREN(0:1,H) 

WRLE 

NA 

BS16 

CLK2 

CLK 

SRDY tDS 

RES387 

SRDY 
{

DS 

ADDR, BE(0:3) 
CONTROL 

rDS 

~RDY 

T1 

Figure 25. Miscellaneous Cycles 

T1P I T2 I T2 I T2P I T2P T2P 

(\A(\A'V'u'V'u(\A(\A(\A'V'u'V'u'V'u(\Af\A(V\ 
-rv-rv-\J \J rv-rv-rv-\J \J \J rv-~-iv-
I----1\--1 L-V ;--

r---IX X 

~V ~ J~ 

~V ~l 
;--

\ I 
x 

W~1 L-V W~1 !L-~ 
'( R~O IY '( R~O Y 

W~O R~1 
~ 

~ r R=1 W~O 

A\~ 
~1 

~O ~ .~ 

'( Y ~ 

'( 

~ DEFAULT EXTENDED -------t 

CYCLE CYCLE 

Figure 26. Channel Accesses 16 MHz Back-to-Back Cycles 
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In T2 T2 T2 T2 T2 T2P I T1P T2 T2 T2 T2 I T2P I T2P I TaP 

coo l'V\I'V\~I(V'v:'V\~I'V\I'V\I'V\I(V'vI'V\I'\!VII'VVV'v vv'j'v\, 
ClK \.J \.J IL-r IL-r ~ ~ \.J \.J \.J IL-r \.J \..J V ~ \.J ~ 
ADS \.......... "-- V--
PA(2:31) ·X 

- ,-
ROY '-----' '--

S(0:1) 

AOt: 1"-- 1'----
CMD 

1,.-
CHRDYATN 

--DS16RTN, X X 
DS3iRTN 

~ 

SRDv' '--

ADEN 

WREN(O:l,H) 

- [(---) r-
WRLE 

NA 

-
SS1. 

• DEFAULT CYCLE EXTENDED CYCLE • 
Figure 27. Channel Accesses 20 MHz Back-to-Back Cycles 

In 1'2 1'2 T2 T2 1'2 1'2 11'2 T2P np T2 T2 I T2 T2 1'2 1'2P T2P 12P T2P 

coo 
l'\/\,I'\/\,:'\/\,0.A~I'V\I('\A~I'V\I(V\I(\I\i,V\., IV\., IV\., 1V\.,1V\.,1(V'v1i\,A IV\I(\./'v 

CLK \.J IL-r V IL-r \.J \.J ~ \.J \.J \.J \.J IL-r \..J \.J \J \J V V \J ~ 
-

1'---' Ir-ADS '--

PA(2:31) 

r---
1'---ROY '--

-
S(0:1) 

ADl 

- '-- J 1"-----f.J 
CMD r--
CHRDVRTN 

--
~N, 
OS32RTN 

r--
SRDY 1'-- 1'---
ADEN 

WREN(O:1,H) 

WFU:E Ir--'I l<""J. 
NA 

-
SS'. 

DEFAULT CYCLE II III EXTENDED CYCLE 

Figure 28. Channel Access 25 MHz Back-to-Back Cycles 
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T1 I T2 I T2 I T2 I T2 I T2 I T2 I T2 I T2P 

ClK2 ~~~~~rv\f\l\f\Arv\rv\ 
ClK -f\J f\J f\J ~ f\J f\J ~ ~ ~ Lj-

ADS 

PA(2:31) 

RDY 

8(0:1) 

ADl 

CMD 

CHRDYRTN 

DS16RTN, DS32RTN 

SRDY 

RDlE 

ADEN 

WREN(0:1,H) 

WRlE 

8WPBYT 

8WPDIR 

NA 

BS16 

15-60 

I~ V 
X 

~ J ~ J 

y 1\ 
J 

'\ 

A 

~ CYCLE 1 CYCLE 2 

Figure 30. 16 MHz 16-Bit Access To 8-Bit Channel Port 
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ClK2 

ClK 

ADS 

PA(2:31) 

RDY 

S(0:1) 

ADl 

CMD 

CHRDYRTN 

DS16RTN, 

DS32RTN 

SRDY 

ADEN 

WREN(0:1,H) 

WRlE 

NA 

BS16 

RDlE 

SWPBYT 

SWPDIR 

T1 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2 

1\.f\v(\Af\.AV'vf\.Af\.A~(v\,(Vvf\.AVVVV 
\.J V "---f \.J V "---f V V V "---f \.J \.J 
L-

X 

X 

'---V iL-

X D<. 

'{ 

'{ '\ 

A 

\( 

'\ 

• CYCLE 1 CYCLE 2 

Figure 31. 20 MHz 16-Bit Access To 8-Bit Channel Port 
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ClK2 
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WALE 
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Figure 32. 25 MHz 16-Bit Access To 8-Bit Channel Port 
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CLK2 
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PA(2:31) 

RDY 

8(0:1) 

ADL 

eMD 

CHRDVRTN 

DS16RTN, 

DS32RTN 

SRDY 

RDEN 

WALE 
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SWPBYT 
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WD6030 
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Figure 33. 33 MHz 16-Bit Access To 8-Bit Channel Port • 
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10.0 PACKAGE DIMENSIONS 

1.100 :!" .003 ------1 

§ § 
+ , . 

~ ~ 

,----- .950 :' .003 

------ 1.080:: .005 ------1 

OPTION - A-

.025 lYP 

. 0lD :" .002 § 

PACKAGE DIMENSIONS 

Detail of the bumper with the 
lead already cut and formed . 

Lead configuration 
after cut & forming 

~.014MAX 

~.068MIN 
.025MI~11 

--<110- .008/.010 

OPTION - C -

OPTION - B -

Figure 34. 132·Pin JEDEC Flat Pack Packaging Diagram 
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WD75C10IWD76C10IWD76C10LP 

1.0 INTRODUCTION 

1.1 DOCUMENT SCOPE 

1.2 FEATURES . . . . 

1.3 GENERAL DESCRIPTION 

1.3.1 WD75C10 . 

1.3.2 WD76C 10 . 

1.3.3 WD76C1 OLP 

2.0 ARCHITECTURE 

TABLE OF CONTENTS 

2.1 INITIALIZATION AND CLOCKING 

2.2ATBUS .......... . 

2.3 MAIN PROCESSOR CONTROL . 

2.4 NUMERIC PROCESSOR CONTROL 

2.5 DATA BUS 

2.6 MEMORY AND EMS CONTROL . . 

2.7 POWER MANAGEMENT CONTROL 

2.8 REGISTER FILE 

2.8.1 Lock Status Register 

2.8.2 Lock/Unlock Register 

3.0 PIN DESCRIPTION .... 

4.0 INITIALIZATION AND CLOCKING 

4.1 POWER UP RESET . . . . 

4.2 CLOCKING ...... . 

4.2.1 Internal Clock (CLK14) 
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4.2.3 Processor Clock (CPUCLK) . 

4.2.4 CPU Clock (CPUCLK) Control Register 

5.0 AT BUS ............. . 
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5.4 DMA CONTROL 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DOCUMENT SCOPE 

This document describes the function and 
operation of the WD75C10, WD76C10, and 
WD76C10lP System Controller devices. It includes 
the description of external logic necessary for 
efficient use of these devices. In most instances 
the WD75C10, WD76C10, and WD76C10lP 
operate similarly and will be referred to in this 
document as the "System Controller". Where 
there are differences, the devices will be iden­
tified specifically. 

1.2 FEATURES 

Features Common to WD75C10, WD76C10, and 
WD76C10lP 

• Interfaces with 80286 CPU at speeds of up to 
12.5 MHz 

• Non-Page mode, zero wait state access, with 
two-way 100 nsec interleaved memory banks 

• Supports 8 Mbytes of real memory, or up to 8 
Mbytes of EMS 4.0 using 40 EMS multitasking 
registers and fast task switching 

• Supports memory in four banks with 64 Kbit, 
256 Kbit, or 1 Mbit DRAMs 

• 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 EGA BIOS may be mapped into one 
physical PROM 

• Advanced 64K and 128K ROM shadowing 
allows main BIOS and video BIOS shadowing 
along with 320K and 256K remap to extended 
or expanded memory 

• Parity generation and checking 

• low power 1.25 micron CMOS technology 

• 132-pin JEDEC plastic QUAD flat package 

Additional Features Of WD76C10 and 
WD76C10lP 

WD75C10IWD76C10/WD76C10LP 

• Operates at speeds of 16 MHz, 20 MHz, and 
25 MHz 

• Interfaces with 80286, or 80386SX CPUs 

• Maintains controlled propagation delay for 
80386SX reset 

• Page mode zero wait state access at 25 MHz 
with 70 ns DRAM 

• Supports 4 Mbit DRAM, up to 16 Mbyte of real 
memory, or 32 Mbyte of EMS memory 

• Supports low-cost cache memory control for 
any speed 80286 or 80386SX 

Additional Features Of WD76C10lP Only 

• Power control with suspend and resume 

• Processor stop clock 

• CAS before RAS refresh for portable 
applications 

• Automatic processor clock speed switching 

1.3 GENERAL DESCRIPTION 

The WD75C10 is designed for use by low cost AT 
compatible desktop computers using an 80286 
processor at up to 12.5 MHz. The WD76C10 has 
all the capabilities of the WD75C10 plus the ability 
to operate in a high performance desktop AT computer 
using an 80286 or 80386SX processor up to 25 
MHz. The WD76C10lP has the features of the 
WD76C10 and is designed to operate in a high 
performance laptop AT compatible computer using 
an 80286 or 80386SX processor. 

1.3.1 WD75C10 

The WD75C 10 contains a high performance __ 
memory controller with programmable modes I 

of operation. It supports two-way interleaved, 
non-page, zero wait state read and write memory 
control. A maximum of four banks of 64 Kbit, 256 
Kbit, or 1 Mbit DRAM may be controlled, allowing 
up to 8 Mbytes of real or EMS (Expanded Memory 
Specification) memory. Any combination of 
DRAM sizes may be used. 

The eight Mbytes of on-board memory can be 
allocated either to extended or EMS memory in 
128 Kbyte increments. Forty EMS registers 
support EMS 4.0 multitasking. 
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WD75C10/WD76C10/WD76C10LP 

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,wh\ch reduces ground noise and 
electromagnetic interference (EMI). 

1.3.2 WDisC10 

The WD76C10 supports all of the features 
provided by the WD75C10, as well as controlling 
page mode DRAM or static column DRAM with 
page mode operation. The WD76C1 a also controls 
4 Mbit DRAM, allowing up to 16 Mbytes of real 
memory or 32 Mbytes of EMS memory, for a 
maximum of 32 Mbytes of on-board memory. 

EMS access to external RAM or ROM may be 
used to support Kanji or other extended character 
sets. 

An external discrete logic cache controller is 
supported through the use of a, processor ready 
input signal (RDYIN pin 51). If the external cache 
makes a zero wait state cache hit cycle, the 
WD76C10 aborts the DRAM cycle. The 
WD76C10 only makes DRAM accesses on write 
cycles and cache read misses. . 

INTRODUCTION 

The WD76C10 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. 

1.3.3 WD7SC10lP 

In addition to supporting all the features of the 
WD75C10 and WD76C10, the WD76C10lP also 
supports laptop portables. To provide this support, 
the WD76C10lP makes use of Power Manage­
ment Control (PMC) for powering down 
peripherals or the processor, processor stop 
clock, slow clock and auto speed clock modes 
and CAS before RAS refresh. Suspend and 
resume is supported, where 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 1 rnA in this mode. Power and clock speed 
may be controlled by the keyboard processor, 
transparently to the 80286 or 80386SX. 
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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 

• Register File 

Sections 2.1 through 2.8 provide an overview of 
these blocks. They 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 in turn 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 
(286, 287 or 386SX, 387SX) is determined. 

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 ATBUS 

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 Sl[W/R#] signal. The 
WD75C10 only interfaces with an 80286. This 
block also controls whether the CPUClK is to be 
an input or output. While all three devices have 

ARCHITECTURE 

the ability to reduce the processor clock rate, only 
the WD76C 1 OlP has the ability to stop the clock 
to the processor. The WD76C10lP also has the 
ability to power down the processor, at which time 
it tri-states signals CPUClK, READY, HOLD, 
INTRQ, and NMI. 

The WD76C10 and WD76C10lP use RDYIN to 
support an external discrete logic cache controller. 

2.4 NUMERIC PROCESSOR CONTROL 

While all three System Controllers support an 
80287 processor, only the WD76C10 and 
WD76C1 OlP support the 80387SX. 

2.5 DATA BUS 

The Data Bus is a 16 bit (two bytes) bidirectional 
bus that connects to the processors, System 
Controllers, 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 
(for the WD75C10 it is 8 Mbytes of real or 8 
Mbytes of expanded memory). All versions of the 
System Controller supports non-page mode two­
way interleaved memory. The WD76C10 and 
WD76C10lP also provide independent two-way 
or four-way interleave page mode access to the 
RAM banks. 

2.7 POWER MANAGEMENT CONTROL 

The Power Management Control (PMC) is internal 
logic which interfaces with external multiplexers 
and latches. Only the WD76C10lP 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 
laptop computers. When in a power down state, 
the WD76C1 OlP tri-states the CPUClK, READY, 
HOLD, INTRQ, and NMI output signals to the 
main processor. 
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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 1872, 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, A 15 through AOO. Within the 
text, when the address is expressed as a three 
digit number, i.e., 092 - ALT A20 GATE and HOT 
RESET, only address bits A09 through AOO are 
used, A 15 through A 10 are ignored. If the address 
is expressed as a four digit number, all 16 address 
bits are used. 

With the exception of the EMS Registers at port 
E072 and E872, all registers located at Ports 
1072 through F872 are locked and inaccessible 
until unlocked by performing an eight bit I/O write 
of DA to the Lock/Unlock Register at Port F073. 
Writing anything other than DA locks the registers. 
The lock/unlock status can be determined by read­
ing the Lock/Unlock Status Register at Port FC72 
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. 

WD75C101WD76C10/WD76C10LP 

2.8.1 Lock Status Register 

Port Address FC72 - Read only 

15 14 13 12 11 I 10 I 09 I 08 

T DMA#2 
CH3 CH2 CH1 CHO 

07 I 06 I 05 I 04 03 02 01 00 

DMA#1 P 
CH3 CH2 CH1 CHO 

Bits 11-03 are particularly usefull in laptop ap­
plications by allowing the suspend/resume 
software to restore correct status to on-board 
devices. 

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. 

a = 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 6.2.5 

Bits 02-00 - Not used, state is ignored 
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2.8.2 Lock/Unlock Register 

Port Address F073 - Write only 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

LlUL 

ARCHITECTURE 

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 I/O port address goes to the AT 
bus rather than the locked register. 
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FIGURE 2-1. WD75C10, WD76C10, AND WD76C10LP BLOCK DIAGRAM 
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WD75C10/WD76C10/WD76C10LP ARCHITECTURE 

PORT REGISTER NAME LOCK/ SECTION ADDRESS UNLOCK 

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 1/0 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 092) DMAPage Registers No 
092 ALT 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 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 8.1 
7872 PMC Output Control 15:8 Yes 8.1 
8072 PMC Timers Yes 8.2 
8872 PMC Inputs 7:0 Yes 8.3 
9072 NMI Status Yes 8.5 
9872 Diagnostic Yes 9.1 
A072 Delay Line Yes 9.2 
B872 DMA Control Shadow Yes 5.4.15 
C072 High Memory Write Protect Boundary Yes 6.2.5 
C872 PMC Interrupt Enables Yes 8.4 
D072 Shadow Register 8.6 
E072 EMS Page Register Pointer No 6.4.2 
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 Yes 2.8.2 

CD See Table 5-4. DMA ControlierlChannel Function Map 
® See Table 5-6. Interrupt Controller Function Map 

TABLE 2·1. REGISTER INDEX 
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PIN DESCRIPTION WD75C10IWD76C10/WD76C10LP 

3.0 PIN 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 36 - LOMEG 
2 - Vcc 37 - MEMW 
3 - RA4/ED4 38 - MEMR 
4 - RA3/ED3 39 -lOW 
5 - Vss 40 -lOR 
6 - RA2/ED2 41 - BHE 
7- -RA1/ED1 42 - NPERR 
8 - RAO/EDO 43 - PEACK [D/C#] 
9 - CASH2 43 - WD75C10 

10 - CASL2 NOT USED 
11 - RAS2 44 - MilO 
12 - CASH3 45 - SO [ADS#] 
13 - CASL3 46 - S1 [W/R#] 
14.- RAS3 47 - READY 
15 - DPH [CS4] 48 - HLDA 
16 - DPL [CS3] 49 - HOLD 
17 - RSTIN 50 - BCLK2 
18 - DROIN 51 - RDYIN [CKA] 
19 -IOCHRDY [PEl 
20- ZEROWS 52 - CPUCLK 
21 - IOCS16 53 - BUSYCPU 
22 - MEMCS16 54 - NMI 
23 - SPKR 55 -INTRO 
24 - SAO 56 - DO 
25 - LA20 57 - D1 
26 - MASTER 58 - D2 
27 - ALE 59 - D3 
28 - AEN 60 - D4 
29 - SDEN 61 - D5 
30 - SDT/A 62 - D6 
31 - Vcc 63 - D7 
32 - REFRESH 64 - D8 
33 - Vss 65 - D9 
34 - EPEREO 66 - D10 
35 - NPRST 67 - Vss 

PIN- NAME 

68 - D11 
69 - Vcc 
70 - D12 
71 - D13 
72 - D14 
73 - D15 
74 - DT/A 
75 - DEN1 
76 - DE NO 
77 - SYSCLK 
78 - CPURES 
79 - BALE 
80 - A23 
81 - A22 
82 - A21 
83 -lOCK 
84 - CLK14 
85 - NPBUSY 
86 - AO [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 
102 - A9 

TABLE 3-1. PIN ASSIGNMENTS 

PIN- NAME 

103 - AS 
104 - A7 
105 - A6 
106 - A5 
107 - A4 
108 - A3 
109 - A2 
110 - IROSET1 
111 -IROSETO 
112 - MXCTLO 
113 - MXCTL1 
114 - MXCTL2 
115 - CSEN 
116 - DACKEN 
117 - RESERVED-

WD75C10 
117 - PDREF-

WD76C10LP 
118 - PMCIN 
119 - W/A 
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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WD75C10/WD7t$C10/WD76C10LP PIN DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME I/O 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. 

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 
signal. For a 10 MHz bus clock, BCLK2 is 
a 20 or 40 MHz input. 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 14.3 MHz oscillator 
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 I/O Read I/O lOR is an output and asserted by the System 
Controller during processor or DMA access 
to indicate that an I/O read operation is to 
take place on the AT bus. 

lOR is an input during Master Mode. 

39 lOW I/O Write I/O lOW is an output and asserted by the 
System Controller during processor or 
DMA access to indicate that an I/O write 
operation is to take place on the AT bus. 

lOW is an input during Master Mode. 

38 MEMR Memory Read I/O 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. PIN DESCRIPTION 
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PIN DESCRIPTION WD75C1 OIWD76C1 O/WD76C10LP 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

AT BUS (cont.) 

37 MEMW Memory Write I/O MEMW is an output and 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 I/O 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. III 
When in Master Mode, SAO is an input 
and is asserted by the Bus Master to place 
address on AO. 

TABLE 3-2. PIN DESCRIPTION cont. 
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WD75C10/WD76C10/WD76C10LP PIN DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME I/O DESCRIPTION NUMBER 

AT BUS (cont.) 

32 REFRESH Refresh 1/0 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 1/0 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 1/0'Crcle I Initiates a 16 bit 1/0 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 1/0 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, I ROSETO, and 

PMCIN, control the external multiplexer for 
the selection of DROs, DACKs, IROs, 
ROM8, and A20GT. Refer to Table 5-1 
and Figure 5-1. 

113 MXCTL1 Multiplexer 0 
Control 1 

112 MXCTLO Multiplexer 0 
Control 0 

TABLE 3·2. PIN DESCRIPTION cont. 
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PIN DESCRIPTION WD75C10IWD76C10/WD76C10LP 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

AT BUS (cont.) 

18 DROIN Multiplexed DRO I DROIN, along with MXCTL2 - 0, selects 
Inputs one of the DROs or CLOCK_DIR_IN. 

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 IROSETO Interrupt I IROSETO, along with MXCTL2 - 0, selects 
Request one of the following: ROM8, CPU RES, 
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 0 When asserted, DPH, DPL, and RA10-
RA8 are used to generate one of 24 dif-
ferent chip selects. 

74 DT/A" Data Transmit! 0 DT/A" controls the direction of the AT Data 
Receive Bus DOO - D15. 

When DT/A" is high, data is directed to the 
AT Bus. 

When DT/A" is low, data is transferred from 
the AT bus. 

76 DENO Data Bus Enable 0 0 When asserted, DE NO enables the low 
order byte data buffer. 

75 DEN1 Data Bus Enable 1 0 When asserted, DEN1 enables the high 
order byte data buffer. 

29 SDEN Swap Data Enable 0 SDEN enables the data transfer between 
high and low bytes of the AT Bus. 

TABLE 3-2. PIN DESCRIPTION cont. 
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WD75C10lWD76C10IWD76C10LP PIN DESCRIPTION 

PIN 
MNEMONIC : SIGNAL NAME 1/0· DESCRIPTION NUMBER 

AT BUS (cont.) 

30 SDTiA Swap Data Transmit! 0 When SDTIR is high, it directs data from 
Receive the low byte of the AT Bus to the high byte. 

When SDTiA is low, it directs data from 
the high byte of the AT bus to the low byte. 

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 
1072. It is normally selected as an output 
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. 

51 RDYIN/CKAI 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 3872. 

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 CPURES Main Processor 0 CPU RES 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#. 

TABLE 3-2. PIN DESCRIPTION cont. 
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PIN DESCRIPTION WD75C10IWD76C10lWD76C10LP 

PIN 
NUMBER MNEMONIC SIGNAL NAME I/O DESCRIPTION 

46 

4 

43 

44 

48 

53 

80- 82 
88 - 97 

100 
102 -109 
87 
86 

S1 [W/R#] 

PEACK 
[D/C#] 

MilO 

HLDA 

BUSYCPU 

A23 -A21 
A20 - A11 
A10 
A9-A2 
A1 
AO, [BLE#] 

MAIN PROCESSOR CONTROL (cont.) 

Processor Status 1 
[Write Read] 

Bus High Enable 

Processor Extension 
Acknowledge 
[Data/Control] 

Memory or I/O 

Hold Acknowledge 

Processor Busy 

Processor Address 
A23 through AOO, 
Bus Low Enable 

In the 80286 mode pin 46 is S1. 

In the 80386SX mode pin 46 is W/R# 

1/0 As an input, BHE indicates a transfer of 
the high byte on the processor data bus. 

I 

o 

1/0 

BHE is an output during DMA transfers. 

In the 80286 mode pin 43 is PEACK . 

In the 80387SX mode pin 43 is D/C#. 

This pin is not used by the WD75C10. 

Processor Memory cycle or 1/0 Status 
cycle. 

Processor hold acknowledge. 

Numeric Processor Busy (80287 or 
80387SX) signal to CPU (80286 or 
80386SX). 

A23 through A 1 are address lines from the 
80286 or 80386SX. AO is address bit AO 
for the 80286, BLE# for the 80386SX, and 
is controlled by SAO (AT Bus pin 24) 
during Master Mode operations. 

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. 

TABLE 3-2. PIN DESCRIPTION cont. 
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WD75C10/WD76Cl0/WD76C10LP PIN DESCRIPTION 

PIN 
NUMBER MNEMONIC SIGNAL NAME 1/0 DESCRIPTION 

34 

35 

42 

85 

73 -70 
68 

66 - 56 

16 

15 

EPEREO 

NPRST 

NPERR 

NPBUSY 

015-012 
011 
010 - DO 

DPL[CS3] 

DPH [CS4] 

1 26 - 128 RA 1 0/CS2 
RA9/CS1 
RA8/CSO 

130,131 RA7/ED7 
1, 3, 4, RA6/ED6 
6 - 8 RA5/ED5 

16-16 

RA4/ED4 
RA3/ED3 
RA2IED2 
RA1/ED1 
RAO/EDO 

NUMERIC PROCESSOR CONTROL 

Extend PERO 

Numeric Processor 
Reset 

Numeric Processor 
Error 

Numeric Processor 
Busy 

o PERO extend signal to the 80386 for 
IR013 handling. Used only for the 
80386SX. 

o Reset to the numeric processor 80287 or 
80387SX. 

I Error signal from the numeric processpr 
80287 or 80387SX. 

I Busy signal from the numeric processor 
80287 or 80387SX. 

DATA BUS 

Data Bit 15 - Data Bit I/O The Data Bits are connected directly to the 
Local and Numeric processors, DRAM 
data, and AT Bus data transceivers. 

12, Data Bit 11 
Data Bit 1 0 - Data Bit 
o 

Data Parity I/O For DRAM cycles, DPL is the low byte 
parity bit. For I/O cycle, CS3 is bit three of 
the encoded chip select bus. 

Low Byte 
[Chip Select 3} 

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. 

MEMORY AND EMS CONTROL 

DRAM Address Bit 0 The DRAM Address Bus is multi-functional. 
10 through 
DRAM Address Bit 8, During DRAM cycles, RA 10 through RAO 
Chip Select 2 through select the DRAM Rowand Column. 
Chip Select 0 

DRAM Address Bit 
7 through 
DRAM Address Bit 
0, 
EDATA 7 through 0 

I/O During I/O cycles, CS2 through CSO, 
along with CS4 and CS3, are decoded by 
external logic to one of 32 possible Chip 
Selects. ED7 through EDO represents the 
data from such devices as the Keyboard 
Controller on the EDATA bus. 

TABLE 3-2. PIN DESCRIPTION cont. 
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PIN DESCRIPTION WD75C10IWD76C10/WD76C10LP 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

MEMORY AND EMS CONTROL (cont.) 

14, 11, RAS3 Row Address Select 3 0 RAS3 through RASO are designed to ac-
125,122 RAS2 through cess the DRAM without the use of external 

RAS1 Row Address Select 0 drivers. 
RASO 

12,9, CASH3 Column Address 0 CASH3 through CASHO are designed to 
123,120 CASH2 Select High 3 access the DRAM without the use of exter-

CASH1 through nal drivers. 
CASHO Column Address 

Select High 0 

13,10, CASL3 Column Address 0 CASL3. through CASLO are designed to 
124,121 CASL2 Select Low 3 access the DRAM without the use of exter-

CASL1 through nal drivers. 
CASLO Column Address 

Select Low 0 

119 WiR Write/Read 0 WiR is output as a high signal to write to 
memory and output.ils a low signal to read 
from memory. W/R should be buffered 
before use. 

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, Vcc I +5 Volts (4 pins) 
69,101 

TABLE 3-2. PIN DESCRIPTION cont. 
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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 
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 and also resets the AT bus by 
asserting DACKEN and MXCTL2-0 = 100, which 
is decoded externally as DACK4. DACK4 is used 
to drive the bus reset signal. An exterpal RC cir­
cuit 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 81 signal. If S1 is 
asserted, the WD76C10 or WD76C10LP enter the 
80386SX mode. If S1 is de-asserted, it enters the 
80286 mode. The WD75C10 only operates with 
an 80286. 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 14.3 MHz 
oscillator 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. 

4.2.2 System Bus Clock (SVSCLK) 

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 1872. SYSCLK will always be one 
half or one fourth the value of the selected input 
clock (refer to Figure 4-1). 

INITIALIZATION AND CLOCKING 

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 of 40 MHz or higher, 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 7872. The PMC control output 0 tri-states 
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 Port Address 1072 bits 1 or 0, or 
divided down by bits 14, 13 and 12. Only the 
WD76C10LP 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 bits 14, 13 and 12 also 
provide some choices of clock duty cycle. The 
other method is used when the CPUCLK is an 
input and generated by an external oscillator. In 
this case, bits 6, 5 and 4 are 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 
established by the setting of bit 15 at Port Address 
1072. 
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WD75C10/WD76C10/WD76C10LP 

4.2.4 CPU Clock (CPUClK) Control Register 

Port Address 1072 - Read and Write 

15 14 13 12 11 10 09 08 
SRC CLK_SPD AUT_ ALT_CLK_SP 

FST 

07 06 05 04 03 02 01 00 

EXT_HOLD SCH SCHH 

Signal Default 
Name At RSTIN 
SRC ................• 0/1 
CLK_SPD ......... 001 
AUT_FST-t:r .............. 0 
ALT_CLK_SPD 1\" ........... 000 
EXTEND_HOLD . . . . . . . . . . . . 000 
SCH-t:r ................ 0 
SCHH't( ................ 0 

i:I Featured only in the WD76C1 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. 

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. 

SRC is set to 0 and BLCK2 is used as the 
CPUCLK clock source if CKA does not 
change state during this period. 

SRC = 0-
BCK2 is the CPUCLK source. 

SRC = 1 -
CKA is the CPUCLK source. 

Bits 14-12 - ClK_SPO, 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 001 at power up. 
Changing the CPUCLK from an input (000) to 
an output automatically asserts the processor 
reset (CPU RES) and the CPUCLK Driver 
Enable from the PMC latch is forced low, tri-

INITIALIZATION AND CLOCKING . . 

stating the external clock oscillator. One !is 
later, CPUCLK becomes active as an output. 
One ILs 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 because the clock driver cannot 
synchronously switch the clock. The one !is 
and 16 clocks or one ms. selection is made 
through the Diagnostic Register at Port 9872. 

CLK_SPD 
141312 

o 0 0 - CPUCLK pin is an input, 
speed determined by external 
driving source. 

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. 

Bit 11 - AUT_FST, Auto clock speed 
Featured only in the WD76C10lP 

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-speed 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 4-1. 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 SCH or SCHH field is 
programmed to stop the clock. The clock 
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restarts or returns to the faster rate when any 
interrupt occurs. 

Table 4-1 shows the activity that triggers a 
higher clock rate. 

AUTJST = 0-
No Automatic Clock Switching 

AUT_FST = 1 -
Automatic CPUClK Switching. The 
EXT_HOLD field must be 000 when 
AUTJST = 1 

SPEEDUP ACTIVITY TIME PERIOD 

Hard disk interrupt, 1 second 
Hard disk or numeric 
processor 11O, 
SCSI, floppy, port B I/O 

Keyboard interrupt 1 second or 
until next video 
access 

Video access 1 millisecond 

Any NMI or IRQ interrupt, 1 millisecond 
except keyboard or hard disk 

TABLE 4-1. SPEEDUP ACTIVITY 

Bits 10-08 - ALT_ClK_SPD, Alternate clock speed 
Featured only in the WD76C10lP 

AlT_ClK_SPD 
100908 

o 0 0 - CPUClK unchanged from 
ClK_SPD (Default value) 

0 0 1 - Equals source 

0 o - Equals source div by 2 

0 1 - Equals source div by 4, 
25% duty cycle 

0 o -Equals source div by 4, 
75% duty cycle 

0 1 - Equals source div by 8, 
12% duty cycle 

o -Equals source div by 8, 
88% duty cycle 

WD75C10IWD76C10/WD76C10LP 

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 000. 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. 

EXT_HOLD 
07060504 

o 0 0 0 - No hold extension, 
(Default value) 

0 0 

0 0 

0 0 

0 

o 1 - 1 ~s hold after refresh 

1 0 - 2 ~s hold after refresh 

1 1 - 3 ~s hold after refresh 

o 0 - 4 ~s hold after refresh 

t 
o 1 - 13 ~s hold after refresh 

1 0 - 14 ~s hold after refresh 

1 1 - 15 ~s hold after refresh 

Bits 03-02 - Reserved for future use, should be 
set to zero 

Bit 01 - SCH, Stop CPUClK at next Hold 
Featured only in the WD76C1 OlP 

SCH is applicable only for 80286 type 
processors in which the clock may be 
stopped. This option should only be used 
when the clock source is the WD76C10lP 
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, or at the slower rate as 
selected by the Refresh Control Register at 
Port 2072. 

SCH = 0-
Normal processor clock (Default value) 

SCH = 1 -
Stop processor clock at next processor 
hold cycle 
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Bit 00 - SCHH, Stop CPUCLK at next Halt and 
Hold. Featured only in the WD76C10LP 

SCHH 'is applicable only for 80286 type 
processors in which the clock may be 
stopped. This option should only be used 
when the clock source is the WD76C10LP 
instead of an external oscillator. 

INITIALIZATION AND CLOCKING 

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 Ti mer at port address 041, or at the 
slower rate selected by the Refresh Control 
Register at Port 2072. 

SCHH = 0-
Normal processor clock (default value) 

SCHH = 1 -
Stop processor clock at next halt and 
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 
and 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 '1383 to 8 decoder uses MXCTL2-0 
to generate the DACK7-5 and DACK3-0, which 
are applied to the AT bus. The unused combina­
tion 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 8 to 1 multiplexer to develop the DRaiN signal 
received by the System Controller. The MXClT2-
o signals are held stable during DMA transfers. 

Immediately following a System Reset (RSTIN), 
DRaiN 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. 

WD75C10IWD76C10/WD76C10LP 

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. 

DRaiN, IROSET1 and IROSETO are sampled by 
the System Controller at every rising edge of 
SYSClK2. This allows a" DMA ORO and IRa 
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 CPU RES 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 
tri-state buffers. 

The AT Data Bus S015-00 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 WD75C 10 and 
WD76C10, the TURBO signal may be connected 
directly to PMCIN. In the WD76C1 OlP, the exter- ... 
na18:1 MUX is always used. See Figure 5-1. Bits .. 
14 and 13 of port 1872 (Section 5.3) control the 
power down of the processor and peripheral. 
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MXCTL DRQIN DACKEN IRQSETO IRQSET1 PMCIN 
210 

000 
001 
010 
011 
100 

101 
1 1 0 
1 1 1 

DRQO DACKO IRQ8 IRQ12 TURBO 
DRQ1 DACK1 IRQ9 IRQ1 PROC_PWR_GOOD 
DRQ2 DACK2 IRQ10 A20GT LCL_RQ or USER DEF. 
DRQ3 DACK3 IRQ11 IRQ3 USER DEF. 
CLOCK_ BUS_RST ROM8 IRQ4 USER DEF. 
DIR_IN 
DRQ5 DACK5 CPU RES IRQ5 USER DEF. 

·DRQ6 DACK6 JRQ14 IRQ6 USER DEF. 
DRQ? DACK? IRQ15 IRQ? USER DEF. 

TABLE 5-1. MXCTL2 - 0 DECODING 

IROS 0 

_IR....;.;;Q9"'--_-oIl 

::..:1 R=.Q1"-"O'---------of2 

::..:IR=.Q1.:..:.1_----of3 8: 1 1--. _IR_Q_S_ET_O_ 
!..!:RO=M=8'-------of4 MUX 
CPURES 5 

,,-,11'3=Q11.=4'-----.f6 

IRQ1S 7 

MXCTL2" ° 
DRQ~O~_-..raO _l'---J 
DRQ~l!....-_----of 1 

DRQ2 2 

DRQ3 DRQIN ~--""3 8:1 
CLOCK DIR IN 4 MUX 1-----

MXCTL2 " ° DRQ5 5 

IRQ12 o 
!'-'IR=Q.!-l ----.f 1 

,."A2"",OG::o.T!....-----of2 

.:.:..:IR=Q3=---_--013 8: 1 
::...:IR=Q4"'--_-.t4 MUX 

!'-'IR=QS><--_ .... 5 

.:.:..:IR=Q6=---_--01 6 
IRQ? 7 

IRQSET1 

DACKO " 3 

DROB 6 

DRQ? 7 

~ 
MXCTL2 " ° ~ 

~ 

,~~~-T~U-R~B~O ___ -rao-~l 
'\ PROC_PWR GOOD 1 

....::....------, 

-1 LCL_REQ ----012 

-----013 8: 1 t--P_M_C_IN_ 
----014 MUX 

----015 

---.... 6 

MXCTL2 " ° 
3 TO 8 

DECODER 
7 

ENABLE DACKS" ? 

DACKEN 

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 1872 - Read and Write 

15 14 13 12 11 I 10 09 I 08 
NP PRO FPD BUS_MOD BRO_DEL 
BSY PO -

07 106 05 04 03 I 02 01 I 00 
BAK_DEL WSL WSM WSI8 WSM8 

16 16 

Signal Default 
Name At RSTIN 
NP_BSY ................ 0 
PRO PO -{;( .............. 0 
FPD* ................. 0 
BUS MOD .............. 00 
BRO-DEL . . . . . . . . . . .. 00 
BAK-DEL ............... 11 
WSC16 .......... . 0 
WSM 16 ......... 0 
WS18 . . . . . . . . . . . . . . .. 10 
WSM8 . . . . . . . . . . . . . . .. 10 

1:< Featured only in the WD76C10lP 

Bit 15 - NP _BSV, Numeric processor busy 

For systems using an 80286 CPU, the 80287 
numeric processor must have the NPBUSY 
Signal generated earlier to meet the proces­
sor timing specifications when the processor 
runs faster than the bus. Bit 15 is ignored 
when an 80386SX is used. 

NP_BSY = 0-
Forces an early BUSYCPU when the 
co-processor address is F8 through FF 
and lOW (Default value) 

NP_BSY = 1 -
Numeric processor busy 

Bit 14 - PRO_PO, Processor power down 
Featured only in the WD76C1 OlP 

When PRO _PD has been changed from a zero 
to one, a power down sequence for the 80286 
or 80386SX processor will be initiated and the 
expansion bus continues to operate normally. 
The processor should not be powered down if 
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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 WD76C10lP 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 7072 (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 tri-stated. 

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" 
signal. The PPG signal is sampled by bit 01 
of the NMI Status Register at Port Address 
9072. 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 power down 
Featured only in the WD76C1 OlP 

WhenFPD equals one and a halt state oc­
curs, all processor and peripheral outputs ex­
cept the PMC, DRAM controls and RA/ED 
bus are tri-stated and all inputs except RSTIN, 
ClK14 and PMC inputs are ignored. CAS 
before RAS refresh will be performed if 
enabled by Port 2072. All circuitry except the 
PMC and refresh timer logic is stopped. 
PMC output 7 (Full Power Down) from port ..,. 
7072 is set. This enables the powering down .. 
of all chips except DRAM, WD76C10lP, 
WD76C20, WD76C30 and WD90COO. The 
WD76C20 provides PDREF (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 7072 is reset, enabling the power up 
sequence. A CPU RES and RSTIN is asserted 
until the PMCIN 01 "processor power good" 
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at port 9072 input is high. The tri-stated 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 slower 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 synchronous 
wtth the CPUCLK and synchronization delays are 
eliminated. 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 

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. 

. AT BUS 

Bits 09, 08 - BRQ_DEL, Bus request delay 

An asynchronous AT bus state machine 
requires a synchrbnization 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 

An asynchronous AT bus state machine 
requires a synchronization delay at the end 
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. 

BAK_DEL 
0706 

o 0 - No delay 

o 1 - -.5 Bus clock delay 

o - -1 Bus clock delay 

- +.5 Bus clock delay (Default value) 

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 

16-26 ADVANCED INFORMATION 10/3/90 



AT BUS 

Bits 03, 02 - WSIB, Wait state for 8 bit liD 

WSI8 
0302 

0 0 - 2 Bus clock wait state 

0 1 - 3 Bus clock wait state 

0 - 4 Bus clock wait state 
(Default value) 

5 Bus clock wait state 

Bits 01, 00 - WSMB, 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 10 MHz 
16 MHz 8MHz 
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 8MHz 
12.5 MHz 8MHz 
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5.3.2 Numeric Processor Busy (NPBUSY) 
Reset 

Port Address OFO - Write only 

2 1 [0 

Writing any data to this port resets the 80287 
busy signal (de-asserts NPBUSY). 

5.3.3 Numeric Processor Reset (NPRST) 

Port Address OF1 - Write only 

5 [ 4 [ 3 2 1 I 0 

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. 

AT BUS BUS BRQ BAK 
MODE MOD DEL DEL 

ASYNC OX 00 00 
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 10 
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 8237 
equivalent DMA contrQllers. DMA controller·#1 is 
in the I/O address space from 000 to OOF and is 
used for 8-bit transfers. DMA controller #2 is in the 
I/O space from OCO to ODE and is u'sed for 16-bit 
transfers. Channel 0 of DMA controller #2 is used 
to cascade DMA controller #1 . 

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 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. 

5.4.1.1 Demand Mode· 00 

In demand mode, a transfer continues to take 
place until DRO is de-asserted or a TC is 
reached. If the DRO is de-asserted, the bus will 
be released. If DRO is re-asserted, the transfer 
will resume. The address and word count behave 
as in single mode. 

5.4.1.2 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 0000 to FFFF, a ter­
minal 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.rhe DRO 
must be de-asserted and then re-asserted to start 
another transfer. The bus is released between 
transfers. 

AT BUS 

5.4.1.3 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. 

5.4.1.4 Cascade Mode ·11 

Cascade mode is used to cascade OMA controller 
#2 to DMA controller #1 , and for bus master trans­
fers. 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 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 tri-stated when the MASTER signal 
is asserted. 

5.4.2 Transfer Types 

There are three types of transfers: write, read 
and verify. 

Refer to Section 5.4.12 - Mode Register, bits 3 
and 2 for programming. 

5.4.2.1 Verify· 00 

A verify transfer is a pseudo transfer that does not 
generate lOR, lOW, MEMR or MEMW signals. 

5.4.2.2 Write· 01 

A write transfers data from an I/O device to 
memory. 

5.4.2.3 Read· 10 

A read transfers data from memory to an I/O 
device. 

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. 
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5.4.4 Priority 

~ach 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. The DMA controller 
#2 has priority over the DMA controller #1 . 

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. 

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. 
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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 ~-AO (from the refresh counter) are meaningful 
dunng 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 

000 Read/Write 1 Channel 0 Address 
001 Read/Write 1 Channel 0 Word Count 
002 Read/Write 1 Channel 1 Address 
003 Read/Write 1 Channel 1 Word Count 
004 Read/Write 1 Channel 2 Address 
005 Read/Write 1 Channel 2 Word Count 
006 Read/Write 1 Channel 3 Address 
007 Read/Write 1 Channel 3 Word Count 
008 Read 1 S.tatus 
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 
ooF Write 1 Mask All 
OCO Read/Write 2 Channel a Address 
OC2 Read/Write 2 Channel a Word Count 
OC4 Read/Write 2 Channel 1 Address 
OC6 Read/Write 2 Channel 1 Word Count 
OC8 Read/Write 2 Channel 2 Address 
OCA Read/Write 2 Channel 2 Word Count 
OCC Read/Write 2 Channel 3 Address 
aCE Read/Write 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 
OOC Write 2 Clear Mask 
ODE Write 2 Mask All 
B872 Read 1,2 OMA Mode Shadow 

TABLE 5·4. DMA CONTROLLER/CHANNEL FUNCTION MAP 
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5.4.8 Command Register 

Port Addresses 008, aDO - Write only 

7 6 5 4 3 2 1 0 

EX_ RO_ O CO 
WR PRI OIS-

The Command Register is reset by a reset or 
Master Clear Command. 

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 008, aDO - Read only 

7 6 5 4 3 2 
CH3 CH~_ CH1 CHO CH3_ CH2 -
ORe ORO ORO- ORO TC TC 

1 0 
CH1 CHO -
TC TC 

Bits 3-0 are reset by a reset, a Master Clear 
Command, or when read by a Status Read 
Command. 

Bit 7 - CH3_DRQ, Channel 3 DRO active 

Bit 6 - CH2_DRQ, Channel 2 DRO active 

Bit 5 - CH1_DRQ, Channel 1 DRO active 

Bit 4 - CHO_DRQ, Channel a DRO active 

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 
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5.4.10 Request Register 

Port Addresses 009, OD2 - 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 a 
reset or a Master Clear command. 

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 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 TC if the 
channel is not in autoinitialize mode. All the bits 
are set by a reset or a Master Clear function. 

5.4.11.1 Single Mask Register 

Port Addresses OOA, OD4 - Write only 

17 1& 15 14 13 I ~;_I' C~O 1111 
Bits 7-3 - Not used, state is ignored 

Bit 2 - SE_MA, Set Mask 

SE_MA= 0-
Clear Mask 

SE_MA= 1 -
Set Mask 
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Bits 1, 0 - CHI, Channel Number Requested 

CHI 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 OOE, ODC - Write only 

Bits 7-0 - Not used, state is ignored. 

5.4.11.3 Mask All Register 

Port Addresses OOF, ODE - Write only 

7 6 5 4 3 2 

CH3_ CH2_ 
MA MA 

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 OOB, 006 - Write only 

1 

CH1 -
MA 

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 
description of Autoinitialize. 

7 I 6 5 4 3 1 2 
TRA AD AUTO TRA_ 
MOD- DEC TYP 

Bits 7, 6 - TRA_MOD, Transfer mode 

TRA_MOD 
7 6 
o 0 - Demand 

o 1 - Single 

0- Block 

1 - Cascade 

Bit 5 - AD_DEC, Address Decrement 

AD DEC= 0 
- Address is incremented. 

AD DEC = 1 

AT BUS 

1 10 
CHA# 
SEL 

- Address is decremented after each 
DMAcycie. 

Bit 4 - AUTO, Autoinitialize 

AUTO =0 
Autoinitialization is disabled 

AUTO = 1 
Autoinitialization is enabled 

Bits 3, 2 - TRA_TVP, Transfer Type 

TRA_TYP 
3 2 

o 0 - Verify 

o 1 - Write 

1 0 - Read 

1 - Not used 

Bits 1, 0 - CHA#_SEL, Channel Select 

CHA#_SEL 
1 0 

o 0 - Channel 0 

o 1 - Channel 1 

1 0 - Channel 2 

1 - Channel 3 
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5.4.13 Clear Pointer Register 

Port Addresses OOC, 008 - 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 wheh it is set, bits 15-8 are ac­
cessed. The pointer is reset by writing any data to 
the Clear Pointer Register. The data is ignored. 

Bits 7-0 - Not used, state is ignored. 

5.4.14 Master Clear Rgister 

Port Addresses 000, aDA - 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. 

Bits 7-0 - Not used, state is ignored. 
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5.4.15 DMA Mode Shadow Register 

Port Address 8872 - Read only 

15 114 113 112 111 110 109 108 

DMA1 MODE 

07 106 1 05 J 04 103 102 101 1 00 
DMA2 MODE 

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 I/O address OOB (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 006 (see Table 5-4). 
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5.5 SYSTEM CONTROLLER 8259 INTERRUPT 
CONTROLLERS 

The System Controller contains two 8259 
. equivalent interrupt controllers. Interrupt controller 
#1 is in the I/O space of 020 to 021, and interrupt 
controller #2 is in the I/O space of OAO to OA 1. 
Interrupt 2 of interrupt controller #1 is used to cas­
cade interrupt controller #2. 

5.5.1 Interrupt Sequence 

1. When an interrupt arrives from a peripheral 
device, the interrupt may be programmed to be 
level or edge sensitive. In the level mode, the 
interrupts occur as long as the interrupt is kept 
high. In the edge mode, it must go low and 
high for each interrupt. The interrupt sets the 
appropriate bit in the Interrupt Request 
Register (IRR). 

System Interrupt 
Use Interrupt Controller 

0 #1 Level 0 Ilmer 
1 #1 Level 1 Keyboard 
2 #1 Level 2 Cascade 
3-7 #1 Level 3 -7 AT Bus 
8 #2 Level 0 R.T.C. 
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 

AT BUS 

is set to the lowest level, the priority will be 5, 
6,7,0, 1,2,3 andA. 

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 that causes the 
interrupt controller to send a vector to the CPU 
and set the appropriate bit in the Interrupt Ser­
vice Register (ISR) and clear the correspond­
ing 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 in­
hibited unless programmed for special mask 
mode. 

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 

An EOI is issued by software for a specific 
interrupt. 

Non-Specific 

A non-specific EOI is issued by software. The 
hardware generates an EOI for the highest 
level active interrupt. 

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 (Le., allow higher interrupts 
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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. 

5.5.2 Setup - Initialization Command Words 
(ICW) 

The interrupt controllers are setup by writing a 
series of Initialization Command Words (ICW). 
The sequence is started by writing a one to bit 4 
of ICW1. If ICW 4 is to be included in the se­
quence, a one must also be written to bit 0 of the 
ICW1. 

Interrupt Address 
Controller 

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 

WD75C10IWD76C10IWD76C10LP 

5.5.2.1 ICW1 - Initialization Command Word 1 

Port Addresses 020, OAO - 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 
S_S L_T 

Bit 7-5 - Not used, state is ignored 

Bit 4 - S_S, Start Sequence 

S_S Must be set to 1. 

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 

1 0 

N ICW 
C_M 4 

TABLE 5-6. INTERRUPT CONTROLLER FUNCTION MAP 
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Bit 3 - L_T, Level Trigger 

The state of this bit is ignored. Edge triggered 
interrupts are always selected. 

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 

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 , OA 1 - Write only 

7 I 6 15 I 4 I 3 2 1 0 

Interrupt 
Vector 

Bits 7-3 -Interrupt Vector 

Bits 2-0 - Not used, state is ignored 

AT BUS 

5.5.2.3 ICW3 ~ Initialization Command Word 3 

Pori Addresses 021 -Write only 

This address accesses only interrupt Controller 1. 

7 6 5 4 .3 2 
0 0 0 0 0 12 

H_L 

Bits 7·3· Not used, must be set to 0 

Bit 2 - 12 H_L, Interrupt 2 has slave 

12 H_L= 0-

1 0 

0 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 

Port Addresses OA 1 - Write only 

This address accesses only Interrupt Controller 2. 

7 6 5 4 3 2 I 1 10 
0 0 .0 0 0 Slave ID 

Bits 7-3 - Not used, must be set to 0 

Bits 2-0 - Slave 10 
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5.5.2.4 ICW4 - Initialization Command Word 4 

Port Addresses 021 , OA 1 - Write only 

7 6 5 4 3 2 1 

0 0 0 SF 0 0 AUT 
NM EOI 

Bits 7-5 - Not used, must be set to 0 

Bit 4 - SF N M, Special Fully Nested Mode 

SFNM=O-

0 

1 

Special Fully Nested Mode not selected 

SFNM=1-
Special Fully Nested Mode selected 

Bits 3-2 - Not used, must be set to 0 

Bit 1 - AUT_EOI, Auto End Of Interrupt 

AUT_EOI = 0-
Normal EOI 

AUT_EOI = 1 -
Automatic end of interrupt 

Bit 0 - Not used, must be set to 1 

WD75C101WD76C10/WD76C10LP 

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, OA 1 - Write only 

7 6 5 4 

INT INT INT INT 
7_M 6_M 5_M 4_M 

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 

3 2 1 

INT INT INT 
3_M 2_M 1_M 

0 

INT 
O_M 
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5.5.3.2 OCW2 - Operation Control Word 2 

Port Address 020, OAO - Write only 

7 16 15 4 3 2 I 1 10 
EOLCONT 0 0 INT_LEV 

Bits 7-5 - EOLCONT, End Of Interrupt 

EOLCONT 
7 6 5 

0 0 o - Clear Rotate On 
Automatic EOI 

0 0 1 - Non-specific EOI 

0 0- Not used· 

0 1 - Specific EOI 

0 o -Select 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 

INT_LEV 
2 1 0 

o 0 0 - Interrupt Level 0 

t 
1 - Interrupt Level 7 

AT BUS 

5.5.3.3 OCW3 

Port Address 020,.OAO - Write only 

7 6 I 5 4 3 2 1 I 0 
0 SMM 0 1 P_C IRR_ 

ISR 

Bit 7 - Must be set to 0 

Bits 6, 5 - SMM, Special Mask Mode 

SMM 
6 5 

o 0 Not used 

o 1 Not used 

o Reset Special Mask Mode 

. 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 

IRR_ISR 
1 0 

o 0 - Not used 

o 1 - Not used 

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, bit o. The 
counters decrement when counting. The largest 
possible count is O. 

I/O 
Address 

040 
041 
042 
043 

Timer 
Channel 

Use ReadIWrite 

Timer 0 Count/Status Read/Write 
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 or binary. 

0 Time of Day (Interrupt) 
1 Refresh Request 
2 Speaker 

CONTROL WORD (FORMAT 1) -I/O Address 043 

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 043 

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 five 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 FFFF 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 FFFF 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. 

If a new count is written while the counter is 
counting it will be loaded the next time the count = 
o or when GATE goes from low to high. 

AT BUS 

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 = 
o 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 FFFF 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 count­
ing from FFFF 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 

WD75C10IWD76C10IWD76C10LP 

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 092) 
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 

0087 DMA Channel 0 
0083 DMA Channel 1 
0081 DMA Channel 2 
0082 DMA Channel 3 
0088 DMA Channel 5 
0089 DMA Channel 6 
008A DMA Channel 7 
008F 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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Hex 

OOO-OOF 
020-03F 
040-05F 
061-06F (odd) 
070-07E (even) 
071-07F (odd) 
080-09F 
092 
OAO-OBF 
OCO-ODF 



AT BUS 

5.8 NMI AND REAL TIME CLOCK 

5.8.1 Real Time Clock Address Register 

Port Address 070-07E even - Write only 

There is only one RTC Address Register. All even 
number addresses from 070 through 07E access 
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 AO 

Signal 
Name 
D_NMI 

Default 
At RSTIN 

. . . 1 

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, 071-07F. 

071-07F 

Data l 
1...---1 ~ 

070-07E / 

I Address I 

7F 

125 Bytes 
Real 
Time 
Clock 

8 Bytes 
Password 

00 

WD75C1OIWD76C1 OIWD76C10LP 

5.8.2 Real Time Clock Data Register 

Port Address 071-07F odd - Read and Write 

There is only one RTC Data Register. All odd 
number addresses from 071 through 07F access 
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 2872 (refer to Sec­
tion 7.2). 

7 6 5 4 3 2 1 

Real Time Clock Data 

5.8.3 Lock Pass, Alternate A20, And Hot 
Reset 

Port Address 092 - Read and Write 

7 6 

Signal 
Name 

5 4 3 

LOC~r--
PASS 

LOCK_PASS ........ . 
ALT_A20G .... . 
HOT~RST ......... . 

Bit 3 -LOCK_PASS 

2 1 

ALT 
A20( 

Default 
At RSTIN 

. .. 0 
.0 

... 0 

o 

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 
2872 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 ALT _A20G is ORed 
with the external A20GT signal. If either 
ALT_A20G or A20GTis 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 
9872, to automatically change state to match 
that of the Keyboard's A20GATE. In this 
mode, the ALT_A20G signal is used ex­
clusively, and the keyboard A20GATE signal 
is ignored. 

Bit 0 - HOT_RST, Host 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 pul­
ses wide .. 

5.9 PARITY ERROR AND I/O CHANNEL 
CHECK 

Odd numbered port addresses 061 through 06F 
provide access to parity error and I/O channel 
check of the expansion bus. ' 

Port Address 061- 06F odd 
Bits 7-4 - Read only, Bits 3-0 - Read and Write 

7 6 5 4 3 2 1 0 

PE lOCK OUT REF D D ENS TMR 
2 DT laC PE PI( 2G 

Signal Default 
Name At RSTIN 
PE ................... 0 
lOCK ................. 0 
QUT2 ................. NA 
REFDT ...... ' .......... 1 
D . .JOC ................. 0 
D PE ................. 0 
ENSPK ................ 0 
TMR2G ................ 0 

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 

AT BUS 

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 -
I/O channel check from the expansion 
bus is disabled. 

B.it 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 6072, 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 10 through RAO. 
During liD 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 liD 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). 

WD75C101WD76C10/WD76C10LP 

The WiR signal at pin 119 should be buffered 
before use. Write protection is accomplished by 
not asserting CAS to the local DRAM while 
MEMWat 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 
128K to 640K, 256K to 640K, and 512K to 640K. 

The WD76C10 and WD76C10LP provide support 
for DRAM banks to be independent, two-way, or 
four-way page interleaved. DRAM banks that are 
interleaved must be of the same DRAM size. The 
WD75C10, WD76C10 and WD76C10LP support 
non-page mode two-way interleaved memory. 
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6.2 MEMORY CONFIGURATION 

6.2.1 . Memory Control 

Port Address 3872 - Read and Write 

15 14 13 I 12 11 10 09 08 

PG CA PG ILV_ 
CAS 

07 106 05 I 04 03 t 02 01 I 00 
SIZE SIZE SIZE SIZE 
BNK3 BNK2 BNK1 BNKO 

Signal Default 
Name At RSTIN 
PG_CAS* .............. 0 
CA* ................. 0 0 
PG* ................. 0 
ILV ................... 0 0 
SIZE BNK3 * * ........... 0 0 
SIZE-BNK2 * * ........... 0 0 
SIZE:=BNK1 * * ........... 0 0 
SIZE_BNKO * * ........... 0 0 

* Not featured in the WD75C10 * * The WD75C10 does not support 4 Mb DRAM 

Bit 15· PG_CAS, Page mode CAS width 
Not featured in the WD75C1 0 

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. 

Bit 14 • Reserved for future use, should be set to o. 

Bits 13, 12· CA, Cache mode 
Not featured in the WD75C1 0 

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). 

MEMORY AND EMS CONTROL 

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. 

Bit 11· PG, Page mode 
Not featured in the WD75C1 0 

. PG = 0 - Non-page mode (Default value) 
Word interleaving is employed when 
bank interleaving is enabled by I LV. 

PG = 1 - Page mode 
Page mode interleaving is employed 
when bank interleaving is enabled by ILV. 

Bits 10-08· ILV, Interleave 

In non-page mode (PG = 0), word interleav­
ing is used. In Page Mode (PG = 1), page 
mode interleaving is used. Four way inter­
leave is only supported in Page Mode and 
therefore, is not available to the WD75C10. 
Interleave of 64K DRAM is not supported by 
any of the System Controllers. 

DRAM banks must be of the same size when 
they are interleaved together. 
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IlV 10 09 08 

a a a - No interleaving performed. 
a a 1 - Banks a and 1 are interleaved. 

Banks 2 and 3 are not 
interleaved. 
Banks a and 1 must be the 
same size. 

a a - Banks a and 1 are not 
interleaved. 
Banks 2 and 3 are interleaved. 

a 1 - Banks a and 1 are interleaved. 
Banks 2 and 3 are interleaved. 
Each pair must be the same 
size. Banks a and 1 may be 
a different size from Banks 2 
and 3. 

1 a a - Page Mode four way interleave. 

Bits 07,06 - SIZE_BNK3, Size of bank 3 

The WD75C10 does not support 4 Mbit 
DRAM. The WD76C10 and WD76C10lP 
support all DRAM sizes. The DRAM sizes 

, may be mixed. 

SIZE_BNK3 
0706 

a a - 64 Kbit x 16 (Default value) 
a 1 - 256 Kbit x 16 
1 a - 1 Mbit x 16 
1 1 - 4 Mbit x 16 

Bits 05, 04 - SIZE_BNK2, Size of bank 2 

The WD75C10 does not support 4 Mbit 
DRAM. The WD76C10 and WD76C10lP 
support all DRAM sizes. The DRAM sizes 
may be mixed. 

SIZE_BNK2 
0504 

a a - 64 Kbit x 16 (Default value) 
a 1 - 256 Kbit x 16 
1 a - 1 Mbit x 16 
1 1 - 4 Mbit x 16 

WD75C10IWD76C10IWD76C10LP 

Bits 03, 02 - SIZE_BNK1, Size of bank 1 

The WD75C10 does not support 4 Mbit 
DRAM. The WD76C10 and WD76C10lP 
support all DRAM sizes. The DRAM sizes 
may be mixed. 

SIZE_BNK1 
0302 

a a - 64 Kbit x 16 (Default value) 
a 1 - 256 Kbit x 16 
1 a - 1 MbitX16 
1 1 - 4 Mbit x 16 

Bits 01, 00 - SIZE_BNKO, Size of bank a 
The WD75C10 does not support 4 Mbit 
DRAM. The WD76C10 and WD76C10lP 
support all DRAM sizes. The DRAM sizes 
may be mixed. 

SIZE_BNKO 
0100 

a a - 64 Kbit x 16 (Default value) 
a 1 - 256 Kbit x 16 
1 a - 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 4872 - 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 02 101 1 00 
A24 A23 A22 A21.A20 A19 A18 A17 

Bank 0 start address 

Port Address 5072 - 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 

MEMORY AND EMS CONTROL 

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 mo-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. 

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 5872 - Read and Write 

15 14 13 12 11 
1 10 09 1 08 

EN EN EN_ EN DRAM - SPLIT 
BK3 BK2 BK1 BKO DRV SIZE 

07 1 06 1 05 1 04 1 03 1 02 01 1 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 . . . . . . . . . . . . . . 0 0 
SPLIT_SIZE .............. 00 

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 

WD75C10IWD76C10IWD76C10LP 

minimized while still meeting worst case DRAM 
timing. The DRAM RAS, CAS and address 
buffers also automatically compensate 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 OAOOOO through OFFFFF 
to another area. The destination area must 
start on a 512K boundary. If BIOS is to be 
shadowed, the split size must be 320K for a 
64K shadow or 256K for a 128K shadow, and 
the RAM Shadow And Write Protect Register 
(Port 6072) must also be programmed. 

Figure 6-1 illustrates that the memory from 
OAOOOO hex (640K) to 100000 hex (1024K) 
is available for remapping. The remapping 
may start at 100000 hex, providing 384K of 
extended memory, or may start at OFOOOO 
hex to allow BIOS shadowing, with 320K of 
extended memory. Only a single bank may 
be split. The bank to be split must be at least 
512K or larger. 

SPLIT SIZE 

0908 

o 0 - No split (Default value) 
o 1 - 256K split, memory moved from 

OAOOOO to ODFFFF 
o - 320K split, memory moved from 

OAOOOO to OEFFFF 
- 384K split, memory moved from 

OAOOOD to OFFFFF 

Bits 07-02 - A24-A19, Split starting address 

The DRAM address driver strength may be Bits 01, 00 - Not used, state is ignored 
adjusted for capacitive load. When adjusted 
properly, output overshoot and undershoot is 
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16-50 

HEX 
ADDRESS 

1soo:xJ 
14CXXXl 
13FFFF 
12000J 
110000 
10CXXXl 
OFoooo 
OEFFFF 
ODOOOJ 
OCOOOO 
08FFFF 
OAoooo 
09FFFF 
090000 
080CXXJ 

RAM 
RAM 
RAM 
RAM 

BIOS Shadow RAM 
NO RAM 
NO RAM 

BIOS Shadow RAM 
NO RAM 
NO RAM 

- AT SlYLE -
256K Split with 
64K main BIOS shadow 
64K video BIOS shadow 

HEX 
ADDRESS 

RAM 
RAM 

640K 

320K 
moved 

150000 
14CXXXl 
130000 
12000J 
110000 
10000J 
OFOOOJ 
OEFFFF 
ODOOOO 
OCOOOJ 
OBOOOO 
OAOOOO 
09FFFF 
090000 
08000J 

RAM 
RAM 
RAM 

BIOS Shadow RAM 
NO RAM 
NO RAM 
NO RAM 
NO RAM 
NO RAM ~ 

320K SpIlt with 
32K main BIOS shadow 
32K video BIOS shadow 

640K 

HEX 
ADDRESS 

150000 
140000 
13000J RAM 
12000J RAM 
110000 RAM 
10000J RAM 
OFoooo BIOS Shadow RAM 
OEOOOO BIOS Shadow RAM 

ODFFFF NO RAM 
OCOOOJ NO RAM 
OBOOOO NO RAM 
OAOOOO NO RAM 
09FFFF 
090000 
080CXXJ 

- PS/2 SlYLE -
2561< Split with 
64K main BIOS shadow 
64K video BIOS shadow 

HEX 
ADDRESS 

150000 
14CXXXl 
13000J 
120000 
110000 
100000 
OFFFFF 
OEoooo 
ODOOOO 
OCOOOO 
OBOOOO 
OAOOOO 
09FFFF 
090000 
080CXXJ 

RAM 
RAM 
RAM 
RAM 
RAM 
RAM 

NO RAM 
NO RAM 
NO RAM 
NO RAM 
NO RAM 
NO RAM 

3B4K Split wtth 
no shadow 

FIGURE 6-1. SPLIT SIZE 
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6.2.4 RAM Shadow And Write Protect 

Port Address 6072 - Read and Write 

15 114 13 12 11 10 09 1 08 
DIS_MEM HM WP INV PAR_ SHD 

WP- PAR DIS 

07 06 051 04 03 1 02 01 1 00 
0 VB_SIZ ROM_ BL_MOU 

TYP 

Signal Default 
Name At RSTIN 
DIS_MEM ............... 0 0 
HM_WP ................ 0 
WP .................. 0 
INV_PAR ............... 0 
PAR_DIS ............... 0 
SHD .................. 0 0 
Bit 7 .................. 0 
VB_SIZ ................ 0 0 
ROM TYP ................ 0 0 
BL_M-OU ............... 00 

Bit 15, 14 - DIS_MEM, Disable on-board memory 

DIS_MEM 
1514 

o 0 - On-board memory from 128K to 
640K not disabled 
(Default value) 

o - On-board memory from 512K to 
640K disabled 

o - On-board memory from 256K to 
640K disabled 

- On-board memory from 128K to 
640K 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 C072. 

HM_WP = 0-
High memory write protect not enabled 
(Default value) 

HM_WP = 1 -
High memory write protect enabled 

WD75C1OIWD76C1 O/WD76C10LP 

Bit 12 - WP, Shadowed BIOS write protect enable 

WP=O-
Write protect fOJ 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. Setting PAR_DIS over­
rides the port 061 setting and disables parity 
checking. This ability is provided for systems 
without parity RAM. 

PAR_DIS = 0-
Parity checking as selected by port 061 
(Default value) 

PAR_DIS = 1 -
Parity.checking disabled 

Bits 09, 08 - SHD, Shadow BIOS 

RQM at FEOOOO - FFFFFF, the top of 16 MB 
address space is never shadowed. 

Option SHD 11 should be used when video 
and system BIOS combined equal more than 
64K. 

64K of system BIOS at OFOOOO - OFFFFF, 
and up to 64K of video BIOS at OCOOOO -
OCFFFF, may be shadowed. This type of 
shadowing is accomplished by setting SHD = 
10 and then writing the system and video • 
BIOS intoOEOOOO - OFFFFF. When SHD is 
set to 11, the video BIOS appears at OCOOOO 
- OCFFFF rather than OEOOOO - OEFFFF. 

The video shadow size at OCOOOO - OCFFFF 
is determined by VB_SIZ, the video BIOS 
size field. 
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SHD 
0908 

o 0 - No BIOS shadowing, allows 
384K remap (Default value) 

o - 64K system BIOS shadow, 
OFOOOO-OFFFFF, allows 320K 
remap 

1 0 - 128K system BIOS shadow, 
OEOOOO-OFFFFF, allows 256K 
remap 

1 1 - 64K system BIOS shadow, 
OFOOOO-OFFFFF and video BIOS 
shadow, allows 256K remap 

Bits 07 - Reserved for future use, must be set to 0 

Bit 06 - Not used, state is ignored 

Bits 05, 04 - VB_SIZ, Video BIOS size 

VB_SIZ 
0504 

o 0 - 16K video BIOS (Default value) 

o - 32K video BIOS 

o - 48K video BIOS 

1 1 - 64K video BIOS 

Bits 03, 02 - ROM_ TYP, ROM type 

For ROM type 00, CSPROM is asserted 
when the address is OEOOOO - OFFFFF or 
FEOOOO - FFFFFF. 

For ROM type 01 , CSPROM is asserted 
when the address is OFOOOO - OFFFFF or 
FFOOOO - FFFFFF .. 

For ROM type 10, CSPROM is asserted 
when the address is OFOOOO - OFFFFF, 
FFOOOO - FFFFFF or OCOOOO - OCXFFF 
where X is determined by VB_SIZ. This al­
lows either a 128K BIOS, with a 64K system 
BIOS and a 64K video BIOS, or a 64K BIOS, 
with a 32K system BIOS and a 32K video 
BIOS. The 32K video BIOS portion must be 
in the bottom half of the EPROM and is ac­
cessed both at cocoa - CXOOO and FOOOO -
FXOOO. A 64K EPROM needs addresses 
SA15 - SAO. A128K EPROM needs addres­
ses SA 16 - SAO. Neither EPROM needs 
translated addresses. 

CSPROM is CS4 through CSO, decoded as 
the value of 00. 

ROM_TYP 
0302 

MEMORY AND EMS CONTROL 

o 0 - 128K system BIOS, located at 
EOOOO- FFFFF. 

o - 64K system BIOS, located at 
FOOOO - FFFFF (Default value). 

o - 64K or 128K shared BIOS. 
System BIOS located at FOOOO -
FFFFF, video BIOS is located at 
COOOO- CXOOO. 

Bits 01 , 00 - BL_MOU, Back Light Mouse Control 

Enabling the Back Light Mouse Control in­
creases the CPU speed for one second if the 
Autofast is on. The AUT _FST bit is located at 
port 1072 bit 11. 

BL_MOU 
01 00 

o 0 - No mouse control 
(Default value) 

o 1 - INT12 mouse 

o - INT4 mouse 

1 - INT3 mouse 
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6.2.5 High Memory Write Protect Boundary 

Port Address C072 - Read and Write 

12 111 09 108 

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 
A24-A17 ............... 00 

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 6072. This 
provides an additional write protect region for 
disk caching. 

WD75C10IWD76C10IWD76C10LP 

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 4072, the memory timing mode changes 
immediately, so the code that programs this 
register should be in ROM and not shadowed in 
RAM. 

For non-page mode DRAM operations, the row 
address hold time is fixed at one CPUCLK. 
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6.3.1 Non-page Mode DRAM Memory Timing 

Port Address 4072 - Read and Write 

'15 14 113 12 11 1 10 09 1 OB 
NP_MODE NP_ NP_WR_ NP RD 

RAW DEL DEL -

07 06 1 05 04 1 03 1 02 01 1 00 
NP RAS NP_CAS NP_WS 

HLD -

Signal Default 
Name At RSTIN 
NP_MODE .............. 0 0 
NP RAW ............... 0 
NP ::::WR_DEL .. . . . . . 0 0 
NP _RD_DEL ............. 0 0 
NP RAS HLD ............ 0 0 
NP-CAS-................ 0 0 0 
NP::::WS ................ 00 

Bit 15 - Not used, state is ignored 

Bits 14,13 - NP _MODE, Non-page RAS delay 

The start of RAS is normally measured from 
the middle of SO or S1. When operating in 
the 80386SX mode, the WD76C10 and 
WD76C10LP generate the SO and S1 inter­
nally (the WD75C10 operates only with an 
80286). The timing specifications in section 
10 show the relationship of ADS to the inter­
nal SO and S1 when in the 80386SX mode. 

For 12.5 MHz 80286 operation, the RAS can 
be started from the status signals SO and S1. 
This allows interleaved zero wait state opera­
tion from 120 ns. DRAM. 

For 16 MHz 80386SX operation, the RAS can 
be started from the translated 80286 status 
signals. This allows interleaved zero wait state 
operation in pipeline mode from 100 ns. 
DRAM. 

These two types of operation are selected by 
setting NP _MODE = 11. 

For non-page mode operation with an 80286 
at 16 MHz or 80386SX at 20 MHz, 
NP _MODE should be set to 00. 

MEMORY AND EMS CONTROL 

Discrete cache mode is not supported in non­
page mode memory operation. 

See Table 6-1 for more information regarding 
non-page mode operation. 

RAS is delayed until the middle of the first 
command cycle when the non-page mode 
interleave is selected and back-to-back 
memory accesses are made to the same 
bank of DRAM. 

This guarantees a RAS precharge time of 
three CPUCLK clocks. 

NP_MODE 
1413 

o 0 - RAS starts with 0 clock delay 

1 1 - RAS starts from SO or S 1 

Bit 12 - NP _RAW, Non-page disable RAW 

NP_RAW= 0-
Read after write cycles have additional 
wait states. See Table 6-2 for situations 
where wait states are added. 

NP _RAW = 1 -
Read after write cycles do not have ad­
ditional wait states. 

Bits 11, 10 - NP _WR_DEL, Non-page write cycle 
delay 

If RAS has been programmed ~ NP _RAS_DEL 
(bits 14, 13 = 11) to start from SO or S1 active, 
the CAS delay is referenced to the middle of 
SO or S1. 

If the NP _WR_DEL is set to 01 or 10, the write 
CAS pulse width is shortened by .5 clock from 
the value programmed by the NP _CAS field 
(bits 4, 3 and 2). 

NP_WR_DEL 
11 10 

o 0 - 1 CPUCLK (non-page) 

o 1 - 1.5 CPUCLK (non-page) 

o -2.0 CPUCLK (non-page) 

1 1 - 2.5 CPUCLK (non-page) 
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Bits 09,08 - NP _RD_DEL, Non-page read cycle 
delay 

If RAS has been programmed by 
NP _RAS DEL (bits 14,13 = 11) to start from 
SO or S1 active, the CAS delay is referenced 
to the middle of SO or S 1 . 

If the NP _RD_DEL is set to 01 or 10, the 
read CAS pulse width is shortened by .5 
clock from the value programmed by the 
NP _CAS field (bits 4, 3, and 2). 

NP_RD_DEL 
11 10 

o 0 - 1 CPUCLK (non-page) 

o 1 - 1.5 CPUCLK (non-page) 

1 0 - 2.0 CPUCLK (non-page) 

1 1 - 2.5 CPUCLK (non-page) 

Bit 07 - Not used, state is ignored 

Bits 06,05 - NP _RAS_HLD, Non-page CAS to 
RAS hold time 

The CAS to RAS hold time is reduced by half 
a clock if the RAS to CAS delay is 1.5 or 2.5 
clocks. 

For example: 

If NP _RAS_HLD is set for RAS active until 
1.5 clocks after CAS and NP _RD_DEL is set 
for a 2.0 CPUCLK, the CAS to RAS hold time 
is 1.0 CPUCLK. 

If NP RAS HLD is set for RAS active until 
1.5 clocks after CAS and NP _RD_DEL is set 
for 1.5 or 2.5 CPUCLKs, the CAS to RAS 
hold time is reduced to .5 CPUCLKs. 

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 
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Bits 04-02 - NP _CAS, Non-page CAS pulse 
width 

NP_CAS 
040302 

o 0 0 - 1 CPUCLK (non-page) 

o 0 1 - 1.5 CPUCLK (non-page) 

o 1 o -2.0 CPUCLK (non-page) 

o 1 1 - 2.5 CPUCLK (non-page) 

0 o -3.0 CPUCLK (non-page) 

0 1 - 3.5 CPUCLK (non-page) 

1 o -4.0 CPUCLK (non-page) 

1 - 4.5 CPUCLK (non-page) 

Bits 01, 00 - NP _WS, Non-page wait states 

NP WS establishes the minimum duration of 
a DRAM cycle. If a read after write miss 
EMS access or interleave miss cycle occurs, 
an additional wait state is generated. 

The System Controller holds the DRAM data 
until latched by the processor. If CAS ends 
at the command cycle boundary, to prevent 
data bus contention, an additional wait state 
should be programmed by NP _WS. Conten­
tion on the data bus can occur on a write 
cycle immediately following a read cycle, 
when the processor drives the data bus 
before the DRAM can tri-state its outputs. 

NP_WS 
0100 

o 0 - 0 Wait states 

o 1 - 1 Wait states 

1 0 - 2 Wait states 

1 1 - 3 Wait states 
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NON·PAGE PROCESSOR MIN RAS ADDITIONAL WAIT STATES 
MODE SPEED W.S. START RD WR 

00 16-20 MHz 0 Tsm No No Non-EMS, not interleave 
80286, add'i add'i wait, not read after write. 

20-25 MHz 
80386SX Tsm+1 +1 NA Read after write, Non-EMS. 

Tsm+2 +2· +1 EMS or Interleave wait. 

Tsm+4 +3 NA Simultaneous read after write 
and interleave wait. 

11 8-12 MHz 0 By SO No No Non-EMS, not interleave 
80286, S1 add'i add'i wait, not read afte(write. 

16 MHz 
80386SX Tsm+1 +1 NA Read after write, Non-EMS. 

Tsm+2 +2 +1 EMS or Interleave wait. 

Tsm+4 +3 NA Simultaneous read after write 
and interleave wait. 

NOTE: NA = Not Applicable 
Tsm = middle of status cycle, Tsm+ 1 = 1 CPUCLK after Tsm = end of status cycle 
Tsm+2 = 2 CPUCLKs after Tsm, Tsm+4 = 4 CPUCLKs after Tsm. 
Non-Page Mode column represents the NP _MODE setting in Non Page Mode 
Register at port 4072. 

TABLE 6·1. NON·PAGE MODE WAIT STATES 
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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 

80286 Write page hit 
Write page first access * 
Write page miss 
Read page hit 
Read after write page hit 
Read page first access * 
Read page miss 

80286 Write page hit 
With Write page first access * 
Discrete Write page miss 
Cache Read cache hit 

Read cache miss, page hit 
Read cache miss, page first access * 
Read cache miss, page miss 

80386SX Write page hit, pipeline mode 
Write page hit, non-pipeline mode 
Write page first access * 
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 * 
Read page first access * 
Read page miss, pipeline mode 
Read page miss, non-pipeline mode 

80386SX Write page hit 
With Write page first access * 
Discrete Write page miss 
Cache, Read cache hit 
Non-pipe Read cache miss, page hit 

Read cache miss, page first access * 
Read cache miss, page miss 

TABLE 6-2. PAGE MODE WAIT STATES 

* Equal Bank sizes, non-EMS cycle 
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WAIT 
STATES 

0 
1 
2 
0 
1 
2 
3 

0 
1 
3 
0 
1 
2 
4 

0 
1 
1 
2 
3 
0 
1 
1 
3 
3 
4 

0 
1 
3 
0 
1 
2 
4 
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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 64K, 256K, 1 Mb or 4 
Mb SIMM memory modules. 

RAi0 RA9 RA8 RA? RA6 RA5 RM 

64K NON-INTERLEAVE 

ROW A22 A20 Ai8 Ai6 Ai5 Ai4 Ai3 
COL Aii Ai0 A9 A8 A? A6 A5 

MEMORY AND EMS CONTROL 

RA3 RA2 RAi RAO 

Ai2 Aii Ai0 A9 
A4 A3 A2 Ai 

64K 2-WAY INTERLEAVE OR 256K NON-INTERLEAVE 

ROW A22 A20 Ai8 Ai6 Ai5 Ai4 .Ai3 Ai2 A1i Ai0 Ai? 
COL Aii Ai0 A9 A8 A? A6 A5 A4 A3 A2 Ai 

64K 4-WAY, 256K 2-WAY INTERLEAVE OR 1 Mb NON-INTERLEAVE 

ROW A22 A20 Ai8 Ai6 Ai5 Ai4 Ai3 Ai2 Aii Ai9 Ai? 
COL Aii Ai0 A9 A8 A? A6 A5 A4 A3 . A2 Ai 

256K 4-WAY, 1 Mb 2-WAY INTERLEAVE OR 4 Mb NON-INTERLEAVE 

ROW A22 A20 Ai8 Ai6 Ai5 Ai4 Ai3 Ai2 A2i Ai9 Ai? 
COL Aii Ai0 A9 A8 A? A6 A5 A4 A3 A2 Ai 

1 Mb 4-WAY OR 4 Mb 2-WAY INTERLEAVE 

ROW A22 A20 Ai8 Ai6 Ai5 Ai4 Ai3 A23 A2i Ai9 Ai? 
COL Aii Ai0 A9 A8 A? A6 A5 A4 A3 A2 Ai 

4 Mb 4-WAY INTERLEAVE 

ROW A22 A20 Ai8 Ai6 Ai5 Ai4 A24 ,A23 A2i Ai9 Ai? 
COL Aii Ai0 A9 A8 A? A6 . A5 M A3 A2 Ai 

REFRESH ADDRESS 

ROW Ai0 A9 A8 A? A6 A5 A4 A3 A2 Ai AO 

TABLE 6·3. PAGE MODE DRAM ADDRESS MULTIPLEXER CONFIGURATION 
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RA10 RA9 RAB RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 

ROW ALL 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 A22 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 RA9 RA8 RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 

ROW ALL A11 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 4 Mb 

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 6872 - 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 LOC ................ 0 0 
EMS EN ............... 0 0 
EN RES ................ 0 
A23-A17 , ............... 0 

Bit 15 -INC, Increment EMS pointer 

The INC bit controls whether the EMS Pointer 
at port E072 is to be incremented after each 
read or write of the EMS Page Register at 
port E872. 

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 
C4000 (Default value) 

o 1 - Upper page frame starts at 
C8000 

o - Upper page frame starts at 
CCOOO 

- Upper page frame starts at 
DOOOO 

MEMORY AND EMS CONTROL 

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 

o -Enable upper page frame 
assignments 

- Enable upper and lower page 
frame assignments 

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-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 128K below the 
actual start address. For example, to start 
EMS at the 1 Meg boundary, this field should 
be set to 07H (000 0111) binary). 
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6.4.2 EMS Page Register Pointer 

Port Address E072 - Bits 15-06 Read only, 
Bits 05-00 Read and Write 

15 14 13 12 11 10 09 08 

0 0 0 0 0 0 0 0 

07 06 05 104 103 /02 
1 01 1 00 

0 0 POINTER 

Signal Default 
Name At RSTIN 
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 

WD75C10IWD76C10lWD76C10LP 

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 6872, the 
EMS Page Register Pointer is incremented after 
each read or write of the EMS Page Register at 
port E872. Tables 6-6 and 6-7 shows the EMS 
Page Register Pointer value and the page frame 
assignments. 

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 can be individually enabled or disabled by the EN (bit 15) of the EMS 
Page Register. See port E872 description. 

TABLE 6-6. UPPER PAGE FRAME ASSIGNMENTS 
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16-62 

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 are enabled or disabled as a block. If the EMS_EN field of 
port 6872 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 E872 description. ' . 

TABLE 6-7. LOWER PAGE FRAME ASSIGNMENTS 
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6.4.3 EMS Page Register 

Port Address E872 - Bits 14-12 Read only, 
Bits 15, 11-00 Read 
and Write 

15 14 13 12 11 I 10 I 09 I 08 
EN 0 0 0 P11 P10 pg P8 

07 , 06 , 05 \ 04 '03 '02 '01 '00 
P7 P6 P5 P4 P3 P2 P1 PO 

Signal Default 
Name At RSTIN 
EN .................. 0 
P11-POO ................ 0 

There are 40 EMS Page Registers accessible 
through port E872. 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 E072 provides the offset 
location for port E872. 

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 6872. When EMS_EN equals 
11, the EN bit in this register is treated as a 
one. 

EN = 0-
This EMS Page Register is disabled 

EN = 1 -
This EMS Page Register is enabled 

WD75C101WD76C10/WD76C10LP 

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 MB of EMS memory. 
The memory address is generated by reading 
the EMS page number from the System 
Controller and multiplying it by 16K, 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 128K 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 MB, 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 IOREADY to 
make the transfer. 
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7.0 PORT CHIP SELECT AND 
WD76C10 REFRESH CONTROL 

This section describes refresh control logic 
peculiar to the WD76C10lP, 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 2072 - Read and Write 

15 14 13 12 11 10 I 09 08 

M V CBR_ CBR_ SCSI PAR PAR_ 
REF REF REF SR L 

07 106 105 04 03 102 I 01 00 

SER_A SER_ SER_B SER_ 
AL BL 

Signal Default 
Name At RSTIN 
M REF'$:( ............... 0 
V-REF'$:( ............... 0 
CBR_REF'$:( ............. 0 
CBR_SR ............... 0 
SCSI .................. 0 
PAR .... " .............. 00 
PAR_L ................. 0 
SER A ................ 000 
SER-AL ................ 0 
SER-B ................ 000 
SER:=BL ................ 0 

'$:( Featured only in the WD76C10LP 

Bit 15 - M_REF, Memory refresh power down 
mode 
Featured only in the WD76C1 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 1872, and M_REF = 1, 
the on-board D RAM 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 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 1872, 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 OlP 

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 

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 liD port 353X 

Bits 10, 09 - PAR, parallel port chip select 

The parallel port is selected by chip select 
number OF and may be located at liD address 
278 through 27B, 378 through 37F, or 3BC 
through 3BF. 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 liD port 
3BC -3BF 

o - PAR chip select at liD port 
378 - 37F 

- PAR chip select at liD port 
278 - 27F 

Bit 08 - PAR_L, parallel port bus location 

PAR_L= 0-
Parallel port is located on the 
RAO-7/EDO-7 bus. 

PAR_L= 1 -
Parallel port is located on the expansion 
data bus. 

WD75C10IWD76C10IWD76C10LP 

Bits 07, 06, 05 - SER_A, serial port A chip select 

The serial port A is selected by chip select 
number OE and may be located at liD address 
2E8 through 2EF, 2F8 through 2FF, 3E8 
through 3EF or 3F8 through 3FF. 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 liD 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 liD 
port 3F8 - 3FF 

0 o -Serial port A chip select at liD 
port 2F8 - 2FF 

0 1 - Serial port A chip select at liD 
port 3E8 - 3EF 

0 o -Serial port A chip select at liD 
port 2E8 - 2EF 

Bit 04 - SER_AL, serial A port bus location 

SER_AL= 0-
Serial port A is located on the 
RAO-7/EDO-7 bus. 

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 liD address 
2E8 through 2EF, 2F8 through 2FF, 3E8 • 
through 3EF or 3F8 through 3FF. 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 liD 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.·;> ; 
03020.1 

o .0 {}~. Serial pert B chip select 
. disabled (Default value) 

() 0 t~'Serial'pert Ei chip select at I/O 
pert 3F8 - 3Ff 

o 0 - Serial pert B chip select at I/O 
pert 2F8 ~ 2FF' . 

o 1 - Serial pert B chip select at I/O 
pert 3E8 - 3EF 

o 0 - Serial pert B chip select at I/O 
pert 2E8 - 2EF 

Bit 00 • SER_BL, serial B pert bus locatien 

SER_BL= 0-
Serial pert B is located en the 
RAO-7/EDO-7 bus 

SER_BL = 1 -
Serial pert B is lecated en the expansien 
data bus 

7.2 RTC, PVGA, 80287 TIMING, DISK CHIP 
SELECTS . 

Pert Address 2872 - Read and Write 

15 14 13 12 11 10 I 09 I 08 
RTC _:ST FST EN U L_MSK 
L VGA SCSI pcs MSK 

07 06 05 04 03 02 01 00 
PRG HS PIS HS_ LK OS DS 
L HD- 287 PSW HD- FLP 

Signal Default 
Name At RSTIN 
RTC Lff ............... O. 
FST-VGAff .............. 0 
FST-SCSI ............... 0 
EN_PCS ff . . '. . . . . . . . . . . . . 0 
U_MSK ................. 00 
LMSK ................. 00 
PRG_L ................. 0 
HS_HD ....... '.' . ' ....... 000 
PIS' .................. 000 
HS_287 ................ 0 
LK_PSW ................ 0 
DS_HD ................. 0 
DS_FLP ................ 0 

ff Featured only in the WD76C10 AND WD76C10LP 

PORTCHIPSELECT AND WD76C10 REFRESH CONTROL 

Bits 12·threugh 07 and pert lecatien 3072 contro.l 
the use and lecatien ef the Pregrammable Chip 
Select. ' 

Bit 15· RTC_L, Real Time ciock' 

The Real Time Clock is normally on the 
RAO-7/EDO-7 bus but may be placed on the 
expansion data bus. 

RTC L= 0-
-Real Time Clock is on the RAO-7/EDO-7 
bus (Default value). '. 

RTC L= 1 -
. -Real Time Cleck is on the expansion 

data bus. 

Bit 14· FST_VGA, Fast VGAvideo . 

The performance of. Paradise PVGA display 
controllers may be enhanced by terminating 
video access earlier than normal. This fea­
ture should only be used with Western Digital 
Imaging/Paradise PVGA 1 A and PVGA 1 B 
devices. I/O cycles to perts 3CO - 3CF are 
made with one wait state cycles. 

FST~VGA=O-
. Normal PVGA control (Default value) 

FST_VGA = 1 -
Early PVGA wait state generation. 

Bit 13· FST_SCSI, Fast SCSI 

The performance of the WD33C93 is enhanced 
by perfreming eight-bit accesses with one 
wait state rather than four wait states. 

FST ...:,SCSI = 0 -
Feur 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. 

EN_PCS = 0-
Disable programmable chip select. 
(Default value) 

EN_PCS = 1 -
Enable programmable chip select 
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Bit 11 - U_MSK, Upper address bits masked 

U_MSK determines whether the upper address 
bits A 15 through A 10 are to be used as 
designated in the Programmable Chip Select 
Address Register at port 3072. 

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 

~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 3072. 

L_MSK 
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, A01, A02, A03 are 
ignored 

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. 

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 BALE 
(pin 79) suppressed, and the expansion 

WD75C10IWD76C10IWD76C10LP 

bus addresses remain fixed at the hard disk 
data 1/0 port address. 

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 08 
through OB. 

PIS = 0-
Primary hard disk and Roppy 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_286 results in 16 bit bus timing. 

HS 287 = 0-
- Normal 80287 timing (Default value) 

HS_287 = 1 -
Fast 80287 timing 

Bit 02 - LK_PSW, Prevent locking password 

Port 092 bit 3 (Lock_Pass) is used to prevent 
access to the CMOS RAM password area lo­
cated at 38H through 3FH. Setting LK_PSW 
before attempting to set Lock_Pass, inhibits 
the setting of Lock_Pass. In this instance, II 
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=O -
Port 092 bit 3, Lock_Pass can be set 
(Default value) 

LK PSW = 1 -
- Port 092 bit 3, Lock_Pass can not be 

set 
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Bit 01 - DS_HD, Hard disk chip select OC, OD 7.4 CACHE FLUSH 

DS_HD = 0 - Port Address F872 - Write only 
Hard disk chip select is enabled 
(Default value). 

DS_HD = 1 " 
Hard disk chip select is not generated. 

BitOO - OS_FLP, Floppy disk chip select 08,09, 
OA,08 

DS FLP = 0-
- Floppy disk chip select is enabled 

(Default value). 

DS_FLP = 1 -
Floppy disk chip select is not generated. 

7.3' PROGRAMMABLE CHIP SELECT 
ADDRESS 

Port Address 3072 - Read and Write . 

15 14 13 12 11 10 09 08 
A15 A14 A13 A12 A11 A1D AD9 ADa 

07 06 05 04 03 02 01 00 
AD7 ADS AD5 A04 AD3 A02 A01 ADD 

15 14 13 

X X X 

07 06 05 

X X X 
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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 bits 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 

PORT I/O CS 
ADDRESS # 

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 OB 
Control Chip 377 
Select 

Hard Disk Chip 1FO, OC 
Select 1 F1 - 1 F7 

170, 
171 - 177 

FUNCTION 

Chip Select For BIOS 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 

TABLE 7-1. I/O ADDRESS AND CHIP SELECT ASSIGNMENTS 
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PORT I/O CS FUNCTION 
ADDRESS #® 

Hard Disk 3F6 00 Primary Address, IDE Mode Only 
Chip Select 3F7 G) 

376 Secondary Address, IDE Mode Only 
377 G) 

Serial Port A 2E8 - 2EF OE 
Chip Select 2F8 - 2FF ® 

3E8 - 3EF. 
3F8 - 3FF 

Parallel Port 0 278 - 27B 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 

Reserved 1E Reserved 

Reserved 1F Reserved 

G) 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 WD75C10 and WD76C10 support only the 
PMC inputs and do not support any of the PMC 
outputs or PMC interrupt functions. The 
WD76C10lP supports all PMC input, output and 
interrupt functions. 

The processor power down mode is initiated by 
writing to the PMC control registers located at ports 
7072 and 7872. The CPU RES signal is asserted, 
then tri-stated. 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 WD76C10lP 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 
9072. 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, 
74HCT373 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). 

WD75C10IWD76C10IWD76C10LP 

The keyboard processor may access the 
WD76C10lP's internal registers by way of the 
PMC logic. The keyboard processor starts a local 
access by asserting lCl_REO, which causes 
PMCIN 2 to be asserted and written in the PMC 
input register at port 8872 (see Figure 5-1 and 
Table 8-2). The WD76C10lP arbitrates with 
refresh, DMA and master for a hold cycle from the 
processor. When the processor returns a hold ac­
knowledge (HlDA), the WD76C10lP asserts 
lCl_ACK (PMC output 3 from port 7072) on the 
EDO - ED7 data bus. The keyboard processor 
then passes the opcode/address byte to the 
WD76C10lP on the data bus and drops the 
lCl_REO. The WD76C10lP responds by de­
asserting lCl_ACK. 

If the opcode specified a register write, data high 
(DEN1, D15 through DOO) and data low (DENO, 
D15 through DOO) bytes are passed to the 
WD76C10lP. If the opcode specified an I/O read, 
the data high and data low bytes are sent from the 
WD76C1 OlP to the keyboard processor. 

All special operation registers within the 
WD76C10lP may be accessed in this manner 
without first unlocking the register. See Section 
2.8.2, port address F073, 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 
WD76C10lP. 

Figures 8-2 and 8-3 represents the power down 
and power up sequence and control. 
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3 5 

lOCAL REO ---I 
2 

lOCAL ACK _____ ' ..... 1 L 
4 6A 7A 

lOR ---I U U ·U' 
68 78 

lOW ---.J .... ---------------.U .... ----.Ur---

8042 Requests local data transfer 

2 WD76C10lP returnslOCAl_ACK after receiving HLDA from the host processor 

3 8042 ,loads address and OPCODE into data register, then drops lOCAL_REa 

4 WD76C10lP reads address and OPCODE 

5 8042 Reloads data register with high byte, then asserts lOCAL_REa 

6A WD76C10lP Reads high byte 

7A WD76C10lP Read low byte, writes to internal register 

FOR READ CYCLE OF WD76C10lP INTERNAL REGISTER: 

68 WD76C10lP Writes. high byte to 8042 

78 WD76C10lP writes low byte to 8042 

OP_CODE FORMAT· 

7 6 5 4 3 2 

10 IR 1 A A A A A 
1 5 1 4 1 3 1 2 1 1 

A 
1 0 

DIR - Read register (generates lOW to 8082) 

DIR 0 - Write register (generates lOR to 8082) 

0 

IRSvl 

FIGURE 8·1. REGISTER ACCESS BY KEYBOARD CONTROLLER 
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8.1 PMC OUTPUT CONTROL REGISTERS 

PMC OUTPUT CONTROL 7:0 

Port Address 7072 - Bits 07-00 are read only 

15 1 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 

7 6 5 4 3 2 1 0 

Featured only in the WD76C1 OLP 

PMC PMC OUTPUT SIGNAL 
NO. PORT 7072 

0 CPU Clock driver enable 
1 LCD Enable 
2 Backlight enabled 
3 LCL_ACK 
4 LCL_ATN 
5 Processor power down 
6 GateA20 
7 Full power down 

WD75C10IWD76C10IWD76C10LP 

PMC OUTPUT CONTROL 15:08 

Port Address 7872 - Bits 07-00 are read only 

15 114 113 1 12 1 11 I 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 98 

PMC OUTPUT SIGNAL 
NO. PORT 7872 

8 User defined 
9 User defined 
A User defined 
B User defined 
C User defined 
D User defined 
E User defined 
F User defined 

TABLE 8-1. PMC OUTPUT SIGNALS 
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8.2 PMC TIMERS 

Port Address 8072 - Read and Write. 

15 114 113 112 111 110 1 09 108 
BL_TIMEOUT 

07 I 06. 105 1 04 1 03 1 02 1 01 1 00 
LCD_TIMEOUT 

Signal Default 
Name At RSTIN 
BL TIMEOUT -(;:( ........... 00 hex 
LCD_TIMEOUT -(;:( ........... 00 hex 

-(;:( Featured only in the WD76C10LP 

When no keyboard 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 
7072 (see Table 8-1) to disable the LCD or Back­
light. The timer is reset and .the Backlight and 
LCD control re-enabled at the refresh cycle follow­
ing a keyboard interrupt. . The same timer is used 
for the Backlight and LCD timeout. 

POWER MANAGEMENT CONTROL 

The timeout delay may' be programmed in incre­
ments of five seconds, to a maximum of 1,270 
seconds, or 21 minutes and 16' seconds. 

Bits 15-08 - BL_TIMEOUT, Backlight Time Out 

. 00 hex - Backlight always disabled 
01 hex - Enabled for 5 seconds 
02 hex - Enabled for 10 seconds 

Through 
FE hex - enabled for 254 X 5 seconds 
FF hex - Backlight enabled 

Bits 07-00 - LCD TIMEOUT,lCDTime Out - , . . 

00 hex - LCD always disabled 
01 hex - Enabled for 5 seconds 
02 hex - Enabled for 10 seconds 

Through 

FE hex - enabled for 254 X 5 seconds 
FF hex - LCD enabled 
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8.3 PMC INPUTS 

Port Address 8872 - Read and Write 

15 I 14 I 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 

IN 
4 

IN 
3 

IN 
2 

IN 
1 

Signal Default 
Name At RSTIN 
PMC UPO** ............ 0 
EN_eCl * .............. 0 
AF7-AF2 * .............. 0 
IN7-INO ................ NA 

* Featured only in the W076C10lP 

1:< * Not Featured in the W075C10 

Bit 15 - PMC_UPD, Enable PMC update 
Not featured in the WD75C1 0 

PMC_UPD = 0-
No update cycles occur. 

PMC_UPD = 1 -

IN 
o 

A change of state of PMC outputs 7 
through 0 (port address 7072) or the 
internal A20 GATE, causes an update 
cycle of the PMC 7:0 output latch. 

WD75C10IWD76C10/WD76C10LP 

Bit 14 - EN_LCL, Enable local request 
Featured only in the WD76C10LP 

EN_LCL enables the PMCIN 2 to initiate a 
local access of the WD76C10LP 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, ATN (attention flags) 
Featured only in the WD76C1 OLP 

Transitions of certain PMC inputs (IN7-0 of 
this register) generate an ATN to the key­
board controller and set the PMC interrupt 
flags at port 9072. A PMC interrupt flag is 
cleared by writing a 0 to the particular IF7-IF2 
bit in port 9072. Writing a 1 does not set the 
interrupt flag. The corresponding PMC input 
(IN7-0) cannot be changed until the interrupt 
flag at port 9072 is cleared. The interrupt 
enables (EI7-EI2) are controlled by port 
Ca72. AF7-AF2 operate independently from 
EA7-EA2 in port C872. 

AF7-AF2 = 0-
A PMC ATN is not generated 

AF7-AF2 = 1 -
A PMC ATN is generated 

Bits 07-00 -IN7-INO, PMC inputs 7-0 

The state of IN7 through INO are available to all 
three System Controllers. In the WD76C10LP, 
the individuallN7 - INO bits are locked when an 
interrupt is generated and can not be 
changed until the corresponding interrupt 
enable (E17 - EI2) in port Ca72 is reset (see 
Table 8-2). 
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S.4 PMC INTERRUPT i:NABLES 

Port Address C872 - Read and Write 

15 1 14113 1 12 1 11 1 10 
EI7 EI6 EI5 EI4 EI3 EI2 

Interrupt Enable 

07 106 105 104103 102 
EA7 EA6 EA5 EA4 EA3 EA2 

Attention Enable 

09 

01 

Signal Default 
Name At RSTIN 
E17-E12 * ............... 0-0 
EA7-EA2 * .............. 0-0 

* Featured only in the WD76C1 OlP 

OS 

00 

Bits 15-10 - EI7-EI2, Interrupt enable 7 through 2 

EI7 through EI2 enable the generation of an 
NMI when the corresponding PMC input in 
port 8872 changes state. For example, when 
EI7 is a 1 and INJ changes from a 0 to 1 an 
NMI will be generated.· . 

E17-E12 = 0-
Interrupts not enabled 

E17-E12 = 1 -
Interrupts are enabled 

PMCINPUT PMCINPUT 
NUMBER<D NAME 

00 TURBO 
01 PROC_PWR_ GOOD 
02 LCL_REQor 

User Defined 
03 User Defined 
04 User Defined 
05 User Defined 
06 User Defined 
07 User Defined 

<D Port Address 8872, section 8.3 

~ Port Address 9072, section 8.5 

POWER MANAGEMENT CONTROL 

Bits 09, OS - Not used, state is ignored 

Bits 07-02 - EA7-EA2, Attention enable 

EA7 through EA2enabie the generation of .an 
ATN by the corresponding INJ through 
IN_2. ATN is the attention signal to the key­
board controller. 

EA7-EA2 = 0-
ATN is not enabled 

EA7-EA2 = 1 -
ATN is enabled 

Bits 01, 00 - Not used, state is ignored 

INTERRUPT ON SETS FLAG 
NUMBER~ 

IF2 
Transition 
Transition IF3 
Transition IF4 
Transition IF5 
Transition IF6 
Active Edge 1F7 

TABLE S-2. PMCIN INPUTS 
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8.5 NMI STATUS 

Port Address 9072 - Read and Write 

15 14 13 12 11 10 09 08 
0 0 0 0 0 0 0 0 

07 106105104103102 01 00 
IF? IF6 IF5 IF4 IF3 IF2 0 0 

Interrupt Flags 

Signal Default 
Name At RSTIN 
IF?-IF21:< ............... 0-0 

1:< Featured only in the WD?6C10LP 

Bits 15-08 - Not used, must be 0 

Bits 07-02 - IF7-IF2, Interrupt flags 7 through 2 
Featured only in the W076C1 OLP 

An NMI is generated and the PMC interrupt 
flags (IF7-IF2) are set by transitions of the 
PMC inputs listed in Table 8-2. IF7 through 
IF2 may be reset by writing a 0 to the cor­
responding EI7 through EI2 or EA7 through 
EA2. If both EI and EA are set, both must be 
reset to clear the interrupt flag. The cor­
responding PMC input cannot be changed 
until the interrupt flag is reset. EI and EA are 
located at port C872. 

Bits 01, 00 - Not used, must be 0 

WD75C10IWD76C10IWD76C10LP 

8.6 Shadow Register 

Port Address 0072 - Read only 

15 114 13 112 11 110 1 09 1J)8 
SP_A SP_B PP_2 

07 I 06 .1 05 1 04 1 03 I 02 I 01 I 00 
PP_O 

Signal 
Name 

Default 
At RSTIN 

This register is particulary usefull in laptop 
applications by allowing the suspend/resume 
'software to restore correct status to on-board 
devices. 

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 fieJd 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 III 
Register O. iii 
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8.7 SAVE AND RESUME 

When the WD76C10lP is in the Save And 
Resume mode, the power supply current for the 
WD76C10lP is typically less than 500 1lA. 

BCLK2 (pin) 

BCLK2 
(internal) 

CLK14 

3 CHIP SEL'S 

INSTRUCTION 

PMCWRITE 

POWER 
DOWN 

VGA 

POWER MANAGEMENT CONTROL 

(32KHnJLJI r 
\ 

\ 
\ -. -. -. -. _\ -'tJr---

PROCESSOR & FULL 
POWER 
DOWN 

P~C CLOCK nnnnnnnnnnnnnnlQ~D~nnn . 1.732 KH~ r-:I II 
(Internal) JUUUUUUUUUUUUuUuuuJUU~· 'L---.J' I~ L-J I 

16-78 

NORMAL REFRESH, INPUTS, OUTPUTS 
IGNORE INPUTS, 
USE PO-REFRESH, 
TURN OFF PULLUPS 

F.IGURE 8·2. POWER DOWN 
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PMC INPU~ 
BCLK2 (pin) 

nnnnnnIDIlflJUUU1JUUU 
(16 MHZJ 

UUUUU U 

(~CtLK2I) I II ~2KHn (~4QQ~n n~rl1n~2Q~n 
,nema ~ L---.J '"L--J U U U U JL-JUuuuuuuuUI 

CLK14 h ,------, ,------, ~2KHn n n n: n[l~mUl.nnnnnnnnnn ~I LJ LJ ~ (3L--J ~ ~ ~ ~UuuuUUUUUUUUUUUI 
3 CHIP SEL'S I I I 

INSlRUCTION I ® PMC: 0 I 
1-2 msec I 

PMCWRITE 

PROCESSOR & FULL 
POWER 

UP 

PROCESSOR PWR GOOD 
----------' 

WRITE F472 300-400 msec 
ENABLE 48 MHZ ~ 

I 
I 

IGNORE INPUTS, TRISTATE OUTPUTS 
USE PD-REFRESH, TURN OFF PULLUPS I 

~-----------------+I--------~® L PROCESSOR & BUS RESET 
---------' 

PMC CLOCK n n n 112 KHZn II II II rJaI\jM"\n nn~llj]'Qnnnn 
(intern~ ~ ~ L..J '-L--J -.-J L.J L.J L-J 'u u u u LJ L.J u u u u u u J U U I 

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 tri-stated. The outputs remain 
tri-stated 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 tri-state mode allows an 
in-circuit board tester to drive the System Control­
ler's output pins. 

9.1 DIAGNOSTIC REGISTER 

Port Address 9872 - Read and Write 

15 /14 /13 12 11 10 09 08 

VER CLK RE'=._ ALT CLK 
TST- MAS A20- SW 

07 06 05 I 04 I 03 I 02 I 01 100 
SX OS OIAG 

Signal Default 
Name At RSTIN 
VER .................. VER# 
CLK TST ............... 0 
REF-MAS ............... 0 
ALT-A20 ............... 0 
CLK-SW ............... 0 
SX -:- .................. X 
OS ................... 0 
OIAG ................. 00000 

Bits 15,14,13 - VER, version number 

The initial version number is 000 and is incre­
mented with every mask change. 

Version 
000 Initial 
010 Early production 
011 Production 

Bit 12 - CLK_TST, Clock Test 

Diagnostics for factory use only. 

DIAGNOSTIC MODE 

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 - ALT_A20, Alternate Gate A20 

Normally, the Alternate Gate A20 Signal from 
port 092 is OR'ed with the 8042 Gate A20. 

When the AlT_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 092 is set or reset ac­
cording 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 is replaced by that of 
AlT_A20. 

The state of the A20 gating signal is available 
on PMC output 6 by reading port 7072 (see 
Table 8-1). The state of PMC output 6 chan­
ges immediately if port 092 is used, and 
changes at the next refresh if the' keyboard 
A20 gate function is used. 

AlT_A20 = 0-
Normal Alternate Gate A20 (Default 
value). 

AlT_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 
lis plus 16 CPUClKs. 

ClK SW=O-
-Short clock switch reset width (Default 

value) 

ClK_SW = 1 -
1 ms clock switch reset width 
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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. 

DIAG FUNCTION 

00000 Normal Speaker 
00001 Speaker Disabled 
00010 Reserved 
00011 " 
00100 " 
00101 " 
00110 " 
00111 " 
01000 " 
01001 " 
01010 " 
01011 " 
01100 " 
01101 " 
01110 " 
01111 " 

WD75C10IWD76C10IWD76C10LP 

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 9-1. 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 9-1. DIAGNOSTIC TESTS 
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9.2 DELAY LINE DIAGNOSTIC REGISTER 

Port Addre,ss A072- Read and Write 

15 14 13 12 11 1.0 .09 US" 

' . ... 

.01 .06 US 1.04 I .03 or 02 I ,.01 1.0.0 
LAT DL DELAY 

Signal Default 
Name At RSTIN 
LAT .................. : 0 
DL ................... 0 
DELAY ......... ' ....... NA 

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=O-
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 delayelemerit 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 

Bits 05"()U - DELAY, Delay counter value 

The delay line counter value is used to con­
trol the outP!Jt.buffe~ strength. 

This register may be written to when DL is set 
to one, ' 
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10.0 ELECTRICAL SPECIFICATIONS 
10.1 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 

Volts 

Volts 

OOC (32°F) to 70°C (158°F) 

-C (-F) to C (F) 

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. 

10.2 DC OPERATING CHARACTERISTICS 

TA = OoC (32°F) to 70°C (158°F) 

Vcc = +5V ±.5V (10%) for WD76C10LP 

Vcc = +5V ±.25V (5%) for WD75C1 0 and WD76C10 

SYMBOL CHARACTERISTIC MIN 

ilL Input Leakage 

IOZ Tri-state 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 

ICCSB Typical Supply Current, .5 
Power Down Mode For 
WD76C10LP 

MAX UNIT CONDITIONS 

±10 IlA Yin = .4 to Vec 

±10 IlA 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 10-1. DC OPERATING CHARACTERISTICS 
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FOR PINS WITH INTERNAL PULLUPS: 
MASTER, lOCK, IOCS16, MEMCS16, =ZE==R:"::::O::-:W=S, IOCHRDY, RDYIN, SO, S1, SHE, MilO, HLDA, PEACK, 
NPSUSY, NPERR,PDREF 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

ilL Input Pullup Current -12 -50 IlA Not save and resume mode 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUTS: 
DACK2-0, DACKEN....Q15-DO, READY, CPURES, HOLD, INTRQ, A23-A~ NMIL-DPH, DPL, RA10-RA~, 
RA7/ED7-RAO/EDO, SHE, 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 JlA 
VOH Output High Voltage 2.4 V lOUT = -2 mA 

VOL Output Low Voltage .4 V IOUT=2 mA 

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 IlA 

VOH Output High Voltage 2.4 V lOUT = -4mA 

VOL Output Low Voltage .4 V IOUT=4mA 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 
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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 10-1. DC OPERATING CHARACTERISTICS cont. 

FOR OUTPUT: 
REFRESH 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS 

VOL Output Low Voltage .5 V lOUT = 24 rnA 

TABLE 10-1. DC OPERATING CHARACTERISTICS cont. 

• 
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10.3 AC OPERATING CHARACTERISTICS 

Table 10-2 lists the timing categories and their Figure and Table numbers. 

FIGURE TABLE TITLE 
NUMBER NUMBER 

10-1 10-3 Page Mode 

TABLE 10-2. TIMING FIGUREITABLE NUMBERS 

50 pF MXQJL2-0, DACKEN, SPKR, CPUCLK, RE.A5Y, C~URES, HOLD, INTRQ, NMI, wifi., 
DT/R, DENa, DEN1, CSEN, ALE, BUSYCPU, SDT/R, SDEN, LOMEG, BHE 

100 pF D15-DO, DPH, DPL, A23-AO, CASH3-CASHO, CASL3-CASLO 

200 pF lOR, lOW, MEMR, MEMW, AEN, SYSCLK, REFRESH, BALE, LA20, SAO, RAS3-RASO 

350 pF RA1O-RAS, RA7/ED7-RAO/EDO 

TABLE 10-3. LOAD CAPACITANCE 
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1--0 W.S. WRITE ----./<.101------- 3 W.S. READ MISS 

CPUCLK Jl 
[ 

A23-AO J< : [ VALID 1 '-;----V_AlID 2~[ [ -----')<'----'7L--</~/'----I':7------"7------"/_ 
I [ [ [ 

~ .(LX-PA-RI-TY-r'--O-DR-AM--')' [ :: .. <DRAM 

_, 165 ~[ Ipa [+__ [ ~ }-+___IS_O ____ -+_--,I ~ 
DRAM COL ADDRE S DRAM ~ 

L-__________ ~--~ 

DPH.DPL 

RA10-RA8 

DRAM < 
~--------~--~~~--------~r-~ ~-----

: I: [ 

_____ :"--16_1 -'---l I-t-li----~-rll+-- 166 

RA7-RAO 

W/R 

RASm 

,---_167 ---r--j-: 1- -: F 168 

CASLm, CASHm ~ [ '--. -----t[--'. 
nOle 1 

CASLm. CASHm ~ 
nole 2 

167 -[ I+-- -[ I+-- 168 

L 
nole 1: READ CAS PULSE WIDTH=2 CLOCKS nole 2: READ CAS PULSE WIDTH=2.5 CLOCKS 

FIGURE 10·1. PAGE MODE 

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITION 

tWR Clock, SO, or S1 to WiR 20 ns Load 50 pF 

t67, t68 Clock to CAS 20 ns Load 100 pF 

t61, t66 Clock to RAS 25 ns Load 200 pF 

t65 Column Address from 35 ns Load 350 pF 
A23-AO 

tPA Parity Data from D15-DO 25 ns Load 100 pF 

t60 Clock to Row Address 35 ns Load 350 pF 

t64 Clock to Column Address 35 ns Load 350 pF 

TABLE 10·4. PAGE MODE TIMING 
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11.0 PACKAGE DIMENSIONS 
Figure 11-1. Illustrates the 132-Pin PQFP package showing the dimensions in inches. 

§ § 
+ • . 

+. 

16-88 

1.100 ! .003 ------+1 

,----- .950 :" .003 -----I 

+------- 1.080:: .005 ------1 

OPTION - A-

.025 TVP 

. 010 ~ .002 § 

FIGURE 11-1. 132-PIN PQFP PACKAGE 
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Detail of the bumper with the 
lead already cut and formed . 

Lead configuration 
after cut & forming 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 

The Floppy Disk Controller (FDC) portion of the 
WD76C20 is a VLSI Super Cell that provides all 
needed functions between the host processor 
peripheral bus and the cable connector to the floppy 
disk drive. This provides a total solution to floppy 
subsystem control. The FDC has a software 
transparent power down mode feature which 
broadens its use in laptop and portable systems. 

On the disk drive interface, the FDC includes data 
separation and write precompensation in addition 
to the usual formatting, encoding/decoding, stepper 
motor control and status sensing functions. All 
inputs are TTL compatible, and outputs are high­
current, open-drain drivers meeting the ANSI 
specification of 48 mA. 

The host interface has been designed to support up 
to 12 MHz bus speeds without the use of wait 
states. Additionally, input strobes are Schmitt Trig­
gers. The data bus drive capability is12 mA 10L, 
and 5 mA 10H, allowing, in most applications, direct 
interconnection 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. 

Traditionally, data rate selection, drive selection, 
and motor control have been output ports of the 
host processor architecture. In the PC AT, these 
functions were latched into registers addressed 
within the I/O mapping of the system. These 
registers, Operations and Control, are incor­
porated into the FDC. 

All clock generation necessary for the floppy disk 
subsystem is included in the FDC portion of the 
WD76C20. 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 
Kbits/sec) used in PC/AT designs, and a non-stand­
ard data rate (300 Kbits/sec.). If neither the board 
space nor the 16 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 
Kbits/sec.), and a non-standard data rate (300 
Kbits/sec.). 

WD76C20 

The Real Time Clock plus SRAM provides all the 
functionality of a Motorola MC146818A usable in 
the PC/AT environment. It provides a complete 
time-ot-day clock with alarm, calendar, periodic in­
terrupt generator, and 114 bytes of low power static 
RAM. 

The Bus Interface Logic (BIL) section of the 
WD76C20 provides the DB7 multiplexing neces­
sary to implement a PC/AT compatible IDE drive 
interface and the Chip Select Logic section incor­
porates miscellaneous chip selects' and control 
strobes necessary for the implementation of a 
PC/AT compatible system. The Suspend/Resume 
section supports the chip set power down mode by 
providing a 14.318 MHz clock during Resume and 
a 32.768 KHz clock during Suspend mode. An 
external DRAM refresh signal is also provided by 
the Suspend/Resume section to support the chip 
set. 

The WD76C20 is designed with Western Digital's 
1.25 micron CMOS process. It is available in 84-
lead PLCC and PQFP packages. 
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1.2 FEATURES 

• 84-pin PLCC and PQFP packages 

•. 5V only supply requirement 

• 3.0V battery backup supply for the RTC and 
114 byte SRAM 

• Implemented in a low-power, high perfor­
mance CMOS technology 

• Floppy Disk Controller (FDC) software 
transparent power-down mode with low 
standby ICC current. FDC features: 

256 tracks support 

100% software compatible with NEC 765A 

Integrated high performance DPLL data 
separator: 

125, 250, 300, 500 Kbits/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 

Single 16 or 32 MHz crystal circuit 
and one TTL clock input 

Host interface read/write accesses com­
patible with 80286 microprocessors at 
speeds up to 12 MHz with a wait states 

Direct floppy disk drive interface - no buf­
fers needed 

48 rnA sink output drivers 

Schmitt Trigger input line receivers 

FDC direct PC XT/AT interface com­
patibility 

Floppy Control and Operations 
Registers on chip 

INTRODUCTION 

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 

12 or 24 hour clock with AM and PM in 
12-hour mode 

Daylight savings time option 

Automatic leap year compensation 

Interfaced with sofware as 128 RAM loca­
tions 

114 bytes of general purpose RAM 

Status bit indicates data integrity 

Bus compatibl.e interrupt signals (IRQ) 

Three interrupts are separately software 
maskable and testable: 

Time-of-day alarm, once-per-second 
to once-per-day 

Periodic interrupt rates from 122 us to 
500 ms 

End-of-clock update cycle 

17-2 ADVANCE INFORMATION 10122190 



ARCHITECTURE 

2.0 ARCHITECTURE 

This section contains a general architectural over­
view of the WD76C20 which provides a cost­
effective, power-efficient solution to PC systems 
design problems, especially those relating to "lap­
top" devices. The section also illustrates the 
WD76C20's packaging and includes a listing of pin 
numbers with associated signal mnemonics and 
functions. 

2.1 FUNCTIONAL COMPONENTS 
Referring to Figure 2-1, the WD76C20 has three 
principal functional boundaries. First, it exchanges 
control signals with the WD76C1 0 System Control­
ler. Then, under control of the WD76C10, it ex­
changes data and qualified operational/status 
information with the host via the system's AT Bus. 
Finally, on the media side, it provides complete 
control and data read/write services for from one to 
four floppy disk units. 

AUTOMAnc SENSING OF 
PROCESSOR TYPE 

~80286 + 80287 
or 015:0 

80386SX + 80387SX t-"'-'T----"C""PU'"CLK::-'---! 

lA23LA17 
SA19:1 

3: 

WD9QC10 

VGA 

132 PIN PQFP 

D 

WD76C20 

Internally, the WD76C20 has the following func­
tional components: 

• Chip Select Logic 

• Bus Interface Logic 

• Floppy Disk Controller 
Additional supporting components are: 

• Real Time Clock 

• 114-byte SRAM (affiliated with the Real Time 
Clock) 

• Suspend/Resume Logic 
These functional components are briefly described 
in the following sections with detailed descriptions 
provided in Section 3. Signals mentioned in the 
following narratives are listed and described in 
Tables 2-1 and 2-2 later in this section. 

WD76C10 
WD76C10 

WD76C10LP 

SYSTEM 
CONTROLLER 

132 PIN POFP 

WD90CSO 

RAMDAC 

44 PIN PlCC 

W09OC61 

PLK2 
24 PIN PLCC 

'" " til 

RAD7.0 BIOS 
EPROM 
27512 

S01 :0 

SAl :0 

IRQ 5:3 

8015:0 

SA19:0 

cs 

8042 

KEYBD CTL 

cs 

PMC OUT (LED, etc) 

WD76C30 
SER,SER,PAR 

BUF INTERFACE 
84 PIN paFP 

IRQ ~ 

16 MHz 

cs our 

W076C20 
FLOPPY, ATC, 

BUS INTERFACE 
84 PIN POFP 

14.3 MHz 

FIGURE 2-1. SYSTEM LEVEL FUNCTIONAL BLOCK DIAGRAM 
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2.1.1 Chip Select Logic 

The Chip Select logic (CSL) component of the 
WD76C20 provides the decoding needed both for 
selecting chip functions within the WQ76C20 and 
on the PC/AT motherboard as well. It gets'the DPl, 
DPH, and RA8-RA10 signals from the WD76C10 
Systems Controller and outputs appropriately 
decoded chip select signals (detailed in Section 3.) 
Overall control of the decoding. processes is ef­
fected with the CSEN and DACKEN signals from 
the WD76C1 o. CSENenablesthe decoded output, 
while DACKEN causes the CSl to ignore the inputs 
from the WD76C10. Optionally, the chip select 
inputs (CSEN, DPH, DPl, RA10, RAg, RA8) can be 
latched by dropping the BALE ·from a logic 1 to a 
10gicO. These latches are transparent when BALE 
is held'high or·left unconnected. 

2.1.2 Bus Interface Logic 

The Bus Interface logic (Bll) component of the 
WD76C20 controls the buffering of bits DO-D7 be­
tween the system's AT Bus and any WD76C20· 
internal source/destination 8-bit storage cell via the 
internal bus. It gets the lOR and lOW signals from 

8-81T 
DATA 
BUS 

\ Ri5 -+­
'WR~ 
cs_ 

: AO 

,-----, .. 
CRYSTAL 
esc. x 2 

CLOCK AND 
TIMING 

GENERATOR 

ARCHITECTURE 

the WD76C10, and with the appropriate chip 
selects from the CSl, the Bil parallel-passes DO-
07 from .the ATBu~ to an internal WD76C20 cell, or 
vi.ce-versa. The internal cells are: 

~ The Control, Master Status, Data, or 
Operation Registers in the Floppy Disk 

. Controller . 

• The 128 registers in the SRAMaffiliated with 
the Real Time Clock. 

The Bil also provides a controlled bidirectional path 
for bit D7 between the AT Bus and the IDE Drive 
Port. 

2.1.3 Floppy Disk .Controller 

765A Core - The . .core of the 765A floppy disk 
controller has been maintained so the micro­
sequencer is functionally equivalent and all com­
mands will execute identically, hence software 
compatibility is assured; 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. 

we 

",VAl 

FIGURE 2-2. FLOPPY DISK CONTROLLER BLOCK DIAGRAM 
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Host Interface - The host access signals are iden­
tical to 765A floppy disk controller, but timings have 
been enhanced. The FOC has 8 internal registers. 

The 8-bit main status register contains status infor­
mation of the FOC and may be accessed any time. 
Another 4 status registers under system control 
also give various status and error information. The 
Control Register provides support logic that latches 
the two LSB's used to select the desired data rate 
that controls internal clock generation. Bit 2 of this 
register is also used to disable the write precom­
pensation logic. The Operations Register provides 
all the control signals required to select the drive 
and the spindle motor. In PC/AT mode, Interrupt 
Request and OMA Request are tri-stated and 
qualified by OMA Enable, internally provided by the 
Operations Register. The data bus is designed to 
handle 20 LSTTL loading. 

Automatic Power Down Mode - In this mode, the 
FOC powers down all circuitry except for the Oata 
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-es­
sentiallinear 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 will 
turn on, along with the other circuitry. 

Data Separator - The FOC incorporates the patent 
pending digital phase lock loop used in the 
W092C32 product. The sample clock rate, SCLK, 
must be 32 times the data rate. 

Write Precompensation - The FOC maintains the 
standard first level algorithm to determine when 
write precompensation should be applied. These 
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 32 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, i.e. 1/4 of the bit cell period, also 
equal to 1/2 the WCLK period. 

WD76C20 

With PCVAL pin = 1, all data will be precompen­
sated by +/- 125 ns regardless of track number and 
data rate, but only for MFM encoding (no write 
precomp for FM). If PCVAl= 0, and if a track inside 
number 28 is accessed, thEm +/- 187 ns of precomp 
will be generated. For frequencies other than 32 
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. 

Drive Interface - 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· are 
under execution. This signal is no longer available 
externally, but is used within the W076C20 to as­
sure that no improper pin functionality occurs. 

The LCT function has been renamed RWC and 
resides on a pin of its own with sli~ altered active 
conditions and in 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. FL T status, status register 
#3, bit 7, will always be a logic 0 Track zero, /TROO, 
status is only sensed during seeks as well. 

TS, two-sided, drive status is no longer supported, 
and status register #3, bits 6 and 3 will both now 
reflect Write Protect status. The FOC device as- III 
sumes the drive is ready all the time as OROY signal 
is set to logic = 1 internal. This will still result in a 
FIRO. This action is acknowledged as a change in 
status and demands a Sense Interrupt Status com-
mand execution in order to clear the FI RO. Also 
note that the signals MFM, ROW, WCK and VCO 
are no longer necessary since all logic associated 
with these is wholly contained within the FOC. 

ADVANCE INFORMATION 10122190 17-5 



WD76C20 

2.1.4 .Clock Generation 

This logical block provides all the clocks needed by 
ttieFDC, inclUding SCLK (Sampling Clock), WCLK 
(Write Clock) and MCLK( Master Clock). 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 its frequency is directly the frequency of the 
signals on FX1 (FCLK1) and FCLK2, whether or not 
standard data rates are being used (see Table 1). 
The use of the 32 MHz oscillator output /FX1 is 
optional if the 1 Mb/sec data rate is not required. If 
the oscillator is not used, either a 32 MHz or a 16 
MHz TTL Clock should be applied at FCLK1 (FX1). 

.. FX1' 
FCLK1 FCLK2 

. 16.0 MHz TTL 9.6 MHz TTL 

16.0MHz TTL TIED LOW 

32.0 MHz XTAL 1 9.6 MHz TTL 

32.0 MHz XTAL 1 TIED LOW 

ARCHITECTURE 

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 2 times the selected 
data rate. 

MCLK is used by the microsequencer. MCLK and 
MCLK clock all latches 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. 

In .thepower down mode,the crystal oscillator and 
all the clock circuitry is turned off. The FDC will turn 
on the crystal oscillator, which will in turn activate 
all the clock.circuitry on the chip once the device 
returns from power down mode. 

SCLK 
NON 

STANDARD STANDARD 

16.0 MHz 9.6 MHz 

16.0 MHz DISABLED 

32.0 MHz 9.6.MHz 

32.0 MHz DISABLED 

TABLE 2-1. FOC SAMPLING CLOCK (SCLK) GENERATION 

1 Can be either a crystal or 32 MHz TTL level clock 

DATA RATE CODE SCLK MCLK WCLK 

1 Mb/s MFM 32.0 MHz 8.0 MHz 2.0 MHz 

500 Kb/s MFM 16.0 MHz 4.0 MHz 1.0 MHz 

500 Kb/s FM 16.0MHz 8.0 MHz 1.0 MHz 

250 Kb/s FM 9.0 MHz 4.0 MHz 500 KHz 

250 Kb/s MFM 8.0 MHz 2.0 MHz 500 KHz 

300 Kb/s MFM 9.6 Mhz 2.4 Mhz 600 Khz 

TABLE 2-2. FOC MCLK AND WCLK GENERATION 
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2.1.5 Real Time Clock and SRAM 

The Real Time Clock (RTC) component of the 
76C20, in conjunction with the 128 byte-register file, 
provides 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. Referring to Figure 2-3, ten 
SRAM data registers contain all the' 
clock/time/alarm information with the RTC crystal­
controlled oscillator and frequency divider providing 
the appropriate clock "ticks" that keep them current. 
Control and status information for the RTC is con­
tained in Registers A-D of the SRAM (detailed in 
Section 3). Remaining SRAM registers (114) are 
user-available. 

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: 

OSC 

~ 
VBAT POWER - SWITCH 

RTCCS -RTCALF CLOCK! - CALENDAR 
lOR UPDATE 

-----+ 
lOW BUS - INTERFACE 
08(7:0) 

BCDI +---+ 
BINARY 

INCREMENT 

WD76C20 

• 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 seen 
in Figure 2-3a. 

3V 
LITHIUM 
BATIERY 

+ 

TMM5711 TMM5711 
or or 

SD101A SD101A 

FIGURE 2-3A. VBAT EXTERNAL 
SUPPORT 

CONTROL REGISTERS 
A,B,C,D 

CLOCK, ALARM 
CALENDAR 
REGISTERS 

114 BYTES 
GENERAL PURPOSE 

USER SRAM 

FIGURE 2-3. RTC BLOCK DIAGRAM 
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Time Base Oscillator Circuit - The oscillator used 
to provide the time base for the RTC requires the 
external circuit shown in Figure 2-4 with the values 
listed in Table 2-3. The crystal to be used in parallel 
with the on-chip oscillator should be an AT-cut 
crystal, with a 32.768 KHz resonant frequency as 
described in Figure 2-5 and Table 2-3. When in 
battery backup mode, this circuit is still active, and 
providing the rest of the RTC with a valid time base. 

RTCX 

iii'Cx" 

VBATT 

RF 

Cout 

I I 

FIGURE 2-4. RTC CRYSTAL 
OSCILLATOR CONNECTIONS 

Con 

RA 

SYMBOL CHARACTERISTIC 

ARCHITECTURE 

Power Switch - This functional block is used t6 
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 SRAM and 
RTC operational registers are not guaranteed. In 
order to reset the bit, register D must be read after 
a full power up. 

RTCX 

L1 C1 R1 

I 

co 

FIGURE 2-5. RTC CRYSTAL 
PARAMETERS 

MIN MAX 

RTCX 

UNITS 

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 30 ±5% pF 

Cout Crystal Circuit Output Capacitance 22 ±5% pF 

RA Crystal Circuit Drive Level Resistor 340 ±1% KOhm 

Rf Crystal Circuit Feedback Resistor 15 22 MOhm 

TABLE 2-3 .. RTC CRYSTAL CIRCUIT SPECIFICATION 
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Bus Interface - The RTC Bus Interface block is 
used to access the internal bus for the WD76C20. 
Protocol is maintained between the BIL block (Bus 
Interface Logic) and the RTC Bu~terface. The 
BIL block generates the RD and WR strobes, and 
the CS signals are decoded from the external bus 
by the Chip Select Logic. 

Clock Divider - This functional block uses clock 
divider logic to divide the 32.768 KHz time base 
into a 1 Hz signal used by the timekeeping blocks. 
As a side duty, it provides the periodic interrupt 
block with access to all stages of the division. 

Periodic Interrupt - This functional block has ac­
cess to the various stages of the Clock Divider. 
With these Signals, and under the direction of 
register A, an RTCIRQ pulse can be periodically 
generated for the processor from once every 122 
IlS to once every 500 ms. The Periodic Interrupt 
function is enabled by the PIE bit in register B. 

BCD/Binary Increment & Clock/Calendar Up­
date - 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 
to prevent contention between a processor access 
to the information registers and the occurrence of 
an update cycle. 

2.1.6 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, which will switch to a 
32.768 KHz clock during the chip set low power 
suspend mode. The Suspend/Resume block also 
provides the external DRAM refresh signal, 
PDREF, that will pulse active low once every 15.26 
IlS. This b:ock 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. 

WD76C20 

2.2 PINOUT 

Figure 2-6 illustrates the signal names and pin 
locations on the 84-pin PLCC/PQFP WD76C20 
package. Table 2-4a lists the signal names al­
phabetically and Table 2-4b lists the signal names 
in pin number order. Table 2-5 lists the signal names 
and descriptions, grouped by function. 
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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 RTCIRO 69 -CSIDEO 83 EMS 72 MX14 64 RTCX 60 
CSIDE1 82 FIRO 9 NPCS 76 RTCX 61 
CSPARO 79 FCLK1/FX1 4 ose 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 IDX 33 RA9 55 WP 31 -DPH 52 lOR 48 RA10 54 
DPL 53 lOW 49 RCLR 58 

PRV/PS2 - RDD 12 MOO 23 7 
DSO 19 M01 24 RESET 57 

TABLE 2-4A. PIN ASSIGNMENTS (ALPHABETIC 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 RTCIRO 
7 RDD 28 HDL 49 lOW 70 TC 
8 DMA 29 RWC 50 CSEN 71 PRDY 
9 FIRO 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 IDX 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 VBAT 83 CSIDEO 
21 DS2 42 DB7 63 MX14 84 IDEDENL 

TABLE 2-4B. PIN ASSIGNMENTS (NUMERIC ORDER) 
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DRV 
HS 

WE 
WD 
VSS 

DIRC 

STEP 
DSO 

DS1 

DS2 

DS3 
MOO 

M01 

VSS 
M02 

M03 

HDL 
RWC 

PWRDN 

WP 
TROO 

31 
32 

-JI~ '" Iffil~I~IWI~I~I~I~I~IOO ~ ~ :J: 0 < I Cl :.:: Cl ~fil~QQ~~~~~~B o 0 g; ::i: Cl d Cl XiX >QQ~~oooa:oza. a. Cl u.. Cl a: u.. > u.. u.. 

11 10 9 8 7 6 543 2 1 84 83 82 81 80 79 78 77 76 75 

74 • 73 
72 
71 
70 
69 

©WDC '90' 68 

WD76C20 XX2 67 
- 66 

XX-XX 90XX 3 65 

XXXXXXXXXX4 64 

5 63 

PROTO (or blank) 62 
61 
60 
59 
58 
57 
56 
55 
54 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

1 Copyright Information 

2 Part Number - Package Type 
XX = UU (Low Profile 84 Lead POFP 

LU (Standard 84 Lead POFP) 
JU (PLCC) 
GU (CLCe) 

3 ROM Version-Test Bin Date 
xx-xx = 06 (Current ROM Version) 

4ln-House g~nt~~~r~:~ePaSSing Test Bin) 

5 Proto-Type Indicator 
PROTO indicates unreleased device 

FIGURE 2-6. PLCC/PQFP PINOUT DIAGRAM 
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WD76C20 

PCUW1 

PROGCS 
EMS 
PRDY 

TC 
RTCIRQ 
osc 
VDD 
PDREF 
VSS 
MX14 

MX14 
VBAT 

RTCX 
RTCX 
BALE 
RCLR 
RESET 
RAB 
RA9 
RA10 

III 
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PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

'Iltegrated Drive .Electronics (Il!E) 

1 IDEDENH ID~ High B.yte 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 oupt 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 pathfpr 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 
fromJhe ·IDE driv~ to DB7 of the Host data bus when- . 
ever an IORofthe IDE drive interface is detected, 
except when reading from address3F7H. During an 
lOR of 3F7H, the floppy DCHG status is output on the 

. Ho~t 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 i3. 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 t9 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 high 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 BILAddress Line I Address line selecting data (=1) or status (=0) infor-
mation for the FDC. AO = logic 0 during lOW is 
iIIegal·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'2-5. -.PIN DESCRIPTIONS 
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PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

.Host Interface, Continued 

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 W076C20 with the exception of 
the normal timekeeping operations which will remain 
uninterrupted. Resets a" device outputs. Resets 
FOC controller, placing microsequencer in idle, and 
puts FOC in base mode, not PC/AT mode. 

Data To/From Floppy - Floppy Control 

3 FX1 FOC XTAL 1/0 This pin is an oscillator drive output for a 32 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 32 MHz resonant 
Input #1 crystal. This oscillator is used for all standard data 

FCLK1 FOC CLK I rates, and may be driven with either a 32 MHz or 
Input #1 16 MHz TTL level signal instead of using the 32 MHz 

or 16 M Hz 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 Kbs 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 indicating 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 Precompensation I This pin determines the amount of write precompen- • 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 2-5. PIN DESCRIPTIONS, contmued 
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PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION ~ , ' i' ,~~ 
.... 

, ' 

Data To/From Floppy - Floppy Control, Continued 

12 DRV ' FDC Drive Type I In the input mode; a logic 0 indicq.tes to the FDC that 
PS2 FDC PS2 Drive Type 0 a 2-speed spindle motor is present and that FCLK2 

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 FDC is set internally for a single 
spindle motor. The pin has an internal pull-up 
resistor. 

13 HS FDC Head Select 0 This high current driver (HCD) output selects the 
head, i.e., side, ofthe floppy disk that is being read or 
written. Logic 1 = ,side 0, logic 0 = side 1. 

-
14 WE FDC 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. 

-
15 WD FDC Write Data 0 This HCD is the write data output. Each falling edge 

of the encoded data pulse stream causes a flux 
transition on the media. 

--
This HCD output determines the direction of head 17 DIRC FDC Stepper 0 

Direction . stepper motor. Logic 1 = outward motion, logic 0 = 
inward motion. 

18 STEP FDC Stepper Step 0 This HCD output issues an active low pulse for each 
track to track movement of the head. 

28 HDL FDC Head Load 0 This HCD output, when active low, causes the head 
to be loaded against the media in the selected drive. 

--
29 RWC FDC Reduce Write 0 This HCD 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 DRV = O. 

30 PWRDN FDC Power Down 0 CMOS output, when active high, indicates the FDC 
portion of the WD76C20 has gone into power down 
mode. This signal can be used to power down the 
floppy drive if supported . 

31 . WP FDC Write Protected I This Schmitt Trigger (ST) input senses status from 
the disk drive indicating active low when a diskette is 
write protected. 

TABLE 2-5. PIN DESCRIPTIONS, continued 
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PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

Data To/From Floppy - Floppy Control, Continued 

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 IDX 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, RA9, RA 10, 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 TTL 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 CSL Address Parity I Decoded chip select TTL input pad, bit CS4. 
High 

53 DPL CS.L 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 RA9 CSL Address Line 9 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 CSL Bus ALE I TTL input which, when active high, causes latches 
on the CSL Input Code (CSEN, DPH, DPL, RA 10, 
RA9, 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 III 
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 2-5. PIN DESCRIPTIONS, continued 

ADVANCE INFORMATION 10122190 17-15 



WD76C20 ARCHITECTURE 

PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

Chip Select, Continued 

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 Select lines and issued to select the numerical processor, 

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 2-5. PIN DESCRIPTIONS, continued 
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PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

Real Time Clock, Continued 

--
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 IlS ± 0.5 IlS pulse once every 15.261lS and is 
used to maintain the DRAM integrity with as little 
power as possible. 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 S/RWD76C10 0 CMOS level clock driver output used to support the 
Clock Driver WD76C10. When not in the WD76C10's suspend/ 

resume mode, the output waveform is a 14.318 MHz 
square wave, and when in suspend/resume mode, it 
becomes a 32.768 KHz square wave. The WD76C10 
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 1/0 8-bit bi-directional, tri-stateable data bus. 
42 Data/Address Bus 

TABLE 2-5. PIN DESCRIPTIONS, continued 
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PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

Motor Control 

--
23 MOO FDC Motor on #0 a This HCD output, when active low, is motor on enable 

for disk drive #0, in PCAT mode. 

--
24 M01 FDC Motor on #1 a This HCD output, when active low, is motor on enable 

for disk drive #1, in PCAT mode. 

26 M02 FDC Motor on #2 a Reserved for 4 Mbytesupport (density select). 

27 M03 FDC Motor on #3 a Reserved for 4 Mbyte support (density select): 

Drive Select 

19 DSO FDC Drive Select #0 a 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 a 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 a 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 a 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 
34,46,65 

5,44,67 VDD 

TABLE 2-5. PIN DESCRIPTIONS, continued 
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2.3 CHIP SELECT DECODE 

The following codes are qualified by CSEN (Logic = 0) and disabled by DACKEN (Logic = 1). 

CSL INPUT LINES 
CSt DPH DPL RA10 RAg RA8 FUNCTION 

OOH 0 0 0 0 0 Assert ROMOE to Output Enable the ROM BIOS' 

01H 0 0 0 0 Assert CS8042 to Chip Select the Keyboard Control' 

02H 0 0 0 0 Assert NPCS to Chip Select the Numerical Processor' 

03H 0 0 0 Assert PCUWO to Write Strobe PCU #0 

04H 0 0 0 0 Assert LCLACK to Acknowledge Keyboard Processor' 

05H 0 0 0 Assert RTC ALE for RTC I/O' 

06H 0 0 0 Assert RTC Write Strobe Gated by CSEN & lOW' 

07H 0 0 Assert RTC Read Stobe Gated by CSEN & lOR' 

08H 0 0 0 0 Assert FDC LDOR Register Select Line' 

09H 0 0 0 Assert FDC FOCS Chip Select Line' 

OAH 0 0 0 Assert FDC LDCR Register (ReadlWrite) Select Line' 

OBH 0 0 Assert FDC LDCR Register (ReadlWrite) Select Line & 
assert IDEDENL and CSIDE1 IDE Card Select Lines1 

OCH 0 0 0 Assert IDEDENL and CSIDEO IDE Card Select Line 
& assert IDEDENH if AO = 0' 

ODH 0 0 Assert IDEDENL and CSIDE1 IDE Card Select Line' 

OEH 0 0 Assert CSSERA to Chip Select Serial Port A' 

OFH 0 Assert CSPARO to Chip Select Parallel Port 0' 

10H 0 0 0 0 Assert CSSERB to Chip Select Serial Port B' 

11H 0 0 0 As~ert PROGCS' 

14H 0 0 0 Assert EMS to signify external EMS memory access' 

15H 0 0 WD76C30 48 MHz Clk Disable , CSL Latches Code, 
In, so CSSERA, CSSERB & CSPARO stayasserted2 

16H 0 0 48 MHz Clk Enable for WD76C30, CSL Un-Latches 
code, so CSSERA, CSSERB & CSPARO De-Assert3 .. 

17H 0 Assert PCUW1 to Write Strobe PCU #1 

TABLE 2-6. CSL INPUT LINE DECODER 

, 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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2.4 PIN STATES DURING PCWER DCWN 
MCDE ' .. 

PIN SIGNAL INPUTI PDCPT1 PDCPT2 SUSPEND MCDE 
NO.. NAME OUTPUT IN CUT IN CUT IN .. CUT 

1 IDEDENH OUTPUT 0 0 Z 

2 VSS VSS 
3 FX1 OUTPUT Z Z Z 

4 FX1 INPUT Itl IH IH 
5 VDD VDD 
6 FCLK2 INPUT IH IH IH 
7 RDD StH INPUT IH IH IH 
8 DMA BIDIRECT IH Z··· IH Z··· IH Z 

(input unused) 

9 FIRQ BIDIRECT IH Z··· IH Z··· IH Z 

10 'DCHG SCH W/PULLUP IH IH IH 
11 PCVAL SCHINPUT IH IH IH 
12 DRV BIDIRECT SCH IH Z IH Z IH Z 

(W/PULLUP) 
13 HS OUTPUT Z Z Z 
14 "WE OUTPUT Z Z Z 

15 WD OUTPUT Z Z Z 

16 VSS VSS 
17 DIRC OUTPUT Z Z Z 

18 STEP OUTPUT Z Z Z 

19 DSO OUTPUT Z Z Z 

20 DS1 OUTPUT Z Z Z 

21 DS2 OUTPUT Z Z Z 
22 DS3 OUTPUT Z Z Z 

23 MOO OUTPUT Z Z Z 

24 M01 OUTPUT Z Z Z 

25 VSS VSS 
26 M02 OUTPUT Z Z Z 

27 M03 OUTPUT Z Z Z 

28 HDL OUTPUT Z Z Z 

29 RWC OUTPUT Z Z Z 

30 PWRDN OUTPUT OH OH OH 
31 WP INPUT IH IH IH 

, TABLE 2-7. PIN STATES DURING POWER DOWN MODES 
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PIN SIGNAL INPUTI PDOPT1 PDOPT2 SUSPEND MODE 
NO. NAME OUTPUT IN OUT IN OUT IN OUT 

32 TROD INPUT IH IH IH 

33 IDX INPUT IH IH IH 

34 VSS VSS 

35 *DBO BIDIRECT 0 0 IH Z 

36 *DB1 BIDIRECT 0 0 IH Z 

37 *DB2 BIDIRECT 0 0 IH Z 

38 *DB3 BIDIRECT 0 0 IH Z 

39 *DB4 BIDIRECT 0 0 IH Z 

40 *DB5 BIDIRECT 0 O. IH Z 

41 *DB6 BIDIRECT 0 0 IH Z 

42 *DB7 BIDIRECT 0 0 IH Z 

43 IDED7 BIDIRECT 0 0 IH Z 

44 VDD VDD 

45 AD INPUT IH 

46 VSS VSS 

47 DACK INPUT IH 

48 lOR INPUT IH 

49 lOW INPUT IH 

50 CSEN INPUT I 

51 DACKEN INPUT 

52 DPH INPUT 

53 DPL INPUT 

54 RA10 INPUT 

55 RA9 INPUT 

56 RA8 INPUT 

57 RESET INPUT 

58 RCLR INPUT IH 

59 BALE INPUT W/PULLUP I IH 

60 RTCX OUTPUT 0 0 0 • 61 RTCX INPUT 

62 VBAT VDD 

63 MX14 INPUT IH 

64 MX14 OUTPUT 0 0 Z 

65 VSS VSS 

TABLE 2-7. PIN STATES DURING POWER DOWN MODES (Continued) 
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PIN SIGNAL INPUT/ PDOPT1 PDOPT2 SUSPEND MODE 
NO. NAME OUTPUT IN OUT IN OUT IN 

66 PDREF OUTPUT 0 0 

67 VDD VDD 

68 .OSC OUTPUT 0 0 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

NOTES: 

* 

** 

*** 

17-22 

RTCIRQ OUTPUT 0 0 

TC OUTPUT 0 0 

PRDY INPUT IH 

EMS OUTPUT 0 0 

PROGCS OUTPUT 0 0 

PCUW1 OUTPUT 0 0 

PCUWO OUTPUT 0 0 

NPCS OUTPUT 0 0 

CS8042 OUTPUT 0 0 

ROMOE OUTPUT 0 0 

CSPARO OUTPUT 0 0 

CSSERB OUTPUT 0 0 

CSSERA OUTPUT 0 0 

CSIDE1 OUTPUT 0 0 

CSIDEO OUTPUT 0 0 

IDEDENL OUTPUT 0 0 

TABLE 2-7. PIN STATES DURING POWER DOWN MODES (Continued) 

IH = Input High, internally forced high 

IL = Input Low, internally forced low 

OH = Output High, internally forced high 

Z = Output tri-stated; 1 = Input active; 0 = Output active 

DB is always powered down and Z-state unless chip access is in progress 

Bond option pad, not an additional pin 

Z only if DMAEN = 0; 0 if DMAEN = 1 

ADVANCE INFORMATION 10122190 
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FUNCTIONAL DESCRIPTIONS 

3.0 FUNCTIONAL DESCRIPTIONS 

3.1 CONTROL REGISTER 

(LDCR=O, IOW=O) is a write only register used to 
set the transfer data rate and disable write 
precomp. The support logic latches the 3 LS8's of 
the data bus upon receiving LDCR and lOW. These 
bits are used to select the desired data rate, which 
in turn controls the internal clock generation. Clock 
switchover is internally deglitched, allowing con­
tinuous operation after changing data rates. If the 
Control Register is not used, the data rate is 
governed by the supplied clock, or crystal, frequen­
cy and must be 64 times the desired MFM data rate. 
This implies a maximum frequency of 16 MHz for 
the data rate of 250 Kb/s and a maximum frequency 
of 32 MHz for the data rate of 500 Kb/sec, unless 

WD76C20 

the Control Register is used as shown in Table 3-1 
and 3-2. Switching this clock must b!'l glitchless, or 
the device will need to be reset. For all non-stand­
ard transfer data rates, Table 3-3 should be used. 

As an option, FDC also supports 150 Kb/sec FM 
data transfer rate. The Control Register is used to 
set the transfer data rate as shown in Table 3-3. 
FX1 (pin 10) of the part may be driven with a TTL 
level 9.6 MHz signal. With this setup, only 150 
Kb/sec (FM) and 300 Kb/s (MFM) data transfer 
rates can be selected. 

In PC/AT mode, precomp can be disabled by the 
use of the No Write Precomp (NWP) bit of the 
Control Register. 

CR1 CRO DRV DATA RATE COMMENTS PC/ATRPM 

0 
0 
0 
0 
1 
1 
1 

CR1 

0 
0 
0 
0 
1 
1 
1 

CR1 

o 
o 

0 X 500 K MFM 1 
0 X 250 K FM 1 
1 0 250 K MFM 0 
1 1 300 K MFM (9.6 MHz) 0 
0 X 250K MFM, RESET DEFAULT 0 
0 X 125 K FM, RESET DEFAULT 0 
1 X 125 K FM 0 

TABLE 3-1.16 MHZ FCLK1 CR1, CRO, DRV DATA RATE DECODER 

CRO DRV DATA RATE COMMENTS PC/ATRPM 

0 X 1 M MFM 1 
0 X 500 K FM 1 
1 0 500 K MFM 0 
1 1 300 K MFM (9.6 MHz) 0 
0 X 500 K MFM, RESET DEFAULT 0 
0 X 250 K FM, RESET DEFAULT 0 
1 X 250 K FM 0 

TABLE 3-2. 32 MHZ FX1/FCLK1 CR1 ,CRO,DRV DATA RATE DECODER 

CRO 

o 
o 

DRV DATA RATE 

X 
X 

300 K 
150 K 

COMMENTS 

MFM 
FM 

PC/AT RPM 

TABLE 3-3. 9.6 MHZ FCLK1 CR1, CRO, DRV DATA RATE DECODER 
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BiiT SIGNAL NAME & FUNCTION RESET CONDITION 

0 DATA RATE 0 (CRO) 0 

DATA RATE 1 (CR1) 0 

2 NO WRITE PRECOMP (NWP) 0 

3-7 RESERVED NONE 

TABLE 3-4. FDC CONTROL REGISTER, ADDR=3F7, PCAT MODE 

3.2 OPERATIONS REGISTER 

This register includes support logic that latches the 
data bus upon receiving LDOR and lOW. It 
replaces the typical latched port seen in floppy 
subsystems used. to control disk drive spindle 
motors and select desired drive. 

DSEL 1, DSELO - Encoded drive select bits are 
decoded in Table 3-5 and are valid only if in PC/AT 
mode. 

DS1 DSO DRIVE SELECT 

o 
o 

o 

o 

DSOACTIVE 

DS1 ACTIVE 

DS2ACTIVE 

DS3 ACTIVE 

TABLE 3-5. DRIVE SELECT DECODER 

BIT SIGNAL NAME & FUNCTION 

0 DRIVE SELECT (DSELO) 

DRIVE SELECT (DSEL 1) 

2 SOFT RESET (SRST) 

3 DMA ENABLE (DMAEN) 

4 MOTOR ON ENABLE (MOE NO) 

5 MOTOR ON ENABLE (MOEN1) 

6 MOTOR ON ENABLE (MOEN2) 

7 MOTOR ON ENABLE (MOEN3) 

SRST - This is the Soft Reset bit which will reset the 
FDC when set to a logic level O. After the Soft Reset 
has occurred, the bit itself will be reset to a logic 1. 

DMAEN - Active in the PC/AT mode, this DMA 
Enable bit qualifies DMA and FIRQ outputs and 
DACK input. 

MOEN3, MOEN2, MOEN1, MOENO - These Motor 
On Enable bits Rroduce the inverted outputs M03, 
M02, M01 and MOO in PC/AT mode. 

RESET CONDITION 

0 

0 

0 

0 

0 

0 

0 

TABLE 3-6. OPERATIONS REGISTER, ADDR=3F2 
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3.3 MASTER STATUS REGISTER 

In the WD76G20, the Master Status Register is a 
read/write register, where the read only register in 
the X765 FDG core is an 8-bit register that contains 
the status information of the FDG and may be 
accessed at any time. The new write register is 
called MSR1 and contains support for the power 

down mode 1 and the PS/2 drive type select. The 
user may write to this register to enable the power 
down mode (option 1), to disable user transparent 
power down mode (option 2), and to set up the PS/2 
type drive configuration. 

STORAGE RESET CLOCK 
BIT SIGNAL NAME & FUNCTION ELEMENT CONDITION QUALIFIER 

0 POWER DOWN MODE1 (OPTION 1) FF o (RSTB) MSRCK 
1 PD2ENAB2 DISABLE PDM (OPTION 2) FF 1 (RSTB) MSRCK 
2 PSSELO PS2 DRIVE 0 FF o (RSTB) MSRCK 
3 PSSEL 1 PS2 DRIVE 1 FF o (RSTB) MSRCK 
4- PSSEL2 PS2 DRIVE 2 FF o (RSTB) MSRCK 
S PSSEL3 PS2 DRIVE 3 FF o (RSTB) MSRCK 
6 CTSTO PDM3 OPTION 2 (Reserved) FF o (RSTN) MSRCK 
7 CTST1 PDM3 OPTION 2 (Reserved) FF o (RSTN) MSRCK 

TABLE 3-7A. MASTER STATUS REGISTER, ADDR=3F4, WRITE ONLY 

Notes: 
. PDM (Power Down Mode). If Option 1 set to PD2ENAB = Disable Power Down Mode 2. 

1 If DBO is set to logic 1, the FDC will enter into user initiated PDM (Power Down Mode) immediately. 
21f DB1 is set to logic 0, the FDC will disable the user transparent PDM Option 2; the hard reset enable enables 
. the PDM Option 2. 

3 User transparent power down mode counter test. 

BIT NAME SYMBOL DESCRIPTION 

DBO FDD 0 BUSY DOB FDD number 0 is in Seek Mode. If any bit is set, FDC will not accept 
READ or WRITE commands. 

DB1 FDD 1 BUSY D1B FDD number 1 is in Seek Mode. If any bit is set, FDC will not accept 
READ or WRITE commands. 

DB2 FDD 2 BUSY D2B FDD number 2 is in Seek Mode. If any bit is set, FDC will not accept 
READ or WRITE commands. 

DB3 FDD 3 BUSY D3B FDD number 3 is in Seek Mode. If any bit 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. 

DBS EXECUTION EXM This bit is set only during Execution phase in non-DMA mode. When DBS 
MODE goes low, Execution phase has ended and Results Phase has started. It 

operates only during non-DMA mode of operation. 

DB6 DATA DIO Indicates direction of data transfer between FDC and Data Register. 
INPUT If DI0=1, then transfer is from Data Register to processor. If DIO=O, 

then transfer is from processor to Data Register. 

DB7 REQUEST RQM Indicates Data Register is ready to send or receive data to or from 
FOR MASTER processor. Both DIO and RQM should be used to perform "handshaking" 

functions of "ready" and "direction" to the processor. 

TABLE 3-7B. MASTER STATUS REGISTER, ADDR=3F4, READ ONLY 
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3.4 PS/2 SUPPORT 

The WD76C20 supports up to four PS/2 type drives, 
and Table 3-8 summarizes the sequence details for 
PS/2 drive configuration setup by the FDC. 

The Master Status Register (MSR) is used in a write 
mode to set the conditions for drive select and 
motor enable signals and also to have correct 
polarity on DRV/PS2 pin for PS/2 type of drives. 

3.5 OVERRUN ERROR STATUS REPORTING 

The WD76C20 has the capability to detect and flag 
data overruns during DMA operations. This situa­
tion may occur, as an example, when a floppy 
operation, DRAM refresh, and DMA channel 2 
transfer occur simultaneously. Should a data over­
run occur, D4 (OR) in Status Register 1 will be set. 

Table 3-8 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. Otherwise, if this register is not 
programmed for PS/2 configuration, the RWC/out­
put from FDC should go to pin 2 of the floppy disk 
drive connector. The default is AT mode. 

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 will 
be a logic level 1. In these devices, 66H is read 
only. 

SEQUENCE CODE REGISTER 
VALUE 

Step 1 3F4 00 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Step 7 

Step 8 

3F7 

3F2 

3F4 

3F2 

3F4 

3F7 

3F2 

00 

1C 

04 

1C 

08 

02 

2D 

DESCRIPTION 

Disable FDC sleep mode 

Select 500 Kb/s data rate and 
3 1/2" 1.44 MB in AT mode 

Disable SRST, enable DSO, MOO 
and DMAEN bit of OP register 

Enable bit 2 of MSR and select 
PS2 driveO (1.44 MB) 

Disable SRST, enable DSO, MOO 
and DMAEN bit of OP register 

RWC 

X 

Enable bit 3 of MSR and select . X 

Select 250 Kb/s data rate and 0 
3 1/2" 720 KB drive 

Disable SRST, enable DS1, M01 0 
and DMAEN bit of OP register 
PSSEL 1 (3 1/2" 720 KB) 

TABLE 3-8. PS/2 SUPPORT 

Notes: 
1 Default for RWe and DRV/PS2 is AT mode. 

DRV 

o 

2 Since SOOK data rate is selected, the PSSELO will select drive 0, and the system configuration for this should be set 
up for 3 1/2" and 1.44M PS/2 type of drive. 

3 Operation Register will select drive 0 and motor o. 

4 Master Status Register will select PSSEL 1. 

5 Step Sand 6 will select 2S0K data rate, the PSSEL 1 will select drive 1, and the system configuration for this should 
be set up for 3 1/2" and 720 KB PS/2 type of drive. 
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3.6 REAL TIME CLOCK REGISTERS 
Shown in Figure 3-1 is a memory map of the RTC 
SRAM and operational registers. Under normal 
operating conditions all of the registers may be 
written to or read from except the following: 

• Registers C and 0 are Read Only. 

• Bit 7 of register A is Read Only. 

• The high order bit of the seconds byte is 
Read Only. 

0 14 BYTES OOH 

13 ODH 

14 114 BYTES OEH 

GENERAL 
PURPOSE 

RAM 

WD76C20 

0 SECONDS OOH 

1 SECONDS ALARM 01H 

2 MINUTES 02H 

3 MINUTES ALARM 03H 

4 HOURS 04H 

5 HOURS ALARM 05H 

6 DAY OF THE WEEK 06H 

102 VERSION 66H 7 DAY OF THE MONTH 07H 
NUMBER 

8 MONTH 08H 

9 YEAR 09H 

10 REGISTER A OAH 

11 REGISTER B OBH 

12 REGISTER C OCH 

127 7FH 13 REGISTER OliO ODH 

FIGURE 3-1. RTC ADDRESS MAP 
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Writing the correct time to the RTC is accomplished 
by first programming the SET bit in register 8 to a 
logic 1 , and the Data Mode bit (OM) of Register 8 
to the appropriate level. Then the ten bytes repre­
senting the current time and alarm status can be 
loaded from the host into the RTC without a chance 
of internal bus contention by simply addressing the 
appropriate memory locations and performing a 
normal 1/0 write operation. After all ten timing bytes 
and the OM bit have been written to the RTC, the 
SET bit should be cleared. After this, the OM bit 
cannot be changed without re-initializing all ten 
registers. Table 3-9 shows the 8inary and 8CD 
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 a logic 
0, and PM when it is a logic 1. Once a second, the 
ten bytes are updated and checked for alarm con­
ditions. 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. 

FUNCTIONAL DESCRIPTIONS 

Alarms can be set to interrupt the Host in a variety 
of different w.ays, including intervals ranging from 
once a day to once a second. The method used to 
set the, periodicity is to write don't care bytes,(any 
value from co to FF)into the appropriate alarm 
registers. Therefore an alarm scheduled, to inter­
rupt 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. 
And finally, an alarm will go off every second if all 
three registers are programmed to don't cares. 

RANGE 
ADDRESS DECIMAL BINARY' BCD 
LOCATION FUNCTION RANGE DATA MODE DATA MODE 

00 SECONDS 0-59 00-38 00-59 

01 SECONDS ALARM 0-59 00-38 00-59 

02 MINUTES 0-59 00-38 00-59 

03 MINUTES ALARM 0-59 00-38 00-59 

04 HOURS - 12 HR MODE 1-12 01-0C AM, 81-8C PM 01-12 AM, 81-92 PM 
HOURS - 24 HR MODE 0-23 00-17 00-23 

05 HRS ALARM -12 HR MODE 1-12 01-0C AM, 81-8C PM 01-12 AM 81-92 PM 
HRS ALARM - 24 HR MODE 0-23 00-17 00-23 

06 DAY OF WEEK (SUNDAY=1) 1-7 01-17 01-17 

07 DATE OF MONTH 1-31 01-1 F 01-31 

08 MONTH 1-12 01-0C 01-12 

09 YEAR. 0-99 00-63 00-99 

TABLE 3-9 •• RTC DATA MODE,S 
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REGISTER A SELECT BITS PERIODIC 
RS3 RS2 RS1 RSO INTERRUPT RATE 

0 0 0 0 NONE 

0 0 0 1 3.90625 mS 

0 0 0 7.8125 mS 

0 0 1 1 122.070 uS 

0 0 0 244.141 uS 

0 0 488.281 uS 

0 0 976.5625 uS 

0 1 1 1.953125 mS 

0 0 0 3.90625 mS 

0 0 7.8125 mS 

0 0 15.625 mS 

0 1 1 31.25 mS 

0 0 62.5 mS 

0 1 125 mS 

0 250mS 

500mS 

TABLE 3-10. RTC PERIODIC INTERRUPT RATE DECODER 

RS3, RS2, RS1 and RSO are used to select the 
periodic interrupt rate as seen in the table above. 
Once the rate is selected, use the PIE bit to enable 
the interrupt. Functionally, these pins are decoded 
to choose which spot to tap on the divider chain to 
generate the interrupts. 

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. 

UIP. is the Update In Progress bit, which can be 
used by the Host to determine when updates are 
not going to occur. If the UIP bit is low, the Host can 
assume that a transfer is not going to happen for at 
least another 244 f.,lS, during which time registers 
0-9 are fully available. Writing a logic 1 to the SET 
bit inhibits any further updates and clears the UIP 
bit. 

ADVANCE INFORMATION 10122190 
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BIT SIGNAL NAME & FUNCTION RESET CONDITION 

o 

2 

3 

4 

5 

PEHIODIC INTERRUPT RATE SELECT BIT 0 (RSO) 

PERIODIC INTERRUPT RATE SELECT BIT 1 (RS1) 

PERIODIC INTERRUPT RATE SELECT BIT 2 (RS2) 

PERIODIC INTERRUPT RATE SELECT BIT 3 (RS3) 

OSCILLATOR CONTROL BIT 0 (DVO) 

UNAFFECTED 

UNAFFECTED 

UNAFFECTED 

UNAFFECTED 

UNAFFECTED 

UNAFFECTED OSCI LLATOR CONTROL BIT 1 (DV1) 

6 OSCILLATOR CONTROL BIT 2 (DV2) UNAFFECTED 

7 UPDATE IN PROGRESS (UIP) UNAFFECTED 

TABLE 3-11. RTC REGISTER A, BIT 71S READ ONLY 

BIT SIGNAL NAME & FUNCTION 

DAYLIGHT SAVI"IGS ENABLE (DSE) 

HOURS FORMAT (24/12) 

DATA MODE (DM) 

RESERVED 

RESET CONDITION 

UNAFFECTED 

UNAFFECTED 

UNAFFECTED 

NONE 

o 
1 

2 

3 

4 

5 

6 

7 

UPDATE ENDED INTERRUPT ENABLE (UIE) 

ALARM INTERRUPT ENABLE (AlE) 

PERIODIC INTERRUPT ENABLE (PIE) 

o 
o 
o 

WRITE TO REGISTERS 0-9 IN PROGRESS (SET) UNAFFECTED 

TABLE 3-12. RTC REGISTER B 

DSE - This Daylight Savings Enable bit allows the 
RTC to perform the adjustments required to main­
tain 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 

24/12 - This control bit sets the time to a 24 hour 
format if set to a logic 1, and to a 12 hour AM, PM 
format if reset to O. 

DM - This DATA Mode control bit sets and indicates 
whether the time is stored in binary or BCD format. 
A logic 1 in the DM bit indicates binary, and a logic 
o indicates binary coded decimal data. 

UIE - When the Update Interrupt Enable bit is set to 
logic 1, it enables a function that interrupts the Host 
whenever the Update Flag (UF) is set to 1. 

AlE - When the Alarm Interrupt Enable bit is set to 
logic 1, it enables a function that interrupts the Host 
whenever the Alarm Flag (AF) is set to 1. 

PIE - When the Periodic Interrupt Enable bit is set 
to logic 1, it enables a function that interrupts the 
Host whenever the Periodic Interrupt Flag (PF) is 
set to 1. . 

SET - When the SET bit is written to a logic 1, a 
write to registers 0-9 can proceed without the pos­
sibility of an update cycle occurring part way 
through. 

UF - The Update Ended Interrupt Flag is set to logic 
1 after, and reset to logic 0 during, each update 
cycle. 

AF - The Alarm Interrupt Flag is set to logic 1 
whenever an alarm condition is met, either through 
a timing match ordon't care conditions. It is cleared 
by reading Register C or resetting the part. 

PF - A read only bit, this Periodic Interrupt Flag is a 
logic 1 when the divider tap determined by the 
decoded RSX lines changes state. The bit is inde­
pendent of the PIE bit, but the PIE bit still controls 
whether or not an RTCIRQ pulse is generated. The 
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BIT SIGNAL NAME & FUNCTION RESET CONDITION 

RESERVED 0-3 

4 

5 

6 

7 

UPDATE ENDED INTERRUPT FLAG (UF) 

ALARM INTERRUPT FLAG (AF) 

PERIODIC INTERRUPT FLAG (PF) 

INTERRUPT REQUEST FLAG (IRQF) 

NONE 

o 
o 
o 
o 

TABLE 3-13. RTC REGISTER C, READ ONLY 

BIT SIGNAL NAME & FUNCTION RESET CONDITION 

0-3 REVISION ID CODE (IDO, ID1, ID2, ID3) UNAFFECTED 

4-6 RESERVED NONE 

7 VALID RAM AND TIME (VRT) UNAFFECTED 

TABLE 3-14. RTC REGISTER D, READ ONLY 

bit is cleared by reading Register C or resetting the 
part. 

IRQF -The Interrupt Request Flag is set to logic 1 
whenever the RTC is issuing a Host service inter­
rupt request. The Boolean equation for the flag is 
IRQF = PF·PIE + AF·AIE + UF·UIE. 

ID3, ID2, ID1 and IDO - used to indicate the device 
ID code, which exists to identify the chip during 
board level testing. 

VRT - Valid RAM and Time is a read only bit used 
by the RTC to indicate the possibility of a corruption 
of the SRAM memory locations. A logic 0 would 
indicate an interrupt in the power, during which 
sufficient voltage was not provided by either VBAT 
orVDD. 

3.7 FDC FUNCTIONAL MODE SELECT 
PCAT and Test Modes - Each of these modes 
allow subtle differences which the user may find 
desirable. Note, the Control Register may be used 
in any mode without altering functionality. 

PCATMode 

For PCAT compatibility, users will write to the 
Operations Register after a hardware reset. 

FDC Power Down Mode Option 1 -The WD76C20 
should enter in Power Down Mode Option 1 when 

bit 0 of MSR1 register (OPT1) is set to logical 1 and 
the following conditions are met: 

• The PD bit of the MSR1 write only register 
is set to logic 1 

• The RST pin to FDC is inactive 

• The bit 2 of Operations Register SRST =1 

FDC is waiting command from Host 

The FDC will return from Power Down Mode Option 
1 when the WD76C20 RESET is active and the 
FDC is reset. This will also reset bit 0 of MSR1 
register to logic O. The XTAL oscillator will turn on 
automatically once the chip is reset, but may need 
20 mSecs to stabilize. The FDC standby current 
during the mode is maximum 100 uA. During this 
time through the normal Master Status register 
protocol the "request for master" (RQM) bit 7 in the 
MSR will be inactive. (ROM bit indicates that data 
register is ready to send or receive data to or from 
the processor). The FDC can also be brought out 
from Power Down Mode. 

When exiting power down mode option 1, a soft 
reset assures that an internal reset is generated 
and the reset is active long enough for the internal 
clocks and oscillator to start cleanly. If the mode is 
ever exited by merely writing to the MSR, then it is 
recommended that a soft reset be issued and a 
timeout be instituted to allow the oscillator to stabi­
lize (20 msec). The soft reset can be released after 
this stabilization wait period. 
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FDC Power Down Mode Option 2 - This is a user 
transparent power down mode. The FDC has been 
designed to enter in Power Down Mode automat­
ically 500 ms after the beginning of IDLE state 
(based on the 500 Kbls data rate). During this time 
the XTAL oscillator, all the internal clocks, drive 
interface signals and all the interface signals to FDC 
will be shut off. The Host interface path to FDC will 
be active during this time. For low power consump­
tion, the Host interface signals should be held to 
DC logic levels 1 or o. 

The FDC will come out from PDM by any Host 
access to FDC. The XTAL oscillator will turn on 
automatically and need at least 20 ms for oscillator 
to stabilize and during this time bit 7 of Master 
Status Register will be logic = O. Once the Bit 7 of 
the MSR is set to logic 1, the FDC will be ready to 
receive any command from Host. During power 
down mode, the contents of FDC registers will not 
be affected, and FDC will come up in the same 
mode as it was before it entered into PDM. The 
power down mode can be disabled by writing a logic 
o in Bit 1 of the MSR. The default is power down 
mode enabled all the time after hard reset or chip 
power up. 

Chip Set Power Down 

The following denotes 1/0 status during three dif­
ferent power down options: 

•. #1· FDC Core and Disk Interface 1/0 Only 

During this power down mode, all the input 
signals to floppy core, except RESET, are 
shut off. All the floppy disk interface input 
and output pins are either disabled or tri­
stated. 

The WD76C20 Host interface input and 
output pins not related to FDC core are left 
unaffected by this mode. 

All the analog circuitry, the XTAL oscillator 
and clock internal to FDC are shut off. 

• #2 • FDC Core and Disk Interfac~ 1/0 Only 

This is a user transparent power down 
mode for FDC core and all the FDC disk 
interface pins. The Host interface to and 
from FDC core and WD76C20 pins is not 
affected by this power down mode. 

• All the analog circuitry, the XTAL oscillator 
and clock internal to FDC are shut off. 

FUNCTIONAL DESCRIPTIONS 

• #3· WD7600 Core Chip Set Power Down 
Mode 

For FDC core, this mode is exactly the 
same as Option #2. 

Only signals which must be active in 
suspend mode remain active. All other 
pins are shut off, disabled or tristated. 

Device Reset 

When asserted, the RESET pin causes the 
WD76C20 to perform a a hardware reset on the 
entire chip, including all the subsystems. The FDC 
supports both a hardware reset pin, RESET, and 
software reset, SRST, through use of the Opera­
tions Register. The RESET pin will cause a device 
reset for the active duration. Default selects SOOK 
MFM (or 250 K FM code dependent) as the data 
rate (32 MHz input clock). SRST also causes a 
reset condition for the active duration which will 
reset the microcontroller as did the RESET, but will 
NOT affect the current data rate selection or the 
Mode. When both RESET and SRST are active, the 
high current driver outputs to the disk drive will be 
disabled. 

If the XTAL oscillator is used, instead of the TTL 
driven clock inputs, the hardware RESET active 
time requirement will be extended. The oscillator 
circuit is designed so RESET 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 internal clock 
timing. 

Within the RTC, neither the clock, calendar, nor 
SRAM are affected by the hardware reset function. 
On powerup, the RESET pin must be held low for 
at least 200 ms to allow the power supply to stabi­
lize. Some Control Register bits have affected 
reset conditions as shown in Tables 3-10 to 3-13. 
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SPECIFICATIONS WD76C20 

4.0 SPECIFICATIONS 

4.1 OPERATIONAL 
Absolute Maximum Ratings - All voltages refer­
enced to VSS 

VCC ............... 7.0 Vol 

Voltage at any pin ..... + 0.3 Volts 

TA = O°C (32°F) to 70°C (158°F) 

VCC = 5V = ± 10% 

CL = 100 pf 

VIUVOL referenced to 0.8V 

VIHIVOH referenced to 2.0V 

CY specifies FX1 period 
Storage Temperature .. -55 ° to + 150 ° C 

Operating Temperature. 0° to +70° C 
MCY specifies MCLK period, dependent on 
selected data rate 

4.2 INTERFACE TIMING 
WCY specifies WCLK period, dependent on 
selected data rate. 

AC Chacteristics 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

VCC +5V Supply 4.5 5.5 V 

VBAT Battery Backup Voltage 2.6 VDD V 

VIL Input Low Voltage - Data Bus & XTOCS 0.8 V 

VIH Input High Voltage - Data Bus & XTOCS 2.0 V 

VILT Input Low Threshold - Schmitt Trigger 0.8 1.1 V 

VIHT Input High Threshold - Schmitt Trigger 1.7 2.0 V 

VHYS Schmitt Trigger Hysteresis 0.45 V 

VOLAT Output Low - DBus, FIRQ, DMA; 10=12.0 rnA 0.4 V 

VOHAT Output High - DBus, FIRQ, DMA; 10= -5.0 rnA 2.8 V 

VOLHC Output Low - Drive Interface 10=48 rnA 0.4 V 
VOL Output Low - All Others; 10=4.0 rnA 0.4 V 

VOH Output High - All Others; 10=400 uA 2.8 V 

ILUL Latch Up Current Low 40 rnA 

ILUH Latch Up Current High -40 rnA 

ILL Leakage Current Low 10 uA 

ILH Leakage Current High -10 uA 

ICC Supply Current - 100 uA source loads 70 rnA 

ICC Supply Current - 5 rnA source loads 140 rnA 

ICCPDM1 Supply current in power down mode 1 (Option 1) 200 uA 

ICCPDM2 Supply current in power down mode 1 (Option 2) 2 rnA 

ICCPDM3 Supply current in chip set power down mode 200 uA 

ICCBAT Supply current in battery backup mode1 50 uA 

PO Power Dissipation -ICC max3 700 mW 

PDHL Power Dissipation - ICCHL max2 3 850 mW 

TABLE 4-A. 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=O.4V 
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WD76C20 SPECIFICA TlONS 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSS CSL Input Address 1 Set Up to lOR Low 35 ns 

pwRR lOR Pulse Width 180 ns 

tCSH CSL Input Address 1 Hold Time from lOR High 10 ns 

tRD Data Access Time from lOR Low 175 ns 

tDF DB to Float Delay from lOR High 10 80 ns 

tRI FIRQ Reset Delay Time from lOR High 1MCY +150 ns 

TABLE 4-1. FDC READ TIMING SPECFICIATION 

.1 
CSL INPU Tl 

l-tCSS- -tCSH--+1 
_pwRR_ 

\ V 
-tRD-

_tDF_1 

DB(X} > VALID DATA 

4 tRI_ 

FIRQ "" I'.... 
FIGURE 4-1. FDC READ TIMING DIAGRAM 
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WD76C20 

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 lime from lOR High 1 MCV + 150 ns 

TABLE 4-2. FDC READ W/BALE TIMING SPECIFICATION 

CSL INPUT' INVALID)( VALID X~IN_VA_Ll_D ___________ _ 

BALE 

DB(X) 

FIRQ 

t=T~SSH1 /1 
- teSS ·-----I~t .. t-- pwRR---+I"- tRHAH---1 ------------'{ y-----

__________ ---:...F_t ........ RD-1 +-tDF~ 
INVALID VALID DATA 

~tRI-+I 
INVALID 

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

'------

FIGURE 4-2. FDC READ W/BALE TIMING DIAGRAM 
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WD16C20 

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 ilme from lOW High ' 10 ns 
tOW Data Set Up Time to lOW High 100 ns 
tWD Data Hold lime from lOW High 10 ns 
tWI FIRQ Reset Delay from lOW High 1MCY + 150ns 

TABLE 4-3. FDC WR,ITE TIMING SPECIFICATION 

" CSL INPUT 
AO, DACK 

DB(X) 

FIRQ 

17-36 

)< VALID CSL ADDRESS K 
-tCSS- , -tCSH-

~ pwWW ---:-t 

\ / 
-tDW _ _ tWD_ 

X VALID DATA lX 
tWI 

'" '\. 
FIGURE 4-3. FDC WRITE TIMING DIAGRAM 
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WD76C20 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSSA 
tCSSH 
tCSS 
pwWW 
tWHAH 
tOW 
tWO 
tWI 

CSL INPUT 

BALE 

DB(X) 

FIRQ 

CSL Input Address 1 Set Up to BALE Low 10 ns 
CSL Input Address 1 Hold Time from BALE Low 5 ns 
CSL Input Address 1 Set Up to Tc> Low 35 ns 
lOW Pulse Width 180 ns 
lOW High to BALE High 10 ns 
Data Set Up Time to lOW High 100 ns 
Data Hold Time from lOW High . 10 ns 
FIRQ Reset Delay from lOW High 1 MCY + 150ns 

TABLE 4-4. FDC WRITE W/BALE TIMING SPECIFICATION 

INVALID)( VALID X'-IN_VA_Ll_D ___________ _ 

ICSSA+ tCSSH--1 

Jr-----+------>\ I I . / 

I rtDW+14- tWD-.j 
--------------~-~ 

INVALID VALID DATA 

"IWI~ 
INVALID 

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

FIGURE 4-4. FDC WRITE W/BALE TIMING DIAGRAM 
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·W076C20 

SYMBOL CHARACTERISTIC MIN . MAX UNITS 

tMCV DMA Cycle Time 52 MCV 
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 MCV 
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 lime 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 4·5. FDC DMA TIMING SPECIFICATION 

~-----------tMCV--------------~ 

DMA 

DACK 

lOR or lOW 
___ -;_4 ________ ~t.MRW 

-tMR- _tDF-
-tMW_ -tRD- +-tDW- -tWD_ 

DB(X) VALID DATA 

FIGURE 4·5. FDC DMA TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX 

tTCR DACKEN, CSEN Delay from Last DMA or FIRQ, lOR 0 192 

tTCW DACKEN, CSEN Delay from Last DMA or FIRQ, lOW 0 384 

tTC DACKEN High, CSEN Low Pulse Width 60 
tTCA DACKEN High, CSEN Low to TC Asserted 0 30 

tTCD DACKEN Low, CSEN High to TC De-Asserted 0 30 

TABLE 4-6. FDC TERMINAL COUNT TIMING SPECIFICATION 

DMA or .%. <t-tTCR-' 
FIRQ "I· 

DACKEN 

CSEN 

TC 

.... tTCW--. 

/ 

\. 

"I'\. 

... tTC---' 

V 
'-tTC4 .-tTCD~ 

V 

FIGURE 4-6. FDC TERMINAL COUNT TIMING DIAGRAM 
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ns 
ns 
ns 
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WD76C20 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCY Clock Period 31 ns 
tR Clock Rise Time 2 ns 
tF Clock Fall Time 2 ns 
tPH Clock Active (High or Low) 13 ns 

TABLE 4-7. FDC 32 MHZ CLOCK TIMING SPECIFICATION 

~ ICY ~ 
F CLK1 

II \ 
1\ / 

IR~ +- -. +- IF ------. ~IPH-+ ~IPH-+ 

FIGURE 4-7. FDC 32 MHZ CLOCK TIMING DIAGRAM 
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SYMBOL CHARACTERISTIC MIN MAX 

tDST DIRC Set Up to STEP Low 4 
tSTP STEP Active Time Low 24 
tSTD DIRC Hold Time from STEP High 96 

tSC STEP Cycle Time 132 
tSTU DS(x) Hold Time from STEP Low 20 
tlDX lOX Index Pulse Width 1 
tROD ROD Active Time Low 40 
tWDD WD Write Data Width Low 1/2 

TABLE 4-8. FDC DISK DRIVE TIMING SPECIFICATION 

DIRC 

" ./ 
I' 

..... tDST4 +- tSTP----' ~tSTD"" , V 
STEP 

... tSC 

DS(X) +-tSTU 

'\.'------~ 
{+--tlDX----+ } 

RDD -----------.'{ +-tRDD ---.~ 

WD },....-tWDD-4r 

FIGURE 4-8. FDC DISK DRIVE TIMING DIAGRAM 
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MCV 
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ns 
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WD76C20 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tASD Data ~IOW or lOR High to Address 
Cycle lOW Low (not shown) 100 ns 

tASED Addre~clEilIOW 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 4·9. RTC AND RAM READ TIMING SPECIFICATION 

CSL INPUT 
1 X VALID CSL ADDRESS >< 

'-tCSS---' ""'-tCSH---' 
...-pwRS---+ 

\ / 
lOR 

+tDDR .... .-tDHR---. 

DB(X) )<v VALID DATA >< 
FIGURE 4·9. RTC AND RAM READ TIMING DIAGRAM 
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WD76C20 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tASD Data ~IOW or lOR High to Address 
Cycle lOW Low (not shown) 100 ns 

tASED Address...Qycle lOW 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 lime 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 lime to lOW High 100 ns 

tDHW Address or Data Hold Time from lOW High 10 ns 

TABLE 4-10. RTC AND RAM WRITE W/BALE TIMING SPECIFICATION 

CSL INPUT VALID INVALID 

~t~ 
BALE t ~~-r~~ 4 teSS 

lOR 

tDDR.... j.- tDHR ..... 

DB(X) INVALID X VALID DATA X INVALID 

FIGURE 4-10. RTC AND RAM READ W/BALE TIMING DIAGRAM • 
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WD76C20 

SYMBOL ''CHARACTERISTIC . MIN MAX UNITS 

tASD Data ~ lOW or lOR High to Address 
Cycle lOW Low (not shown) 100 ns 

tASED Addre~cle lOW 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 Time to lOW High 100 ns 

tDHW Address or Data Hold Time from lOW High 10 ns 

TABLE 4-11. RTC AND RAM WRITE TIMING SPECIFICATION 

CSL INPUT 1 VALID CSL ADDRESS 

lOW 

DB(~ 

17-44 

...-tCSS--+ +- tCSH---+ 
+--pwWN --+ r------------

+tDSW +-tDHW-+ 

VALID DATA 

FIGURE 4-11. RTC AND RAM WRITE TIMING DIAGRAM 
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WD76C20 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tASD Data C$l.e..IOW or lOR High to Address 
Cycle lOW Low (not shown) 100 ns 

tASED Addre~cle lOW 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 4-12. RTC AND RAM READ W/BALE TIMING SPECIFICATION 

CSL INPUT INVALID 

lOW 
________ ~.4~_-_-_-_-_-_-__ -_t_C_SS __ -_-_-_-_-_-_-~-;t~·1~·--~DSW~r-~-~-~-A<H-~--------BALE 

INVALID X VALID DATA X INVALID 
---------------------------------/ 

DB(X) 

FIGURE 4-12. RTC AND RAM WRITE W/BALE TIMING DIAGRAM 

• 
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WD76C20 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tRUQ 
tRUH 

lOR 

RTCIRQ Release from lOR (Qualified by RECS) 
RTCIRQ Release from RESET 

2 
2 

TABLE 4·13. RTCIRQ RELEASE TIMING SPECIFICATION 

RESET --------~----r---------------~ 

RTCIRQ 

FIGURE 4-13. RTCIRQ RELEASE TIMING DIAGRAM 
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WD76C20 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tPRST Power on Reset Width 200 ns 
tRST Reset Width 5 J.lS 
tCA Chip Access Delay from RESET High 32 MCY 

TABLE 4-14. RESET TIMING SPECIFICATION 

RESET 

CSL INPUT 1 VALID ADDRESS 

FIGURE 4-14. RESET TIMING DIAGRAM 

DI 
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WD76C20 

SYMBOL 

tCSA 

tCSD 

t07DR 

t07D 

tD7HR 

CHARACTERISTIC 

CSL Input Valid to CSL Output Asserted 

CSL Input Invalid to CSL Output De-Asserted 

07 Access time from lOR low 

Propagation Delay from IDED7 to DB7 

DB7 to Float Delay from lOR High· 

MIN 

o 
o 
10 

MAX UNITS 

35 ns 

35 ns 

20 ns 

20 ns 

80 ns 

TABLE 4-15. IDE INTERFACE TIMING (IDED7 TO DB7) 

CSL 
INPUTS2 X CODE OBH, OCH or ODH x 

-- tCSD 

IDEDEUH & IDECSO/1 

lOR \ V 

IDED7 BIT (N) )~ BIT (N+1) 

- tD7DR +-+ tD7D -- tD7HR --/ BIT (N) ) K BIT (N+1) \. 
\ / 

DB7 

FIGURE 4-15. IDE INTERFACE TIMING DIAGRAM (IDED7 TO DB7) 
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WD76C20 

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 30 ns 

tRHAH lOR High to BALE High 10 ns 

tD?DR D? Access Time from lOR Low 0 20 ns 

tD?D Propagation Delay from IDED? to DB? 0 20 ns 

tD?HR DB? to Float Delay from lOR High 10 80 ns 

TABLE 4-16. IDE INTERFACE W/BALE TIMING (IDED7 TO DB7) 

CSL 1 
INPUTS 

BALE 

IDEDELIH & IDECSO/l 

lOR 

IDED7 

DB7 

INVALID CODE CODE OBH, OCH or ODH 

_ICSSATtCSSH 1 
ICSS ·1 

X 
ICSS~ 

-. 

INVALID CODE 

~tRHAH'" 

BIT (N) X BIT (N+l) 

tD7DR~ -1 ID7D ~ tD7HR I-
BIT (N) X BIT (N+ 1) --\. 

FIGURE 4-16. IDE INTERFACE W/BALE TIMING (IDED7 to DB7) 
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WD76C20 

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 Access time from lOW low 0 20 ns 
tlDD Propagation Delay from DB7 to IDED7 0 40 ns 
tlDHR IDED7 to Float Delay from lOR high 20 160 ns 

TABLE 4-17. IDE INTERFACE TIMING (DB7 TO IDED7) 

CSL 2 
INPUTS . 

IDEDEUH & IDECSO/1 

lOW \ V 
\ / BIT (N) / \ BIT (N+1) DB7 

IDED7 
--+ tlDDR +-+ tlDD ..--. tlDHR +-

/ BIT (N) ) 
/ 1\ 

\ 
\ BIT (N+1) 

V 

FIGURE 4-17. IDE INTERFACE TIMING (DB7 TO IDED7) 

17-50 ADVANCE INFORMATION 10122190 



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 
tWHAH lOW High to BALE High 10 
tlDDR IDEO? Access time from lOW Low 0 20 
tlDHR IDEO? to Float Delay from lOR High 20 160 

TABLE 4-18. IDE INTERFACE W/BALE TIMING (DB7 TO IDED7) 

CSL 1 
INPUTS 

BALE 

-- --IDEDEUH & IDECSOI1 

DB7 

INVALID CODE X CODE OBH, OCH or ODH X 
~teSSATtCSSH 1 

teSS ·1 
X 

tcss==j 

'\ 

INVALID CODE 

+-tWHAH-< 

/ 
BIT (N) X BIT (N+1) 

WD76C20 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

---+ tlDDR ~ -I tlDD I- tlDHR I-
BIT (N) X BIT (N+1) \. .' IDED7 

FIGURE 4-18. IDE INTERFACE W/BALE TIMING (DB7 to IDED7) 

ADVANCE INFORMATION 10122190 1?-51 

• 



WD76C20 

SYMBOL CHARACTERISTIC ··MIN MAX 

tCWSS. CSL Input Valid and lOW Low to OSC 

Transition to Low 30 
tCWSR CSL Input Invalid and lOW Low to OSC 

Transition to Low ··30 
tOSO OSC Suspend Initiated to OSC Low Gap· 60 
tOSL OSC LowGap ·60 

TABLE 4-19. RESUME TO SUSPEND SUPPORT TIMING* 

* Note: Code 15H can also be latched in with BALE as previously shown. 

CSL INPUTS2 

17·52 

lOW 

OSC 

CSSERA, 
CSSERB & 
CSPARO 

CODE 15H 

. tCWSS tCWSH 

.. 14 MHz PERIOD 

FIGURE 4-19. RESUME TO SUSPEND SUPPORT TIMING 
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SYMBOL CHARACTERISTIC 

tCRS 

tCRH 

tCOR 

tOTD 

CSL Input Valid to OSC Transition to Low 

CSL Input Invalid to OSC Transition to Low 

CSL Output De-Assert to Resume WD76C30' 

OSC Transition Delay (for XTAL warmup)* 

• CSL Code 16H is latched on the falling edge of OSC. 

WD76C20 

MIN MAX UNITS 

30 

30 
60 

500 

91 

501 

ns 

ns 

ILS 
ms 

TABLE 4-20. SUSPEND TO RESUME SUPPORT TIMING 

CSL INPUTS 

OSC 

CSSERA, 

CSSERB & 

CSPARO 

CODE 16H 

tCRHr.-+-"""\ 

14 MHz PERIOD--. 

FIGURE 4-20. SUSPEND TO RESUME SUPPORT LOGIC 
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WD76C20 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tCSA CSL Inpu~ Valid to CSL Asserted 35 ns 

tCSD CSL Inpu~ 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·4-21. CHIP SELECT LOGIC DECODE TIMING SPECIFICATION 

CSL INPUT 2 INVALID X VALID CODE X INVALID 

I+--tCSA--! ~tCSD-I 
CSL OUTPUT 3 x OUTPUT ACTIVE x 

lOW 

PCUWO/l 

FIGURE 4-21. CHIP SELECT LOGIC DECODE TIMING DIAGRAM 
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WD76C20 

SYMBOL CHARACTERISTIC 

tCSSA 

tCSSH 

tCSA 

CSL Input Address2 Set Up to BALE Low 

CSL Inpu Addresst2 Hold lime from BALE Low 

CSL Input Valid to Output3Asserted 

MIN 

10 

5 

35 

MAX UNITS 

ns 
ns 

ns 

TABLE 4-22. CSL DECODE W/BALE TIMING SPECIFICATION 

CSL INPUT 2 INVALID CODE X VALID CODE X INVALID CODE 

t::",SSA~"SS""1 
BALE / \ 
CSL OUTPUT 3 

"SA~ 
~UTPUT ACTIVE 

FIGURE 4-22. CHIP SELECT LOGIC DECODE W/BALE TIMING DIAGRAM 

Notes 
1 The ·--RT-C-A-L-E 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 are decoded 
in Table 2-6 are comprised of DPH, DPL, RA 10, 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 Table 4-21 and 4-22. 

2 CSL Inputs are decoded in Table 2-6 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 4-21 and 4-22. 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 LiJcR, FDC Li5OR, RTC CS, 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 2-6. Although not mentioned in Table 2-6, TC 
is asserted when both DACKEN and CSEN are active, as specified in Table 4-6. 
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1.0 DESCRIPTION 

1.1 FEATURES 

1.2 GENERAL 
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DESCRIPTION 

1.0 DESCRIPTION 
1.1 FEATURES 

• Two fully programmable and independent 
serial I/O 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 Programmable 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 FIFO 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 to the 
WD76C10 single chip AT controller 

• Clock generation circuitry 

o 80287 coprocessor clock generation 

o 'WD76C 1 0 and floppy controller clock 
generation 

o 8042 keyboard clock generation 

• Built-in testability features 

• Hardware or software controllable sleep mode 

WD76C30 

• CMOS implementation for high speed and low 
power requirements 

• Pulse extension on IRQ inputs 

• 84-pin PLCC and PQFP packages 

1.2 GENERAL 

The WD76C30 device. provides three functional 
groups. It is a Peripheral Controller, Interrupt Mul­
tiplexer, and Clock Generator. 

The low power CMOS WD76C30 is a Single device 
solution which provides interrupt multiplexing logic, 
clock generation, two serial ports, and one bidirec­
tional 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 
dutylfrequency clock for the 80287 coprocessor, 
and a 16 MHz clock for driving the WD76C1 0 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 
512K. 
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1.3 PERIPHERAL CONTROLLER 

The peripheral controller is functionally equivalent 
to the WD16C4521552. The mode of operation of 
the serial ports and parallel port is selectable via 
the Mode Select Register. Each serial port is con­
figurable as either a FIFO enhanced ACE 
(WD16C550 compatible) ora standard ACE 
(WD16C450). The parallel port is configurable as 
either a PS/2 bidirectional parallel port or a PC/AT 
compatible parallel port. A detailed description of 
the Mode Selection Register is described in the 
parallel port section. . 
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WD76C30 PIN DESCRIPTION 

. 2.0 PIN DESCRIPTION 
Table 2-1 provides a description of the signals 
serviced bytne WD76C30. Adrawing"ofthe 84-pin 
QUAD package, showing the pin andsignalloca-

tions, is provided on the front cover. The DC 
operating characteristics and timing is presented in 
Section 6. 

PIN 
NUMBER MNEMONIC 

76 

78,55 

79,54 

80 
53 

82 
51 

77,56 

18-4 

BIDEN 

SOUT1 
SOUTO 

SIN1, SINO 

SIGNAL NAME 1/0 DESCRIPTION 

Bidirectional I When de-asserted, the BIDEN enables the 
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. 

Enable 

Data Set Ready I The communication link asserts these signals 
to indi~ate that it is ready to exchange data with 
the associated Asynchronous Communications 
~Iement (ACE). Bit 5 of the associated 
MODEM Status Register reflects the logical 
state of DSR. 

Ring Indicator 

Received Line 
Signal Detect 

Serial Data 
Output 

Serial Data 
Inputs 

I When asserted, these signals indicate that a 
ringing signal for the associated ACE is being 
received by the MODEM or data set. This 
logical value is reflected in bit 6" of the as-

. sociated MODEM Status Register. 

I The Data Circuit-terminating Equipment (DCE) 
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. 

o . SOUT1 is the transmitted Serial Data 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. 

I SIN1 is the received Serial Data Input from the 
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. 

TABLE 2·1. PIN DESCRIPTION 
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PIN DESCRIPTION WD76C30 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

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. 

81,52 CTS1, CTSO 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. 

32 - 29, DB7 - DBO Data Bits I/O The Data Bits are tri-state, bidirectional com-
27 -24 munication lines between the WD76C30 and 

Data Bus. 

DBO is the least significant bit and the first serial 
bit to be transmitted or received. 

43 -45 A2,A1, AO Address lines I Address Lines A2 - AO are used to select the 
A2-AO registers internal to the WD76C30. 

41 lOW In[1ut/Out[1ut I When Input/Output Write Strobe is asserted, 
Write Strobe 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, 
CS 1 , or CS2 respectively. 

42 lOR In[1ut/Out[1ut I When Input/Output Read Strobe is asserted, 
Read Strobe 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. 

48 CSO Chip Select 0 I Chip Select 0 when asserted, selects serial port 
O. 

47 CS1 Chip Select 1 I Chip Select 1 when asserted, selects serial port 
1. 

46 CS2 Chip Select 2 I Chip Select 2 when asserted, enables the 
parallel port. 

TABLE 2·1. PIN DESCRIPTIONS Cont. 
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WD76C30 PIN DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME 1/0 DESCRIPTION NUMBER 

36 RESET Reset I When asserted, RESET forces the WD76C30 
into an idle mode in which all serial data ac-
tivities are terminated. The IRQ MUX is forced 
into a non-compatible mode. The WD76C30 
remains in the idle state until programmed to 
begin data activities. 

57 - 62, PD7 - PD~ Parallel Data 1/0 Bidirectional data port, providing parallel input 
65 -66 Bits and output to the parallel port. 

67 STB CD Line Printer 0 When asserted, the Line Printer Strobe signals 
Strobe the line printer to latch the data currently on the 

parallel port (PD7 - PD~). 

68 AFD CD Line Printer 0 When asserted, the Line Printer Autofeed sig-
Autofeed nals the line printer to autofeed continuous form 

paper. 

69 INIT CD Line Printer 0 When asserted, Line Printer Initialize signals 
Initialize the line printer to begin an initialization routine. 

70 SUN CD Line Printer 0 When asserted, Line Printer Select selects the 
Select printer. 

23 IRQ7/IRQ7 Interrupt I/O IRQ7/IRQ7 is an input to the IRQ MUX when 
Request 7 the WD76C30 is D.Q1 in the Stand Alone Mode. 

IRQ7/1RQ7 is output as the Parallel Port Inter-
rupt when the WD76C30 is in the Stand Alone 
Mode (refer to Section 5.6, 5.7). 

When operating as the Parallel Port Interrupt, 
IRQ7/IRQ7 is a tri-state 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/ATcom-
patible, this signaLl§.lRQ7 and is asserted at 
the rising edge of ACK and de-asserted 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. 

eD These outputs are open drain with internal pull-ups. 

TABLE 2-1. PIN DECSRIPTION Cont. 
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PIN DESCRIPTION WD76C30 

PIN 
MNEMONIC SIGNAL NAME I/O DESCRIPTION NUMBER 

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. 

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 to the printer was 
successful. 

4-6 MXCTLO - IROMUX I MXCTLO - MXCTL2 are encoded select signals 
MXCTL2 Control generated by the WD76C10 for sampling the 

IRO inputs. 

8 - 15, IR03 - 6 IROMUX I These 11 interrupt signals, along with IR07, 
17-19 IR08 Inputs RESCPU, ROM8, KBINT, and A20GT are mul-

IR09-11 tiplexed into IROSETO and IROSET1 at a 
IR014, 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 IROSET1 signal 
and, when asserted, indicates to the WD76C1 0 
that the system ROM is eight bits, when de-as-
serted it is 16 bits. 

21 KBINT Keyboard I KBINT is multiplexed into the IROSET1 signal 
Interrupt and indicates to the WD76C1 0 that a keyboard 

interrupt is pending. 

20 A20GT Address 20 I A20GT is multiplexed into the IROSET1 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. II 

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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WD76C30 'PIN DESCRIPTION 

PIN 
MNEMONIC SIGNAL NAME I/O DESCRIPTION NUMBER 

38 CLK287 80287 Clock a 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. 

37 KBCLK Keyboard Clock a 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 a 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 IRQSETO Interrupt a These signals are outputs ofthe IRQ multiplex-
2 IRQSET1 Request ing logiC. When in the Stand Alone Mode 

Set 0,1 IRQSETO and IRQSET1 become the tri-state 
interrupt outputs from Serial Port 0 and 1 
respectively. (Refer to Section 5.6) 

64 Voo Power Supply +5V power supply to the serial and parallel port 
logic. This supply can be turned off. 

3,22 VDD2 Power Supply +5V power supply to the WD76C30 with the 
exclusion of serial and parallel port logiC. 

28,39, Vss Ground System signal ground. 
63,33 

TABLE 2·1. PIN DESCRIPTION Cont. 
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SERIAL PORT REGISTERS WD76C30 

3.0 SERIAL PORT REGISTERS 
The WD76C30 contains two serial ports, therefore, 
the following registers exist in duplicate, one per 
port. 

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

3.1 SERIAL PORT REGISTER ADDRESSING 3.1.2 Register Select (AO, A1, A2) 

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. 

To select a register for read or write operation, see 
Table 3-1. 

NOTE 

Power Down Reset: 
In the Parallel Port, asserting Mode Selection 
Register bit 3 causes the ACE to reset to the 
condition listed in Table 3-2. 

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. 

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, returning them 
to a known state without resetting the system. 

DLAB A2 A1 AO REGISTER 

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

0 0 0 1 Interrupt Enable Register 

X 0 1 0 Interrupt Identification Register (read only) 

X 0 1 0 FIFO Control Register (write only) 

X 0 1 1 Line Control Register 

X 1 0 0 MODEM Control Register 

X 1 0 1 Line Status Register (read only) 

X 1 1 0 MODEM Status Register 

X 1 1 1 Scratch Pad Register 

1 0 0 0 Divisor Latch Register (least significant byte) 

1 0 0 1 Divisor Latch Register (most significant byte) 

TABLE 3-1. REGISTER ADDRESSING 
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WD76C30 SERIAL PORT REGISTERS 

3.2 ACE OPERATIONAL DESCRIPTION 

3.2.1 Master Reset 

3.2.2 ACE Accessible Registers 

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. 

Asserting RESET on pin 36 causes the ACE to reset 
to the condition listed in Table 3-2. 

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 
RTS Master Reset 
DTR Master Reset 
RCVR FIFO Counter MR or FCR1 0 FCRO or ilFCRO 
XMIT FIFO Counter MR or FCR2 ° FCRO or ilFCRO 
FIFO CONTROL Master Reset 
D7 - DO Data Bus Lines In Tri-State Mode, 

Unless lOR = Low 
Address Selection Register Master Reset 
Clock Selection Register Master Reset 
CLK Disable Register Master Reset 
Serial Port Interrupt Master Reset 
Selection Register 
Serial Port Interrupt Master Reset 
Selection Register 
Parallel Port Interrupt Master Reset 
Selection Register 
Mode Selection Register Master Reset 
Parallel Port Control Master Reset 
Parallel Port Data Master Reset 
Parallel Port StatusNone 
SLlN, INIT, AFD, STB, Master Reset 

• Reset disables the Stand Alone Mode· 

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 
High 
All Bits Low 
All Bits Low 
All Bits Low 
Tri-State 
Data (ACE to CPU) 
All Bits Low 
All Bits Low 
All Bits Low 
All Bits Low 

All Bits Low 

All Bits Low 

All Bits Low 
Bits 7 - 6 High, Bits 5 - 0 Low 
All Bits Low 

High, Low, High, High 

TABLE 3-2. RESET CONTROL OF REGISTERS AND PINOUT SIGNALS 
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SERIAL PORT REGISTERS WD76C30 

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 Bit6 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) 

(j) These bits are 0 in Character Mode. ® See Table 3-1 

TABLE 3-3. ACCESSIBLE WD76C30 SERIAL PORT REGISTERS 
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WD76C30 . SERIAL P9fiT REGISTERS 

REGISTER ADDRESS ® 

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 Bit 2 Bit 2 Bit 10 
Connected Error Edge Ring 
(NC) (PE) Indicator 

(TERI)· 

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

(FE) Line Signal 
Detect 
(DRLSD) 

4 Loop Break Clear to Bit 4 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) 

? 0 Error in .Received Bit? Bit? Bit 15 
RCVR Line Signal 
FIFO CD Detect 
(EIRF) (RLSD) 

CD This bit is 0 in Character Mode. ® 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 WLS1 WLSO 

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 sys­
tem. 

SBR = 0-
Resets the Serial Output (SOUT) from 
the Spacing State. 

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. 

WD76C30 

Bit 4 - EPS, Even Parity Select 

EPS = 0-
When PEN (bit 3) equals 1, 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, 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, 1-1/2 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 prpgrammable 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. 

SERIAL PORT REGISTERS 

e Tables 3-3, 3-4 and 3-5 illustrate the use ofthe 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 512K . 
baud. 

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 
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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 
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 

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 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 and Write 

7 6 5 4 3 2 1 0 

EIRF EMT THRE 81 FE PE DE DR 

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. 

Bit 5 - THRE, Transmitter Holding Register Empty 

Character Mode: 

THRE indicates that the ACE is ready to ac­
cept a new character for transmission. TH RE 
also causes the ACE to issue an interrupt to 
the CPU when the Transmit Holding Register 
Empty interrupt enable is set high. 

SERIAL PORT REGISTERS 

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 FIFO Control Register 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. 

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 
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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. 

Bit 1 - OE, Overrun Error 

OE indicates that an Overrun Error occured. 

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. 

WD76C30 

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 =0-
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 
R~gist~r. 

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 interruptcapability that allows for 
complete flexibility in interfacing' with all popular 
microprocessors presently available., In order to 
provide minimum software overhead during data 
char.acter 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 pri(jritized 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 5 4 3 I 2 I 1 0 

, , FERO 0 0 liD IP 

Bits 7,6 - FERO, FIFO Enable 

The FE bits identify whether the FI FO 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 = 1, 1 -
The device i,s in the FIFO Mode. 

Bits 5, 4 - These bits are always logic o. 

Bits 3-1 -110, Interrupt 10 

The 110 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 

Bit3 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 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 0 0 , EDSSI ERLSI ETBEI ERBFI 

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 Line Status Interrupt 

ERLSI = 0-
Disables the Receiver Line Status Inter­
rupt. 

ERLSI = 1 -
Enables the Receiver Line Status Inter­
rupt. 

SE.RIAL 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 
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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 

Bits 7, 6 - RFTL, RCVR FIFO Trigger Level 

RFTL controls the trigger level of the Received 
Data Available Interrupt. 

RFTL 
7 6 Trigger Level (bytes) 

- 01 o 
o 
1 
1 

o 
1 
o 
1 

- 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 OMS 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 
FEWO clears all characters from the 
RCVR Error FIFO and resets the XMIT 
and RCVR FIFO counters to o. FEWO 

WD76C30 

must be set to 1 before setting TFR and 
RFR or they will not be programmed. 

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 0 LOOP tNT NC RTS DTR 

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. 

• 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. 

If, while in the Standalone Mode Loopback is 
enabled, the IROSET output is tri-stated. 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. 
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Receiver Line Status INT 

Time Out INT -------j 

MODEM INT 

To IRQ MUX _-----------' 
MUX IROSETO 

IRQSEn 

From IRQ MUX ----------_'1 0 

Stand Alone Mode --------r--------' 

Loopback (MCR4) ----CI 

INT Enable (MCR3) ------I 

FIGURE 3-1. INTERRUPT SIGNAL LOGIC 

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. 

Bit 3 -INT, Interrupt 

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). 

INT = 0-
The IROSET output is tri-stated. 

INT = 1 -
The I ROSET output is enabled in the 
Stand Alone Mode. 

Bit 2 - NC, No external conn~ction. 

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 - OTR, 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. 

NOTE 
The DTR output of the ACE may be ap­
plied to an EIA inverting line driver (such 
as the OS 1488) to obtain the proper 
polarity input at the succeeding MODEM 
or data set. 
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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 

RLSO RI OSR CTS ORLSO TERI OOSR OCTS 

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). 

Bit 4 • eTS, 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). 
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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 has 
not changed state since the last time it 
was read by the CPU. 

DRLSD = 1 -
The RLSD input to the WD76C30 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 has not 
changed from an On (logic 1) to an Off 
(logic 0) condition. 

TERI = 1 -
The RI input to the WD76C30 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 has 
not changed state since the last time it 
was read .by the CPU. 

DDSR = 1 -
The DSR input to the WD76C30 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. 

DCTS = 0-
The CTS input to the WD76C30 has not 
changed state since the last time it was ~ 
read by the CPU. .. 

DCTS = 1 -
The CTS input to the WD76C30 has 
changed state since the last time it was 
read by the CPU. 
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NOTE 
Setting bits 3, 2, 1, or 0 to a logic 1 
generates a MODEM Status Interrupt. 

3.12 FIFO OPERATION NOTES 

3.12.1 FIFO Interrupt Mode Operation 

When FEWO arid 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 byteJn 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 rea~hes 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. 
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3.12.2 FIFO Polling Mode Operation . 

The FIFO Polling Mode is initialized when FEWO is 
1 and EDSSI, ERLSI, ETBEI and ERBFI are o (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
sociatedStatus 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 0 
X 0 1 0 
X 1 0 0 
0 1 1 0 
1 1 1 0 
X 0 0 1 
X 0 1 1 
X 1 0 1 
0 1 1 1 
1 1 1 1 

lOW REGISTER 

1 Read Data 
1 Read Status 
1 Read Control 
1 Address Select Register Read 
1 Data Access Register Read 
0 Write Data 
0 Invalid 
0 Write Control 
0 Address Select Register Write 
0 Data Access Register Write 

TABLE 4-1. PARALLEL PORT (CS2 = 0) REGISTER ADDRESS 

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

0 1 2 2 0 

0 Data Bit 0 1 STB STB Data Bit 0 
1 Data Bit 1 1 AFD AFD Data Bit 1 
2 Data Bit 2 INT CD INIT IN IT Data Bit 2 
3 Data Bit 3 ERROR SUN SUN Data Bit 3 
4 Data Bit 4 SLCT IRQ ENB IRQENB Data Bit 4 
5 Data Bit 5 PE 1 DIR® Data BitS 
6 Data Bit 6 ACK 1 NC Data Bit6 
7 Data Bit 7 BUSY 1 NC Data Bit 7 

CD 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 
1 isa 1). 

TABLE 4-2. ACCESSIBLE PARALLEL PORT REGISTERS 
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4.1 READ PORT REGISTER 

This register is used to read the data from the 
parallel bus. 

Register select: 
CS2 asserted . lOR asserted - lOW de-asserted 
Address A2 = X, A 1-AO = 0 

716151413121110 

Parallel Bus Data 

Bits 7-0 

These bits correspond to the data on the 
parallel bus. 

4.2 READ STATUS REGISTER 

The contents of this register represents the status 
of the Parallel Port (refer to Table 4-2). 

Register select: 
CS2 asserted - lOR asserted - lOW de-asserted 
Address A2 = X, A 1-AO = 1 

7 6 5 4 3 2 1 0 

BUS' ACK PE SLCT ERRoF INT 1 1 

Bit 7- BUSY 

Bit 6 - ACK, Acknowledge 

Bit 5 - PE, Parity Error 

Bit 4 - SLCT, Select 

Bit 3 - ERROR 

Bit 2 - INT, Interrupt 

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. 

PARALLEL PORT DESCRIPTION 

4.3 READ CONTROL REGISTER 

With the exception of DIR (bit 5), the contents of this 
read only register represents the status of the con­
trol signals capable of being. set/reset by writing to 
the Write Control Register (refer to Table 4-2). 

Register select:_ __ 
CS2 asserted - lOR asserted - lOW de-asserted 
Address A2 = X, A 1-AO = 2 

7 6 5 4 3 2 1 0 

1 1 1 IRQ SLiN INIT AFD STB 
ENS 

Bits 7-5 

These bits are set to one by the hardware. 

Bit 4 -IRQ_ENB, Interrupt Request 

IRQ represents the status of the Parallel Port 
Interrupt prior to the IRQ7 I/O Buffer. 

Bit 3 - SUN, Line Printer Select 

Bit 2 - INIT, Line Printer Initialize 

Bit 1 - AFD, Line Printer Autofeed 

Bit 0 - STB, Line Printer Strobe 

4.4 WRITE PORT REGISTER 

This register is used to write data to the parallel bus. 

Register select: 
CS2 asserted - lOR de-asserted - lOW asserted 
Address A2 = X, A 1-AO = 0 

716151413121110 

Parallel Bus Data 

Bits 7-0 

These bits represent the data being written to 
the parallel bus. 
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4.5 WRITE CONTROL REGISTER 

The Write Control Register is used to write to the 
associated lines and, with the exception of bit 5, is 
a duplicate of the Read Control Register (refer to 
Table 4-2). 

Register select:_ __ 
CS2 asserted - lOR de-asserted - lOW asserted 
Address A2 = X, A 1-AO = 2 

7 6 5 4 3 2 1 0 

NC NC DIR IRQ SUN INIT AFD STB 
ENS 

Bits 7,6 - Not connected 

Bit 5 - DIR, Direction 

DIR works in conjunction with the BIDEN pin to 
determine the direction of the parallel port data 
bus (refer to Table 4-3). This bit is only avail­
able when the parallel port bus is PS/2 com­
patible (Mode Selection Register bit 1 is a 1). 

WD76C30 

Port Port Biden Direction Com~at-
Mode Direction Pin 76 Blt- 5 abll y 

Extended Write' 1 0 PS/2 

Extended Write' 0 X PS/2 

Extended Read' 1 1 PS/2 

Compatible Read' 1 N/A PC/AT 

Compatible Write' 0 N/A PC/AT 

, Read and write refer to internal WD76C30 reading and 
writing the Parallel Port. 

TABLE 4-3. PARALLEL PORT OPERATION 
MODES 

Bit 4 - IRQ_ENB, Interrupt Request 

IRQ represents the status of the Parallel Port 
Interrupt prior to the I RQ7 I/O Buffer. 

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, lo­
cated 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 I 5 4 I 3 2 I 1 1 0 
TEST SER_PRT_1 SER_PRT_O DAT_ACC_REG 
BIT ClK ClK 

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_1 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_O 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 select the address of the register 
to be accessed by the Data Access Register. 

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. OOH 
1 0 1 Mode Selection Reg. OOH 

5.2 CLOCK SELECTION REGISTER 

The Clock Selection Register is addressed by bits 
2-0 of the Address Selection Register described in 
Section 5.1. 

7 
1 6 1 5 I 4 I 3 2 I 1 1 0 

RESERVED CLOCK CO-CPU 

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. 
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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 OOC287 
10 MHz AMD OOEC287 

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 

5.3 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 (DO-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 Selects (CSO, CS1 and CS2) simultaneously. 
All registers are preserved in the sleep mode. 
Sleep Mode is deactivated when one or more of the 
Select signals are de-asserted. 

5.4 CLOCK DISABLE REGISTER 

The Clock Disable Register is addressed by bits 2-0 
of the Address Selection Register described in Sec­
tion 5.1. 

7 6 5 4 3 2 1 0 

ISP1 IS PO AT KB OSC_ 
ClK ClK ClK ClK DIS 

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=O-
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 o. 

Bit3-ATCLK 

ATClK=O-
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. 
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Serial Serial Parallel 
Port 0 Port 1 Port 
Int. Sel. Int. Sel. Int. Sel. ® 0 

Reg. Reg. Reg. 

CD 2 
PINS 3 8 X 1 To 

4 MUX IROSETO or 1 
Internal Internal Internal MXCTLO 
ACE#O ACE#1 Parallel 5 
Interrupt Interrupt Port 

Interrupt 6 

7 0 1 2 
CD Pins includes I R03-7, I ROO, IR09-12, IR014, IR015 

RESCPU, ROM8, KBINT and A20GT .............-. 

® 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 

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= 0-
The 48 MHz oscillator is disabled and, 
KBCLK, CLK287 and ATCLK are 
frozen. 

Bit 0 - Reserved and should be programmed to o. 
NOTE 

Asserting eso, CS1 and CS2 simUl­
taneously disables the 48 MHz oscillator. 
Upon removing the disabling of the 48 
MHz oscillator, it restarts itself within 30 
ms. Logic prevents the internal OSC 
Clock from starting again until the 48 MHz 
oscillator is running at full amplitude. 

5.5 MODE SELECTION REGISTER 

The Mode Selection Register is addressed by bits 
2-0 of the Address Selection Register described in 
Section 5.1. 

7 6 5 4 ·3 2. 1 0 

PUD ATPS2 ATPS2 SP 
INT PP FIFO 

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. 

With the exception of addresses 011· 
and 111 of the parallel port, all registers. 
are reset. Also the followi~nals are 
disabled: DTRO, DTR1, RSTO, RST1, 
SOUTO, SOUT1, PDO-7, BIDEN, 
ERROR, SLCT, PE, ACK, BUSY, INIT, 
SLlN, STB AND AFD. 
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Bit 2 - ATPS2_INT, PC/AT PS/2 Parallel Port 
Interrupt 

ATPS2_INT = 0-
The Parallel Port interrupt signal is 
compatible to a PC/AT compatible 
Parallel Port. 

ATPS2_INT = 1 -
The Parallel Port interrupt signal is 
compatible to a PS/2 compatible Paral­
lel Port. 

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 compatible Parallel Port. 

Bit 0 - SP _FIFO, Serial Port FIFO 

SP _FIFO = 0-
Both Serial Ports are configured to 
operate in non-FIFO mode. 

SP_FIFO = 1 -
Both Serial Ports can operate in the 
FIFO mode if the applicable FEWO is 
set to 1. 

5.6 INTERRUPT MULTIPLEXER 

The WD76C30 provides the logic required to interface 
the PC/AT interrupt request lines with the WD76C10 
Single Chip AT Controller. The WD76C1 0 generates 
input signals MXCTL2 - 0 and the WD76C30 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 5-1 I ROSET). 

Negative pulse extension logic widens negative pul­
ses on twelve of the sixteen MUX inputs. They are 
I R03-7, IRQ9-12, IR014,15 and KBINT. Positive 
pulse extension logic widens a positive pulseon 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 ofthe pulse, whichever lasts longer. Note 
that pulses in the opposite direction that don't include 
three rising MXCTLO edges are never seen on 
I ROSETO or IROSET1. None of this pulse extension 
logic applies to RESCPU, ROM8 or A20GT. 

When the appropriate bits in the Serial Port 0 Inter­
rupt Selection Register (see Section 5.7) 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 Modem Control 
Register) 

IROSET1 = Serial Port 1 Interrupt (tri-state 
enabled by Modem Control 
Register) 

IR07 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 IRQSETO 

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 IRQSET1 

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 IR07 

TABLE 5-3. MXCTL2 - 0 
IRQSETO -1 MULTIPLEXING 
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5.7 . SERIAL PORT 0 INTERRUPT SELECTION 
REGISTER. 

The Serial Port 0 'Interrupt Selection Register is 
addressed by bits 2-0 of the Address Selection 
Register described in Section 5.1. 

1
7

1& 1514 \3 sL_~~_~ I 0 I 

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 IRQS 
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 
X 1 1 1 1 Stand Alone Mode 

All other combinations are reserved. 

S ROM 

IRQ 8, 9 - 11 

CPU RES 

IRQ 14, 15 

MX CTLO - 2 

12 IRQ 

KB 

IRQ 

INT 

3 - 7 

A20 GT 
" 

IRQSETO 

IRQSET1 

FIGURE 5-2. IRQSET - WHEN NOT IN STAND 
ALONE MODE 
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5.8 SERIAL PORT 1 INTERRUPT SELECTION 
REGISTER 

The Serial Port 1 Interrupt Selection Register is 
addressed by bits 2-0 of the Address Selection 
Register described in Section 5.1. 

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 IRQ? 
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 Interrupt 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. 

5.9 PARALLEL PORT INTERRUPT SELECll0N 
REGISTER 

The Parallel Port Interrupt Selection Register is 
addressed by bits 2-0 of the Address Selection 
Register described in Section 5.1. 

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. 

Bit 4 of the Parallel Port Write Control 
Register (refer to Section 4.5) must be set as 
follows: 

EN = (WCR bit 4 = 1) 

EN B3 B2 B1 BO Parallel Port 
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 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. 
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6.0 ELECTRICAL SPECIFICATIONS 

6.1 MAXIMUM RATINGS 

Temperature 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 ........................... 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 

Ta = 2S"C (7TF), f = 1.0 MHz, VccA = S.OV, VccB = S.OV, Vss = OV 

SYMBOL CHARACTERISTIC TYP. MAX. UNITS 
TEST 

CONDITIONS 

Cxin Clock Input 1S 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 

Ta = O°C (32°F) to =70°C (158°F), Voo = +5V ± 10%, Voo2 = +5V ±10%, 
Vss = OV, unless otherwise specified. 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDITIONS 
Vilx Clock Input low V 

Voltage 

Vihx Clock Input High V 
Voltage 

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-DB7. 
101 = 24 mA on PDO-PD7. 
101 = 20 mA on INIT, STB ,SLlN, AFD (j) 
101 = 2.0 mA on other outputs. 

Voh Output High Voltage 2.4 V loh = -0.4 mA on DBO-DB7. 
loh = -15.0 mA on PDO-PD7. 
loh = -0.55 mA on INIT, AFD, STB, 

SUN. 
loh = -0.2 mA on other outputs. 

Icc Power Supply Current 60 mA Vee = 5.5V 
MSTRX1 = 48 MHz 
All other inputs = 5.5V. 
All outputs floating 
Baud Rate = 512K. 
Serial Port ClK = 8 MHz. 

liI@ Input leakage £915 IlA Vee = 5.5V, Vss = O.OV. 
All other pins float. 

lei Clock leakage Vin = O.OV, 5.5V. 

Idl Data Bus leakage ±10 IlA Vout = O.4V, Vout = 4.5V 
(DB and PO) Data Bus in High Impedance State. 

loz Tri-State Leakage ±20 IlA Vee = 5.5V, GND = OV, 
Vout = O.OV, 5.5V. 

Vii (RES) Reset Schmitt Vii 0.8 V 

Vih (RES) Reset Schmitt Vih 2.0 V 

TABLE 6-2. DC OPERATING CHARACTERISTICS 

(j) 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 mA. 

@ RESCPU, IRQ3 - 7, IRQ8, IRQ9 - 12, IRQ14 - 15, ROM8, A20GT, KBINT, AND CS1 have nominally 300 
!lA pullups. These pull ups, 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 nominally sink 300 !lAo 
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6.4 AC OPERATING CHARACTERISTICS AND TIMING 

Ta = O°C (32°F) to + 70°C (158°F), Vss == +5V ± 10%, Voo2 = +5V ±1 0%, 
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 FIGURE/TABLE NUMBERS 
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RClK ~~ 
8 CLOCKS ~ 16 ClKS-.j 

----.I k- tSCD 

SAMPLE CLOCK ~ 
SIN (RECEIVER START 
INPUT DATA) 

SAMPLE CLOCK 

INTERRUPT ____ ---IF \~ 
~tRINT~ 

--------------------------- ~'----
"lOR \ 

(READ REC. 
DATA BUFFER) 

"See Read Cycle Timing 

FIGURE 6·1. RECEIVER TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
TEST 

CONDI110NS 

tSCD Delay from RCLKt to 2 Ils 
Sample lime 

tSINT Delay from 17 CD RClK~ 100 pF Load 
Stop to Set Interrupt Cycles 

tRINT Delay from lOR 250 1000 ns 100 pF Load 
(RD RBR) Reset 
Interrupt 

TABLE 6·4. RECEIVER TIMING 

CD 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 
OUTPUT DATA) 

THRE (INTERRUPT) 

• lOW (WR THR) 

•• lOR (RD fiR) 

• See Write Cycle Timng 
•• See Read Cycle Timing 

DATA BITS 5 - 6 

FIGURE 6·2. TRANSMITTER TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

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

tlRS Delay from initial INTR 8 24' TCLK CD 
Reset to Transmit start Clock 

Cycles 

tSI® 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) 

tSXA Delay from Start to 0 8 TCLK CD 
TXRDY Active Clock 

Cycles 

twXI Delay from Write to 0 300 ns 
TXRDY Inactive 

TABLE 6·5. TRANSMITTER TIMING 

ELECTRICAL SPECIFICA TIONS 

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) \'-__ _ -4 
RTS. DTR 

CTS. DSR. RLSD 

IRQSET 

•• lOR (RD MSR) 

RI 

• See Write Cycle Timing 
See Read Cycle Timing 

~ 

r'MDO 
\ 

\ 
tSIM ...- -.j tSIM 

'AIM ~I_ 
U 

\ 

WD76C30 

~ i- tMDO 

I 

+-

tR:M ~ 1"'-
U .. ~ 

tSIM 

/ 

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

TABLE 6-6. MODEM CONTROL TIMING 
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... RC ~ 

-----, I 

CS ~ 

~ tACR ... 
---. i 

AO, A1, A2 VALID 
----J: 

I ... tOle ~ ... tOIW ---. ...-- tRC ----. 

lOR 1\ I 

DATA 
DO - 07 

~ tO~~ ---.1 .,.tHZ ~ 
---------------------------------------;(VAUOOMA)r--------

FIGURE 6-4. READ CYCLE TIMING 

CS 11""1 ... 1----------------- WC 

---.!tACW ... 
I 

AO, A1, A2 VALID 

I ... 
-, 

tooc ~ ... tDOW twc ----+-

DATA 
DO - 07 

lOW -) . 

.-.-tos -+LtOH'~ 
--------------------------~(~ ______ VAU __ O_O_A_~ ____ ~)r-------

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 1 TTL Load 
Data Delay 

tDOW lOW Strobe Width 100 ns 1TTLLoad 

twc Write Cycle Delay 150 ns 1TTLLoad 

WC Write Cycle = 300 ns 1 TTL Load 
+ tDOC + tDOW 
+ twc + 20 ns 

tDS Data Setup Time 30 ns 1TTL Load 

tDH Data Hold Time 30 ns 1TTLLoad 

tDIC lOR DELAY from 30 ns 1 TTL Load 
Select or Address 

tDOC lOW Delay from 30 ns 1TTLLoad 
Select or Address 

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

tACW Address and Chip 20 ns 1TTLLoad 
Select Hold Time 
from lOW 

tDDD Delay from lOR to data 100 ns 1 TTL Load 

tMR Master Reset Pulse 1.0 f..LS 1 TTL Load 
Width 

tpWRUP Delay from TTL Clock 30 f..Ls 
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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-3 

SIN (SERIAL IN) \ 

SAMPLE CLOCK 

FIFO TRIGGER 
LEVEL INTERRUPT 
FCR6 = 0, FRC7 = 0 

LSINT 

lOR (LSR) 

lOR (RDRBR) 

SIN (SERIAL IN) 

SAMPLE CLOCK 

FIFO TRIGGER 
LEVEL INTERRUPT 
FCR6 = 0, FRC7 = 0 

LSINT 

lOR (RDLSR) 

lOR (RDRBR) 

IS 
I I I 

I 

________________________________________ tR~'~ 

FIGURE 6-6. RCVR FIFO SIGNAL TIMING FOR FIRST BYTE 

\'-__ .....L.I __ D_AT_A_B_IT_S_5-!:~ 

I IS 

------------------------~/~-----\ 
tRINT _ I~ 

.. ---_ ............... -- -- ---- ...... -_ ............ .. 

........... ...... ......... ...... . . ,----~--'1_. ~~!!~'f!~.~ 

PREVIOUS 
BYTE READ 
FROM FIFO 

_ tSINT -J _ _tRINT 

------------------, r----------------~ 

FIGURE 6-7. RCVR FIFO SIGNAL TIMING AFTER FIRST BYTE 
(RBR ALREADY SET) 
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CS2 \L--_____ --1/ 
AO. Al. A2 ______ ..Jx VALID X'-______ _ 

BIDEN 

PD~ - PD7. 
SLiN. INIT. 
AFD. STB 

*-lOW 

or 

lOR 

ACK 

~tooc • 

\ --. tOIC +-- IF 'Ho ~ 
I'-------------------~~~~ I, 1 

..- tpOH ..... 

..-- toowl ---+.- tACW ---. 
1 

\'------'/ 

\L-___ ---II 1 

*1 ---tBSA- - n~\ / 1 

'------~ 1 ** 

BUSY 

1"-- tBSY -- _n - ... ~ ~---- tAl( ... ----.. tOil -+--

-----II \L-~--~-----------
-~ tAI~ 

1 Ir---~\~ ____________ __ IRQ7 

(PC/AT compatible only) \ 

lOR 

* See serial port timing for set-up and hold for Write Cycle. 

** tOil is the delay from the positive transition of iOw only when 

bit 4 of the Write Control Register (IRQ Enable Bit) goes to O. 

This time also applies to IRQSETO and 1 when bit 3 of MCRO and 1 goes to 0 respectively. 

FIGURE 6-8. PARALLEL PORT TIMING 

(Reading PPSR) \'---------'1 
ACK \'----------:::'~ ~ 'AS' __ 

\'---------'/ IRQ7 
(PS/2 compatible only) 

Open collector with internal pullup. 

FIGURE 6·9. PARALLEL PORT INTERRUPT TIMING 
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CHARACTERISTIC MIN MAX UNITS 
TEST 

SYMBOL CONDI110NS 

tDOC lOW Delay from Chip 30 ns 
Select and Address 

tDIC lOR Delay from Chip 30 ns 
Select and Address 

twD lOW High to PDO-PD7, 1 IlS No External Pull-up 
SLlN, INIT, AFD, STB Resistor and 50 pF Load 

tHD BIDEN High to 120 ns 50 pF Load 
PDO-PD7 Tri-State 

tLPD BIDEN Low to 100 ns 50 pF Load 
PDO-PD7 Delay 

tpDH PDO-PDI Hold Time 100 ns 
from lOR 

tpDS PDO-PD7 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 0 ns 

tBSY BUSY Width 100 ns 

tAK ACKWidth 100 ns 

tAl IRQ7 Delay 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) 

tDII lOW to Tri-State 0 100 ns 50 pF Load 

TABLE 6-8. PARALLEL PORT TIMING 
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I .... ' .... t---- tpH (min) -------1 .... 1 ... 1,.l-----tpL (min) .1 
I I I I 

/~------------~\~! ____________ ~V 

FIGURE 6-10. CLOCK GENERATION TIMING 

CLOCK tpH tpL FREQUENCY MAX. EDGE DELAY CD 
TYPE mln.ns. min.ns. MHz FROM MSTRX1 EDGE 

CLK287 SEL 
0 43 68 8 100 ns 
1 28 62 9.6 100 ns 
2 22 50 12 100 ns 
3 35 35 12 100 ns 
4 17 37 16 100 ns 
5 25 25 16 100 ns 

KBCLK 50 33 9.6 100 ns 
ATCLK 28 28 16 100 ns 

MSTRX1 8 8 48 N/A 

TABLE 6-9. CLOCK GENERATION TIMING 

CD All 50 pF loads 

II 
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MXCTLO - 2 ~ 

• RESCPU 

X ROMS, A20GT 

IROSETO, 1 .~ X 

~ tMUX1 i.-- ~ tMUX2 io( 

* Spikes of 10 n s or less on inputs are suppressed. 

FIGURE 6-11. INTERRUPTMUX TIMING - A 

MXGTl1, 2 ----l~'---_---,.--___LXlLl.L.lJ.XXX..lLll.JJXXX~XXL..lL..\L.lXXXLl.L..lLlXXX"_lL.lLXXXlLl.ULXXX..lLll.JJXXX~XXXu.L.lL.lXX.L..\LlLXXXlL.ll;l-xt __ 

-+! 
MXCTLO 

Pins: u .... ·---- IMUX3 -----.~: 
IROSETO, 1 __ --'-'1 \ Immoomoooooom_ 

IMUXI ~ ~ ~ !+-~UX2 

Pins: IR03-7, IR09-12, IR014, IR015, KBINT, IROS (IROS PIN INVERTED) 
* Spikes of 10 ns 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 

IMUX3 Rising MXCTLO clock 3 5 
edges required 

IMUX4 Rising MXCTLO clock 5 
edges required 

IMUX5 MUX input setup 100 ns 
time 

IMUX6 MXCTLO-2 pulse width 40 ns 

IMUX7 Pins pulse width 75 ns 

TABLE 6-10. INTERRUPT MUX TIMING 

• 
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WD76C30 PACKAGE DIMENSIONS. 

7.0 PACKAqE 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. 

1.185/1.195 
30.099130.353 

18-48 

. . ' .. , 

0.18510.200 I +0.0041-0.000 I 0.185.'0.200 +.0041-.000 
~ . SEATING PLANE. ~ SEATING PlANE 

Q.Q.Z§ .. 
1.905 

8PLCS 

PIN NO.1 1.0. 

.... ______ 1.185/1.195 ______ .-1 
30.099130.353 

OPTION 
-A-

OPTION C 

FIGURE 7-1. 84-PIN PLCC PACKAGE 
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PACKAGE DIMENSIONS 

+, 

.800 ~ .003 

PIN #1 ID 

1----.650 -: .003 

1-----.780 -: .005 

1------.800 (REF) -~----+I 

1..LI.0041 A I 

OPTION - A-

§ 

WD76C30 

Detail of the bumper with the 
lead already cut and formed 

--l~==--.020 MIN. 

Lead configuration 
after cut & forming 

~.014MAX 

-kP.068 MIN 

.025MI~11 
-oil- .0081.010 

OPTION - C -

OPTION - B -

FIGURE 7-2. 84-PIN PQFP PACKAGE 
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8.0 CRYSTAL MANUFACTURES (Partial 
List) 

American Time 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 

Frequency: 16.0 MHz (third overtone = 48 MHz) 

Type: Microprocessor Crystal 

Temperature Range: O°C (32°F) to 70°C (158°F) 

Series Resistance: 50 Ohms to 75 Ohms 
(16.0 MHz) 

Series Resonant 
Overall Tolerance: ±0.01 % 

CRYSTAL MANUFACTURES (Partial List) 

VDD2 
DRIVER 

EXTERNAL 
CLOCK MSTRX1 

OPTIONAL 
CLOCK 
OUTPUT 

OPTIONAL 
DRIVER 

INTERNAL 
DSC 
CLOCK 

~II ! c L-===. ::::y=::DISabI9 L y: 
L .................................................................................... .J 

TIMING MIN UNITS 

tXH 8 ns 
t XL 8 ns 

FIGURE ~1. EXTERNAL CLOCK INPUT 
(48 MHz MAX.) 

I .... · .. · .. · .. ················ .. ············· .... ·· ...... ········ ........................... j 

! VDD2 I 
.---~~M=sm~x1~~--~~~ 

c::J Crys1a1 

MSTRX2 

L1 

C3 

INTERNAL 
OSC 
CLOCK 

c___________ ___ :J 
Power up time after disable = 30 ms max 

FIGURE 8-2. TYPICAL CRYSTAL 
OSCILLATOR NETWORK 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 

The Paradise Video Graphics Array (PVGA1A) is 
designed to enhance the VGA subsystem in IBM 
PC AT Bus or Personal System 2 (PS/2) Micro 
Channel compatible applications. The AT or 
Micro Channel Bus interface switch is set through 
the Configuration Register after power up. 

Other improvements, such as an 8/16 bit wide 
CPU data path, a DRAM controller for up to 1 MB 
of video memory space, support for an 8/16 bit 
wide BIOS ROM data path, auto monitor detect 
input, and a CRT controller for fixed or variable 
scan analog monitors, are offered as standard 
features. 

1.2 FEATURES 

• Provides single Chip Video Graphics 
Solution for IBM PC / XT / AT and Personal 
System/2 compatible systems 

• 100% hardware compatible with IBM's VGA 
card in all modes 

• 100% IBM VGA and EGA BIOS compatible 

PVGA1A 

I DRAM 
CONTLR 

AT /MCA 
f-- r-- ADR 

INTERFACE (0-19) 

w 
::i!u VID(0-7) w< 
I-U-
<ncr: 

BIOS >-w 
ROM 

<nI-

~ 
~ 

8/16 
DATA 
(0-15) 

EXT/OSC. CLOCK II CRT 
CONTLR CONTLR 

MUX 

PVGA1A 

• 100% CGA, MDA, Hercules Graphics, 
AT&T Model 6300 compatible 

• Integrated bus interface for PC / XT / AT, 
Micro Channel 

• High performance FIFO memory 
architecture 

• Includes 8- or 16-bit wide CPU data bus 
• 800 by 600 by 16 colors, 640 x 400 x 256 

colors 
• 640 by 480 by 256 colors (512K DRAM) 
• 132 column text modes, with 25, 43, or 50 

rows 
• Support for external Color Lookup Table 

(Palette Chip) with 256 Kbyte available 
colors 

• Up to 40 MHz maximum video clock rate 
• 1.25 Micron CMOS VLSI technology 
• 100 pin Plastic Leadless Chip Carrier 

(PLCC), or 100 pin Plastic Flat Pack (PFP) 
JEDEC package 

• Minimizes circuit board space requirements. 

-1 RAMDAC f 

I MONITOR 
DETECT 

VIDEO 
MEMORY 

ANALOG 

UP TO 
MB 1 

COLOR/MONO MONIT OR 

FIXED OR 

I 
VARIABLE 

SCAN 

Figure 1. System Diagram 
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ORIENTATION MARK ORIENTATION MARK 

14 88 

88 

84 
19 84 

79 
24 

PVGA1A PVGA1A 
79 

74 74 
29 

69 
69 

34 

64 

38 64 

39 44 49 54 59 63 39 44 49 54 59 63 

Pin Diagram Pin Diagram 

PIN :SYMtJUL PIN ::ITMDUL PIN ::I·fMDUL PIN SYMBOL 

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 lORN 54 VID3 79 RAS10N 
5 MD1 30 IOWN 55 VID2 80 CAS10N 
6 MDO 31 MRDN 56 VID1 81 OE10N 
7 EBROMN 32 MWRN 57 VIDO 82 RAS32N 
8 DS16N 33 EION 58 WPLTN 83 CAS32N 
9 BHEN 34 RDY 59 PCLK 84 OE32N 
10 SFDBKN 35 IRQ 60 HSYNC 85 WEON 
11 EABUFN 36 RSET 61 VSYNC 86 WE1N 
12 DA8 37 DIR 62 BLNKN 87 WE2N 
13 DA9 38 EDBUFN 63 MA8 88 WE3N 
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 RPLTN 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 1 00 VCC 

~vuA1APin Oeserl tions p 

19-2 Ao'VANCE INFORMATION 10/30/90 



~ 

"TI 
l:- ee· 
0 c 
);; .." 

CD 

~ !" 
"U 

~ < 
cg G') 

~ 
JJ ... 
~ ~ 

ID :::! 0' 
~ n 

;II:" ..... 
C 

~ iii· 

~ CD 
.." 

C III 
3 

..... 
~ 

PVGA1A BLOCK DIAGRAM 
,-------------------------, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

..... r AT-BUS/MICRO CH 1 .... 1 CONVERTER I .J, 1, 
Ii vo 1?l '"",ROC 

ALL 1/0 

DECODER PARTS I .... CONTROLLER n MEMORY 
DECODER 

t;:U ... ADDR./DATAI ADDR. ..... ...... 1 DEMUL TIPLEXORL " r" ./ 

DATA ,/ '-
VIDEO MEMORY 

...- , ...-SELECT 

yDATA f"\. ~~ 
..... ? 

TRANS 
.., 

SEQUENCER 

--;i>' 

L..J I SHIF'T ILOAD 

J CLOCK .. ... lIo! PIXEL CLOCK 

.... " 
4: 

1 SELECTOR :I: 
III 

'-1,.1 

lr 1=1 1 CHARACTER 
z 
4: 

CLOCK , :I: , 
DISPLAY I 1 ~ -7 GRAPHICS 

.... COUNTER I .::.... ~ CONTROLLER 
'-~ .. 

~ 
) 

CRT GENERATOR 
...-, 

CONTROLLER 
'- ... .. 

VIDEO DATA, 

ROW SCAN _I F"IrO 1 I 
--;i>' 

COUNTER 

I~ 1 1 ,/ 

I ... 
~ 

ASCII ~CHAR. DATA ( I ~ 1 
,/ 

'-~ MACa-D) '- '-

VIDEO MEMORY 
MD<1S-0) 

BIDS SELECT ... 

~ 
CH RDY ,..... 

DOT CLOCK 

1 
"l/ 

ATTRIBUTE 
CONTROLLER 

PIXEL DATA 

"a ...... 

BLANI(. SYNC ....... 

L _______________________ _ V ADDRESS 
~ VIDEO MEMORY ~MEMORY 

DATA CONTROL -~ 

~ 
~ g 
~ 
:::! 
~ 

"tI 
< 
C) 
l> ... 
l> 



PVGA1A 

2.0 SCOPE 

Many applications require greater graphics 
capability than is available through the IBM 
Monochrome Display Adapter (MDA), Color 
Graphics Adapter (CGA), Enhanced Graphics 
Adapter (EGA), Multicolor Graphics Array 
(MCGA), and the Video Graphics Array (VGA). 
The Paradise PVGA1A is a 1.25 micron, 12,000 
gate CMOS VLSI device that allows the design of 
a very high performance VGA graphics subsys­
tem able to interface with the PC/XT/AT Bus, as 
well as the IBM Micro Channel Bus, while main­
taining backwards compatibility with previous 
video standards. A major advantage of the 
PVGA 1 A is that designs implementing this 
graphics controller will be able to run applications 
requiring MDA, CGA, Hercules, AT&T 6300, and 
VGA hardware and BIOS compatibility, and also 
EGA BIOS compatibility, on analog or multifre­
quency monitors. 

This data sheet supplies sales order information, 
a functional overview, signal pin details, a block 
diagram, internal register descriptions, AC/DC 
characteristics, timing diagrams, VLSI package 
mechanical information, and a list of associated 
references. 

2.1 PVGA1A DESCRIPTION 

The PVGA1A internally contains four major 
modules. These are the CRT Controller, the Se­
quencer, the Graphics Controller and the Attribute 
Controller. The PVGA1A has 4 major interfaces: 
the CPU and BIOS ROM interface, the Clock in­
terface, the DRAM Display Buffer interface, and 
the Video and RAMDAC interface. 

The PVGA1A internally contains four major 
modules. These are the CRT Controller, the Se­
quencer, the Graphics Controller and the Attribute 
Controller. The PVGA1A has 4 major interfaces: 
the CPU and BIOS ROM interface, the Clock in­
terface, the DRAM Display Buffer interface, and 
the Video and RAMDAC interface.The PVGA1A 
controls the interfacing between the system 
microprocessor and video memory. Because 
PVGA 1 A controls arbitration for video memory be­
tween the system microprocessor and the CRT 
Controller function contained within the PVGA 1 A, 
all data passes through PVGA 1 A when the sys-

SCOPE 

tem microprocessor writes to or reads from video 
memory. 

A FIFO is used internally to achieve the video 
display bandwidth necessary between CPU ac­
cesses and display refresh cycles, using standard 
DRAMs. 

2.2 PVGA1A MODULES 

The CRT Controller section within the PVGA 1 A 
maintains screen refresh functions for the various 
display modes defined by the BIOS ROM resident 
firmware. The PVGA1A CRT Controller also 
generates horizontal sync (HSYNC), vertical sync 
(HSYNC), and blank pulses for the display 
monitor. 

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 
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 display attributes such as blinking, under­
lining, cursor, scrolling, reverse video, and back­
ground or foreground video, in VGA and en­
hanced VGA BIOS modes. 
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3.0 PVGA 1 A INTERFACES 

3.1 CPU AND BIOS ROM INTERFACE 

The PVGA 1 A is designed to operate in two dif­
ferent bus architecture configurations. These are 
the PC/XT/AT Bus and the PS/2 Micro Channel 
Bus. The selection of the mode is dependant on 
the setting of a configuration register bit CNF(2), 
which is determined upon power-up/reset, and is 
described in the PVGA 1 A Paradise Register sec­
tion of this data sheet. 

The I/O data path is eight bit. The DRAM display 
buffer data path can be 8- or 16-bit. EGA Planar 
modes have an eight bit data path with the CPU. 
Text modes and 256 color extended modes (pack­
ed pixel modes) can have a 16-bit data path if the 
video subsystem supports a 16-bit bus. 

The PVGA 1 A will provide the necessary 
waitstates 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) for setup, 
and 102H for VGA enable, have been imple­
mented internally in the PVGA 1 A. 

When configured for AT or Micro Channel opera­
tion, the PVGA1A operates functionally in a man­
ner that is conducive to PC/XT/AT or Micro Chan­
nel interfacing respectively. The signal pins, 
memory maps and I/O ports all operate to op­
timize this interface with minimal external circuitry. 

The PVGA 1 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. 
PVGA1A 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 user can 
implement designs able to multiplex the ad­
dress/data signals to the PVGA 1 A in 8- or 16-bit 
mode, control an 8- or 16-bit BIOS ROM, and 
generate the desired control/handshake signals 
(such as -MEMCS16 in AT mode). 

PVGA1A 

3.2 DRAM INTERFACE 

The PVGA1A optimizes its interface to the video 
memory display buffer. The video memory 
DRAMs are organized as 4 planes and the 
PVGA 1 A is designed for 3 configurations of 
DRAMs. Each plane can be configured as 64 
Kbytes (256 Kbyte total), 128 Kbytes (512 Kbyte 
total), or 256 Kbytes (1 Mbyte total). cycles. 
PVGA 1 A will also refresh the DRAMs with 3 or 5 
refresh cycles (page mode in graphics or RAS 
refresh in alpha) after every horizontal scan line. 

The PVGA 1 A supports 256 Kbytes of DRAM by 
using eight 64 Kbyte by 4 page mode DRAM 
chips; 512 Kbytes of DRAM by using sixteen 64 
Kbyte by 4 page mode DRAM chips; or 1 Mbyte 
of DRAM using eight 256 Kbyte by 4 page mode 
DRAM chips. Usually a 36 MHz MCLK and 
120ns DRAMs are used. A 640 by 400 by 256 
color mode is supported when 100 ns DRAMs 
and a 42 MHz MCLK .is used. 640 by 480 by 256 
color mode is supported when the 512 Kbyte 
DRAM configuration along with 100ns DRAMs 
and a 42 MHz MCLK are used. The PVGA1A 
Paradise registers provide support for accesses 
of up to 1 Mbyte of video memory. 

The PVGA 1 A provides the necessary control sig­
nals and address/data lines to access the video 
memory as two 16-bit data interleaved banks. For 
display refresh cycles, the PVGA1A will perform 
page mode Read operations on the video 
memory in graphics modes, and in alpha modes it 
will generate standard RAS/CAS. 

3.3 VIDEO INTERFACE 

The PVGA 1 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 PVGA1A 
provides all the necessary signals to interface to .... 
the video RAMDAC. ... 
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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 PVGA 1 A can be programmed 
to directly generate all the CRT signals for up to 8 
bits/pixel (256 color) displays. In addition, exter­
nal hardware can be added to allow higher dis­
play resolutions by trading off the number of 
bits/pixel. 

The Micro Channel Auxiliary Video Connector and 
the AT Feature Connector can be connected to 
PVGA1A. PVGA1A also provides an input for a 
monitor typ"S detection interface as done on the 
IBM VGA using comparators. 

3.4 CLOCK INTERFACE 

The PVGA 1 A has four clock input signal pins. 
These are: the separate memory clock, MCLK, 
which drives the DRAM timing in graphics modes; 
and the three video clocks, VCLKO, VCLK1, and 
VCLK2, which drive the video timing and DRAM 
timing in alphanumeric modes. PVGA 1 A also 
provides the option to externally control a mUlti­
plexer that supplies the video clock. 

3.5 PVGA1A POWER·UP CONFIGURATION 

The PVGA 1 A uses the memory data pins to con­
figure an internal configuration register upon 
power-up/reset. CNF(2) will determine whether 
the PVGA 1 A will operate in AT or Micro Channel 
bus mode. 

Other CNF bits configured by PVGA1A at power­
up/reset are used as status bits, or for clock 
source control. For more information on PVGA 1 A 
power-up configuration, refer to the Paradise 
Register section of this data sheet. 
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PIN DESCRIPTION PVGA1A 

4.0 PIN DESCRIPTION 

The table below provides PVGA1A pin definitions 
for the 100 Pin Plastic Leadless Chip Carrier 
(PLCC)and Plastic Flat Pack (PFP) package. The 
PVGA1A mnemonics are used. For more design 

details in AT or Micro Channel modes refer to the 
application notes and reference section of this 
document. 

PIN PIN 
PIN NO. SYMBOL TYPE DESCRIPTION 

POWER ON 

36 RSET I RESET: This signal input will reset the PVGA 1 A. MCLK 
and VCLKO should be connected to PVGA 1 A in order for the 
PVGA 1 A to initialize during Reset. Paradise registers PR1, 
and CNF are initialized at power-up reset based on the logic 
level on the MD7-0 bus as determined by pull-up/ pull-down 
resistors. Outputs EABUFN and EDBUFN are 3-stated during 
reset. The reset pulse width should be at least ten MCLK 
clock periods. 

CLOCK SELECTION 

76 MCLK I MEMORY CLOCK: This clock signal determines the VGA 
graphics mode video DRAM readlwrite access timing as well 
as system microprocessor I/O and memory timing. MCLK 
should be approximately 36 MHz for 120 ns DRAMS, and 
42.0 MHz for 100 ns DRAMS. 

75 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. 

74 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 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 
description. MCLK should be greater than or equal to 
VCLK1. 
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PIN PIN 
PIN NO. SYMBOL TYPE DESCRIPTION 

73 VCLK2 I/O 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 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 VCLK2. 

CPU ADDRESS AND DATA BUS 

28 A19 I ADDRESS-ONLY BUS (A15-A19): These active high inputs form 
27 A18 I the high-order five bits of video memory address. These addresses 
24 A17 I are not decoded during I/O accesses in AT or Micro Channel modes. 
23 A16 I These inputs are directly connected to the system bus. 
22 A15 I 

20 DA15(*) I/O DATA/ADDRESS BUS (DAO-DA15): These signals comprise an 
19 DA14 I/O active high multiplexed data/address bus for I/O and memory 
18 DA13 I/O accesses. Only the low eight bits are used for data during I/O read 
17 DA12 I/O and write cycles. During every I/O read and write, the voltage level 
16 DA11 I/O on DA 15 is used to help determine the monitor type, and can be read 
14 DA10 I/O at port 3C2H bit 4. A logic 0 or logic 1 on DA 15 places a logic 0 or a 
13 DA9 I/O logic 1 into bit 4 of the Input Status Register 0, respectively. Refer 
2 DA8 I/O to the general register description for more information. 

46 DA7 I/O 
45 DA6 I/O 
44 DA5 I/O 
43 DA4 I/O 
42 DA3 I/O 
41 DA2 I/O NOTE: " • "DA 15 signal is multiplexed with data bit 15and CRT 
40 DA1 I/O monitor sense input for auto monitor detection. Refer to 
39 DAO I/O technical brief on auto monitor detection circuit. 

CPU CONTROL BUS 

21 EM EM 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 active during 
video memory access. Otherwise, EMEM should be generated 
by external logic when the PVGA1A video memory is accessed. 
During AT Bus refresh time, EMEM can be connected to REFRESH 
to disable the PVGA 1 A. In Micro Channel mode this signal enables 
I/O and video memory access. External logic is required to 
implement the function EMEM. 
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PIN PIN 
PIN NO. SYMBOL TYPE DESCRIPTION 

10 SFDBKN a 16-BIT WIDE BIOS HOM: In AT mode thiS active lOW 

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 BIOS ROM chip enable signal MEMCS16 
in AT mode. In Micro Channel mode, its mnemonic is 
-CD SFDBK. -CD SFDBK is the unlatched decode (active 
low) when a memory, 1/0, or BIOS ROM access is done from 
the system bus and may be considered as adapter or VGA 
feedback. For further details, refer to the reference literature. 

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 MCA or CPU bus cycles during 
video memory accesses. It is pulled inactive by PVGA 1 A 
to allow additional time to complete a bus operation. This 
signal is not generated on 1/0 cycles and accesses to the 
BIOS ROM. For further details, refer to the reference 
literature. 

35 IRQ a 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 transition active, causing the interrupt. 
It will stay latched until CRTC11 bit 4 clears it. In an AT 
system IRQ is not connected, but may be connected if desired. 
-IRQ9 is used to generate interrupt in the Micro Channel 
mode. For further details, refer to the reference literature and 
the CPU section in the introduction. 

8 DS16N a DATA SIZE 16: Active low enable for 16-bit video memory 
word transfers. It is a mode dependent signal. In AT mode, 
the signal level is as programmed in bit PR1 (2) and may be 
used to control 16 bit external data buffers. See the Paradise 
Register (PR1) description for further details. This signal is 
used to generate -MEMCS16 using external logic for AT 
mode designs. In Micro Channel mode, the signal is active 
only during BIOS ROM accesses (if enabled) by PR1 (1 )) 
andlor during memory 16-bit data path access (if enabled by 
PR1 (2)). See the section on Paradise Registers or consult the 
reference literature for more information. 
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PIN NO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

33 EION I ENABLE 1/0: In AT mode, this active low signal enables 1/0 
accesses to the PVGA1A. In Micro Channel mode, this signal 
is the set up input pin and is connected to the card set up 
or the VGA setup. The externally designed system 1/0 
(96H for Adapter card or 94H bit 5 for system board design) 
is connected to the EION pin. When this signal is high, the 
PVGA 1 A is enabled or in the operating state. An active low 
signal on this pin puts the PVGA 1 A into set up mode. 

During the set up mode, write logic 1 to PVGA 1 A internal 
port 102H to awaken the PVGA 1 A after power on. Refer 
to application note for more information. When in set up 
mode, the PVGA 1 A will only respond to the internal 1/0 
register located at 102H. Accesses to port 3C3H (external) 
and BIOS ROM addresses are not affected by setup mode, so 
they can be accessed. 

9 BHEN I BUS HIGH ENABLE: In both AT and MCA mode, this active 
low signal enables and indicates transfer of data on the high 
byte of the data bus (DA8-D15) when PVGA 1 A is in 16-bit 
mode. With address AO, it distinguishes between high byte 
(DA15-8) and low byte (DAO-7) data transfers. It is not used 
for 1/0 transfers in either AT mode or Micro Channel mode. 

31 MRDN I MEMORY READ: 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 M/-IO. It distinguishes between 
memory and 1/0 cycles. When (M/-IO) is high, a memory 
cycle is in process. A low on (M/-IO) shows that an 110 
cycle is in process. For further details, refer to the reference 
literature. 

32 MWRN I MEMORY WRITE: 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 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 1/0 and memory 
commands. For further details, refer to the reference literature. 

29 lORN I 1/0 READ: Active low 1/0 read strobe in AT mode. It is 
asserted in 8/16 bit 1/0 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. 
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PIN PIN 
PIN NO. SYMBOL TYPE DESCRIPTION 

30 10WN I I/O WRITE: Active low strobe. In AT mode, the strobe 
signals an I/O write for S/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. 

VIDEO MEMORY DATA 

S9 MD15 I/O DISPLAY MEMORY DATA (00-015): These lines are the 
90 MD14 data bus to the video display DRAMS. Data lines MDO-7 are 
91 MD13 pulled up or down with resistors to provide set up information 
92 MD12 on power-up (reset) as follows: 
93 MD11 
94 MD10 
95 MD9 
96 MDS MD Power-Up Affected 
97 MD7 Function Register (bit) 
9S MD6 ---------------------------------_ .. _---------------------------------------
99 MD5 7 General Purpose CNF(7) * 
2 MD4 6 General Purpose CNF(6) * 
3 MD3 5 General Purpose CNF(5) * 
4 MD2 4 General Purpose CNF(4) * 
5 MD1 3 VCLK1,2 InpuVOutput CNF(3) + 
6 MOO 2 AT/Micro Channel Mode CNF(2) + 

1 BIOS ROM Data Path PR1 (1) * 
0 BIOS ROM Mapping PR1 (0) * 

NOTE:" *" Pulldown resistor sets these bits to logic 1. 
" + " Pullup resistor sets these bits to logic 1. 

For more details refer to the section on Paradise Registers. 

VIDEO MEMORY ADDRESS 

63 MASt 0 MEMORY ADDRESS (MAO-MAS): Display memory 
65 MA7t DRAM address. 
66 MA6t 
67 MASt 
68 MA4t 
69 MA3t 
70 MA2t 
71 MA1t 
72 MAOt 

Note: "t" For testing purposes, these pins can be tri-stated by setting Paradise Register PR4(4)=1. 
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PIN NO. PIN PIN 
SYMBOL TYPE DESCRIPTION 

VIDEO MEMORY CONTROL SIGNALS 

80 CAS10N to COLUMN ADDRESS STROBE: Active low Memory Maps 
1 & 0 CAS output signal. 

83 CAS32N to COLUMN ADDRESS STROBE: Active low Memory Maps 
3 & 2 CAS output signal. 

79 RAS10N t 0 ROW ADDRESS STROBE: Active low Memory Maps 1 & 0 
RAS output signal. 

82 RAS32N to ROW ADDRESS STROBE: Active low Memory Maps 3 & 2 
RAS output signal. 

81 OE10N t 0 OUTPUT ENABLE: Active low Memory Maps 1 & 0 
DRAM output enable. 

84 OE32N t 0 OUTPUT ENABLE: Active low Memory Maps 3 & 2 
DRAM output enable. 

85 WEONt 0 WRITE ENABLE: Active low Write Enable to DRAM 
bank 0, lower byte (Memory map 0). 

86 WE1Nt 0 WRITE ENABLE: Active low Write Enable for DRAM 
bank 0, upper byte (Memory map 1 ). 

87 WE2Nt 0 WRITE ENABLE: Active low Write Enable for DRAM 
bank 1, lower byte (Memory map 2). 

88 WE3Nt 0 WRITE ENABLE: Active low Write Enable for DRAM 
bank 1, upper byte (Memory map 3). 

Note: "t" For testing purposes, these pins can be tri-stated by setting Paradise Register PR4(4)=1. 
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PIN PIN 
PIN NO. SYMBOL TYPE DESCRIPTION 

RAMDAC INTERFACE 

48 VID7§ 0 VIDEO (VDO-VD7): Pixel video output to DAC and color 
49 VID6§ palette. 
50 VID5§ 
53 VID4§ 
54 VID3§ 
55 VID2§ 
56 VID1 § 
57 VIDO§ 

47 RPLTN 0 READ PALETTE: Video DAC register and color palette read 
signal. Active low during I/O read to addresses 3C6H, 3C8H, 
and 3C9H. 

58 WPLTN 0 WRITE PALETTE: Video DAC register and color palette 
write signal. Active low during I/O write to addresses 
3C6H-3C9H. 

59 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. Note that VCLKO, 1 or 2 
is divided by two in 320/360 pixel display mode to derive PCLK. 

62 BLNKN * 0 BLANK: Active low display monitor blank pulse. 

CRT CONTROL 

60 HSYNC * 0 HORIZONTAL SYNC: Display monitor horizontal 
synchronization pulse. Active high or low depending on the 
Miscellaneous register programming. 

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: "§" For testing purposes, these pins can be tri-stated by setting Paradise Register PR4(5)=1~ 
":t:" For testing purposes, these pins can be tri-stated by setting Paradise Register PR4(6)=1. 
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PIN PIN 
PIN NO. SYMBOL TYPE DESCRIPTION 

BIOS ROM CONTROL 

7 EBROMN 0 ENABLE BIOS ROM ACCESS: In both AT and Micro 
Channel modes this signal is active (low) during memory 
reads in the address range (COOOOH-C7FFFH) if enabled by 
bit PR1 (0). It is not active for accesses to addresses in the 
range C6000H-C67FFH. In AT mode only, a write to the 
PVGA 1 A 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. 

BUFFER CONTROL 

11 EABUFN 0 ENABLE ADDRESS BUFFER: This active low signal 
permits control of an external address buffer for multiplexing 
address and data to PVGA 1 A. It is 3-stated while Reset is 
active. 

38 EDBUFN 0 ENABLE DATA BUFFER: Allows control of an external 
data buffer for multiplexing address and data to PVGA 1 A. It 
is 3-stated while Reset is active. 

37 DIR 0 DIRECTION CONTROL: Active high Direction Control for 
reads of the MDO-15 data bus in AT and Micro Channel 
modes. The default state is low until a read/write cycle occurs. 
Then the PVGA1A will drive DIR high to change the 
direction of the data buffers. 

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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5.0 ABSOLUTE MAXIMUM RATINGS 

Ambient temperature under bias 
Storage temperature 

oOC to 70°C 
-40°C to 125°C 

PVGA1A 

Voltage on all inputs and outputs with respect to Vss 
Power dissipation 

-0.3 to 7 Volts 
1.0 Watt 

NOTE: Stresses above those listed under Ab­
solute 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 im­
plied. Exposure to absolute maximum rating con-

0° to 70°C 

ditions for extended periods may affect product 
reliability. 

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 
Power supply voltage 4.75 to 5.25 Volts 

NOTE: 

5.1 D.C. CHARACTERISTICS 

SYMBOL PARAMETER MIN. MAX UNITS CONDITIONS NOTE 

VIL Input Low Voltage -0.3 0.8 V VCC = 5V +/-5% 
VIH Input High Voltage 2.0 VCC+0.3 V VCC = 5V +/-5% 
ilL Input Low Current +/-10 uA VIN =O.OV 
IIH Input High Current +/-10 uA VIN = VCC 

VOL Output Low Voltage 0.4 V IOL+4.0 rnA 
VOH Output High Voltage 2.4 V 10H =4.0 rnA 
10Z High Impedance 

Leakage Current -10.0 10.0 uA OV<VOUT <VCC 
ICC Stand By Current 22 rnA VCC = 5.25 VDC 

(All Inputs at TTL Levels) TA = OoC, Static 
CIN Input Capacitance 10 pF FC = 1MHZ 
COUT Output Capacitance 10 pF FC = 1MHZ 

1. PVGA1A outputs have 4.0 rnA maximum source and sink capability except as follows: 
RDY = 12.0 rnA sink and 4.0 rnA source. 
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5.2 AC CHARACTERISTICS 

1/0 READ - AT MODE TIMING DIAGRAM 

SYMBOL PARAMETER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Address, EION Setup to lORN 
Address Hold from lORN Active 
Read Data Valid from lORN Active 
lORN Pulse Width 
Read Data Hold from lORN Inactive 
EABUFN Inactive from lORN Active 
EDBUFN Active from EABUFN Inactive 
EDBUFN Inactive from lORN Inactive 
EABUFN Active from EDBUFN Inactive 
DIR Active to lORN Active 
DIR Inactive from lORN Inactive 
RPLTN Active from lORN Active 
RPLTN Inactive from lORN Inactive 
EION Hold from lORN Inactive 

NOTES: 

* Units are in nanoseconds (ns) 
+ Tested with CL = 70 pf unless specified otherwise. 

1. Tp = 1/MCLK in all modes. 

( See Figure 4 ) 

MIN 

13 
4 

2Tp+50 
16 

13 
5 

ABSOLUTE MAXIMUM RA TlNGS 

MAX NOTES*+ 

2Tp+20 

29 
31 
30 
31 
25 
26 
2Tp+34 1,2 

2 

2. RPLTN signal active only with 110 addresses 03C6H-03C9H, except 03C7H. 
3. For the signals that change between AT and Micro Channel modes, based upon CNF(2), the 

PVGA 1 A pnemonics ( Refer to equivalence table in the pin description section) are used in 
the AT mode timing diagrams. 

** For reference only. RPLTN is in synchronization with MCLK. 
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PVGA1A 

6.0 TIMING DIAGRAMS 

6.1 1/0 WRITE· AT MODE TIMING DIAGRAM (See Figure 5 ) 

SYMBOL PARAMETER MIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Address, ElaN Setup to laWN 13 
Address Hold From laWN Active 4 
Write Data Valid from laWN Active 
laWN Pulse Width 3Tp+50 
Write Data Hold from laWN Inactive 16 
EABUFN Inactive from laWN Active 
EDBUFN Active from EABUFN Inactive -­
EDBUFN Inactive from laWN Inactive -­
EABUFN Active from EDBUFN Inactive -­
WPLTN Active from laWN Active 
WPLTN Inactive from laWN Inactive 16 
ElaN Hold from laWN Inactive 5 
EBROMN Active from laWN Active 
EBROMN Inactive from laWN Inactive --

NOTES: 

* Units are in nanoseconds (ns) 
+ Tested with CL = 70 pf unless specified otherwise. 

TIMING DIAGRAMS 

MAX NOTES*+ 

3Tp-8 

29 
31 
30 
31 
3Tp+Tv+15 1,2 

2 

29 3 
27 3 

1. Tp = 1/MCLK in all modes. Tv = 2/VCLKO or 2/VCLK1 or 2NCLK2 depending on selected 
video clock. 

2. WPLTN signal active only with 1/0 addresses 03C6H-03C9H. 
3. EBROMN signal is active only during I/O port 46E8H write operation. 
4. For the signals that change between AT and Micro Channel modes, based upon CNF(2), 

the PVGA 1 A pnemonics (Refer to equivalence table in the pin description section) are 
used in the AT mode timing diagrams. 

For reference only. WPLTN is in synchronization with PCLK. 
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TIMING DIAGRAMS 
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PVGA1A TIMING DIAGRAMS 

MEMORY READ - AT MODE TIMING DIAGRAM ( See Figure 6 ) 

SYMBOL PARAMETER MIN MAX NOTES*+ 

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

1 Address, BHEN, EM EM Setup to MRDN 13 
2 Address, BHEN Hold from MRDN Active 4 
3 Data Valid Setup to ROY Tp+25 
4 Data Hold from MRDN Inactive 10 
5 EABUFN Inactive from MRDN Active 29 
6 EDBUFN Active from EABUFN Inactive 31 
7 EDBUFN Inactive from MRDN Inactive 30 
8 EABUFN Active from EDBUFN Inactive 31 
9 DIR Active to MRDN Active 25 
10 DIR Inactive from MRDN Inactive 26 
11 ROY Inactive from MRDN Active 18 
12 ROY Active High from MRDN Active 2000 
13 ROY Inactive (Tri-state) from 180 

MRDN Inactive 
14 EBROMN Active from MRDN Active 29 
15 EBROMN Inactive from MRDN Inactive - 27 
16 EMEM Hold from MRDN Inactive 4 

NOTES: 

* Units are in nanoseconds (ns) 
+ Tested with CL = 70 pf unless specified otherwise. 

1. Duration of ROY signal inactive is dependent on video memory access contention and 
phase of clock. 

The Clock is MCLK, VCLKO, VCLK1, or VCLK2 depending on clock selection. 

5 

4 

2 
2 

2. EBROMN signal active for addresses COOOO-C7FFFH excluding addresses C6000-C67FFH. 
3. For the signals that change between AT and Micro Channel modes, based upon CNF(2), the 

PVGA 1 A pnemonics ( Refer to equivalence table in the pin description section) are used in 
the AT mode timing diagrams. 

4. On AT bus, this signal is tri-state and pulled up to +5V externally. 
5. Tp = 1 / MCLK 

** For reference only. WPLTN is in synchronization with PCLK 
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PVGA1A TIMING DIAGRAMS 

MEMORY WRITE- AT MODE TIMING DIAGRAM ( See Figure 7 ) 

SYMBOL PARAMETER MIN MAX NOTES*+ 
------_ .......... 

1 Address, BHEN, EMEM Setup to MWRN 
2 Address, BHEN Hold from MWRN Active 
3 Data Valid from MWRN Active 
4 Data Hold from MWRN Inactive 
5 EABUFN Inactive from MWRN Active 
6 EDBUFN Active from EABUFN Inactive 
7 EDBUFN Inactive from MWRN Inactive 
8 EABUFN Active from EDBLlFN Inactive 
9 RDY Inactive from MWRN Active 
10 RDY Active High from MWRN Active 
11 RDY Inactive (Tri-state) from 

MWRN Inactive 
12 EMEM Hold from MWRN Inactive 

NOTES: 

Units are in nanoseconds (ns) 
+ Tested with CL = 70 pf unless specified otherwise. 

1. Tp = 1/MCLK in all modes. 

13 
4 

3.5Tp-23 
0 

29 
31 
30 
31 
18 
2000 
180 

4 

2. Duration of RDY signal inactive is dependent on video memory access contention and 
phase of clock. 
The Clock is MCLK, VCLKO, VCLK1, or VCLK2 depending on clock selection. 

3. For the signals that change between AT and Micro Channel modes, based upon CNF(2), 
the PVGA 1 A pnemonics ( Refer to equivalence table in the pin description section) are 
used in the AT mode timing diagrams. 

4. On AT bus, this signal is tri-state and pulled up to +5V externally. 
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TIMING DIAGRAMS 
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PVGA1A TIMING DIAGRAMS 

6.2 1/0 READ - MICRO CHANNEL MODE TIMING DIAGRAM( See Figure 8 ) 

SYMBOL PARAMETER MIN MAX NOTES*+ 
----------------------------------- - -----------

1 Address, MIlO Setup to -CMD 13 
2 Address Hold from -CMD 4 
3 EMEM Active to -CMD Active 13 
4 EMEM Hold from -CMD Active 4 
5 -S1 Active to -CMD Active 3 
6 -S1 and MIlO Inactive from -CMD Active 5 
7 Read Data Valid from -CMD Active 2Tp+22 
8 Read Data Hold from -CMD Inactive 18 
9 -CMD Pulsewidth 2Tp+50 1,5 
10 -CMD Inactive to next -CMD Active 80 
11 EABUFN lactive from -CMD Active 30 
12 EDBUFN Active from EABUFN Inactive -- 31 
13 EDBUFN Inactive from -CMD Inactive 31 
14 EABUFN Active from EDBUFN Inactive -- 30 
15 DIR Active to -CMD Active 27 
16 DIR Inactive from -CMD Inactive 26 
17 RPLTN Active from -CMD Active 2Tp+36 1,2 
18 RPLTN Inactive from -CMD Inactive 13 2 
19 SFDBKN Active from Address Valid, 

EMEM, and MIlO 34 4 
20 SFDBKN Inactive from -CMD Inactive 32 4 
21 -CD SETUP Active to -CMD Active 13 3 
22 -CD SETUP Inactive from -CMD Inactive 4 3 

NOTES: 

Units are in nanoseconds (ns) 
+ Tested with CL = 70 pf unless specified otherwise. 

1. Tp = 1/MCLK in all modes. 
2. RPLTN signal active only with I/O addresses 03C6H-03C9H, except 03C7H. 
3. EION signal active as -CD SETUP for 1/0 access to port 102H only, otherwise its level is high. 
4. If -CD SETUP (EION) signal is low, this output stays inactive. 
5. Read operation is internally delayed by two Tp clocks. 
6 For the signals that change between AT and Micro Channel modes, based upon CNF(2), the Micro 

Channel names and PVGA 1 A pnemonics ( Refer to equivalence table in the pin description section) are 
used in the Micro Channel mode timing diagrams. 

For reference only. RPLTN is in synchronization with MCLK. 
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TIMING DIAGRAMS 
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PVGA1A TIMING DIAGRAMS 

I/O WRITE· MICRO CHANNEL MODE TIMING DIAGRAM( See Figure 9) 

SYMBOL PARAMETER MIN MAX NOTES'+ 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

Address, MilO Setup to' -CMD 
Address Hold from -CMD 
EMEM Active to -CMD Active 
EMEM Hold from -CMD Inactive 
-SO Active to -CMD Active 
-SO and MilO Inactive from -CMD Active 
Write Data from -CMD Active 
Write Data Hold from -CMD Inactive 
-CMD Pulsewidth 
-CMD Inactive to next -CMD Active 
EABUFN Inactive from -CMD Active 
EDBUFN Active from EABUFN Inactive 
EDBUFN Inactive from -CMD Inactive 
EABUFN Active from EDBUFN Inactive 
WPLTN Active from -CMD Active 
WPLTN Inactive from -CMD Inactive 
SFDBKN Active from Address Valid, 
EMEM, and MIlO 
SFDBKN Inactive from -CMD Inactive 
-CD SETUP Active to -CMD Active 
-CD SETUP Inactive from -CMD Active 

NOTES: 

* Units are in nanoseconds (ns) 
+ Tested with CL = 70 pf unless specified otherwise. 

13 
4 
13 
4 
3 
5 

18 
3Tp+50 
80 

18 

13 
4 

3Tp-10 

30 
31 
31 
30 
3Tp+Tv+17 

1,5 

2 

34 4 
32 4 

3 
3 

1. ' Tp = 1/MCLK in all modes. Tv = 2NCLKO or 2NCLK1 or 2NCLK2 depending on 
selected video clock. 

2. WPLTN signal active only with 1/0 addresses 03C6H-03C9H. 

1,2 

,3. EION signal active as -CD SETUP for 1/0 access to port 102H only, otherwise its level is high. 
4. If -CD SETUP (ElaN) signal is low, this output stays inactive. 
5. Write operation is internally delayed three Tp clocks. 
6 For the signals that change between AT and Micro Channel modes, based upon CNF(2), 

the Micro Channel names and PVGA 1 A pnemonics ( Refer to equivalence table in the pin 
description section) are used in the Micro Channel mode timing diagrams. 

** For reference only. WPLTN is in synchronization with PCLK. 
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PVGA1A TIMING DIAGRAMS 

MEMORY READ - MICRO CHANNEL MODE TIMING DIAGRAM (See Figure 10 ) 
SYMBOL PARAMETER MIN MAX NOTES*+ 

---------------------- ------
1 Address Setup to -CMD 13 
2 Address, BHEN Hold from 

-CMDActive 4 
3 BHEN, EMEM, MilO Setup 

to -CMD Active 13 
4 DS16N Inactive from EMEM, MilO, 

Address Invalid 30 3 
5 -S1 Active to -CMD Active 3 
6 -S1 Hold from -CMD Active 5 
7 Read Data Valid Setup to RDY Tp+25 5 
8 Read Data Hold from -CMD Inactive 11 
9 -CMD Pulsewidth 2Tp+50 5 
10 -CMD Inactive to next -CMD Active 80 
11 EABUFN Inactive from -CMD Active 30 
12 EDBUFN Active from EABUFN Inactive -- 31 
13 EDBUFN Inactive from -CMD Inactive 31 
14 EABUFN Active from EDBUFN Inactive -- 30 
15 DIR Active to -CMD Active 27 
16 DIR Inactive from -CMD Inactive 26 
17 RDY Inactive from Active Status 27 
18 RDY Active High from -CMD Active 2000 
19 RDY Inactive (Tri-state) from 

-CMD Inactive 180 7 
20 EBROMN Active from -CMD Active 31 2 
21 EBROMN Inactive from -CMD Inactive -- 29 2 
22 DS 16N Active from Address Valid, 

EMEM, and MilO 32 3 
23 SFDBKN Active from Address Valid, 

EMEM, and MilO 34 
24 SFDBKN Inactive from Address, MilO, 

EMEM Invalid 32 
25 EMEM and MilO Inactive from -CMD Inactive 5 4 
26 Address, Hold from -CMD Inactive 4 

NOTES: Units are in nanoseconds (ns) 
+ Tested with CL = 70 pf unless specified otherwise. 

Duration of RDY signal inactive is dependent on video memory access contention and 
phase of clock. The Clock is MCLK, VCLKO, VCLK1, or VCLK2 depending on clock selection. 

2 EBROMN signal active for addresses COOOO-C7FFFH excluding addresses C6000-C67FFH. 
3 DS16N signal active only for 16-bit access to memory and ROM addresses. 
4 M/-IO, EMEM, & A 15-A 19 have to be latched during the command active period for the 

PVGA 1 A in 16 bit interface mode. 
5 Tp = 11 MCLK 
6 For the signals that change between AT and Micro Channel modes, based upon CNF(2), the 

Micro Channel names and PVGA 1 A pnemonics ( Refer to equivalence table in the pin 
description section) are used in the Micro Channel mode timing diagrams. 

7 For Micro Channel mode, this signal is tri-state. It is pulled up externally through a resistor 
to +5V. 
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PVGA1A TIMiNG DIAGRAMS 

MEMORY WRITE· MICRO CHANNEL MODE TIMING DIAGRAM ( See Figure 11 ) 

SYMBOL PARAMETER MIN MAX NOTES'+ 
---------- -------------------------- -----------

1 Address Setup to -CMD 13 
2 Address, BHEN Hold from 

-CMDActive 4 
3 BHEN,EMEM, MilO Setup 

to -CMD Active 13 
4 DS16N Inactive from EMEM, MilO, 

Address Invalid 30 
5 -SO Active to -CMD Active 3 
6 -SO Hold from -CMD Active 5 
7 Write Data Valid from -CMD Active 3.5Tp-23 
8 Write Data Hold from -CMD Inactive 0 
9 -CMD Pulsewidth 3Tp+50 
10 -CMD Inactive to next -CMD Active 80 
11 EABUFN Inactive from -CMD Active 30 
12 EDBUFN Active from EABUFN Inactive -- 31 
13 EDBUFN Inactive from -CMD Inactive 31 
14 EABUFN Active from EOBUFN Inactive -- 30 
15 RDY Inactive from Active Status 27 
16 RDY Active High from -CMD Active 2000 
17 RDY Inactive (Tri-state) from 

-CMD Inactive 180 
18 DS 16N Active from Address Valid, 

EMEM, and MilO 32 
19 SFDBKN Active from Address Valid, 

EMEM, and MilO 34 
20 SFDBKN Inactive from, Address, MilO, 

EMEM Invalid 32 
21 EMEM, and MilO Inactive from -CMD Inactive 5 
22 Address, Hold from -CMD Inactive 4 

NOTES: 

* Units are in nanoseconds (ns) 
+ Tested with CL = 70 pf unless specified otherwise. 
1. Tp = 1/MCLK in all modes. 
2. Duration of RDY signal inactive is dependent on video memory access contention and 

phase of clock. 
The Clock is MCLK, VCLKO, VCLK1, or VCLK2 depending on clock selection. 

3. DS16N signal active only for 16-bit access to memory and ROM addresses. 
4. M/-IO, EMEM, & A15-A19 have to be latched during the command active period for 

the PVGA 1 A in 16 bit interface mode. 

3 

2 

6 

3 

4 

5 For the signals that change between AT and Micro Channel modes, based upon CNF(2), the 
Micro Channel names and PVGA 1 A pnemonics (Refer to equivalence table in the pin 
description section) are used in the Micro Channel mode timing diagrams. 

6 For Micro Channel mode, this signal is (tri-state). It is pulled up externally through a 
resistor to +5V. 
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PVGA1A TIMING DIAGRAMS 

6.3 VIDEO MEMORY READ - ALPHA MODE TIMING 'DIAGRAM (See Figure 12) . 

SYMBOL PARAMETER MIN MAX NOTES'+ 
---.. -------------------------------- -----------

1 Row Address Valid from Clock Low 34 1 
2 Columri Address Valid from Clock High -- 34 1 
3 . RAS Active from Clock High 39 1 
4 RAS Inactive from Clock high 37 1 
5 CAS Active from Clock Low 41 1 
6 CAS Inactive from Clock Low 37 1 
7 Read Data Setup to CAS 20 
8 Read Data Hold from'CAS 0 
9 Output Enable Active from Clock Low 54 1 
10 Output Enable Inactive from Clock Low -- 39 1 
11 RAS Refresh Cycle Period 7Tp 

NOTES: 

Uhits are in nanoseconds (ns) 
+ Tested with CL = 70 pf unless specified otherwise. 

1. Clock is MCLK in any VGA graphics mode, and VCLKO, VCLK1, or VCLK2 in 
alphanumeric modes depending on clock selection. 

2. In refresh cycle, RAS period is 4 clocks active and 3 clocks for precharge. 

3. The CAS precharge time is 4 clocks and CAS active time is 3 clocks. 

4. Tp = 1 / CLOCK (See note 1.) 
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PVGA1A 

VIDEO MEMORY WRITE - ALPHA MODE TIMING DIAGRAM ( See Figure 13 ) 

SYMBOL PARAMETER MIN MAX 

1 Row Address Valid from Clock Low 34 
2 Column Address Valid from Clock High -- 34 
3 RAS Active from Clock High 39 
4 RAS Inactive from Clock High 37 
5 CAS Active from Clock Low 41 
6 CAS Inactive from Clock Low 37 
7 Write Data Setup to Write Enable 1.5Tp-5 
8 Write Data Hold from Write Enable 2Tp 
9 Write Enable Active from Clock Low 54 
10 Write Enable Inactive from Clock Low 57 

NOTES: 

* Units are in nanoseconds (ns) 

+ Tested with CL = 70 pf unless specified otherwise. 

1. Clock is MCLK in any VGA graphics mode, and VCLKO, VCLK1, or VCLK2 in 
alphanumeric modes depending on clock selection. 

2. Tp = 1/CLOCK (See Note 1.) 

3. The CAS precharge time is 4 clocks and CAS active time is 3 clocks. 
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PVGA1A TIMING DIAGRAMS 

VIDEO MEMORY READ· GRAPHICS MODE TIMING DIAGRAM ( See Figure 14 ) 

SYMBOL PARAMETER MIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

NOTES: 

Row Address Valid from Clock Low 
Column Address Valid from Clock High -­
RAS Active from Clock High 
RAS Inactive from Clock Low 
CAS Active from Clock 
CAS Inactive from Clock 
Read Data Setup to CAS 20 
Read Data Hold from CAS 0 
Output Enable Active from Clock 
Output Enable Inactive from Clock 
RAS Refresh Cycle Period 

Units are in nanoseconds (ns) 

+ Tested with CL = 70 pf unless specified otherwise. 

MAX 

35 
35 
36 
34 
36 
34 

36 
34 
10Tp 

1. Clock is MCLK in any VGA graphics mode, and VCLKO, VCLK1, or VCLK2 in 
alphanumeric modes depending on clock selection. 

2. In refresh cycle, RAS period is 6.5 clocks active and 3.5 clocks for precharge. 

3. CAS10N is referenced to Clock Low and CAS32N to Clock High. 

4. The CAS precharge time is 4 clocks and CAS active time is 3 clocks. 
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PVGA1A TIMING DIAGRAMS 

VIDEO MEMORY WRITE - GRAPHICS MODE TIMING DIAGRAM (See Figure 15 ) 

SYMBOL PARAMETER MIN MAX 

1 Row Address Valid from Clock Low 35 
2 Column Address Valid from Clock High -- 35 
3 RAS Active from Clock High 36 
4 RAS Inactive from Clock Low 34 
5 CAS Active from Clock 36 
6 CAS Inactive from Clock 34 
7 Write Data Setup to Write Enable 1.5Tp-5 
8 Write Data Hold from Write Enable 1.5Tp 
9 Write Enable Active from Clock 50 

10 Write Enable Inactive from Clock 48 

NOTES: 

* Units are in nanoseconds (ns) 

+ Tested with CL = 70 pf unless specified otherwise. 

1. Clock is MCLK in any VGA graphics mode, and VCLKO, VCLK1, or VCLK2 in 
alphanumeric modes depending on clock selection. 

2. Tp = 1/CLOCK (See Note 1.) 

3. CAS10N is referenced to Clock Low and CAS32N to Clock High. 
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PVGA1A TIMING DIAGRAMS 

VIDEO MEMORY PAGE READ· GRAPHICS MODE TIMING DIAGRAM (See Figure 16 ) 

SYMBOL PARAMETER MIN MAX NOTES'+ 
.. --_ .... -_ .. ---- ---- --------------_ .. _- ...... _----_ ... -

1 Row Address Valid from' Clock Low 35 1,2 
2 Column Address Valid from Clock High -- 35 1,2 
3 RAS Active from Clock High 36 1,2 
4 RAS Hold from Clock Low 34 1,2 
5 CAS Active from Clock Low 36 2 
6 CAS Holdfrom Clock High 34 2 
7 Output Enable Active from Clock Low 36 2 
8 Data Hold from CAS 0 
9 Data setup from CAS 22 

NOTES: 

Units are in nanoseconds (ns) 

+ Tested with CL = 70 pf unless specified otherwise. 

1. Clock is MCLK in any VGA graphics mode. 

2. See Video Memory Read - Graphics Timing Diagram. 

3. The CAS precharge time is 4 clocks and CAS active time is 3 clocks . 
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PVGA1A TIMING DIAGRAMS 

6..4 CLOCK AND VIDEO SIGNALS TIMING DIAGRAM( See Figure 17 ) 

SYMBOL PARAMETER MIN MAX NOTES*+ 
--------------------- ... --- ... ----- ... _-_ ... 

1 MCLK Clock Period 23.8 
2 MCLK Clock High lime 10.7 
3 MCLK Clock Low lime 10.7 
4 VCLKO, VLCK1, VCLK2 Clock Period 25 
5 VCLKO, VLCK1, VCLK2 11.2 

Clock Low Time 
6 VCLKO, VLCK1, VCLK2 11.2 

Clock High lime 
7 PCLK Low from VCLK High 30 5 
8 BLNKN Active Delay from VCLK 37 
9 BLNKN Inactive Delay from VCLK 38 
10 VSYNC Active Delay from VCLK 37 2 
11 VSYNC Inactive Delay from VCLK 37 2 
12 HSYNC Active Delay from VCLK 34 2 
13 HSYNC Inactive Delay from VCLK 38 2 
14 VID(7:Q) Data from VCLK 30 5 

NOTES: 

Units are in nanoseconds (ns) 

1. Input clocks require a 50% duty cycle with a tolerance of 10 %. 
2. VSYNC and HSYNC polarity is positive or negative depending on video mode. 
3. PCLK / 2 is for 40 x 25 alpha modes or 320 x 200 x 256 color graphics modes. 
4. CL for VID(0:7) and PCLK is 30 pF. 
5. There is a limit on the maximum skew between video clock and data outputs. With respect 

to the falling edge of PCLK, the delay of VID(0:7) output will not exeed + / - 5ns at 1.4V 
output level. 

6. Duty cycle variations from VCLK to PCLK: 
Values are referenced to a input 50% waveform from 0.8V to 2.0V, 30pF load, and 1.3V 
threshold. 
High pulse width = Input width - 1.5ns Min 

Input width + 3.2ns Max 
Low pulse width = Input width - 3.2ns Min 

Input width + 1.5ns Max 
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PVGA1A 

7.0 PVGA1A REGISTERS 

All the standard IBM registers incorporated inside 
the PVGA1A are functionally equivalent to the 
VGA implementation while additional Paradise 
registers enhance the VGA video subsystem. 
Compatibility registers provide functional 
equivalence for AT&T, Hercules, MDA, and CGA 
standards defined earlier using the 6845 CRT 

PVGA 1A REGISTERS 

Controller. This section describes the VGA 
registers in greater detail followed by the Paradise 
register description. For more information, refer to 
the reference literature. 

VGA REGISTERS SUMMARY 

R/W Monochrome Color Either 

General Registers: 

Miscellaneous Output Reg W 03C2 
R 03CC 

Input Status Reg 0 RO 03C2 
Input Status Reg 1 RO 038A 03DA 
Feature Control Reg W 038A 03DA 

R 03CA 
:J:Video Subsystem Enable RW 03C3 

Sequencer Registers: 

Sequencer Index Reg RW 03C4 
Sequencer Data Reg RW 03C5 

CRT Controller Registers: 

Index Reg RW 0384 03D4 
CRT Controller Data Reg RW 0385 03D5 

Graphics Controller Registers: 

Index Reg RW 03CE 
Other Graphics Reg RW 03CF 

Attribute Controller Registers: 

Index Reg RW 03CO 
Attribute Controller Data Reg W 03CO 

R 03C1 

NOTES: 1. RO = Read-Only, RW = ReadlWrite, WO = Write-Only. All Register addresses are in hex. 
2. :J: = Video Subsystem Enable Register 03C3 is to be implemented externally since it is not 

present inside the PVGA 1 A for Microchannel implementations. 
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PVGA 1 A REGISTERS 

Paradise Register Index 
PRO(A) Address Offset A 
PRO(8) Address Offset 8 
PR1 Memory Size 
PR2 Video Select 
PR3 CRT Control 
PR4 Video Control 
PR5 Lock/Status .* CNF Configuration 

PARADISE REGISTERS SUMMARY 

R/W 

RIW 
RIW 
RIW 
RIW 
RIW 
RIW 
RIW 
RIW 

Monochrome Color 

03CE 
03CF.09 
03CF.OA 
03CF.08 
03CF.OC 
03CF.00 
03CF.OE 
03CF.OF 

COMPATIBILITY REGISTERS SUMMARY 

R/W MDA eGA AT&T 

Mode Control Reg WO 0388 0308 0308 
Color Select Reg WO 0309 0309 
Status Reg RO 038A 030A 030A 
Preset Light Pen Latch WO 0389 030C 030C 
Clear Light Pen Latch WO 0388 0308 0308 
AT&T / M24 Reg WO 030E 
Hercules Reg WO 
+CRTC RW 0380-0387 0300-0307 0300-0307 

PVGA1A 

Hercules 

0388 

038A 

038F 
0380-0387 

NOTES: 1. RO = Read-Only, RW = ReadlWrite, WO = Write-Only. All Register addresses are in hex. 
2. + = 6845 Mode Registers 
3. ** = This register is loaded during power on. 
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PVGA1A PVGA 1 A REGISTERS 

7.1 GENERAL REGISTERS 

Name Read Port Write Port 
Miscellaneous Output 03CC 03C2 
Input Status Register 0 03C2 ----

InQut Status Register 1 03?A 03?A 
Feature Control 03CA 03?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: 
? = B in Monochrome Emulation Modes 
? = D in Color Emulation Modes 

Miscellaneous Output Register: Read Port = 03CC Write Port = 03C2 

? 6543210 

Reserved I/O Address 
Select 

Vertical 
Sync 
Polarity 
Select 

Horizontal 
Sync 
Polarity 
Select Enable Video Ram 

Clock Clock 
Select 1 Select 0 

Odd/Even 
Memory 
Page Select 

* Bit? 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 vertical sync polarity. 

Note: * These bits are determined by the monitor type. Their encoding is shown below: 

Bit? Bit 6 Vertical Frame 

0 0 Reserved 
0 1 400 lines/scan 
1 0 350 lines/scan 
1 1 480 lines/scan 
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PVGA 1A REGISTERS PVGA1A 

MISCELLANEOUS OUTPUT REGISTER (contd) 

Bit 5 Odd or Even Memory Page Select. When in modes 0 - 5 the page size is 64KB. One 
memory page is selected from the two 64 Kbyte pages. This bit is used for diagnostic 
purposes and has no effect if PR1 (7) = 1 or PR1 (6) = 1. 

0= Lower page is selected. 
1 = Upper page is selected. 

Bit 4 Reserved. 

Bit 3, Bit 2 Clock Select 1, O. 

Bit 3 Bit 2 Function 
0 0 Selects VCLKO for VGA applications. Can be connected to allow 

640 dots/line (25.175MHz). 
0 1 Selects VCLK1 for VGA applications. 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 
1 1 Register bit 3 = o. 

Reserved. Also selects VCLK2 (external user defined input) if Con-
figuration 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 MDA (03B4 and 03B5), or CGA (0304 and 0305) mode. Bit 0 also maps 
Input Status Register 1 at MDA (03BA) or CGA (03DA). 

o = CRTC addresses for MDA emulation mode. 
1 = CRTC addresses for CGA emulation mode. 

INPUT STATUS REGISTER 0 : READ ONLY PORT = 03C2 

CRT Interrupt 

Bit 7 CRT Interrupt Pen ding or Cleared. 

Reserved 

Monitor Detect Bit 
for Color/Monochrome 
Display 

0= Vertical retrace interrupt cleared. 
1 = Vertical retrace interrupt pending. 

Bit 6, Bit 5 Reserved. 

Bit 4 Monitor Detection. 
DA 15 monitor status (pin 20) is sampled and can be read from this bit. 

Bit 3-Bit 0 Reserved 
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PVGA1A 

INPUT STATUS REGISTER 1 : READ ONLY PORT = 03?A 

Reserved Reserved 

Display Enable 

Vertical Retrace 

Diagnostic 0 Diagnostic 1 

Bit 7, Bit 6 Reserved. 

Bit 5, Bit 4 Color Plane Diagnostics. 

PVGA 1 A REGISTERS 

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 below: 

Color plane Enable Register Input Status Register 1 

Bit 5 .Bi1A ~ 

0 0 P2 
0 1 P5 
1 0 P3 
1 1 P7 

Bit 3 Vertical Retrace Status. 
o = Vertical frame is displayed. 
1 = Vertical retrace is active. 

Bit 2, Bit 1 Reserved. 

Bit 0 Display Enable Status. 
o = CRT screen display in process. 

.Bi1A 

PO 
P4 
P1 
P6 

1 = CRT screen display disabled for horizontal or vertical retrace interval. 
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PVGA 1A REGISTERS PVGA1A 

FEATURE CONTROL REGISTER READ PORT = 03CA WRITE PORT = 03?A 

7 6 54 3 2 o 

Reserved ReadlWrite 

Reserved 

Normal Vertical Sync 

Bit 7 - Bit 4 Reserved. 

Bit 3 Normal Vertical Sync. 
This bit should always be zero. 

o = Normal vertical sync enabled. 
1 = Vertical sync output is the logical OR of vertical sync and vertical display enable. 

Bit 2 Reserved. 

Bit1, Bit 0 Read and write bits. 

III 
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PVGA1A 

7.2 SEQUI;NCER REGISTERS 

Name 

Sequencer Index 
Reset 
Clocking Mode 
Map Mask 
Character Map Select 
Memory Mode 

Port 
(hex) 

03C4 
03C5 
03C5 
03C5 
03C5 
03C5 

NOTE: 1. Reserved bits should be set to zero. 

Index 
(hex) 

00 
01 
02 
03 
04 

SEQUENCER INDEX REGISTER - READIWRITE PORT = 03C4 

7 6 5 4 3 

I I I 
Reserved 

Bit 7 - Bit 3 Reserved. 

Bit 2 - Bit 0 Sequencer Address/Index. 

2 1 0 

I I I 
Sequencer 
Address/Index Bits 

PVGA 1 A REGISTERS 

The Sequencer Address Register is written with the index value (00H-04H) of the 
Seqencer register to be accessed. 

RESET REGISTER - READIWRITE PORT = 03C5 AND INDEX REGISTER = 00 

7 6 5 4 3 2 o 

Async. Reset 

Sync. Reset 

Bit 7 - Bit 2 Reserved. 

Bit 1 Synchronous Reset. 

19-50 

To prevent loss of data, bit 1 must be set to 0 during active display interval before 
changing clock selection through clocking mode, or Miscellaneous Output Register. 

o = Sequencer is cleared and halted synchronously. 
1 = Operational mode (Bit 0 = 1). 
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PVGA 1A REGISTERS PVGA1A 

RESET REGISTER (eontd) 

Bit 0 Asynchronous Reset. 
Video data can be lost if Sequencer is reset with this bit. 

o = Sequencer is cleared and halted asynchronously. 
1 = Operational mode (Bit 1 = 1). 

CLOCKING MODE REGISTER • READIWRITE PORT 03C5 AND INDEX REGISTER = 01 

7 6 5 432 o 

Reserved 

Screen Off 

Shift 4 

Bit 7, Bit 6 Reserved. 

Bit 5 Screen Off. 
o = Normal screen operation. 

Reserved 

8/9 Dot Clocks 

Shift Load If Bits 4 ,,; 0 

Dot Clock 

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 clock. 
1 = Serial shift registers loaded every 4th character clock (32 bit fetches). 

Bit 3 Dot Clock Selection 
0= Normal dot clock selected by VCLKO input frequency (640 pixels). 
1 = Dot Clock divided by 2 (320/360 pixels). 

Bit 2 Shift Load. 

Bit 1 

Bit 0 

o = If bit 4 of this register also equals 0, then video serializers will be loaded every 
character clock. 
1 = Video serializers are loaded every other character clock. 

Reserved. 

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. 
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PVGA1A PVGA 1A REGISTERS 

MAP MASK REGISTER - READIWRITE PORT = 03C5 AND INDEX REGISTER = 02 

Bit 7 - Bit 4 Reserved. 

765432 0 

Reserved Map 1 
Enable 

Map 3 Map 0 
Enable Enable 

Map 2 
Enable 

Bit 3 - Bit 0 Prohibit Access To Memory Maps (O - 3). 
o = Access to maps (O - 3) disallowed. 
1 = Maps (O - 3) accessible. 

CHARACTER MAP SELECT REGISTER 
READ/WRITE PORT 03C5 AND INDEX REGISTER = 03 

19-52 

7 654 3 2 0 

Character 
Map 

Select A 
Bit 2 

Character 
Map 
Select B 

Bit 2 

Character 
Map 

Select A 
Bit 1 

Character 
Map 

Select B 
Bit 1 

Character 
Map 

Select A 
Bit 0 
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PVGA 1A REGISTERS PVGA1A 

CHARACTER MAP SELECT REGISTER (contd) 

Bit 7, Bit 6 Reserved. 

Bit 5 Character Map A MSB Select. 
The Most Significant Bit (MSB) of character map A is defined by bits 3 and 2, 
containing the character font table shown below: 

Bits 
5 :3 2 MapSele~ed Font Iabl~Plane 2 or :3 !..o"gtion 

0 0 0 0 1st 8KB 
0 0 1 1 3rd 8KB 
0 1 0 2 5th 8KB 
0 1 1 3 7th 8KB 
1 0 0 4 2nd 8KB 
1 0 1 5 4th 8KB 
1 1 0 6 6th 8KB 
1 1 1 7 8th 8KB 

Bit 4 Character Map B MSB Select. 

Bit 3, Bit 2 

Bit 1, Bit 0 

MSB of character map B is defined by bits 1 and 0, containing the font table described 
below: 

Bits 
4 1 0 Mall Sele~ed Font Ta!;!I~L~lane 2 O[ :3 !..o"gtiO!] 

0 0 0 0 1st 8KB 
0 0 1 1 3rd 8KB 
0 1 0 2 5th 8KB 
0 1 1 3 7th 8KB 
1 0 0 4 2nd 8KB 

0 1 5 4th 8KB 
1 0 6 6th 8KB 
1 1 7 8th 8KB 

Characer Map Select A. 
Refer to bit 5 table. 

Character Map Select B. 
Refer to bit 4 table. 

NOTE: 1. Character Map selection from either Plane 2 or Plane 3 is determined by PR2(2), 
PR2(5) and bit 4 of the attribute code. 
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MEMORY MODE REGISTER - READIWRITE PORT = 03C5 AND INDEX REGISTER = 04 

7 6 5 

Reserved 

4 

Chain 4 

2 o 

Reserved 

Extended Memory 

Odd/Even 

Bit 7 - Bit 4 Reserved. 

Bit 3 Chains 4 Maps. 
o = Processor sequentially accesses data using map mask register. 
1 = Directs the two lower order video memory address pins (MAO, MA 1) to select the 
map to be addressed. The map selection table is shown below: 

MAl 
o 

MAn 
o 

Map Enabled 
o 

o 1 1 
1 o 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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PVGA 1A REGISTERS 

7.3 CRT CONTROLLER REGISTERS 

VGA Register Name 

CRT Controller Address Register 
Horizontal Total 
Horizontal Display Enable End 
Start Horizontal Blanking 
End Horizontal Blanking 
Start Horizontal Retrace Pulse 
End Horizontal Retrace 
Vertical Total 
Overflow 
Preset Row Scan 
Maximum Scan Line/Others 
Cursor Start 
Cursor End 
Start Address High 
Start Address Low 
Cursor Location High 
Cursor Location Low 
Vertical Retrace Start 
Vertical Retrace End 
Vertical Display Enable End 
Offset 
Underline Location 
Start Vertical Blank 
End Vertical Blank 
CRTC Mode Control 
Line Compare 

NOTES: 

*6845 Register Name 

CRT Controller Address Register 
Horizontal Total 
Horizontal Displayed 
t-----
t-----
t-----
t-----
Vertical Displayed 
t-----
t-----
Maximum Scan Line Address 
Cursor Start 
Cursor End 
Start Address High 
Start Address Low 
Cursor Location High 
Cursor Location Low 
Light Pen High 
Light Pen Low 

Port 
(hex) 

0374 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 
0375 

PVGA1A 

Index 
(hex) 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 
OD 
OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 

1. "7 " Value is controlled by Bit 0 of the Misce"aneous Output Register and is programmed as 
shown below: 

7 = B in Monochrome Emulation Modes and 
7 = D in Color Emulation Modes 

2. "*,, 6845 Mode Registers are defined and explained in greater detail in the reference literature. 

3. "t" 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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CRT CONTROLLER REGISTERS DESCRIPTION 

CRT Address Register (Port = 03?4) 

Bit 7 - Bit 5 Reserved. 

Bit 4 - Bit 0 Index Register Bits. 
CRT Controller index pointer bits to specify the register to be addressed. Its value is 
programmed hex. 

tHorizontal Total Register (Port = 03?5, Index = OOH) 

Bit 7 - Bit 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. In 6845 mode the character count is less 1. 

tHorizontal Display Enable End Register (Port = 03?5, Index = 01 H) 

Bit 7 - Bit 0 Displayed Characters Less 1. 
Program count of the displayed number of characters less 1 in VGA mode. For 6845 
mode, load count of the number of characters to be displayed. Left or right borders and 
blanking time is excluded. 

tStart Horizontal Blanking (Port = 03?5, Index = 02H) 

Bit 7 - Bit 0 Character Clock Value. 
Horizontal blanking begins when the horizontal character counter reaches this character 
clock value. 

tEnd Horizontal Blanking (Port = 03?5, Index = 03H) 

Bit 7 Reserved. 

Bit 6, Bit 5 Display Enable Signal Skew Time. 
They define the display enable signal skew time in relation to horizontal or vertical 
synchronization pulses. The skew table is shown below: 

Bit 6 ~ Skew in Character Clocks 

000 

o 

o 2 

3 

Bit 4 - Bit 0 End Horizontal Blank Signal Width. 
End horizontal blank signal width "W" is determined as the value of start blanking 
register plus "W" in character clocks. The least significant five bits are programmed in 
this register, while the sixth bit is the Retrace Register (index 05H) programmed as bit 7 
of the End Horizontal Register. 

NOTE: t This register is locked if the Paradise Register PR3(5) = 1 OR the Vertical Retrace 
End. Register bit 7 = 1. 
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CRT CONTROLLER REGISTERS DESCRIPTION (contd) 

tStart Horizontal Retrace Pulse Register (Port = 03?5, Index = 04H) 

Bit 7 - Bit 0 Horizontal Retrace Character Count. 
Hex value in character count at which horizontal retrace output pulse becomes active. 

tEnd Horizontal Retrace Register (Port = 03?5, Index = 05H) 

Bit 7 MSB (Sixth Bit) Of End Horizontal Blanking Register. 

Bit 6, Bit 5 Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. See the following table for details: 

Bit 6 
o 
o 
1 
1 

Bit 5 
o 
1 
o 
1 

Character Clock Delay 
o 
1 
2 
3 

Bit 4 - Bit 0 End Horizontal Retrace Pulse Width "W". 
Start retrace register value is added to the character 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. 

*Vertical Total Register (Port = 03?5, Index = OSH) 

Bit 7 - Bit 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 is 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 thru 4}. 

Overflow Vertical Register (Port = 03?5, Index = 07H) 

*Bit7 
"Bit 6 
*Bit5 
Bit 4 

*Bit3 
*Bit2 
**Bit 1 
*BitO 

NOTES: 

Vertical Retrace Start Bit 9 (index = 10H). 
Vertical Display Enable End Bit 9 (index = 12H). 
Vertical Total Bit 9 (index = 06H). 
Line Compare Bit 8 (index = 18H). 

Start Vertical Blank Bit 8 (index = 15H). 
Vertical Retrace Start Bit 8 (index = 10H). 
Vertical Display Enable End Bit 8 (index = 12H). 
Vertical Total Bit 8 (index = 06H). 

t This register is locked if the Paradise Register PR3(5} = 1 OR the Vertical Retrace End 
Register bit 7 = 1. . 

** This register is locked if the Paradise Register PR3(1} = 0 AND the Vertical Retrace End 
Register bit 7 = 1. 

* This register is locked if the Paradise Register PR3(0} = 1 OR the Vertical Retrace End 
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CRT CONTROLLER REGISTERS DESCRIPTION (contd) 

Preset Row Scan Register (Port = 03?5, Index = OSH) 

Bit 7 Reserved. 

Bit 6, Bit 5 Byte Panning Control. 
These bits allow up to 3 bytes to be panned in modes progammed as multiple shift modes. 

Bit9. 
o 
o 
1 
1 

B.i1..5. 
o 
1 
o 
1 

Operation 
Normal 
1 byte left shift 
2 bytes left shift 
3 bytes left shift 

Bit 4 - Bit 0 Preset Row Scan Count. 
These bits preset the vertical row scan count 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 scroll of text. 

Maximum Scan Line Register! (Port = 03?5, Index = 09H) 

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 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). 

Bit 4 - Bit 0 Maximum Scan Line. 
Maximum number of scanned lines for each row of characters. The value programmed is 
the maximum 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. Interlaced mode is not supported. 

Cursor Start Register (Port = 0315, Index = OAH) 

Bit 7, Bit 6 Reserved. 

Bit 5 Cursor Control. 
0= Cursor on. 
1 = Cursor off. 

Bit 4 - Bit 0 These bits specify the row 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 operation and bits 4-0 contain the 
cursor start value. Bit 6 is not used. 

NOTE: § This register is locked if the Paradise Register PR3(0} = 1. 
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CRT CONTROLLER REGISTERS DESCRIPTION (contd) 

Cursor End Register (Port = 03?5, Index = OBH) 

Bit 7 Reserved. 

Bit 6, Bit 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: 

.6it..Q 
o 
o 
1 
1 

Si1.5 
o 
1 
o 
1 

~ 
o 
1 
2 
3 

Bit 4 - Bit 0 These bits specify the row within the character, box where the cursor ends. 
These bits contain the value of character row less 1. 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. 

Start Address High Register (Port 03?5H, Index = OCH) 

Bit 7 - Bit 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 Paradise 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 contents, while the lower order 8 bits are at index 
register ODH. 

Start Address Low Register (Port = 03?5H, Index = ODH) 

Bit 7 - Bit 0 Display Screen Start Address Lower Byte Bits. 
The lower order eight bits of the 16 bit video memory address in VGA or 6845 modes. 

Cursor Location High Register (Port = 03?5, Index = OEH) 

Bit 7 - Bit 0 Cursor Address Upper Byte Bits. 
The eight higher order bits of 16-bit cursor location in VGA mode. For the lower order 
eight bits, see the Cursor Location Low Register at index OF. In VGA mode, the Paradise 
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. 

Cursor Location Low Register (Port = 0315, Index = OFH) 

Bit 7 - Bit 0 Cursor Address Lower Byte Bits. 
The lower order eight bits of the 16-bit video memory address in VGA or 6845 modes. 
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CRT CONTROLLER REGISTERS DESCRIPTION (contd) 

§Vertical Retrace Start Register (Port = 03?5, Index = 10H) 

Bit 7 - Bit 0 Vertical Retrace Start Pulse Lower Eight Bits. 
The lower eight bits of the ten bit vertical retrace start register. Bits 8 and Q are located in 
the Overflow Register (index = 07H). In 6845 or EGA compatible mode, this register 
shows the high order six bits in positions 5-0 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 
index 11H. 

§Vertical Retrace End Register (Port = 03?5, Index = 11H) 

Bit 7 CRTC Registers Write Protect. 
o = Enables writes to CRT index registers 00H-07H. 
1 = Write protects CRT Controller index registers in the range of 00H-07H. The line 
compare bit 4 in the Overflow Register (07H) is not protected. 

Bit 6 DRAM Refresh IHorizontal Scan Line. 
Selects 5 DRAM refresh cycles per horizontal scan line. 

o = Generates 3 refresh cycles for each horizontal scan line for normal VGA operation. 
1 = Generates 5 DRAM refresh cycles per horizontal scan lines for 15.75 KHZ display 
monitors. 

Bit 5 Enable Vertical Retrace Interrupt. 
o = Enables vertical retrace interrupt. 
1 = Disable vertical retrace interrupt. 

Bit 4 Clear Vertical Retrace Interrupt. 
0= Clears vertical retrace interrupt by reseting (writing a 0 to) an internal flip-flop. 
1 = Vertical retrace interrupt. Sets (writes a 1 to) an internal flip-flop after clearing 
interrupt, to prepare for next interrupt. The flip-flop must be set or it will hold 
interrupts inactive. 

Bit 3 - Bit 0 Vertical Retrace End. 
They specify scan count at which vertical sync becomes inactive. For retrace signal pulse 
width "W", add scan count 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 allows the read back value of the lower eight bits of the 
Light Pen Register. 

Vertical Display Enable End Register (Port = 03?5, Index = 12H) 

Bit 7 - Bit 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. 

NOTE: § This register is locked if the Paradise Register PR3(0) = 1. 
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CRT CONTROLLER REGISTERS DESCRIPTION (contd) 

Offset Register (Port = 0315, Index = 13H) 

Bit 7 - Bit 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 calculated 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. 

Underline Location Register (Port = 0315, Index = 14H) 

Bit 7 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 Doubleword 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 - Bit 0 Underline Location. 
These bits specify the scan line within a character matrix where underline is to be 
displayed. Load a value 1 less than the desired scan line number. 

§Start Vertical Blank Register (Port = 0315, Index = 15H). 

Bit 7 - Bit 0 Start Vertical Blank Lower Eight Bits. 
The lower eight bits of the ten bit Start Vertical Blank Register. Bit a 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. 

§End Vertical Blank Register (Port = 0315, Index = 16H) 

Bit 7 - Bit 0 Vertical Blank Inactive Count. 
End Vertical Blank is an a bit value calculated as follows: 

a-Bit End Vertical Blank value = 
(value of Start Vertical Blank minus 1) + (value of Vertical Blank signal in scan lines). 

NOTE: § This register is locked if the Paradise Register PR3(O) = 1. 
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CRT CONTROLLER REGISTERS DESCRIPTION (contd) 

CRT Mode Control Register (Port = 03?5, Index = 17H) 
This register is locked if Paradise Register PR3(5) = 1. 

Bit 7 

Bit6 

NOTE: 

Bit5 

19-62 

Hardware Reset. 
a = Horizontal and vertical retrace outputs to be inactive. 
1 = Horizontal and vertical retrace outputs enabled. 

Word Or Byte Mode. 
a = 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. 

Byte Word Doubleword 
MfI!DQOl AddrflSS Add[flSS MQdfl Addmss MQdfl Add[f!SS MQdf! 
MAO/RFO MAO * MA15 or MA13 MA12 
MA1/RF1 1 a MA13 
MA2IRF2 2 1 a 
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 only applicable when Paradise Register PR1 
bits 7 and 6 are zero. 

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 table below: 

CRT14H 
Si1.Q 
a 
a 
1 

Address Wrap. 

CRT17H 
.ail§. 
o 
1 
X 

Address 
M.Qd.e 
Word 
Byte 
Doubleword 

a = In word address mode, this bit enables bit 13 or bit 15 to appear at MAO, otherwise 
bit a appears on MAO. 
1 = Select MA 15 for od5i/even mode when 256KB of video memory is used on the system 
board. Bit MA13 is used in applications which do not use system board memory for 
CGA compatibility. 
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CRT CONTROLLER REGISTERS DESCRIPTION (contd) 

CRT Mode Control Register (contd) 

Bit 4 Reserved. 

Bit 3 Count By Two 
0= Character clock increments memory address counter. 
1 = Character clock divided by 2 increments address counter. Selects byte or word 
refresh address of the display memory. 

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 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. 

Line Compare Register (Port = 03?5, Index = 18H) 

Bit 7 - Bit 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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7.4 GRAPHICS CONTROLLER REGISTERS 

NOTE: 

Name 

Graphics Index Register 
Set / Reset 
Enable Set! Reset 
Color Compare 
Data Rotate 
Read Map Select 
Graphics Mode Register 
Miscellaneous Register 
Color Don't Care 
Bit Mask Register 

Port 
(Hex) 

03CE 
03CF 
03CF 
03CF 
03CF 
03CF 
03CF 
03CF 
03CF 
03CF 

1. Reserved bits should be set to zero. 

GRAPHICS INDEX REGISTER - READ/WRITE PORT = 03CE 

7 6 5 4 3 2 1 0 

I I 
11/0 11/0 11/0 11/0 I 
I I I I 

Reserved Graphics Address Bits 

Bit 7 - Bit 4 Reserved. 

Bit 3 -Bit 0 Graphics Controller Register Index Pointer Bits. 

Index 
(Hex) 

00 
01 
02 
03 
04 
05 
06 
07 
08 

PVGA 1A REGISTERS 

Note that all the Paradise registers reside with the index pointer extension beyond graphics 
Controller registers. 
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SET / RESET REGISTER· READ / WRITE PORT 03CF AND INDEX REGISTER = 00 

7 6 5 4 320 

Set/Reset 
Map 3 Set/Reset 

Map 1 

Set/Reset 
Map2 

Bit 7 - Bit 4 Reserved. 

Bit 3 - Bit 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 
o Map 0 

NOTE: *The selection of Write Mode 0 is determined by the Graphics Mode Register (index = OSH) 
bit 1 and bit o. 

ENABLE SET / RESET REGISTER· READIWRITE PORT = 03CF AND INDEX REGISTER = 01 

7 6 5 4 

Bit 7 - Bit 4 Reserved. 

2 

Set/Reset 
Map 2 

o 

Set/Reset 
Map 0 

Enable Enable 
Set/Reset Set/Reset 
Map 3 Map 1 

Bit 3 - Bit 0 Enable The Set/Reset Register (Index = OOH). 
o = When Write Mode 0 is selected, these bits, set to 0, disable the Set/Reset Register 
(index = OOH) memor~ map access and the map is written with the rotated a-bit data .. 
value of the system microprocessor. 
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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COLOR COMPARE REGISTER· READIWRITE PORT 03CF AND INDEX REGISTER = 02 

Reserved 
Compare 
Map 2 

Color Color 

Compare 
Mapa 

Compare Compare 
Map 3 Map 1 

Bit 7 - Bit 4 Reserved. 

Bit 3 - Bit a 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 their corresponding color 
compare value. 
When read mode bit 3 in the Graphics Mode Register (index = a5H) is set to 1 
and the system does a memory read, a 1 will be returned for each bit where the four maps 
equal the Color Compare Register. If a system read is done lIiIith bit 3 = a for the 
Graphics Mode Register (index = a5H), data is returned without comparison. Color 
compare map coding is shown below: 

J;ill Color Compare 
3 Map 3 
2 Map 2 
1 Map 1 
a Mapa 

DATA ROTATE REGISTER· READIWRITE PORT = 03CF AND INDEX REGISTER = 03 
7 

Bit 7 - Bit 5 Reserved. 

Bit 4, Bit 3 Function Select. 

6 5 4 3 2 

Rotate 
Count 2 

Bit 2 

a 

Rotate 
Count a 

BitO 

Rotate 
Count 1 

Bit 1 

Function Function 
Select 1 Select a 

Function select for any of the write mode operations defined in the Graphics Mode 
Register (index = a5H) is defined as follows: 

19-66 ADVANCE INFORMATION 10130190 



PVGA 1A REGISTERS PVGA1A 

DATA ROTATE REGISTER (contd) 

Bi1.A BiU Function 
o 0 Video memory data unmodified 

o 

o 

1 

Bit 2 - Bit 0 Rotate Count. 

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 = OSH). 

READ MAP SELECT REGISTER· READIWRITE PORT = 03CF AND INDEX REGISTER = 04 

7 6 5 4 3 

Reserved 

Bit 7 - Bit 2 Reserved. 

Bit1, Bit 0 Map Select. 

2 o 

Map 
Select 0 

Map 
Select 1 

These bits select memory map in system read operations. It has no effect on color 
compare read mode. Map read is defined as shown under: 

.Bill Bi1.Q. Read Map 
0 0 0 
0 1 1 
1 0 2 
1 3 
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GRAPHICS MODE REGISTER - READIWRITE PORT = 03CF AND INDEX REGISTER = 05 

7 6 5 4 3 2 a 

Reserved Reserved 

256 Color Mode Write Mode Write Mode 

Shift Register 

Odd/Even 

(Emulates 
CGA 

Compatible 
Modes) 

Read Type 

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 
expanded 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. 

a = Map a -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 the 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 memory mode register (index = a4H) in the Sequencer Register. Even 
system addresses access maps a or 2 and odd system addresses 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. 
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GRAPHICS MODE REGISTER (contd) 

Bit 1, Bit 0 Write Mode. 
The following table defines the four write modes . 

.6i1..Q Bit 1 Write Mode 

o 0 Write Mode O. If the Set/Reset Register function is 
enabled for any of the maps, the eight bits of the 

o 

o 

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. 

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 
8-bit value of the corresponding CPU data bits (3 : 0). 
The 32 bit output of the four memory maps is 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 
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. 

PVGA1A 

MISCELLANEOUS REGISTER - READIWRITE PORT = 03CF AND INDEX REGISTER = 06 

7 

Bit 7 - Bit 4 Reserved. 

6 5 4 3 2 o 

Graphics Mode 

Odd/Even 

Memory Memory 
Map 1 Map 0 
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MISCELLANEOUS REGISTER (contd) 

Bit3, Bit 2 Memory Map 1, 0 
Display memory map control into the CPU address space is shown below: 

Bit.a .6it.2. ceu Address Baoge .L.e.ogtl} 
0 0 AOOOO - BFFFFH 128KB 
0 1 AOOOO - AFFFFH 64KB 
1 0 BOOOO - B7FFFH 32KB 
1 1 B8000 - BFFFFH 32KB 

Bit 1 Odd/Even Mode. 
0= CPU address bit AO is output on PVGA1A memory pin 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 selected. 
1 = Graphics mode selected. 

COLOR DON'T CARE REGISTER - READ/ WRITE PORT 03CF AND INDEX REGISTER = 07 

765432 0 

Reserved 

Map 3 

Map 0 

Map 1 

Map 2 

Bit 7 - Bit 4 Reserved. 
Bit 3 - Bit 0 Memory Map Color Compare Operation. 
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Map coding is shown below: 

Map # 
Bit.a 

3 
Bi12 

2 

o = Disable color compare operation. 
1 = Enable color compare operation. 
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BIT MASK REGISTER - READIWRITE PORT = 03CF AND INDEX REGISTER = 08 

7 

Bit 7 - Bit 0 Bit mask. 

6 5 4 3 2 

Bit Mask 
1 =Unimpeded Writes 

O=lmmune to Change 

o 

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 changeable. 
1 = Bit position value is unmasked and can be changed in the corresponding map. 
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7.5 ATIRIBUTE CONTROLLER REGISTERS 

Name 

Index Register 
Palette Registers 
Attribute Mode Control Register 
Overscan Control Register 
Color Plane Enable Register 
Horizontal PEL Panning Register 
Color Select Register 

Port 
(Hex) 

03CO 
03CO 
03CO 
03CO 
03CO 
03CO 
03CO 

Index 
(Hex) 

OO---OF 
10 
11 
12 
13 
14 

PVGA 1A REGISTERS 

NOTES: 1. Each attribute data register is written at 03CO and register data is read from address 03C1. 
2. Reserved bits should be set to zero. 
3. ?" Value is controlled by Bit 0 of the Miscellaneous Output Register and is programmed as 

shown below: 

? = B in Monochrome Emulation Modes and 
? = D in Color Emulation Modes 

ATIRIBUTE INDEX REGISTER - READIWRITE PORT = 03CO 

765 4 3 2 o 

Reserved Attribute Address Bits 

Palette Address Source 

1 =Normal Operation 

0= To Load Color Palette Registers 

Bit 7 , Bit 6 Reserved. 

Bit 5 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 - Bit 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 = 03?A) 
clears the flip-flop and selects the Address Register, which is read thru address 03C1 and written 
at address 03CO. Once the Address Register has been loaded with an index, the next write 
operation to 03CO will load the Data Register. The flip-flop toggles between the Address and 
the Data Registers after every write to address hex 03CO, but does not toggle for reads to address 
03C1. 
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PALETTE REGISTERS (OO-OF Hex) - READ PORT 03C1IWRITE PORT 03CO 

7 6 5 4 3 2 

Reserved VID5 VID3 VID1 

VID4 VID2 VIDa 
Bit 7, Bit 6 Reserved. 

Bit 5 - Bit a Palette Pixel Colors. 
They are defined as follows: 

a = Current pixel color deselected. 
1 = Enable corresponding pixel color per the table below: 

Bit 5 VID5 
Bit4 VID4 
Bit 3 VID3 
Bit2 VID2 
Bit 1 VID1 
Bit a VIDa 

ATTRIBUTE MODE CONTROL REGISTER 

READ PORT 03C1/WRITE PORT 03CO AND INDEX REGISTER = 10 

Bit 7 

7 6 3 2 a 

VID5,VID4 Select 

PEL Width 

Reserved Graphics/Alphanumeric Mode 

Mono-Emulation 

Enable Line Graphics Character Code 

Enable Blink/Select Background Intensity 

PEL Panning Campatibility 

VID5, VID4 Select. 
a = 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 pulse width. 
1 = Enable pulse width for 256 color mode. 
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ATTRIBUTE MODE CONTROL REGISTER (contd) 

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 until VSYNC 
occurs. Allows pixel panning of a selected portion Of the screen. 

Bit 4 Reserved. 

Bit 3 Back Ground 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 a Graphics/Alphanumeric Mode Enable. 
a = Alphanumeric mode. 
1 = Graphics mode. 

OVERSCAN COLOR REGISTER 

READ PORT 03C1IWRITE PORT 03CO AND INDEX REGISTER = 11 

7 6 5 4 3 2 o 

VID7 VIDS VID3 VID1 

VID6 VID4 VID2 VIDO 
Bit 7 - Bit a Overscan/Border Color. 

19-74 

They determine the overscan or border color. For monochrome display, this register is set 
to a. Border colors are set as shown below: 

Bit 7 VID7 
Bit 6 VID6 
Bit 5 VID5 
Bit 4 VID4 
Bit 3 VID3 
Bit 2 VID2 
Bit 1 VID1 
Bit a VIDa 

ADVANCE INFORMATION 10130190 



PVGA 1 A REGISTERS 

COLOR PLANE ENABLE REGISTER 

READ PORT 03C1IWRlTE PORT 03CO AND INDEX REGISTER = 12 

Bit?, Bit 6 Reserved. 

Bit 5, Bit 4 Video Status Control. 

? 654 320 

Reserved Enable Color Plane 

Video Video 
Status Status 
MUX 1 MUX 0 

PVGA1A 

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 IORut Status Register 

.Eill...5. Bit4 B.i1..5. BitA 

a a VID2 VIDa 
a 1 VID5 VID4 

a VID3 VID1 

VID7 VID6 

Bit 3 - Bit a Color Plane Enable. 
a = Disables respective color planes. 
1 = Enables the respective display memory color plane. 

HORIZONTAL PEL PANING REGISTER 

READ PORT 03C1IWRITE PORT 03CO AND INDEX REGISTER = 13 

765 43210 

I I 
R 11 /0 11 /0 11 /0 11/0 1 

I I I I 
Reserved Horizontal PEL Panning 

Bit 7 - Bit 4 Reserved. 

Bit 3 - Bit a 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: 
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HORIZONTAL PEL PANNING REGISTER (contd) 

Left Shift Pixel Value 

Register Value 

o 
1 
2 
3 
4 
5 
6 
7 
8 

COLOR SELECT REGISTER 

9 Pots/Character 8 Pots/Character' 

1 0 
2 1 
3 2 
4 3 
5 4 
6 5 
7 6 
8 7 
o 

READ PORT 03C1IWRITE PORT 03CO AND INDEX REGISTER = 14 

765 4 320 

Reserved 

S_Color 7 S_Color 6 

S_Color 5 S_Color 4 

Bit 7 - Bit 4 Reserved. 

Bit 3, Bit 2 Color Value MSB. 

PVGA 1 A REGISTERS 

256 color Mode 

o 

2 

3 

Two most significant bits of the eight digit color value for the video PAC. They are 
normally used in all modes except 250 color graphics. 
Bit 3 = Set color bit VIP7. 
Bit 2 = Set color bit VIPS. 

Bit 1, Bit 0 Substituted Color Value Bits. 

19-76 

These bits can be substituted for VIP5 and VIP4 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) 

03?8 
0309 
03?A 
03DE 
03BF 

Mode Control Register 
Color Select Register 
Status Register 
AT&T/M24 Register 
Hercules Register 
Preset Light Pen Latch 
Clear Light Pen Latch 

03B9 (Mono) & 03DC (CGA) 
03?B 

NOTES: 

1. The Compatibility Registers are available only in 6845 mode (non-VGA), which is enabled 
by setting Paradise Register PR2(6) = 1. 

2. The AT&T/M24 Register also requires that M24 mode be enabled. This is done by setting 
Paradise Register PR2(7) = 1. 

3. "?" Value is controlled by Bit 0 of the Miscellaneous Output Register and is programmed 
as shown below: 

? = B in Monochrome Emulation Modes 
? = 0 in Color Emulation Modes 

MODE CONTROL REGISTER 
MONOCHROME (HIGH RESOLUTION) MDA OPERATION - WRITE ONLY PORT = 03B8 

765 432 1 0 

Reserved Reserved Reserved 

1 =Enable Blink 1 =High Resolution Mode 

Bit 7, Bit 6 Reserved. 

Bit 5 Enable Blink. 
o = Disable blink. 
1 = Enable blink. 

Bit 4 Reserved. 

Bit 3 Video Enable. 
o = Video disable. 
1 = Video activated. 

Bit 2, Bit 1 Reserved. 

1 =Video Enable 

Bit 0 High Resolution Mode. 
o = High resolution disabled. This is not allowed in MDA designs. 
1 = High resolution is enabled. 
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MODE CONTROL REGISTER (contd) 

COLOR CGA OPERATION - WRITE ONLY PORT = 0308 

765 4 320 

Reserved 

Enable Blink 

Alpha Mode 

Graphics/Alpha Mode Select 

BIW/Color Mode Select 

Enable Video 

B/W Graphics Mode 

Bit 7, Bit 6 Reserved. 

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 B/W 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 enabled. 

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. 
0= (40 by 25) alpha mode enabled. 
1 = (80 by 25) alpha mode activated. 
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CGA COLOR SELECT REGISTER - WRITE ONLY PORT = 0309 

765 4 3 2 0 

Reserved 

Graphics Mode Color Set 

Blue Border 

Green Border 

Red Border 

Border Intensity 

Alternate Color Set 
Bit 7, Bit 6 Reserved. 

Bit 5 320 by 200 Color Set Select. 
o = Disable 320 by 200 color mode. 
1 = Color set selection for 320 by 200 color mode. 

Bit 4 Alternate Color Set Enable. 
o = Background color in alpha mode. 
1 = Enable alternate color set in graphics mode. 

Bit 3 Border Intensity. 

PVGA1A 

Border color select in text modes, and screen background color in (320 by 200) and 
(640 by 400) 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. 

Bit 2 Red Border/Background. 
Border color select in text modes, and screen background color in (320 by 200) and 
(640 by 400) 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 400) 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. 
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CGA COLOR SELECT REGISTER CONTD 

Bit 0 Blue Border/Background. 
Border color select in text modes, and screen background color in (320 by 200) and 
(640 by 400) graphics mode. 
Alphanumeric Mode. 
1 = Selects blue border color. 
320 by 200 Graphics Mode. 
1 = Selects blue background and border color (CO-C1). 
640 by 200 Graphics Mode. 
1 = Selects blue foreground color. 

CRT STATUS REGISTER 

MDA OPERATION - READ ONLY PORT = 03BA 

7 6 5 4 3 2 o 

Reserved Reserved 

1 =BIW Video Enabled 1 =Horizontal Sync Enabled 

1 =BIW Video Enabled 

Bit 7 BIW Video Status. 
0= BIW Video disabled. 
1 = BIW video enabled. 

Bit 6 - Bit 4 Reserved. 

Bit 3 8IW Video Status. 
0= BIW Video disabled. 
1 = BIW video enabled. 

Bit 2 - Bit 1 Reserved. 

Bit 0 Horizontal Sync Status. 
0= Horizontal sync not active. 
1 = Horizontal sync enabled. 
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eGA OPERATION - READ ONLY PORT = D3DA 

7 654 320 

Reserved 1 =Display Buffer 
Access Available 

1 =Light Pen Trigger 
Set 

1=Light Pen 

Switch Status 

Verticle Retrace 

Bit 7 - Bit 4 Reserved. 

Bit 3 Video Signal Output Status. 
o = Video signal enabled. 
1 = Video signal disabled. 

Bit 2 Light Pen Switch Status. 
o = Light pen switch closed. 
1 = Light pen switch open. 

Bit 1 Light Pen Trigger Set. 
o = Light pen not triggered. 
2 = Positive going edge from the light pen input has triggered its latch. 

Bit 0 Display Buffer Access Status. 
o = Display buffer access is not allowed. 
1 = Display buffer access is permitted without interfering with the display. 
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AT&T / M24 REGISTER - WRITE ONLY PORT = 03DE 

This is a write only, 8-bit register located at address 03DE. 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 Paradise 
Register 2 (PR2). 

7 6 543 2 a 

Reserved Reserved Reserved 

White/Blue Underline AT&T Mode Enable 

Character Set Select 

Memory Map Display 

Bit 7 Reserved. 

Bit 6 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, Bit 4 Reserved. 

Bit 3 Page Select. 
Selects between one or two 16KB RAM page for display in 200 line graphics mode. 

a = Display memory address starts at B8000H (16 Kbyte length). 
1 = Display memory address starts at BCOOOH (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 a M24 or Non-IBM Graphics 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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HERCULES REGISTER - WRITE ONLY PORT = 03BF 

The Hercules Mode Register is a 2-bit write only register located at I/O port address 03BF hex. Its bits 
only effect device operation in 6845 mode. Both of the bits are set to low (0) by reset, or when the device 
is put into a color mode. 

7 6 5 4 3 2 o 

Bit7 - Bit 2 Reserved. 

Bit 1 Force Display Page. 

Reserved Force Alpha 

Force Display Page 

Enables Mode Register bit 7 of the Hercules Graphics Card to select displayed memory 
page in graphics mode. When reset, bit 1 also prevents access of display of second 
memory page. 

o = Bit 7 of the Mode Register can't be set, and the upper memory page is mapped out. 
1 = Bit 7 of the Mode Register can be set, and the upper memory page is accessible. 

Bit 0 Force Alpha. 
Enables Mode Register Bit 1. This bit forces alpha mode. 

o = Bit 1 of the Mode Register can't be set forcing alpha mode. 
1 = Bit 1 of the Mode Register may be changed. Therefore, text or graphics modes may bE 
displayed. 
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8.0 PVGA 1 A PARADISE REGISTERS (PR) 

The PVGA1A incorporates six additional I/O 
registers to enhance the functions of the basic 
VGA. The registers are lock protected and lo­
cated in the graphics controller I/O section at 
register locations which have not been used by 
IBM. All PR registers listed below are read or 
write able. 

NAME DESIGNATION, 
Address Offset A PROA (6:0) 

Address Offset B PROB (6:0) 

Memory Size PR1 (7:0) 
Video Select PR2 (7:0) 
CRT Control PR3 (7:0) 
Video Control PR4 (7:0) 
Lock/Status PR5 (7:0) 
Configuration CNF (7:2) 

PVGA 1A PARADISE REGISTERS (PR) 

I/O LOCATION 
3CF.09 
3CF.OA 

3CF.OB 
3CF.OC 
3CF.OO 
3CF.OE 
3CF.OF 
-- .. _-- ... _-

Paradise Register Notation: XXX.YY where XXX is the data port address and YY is the register 
index e.g. 3CF.OF implies OF --> 3CE (select index register) 
followed by (data byte) --> 3CF (data port). 

Registers PRO through PR4 are normally locked 
after power up. In order to access registers (PRO­
PR4), the PR5 register has to be loaded with the 
value 05H. These registers stay unlocked until the 
PR5 register is loaded with another value. 

All PR registers, except for PR1 (1 :0), are set to 0 
at power on reset. The PR1 (1 :0) bits are latched 
internally at power on reset from the correspond­
ing video memory data bus pins MO (1 :0), con­
nected to the pullup or pulldown external resis­
tors. Pullup resistors on MO(1 :0) causes PR(1 :0) 
to be latched low. 

8.1 PRO A,B Address Offset Registers 
A&B. 

The PVGA 1 A 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 MB total system space to the video 
controller. Therefore, the video memory space 
starts at AOOOOH and ends at BFFFFH. To allow 
a second video card to co-exist, this space is fur­
thur limited to a 64 Kbyte video memory partition. 

Primary offset register (PROA), is always enabled 
if. PR1 bit3 is O. PROA is normally used to control 
64KB of the available video address space. 

Alternatively, Paradise address offset register 
(PROA) and address offset register (PRO B) may 
be used to access two 32KB. video RAM windows. 
PROA window is mapped from A8000H-AFFFF 
while PROB is mapped from AOOOOH-7FFFFH if 
PR1 bit 3 is set to 1 (Alternate address register 
PROB is enabled). 

These registers contain an offset which gets 
added to the system address when accessing 
1 MB of video memory. Address offset register A 
is the primary address offset register and is al­
ways enabled. On the other hand, alternate ad­
dress offset register B is enabled only if PR1 bit3 
is set to 1. PROA,B register six bit offset is added 
to address bits (12:18) of the system address bus 
SA(0:19) to form a 20-bit address. It can be 
thought of as being segment registers OS and ES 
of the 8088 architecture. PROA,B will have 4KB 
segments. 
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PRO A - ADDRESS OFFSET REGISTER A - READ/WRITE PORT = 3CF & INDEX REGISTER=09 

765 432 0 

Reserved Primary Address Offset Bits 

Address Offset Register A 
Added to the System Address 
Selected When Address Bit A 15= 1 
it is the Default Address 
Offset Register 

PRO B - ADDRESS OFFSET REGISTER B - READIWRITE PORT=3CF & INDEX REGISTER=OA 

7 6 5 432 

Reserved Alternate Address Offset Bits 
Address Offset Register B 
Selected by System Address 
only if PR1 (bit 3)=1 
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S.2 PR1 Memory Size 

This register is 8 bits wide. Bits PR1 (1 :0) are 
latched internally at power on reset from the 
co~resp.onding memory data bus pins MD (1 :0), 
uSing either pullup or pulldown external resistors. 
Pullup resistors on MD(1 :0) causes PR1(1 :0) bits 
to be latched low. According to the VGA video 
memory organization, 256 Kbyte of the available 
memory space is divided into four 64 Kbyte 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 starting address of the 256 Kbyte video 
memory buffer can be configured to match other 
video adapters, and, or, application programs. 
For example, 256 Kbyte video display buffer with 
128 Kbyte or 64 Kbyte segments can start at ad­
dress AOOOO (Hex) while 32 Kbyte segments start 
at address BOOOO (Hex) or B8000 (Hex). 
P.VGA 1 A enhances memory size capability when 
bits 6 and 7 are programmed to extend video buff­
er size to 512 Kbyte or 1024 Kbyte. The DRAM 
organizations supported by the PVGA 1 A and its 
associated video space table are shown below: 

PVGA 1 A PARADISE REGISTERS (PR) 

DRAMS MAS Video Memory 
Pin ~ace Planes 

64Kx4 N/U 256KB 4 (64KB 
Iper plane) 

64Kx4 Bank 512KB 4 (128KB 
Select per plane) 

256Kx4 DRAM Pin 1024KB 4 (256KB 
A8 Iper plane) 

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. 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 ~f the 
256 Kbyte by 4 DRAMS, and two DRAMS form a 
256 Kbyte per plane. Four planes make the 
desired 1024 Kbyte video memory space. For 
more details, refer to the programming section 
listed on the next page: 
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MEMORY SIZE REGISTER 

GRAPHICS MODE RAM ADDRESSING: 

PR1(7) PR1(6) 

0 0 256 K TOTAL; 64K1PLANE; IBM VGA MEMORY ORGANIZATION 
VIDEO BYTE WORD DBl WORD 
RAM 
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(5) CA(13) 

PR1(7) PR1(6) 

0 256K TOTAL; 64K1PLANE; PVGA 1 A MEMORY ORGANIZATION 
VIDEO BYTE WORD DBlWORD 
RAM 
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(17) CA(15) 
MA(O) A(O) CA(O) A(16) CA(15) A(16) CA(14) 

--
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PR1(7) 
1 

VIDEO 
RAM 
ADDR 
BIT 

MA(17) 
MA(16)* 
MA(15) 
MA(14) 

MA(2) 
MA(1) 
MA(O) 

PR1(6) 
o 512 KBYTE TOTAL IN FOUR PLANES; 128KB / PLANE IN PVGA1A 

MEMORY ORGANIZATION (EACH PLANE IS 2 BANKS OF 
64 KBYTE BY 8) 

BYTE WORD. DBLWORD 

CPU CRT CPU CRT CPU CRT 

A(16)* CA(16)* A(17)* CA(16)* A(18)* CA(16)* 
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(2) CA(2) A(2) CA(1) A(2) CA(O) 
A(1) CA(1) A(1) CA(O) A(17) CA(15) 
A(O) CA(O) A(16) CA(15) A(16) CA(14) 

NOTE: "*" Controls CAS external to PVGA 1 A 

PR1(7) PR1(6) 
1 1 1024 KBYTE TOTAL IN FOUR PLANES; 256K1PLANE IN PVGA1A 

MEMORY ORGANIZATION 

VIDEO BYTE WORD DBLWORD 
RAM 
ADDR CPU CRT CPU CRT CPU CRT 
BIT 

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)-A(0) are modified System Addresses through PROA or PROB. 

19-88 

2. CA(17)-CA(0) are CRT Controller Character Address Counter bits. 

3. XRN(5) is Miscellaneous Output Register 3C2, inverted bit 5. This bit selects the displayed 
page in chained modes. XRN(5)is selected as MA(O) if GR6(3) OR GR6(2) = 1. 

4. CA(13) is selected as MA(O) if CRTC Mode 
Register R17(5) = O. 
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PR1 • MEMORY SIZE REGISTER· READIWRITE PORT =3CF & INDEX REGISTER=OB 

Memory Size 

256KB VGA 
256 PVGA1 
512 PVGA1 
1024 PVGA1 

765 4 3 2 1 0 

I 0/1 I 0/1 I 0/1 I 0/1 I 0/1 I 0/1 I 0/1 I 0/1 I 
I I I 

Memory BIOS ROM Mapped 
Size Select 1 =BIOS ROM Mapped Out' 
o 0 
o 

o 
BIOS ROM Data Path Width 
1 = 16 Bit BIOS ROM Data Path' 
0=8 Bit BIOS ROM Data Path 

Enable Video Memory Bus 
1 =16 Bit Wide Bus 

Enable Alternate Address Offset Register 
1 =Alternate Address Offset Register B (PROB) Enable 
O=Primary Address Offset Register (A) Enable 

(See PRO A & PRO B Description) 

Memory Map Memory Map Select 
VGA Mapping 0 0 
First 256KB in 1 MB Space 0 1 
First 512KB in 1MB Space 0 
First 1024KB in Larger 
Space 

PVGA1A 

NOTE: * = A Pull Up Resister On MD(O) Or MD(1) Line Sets These Bits To 0 At Power On Reset 

Bit? 
o 
o 
1 
1 

BitS 
o 
o 
1 
1 
Bit3 

Bit2 
Bit1 

Bit6 
o 
1 
o 

Bit4 
o 
1 
o 
1 

MEMORY SIZE 
256KB VGA 
256KB PVGA 
512KB PVGA 
1024KB PVGA 

MEMORY MAP 
VGAMapping 
1st 256KB in 1MB space 
1st 512KB in 1MB space 
1 st 1024KB in larger space 
Enable Alternate Address Offset Register 
(Refer to PROA and PROB descriptions) 

Enable 16 bit bus for Video Memory 
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 pullup on MD (1) sets this bit to 0 at power on reset. 

ADVANCE INFORMATION 10130190 19-89 



PVGA1A PVGA fA PARADISE REGISTERS (PRJ 

8.3 PR2 - VIDEO SELECT REGISTER - READIWRliE PORT=3CF & INDEX REGISTER::OC 

7 65432 o 

Clock to Horizontal Timing 

VGA/6845 Compatibility 
1 =HSYNC Timing for 8/9 Dots/Character 

O=HSYNC Timing for 16/18 Dots/Character 
1 =6845 Compatibility Mode 

O=VGA Mode Third Clock Select Line Sent to 

External Clock Chip if CNF(3)=1 

Bit7 
Bit 6 

Bit 5 

Bit4 
o 
o 
1 
1 
Bit 2 

Bit 1 

Bit 0 

19-90 

Character Map Select 

See Bits 5 and 2 See Bits 5 and 2 

Bit3 
o 
1 
o 
1 

Character Clock Period Control 
(SEE BELOW) 

It enables M24 mode. 
0= VGAmode. 
1 = 6845 Compatibility Mode 
Character Map Select. This bit in conjunction 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) ATT(4) Plane Select 

o 
o 
1 
1 
1 

Character Clock Period Control 

o 
1 
o 
1 
1 

IBM VGA character clock (8 or 9 dots) 
7 dots (used for 132 character mode) 
9 dots 
10 dots 

x 
X 
X 
o 
1 

2 
2 
3 
2 
3 

Enable special color underline using all odd numbered attributes 
(e.g. Prpgramming 1 gives blue colored underline). In conjunction with 
PR2(5), this bit is also decoded to enable character maps from planes 
2 or 3. See PR2(5) for details. 
This bit is the third clock select line sent to the external clock chip if 
CNF (3) is set to 1. If CNF register(Bit3) is set to 0, the internal clock 

. select multiplexor is locked. 
1 = Set horizontal sync timing for 8/9 dots/character 
o = Set horizontal sync timing for 16/18 dots/character 
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8.4 PR3 - CRT CONTROL AND GROUP LOCKING 

The CRT control register description and software notation are summarized. For example, 
3?5.11 (7) refers to bit 7 of the CRTC data register 11 (Hex). To read this bit, first write 11 (Hex) to 
to 3?4, then read 3?5 and test bit 7's value. 

PVGA 1 A 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). When bit 7 is 1, 
CRT contoller registers (RO-7) are write protected per VGA definition. For more 
information on the five groups, and their locking schemes, refer to the section below: 

GROUPO 

GROUP 1 

GROUP 2 

GROUP 3 

GROUP 4 

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 

These registers are locked if PR3(1 )=0 AND 3?5.11 (7)=1 
CRT controller register 07(Bit6) ------ Vertical Display Enable End bit 9 
CRT controller register 07(Bit1) ------ Vertical Display Enable End bit 8 

These registers are locked if PR3(O)=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 

These registers are locked if PR3(O)=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 

This register is locked if PR3(5)=1 
CRTC mode control register 17(Bit2) ----- Selects divide by two 

vertical timing 
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PVGA1A PVGA 1A PARADISE REGISTERS (PRJ 

PR3 - CRT LOCK CONTROL REGISTER - READ/WRITE PORT=3CF & INDEX REGISTER=OD 

765432 0 

Lock Vertical Timing 

Lock HSYNC Polarity 

Lock Horizontal Timing 

1=Locks CRTC Registers of Groups 
2 and 3. Prevents Applications 
Software from Unlocking Group 2 
Registers (Sets 3?5.11 (7)=0) 1 = Locks CRTC Registers of Groups 

o and 4. Prevents Applications 
Software from Unlocking Group 0 

Registers (Sets 3?5.11 (7)=0) 

Lock Prevention 
1 =Prevents Applications Software from 

Locking Registers of Group 1 

BitO 

Bit7 
Bit 6 
Bit 5 

Bit4 

Bit 3 

Bit2 

Bit 1 

19-92 

(Sets 3?5.11 (7)= 1 ) 

CRT Control 
1 =Controls Cursor Start, Stop, Preset Row Scan 
& Maximum Scan Line Address Register Values Times Two 

Bit 8 Control 
Controls Bit 8 of CRT Controller Start Memory 
Address High Register 3?5.0C & Bit 8 of Cursor 
Location High 3?5.0E. Enable Palette Registers 
in 6845 Mode 

Bit 9 Control 
Controls Bit 9 of CRT Controller Start 
Memory Address High Register 3?5.0C 
& Bit 9 of Cursor Location High 3?5.0E 

If set to 1 the BIOS ROM is mapped out. Pullup reisistor latches 0 
after power up. A pullup on MD (0) sets this bit to 0 at power on reset. 

Lock VSYNC polarity, as programmed in 3C2 bit 7 
Lock HSYNC polarity, as programmed in 3C2 bit 6 
Lock horizontal timing. 
Locks CRTC registers of Groups 0 and 4. 
Prevents attempt by applications software to unlock Group 0 
registers by setting 3?5.11 bit 7=0. 
Bit 9 of CRT Controller Start Memory Address High Register 
3?5 .OC, and bit 9 of Cursor Location High 3?5 .OE. This bit 
corresponds to Character Address CA (17). 
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). This bit is used 
to enable palette registers in non EGA (6845) mode. In the PVGA1A, 
the palette will be enabled all of the time. 
Cursor start, stop, preset row scan, and maximum scan line address 
registers values multiplied by two. 
1 = Prevents attempt by applications software to lock registers of 
Group 1 by its setting 3?5 .11 bit 7=1. 
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8.5 PR4 - VIDEO CONTROL REGISTER - READIWRITE PORT =3CF & INDEX REGISTER=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 RAMDAC, and memory control outputs. 

765 432 1 0 

IMIMIMIMIMIMIMIMI 
BLNKN I Jx~x~x~~~ 

Mode Select 

EGA Compatible Mode 

1 =BLNKN Output Supplies 
Pre-Display Enable 

O=External Video DAC to 
Generate Blank Signal 

Tristate HSYNC, VSYNC, BLNKN 
1 = Tristate Output Pins HSYNC, 

VSYNC & BLNKN 

1 =EGA Compatible. Disables Response 
to lOR 3X8-3XA, Except 3XA. 
3CO/3C1 Registers become Write 

Only (Reading Input Status 

Tristate Video 

Register Port 03C2 High=EGA 

Monitor Present) 

1 = Tristate Video Outputs VID(7:0) 
O=3CO Register is Write Only, 3C1 

Register is Read Only (per 
Attribute Controller Register 
Definition) 

Tristate Memory Control 
1 = Tristates Memory Control 

Outputs 

Lock Palette & Overscan 
1 =Locks Palette & Overscan Registers 

Disable CGA Bit 
1 =Disable CGA "Enable Video" bit In Mode 

Register 3D8. 
(Power On Reset Causes No Override) 
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PVGA1A PVGA1A PARADISE REGISTERS (PR) 

PR4 • VIDEO CONTROL REGISTER (contd) 

Bit 7 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 1 

Bit 0 

19-94 

This bit controls the output signal BLNKN, which normally in the 
VGA mode, is used by the external video DAC chip to generate 
blanking. 
1 = Display enable. 
0= Blank. 

1 = Tristate the output pins HSYNC, VSYNC, and BLNKN. 
0= Normal operation. 

1 = Tristate the video outputs VID (7:0). 
o = Normal operation. 

1 = Tristates the memory control outputs RAS32N, RAS10N, CAS32N, 
CAS 1 ON, OE32N, OE10N, WE3N, WE2N, WE1N, WEON, and 
MA (0: 8). 
0= Normal operation. 

1 = Disables the CGA "enable video" bit in mode register 3D8. Power 
on reset causes no override. 
0= Normal operation. 

1 = Lock palette and overscan registers. 
0= Normal operation. 

1 = EGA Compatible Mode. It disables response to lOR 3X8-3XA, to 
turn off 6845 compatible modes except status register 3XA. Reading 
Input Status register port 03C2 high implies the presence of EGA 
monitor in VGA mode .. Also, registers at 3CO/3C1 change to write 
only mode if EGA compatibility bit is set. In VGA mode (PR(4) bit 1 
is zero) 3CO register is write only, while 3C1 register is read only, per 
the Attribute Controller registers definition. 

Paradise shift register control. It selects 640(400 by 480) by 256 color 
mode, in addition to the PVGA 1 A operation by enhancing IBM 
Mode 13, which has only 320 by 200 dot resolution. 
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8.6 PR5 - GENERAL PURPOSE STATUS BITS - READ/WRITE PORT =3CF & INDEX 
REGISTER =OF 

7+ 6+ 5+ 4+ 3 2 o 

+General Purpose Read Only Read/Write Bits 
Status Bits From Memory 
Data (MD7:4) Pins 

Reserved 
NOTE: += Pull Oown Resistors Set These Bits To Logic 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. 

General purpose status bits (7:4) and Paradise register lock/unlock bits (2:0) are stored in the Paradise 
Register (PR5) 

Bits (7:4) These are general purpose status bits. They are latched at power on reset from 
the corresponding memory data bus pins MO (7:4) connected to the external 

INTERNAL I/O PORTS 

I/O PORT 46E8H ( AT MODE - WRITE ONLY) 

IBM has implemented a scheme for mapping the BIOS ROM on the PS/2 VGA display adapter card. 
This mapping is not done on Micro Channel based VGA implementations. The mapping is controlled 
through a five bit, write only register located at I/O address 46E8H. The card does not fully decode the 
address and it also appears at addresses 56E8H, 66E8H and 76E8H. The use of bits within the register 

. are as follows: 

07:05 
04 
03 
02:00 

Unused 
Setup 
Enable I/O and memory acceses 
BIOS ROM page select ( External Implementation) 

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 02:00. The I/O port 46E8H bits (4 : 3) are provided .... 
inside the PVGA 1 A. Bits (2 : 0) are implemented externally. PVGA 1 A provides EBROMN as the write 
strobe to external circuitry inplementing BIOS ROM page mapping whenever 46E8H is accessed. 
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I/O PORT 102H - VIDEO ENABLE (AT AND MICRO CHANNEL MODES) 

power On Self Test (POST) sleep bit 0 is used to awaken the PVGA 1 A after power on in the MCA mode. 
Program the I/O port 102H Option Select Byte #1 to enter the set up mode. Port 102H is internal to the 
PVGA1A. If the port 102H bit 0 is set to 1, the PVGA1A is functional. However, if the bit 0 is 
programmed as 0, the PVGA 1A will only respond to setup read and write operations. It will disregard I/O 
or memory read / write operations and cause no interrupts in the set up 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 (ElaN) signal pin is active low, the PVGA1A is in 
setup mode and port 102H can be accessed. 

VIDEO RAMDAC PORTS 

Video RAMDAC is implemented external to the PVGA1A. However, the WPLTN and RPLTN signals 
required by the RAMDAC are provided by the PVGA1A. WPLTN and RPLTN signals to the RAMDAC are 
generated when the following 1/ a ports are written to or read from: 

DACADDRESS 

3C8H 
3C7H 
*3C7H 

3C6H 

3C9H 

DAC OPERATION 

PEL address port ( write) 
PEL address port ( read) 
* DAC state (read only) 

PEL mask (readlwrite) 

PEL data register 
(read/write) 

DETAILS 

Readlwrite port 
Write only port 
* If bits 0/1 =1, DAC in read operation 
When bits 0/1 =0, DAC in write 
operation. Bits 2-7 are reserved. 
Not to be written by application code 
or color look up table will be changed. 
Three successive readlwrite bytes. 

* NOTE: This port is internal to PVGA1A. 
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PVGA1A CONFIGURATION BITS CNF (2:3) - NON-READ I NON-WRITE PORT 

Read Back As 
PR5 Bits (4:7) 

Bus Architecture Select 
1 =IBM PC AT Bus Architecture Signals 
O=IBM Microchannel Architecture Signals 

Video Clock Source Control 
1 =Configures PVGA 1 A Pins VCLK1 & VCLK2 as Outputs 
O=Configures PVGA1A Pins VCLK1 & VCLK2 as Inputs 

PVGA1A 

Bits CNF (2:3) are latched internally at power on reset from the corresponding memory data bus pins 
MD (2:3), connected to the external pullup or pulldown resistors. Pullup resistor sets MD(2:3) to logic 1. 
Note, that the configuration bits (2:3) are not readable since they are latched after power up. However, 
the configuration register bits (4:7) are readable after power up as PR5 bits (4:7). They appear as 
general purpose read only status bits in the PR5 register. 

CNF Bit(2) Bus Architecture Select 

Pulled low = IBM Microchannel architecture. 
Pulled high = IBM PC AT BUS architecture. 

CNF Bit(3) Video Clock Source Control. 

CNF bit3 configures PVGA1Apins VCLK1 and VCLK2 as inputs or 
outputs. It is reset to 0 for inputs and set to 1 for outputs. When used as 
inputs, these pins supply alternate video dot clocks. The selection of 
dot clocks is done by an internal multiplexer. When used as outputs, 
VCLK1 becomes an active low load pulse for an external Paradise Clock 
chip (the PCLK1), active during 1/0 writes to the port 3C2. VCLK2 
becomes a third clock select input to the external clock chip, which 
supplies multiple dot clock frequencies to the VCLKO input. 
For more details, refer to the PCLK1 data sheet. 
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PVGA1A 

9.0 APPLICATION 

The PVGA1A applications chapter is divided into 
various interfaces such as processor (AT or Micro 
Channel mode), video memory, RAMDAC 
(I NMOS G171), analog monitor, and clock. The 
description and block diagrams are generic. No 
attempt is made to present schematic level 
details. Currently available application notes, 
technical briefs, and referenced literature at the 
end of the data sheet should supplement the in­
formation provided in this chapter. External video 
subsystem enable 1/0 port at 3C3H is briefly ex­
plained. The Figures 17 through 25 are shown 
along with their brief description on the sub­
sequent pages. 

9.1 110 PORT 3C3H - VIDEO SUBSYSTEM 
ENABLE REGISTER 

The Paradise PVGA 1 A 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 

APPLICATION 

IBM definition. If DO is 1, the video I I 0 and 
memory address decoding is enabled. When DO 
is 0, the video 1/0 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 I 0 port 102H bit 0 ) of the Programmable Option 
Select (POS). When, PVGA1A is used in the 
Micro Channel bus designs, the read or write 1/0 
port at 3C3H is implemented externally 

The Figure 17 shows a block diagram of the 
PVGA 1 A with 8-bit PC/XT interface using 8-bit 
BIOS. The system data bus SD(0:7) and address 
bus SA(0:19) are shown along with associated 
buffers and BIOS ROM. Auto monitor sense line 
is also included. 

CONVENTION: "*" = Logic AND function, " I" 
= Inverted function, and" + " = Logic OR function 

27256-20 

SA<12 :14) DR • PA<12:14)---. A<12:14) 

SA(o:m---. A(o:m 0(0:7) .. 
DE CE 

~ t.=:-
~ DA(O:?) SDCO:?> 

.D*R ~ EBRDMN 

EDBUFN 
DIR 

~ 

SA(O:7) [> ~ PVGAIA 

H EABUFN 

SA(S:14) DA(S:14) 
MONITOR SENSE DAC1S) 

SA<1S:19) SA<15:19) 
RESET DRY RSET 

REFRESH EHEM 
AEN EION 

PULLED UP TO +5Y BHEN 
-SMEMR MRDN 
-SMEMII MIIRN 

-lOR lORN 
-!Oil !OliN 

liD CHRDY RDY 
NC IRQ 
NC DS16N 
NC SFDBKN (RDMI6N) 

Figure 17. 8-Blt PCIXl Interface With 8-Bit BIOS 
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APPLICATION 

Figure 18 illustrates 16-bit PC/AT interface with 8 
bit BIOS using PVGA1A. The processor data bus 
SD(0:15), and the system address bus SA(0:19) 
are shown. Associated address and data bus buf­
fers, BIOSROM, and auto monitor sense are also 

PVGA1A 

shown in it. Note, PA(12:14) to BIOS ROM can 
be derived from the BIOS page mapping logic if 
implemented. Logic equations for upper data bus 
buffer gate EDBF1. 

/EDBF1 = /EDBUFN • EBROMN • /SMEMW· /SBHE * /DS16N 
+ /EDBUFN * EBROMN • /SMEMR • /SBHE • /DS16N 

SAC12 :14) OR PAC12:14)-., 

SAco:m-., 

'245 

SDCO:7> .... ~ --
G DIR 

EDBUFN 
'245L 

SDCS:15) .. ~ 
G DIR 

EDBFl • 
'244 

SACO:7> ~ I> 
G G 

Y Y 

'244 

:14)-., I> SACS 

MONITOR SE NSE-" G G 

Y Y 

SAC15:19) 
EDBUFN 

RESET DRV 
REFRESH 

AEN 
-SBHE 

-SMEMR 
-SMEM'" 

-IOR 
-IO'" 

1/0 CHRDY 

DS16N 

27256-20 LA2 

AC12:14) 
LAia LA21 

Aco:m LA20 

) LA1!=c LA1S 

DCO:7> ~ LA1!~ 
DS16 

OE CE 

"'~-MEMCS16 --
DACO:14) 

EBROMN 

DIR 

PVGA1A 

EABUFN 

DA(15) 

SAC15:19) ... 
EDBUFN 
RSET 
EMEM 
EION 

~ BHEN 
MRDN 
M"'RN 
IORN . 
IO"'N 
RDY 

NC IRQ 
DS16N 

NC SFDBKN CROM16N) 

Figure 18. 16·Bit PC/AT Interface With 8·Bit BIOS 
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Figure 19 describes 16-bit PC/AT interface with 
16-bit BIOS ROM implementation using PVGA 1 A. 
The system data bus SO(0:15), address bus 
SA(0:19), address and data bus buffers, and auto 
monitor sense input is presented. The (16KX8) 
upper and lower byte EPROMS, output enable 
lines (EROMO I EROM1), and EPROM buffer 
(Gated by EOBFX) are shown. Note that 

IEROMO = IEBROMN * ISMEMR * ISAO 

APPLICA TlON 

PA(12:14) to BIOS ROM can be derived from the 
BIOS page mapping logic if it is implemented. 
Also, -MEMCS16 implementation limits addition of 
8 bit cards with memory addresses at the loca­
tions of segment COOOH for 128 Kbyte memory 
space. Boolean equations for some of the impor­
tant signals are listed: 

IEROM1 = IEBROMN * ISBHE * ISMEMR * IROM16N + IEBROMN * SAO * ISMEMR * ROM16N 

IEOBFX = IEBROMN * SAO * ISMEMR * ROM16N 

IEOBUF1 = IEOBUFN * ISMEMW * ISBHE * IOS16N + IEBROMN * ISMEMR * ISBHE * IROM16N 
+ IEOBUFN * ISMEMR * ISBHE * IOS16N * EBROMN 

Figure 19 is illustrated on the subsequent page. 
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, SII(12:14) IJR PA(12:14) 1\(11:13) 

SACCI1) ....... - .. "'(0:10) 
1!71211-20 

1IA<8:I!1) 1lAC0:n .. _ .. _____ .. 

IE CE 

ERIJM1._~I_---1V "'*" 
~ ~1:13) 

11(0:10) 

!7U!8-20 

lIACO:nfo! ....... 
1IACO!7) 

DE CE 
E1DIO ... __ ....... V ? 
Dm~~-----~~---f--~ 
D~~----------, 
~ 

SD(0:7)", ~ 14"­
G DIR 

ElIIIUF'N--t:L 
~ 

SD<8:m" ~ 
DIR 

IlACO:14) 

-----iDRIJII'I 
EDIFl -.;..-4I ..... -I~----..... DlR 

..!!!. 

SACQ!7) ---. [> ~ PVGA1A 

H ......... --... --_ .... __ ..... EIIIUFN 

SACS:l4,... [> I+- DAC15) 

IIINITDR SENSE-. H .. ~~-+--.. 
SII05:19) 
ElIIIUF'N 

RESET DRV 
REFRESH 

liEN 
-SlI£ 

-sMEMR 
-sMEMW 

-IIIR 
-1II\f 

I/IJ CHRDY 

DSI6N 
Ne 

RlJM16N 

SIIC1S:19> ElIIIUF'N 
RSET 
E!£II 
EIItI 
II£N 
It'IDN 
!NRN 
mRN 
IIIWN 
RDY 
IRII 
DS16N 
SFDBKN 

Figure 19. 16-Bit PC/AT Interface With 16-Bit BIOS 
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PVGA1A APPLICATION 

Figure 20 indicates PVGA 1 A and 16-bit Micro 
Channel interface. The system data bus upper 
byte bits D(8:14) and lower data bus byte D(0:7) 
are sampled and buffered for the PVGA1A input 
pins DA(0:14). Likewise, system address byte 
upper bits A(8:14) and lower address byte A(0:7) 
are buffered and gated to the PVGA1A input pins 
DA(0:14). The most significant system address 

bits A(15:19) are latched and sent to the 
PVGA1A. The monitor sense input buffer and D15 
are gated into the DA 15 input of the PVGA 1 A. 
The Micro Channel bus control signals provide 
the timing and are gated by the appropriate logic 
blocks to the PVGA1A. 
Associated Boolean equations are shown below: 

EMEM= 

NOTE: 
1.0 

2.0 
3.0 

(-CMD) * 3C3.DO * IA23 * IA22 * IA21 * IA20 * (M/-IO) * (MADE24) + 
(-CMD) * 3C3.DO * I(M/-IO) + I(-CMD) * EMEM 

ASYNCHRONOUS EXTENDED CYCLE (300NS) IS REQUIRED IN THIS 
CONFIGURATION. SIGNAL (-CD SFDBK) MAY NEED TO BE TRANSPARENTLY 
LATCHED WITH (-CMD). 3C3 IS AN EXTERNAL 1/0 PORT. 
RPLTN AND WPLTN GO TO THE RAMDAC. 
WPLTN AND RPLTN TO RAMDAC PORTS 3C6H-3C9H WILL NEED 
ADDITION OF TWO EXTERNAL WAIT STATES OR EXTERNAL 
SIGNAL GENERATION AS SHOWN BELOW. 

/wPLTN = I(M/-IO) * I(-SO) * (-S1) * 1M * IA3 * A2 * A1 * (-CMD) * I(-CDSFDBK) 
+ I(M/-IO) * I(-SO) *(-S1) * 1M * A3 * IA2 * IA1 * (-CMD) * I(-CDSFDBK) 
+ I(-CMD) * /wPLTN 

IRPLTN = I(M/-IO) * (-SO) * 1(-S1) * 1M * A3 * IA2 * IA1 * (-CMD) * I(-CDSFDBK) 
+ I(M/-IO) * (-SO) * 1(-S1) * 1M * IA3 * A2 * A 1 * lAO * (-CMD) * I(-CDSFDBK) 
+ I(-CMD) * IRPLTN 

Figure 20 is drawn on the following page. 
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-
-CMD LE/[JE 

A(lS:19)- [> --. A(1S :19) : M/-l[)- ACT373 - MRDN/MI -l[) 
ALS24S 

D(O:n--. ~ 
G DIR PVGA1A 

EDBUFN ~ t-
ALS245 

D(8:1S)--. ~ DA(O:14) 

G DIR 
r--'-r-- ~ , 

F DIR 
-CD DS 16 - F244 

A(O:n .. [> ... NC )f- EBR[JMN -
G G NC )f- EABUFN 

~ 'i 'i 
~ -

F244 

A(8:14) [> ... 
M[JNIT[JR SENSE ... 

G G ... DA(15) 

r.J ~ 
-: 

EDBUFN ... EDBUFN 
CHRESET .. RSET ;: 

EMEM EMEM 
SETUP : El[)N 
-SBHE - BHEN 

-SO MIJRN/-SO 

~ 
-CMD 1[)IJN/-CMD 

-S1 - l[)RN/-Sl 

~ 
CD CHRDY - RDY 

~ 
IRQ 

-CD DS 16 ... DS16N .. """! IRQ9 - -CD SFDBK SFDBKN 

l1li --
Figure 1-20. 16-Bit Micro Channellntertace 
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Figure 21 presents PVGA1Awith 256 Kbyte video 
memory organization using four 64 Kbyte maps. 
Each 64 Kbyte map is made from two (64KX4) 
DRAMs. The built in DRAM controller provides all 
the memory control signals and refresh cycles. 

The PVGA1A also supports 512 Kbyte, or 1024 
Kbyte video memory organization using (64KX4) 
DRAM modules. 

MA(a) _NC 

MDCO:15) 
MA(O: 7) 
RAS10N 
CAS10N 

oEION 

~D<O:4) ~D<O(4) ~D<O(4) ~ MD(O:3)~ 

PVGA1A 64KX4 64KX4 64KX4 64KX4 
A(O:7) A(O:7) A(O:7) A(O:7) 
IRAS IRAS IRAS IRAS 
leAS ICAS ICAS leAS 
IDE IDE' IDE IDE 

T /l,/E T 
/l,/E 

\rIE1N 
'WEON 

RAS32N 
CAS32N 
oE32N 

~D<O(4) ~D<O(4) ~D<O(4) ~D<O(4) 
64KX4 64KX4 64KX4 64KX4 

A(D;]) Aco:n A<D:?) A(O:7) 
IRAS IRAS IRAS IRAS 
ICAS leAS leAS leAS 
IDE IDE IDE IDE 

T /l,/E 

T 
/l,/E 

I<E3N 
I<E2N 

Figure ,21. 256 Kbyte DRAM Configuration 
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Figure 22 illustrates the PVGA 1 A and RAMDAC (INMOS G171) interface block diagram for analog 
monitors. 

IREF CURRENT RE F 

DA(O: 7) D(O:7) 

LAm RSI 

LA(Q) RSO 

IJPLTN IJRN 

RPLTN RDN 

VID(O:7) PD(O: 7) 

PCLK PCLK 

BLKN BLANK 

R 

}'" G VIDEO 

B T MONITOR 

~ '?150 OhM PVGA1A 
V -

HSYNC 

VSYNC 

Figure 22. RAMDAC (INMOS G171) Interface 

NOTE: LA (1), LA(O) are latched addresses. 

Figure 23 shows the PVGA 1 A and digital monitor connections. 

PVGA1A 
HSYNC '244 
VSYNC 

VIDCS) 

VID(4) 

VID(3) 

VID(2) 

VIDCl> 

VIDCO) 

m VIDEIl 
IlNNECTIlR C 

.. 

r 

HSYNC 

VSYNC 

SEC RED 

SEC GREEN/INTENS 

SEC BLUE/VIDEIl 

RED 

GREEN 

BLUE 

Figure 23. Digital Monitor Interface 
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PVGA1A APPLICATION 

Figure 24 presents PVGA1A with external oscillators 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 
Bit 3 

o 
o 
1 

3C2H 
Bit2 

o 
1 
X 

CLOCK 
SELECTION 

VCLKO 
VCLK1 
VCLK2 

The Configuration register Bit 3 (MD3) should be tied low to make the PVGA1A signal pins (VCLK1, 
VCLK2) inputs. 

PVGA1A 

2S.17S MHZ. 

MD3 

~ 
MClK 

VClKO -

42 MHZ OR 36 MHZ 

28.322 MHZ VClKl 

36 MHZ DR EXT CLOCK VClK2 

Figure 24. Clock Interface 

Figure 25 illustrates PVGA 1 A pins VCLK1 and VCLK2 configured as outputs. This is done when the 
Configuration register Bit 3 (MD3) is tied high. The figure also shows how the VCLK1 and VCLK2 signals 
can be used to control external input clock multiplexor to select 1 of 8 possible clock frequencies. 
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Figure 25. External Multiplexing of the Video Clocks 
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APPLICATION 

PVGA1A POWER UP CONFIGURATION 

The PVGA1A uses the MD(O:7) input pin to con­
figure itself at power up/reset. These lines will, 
upon power up/reset, latch logic values depend­
ing on whether there is a pull up or a pull down 
resister on them. PR1(1:0) and CNF(7:2) are the 
internal registers that are configured on power up. 
CNF(3:2) will latch a noninverted value (pull up 
resister = 1) into it and the others will latch an 
inverted value. 

PR1 bit 0 will latch the inverted value of MD(O). A 
value of 1 (pulled down) will map out the decoding 
of the BIOS ROM by the PVGA1A. A value of 0 
will map it in. 

PR1 bit 1 will latch the inverted value of MD(1). A 
value of 1 (pulled down) will signify to the 
PVGA1A that the ROM BIOS data path is 16 bits. 
The PVGA1A will bring SFDBKN active low in AT 
mode (static signal) and SFDBKN can be used to 
externally generate -MEMCS16 (off the AT Bus) 
for 16-bit ROM accesses. In Micro Channel Mode, 
SFDBKN changes function to be the -CD SFDBK 
signal output and DS16N is driven active when 
PR1 (1) is set and a valid ROM BIOS address is 
decoded. 

CNF(2) will latch the noninverted value of MD(2). 
A value of 1 (pulled up) will configure the PVGA1A 

PVGA1A 

for IBM PC/XT/AT architecture. A value of 0 will 
configure the PVGA1A for IBM PS/2 Micro Chan­
nel Architecture. VGA 1 A Signal Pins and the inter­
face will change functions depending on this 
value. 

CNF(3) will latch the noninverted value of MD(3). 
This bit configures the PVGA1A 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 Paradise Register 
PRS bits 7 to 4. These are general purpose bits 
that may be used by the video BIOS. If reserved 
or unused by the BIOS, they are available to the 
application software. 
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REFERENCE PVGA1A 

REFERENCES 

A list of references for generating the PVGA 1 A data sheet information is shown below: 

IBM Personal Computer Hardware User Guide 

IBM Personal Computer XT Hardware User Guide 

IBM Personal Computer AT Hardware User Guide 

IBM Personal System 2 Model 30 Hardware User Guide 

IBM Personal Computer AT Technical Reference Manual 

IBM Personal System 2 Model 30 Technical Reference Manual 

IBM PC Options & Adapters Technical Reference Manual 

IBM Personal System 2 BIOS Reference Manual 

Personal Computer Reference Manual 

AT &T Video Display Controller VDC 750/ VDC 600 Installation Guide 

Hercules Graphics Card Owner's Manual 

Paradise OEM Technical Publication Manual 

( IBM # 6322510 ) 

( IBM # 6322511 ) 

( IBM # 6280066 ) 

( IBM # 68x2230 ) 

( IBM # 6280070 ) 

( IBM # 68x2201 ) 

( IBM # 6322509) 

( IBM # 68x2260 ) 

( IBM # 6025005 ) 

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 
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's VGA 
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 
• 1024 by 768 x 16 colors noninterlaced with 

external logic 

WD90COO 

·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, 9, 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) 
• 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 

Western Digital is a registered trademark of Western Digital Corporation. 
All other marks mentioned herein belong to their respective companies. 
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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
lacec;l 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 liD 
or memory cycles. It also provides the character 

AT I ueA I WD90COO 
INTERFACE I I I DRAY 

CONTLR 

I 
BIOS 

ADR 
(0.19) 

ROM 

8"8 

,. VIDltH) 

~ 
I EXT/OSC. f-
I MUX I DATA 

(0-15) 

CLOCK II CRT 
CONTLR CONTlR 

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 U. 

MEMORY 

A~AlOQ'IJIGITAL 

COlORlhlONO MONITOR 

l j AXED OR 

VARIABLE 

SCAN 

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 110 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 110 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 addressldata 
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 110 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 110 accesses and BIOS ROM accesses 
are not generated. Special 110 ports such as 
46E8H (AT mode) and 1 02H 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 INTER-
FACE 

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 can be 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 end 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. 
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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 CONFIGURA-
TION 

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. 
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WD90COO 

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. 

DESCRIPllON 
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 SELECTION 

76 MCLK I MEMORY CLOCK: This clock signal deter-
mines the VGA graphics and alpha mode video 
DRAM readlwrite access timing as well assys-
tem microprocessor I/O 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 I/O 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 I/O writes to port 3C2H or the state 
of 3C2H bit 2 as per PR1S(S). Refer to the 
Configuration Register description. 

73 VCLK2 I/O 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 cl,?ck 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. 
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PIN DESCRIPTION WD90COO 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
CLOCK SELECTION (CONT) 

75 VClKO I VIDEO ClOOK 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: "*,, DA 15 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, EM EM 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 EMEM. 
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WD90COO PIN DESCRIPTION 

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, I/O, 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 I/O 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) and/or 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 1/0: 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 1/0 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 102H 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 1/0 cycles. 
When (M/-I/O) is high, a memory cycle is in 
process. A Iowan (M/-IO) shows that an 110 
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 1/0 and memory com-
mands. 

29 lOR I 1/0 READ: Active low 1/0 read strobe in AT 
-S1 mode. It is asserted in 1/0 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 1/0 WRITE: Active low strobe. In AT mode, the 
-CMD strobe signals an 1/0 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 I/O 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 MO FI.!O!;tliQO (Bit) 
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 Input/Output CNF(3) + 
2 AT/MicroChannel Mode CNF(2) + 
1 BIOS ROM Data Path PR1(1) • 
0 BIOS ROM Mapout PR1(O) • 

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 signal. 
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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 OE1O+ 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 by setting PR Register 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 PALETTE: Video DAC register and color 
palette read signal. Active low during 1/0 read 
to addresses at 3C6H, 3C8H, and 3C9H. 

58 WPLT 0 WRITE PALETTE: Video DAC register and 
color palette write signal. Active low during 1/0 
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 (51 = 1. 
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WD90COO PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE DESCRIPll0N 
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 
page mapping. 

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 

5.0 ABSOLUTE MAXIMUM RATINGS 

Ambient temperature 
under bias o °C to 70°C 
Storaae temDerature - 40°C to 125°C 
Voltage on all inputs 
and outputs to Vss - 0.3 to 7 Volts 
Power dissipation 1.0 Watt 

20-16 

ABSOLUTE MAXIMUM RA TlNGS 

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. 

Operating tempera-
ture range 
Power supply voltage 

10-25-90 
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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 Voltage -- 0.8 V VCC=5V±5% 
V(IH) Input High Voltage 2.0 -- V VCC=5V±5% 
I(IL) Input Low Current -- ±10 uA VIN=O.OV 
I(IH) Input High Current -- ±10 uA VIN=VCC 

ViOL) 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 TTL TA=O °C, Static 
Levels) 

1(00) Operating current -- 130 mA VCC=5.25V, 
MCLK=VCLK=45 MHz 

C(lN) Input Capacitance -- 10 pF FC=1 MHz 
ClOUT) OutQut 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(0:1S), 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 MRD/ 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 Time 3 
5 Clock Fall Time 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 1/0 & 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 lOR! W, MR! 

Wactive 30 
6a EABUF active from EDBUF inactive 

(I/O R&W) 21 
6b EABUF active from EDBUF inactive 

(M R&W) 15 
7a EDBUF active from EABUF inactive 

(I/O 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 1.4V. 
3. Measured between O.BV and 2.0V. 
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NOTES 

1 

2 
2 
3 
3 
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WD90COO AC TIMING CHARACTERISTICS 

NUMBER PARAMETER MIN MAX NOTES 
AT MODE I/O & MEMORY READIWRITE TIMING (CONTINUED) 

8 EDBUF inactive from IORl W, MR/ 
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 MWactive 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 MW active 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, MRlW 13 
14 DA(15:0) valid address hold from 

IORlW, MR/W 4 
15 Data setup to lOW inactive 10 
16 Data hold from IORl 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 ROY high 3.5t-40 5 
19 ROY inactive from MR and MW ac-

tive 13 
20 ROY active from MW, MR .active 15t 
21 ROY 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 (CONT) 

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 I/O & MEMORY READ AND WRITE TIMING 

1 COSETUP setup to CMO active 0 
2 COSETUP hold from CMO inative 4 
3 EMEM, BHE, Address setup to CMO 10 
4 EMEM, BHE, Address hold from CMO 6 
5 S1, SO, MI 10 setup to CMO 10 
6 S1, SO, MI 10 hold from CMO 6 
7 EABUF, EOBUF active from CMD active 26 
8 EABUF, EOBUF inactive from CMO inactive 22 
9 OIR active from CMO active 22 
10 OIR inactive from CMO inactive 22 
11a SFOBK active from CMO active (10 R&W) 27 
11b SFOBK active from CMO active (M R&W) 19 
12a SFOBK inactive from CMO inactive(lO R&W) 25 
12b SFOBK inactive from CMO inactive(M R&W) 19 
13 SFOBK inactive from invalid address 25 
14 OS16 active from valid address (M R&W) 29 
15 OS16 inactive from invalid address 20 
16 Address setup to CMO active 7 
17 OA (15:0) valid address hold from CMO ac-

tive 4 
18 Write data setup to CMO inactive 10 
19 Write data hold from CMO inactive 7 
20a Read data valid from CMO active 11.5t 
20b Write data valid from CMO active 4.5t-50 6 
21 Read data setup to ROY high 3.5t-40 7 
22 ROY inactive from status (MR) 22 
23 ROY active from CMO active 15t 
24 ROY inactive from CMO inactive 41 
25 EBROM active from valid address 22 
26 EBROM inactive from CMO inactive 29 
27 WPLT active from CMO active 41 
28 WPLT inactive from CMO inactive 22 
29 RPLT active from CMO active 31 
30 RPLT inactive from CMO inactive 23 
31,32 VCLK1 delay from CMO 33 

TABLE 3. AC TIMING CHARACTERISTICS (CONT) 

6. This spec includes 50 ns worst case delay from OA to MO bus. 
7. This spec includes 40 ns worst case delay from MO to OA 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 St-8 St 
2b RAS10, RAS32 low to CAS10, CAS32 high St-11 St-2 
3 RAS10, RAS32 precharge 4t+1 4t+8 
4 RAS10, RAS32 low to CAS10, CAS32 low 2t-11 2t+2 
Sa CAS10, CAS32 low to RAS10, RAS32 high 3t-8 3t+3 
Sb 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 H+S 
8 Row Address hold from RAS10, RAS32 low H-6 1t+8 
9 Column address setup to CAS1 0, CAS32 

low H-12 1t+1 
10 Column address hold from CAS10, CAS32 

low 1.St 1.St+ 14 
11 CAS1 0, CAS32 precharge high 6t 6t+4 
12 WEO:1 low setup to CAS10, RAS10 high 2.St-7 2.St+4 
13a WE3:2 low setup to CAS32, RAS32 high St-7 St+4 
13b WE3, WE2 pulse width low St-2 St+2 
17 WEO, WE1 pulse width low 3t-2 3t+2 
18 Data hold from WEO, WE1 active 2t-S 
19 Data setup to WEO, WE1 active 1t-S 
20 WEO, WE110wfrom CAS10 low .St-7 .St+4 
21 WE3, WE2 setup to CAS32 low 2t-4 2t+7 
22 OE10, OE32 low after CAS10, CAS32 low 1t-6 11-+:S 
23 OE10, OE32 high after CAS10, CAS32 high H-S 1t+S 
24 OE10, OE32 pulse width low 3t-3 3t+1 
2S Read data setup to CAS inactive 10 
26 Read data hold from CAS inactive 10 
27 RAS32 low after RAS10 low 4.St-7 4.St+7 
28 Write data setup to CAS 32 2t-S 
29 Write data hold from CAS32 1t-S 
30 CAS10, CAS32 high afterOE10, 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, RAS32low 1t-6 1t+8 
12,16 Column address setup to CAS10, CAS32 

low 1t-12 1t+1 
13,17 Column address hold from CAS1 0, CAS32 

low 1.5t 1.5t+14 
18 RAS32 low after RAS 10 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 CAS10, CAS32 high 1t-5 1t+5 
24 CAS10, CAS32 pulse width low 3t-4 3t 
25 CAS 10, CAS32 high after OE 10, 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. 
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NUMBER PARAMETER MIN MAX NOTES 
DRAM REFRESH TIMING 

1 Address Setup to RAS 1 0 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 (CONT) 

10. This spec is shorter by 1 mclock for the first cycle. 
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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 CGA standards 

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 configuration. 

SEQUENCER REGISTERS 

Sequencer Index Reg RW 3C4 
Sequencer Data Reg RW 3C5 

CRT CONTROLLER REGISTERS 

Index Reg RW 3B4 3D4 
CRT Controller Data Reo 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 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.00 3CF.00 
PR4 Video Control RW 3CF.OE 3CF.OE 
PR5 Unlo.ck (PRO-PR4}/Status RW 3CF.OF 3CF.OF 
PR1 0-PR17 INDEX RW 3B4 304 
PR10 Unlock (PR11-PR17) RW 3B5.29 305.29 
PR11 EGA Switches RW 3B5.2A 305.2A 
PR12 Scratch Pad RW 3B5.2B 305.2B 
PR13 Interlace H/2 Start RW 3B5.2C 305.2C 
PR14 Interlace H/2 End RW 3B5.20 305.20 
PR15 Miscellaneous Control 1 RW 3B5.2E 305.2E 
PR16 Miscellaneous Control 2 RW 3B5.2F 305.2F 
PR17 Miscellaneous Control 3 RW 3B5.30 305.30 
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 ReQ 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 

3B8 308 308 

309 309 

3BA 30A 30A 

3B9 30C 30C 
3BB 30B 30B 

30E 

3BO-3B7 300-307 300-307 

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 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 

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 

WD90COO 

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 ver­
tical frame by the monitor. Their encoding is 
shown below: 

BIT 7 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 0-5, 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. 

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 
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. 
0= CPU access disabled. 
1 = CPU access enabled. 

Bit ° 
CRT Controller I/O Address Range Selection. 
Selection for Monochrome (384 and 385), or 
Color (304 and 3D5) mode. 8it 0 also maps 
Input Status Register 1 at MDA (38A) or CGA 
(3DA). 

0= CRTC and status addresses for MDA mode 
(38X). 
1 = CRTC and status addresses for CGA mode 
(3DX). 
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9.5.2 Input Status Register 0, 
Read Only Port = 3C2 

BIT FUNCTION 

7 CRT Interrupt 

6,5 Reserved 
4 Monitor Detect 8it 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. DA15 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 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. 

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 FUNCTION 

7-4 Reserved 
3 Vertical Sync Control 
2-0 

Blts(7:4) 

Reserved 

Bit 3 

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 
3CS 00 Reset 
3CS 01 Clocking Mode 
3C5 02 Map Mask 
3CS 03 Character Map Select 
3CS 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 

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 (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 Asynchronous· 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 

M~3 Enable 
M~2 Enable 

M~ 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. 

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 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 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 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 a 
001 1 
010 2 
01 1 3 
100 4 
101 5 
1 1 a 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 LOCAll0N 
1st 8 KByte 
3rd 8 KByte 
5th B KByte 
7th 8 KByte 

2nd B KByte 
4th B KByte 
6th B 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 

a Reserved 

20-38 
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Reserved. 

Bit 3 

Chains 4 Maps. 

WD90COO REGISTERS 

a = 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 ad­
dressed. The map selection table is shown below: 

MA1 MAO MAP SELECTED 

a a a 
a 1 1 
1 a 2 
1 1 3 

Bit 2 

Odd/Even Map Selection. 
a = Even processor addresses to access maps a 
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. 
a = 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 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 Blankino + 
3?5 03 End Horizontal Blankino + 
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 OD 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 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 ",D 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 = 3?4 

BIT 

7-5 
4-0 

Bit(7:5) 

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 = 3?5, 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 = 3?5, 
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 = 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 
bit 7 = 1. 

9.7.5 End Horizontal Blanking Register 
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. 
They define the display enable signal skew time 
in relation to horizontal synchronization pulses. 
The skew table is shown below: 

BITS BIT 5 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. 

9.7.6 Start Horizontal Retrace Register 
Read/Write Port = 3?S, 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?S, Index = OSH 

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(6:S) 

Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. 
See the following table for details: 

BIT6 BITS CHARACTER CLOCK 
DELAY 

a a a 
a 1 1 
1 a 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?S,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 a 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 a 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 = 315, 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). 
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NOTES: 
** This register is locked if the PR Register 
PR3(1 )=0 AND the Vertical Retrace End Register 
bit7=1. 

++ This register is locked if the PR Register 
PR3(0) = 1 OR the Vertical Retrace End Register 
bit 7 = 1. 

9.7.10 Preset Row Scan Register 
Read/Write Port = 315, Index = 08H 

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. 
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. 

. 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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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(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 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 Le, 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 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. 
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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 

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(O)=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. 
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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) 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,lndex = 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 ctment 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 = 315, 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(0)=1. 

I 7~1~ 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 Bit6 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 
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 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 MA 13 output pin during 
active display time. 
1 = Enable memory address pin 13 to be output 
at MA13 address pin. 

9.7.26 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. This creates a split screen 
where the lower screen does not scroll. 
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9.8 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. 

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 
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 
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 Map 3 
2 Map 2 
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 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 a-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 respec­
tive memory map is written with the Set/Reset 
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 

Blt(7:4) 

Reserved. 

Blt(3:0) 

FUNCTION 

Reserved 
Color Compare Map 3 
Color Compare Map 2 
Color Compare Map 1 

Color Compare M~ 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 = 05H), 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 M~QO 
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9.8.5 Data Rotate Register, 
Read/Write Port = 3CF, Index = 03H 

BIT 

7-5 
4 
3 
2 
1 
0 

8It(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 

Blt(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. 

BIT 4 BIT3 
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 = OSH). 
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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 10b or 11 b 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. 
o = Enables bit 50t this register to control loading 
at 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 tour video shift 
registers. MSB is shifted out in all cases. 
o = Map 0 - Map 3 data is placed into shift 
registers tor normal operations. 
1 = For CGA graphics mode compatibility, even 
numbered bits tram all ot 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 

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 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 sys-
tem read o~eration 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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9.8.8 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, 0 
Display memory map control into the CPU ad­
dress space is shown below: 

BIT3 BIT2 CPU ADDRESS LENGTH 
RANGE 

0 0 AOOO:OH- 12BKB 
BFFF:FH 

0 1 AOOO:OH- 64KB 
AFFF:FH 

1 0 BOOO:OH- 32KB 
B7FF:FH 

1 1 BBOO:OH- 32KB 
BFFF:FH 

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. 
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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. 

9.8.9 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 - a Bit Mask 

Bit(7:0) 

Bit mask operation applies simultaneously to all 
the four maps. In Write Modes a 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. 

a = 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 OO-OF Palette Registers 
3Ca 10 Attribute Mode Control 

Register 

3Ca 11 Overscan Control Register 
3Ca 12 Color Plane Enable 

Register 
3Ca 13 Horizontal PEL Panning 

Register 
3Ca 14 Color Select Register 

NOTES: 
1. Each attribute data register is written at 3Ca 
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: 
a = Current pixel color deselected. 
1 = Enable corresponding pixel color per the 
table below. 

Bit 5 VID5 

Bit 4 VID4 

Bit 3 VID3 
Bit2 VID2 
Bit 1 VID1 

Bit a VIDa 

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 
a = 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 
0= 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 por­
tion of the screen. 

2 Enable Line Graphics Character Code 

1 Mono-Emulation 

a Graphics/Alphanumeric Mode 
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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 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. 

9.9.4 Overscan Color Register 
Read Port 3C1/Write Port 3CO, 
Index = 11 H 

BIT FUNCTION 
7 VID7 
6 VID6 
5 VID5 
4 VID4 
3 VID3 
2 VID2 
1 VID1 
0 VIDO 

Bit{7:0) 

Overscan/Border Color. 

WD90COO 

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 = 
03?A) bits 4 and 5. 

COLOR PLANE INPUT STATUS 
REGISTER 

BIT5 BIT 4 BIT 5 BIT 4 
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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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 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 posi­
tion 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 -- --

WD90COO REGISTERS 

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 Color 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 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 309 

Status ReQister 3?A 

AT&T/M24 ReQister 3DE 
Hercules ReQister 3BF 

Preset Light Pen Latch 3B9 (Mono) 
3DC (CGA) 

Clear LiQht 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. n?n 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 

9.10.1 Hercules/MDA Mode Control 
Register, MDA Operation Write Only 
Port = 3BSH 

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. 
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 Resolutio~Mode. Should be 1. 
o = 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 Gra~hics 

Upper Memory Page Address. 
Enable Mode Control Register (3BS) 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 
BSOO:OH 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 (38S) 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 8IW Graphics Mode 

3 Enable Video 
2 B/W/Color Mode Select 
1 Graphics/Alpha Mode Select 

0 Alpha Mode 

20-60 

Bit (7:6) 

Reserved. 

Bit 5 

Enable Blink Function. 

WD90COO REGISTERS 

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 8/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 = Enable video signal. 

Bit 2 

BIW or Color Display Mode. 
0= Color mode selected. 
1 = 81W 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 (SO by 25) Text Mode Selection. 
o = 40 by 25 alpha mode enabled. 
1 = SO 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. 
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 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 8IW 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 1/0 is mapped into 3BX). 

Bit (6:4) 
reserved. 

Bit 3 
BIW Video Status. 
o = 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. 
0= 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. 
0= 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 

Memorv Mao Disolav 
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. 

WD90COO 

Bit (5:4) 

Reserved. 

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 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 PRREGISTERS 

NAME 
Address Offset A 

Alternate Address Offset B 
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 I/O 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 
3D5 in color modes. 

2. PR register notation - XXX.YV where XXX is 
the data port address and YY is the register index 
e.g. 3CEOF implies OF--3CEH (Select Index 
register) followed by (Data byte) -- 3CF (Data 
Port) 

WD90COO REGISTERS 

DESIGNATION 1/0 LOCATION 
PROA(6:0) 3CE09 
PROB(6:0) 3CF.OA 
PR1(7:0) 3CEOB 

PR2(7:0) 3CEOC 
PR3(7:0) 3CEOD 
PR4(7:0) 3CF.OE 
PR5(7:0) 3CEOF 

PR10(7:0) 3?5.29 

PR11(7:0) 3?5.2A 

PR12(7:0) 3?5.2B 

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(O) 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 WD90COO can control up to one megabyte 
of video RAM. However, the memory map for 
IBM PC and compatible product assigns 12B 
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 WD90COO 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 (1B: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 BOBB/BOXB6 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 ABOO:OH-AFFF:FH 
while PROB is mapped from AOOO:OH-A7FF:FH. 

When there is a 12B 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 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 16-Bit BIOS ROM 

0 BIOS ROM Map Out 

This register is B 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. 

BI17 BIT6 

WD90COO REGISTERS 

PR16(11 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, 
and/or, 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 MAS PIN VIDEO MEMORY 
SPACE PLANES 

64Kx4 N/U 256KB 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 
,CAS 1 0 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 1024 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(5) CA(13) 

RAM ADDRESSING: 

PR1 (7) PR1 (6) 
o 1 256K TOTAL;64K1PLANE; WD90COO MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
AD DR 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) 

II 
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RAM ADDRESSING: 

PR1 (7) PR1 (6) 
1 0 . 512K TOTAL;128KB/PLANE; WD90COO MEMORY ORGANIZATION 

VIDEORAM· BYTE WORD DBLWORD 
ADDR BIT CPU CRT CPU CRT CPU CRT 
MA(171 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(141 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) 
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 
ADDR BIT 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) 
MA(O) 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) CA(17) 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 M~ 

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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Blt(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 dqts 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 multipl~xer. 

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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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 3?5.11 (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 
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 

WD90COO 

• 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 S 
CRT controller register 07(Bit1) - Vert. Display 
Enable End bit 8 

• Group 2 
These registers are locked if PR3(O)=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 S 
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(O)=1 
CRT controller register 09(Bit5) ---Start Vertical 
Blank bitS 
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 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. 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(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 x 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 
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-PR5. 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 256-color mode. 

WD90COO 

9.11.7 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 
PVGA 1 A. The PRO - PR4 registers are unlocked 
when "X5Hex" is written to PR5. They remain un­
locked 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 -
PR5. 

Bit 7 CNF(7) [READ ONLY] 
Bit 6 CNF(6) [READ ONLY] 
Bit 5 CNF(5) [READ ONLy] 
Bit 4 CNF(4) [READ ONLY] 
Bit 3 CNF(S) [READ ONLY] 

Bits (2:0) 

READIWRITE bits and cleared to 0 by reset. 
They control writing to PR registers PRO-PR4 as 
follows: 

210 
OXX 
X1X 
XXO 

PRO-PR4 
Write protected 
Write protected 
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 PR1 0-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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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 ~C2 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) [=EGA SW4j 

0 1 PR11 (6) [=EGA SW31 

1 0 PR11 (5) [=EGA SW21 

1 1 PR11(4) [=EGASW11 

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 

BIT I FUNCTION 
7 - 0 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 = 315, 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. 
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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 locatidns. 

9.11.13 PR15 Miscellaneous Control 1 
Read/Write Port = 315, Index = 2e 

BIT FUNCTION 

7 Read 46EB Enable 

6 LowVCLK 

5 VCLK1 ,VCLK2 Latched Outputs 
4 VCLK= MCLK 

3 B514/A Interlaced Compatibility 
2 Enable Page Mode 

1 Select Display Enable 

0 Disable Border 

Bit 7 

Enable reading port 46EBH. This bit is functional 
only if AT BUS architecture [CNF(2)=1] is 
selected. Setting this bit to 1 enables I/O port 
46EBH 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 46EBH 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 liD 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 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 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(5). When this bit is set 
to 1, it redefines the Character Map Select 
Register (3C5.03). 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 
(3C5.03), determine a character map from either 
Plane 2 or Plane 3 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 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 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 = 315, Index = 2FH 

BIT FUNCTION 

7 . External reg. 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 110 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 
ReadlWrite 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 1/0 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:S) 

Unused 

Bit 4 

Setup 

FUNCTION 

Unused 

Set~ 

Enable 1/0 & Memory 
External BIOS ROM Page Select 

Puts WD90COO into setup mode where only 1/0 
port 102H is accessible. 

Bit 3 

Enable 1/0 and Memory Accesses. Does not af­
fect Port 46E8H and 102H. 

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: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) 
Read/Write Port = 102H 
(XXXX XXXX XXXX X010B) 

FUNCTION 

Unused 
WakeupVGA 

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 (POS) 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 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 
WD90COO is in setup mode and port 102H 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 reaister (readlwrite) 

* NOTE: This port is internal to WD90COO. 

WD90COO 

WPLT to a high level disabling 110 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 onlv 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 readlwrite bvtes. 
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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) 

ANALOGfTTL 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. 

WD90COO REGISTERS 

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 I/O. 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 CONSIDERA· 
TIONS 

9.14.1 Video Subsystem Enable Register 
Micro Channel Only 
Read/Write Port 3C3H 

BIT 

7 - 1 

0 

Blt(7:1) 

Reserved 

Bit 0 

FUNCTION 

Unused 
Video Subsystem Enable 

When this bit is set to 1 , the 1/0 and memory ad­
dress decoding for the video subsystem are 

WD90COO 

enabled. When set to 0, this bit disables the 
video 1/0 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 1/0 and 
memory address decoding is enabled. When DO 
is 0, the video 1/0 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 
(1/0 port 102H bit 0) of the Programmable Option 
Select (POS). When, WD90COO is used in the 
Micro Channel bus designs, the read or write lID 
port at 3C3H is implemented externally. 
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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(15:12). (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-PR5 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 TTL 
PR14(7)=1 ;Enable IRQ 
PR15(6)=1 ;Set Low Clock 
PR14(7)=1 ;Enable IRQ 

c) Lock PR registers PRO-PR5 and PR1 0-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 Reg 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 
Light Pen Low, (lndex=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. 
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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-
figuration Register 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. 

20-86 

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. 
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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 8K 
0 1 1 Second 8K 
1 0 2 Third 8K 
1 1 3 Fourth 8K 

Bits (1 :0) 

EGA: Character Map Select B 

BIT BIT MAP FONT 
1 0 SELECTED TABLE/PLANE 

2 LOCATION 
0 0 0 First 8K 
0 1 1 Second 8K 
1 0 2 Third 8K 
1 1 3 Fourth 8K 

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. 
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A.4 CRT CONTROLLER REGISTERS 
INDEX PORT= 3?4 DATA PORT = 3?S 

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 
305, for Monochrome or Color display modes, 
respectively. 

A.4.1 Index Register (Port = 3?4) 

Bits (7:S) 

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:S) 

EGA: They define display enable skew in charac­
ter clocks. 

BITS BITS SKEW 
a a a 
a 1 1 
1 a 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 = 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 
"a" = Even Address. 

Bits (S:O) 
EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 

A.4.S 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 Register (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,lndex = 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' 

02 01 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 = 3CO/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. Greenllnten 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 

BIT5 BIT4 INPUT STATUS REGISTER 
11Port 3?A) 

BIT 5 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.6.5 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 
I/O 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 I/O interfaces. 

'vv'D90COO 

1. 8 BIT PC/AT VITH 
8 BIT BIDS 

2. 16 BIT PC/AT \oIITH 
8 BIT BIDS 

3. 16 BIT PC/AT \oIITH 
16 BIT BIDS 

4, 16 BIT MICRO CHANNEL 
5, PCI A T VGA ROM BIDS 

PAGE MAPPING 

1. CLOCK INTERFACE 
\oIITH INTERNAL MUX 

2, EXTERNAL MUX 8:1 
3, EXTERNAL MUX 4:1 

EMEM 
EIDN 
DSI6N 
SFDBKN 
M\oIRN/-SO 
MRDN/M/-IO 
IDVN/-CMD 
IDRN/-SI 
EDBFN 
EABFN 
BHEN 
DAC14:0) 
DAC1S) 
AC19:15) 
IRQ 
RDY 
DIR 
RSET 
EBROMN 

MCLK 
VCLKO 
VCLKI 
VCLK2 

MA<8:0) 
MD(I5:0) 
RASION 

RAS32N 
CASION 

CAS32N 
\oIEON 
\olEIN 
\oIE2N 
\oIE3N 
DEIGN 

OE32N 

VIDO:O) 
PCLK 

BLNKN 
HSYNC 
VSYNC 
RPLTN 
>JPLTN 

1. CONFIGURATION INTERFACE 

1. 256 K DRAM INTERFACE 

2, 512 K DRAM INTERFACE 

3, 1MEG DRAM INTERFACE 

1. RAMDAC INTERFACE 
>JITH INMOS G171 

2. MONITOR DETECT INTERFACE 
3. AUXILIARY VIDEO CONNECTOR 
4, FEATURE CONNECTOR 

SPECIAL CASE 
1. TTL MONITOR INTERFACE 

AND SUPPORTING CIRCUITRY 

FIGURE 11. WD90COO PROCESSOR, MEMORY, AND I/O INTERFACES 
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Figure 12 shows a block diagram of the 
W090COO with 8-bit PC/AT interface using an 8-
bit BIOS. The system data bus SO(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 

R PA(12: 14) .. A(12: 14) -SA<12: 14) 0 

SACO:1D .. A(O:m D(o:n ""'"-... 
DE CE 

'245 Y ~ 

SDW:?) ~ DA(O:?) 

DIR G EBROMN 

t y 
EDBUFN 
DIR 

'244 

.. [> \.JD90COO 
-SA(0:7) 

G G 

'i Y EABUFN 

SA(S:14) .. DA(8:14) 

MONITOR SENSE -- DA(15) 
:::: SA(15 :19) :- SA<15 :19) 

RESET DRV 
~ 

RSET 
REFRESH 

::::. 
EHEM 

AEN :::: EION 
PULLED UP TO +5V :- BHEN 

-SMEMR ;. HRDN 
-SMEM'J :::: 

M'JRN 
-lOR :::: lORN 
-IO'J IO'JN 

I/O 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 WD90COO. The processor data 
bus SD(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 EDBFN1. 

/EDBFN1 = /EDBUFN * EBROMN * /SMEMW * 
/SBHE • /DS16N + EDBUFN * EBROMN * 
/SMEMR * /SBHE * /DS16N. 

27256-15/20 
LA~~ 

SA<l2: 14) OR PA<l2: 14)-.. A(12:14) LA2 
LA21----1 

SA(O:11>-.. A(O: 11> LA20----1 

L"~=c~ '245 LA18 

~ 
D(o:n .. LAV~ 

SD(o:n .... 
DS16 .... 

DE CE 
G DIR - -MEMCS16 

EDBUFN ~45L --
SD(S:15) .... ~ DA(O:14) 

G DIR 

t 
EBRIJMN 

EDBFN1 DIR 

'244 

SA(o:n [> 'WD90COO . 
G G 

~ ~ 
EABUFN 

'244 

SA(8:14) ..... [> 
DA(1S) 

MONITOR SENSE ..... G G 

Y Y 
SA(1S:19) ... SA(15:19) 
EDBUFN EDBUFN 

RESET DRV RSET 
REFRESH EMEM 

AEN !'" EION 
-SBHE .. BHEN 

-SMEMR .. ~ MRDN 
-SMEMIJ HIJRN 

-lOR IIJRN 
-IIJIJ IIJIJN 

I/IJ CHRDY RDY 
IRQ IRQ 

DS16N DS16N 
NC SFDBKN (ROH16N) 

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 
WD90COO. The system data bus SD(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 SA15 and SA16 are used. 

IEROMO = IEBROMN • ISMEMR • ISAO 

WD90COO 

~ROM1=~BROMN·~BHE·~MEMR· 
IROM16N +/EBROMN· SAO· ISMEMR· 
ROM16N 

IEDBFX = IEBROMN • SAO • ISMEMR • 
ROM16N + IEBROMN • ISBHE • SAq • 
IROM16N • ISMEMR 

IEDBUF1 = IEDBUFN • ISMEMW • ISBHE • 
IDS16N + IEBROMN • ISMEMR • ISBHE • 
IROM16N + IEDBUFN· ISMEMR • ISBHE· 
IDS16N· EBROMN. 
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SA<12:14) tR PACI2:14) A<U:m 
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REFRESH 
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IRQ 
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SF'DBICN <RIIM16N> 
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EMEM 
EmN 
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m'IN 
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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) --"" ~ .<:J -
G OIR 

EDBUFLN 
Y • 
ALS245 

0(8:15) ~ .. 
DA(0:14) - - -

G OIR 

EOBUFHN 
~ , 

DIR 
F244 

A(0:7) [> .. 
WD90COO -

G G 

EDB 

CMO-~ r.;. r.;. 
F 

UFLN-~' F244 

A(S :14) .. [> 
ONITOR SENSE 

.. DA(15) G G -M 

If li. -
NC~ EBROMN 

A(15:19) A(15:19) 
EOBUFHN :::: EABUFN 
EOBUFLN -- EOBUFN 
CHRESET .. RSET ;;: 

EMEM EMEM 
SETUP ;, EION 
-SBHE ... BHEN 

f 
M/-IO ;, MRDN/M/-IO 

-SO ::: MWRN/-SO 
-CMO IOWN/-CMO 

-51 - IORN/-S1 
+5V 

~ CO CHROY 
.. 1 

ROY ..... -..... IRQ ... --IRQ9 
-CO OS 16 - 0516N 
-CO 5FOBK __ 5FDBKN (ROM16N) 

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-

"0(a:15) 
MA(a:8) 
RAS10N 

CAS10N 

OE10N 

WD90COO 

nals to two 256 KB banks of eight 64K X 4 
DRAMs. 

Figure 17 illustrates the WD90COO and RAMDAC 
(INMOS G171) interface bl~ck diagram for 
analog monitors. 

NOTE: 
LA(1), LA(O) ARE LATCHED ADDRESSES. 
DA(7:0) ARE MULTIPLEXED DATA BITS. 

WD90COO 
~"0(12:'5) ro(O:4) ~"O(O;;) ~~ ~"O(O;;) 

256KX4 256KX+ 256KX+ 256KX+ 
A(O:8) A(O:8) A(a:8) ACO:8) 
/RAS /RAS /RAS /RAS 
/CAS lCAS lCAS leAS 

~ ~ ~ 
10E 

WE 

WE'N 
WEON 

RAS32N 
CAS32N 
0E32N 

~'"ii(O::i) ~"O(O;;) ~ '"ii(O::i) ~"O(O;;) 
256KX4 256KX+ 256KX4 25610(4 

A(a:8) A(O:8) A(O.8) ACa :8) 
/RAS jRAS /RAS /RAS 
/CAS lCAS leAS /CAS 

4 + ~ 
fOE 

WE 

WE3N 
WE2N 

FIGURE 16.1 MBYTE DRAM CONFIGURATION 

IREf ...... CURRENT REF' 

DMU: 7) DCO:7) 

LAm RS' 

LA(O) RSO 

RAMDAC 
IJPLTN \JRN 

RPLTN RDN 

VID(O:7> PDco:n 

PCLK PCLK 

BLKN BLANK 

• 
G 

VlD90COO B 

~~~ 
V l~O OHMS 

HSYNC 
_llS'lIIC 

FIGURE 17. RAMDAC INTERFACE 
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Figure 18 illustrates the WD90COO and TTL 
monitor connections. 

NOTE: 
1. VGAlTTL switch may be used to disable 
HSYNC and VSYNC for Analog or TTL Video con­
nector. 

APPENDIX 

2. MD{1S: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 IR09 resistor. 
4. Transistor 2N2222A is used to emulate a 
Monochrome and a Color Display connection. 

W'D90COO INSTALL WITH WD90COO DNL Y 
,---, 
I o I 

IRQ IRQ9 
TO VIDEO L ___ J 
CONNECTOR 

HSYNC --" 8 HSYNC .. '244 VSYNC 9 VSYNC 

VIDCS) I\.; 2 SEC RED 
VID(4) 6 SEC GREEN/INTENS 
VID(3) --. 7 SEC BLUE/VIDEO 
VID(2) r - 3 RED 
VIDC1> 4 GREEN 
VIDCO) S BLUE 

1 GROUND 

+SV 

LS175 
lK ~'N2"'. 

100 

DA7 ____ 4 D 4 Q &- ~ 
DAO ____ 

3 D 3 Q 
DA3 ____ 2 D 2 Q 
DA2 ____ 1 D 1 Q f---

~ 
SV 

C CL 
~ 

rv-• ~ VGA/TTL 

~r-VCLKl 
IRE SET 

r 
t""'-I"" 4.7K I ..§Y. 

MCLK ~ 
A B 

~ 42 MHZ/4SMHZ ~ D7 
MDll 1K 

4.7K 36MHZ D6 Y 
MD7 lK 

28.322MHZ D5 ----'VCLKO MD6 4.7K 

~ 
lK 25.17SMHZ D4 I W 

v 4.7K 1 D3 MD5 lK 
D2 

MD4 4.7K "\ 1K 16.257MHZ Dl 
OSC --" DO /Si} MD3 4.7K 

C 100 MD2 
v 4.7K 

MD1 v 4.7K 

f MDO 4.7K 
VGA/TTL 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 
BIT3 BIT2 
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 .. 

~ 
MCLK 

... 
VCLKO ~ -

VCLK1 

VCLK2 

FIGURE 19. CLOCK INTERFACE 

+5V 

WD90COO <i 42MHZ MCLK ~ 

MD3 

25.175MHZ 1 Y1 p VCLKO 

28.322MHZ 2 

36.00MHZ --"'" 3 
4:1 

p MUX 

CLK4 ~~ ... 4 p 

B A VCLK1 

I t I 
VCLK2 

FIGURE 20. EXTERNAL MULTIPLEXING OF THE VIDEO CLOCKS 

10-25-90 20-101 

II 



WD90COO 

A.a WD90COO POWER UP CONFIGURA-
TION 

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(8:2) 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 PR'11 register bit (4:7) to a 
logic 1. 

CNF(2) will latch the noninverted value of MD(2). 
A value of 1 (pulled up) will configure the 

APPENDIX 

WD90COO for IBM PCIXT/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(8) 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 
Western Digital Imaging WD90C10 is a 1.25 
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. The en­
hancements include Western Digital registers for 
EGA register level compatibility for PS/2 and TTL 
monitors, 1024 by 768 color graphics support, and 
integrated Micro Channel and AT interface. A 
major advantage of the WD90C10 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 interlace or non-interlace mode. The 
WD90C10 supports two 256 Kbyte by 4 DRAMs 
for operation. 

This data book supplies sales order information, a 
functional overview, signal pin details, a block 
diagram, internal register descriptions, AC/DC 
characteristics, timing diagrams, VLSI package 
mechanical information, and a list of associated 
references. 
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Ordering Information: WD90C10 Part Number: 
WD90C10LROO 02. 

1.1 FEATURES 

• Provides single Chip Video Graphics Solution 
for IBM PC, XT, AT, and PS/2 compatible 
systems. 

• Supports two 256 Kbyte by 4 DRAMs, 
providing high performance, high resolution, 
and 256 colors. 

• Pin compatible with the WD90C11 and 
WD90C12. 

• 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 two 256K by 4 DRAMs will support 
1024 by 768 by 2/4 colors, 800 by 600 by 16 
colors, 132 column text. 

• Write cache for improved CPU write 
performance. 

• 8- or 16-bit data bus for I/O 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. 
• 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 I/O 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. 

Western Digital is a registered trademark of Western Digital Corporation. 
All other marks mentioned herein belong to their respective companies. 
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PIN SYMBOL PIN SYMBOL PIN SYMBOL PIN SYMBOL 
1 A14 34 08 67 M014 100 VIOO 

2 A15 35 07 68 M013 101 VI01 

3 A16 36 06 69 M012 102 VI02 
4 A17 37 05 70 M011 103 VI03 

5 A18 38 04 71 M010 104 VI04 

6 A19 39 03 72 M09 105 VI05 

7 A20 40 02 73 M08 106 VI06 

8 A21 41 01 74 M07 107 VI07 

9 A22 42 DO 75 M06 108 +5VOC 

10 A23 43 fWEfl 76 M05 109 EXVIO 

11 BHE 44 GNO 77 GNO 110 GNO 

12 EM EM 45 MRO (MilO) 78 M04 111 VREF 
13 EIO (3C300) 46 MWR (SO) 79 M03 112 MOET [FSAOJ) 

14 IOCS16 47 lOR (S1) 80 M02 113 [GNO-Analog] 
(COSETUP) 

15 GNO 48 lOW (CMD) 81 M01 114 B 
16 IRQ (iRO) 49 RSET 82 MOO 115 G 

17 +5VOC 50 +5VOC 83 +5VOC 116 R 
18 EBROM 51 GNO 84 EXPCLK 117 AO 
19 OIR 52 MAO 85 GNO 118 A1 

20 ROY 53 MA1 86 USR1 119 A2 

21 MEMCS16 54 MA2 87 USRO 120 A3 
(COOS16) 

22 EOBUFH 55 MA3 88 PCLK 121 A4 
23 EOBUFL 56 . MA4 89 BLNK 122 A5 

24 ROM16 57 MA5 90 VSYNC 123 [+5 VOC-
(CSFB) Analog] 

25 HTL 58 MA6 91 HSYNC 124 A6 
26 015 59 MA7 92 RPLT 125 A7 

27 014 60 MA8 93 WPLT 126 A8 
28 GNO 61 GNO 94 VCLK2 127 A9 

29 013 62 RAS 95 +5VOC 128 A10 

30 012 63 CAS 96 VCLK1 129 A11 

31 011 64 WEO 97 VCLKO 130 A12 

32 010 65 OE 98 MCLK 131 GNO 

33 09 66 M015 99 GNO 132 A13 

TABLE 1. WD90C10 PIN ASSIGNMENTS 

NOTE: 
( ) Micro Channel only. 
[ ] Reserved for W090C11 and W090C12 option. 
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WD90C10 ARCHITECTURE 

2.0 WD90C10 ARCHITECTURE 
The WD90C10 contains four major internal 
modules, the CRT Controller, the Sequencer, the 
Graphics Controller and the Attribute Controller. 
The WD90C1 0 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. 

The WD90C 10 controls the interfacing between 
the system microprocessor and video memory. 
Since the WD90C1 0 arbitrates video memory be­
tween the system microprocessor and the CRT 
Controller contained within the WD90C10, all data 
passes through the WD90C 10 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 256K by 4 DRAMs. 

2.1 WD90C10 MODULES 

The CRT Controller module maintains screen 
refresh functions for the various display modes 

WD90C10 

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 I/O 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. 

AT/MCA WD90C10 INTERFACE 
VIDEO ,------ MEMORY 

I DRAM 256K X 4 I CONTLR 
L ______ 

----I 

BIOS 
ADR I 

(0-23) I 
ROM I ANALOG/DIGITAL 
8/16 I 

w I COLOR/MONO MONIT OR 
::;;u I 
wL;': I 

- t0eJ I FIXED OR I r-----
~!z I I VID (0-7) I--- RAMDAC I--- VARIABLE 

I L _____ 
SCAN I 

EXT/OSC. r-- I 
DATA I 

MUX ~~2~J 

-CLOCKj i--CRT--
CONTLR I I CONTLR 

FIGURE 2. SYSTEM BLOCK DIAGRAM 
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WD90C10 

3.0 WD90C10 INTERFACES 

3.1 CPU AND BIOS ROM INTERFACE 

The WD90C10 is designed to operate in both the 
PCIXT/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 WD90C10 
Configuration Bits section of this data book. 

Whether configured for either AT or Micro Chan­
nel operation, the WD90C10 operates functionally 
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 WD90C10 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. 
WD90C10 also provides the necessary decoding 
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 WD90C10. 

The WD90C10 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 WD90C10 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 110 ports such as 46E8H for the AT for 
setup, and 102H for VGA enable, have been im­
plemented internally in the WD90C10. 

WD90C10 INTERFACES 

3.2 DRAM INTERFACE 

The WD90C1 0 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 256K by 4 DRAMs by 
making use of its Fast Page Access of memory. 
Each plane can be configured as 64 KBytes (128 
or 256 Kbyte total). 

For display refresh cycles, the WD90C1 0 will per­
form 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 WD90C10 
will generate standard RAS/CAS cycles as 
needed. The WD90C10 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 WD90C10 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 
WD90C10 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 WD90C10 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 WD90C10. The WD90C10 also 
provides an input for a monitor type detection in­
terface as done on the IBM VGA using com­
parators. 
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WD90C10 

3.4 CLOCK INTERFACE 
The WD90C10 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 MCtK can also be select~d as a 
memory clock or video dot clock . . 

WD90C10 INTERFACES 

3.5 WD90C10 POWER·UP CONFIGURA· 
TION 

The WD90C10 uses the memory data pins to 
configure an internal configuration register upon 
power- up/reset. CNF(2) will determine whether 
the WD90C1 0 will operate in AT or Micro Channel 
Architecture (MCA) implementation. Other CNF 
bits configured by the WD90C10 at power­
up/reset are used as status bits, or for clock 
source control. For more information on 
WD90C10 power-up configuration, refer to the 
Configuration Bits section of this data book. 
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PIN DESCRIPTION WD90C10 

4.0 PIN DESCRIPTION 
The following table provides pin definitions for the mnemonics are used. 
132-pin WD90C10 package. The WD90C10 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
POWER ON 

49 RSET I RESET: This signal input will reset the 
WD90C10. MCLK and VCLKO should be con-
nected to WD90C 10 in order for the WD90C 1 0 
to initialize during Reset. Western Digital con-
figuration 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 deter-
mines the VGA DRAM timing as well as system 
interface control timing. MCLK should be a mini-
mum 37.5 MHz for 80 ns DRAMS. 

97 VCLKO I VIDEO CLOCK 0: This input is the video dis-
play clock for alphanumeric and graphics dis-
play 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 exter-
nal 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 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, Mis-
cellaneous Register, bit 2). Refer to the Con-
figuration Register and PR15 Register, bit 5 
description. 

94 VCLK2 I/O VIDEO CLOCK 2: A third video display clock 
input or an output to external clock selection 
module. Pin direction is programmed simul-
taneously with that of VCLK1. Acts as a user-
defined external clock input, or an output reflect-
i ng the content of bit P R2( 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 2. PIN DESCRIPTION 
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WD90C10 PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 

HOST INTERFACE 

10 A23 I ADDRESS BUS (A23 - A20): These address 
9 A22 I bits should be connected to address bus 
8 A21 I SA23 - 20 in Micro Channel mode. In AT 
7 A20 I 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 con-
nected to LA 19 - 17 of the AT address bus, and 
A23 should be connected to an externally 
decoded (LA23 x LA22 x LA21 x LA20) = 1 
from the AT address bus. CNF(11) = 0 when 
MD8 is pulled down with a 4.7 Kohm resistor. 

6 A19 I ADDRESS BUS (SA 19-5AO): These inputs 
5 A18 I are directly connected to the system address 
4 A17 I bus (SA19 - SAO). Latched address. 
3 A16 I A19 - A17 can be connected to LA19 - LA17 in 
2 A15 386 systems when CNF (11) = 1. 
1 A14 Refer to CNF(11) definition. 
132 A13 
130 A12 
129 A11 
128 A10 
127 A9 
126 A8 
125 A7 
124 A6 
122 A5 
121 A4 
120 A3 
119 A2 
118 A1 
117 AO 
26 D15 liD DATA BUS (SD15 - SDO): These bidirectional 
27 D14 liD signals either may be connected directly to a 
29 D13 liD local data bus requiring less than 8 mA of 
30 D12 liD sourcelsink, or may be connected through two 
31 D11 liD external bus buffers controlled by EDBUFH, 
32 D10 liD EDBUFL, and DIR. 
33 D9 liD 
34 D8 liD 
35 D7 liD 
36 D6 I/O 
37 D5 liD 
38 D4 liD 
39 D3 liD 
40 D2 I/O 
41 D1 liD 
42 DO liD 

TABLE 2. PIN DESCRIPTION (CONT) 
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PIN DESCRIPTION WD90C10 

PIN NO. PIN SYMBOL TYPE DESCRIPT10N 
20 RDY 0 READY: An active high output which signals to the 

system processor that a memory access is com-
pleted, and is used to add wait states to the CPU bus 
cycles during video memory accesses. It may be 
pulled inactive by the WD90C10 to allow additional 
time to complete a bus operation. This signal is not 
generated on I/O cycles and accesses to the BIOS 
ROM. 

16 I RQ/(IRQ) 0 INTERRUPT REQUEST: Programmable processor in-
terrupt 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 transition ac-
tive, causing the interrupt.lt will stay latched until 
CRTC11 bit 4 clears it. In an AT system IRQ is usual-
ly not connected, but may be connected if desired. 
I RQ is used to generate interrupt, usually in the Micro 
Channel mode. 

21 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 lID ac-
cess. 

13 EIO (3C3DO) I ENABLE lID: In AT mode, this active low signal is 
used to enable lID address decoding and is con-
nected directly to the system bus Signal AEN (address 
enable). In Micro Channel mode, this line is from lID 
port 3C3 bit 0 to enable video subsystem memory and 
lID address decoding. ("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 WD90C10 internal 
lID port address 46E8H causes this signal to be used 
as a write strobe for an external register used in BIOS 
ROM page mapping. 

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 sup-
ported. 

12 EMEM I ENABLE MEMORY: This signal enables memory 
decoding when high. It is normally connected to the 
signal -Refresh. 

TABLE 2. PIN DESCRIPTIONS (CO NT) 

NOTE: 
( ) Micro Channel only. 
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WD90C10 PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE 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 (SO[15:8]) or low byte data (SO[7:0]). An internal 
pullup is on this input. 

45 MRD/(M/IO) I MEMORY READ: In AT mode, this signal is called 
MRO and is an active low memory read strobe. In 
Micro Channel mode, the signal is called MilO. It dis-
tinguishes between memory and 1/0 cycles. When 
(MilO) is high, a memory cycle is in process. A Iowan 
(MilO) shows that an 1/0 cycle is in process. 

46 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 CMO signals, it is decoded to inter-
pret 1/0 and memory commands. 

47 IOR/(S1 ) I 1/0 READ: Active low 1/0 read strobe in AT mode. In 
Micro Ch~nnel mode, it becomes S1 and is the chan-
nel 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 1/0 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 indi-
cates the end of a Micro Channel bus cycle. 

14 IOCS16 1/0 1/0 CHIP SELECT 16 BITS: In AT mode, used to 
(CDSETUP) 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 sys-
tem configuration. 

19 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 WD90C10 will then drive DIR high to 
change the direction of the data buffers. 

22 EDBUFH 0 ENABLE DATA BUFFER HIGH: Active low signal al-
lows control of an external data buffer for data bits D8 -
D15. 

23 EDBUFL 0 ENABLE DATA BUFFER LOW: Active low signal al-
lows control of an external data buffer for data bits DO -
D7. 

TABLE 2. PIN DESCRIPTIONS (CONT) 

NOTE: 
( ) Micro Channel only. 
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PIN DESCRIPTION WD90C10 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
24 ROM161 0 BIOS ROM SELECT 16 BITS: This signal 

(CSFB) decodes the ROM address space COOOO -
DFFFF. It may be combined with SA 15 and 
SA16 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 provide positive acknow-
ledgement of its presence at the host's addres-
ses specified. This is an active low output. 

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 con-
figurations). 

65 OE 0 OUTPUT ENABLE: Active low DRAM output 
enable signal (for both two and four DRAM con-
fiQurations). 

64 WEO 0 WRITE ENABLE: Active low write enable sig-
nal for first two DRAMs. 

43 fWE11 0 Reserved for WD90C11 and WD90C12. 

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 2. PIN DESCRIPTION (CONT) 

NOTE: 
[ ] Reserved for WD90C11 and WD90C12. 
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WD90C10 PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
VIDEO MEMORY DATA 

66 MD15 I/O DISPLAY MEMORY DATA (MD15 - 0): These 
67 MD14 I/O lines are the data bus to the video display 
68 MD13 I/O DRAMS. The MD15-MD8 data lines are for 
69 MD12 I/O use with 4-DRAM configurations of the 
70 MD11 I/O WD90C10 or WD90C12 part. Data lines MDO-
71 MD10 I/O 15 are pulled up by internal 50K ohm resistors 
72 MD9 I/O or may be pulled down by external 4.7K ohm 
73 MD8 I/O resistors to provide setup information on power-
74 MD7 I/O up (reset) as follows: 
75 MD6 I/O 
76 MD5 I/O MD POWER-UP REGISTER 
78 MD4 I/O FUNCTION (BIT) 
79 MD3 I/O 15 EGASW4 PR11(7) + 
80 MD2 I/O 14 EGASW3 PR11(6) + 
81 MD1 I/O 13 EGASW2 PR11(5) + 
82 MOO I/O 12 EGASW1 PR11(4) + 

11 AnalogfTTL Display CNF(8) * 
10 8- or 16-bit ROMs PR1 (1) * 
9 3C3 or 46E8 I/O Port 

for Setup CNF(9) + 
8 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 Input/Output 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 toPR and Configuration 
Registers. 

VIDEO MEMORY ADDRESS 
60 MA8 0 MEMORY ADDRESS (MAO - MA8): Display 
59 MA7 0 memory DRAM address. For testing purposes, 
58 MA6 0 these pins can be tri-stated by setting Paradise 
57 MA5 0 Register PR4(4)=1. 
56 MA4 0 
55 MA3 0 
54 MA2 0 
53 MA1 0 
52 MAO 0 

TABLE 2. PIN DESCRIPTIONS 
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PIN DESCRIPTION WD90C10 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
RAMDAC INTERFACE 

107 VID7 0 VIDEO (VDO-VD7): Pixel video data output to 
106 VID6 0 DAC and to Feature Connector. These lines 
105 VID5 0 can drive up to a 8 rnA load. 
104 VID4 0 
013 VID3 0 
102 VID2 0 
101 VID1 0 
100 VIDO 0 
92 RPLT 0 READ PALETTE: Video DAC register and 

color palette read signal for an external RAM-
DAC. Active low during an 110 read of addres-
ses 3C6H, 3C8H, and 3C9H. 

93 WPLT 0 WRITE PALETTE: Video DAC register and 
color palette write signal for an external RAM-
DAC. Active low during an 1/0 write to addres-
ses 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 Miscel-
laneous Output reQister. 

CRT CONTROL 

89 BLNK 0 BLANK: Active low display monitor blank pulse 
to external RAMDAC. 

91 HSYNC 0 HORIZONTAL SYNC: Display monitor horizon-
tal synchronization pulse. Active high or low 
depending on the Miscellaneous Output 
ReQister proQramminQ. 

90 VSYNC 0 VERTICAL SYNC: Display monitor vertical 
synchronization pulse. Active high or low, 
depending on the Miscellaneous Output 
Register programming. 

112 MDET [FSADJ] 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. 

I [FULL SCALE ADJUST]: This pin is used 
when the RAMDAC is internal (WD90C12). It 
is used to control the RED, GREEN and 
BLUE's full scale output current. 

TABLE 2. PIN DESCRIPTIONS (CONT) 

NOTE: 
[ ] Reserved for WD90C 12. 
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WD90C10 PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
INTERNAL RAMDAC [WD90C12] 

116 . [RED] 0 RED CURRENT OUTPUT: Used with the 
WD90C12 -Internal RAMDAC RS170 output 
from RED DAC to drive an analog monitor. 

115 [GREEN] 0 GREEN CURRENT OUTPUT: Used with the 
WD90C12 - Internal. RAMDAC RS170 output 
from GREEN DAC to drive an analoQ monitor. 

114 [BLUE] 0 BLUE CURRENT OUTPUT: Used with the 
WD90C12 -Internal RAMDAC RS170 output 
from BLUE DAC to drive an analog monitor. 

111 [VREF] I VOLTAGE REFERENCE INPUT: Used with 
the WD90C12 - Internal RAMDAC input used 
to set the reference voltage for the RAMDAC. 

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 resistor is 
provided. In the WD90C12 theVID7:0 lines be-
come inputs to the internal RAMDAC. 

84 EXPCLK I ENABLE EXTERNAL PIXEL CLOCK: A Fea-
ture Connector input. A low tri-states the PCKL 
outQut. An internal pullup resistor is provided. 

POWER AND GROUND 

123 [VCC] .. ---- [+5VDC - ANALOG for WD90C12] 

113 [GND] ----- [Ground - ANALOG for WD90C12] 

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 2. PIN DESCRIPTIONS 

NOTE: 
[ ] Reserved for WD90C12. 
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ABSOLUTE MAXIMUM RATINGS 

5.0 ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature oOe to 700e 
Under Bias 
Storage Temperature -400e to 1250e 
Voltage on all inputs -0.3 to 7 Volts 
and outputs with 
respect to Vss 
Power Dissipation 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 operation­
al section of the specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may affect product reliability. 

WD90C10 

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- 0° to 700e 
ture Ranoe 
Power Supply Voltaoe 4.75 to 5.25 Volts 
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WD90C10 ABSOLUTE MAXIMUM RATINGS 

5.2 D.C. CHARACTERISTICS 

SYMBOL PARAMETER MIN. MAX UNITS CONDITIONS 
V(lL) InplJt 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(lL) 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+2.0rnA1 

V(OH) Output High Voltage l 2.4 -- V IOH=-2.0rnA 1 

I (OZ) High Impedance -10.0 10.0 uA OV<VOUT <VCC 
Leakage Current 

C(lN) Input Capacitance -- 10 pF FC=1 MHz 
C(OUT) Output Capacitance -- 10 pF FC=1 MHz 

TABLE 3. DC CHARACTERISTICS 

NOTE: 

The W090C1 0 outputs have 2.0 mA maximum 
source and sink capability except as follows: 

IRQ, ROY= 4.0 mAsource and 24.0 mAsink. 

MEMCS16, IOCS16 = 20 mAsink. 

015:0, PCLK, VID7:0, ROM16 = 8.0 mA 
source/sink. 

RAS, CAS, WEO, WE1, OE, MA8:0, M015:0 = 
1.0 rnA source/sink. 
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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 = 20 pF unless otherwise noted 

NUMBER PARAMETER MIN MAX 
RESET TIMING 

1 Reset Pulse Width 10t 
2 MD Setup to RSET low 50 
3 MD Hold from RSET low 30 
4 RSET low to first lOW 101 

CLOCK TIMING 

1 VCLK Period t 
2 VCLK high O.4t 0.6t 
3 VCLK low 0.4t 0.6t 
4" Clock Rise lime 3 
5" Clock Fall Time 3 
6 VCLK to PCLK Delay 8 30 
7a VCLK to Hsync Delay 8 35 
7b VCLK to Vsync Delay 8 35 
7c VCLK to BLNK Delay 8 30 
7d VCLK to VID(7:0) Delay 8 30 

8 MCLKperiod 24 27 
9 MCLK high 10 17 
10 MCLKlow 10 17 
11 VID (7:0) setup to PCLK 3 
12 VID (7:0) hold from PCLK 3 

WD90C10 

NOTES 

t = 1/MCLK 

t = 1IVCLK 
@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 

@ 1.4V 
@ 1.4V 

TABLE 4. AC TIMING CHARACTERISTICS 

" Apply to both VCLK and MCLK. 
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NUMBER PARAMETER MIN MAX NOTES 
1/0 AND MEMORY READIWRITE AT MODE TIMING 

1 EMEM setup to MRO, MWR low 20 
2 EM EM hold from MRO,MWR high 15 
3a A(23:0) setup to MRO,MWR low 20 
3b A(15:0) setup to IOR,IOW low 20 
3c BHE setup to MRO,MWR,IOR,IOW low 20 

4a A(23:0) hold from MRO, MWR low 15 
4b A(15:0) hold from lOR, lOW low 15 
4c BHE hold from MRO,MWR,IOR,IOW low 15 

5 EIO setup to lOR/lOW low 20 
6 EIO hold from lOR/lOW high 15 
7 EOBUFxN low from IOR,IOW,MRO,MWR low 38 
8 EOBUFxN high from IOR,IOW,MRO,MWR high 38 
9 OIR high from IOR,MRO low 38 
10 OIR hold from lOR and MRO high 38 
11 0(15:0) write data setup to lOW & MWR high 30 

12a 0(15:0) read data hold from lOR high 30 
12b 0(15:0) read data hold from MRO high 30 

12c 0(15:0) write data hold from lOW high 15 
12d 0(15:0) write data hold from MWR high 15 

13a 0(15:0) read data valid from lOR low 90 CL = 70 pF 
13b 0(15:0) write data valid after MWR low 2t t= 1/MCLK 
14 ROY high from MWR/MRO low 10 2.451.1s 

(max is for standard VGA modes) 

15* Memory read data valid from ROY high 40 CL = 70 pF 
16 ROY low from MWR/MRO low 10 30 CL = 100 pF 
17 ROY tristate from MWR/MRO high 10 30 CL=100pF 
18 EBROM low from valid A(23:15) 40 
19 EBROM hold from MRO high 40 
20a WPLT low from lOW low 30 
20b RPLT low from lOR low 30 
21a WPLT high from lOW high 30 
21b RPLT high from lOR high 30 
22 EBROM low from lOW low (46E8H port) 40 
23 EBROM high from lOW high (46E8H port) 40 
24 VCLK1 low from lOW low (3C2 port) 30 
25 VCLK1 high from lOW high (3C2 port) 30 
26 A(15:0) valid to IOCS16 low 40 CL=100pF 
27 IOCS16 hold from lOW high 40 CL = 100 pF 
28 A(23:17) valid to MEMCS16 low 40 CL= 100 pF 
29 MEMCS16 hold after valid A(23:17) 40 CL = 100 pF 

TABLE 4. AC TIMING CHARACTERISTICS (CONT) 
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NUMBER PARAMETER MIN MAX NOTES 
I/O AND MEMORY READIWRITE 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 15 
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 
7 EDBUFH, EDBUFL low from CMD low 38 
8 EDBUFH, EDBUFL high from CMD high 38 
9 DIR active from CMD low 38 
10 DIR inactive from CMD high 38 
11 CSFB delay from valid address/status 40 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=100pF 
14 CDDS16 delay from valid address 40 
15 CDDS16 hold from invalid address 30 
16 D(15:0) I/O write data setup to CMD high 30 

17a D(15:0) I/O Write data hold after CMD high 15 
17b D(15:0) Memory Write data hold after CMD 

high 0 
17c D(15:0) liD Read data hold from CMD high 5 20 CL = 70 pF 
17d D(15:0) Memory Read data hold from CMD 

high 5 20 CL= 70 pF 
18a D(15:0) Memory Write data valid after CMD low 50 
18b D(15:0) I/O Read data valid from CMD low 90 CL = 70 pF 
19 RDY high delay from CMD low 0 2.45f.iS 
20· D(15:0) Memory Read Data valid from RDY 

high 40 CL = 70 pF 
21 CMD high (inactive) 2t+15 
22 RDY low delay from valid address/status 10 30 
23 EBROM low from valid address 40 
24 EBROM high from CMD high 30 
25 WPLT /RPLT low from CMD low 30 
26 WPLT /RPLT high from CMD high 30 
27 VCLK1 low from CMD low (3C2 port) 30 
28 VCLK1 high from CMD high (3C2 port) 30 

TABLE 4. AC TIMING CHARACTERISTICS (CaNT) 

• Depends on setting of 3C5, Index 11, bit 4, 3. 

o 0 max 40 ns 
o 1 max 40 ns + 1t 
1 0 max 40 ns + 1 t 
1 1 max 40 ns - 1 t 

(t = 1/MCLK) 
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NUMBER PARAMETER MIN MAX NOTES 
DRAM TIMING 

1 RAS cycle time 6t See Note 
2 RAS pulse width low 3.5t-6 See Note 
3 RAS high time (precharge) 2.5t+6 
4 RAS low to CAS low 2.5t-9 2.5t -6 
5 CAS cycle time 2t 2t 
6 CAS pulse width low 1t 1t 
7 CAS high time (precharge) 1t 1t 
8 Row address setup to RAS low 1.5t-10 1t 
9 Row address hold time from RAS low 1t-6 1t+10 
10 Column address setup to CAS low 1t-10 1 t 
11 Column address hold from CAS low 1t 1t+10 
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 1.5t 
15 Write Data hold after CAS low 1t-5 1t 
16 WEO low setup CAS low 1t-5 1t+5 
17 WEO low hold after CAS high 0 10 
18 OE high before WEO low 2t-5 2t+5 
19 OE low after WEO high 1t-5 1t+5 

MCLK edge to RAS ,CAS, MA(8:0) edge delay 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 
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 4. AC TIMING CHARACTERISTICS (CONT) 
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7.0 WD90C10 REGISTERS 

All the standard IBM registers incorporated inside 
the WD90C10 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. 

7.1 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 
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 address decodina. 

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 Rea 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 

1. RO = Read-Only, RW = ReadlWnte, W = Wnte, and R = Read. 
2. All Register addresses are in hex. 

TABLE 5. VGA REGISTERS SUMMARY 
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7.2 PR REGISTERS SUMMARY 

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 
Reserved 3X5.31- 3X5.3F RW 385.31 - 385.3F 305.31 - 305.3F 
** CNF Configuration ----- ----- -----
PR20 Unlock Sequencer Extended Registers W 3C5.06 3C5.06 
PR21 Display Configuration and Scratch Pad RW 3C5.07 3C5.07 
PR30 Memory Interface 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 

NOTE: 
All of the PR Registers may be read/write protected. Refer to the PR Registers' description for more 
details. 

7.3 COMPATIBIUTY 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 ReQ WO 
Hercules ReQ " WO 

+CRTC RW 

NOTES: 

MDA 

388 

38A 

389 
388 

380-387 

1. RO = Read-Only, WO = Write-Only, RW = ReadlWrite. 
2. All Register addresses are in hex. 
3. + = 6845 Mode Registers. 
4. ** = This register is loaded during power on. 

CGA 

308 

309 
30A 

30C 

308 

300-307 
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7.4 VGA REGISTERS 

Throughout this section, all bit graphics and 
definitions apply to VGA mode followed by their 
brief description. 

7.5 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 

7.5.1 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 PaQe 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: 

WD90C10 

'These bits determined the vertical size of the 
frame by the monitor. Their encoding is shown 
below: 

BIT 7 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 0-5, 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. 

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 
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 
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 (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). 

WD90C10 REGISTERS 

7.5.2 Input Status Register 0, 
Read Only Port = 3C2 

BIT FUNCTION 

7 CRT Interrupt 

6,5 Reserved 
4 Monitor Detect Bit for Color/ 

Monochrome DisQlay 
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. 

Bit(3:0) 

Reserved. 

21-28 ADVANCE INFORMATION 10-26-90 



WD90C10 REGISTERS 

7.5.3 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 
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. 
1 = Vertical retrace is active. 

Bit(2:1 ) 

Reserved. 

WD90C10 

Bit 0 

Display Enable Status. 
o = CRT screen display in process. 
1 = CRT screen display disabled for horizontal or 
vertical retrace interval. 

7.5.4 Feature Control Register, 
Read Port = 3CA, 
Write Port = 3? A 

BIT FUNCTION 

7-4 Reserved 
3 Vertical Sync Control 
2-0 

Bits(7:4) 

Reserved 

Bit 3 

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 

7.6 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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7.6.1 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. 

WD90C10 REGISTERS 

7.6.3 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 if Bit 4 = 0 
1 Reserved 
0 8/9 Dot Clocks 

The Sequencer Address Register is written with Bit(7:6) 
the index value (00H-04H) of the Sequencer Reserved. 
register to be accessed. 

7.6.2 Reset Register, 
Read/Write Port = 3C5, Index = 00 

BIT FUNCTION 

7-2 Reserved 
1 Synchronous Reset 
0 

Bit(7:2) 

Reserved. 

Bit 1 

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). 

Bit 5 

Screen Off. 
0= 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). 

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. 

21-30 ADVANCE INFORMATION 10-26-90 



WD90C10 REGISTERS 

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. 

7.6.4 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 
Map 0 Enable 

Controls Writing To Memory Maps (0-3) respec­
tively. 
o = Writing to maps (0-3) disallowed. 
1 = Maps (0-3) accessible. 

WD90C10 

7.6.5 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 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 K~te 
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 

-~----------------------A-D-V.-A-N-C-E-W-F-O-R-M-A-T-'O-N-1-0-~-6--9-0-------------------2-1--3-1 ~ 



WD90C10 

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 a 
001 1 
010 2 
01 1 3 
100 4 
1 01 5 
11 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 
1st8 K~te 
3rd 8 K~te 
5th 8 KByte 
7th 8 KByte 
2nd 8 KByte 
4th 8 KByte 
6th 8 KByte 
8th 8 KByte 

7.6.6 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. 
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o = Processor sequentially accesses data using 
map mask register. 
1 = Directs the two lower order video memory 
address pins (MAO,MA 1) to select the map to be 
addressed. The map selection table is shown 
below: 

MA1 MAO MAP SELECTED 
0 0 a 
0 1 1 
1 a 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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7.7 CRT CONTROLLER REGISTERS 

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 Blanking + 
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 Compare + 

TABLE 6. 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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7.7.1 CRT Address Register Read/Write 
Port = 3?4 

BIT 

7-5 
4-0 

Bit(7:5) 

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. 

7.7.2 Horizontal Total Register 
Read/Write Port = 3?S, 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. 

7.7.3 Horizontal Display Enable End 
Register ReadlWrite Port = 3?5, 
Index 01H 

FUNCTION 

Bit(7:0) 

The total displayed characters less one are 
programmed in this register. This register is lock­
ed if PR3(5) = 1 or the Vertical Retrace End 
Register bit 7= 1 . 
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7.7.4 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. 

7.7.5 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(6:5) 

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: 

BIT 6 BITS SKEW IN CHARACTER 
CLOCKS 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

21-34 ADVANCE INFORMATION 10-26-90 



WD90C10 REGISTERS 

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. 

7.7.6 Start Horizontal Retrace Pulse 
Register Read/Write Port = 3?S, 
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. 

7.7.7 End Horizontal Retrace Register 
Read/Write Port = 3?S, Index = OSH 

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. 
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Bit(6:S) 

Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. 
See the following table for details: 

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. 

7.7.8 Vertical Total Register Read/Write 
Port = 3?S,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. 

-~---------------------A-D-V.-A-N-C-E-W-F-O-R-M-A-n-ON--10-~-6--9-0-------------------2-1---35 EIDII 



WD90C10 

7.7.9 Overflow Vertical Register 
Read/Write Port = 3?S, 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 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 

Vertical Retrace Start Bit 8 (index = 10H). 

**Bit 1 

Vertical Display Enable End Bit 8 (index = 12) 

++ Bit 0 

Verti~1 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 }=O 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. 

7.7.10 Preset Row Scan Register 
Read/Write Port = 3?S, Index = OSH 

BIT 

7 
6,5 
4-0 

Bit 7 

Reserved. 

Bit(S:S) 

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 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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7.7.11 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. 
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~R3 (0) = 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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7.7.12 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. 

7.7.13 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(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) 

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. 

7.7.14 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 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. 
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7.7.15 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. 

7.7.17 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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7.7.18 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 - a 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. 

7.7.19 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. 
a = 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. 

WD90C10 

Bit 6 

DRAM Refresh/Horizontal Scan Line. 
Selects DRAM refresh cycles per horizontal scan 
line. 
a = Generates 3 refresh cycles for each horizontal 
scan line for normal VGA operation. 
1 = Generates 5 DRAM refresh cycles per 
horizontal scan line. 

Bit 5 

Enable Vertical Retrace Interrupt. 
a = Enables vertical retrace interrupt. 
1 = Disable vertical retrace interrupt. 

Bit 4 

Clear Vertical Retrace Interrupt. 
a = Clears vertical retrace interrupt by resetting 
(writing a a 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 bot­
tom 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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7.7.20 Vertical Display Enable End 
Register Read/Write Port = 315, 
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. 

7.7.21 Offset Register Read/Write 
Port = 315, 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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7.7.22 Underline Location Register 
Read/Write Port = 315, 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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7.7.23 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. 

7.7.24 End Vertical Blank Register 
Read/Write Port=3?5, Index=16H 

This register is locked if the PR Register 
PR3(O)=1. 

I 7~1~ 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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7.7.25 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. 
a = 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 Control 
Register (index 17H) bit 6 controls addressing. 
See the table below: 

CRT14H CRT17H ADDRESS 
Bit 6 Bit6 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 
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 
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 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 MA13 output pin during 
active display time. 
1 = Enable memory address pin 13 to be output at 
MA 13 address pin. 

7.7.26 Line Compare Register 
Read/Write Port = 375, 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 S is in the Maximum Scan Line 
Register (index = OSH). When the vertical counter 
reaches this value, the internal start of the line 
counter is cleared. 
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7.8 GRAPHICS CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CE - Graphics Index Reaister 
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. 

7.8.1 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 VGA 
Graphics Controller registers. 
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7.8.2 Set/Reset Register, 
Read/Write Port 3CF, Index = 00 

BIT 

7-4 

3 
2 
1 
a 

Bit(7:4) 

Reserved. 

FUNCTION 

Reserved 
Set/Reset Map 3 
Set/Reset Map 2 
Set/Reset Map 1 
Set/Reset Map a 

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 then written to the corresponding display 
memory map. It is an eight bit fill operation. The 
map designations are defined below: 
a = Reset. 
1 = Set. 

BIT SET/RESET 
3 Map 3 
2 Map 2 
1 Map 1 
a Mapa 

NOTE: 
·The selection of Write Mode a is determined by 
the Graphics Mode Register (index = 05H) bit 1 
and bitO. 
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7.8.3 Enable Set/Reset Register, 
Read/Write Port = 3CF, 
Index = 01 

BIT 

7-4 
3 
2 
1 
a 

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 a 

Enable Set/Reset Register (Index OOH). 

a = When Write Mode a 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 a is selected, these bits 
enable 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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7.8.4 Color Compare Register, 
Read/Write PORT 3CF, 
Index = 02 

BIT 

7-4 
3 
2 
1 
a 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 
Color Compare Map 3 
Color Comgare Map 2 
Color Comj!are M@ 1 
Color Comj!are M@ a 

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 = 05H), data is returned without com­
parison. Color compare map coding is shown 
below. 

BIT COLOR COMPARE 
3 Mi!Q 3 
2 Mi!Q 2 
1 Mi!Q1 
a Mapa 
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7.8.5 Data Rotate Register, 
Read/Write Port = 3CF, Index = 03 

BIT 

7-5 
4 
3 
2 
1 
a 

Bit(7:5) 

Reserved. 

FUNCTION 

Reserved 
Function Select 1 
Function Select a 
Rotate Count 2 Bit 2 
Rotate Count 1 Bit 1 
Rotate Count a Bit a 

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 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 = aSH). 

-~----------------------A-D-V.-~-N-C-E-W-F-O-R-M-A-T-'O-N-1-0-~-~-9-0-------------------2-1--4~S EIDII 



WD90C10 

7.8.6 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. 

BIT1 BIT 0 READ MAP 
0 0 0 
0 1 1 
1 0 2 
1 1 3 
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7.8.7 Graphics Mode Register, 
Read/Write Port = 3CF, Index = 05 

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 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 - VI DO) 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 num­
bered bits from all the maps are shifted out of odd 
numbered shift registers. 
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Bit 4 

Odd/Even Mode. 
0= normal 

WD90C10 

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(l :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 

BIT1 BITO 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 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 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 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 8-bit mask value that performs the 
same function as the Bit Mask Register in Write Modes 0 and 2. 
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7.8.8 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 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 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. 

7.8.9 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 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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7.8.10 Bit Mask Register, 
Read/Write Port = 3CF, Index = 08 

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 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. 

7.9 ATTRIBUTE CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEXl 
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 

7.9.1 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. 

7.9.2 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: 
0= 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 

7.9.3 Attribute Mode Control 
Register Read Port 3C1/Write 
Port 3CO, Index = 10 

BIT FUNCTION 
7 VID5, VID4 Select 
6 PEL Width 
5 PEL Panning 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 
o = VID5 and VID4 palette register outputs are 
selected. 
1 = Color Select Register (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. 
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= 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 oc­
curs. 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. 
0= Alphanumeric mode. 
1 = Graphics mode. 
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7.9.4 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. 

7.9.5 Color Plane Enable Register 
Read Port 3C1/Write Port 3CO, 
Index = 12 

BIT 
7-6 

5 
4 
3-0 

Bit(7:6) 

Reserved. 

FUNCTION 

Reserved 

Video Status MUX1 
Video Status MUXO 
Enable Color Plane 
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Bit(5:4) 

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 

BIT5 BIT4 BIT5 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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7.9.6 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 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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7.9.7 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 Color 7 
S Color 6 
S Color 5 
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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7.10 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 38F 
Preset Light Pen Latch 389 (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: 
0= B in Monochrome Modes 
1 = D in Color Modes 

7.10.1 Hercules/MDA Mode Control 
Register, MDA Operation Write Only 
Port = 3BSH 

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 
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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 38FH 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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7.10.2 Hercules Registers 

The Hercules Mode Register is a 2-bit write only 
register located at 1/0 port address 38F. It affects 
the device operation only in the 6845 mode. The 
enable mode register located at the address 388 
overrides the write port 38F functions defined by 
its bits 0 and 1. The associated details are shown 
below. 

7.10.3 Enable Mode Register 3B8 

BIT FUNCTION 
7 Display Memory Page Address 

Graphics Mode 

6 Reserved 

5 Enable 81ink 
4 Reserved 
3 Video Enable 
2 Reserved 
1 Port 38F 8it 0 Override 
0 High Resolution Mode = 1 

Bit 7 

Display Memory Page Address In Graphics Mode. 
o = Display memory page address starts at 
8000:0H. 
1 = Display memory page address starts at 
8800:0H. 

Bit (6:2,0) 

Not Applicable. 

Bit 1 

Port 38F 8it 0 Override. 
o = Prevents setting of Port 38F bit 0, thereby 
forcing the alpha mode operation. 
1 = Allows the Port 38F bit 0 to switch for the 
alpha or graphics mode selection. 

WD90C10 REGISTERS 

7.10.4 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 (388) 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 
8800:0H 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 (388) bit 1 to 
override. 
o = Alpha mode display. 
1 = Graphics modes may be displayed. 

21-54 ADVANCE INFORMATION 10-26-90 



WD90C10 REGISTERS 

7.10.5 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. 
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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. 

7.10.6 CGA Color Select Register 
Write Only Port = 309 

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 

0= Disables blinking function. Bit (7:6) 
1 = For normal operation, set this bit to allow Reserved. 
blinking. 

Bit 4 

BIW Graphics Mode Enable. 
0= 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 = BIW mode enabled. 

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 5 

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. 

ADVANCE INFORMATION 10-26-90 21-55 • 



WD90C10 

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. 

7.10.7 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 
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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 

Bm Video Status. 
0= Bm Video disabled. 
1 = Bm 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. 

7.10.8 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. 
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 active; 
Display Enable is inactive. 

7.10.9 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 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. 
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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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7.11 WD90C10 PR REGISTERS 

REGISTERS RW MONOCHROME COLOR 

PRO (A) Address Offset A RW 3CF.09 3CF09 
PRO(8) Alternate Address Offset 8 RW 3CFOA 3CFOA 
PR1 Memory Size RW 3CF08 3CF.08 
PR2 Video Select RW 3CFOC 3CF.OC 
PR3 CRT Control RW 3CFOD 3CF.OD 
PR4 Video Control RW 3CF.OE 3CFOE 
PR5 Unlock (PRO-PR4)/Status RW 3CF.OF 3CFOF 
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 RW 385.31 - 385.3F 3D5.31 - 3D5.3F 
CNF Configuration (loaded during power-on) ----- ----- -----

PR20 Unlock Sequencer Extended Registers W 3C5.06 3C5.06 
PR21 Display Configuration and Scratch Pad RW 3C5.07 3C5.07 
PR30 Memory Interface 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 
NOTE: 
All of the PR Registers may be readlwrite protected. 

TABLE 7. PR REGISTERS SUMMARY 

The WD90C10 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 WD90C10 architecture is op­
timized 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?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. 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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7.11.1 Address Offset Registers PROA & 
PROB 

BIT 
7 
6-0 

BIT 
7 
6-0 

PROA - Address Offset Register A 
Read/Write Port = 3CF, Index = 09 

FUNCTION 
Reserved 
Primary Address Offset Bits 

PROB - Address Offset Register B 
Read/Write Port = 3CF, Index = OA 

FUNCTION 
Reserved 
Alternate Address Offset Bits 

The WD90C 10 can control up to 512 Kbytes of 
display memory. However, DOS only assigns 12B 
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 WD90C10 has two CPU address offset 
registers PROA and PROB which can be used to 
support more than 12B 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(1B:12) 
before they are translated to display memory ad­
dress. This can be thought of as segment register 
OS and ES in the BOBB/BOXB6 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 
display memory.) 
PROA and PROB are all set to zero value at 
power on reset. There are two ways to control 
whether PROA or PROB get added into CPU ad­
dress. 

WD90C10 

• Sequencer Extension Register 3C5 (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 12BK, 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 ABOO:OH to AFFF:FH while 
PROB offsets the CPU address from AOOO:OH -
A7FF:FH. 

• Sequencer extension register 3C5 (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. 

7.11.2 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 B 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. 
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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). 

GRAPHICS MODE RAM ADDRESSING: 

PR1 (7) PR1 (6) 

WD90C10 REGISTERS 

The WD90C10 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. 

o 0 256K TOTAL;64K!PLANE; IBM VGA MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
ADDR BIT CPU CRT CPU CRT CPU CRT 
MA(17) A(15) CA(15) A(15) CA(14) A(15) CA(13) 
MA(16) A(14) CA(14) A(14) CA(13) A(14) CA(12) 
--- --- --- --- --- --- ---
--- --- --- --- --- --- ---
MA(4) A(2) CA(2) A(2) CA(1) A(2) CArOl 
MA(3) A(1) CA(1) A(ll CA(O) A(15) CA(13) 

MA(2) A(O) CA(O) A(16) CA(15) A(14) CA(12) 
or or 
XRN(5) CA(13) 

MA(1) See note, paae 61 
MA(O) . See note, paae 61 
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PR1(7) 
o 

PR1(6) 
1 256K TOTAL;64K1PLANE; WD90C10 MEMORY ORGANIZATION 

VIDEO RAM 
ADDR BIT 
MA(17) 

MA(16) 

---
---
MA(4) 

MA(3) 

MA(2) 

PR1(7) 
1 
1 

NOTES: 

PR1(6) 
1 
o 

BYTE 
CPU 
A(15) 

A(14) 

---
---
A(2) 

A(1 ) 

A(O) 

RESERVED 
RESERVED 

CRT 
CA(15) 
CA(14) 

---
---
CA(2) 

CA(1) 

CA(O) 

1. A(19:0) are WD90C10 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
played page in chained modes. XRN(5) is 
selected as MA(2) if Graphics Register 6 bit 3 or 
bit2=1. 

WORD DBLWORD 
CPU CRT CPU CRT 
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(17) CA(15) 

A(16) CA(15) A(16) CA(14) 

4. CA(13) is selected as MA(2) if CRTC Mode 
Register 17 bit 5 = O. 
5. For two 256K x 4 DRAMs, MA(1) and MA(O) 
are used as memory plane select for 256 Kbytes. 

MA(1), MA(O) = 00 select plane 0 
01 select plane 1 
1 0 select plane 2 
11 select plane 3 
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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, MEMCS16 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 I/O 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. 

WD90C10 REGISTERS 

7.11.3 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 Map 
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 

WD90C10 

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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7.11.4 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 Timing 

7.11.5 W090C10 CRT Controller 
Register Locking 

Register locking is controlled by 4 bits. They are 
PR3 (5,1,0) and 3?5.11 (7) (I.e. 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 

WD90C10 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{O)=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 

• Group3 
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 [Bl1s(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 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 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. 

WD90C10 

7.11.6 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 Outputs 
4 Tri-state Memory Control Outputs 

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. 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. 

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 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 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 
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. 

WD90C10 REGISTERS 

7.11.7 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(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 - 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 S. Setting 
PR(4) bit 1 to 1, read protects registers PRO -
PR5. 

Bit 7 CNF(7) [READ ONLy] 
Bit 6 CNF(6) [READ ONLY] 
Bit 5 CNF(5) [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 fol­
lows: 

210 PRO-PR4 
o X X Write protected 
X 1 X Write protected 
X X 0 Write protected 
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7.11.8 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 
XXXXX101, 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 PR10-PR17 - Read Enable Bit 1 
6-4 PR10(6:4) - Scratch Pad 
3 PR10-PR17 - Read Enable BitO 
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. 

WD90C10 

7.11.9 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-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 bit 3 3C2 bit 2 3C2 bit 4 

0 0 PR11 (7) I=EGA SW4] 

0 1 PR11 (6) [=EGA SW3] 
1 0 PR11 (5) [=EGA SW2] 

1 1 PR11(4) [=EGASW1] 

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 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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7.11.10 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. 

7.11.11 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 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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7.11.12 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 
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. 

WD90C10 

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. 

7.11.13 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 85141 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 110 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 
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 
causes outputs VCLK1 and VCLK2 to equal bits 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 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 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 
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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(S). 
When this bit is set to 1, it redefines the Character 
Map Select Register (3CS.03). One of eight, 8K 
memory segments 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 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 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 
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 
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. 

O=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. 

7.11.14 PR16 Miscellaneous Control 2 
Read/Write Port = 375, Index = 2f 

BIT FUNCTION 

7 External reg. 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 MappinQ 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 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 64 K 
locations. The following table shows details: 

PR16(6) PR16(5) COUNT WIDTH 
0 0 256KB 
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 
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 pit to 1 , selects 2S6KB IBM VGA Map­
ping, regardless of the Memory Size bits 
PR1 (7:6). 

Bit 0 

Lock RAMOAC write strobe (3C6H - 3C9H) 
Programming this bit to 1 causes output WPLTN 
to be forced to 1 disabling I/O writes to the video 
OAC registers. The OAC state register, located 
inside the W090C10 is also protected from the 
modification but may still be read at the port 
3C7h. For normal operation, program this bit to o. 

7.11.15 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. 
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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. 

7.11.16 PR20 3C5 Index 6: Unlock Seq­
uencer Extended Registers 
(Reset State = Locked) 

A value of X1 X01 XXXX (48H) must be loaded to 
allow R/W 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. 

7.11.17 PR21 3C51ndex 7: Display Con­
figuration 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 PRS 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 (30x) addresses have been 
selected by this read-only bit, while a 0 means 
MOA (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 a means VGA or 
EGA compatibility has been selected. 

Bit 1 

Reflects the setting of the VGAlEGA select bit in 
PR4 (3CF index E). 
A 1 means EGA compatibility has been selected 
by this read-only bit, while a a 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 a meaning 
an an analog monitor was selected by this read­
only bit, while a 1 means a TTL-type monitor was 
selected. 

7.11.18 PR30 3C5 Index 10 
Memory Interface and FIFO Control 
Register (See Note) 

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, a 

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 FI FO 
Display memory bandwidth 

This bit must be set to zero. This bit is reserved 
for the WD90C11 and WD90C12. 
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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 a 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. 

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: 

NOTE: 
PR30 is reserved for next generation WD90C10. 
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7.11.19 PR31 3C5 Index 11: System Inter-
face Control (Reset State = DOH) 

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 
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 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 PVGA 1 B. Refer to PROA and PROB 
definitions. 

Bit 6 

When set to 1, system performace is improved by 
10% by removing extra memory cycles on blank 
lines. 

Bit 5 

When set to 1, text mode performance will be 
improved. 

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 = 

WD90C10 REGISTERS 

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 3C 1 . 

Bit 0 

When set to 1, this bit enables 16-bit access to 
the CRTC (3?4/3?5), Sequencer (3C4/3C5), 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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7.11.20 PR32 3C51ndex 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 WD90C10 is reading font data in text 
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. 

WD90C10 

Bit 3 
A 1 setting causes the USRO output to indicate 
that the WD90C10 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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7.12 INTERNAL 1/0 PORTS 

7.12.1 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 
Setup 
Enable 110 & Memory 
External BIOS ROM Page Select 

Puts WD90C10 into setup mode where only liD 
port 102H is accessible. 

Bit 3 

Enable liD and Memory Accesses 

Bit(2:0) 

Unused Internally 
Used for BIOS ROM Page select. On liD acces­
ses to 46E8H, EBROMN becomes liD 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. The WD90C10 also provides an alter­
native 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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7.12.2 Setup Mode Video Enable 

BIT 

7 - 1 

0 

Blt(7:1 ) 

Unused 

Bit 0 

(AT and Micro Channel Modes) 
ReadlWrite Port = 102H, 
(XXXX XXXX XXXX X010B) 

FUNCTION 

Unused 
Wakeup VGA 

Wakeup VGA for liD and Memory Accesses. 
Only lower 3 address bits are decoded for this 
port and WD90C10 must be in SETUP mode. 
VGA Enable Sleep bit or Programmable Option 
Select (POS) register 102H bit 0 is used to 
awaken the WD90C1 0 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 liD port 46E8H is set to 1 before accessing 
the 110 port 102H. In MCA mode, when the 
VGASETUP (EION) signal pin is active low, the 
WD90C10 is in setup mode and port 102H can be 
accessed. 
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7.13 VIDEO RAMDAC PORTS 

The Video RAMDAC is implemented externally to 
the WD90C10. However, the WPLT and RPLT 
signals required by the RAMDAC are provided by 
the WD90C10. Setting PR(16) bit 0 to a 1 forces 

DAC DAC OPERATION 
ADDRESS 
3CaH PEL address port (write) 
3C7H PEL address port (read) 

*3C7H *DAC state (read only) 

3C6H PEL mask (read/write) 

3C9H PEL data register (readlwrite) 

* This port is internal to the WD90C1 o. 

WD90C10 

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 on Iv 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 readlwrite bytes. 
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7.14 CONFIGURATION BITS 

Memory Data lines 15:0 are used to input con­
figuration data at power-on reset (RST) by pullup 
or pulldown 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 

7.14.1 WD90C10 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. P R 11 (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 is 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 SW4j 
0 1 PR11 (6) r = EGA SW3j 
1 0 PR11 (5) [= EGA SW2j 
1 1 PR11(4) [= EGA SW1j 
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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 WD90C10 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) 

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. pu,,­
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 PR5 (3CF.OF). Sug­
gested 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 PR5 
(3CF.OF) positions (7:4). These bits are unaf­
fected by writing to PR5(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 WD90C10 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 
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 or read as I/O. Pulling 
down MD(2) causes CNF(2) to be latched low. 

0: Micro Channel architecture 

1: AT BUS architecture 

Select CNF(2) wi" change PINOUT definition be­
tween AT BUS and Micro Channel bus (see 
PINOUT description). 

PC AT BUS I/O Micro Channel I/O 
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 WD90C10's data bus buffer 
controls are configured for 1 ROM (8 bits). An 
internal pu"up on MD (1) sets this bit to 0 at 
power-on reset. 
When set to 1, the WD90C 1 O'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 pu"up resistor on MD(O) sets this bit to 0 
at power-on reset. An external 4.7 K ohm 
pu"down 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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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 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. 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. 

• 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). (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 3C2 bit 4. 

APPENDIX 

• 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. 

• 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) 

• Lock the PR registers PRO-PR5 and 
PR10-PR17. 

• Read protect PR registers. 

• When EGA is required on a TTL 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 
PR15(6)=1 ;Set Low Clock 
PR14(7)=1 ;Enable IRQ 

• Lock PR registers PRO-PR5 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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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 Reg WO 3C5 

CRT Controller Registers: 
Index Reg WO 3?4 

CRT Controller Data Reg Except the following: WO 3?5 
Start Address High (lndex=OC) RW 3?5 
Start Address Low (lndex=OO) RW 3?5 
Cursor Location High (lndex=OE) RW 3?5 
Cursor Location Low (Index=OF) RW 3?5 
Light Pen High, (lndex=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 8. EGA REGISTERS SUMMARY 
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A.2 GENERAL REGISTERS 

Only the gerl~ral 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 

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 
Register 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. 

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 reacf 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 

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. 
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A.2.4 Feature Control Register 
(Write Port 3?A) 

Bits (7:0) 

EGA: Not used 

A.3 SEQUENCER REGISTERS (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) 

WD90C10 

Bits (3:2) 

EGA: Character Map Select A 

BIT BIT MAP FONT 
3 2 SELECTED TABLE/PLANE 

2 LOCATION 
0 0 0 First 8K 
0 1 1 Second 8K 
1 0 2 Third 8K 
1 1 3 Fourth 8K 

Bits (1 :0) 

EGA: Character Map Select B 

BIT BIT MAP FONT 
1 0 SELECTED TABLE/PLANE 

2 LOCATION 
0 0 0 First 8K 
0 1 1 Second 8K 
1 0 2 Third 8K 
1 1 3 Fourth 8K 

NOTE: 
1. Character Map selection from Plane 2 is deter­
mined by bit 3 of the attribute code. 

EGA: Identical to Clocking Mode Register Bit 0 A.3.3 Memory Mode Register (Index = 04) 
definition in the VGA section. 

A.3.2 Character Map Select Register 
(Index 03) 

Bits (7:4) 

EGA: Not Used 

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. 
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A.4 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. 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:S) 

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:S) 

EGA: They define display enable skew in charac­
ter clocks. 

BITS BITS 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 = 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 (S:O) 

EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 

A.4.S 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 = 07) 

Bits (7:S) 

EGA: Not used. 

Bits (4:0) 

Identical to CRT Controller Overflow Register Bits 
(4:0) definitions in the VGA section. 

A.4.7 Preset Row Scan Register 
(Index = 08) 

Bits (7:S) 

EGA: Not used. 

Bits (4:0) 

EGA: Same as Preset Row Scan Register Bits 
(4:0) definition 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. 

WD90C10 

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 (7:6) 

EGA: Not used 

Bit S 
Bits (4:0) EGA: It enables the IRQ output buffer control if 
EGA: Same as Cursor Start Register Bits (4:0) Logic 0 is programmed. The IRQ latch within the 
definition in the VGA section. CRT controller determines the logic state of the 

IRQ output signal. If programmed as logic 1, the 
A.4.10 Cursor End Register (Index = OB) IRQ buffer is switched to a high impedance state. 

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. 

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. 

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) definitiori 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 (PORT 3CF) 

A.5.1 Read Map Select Register 
(Index = 04) 

Bits (7:3) 

EGA: Not Used. 

Bits (2:0) 

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 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 . 

A.6 ATTRIBUTE CONTROLLER 
REGISTERS (PORTS = 3C0/3C1) 

A.6.1 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 
0 0 0 
0 0 1 
0 1 0 
0 1 1 

21-86 

Bits (5:0) 
MAP SELECTED EGA: Dynamic color selection. Logic 0 : Color 

deselection, and Logic 1 : color selection per the 
table below: 

0 
1 
2 
3 
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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 VID 0 

A.6.2 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) 

WD90C10 

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: 

BITS BIT4 INPUT STATUS REGISTER 
1 (Port 3?A) 

BITS 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) 

EGA: Identical to Mode Control Register Bits (3:0) Bits (3:0) 
definition in the VGA section. EGA: Same as Color Plane Enable Register Bits 

(3:0) definition in the VGA section. 

A.6.3 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) 

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) 

BIT FUNCTION 

7-6 Same as Color Plane Enable - VGA 
5-4 Video Status Multiplexer 
3-0 Same as Color Plane Enable - VGA 

A.6.5 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. 

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 Panning 
Register Bits (3:0) described in the VGA section. 
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A.7 APPLICATIONS 

The WD90C1 0 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-

APPENDIX 

enced literature at the end of the data. sheet 
should supplement the information provided in 
this section. The Figures 9 through 17 are shown 
along with their brief description on the sub­
sequent pages. 

Figure 9 highlights the various WD90C10 Proces­
sor, memory, and 1/0 interfaces. 

WD90C10 
CONAGURATION NTERFACE 

Et.EM 
EION 
1OCS16N 
MEMCSI6N MA(8:0) 
ROM16N 1.Il(0:7) 
1IMW'-50 
I.lfIDtN.Io iiAS 
K)WMI-ct.Il CAS 
1ORM'-81 512 K DRAM INTERFACE 

1. 8 BIT PC/AT WITH 8 BIT BIOS EDBUFItl WED 

2. 16 BIT PC/AT WITH 8 BIT BIOS EDBUFlH liE 
3. 16 BIT PC/AT WITH 16 BIT BIOS BHEN 

4. 16 BIT MICRO CHANNEL 
D(15:O) 
A(ZI:O) 
IRQ 
1m 
DIR 
RSET 
EBROt.tl MDET 

EXVIDN 
EXPCU<N 

VID(7:O) 1. RAMDAC INTERFACE 
PClK 2. I&lMTOR DE1ECT INTERfACE 

BLN<N 3. AUXlIARY VIDEO CONt£CTOR 
1. CLOCK NTERFACE HSYNC 4. FEAlURE COtf£CTOR 

WITH NTERNAL MUX MCI..K VSYt«: 
2. EXTERNAL MUX 8:1 VCl.KO RPLlN 
3. EXTERNAL MUX 4:1 VClKl WPLlN 

VCI..K2 

FIGURE 9. WD90C10 INTERFACES 
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Figure 10 shows a block diagram of the bus SA(19:0) are shown along with associated 
W090C10 with 8 bit PC/AT interface using 8 bit buffers and BIOS ROM. 
BIOS. The system data bus SO(7:0) and address 

27256-15/20 
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FIGURE 10. 8-BIT PC AT INTERFACE WITH 8-BIT BIOS 
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Figure 11 illustrates 16-bit PCI AT interface with 
8-bit BIOS using WD90C10: For 386 systems, 
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 in it. 
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FIGURE 11. 16-BIT BIOS PC AT INTERFACE WITH 8-BIT BIOS 
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For 286 and some 386 systems, there may not be 
enough address hold time after SMEMRD or 
SMEMWR to generate MEMC16 and ROM16. 
Therefore, to allow continuous 16-bit memory and 
16-bit BIOS access capability, configure the 
WD90C10 as illustrated in configuration 1. Con­
figuration 2 can also be used, but it has some 
limitations. 

CONFIGURATION 1: 
This configuration uses a PAL to generate the 
MEMC16 signal. This ensures 16-bit BIOS and 
16-bit memory access capability at all times. 
USRO = 1 enables 16-bit memory accesses 
USR1 = 1 enables 16-bit BIOS accesses 
The BIOS initializes the USR outputs. The user 
must also set PR1, bit 1 and PR1, bit 2 to the 
values that correspond to the USR1 and USRO 
settings, respectively. Refer to PR register 
descriptions. 
PAL EQUATIONS 
Y1= USRO * LA17 * LA18 * LA19 * LA20 * LA21 * 
LA22 * LA23 + USR1 * LA17 * LA18 * LA19 * 
LA20 * LA21 * LA22 * LA23 * SA[15] * SA[16] 

WD90C10 

Y2=0 
Y2 * TRST = Y1 (Output enabled when Y1 =0) 

The first term of Y1 decodes the video region 
AOOOO - BFFFF. The second term decodes the 
BIOS region COOOO - C7FFF. 

CONFIGURATION 2: 
Use of a PAL to generate MEMC16 and discrete 
logic to decode the BIOS and provide 16-bit ROM 
accesses. USRO=1 enables 16-bit memory ac­
cesses. 

This 16-bit BIOS implementation is limited with 
high bus speeds because ROM16 is delayed 40 
ns from address valid (refer to timing information). 
For high bus speeds, 16-bit ROM accesses may 
not always occur in AT bus environments. 
PAL has tri-state outputs. 
Set the PR1, bits 1 and 2 to correspond to the 
USRO setting and ROM data path respectively. 

PAL EQUATIONS: 

Y1 = USRO * LA17 * LA18 * LA19 * LA20 * LA21 * 
LA22 * LA23 (AOOOO - BFFFF) 

Y2 = 0,Y2 * TRST = Y1 

CONFIGURATION 1: 

LA(17:23) 

SA(15:16) 
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USRl 

PAL 
(10 -15 ns) 

16L8B 

LA(17:23) 

USRO 

- A (20-23) 

Y1 

SA(19) 

SA(18), 

SA(l7) 

CONFIGURATION 2: 

PAL 
(10 -15 ns) 

16L8B 

-
Yl 

Y2 MEMC16 

ROM16 3Y74F260 

SA(15) 

SA(16) 

MEMC16 

FIGURE 12. WD90C10 INTERFACE FOR 286 OR 386-BASED SYSTEMS 
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Figure 13 describes a 16-bit PC/AT interface with 
16-bit BIOS ROM implementation using the 
W090C10. The system data bus SO(15:0), ad­
dress 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 12 for 286-based 
systems. 
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APPENDIX WD90C10 

Figure 14 illustrates the WD90C10 and 16-bit 
Micro Channel interface. 3C3.DO is output of port 
3C3H bit 0 VGA Subsystem Enable Register. 
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FIGURE 14. 16-81T MICRO CHANNEL INTERFACE 
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Figure 15 illustrates the WD90C10 and RAMDAC 
(WD90C50) interface block diagram for analog 
monitors. 
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SAO 
SA1 

WPLTN 
RPLTN 

~ +5V 

~ t VREF 

MOET/FSADJ 
R1 

R2 
00 '*' on ~I RSET 

V 

PCLK 
VI0(7:0) 

BLNKN 

HSYNC 
VSYNC 

R 
G 
B 

WD90C50 

0(7:0) 
RSO 
RS1 
WRN 
RON 

VCC 

VREF 

FSADJ 

GNO 

MDET 

PCLK ! P(7:0) 
BLANKN 

FIGURE 15. WD90C10 WITH RAMDAC INTERFACE 
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APPENDIX WD90C10 

Figure 16 illustrates the WD90C10 and TIL 
monitor connections. 

2. MD(15:12) may also be connected as the 
EGAswitches if desired. See PR register and Pin 
out sections for more details. 

NOTE: 
1. VGAffTL switch may be used to disable 
HSYNC and VSYNC for Analog or TIL Video con­
nector. 

3. For AT applications using the WD90C1 0, install 
the I RQ9 resistor. 
4. Transistor 2N2222A is used to emulate a 
Monochrome and a Color Display connection. 
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FIGURE 16. WD90C10 AND TTL MONITOR CONNECTIONS 
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Figure 17 illustrates the W090C10 with external 
oscillators 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 
BIT 3 BIT 2 
0 0 VCLKO 
0 1 VCLK1 
1 X VCLK2 

37.5 OR 42 MHZ 

.25.175 MHZ 

2B.322 MHZ 

35 MHZ OR EXT. CLOCK 

APPENDIX 

The Configuration register Bit 3 (M03) should be 
tied low to make the W090C10 signal pins 
(VCLK1, VCLK2) inputs. 

··WD90C10 
MCLK MD3 

VCLKO 

VCLK1 

VCLK2 

-

FIGURE 17. CLOCK INTERFACE 
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APPENDIX 

A.a REFERENCES 
A list of references for generating the WD90C10 
data book 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) 

WD90C10 

• IBM Personal System 2 Model 30 Technical 
Reference Manual (IBM # 68x2201) 

• 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. 
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INTRODUCTION 

1.0 INTRODUCTION 
The Western Digital Imaging WD90C11 is a 1.25 
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. The en­
hancements include Western Digital registers for 
EGA register level compatibility for PS/2 and TIL 
monitors, 1024 by 768 color graphics support, and 
integrated Micro Channel and AT interface. A 
major advantage of the WD90C11 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 interlace or non-interlace mode. The 
WD90C11 supports either two or four 256 Kbyte 
by 4 DRAMs for operation. 

This data book 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 Number: 
WD90C11 LROO 02 

18 116 

"' 
23 

109 

28 

WD90C11 104 

33 

9. 

J8 

94 

43 
89 

48 

50 84 

FIGURE 1. WD90C11 PIN DIAGRAM 

WD90C11 _ 

1.1 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. 

• Pin compatible with the WD90C12. 

• 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 214 colors, 800 by 600 by 16 colors, 132 
column text. 

• Write cache for improved CPU write performance. 

• 8- or 16-bit data bus for I/O 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. 

• 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 indexldata 
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 I XT I AT, and 
Micro Channel with minimum external component 
support. 

Western Digital is a registered trademark of Western Digital Corporation. 
All other marks mentioned herein belong to their respective companies. 
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PIN SYMBOL PIN SYMBOL PIN SYMBOL PIN SYMBOL 

1 A14 34 D8 67 MD14 100 VIDO 

2 A15 35 D7 6S 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 EM EM 45 MRD (MIlO) 78 MD4 111 VREF 
13 EIO (3C3DO) 46 . MWR (SO) 79 MD3 112 MDET [FSADJ] 

14 IOCS16 47 lOR (S1) 80 MD2 113 [GND-Analog] 
(CDSETUP) 

15 GND 48 lOW (CMD) 81 MD1 114 B 

16 IRQ (iRQl 49 RSET 82 MDO 115 G 
17 +5VDC 50 +5VDC 83 +5VDC 116 .R 

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 [+5 VDC-
(CSFB) AnaloQl 

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 1. WD90C11 PIN ASSIGNMENTS 

NOTE: 
( ) Micro Channel only. 
[ ] Reserved for WD90C12 option. 
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WD90C11 ARCHITECTURE 

2.0 WD90C11 ARCHITECTURE 

The WD90C11 contains four major internal 
modules, the CRT Controller, the Sequencer, the 
Graphics Controller and the Attribute Controller. 
The WD90C11 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. 

The WD90C11 controls the interfacing between 
the system microprocessor and video memory. 
Since the WD90C 11 arbitrates video memory be­
tween the system microprocessor and the CRT 
Controller contained within the WD90C11, all data 
passes through the WD90C11 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 MODULES 

The CRT Controller module maintains screen 
refresh functions for the various display modes 

AT/MCA WD90C11 INTERFACE 

WD90C11 .. 

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 1/0 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 

BIOS (0-23) i 
ROM ANALOG/DIGITAL 
B/16 I 

w I COLOR/MONO MONIT OR 
:::;;0 I 
w~ I 

'---- tn~ I FIXED OR >-f- I ,-----
U1~ I IVID (0-7) f----- RAMDAC - VARIABLE 

I L _____ 
SCAN I 

EXT/OSC. I-- I 
DATA I 

MUX ~~2~J 

-cLocK"i j--CRT--
CONTLR I I CONTLR 

FIGURE 2. SYSTEM BLOCK DIAGRAM 
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3.0 WD90C11 INTERFACES 

3.1 CPU AND BIOS ROM INTERFACE 

The WD90C11 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 WD90C11 
Configuration Bits section of this data book. 

Whether configured for either AT or Micro Chan­
nel operation, the WD90C11 operates functionally 
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 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 also provides the necessary decoding 
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 WD90C 11. 

The WD90C11 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 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. 

WD90C11 INTERFACES 

3.2 DRAM INTERFACE 

The WD90C11 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 will per­
form 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 
will generate standard RAS/CAS cycles as 
needed. The WD90C11 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 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 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 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 WD90C11. The WD90C11 also 
provides an input for a monitor type detection in­
terface as done on the IBM VGA using com­
parators. 
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FIGURE 3. WD90C11 BLOCK DIAGRAM 
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3.4 CLOCK INTERFACE 

The WD90C11 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 INTERFACES 

3.5 WD90C11 POWER·UP CONFIGURA· 
TION 

The WD90C11 uses the memory data pins to con­
figure an internal configuration register upon 
power- up/reset. CNF(2) will determine whether 
the WD90C11 will operate in AT or Micro Channel 
Architecture (MCA) implementation. Other CNF 
bits configured by the WD90C11 at power­
up/reset are used as status bits, or for clock 
source control. For more information on 
WD90C11 power-up configuration, refer to the 
Configuration Bits section of this data book. 
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4.0 PIN DESCRIPTION 
The following table provides pin definitions for the mnemonics are used. 
132-pin WD90C11 package. The WD90C11 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
POWER ON 

49 RSET I RESET: This signal input will reset the WD90C11. 
MCLK and VCLKO should be connected to 
WD90C11 in order for the WD90C11 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 con-
trol 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 Out-
put 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 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 
display 720 pixels per horizontal line. When it is an 
output, VCLK1 is an active low pulse during 110 
writes to port 3C2H (or it reflects the contents of 
03C2, Miscellaneous Register, bit 2). Refer to the 
Configuration Register and PR15 Register, bit 5 
description. 

94 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 03C2, Miscellaneous 
Register, bit 3) if CNF (3) is set to 1. See the Con-
figuration Register and PR15 Register, bit 5 descrip-
tion. 

TABLE 2. PIN DESCRIPTION 
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WD90C11 PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
HOST INTERFACE 

10 A23 I ADDRESS BUS (A23 - A20): These address bits 
9 A22 I should be connected to address bus 
8 A21 I SA23 - 20 in Micro Channel mOde. In AT mode, if 
7 A20 I 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 LA19 - 17 of 
the AT address bus, and A23 should be connected 
to an extemally decoded (lA23 x l.A22 x LA21 x 
lA20) = 1 from the AT address bus. CNF(11) = 0 
when MD8 is pulled down with a 4.7 Kohm resistor. 

6 A19 I ADDRESS BUS (SA19-SAO): These inputs are 
5 A18 I directly connected to the system Ciddress bus 
4 A17 I (SA19 - SAO). Latched address. 
3 A16 I A19 - A17 can be connected to LA19 - LA17 in 386 
2 A15 I systems when CNF (11) = 1. 
1 A14 I Refer to CNF(11) definition. 
132 A13 I 
130 A12 I 
129 A11 I 
128 A10 I 
127 A9 I 
126 A8 I 
125 A7 I 
124 A6 I 
122 A5 I 
121 A4 I 
120 A3 I 
119 A2 
118 A1 
117 AO 
26 D15 1/0 DATA BUS (SD15 - SDO): These bidirectional sig-
27 D14 1/0 nals either may be connected directly to a local data 
29 D13 1/0 bus requiring less than 8 mA of sourcelsink, or may 
30 D12 1/0 be connected through two extemal bus buffers con-
31 D11 1/0 trolled by EDBUFH, EDBUFL, and DIR. 
32 D10 110 
33 D9 1/0 
34 D8 1/0 
35 D7 1/0 
36 D6 1/0 
37 D5 1/0 
38 D4 1/0 
39 D3 1/0 
40 D2 1/0 
41 D1 1/0 
42 DO 1/0 

TABLE 2. PIN DESCRIPTION (CONn 
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PIN DESCRIPTION WD90C11 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
20 ROY 0 READY: An active high output which signals to the 

system processor that a memory access is com-
pleted, and is used to add wait states to the CPU 
bus cycles during video memory accesses. It may 
be pulled inactive by the WD90C11 to allow addi-
tional time to complete a bus operation. This sig-
nal is not generated on 1/0 cycles and accesses to 
the BIOS ROM. 

16 IRQ/(IRQ) 0 INTERRUPT REQUEST: Programmable processor 
interrupt request. It is enabled via bit 5 in the Verti-
cal 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 sig-
nal will transition active, causing the interruptlt will 
stay latched until CRTC11 bit 4 clears it. In an AT 
system IRQ is usually not connected, but may be 
connected if desired. IRQ is used to generate inter-
rupt, usually in the Micro Channel mode. 

21 MEMCS16 0 MEMORY CHIP SELECT 16 BITS: In AT mode, 
(CDDS16) 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 1/0: In AT mode, this active low signal is 
used to enable 1/0 address decoding and is con-
nected directly to the system bus signal AEN (ad-
dress enable). In Micro Channel mode, this line is 
from 1/0 port 3C3 bit 0 to enable video subsystem 
memory and 1/0 address decoding. ("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 
WD90C 11 internal 1/0 port address 46E8H causes 
this signal to be used as a write strobe for an exter-
nal register used in BIOS ROM page mapping. 

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 2. PIN DESCRIPTIONS (CONT) 

NOTE: 
( ) Micro Channel only. 
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WD90C11 PIN.DESCRIPTION 

PIN NO. PIN SYMBOL TYPE· . 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[15:8]) 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 1/0 cycles. 
When (MIlO) is high, a memory cycle is in 
process. A Iowan (MIlO) shows that an 1/0 cycle 
is in process. 

46 MWRi(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 
indicates the start and type of a channel cycle. 
Along with S1, MIlO, and CMD signals, it is 
decoded to interpret 1/0 and memory commands. 

47 10R/(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 1/0 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 110 1/0 CHIP SELECT 16 BITS: In AT mode, used to 
. (CDSETUP) 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 configuration. 

19 DIR 0 DIRECTION CONTROL: Active high Direction 
Control for external bus buffers in AT and MCA im-
plementation. The default state is low until a read 
cycle occurs. The WD90C11 will then drive DIR 
high to change 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 08 - 015. 

23 EDBUFL 0 ENABLE DATA BUFFER LOW: Active low signal 
allows control of an external data buffer for data 
bits DO - 07. 

TABLE 2. PIN DESCRIPTIONS (CONT) 

NOTE: 
( ) Micro Channel only. 
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_~_N_D_E_S_CR_I_P_TI_O_N ______________________________________________ ~ __ D~9_0_C __ 11 EI!III 
PIN NO. PIN SYMBOL TYPE DESCRIPTION 
24 ROM161 0 BIOS ROM SELECT 16 BITS: This signal 

(CSFB) 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 provide positive acknow-
ledgement of its presence at the host's addres-
ses specified. This is an active low output. 

DISPLAY MEMORY INTERFACE 

63 CAS 0 COLUMN ADDRESS STROBE: Active low 
CAS output signal (for both two and four DRAM 
configurations) . 

62 RAS 0 ROWADDRESS STROBE: Active low RAS 
output signal (for both two and four DRAM con-
fiQurations) . 

65 OE 0 OUTPUT ENABLE: Active low DRAM output 
enable signal (for both two and four DRAM con-
figurations1 

64 WED 0 WRITE ENABLE: Active low write enable sig-
nal for first two DRAMs. 

43 WE1 0 WRITE ENABLE: [WD90C11 and WD90C12] 
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 2. PIN DESCRIPTION (CONT) 

NOTE: 
[ ] Reserved for WD90C12. 
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WD90C11 PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
VIDEO MEMORY DATA 

66 MD15 I/O DISPLAY MEMORY DATA (MD15 - 0): These lines 
67 MD14 I/O are the data bus to the video display DRAMS. The 
68 MD13 110 MD15-MD8 data lines are for use with 4-DRAM con-
69 MD12 I/O figurations of the WD90C11 or WD90C12 part. 
70 MD11 I/O Data lines MDO-15 are pulled up by internal50K 
71 MD10 I/O ohm resistors or may be pulled down by external 
72 MD9 I/O 4.7K ohm resistors to provide setup information on 
73 MD8 I/O power-up (reset) as follows: 
74 MD7 I/O 
75 MD6 110 MD POWER-UP REGISTER 
76 MD5 110 EUNCTIQflI (aIT) 
78 MD4 110 15 EGASW4 PR11(7) + 
79 MD3 I/O 14 EGASW3 PR11(6) + 
80 MD2 I/O 13 EGASW2 PR11(5)+ 
81 MD1 I/O 12 EGASW1 PR11(4) + 
82 MDO I/O 11 Analog/TTL Display CNF(8) * 

10 8- or 16-bit ROMs PR1 (1) * 
9 3C3 or 46E8 110 Port 

for Setup CNF(9) + 
8 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 Input/Output 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 MA8 0 MEMORY ADDRESS (MAO - MA8): Display 
59 MA7 0 memory DRAM address. For testing purposes, 
58 MA6 0 these pins can be tri-stated by setting Paradise 
57 MA5 0 Register PR4(4)=1. 
56 MA4 0 
55 MA3 0 
54 MA2 0 
53 MA1 0 
52 MAO 0 

TABLE 2. PIN DESCRIPTIONS 
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PIN DESCRIPTION WD90C11 ,. 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
RAMDACINTERFACE 

107 VID7 0 VIDEO (VDO-VD7): Pixel video data output to 
10S VIDS 0 DAC and to Feature Connector. These lines 
105 VID5 0 can drive up to a 8 rnA load. 
104 VID4 0 
013 VID3 0 
102 VID2 0 
101 VID1 0 
100 VIDO 0 
92 RPLT 0 READ PALETTE: Video DAC register and 

color palette read signal for an external RAM-
DAC. Active low during an 1/0 read of addres-
ses 3CSH, 3C8H, and 3C9H. 

93 WPLT 0 WRITE PALETTE: Video DAC register and 
color palette write signal for an external RAM-
DAC. Active low during an 1/0 write to addres-
ses 3CSH-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 Miscel-
laneous Output reaister. 

CRT CONTROL 

89 BLNK 0 BLANK: Active low display monitor blank pulse 
to external RAMDAC. 

91 HSYNC 0 HORIZONTAL SYNC: Display monitor horizon-
tal synchronization pulse. Active high or low 
depending on the Miscellaneous Output 
Reoister proorammino. 

90 VSYNC 0 VERTICAL SYNC: Display monitor vertical 
synchronization pulse. Active high or low, 
depending on the Miscellaneous Output 
Register programming. 

112 MDET [FSADJ] 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. 

I [FULL SCALE ADJUST]: This pin is used 
when the RAMDAC is internal (WD90C12). It 
is used to control the RED, GREEN and 
BLUE's full scale outp_ut current. 

TABLE 2. PIN DESCRIPTIONS (CONT) 

NOTE: 
[ ] Reserved for WD90C 12. 
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WD90C11 PIN DESCRIPTION 

PIN NO. PIN SYMBOL TYPE DESCRIPTION 
INTERNAL RAMDAC [WD90C12] 

116 [RED] 0 RED CURRENT OUTPUT: Used with the 
WD90C12 -Internal RAMDAC RS170 output from 
RED DAC to drive an analoQ monitor. 

115 [GREEN] 0 GREEN CURRENT OUTPUT: Used with the 
WD90C12 -Internal RAMDAC RS170outputfrom 
GREEN DAC to drive an analog monitor. 

114 [BLUE] 0 BLUE CURRENT OUTPUT: Used with the 
WD90C12 - Internal RAMDAC RS170 output from 
BLUE DAC to drive an analog monitor. 

111 [VREF] I VOLTAGE REFERENCE INPUT: Used with the 
WD90C12 -Internal RAMDAC input used to set the 
reference voltaQe for the RAMDAC. 

FEATURE CONNECTOR SUPPORT 

109 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. In 
the WD90C12 the VID7:0 lines become inputs to the 
internal RAMDAC. 

84 EXPCLK I ENABLE EXTERNAL PIXEL CLOCK: A Feature 
Connector input. A low tri-states the PCKL output. 
An internal pullup resistor is provided. 

POWER AND GROUND 

123 [VCC] ----- [+5VDC - ANALOG for WD90C12] 

113 [GND] ----- [Ground - ANALOG for WD90C 12] 
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 2. PIN DESCRIPTIONS 

NOTE: 
[ ] Reserved for WD90C12. 

22-14 ADVANCE INFORMATION 10-26-90 



ABSOLUTE MAXIMUM RATINGS 

5.0 ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature oOe to 700 e 
Under Bias 
Storage Temperature -400 e to 125°e 

Voltage on all inputs -0.3 to 7 Volts 
and outputs with 
respect to Vss 
Power Dissipation 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 operation­
al section of the specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may affect product reliability. 

WD90C11. 

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- 0° to 700 e 
ture Range 

Power Supply Voltage 4.75 to 5.25 Volts 
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WD90C11 ABSOLUTE MAXIMUM RATINGS 

5.2 D.C. CHARACTERISTICS 

SYMBOL PARAMETER MIN. MAX UNITS CONDITIONS 
V(lL) Input Low Voltage -0.3 0.8 V VCC=5V±5% 
V(lH) Input High Voltage 2.0 VCC+0.3 V VCC=5V±5% 
I(lL) 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+2.0mA1 

V(OH) Output High Voltage 2.4 -- V IOH=-2,OmA 1 

I (OZ) High Impedance -10.0 10.0 uA OV<VOUT <VCC 
Leakage Current 

C(IN) Input Capacitance -- 10 pF FC=1 MHz 
ClOUT) Output Capacitance -- 10 pF FC=1 MHz 

TABLE 3. DC CHARACTERISTICS 

NOTE: 

The W090C11 outputs have 2.0 rnA maximum 
source and sink capability except as follows: 

IRQ, ROY= 4.0 rnA source and 24.0 rnA sink. 

MEMCS16, IOCS16 = 20 rnA sink. 

015:0, PCLK, VI07:0, ROM16 = 8.0 rnA 
source/sink. 

RAS, CAS, WEO, WE1, OE, MA8:0, M015:0 = 
1.0 rnA source/sink. 
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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 = 20 pF unless otherwise noted 

NUMBER PARAMETER MIN MAX 
RESET TIMING 

1 Reset Pulse Width 10t 
2 MD Setup to RSET low 50 
3 MD Hold from RSET low 30 
4 RSET low to first lOW 10t 

CLOCK TIMING 

1 VCLK Period t 
2 VCLK high O.4t 0.6t 
3 VCLK low O.4t 0.6t 
4" Clock Rise Time 3 
5" Clock Fall Time 3 
6 VCLK to PCLK Delay 8 30 
7a VCLK to Hsync Delay 8 35 
7b VCLK to Vsync Delay 8 35 
7c VCLK to BLNK Delay 8 30 
7d VCLK to VID(7:0) Delay 8 30 

8 MCLKperiod 24 27 
9 MCLK high 10 17 
10 MCLKlow 10 17 
11 VID (7:0) setup to PCLK 3 
12 VID (7:0) hold from PCLK 3 

WD90C". 

NOTES 

t = 1/MCLK 

t = 1NCLK 
@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 

@ 1.4V 
@ 1.4V 

TABLE 4. AC TIMING CHARACTERISTICS 

" Apply to both VCLK and MCLK. 
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WD90C11 AC TIMING CHARACTERISTICS 

NUMBER PARAMETER MIN MAX NOTES 
I/O AND MEMORY READ/WRITE AT MODE TIMING 

1 EMEM setup to MRO, MWR low 20 
2 EMEM hold from MRO,MWR high 15 

3a A(23:0) setup to MRO,MWR low 20 
3b A(15:0) setup to IOR,IOW low 20 
3c BHE setup to MRO,MWR,IOR,IOW low 20 

4a A(23:0) hold from MRO, MWR low 15 
4b A(15:0) hold from lOR, lOW low 15 
4c BHE hold from MRO,MWR,IOR,IOW low 15 

5 EIO setup to lOR/lOW low 20 
6 EIO hold from lOR/lOW high 15 
7 EOBUFxN low from IOR,IOW,MRO,MWR low 38 
8 EOBUFxN high from IOR,IOW,MRO,MWR high 38 
9 OIR high from IOR,MRO low 38 
10 OIR hold from lOR and MRO high 38 
11 0(15:0) write data setup to lOW & MWR high 30 

12a 0(15:0) read data hold from lOR high 30 
12b 0(15:0) read data hold from MRO high 30 

12c 0(15:0) write data hold from lOW high 15 
12d 0(15:0) write data hold from MWR high 15 

13a 0(15:0) read data valid from lOR low 90 CL= 70 pF 
13b 0(15:0) write data valid after MWR low 2t t .. 1/MCLK 
14 ROY high from MWRlMRO low 10 2.451.1.s 

(max is for standard VGA modes) 
15* Memory read data valid from ROY high 40 CL = 70 pF 
16 ROY low from MWRlMRD low· 10 ·30 CL = 100 pF 
17 ROY tristate from MWR/MRO high 10 30 CL = 100 pF 
18 EBROM low from valid A(23:15) 40 
19 EBROM hold from MRO high 40 
20a WPLT low from lOW low 30 
20b RPLT low from lOR low 30 
21a WPLT high from lOW high 30 
21b RPLT high from lOR high 30 
22 EBROM low from lOW low (46E8H port) 40 
23 EBROM high from lOW high (46E8H port) 40 
24 VCLK1 low from lOW low (3C2 port) 30 
25 VCLK1 high from lOW high (3C2 port) 30 
26 A(15:0) valid to IOCS16 low 40 CL = 100 pF 
27 IOCS16 hold from lOW high 40 CL=100pF 
28 A(23:17) valid to MEMCS16 low 40 CL = 100 pF 
29 MEMCS16 hold after valid A(23:17) 40 CL = 100 pF 

TABLE 4. AC TIMING CHARACTERISTICS (CONT) 
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NUMBER PARAMETER MIN MAX NOTES 

1/0 AND MEMORY READIWRITE 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 15 
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 
7 EDBUFH, EDBUFL low from CMD low 38 
8 EDBUFH, EDBUFL high from CMD high 38 
9 DIR active from CMD low 38 
10 DIR inactive from CMD high 38 
11 CSFB delay from valid addresslstatus 40 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 D(15:0) 110 write data setup to CMD high 30 

17a D(15:0) liD Write data hold after CMD high 15 
17b D(15:0) Memory Write data hold after CMD 

high 0 
17c D(15:0) 110 Read data hold from CMD high 5 20 CL= 70 pF 
17d D(15:0) Memory Read data hold from CMD 

high 5 20 CL= 70 pF 
18a D(15:0) Memory Write data valid after CMD low 50 
18b D(15:0) liD Read data valid from CMD low 90 CL = 70 pF 
19 RDY high delay from CMD low 0 2.45!!S 
20* D(15:0) Memory Read Data valid from RDY 

high 40 CL = 70 pF 
21 CMD high (inactive) 2t+15 
22 RDY low delay from valid address/status 10 30 
23 EBROM low from valid address 40 
24 EBROM high from CMD high 30 
25 WPLT /RPLT low from CMD low 30 
26 WPLT IRPLT high from CMD high 30 
27 VCLK1 low from CMD low (3C2 port) 30 
28 VCLK1 high from CMD high (3C2 port) 30 

TABLE 4. AC TIMING CHARACTERISTICS (CONT) 

* Depends on setting of 3C5, Index 11, bit 4, 3. 

o 0 max 40 ns 
o 1 max 40 ns + 1t 
1 0 max 40 ns + 1t 
1 1 max 40 ns - 1 t 

(t = 1/MCLK) 
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WD90C11 AC TIMING CHARACTERISTICS 

NUMBER PARAMETER MIN MAX NOTES 
DRAM TIMING 

1 RAS cycle time 6t See Note 
2 RAS pulse width low 3.5t-6 See Note 
3 RAS high time (precharge) 2.5t+6 
4 RAS low to CAS low 2.5t-9 2.5t -6 
5 CAS cycle time 2t 2t 
6 CAS pulse width low H 1t 
7 CAS high time (precharge) H 1t 
8 Row address setup to RAS low 1.5t-10 1t 
9 Row address hold time from RAS low H-6 H+10 
10 Column address setup to CAS low 1t-10 1 t 
11 Column address hold from CAS low H H+10 
12 Read Data valid before CAS high 2 
13 Read data hold after CAS high 0 
14 Write Data setup to CAS low 1t-21 1.5t 
15 Write Data hold after CAS low H-5 1t 
16 WEO low setup CAS low H-5 H+5 
17 

" 
WEO low hold after CAS high 0 10 

18 OE high before WEO low 2t-5 2t+5 
19 OE low after WEO hioh H-5 H+5 

MCLK edge to RAS ,CAS, MA(8:0) edge delay maybe 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 
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 precharoe. This can be accomplished with selected DRAMs. 

TABLE 4. AC TIMING CHARACTERISTICS (CONT) 
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7.0 WD90C11 REGISTERS 
All the standard IBM registers incorporated inside 
the WD90C11 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. 

7.1 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 
AT Mode Setup and Enable W 46E8 
Setup Video Enable RW 102 
* I/O Port 3C3 can be used to replace 
46E8 (if CNF (9) = O) for setup in AT 
mode. In Micro Channel mode, writes to 
3C3, bit 0 = 1 enables memory and I/O ad-
dress decoding. 

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 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 

1. RO = Read-Only, RW = ReadIWnte, W = Wnte, and R = Read. 
2. All Register addresses are in hex. 

TABL-= 5. VGA REGISTERS SUMMARY 
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7.2 PR REGISTERS SUMMARY 

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 
Reserved 3X5.31- 3X5.3F RW 385.31 - 385.3F 305.31 - 305.3F 
** CNF Configuration ----- ----- --.. --
PR20 Unlock Sequencer Extended Registers W 3C5.06 3C5.06 
PR21 Oisplay Configuration and Scratch Pad RW 3C5.07 3C5.07 
PR30 Memory Interface 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 

NOTE: 
All of the PR Registers may be read/write protected. Refer to the PR Registers' description for more 
details. 

7.3 COMPATIBILITY REGISTERS 
SUMMARY 

FUNCTIONS RW 
Mode Control Reg WO 
Color Select Reg WO 
Status Reg RO 
Preset Lioht Pen Latch WO 
Clear Lioht Pen Latch WO 
AT&T/M24 Reg WO 
Hercules Reg WO 
+CRTC RW 

NOTES: 

MDA 

388 

38A 
389 
388 

380-387 

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. 

CGA 

308 
309 
30A 
30C 
308 

300-307 
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7.4 VGA REGISTERS 

Throughout this section, all bit graphics and 
definitions apply to VGA mode followed by their 
brief description. 

7.5 GENERAL REGISTERS 

NAME READ WRITE 
PORT PORT 

Miscellaneous Output 3CC 3C2 
Input Status Register a 3C2 ---
Input Status Register 1 37A ---
Feature Control 3CA 37A 

NOTES: 

1. Reserved bits should be set to zero. 

2. "7" Value is controlled by Bit 0 of the Miscel­
laneous Output Register and is programmed as 
shown below: 

a = B in Monochrome Modes 

1 = D in Color Modes 

7.5.1 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 PaQe Select 
4 Reserved 
3 Clock Select 1 
2 Clock Select a 
1 Enable Video RAM 
a 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: 

WD90C11 .. 

*These bits determined the vertical size of the 
frame by the monitor. Their encoding is shown 
below: 

BIT 7 BIT 6 VERTICAL FRAME 

a a Reserved 
0 1 400 lines/scan 
1 a 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. 
0= 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 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 
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). 

WD90C11 REGISTERS 

7.5.2 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. 

Bit(3:0) 
Reserved. 
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7.5.3 Input Status Register 1, 
Read Only Port = 3?A 

BIT FUNCTION 

7,6 
S 
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 S. Their 
status is defined in the following table: 

COLOR PLANE INPUT STATUS 
ENABLE REGISTER REGISTER 1 
BITS BIT 4 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. 

WD90C11 .. 

Bit 0 

Display Enable Status. 
o = CRT screen display in process. 
1 = CRT screen display disabled for horizontal or 
vertical retrace interval. 

7.5.4 Feature Control Register, 
Read Port = 3CA, 
Write Port = 3?A 

BIT FUNCTION 

7-4 Reserved 
3 Vertical Sync Control 
2-0 

Bits(7:4) 

Reserved 

Bit 3 

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 

7.6 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 zero. 
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7.6.1 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. 

WD90C11 REGISTERS 

7.6.3 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 if Bit 4 = 0 
1 Reserved 
0 8/9 Dot Clocks 

The Sequencer Address Register is written with Bit(7:6) 
the index value (00H-04H) of the Sequencer Reserved. 
register to be accessed. 

7.6.2 Reset Register, 
Read/Write Port = 3C5, Index = 00 

BIT FUNCTION 

7-2 Reserved 
1 Synchronous Reset 
0 

Bit(7:2) 

Reserved. 

Bit 1 

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). 

Bit 5 

Screen Off. 
0= 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). 

Bit 2 

Shift Load. Effective only if bit 4=0. 
o = Video serializers wi" 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. 

7.6.4 Map Mask Register, 
Read/Write Port = 3C5, Index = 02 

BIT 

7-4 

3 
2 
1 
0 

Blt(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 
M~3 Enable 
Map 2 Enable 
Map 1 Enable 
M~O Enable 

Controls Writing To Memory Maps (0-3) respec­
tively. 
o = Writing to maps (0-3) disallowed. 
1 = Maps (0-3) accessible. 

WD90C11 

7.6.5 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 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 1st8 K~te 
001 1 3rd 8 KB~e 
010 2 5th 8 KByte 
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 
01 1 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 
1st8 K~te 
3rd 8 KByte 
5th 8 KByte 
7th 8 KByte 
2nd 8 K~te 
4th 8 KByte 
6th 8 KByte 
8th 8 KByte 

7.6.6 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. 

WD90C11 REGISTERS 

o = Processor sequentially accesses data using 
.map mask register. 
1 = Directs the two lower order video memory 
address 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 KB of video memory. 
1 = Greater than 64KB of memory for VGAlEGA 
modes. 

Bit 0 

Reserved. 
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7.7 CRT CONTROLLER REGISTERS 

PORT INDEX VGA REGISTER NAME *6845 REG NAME 
3?4 -- CRT Controller Address Reg. CRTC Address Reo 
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 Blanking + 
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 Hioh Start Add. Hioh 
3?5 OD Start Address Low Start Add. Low 
3?5 OE Cursor Location High Cursor Loc. Hioh 
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 Lioht 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 6. 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 =D 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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7.7.1 CRT Address Register Read/Write 
Port = 314 

BIT 

7-5 
4-0 

Bit(7:5) 

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. 

7.7.2 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. 

7.7.3 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
ed if PR3(5) = 1 or the Vertical Retrace End 
Register bit 7= 1. 

WD90C11 REGISTERS 

7.7.4 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. 

7.7.5 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(6:5) 

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: 

BIT 6 BIT 5 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. 

7.7.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. 

7.7.7 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. 

WD90C11 .. 

Bit(S:5) 

Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. 
See the following table for details: 

BITS BITS CHARACTER CLOCK 
DELAY 

0 0 0 
0 1 1 
1 a 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. 

7.7.8 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 
count are loaded into the Vertical Overflow 
Register (index = 07H) bit a 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 a through 4). This register is locked if the PR 
Register PR3 (0) = 1 or the Vertical Retrace End 
Register bit 7 = 1. 

ADVANCE INFORMATION 10-29-90 22-35 



WD90C11 

7.7.9 Overflow Vertical Register 
Read/Write Port = 315, 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 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 = 12) 

++ Bit 0 

Vertical Total Bit 8 (index = 06H) 

WD90C11 REGISTERS 

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(0) = 1 OR the Vertical Retrace End Register 
bit7=1. 

7.7.10 Preset Row Scan Register 
Read/Write Port = 315, 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 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 
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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7.7.11 Maximum Scan Line Register 
Read/Write Port=315, 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. 

Bjt(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. 

WD90C11 fa 
7.7.12 Cursor Start Register 

Read/Write Port = 315, 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. 

7.7.13 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(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. . 

BIT 6 BIT 5 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. 

7.7.14 Start Address High Register 
Read/Write Port 3?5H, Index = OCH 

FUNCTION 

Start Address Hi h B te 

Blt(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. 
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7.7.15 Start Address Low Register 
Read/Write Port = 3?5H, 
Index = ODH 

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. 

7.7.17 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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7.7.18 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 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. 

7.7.19 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. 

WD90C11 .. 

Bit 6 

DRAM Refresh/Horizontal Scan Line. 
Selects DRAM refresh cycles per horizontal scan 
line. 
o = Generates 3 refresh cycles for each horizontal 
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 bot­
tom 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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7.7.20 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. 

7.7.21 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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7.7.22 Underline Location Register 
Read/Write Port = 315, 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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7.7.23 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. 

7.7.24 End Vertical Blank Register 
Read/Write Port=3?5, Index=16H 

This register is locked if the PR Register 
PR3(O)=1. 

17~1~ 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). 

WD90C11 

7.7.25 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 Control 
Register (index 17H) bit 6 controls addressing. 
See the table below: 

CRT14H CRT17H ADDRESS 
Bit6 Bit6 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 
o = Character clock increments memory address 
counter. 
1 = Character clock divided by 2 increments the 
address counter. 
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Bit 2 7.8 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. 
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 
MA13 address pin. 

7.7.26 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 S is in the Maximum Scan Line 
Register (index = OSH). When the vertical counter 
reaches this value, the internal start of the line 
counter is cleared. 

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. 

7.8.1 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 j?ointer 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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7.8.2 Set/Reset Register, 
Read/Write Port 3CF, Index = 00 

BIT 

7-4 
3 
2 
1 
0 

Blt(7:4) 

Reserved. 

FUNCTION 

Reserved 
SeVReset Map 3 
SeVReset Map 2 
SeVReset Map 1 
SeVReset Map 0 

Blt(3:0) 
SeVReset Map. 
When the CPU executes display memory write 
with Write Mode 0* 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 Map 3 
2 Map 2 
1 Map 1 
0 M~O 

NOTE: 
*The selection of Write Mode 0 is determined by 
the Graphics Mode Register (index = 05H) bit 1 
and bitO. 
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7.8.3 Enable Set/Reset Register, 
Read/Write Port = 3CF, 
Index = 01 

BIT 

7-4 
3 
2 
1 
0 

Bit(7:4) 

Reserved. 

Blt(3:0) 

FUNCTION 

Reserved 
Enable SeVReset Map 3 
Enable SeVReset Map 2 
Enable SeVReset Map 1 
Enable SeVReset Map 0 

Enable SeVReset 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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7.8.4 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 ComQare Map 2 
Color Com~are M~ 1 
Color Com~are M~ 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 = 05H), data is returned without com­
parison. Color compare map coding is shown 
below. 

BIT COLOR COMPARE 
3 M@3 
2 M~2 

1 M~1 

0 Map 0 
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7.8.5 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. 

BIT 4 BIT3 
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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7.8.6 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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7.8.7 Graphics Mode Register, 
Read/Write Port = 3CF;lndex = 05 

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 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 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 

WD90C11 

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 

BIT 1 BITO 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 sys-
tem read operation loads the latches. 

1 0 Write Mode 2. Memory maps (3:0) are filled with the a-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 a-bit mask value that performs the 
same function as the Bit Mask Register in Write Modes 0 and 2. 
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7.8.8 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 below: 

BIT3 BIT2 CPU ADDRESS LENGtH 
RANGE 

0 0 AOOO:OH- 128KB 
BFFF:FH 

0 1 AOOO:OH- 64KB 
AFF=F: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. 

7.8.9 Color Don't Care Register, 
Read/Write Port 3CF, Index = 07 

BIT 
7-4 

3 
2 
1 
0 

Bit(7:4) 

Reserved. 

Blt(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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7.8.10 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. 

7.9 ATTRIBUTE CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CO -- Index Register 
3CO ~O-OF Palette Registers 
3CO 1Q 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 3CQ 
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 
follows: 

o = B in Monochrome Modes and 
1 = D in Color Modes 

7.9.1 Attribute Index Register, 
Read/Write Port = 3CO 

BIT 

7-6 
S 
4-0 

Bit(7:6) 

Reserved. 

Bit 5 

FUNCTION 

Reserved 
Palette Address Source 
Attribute Address Bits 

Palette Address Source. 

WD90C11 

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 written at address 3CQ. Once 
the Address Register has been loaded with an index, 
the next write operation to 3CQ will load the Data 
Register. The flip-flop toggles between the Address 
and the Data Registers after every write to address 
hex 3CQ, but does not toggle for reads to address 
3C1. 

7.9.2 Palette Registers (OO-OF Hex), 
Read PQrt 3C1/Write Port 3CO 

BIT FUNCTION 
7-6 Reserved 
S VIDS 

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. 

Bit5 VID5 
Bit4 VID4 
Bit3 VID3 
Bit 2 VID2 
Bit 1 VID1 
Bit 0 . VIDO 

7.9.3 Attribute Mode Control 
Register Read Port 3C1/Write 
Port 3CO, Index = 10 

BIT FUNCTION 
7 VID5, VID4 Select 

6 PEL Width 

5 PEL Panning Compatibilitv 
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 
o = VID5 and VID4 palette register outputs are 
selected. 
1 = Color Select Register (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. 
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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 oc­
curs. 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. 
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7.9.4 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. 

7.9.5 Color Plane Enable Register 
Read Port 3C1/Write Port 3CO, 
Index = 12 

BIT 
7-6 

5 
4 
3-0 

Bit(7:6) 
Reserved. 

FUNCTION 
Reserved 
Video Status MUX1 
Video Status MUXO 
Enable Color Plane 

WD90C11 

Bit(5:4) 

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 

BIT5 BIT 4 BIT 5 BIT 4 
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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7.9.6 Horizontal Pel Panning 
Register Read Port 3C1/Write 
Port 3CO, Index = 13 

BIT 

7-4 
3-0 

Bit(7:4) 

Reserved. 

Blt(3:0) 

FUNCTION 

Res.erved 
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 -- --

WD90C11 REGISTERS 

7.9.7 Color Select Register 
Read Port 3ClIWrite Port 3CO, 
Index = 14 

BIT 

7-4 
3 
2 
1 
0 

Bit(7:4) 

Reserved. 

Bit(3:2) 

Reserved 
S Color7 
S Color6 
SCalarS 
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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7.10 COMPATIBILITY REGISTERS 

NAME PORT (HEX) 
Mode Control Register 3?8 
Color Select ReQister 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 

7.10.1 Hercules/MDA Mode Control 
Register, MDA Operation Write Only 
Port = 3BSH 

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 

WD90C11 .. 

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. 
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7.10.2 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. 

7.10.3 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. 

WD90C11 REGISTERS 

7.10.4 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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7.10.5 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 
BIW Graphics Mode 

Enable Video 

BIW/Color Mode Select 

Graphics/Alpha Mode Select 
Alpha Mode 

Enable Blink Function. 

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. 

7.10.6 CGA Color Select Register 
Write Only Port = 309 

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 

0= Disables blinking function. Bit (7:6) 
1 = For normal operation, set this bit to allow Reserved. 
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 = BIW mode enabled. 

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 5 

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 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. 

7.10.7 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 

WD90C11 REGISTERS 

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. 
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. 

7.10.8 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 liertical 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. 
0= 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 active; 
Display Enable is inactive. 

7.10.9 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 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. 

WD90C11. 

Selects between one or two 16 Kbyte RAM page 
for display in 200 line graphics mode. 
o = Display memory address starts at B800:OH 
(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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7.11 WD90C11 PR REGISTERS 

REGISTERS RW MONOCHROME COLOR 

PRO (A) Address Offset A RW 3CF.09 3CF.09 
PRO(8) Alternate Address Offset 8 RW 3CF.OA 3CFOA 
PR1 Memory Size RW 3CF08 3CF08 
PR2 Video Select RW 3CFOC 3CFOC 
PR3 CRT Control RW 3CF.OD 3CF.OD 
PR4 Video Control RW 3CFOE 3CF.OE 
PRS Unlock (PRO-PR4)/Status RW 3CFOF 3CFOF 
PR10 Unlock (PR11-PR17) RW 38S.29 3DS.29 
PR11 EGA Switches RW 38S.2A 3DS.2A 
PR12 Scratch Pad RW 38S.28 3DS.28 
PR13 Interlace H/2 Start RW 38S.2C 3DS.2C 
PR14 Interlace H/2 End RW 38S.2D 3DS.2D 
PR1S Miscellaneous Control 1 RW 38S.2E 3DS.2E 
PR16 Miscellaneous Control 2 RW 38S.2F 3DS.2F 
PR17 Miscellaneous Control 3 RW 38S.30 3DS.30 
Reserved 3XS.31- 3XS.3F RW 38S.31 - 38S.3F 3DS.31 - 3DS.3F 
CNF Configuration (loaded during power-on) ----- ----- -----
PR20 Unlock Sequencer Extended Registers W 3CS.06 3CS.06 
PR21 Display Configuration and Scratch Pad RW 3CS.07 3CS.07 
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 readlwrite protected. 

TABLE 7. PR REGISTERS SUMMARY 

The WD90C11 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 WD90C11 architecture is op­
timized with additional 1/0 registers. 

The registers are at the 1/0 locations unused by 
18M. All registers are readlwrite, except where 
noted. 

NOTES: 

1. The designation 3?S means that the register is 
mapped into either 38S in monochrome mode or 
3DS 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). 

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 PRS 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 PRS 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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7.11.1 Address Offset Registers PROA & 
PROB 

BIT 
7 
6-0 

BIT 
7 
6-0 

PROA - Address Offset Register A 
Read/Write Port = 3CF, Index = 09 

FUNCTION 
Reserved 
Primary Address Offset Bits 

PROB - Address Offset Register B 
Read/Write Port = 3CF, Index = OA 

FUNCTION 
Reserved 
Alternate Address Offset Bits 

The WD90C11 can control up to 512 Kbytes of 
display memory. However, DOS only assigns 12B 
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 12B 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(1B:12) 
before they are translated to display memory ad­
dress. This can be thought of as segment register 
OS and ES in the BOB8/BOXB6 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 
display memory.) 
PROA and PROB are all set to zero value at 
power on reset. There are two ways to control 
whether PROA or PROB get added into CPU ad­
dress. 

WD90C11 

• 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 12BK, 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 ABOO:OH 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. 

7.11.2 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 B 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. 
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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). 

GRAPHICS MODE RAM ADDRESSING: 

PR1 (7) PR1 (6) 

WD90C11 REGISTERS 

The WD90C11 supports 512 Kbytes (four 256K by 
4 DRAM) display memory. This makes it possible 
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 setto 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. 

o 0 256K TOTAL;64K1PLANE; IBM VGA MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
ADDR BIT CPU CRT CPU CRT CPU CRT 
MA(17) A(15) CA(15) A(15) CA(14) A(15) CA(13) 

MA(16) A(14) CA(14) A(14) CA(13) A(14) CA(12) 

--- --- --- --- --- --- ---
--- --- --- --- --- --- ---
MA(4) A(2) CA(2) A(2) CA(1) A(2) CA(O) 

MA(3) A(1 ) CA(1) A(1) CA(O) A(15) CA(13) 

MA(2) A(O) CA(O) A(16) CA(15) A(14) CA(12) 
or or 
XRN(5) CA(13) 
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PR1(7) 
a 

PR1(6) 
1 256K TOTAL;64K1PLANE; WD90C11 MEMORY ORGANIZATION 

VIDEO RAM 
ADDR BIT 
MA(17} 
MA(16} 

---
---
MA(4} 

MA(3} 
MA(2} 

PR1(7) 
1 

PR1(6) 
1 

BYTE 
CPU CRT 
A(15} CA(15} 
A(14} CA(14} 

--- ---
--- ---
A(2} CA(2} 

A(1} CA(1} 
A(O} CA(O} 

RESERVED 

WORD DBLWORD 
CPU CRT CPU CRT 
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(17} CA(15} 
A(16} CA(15} A(16} CA(14} 

PR1(7) 
1 

PR1(6) 
a 512K TOTAL IN FOUR PLANES; 128K1PLANE; WD90C11 MEMORY 

ORGANIZATION (EACH PLANE HAS TWO BANKS OF 64 KBYTES) 

VIDEO RAM BYTE 
ADDR BIT CPU CRT 
MA(17} A(1~ CA(151 
MA(16} A(14} CA(14} 
MA (15) A(13} CA(13} 

--- --- ---
MA(4} A(2} CA(2} 
MA(3} A(1} CA(1} 
MA(2} A(O} CA(O} 

MAO A(16} CA(16} 

NOTES: 
1. A(19:0) are WD90C11 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
played page in chained modes. XRN(5) is 
selected as MA(2) if Graphics Register 6 bit 3 or 
bit2=1. 

WORD DBLWORD 
CPU CRT CPU CRT 
A(15) CA(14) AjJ5} CAL131 
A(141 CA(13} A(14} CA(12} 

A(13} CA(12} A(13} CA(11 } 

--- --- --- ---
A(2} CA(1} A(2} CA(O} 
A(1} CA(O} A(17} CA(15} 
A(16} CA(15} A(16} CA(14} 
A(17} CA(16} A(18} CA(16} 

4. CA(13) is selected as MA(2) if CRTC Mode 
Register 17 bit 5 = O. 
5. For two 256K x 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. 
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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, MEMCS16 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 I/O 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. 

WD90C11 REGISTERS 

7.11.3 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 Map 

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 

WD90C11 

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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7.11.4 PR3 - CRT lock Control 
Register Read/Write Port=3CF, 
Index = 00 

BIT FUNCTION 
7 Lock VSYNC Polarity 
6 Lock HSYNC Polarity 
S Lock Horizontal Timing 
4 Bit 9 Control 
3 Bit 8 Control 
2 CRT Control 
1 Lock Prevention 
0 Lock Vertical Timing 

7.11.5 W090C11 CRT Controller 
Register locking 

Register locking is controlled by 4 bits. They are 
PR3 (S,1 ,0) and 3?S.11 (7) (i.e. 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(S)=1 OR 
3?S.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 OS --End Horizontal 
Retrace 
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• 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 1S ---Start Vertical Blank­
ing 
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 registers 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 applica­
tions software to unlock Group 2 registers by its 
setting 3?5.11 bit 7=0. 
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7.11.6 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 Outouts 
4 Tri-state Memory Control Outouts 
3 Override CGA Enable Video bit 
2 Lock Internal Palette and Overscan 

Reaisters 
1 EGA Comoatibilitv 
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. 
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. 

ADVANCE INFORMATION 10-29-90 22-65 

.. 



WD90C11 

Bit 4 

Tri-state the memory control outputs. The 
memory address bus MA(8:0), and all 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 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 
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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7.11.7 PR5 - General Purpose Status Bits 
Read/Write Port=3CF, Index = OF 

BIT FUNCTION 
7 Read CNF(71 Status 
6 Read CNF[61 Status 
5 Read CNFt51 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 "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 7 CNF(7) [READ ONLy] 
Bit 6 CNF(6) [READ ONLy] 
Bit 5 CNF(5) [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 fol­
lows: 

210 PRO-PR4 
o X X Write protected 
X 1 X Write protected 
X X 0 Write protected 
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7.11.8 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 PR10-PR17 - Read Enable Bit 1 
6-4 PR1 0(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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7.11.9 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-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 bit 3 3C2 bit 2 3C2 bit 4 

0 0 PR11(7} [=EGA SW4j 

0 1 PR11 (6) [=EGA SW3] 
1 0 PR11(5) [=EGASW2j 
1 1 PR11(4} [=EGASW1j 

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 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.OS bits (6:5) 
3CS.01 bits (5:2) 
3CS.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 
3CS.01 bit o. Although 8 or 9 character timing is 
locked by setting PR11 bit 0 to 1, the 3CS.01 bit 0 
appears unlocked to the system processor during 
reads. 
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7.11.10 PR12 Scratch Pad Read/Write 
Port = 315, Index = 2b 

BIT I FUNCTION 
7 - 0 Scratch Pad Bits (7:0) 

The data in this register is unaffected by hardware 
reset and undefined at power up. 

7.11.11 PR13 Interlace H/2 Start 
Read/Write Port = 315, Index = 2C 

I BIT I FUNCTION 

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(S) 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?S.04) and Horizontal 
Total Register (3?S.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?S.OS). 
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7.11.12 PR14 Interlace H/2 End Read/Write 
Port = 315, 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 
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. 
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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. 

7.11.13 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 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 

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 
causes outputs VCLK1 and VCLK2 to equal bits 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 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 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 
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timing is selected (see description of PR2). Set­
ting this bit to any alpha mode overrides the char­
acter map sel~ct functions 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 segments 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. 

3CS.03 3CS.03 ATT 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 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 
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 
select between two types of Display Enable 
timings available at output pin BLNKN if 
PR4(7)=1. If PR4(7)=O, this bit has no effect. 

O=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. 

7.11.14 PR16 Miscellaneous Control 2 
Read/Write Port = 3?5, Index = 2f 

BIT FUNCTION 

7 External reg. 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. 
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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 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 64 K 
locations. The following table shows details: 

PR16(6) PR16(5) COUNT WIDTH 
0 0 256KB 
0 1 128K 
1 X 64K 

Bit (4:3) 

CRTC Address Counter Offset 
Bits 4 and 3 are summed with the CRT Conirol­
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 
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 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 WPLTN 
to be forced to 1 disabling liD writes to the video 
DAC registers. The DAC state register, located 
inside the WD90C11 is also protected from the 
modification but may still be read at the pori 
3C7h. For normal operation, program this bit to O. 

7.11.15 PR17 Miscellaneous Control 3 
ReadlWrite Port = 315, 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 (liD pori 3BF). Power on reset sets this 
bit to O. 
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Bit (0) 

Map out 2K of BIOS ROM. 
Setting this bit to 1 disables access of the BIOS 
ROM in the system address range CSOO:OH -
CS7F:FH. 
Power on reset sets this bit to O. 

7.11.16 PR20 3C51ndex 6: Unlock Seq­
uencer Extended Registers 
(Reset State = Locked) 

A value of X1 X01 XXXX (48H) must be loaded to 
allow R!W 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. 

7.11.17 PR21 3C5 Index 7: Display Con­
figuration 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 liD 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 VGAlEGA 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 AnalogfTTL 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. 

7.11.18 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 FI FO 
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 can support 8/16-bits 
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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. 

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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7.11.19 PR313C5 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 
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 I/O Operation on 

Attribute Controller 
0 Enable 16-bit 1/0 Operation on 

CRTe, 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 PVGA 1 B. Refer to PROA and PROB 
definitions. 

Bit 6 

When set to 1, system performace is improved by 
10% by removing extra memory cycles on blank 
lines. 

Bit 5 

When set to 1, text mode performance will be 
improved. 

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 = 

WD90C11 REGISTERS 

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 3C 1 . 

Bit 0 

When set to 1, this bit enables 16-bit access to 
the CRTC (3?4/3?5), Sequencer (3C4/3C5) , and 
Graphics Controller· (3CE/3CF). The output 
10CS 16 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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7.11.20 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 
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. 

WD90C11 .. 

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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7.12 INTERNAL I/O PORTS 

7.12.1 AT Mode Setup, Enable Write Only 
Port 46E8H (Also at Port 56E8H, 
66E8H, 76E8H) 

BIT 

7-5 
4 
3 
2-0 

Blt(7:5) 

Unused 

Bit 4 

Setup 

FUNCTION 

Unused 
Setup 
Enable I/O & Memory 
External BIOS ROM Paae Select 

Puts WD90C11 into setup mode where only I/O 
port 102H is accessible. 

Bit 3 

Enable 1/0 and Memory Accesses 

Bit(2:0) 

Unused Internally 
Used for BIOS ROM Page select. On I/O 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:DO. The WD90C11 also provides an alter­
native 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. 

WD90C11 REGISTERS 

7.12.2 Setup Mode Video Enable 

BIT 

7 - 1 
0 

Blt(7:1) 

Unused 

Bit 0 

(AT and Micro Channel Modes) 
Read/WritePort = 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 must be in SETUP mode. 
VGA Enable Sleep bit or Programmable Option 
Select (POS) register 102H bit 0 is used to 
awaken the WD90C11 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 (EION) signal pin is active low, the 
WD90C11 is in setup mode and port 102H can be 
accessed. 
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7.13 VIDEO RAMDAC PORTS 

The Video RAMDAC is implemented externally to 
the WD90C11. However, the WPLT and RPLT 
signals requirj;!d by the RAMDAC are provided by 
the WD90C11. 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) 

* This port is internal to the WD90C11. 

WD90C11 

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 readlwrite bytes. 
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7.14 CONFIGURATION BITS 

Memory Data lines 15:0 are used to input con­
figuration data at power-on reset (RST) by pullup 
or pulldown 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 Di~lay Status 
7-4 General Purpose Status 
3 Video Clock Source Control 
2 Bus Architecture Select 
1 ROM Configuration 
0 Map out BIOS 

7.14.1 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. P R 11 (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 is 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 SW4] 
0 1 PR11 (6) [= EGA SW3j 
1 0 PR11 (5) [= EGA SW2] 
1 1 PR11(4) [=EGASW1] 

WD90C11 REGISTERS 

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 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) 

ANALOGrrTL 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 
unaffected by writing to PR5 (3CF.OF). Sug­
gested implementation is: 

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 PR5 
(3CF.OF) positions (7:4). These bits are unaf­
fected by writing to PR5(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 1/0 port pull­
ing up MD (3) causes CNF(3) to be latched high. 
It configures WD90C11 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 
and 3 of the Miscellaneous output register at 
3C2H respectively when PR15 bit 5 is set to 1. 

WD90C11 

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. 

0: 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 BUS 1/0 Micro Channel I/O 
MEMCS16 OUT CDDS16 OUT 
ROM16 OUT CSFB OUT 
EIO IN 3C3DO 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 WD90C 11 '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 '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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APPENDIX 
A.1 EClA MODE 
For the register definitions that have not chang9d 
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 s. 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(S) 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. 

• 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 MO(15:12). (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 3C2 bit 4. 

APPENDIX 

• 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. 

• 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) 

• Lock the PR registers PRO-PR5 and 
PR10-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-PR5 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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A 1.1 EGA Registers Summary 

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 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 (lndex=OE) RW 3?5 
Cursor Location Low (Index=OF) RW 3?5 
Light Pen High, (Index=10) R 3?5 
Light 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 "0" in Color modes. 
4. "." = Identical responses from 1/0 ports 3CO and 3C1. 

TABLE 8. EGA REGISTERS SUMMARY 
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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 

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-
figuration Register Bit 3 is O. 
Not Used. VCLK2 selected if 
Configuration Register Bit 3 
isO 

EGA: Identical to Miscellaneous Output Register 
Bit 0 definition in the VGA section. 

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 

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. 
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A.2.4 Feature Control Register 
(Write Port 3?A) 

Bits (7:0) 

EGA: Not used 

A.3 SEQUENCER REGISTERS (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) 

WD90C11 

Bits (3:2) 

EGA: Character Map Select A 

BIT BIT MAP FONT 
3 2 SELECTED TABLE/PLANE 

2 LOCATION 
0 0 0 First 8K 
0 1 1 Second 8K 
1 0 2 Third 8K 
1 1 3 Fourth 8K 

Bits (1 :0) 

EGA: Character Map Select B 

BIT BIT MAP FONT 
1 0 SELECTED TABLE/PLANE 

2 LOCATION 
0 0 0 First 8K 
0 1 1 Second 8K 
1 0 2 Third 8K 
1 1 3 Fourth 8K 

NOTE: 
1. Character Map selection from Plane 2 is deter­
mined by bit 3 of the attribute code. 

EGA: Identical to Clocking Mode Register Bit 0 A.3.3 Memory Mode Register (Index = 04) 
definition in the VGA section. 

A.3.2 Character Map Select Register 
(Index 03) 

Bits (7:4) 

EGA: Not Used 

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. 
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A.4 CRT CONTROLLER REGISTERS 
(PORT 315) 

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 = 314) 

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 (&:5) 

EGA: They define display enable skew in charac­
ter clocks. 

BIT& 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 (&:0) 
EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 

A.4.5 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 .. 

A.4.& CRT Controller Overflow Register 
(Index = 07) 

Bits (7:5) 

EGA: Not used. 

Bits (4:0) 

Identical to CRT Controller Overflow Register Bits 
(4:0) definitions 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) definition 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. 

WD90C11 

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 (7:6) 

EGA: Not used 

Bit S 

Bits (4:0) EGA: It enables the IRQ output buffer control if 
EGA: Same as Cursor Start Register Bits (4:0) Logic 0 is programmed. The IRQ latch within the 
definition in the VGA section. CRT controller determines the logic state of the 

IRQ output signal. If programmed as logic 1, the 
A.4.10 Cursor End Register (Index = OB) IRQ buffer is switched to a high impedance state. 

Bit(7) 

EGA: Not used. 

Bits (6:S) 

EGA: They define cursor signal skew in character 
clocks. 

BIT6 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. 

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. 

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 (PORT 3CF) 

A.5.1 Read Map Select Register 
(Index = 04) 

Bits (7:3) 

EGA: Not Used. 

Bits (2:0) 

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 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 . 

A.6 ATTRIBUTE CONTROLLER 
REGISTERS (PORTS = 3C0/3C1) 

A.6.1 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-
coded value of the memory plane in binary as Bits (7:6) 
shown below: EGA: Not Used. 

02 01 
0 0 
0 0 
0 1 
0 1 

22-86 

DO 
0 
1 
0 
1 

MAP SELECTED 
0 
1 
2 
3 

Bits (5:0) 

EGA: Dynamic color selection. Logic 0 = Color 
deselection, and Logic 1 = color selection per the 
table below: 
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BITS COLOR PIXEL 
5 Sec. Red VID5 
4 Sec Greenllnten VID4 
3 Sec Blue/Mono VID3 
2 Red VID2 
1 Green VID 1 
0 Blue VIDO 

A.6.2 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) 

WD90C11 

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: 

BITS BIT 4 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) 

EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. Bits (3:0) 

A.6.3 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) 

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) 

BIT FUNCTION 

7-6 Same as Color Plane Enable - VGA 
5-4 Video Status Multiplexer 
3-0 Same as Color Plane Enable - VGA 

EGA: Same as Color Plane Enable Register Bits 
(3:0) definition in the VGA section. 

A.6.S 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. 

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 Panning 
Register Bits (3:0) described in the VGA section. 
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A.7 APPLICATIONS 
The WD90C11 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-

APPENDIX 

enced literature at the end of the data book 
should supplement the information provided in 
this section. The Figures 9 through 17 are shown 
along with their brief description on the sub­
sequent pages. 

Figure 9 highlights the various WD90C11 Proces­
sor, memory, and I/O interfaces. 

WD90C11 
CONAGURATION MERFACE 

Et.EM 
EION 
1OCS16N 
MEt.«:Sl6N MA(8:0) 
ROMl6N MO(15:O) 
M'11JW1-50 
MRDNIM'-Kl RAS 
KlWMI-OO CAS 
1ORNI-S1 512 K DRAM INTERFACE 

1. 8 BIT PClAT WITH 8 BIT BIOS EDBUFItl WED 

2. 16 SfT PC/AT WITH 8 SfT BIOS EDBUFLN WE1 

3. 16 SfT PC/AT WITH 16 SfT SIOS &HEN OE 
4. 16 SfT MICRO CHANNEL 

0(15:0) 
A(23:O) 
IRQ 
ROY 
DlR 
RSET 
EBROMN MDET 

EXVIlN 
EXPCLKN 

VlD(7:O) 1. RAMDAC INTERFACE 
PClK 2. MONITOR DETECT NTERFACE 

BI.NKN 3. AUXILIARY VIDEO CONNECTOR 
1. ClOCK INTERFACE HSYNC 4. FEATURE CONNECTOR 

WITH MERNAL MlIX MClK VSYNC 
2. EXTERNAL MlIX 8:1 VCLKO RPLTN 
3. EXTERNAL MlIX 4:1 VCl.K1 YI1'I.TN 

VClK2 

FIGURE 9. WD90C11 INTERFACES 
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Figure 10 shows a block diagram of the 
WD90C11 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) 0(0:7) 
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RESET 
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IR 0 

DE CE 
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I 
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%T 
G DIR 

1 + 

I--

~ 

WD90Cll 

MD(1~:8) 

""iiijijj"" 
25IIIC x. 

=7:0) 0(8:4) 

8:0) 11(8:8) I---' 
RASH RiO: l-
CASH aI!: r-
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WEON lIE 
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EDBUFLN 
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EMEN 

HSYNC --!=C: URON 
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FIGURE 10. 8-BIT"PC AT INTERFACE WITH 8-BIT BIOS 

ADVANCE INFORMATION 10-29-90 

-

i-

.. OHM fPTION .IR _.2 1f1DJC1l AND r--
r'"jjjjjjjj"" 

---, 
I ,... x. 

0(11:4) 
A(1:8) 

RiO: 
!:ill: 
~ 

i"'-'iE 
"--

I 
~ 

I 256K x .. 

D(8:4) 

l1li(8:8) 
RiO: 
aI!: 
III" 

,--dE 

I 
I 
I 
I 
I 

I 
I 
I 
I 

'-"--::.... ..J 

TO MO NITOR 

TO MO NITOR 

(RAM DAC) 

22789 

fill 



WD90C11 

Figure 11 illustrates 16-bit PC/AT interface with 
8-bit BIOS using WD90C11. For 386 systems, 
the processor data bus SD(15:0), and the system 

-MEMe 516 

APPENDIX 

address bus SA(19:0) are shown. Associated ad­
dress and data bus buffers and BIOS ROM are 
also shown in it. 

-I/OC 516 

l1: 
WD90Cll 4-DRAlIIII"TIOt "" ,.,"'" 1D9M:1l111) r-- -, 

22-90 
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FIGURE 11. 16-BIT BIOS PC AT INTERFACE WITH a-BIT BIOS 
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For systems that do not meet hold time of LA 
address valid from falling edge of MEMR or 
MEMW, then pull M08 down and connect LA ad­
dresses and SA addresses as shown in Figure 

WD90C11 

12(a). This applies to most 286 systems. Other­
wise, connect LA addresses and SA addresses as 
shown in Figure 12(b). This applies to most 386 
systems 

WD90C11 LA23 __ ~ 
LA22 --­
LA21 ---I 
LA20 ---/ 

1------1 A23 

LA[23:17] 

SA[16:0] 

A[23:17] 

A[16:0] 

(b) 

LA19 
LA18 
LA17 

SA (19:0) 

M08 

A22 
A21 
A20 
A19:0 

(a) 

M081-----. 

* M08 is pulled up inside of the W090C11. 

FIGURE 12. WD90C11 INTERFACE FOR 286 OR 386·BASED SYSTEMS 
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Figure 13 describes a 16-bit PC/AT interface with 
16-bit BIOS ROM implementation using the 
W090C11. The system data bus SO(15:0), ad­
dress 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 12 for 286-based 
systems.· 

LA(2l:l7) 
SA(16:0) 

SD(15:8) 

22-92 
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FIGURE 13. 16·BIT PC AT INTERFACE WITH 16·BIT BIOS 
(WITH OPTIONAL 512 KBYTES: 4- 256K BY 4 DRAM) 
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Figure 14 illustrates the WD90C11 and 16-bit 
Micro Channel interface. 3C3.DO is output of port 
3C3H bit 0 VGA Subsystem Enable Register. 

WD90C11 
MAD E24 ------I EMEM 

SA(23:17) -------.. A(23:17) 

SA(18:0) ---------A(18:O) r -'245 - l SEE NOTE 

I ~ I 
SDC15:!)'" .... '-<]J --- .. 0(15:&) 

I C OIR I 
I V .I.....-._I:--.......... ---IDIR 
I L I EDBUfloIN 

EXPCU<N .... - ... 
PCU< 1--''''''Il0l 

C 
FO 
EN 
AN 
TE 
UC ~ ~_I 

$0(7:0) '-<]J 14-..:....--+-........ 0(7:0) 
Vl0(7:O) ............ " ~ ~R 

EXVION .... - ... 

I C DIR I 
L_t-'_J 

EOBUFlH 
RESET -------.tRSET \. 
3C300 EION ~ 
-SBHE BHEN 'LS121 ~ 

M/:~ = HSYNC ~ HS'I'NC 
-S1 lORN r-R::1 1.1:.-

-CMD IOWN VSYNC VSYNC 
-CDCS'I M[WCS1IN 
COSFDBIC EBROMN BLNICN ~ B10nk 

-CDSEl'UP 1OCS16N I "1:.-
-IRQ 4------~IRQ~ ___ ....J .... EiSYnC 

FIGURE 14. 16-81T MICRO CHANNEL INTERFACE 
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Figure 15 illustrates the WD90C11 and RAMDAC 
(WD90C50) interface block diagram for analog 
monitors. 

SO(7:0) WD90C11 SAO 
SA1 

WPLTN 
RPLTN 

~ +5V 

~ t 
VREF 

MDET/FSADJ 
R1 

R2 
00 'f 00 < 

RSET 

9 

PCLK 
VID(7:0) 

BLNKN 

HSYNC 
VSYNC 

R 
G 
B 

WD90C50 

0(7:0) 
RSO 
RS1 
WRN 
RON 

VCC 

VREF 

FSADJ 

GNO 

MDET 

PCLK 1 P(7:0) 
BLANKN 

FIGURE 15. WD90C11 WITH RAMDAC INTERFACE 
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Figure 16 illustrates the WD90C11 and TTL 
monitor connections. 

2. MD(15:12) may also be connected as the 
EGAswitches if desired. See PR register and Pin 
out sections for more details. 

NOTES: 
1. VGAfTTL switch may be used to disable 
HSYNC and VSYNC for Analog or TTL Video con­
nector. 

3. For AT applications using the WD90C11, install 
the IRQ9 resistor. 
4. Transistor 2N2222A is used to emulate a 
Monochrome and a Color Display connection. 

WD8OC11 
IRO 1-----------..... IRO'3 

TO VIDEO 
CO~~ECTOR 

HSYNC t----.... '244 
VSY~C t----..... 

1-----------1 .. 8 HSYNC 
t----------1~ '3 VSY~C 

VID(S) t---... ~--:I~ 2 SEC RED 
VID(.o4) t----..... 1----------'"11-----1 .. 6 SEC GREE~/I~TE~S 
VID(3) 1---.... 1------+--oM 7 SEC BLUE/VIDEO 
VID(2) t----..... 1-------+--.. 3 RED 
VID(I) 1---.... I------+-----,,M 4 GREE~ 
VID(O) t----..... t------+-----, .. S BLUE 

1...-____ ... ..._...... 1 GROU~D 
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/RESET 
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A B 

D7 
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D2 
D1 
DO / S 

C 

VGA/TTL 

+SV 
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VCLKO 

100 

-

-

MOll 4.7K 
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M06 .o4.7K 

MDS .o4.7K 

M04 .o4.7K 

MD3 4.7K 

MD2 .o4.7K 
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MDO 4.7K 

FIGURE 16. WD90C11 AND TTL MONITOR CONNECTIONS 
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Figure 17 illustrates the WD90C11 with external 
oscillators 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 
BIT3 BIT 2 
0 0 VCLKO 
0 1 VCLK1 
1 X VCLK2 

37.5 OR 42 MHZ 

25.175 MHZ 

28.322 MHZ 

·35 MHZ OR EXT. CLOCK 

APPENDIX 

The Configuration register Bit 3 (MD3) should be 
tied low to make the WD90C11 signal pins 
(VCLK1, VCLK2) inputs. 

WD90C11 

MCLK MD3 

1 VCLKO 

VCLK1 

VCLK2 

-

FIGURE 17. CLOCK INTERFACE 

74LS151 

14 
4 0 

EXTCLK3 
3 1 

WD90C11 
EXTCLK2 

2 2 42 OR 37.5 

44.9 
1 3 MCLK 

25 MHz 
15 4 

28 
14 5 VCLKO 

EXTCLK1 
13 6 

36 
12 7 VCLK1 

VCLK2 

A B C 

11 10 9 

DA3 

DA2 

FIGuRE 18. EXTERNAL VIDEO CLOCK MULTIPLEXING 
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A.S REFERENCES 
A list of references for generating the WD90C11 
data book 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) 

WD90C11 

• 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. 
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FIGURE 19. 132·PIN JEDEC PLASTIC FLAT PACKAGE (PFP) 1 OF 2 
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FIGURE 19. 132-PIN JEDEC PLASTIC FLAT PACKAGE (PFP) 2 OF 2 
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DESCRIPTION AND APPLICA TlON 

1.0 DESCRIPTION AND APPLICATION 

The information in this manual applies to the 
WD90C22 as well as to the WD90C20. The 
manual also describes the additional features of 
the 64 gray scale WD90C22. 

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 controller's 1 .25 micron 
CMOS construction and power management fea­
tures significantly reduce the power required 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. 

1.1 Features 
• On-chip Micro Channel interface 
• On-chip 8- or 16-bit AT bus interface 
• Directly drives CRT, Plasma and 

monochrome and color LCD displays 
• On-chip frame rate modulation logic 
• Supports all functions of WD90COO VGA 

chip in CRT mode 
• 32, 16, or 8 shade gray scale mapping 
• Software-selectable vertical screen 

centering 
• On-chip PS/2 compatible RAMDAC 
• On-chip monitor detection logic 
• 45 MHz maximum video clock 
• Flexible power management features 
• Vcc may be removed in powered system 
• 256 color support for TFT and DSTN color 

LCDs 

Western Digital is a registered trademark of Western 
Digital Corporation. All other marks mentioned herein 
belong to their respective companies. 

WD90C20/WD90C22 

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, RAM mapping, shading con­
trol, and panel interface logic. 

• 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 
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THEORY OF OPERATION 

three channels. Options supported include a 
programmable pedestal (O or 7.5 IRE) and the 
use of an external voltage reference. Without ex­
ternal buffering the RAMDAC will generate RS-
343A-compatible video signals into a singly ter­
minated 75 ohm load. Integral and differential 
linearity errors are a maximum of ± 1/4 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 eight and 
sixteen bit data path widths. The WD90C20 may 
also be directly connected to the bus if drive re­
quirements 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. 

1/0 transfers to and from the device are eight bits 
wide, and display memory transfers are eight or 
sixteen bits wide, depending on the video mode 
selected. Because of their architecture, EGA 
type planar modes are restricted to eight bit dis­
play data transfers. 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 1/0 or video BIOS ROM ac­
cesses. Special 1/0 ports, such as 46E8H (when 
in AT bus mode) for setup, and 102H for VGA 
enable, are internally implemented. 

• Display Memory Interface 
The WD90C20 generates all signals and memory 
timing required to operate the display memory. It 
directly controls three display memory sizes, 
256K, 512K, and one megabyte, as follows: 

WD90C20IWD90C22 

Memory Size No. and Type of DRAM 
Required 

256 Kbytes 8 64K x 4 DRAMs, or 2 64K x 
16 DRAMS 

512 kbytes 16 64K x 4 DRAMs or 4 64K x 
16 DRAMs 

1 MB 8 64K x 16 DRAMs or 8 256K x 
4 DRAMs 

Page mode memories are required for all con­
figurations. With a 36 MHz memory clock 
(MCLK), 120nS devices may be used. If 256 
color CRT modes are to be supported, 100nS 
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 RAM­
DAC. This is helpful in specialized applications 
where a 24-bit wide color lookup table or pixel 
demultiplexing (to obtain higher video rates) is re­
quired. The external RAMDAC interface will sup­
port any Bt471/478/476 compatible device. 

• Clock Interface 
The WD90C20 has four clock input signal pins. 
Three of these (VCLKO, VCLK1, and VCLK2) are 
normally connected to oscillators. VCKL 1 and 
VCLK2 may be configured to control an external 
clock multiplexor or clock generator, such as the 
WD90C61. In this configuration, VCLKO be­
comes 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 120ns DRAMs or 45 
MHz for 100 ns DRAMs. 

• Flat Panel Interface 
The WD90C20 is designed to interface with 640 
by 480 LCD or Plasma panels. The flat panel in­
terface lines change function to support the 
specific panel type chosen. Table 2-1 su~­
marizes their use for each mode of operation. 

When in LCD mode, with frame rate modulation 
selected, the controller supplies 8 pixels per shift 
clock {four for the upper panel and four for the 

ADVANCE INFORMATION 10131190 23-3 

• 



WD90C20IWD90C22 

lower). If pulse width modulation is selected, the 
controller provides two pixels per shift clock (one 
four bit pixel for the upper screen and one four 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 2 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 any 16 out of 26 colors by 
programming a 32 x 5 mapping RAM. 

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 

THEORY OF OPERATION 

Monochrome Color 
LCD LCD 
UD (3) B1 
UD (2) G1 
UD (1) R1 
UD (0) Border Information 
LD (3) B2 
LO(2 G2 
LD (1) R2 
LD (0) Reserved 

TABLE 2-2. LCD DATA BIT ASSIGNMENTS 

• Power Up Configuration 
An internal eight-bit configuration register, CNF, 
controls 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 de­
asserted. Pull-up or pull-down resistors on the 
MD lines are. used to set the configuration. 
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FLAT PANEL SUPPORT CONSIDERA T/ONS 

3.0 FLAT PANEL SUPPORT CONSIDERA-
TIONS 

Supporting VGA compatible graphics on flat 
panel displays involves several non·trivial issues, 
including: 

• 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 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 in­
tegral hardware support to deal with screen size 
incompatibilities. 

... 640 ~ 

3i t Active Area 
480 

• A. No Centering or Expansion 

WD90C20/WD90C22 

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 resolu­
tion 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 handle such situa­
tions, both of which are supported by the 
WD90C20. 

The simplest approach is to keep the vertical 
resolution of the display mode constant but cen­
ter the active display area vertically on the panel. 
In the case of an EGA 350 line mode being dis­
played 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 por­
tion of the active scan lines. Previously available 
controllers simply double scan lines at regular in­
tervals, every third line in the case of EGA 350 
line modes. 

Future revisions of the WD90C20 will use an ad­
vanced proprietary algorithm that automatically 

... 640 ~ 

~t t Active Area 
480 

• B. Vertical Centering 

FIGURE 3-1. EXAMPLE OF SCREEN SIZE MAPPING. 
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expands to fill all 480 lines. This algorithm can 
be used to support better "screen scrolling" when 
in 350 line modes. 

Under certain display conditions, any expansion 
scheme can result in undesirable aliasing effects 
of the displayed data. For this reason the 
WD90C20 allows the system designer flexibility 
to choose between vertical expansion or center­
ing as appropriate. 

Horizontal resolution issues involve 720 dot 
modes such as VGA text and Hercules graphics. 
In VGA test 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: 

I = .30R + .59G + .11 B 

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 fea­
tures to map colors to intensities and control 
panel shading. Foremost among these is sophis­
ticated 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. 

FLAT PANEL SUPPORT CONSIDERA T/ONS 

• 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 complete support for 
panels that are split into upper and lower panels 
requiring simultaneous refresh. This type of 
refresh is typically used by non-active matrix 
LCDs and plasma panels. 
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4.0 PIN DESCRIPTIONS 

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 pin. 

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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PIN DESCRIPTIONS WD90C20/WD90C22 

PIN PIN PIN 
NO. SYMBOL TYPE DESCRIPTION 

POWER ON 

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. 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 VCLK2. 

97 VCLK1 I/O VIDEO CLOCK 1: This pin can be a second video display clock 
or an 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 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. Refer to the 
Configuration Register description. MCLK should be greater 
than or equal to VCLK1. 

98 MCLK I MEMORY CLOCK: This clock signal determines the VGA 
graphics mode video DRAM read/write access timing as well as 
system microprocessor I/O and memory timing. MCLK should be 
approximately 36 MHz for 120 ns DRAMS, and 42.0 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. 

TABLE 4-1. PIN DEFINITIONS 
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PIN PIN PIN 
NO. SYMBOL TYPE DESCRIPTION 

HOST INTERFACE 

2 SA16 ADDRESS BUS (SA16-SAO): These active high inputs 
1 SA15 form the lower order 17 bits of video memory address. These 
132 SA14 inputs are directly connected to the system bus. 
131 SA13 
130 SA12 
129 SA11 
128 SA10 
127 SA9 
126 SA8 
125 SA7 
124 SA6 
123 SA5 
121 SA4 
120 SA3 
119 SA2 
118 SA1 
117 SAO 

5 LA19 I UNLATCHED ADDRESS BUS (LA19 -LA17): These active 
4 LA18 I high inputs form the high-order three bits of video memory 
3 LA17 I 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 high byte data 
(SD[15:8]) or low byte data (SD[7:0]). 

7 MEMEN I MEMORY ENABLE: This line is driven by external decode 
logic. In AT mode, this signal is decoded by LA23 - LA20 
and REFRESH. In Micro Channel mode, this signal is 
decoded by LA23 - LA20 and MADE24 ("1" = enable). 

8 EIO/ I ENABLE I/O: In AT mode, this active low signal is used to 
3C3DO 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, and enables video sub-
system memory and I/O address decoding ("1" = enable). 

TABLE 4-1. PIN DEFINITIONS (Continued) 
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PIN DESCRIPTIONS WD90C20/WD90C22 

PIN PIN PIN 
NO. SYMBOL TYPE DESCRIPTION 

11 ALE I/O ALE: In AT mode, this line is ALE; in MicroChannel mode, it 
is driven by the host to individually select channel connector slots 
during system configuration and error recovery procedures. 

12 IRQ/ 0 INTERRUPT REQUEST: Programmable processor interrupt 
IRQ 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 vertical 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 further details, refer to the reference literature. 

13 EBROM 0 ENABLE BIOS ROM: In AT mode, this is an active low 
CDSFDBK signal to enable BIOS ROM (COOOOH - C7FFFH) if enabled 

by PR1 (0). It is not active for access to addresses in the range 
C60000H-C67FFH, but this address 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 of its presence 
at the addresses specified by the host. 

14 MEMCS16/ 0 MEMORY CHIP SELECT 16 BITS: In AT mode, this line is 
CDDS16 used to respond to the host to enable a 16-bit video memory data 

transfer. In Micro Channel mode, this line must be inverted to 
provide CDDS16 for 16-bit video memory or I/O access. 

15 10CHRDY 0 READY: 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 complete a bus operation. This signal is 
not generated on I/O cycles and accesses to the BIOS ROM. 
For further details, refer to the reference 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 implementation. This line will 
be driven "LOW" only in memory READ or I/O READ cycles. 

TABLE 4-1. PIN DEFINITIONS (Continued) 
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PIN PIN PIN 
NO. SYMBOL TYPE DESCRIPTION 

17 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 implementation. This line will 
be driven "LOW" only in memory READ or I/OREAD cycles. 

19 SD15 I/O DATA BUS (SD15 - SDO): These bidirectional signals may either 
20 SD14 I/O be connected directly to a local data bus requiring less 
21 SD13 I/O than 8 mao of source/sink, or may be connected through two 
22 SD12 I/O external bus buffers. 
23 SD11 I/O 
24 SD10 I/O 
25 SD9 I/O 
26 SD8 I/O 
29 SD7 I/O 
30 SD6 I/O 
31 SD5 I/O 
32 SD4 I/O 
33 SD3 I/O 
34 SD2 I/O 
35 SD1 I/O 
36 SDO I/O 

38 MEMR/ I MEMORY READ: In AT mode, this signal is called 
M/IO 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 M/IO. It distinguishes between 
memory and I/O cycles. When (M/IO) is high, a memory 
cycle is in process. A low on (M/IO) shows that an I/O 
cycle is hi process. For further details, refer to the reference 
literature. 

39 MEMW/ I MEMORY WRITE: The active low memory write strobe in 
SO AT mode for 8/16 bit data transfers. 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 the S1, M/IO 
and CMD signals, it is decoded to interpret I/O and memory 
commands. For further details, refer to the reference 
literature. 

43 REFRESH I REFRESH: This active low input pin is connected to the system 
REFRESH signal from the I/O bus. 

TABLE 4-1. PIN DEFINITIONS (Continued) 
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PIN DESCRIPTIONS WD90C20/WD90C22 

PIN PIN PIN 
NO. SYMBOL TYPE DESCRIPTION 

40 10R/ I I/O READ: Active low I/O read strobe in AT mode. It is 
S1 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 I OW/ I I/O WRITE: Active low strobe. In AT mode, the strobe signals 
CMD an I/O write for 8/16 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 

55 MA8 0 MEMORY ADDRESS (MAO - MA8): Display memory 
52 MA7 0 DRAM address. 
51 MA6 0 
50 MA5 0 
49 MA4 0 
48 MA3 0 
47 MA2 0 
46 MA1 0 
45 MAO 0 

56 RAS10 0 ROW ADDRESS STROBE: Active low Memory Maps 1 & 0 
RAS output signal. 

57 RAS32 0 ROW ADDRESS STROBE: Active low Memory Maps 3 & 2 
RAS output signal. 

58 CAS10 0 COLUMN ADDRESS STROBE: Active low Memory Maps 
1 & 0 CAS output signal. 

59 CAS32 0 COLUMN ADDRESS STROBE: Active low Memory Maps 
3 & 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. 

TABLE 4-1. PIN DEFINITIONS (Continued) 
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PIN PIN PIN 
NO. SYMBOL TYPE DESCRIPTION 

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 & 0 
output enable signal. 

65 OE32 0 OUTPUT ENABLE: Active low, Memory Maps 3 & 2 
output enable signal. 

Lines MD15 - 0 are the data bus to the video display DRAMS. Data 
lines MDO-15 are pulled up or down with resistors to provide setup 
information on power-up (reset) as shown below. 

Pin Memory Data Pin Power-Up Data Stored at 
No. Line Type Function Name Port 

68 MD15 I/O EGA SW4 / LCD Select* PR11 (7)** 3?5.2A.7 
69 MD14 I/O EGASW3 PR11 (6)** 3?5.2A.6 
70 MD13 I/O EGASW2 PR11 (5)** 3?5.2A.5 
71 MD12 I/O EGASW1 PR11 (4)** 3?5.2A.4 
72 MD11 I/O ANALOGITTL Display PR5(3)** 3CF.0F.3 
73 MD10 I/O - - -
74 MD9 I/O Panel Select Bit 1 PR18(1 )** 3?5.31.1 
75 MD8 I/O Panel Select Bit 0 PR18(0)** 3?5.31.0 
77 MD7 I/O General Purpose PR5(7)*** 3CF.OF.7 
78 MD6 I/O General Purpose PR5(6)*** 3CF.0F.6 
79 MD5 I/O General Purpose PR5(5)*** 3CF.OF.5 
80 MD4 I/O General Purpose PR5(4)*** 3CF.OF.4 
81 MD3 I/O VCLK1 ,2 (I/O) None** -
82 MD2 I/O AT/Micro Channel Mode None** -
83 MD1 I/O BIOS ROM Data Width PR1 (1 )*** 3CF.OB.1 
84 MDO I/O BIOS ROM Mapping PR1 (0)*** 3CF.OB.0 

TABLE 4-1. PIN DEFINITIONS (Continued) 

NOTES: 

*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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PIN PIN PIN 
NO. SYMBOL TYPE DESCRIPTION 

MISCELLANEOUS 

44 PWRDN I POWER DOWN SELECTED: This active low input signal is 
used to disable screen refresh cycle. 

110 LCD/CRT 0 LCD OR CRT SELECTED: This active high output is used 
to power down an external RAMDAC chip whenever the 
WD90C20 operates in LCD mode. "1" is yRT 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. 

8? 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 interface, it is an 
"ENABLE VIDEO" signal. 

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 sianal is used for horizontal svnc. 

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 sianal is used for vertical svnc. 

91 FRiBLANK 0 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 LD3 0 LOWER PANEL DATA BIT 3 to BIT 0: In an LCD interface, 
102 LD2 0 these signals are used for the lower panel data bus. In a Plasma 
101 LD1 0 interface, they are reserved. In a CRT interface, they are the 
100 LDO 0 lower four bits pixel video outputs to the RAMDAC. 

TABLE 4-1. PIN DEFINITIONS (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 PIN PIN 
NO. SYMBOL TYPE DESCRIPTION 

107 UD3 0 UPPER PANEL DATA BIT 3 to BIT 0: In an LCD interface, 
106 UD2 0 these signals are used for the upper panel data bus. In a Plasma 
105 UD1 0 interface, they provide the pure 4-bit video data interface. In a CRT 
104 UDO 0 interface, they are the upper four bits pixel video outputs 

to the RAMDAC. 

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, 
3CBH, and 3C9H. This line is active in both internal and 
external RAMDAC configurations. 

93 WPLTIVD9 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 configurations. 

VIDEO DATA BIT 9: In color TFT mode, this is the ninth data bit 
of the LCD interface. 

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 RAMDAC so that the WD90C20 can 
be used with an external RAMDAC. 

112 MDETECT/ I MONITOR DETECT: When pin 111 is grounded, this pin is used 
FSADJUST as a monitor detect input. The result of this input is read from 

3C2H bit 4. 

I FULL SCALE ADJUST: A resistor on this pin sets the full scale 
output current of the RED, GREEN, and BLUE DAC's. 

114 BLUE I/O BLUE CURRENT OUTPUT: High impedance current source 
can directly drive a doubly-terminated 75-0hm coaxial cable. 

115 GREEN I/O GREEN CURRENT OUTPUT: High impedance current source 
can directly drive a doubly-terminated 75-0hm coaxial cable. 

116 RED I/O RED CURRENT OUTPUT: High impedance current source 
can directly drive a doubly-terminated 75-0hm coaxial cable. 

TABLE 4-1. PIN DEFINITIONS (Continued) 

23-16 ADVANCE INFORMATION 10131190 



PIN DESCRIPTIONS WD90C20IWD90C22 

PIN PIN 

\ 

PIN 
NO. SYMBOL TYPE DESCRIPTION 

POWER AND GROUND 

9,28, Vee - Power 
53,67, 
94 

10,18 GND - Ground 
27,37, 
54,66, 
76,85, 
95 

123 AVec - + 5VDC - ANALOG (See Figure 4-2) 
113 AGND - Ground - ANALOG (See Figure 4-2) 

108 RVee - RAMDAC power (See Figure 4-2) 
109 RGND - RAMDAC ground (See Figure 4-2) 

TABLE 4-1. PIN DEFINITIONS (Continued) 

+5V 

L2 

123 

RAMDAC Digital C3 
Vee Vee 

C1 
-------IVREF WD90C20/C22 

Analog RAMDAC Di itaI 
Gnd Gnd G~ C4 

113 109 

FIGURE 4-2. POWER DISTRIBUTION FOR WD90C20 

, 
ADflANCE INFORMATION 10131190 23-17 



WD90C20IWD90C22 WD90C20 REGISTERS 

5.0 WD90C20 REGISTERS 

AU standard IBM registers incorporated in the 
WD9QC2Q are functionally equivalent to the VGA 
implementation, while additional PR registers en­
hance the video subsystem. Compatibility regis­
ters provide functional equivalence for AT&T Her-

cules, 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 I 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 configuration. 

SEQUENCER REGISTERS 

Sequencer Index Reg RW 

I I 
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 

I 
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 RWl 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 
I nput Status Register a 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 a of the Miscel­
laneous Output Register and is programmed as 
shown below: 

a = 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 Reserved 
3 Clock Select 1 
2 Clock Select a 
1 Enable Video RAM 
a I/O Address Select 

WD90C20 REGISTERS 

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 determine the vertical size of the verti­
cal frame by the monitor. Their encoding is 
shown below: 

BIT7 BIT 6 VERTICAL FRAME 

a a Reserved 
a 1 400 lines/scan 
1 a 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. 
a = 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 applica-
tions. Can be connected to 
allow 640 dotslline (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 (extemal user 
defined input) if Configuration 
Register bit 3 = O. 

1 1 Reserved. Also selects VCLK2 
(extemal 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 (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 
(3 BX). 
1 = CRTC and status addresses for CGA mode 
(3 DX). 

WD90C20/WD90C22 

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 resistan­
ces RLD. These voltages are sent to comparitors 
against a voltage derived from the extemal volt­
age reference VREF. The output current is deter­
mined by the formula: 

1= code x .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 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 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 
BIT5 BIT4 BIT5 BIT 4 

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. 

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 Verti­
cal Display Enable. 

Bit(2:0) 

Reserved 

5.5 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 MemoJYMode 

NOTE: Reserved bits should be set to zero. 
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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. 
The Sequencer Address Register is written with 
the index value (00H-04H) of the Sequencer 
register to be accessed. 

5.5.2 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). 

WD90C20/WD90C22 

5.5.3 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 

0 

Bit(7:6) 

Reserved. 

Reserved 

8/9 Dot Clocks 

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 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 
M~3 Enable 
M~2Enable 

M~ 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 = 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 con­
trol 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 
532 SELECTED OR3LOCATION 

000 0 1st8 K~e 
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 
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 = 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. 

WD90C20IWD90C22 

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 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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5.6 CRT CONTROLLER REGISTERS 

PORT1 1NDEX VGA REGISTER NAME 6845 REG NAME2 
3?4 -- CRT Controller Address Reo. CRTC Address Reo 
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. 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 OD 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. 
?=D 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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5.6.1 CRT Address Register, Read/Write 
Port = 3?4 

BIT 

7-5 
4-0 

Bit(7:5) 

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. 

5.6.2 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. 

5.6.3 Horizontal Display Enable End 
Register Read/Write Port = 3?5, 
Index 01H 

FUNCTION 

Bit(7:0) 

Horizontal blanking begins when the horizontal 
character counter reaches this character clock 
value. 

~D90C20~D90C22 

5.6.4 Start Horizontal Blanking Register, 
Read/Write Port = 3?5, Index = 03H 

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. 

5.6.5 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(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 BIT 5 SKEW IN CHARACTER 
CLOCKS 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

ADVANCE INFORMATION 10131190 23-27 



WD90C20IWD90C22 

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. 

5.6.6 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. 

5.6.7 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 End Horizontal Blanking 
Register. 

WD90C20 REGISTERS 

Bit(6:5) 

Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. 
See the following table for details: 

BIT6 BIT 5 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. 

5.6.8 Vertical Total Register, Read/Write 
Port = 3?5,lndex = 06H 

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, 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 neces­
sary. The number of scan lines in a row is deter­
mined 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 Verti­
cal Retrace End Register bit 7 = 1. 
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5.6.9 

BIT 

7 

6 

5 

4 

3 

2 

1 

0 

++Bit 7 

Overflow Vertical Register 
Read/Write Port = 3?5, Index = 07H 

FUNCTION 

Vert. Ret. Start Bit 9 

Vert. Display Enable End Bit 9 

Vert. Total Bit 9 

Line Compare Bit 8 

Start Vert. Blank Bit 8 

Vert. Ret. Start Bit 8 

Vert. Display Enable End Bit 8 

Vert. Total Bit 8 

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). 
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NOTES: 
+ This register is locked if the PR Register 
PR3(5) = 1 OR the Vertical Retrace End Register 
bit7=1. 

** This register is locked if the PR Register 
PR3(1 )=0 AND the Vertical Retrace End Register 
bit7=1. 

++ This register is locked if the PR Register 
PR3(0) = 1 OR the Vertical Retrace End Register 
bit7=1. 

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 BIT 5 OPERATION 

0 0 Normal 

0 1 1 byje 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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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. 
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. 
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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 4-0 contain the cursor start value. 
Bit 6 is not used. 

5.6.13 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(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. 

BIT 6 BITS SKEW 

a a a 
a 1 1 
1 a 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 
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 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 and 7 are forced to "0" regardless of this 
register's contents, 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 B te 

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 

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 - a 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 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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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 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. 

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(O)=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. 
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Bit 6 

DRAM Refresh/Horizontal Scan Une. 
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 bot­
tom 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 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. 
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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 eiQht 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. 

5.6.21 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 
offset value is a word address adjusted for word 
or double word display memory access. It is cal­
culated 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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5.6.22 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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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. 

Blt(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. 

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. 

I 7~1~ 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). 

WD90G20 REGISTERS 

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. 
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 
MA9 9 
MA10 10 
MA11 11 

MA12 12 

MA13 13 

MA14 14 
MA15 15 

NOTE: 
* See bit 5, defining address wrap. This table is 
applicable only 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 
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 
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. 
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. 

5.6.26 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. 

WD90C20 REGISTERS 

5.7 GRAPHICS CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 
3CE - Graphics Index Reaister 
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 

NOTE: 
1. Reserved bits should be set to zero. 

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 = 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 MaJ:! 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 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 bitO. 
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5.7.3 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). 

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 a-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 respec­
tive 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 = 02 

BIT 
7-4 
3 

2 
1 

a 

Bit(7:4) 

Reserved. 

Bit(3:0) 

FUNCTION 

Reserved 
Color Compare Map 3 

Color Compare Map 2 
Color Compare Map 1 

Color Compare Map a 

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 = aSH), data is returned without 
comparison. Color compare map coding is 
shown below. 

BIT COLOR COMPARE 
3 M~3 

2 M~2 

1 Map 1 

a Ma~O 
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5.7.5 Data Rotate Register, 
Read/Write Port = 3CF, Index = 03 

BIT 
7-S 
4 
3 
2 

1 

a 

Bit(7:5) 

Reserved. 

FUNCTION 

Reserved 
Function Select 1 

Function Select a 
Rotate Count 2 Bit 2 
Rotate Count 1 Bit 1 

Rotate Count a Bit a 

Bit(4:3) 

Function Select. 
Function select for any of the write mode opera­
tions defined in the Graphics Mode Register 
(index = aSH) is defined as follows. 

BIT4 BIT 3 
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 

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 = aSH). 
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5.7.6 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. 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 
o and 1 or value 1 Ob or 11 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 

WD90C20IWD90C22 

5.7.7 Graphics Mode Register, 
Read/Write Port = 3CF, Index = 05 

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 loading 
of the shift registers. Four bit pixel is expanded 
to six bits through internal palette and is sent out 
on the lower six 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 num­
bered shift registers. 
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Sit 4 
Odd/Even Mode. 
0= normal 

WD90C20 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 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 

BIT 0 BIT 1 WRITE MODE 
0 0 Write Mode O. If the Set/Reset Register functiort 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 Reaister, 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 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 = 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 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 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. 
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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. 

5.7.9 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 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 = 08 

BIT FUNCTION 

7 - 0 Bit Mask 

Bit(7:0) 

The bit mask operation applies simultaneously to 
all four maps. In Write Modes a 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 af­
fects 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. 

5.8 ATTRIBUTE CONTROLLER 
REGISTERS 

PORT INDEX NAME 
(HEX) (HEX) 

3CO -- Index ReQister 
3CO aO-OF Palette ReQisters 
3CO 10 Attribute Mode Control 

ReQister 

3CO 11 Overscan Control ReQister 
3CO 12 Color Plane Enable 

R~ister 

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. 

0= B in Monochrome Modes and 
1 :; D in Color Modes 
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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 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 through address 3C1 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 3CO, 
but does not toggle for reads to address 3C1. 

5.8.2 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 
Bit4 VID4 
Bit3 VID3 
Bit 2 VID2 
Bit 1 VID1 
BitO VIDO 

WD90C20IWD90C22 

5.8.3 Attribute Mode Control 
Register Read Port 3C1/Write 
Port 3CO, Index = 10 

BIT FUNCTION 

7 VID5, VID4 Select 

6 PEL Width 
5 PEL Panning 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. 
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. 
0= 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. 
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Bit 4 

Reserved. 

Bit 3 

Background Intensity/Blink Selection. 
0= Selects background intensity from the MSB of 
the attribute byte. 
1 = Selects blink attribute. 

Bit 2 

Enable Une 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. 
0= Color display attributes. 
1 = MDA attributes 

Bit 0 

Graphics/Alphanumeric Mode Enable. 
o = Alphanumeric mode. 
1 = Graphics mode. 

5.8.4 Overscan Color Register 

BIT 
7 
6 
5 
4 
3 
2 
1 

0 

Read Port 3C1/Write Port 3CO, 
Index = 11 

FUNCTION 
VID7 
VID6 
VID5 
VID4 
VID3 
VID2 
VID1 

VIDO 

Bit(7:0) 

Overscan/Border Color. 

WD90C20 REGISTERS 

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 = 12 

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 = 
03?A) bits 4 and 5. 

COLOR PLANE INPUT STATUS 
REGISTER 

BIT 5 BIT 4 BIT5 BIT 4 
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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5.8.6 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 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 posi­
tion 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 -- --

WD90C20IWD90C22 

5.8.7 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 Color 7 
S Color 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 V107. 
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 eight 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 Reoister 3?8 
Color Select Register 309 
Status Register 3?A 
AT&T/M24 Register 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 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: 
0= B in Monochrome Modes 
1 = 0 in Color Modes 

5.9.1 Hercules/MDA Mode Control 
Register, MDA Operation Write Only 
Port = 3BaH 

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. 
o = 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 38F. It af­
fects the device operation only in the 6845 mode. 
The enable mode register located at the address 
388 overrides the write port 38F 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 81ink 

4 Reserved 

3 Video Enable 
2 Reserved 

1 Port 38F 8it 0 Override 

0 High Resolution Mode = 1 

Bit 7 
Display Memory Page Address In Graphics Mode. 
o = Display memory page address starts at 
8000:0H. 
1 = Display memory page address starts at 
8800:0H. 

Bit (6:2,0) 
Not Applicable. 

Bit 1 
Port 38F 8it 0 Override. 
o = Prevents setting of Port 38F bit 0, thereby 
forcing the alpha mode operation. 
1 = Allows the Port 38F bit 0 to switch for the 
alpha or graphics mode selection. 

WD90C20IWD90C22 

5.9.4 Hercules Compatibility Register 
Write Only Port = 3BFH 

BIT 
7-2 

1 

0 

Bits (7:2) 
Reserved. 

Bit 1 

FUNCTION 
Reserved 
Upper Memorv Pace Address 

Enable Graphics 

Upper Memory Page Address. 
Enable Mode Control Register (388) 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 
8800:0H 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 (388) 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 
BIW 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 

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 = BIW 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. 

WD90C20 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. 

Bit 3 

BIW Video Status. 
o = BIW Video disabled. 
1 = BIW Video enabled. 

Bit 2 - Bit 1 

Reserved. 

Bit 0 

Display Enable. 

WD90C20/WD90C22 

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 = 30A 

BIT FUNCTION 
7-4 Reserved 

3 VSYNC Active 

2 Light Pen Switch Status 

1 Light Pen Latch Set 

0 Display Enable Inactive 

1 = Selects blue foreground color. Bit (7:4) 

5.9.7 CRT Status Register MOA 
Operation, 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. 

Reserved. 

Bit 3 

Vertical Retrace. 
0= 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 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. 

WD90C20 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 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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5.10 WD90C20 PR REGISTERS 

NAME RW1 DESIGNA- I/O SECTION 
PR REGISTER INDEX TION2 LOCATION3 

Address Offset A RW PROA(6:0) 3CF09 5.11.1 

Alternate Address Offset 8 RW PR08(6:0) 3CF.OA 5.11.1 

Memory Size RW PR1(7:0) 3CF.08 5.11.2 

Video Select RW PR2(7:0) 3CF.OC 5.11.3 

CRT Control and Group LockinQ RW PR3(7:0) 3CFOD 5.11.4 

Video Control RW PR4(7:0) 3CFOE 5.11.5 

Unlock PRO-PR4 RW PR5(7:0) 3CFOF 5.11.6 

Unlock PR11 - PR17 RW PR10(7:0) 3?5.294 5.11.7 

EGA Switches RW PR11 (7:0) 3?5.2A 5.11.8 

Scratch Pad RW PR12(7:0) 3?5.28 5.11.9 
Interlace H/2 Start RW PR13(7:0) 3?5.2C 5.11.10 

Interlace H/2 End RW PR14(7:0) 3?5.2D 5.11.11 

Miscellaneous Control 1 RW PR15(7:0) 3?5.2E 5.11.12 

Miscellaneous Control 2 RW PR16(7:0) 3?5.2F 5.11.13 

Miscellaneous Control 3 RW PR17(0) 3?5.30 5.11.14 

Flat Panel Status R05 PR18(1:0) 3?5.31 5.11.15 

Flat Panel Control I RW PR19(7:0) 3?5.32 5.11.16 

Flat Panel Control " RW PR1A(7:0) 3?5.33 5.11.17 

Flat Panel Unlock WO PR18(7:0) 3?5.34 5.11.18 

Mapping RAM Unlock WO PR30(7:0) 3?5.35 5.11.19 

MapQing RAM Address Counter RW PR33(7:0) 3?5.38 5.11.20 

MaQQing RAM Data RW PR34(7:0) 3?5.39 5.11.21 

Map~ing RAM Control RW5 PR35(1:0) 3?5.3A 5.11.22 

LCD Panel HeiQht Select RW PR36(7:0) 3?5.38 5.11.23 

Flat Panel 81inkinQ Control RW PR37(7:0) 3?5.3C 5.11.24 

Color LCD Control RW PR39(7:5) 3?5.3E 5.11.25 

Vertical Expansion Initial Value RW PR41 (7:0t 3?5.37 5.11.26 

PR43 Unlock ReQister WO PR42(7:0) 3C5.06 5.11.27 
Paradise VGA Status RW PR43(7:0) 3C5.07 5.11.28 

CNF ConfiQuration 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 3?5 means that the register is 
mapped into either 385 in monochrome mode 

or 3D5 in color modes. 

5. This register is loaded during power on. 

6. Not all bits in PR18 and 35 are readable. 
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The WD90C20 has additional features that en­
hance the performance and function of the 
Western Digital Imaging PVGA 1 A and basic VGA 
subsystem. 

The registers are at the I/O locations unused by 
IBM. All registers are readlwrite, 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, 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 

BIT 
7 
6-0 

BIT 
7 
6-0 

PROA - Address Offset Register A 
Read/Write Port = 3CF, Index = 09 

FUNCTION 
Reserved 
Primary Address Offset Bits 

PROB - Address Offset Register B 
Read/Write Port = 3CF, Index = OA 

FUNCTION 
Reserved 
Alternate Address Offset Bits 

The WD90C20 can control up to one megabyte 
of video RAM. However, the memory map for 
IBM PC and compatibles assigns 128 Kbytes of 

WD90C20 REGISTERS 

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 64Kbyte video 
memory partition 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 
contain 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 ~Iways 
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 
address to form a 20-bit address. The arrange­
ment is similar to that of the segment register DS 
and ES of the 8088/80X86 architecture, with 
PROA and PROB providing 4 Kbyte segments. 

In a 64K 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 = OB 

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 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 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. 

BIT7 BIT6 PR16(1) MEMORY SIZE 

WD90C20/WD90C22 

MAPPING 

0 0 0 256KB STANDARD VGA VGA* 

0 1 0 256KB WD90COO VGA PVGA** 

1 0 0 512KB WD90COO VGA PVGA 

1 1 0 1024KB 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. 

256KB of available VGA video memory space is 
divided into four 64KB 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 256KB video memory buffer 
can be configured to match other video adapters 
and/or application programs. For example, 
256KB video display buffer, with 128KB or 64KB 
segments, can start at address AOOO:O (Hex), 
while 32KB segments start at address BOOO:O 
(Hex) or B800:0 (Hex). WD90C20 enhances 
memory size capability when bits 6 and 7 are 
programmed to extend video buffer size to 
512KB or 1024KB. 

DRAMS MA8PIN VIDEO MEMORY 
SPACE PLANES 

64Kx4 N/U 256KB Four 
(64KB Per 
Plane) 

64Kx4 BANK 512KB Four 
SELECT (128KB 

Per Plane) 

256Kx4 DRAM PIN 1024KB Four 
A8 (256KB 

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 512KB, and 64Kx4 
DRAMs are used, two banks of 64KB form 
128KB per plane. MA8 provides the bank selec-

ADVANCE INFORMATION 10131190 23-53 



~D90C20~D90C22 

tion using an external multiplexer to access the 
appropriate bank in a plane by multiplexing the 
CAS10N and CAS32N signals. Four planes form 
the desired 512KB video memory space. For 
1024KB video memory size, MAS is directly con­
nected to the AS address pin of the 256Kx4 
DRAMS, and two DRAMS form a 256KB space 
per plane. Four planes make the desired 

RAM ADDRESSING: 

1024KB 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 the same as IBM VGA regardless of PR1 
(6) and PR1 (7) 

PR1(7) 
o 

PR1(6) 
o 256K TOTAL; 64KB/PLANE; IBM VGA MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
ADDRBIT 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(5) CA(13) 

RAM ADDRESSING: 

PR1(7) PR1(6) 
o 1 256K TOTAL; 64K!PLANE; 

WD90C20 MEMORY ORGANIZATION 

VIDEO RAM BYTE WORD DBLWORD 
ADDRBIT 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: 
PRl (7) PRl (6) 
1 0 512K TOTAL;128KB/PLANE; WD90C20 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(161* CA(16j* 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) 
NOTE: * Controls CAS external to WD90C20 

RAM ADDRESSING: 

PRl (7) PRl (6) 
1 1 1 024K TOTAL IN FOUR PLANES;256K1PLANE; 

WD90C20 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) 
MA(O) 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
played page in chained modes. XRN(5) is 

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) CA(17) A(18) CA(16) 

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 Bit4 MEMORY MAP 

0 0 VGA Mapping in 64KB 
space - AOOO:OH to 
BFFF:FH Address Range 

0 1 First 256KB in 1 MB space -
OOOO:OH to 3FFF:FH Ad-
dress Range 

1 0 First 512KB in 1MB space-
OOOO:OH to 7FFF:FH Ad-
dress Range 

1 1 First 1024KB in greater or 
equal to 1 MB 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, DS16N will be active low in text 
modes and packed pixel modes such as mode 
13h. Planar graphics modes will always have 
DS16 inactive. 

Bit 1 

When set to 1 , the BIOS ROM has a 16 bit data 
path. 

If set to 0, the BIOS ROM data path is 8 bits wide. 
A pull-up on MD (1) sets this bit to 0 at power on 
reset. ROM16 has the value of 0 when this bit is 
set. 

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 
MD(O) sets this bit to 0 at power on reset. 

S.10.3 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 Map 

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 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, Le., 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 functions have 
no effect in graphics modes. 

MfD90C20~D90C22 

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 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, 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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5.10.4 PR3 - CRT Lock Control 
Register Read/Write Port=3CF, 
Index = 00 

BIT FUNCTION 
7 Lock VSYNC Polarity 

6 Lock HSYNC Polarity 

5 Lock Horizontal Timina 

4 Bit 9 Control 

3 Bit 8 Control 

2 CRT Control 

1 Lock Prevention 

0 Lock Vertical Timina 

Register locking is controlled by 4 bits. They are 
PR3 (5,1,0) and 375.11(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 VGAdefini­
tion. Information on the five groups, and their 
locking schemes, is provided below. 

• Group 0 
These registers are locked if PR3(5)=1 OR 
375.11(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 

• 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 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 Blank­
ing 
CRT Controller Register 16 -End Vertical Blank­
ing 

• 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 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 un­
lock Group 2 registers by its setting 3?5.11 bit 
7=0. 
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5.10.5 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 OutPuts 

4 Tri-state Memory Control Outputs 

3 Override CGA Enable Video bit 

2 Lock Internal Palette and Overscan 
Reaisters 

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 x 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 
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-PR5. In VGA mode 
(PR(4) bit 1 is zero) 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. 

5.10.6 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(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 PR41ike the 
PVGA1A. The PRO - PR4 registers are un­
locked 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 7 CNF(7) [READ ONLY] 
Bit 6 CNF(6) [READ ONLy] 
Bit 5 CNF(5) [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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5.10.7 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 
1 XXXOXXX. 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 PR10-PR17 - Read Enable Bit 1 
6-4 PR10(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 

manufacturina test. 
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5.10.8 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 Analoa 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 READ/WRITE 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 and 2 of the Mis­
cellaneous Output Register 3C2, as follows. 

WRITE READ 
3C2 bit 3 3C2 bit 2 3C2 bit 4 

0 0 PR11 (7) [=EGA SW41 

0 1 PR11(6) [=EGASW31 

1 0 PR11 (5) [=EGA SW21 

1 1 PR11(4) [=EGASW11 

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 and 
Sequencer: 

Graphics controller 
Sequencer 
Sequencer 

3CF.OS bits (6:S) 
3CS.01 bits (S:2) 
3CS.03 bits (S:O) 

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 clocking mode sequencer register 
3CS.01 bit o. Although 8 or 9 character timing is 
locked by setting PR11 bit 0 to 1, the 3CS.01 bit 0 
appears unlocked to the system processor during 
reads. 

5.10.9 PR12 Scratch Pad Read/Write 
Port = 315, Index = 2B 

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 = 315, 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(S) 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?S.04) and Horizontal Total Register 
(3?S.00). The equation is as follows: 

PR13(7:0) = [HORIZONTAL RETRACE START] -
[(HORIZONTAL TOTAL + S)/2] + HRD 

NOTE: 
HRD = Horizontal Retrace Delay, determined by 
bits 6 and S of the Horizontal Retrace End 
Register (3?S.OS). 

23-62 ADVANCE INFORMATION 10131190 



5.10.11 PR14 Interlace H/2 End Read/Write 
Port = 315, Index = 20 

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 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 posi­
tive. The relationship 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. 
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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 = 315, 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 PaQe 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 S 

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 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 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 re­
quires less time than RAS-CAS addressing; 
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 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 
(3C5.03). One of eight, 8K memory segments 
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 
(3C5.03), determine a character map from either 
Plane 2 or Plane 3 as shown by the table below. 

3CS.03 3CS.03 ATT PLANE 
BIT4 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 functions over­
ride 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 ad­
dressing of the page mode character maps dif­
fers from the addressing of the default, non-page 
mQde. 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. 
O=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. 

5.10.13PR16 Miscellaneous Control 2 
Read/Write Port = 315, Index = 2f 

BIT FUNCTION 

7 External reg. 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 MappinQ 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 110 writes to port 
46E8H. This bit has no effect on loading the inter­
nal port 46E8H. 
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Bit (6:S) 

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 512KB or 1024KB of 
video memory in which the CRT controller is 
limited to only 64K or 128K locations. Bit 
PR16{6} should be set 1 to ensure that the VGA 
and EGA compatible operation of the address 
counter is limited to 64 K locations. The following 
table shows details: 

PR16(6) PR16(S} COUNT WIDTH 
0 0 256KB 

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. The 2-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}. 
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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 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 = 315, Index = 30 

This two bit register can be loaded only if PR10 
(3?5.29) contains XXXXX101. It can be read 
only if PR10 contains 1XXXOXXX, and both 
PR10 and PR30 are locked. 

BIT 
(7:2) 

1 
0 

Bit (7:2) 

Reserved. 

Bit 1 

FUNCTION 

Reserved 
MDA Compatibility 
Map out 2K 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 zero. 

Bit 0 

Map Out 2K 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 32K addres­
ses of the BIOS ROM from CCOOOH - C7FFFH. 

5.10.15 PR18 Flat Panel Status Register 
Read Only 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. 
(This bit is used for the WD90C22 only.) 

Bit 5 

Enable 256K Colors in STN Color LCD. 
o = Select 4K colors. 
1 = Select 256K colors. 
(This bit is used for the WD90C22 only.) 

Bit 4 

Enable Reverse Video in Flat Panel Mode. 
This bit is used to reverse the polarity of video 
output data UC(3:0) and LD (3:0). 
0= Disable reverse video, positive polarity. 
1 = Enable reverse video, negative polarity. 
(This bit is used for the WD90C22 only.) 

Bit 3 

Enable Highest Contrast Intensity in Text Mode. 
0= Disable. 
1 = Enable. 
(This bit is used for the WD90C22 only.) 

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. 
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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 ELdisplay 
1 1 Single Panel LCD display 

5.10.16 PR19 Flat Panel Control Register 
Read/Write Port = 375, Index 32 

BIT FUNCTION 
7 Plasma Panel Select 
6 FP TiminQ Select 

5 CRT Display Enable 

4 Flat Panel Display Enable 
3 Screen Auto-CenteringiVertical Ex-

pansion Select 
2 Enable Auto Centering and Vertical 

E~ansion 

(1 :OL Number of Gray Scale Select 

Bit 7 

Plasma Panel Select. 
This bit is used to select two different plasma 
panels. 
o = Select 4 data bits/1 pixel interface. 
1 = Select 8 data bits/2 pixel interfaces (4 
bits/pixel). 

PR18(1) PR18(O) pr19(5) 

0 0 0 

0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
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Bit 6 

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 selects either CRT or Flat Panel to be the 
main (current) display. When the bit is enabled, 
the CRT controller will be loaded with the 
parameters based on the CRT monitor. If bit 5 
has been enabled, bit 4 should be disabled. If bit 
5 is disabled, bit 4 can be either enabled or dis­
abled. 
0= Disable CRT (default). 
1 = Enable CRT. 

Note: When the CRT is the selected display, out­
puts LD03 and UDO-3 are active and can be 
used to drive an external RAMDAC. 

Bit 4 
Flat Panel Display Enable. 
This bit selects the flat panel as the main display. 
o = Disable Flat Panel display. 
1 = Enable Flat Panel display (default). 

PR19(4) CRT Controller (TiminQ) 
1 Based on LCD 

0 Based on CRT 
1 Based on Plasma 

0 Based on CRT 
1 Based on EL 

0 Based on CRT 
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Bit 3 
Screen Auto CenteringNertical Expansion Select. 
0= Auto-centering (default). 
1 = Reserved for Vertical Expansion. (Set to 0.) 

Bit 2 

Enable Auto-Centering and Vertical Expansion. 
0= Disable (default). 
1 = Enable. 

Note: This is used only for pulse wave modula­
tion on the LCD panel. 

Bit (0:1) 

Number of Gray Scale Select. 

PR19(1) PR19(0) GrayScale 
Number 

0 0 2 (mono) 

0 1 4 
1 0 8 
1 1 16 

S.10.17 PR1A Flat Panel Control II Register 
Read/Write Port 3?S, Index = 33 

BIT FUNCTION 
(7:6) Select lOCH ROY 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-
justment 

2 Shading Method Select 

1 Select Number of Memory Refresh 
Cycles 

0 Select Memory Refresh Cycles Con-
trol 

Bit(7:6) 
Select lOCH ROY Release Timing in CPU 
Memory Read Cycle. 

Bit7 Bit 6 Release Timing 

0 0 1 MCLK delay before 
CPU complete read 
~cle 

0 1 2 MCLK delay before 
CPU complete read 
cycle 

1 0 3 MCLK delay before 
CPU complete read 
~cle 

1 1 4 MCLK delay before 
CPU complete read 
~cle 

Bit (S:4) 

Select IOCHRDY Release Timing in CPU 
Memory Write Cycle 

BitS 8it4 Release Timing 

0 0 1 MCLK delay before 
CPU complete write 
~cle 

0 1 2 MCLK delay after 
CPU win arbitration 

1 0 1 MCLK delay after 
CPU win arbitration 

1 1 o MCLK delay after 
CPU win 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 

23-68 ADVANCE INFORMATION 10131190 



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 con­
troller. 
1 = Memory refresh cycles controlled by PR1A(1). 

5.10.18 PR1B Flat Panel Unlock Register 
Write Only Port 315, Index = 34 

This register is used to protect PR18, PR19, 
PR1A, PR36 - PR41, and PR44 from being read 
from or written to. In order to access these 
registers, PR1 B must be loaded first with 
101XXXXX, PR18, PR19, and PR1A. In addi­
tion, PR36-41 must remain unlocked (until 
another value is written to PR1 B). 
PR1 B is also used to lock all Shadow registers. 
To unlock the Shadow registers, PR1 B must be 
loaded first with XXXXX11 0; all Shadow registers 
remain unlocked until another value is written to 
the PR1 B register. 

5.10.19 PR30 Mapping RAM Unlock 
Register Write Only Port = 3?5, Index = 35 

This register is used to protect mapping RAM 
registers (PR33 - PR35) from being accessed. 
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 = 315, 
Index = 38 

This register is used to select the RAM AD­
DRESS COUNTER register. 
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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. 

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. 
31,2 Select 64 Gray Scale Levels 
21,2 Enable CAS before RAS Memory 

Refresh Cycle 
1 Enable Weighting Equation 
0 Reserved; set to 1 . 

Not Readable. 
2Used in WD90C22 only. 

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 = Enab!e internal clock; clock is divided by 8. 
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MCLK: ..... -+~ MCK 

VCLK -I-r-f-+l VCK 

REFFiEsH I-----_~ Mux 

r;:;;:;;::;-;:;;;;=;+--l-~ RAS 
1..-.-.:... ___ .J--.... ~CiiS 

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-I-..... VCK 

~-f------I~ 

DISPLAY IDLE MODE (SUSPEND/RESUME) 

A. RAMDAC is off. 
B. MCLK and VCLK are divided by B. 

C. Refresh is CAS before RAS and generated by 
~input. 

D. 1/0 is aocessable and memory is !!2l accessable. 

MCLK.+---t~ MCK 

VCLK -I-r-f-+l VCK 

m 
L.~::::::::::::~:t ..... CiiS 

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 VO are accessable. 

MCLK I-r----.J 
I-I-..... MCK 

VCLKih------~1 

I-t-..... VCK 

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 

Bit 5 

Host Release Control. 
This bit is designed to allow another VGA control­
ler in the lID 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 lID accesses. 
All output buffers of the system interface are 
turned off (tri-state). 

There are four power down modes. The follow­
ing conditions are true in each power down mode. 
1. Video memory is maintained. 
2. RAMDAC outputs are turned off. 
3. Panel outputs are turned off. 

Bit 4 

Reserved. This bit is set at 1. 
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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 lID 
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 lID 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 lID can be accessed. 

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 
lID can be accessed. 

Bit 3 

Select 64 Gray Scale Levels (reserved for the 
WD90C22 chip). 
0= Select disabled; select 32 gray scale levels. 
1 = Select enabled; select 64 gray scale levels. 

Bit 2 
Enable CAS before RAS memory refresh cycle. 
o = RAS only refresh cycle (default). 
1 = CAS before RAS refresh cycle. 

Bit 1 
Enable Weighting Equation. 
This bit is used to turn the IBM VGA weighting 
equation on and off in either color mode or 
monochrome mode. 
0= Disable weighting equation. 
1 = Enable weighting equation. 

Bit 0 

Reserved. This bit is set at 1. 
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5.10.23 PR36 Panel Height Select 
Register Read/Write Port = 375, Index = 3B 
This register is loaded with the height, less 1, of a 
single panel. This information is used to calcu­
late auto-centering, vertical expansion, and re­
lated values. In a 640 x 480 dual panel display, 
this register should be loaded with "EF". (480/2)-
1 = 23910 = EFH. In a 640 x 400 dual panel dis­
play, the equation is: (400/2)-1 = 19910 = C7H. 

5.10.24 PR37 Flat Panel Blinking Control, 
Read/Write Port = 375, Index = 3C 
This register is used to select cursor or character 
blinking rate on flat panels. In CRT mode, this 
register is ignored. 

Bit 2 1 0 CURSOR BLINKING RATE SELECT 
0 0 0 No cursor blinking 
0 0 1 8 frames (8 on, 8 off) 
0 1 0 16 frames (16 on, 16 off) 
0 1 1 32 frames 
1 0 0 64 frames 
1 0 1 128 frames 

Bit 5 4 3 CHARACTER BLINKING RATE SELECT 
0 0 0 No cursor blinking 
0 0 1 8 frames (8 on, 8 off) 
0 1 0 16 frames (16 on, 16 off) 
0 1 1 32 frames 
1 0 0 64 frames 
1 0 1 128 frames 

Bit 6 PLASMA SHIFT CLOCK SELECT 
0 Select falling edge of the clock to latch data 
1 Select rising edge of the clock to latch data 

Bit 7 LCD LP SIGNAL SELECT 
0 LP will be disabled during vertical blanking period 
1 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 = 375, 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 
4-0 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. 

5.10.26 PR41 Vertical Expansion Initial 
Value Register Read/Write Port = 375, 
Index = 37 
This register is 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. 

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 program-

MfD90C20~D90C22 

ming 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. 

Bit 1 

EGA Compatibility Set. 
Read only of PR4, bit 1. 
o = 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 = TTL (EGA-compatible) display is attached. 
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5.10.29 PR44 Power-Down Memory 
Refresh Control Register, Read/Write Port 
= 315, Index = 3F 

This register controls two power saving features 
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. 
0= 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 S x (Z+5). For example, as­
sume: 

1. Two memory refresh cycles are selected 
during horizontal blanking period in Flat Panel dis­
play mode. 
2. Each horizontal line has 96 character clocks. 
3. MCLK = 36 MHz, VCLK = 25 MHz. 
4. PR44 = SEH. 

When in power-down mode, POWRDN = 0, 
MCLK = VCLK = 5 MHz. 

1. Z = 14. 
2. Refresh Cycle = 200 ns x S x (14 + 5). 
3. Maximum Refresh Period = 200 ns x S x (14 + 
5 -7) = 19.2115. 
4. Refresh Active Time = MCLK x 9 x 2 (cycle) = 
200 ns x 9 x 2 = 3.6j.ls. 
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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 WD90C20 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 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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5.11.2 Setup Mode Video Enable, 

BIT 
7 - 1 
0 

Bit(7:1 ) 
Unused. 

Bit 0 

(AT and Micro Channel Modes) 
Read/Write Port = 102H 
(XXXX XXX X XXXX X010B) 

FUNCTION 
Unused 
Wakeup_VGA 

Wakeup VGA for I/O 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 MeA 
and AT mode. To enter the set up mode in AT 
bus applications, bit 4 of the partially decoded in­
ternal I/O port 46E8H is set to 1 before accessing 
the I/O port 102H. In MCA mode, when the 
VGASETUP (EION) signal pin is active low, the 
WD90C20 is in setup mode and port 102H can 
be accessed. 
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DAC TYPE 
ADDRESS 
3C6H ReadlWrite 
3C7H ReadlWrite 

3C6H ReadlWrite 
3C9H ReadlWrite 

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. 
RDPLT may be used as a gate to send data from 
an external RAMDAC to the data bus. 

5.12.1 PEL Mask Register, Read!Write Port = 
3C6 . 

The eight-bit PEL Mask Register, along with the 
eight bits of color information from the combina­
tion 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 PEL Address - Read Mode, Read/Write 
Port = 03C7 

The host reads data from the color palette RAM 
by first writing the index of the first location to be 
read into this register. When this is done, the 
RAMDAC loads the RAM data specified by the 
index into an eighteen bit holding register. The 
contents of this register are read out via three 
reads to the PEL Data Port. The data read 
during these reads consists of six bits of color in­
formation packed into the six least significant bits 
of the port. The two most significant bits of data 

REGISTER NAME 

PEL Mask 
When written: PEL Address Read 
Mode; when read: DAC State Register. 
PEL Address (Write Mode) 
PEL Data Port 

during these reads are set to zero. The color in­
formation is delivered in the sequence: red, 
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. 

5.12.3 DAC State Register Register, 
Read/Write Port = 03C7 

Bits 0 and 1 of this register indicate whether the 
last active operation to the DAC was a read or a 
write. These bits are both 0 if the bit was a read 
operation; they are both 1 if it was a write. 

5.12.4 PEL Address - Write Mode, 
Read !Write Port = 03CS 
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 eighteen bit hold­
ing 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 1. In 
this way, sequential locations can be written by 
sets of three writes to the PEL Data Port. 
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5.12.5 PEL Data ReadlWrite Port = 03C9 

This port is used to transfer 6-bit PEL data values 
to and from the palette RAM. The eighteen bit 
palette locations are transferred in the order: red, 
green, blue. 

5.13 WD90C20 CONFIGURATION BITS, 
CNF 

The configuration register, CNF, is not a physical 
register, but a convenient way to reference 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 areas of 
the chip. In order to easily reference these in­
dividual bits, we collectively refer to them as the 
configuration register, (CNF). Only fifteen data 
lines are used in the WD90C20 and WD90C22; 
in both chips, data line MD1 0 is not used. (Refer 
to Table 4-1, page 17.) 

CNF (11) 

Color/Mono LCD Panel Select 
This bit is latched internally at power on reset 
from corresponding memory data bus pin 
MD(1S), provided with either pull-up or pull-down 
external resistors. This bit is read from PR11(7), 
I/O port 3?S.2A bit 7. This bit is affected by writ­
ing to 3?S.2A. Pulling up MD(1S) 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?S.31 as bits 1 :0 and are unaffected by writing 
to 3?S.31. Pulling up MD(9:8) data bus pin 
causes CNF (10:9) to be latched high. 

~D90C20~D90C22 

CNF(10) CNF(9) DISPLAY TYPE 

0 0 Dual panel LCD displav 

0 1 Plasma displav 

1 0 ELdisplav 

1 1 Single panel LCD dis-
plav 

CNF (8) 

Analog/TTL 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 at­
tached. 
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). They are unaf­
fected 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 WD90C20 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 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 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 
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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. 

CNF (2) 

Bus Architecture Select. 
This bit cannot be written to or read as I/O. Pull­
ing 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 I/O 
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 OUT CDSETUP IN 
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5.14 MAPPING RAM - 32 x 5 STATIC RAM be connected to the inputs of the mapping RAM ~ 
(address input). The outputs of the mapping ~ 

The 32 x 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 

RAM (5 bits) are connected to the dithering logic. 

For the 64 gray scale WD90C22, the mapping 
RAM is expanded to 32 x 6. This allows the 
selection of any shade in modes that use fewer 
than 64 shades. 

To write' 
OUT 3?4, 35H Program the index register. 

OUT 3?5, 33H Unlock the mapping RAM registers. 
OUT3?4,3AH Program the index register. 
OUT 3?5, 01H Select mapping RAM. 
OUT3?4,38H Program the index register. 
OUT3?5,00H Load WRITE starting address register with 00. 

OUT 3?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. 
OUT3?4,38H Program the index register. 
OUT3?5,00H 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. 
IN3?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). 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, it un­
locked (in CRT mode, they are unlocked), receive 
the same data. Looking the Shadow timing 
registers is controlled by PR1 A. 

Timing data is always read from the regular 
timing registers. The shadow timing registers are 
never read from. 

In Flat Panel mode, the shadow timing registers 
are loaded once and then locked by PR1A. 
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 af­
fected. 

There are eleven shadow timing registers. All are 
ind~xed in port 03?5. 

NAME INDEX SAMPLE 
VALUE* 

Horizontal Total OOH 5FH 
Start Horizontal 02H 50H 
Blankina 
End Horizontal 03H 82H 
Blanking. 
Start Horizontal 04H 54H 
Retrace 
Ertd Horizontal OSH 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 x 480 pixels. 
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APPENDIX 

A.1 APPLICATIONS 

APPENDIX 

74F2601 

LA23 
LA22 ~ 

WD90C20 
LA21 . MEMEN 
LA20· 

REFRESH~ 

.~ 
::5 
~ 

...... 

LA(19:17) LA(19:17) 

SA(16:0) 
SA(l6:0) 

'245 
.... ········See Not 92 

SO(15:8) .. ... A B SO(15:8) 

HBOIR 
'245 

SO(7:0) ..... .... B SO(7:0) 

G 

LBOIR 

ALE ALE 
RESET RESET 

AEN ... EIO 
SBHE SBHE 

SMEMR MEMR 
SMEMW MEMW 

SIOR lOR 
SlOW lOW 

MEMCS16 ..... MEMCS16 

IOCHROY .. IOCHROY 
IRO ... IRO 
NC ... EBROM 

FIGURE A-1. PC/AT INTERFACE 

Notes: 

l 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. 

2The 74245 buffers are only needed if system drive requirements exceed chip capabilities. 
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SA23~ ____ ~o---_ WD90C20 
I--'-----__ ~ M EM E N 3 

SA22~ __________ ~ 
SA21 ~ __________ -{] 

SA20~-----------o 
MADE24 

---__ -1 SA(19:0) 

7-'+--~----__ ~ SD(15:8)4 

-=- Optional HBDIR 

___ ..-+rl >---r+----:---~., S D (7: 0) 

CDSETUp1 

CDDS16~ 

RESET 
SBHE 
MilO 

SO 
S1 

CDCHRDY .. 
CDSFDBK .. 

IRQ .. 
FIGURE A-2. MICRO CHANNEL INTERFACE 

Notes: 

1CDSETUP must be latched if core logic does not already latch it. 
2CDDS16 requires an inverter. 

3MEMEN 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. 

4The bidirectional buffers are only needed if the system design requires more current than the 

WD90C20 can deliver. 
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POWER 
DOWN 

MfD90C20~D90C22 

WD90C20 n PWRoN 
vREF 

FSADJUST 

~ ~ 

V R 

l CRT 
G 

I - RED 

B GREEN 

l I BLUE 

HSYNC 

VSYNC 

LCD 
UD(3.0) 

I I 
UD(3.0) 

LD(3.0) LD(3.0) 

LP LP 

FP FP 

XSCLK XSCLK 

FR FR 

FIGURE A-3. WD90C20 DISPLAY INTERFACE 
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APPENDIX 

B.1 EGA MODE 

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 descrip­
tion. Only the differences are described in this 
section. Bits not used should be set to 0 unless 
otherwise noted. 

• 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. 

• 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). (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 3C2 bit 4. 

APPENDIX 

• If EGA is to be emulated on the IBM PS/2 
type analog display, follow the 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: 
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) 

• Lock the PR registers PRO-PR5 and 
PR10-PR17 

• Read protect PR registers 

• 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 
PR15(6)=1 ;Set Low Clock 
PR14(7)=1 ;_Enable IRQ 

• Lock PR registers PRO-PR5 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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8.1.1 EGA Registers Summary 

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 3?4 

CRT Controller Data Reg 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 
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* 

NOTES: 

1. RO = Read Only, WO = Write Only, and RW = ReadlWrite. 
2. All register addresses are in hex. 
3. ? = B in monochrome modes or 0 in color modes. 
4. * = Identical responses from 1/0 ports 3CO and 3C1. 
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B.2 GENERAL REGISTERS 

Only the general registers and the bit definitions 
that differ from VGA mode are covered. 

B.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 

Disables internal video drivers. 
o = Activate video drivers. 
1 = Disable video drivers. 

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. 

B.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: 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.2.3 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.2.4 Feature Control Register 
(Write Port 3?A) 

Bits (7:0) 

EGA: Not used. 

B.3 SEQUENCER REGISTERS (PORT 
3C5) 

B.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. 

B.3.2 Character Map Select Register 
(Index 03) 

Bits (7:4) 

EGA: Not Used. 

WD90C20IWD90C22 

Bits (3:2) 

EGA: Character Map Select A: 

BIT BIT MAP FONT 
3 2 SELECTED TABLE/PLANE 

2 LOCATION 
0 0 0 First 8K 
0 1 1 Second 8K 
1 0 2 Third 8K 

1 1 3 Fourth 8K 

Bits (1 :0) 

EGA: Character Map Select B 

BIT BIT MAP FONT 
1 0 SELECTED TABLE/PLANE 

2 LOCATION 
0 0 0 First 8K 

0 1 1 Second 8K 

1 0 2 Third 8K 

1 1 3 Fourth 8K 

NOTE: 
1. Character Map selection from Plane 2 is deter­
mined by bit 3 of the attribute code. 

B.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 mode and enables non-Alpha mode. 
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B.4 CRT CONTROLLER REGISTERS 
(PORT 315) 

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.4.1 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.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. 

B.4.3 End Horizontal Blanking Register 
(Index = 03) 

Bits (7) 

EGA: Not Used. 

Bits (6:5) 

EGA: These bits define display enable skew in 
character clocks. 

BIT 6 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. 

B.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 (6:0) 

EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 

B.4.5 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.4.6 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.4.7 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.4.8 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.4.9 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.4.10 Cursor End Register (Index = OB) 

Blt(7) 

EGA: Not used. 

Bits (6:5) 

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. 

B.4.11 Vertical Retrace Start Register 
(Index = 10) - Write 

(Light Pen High register, Index = 10 - Read) 

WD90C20IW090C22 

Bits (7:0) 

EGA: Lower eight bits of the vertical retrace start 
position programmed in horizontal scan lines. 

B.4.12 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 I RQ 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.4.13 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. 

B.4.13 End Vertical Blanking Register 
(Index = 16) 

Bits (7:5) 

EGA: Not used. 
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Bits (4:0) 

EGA: Identical to End Vertical Blanking Register 
Bits (4:0) definition in the VGA section. 

B.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: Ide",i(;(il to Mode Control Register Bits 
(3:0) definition in the VGA section. 

B.5 GRAPHICS CONTROLLER 
REGISTERS (PORT 3CF) 

B.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: 

02 01 DO MAP SELECTED 
0 0 0 0 
0 0 1 1 
0 1 0 2· 
0 1 1 3 

B.5.2 Mode Register (Index = 05) 

Bit (7:6) 

EGA: Not Used. 

APPENDIX 

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 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.6 ATTRIBUTE CONTROLLER 
REGISTERS (PORTS = 3C0/3C1) 

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 

B.6.1 Mode Control Register (Index = 10) 

Bits (7:4) 

EGA: Not Used. 
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Bits (3:0) 

EGA: Identical to Mode Control Register Bits 
(3:0) definition in the VGA section. 

B.6.2 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 six bits to logic o. 
The border color is defined by the color table for 
the Palette registers shown above. 

B.6.3 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 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. 

WD90C20IWD90C22 

B.6.4 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, 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.7.0 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: 

I = code x 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 duing retrace or any other blank­
ing period. 
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VREF 
(1.235V) 

--_ .................... -_ ...... -_ .. --- -- --_ ............ -_ .. -_ .. -_ ...... -- _ .. --_ .. -_ .... --_ ...... _ .. .. 
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, 
, 

2.7SK 

Red 
DAC 

Green 
DAC 

Blue 
DAC 

........................................ 
Monitor 

Red 
RLD , 

: Blue 
: RLD 

Green 
RLD 

MDETECT 

, 
, 
, 

WD90C20 
* Port 3C2HIL-__ -L.1_4 ..1.-1 ----I 

FIGURE 8-1. MONITOR DETECTION 
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APPENDIX 

C.1 AC OPERATING CHARACTERISTICS 
AND TIMING DIAGRAMS 

TABLE C-2. TIMING DIAGRAMS 

FIGURE NUMBER TITLE 

C-1 1/0 Write - Micro Channel Mode 
C-2 Memory Read - AT Mode 
C-3 1/0 Read - Micro Channel Mode 
C-4 Memory Write - Micro Channel Mode 
C-5 Memory Read - Micro Channel Mode 
C-6 CPU Read Non-Page Mode, CRT Read 
C-7 CPU with Non-Page Mode 
C-8 DRAM Page Mode Read Timing 
C-9 WD90C20 LCD Timing (t = VCLK) 
C-10 1/0 Write - AT Mode 
C-11 1/0 Read -AT Mode 
C-12 Memory Write - AT Mode 
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3C3DO ~ \'--_____ _ 
(EIO) • 

SBHE "~--------r--------JI 

ENMEM~ ________ ~:)xC~' ________ ~_~ __ 

CDSEWP ___ ~;'~------~-~-----~\~~ ________ __ 

SA(19:0) =x: ______ ~AD~DR""ES"'_S __ -+.-___ :--:X~.~ __ """"--'-_'_,_ _____ _ 

i~ ~~ . ):.~ ~I 
CMD (IOW)---~--------':\ : . '---

~3 ~:4 4 ~ 
SDI ~~~~ ___ ~ ____ ~~i~ ____ '~"»(~ __ ~DA~~~: ____ ~ 

3C3DO' __ ~ _______ ~i _---;-----, 

(EIO) \1.... ______ -::-----:1 

~:.~ ~ 6 ~ 
CDSFDBK ~ / 

. ~-----+----~ 
NSO (MEMW) .... • ..... t----.!I ,--------------

NSI (lOR) ~:1111111 JIll" : / 

NMIO {MEMR)~I-: ________ ---"-': / 

FIGURE C-1. I/O WRITE - MICRO CHANNEL MODE 

I/O WRITE - MC MODE MIN. TYP. 

1. SA(19:0), NSO, NS1 setup to J,CMD 15 
2. SA(19:0), NSO, NS1 hold from J,CMD 10 
3. Write data SDI setup to CMD Inactive 30 
4. Write data SDI hold from CMD Inactive 5 
5. WPIT active from CMDActive 29 
6. WPIT inactive from CMD Inactive 22 
7. CDSFDBK active from Address Valid 15 
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ALE ~ ______ ~ ______________________ __ 

SBHE x X 

ENMEM ~ \ 
SLA(19:17) ~ ADDRESS X 

SA(16:0) ___ --IX : ADDRESS x'--______ _ 

\,,--' ____ ------=1 
'-.. __ : 4 i--

MEMR 

SDO __ ~ ____ ~ ______ ~X~ _____ DA_~_A ____ __IX~ __ __ 
__ i i-----: 3 :--

RDY ~·.-----+--.~-------II'--------~~ 

MEMCS16 

FIGURE C-2. MEMORY READ - AT MODE 

I/O WRITE - AT MODE MIN. TYP. MAX. 

1. ROY inactive from lIi'IEl'ii1R acti ve 25 
(max. worst case 

delay) 

2. SLA(19:17), min. hold from ALE'/' 
ENMEM 5 

3. Data SOO valid setup to ROY 0 30 
(min. setup time) 

4. Data SOO hold from lIi'IEl'ii1R 10 
(min. hold time) 

5. SA(16:0) hold from lIi'IEl'ii1R acti ve 10 
6. MEMCS16 valid from SLA(19:17) 9 143 

ENMEM valid 
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EMEM ---........: ~~------
~--------~---~~ 

3~DO ~~:---------------~,~ _____ _ 
(EIO) : 

SBHE ~ ________ X·'<;·' ....• , .. 

:''-------

x·.,··'···:·,:··,.··:·····:.;·,····· 

~: 
SA(19:0)====::>k ADDRESS i 

i~1~~2 
(lOW) CMD 

'~: ______ ~ ____ -J/: 
NSO (MEMW) _______ .: / 

NSI (lOR) '-.:-:-: _________ +--'. 

NMIO (MEMR)~: /~--!---------;------------

:4--3~1 

··::···>:.::.·:··.:·:.:·<·,:X 

CDSFDBK------!---. , ""--____ -+---'1 
~- . 
, 7 

FIGURE C-3. 1/0 READ - MICRO CHANNEL MODE 

1/0 READ MC MODE MIN. TYP. MAX. 

1. SA(19:0), NSO, 15 
NS1 setup to J,CMO 

2. SA(19:0), NSO 10 
NS1 hold from J,CMO 

3. Read data valid from CMO active 60 
SOO (max. worst case 

delay) 

4. Read data hold from CMO inactive 10 
SOO (min. delay) 

5. RPLT active from CMOActive 29 
(max. worst case delay) 

6. RDtT inactive from CMO Inactive 22 
(max. worst case delay) 

7.CDSFDBK active from Address Valid 15 
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ENMEM --""": ,~------------------------------
3C3DO -----/.:.---------------------------------......... ,,'-____ _ 

(EIO) 

~ ). ,,~-----

SBHE~------~~-------------------------~~ 
SA(19:0) ==::><: ADDRESS >< ______________________ -'--_ 

:~1----...... :.i.: l1li""", , 
CMD ---1-------,\ ..... : ___________ /: 
NSO ---, , ,--------------....;..--------------

\1-: ____ --!-' -J/ 
NMIO ----). : " '4 4 '--.-,----

SDI~._. ____________ ~ __ ~------~><~--'--D~~-'---____ ~><: 
~3-~~~1 ~~~ 

:4 ·1 

FIGURE C-4. MEMORY WRITE - MICRO CHANNEL MODE 

MEMORY WRITE MC MODE MIN. TYP. MAX. 

1. SA(19:0), NSO, J,CMD 15 
NS1 setup to 

2. SA(19:0), NSO J,CMD 10 
NS1 hold from 

3. Data SOl valid from CMDActive 25 
(min.) 

4. Data SDI hold from CMD Inactive 0 
(min.) 

5. CDDS16 valid from SA(19:0) 9 14 
ENMEM 

6. RDY inactive from CMD active 25 
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:""'-------
ENMEM /: ~'-______________ _ 

'------..;.,' , 
SBHE ==><: :X...:..:·' . ...:.. .. '. __ , __ -,-,,-_-+,:.;...;,.: __ -'-"-~~-'--

- I , 

~'--------
SA(19:0) ~ ADDRESS ; X"-'· :',,:~, '.;;;..' .. ...:... ~--,:",,----,-""",,"":,;...;' ... ;...;, ..... -'-'.:: .--;' !._ .. ~:. ~. "---"----'-~_ 

- I 

, 
, 
;4--1 

, , 
:;.: 

~, , 
CMD -----i------,\lf-i -+ ______ ....;/: 

NSO,NS1 ----, , 

~'i-: --~.......-.:.-:/ 

__ --'I:, .NMIO . ~'l-' ------

. ....... , .. : •..........•.•••... ··X. __ ---:-_DA_JA-+ ___ X .... ···_·. ----'-----'---'-__ 
j4---3~ 

RDY---~~~ __ ----,\~ ___ ~/r--~-----~~ __ ~~-

SDO .. 

I+-~ 
CDDS16---~----~\~ ______________ --J1 
SFDBK ___ -r:.---___ 5 __ ~~I_~ 

\~--------~ 

FIGURE CoS •. MEMORY READ - MICRO CHANNel MODE 

MEMORY WRITE MC MODE MIN. TYP. MAX. 

1. SA(19:0). NSO. 
NS1 setup to ,J..CMO 15 

2. SA(19:0). NSO 
NS1 hold from ,J..CMO 10 

3. Read data 
SOOvaiid setup to ROY 0 30 

(min. setup time) 

4. Read data 
SOO hold from CMO Inactive 10 

(min. hold time) 

5. CDDS16 valid from SA(19:0) 
El'JME 9 14 

6. ROY Inactive from CMO active 25 
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VCLK 

MA~ : ROW1: ~~ _________ _ 

:~~i~ ~ ;...; ">--+-:-:11---1·~;--~12: ~ 
MDOH ______ ~------~x! ><~~ __ ~><~ ____ ~><~ ____ __ 
MDOL ----~----~~xt==c>< >< ><~ ____ _ 

;...: .. 1-------+--15-'5 '~---+-----_~, 

RAS32 ~Vi \~. -------
.... 

CAS10 \ I 
WEO WE' 
WE2 WE3 (1) 

RAS32 

CAS32NO ~ \i-- 5 -:/ 

:'+2_:" 3-; 
, .. ' :4---."-; 

OE10 ----~--~~-~~' \\-' --+ __ ..Jl 
:--+-10---..; 

OE32------~-~~--~-~~\ 

.~----' 

~ . 
7~10~ 

FIGURE C-6. CPU READ NON·PAGE MODE, CRT READ 

CPU READ AND CRT READ, NON·PAGE MODE MCLK = 45.046 MHz 

1. RJffilO (HA::>;:S~) pulse width low 
2. RASfO (RAS32) low to CAS10 (CAS32) 

(low) 

3.~~} low to RJffifO (RAS32) 
(high) 

4. RJffilO (RAS32) low to CAS10 (CAS32) 
(high) 

5. C}i;SHJ ;AS:'\;J pulse width low 
6. OElOlow setup to CAS1Olow 
7. OE32low setup to ~Iow 

8. OE1Ohigh after CAS10high 
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CPU READ AND CRT READ, NON-PAGE MODE MCLK = 45.046 MHz 

9. OE32high after ~high 22 
10.0E QUlsewidth 66.5 
11. Row address setup to RJffi1O',RAS32 

(low) 

12. Row Address hold from RJffi1O',~ 
(low) 

13. Column Address setup to ~,~ 
(low) 

14. Column Address hold from ~,CAS32 

(low) 

15. Random Read Cycle 
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MCLK 

VCLK 

MDOH __ ...---X,-+-: __ ....,...... 

MDOL __ ~><,-~: __ ~ 
----~><~-------------
~-~~'-------~----

......-.81~1 

~~: j, C~i ------.jl~-
.;2.1~ 3~ I: 

~S10 •• 4==::. ::~t.:---------------~5=-ri' 
:1-": :·1 

:~.-.......!.-10: : • 
WEO, WE1 ----!---.;.:-~,3 .: .1/,.---------------

WE2, WE3 _--'-_~~-'~--'-; ~Jb=" " Jt-I ------
RAS32 1: ~'0 ir1 

: i.~~? 
OE10, OE32 -",-_'--_ .... ! __ ....!.... ___ ....:.t---___ ~_......I..... _______ _ 

(1) 

CAS32NO 

FIGURE C-7. CPU WITH NON-PAGE MODE 

CPU WRITE MCLK = 45.046 MHz 

1. RASlO~) pulse width low 103 
2. RJ\STO (AAS32) low to CJffilU (CAS32) 365 

(low) 

3. CJffilU (CAS32) low to RASTO (RAS32) 
(high) 66 

4. RAS10 (RAS32) low to CASW (CAS32) 
(low) 103 

5. CJffilU (CAS32) pulse width low 66 
6. WE low setup to CASW 50.5 
7. WE low setup to CAS32 high 103.5 
8. WE low setuD to RASTOhiah 50.5 
9. WE low setuD to RAS32 hiah 103.5 
10. WE high hold after RASTO, AAS32 118 
11. WE high hold after CJffilUlow 121.5 
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CPU WRITE MClK = 45.046 MHz 

12. WE high hold after CAS32"low 109.5 
13.WEO, WET pulse duration 66 
14.WE3 WE2" Dulse duration 109.5 
15.WEO, WET low from ~Iow 15.5 
16. Row address setup to RJffilO, RAS32 10 

(low) 

17. Row address hold from AASlQ, RAS32 
18. Column address setup to CJffifO, RAS32 

(low) 

19. Column address hold from ~,CJffi3"2 

(low) 

20. Random Write Cycle 198 
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MCLK 

MA(8:0) 

~--+-----~--~----~------------------~~~ 

+21--1 
--+4--~ ~~:---~~ __ ~~~ ~------

1'--25--;' 

-+.----_____ 'B====:·~I·~--~------------~---------.----------~ 

MD(15:0) 

FIGURE C-8. DRAM PAGE MODE - READ TIMING 

PAGE MODE READ ACCESSES 
MCLK = 45.046 HHz 

1. RJffilO pulse duration 370.2 
2. Page mode cycle time CJffiTO low to CAS low 111 
3. RJffilO Precharge 96 
4. RJffiTU low to CJffi1U high (first) 101.6 
5. RJffiTU low to CJffi1U low 35.6 
6. First CASlO pulse width high 89.4 
7. CJffiTO pulse width high 45 
8. CJffiTO low to RJffiTU high 67.8 
9. CAS32 low to RAS32" high 112.4 
10. Row address setup to RJffilO low 22 
11. Row address hold from RASm low 22 
12. Column address setup to CASlO low 108 
13. Column address hold from CJffiTO 22 
14. Column address setup to CAS32 8 
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PAGE MODE READ ACCESSES 
MCLK = 45.046 HHz 

15. Column address hold from CJiS32 low 22 
16. Row address setup to AAS23low 8 
17. Row address hold from AAS32" low 22 
18. AAS32" low from ffiffilO low 100.4 
19. Read data setup to CAS high -
20. Read data hold from CAS hiah -
21.-bETo pulse width low 66.4 
22. OETO low after CAS1 0 low 21.3 
23. OETO high after CAS10 high 21.8 
24. CJffilO pulse width low 66 
25. RAS32 pulse duration 369.0 
26. Page mode cycle time CJiS32 low to CAS low 110.4 
27. AAS32" low to ~ hiah (first) 101.1 
28. "RAS32low to ~ low 35.7 
29. First CJiS32 pulse width high 45 
30. 0E32 pulse width low 66.0 
31. OE32low after CJiS32 21.2 
32. 0E32 high after C~S32 high 21.8 
33. CJS;S32 pulse width low 64.4 
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Vertical blanking = 
(VlOlal + 2 - 240) X LP 
;1( 

2 1 2 3 239 24p 

LP .-JLIlJl-
:, : _ 16001 

11-'i~~11: 

FP 16001 
~------~--~------~ 

FR 1- (V total + 2) ,~".~ ~ (V tl) X 16001 ~'-__ _ 

ro .' 

LP ~81 r n n 
160 160 160 
~ ~ ~ 

111111 111111 111111 111111 111111 111111 XSCLK 

... . ...... 
.......... 

LP -11" i~l84 ~1 nl-: --
~ 1 ~ 2 3 158 159 160 : 1561 i 

~~ XSCLK 

UO(3:0) 
LO(3:0) 

i min 60ns -+, ~ ~ min 60ns -+. 81 ~ i i 

~ =rrJ---J--
FIGURE C-g. WD90C20 LCD TIMING DIAGRAM (t = VCLK) 
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8 .. :~ .... --
-----""""\ . 

SLA(19:17) ==>< __ A_D_D_R_E_S_S __ ~X .. : 
':.~ . 

2----1.~! 
/ 

,....-- ~ 
ALE __ ---'I'-----i\~ ________________ _ 

SA(16:0) _~~-,X,-___ A_D_D_R_E_SS ___ --,X' .......... . 

~ I: . 
SBHE -,--_. _. ____ X ....... ____ -"A..:::D:.::Dc.:...;R:.:::ES.:::..;S::..-___ --L~; -><==:: 

• : 5 • 

~4 ~!~~ 

FIGURE C-10. 1/0 WRITE - AT MODE 

1/0 WRITE AT MODE MIN. TYP. MAX. 

1. SLA(19:17) hold from ALE inactive 5 
2. 80 hold from lOWactive 10 

(low) 

3. SA(16:0) hold from TOW active 10 
(low) 

4. Write Data setup to TOW inactive 
SOl (high) 30 

5. Write Data hold from TOW inactive 5 
SOl (high) 

6. WPlT active from TOW Active 29 
(max. worst case 

delay) 

7. WPlT inactive from TOW inactive 22 
(max. worst case 

delay) 

8.80, TOW active 15 
SA(16:0) setup to (low) 
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EIO 
_______ ~\.-8..:~ --...!;.....+-_____ _ 

,\....---;-____ ---J/ 

SLA[19:17] ==><:: ADDR i 'X'-____ ....-_---'-____ _ 
:--1--:---1 

SA[16:0] X I : ADDR X'-_______ _ 
I 

ALE ~ 1 ..... --- 3 ~I 

lOR 

~-----'/: 
SBHE ------~><~ i><~· ---

SOl __________ ~I---~---DA-~-:~I ___ !:><:~ ___ __ 
:.. ~I ~5--"', 

--------~~,,~ ___ ~ ___ ----J~ 

~6~ ~7-~~~1 

FIGURE C-11. 1/0 READ - AT MODE 

1/0 READ AT MODE MIN. TYP. MAX. 

1. SLA(19:17) hold from ALE inactive 5 
2. BO hold from lOR active 10 

(low) 

3. SA(16:0) hold from ~active 10 
(low) 

4. Read Data valid from lOR active 60 
SDO (low; max. worst 

case delay) 

5. Read Data hold from ~inactive 10 
SDO (min. delay) 

6. RPIT active from lOR active 29 
7. RPIT inactive from lOR inactive 22 
8. BO, setup to lOR active 15 

SA(16:0) (low) 
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SBHE ~ .. ~ .... ~,,-,-_ . ..;'>< ..... : ____ -!-_A...;.D.;;.D.;..;R.;;;:.ES""'S'---_____ ~X· .. >·, ':.:.'.:.' .,",.' . 

SLA(19:17).. ." ... ·~X 

SA(16:0):: ' .::: X ...... !_.;...;AD;;;..;D;;...R...;.Ec.;;.S-'-S-!----iX':. " ....... ::, ,;', .::/ :,O,::j,>',;> ·,i:. 

ENMEM ----I"": ---i------;~ 
3 :~~-----------------

---.: 
ALE ---f-J 

MEMW 

DATA --':5 ~ .... 
RDY-..... -i---"7-"-t-, 

MEMCS16 ----;.-_____ 

FIGURE C-12. MEMORY WRITE - AT MODE 

MEMORY WRITE AT MODE MIN. TYP. MAX. 

1. MEMCs16 valid from SLA (19:17) 9 14 
ENMEM valid 
(max. worst case 

delay) 

2. ROY inactive from MEMWactive 0 30 
(max. worst case 

delay) 

3. SLA(19:17) min. hold from ALE'!" 5 
ENMEM 

4.0ataSOI valid from MEMWM active 30 
(min.) 

5.0ataSOI hold from MEMWM inactive 5 
(min.) 

6. SA(16:0) hold from MEMWM active 10 
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APPENDIX 

0.1 PACKAGE DIMENSIONS AND 
SPECIFICATIONS 

r P1N NO. 1 (REF) 

1.103 
1.097 

.800 REF 

t--______ 1 .085 __ ...,..:-/ ___ ., 
1.075 / 

~ ____ .953 ____ ~ ___ ~~ 
.947 

~-----.800 REF--------..I 

~-----------1 .1 03 -------------<--1 
1.097 

FIGURE 0-1. 132 PIN JEDEC PLASTIC FLAT PACKAGE 
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SEATING PLANE 

f!-O· 

. 180-foo....--~ 

.160 

[.030 
.020 

~ 
t r·012 

L .008 

t--=:::::r =*f 

040 
.025 MIN. .020 
(OPTIONAL) 

Side View 

Bumper Detail 

0.061 

0.078 

0.010 RAD. 
TYP. 

~:::::::::----1- 4 DEG 
TYP. 

Detail A 

FIGURE D-1. 132 PIN JEDEC PLASllC FLAT PACKAGE (continued) 
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APPENDIX 

E.1 ABSOLUTE MAXIMUM RATINGS 

Ambient temperature under bias 
Storage temperature 
Voltage on all inputs and outputs with respect to Vss 
Power dissipation 

WD90C20IWD90C22 

oOC to 70°C 
-40°C to 125°C 
-0.3 to 6.5 Volts 
1.2 Watts 

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 condi­
tions above those indicated in the operational section of the specification is not implied. Exposure to ab­
solute maximum rating conditions for extended periods may affect product reliability. 

E.1.1 STANDARD TEST CONDITIONS 

The characteristics below apply for the following standard test conditions, unless otherwise noted. All vol­
tages are referenced to Vss (OV Ground). Positive current flows into the referenced pin. 

Operating temperature range 
Power supply voltage 

E.1.2 DC CHARACTERISTICS 

SYMBOL PARAMETER 

VIL Input Low Voltage 
VIH Input High Voltage 
ilL Input Low Current 
IIH Input High Current 
VOL Output Low Voltage 
VOH Output High Voltage 
loz High Impedance 

Leakage Current 
CIN Input Capacitance 
COUT Output Capacitance 

NOTES: 

0° to 70°C 
4.00 to 4.60 Volts 

MIN. MAX. UNITS CONDITIONS NOTES 

-0.3 0.8 V Vee =5V±5% 
2.0 Vee + 0.3 V Vee = 5V±5% 
- ±10 IlA VIN = OV 
- ±10 IlA VIN =Vee 
- 0.4 V IOL+ 4.0 mA 1 

2.4 - V IOH =4.0 mA 1 
-10.0 10.0 IlA OV < VOUT <Vee 
- 10 pF PC = 1 MHz 
- 10 pF PC = 1 MHz 

1. WD90C20 outputs have 6.0 mA maximum source and sink capability except as follows: 
RDY = 24.0 mA sink and 4.0 mA source. 
IRQ = 24.0 rnA sink and 4.0 mA source. 
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INTRODUCTION 

1.0 INTRODUCTION 

The Western Digital® Imaging WD90C61 is a 
dual clock generator for VGA applications. It 
simultaneously generates two clocks. One clock 
is for the video memory, the other is the video dot 
clock. 

The WD90C61 Video Graphics Array clock gener­
ator is capable of producing different output fre­
quencies under firmware control. The video output 
frequency is derived from a 14.318 MHz system 
clock available in IBM PCIXT/AT and Personal 
System/2 computers. It is designed to work with 
every· Western Digital Imaging Video Graphics 
Array device to optimize video subsystem perfor­
mance. 

The video dot clock output may be one of six 
internally generated frequencies or one of two ex­
ternal inputs. The selection of the video dot clock 
frequency is done through four inputs: VSELO, 
VSEL 1, VGAlTTL, and FCLKSEL. The video 
clock selection is latched by the SELEN signal. 
See Table 1 below. 

The inputs and truth table have been designed to 
allow a direct connection to one of the many 
Western Digital Imaging VGA controllers. When a 
Western Digital Imaging controller is used with a 
WD90C61, two of the VGf:\s video clock inputs 
become outputs and directly drive the SELEN and 
VGAlTTL inputs. 

The WD90C61 generates the VCLK output as 
shown in Table 1. The VSELO and VSEL 1 inputs 
are latched with SELEN. VGAlTTL is an additional 
select input that selects frequencies for VGA 
modes when left high and frequencies for TTL 
modes when pulled low. Select input FCLKSEL 
overrides internal clock generation and passes 
through the FCLKIN clock input. 

The MCLK output is generated as shown in Table 
2. The various VCLK and MCLK frequencies are 
achieved by multiplying the 14.318 MHz input fre­
quency by a factor of N/32 (e.g., 44.74 is obtained 
with N = 100). 

The VCLKEN and MCLKEN inputs can tri-state 
the VCLK and MCLK outputs to facilitate board 
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FIGURE 1. WD90C61 PIN DIAGRAM 

level testing. External filter components are at­
tached to the MCAP and VCAP pins for the inter­
nal phase lock loops. 

This data book supplies sales order information, a 
functional overview, signal pin details, a block 
diagram, AC/DC characteristics, timing diagrams, 
and package mechanical information. 

1.1 FEATURES 

• Clock generator for the IBM compatible 
Western Digital Imaging Video Graphics 
Array (VGA) chips. 

• Generates six video clock frequencies 
(25.057,28.189,36.242,16.108,32.216 
and 44.744 MHz) derived from a 14.318 
MHz system clock reference frequency. 

• On-chip generation of four (36.242, 41.612, 
37.586 and 44.744 MHz) memory clock 
frequencies. 

• Video clock is selectable among the six 
internally generated clocks and two external 
clocks. 

• CMOS technology. 
• Available in a 20-pin PLCC package. 

Western Digital is a registered trademark of Western Digital Corporation. 
Other trademarks mentioned herein belong to their respective companies. 
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VCLKEN FCLKSEL VGAlTTL VSELO VSEL1 SELENt VCLK FREQUENCY 
Open 1 or Open 1 or Open 0 0 i 25.057 MHz 
Open 1 or Open 1 or Open 0 1 i 28.189 MHz 

Open 1 or Open 1 or Open 1 0 i EXTCLK pass-through 

Open 1 or Open 1 or Open 1 1 i 36.242 MHz 
Open 1 or Open 0 0 0 i 14.318 MHz 

Open 1 or Open 0 0 1 i 16.108 MHz 

Open 1 or Open 0 1 0 i 32.216 MHz 
Open 1 or Open 0 1 1 x 44.744 MHz 

Open 0 x x x x FCLKIN pass-through 

TABLE 1. VCLK SELECTION 

t rising edge for SELEN (i) 

MCLKEN MSELO MSEL1 MCLK FREQUENCY 
Open 1 or Open 1 or Open 44.744 MHz 

Open 1 or Open 0 37.585 MHz 
Open 0 1 or Open 36.242 MHz 
Open 0 0 41.612 MHz 

0 x x DISABLED 

TABLE 2. MCLK SELECTION 
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2.0 WD90C61 INTERFACE 
2.1 SYSTEM BUS INPUTS The WD90C61 has three system interfaces: Sys­

tem Bus, Feature Connector and VGA Controller, 
as well as analog filters and four user 
programmed inputs. Figure 2 shows how the 
Western Digital Imaging VGA Clock WD90C61 is 
connected to a VGA controller. Western Digital 
Imaging 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 
clock frequency. 

The system bus inputs are listed below: _ 
• ClKI .. 

.:::c 22 ~F 

• VSElO 
• VSEl1 

The WD90C61 uses the 14 MHz system bus 
clock as a reference to generate all its frequen­
cies for both video and memory clocks. Address 
lines 02 and 03 are also commonly used as in­
puts to VSElO and VSEl1 for video frequency 
selection. 

.:::c O.1~F 

EXTCLK 
VCLKEN 
MCLKEN 
MSELO 750 
MSEL1 MCAP 

WD90C61 
2.2 ~F 

CLKI---~ 

SELI---~ 
FCLKIN 
FCLKSEL 

2.2~F 

VCAP 
CLKI 750 CLKI---~ 

02 

03 
VSEL1 
VSELO MCLK 

VCLK1 
VCLK2 VCLKO 

L-_--1 02 MCLKI---....J 
L...-_~03 

VGA 

FIGURE 2. WD90C61 INTERFACE 
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2.2 SYSTEM BUS OUTPUTS 

None 

2.3 VGA CONTROLLER INPUTS 
The VGA controller inputs are listed below: 

• VGAlTTL 
• SELEN 

The WD90C61 is programmed to generate dif­
ferent video clock frequencies using the inputs of 
VSELO, VSEL 1, and VGAlTTL. The signal 
VGAlTTL may be supplied by the VGA controller 
as is the case in Western Digital Imaging VGA 
controllers. The inputs VGAlTTL, VSELO, and 
VSEL 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 
Imaging VGA controllers during I/O writes to 
3C2H. 

2.4 VGA CONTROLLER OUTPUTS 
The VGA controller outputs are listed below: 

• MCLK 
• VCLK 

MCLK and VCLK are the two clock outputs to the 
VGA controller. 

2.5 FEATURE CONNECTOR INPUTS 
The feature connector inputs are listed below: 

• FCLKIN 
• FCLKSEL 

There are two inputs from the feature connector: 
FCLKIN and FCLKSEL. FCLKIN may be used as 
an alternate video clock. FCLKIN becomes the 
selected video clock if FCLKSEL goes low. 

WD90C61 INTERFACE 

2.6 FEATURE CONNECTOR OUTPUTS 

None 

2.7 ANALOG FILTERS 
The analog filters are Isited below: 

• 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 shows the filter circuit. The 
capacitator tolerances are ± 20%. The resistor 
tolerance is 2%. 

2.8 USER DEFINEABLE INPUTS 

The user defineable inputs are listed below: 
• EXTCLK 
• VCLKEN 
• MCLKEN 
• MSELO 
• MSEL1 

EXTCLK is an additional input that may be routed 
to the VCLKO output. This additional input is use­
ful for supporting modes that require frequencies 
not provided by the WD90C61. VCLKEN and 
MCLKEN are the output enable signals for VCLK 
and MCLK. 

MSELO and MSEL 1 are the memory clock 
(MCLK) select lines. Table 2 shows how MCLK 
frequencies are selected. All signals in this group 
have internal pullup resistors. 
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3.0 WD90C61 FUNCTIONAL BLOCK DIAGRAM 

EXTCLK __ .. r----, 
FCLKIN __ ~I 

MUX 
CLKI __ .... ____ ... PLL VCAP 

Divider 

SELEN 
VSELO _ .... +-+ _____ -' 
~EL1 __ ~~ ______ __' 

VGAnlL ___ ~~------~ 

PLL 

Divider 

MSELO ~ t 
MSEL 1 .::::.J 

MCAP 

L.... __ FCLKSEL 

FIGURE 3. WD90C61 FUNCTIONAL BLOCK DIAGRAM 
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4.0 PIN DESCRIPTION 
The following table provides the pin definitions for 
the 20-pin WD90C61 package. 

PIN NO. PIN SYMBOL TYPE 
1 ClKI IN 

2 FCLKIN IN 

3 EXTClK IN 
4 VSELO IN 
5 VSEL1 IN 

6 SELEN IN 

7 VGAfTTL IN 
8 FCLKSEL IN 

9 MSELO IN 
10 GND ---
11 MSEL1 IN 
12 MCLK OUT 
13 MCAP IN 
14 MCLKEN IN 

15 VCC ---
16 GND ---
17 VCAP IN 
18 VCLKEN IN 

19 VClK OUT 
20 VCC ---

PIN DESCRIPTION 

DESCRIPTION 
Reference Input Clock from system (14.318MHz) 

Clock input from Feature Connector 
External Clock input for an additional frequency 
Control Input for VCLK selection 
Control Input for VCLK selection 

Strobe for latching SELO and SEL 1 
Select input for VCLK selection 
Select input for VClK. When pulled low, passes 
through FCLKIN 
Select input for MCLK selection 
Ground for digital circuit 
Select input for MCLK selection 
Memory Clock (MCLK) output 
External filter connection for MCLK generation 
Enable input for MCLK output. When pulled low, tri-
states MCLK 
Power supply for analog circuit 
Ground for analog circuit 
External filter connection for VCLK generation 
Enable input for VCLK output. When pulled low, tri-
states VCLK 
Video Clock (VCLK) output 
Power supply for digital circuit 

TABLE 3. PIN DESCRIPTIONS 

NOTE 
CLKI, FCLKIN, EXTCLK, VSElO, VSEL 1, 
SELEN, VGAfTTL, FCLKSEL, MSELO, MSEL 1, 
MCLKEN, VCLKEN input pins have internal pul­
lup resistance. 
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5.0 ABSOLUTE MAXIMUM RATINGS 

Ambient temperature OOC to 70°C 
under bias 
Storage temperature -40° C to 125° C 
Voltage on all inputs 0.5 to 7 Volts 
and outputs with 
respect to V ss 

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. 

WD90C61 

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- 0° to 70° C 
ture ranae 
Power supply voltage 4.75 to 5.25 Volts 
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5.2 D.C. CHARACTERISTICS 

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS 

VIL Input Low Voltage Vss 0.8 V VCC = 5V 
VIH Input High Voltage 2.0 VCC V VCC = 5V 

hH Input Leakage Current --. 20 ~ VIN = Vee 
VOL Output Low Voltage -_. 0.4 V IOL = 8.0 rnA 

VOH Output High Voltage 2.4 ._- V IOH =4.0 rnA 

lee Supplv Current --- 3D rnA Vee =5V 
Rup Internal Pullup Resistors 25 ._- KOhrn VCC =5V 
Cin Input Pin Capacitance --. 8 pF . Fc= 1 MHz 
Cout Output Pin CapaCitance --- 12 pF Fc = 1 MHz 

TABLE 4. DC CHARACTERISTICS 

NOTE: 
CLKI, FCLKIN, EXTCLK, VSELO, VSEL 1, 
SELEN, VGAfTTL, FCLKSEL, MSELO, MSEL 1 , 
MCLKEN, VCLKEN input pins have internal pul­
lup resistance. 
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6.0 AC TIMING CHARACTERISTICS 
The following notes apply to all of the parameters 
presented in this section: 

1. REFCLK= 14.318 MHz 
2. tc = 1lfc 
3. All units are in nanoseconds (ns) 
4. Maximum jitter within a range of 30 I1s 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 1.4 V 

SYMBOL PARAMETER MIN MAX 
SELEN TIMING 

tpwen Enable Pulse Width 20 ---
!suen Setup Time Data to Enable 20 ---
thden Hold Time Data to Enable 10 ---

Reference Input Clock 

tr Rise Time --- 10 
tf Fall Time --- 10 

MCLK & VCLK TIMINGS 

tr Rise time --- 3 
tf Fatl time --- 3 
-- Frequency Error 1 
--- Pass through Frequency 56 
--- Propogation Delay for Pass --- 20 

through frequency 
--- Output Enable to tri-state --- 15 

(into and out of) time 

WD90C61 

NOTES 

Phase Jitter 1 ns max 
Duty Cycle 42.5% min to 57.5% 
max 

Phase Jitter 5 ns max 
Duty Cycle 40% min to 60% max 
% 
MHz 

TABLE 5. AC TIMING CHARACTERISTICS 
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ENABLE TIMING 

~~~~ i""------f 
SELEN I I J 

..... --tsuen 
~pwen t 

CLOCK WAVEFORM 

t =11 
..-.----- C Y f c 

hden 

FIGURE 4. WD90C61 TIMING 
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7.0 ORDERING INFORMATION 

Package Type: 

Part Number: 

20-Pin PLCC 

WD90C61 JEOO 02 

7.1 PACKAGE DIMENSIONS 

,045 X45' 
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 

,018+,003 TYP 
[ ,457±,076 

r 

j 

---

WD90C61 

h--.!~- ,010±,003 
I = ,254±,051 

,3.1.Q. 
7,874 

.100+,005 
2,540±,127 

,1R 
4,368 

1 INCHES 
DIMENSIONS ARE IN MILLIMETERS 

FIGURE 5. WD90C61 20-PIN PLCC PACKAGE DIMENSIONS 
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INTRODUCTION 

1 .0 INTRODUCTION 
The Western Digital Imaging WD9500-SET1 is a 
set of two proprietary VLSI chips (Pixel Address 
Manager and Pixel Data Manager). These chips 
are designed to serve as the primary components 
of intelligent high-resolution graphics add-in 
boards and motherboards for PC/AT, PS/2 Micro 
Channel and E.I.S.A. computer systems and com­
patibles. When the remaining board-level com­
ponents and software are properly selected and 
integrated, the WD9500-SET1 will provide full 
compatibility with the IBM 8514/A Display Adapter 
with superior performance plus functional enhan­
cements (Western Digital Extensions). In order to 
take full advantage of all features, including the 
unique extensions, Western Digital supplies key 
software drivers, with specific performance im­
provements including 8514/A Adapter compatible 
interface, Microsoft Windows 286 and 386 drivers, 
and Display List drivers for AutoCAD. 

1.1 FEATURES 
Full functional compatibility with the IBM 8514/A 
Display Adapter, including hardware compatibility 
with the registers that any application would ac­
cess. 

• Integrated bus interface: PC/AT, PS/2 Micro 
Channel and E.I.SA 

• Transparently runs software written for 8514/A 
interlaced monitors on non-interlaced monitors. 

• Performance averages 30% to 100% faster 
than 8514/A on graphics operations. 

• BITBLT performance 4.5 times that of IBM 
8514/Ain Turbo 4-bit mode. Turbo 4-bit 
BITBL T is two times faster than regular 4-bit or 
8-bit BITBLT. 

• Enhanced resolution: one page of 1280x1 024 
pixels 256 colors; two pages of 1024x768 
pixels 256 colors; two pages of 640x480 pixels 
256 colors. 

• Enhanced graphics commands for high-speed 
hardware generation of textured lines and 
enhanced solid lines. 

• Flicker-free video DAC programming. 
• 60MHz Graphics Processor Clock Rate. 
• All features, including most extensions, are 

supported by Western Digital Imaging Adapter 
Interface {A. I.) driver software. 

• Performance enhanced software drivers for 
key software packages including Windows 
286/386 and AutoCAD. 

WD9500 Chip Set 

• Supports 256Kx4 VRAM in different speed 
grades (120ns or faster) with programmable 
VRAM timing to minimize wait states. 

• Independent Video and Data Clocks. 
• Supports both INMOS and Brooktree video 

DACs and compatibles, with back-end 
integration to minimize external glue logic. .. 

• Supports both interlaced and non-interlaced ~ 
monitors up to 70Hz vertical refresh rate. 
Software written for 8514/A interlaced monitors 
needs no modification for non-interlaced 
monitors. 

• 132-Pin JEDEC Plastic Quad Fine Pitch Flat 
Pack. 

• 1.25 Micron CMOS Technology. 

1.2 DESCRIPTION 
In addition to full compatibility with the IBM 
8514/A, which provides intelligent graphics func­
tions such as polyline drawing, pattern fill for rec­
tangles, "areas" (polygons), and "scissoring" (clip­
ping), the WD9500-SET1 provides several func­
tional enhancements and options as well as supe­
rior performance. 

A major enhancement is the support of higher 
screen resolution, 1280x1024 pixels with 256 
simultaneously displayable colors, as opposed to 
the 1024x768 maximum for the IBM 8514/A. Alter­
natively, the WD9500-SET1 can support a second 
screen page at the highest 8514/A resolution. 

The WD9500-SET1 will give end user dramatic 
speed improvement in almost all graphics opera­
tion. In regular 4-bit mode, the WD9500-SET1 
performs Bit Block Transfers (BITBLTs) twice as 
fast as the IBM 8514/A. In Turbo 4-bit mode, it is 
4.5 times as fast. In particular, enhanced perfor­
mance will be obvious when moving large images 
on the screen (e.g. scrolling). Under turbo mode 
all horizontal data movement will be twice as fast. 
This includes BITBLT, rectangle fill, horizontal line, 
and polygon search and fill. 

Users will also notice considerable performance 
improvement with the WD9500-SET1 in all new 
line-drawing operations, because it directly per­
forms several functions that the IBM 8514/A must 
perform in much slower CPU software. One such 
improvement is the direct generation of textured 
line; another is the automatic, high-speed calcula­
tion of line parameters by the WD9500-SET1, 
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replacing the tedious CPU software procedures 
with simple specifications of only the beginning 
and ending points of any line. 

Whereas the IBM Display Adapter 8514/A is 
designed only for use in the PS/2 computer 
models that use the Micro Channel bus, the 
WD9500-SET1 provides an alternate interface to 
allow full 8514/A functionality (with extensions) for 
the Micro Channel, and more importantly, for all 
PC/AT computers and compatibles. The interface 
selection is made with a single device pin that is 
"strapped" at board design time. 

Many graphics applications result in noticeable 
screen flickering when the software steals refresh 
cycles to modify the color palette in the video 
DAC. A unique low-cost board design option will 
provide flicker-free display operation by allowing 
the WD9500-SET1 to buffer the new palette 
values and apply them during the monitor's 
horizontal retrace (flyback). 

WD9500-SET1 based boards can accommodate 
both interlaced display monitors, such as the IBM 
8514, and non-interlaced monitors; the WD9500-
SET1 will drive either, automatically configuring 
itself at reset time based on the signals in the 
monitor interface cable (for IBM-compatible inter­
laced monitors) or on user selection through on­
board switches or on user selection through a 
software utility. End users can thus exploit 
cost/performance tradeoffs that are not available 
with the IBM 8514/A board. 

Software written directly to 8514/ A registers 
programs the video registers to IBM 8514/A dis­
play interlaced timing for 1024x768 resolution. To 
achieve maximum flexibility for driving different 
monitors, two sets of video registers are provided; 
one for 1 024x768 resolution and one for 640x480 
resolution. These registers can be programmed 
by the BIOS EPROM at power up and their values 
locked in so that direct access by software later 
will not affect the preset video timing. 

For the board designer, the WD9500-SET1 
provides several further costlfunction/performance 
trade-off opportunities, and also saves design 
time, board space, and component costs by in­
tegrating much of the peripheral logic into its 
design. The designer can choose among several 
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video memory (VRAM) architectures, using 
256Kx4 VRAM chips, with back-end logic in­
tegrated into the WD9500-SET1 for 8514/A 
emulation and extension to two pages of 
1024x768x8 (1280x1024 extended resolution re­
quires off-chip logic support). The designer may 
also exploit the use of different clock rates for the 
drawing process and the screen refresh process; 
and bypass design of video data multiplexing and 
serializing, as these functions are integrated into· 
the WD9500-SETl chips. 

2 .0 ARCHITECTURE 
Figure 1 illustrates the logical architecture of a 
WD9500-SET1 based board in block diagram 
style. Each of its major elements, which fO.r n~w 
are presented as functional "black boxes", IS dis­
cussed below. 

The WD9500-SET1 consists of two 132-pin chips: 
the PAM (Pixel Address Manager) and the PDM 
(Pixel Data Manager). 

The VRAM block in Figure 1 represents the video 
memory subsystem, used to store screen images 
generated in the WD9500-SET1 (as a result of 
CPU drawing instructions) or sent from the CPU 
(typically for the purpose of restoring previous~y 
drawn images that had been stored elsewhere In 

the system). The WD9500-SET1 then accesses 
these images for automatic display-screen 
refresh. Drawing operations take place within a 
pixel coordinate space of 2K by 2K; similar to the 
8514/A, remaining VRAM storage is available to 
the WD9500-SET1 and the CPU for "off-screen" 
use, including storage of fill patters and 
scratch pad data. Section 3.2 describes VRAM 
operation and defines the detailed interface of the 
VRAM subsystem to the WD9500-SET1 chip set. 

In the standard board configuration, the WD9500-
SETl is responsible for serializing and multiplex­
ing data extracted form VRAM for screen refresh, 
and then forwarding the data to the DAC via the 
video interface logic block. In VRAM architectures 
using external back-end support, which is neces­
sary to achieve l280x1024 pixel resolution, 
serializing and multiplexing is done within the 
VRAM block, and the resultant screen refresh 
data bypasses the WD9500-SET1, as shown in 
Figure 1. 
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FIGURE 1. ARCHITECTURE 

The video DAC (Digital-to-Analog Converter) has 
the primary function of generating analog intensity 
signals for the red, green, and blue guns of the 
display monitor, carrying these values in 
synchronization with pixel coordinates as the 
guns sweep across the screen. The source of 
these values is the "pixel data" that the WD9500-
SET1 reads out of VRAM in its screen refresh 
operation. With external back-end support, extra 
intelligence is required in the DAC to assist in the 
data formatting begun in the serializing and multi­
plexing logic within the VRAM block. The DAC 
contains the color palette, a small memory that 
maps a given pixel data valued into a specific 
combination of RGB intensities according to the 
contents of each of the cells in palette memory. 
For example, in a 256-color arrangement, an 
eight- bit pixel data value select one of 256 palette 
memory cells. Each of the latter have been loaded 
with an 18-bit datum partitioned into three 6-bit 
fields whose values are in turn converted into red, 
green, and blue signal intensities when that cell is 

selected. Palette values may be loaded directly 
from the CPU, or with the Western Digital flicker­
free option, indirectly through the WD9500-SET1. 

The video DAC and its interfaces, the auxiliary 
video extension (used to drive the monitor from an 
off-board source, normally the system VGA), the 
monitor interface, and other related logic and in­
terfaces together comprise the "video DAC and 
interface subsystem", described in detail in Chap­
ter. Note that the small block in Figure 1 labeled 
"Video Interface Logic" represents only a modest 
amount of logic and, in fact, consists largely of 
pass-through routing of signals; the block is drawn 
chiefly for convenience in explanation. 

The CPU Interface Logic block contains the bus 
transceivers and TTL glue logic necessary to in­
terface the WD9500-SET1 chips to the system 
bus (either the IBM PS/2 Micro Channel of the 
IBM PC/AT bus, or compatible busses). This block 
also provides a data path to the DAC used by the 
CPU to directly access palette values, and to the 
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FIGURE 2. FUNCTIONAL ORGANIZATION 

EPROM. The CPU interface logic is described in 
detail in Section 3.1. 

The remaining board elements are the EPROM 
(containing Western Digital-supplied BIOS exten­
sion firmware), the clock generators, and a group 
of minor components (pull-up/down logic and DIP 
switches) used by the WD9500-SET1 to sense its 
environmental configuration; whether Micro Chan­
nel or AT bus, VRAM organization, etc. These ele­
ments are described in Section 3.0, together with 
the inter-chip (PAM-PDM) connections. 

Finally, the WD9500-SET1 contains a set of user­
accessible internal register that are compatible 
with those on the IBM 8514/A board, plus certain 
extra registers to support Western Digital exten­
sions. From the user's point of view, these 
registers exist chiefly as destinations for software 
commands ("orders" in IBM terminology) and their 
parameters. 

2.1 FUNCTIONAL ORGANIZATION 

Figure 2 introduces the internal functional blocks 
of the PAM and PDM chips. Communication be­
tween the two chips is mediated by two Internal 
Bus Interface Units (IBIUs); they are transparent 
to user operations, and are not shown in the 
diagram. 

In addition to the internal registers and the IBIUs, 
the functional modules within the WD9500-SET1 
are as follows: 

Within the PAM: 
• CIU: CPU Interface Unit 
• GP: Graphics Processor 
• MIC: Memory Interface Controller 

Within the PDM: 
• DP: Data Processor 
• DSP: Display Processor 
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The CIU controls communication with the system 
bus (via the CPU interface logic block external to 
the chip set), and passes data to and from all the 
other units on the chip set. It also performs certain 
miscellaneous functions, such as forwarding ad­
dresses from the system bus to the EPROM. 

The GP performs the actual drawing computa­
tions; it supports all 8514/A graphics modes, plus 
Western Digital extensions. The modes include 
line drawing, area fill area outline drawing (ar­
bitrary polygons), rectangle drawing, image trans­
fer from the CPU, BITBLT copying (Bit Block 
Transfer within VRAM), and scissoring. The GP 
receives its drawing instructions form the CIU and 
sends the resulting pixel coordinates to the MIC. 

The MIC controls VRAM addressing and access. 
In a typical drawing operation, it will convert the 
DP supplied pixel coordinates into VRAM addres­
ses, cause the VRAM to send the addressed data 
(pixel color values) to the DP for modification, and 
then rewrite back into VRAM. When not involved 
in a drawing or special-purpose access, the MIC 
manages the VRAM addressing portion of the 
constantly on-going screen refresh process. The 
MIC gives screen refresh the highest priority for 
VRAM access; next is timer-based VRAM chip 
refresh, with DP-requested drawing access given 
the lowest priority. 

The DP is responsible for updating VRAM in sup­
port of drawing and data transfer operations and 
altering pixel data (color values) according to 
masks and parameters, including "mix" specifica­
tions supplied in shared internal registers by the 
DP and GP. The DP receives pixel data on a 
bidirectional bus from the VRAM, modifies it, and 
then writes it back to the VRAM on the same bus. 

The DSP manages the DAC and monitor, coor­
dinating its role in the screen refresh process with 
the MIC. With an integrated back-end VRAM 
design, the DSP serializes and multiplexes pixel 
data, "pumped" out of VRAM by the MIC, to the 
DAC, in synchronization with the timing of the 
monitor's sweep across the display screen. (With 
external back-end support, this DSP function is 
assumed by external logic within the VRAM block 
and the DAC). 

WD9500 Chip Set 

2.2 BOARD OPERATION OVERVIEW 

The functions of any WD9500-SET1 based board, 
as well as those of the IBM 8514/A, can be sum­
marized as follows: 

A. Screen refresh: A key function is driving the .. 
display monitor. The board reads data form its ... 
VRAM stored representation of the screen image, 
and then converts the data, pixel by pixel, into 
RGB signal for the display monitor, in 
synchronization with the sweeping of the 
monitor's RGB guns across its screen. 

B. Drawing: The other major board function , less 
time-critical then screen refresh, is the generation 
of new lines and areas within VRAM in response 
to commands from the system CPU. In this con­
text, "drawing" includes filling polygon shapes with 
patters, establishing boundaries for "scissoring" 
(clipping), and similar operations. Drawing opera­
tions can involve complex algorithms, and they 
require correspondingly sophisticated processing 
by the WD9500-SET1. 

C. Image transfer: In most graphics work, it is 
common to save board-drawn images (e.g. pop­
up menus) elsewhere in main system memory 
and/or on disk for later restoration to on-board 
video memory and thence to the display screen. 

D. VGA input: The host CPU may request that 
the monitor be driven by the VGA (Video Graphics 
Array), a similar but less sophisticated graphics 
facility located elsewhere in the system; in this 
case the WD9500-SET1 based board (or the 
8514/A) essentially becomes a passive pass­
through channel, taking video data and sync sig­
nals from the "auxiliary video extension" bus con­
nector. Note that another monitor can be attached 
directly to the VGA; if the WD9500- SET1 based 
board (or 8514/A) is not in pass-through mode, 
then the two monitors can simultaneously display 
different images. 

E. Palette loading: Pixel color interpretation is 
mediated by a small "palette" memory in the video 
DAC on the board. The CPU can very rapidly ef­
fect changes on the screen by changing the con­
tents of this memory, as distinct from issuing 
drawing commands. 
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PIN NUMBER PIN SYMBOL TYPE DESCRIPTION 
62-69, 71-82 AO-A19 I CPU addaress bits 0 through 19 
85 AUP I Decoding of upper CPU address bits 23-20, plus 

MADE24; all these should be 0 if the lower 20 bits of 
address are to be considered valid for the WD9500 
based board. 

57 MilO I Distinguishes memory access from 1/0 access 

59 SO I Status Bit 0 
58 S1 I Status Bit 1 
61 ADL I Address Latch 
60 CMD I Command 
56 SBHE I System Byte High Enable 

52 RESET I Channel Reset 
86 CDSETUP I Card Setu~ 
90 CDCHRDY 0 Channel Ready 

88 IRQ 0 Interrupt Request; tied to Micro Channel IRQ 9 

89 CDSFFBK 0 Card Selected Feedback 
55 CD DS16 0 Card Data Size 16 
91 DBEN 0 Data Bus Enable 
94-98,100-110 DO-D15 1/0 CPU Data Bus Bits 0 through 16 

92 DBDIR 0 Data Bus Direction (high for CPU read, low for CPU 
write) 

TABLE 1. CPU INTERFACE PINS (PAM) FOR MICRO CHANNEL 

F. EPROM access: The board includes a small 
EPROM containing a BIOS extension available to 
the CPU. The EPROM is mainly for initialization 
an diagnostic testing during power up. (Note that 
a portion of EPROM contains certain board con­
figuration information read by the WD9500-SET1 
upon power up.) 

G. Other: Finally, the board design must provide 
for customary CPU handshaking, interrupts, and 
miscellaneous bus interface signals. 

3.0 WD9500 INTERFACES 

3.1 CPU INTERFACE 

The PAM provides interface pins to connect to 
either the IBM PS/2 Micro Channel of the AT bus 
via a small amount of external logic, illustrated in 
Figures 1 and 2. The CIO configures itself for one 
of the two different interfaces according to the 
value of a configuration strapping pin, described 
later in this chapter (Table 12). 

Because of the two possible external environ­
ments, most of these CPU interface pins have 
two alternate interpretations, as shown in the fol­
lowing tables. In both cases, however, the names 
and uses of most of these pins correspond 
precisely to the IBM specifications for theMicro 
Channel or AT bus, and so do not need special 
explanation. 
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PIN NUMBER PIN SYMBOL TYPE DESCRIPTION 
62-69, 71-82 SAO-SA19 I CPU addaress bits 0 through 19 
85 AUP I Decoding of upper CPU address bits 23-20, plus 

MADE24; all these should be 0 if the lower 20 bits of 
address are to be considered valid for the WD9500 
based board. 

56 SBHE I System Byte High Enable 
57 MEMR I Memory Read 
59 MEMW I Memory Write 
58 lOR I I/O Read 
60 lOW I 1/0 Write 
61 BALE I Buffered Address Latch Enable 
86 AEN I Address Enable 
52 RESET I System Reset 
88 IRQ 0 Interrupt Request; tied to any AT bus interrupt 
55 CD CS16 0 1/0 16-bit Chip Select 
91 DBEN 0 Data Bus Enable 
94-98,100-110 SDO-SD15 I/O CPU Data Bus Bits 0 through 16 
92 DBDIR 0 Data Bus Direction (high for CPU read, low for CPU 

write) 
84 ATCLK I AT Bus Clock 

TABLE 2. CPU INTERFACE PINS (PAM) FOR AT BUS 
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I/E* 

I 

E 

NUMBER OF PIXEL 
CHIPS RESOLUTION 

4 1024x768 
640x480 

8 1024x768 

1024x768 
640x480 

16 1024x768 
1024x768 
640x480 

8 1280X1024 
1024x768 
1024x768 
640x480 

16 1280x1024 

1024x768 
1024x768 
640x480 

*1 = Integrated Back-end Support 

E = External Back-end Support 

WD9500 Chip Set 

PIXEL DEPTH NUMBER OF SIW** 
SCREEN 
PAGES 

4 1 S 
4 2 S 
8 1 S 
4 2 W 

8 1 S 
8 2 W 
4 2 W 

8 2 W 
4 1 W 

8 1 S 
4 2 W 
8 1 S 
8 1 W 

8 2 W 
4 2 W 

8 2 W 

**S = Standard capability within 8514/A emulation 

W = Western Digital extension to 8514/A capability 

TABLE 3. VRAM PARAMETERS 

3.2 VRAM DESIGN AND INTERFACE 

The WD9500-SET1 supports two VRAM designs. 
Each of these in turn can be implemented with 
two or three levels of chip population, for a total of 
five implementations. The design choice depends 
on the desired combination of the following criteria 
(with only certain combinations possible): 

• pixel resolution: 640x480, 1024x768, 
1280x1024 

• pixel depth: 4 or 8 bits per pixel 
• number of screen pages: one or two 
• number of VRAM chips (and hence board size) 
• field upgradeability 
• type of design: with back-end (serializing and 

multiplexing of pixel data for screen refresh) 
integrated within the WD9500-SET1 , or with 
external back-end support 

External back-end support: includes the use of a 
more sophisticated DAC - is required to achieve 
1280x1024 resolution. 

3.2.1 INTEGRATED BACK-END VRAM 
DESIGN 

The capabilities of the various VRAM designs, ! 

with their several levels of chip population, are 
shown in Table 3. Note: Although not shown, 
each level of chip loading for a given design in­
cludes the capabilities of the smaller chip popula­
tion(s). 

If maximum IBM 8514/A resolution is desired, this 
design should be implemented to at least the 8-
chip level; implementation at the 16-chip level 
provides for the extended capability of doubling 
the number of screen pages supported by the 8-

ADVANCE INFORMATION 10-31-90 25-9 



WD9500 Chip Set 

PIN NUMBER PIN SYMBOL DESCRIPTION 
19,16-10 MA7-MAO Low order address lines, into all Quads. 
34 LA13 Used as high-order address bit (MA8) for quads 

Q1 , Q3, and their counter~arts, in all desions. 
35 LA24 Used as high-order address bit (MA8) for quads 

Q2, Q4, and their counter~arts in all desions. 
22 RASO Row Address Strobe 0 (Quads 1 & 2) 
23 RAS1 Row Address Strobe 1 (Quads 3 & 4) 
20 CAS12 Column Address Strobe 1 (Quads 1 & 2) 
21 CAS34 Column Address Strobe (Quads 3 & 4) 
31-24 WE7-WEO Pixel data Write Enable lines to enable writing 

into VRAM on the PO bus (bidirectional Parallel 
Data bus, between VRAM and DP; A given quad 
receives either WEO-3 or WE4-7. 

32 DT/OE Transfer cycle control and serial data output 
enable, used by all Quads. 

TABLE 4. PAM PIN INTERFACE TO VRAM 

chip version. See Appendix A for an illustration of 
the 16-chip version with indications of which chips 
should be left unpopulated if field upgradeable 4-
chip and/or 16-chip versions are to be produced. 
The same diagram can also serve as the basis for 
an 8-chip design, with half of those chips omitted 
for future field upgrade if desired. 

See Appendix A for a detailed connection drawing 
for VRAM to PAM and PDM. 

Tables 4 and 5 show the PAM and PDM pins used 
to form the VRAM interface. See Appendix A for 
VRAM design diagrams. 

All the Pins in Table 4 drive control signals 
generated by the MIC. 

The PD Pixel Data bus is managed by the Data 
Processor module (DP); all other pins in Table 5 
are managed by the Display Processor (DSP). 

WEO-3 are for pixel positions 0-3, respectively. In 
turbo mode, WE4-7 are for positions 4-7. For x8 
mode, WE4-7 are the same as WEO-3. 

In the VRAM design diagrams (see Appendix A), 
the PD lines connect to the parallel data ports of 
the VRAM chips, while the SD lines connect to 
their serial data ports. 

The different resolution modes require different 
memory addressing schemes to configure the dis­
play memory properly for screen pixel position. 

3.2.2 EXTERNAL BACK-END VRAM 
DESIGN 

See Appendix A for an illustration of the 16-chip 
version with external back-end support. A 
Brooktree 8-bit video DAC BT458 is used. 

3.3 VIDEO DAC AND INTERFACE SUB-
SYSTEM 

This section includes the following information for 
the board designer: 

Routing of VRAM pixel data to the DAC. This in­
volves two alternative designs, depending on 
weather back-end support is performed by the 
W09500-SET1 or by external components. 

Routing of control information from the WD9500-
SET1 to the DAC and the monitor. 

Signal routing in support of "VGA modes", in 
which the monitor is driven by control and data 
signals originating off-board, in the system VGA, 
and passed through to the monitor from the 
auxiliary extension connector. 
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PIN NUMBER PIN SYMBOL DESCRIPTION 
90-93,95-98,100-114, PD31-PDO Parallel Data bus connecting the DP module to 
117-125 the VRAM block; data is bidirectional. (This is the 

path through which the DP first reads, then 
rewrites pixels in support of drawing operations) . 

46-49, 52-67, 71-82 SD31-SDO Serial Data bus, in VRAM designs with integrated 
back-end support, this is the path by which 
screen refresh data is extracted (by a transfer 
cycle) from the serial ports of the VRAM chips 
and then moved to the DSP module for serializing 
and multiplexing before being sent to the DAC. In 
VRAM designs with external back-end support, 
the serial data bus to the DSP is not used; in-
stead, the DSP reconfigures itself to use some of 
these pins (SDO, SD1, SD4, SD5, SD6) as output 
drivers for additional control signals to the VRAM 
(see External Back-End VRAM Design). 

87,85,86,84 SE12A, SE34A, Serial Data Output Enable 
SE12B, SE34B 

88 SC13 Serial Data Clock 1 
89 SC24 Serial Data Clock 2 
The following pins are changed for external back-end support 

82 SC3 (SDO) Serial Data Clock 3 
81 SC2(SD1) Serial Data Clock 4 
78 SELO(SD4) Mux Select 0 
77 SEL1(SD5) Mux Select 1 
76 LDCLK (SD6) LDCLK signal to the DAC 

TABLE 5. PDM PIN INTERFACE TO VRAM 

Palette access, with the board design option of 
implementing "flicker-free mode", a Western Digi­
tal extension. 

Note that a related topic, WD9500-SET1 recogni­
tion of monitor type, is grouped with other con­
figuration strapping issues, and is discussed later 
in this chapter. 

The PDM pins associated with the video interface 
subsystem are all outputs from the DSP, and are 
shown in Table 6. 

Appendix B describes board implementation of 
the video DAC and interface subsystem with in­
tegrated and external back-end support. The flick­
er-free option applies to both and is discussed 
later. The WD9500-SET1 chip set supports 

INMOS IMS G171/176/178, Brooktree BT471/478 
and compatible video DACs for 8514/A modes. It 
also supports Brooktree BT451/458 and com­
patible DACs for Western Digital enhanced 
1280x1024 mode. The Brooktree BT471 DACs in­
clude a 256x18 palette, loaded with 6-bit R, G, 
and B color intensity values; the high two bits of 
the 8-bit data lines supplying these values are 
ignored. The BT478 substitute a 256x24 palette, 
with all eight bits used for finer control of color. 
The DAC8 pin from the PAM can be used to 
select 6-bit or 8-bit palette fields. Note that the 
palette overlay capabilities are not used; the 
DAC's RS2 and OLO-OL3 pins should be tied 
down. Without the flicker-free option, CPU 
software writes data into the DAC's color palette 
on the low eight bits of the system CPU data bus. 
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PIN NUMBER PIN SYMBOL TYPE DESCRIPTION 
30-27, 24-21 VDATAO-7 0 With integrated back-end support, these 

pins output the video data for the DAC. With 
external back-end support, they are not 
used for this purpose, since the DAC 
receives its data from the external logic 
within the VRAM block. In both cases, how-
ever, these same pins are the source of 
palette-loading data in flicker-free mode. (tri-
state output) 

132 SELVD 0 With the flicker-free design option, this pin 
selects the source of palette-loading data to 
be either the low eight bits of the PC data 
bus (normal mode) or VDATAO-7 (flicker-free 
mode). SELVD is also the tri-state control 
signal fo~ DACRD and DACWR from the 
PAM. When high, PAM DACRD and 
DACWR signals are disabled. 

25 VCLK 0 Video clock for the DAC (tri-state output) 
20 BLANK 0 Video blank signal for the DAC (tri-state out-

put) 
31 DACRD 0 DAC palette read. Note that data read from 

the palette is always routed to the PC data 
bus in the CPU interface 10Qic. 

32 DACWR 0 DAC palette write (see SELVD above) 
33 HSYNC 0 Horizontal sync to the monitor (tri-state out-

put). 
34 VSYNC 0 Vertical sync to the monitor (tri-state output) 
42 ENVGA 0 Enables VGA pass-through mode. This sig-

nal selects the source of video data to the 
DAC (either VDATAO-7 from the PDM or PO-
7 from the auxiliary vedeo extension). It also 
selects the control sitgnals to the DAC 
(either VCLK and BLANK from the PDM, or 
HSYNC and VSYNC from the PDM, or 
HSYNC and VSYNC from the auxiliary video 
extension). 

76 LDCLK 0 For external back-end support. This output 
signal drives the LD (load) input of the 
BT458/451 DAC, where it synchronizes the 
serialization of the 32 bits of pixel data from 
the VRAM into four 8-bit pixel color selec-
tions. With integrated back-end support this 
pin is SD6 of the serial data bus from VRAM. 

TABLE 6. PDM PIN INTERFACE TO VIDEO SUBSYSTEM 
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PIN NUMBER PIN SYMBOL I/O DESCRIPTION 

54, 53, 49-37 BSAO-BSA14 0 EPROM BIOS address lines 

36 BSOE 0 EPROM BIOS output enable 

TABLE 7. EPROM INTERFACE PINS 

MICRO CHANNEL AT BUS 

lADS = 0* lADS = 1* 

2K (Fixed) C6800-C6FFF C8800-C8FFF D8800-D8FFF 
4K (Bank Selectable) C7000-C7FFF C9000-C9FFF D9000-D9FFF 
2K (Fixed) CAOOO-CA7FFF N/A N/A 

TABLE 8. BIOS EPROM ADDRESS MAPPING 

The WD9500-SET1 intercepts CPU addressing 
and controls DAC access using the low two bits of 
its EPROM address bus, BIOSA1 and BIOSAO. 
When the flicker-free option is incorporated into 
the board design, as shown in Appendix B, the 
CPU software can invoke flicker-free mode. In this 
mode, palette data is buffered by the WD9500-
SET1 and released to the DAC over the VDATAO-
7 lines, with the SELD control signal activated to 
select the VDATA lines in preference to the sys­
tem data bus. Routing of the latter lines to the 
DAC via the SELD multiplexer is still required, 
both to allow for non-flicker- free mode (8514/A 
emulation) and for palette reads. 

Appendix B shows the implementation of 
1280x1024 resolution with external back-end sup­
port and two DACs. The fast DAC BT451/458 is 
used for 1280x1024 and 1024x768 resolutions. 
The slow DAC BT471/478 is used for VGA pass­
through. The flicker-free capabilities do not apply 
to that DAC. 

3.4 OTHER BOARD DESIGN ELEMENTS 

3.4.1 EPROM 

A 27256 32K UV EPROM is used on the Micro 
Channel board to store the Western Digital BIOS 
extension plus two configuration parameters that 
the WD9500-SET1 loads into internal registers 
upon board reset: the POS 10 (for PS/2 Micro 
Channel system integration), chosen by the cus­
tomer, and a VRAM wait-state control parameter 
(dependant upon characteristics of the VRAM 

chips chosen for the board, and automatically 
selected from among four choices depending on 
how two configuration parameter pins are 
strapped); see Appendix C. 

The EPROM is remapped for the AT bus board 
because of VGA conflict and widespread use of 
Shadow RAM in 80386 machines. BIOS EPROM 
Address mapping for WD9500-SET1 chip set is 
as stated in Table 7. 

For PC/AT and compatibles, 2 sets of addresses 
that minimize memory conflict with other products 
have been selected, i.e. C8800-C9FFF or D8800-
D9FFF. Either address can be selected by a 
jumper in a board design. 

The EPROM is accessed through the CIU on the 
PAM, which generates addressing for the EPROM 
and activated an output enable line. Data from 
EPROM ties to both the CIU and the system data 
bus through an 8-bit connection to the internal 
data bus. (See Figures 1 and 2). The PAM pins 
involved are shown in Table 8. 

3.4.2 PAM·PDM INTERFACE 

The PAM and PDM are connected to each other 
through a 22-pin interface. Both chips include an 
internal bus interface unit (IBIU) which controls 
inter-chip communication; one of its functions is to 
buffer data transfers larger than eight bits, since 
the general purpose inter-chip bus is eight-bits 
wide due to pin count constraints. Inter-chip com­
munication is transparent to the user. See Table 9. 
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PAM PIN NUMBER SIGNAL DIRECTION PDM PIN NUMBER PIN SYMBOL 
PAM 125-132 H PDM 9-2 IADO-7 

PAM 124 ~ PDM 10 IADSTAT 

PAM 8 ~. PDM 126 RWCAS 

PAM 123 ~ PDM 11 RDIWR 

PAM 122 ~ PDM12 AS 

PAM 121 ~ PDM 13 DS 

PAM 114 ~ PDM 19 RMWE 

PAM 2 ~ PDM 132 SELVD 

PAM 119 ~ PDM 15 SLC 

PAM 118 ~ PDM16 SLD 

PAM 6 ~ PDM 128 WROE 

PAM 3 ~ PDM 131 MDTO 

PAM 4 ~ PDM 130 MDT1 

TABLE 9. INTERCHIP INTERFACE PINS 

3.4.3 CONFIGURATION STRAPPING 

The WD9500-SET1 configures itself to its board 
design environment by latching the values of cer­
tain strapped input pins on the rising edge of the 
CPU's RESET signal. (It also reads two 
parameters from the EPROM, as mentioned ear­
lier). One of these pins, which distinguishes be­
tween the Micro Channel and PC/AT bus CPU 
interfaces, is dedicated to this purpose. Three 
other dedicated pins receive monitor type informa­
tion. The remaining pins, which all deal with 
VRAM configuration information, are actually part 
of the inter-chip communication interface; the 
strapped values are driven to the inter-chip lines 
through tri-state buffers. See Tables 10 - 13 .. 

Note: If a field-upgradeable VRAM design is 
selected (with the VRAM chips partially popu­
lated), the appropriate strappings should be im­
plemented with jumpers, switches or some other 
method that allows the use to change the 
strapped values in the course of field upgrade. 

3.4.4 CLOCK CONSIDERATIONS 

A major design element of the WD9500-SET1 is 
the provision for two separate and independent 
clock rates; one for drawing operations, the other 
for screen refresh. In particular, faster monitors 

can be used without changing the clock rate of 
the drawing facilities within the WD9500-SET1, 
and conversely, use of slower monitors will not 
degrade drawing speed. 

The system clock signal, provided by an external 
60MHz oscillator, drives the drawing process 
within the WD9500-SET1 , and is . used to 
generated VRAM timing. The pixel clock, used to 
drive the screen refresh process, is selected from 
among eight oscillator outputs to accommod~te 
different types of monitors. Three PDM output sig­
nals, CLKSEL2, CLKSEL 1, and CLKSELO, are 
provided to make the selection. 

In the United States, non-interlaced video 
monitors use a vertical refresh frequency of 60Hz; 
in Europe, the standard is 70Hz. Including the in­
terlaced IBM 8514 monitor (vertical frequency 
43.48Hz) produces Table 14, in which the "Pixel 
Frequency" is the frequency of the oscillator 
selected by CLKSEL2, CLKSEL 1, and CLKSELO 
as input to the PDM's PCLK pin. 

The typical WD9500-SET1 board will therefore be 
configured with oscillators at 25.28, 44.90 and 
64.37MHz for use with U.S. standard monitors, or 
with oscillators at 31.40, 44.90, and 74.16MHz for 
use with European standard monitors. A more am-

25-14 ADVANCE INFORMATION 10-31-90 



WD9500 Chip Set 

PAM PIN PDM PIN PIN SYMBOL DESCRIPTION 
NUMBER NUMBER 

120 MC/AT Hiah if Micro Channel; low if PC/AT bus 

36-38 MID2-MIDO Monitor 10 Bits 2-0 

130 3 IAD5 EPROM location for AT bus design (not used in 
Micro Channel); low for EPROM memory ad-
dress at C8800H-C9FFFH, high for address at 
D8800H-D9FFFH. 

131 3 IAD6 Test Mode. Low for test mode; high for normal 
operation. 

132 2 IAD7 DAC Type.Low foar 6-bit DAC; high for 8-bit DAC. 

129 5 IAD4 VRAM Chip Speed. Low for -8 spec; high for -10 
spec. 

128 6 IAD3 External Back-End. This pin specifies the maxi-
mum resolution allowed by VRAM design: low for 
1280 x 1024 resolution (external back-end re-
Quired), hiah for 1024 x 768 (internal back-end) 

125 9 IADO VRAM Chip Type. Must be tied hiah. 

126 8 IAD1 Chip Count O. Low order bit of 2-bit VRAM chip 
count field (see below) 

127 7 IAD2 Chip Count 1. High order bit of 2-bit VRAM chip 
count field (see below. 

122 12 AS Monitor Type 0 (see below) 
123 11 RDIWR Monitor Type 1 (see below) 

TABLE 10. CONFIGURATION STRAPPING PINS 

Chip Count 1 Chip Count 0 

4 Chips 0 0 

8 Chips 0 1 

16 Chips 1 0 

Reserved 1 1 

TABLE 11. CHIP COUNT STRAPPING 

bitious design might include all seven clock fre­
quencies, with the MID2-MIDO inputs (as per 
"Configuration Strapping" earlier in this chapter) 
aiding in the selection. 

The WD9500-SET1 pins involved in clock signal 
generation and use are summarized in Table 14. 

Type of Monitor Type 0 Monitor Type 1 
Monitor 

8514 Display 0 0 

60 Hz monitor 0 1 

Reserved 1 0 

70 Hz monitor 1 1 

TABLE 12. MONITOR SELECTION 
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MID2 MID1 MIDO MONITOR TYPE 

0 0 0 Not Defined 

0 0 1 Not Defined 

0 1 0 IBM 8514 (color monitor, 1024 x 768 interlaced) 

0 1 1 Not defined 

1 0 0 Not defined 

1 0 1 IBM 8503 (monochrome, 640 x 480, non-inter-
laced) 

1 1 0 IBM 8513 (color, 640 x 480, non-interlaced & 
8514 

1 1 1 Other display· 

Note: MID2-0 have internal pull-up resistors. During reset, MID2-0 can also be used to test PDM 
internal counters. For in-circuit board test, MID2-0 should be high when REST is asserted. 

TABLE 13. MONITOR 10 INTERPRETATION 

CLKSEL RESOLUTION* VERTICAL FRE- HORIZONTAL PIXEL 

2 1 0 QUENCY FREQUENCY FREQUENCY 

0 0 0 640 X 480N 60 Hz 31.47 KHz 25.18 MHz 

1 0 0 640 X 480N 70 Hz 37.28 KHz 31.32 MHz 

0 0 1 1024 X 7681 43.48 Hz 35.52 KHz 44.90 MHz 

1 0 1 1280 X 1024N 60 Hz 63.78 KHz 109.64 MHz·· 

0 1 0 1280 X 1024N 70 Hz 74.83 KHz 136.71 MHz·· 

0 1 1 1024 X 768N 60 Hz 49.06 KHz 63.98 MHz 

1 1 1 1024 X 768N 70 Hz 56.17 KHz 74.16 MHz 

·N = Non-interlaced 

I = Interlaced 

•• In these cases the oscillator frequency must be halved (to 54.82 MHz or 68.36 MHz) before 
being connected to the PCLK input pin of the PDM. Since this resolution requires external 
back-end support, however, the original frequency, as shown, must remain intact to drive the 

TABLE 14. PIXEL CLOCK FR~QUENCY DERIVATION 
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NAME PAM/PDM PIN# I/O DESCRIPTION 

SCLK PAM 113/PDM 39 I System clock input; requires 60 MHz 

CLKSEL2 PDM43 0 Selects from seven frequencies for PCLK 
(see Table 14) 

CLKSEL1 PDM44 0 See Table 14 

CLKSELO PDM45 0 See Table 14 

PCLK PDM68 I Pixel clock input 

VCLK· PDM25 0 DAC clock source 

LDCLK (SD6) PDM76 0 LD signal for BT451/458 DAC for external 
back-end support 

TABLE 15. CLOCK PIN SUMMARY 

4.0 ABSOLUTE MAXIMUM RATINGS 
AND DC CHARACTERISTICS 

PAM ELECTRICAL SPECIFICATIONS 

PAM AC Specifications 
eLK period: 16 ns minimum, 16.7 ns atypical. 

CLK rise and fall time (0.4 v to 2.4 v): 2.5 ns maximum 

All outputs rise and fall time (10% to 90%): t.b.d. 

Input capacitance: 10 pF maximum 

PAM DC SPECIFICATIONS 
Absolute maximum ratings: 

Voltages on all inputs and outputs with respect to GND 

Operating ambient temperature 
Storage temperature 

DC Characteristics 

Supply voltage (VCC) 
Input low voltaoe (VIL) 

Input hioh voltaoe (VIH) 

Output low voltaoe (VOL) 

Output hioh voltaoae (VOH) 
Input leakage current (Ill) 

Tri-state output leakage current (IOL) 
Power supply current (ICC) 

*VIN = 0 to VCC 
**VOUT = O.4V to VCC 

Minimum 

4.75 
-0.3 

2.0 

2.4 

-0.3 V to 7.0 V 
OOC ~TA ~65° C 

-65°C to 150°C 

Maximum 

5.25 
0.8 

VCC 

0.4 

+10 

+10 

t.b.d. 

Unit 

Volts 
Volts 

Volts 
Volts 

M* 
uA** 

mA 

Note: All inputs have static charge and latch up protection circuits. All inputs, including bi-direc­
tional pads, have 20K ohm pull-up resistors. 

TABLE 16. PAM ELECTRICAL SPECIFICATIONS 
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SIGNAL NAME I/O 10l (Min) @O.4V 10H (Min) @ 2.4V Capacitive load-
ing 

D15-0 1/0 1.0mA 200 !1A 75pF 

CDDS16 0 2.0mA 200 !1A 250pF 

IRQ 0 2.0mA 200 !1A 250pF 

CHRDY 0 2.0mA 200 !1A 250 pF 

SFDBK 0 2.0mA 200 !1A 250pF 

BIOSOE 0 1.0mA 200 !1A 50pF 

BIOSA14-0 0 1.0mA 200 !1A 50 pF 

DBEN 0 1.0mA 200 !1A 50pF 

DBDIR 0 1.0mA 200 !1A 50pF 

WROE 0 1.0mA 200 !1A 50pF 

DACWR 0 1.0mA 200 !1A 100 pF 

DACRD 0 1.0mA 200 !1A 100 pF 

DAC8 0 0.5mA 200 !1A 50pF 

RWCAS 0 1.0mA 200 !1A 50pF 

IADSTAT 0 1.0mA 200 !1A 50pF 

IAD7-0 1/0 1.0mA 200 !1A 50 pF 

RDIWR 0 1.0mA 200 !1A 50 pF 

AS 0 1.0mA 200 !1A 50pF 

DS 0 1.0mA 200 !1A 50pF 

SWAP 0 1.0mA 200 !1A 50pF 

MDT2-0 0 1.0mA 200 !1A 50 pF 

MA7-0 0 1.0mA 200 !1A 130 pF 

LA13 0 1.0mA 200 !1A 80pF 

LA24 0 1.0mA 200 !1A 80pF 

LA24 0 1.0mA 200 !1A 100 pF 

RAS1 0 1.0mA 200 !1A 100 pF 

RASO 0 1.0mA 200 !1A 100 pF 

CAS12 0 1.0mA 200 !1A 100 pF 

CAS34 0 1.0mA 200 !1A 100 pF 

WE7-0 0 1.0mA 200 !1A 50pF 

DTOE 0 1.0mA 200 !1A 160 pF 

TABLE 17. PAM OUTPUT SPECIFICATIONS 
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PDM ELECTRICAL SPECIFICATIONS 
PAM AC Specifications 

SClK period: 16 ns minimum 16.7 ns atypical. 

PClK PERIOD: 13.5 ns minimum; 15.4 OR 22.2 ns typical. 
All outputs rise and fall time (10% to 90%): t.b.d. 

Input capacitance: 10 pF maximum 

PDM DC SPECIFICATIONS 
Absolute maximum ratings: 

Voltages on all inputs and outputs with respect to GND 

O~erating ambient temperature 
Storaoe temperature 

DC Characteristics 

Supply voltaoe (VCC) 

Input low voltaoe (Vll) 
Input high voltage (VIH) 

Output low voltage (VOL) 

Output hioh voltaoae (VOH) 
Input leakage current (Ill) 

Tri-state output leakage current (IOl) 
Power supply current (ICC) 

*VIN = 0 to VCC 
**VOUT = 0.4V to VCC 

Minimum 

4.75 

-0.3 
2.0 

2.4 

WD9500 Chip Set 

-0.3 V to 7.0 V 
OOC ~ TA ~ 65° C 

-65°C to 150°C 

Maximum Unit 

5.25 Volts 

0.8 Volts 
VCC Volts 

0.4 Volts 

+10 uA* 
+10 uA** 

t.b.d. rnA 

Note: All inputs have static charge and latch up protection circuits. All inputs, including bi-direc­
tional pads, have 20K ohm pull-up resistors. 

TABLE 18. PDM ELECTRICAL SPECIFICATIONS 
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SIGNAL NAME I/O 10L (Min) @0.4V 10H (Min) @ 2.4V Capacitive Load-
ing 

IA07-IAOO I/O 4.20 rnA 200~ 50 

RMWE 0 1.00 rnA 200~ 50 

SLC 0 4.20 rnA 200~ 50 

SLOrrOUT 0 4.20 rnA 200~ 50 

P031-POO I/O 4.20 rnA 200~ 50 

VCLK 0 4.20 rnA 200~ 30 

HSYNC 0 4.20 rnA 200~ 50 

VSYNC 0 4.20 rnA 200~ 70 

BLANK 0 4.20 rnA 200~ 70 

VOATA7-VOATAO 0 4.20 rnA 200~ 30 

OACWR 0 4.20 rnA 200~ 30 
(OACWE) 
OACRO 0 4.20 rnA 200~ 50 
OACRO) 
SELVO 0 4.20 rnA 200~ 50 

CLKSEL2- 0 0.80 200~ 50 
CLKSELO 
ENVGA 0 4.80 rnA 200llA 100 

SE12A, SE34A, 0 4.20 rnA 200~ 70 
SE12B, SE34B 
SC13, SC24 0 4.20 rnA 200~ 70 

S06, S05 I/O 4.20 rnA 200~ 100 

TABLE 19. PDM OUTPUT SPECIFICATIONS 

5.0 AC TIMING CHARACTERISTICS 

To be supplied. 
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WD9500 REGISTERS 

6.0 WD9500 REGISTERS 

Although a WD9500 based board is significantly 
more capable than the IBM 8514/A, especially 
when configured with sufficient VRAM, the base 
mode of the board's operations is that of exact 
8514/A emulation, including exact compatibility 
with the 8514/A's user-accessible registers. 

The WD9500 internal registers that are com­
patible with the IBM 8514/A are defined in this 
section. A summary of 8514/A compatible 
registers is shown in Table 25 and Table 26 
respectively. 

WD9500 Chip Set 

All WD9500 registers, except DAC interface 
registers, are 16-bit word-addressed. The unused 
bits are either not shown or marked the letter U in 
the description of the register definitions below. 
The reserved bits are marked with the letter R 
both unused and reserved bits default to O. 

6.1 DAC INTERFACE REGISTERS 

The 8-bit registers in Table 21 are used to pro­
gram the external video DAC. It is possible to 
write and read the DAC. Once the read/write 
index is written, multiple readlwrite operations can 
be performed without having to set the index for 
each entry. 

POS register interface (Micro Channel only) 

The POS registers are used to identify the WD9500 to IBM's setup program. They operate only when 
the CDSETUP pin goes low. Returns POS ID LSByte from EPROM. 
SETUP MODE SETUP_ID1 BYTE ACCESSIBLE 

IDENTIFICATION 
Read only Setup address 100 
Returns POS ID LSByte from EPROM 
SETUP MODE SETUP_ID2 BYTE ACCESSIBLE 

IDENTIFICATION 
Returns POS ID MSByte from EPROM 
SETUP MODE SETUP_OPT BYTE ACCESSIBLE 

IDENTIFICATION 

Bit a of the Setup Mode Option Select register can be used by the host PC to disable the PWGA in 
case of an address conflict. 
Bit a = 1 Enable WD9500 registers 
Bit a = a Disable WD9500 registers 

TABLE 20. POS REGISTER INTERFACE (MICRO CHANNEL ONLY) 

COLOR 8514/A VGA 
PROGRAMMING 
DAC Mask RlW DAC MASK 02EA 03C6 
DAC Read Index RlW DAC_R_INDEX 02EB 03C7 (Write Only) 

03C7 (Read Only) 
DAC Write Indes RlW DAC W INDEX 02EC 03C8 
DAC Data RIW DAC DATA 02ED 03C9 
The 851114/A DAC can be written but not read at the VGA addresses when in VGA pass-through 
mode (4AE8 bit a = 0). 

TABLE 21. DAC COLOR PROGRAMMING REGISTERS 
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Procedure to write to the DAC: (1) Set start write 
color index at 02ECH; (2) Write three bytes [RGB 
values] at 02EDH [The index auto increments the 
next write entry]; (3) Repeat step 2 until the 
desired number of entries have been 
programmed. 

Procedure to read from the DAC: (1) Set start 
read color index at 02EBH. (2) Write three bytes 
[R. G. B. values] at 02EDH [The index auto incre­
ments to the next read entry). (3) Repeat step 2 
until the desired number of entries have been 
read. 

WD9500 REGISTERS 

6.2 ADVANCED FUNCTION CONTROL 
REGISTER (WRITE ONLY - 4AE8H) 

Graphics mode is selected by writing to the Ad­
vanced Function Control (ADVFUNC_CTL). This 
register is used by all modules within the 
WD9500. 

BIT FUNCTION 
0 Set to 0 for VGA pass-through 

mode 
Set to 1 for 8514/A graphics 
mode 

1 Mode extension - set to 1 
2 Screen Resolution 

Set to 0 for 640 x 480 (25.18 
MHz) 
Set to 1 for 1024 x 768 (44.9 
MHz) 

3 Reserved for Mode Extension 
Default = 0 

4-15 Unused - Default = 0 
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MNEMONIC NAME ADDRESSS 
H TOTAL Horizontal Total Register 02E8 
H DISP Horizontal Displayed Register 06E8 
H SYNC START Horizontal Sync Start Register OAE8 
H SYNC WID Horizontal Sync Width Register OEE8 
V TOTAL Vertical Total Register 12E8 
V DISP Vertical Displayed Register 16E8 
V SYNC START Vertical Sync Start Register 1AE8 
V SYNC WID Vertical Sync Width ReQister 1EE8 
DISP CNTL Display Control Register 22E8 

TABLE 22. VIDEO TIMING SETUP REGISTER 

6.3 VIDEO TIMING SETUP REGISTERS 

There are nine registers for setting up video 
timing: four for horizontal, four for vertical, and 
one for control. Two sets of these registers (Table 
3) are provided by WD9500 to allow video timing 
parameters to be pre-programmed and locked in 
for 640x480 and 1024x768 resolutions by 
Western Digital's BIOS. This extended feature is 
designed for interfacing with different monitors re­
quiring different timing parameters. Once the 
timing parameters are locked in, application 
software that writes directly to the video registers 
will not need to be changed for different monitors, 
e.g. interlaced vs. non-interlaced. These registers 
affect the DSP module of the WD9500. The 
horizontal and vertical registers are set by the 
selected resolution. For example, 1024x768 is the 
graphics mode selected by the ADVFUNC_CNTL 
Register, then the horizontal and vertical registers 
are set accordingly. The following tables show the 
format for the horizontal and vertical registers. 
Vertical timing is programmed in line resolution. 
Horizontal timing is programmed in 8-pixel resolu­
tion. 

6.3.2 HORIZONTAL DISPLAYED (WRITE 
ONLY - ADDRESS 06E8H) 

6.3.1 HORIZONTAL TOTAL REGISTER 
(WRITE ONLY - ADDRESS 02E8H) 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
I I I I I I I 

Set number of pixels per line, including blank-
ing. Eight pixel blocks. 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
0 I I I I I I I 
Set number of pixels per line, including blank-
ing. Eight pixel blocks. 

6.3.3 HORIZONTAL SYNC START 
REGISTER (WRITE ONLY­
ADDRESS OAE8H) 

7 I 6 I 5 I 4 I 3 I 2 I 1 
I I I I I 1 

I 0 
J 

Set Horizontal Sync Start. Eight pixel incre-
ments. 

6.3.4 HORIZONTAL SYNC WIDTH 
REGISTER (WRITE ONLY -
ADDRESS OEE8H) 

7 I 6 I 5 I 4 I 3 I 2 I 1 
0 I 0 I I I I I 
Bit 5 = Polarity (1 = negative; 0 = positive) 

I 0 
I 

Bits 0-4 = Set Horizontal Sync Width. Eight 
pixel increments 
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6.3.5 VERTICAL TOTAL REGISTER 
(WRITE ONLY - ADDRESS 12EBH) 

6.3.6 VERTICAL DISPLAYED REGISTER 
(WRITE ONLY - ADDRESS 16EBH) 

o 

o 

6.3.7 VERTICAL SYNC START REGISTER 
(WRITE ONLY - ADDRESS 1 AEBH) 

11 110 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 

I I I I I I I I I I I 
Set vertical sync start. 

6.3.B VERTICAL SYNC WIDTH POLARITY 
REGISTER (WRITE ONLY -
ADDRESS 1 EEBH) 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
0 J 0 I I I I I I 
Bit 5 = Polarity (1 = negative; 0 = positive) 
Bits 0-4 = Set Vertical Sync Width. 

6.3.9 DISPLAY CONTROL REGISTER 
(WRITE ONLY - ADDRESS 22EBH) 

The Display Control DlSP _CNTL Register sets 
various control features for the display functions. 

BIT 
1&2 

3 

4 

5&6 
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POSITION 
Specify resolution. These bits 
should match bits 2 and 3 of 
BEE8-5. 
Scan. Set to specifies a 
double scan; 0 specifies a 
single scan. 
Interlace. Set to 1 specifies in-
terlaced mode; 0 specifies 
non-interlaced mode. 
Enable Display. Together 
these bits enable/reset the dis-
play. The display is enabled 
when bits 5 and 6 are set to 
01 ; and reset when set to 10. 
These bits are not affected by 
the locked-in extended fea-
ture. 
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1024 x 768 640 x 480 (4 or 8) 

Frame 43 Hz 60 Hz 70 Hz 60 Hz 70 Hz 
Rate I NI NI NI NI 
pclk 44.90MHz 63.98MHz 74.16MHz 25.18MHz 31.32MHz 

22.27ns 15.63ns 13.46ns 39.92ns 31.93ns 
02EH Htotal 9d a2 a4 63 68 

06E8 Hdisplay 7f 7f 7f 4f 4f 
OAE8 Hsync position 81 83 83 52 54 

OEE8 Hsync & polarity 16 16 16 2c 2c 

12E8 Vtotal 660 660 642 830(4) 848 (4) 
418 (8) 426 (8) 

16E8 Vdisplay 5fb 5fb 5fb 779(4) 779 (4) 
3bb(8} 3bb (8) 

1AE8 Vsync position 600 600 600 7a8 (4) 7b8 (4) 
3d2 (8) 3de (8) 

1EE8 Vsync & j>olarity 8 8 8 22 22 

22E8 Control 33 23 23 21 (4) 21 (4) 
23 (8) 23 (8) 

Htotal J.Ic 28.25 20.38 17.80 31.78 26.82 
Hdisp. U 22.89 16.00 13.81 25.42 20.44 

Hblank u 5.37 4.376 3.99 6.355 6.39 
Hsync u 3.93 2.751 2.373 3.813 3.07 
Hfporch Jl 0.178 0.375 0.323 0.636 1.02 
Hbporch u 1.25 1.250 1.294 1.906 2.30 

Vtotal ms 23.08 16.65 14.29 16.68 14.24 
Vdisp. ms 21.70 15.65 13.67 15.25 12.87 

Vblank ms 0.706 0.999 0.623 1.430 1.368 
(even) 
0.678 
(odd) 

Vsync ms 0.113 0.082 0.071 0.079 0.067 

Vfporch ms 0.0141 0.020 0.018 0.350 0.402 
(even) 
o (odd) 

Vbporch ms 0.579 0.897 0.534 1.00 0.898 
(even) 
0.565 
(odd) 

HS ms + + + - -
polarity 

VS ms + + + - -
polarity 

TABLE 23. CRT CONTROL REGISTER PARAMETERS AND TIMING 
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6.4 ROM PAGE SELECT REGISTER 
(WRITE ONLY - ADDRESS 46E8 
MC/36E8 AT) 

The ROM Page Select (ROM_PAGE_SEL) 
Register is used by the CIU to enable ROM bank 
selection and select a bank of ROM. The register 
format for bank selection is shown below. Bit 3 
enables/disables bank selection. This register is 
remapped to 36EBh for AT Bus because VGA 
used the 46EBh register. 

7161514131 2 1 1 1 a 
U I U I U I U I I I I I 
Bits 0-2 select the ROM bank 

210 Select Bank 

000 a 
001 1 

a 10 2 

111 3 

100 4 

1 01 5 

1 1 a 6 

111 7 

6.5 SUBSYSTEM CONTROL REGISTER 
(WRITE ONLY - ADDRESS 42E8H) 

The Subsystem Control (SYBSYS_CNTL) 
Register is used for interrupt and reset control of 
the WD9500 FIFO and other CPU interface func­
tions. This register affects Bits 3-0 of the Subsys­
tem status (SUBSYS_CNTL) Register (see "Sub­
system Status Register"). 

BIT POSITION 
a Puts a a in the vertical sync 

status bit of the IS Register 
that can be read at address 
42EBh. (1 = clear; a = no 
change) 

1 Puts a a in the GE busy 
status bit of the IS Register; 
readable at address 42EBh. 
(1 = clear; a = no chal'!fl~ 

BIT 
2 

3 

8 

9 

10 

11 

12 & 13 

14 & 15 

Bit 13 
0 
a 
1 

Bit 15 
a 
1 
0 
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POSITION ~CONT'Dl 
Puts a a in the FIFO overflow 
status bit of the IS Register; 
readable at address 42EBh. 
This bit is cleared at the end 
of every line during a reac 
across the plane. (1 = clear; 
0= nochan~~ 
Puts a 0 in the FIFO empty 
status bit of the IS Register; 
readable at address 42EBh. 
(1 = clear; a = no change) 
Enables/disables the vertical 
sync interrupt. (1 = enable; 0 
=disabl~ 

Enables/disables the GE busy 
interrupt. (1 = enable; 0 = dis-
able) 
Enables/disables the FIFO 
overflow interrupt. (1 = 
enable; 0 = disable) 
Enables/disables the FIFO 
empty interrupt. (1 = enable; 
O=disabl~ 

Selects normal mode or test 
mode. 
Graphic Engine Reset - Used 
to switch between normal 
mode and reset. 

Bit 12 
0 No ChaQRe 
1 Normal 
0 Test 

Bit 14 
1 Normal 
0 Reset 
0 No Change 
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6.6 DRAWING CONTROL REGISTERS 
There are sixteen registers involved in drawing 
control. These registers affect the operation of the 
GP, DP, MIC and CIU Current Y Position Register. 

6.6.1 CURRENT Y POSITION REGISTER 
(READ/WRITE - ADDRESS 82E8H) 

The 16-bit CUR_ Y Register at address 82E8h 
uses Bits 10-0 to define the current position of Y 
for the pixel being drawn. The value is 11 bits 
unsigned. Bit 11 is reserved for higher resolution. 
WD9500's enhanced resolution (1280x1024) 
mode does not use this bit. 

BIT POSITION 
0-10 Current Y of drawing point 

value 
11 Reserved 
12-15 Unused 

6.6.2 CURRENT X REGISTER 
(READ/WRITE - ADDRESS 86E8H) 

The CUR_X Register at address 82E8h uses Bits 
10-0 to define the current position of X for the 
pixel being drawn. The value is 11 bits unsigned. 
Note that Bit 11 is reserved for higher resolution. 
WD9500's enhanced resolution (1280x1024) 
mode does not use this bit. The status of this 
register can be read. 

BIT POSITION 
0-10 Current X of drawing point 

value 
11 Reserved 
12-15 Unused 

6.6.3 DESTINATION Y POSITION/AXIAL 
STEP CONSTANT REGISTER 
(WRITE ONLY - ADDRESS 8AE8H) 

The command performed is specified by the Com­
mand (CMD) Register. Value is 12 bits unsigned 
when line drawing is specified. The minterm for 
the line drawing is: (Increment 1 
2*(min(ldxl,dyJ)). 
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BIT POSITION 
Line Drawing Mode: Increment line parameter 
1. 
0-11 Defines increment 1 value 
12-15 Unused 
BITBLT Copying Mode: C~ Y Destination 
0-10 Defines Y destination 
11 Reserved 
12-15 Unused 

6.6.4 DESTINATION X POSI­
TION/DIAGONAL STEP CONSTANT 
REGISTER (WRITE ONLY­
ADDRESS 8EE8H) 

The command performed is specified by the Com­
mand (CMD) Register. Value is 12 bits unsigned 
when line drawing is specified. The minterm for 
the line drawing is: (Increment 1 
2*(min(ldxl,dyl}-max(ldxl,dyl))· 

BIT POSITION 
Line Drawing Mode: Increment line parameter 
2. 
0-11 Defines increment 2 value 

12-15 Unused 
BITBLT CQQying Mode: C~ X Destination 
0-10 Defines X destination 
11 Reserved 
12-15 Unused 

6.6.5 ERROR TERM REGISTER 
(READ/WRITE - 92E8H) 

The minterm for the line drawing is: 
2*[min(dxl,ldy)]·max(ldx,dyJ)-1 if starting x ending 
x, and 2*[min(ldx,ldyl)] • max(ldkl,ldyJ) if starting x 
= ending x. The status of this register, when read 
after line drawing, is sign extended to 16 bits. 

BIT POSITION 
0-12 Defines the delta for the cur-

rent line drawing. Value is 13 
bits signed 2's complement. 

13-15 Sign extension. 

ADVANCE INFORMATION 10-31-90 25-27 



WD9500 Chip Set. 

6.6.6 MAJOR AXIS PIXEL COUNT 
REGISTER (WRITE ONLY· 
ADDRESS 96ESH) 

This parameter is used for line drawing. BITBLT, 
or rectangle commands. The value is 11 bits un­
signed. When line. drawing is specified, the 
minterm for the line drawing is: Line Parameter = 
max(ldxl,ldyl). For BITBLT or rectangle com­
mands, Rectangle Width Value = Rectangle Width 
-1. 

BIT POSITION 
0-10 Defines either the width for a 

rectangle in BITBLT or rec-
tangle mode or defines the 
length of a line in a line draw. 

11-15 Unused 

6.6.7 COMMAND REGISTER (WRITE 
ONLY· ADDRESS 9AESH) 

The CMD Register at Address 9AESh provides 
commands for drawing. All parameters have to be 
set before this command is sent to activate the 
drawing. 

BIT POSITION 
0 RIW: 1 = Write; 0 = Reac!. 
1 Pixel mode: 1 = multi; 0 = 

single. 
2 Last pixel: 1 = off; 0 = on. 
3 DIR type: 1 = deg; 0 = XY 
4 Draw: 1 = yes; 0 = no. 
5-7 Drawing Direction 
S Wait: 1 = yes; 0 = no. 
9 Bus select: 1 = 16; 0 = S. 
10 Don't care 
11 Reserved 
12 Swap MSB/LSB: 1 = yes; 0 = 

no. 
13-15 Drawing function command 

WD9500 REGISTERS 

BITS DRAWING DIRECTION 
765 Bit 3 = 1 Bit 3 = 0 
000 
001 
010 
01 1 
100 

1 01 
1 1 0 
111 

BITS DRAWING FUNCTION COMMAND 
765 
000 No operation 
001 Draw line 

010 Fill rectangle (Hor. 1 st by 4 hor. 
pixels); Search & fill (see BEES-A) 

01 1 Fill rectangle (Vert. 1 st by 2 vert. 
pixels - see BEES-A) 

100 Fill rectangle (vert. 1 st by 4 hor. 
~xel~ 

1 01 Draw line lI!o~on boundC!!Yl 
1 1 0 BITBLT 
111 Not defined 

6.6.S COMMAND REGISTER (WRITE 
ONLY· ADDRESS 9AESH) 

BIT FUNCTION 
0 RIW: specifies a read operation 

when set to 0 or a write operation 
when set to 1. 

1 Pixel Mode: specifies single pixel 
mode when set to 0 or a mUlti-
pixel mode when set to 1 . 

2 Last pixel Off: specifies the last 
pixel drawn when set to 0; turned 
off when set to 1. 

3 Dir type: specifies the type of line 
drawing direction as either radial 

4 Draw: Specifies draw when set to 
1 and updates the drawing point 
only when set to O. 

5-7 Drawing Direction: Specifies the 
direction of the draw using the 
direction type indicated b~ Bit 3. 
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4 3 2 

Plane 3 Plane 2 Plane 1 

BITBLT 7 6 5 4 

Plane 6 Plane 5 Plane 4 Plane 3 Plane 2 Plane 1 

7 6 5 4 3 2 

Plane 7 Plane 6 Plane 5 Plane 4 Plane 3 Plane 2 

* = Plane number corresponds to bit number for search and fill 

For each plane: 1 = use source; 0 = do not use source 
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1 0 

Plane 0 4-bit Bit Plane 

Plane 0 Plane 7 8-bit Bit Plane 

1 0 

Plane 1 Plane 0 

FIGURE 4. BIT PLANE READ MASK REGISTER 

BIT FUNCTION (CONT'D) 

8 Wait: Provides a wait state when 
set to 1 to allow waiting for CPU 
data during functions such as 
image transfer and texture line 
drawina. 

9 Bus Select: Specifies that the 16-
bit data bus is selected when set 
to 1 ; the 8-bit data bus is selected 
when set to O. 

10 Future: Allows the PAM to inter-
face with two PDM chips. This 
capability is not currently sup-
ported. 

12 Swap MSB/LSB: When set to 1, 
specifies that the most significant 
byte (MSB) be swapped with the 
least significant byte (LSB) when 
the 16-bit data bus is selected. Bit 
12 is normally set to 0; the MSB 
is drawn first, then the LSB. 

13-15 Command type: Specify the com-
mands for drawing. 

6.6.9 SHORT STROKE VECTOR TRANS­
FER REGISTER (WRITE ONLY­
ADDRESS 9EE8H) 

Provides two types of data. Each byte specifies 
the length, direction, and move draw control for a 
short vector. 

BITS FUNCTION 
0-3,8-11 Pixel line length 

4, 12 Move/Draw: Indicates a drraw 
function when set to 1 ; indicates a 
move function when set to O. 

5-7, 13- Drawing direction: Specifies the 
15 direction of the draw when using 

the direction type, either radial-
based or coordinate-based, as 
specified by Bit 3 of the CMD 
register. 

BITS DRAWING DIRECTION 

151413 
765 

000 
001 

010 

01 1 

100 

1 0 1 
1 1 0 
1 1 1 
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6.6.10 BACKGROUND COLOR REGISTER 
(WRITE ONLY· ADDRESS A2E8H) 

The BKGD_COLOR Register specifies the back­
ground color. The MSB in this 8-bit word is not 
used. 

6.6.11 FOREGROUND COLOR REGISTER 
(WRITE ONLY· ADDRESS A6E8H) 

The FRGD_COLOR Register specifies the 
foreground color. The MSB in this 8-bit word is not 
used 

6.6.12 WRITE MASK REGISTER (WRITE 
ONLY· ADDRESS AAE8H) 

Specifies the bit-plane selected for graphics or 
text update. The MSB in this word is not used. 

I BIT 
0-7 

I FUNCTION 

6.6.13 READ MASK REGISTER (WRITE 
ONLY· ADDRESS AEE8H) 

Specifies the read source mask for Image read or 
fill operations. The value is the true mask rotated 
left one bit. Bit 0 is the mask for plane 7 and bits 
1-7 are the mask bits for planes 0-6, respectively. 
However, for polygon fill, bits 2, 3, and 4 are for 
planes 2, 3, and 4, respectively. The MSB in this 
word is not used. See Figure 4. 

6.6.14 COLOR COMPARE REGISTER 
(WRITE ONLY· ADDRESS B2E8H) 

Specifies the comparison color. The MSB in this 
8-bit word is not used. 

6.6.15 BACKGROUND MIX REGISTER 
(WRITE ONLY· ADDRESS B6E8H) 

Specifies the background mix. The MSB in this 
word is not used. 

BIT FUNCTION 
0-4 Background mix command 
5,6 Color select 

WD9500 REGISTERS 

BITS BACKGROUND 
6 5 SOURCE SELECT 
0 0 BGC 
0 1 FGC 
1 0 CPU data 
1 1 Display memory 

6.6.16 FOREGROUND MIX REGISTER 
(WRITE ONLY· ADDRESS BAE8H) 

Specifies the foreground mix. The MSB in this 
16-bit word is not used. 

BIT FUNCTION 
0-4 Foreground mix command 

5,6 Color select 
7-15 Unused 

BITS FOREGROUND 
6 5 SOURCE SELECT 
0 0 BGC 
0 1 FGC 
1 0 CPU data 
1 1 Display memory 

BITS 4-0 FOREGROUND MIX COMMAND 
00 Not screen 

01 Zero 
02 One 

03 Leave alone 

04 Not new 

05 Xor 
06 Not screen xor new 
07 Overpaint 

08 Not screen or not new 
09 Screen or not new 

OA Not screen or new 
OB Screen or new 
OC Screen and new 
OD Not screen and new 
OE Screen and not new 
OF Not screen and not new 

10 Minimum 
11 (Screen-new) without saturate 
12 (New-screen) without saturate 
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BITS 4-0 FOREGROUND MIX COMMAND 
13 (New+screen) without saturate 
14 Maximum 
15 (Screen-new)/2 without saturate 
16 (New-screen)/2 without saturate* 
17 Average = (new + screen)/2 w/o 

saturate 
18 (Screen-new) with saturate 
19 (Screen-new] with saturate 
1A (New-screen) with saturate 
1B (New+screen) with saturate 
1C (Screen-new]/2 with saturate 
10 (Screen-new)J2 with saturate 
1E (New-screen)J2 with saturate** 
1F (Screen + new)/2 with saturate 

*Borrow included in shiftino 
**Set to 0 in borrow = 1 

6.6.17 MULTIFUNCTION CONTROL 
REGISTER (WRITE ONLY­
ADDRESS BEES-0,1 ,2,3,4) 

Specifies several drawing control parameters. Bits 
15-12 control the use of this register when these 
bits are changed, the register changes function. 

BIT FUNCTION 
0-10 Rectangle/clipping parameter 

value 
11 Reserved (don't care for BEE8-O) 
12-15 Drawing select 

15141312 ADDR PARAMETER 
000 0 BEE8-0 Minor Axis Pixel 

Count Index 
0 0 0 1 BEE8-1 Top Scissors 

Index 
0 0 1 0 BEE8-2 Left Scissors 

Index 
0 0 1 1 BEE8-3 Bottom Scissors 

Index 
0 1 0 0 BEE8-4 Right Scissors 

Index 
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Minor Axis Pixel Count Index 
(MIN_AXIS_PCNT) - When bits 15-12 are set 
to 0, the value of bits 10-0 specifies the rec­
tan Ie hei ht. Value = rectan Ie hei ht - 1 
Top Scissors Index (SCISSORS_ T) - When 
bits 15-12 are set to 1, the value of bits 1 0-0 
s ecifies the cli in window to limit. 
Left Scissors Index (SCISSORS_L) - When 
bits 15-12 are set to 3, the value in bits 10-0 
s ecifies the cli in window left limit. 
Bottom Scissors Index ((SCISSORS_B)­
When bits 15-12 are set to 3, the value of bits 
1 0-0 s ecifies the cli in window bottom limit. 
Right Scissors Index (SCISSORS_R) - When 
bits 15-12 are set to 4, the value in bits 1 0-0 
s ecifies the cli in window ri ht limit. 

Note: Reading display memory outside of the 
clipping window returns the content of that 
memo location. 

6.6.1S MEMORY CONTROL INDEX 
REGISTER (WRITE ONLY -
ADDRESS BEES-5) 

BIT FUNCTION 
0,1 X coordinate control: Reserved, 

Bit 0 should be set to O. Bit 1 
should be set to 1 . X coordinate 
control. 

2,3 Specifies resolution- Y coordinate 
control. 

4 Specifies planes for drawing: 0 
specifies lower 4 planes; 1 
specifies upper 4 planes. 

5-7 Reserved 
8-11 Unused 
15-12 Selects memory configuration 

when set to 0101. 

Y Coordinate 3 2 Resolution 
Control 
SkipZ& YI o 0 640x480x4 (Bit 

1 of 22E8H must 
be 0) 

Skip Y2 o 1 1024x768 or 
640x480x8 

Not used 1 0 Not defined 

Not used 1 1 Not defined 
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6.6.19 FIXED PATTERN LOW INDEX 
REGISTER FIXED PATTERN HIGH 
INDEX REGISTER (WRITE ONLY­
ADDRESS BEES-S, BEES-9) 

BIT POSITION 
a Bit a = a 
5-11 Unused 
Fixed Pattern Low Index Register 
(PATTERN L): 
4-1 Specifies pixel position mix control 

for pixels 0-3. A a selects the back-
ground color source; 1 selects the 
foreground color source (if 
enabled by bits 6,7 of the Pixel 
Control Index Register. 

15-12 When set to 8, Fixed Pattern Low 
is selected. 

Fixed Pattern High Index Register 
(PATTERN H): 
4-1 Specifies pixel position mix control 

for pixels 4-7. A a selects the back-
ground color source; 1 selects the 
foreground color source (if 
enabled by bits 6,7 of the Pixel 
Control Index Register. 

15-12 When set to 9, FixedPattern High 
is selected. 

6.6.20 PIXEL CONTROL INDEX REGISTER 
(WRITE ONLY - ADDRESS BEES-A) 

BIT POSITION 
a Bit a = a 
1 Mask select poly-fill operations. 

Read mask = 0; write mask = 1. 
2 Packed Data/Search Enable 
3-5 Data compare 

6-7 These bits define the source of 
the bit pattern used to select color 
and the mix operation to be used. 

11-8 0000 
15-12 1010 
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Bit Packed Data Use 
2 
1 Enabled Read Read pack-

ed data 
Write Search and 

fill mode 

a No ReadlWrite Normal 

BITS 3-5 COMPARISON TYPE 
a False (always draw) 

1 True (never draw) 

2 Plane data> = comparison 

3 Plane data < comparison 

4 Plane data <> comparison 

5 Plane data = comparison 

6 Plane data <= comparison 

7 Plane data> comparison 

76 Data Extension Use 
Bit pattern from Depending on the 
the following color source and 
source mix 

00 Bit pattern always BAE8h bits 6,5 = 
= 1; BGRD_MIX 01 ~ regular solid 
not used. BAE8h bits 6,5 = 

10 ~ regular 
image write 
BAE8h bits 6,5 = 
11 ~ regular BIT 
BLT 

01 Pixel position mix BAE8h bits 6,5 = 
control (BEE8-8,9) 01 ~ horizontal 

text line 
B6E8h bits 6,5 = 
00 ~ horizontal 
text line 

1 a CPU pixel data FMX ~ CPU 10-
bit pattern image 
BMX ~ transfer to 
display memory 
BAE8h bits 6,5 = 
01; B6E8h = 00: 
image write across 
the plane or from 1 
bit plane to FGC 
and BGC 
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Bit! Data Extension 
7 6 Bit pattern from 

the following 
source 

10 Display memory 
used to display 
packed data" bit 
pattern 

Use 
Depending on the 
color source and 
mix 
BAE8h bits 6,5 = 
01; B6E8h bits 6,5 
= 00: BITBLT 
across the plane 
or from 1 bit plane 
to FGC and BGC 
BAE8h bits 6,5 = 
10; B6E8h bits 6,5 
= 00: Special multi­
color marker 
mode"" 

* Packed data - When in an operation involving 
read, packed data is computed from the 
source. Packed Data is defined as "the screen 
data ORed with the complement of the bit 
plane read mask". If the result is all 1 's, then 1 
is extracted, otherwise ° is extracted per pixel. 
When a write operation is selected, WD9500 
goes into a special search and fill mode. The 
screen data is read and if the packed data ex­
tracted is 0, write operation is suspended. 
When a paced data "1" is encountered, write 
operation is enable until the next "1". This 
mode is used to detect the boundary of a 
polygon for fill operation. 

•• Marker - special BITBLT mode used for 
multi-color marker. A 10 pattern is stored in dis­
play memory. During BITBLT, if display 
memory data = 1, CPU data is used. 

6.6.21 PIXEL DATA TRANSFER REGISTER 
(READ/WRITE - ADDRESS E2E8H) 

The Pixel Data Transfer (PIX_TRANS) Register 
specifies the read/write port for image transfer. 
For across the plane image transfer, read/write 
data is determined by nibble boundary on the 
screen. The starting point will fall on the first nib­
ble group for word mode, two nibbles of data can 
be transferred for each read/write. For through the 
plane image transfer, two pixels can be trans­
ferred for each read/write operation in work mode. 
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BIT FUNCTION 
Across The Plane 

0,6-8, Unused 
13-15 
4-1 Pixel read/write value: Pixels 4-7 

12-9 Pixel read/write value: Pixels 0-3 

Throuah the Plane 

0-7 Pixel 2: bpO-bp7 

8-15 Pixel 1 if 16-bit mode selected: 
bpO-bp7 

Note: For Image Read operation, all data (in-
cluding the last pixel) must be read from the 
CPU before issuing a new command to the 
Graphics Processor. 

6.7 STATUS REGISTERS 

There are three status registers that can be read 
to acquire information: the Subsystem Status 
(SUBSYS_STAT) register at address 42E8h, the 
Graphics Processor Status (GP _STAT) register at 
address 9AE8h, and the Display Status 
(DISP _STAT) register at address 02E8h. 

6.7.1 SUBSYSTEM STATUS REGISTER 
(READ ONLY - ADDRESS 42E8H) 

Subsystem Status Register (SUBSYS_STAT) 
Register provides interrupt status, monitor ID, and 
plane size . 

BIT FUNCTION 
0 Vsync: when set to 1 , it indicates 

a vertical sync interruot. 

1 GE Busy: When set to 1 , indicates 
GE busy. 

2 FIFO Overflow: When set to 1, in-
dicates FIFO overflow. 

3 FIFO Empty: When set to 1, indi-
cates FIFO empty. 

4-6 Monitor ID: Indicates the monitor 
type being driven by the WD9500 
or 8514/A. 

7 Plane size: Indicates a 4-bit 
planae when set to 0 or an 8-bit 
plane when set to 1. 

8-15 Reserved for hardware test 
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Address Decoding Table for Read 

Bits 15-12/11-0 2eS 6eS aeS eeSh 

0 2eS 2eS 2eS 2eS 
1 2eS 2eS 2eS 2eS 
2 2eS 2eS 2eS 2e8 
3 2eS 2eS 2eS 2e8 
4 42eS 42eS 42eS 42eS 
5 42e8 42eS 42eS 42eS 
6 42eS 42eS 42eS 42eS 
7 42eS 42eS 42eS 42eS 
S S2e8 S6eS 0* 0* 
9 92e8 0* 9aeS 0* 
a e2e8 e2eS 0* 0* 
b 0* 0* O· O· 
c S2eS S6eS O· 0* 
d 92eS O· 9aeS O· 
e e2e8 e2eS 0* O· 
f O· 0* 0* 0* 

* A value of zero will be read. 
Address Decoding Table for Write 

Bits 15-12/11-0 2e8 6e8 aeS ee8h 

0 2eS 6eS aeS eeS 
1 12eS 16eS 1aeS 1eeS 
2 22eS X X X 

3 X X X X 

4 42eS 46eS 4aeS X 

5 42eS 46eS 4aeS X 

6 42e8 46eS 4aeS X 

7 42e8 46eS 4aeS X 

S S2e8 S6eS SaeS SeeS 
9 92eS 96eS 9aeS geeS 
a a2eS a6eS aaeS aeeS 
b b2eS b6eS baeS beeS 
c S2eS S6eS SaeS SeeS 
d 92eS 96eS 9aeS geeS 
e a2eS a6eS aaeS aeeS 
f b2eS b6eS baeS beeS 

TABLE 24. ADDRESS DECODING TABLES FOR 8514/A REGISTERS 
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654 Monitor 10 
010 8514/Acolor 16" 
1 0 1 VGA 8503 mono 12" 
1 1 0 VGA 8513 color 12" 
1 1 0 VGA 8512 color 14" 
1 1 1 No monitor or other 

monitor 

6.7.2 GRAPHICS PROCESSOR STATUS 
REGISTER (READ ONLY· ADDRESS 
9AESH) 

Provides FIFO status information. PC read data 
status, and hardware busy status. 

BIT FUNCTION 
7-0 FIFO Entries 7-0: Indicates data 

status of the FIFO (Le., a 1 indi-
cates that an input entry is oc-
cupied by data. 

8 Data Available: Indicates that PC 
read data is available when set 
t01; not available when set to O. 

9 Hardware Busy: Indicates that the 
hardware is busy when set to 1 ; 
not busy when set to O. 

15-10 Not used. 

6.7.3 DISPLAY STATUS REGISTER (READ 
ONLY· ADDRESS 02ESH) 

Provides video status information 
BIT FUNCTION 
0 Analog RGB signal test: 0 = R, G, 

or B greater than 0.30 volts; 1 = 
R, G, and B all less than 0.30 volts 

1 Vertical Sync 
2 Line Count 
3 0 
4-15 Unused 

Table 24 illustrates how the addresses are 
decoded for 8514/A compatible registers. The left 
most column gives the hexadecimal value of ad­
dress bits 15-12, and the top row shows the value 
of the rest of the twelve address bits, for example, 
the read address A2E8 (hex) is decoded as 
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"E2E8" column at the a-th row. This also means 
an I/O read from A2E8 is the same as if reading 
from address E2E8, the IRW register. Address 
decoding for read is different from that for write. 

6.S SOFTWARE INTERFACE EXTEN· 
SIONS 

Suitable CPU Adapter Interface software (AI), 
such as the Western Digital Adapter Interface 
(WDAI) can make use of the WD9500's advanced 
capabilities by invoking "Western Digital En­
hanced Mode" on a short-term basis, as ex­
plained later There two consequences to this 
software interface design. First, a WD9500-based 
board can be inserted into a system with no 
change in software, and it will function as a faster 
8514/A. Second, it provides for performance en­
hancement for custom software. In order to mini­
mize future register conflict, all functions for 
Western Digital Enhanced Mode are implemented 
using one register address, 96E8h. A dummy 10 
read at address 28E9h must precede any access 
to 96E8h for Western Digital Enhanced Mode. 
Under 8514/A emulation mode. 96E8h is a write 
only register for Rectangle Width. 

Extended Register Operation To identify the 
WD9500 chip set, see Figure 5. To escape to 
Western Digital Enhanced Mode, the AI should 
execute a byte read of I/O address 28E9h. (The 
purpose of the byte read is to perform the escape; 
the WD9500 does not return any data). This 
operation is a no-op for the IBM 8514/A since it 
involves a write-only register, which furthermore 
does not respond to any access to an odd-num­
bered byte address. This operation will tag the 
next register access through a special bit in the 
FIFO. FIFO is fully functional in Western Digital 
Enhanced Mode. After escaping to Western Digi­
tal Enhanced Mode, the WD9500 will automat­
ically reset itself back to 8514/A emulation mode 
in one of these four circumstances: 

1. If, as its next board access immediately after 
the escape, the AI reads the Western Digital 
Status Register (I/O address 96E8h). 

2. If, as its next board access immediately after 
escape, the AI writes to one of the six 
Western Digital Control Registers, or to the 
Rectangle Width Register (I/O address 
96E8h). 
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Wrtte Register 96E8-3 
(Texture Pattern StartlEnd) 

Wrtte 6AAAh --_I 96E8 Register 

Read Status Register 96E8h 

(Read Data) 3FOOh - 2AOOh? 

Yes 

WD9500 
chip set 

FIGURE 5. METHOD OF IDENTIFYING WD9500 CHIP SET 

3. If, as its next board access immediately after 
an escape, the AI writes to either I/O address 
82E8(register name in 8514/A Emulation 
Mode: Copy Y Destination/lncr 1 Register). 
Figure 5. Method of Identifying WD9500 Chip 
Set. 

The purpose of the second two, however, deser­
ves explanation. Western Digital enhancements 
simplify and speed line drawing commands in two 
ways: first, line drawing parameters are simpler, in 
that the AI needs to specify only the pixel coor­
dinates of the line's end, point, rather than the 
tediously calculated parameters used by the 
8514/A. Therefore, the WD9500 needs to be in 
Western Digital' Enhanced Mode to nknown that 
the write into register 8AE8 contains the Y ending 

point parameter, in preparation for line-drawing 
command (case 4). Second, in 640x480 resolu­
tion, the WD9500 can, through Western Digital 
Enhanced Mode, make use of a much simpler 
V-coordinate format than is required by the 
8514/A, and therefore must be ntoldn by being in 
Western Digital Enhanced Mode, that this simpler 
format is being written to one of the V-coordinate 
registers (82E8 or 8AE8, case 3 above). The 
parameters are defined in this chapter in nEn­
hanced Solid Line Drawingn. 

The same system I/O address (96E8) is used to 
access the Western Digital Status Register, and 
all six of the Western Digital Control Register. In 
8514/A Emulation Mode, this address is that of 
the Rectangle Width Register. 
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1024 x 768 x 4 
or 

1024 x 768 x 8 

Rectangle BITBLT 1 Line 

Rd 
28E9h 

8514/A Mode WOE Mode 

*Xcurrent 86E8h 'Ystart 86E8h 
'Ycurrent 82E8h 'Ystart 82E8h 
·Xdest. 8EE8h 'Xend 8EE8h 
·Ydest. 8AE8h 'Yend 8AE8h 
'Command 9AE8h 'Command 9AE8h 

85141A Mode 

~ 

I Next Command I 
FIGURE 6. WD ENHANCED MODE USAGE IN 1024 X 768 RESOLUTION 

6.8.1 WESTERN DIGITAL ESCAPE 
REGISTER (READ ONLY - ADDRESS 
28E9) 

A read of the Western Digital Escape Register 
allows access to WD enhancements. The data 
returned is not significant. 

6.8.2 WESTERN DIGITAL STATUS 
REGISTER (READ ONLY - 96E8H) 

BIT FUNCTION 
0 VRAM type: 1 = 256k; 0 = 64k 
1,2 Indicates the number of VRAM 

chips 

3 Resolution: indicates the maxi-
mum resolution permitted by the 
VRAM design. When set to 0, it in-
dicates 1024x768; when set to 1, 
it indicates 1280x1204. 

4 Pal Write: indicates whether a 
palette write is pending. When set 
to 0, a palette write is not pending; 
when set to 1, a palette write is 
pendinQ. 

5 DAC Type: Indicates whether the 
DAC used is 6-bit only or a switch-
able 6-biV8-bit. The 6-biV8-bit 
DAC allows compatibility at 6-bit 
color to 8514/A and a large 8-bit 
color palette that requires special 
programming. 1 = 6/8 bit color; 0 = 
6-bit color only. 

7,6 Monitor Selection 

13-8 Current texture pattern position 
15, 14 Chip set revision number 

A byte read at 28E9 followed by a 16-bit read of 
this address, 96E8, yields the contents of the 
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25-38 

640 x 480 x 8 Mode 

WDE Mode 1 
WDE Mode } l 

r----.Y-c-u-rre~n-t-8-2-E-8h---,1 
'Xstart 86E8h 
'Ystart 825E8h 
'Xend 8EE8h 

8514/A Mode. 

I 'Xdeslination 8EE8h 

WD9500 performs automatic 
Y-cordinate translation for 
fronVback page in 640 x 480 x 4 
mode. (No effect in other modes.) 

'Yend 8AE8h 
'Command 9AE8h 

........... _-- .... - ..... - ....... -- .... . 
Dummy 10 read 
for 28E9h 

WDE Mode = Western • 
• Digital Enhanced Mode • 
1 .. _- .... --- .. -- ....... __ ........ _1 

85141A Mode 

FIGURE 7. WD ENHANCED MODE USAGE IN 640 X 480 RESOLUTION 
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Western Digital Status Register. Note that in 
851.4/A Emulation Mode, 96E8 is a write-only 
register. 

6.8.3 WESTERN DIGITAL CONTROL 
REGISTER (WRITE ONLY - AD­
DRESS 96E8) 

In Western Digital Enhanced Mode, when a 16-bit 
write is made to address 96E8, theWD9500 inter­
prets the high 3-bits as a selection of one of six 
Western Digital Control Register destinations for 
the lower 13 bits of data. In this sense, address 
96E8 can be thought of as a "gateway" for writes 
to the six Western Digital Control Registers, and 
the notations 96E8-1 ,96E8-2, .... , 96E8-7 are used 
to refer to those registers. Note also that this 
design provides "double insurance" against ac­
cidental 8514/A-mode access to these registers: 
first, they can be accessed only after escaping to 
Western Digital Enhanced Mode; second, the rec­
tangle width parameter should never be so large 
as to involve 1-bits in the high three bit positions 
of the 16-bit data (and in fact, "96E8-1)" leads to 
the "real" rectangle width register). When Bits 15-
13 are set to 3, bits 12-6 specify the texture pat­
tern ending position and Bits 5-0 specify the tex­
ture pattern starting position within the 48 bits 
available in the four texture pattern registers (see 
"Textured Line Drawing" in this chapter), bit 12 is 
unused. The following table defines the Western 
Digital Enhanced Mode Register (ie., bits 12-0 of 
96E8 when bits 15-13 = 001). All the control fields 
in this register are one-bit mode control; they 
select between two alternate modes, and the 
selected mode remains in effect through all future 
operations until the AI changes it by inverting the 
associated control bit. 

BIT 
0 

1 

2 

3 

4 

5 

WD9500 Chip Set 

FUNCTION 
Pixel Depth: Specifies the number 
of bit planes t 0 be used in all 
operations. Four-bit planes are 
specified when set to 0; 8-bit 
planes are specified when set to 1 . 
Page Select Draw: In modes other 
than 640x480x4, bit 1 specifies 
screen page selection for drawing 
(if the VRAM supports two screen 
pages at the current resolution). 
Page 1 is selected when set to 0 
and page 2 is selected when set 
to 1. Note that the page select 
controls provide a simple 
mechanism for drawing in the 
background so that the user can 
instantly replace one screen 
imaQe with another. 
Page Select View: In modes other 
than 640x480x4, bit 2 specifies 
screen page selection for viewing 
(source of screen refresh). Page 1 
is selected when set to 0 and 
page 2 is selected when set to 1 . 
Note that the 1 is selected when 
set to 0 and page 2 is selected 
when set to 1. Note that the page 
select controls provide a simple 
mechanism for drawing in the 
background so that the user can 
instantly replace one screen 
imaae with another. 
Mode Extension: In conjunction 
with bit 2 of register 4AE8 this bit 
is used to select different resolu-
tions. Bit 3 = 0 is the default for 
8514/A resolution modes (Le., 
1024x768 and 640x480). 
Flicker-free mode: specifies flicker-
free palette loading mode control. 
Setting this bit to 1 enables this 
mode and a 0 clears the mode. 
Texture Mode: specifies Western 
Digital textured line mode. Setting 
this bit to 1 enables this mode and 
a 0 clears the mode. 
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MODE EXT. 8513/AMODE MONITOR 
TYPE (BITS) 

0 0 X 

0 0 X 

0 1 a 
0 1 1 

0 1 X 

BIT FUNCTION 

6 DAC Palette: Used only if the 
board has a S/6 biVcolor switch-
able DAC. (See Selection, 
Western Digital Status Register.) 
Bit 6 = 1 selcts 6-bit/color mode 
(default); Bit 6 = 1 = S-bit DAC. 

S-7 Monitor Type and Vertical Refresh 
Frequency: Combined with the 
mode extension bit and S514/ A bit 
(Bit 2 of 4AES) sets the CLKSEL 
values that select the pixel clock 
frequency. Bit 2 of 4AES automat-
ically selects a proper frequency 
after the control bits are 
programmed by the BIOS. When 
bit 7 is set to 0, it selects a vertical 
refresh frequency of 60 Hz or 43 
Hz; when set to 1, it selects 70 
Hz. When bit S is set to 0, it 
selects a 43 Hz monitor type; 
when set to 1 it selects 60 Hz170 
Hz. 

9 Standard Video Registers Enable: 
Controls the programming of the 
standard video registers. The 
default 0 settino disables loadino. 

10 Standard Video Registers Ena 
ble: Controls the programming of 
the alternate video registers 
(WD9500 extended feature). The 
default 0 settino disables loadino. 

11 When set, causes a wait on I/O 
read or write cycles (when ad-
dress bit 14 is set). Bit 11 = 0 = 
disable wait. 

WD9500 REGISTERS 

VERTICAL CLKSEL2-0 
REFRESH 

FREQUENCY 
(BIT 7) 

0 000, 640X4S0, 60 Hz 

1 100, 640x4S0, 70 Hz 

0 001,1024x76S,43Hz 

0 011,1024x76S,60Hz 

1 111, 1024x76S, 70Hz 

BIT FUNCTION 

12 Specifies the length of wait for I/O 
access when address bit 14 is set. 
A 0 specifies 4.S lJ.Seconds; 1 
specifies? useconds. 

15-13 Western Digital Control Register 
Select 

BITS 
151413 Western Digital Control Registers 

0 0 0 Rectangle Width Register (96ES-0) 
(Same as regular S514A register) 

0 0 1 Western Digital Enhanced Mode 
Register (96ES-1) * 

0 1 0 Reserved (96ES-2) 

0 1 1 Texture Pattern Start/End (96ES-
3)* 

1 0 0 Texture Pattern 11-0 (96ES-4)* 

1 0 1 Texture Pattern 23-12 (96ES-5)* 

1 1 0 Texture Pattern 35-24 (96ES-6)* 

1 1 1 Texture Pattern 47-36 (96ES-7)* 

6.S.4 TEXTURE PATTERN START/END 
REGISTER (WRITE ONLY - AD­
DRESS 96ES-3) 

BIT FUNCTION 

5-0 Starting Bit Position 

11-6 Ending Bit Position 

12 Reserved 
15-13 01 1 
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BITS DESCRIPTION 
10 9 
0 1 Load standard video timing 

registers (default) 
1 0 Load alternate video timing 

registers 
1 1 Load both register sets 
0 0 Activate automatic switching be-

tween register sets and locks 
registers 
4AE8h Bit 2 = 0 (640x480) selects 
Standard Register Set; bit 2 = 1 
(1024x768) selects Alternate 
Register Set 

4AE8 
BIT 3 BIT 2 RESOLUTION 
0 0 640x480 
0 1 1024x768 
1 0 800x600 
1 1 1280x1024 

6.9 ENHANCED SOLID LINE DRAWING 
The following procedure should be used to draw a 
solid line in Wester Digital Enhanced Mode: 

1. Escape to Western Digital Enhanced Mode by 
doing a byte read of liD address 28E9. 

2. Write the X pixel coordinate of the beginning 
point of the new line to liD address 86E8 
(Current X Drawing Point Register). If this 
value has not changed since the last drawing 
operation (i.e. the new line will start witn the 
X-coordinate of the current drawing point), 
then instead, the X pixel coordinate of the 
ending point of the new line should now be 
written to liD address 8EE8 (Ending X 
Register in Western Digital Enhanced Mode), 
even if that X coordinate has not changed. 
The reason is that at least one of the two 
X-coordinate registers must be loaded prior 
to loading a V-coordinate register to avoid 
leaving Western Digital Enhanced Mode 
prematurely. 

3. Write the V pixel coordinate of the beginning 
point of the new line to liD address 82E8 
(Current V Drawing Point Register). If the 

WD9500 Chip Set 

value has not changed since the last drawing 
operation (i.e., the new line will start with the 
same V-coordinate as where the last one 
ended), this step may be skipped. 

4. Unless already done in step 2, write the X 
pixel coordinate of the ending point of the .­
new line to liD address 8EE8 (Ending X __ 
Register in Western Digital Enhanced Mode). 
If this value has not changed since the last 
drawing operation, this step may be skipped. 

5. Write the V pixel coordinate of the ending 
point of the new line to liD address 8AE8 
(Ending V Register in Western Digital En­
hanced Mode). This step has to be done to 
start the line parameter calculation. 

6. Conclude by writing the standard line drawing 
command to the Command Register at liD 
address 9AE8. 

Western Digital Enhanced Mode simplifies the 
calculation of V coordinates when using two 
pages, including the case of 640x480 resolution. 
In contrast to the 8514/A Emulation Mode, 
Western Digital Enhanced Mode requires no 
transformations; the desired page-oriented V 
coordinate can be written directly into the V-coor­
dinate register. The coordinates will apply to the 
page selected by their 640x480x4 drawing page 
selection bit in the MEM_CNTL register In both 
8514/A Emulation Mode and Western Digital En­
hanced Mode, however, the user must be aware 
of pixel coordinate usage with regard to boun­
daries. 

First, under all circumstances, X and V coor­
dinates wrap around at the 2K boundary; in other 
words, pixel coordinates are processed as 11-bit 
values and hence manipulated modulo 2048. 

Second, under all circumstances, V coordinates 
between 1 K and 2K are "lost" (i.e., drawn objects 
or parts of drawn objects whose V coordinates are 
between 1 K and 2K are not recorded in VRAM.) 

Third, where only one page is available (except 
for the 1280x1024 case), X coordinates between 
1 K and 2K are similarly "lost" (See below for 
1280x1024.) 
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Fourth, where two pages are available, first-page 
X coordinates between 1 K and 2K will "intrude" 
into the second page (modulo 1024), and second­
page X coordinates between 1 K and 2K will in­
trude into the first page (modulo 1024). The 
reason is that when two pages are provided, the 
.1 Kx1 K pages are arranged "side by side" in 
physical memory, with the logical (page-oriented) 
X coordinate internally processed as a physical X 
coordinate between 0 and 2K. The intrusion can 
be avoided by establishing clipping boundaries at 
the 1 K page limit (or less). 

Finally, images drawn within a (1 K by 1 K) page 
but beyond the screen viewing boundary (1 Kx76S 
or 640x4S0) are not "lost", and can be copied 
from their "off-screen" location into the viewing 
area by a BITBLT operation. In the (single page) 
case of 12S0x1024 resolution, off-screen" storage 
is provided for coordinates between 12S0 and 2K. 

6.10 TEXTURED-LINE DRAWING 
In Western Digital Enhanced Mode, textured lines 
can be drawn directly. After the "texture pattern" 
and its pointers have been set up as described 
below, the AI need only turn on the Western Digi­
tal textured-line mode control bits, 7 & 6 of BEES­
A to 01, set bits 6 & 5 of BAES to 01 , and then use 
the same procedure as for solid-line drawing (see 
"Enhanced Solid-Une Drawing" in this chapter). 
The texture pattern is a string of bits whose 0/1 
values are consulted in sequence as the PWGA 1 
draws the line, applying the current mix to the 
combination of current texture-pattern bit and cur­
rent pixel. (For example, a "1" bit in the texture 
pattern might be interpreted as an overpaint in­
struction). The pattern may be up to 4S bits long. 
Four Western Digital Control Registers 96ES-4, 
96ES-5, 96ES-6, and 96ES-7 are provided for its 
storage. (Bit 12 of each of these registers is 
reserved.) The pattern must be defined beginning 
at Bit 47, but need not continue to Bit 0; the 6-bit 
"ending position" field in Western Digital Control 
Register 96ES-3 is provided to specify the number 
of its last bit. The related 6-bit "starting position" 
field, however, is used differently. It specifies 
where (between Bit 47 and the ending-position 
bit) the texture-pattern pointer should be placed at 
the beginning of a textured line-drawing process 
from that start position toward the defined ending 
position (i.e., from high-order to low-order bits 
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within the texture pattern); after the WD9500 used 
the texture-pattern bit at the ending position, it will 
circulate the pointer back, not to the specified 
starting position but to Bit 47, and then repeat the 
process. After the line is complete, the wd9500 
will place the current position of the texture-pat­
tern pointer into the appropriate field within the 
Western Digital Status Register, where it may be 
read by the AI. If the user does not store a new 
value into the starting position field, then in its 
next textured-line-drawing operation, the WD9500 
will use the current pointer from the status 
register. The chief purpose of this feature is con­
venience in allowing the user to automatically 
continue a texture pattern from one line to the 
next without needing to do an explicit read and 
write of the. pointer position; for example, a 
dashed line will properly turn a corner without 
user concern for the texture pattern pointer. Note 
that after board reset, all texture controls, includ­
ing current position, are undefined, and must be 
initialized by the AI. 

6.11 FLICKER-FREE PALETTE LOADING 
When using the IBM S514/A, the CPU must wait 
for vertical screen refresh before reloading its 
coior palette, In a high resolution design, however, 
especially with a non-interlaced monitor, the verti­
cal retrace time (typically less than 600 
microseconds) may not be long enough to pro­
gram all 256 color entries. When the Western 
Digital flicker-free option is incorporated into the 
design of a WD9500-based board ("Video DAC 
and Interface Subsystem" in section 3), the 
WD9500 can accept palette writes from the CPU 
at any time, but will buffer them in the DSP until 
horizontal retrace time; during horizontal flyback, 
it will write them to the DAC's palette, avoiding 
flicker. Note that in VGA pass-through mode, any 
VGA palette-loading operation also loads the DAC 
on the S514/A (and hence will do the same on a 
WD9500-based board). Flicker-free programming 
does not apply in VGA pass-through mode. Flick­
er-free mode is enabled by setting Bit 4 of the 
Western Digital Enhanced Mode Control Register. 
When sending color data to the board, however, 
the AI must monitor Bit 4 of the Western Digital 
Status Register; if set, this bit indicates that a 
palette write is pending, and no further palette 
color data should be sent until the WD9500 clears 
the bit. When clear, the AI can then send three 
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I/O ADDRESS READ/WRITE FUNCTION 

02EAlO3C6 RIW DAC Mask 

02EB/03C7 W DAC Read Index 

02EB/03C7 R DAC State 

02EC/03C8 RIW DAC Write Index 

02ED/03C9 RIW DAC Data 

02E8 R Display Status 

02E8 W Horizontal Total 

06E8 W Horizontal Displayed 

OAE8 W Horizontal Sync Start 

OEE8 W Horizontal Sync Width 

12E8 W Vertical Total 

16E8 W Vertical Displayed 

1AE8 W Vertical Sync Start 

1EE8 W Vertical Sync Width 

22E8 W Display Control 

42E8 W Subsystem Status 

42E8 W Subsystem Control 

46E8 W ROM Page Select (MC) 

4AE8 W Advanced Function Control 

82E8 RIW Current Y Position 

86E8 RIW Current X Position 

8AE8 W Destination Y Position/Axial Step Constant 

8EE8 W Destination X Position/Diagonal Step Constant 

92E8 RIW Error Term 

96E8 W Major Axis Pixel Count 

9AE8 R Graphics Processor Status 

9AE8 W Command 

9EE8 W Short Stroke Transfer 

A2E8 W Background Color 

A6E8 W Foreground Color 

AAE8 W Write Mask 

AEE8 W Read Mask 

TABLE 25. IBM 8514/A COMPATIBLE REGISTERS 

bytes, representing the contents of one of the 256 
entries in the palette. Other AI accesses of the 
DAC, including reading color values, are inde-

pendent of the flicker-free design, and should 
emulate 8514/A operations. 
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I/O ADDRESS READIWRITE FUNCTION 

B2ES W Color Compare 

B6ES W Background Mix 

BAES W Foreground Mix 

BEES Multifunction Control 

BEES(O) W Minor Axis Pixel Count 

BEES(1) W Top Scissors 

BEES(2) W Left Scissors 

BEES(3) W Bottom Scissors 

BEES(4) W Right Scissors 

BEES(5) W Memory Control 

BEES(S) W Fixed Pattern - Low 

BEES(9) W Fixed Pattern - High 

BEES(A) W Pixel Control 

TABLE 25. IBM 8514/A COMPATIBLE REGISTERS (CONT'D) 

I/O ADDRESS READIWRITE FUNCTION 

2SE9 R Dummy Read/Enable for 96ES 

36ES W EPROM Select--AT Bus Only 

SAES W Ending X Point for Line 

SEES W Ending Y Point for Line 

96ES R Western Digital Status 

96ES(1) W Western Digital Enhanced Mode 

96ES(3) W Texture Pattern Start End 

96ES(4) W Texture Pattern 11-0 

96ES(5) W Texture Pattern 23-12 

96ES(6) W Texture Pattern 35-24 

96ES(7) W Texture Pattern 47-36 

TABLE 26. WD9500 ENHANCED REGISTERS 
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APPENDIX A. VRAM DESIGN· TBD 

APPENDIX B. IMPLEMENTATION OF VIDEO 
DAC·TBD 

APPENDIX C. EPROM· TBD 
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ADS10COOA ADDENDUM 

ADS10COOA DATA BOOK ADDENDUM 

The following Data Book applies to both the ADS1 OCOO and the ADS1 OCOOA versions. 

Part Numbers' 

STATUS MODEL NUMBER MANF. NUMBER DESCRIPTION 
Current ADS 1 OCOOA JT 00 02 1000KBOOJTl02 68-pin PlCC, released 

6/90 
Obsolete ADS10COO JT 00 02 1000PAOOJTl02 68-pin PlCC 

ADS10COOA Data Book Corrections 

The following changes should be made to the ex­
isting ADS 1 OCOO: 

Several pins are incorrectly labeled for the pinout 
drawing. 

PIN# WAS CORRECTION 
9 GNO GND 
8-1 000-007 DBO-DB7 
63 WR20 NRZO 
59 R6 RG 
58 W6 WG 

List of Differences 

There are no functional differences between the 
ADS10COO and the ADS10COOA. Production 
process improvements were made to improve 
reliability. 

1. Change: Input buffers for the DB bus inputs 
were improved and signal routing optimized in 
order to improve DB bus setup and hold times 
with respect to CS and WR. The new input buf­
fers have modified device sizes and decreased 
capacitance. These changes allow a greater mar­
gin in meeting the specified setup and hold times. 
No logic or specifications changes were involved. 

2. Change: A potential race condition existed be­
tween a clock (ClK) and the inversion of that 
clock (ClKN). Previously both clocks were 
generated in parallel from a master clock; ClK 
through a buffer and ClKN through an inverting 
buffer. This was changed to ClK being generated 
serially from the ClKN signal by an inverting buff­
er. A minor routing/logic change was involved, no 
specification change. 
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ADS10COO Winchester 
Disk Controller 

FEATURES 
• DISK INTERFACES AND FORMATS SUPPORTED 

INCLUDE ST412, ST412Hp, ESDI, SMD, AND 
OPTICAL DISKS 

• FULL MULTISECTOR OPERATION WITH FOUR 
BYTE ID AUTO-INCREMENT 

• UP TO 24 MBITSISECOND MAXIMUM TRANSFER 
RATE 

• INTERNAL 48-BIT ECC, 32-BIT ECC, OR 16-BIT 
CRC-CCITT POLYNOMIAL, OR EXTERNAL USER 
DEFINED ECC 

• INTERNAL SUPPORT FOR 4 TO 18 BIT ERROR 
CORRECTION SPANS 

• UP TO 1:1 INTERLEAVE OPERATION 

• FLEXIBLE ERROR RECOVERY, INCLUDING 
REDUNDANT ID AND SYNC FIELDS 

• SECTOR SIZES TO 4096 BYTES, HARD OR SOFT 
SECTOR, LARGER SIZES POSSIBLE WITH 
SPECIAL TECHNIQUES 

• BUILT IN CRYSTAL DRIVER FOR DATA RATE 
ANDIOR CPU USE 

CS' Vdd 
00 ~ 
01 W6 
02 PXO 

03 PX1 
D4 PX2 
05 PX3 
06 PX4 
07 PX5 

RD' PX6 
WR' PX7 

A4 PYO 
A3 PY1 

A2 PY2 
A1 PY3 

V:~ PZO 
"""1.,.,.,..TT"T ................ ,.,.,..~~.....,~~~.r PZ1 

PINOUT 

• GENERIC CPU BUS INTERFACE WITH 
INTERRUPTS 

• SEPARATE CPU AND DISK DATA BUSSES 

• ASYNCHRONOUS DATA BUFFER INTERFACE 
WITH FULL 'THROUGH' PARITY 

• ON THE FLY COMPARE AGAINST BUFFER DATA 

• 20 1/0 LINES FOR DISK DRIVE CONTROL 

• 68 PIN PLCC PACKAGE 

GENERAL DESCRIPTION 
The ADS10COO is a VLSI Winchester Disk Controller 
chip that provides the data handling and control for an 
intelligent Winchester disk controller. The ADS10COO 
interfaces to nearly any serial disk interface, including 
ST412, ST412Hp, ESDI, SMD, and many optical disk 
interfaces. The ADS10COO provides great flexibility in 
format design, allowing for multiple ID fields, special 
sync requirements, special information fields, or almost 
any other special requirement. The ADS10COO can 
provide all of the data, status, and control Signals 
required by these interfaces. 

The ADS10COO requires only a buffer controller, such 
as the ADS60C40 buffer manager, a microprocessor, a 
data buffer memory, an optional data encoder and 
decoder, and drivers and receivers to make an intel­
ligent disk controller. The ADS60C80 can be added to 
provide external Reed-Solomon ECC for optical disk 
formats. 
The ADS10COO performs all of the disk data serializa­
tion and deserialization, formatting, and error detection 
and correction tasks. The ADS10COO also has data 
verify and compare capability, and generates and 
checks parity. The ADS10COO can perform full track 
operations without CPU control through the use of a 
sector counter and auto-incrementing ID registers. 

The ADS10COO has a generic microprocessor bus 
interface that allows the ADS10COO to be used with all 
popular 8-bit microprocessors. The ADS10COO has 
interrupt capability, which means the microprocessor is 
freed from constant polling of the device. The 
ADS10COO 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 
current necessary for driving MOS microprocessor 
clock inputs. 
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The ADS10COO has 20 lines dedicated to external I/O 
control lines that the microprocessor can use for drive 
and head select, seek command and status, and drive 
status. Eight lines are output only, six lines are input 
only, and four other lines can be individually pro­
grammed for input or output. Two other latch and hold 
input lines are tied to the interrupt logic and can be used 
to detect fault or attention conditions without constant 
polling. 

within a single sector. This feature, along with the 48-bit 
ECC, gives the ADS10COO a greater capability for 
recovering user data in a sector with 'grown' defects. 

PIN DESCRIPTION 
The following section describes the external signals 
available on the ADS10COO. Conventions are as 
follows: 

I indicates that a signal is an input to the 
ADS10COO. The ADS10COO provides error detection and correction 

support. The device can be programmed to use 16-bit 
CRC-CCITT, 32-biI ECC, or 48-bit ECC. The internal 
checksum register can be accessed by the micro­
processor to aid in the correction of error bursts up to 18 
bits. The ADS10COO can also be programmed to use an 
external ECC generator and checker. 

o 

I/O 
1,0 

indicates that a signal is an output from 
the ADS10COO. 
indicates that a signal is bidirectional. 
indicates that a signal can be input or 
output. 

The highly programmable nature of the ADS10COO 
allows the use of redundant ID and data sync fields 

CPU INTERFACE 
Name Dir Pin # Description 

AO-A4 I 25-21 CPU ADDRESS BUS. These signals are used to address 
internal ADS10COO registers. 

CPUCLK 0 36 CPU CLOCK OUTPUT. This is the OSC output (see below) 
divided by two or three, selected by an internal register. This 
output has extra drive for use with certain microprocessors. 

CS I 10 CHIP SELECT. This active low signal enables the 
ADS10COO bus interface logic. 

DO-D7 I/O 11-18 CPU DATA I/O BUS. Used to transfer ADS10COO control and 
status with the CPU. 

INT 0 27 CPU INTERRUPT,This active low, open drain, output is 
asserted whenever an enabled interrupt condition occurs on 
the ADS10COO. 

OSC 0 33 OSCILLATOR OUTPUT. The 1x crystal oscillator output, 
optionally divided by two. This signal has the same drive 
capability as CPUCLK. 

RD I 19 CPU READ STROBE. This active low signal enables data 
from the ADS10COO on to the CPU data bus. 

RST I 61 RESET. This active low signal resets all internal circuits that 
must be reset at power on. A complete list is given later in 
this document. Ttie reset is latched and the condition must 
be cleared by the CPU. 

WR I 20 CPU WRITE STROBE. This active low signal strobes data 
into the selected ADS10COO register from the CPU data bus. 

X1 I 37 CRYSTAL DRIVER INPUT. X1 can also be driven by an 
external clock. 

X2 0 38 CRYSTAL DRIVER OUTPUT, 
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BUFFER INTERFACE 
Name Dir Pin # Description 

ACKA I 67 BUFFER DATA ACKNOWLEDGE. This active low signal 
indicates to the ADS10COO that data can now be transfered 
to or from the data buffer. 

DBO-7 I/O 8-1 BUFFER MEMORY DATA BUS. This is an eight bit data bus 
that interfaces the ADS10COO with the disk data buffer 
memory. 

DBP 1/0 68 DATA BUS PARITY. This signal is used to generate and 
check parity with the disk data buffer memory. 

REQA 0 66 BUFFER DATA REQUEST. This signal is asserted when the 
ADS10COO has data to write to the data buffer, or needs 
data from the data buffer. 

DISK DATA INTERFACE 

Name Dir Pin # Description 

AMDET I 30 ADDRESS MARK DETECTED. Used only in ST412 type 
interfaces that use missing clocks or other qualifiers to the 
sync bytes that mark the start of a field. 

AMENA 0 31 ADDRESS MARK ENABLE. Used to write a missing clock 
sync byte (ST412) or soft sector mark (ESDI, SMD) on the 
media. 

NRZI I 65 NRZ READ DATA IN. Serial data input from the disk phase-
locked loop. This signal is clocked in by the rising edge of 
RRCLK. 

NRZO 0 63 NRZ WRITE DATA OUT. Serial data output. NRZO is valid 
on the rising edge of WRCLK. 

RG 0 59 READ GATE. Active when reading from the disk drive. This 
signal is turned off for one byte time on an 10 search error to 
reset external data decoders. 

RRCLK I I 64 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 ADS10COO by the rising edge of this clock. 

SEQOUT 0 32 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 

I 
an external ECC generator and checker, and is byte aligned 
with both read and write data. 

WG 0 58 WRITE GATE. Active when writing to the disk drive. 

WRCLK 0 62 WRITE CLOCK. This is output during write for drives that 
require it. NRZO data is valid on the rising edge of this 
clock. 
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DISK CONTROL INTERFACE 

Name Dlr Pin # Description 

COMPLT I 35 COMPLETE. This signal is used to detect function complete 
conditions, such as seeks or status requests. The signal 
only generates a CPU interrupt, and does not interfere with 
a read or write operation. 

DRVFLT I 34 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. 

INDEX I 29 INDEX. This signal is used to indicate the start of a track. 
This signal is latched for CPU status and interrupt. 

PXO-7 0 57-50 PORT X. This general purpose output port is intended for 
use as drive select and head select signals. 

PYO-3 1,0 49-46 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 
ADS10COO is reset. 

PZO-5 I 45,44, 42-39 PORT Z. This general purpose input port is used to receive 
drive status signals. 

SECTOR I 28 SECTOR MARK. This signal is used for marking sector 
start locations on the media. This can either be a hard 
sector mark, or a soft mark written on the media using 
AMENA (ESDI or SMD). 

DEVICE POWER 

Name Oil' Pin # Description 

Vdd I 26,60 +5 VOLTS DC. 

Vss I 9,43 GROUND. 
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FUNCTIONAL DESCRIPTION 
The ADS10COO consists of the functional blocks shown 
in the block diagram, Figure 1. Vdd and Vss are applied 
to the device through two separate pins each to improve 
noise immunity. The top and right hand sides of the 
diagram show CPU interface features, the left 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 32 write 
strobes and 23 read strobes used by the micro­
processor to access the various internal control and 
status ports. These include the interrupt registers, 
external disk control ports, control store, control store 
control, configuration, ECC control, and ID registers. 

The BUFFER CPU DATA block buffers the transfer of 
data between the microprocessor and the internal regi­
sters. The direction control is qualified by chip select 
(CS) and read strobe (RD). 

The CPU CONFIGURATION PORTS are used to reset 
the ADS10COO, select checksum polynomials, 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 fre­
quency. Frequency selection 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, 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 program­
mable for either input or output. 

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 check­
sum selection, and control signals, like Read Gate and 
Write Gate, are controlled by the data stored here. 

ADS 1 OCOO 

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 multisector 
commands. This block also includes the BIT RING 
COUNTER, which determines the timing of data trans­
fers in the ADS10COO. 

The WAIT SEQUENCER handles searches for index, 
sector mark, address mark, and byte synchronization. 

The ID WRITE REGISTERS are 8 eight bit registers that ~ 
are used to set the ID write field for format, or the search ~ 
field for read/update write. Four of the registers are 
counters that auto-increment during multisector com-
mands. 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 ID 
fields. 

The ID READ REGISTERS are used to read the last ID 
read from the media to aid in defect handling. 

The CHECKSUM block sets the ECC/CRC polynomial, 
generates the checksums, and is also used to correct 
data errors. 

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 external 
(buffer) data for writing on the disk. The output is 
multiplexed with the output of the checksum register. 

The SHIFT IN register deserializes the read data from 
the disk, clocked in by RRCLK. The data is also trans­
fered to the checksum register for checking. 

The COMPARE block is used to compare incoming read 
data with an internal or external data source. These 
include byte synchronization detection, ID field search, 
and buffer data compare. 

The BUFFER INTERFACE handles the fetching and 
writing of data with the external data buffer. This 
includes parity generation and checking, and data 
handshake with the buffer controller. 
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RESET CONDITIONS 
The following list defines what is reset when RST is 
asserted on the ADS10COO. or the CPU sets the inter­
nal reset bit (SRST in SRESET register): 

- SRST bit in SRESET is left set. and must be 
cleared by the CPU to take the ADS10COO out 
of the reset state 

- interrupts are disabled 

- PYO-3 are set to input 

- DBO-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: 

- PORT X 

- PORT Y CONFIGURATION 

- ECC CONTROL (ECCSHT bit) 

- SECTOR COUNTER 

- INTERRUPT MASK REGISTER 

- SRESET REGISTER (except SRST) 

- The following outputs are reset to zero: 

- PXO-7 

Pin 37 [x1] 

Pin 38 [x2] ------1 

--

I 

XTAL 

C2 

ADS10COO 

- SEOOUT 

- AMENA 

- RG 

-WG 

- NRZO 

- REOA 

- The following error status bits are reset to 
zero: 

-IDERR 

- PTYERR 

CRYSTAL OSCILLATOR APPLICATION 
For applications that use the internal oscillator 
capability of the ADS10COO. 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: 

1 
I 

C, 

FIGURE 2. OSCILLATOR WITH CAPACITORS 
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The following table lists values for C, and C2 for several 
typical crystal frequencies. The capacitor tolerances 
are + -10%. Values for intermediate frequencies (not 
listed in the table) may be extrapolated. 

SPECIFICATIONS 

FREQ (MHz) 

8 
10 
12 
14 
16 
20 
24 
25 
30 
32 

NON-OPERATIONAL SPECIFICATIONS (absolute maximums) 

MIN TYP 

Storage Temperature: -65 

Voltage on any pin -0.3 
with respect to Vss: 

Voltage on V dd' with 
respect to Vss: 

OPERATIONAL SPECIFICATIONS 

MIN TYP 

Ambient Air Temperature: 0 25 

V dd Supply Voltage 4.50 5.0 
with respect to Vss: 

Icc Supply Current: 
(X1 = 32MHz. RRCLK = 27MHz) 
(Full spec output loading) 

Power Dissipation: 

Leakage Current 
on all input pins: 
Latch-Up Current: +/-40 

Input Voltage 
Logic 0 (Vld 
Logic 1 (VIH) 2.0 

X1 Drive Current (for TTL levels): 
Logic 0 (Vll = 0.8) 
Logic 1 (VIH = 2.0) 

26-8 12-12-90 

C, (pf) C2 (pf) 

180 100 
180 68 
150 47 
120 56 
82 56 
82 33 
56 27 
56 22 
39 12 
33 12 

MAX UNITS 

150 Degrees C 

Voo+0.3 Volts 

7.0 Volts 

MAX UNITS 

70 Degrees C 

5.50 Volts 

100 Milliamps 

500 Milliwatts 

+/-10 Microamps 

Milliamps 

0.8 Volts 

Volts 

600 Microamps 

-600 Microamps 



ADS10COO 

MIN TYP MAX UNITS 

Output Voltages (all outputs except 
X2,CPUCLK,OSC,00-07) (*1) 

Logic 0 (VoLl 0.40 Volts 
(lOL = 2 mAl 

Logic 1 (VOH) 2.B Volts 
(loH = - 400 uA) 

Output Voltages 
(CPUCLK and OSC only) (*1) 

Logic 0 (VoLl 0.40 Volts 
(lOL = 4 mAl 
Logic 1 (VOH) Vdd-0.5 Volts 
(lOH = - BOO uA) 

Output Voltages (00-07, INT Logic 0) (*1) 

Logic 0 (VoLl (00-07, INT) 0.40 Volts 
(loL = 6 mAl 

Logic 1 (VOH) (00-07) 2.B Volts 
(loH = - 2.5 mAl 

Input Capacitance 10 Picofarads 
(aU inputs) 
Output Capacitance Loading: 

All outputs except 50 Picofarads 
00-07, BMOO-BM07, 
BMP, OSC, and CPUCLK 

Outputs 00-07, 100 Picofarads 
BMOO-BM07, and BMP 

Outputs OSC and CPUCLK 100 Picofarads 

Input Static Discharge 2000 Volts 
Protection (*2) 

Operating Humidity 20 95 Percent 

X1 Input Operational Frequency: 
Using Crystal B.O 32.0 MHz 
TTL Source --- 25.0 MHz 

NOTES: 
(*1): Even under worst case AC transient switching conditions, Vol = 0.4V shall not be exceeded on any 

output pin at any time. 
(*2): This applies for both "human body" and "charged device" models. 
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TIMING SPECIFICATIONS 
These timing relationships assume the maximum 
capacitive loading for both inputs and outputs. Voo = 
4.50 volts to 5.50 volts. Temp = 0 to 70 deg. C. All timing 
is measured between 0.8 volts logic low and 2.0 volts 
logic high. unless otherwise noted. 

OSC AND CPUCLK TIMING 

,-"_1 
XI \ I \'------r'1 I 

I :-', -1'2 J ~ ~ '3 

FIGURE 3. TTL SOURCE X1 CLOCK INPUT 

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 manual for more information. 

OSCDIV 

0 
0 
1 
1 

FIGURE 4. OSC OUTPUT 

FIGURE 5. CPUCLK OUTPUT 
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CLKDIV 

0 
1 
0 
1 

OSC CPUCLK 

X1/2 X1/6 
X1/2 X1/4 
X1/1 X1/3 
X1/1 X1/2 
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CPU INTERFACE TIMING 

AO-A4 11...-------------:x'------
--~~ / 

1_'----t20-~-----Jy-~-

...... ....----t21--~ ... 

00-07 
'--__ O_Al':_A_VALIO X'-_____ _ 

-t23 -1 l-t24-1 
I-t,.-

EXTERNAL X 
INTERFACE __ --' '-___________ _ 

(InputS) Input change 

FIGURE 6. MICROPROCESSOR RD TIMING (RD CONTROLLED) 
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AO-A4 

00-07 

EXTERNAL 
INTERFACE 

(inpuls) 

26-12 

x x 
-120 - -122 -1 

\ V 
.. 121 .. 

"\ J 

X OATAVALIO X 
-123 _1 1-124-1 

_125 _ 

inpul change 

FIGURE 7. MICROPROCESSOR RD TIMING (CS CONTROLLED) 
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AO-A4 __ ~x~ __________________ ~x~ __ _ 
CS 

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

WR 

_120 -\ 1- 122 _ 

DO-D7 

"Z'--__ -..Jy 
1_ .. --t2• __ 1 

-----------------,X DATAVALlD--------.X 

1-127-1-12.-1 '----
EXTERNAL 
INTERFACE 
(output) 

_129 _1 
___________ P_R_E_VI_O_US_DA_~ ________ __J)(~_NE_W_D_A_~ __ 

FIGURE 8. MICROPROCESSOR WR TIMING (WR CONTROLLED) 
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AO-A4 X ADDRESS VALID X 
-120 - -122-1 

~ \ II 
.. 126 ~ 

iNA \ 

DQ-D7 X DATA VALID X 
1-127- -128-1 

-129 -1 
EXTERNAL PREVIOUS DATA X NEW DATA 
INTERFACE 
(oulpul) 

FIGURE 9. MICROPROCESSOR WR TIMING (CS CONTROLLED) 
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\'-----__ ----J/ 
I .. t30 .1 

...... ------- t31 -------.~ I 
reset state EXTERNAL undefined state \ I 

INTERFACE ______________________ -'A 
OUTPUTS '--------

FIGURE 10. RESET TIMING 

DRVFLTor / \ 

COMPIT ____ ~/' ... ~~---~2-----~~I\~-------------
...... ~------t~ -------~. 

FIGURE 11. EXTERNALLY GENERATED INTERRUPT TIMING 
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BUFFER INTERFACE TIMING 

(Data is coming out of the ADS10COO) 

REQTIM = 1 in RESET register. (REQA true when internal data register is fulL) 

2 3 4 5 6 7 8 2 

RRCLK 

-JF ~,~t.l===-=t.o r-
REOA ~--------l---.r-

I. r: "j "--1 
------------------~\~----------------~/~-----------ACKA' 

~I "l-'''j 
------------------------~X X~----OBO·7. P 

DATA UNDEFINED DATAVAUD 

FIGURE 12. ASYNCHRONOUS MODE DATA BUS READ TIMING 

REQTIM = 0 in RESET register. (REQA true one bit time before internal data register is full. Note that the cycles 
overlap by one bit time.) 

2 3 4 5 6 7 8 9/t 

~j F::~~~!~-'_-_-_-_-_-_-_-_-_-_-::_-_-_-:_-___ "I.t40 ------t-,,~,..4 __ _ 

REOA 

I~ t49=;/ t42 ~ 
ACKA ___________ ~ 1,-----

\~--------------------~/ 

I:--- "---1 ., -----.l .. l- '"-, 
--------------------~X ~ 

I .. 

DBO·7. P 

DATA UNDEFINED DATAVAUD 

FIGURE 12A. ASYNCHRONOUS MODE DATA BUS READ TIMING 
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(Data is going into the ADS10COO) 

REQTIM=O in RESET register. (REQA true when internal data register is empty.) 

2 3 4 5 6 7 8 2 

14------------t40 

REQA 

~~j ~=1 
------------------~\~ ______________ ~/r-----------

I~ " t:=', =-:L Co :j 
------------------------~X X~---

ACKA 

DBO·7. P 
DATA UNDEFINED DATA VALID 

FIGURE 13. ASYNCHRONOUS MODE DATA BUS WRITE TIMING 

REQTIM = 0 in RESET register. (REQA true one bit time before internal data register is empty. Note that the cycles 
overlap by one bit time.) 

2 3 4 5 6 7 8 9/1 2 

RRCLK 

j 
F=t4' 

t40 .1. :1 I., 

REQA 

I ... t43 ~ 
t42=9 ,t4" 

ACKA \ I 
14 t44 ~ 14 t" t46 =:J 

DBO·7. P X >C. 
DATA UNDEFINED DATA VALID 

FIGURE 13A. ASYNCHRONOUS MODE DATA BUS WRITE TIMING 
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SERIAL DATA TIMING 

AMDET ;: ~ (If synchronous) 

I-Ieo~-1e7-1 
l- Ie, • 

::/ ~ Y \ 

: .1 leo ~ 

Ie. I-Iao- -""'-I 
NRZI X data bit X --

-los-I 
conlrol X 

,- leo ~I 
INDEX or J L SECTOR 
or AMDET (If aSYJ1chronous) 

FIGURE 14. NRZ DATA INPUT TIMING 

~ \ / \ 
I- 17D • - 171 ~ 

t72~ -
_173 _ 

_174 _1 
NRZO X data bil X 
RRCLK 

1-,"-1 
Y \ / "-
FIGURE 15. NRZ DATA OUTPUT TIMING 
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AC CHARACTERISTICS 
CPUCLK AND OSC TIMING 

Timing 
Description Min Max Units 

Parameter 

t1 TIL source X1 high or low (*1) 13 ns 

t2 TTL source X1 cycle time 40 ns 

t3 TTL source X1 rise or fall time (*1) 5 ns 

~ OSC high or low when: (*2) 
X1/1 crystal (*3) 10 --- ns 
X1/2 crystal (*3) 27 33 ns 
X1/1 TTL source (*5) 16 24 ns 
X1/2 TIL source (*4) 36 44 ns 

ts CPUCLK high or low when: (*2) 
X1/2 crystal (*3) 27 33 ns 
X1I3 crystal (*3) 36 54 ns 
X1/4 crystal (*3) 54 66 ns 
X1/6 crystal (*3) 81 99 ns 
X1/2 TTL 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 

ts OSC cycle time when: 
X1/1 crystal (*3) 30 125 ns 
X1/2 crystal (*3) 60 250 ns 
X1/1 TIL source (*4) 40 --- ns 
X1/2 TTL 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 TTL source (*4) 80 --- ns 
X1/3 TTL source (*4) 120 --- ns 
X1/4 TTL source (*4) 160 --- ns 
X1/6 TIL source (*4) 240 --- ns 

ta CPUCLK and OSC rise or fall time (*2) 5 ns 

NOTES: 
(*1): Times are measured relative to V'H and V'L. 
(*2): High and low times are measured relative to the midpoints between VOL and VOH. Rise and fall 

times are measured bewteen VOH and VOL. 
(*3) Assumes 33.3 MHz crystal across X1 and X2 for min times, 8.0 MHz crystal for max times. 
(*4) Assumes 25.0 MHz TTL source to X1. 
(*5) Assumes 25.0 MHz TTL source to X1, 50/50 duty cycle. 
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CPU INTERFACE TIMING 

NOTE: AE = AD or es. WE = WA or es. 

Timing 
Description Min 

Parameter 

t29 address valid to FiE or WE 20 

t21 AE pulse width 100 

l:!2 AE or WE to address change 0 

t23 AE true to data valid 

t24 AE false to data hold 20 

t25 input port setup to AE true 80 
(*1) 

t26 WE pulse width 100 

t27 data setup to WE false 80 

128 WE false to data hold 0 

129 WE false to output change 
(*2) 

t30 AST pulse width 100 

tal AST true to stable outputs 

ta2 DAVFLT or eOMPLT pulse width 100 

t33 DAVFLT or eOMPLT high to INT low 

NOTES: 

Max Units 

ns 

ns 

ns 

95 ns 

60 ns 

ns 

ns 

ns 

ns 

80 ns 

ns 

150 ns 

ns 

150 ns 

(*1): Inputs 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. 
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BUFFER INTERFACE TIMING 

Timing 
Description Min Max Units 

Parameter 

t.o DMA (REQA) cycle time ("1) S"leyc 

41 RRCLK true to REQA true 40 ns 

42 ACKA false to RRCLK true 20 ns 

4a REQA true to ACKA false: ("1) 
REQTIM=O S"leyc-41-t42 
REQTIM=1 9"lcyc-41-42 

44 ACKA active low 100 ns 

4s ACKA true to data valid 60 ns 

4s ACKA false to data hold 10 60 ns 

47 data setup to ACKA false 30 ns 

4s ACKA false to data hold 5 ns 

49 ACKA true to REQA false 35 ns 

NOTES: 
("1): lcyc is the RRCLK cycle time used. 
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SERIAL DATA TIMING 

Timing 
Description Min Max Units 

Parameter 

tao RRCLK cycle time 37 ns 

1e1 RRCLK low (*1) 14 ns 

1e2 RRCLK high (*1) 14 ns 

1e3 NRZI setup to RRCLK high 10 ns 

1e4 RRCLK high to NRZI hold 10 ns 

les RRCLK hig/1 to new control out (*3) 30 ns 

lee AMDET setup to RRCLK high (*4) 10 ns 

1e7 RRCLK high to AMDET hold (*4) 10 ns 

lee asynchronous input width 2*l.,yc ns 
(*2) (*5) 

t70 WRCLK high (*2) (*6) 1,10-6·0 ns 

t71 WRCLK low (*2) (*6) I,h;-6.0 ns 

t72 WRCLK low to NRZO change (*6) -3.5 3.5 ns 

t73 NRZO setup to WRCLK high (*6) tm;-9.5 ns 

t74 WRCLK high to NRZO hold (*6) t,10-9.5 ns 

t7S RRCLK high to NRZO change 30 ns 

NOTES: 
(*1): High and low times measured relative to VIH and VIL• 

(*2): t,lo and tm; are the clock low and clock high (respectively) for the RRCLK input used.l.,yc is RRCLK 

26-22 

cycle time used. 
(*3): Control outputs are: SEQOUT, WG, RG, and AMENA. 
(*4): When AMDET is supplied from a synchronous source. 
(*5): Asynchronous inputs are: INDEX, SECTOR, and AMDET when it is supplied from an asynchronous 

source. 
(*6): Where the RRCLK input is driven from O.4V (Vld to 2.4V (VIH). 
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PIN/SIGNAL SUMMARY 

PIN SIGNAL 1/0 FUNCTION PIN SIGNAL 1/0 FUNCTION 

1 DB7 1/0 BUFFER 35 COMPLT I DISK CONTROL 
2 DB6 1/0 BUFFER 36 CPUCLK 0 CPU INTERFACE 
3 DB5 1/0 BUFFER 37 X1 I CPU INTERFACE 
4 DB4 1/0 BUFFER 38 X2 0 CPU INTERFACE 
5 DB3 1/0 BUFFER 39 PZ5 I DISK CONTROL 
6 " DB2 1/0 BUFFER 40 PZ4 I DISK CONTROL 
7 DB1 1/0 BUFFER 41 PZ3 I DISK CONTROL 
8 DBO 1/0 BUFFER 42 PZ2 I DISK CONTROL 
9 vss I GROUND 43 vss I GROUND • 10 CS I CPU INTERFACE 44 PZ1 I DISK CONTROL 
11 DO 1/0 CPU INTERFACE 45 PZO I DISK CONTROL 
12 D1 1/0 CPU INTERFACE 46 PY3 1,0 DISK CONTROL 
13 D2 1/0 CPU INTERFACE 47 PY2 1,0 DISK CONTROL 
14 D3 110 CPU INTERFACE 48 PY1 1,0 DISK CONTROL 
15 D4 1/0 CPU INTERFACE 49 PYO 1,0 DISK CONTROL 
16 D5 1/0 CPU INTERFACE 50 PX7 0 DISK CONTROL 
17 D6 1/0 CPU INTERFACE 51 PX6 0 DISK CONTROL 
18 D7 1/0 CPU INTERFACE 52 PX5 0 DISK CONTROL 
19 RD I CPU INTERFACE 53 PX4 0 DISK CONTROL 
20 WR I CPU INTERFACE 54 PX3 0 DISK CONTROL 
21 A4 I CPU INTERFACE 55 PX2 0 DISK CONTROL 
22 A3 I CPU INTERFACE 56 PX1 0 DISK CONTROL 
23 A2 I CPU INTERFACE 57 PXO 0 DISK CONTROL 
24 A1 I CPU INTERFACE 58 WG 0 DISK DATA 
25 AO I CPU INTERFACE 59 RG 0 DISK DATA 
26 Vdd I +5 VOLTS 60 Vdd I +5 VOLTS 
27 INT 0 CPU INTERFACE 61 RST I CPU INTERFACE 
28 SECTOR I DISK CONTROL 62 WRCLK 0 DISK DATA 
29 INDEX I DISK CONTROL 63 NRZO 0 DISK DATA 
30 AMDET I DISK DATA 64 RRCLK I DISK DATA 
31 AMENA 0 DISK DATA 65 NRZI I DISK DATA 
32 SEQOUT 0 DISK DATA 66 REQA 0 BUFFER 
33 OSC 0 CPU INTERFACE 67 ACKA I BUFFER 
34 DRVFLT I DISK CONTROL 68 DBP 1/0 BUFFER 

ADS10COO PROGRAMMERS BENCH REFERENCE (PBR) 

Addr Name Dir Size Addr Name Dir Size 

00 SRESET W 7-0 10 ECCO W 7-0 
01 SISR RIW 7-0 11 ECC1 W 7-0 
02 SIMR RIW 7-0 12 ECC2 W 7-0 
03 SEQSTS/PYC R/W 7-0/3-0 13 ECC3 W 7-0 
04 CSERR RIW 3-0 14 ECC4 W 7-0 
05 CSCTL RIW 7-0 15 ECC5 W 7-0 
06 CSVAL RIW 7-2;7-0 16 do not se - t st only 
07 CSCNT RIW 7-4,0;7-0 17 SKIP W 4-0 
08 PORTX RIW 7-0 18 IDO RIW 7-0 
09 PORTY RIW 3-0 19 ID1 RIW 7-0 
OA PORTZ/AMC RIW 5-017-0 1A 102 RIW 7-0 
OB SEQCTL RIW 5-0 1B ID3 RIW 7-0 
OC START R/W 4-0 1C ID4 R/W 7-0 
OD ECCZlLOOP RIW 7-0/4-0 1D IDS RIW 7-0 
OE ECCCTL R/W 7-0 1E ID6 RIW 7-0 
OF SECCNT RIW 7-0 1F ID7 RIW 7-0 

TRUE = 1 FOR ALL BITS 
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SRESET (00) SISR (01) AND SIMR (02) 

bit output bit Input/output 

7 CLKDIV 7 GINT 
6 OSCDIV 6 IDFULL 
5 IDCHK 5 DXFER 
4 DCHK 4 COMPLT 
3 ECCSIZ 3 SEQSTP 
2 REQTIM 2 SECEND 
1 ID3$4 1 SM$IX 
0 SRST 0 FAULT 

SEQSTS (03) PVC (03) 

bit Input bit output 

7 DATFLD 7 
6 ECCEN 6 
5 LAST 5 
4 ID 4 
3 CHK 3 PV30UT 
2 WAIT 2 PV20UT 
1 AMDET 1 PY10UT 
0 SEQOUT 0 PYOOUT 

CSERR (04) CSCTL (05) 

bit Input/output bit input/output 

7 7 SVSEL 
6 6 CWSEL 
5 5 WG 
4 4 RG 
3 FAIL. 3 AM 
2 RTY 2 CMPEN 
1 DAC 1 SKPEN 
0 SEQOUT 0 JMPEN 

CSVAL (06) CSCNT (07) 

bit input/output bit Input/output 

7 BUFF 7 WDAM (COUNT) 
6 NOXFER 6 WIAM 
5 LAST 5 WIX 
4 ID 4 WSM 
3 CHK 3 
2 2 
1 1 
0 0 STOP 
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SEQCTL (OB) ECCCTL (OE) 

bit input output bit input output 

7 RGERLY 7 ECCOUT ECCINL 
6 6 COR048 ECCSHT 
5 ECCERR 5 COR058 ECCCLR 
4 IDERR 4 COR068 ECCSET 
3 PTYERR IXMASK 3 COR078 ECCNIT 
2 SYNCER SMMASK 2 COR068 DISCHK .. 
1 CMPERR RCMP 1 COR098 DlSPTY 
0 KILL 0 COR108 ECCINM 

ECCZ (00) 

bit input output 

7 COR118 
6 COR128 
5 COR138 
4 COR148 
3 COR158 
2 COR168 
1 COR178 
0 COR188 
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INTRODUCTION 

1.0 INTRODUCTION 

The WD10C23 ReadlWrite Channel is an LSI 
device implemented in 1.25 micron high-speed 
CMOS. It is specifically designed to be compatible 
with the Western Digital WD53C221 42C221 
WD50C12 series of Hard Disk Controllers, and 
with disk drives conforming to the popular 
ST506/412 interface standard and recent speed­
enhanced versions. In addition it will support opti­
cal applications when used with the WD60C31 A 
ENDEC. 

1.1 Features 

• 5-15Mbitlsec data rates with no component 
changes 

• Fixed/variable frequency control for zone bit 
recording 

• Pin selectible hard/soft sector support and 2,7 
RLLcoding 

• Precision internal self-adjusting VCO 
-compensates for component, temperature, 

voltage, and aging variations . 
-one sigma phase jitter to within 250 psec at 

15 Mbitlsec 
• Dual gain charge pump 

-high gain for faster frequency acquisition 
-low gain for greater jitter rejection 
-charge pump balance to within ± 5% 

• Dual mode phase frequency detector 
-phase frequency detection for velocity lock 

on XTALIN reference and on the data 
synchronization field, thus eliminating 
quadrature and harmonic locks 

-phase only detection (phase lock) while 
tracking data 

-phase window centering is precisely 
controlled to within ± 1 nsec 

• Frequency independent data detection window 
optimization 

-window centering is precisely controlled to 
within ±1 nsec 

-window loss controlled to withil') 1 nsec 
-"built in" PMA with window shifting from 0 to 

100% at ± 1 nsec accuracy 
-adaptive window centering for correction for 

channel antisymmetry 
• Crystal controlled processing of the write data 

WD10C23 

SHIFT2X 28 OPTICAL 

GND 27 LPF 

WGATE 28 VCON 

RGATE 25 PUMP 

WPCEN 24 VCC 

23 RCLK 

22 RDATA 

WDATA 21 SCiCOlIST 

WCLK 9 20 VF1 

XTALIN 10 19 tiS 

XTALOUT 11 18 WSCLK 

DRUN 12 17 RLlJIIiIFJI1 

VF2 13 16 WPCDATA 

RAWDATA 14 15 VFO 

FIGURE 1. PIN DESIGNATION (DIP) 

VCON 
18 WSCLK 

LPF 27 17 RLL.!MFM 

OPTICA 28 16 WPCDATA 

SHIFT2X 15 VFO 

GND 14 RAWDATA 

WGATE VF2 

RGATE DRUN 

FIGURE 2. PIN DESIGNATION (QUAD) 

• Dual level precompensation of ±6.25% and/or 
± 12.5% of the window, accurate to within ± 1 
nsec 
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2.0 DESCRIPTION 

The WD10C23 uses a single 5 volt supply and 
has been designed for 5Mbitlsec MFM encoding, 
or 5 to 15 Mbit/sec data rates using RLL encod­
ing. Variable frequency applications, or various 
fixed frequency applications may be accom­
modated through selection of the VF control bus. 
One of the key features of the WD10C23 is the 
group of internal delay lines, that are automat­
ically set by the XTALIN frequency. These 
precision elements allow for a high degree of ac­
curacy in the handling of write precompensation, 
window centering, and window shifting. Further 
developments in this technology enable the uni­
que implementation of Adaptive Window Shift­
ing/Centering (AWS). 

In a typical application, the WDj OC23 performs all 
of the handling of the sensitive read/write signals 
between a disk controller and data drivers and 
receivers. Read data corresponds to previous 
write data, with added phase, frequency, and 
write splice noise. The fundamental purpose of 
the WD10C23 is to remove these sources of 
noise, and present a clean digital signal to the 
controller. 

DESCRIPTION 

2.1 Zone Bit Recording 

The WD10C23 was designed for use in zone bit 
recording schemes. In these applications, the 
data rate is varied to create a fixed bit density 
(flux transitions/inch or Fel) from the outer radius 
of the media. 
To maintain optimum performance as the data 
rate changes, loop parameters (i,e., gain, 
bandwidth, etc.) must be modified. This is ac­
complished through selection of appropriate fre­
quency bands. The WD10C23 accommodates 
five different bands. 

COMP: 5 Mbitlsec MFM and 7.5 Mbitlsec RLL 

BANDO: RLL, variable frequencies ranging from 
5 to 7.5 Mbitlsec 

BAND1: RLL, variable frequencies ranging from 
7.5 to 10.6 Mbitlsec 

BAND2: RLL, variable frequencies ranging from 
10.6 to 15 Mbitlsec 

BAND3: RLL, 15 Mbitlsec 

BANDO-3 may be programmed for zone bit 
recording, or strapped for fixed frequency applica­
tions. In these four bands, LPF must be con­
nected to the external filter, and an external resis­
tor placed across PUMP and VCON. 
The COMP band allows for backwards com­
patibility with previous Western Digital data 
separators through component de-population. 
See Table 1 for information to help you select a 
frequency band that is appropriate for your ap­
plication. 
The Table 1 columns, Ko and Kcl, when unbroken, 
represent regions across which the gains are 
montonic. Across these boundaries, defined by a 
change in the state of the VFONF1 controls, the 
gains are re-centered to optimize for the respec­
tive frequency bands. 
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DESCRIPTION WD10C23 

Recording V V R Frequency Band VCO Charge Open Filter Reslstors* 
Mode F F L Band (Data Name Gain Pump Loop Pump-VCON LPFt_ 
Select 1 0 L Rate MHz) Ko Galn·* 

KcI 
Gain INT* 

Kol 
EXT INT EXT 

Fixed Z Z 0 '/=5.0 Comp ~ ~ 3ka 00 00 00 

Frequency 
1 /=7.5 -

0 0 5.0.s./<7.5 BandO Kor Kolr 00 3kn 
Koo Kd2 KoIO -

Fixed or 0 1 7.5....s./.s.10.6 Band1 2.8ka 
Variable 1 Ko1 Kol1 

Frequency 10.6< / <15.0 
-

Formats 1 1 Band2 Ko2 Kol2 6ka 5250 3070 -
1 0 /=15.0 Band3 Ko3 Kd3 Kol3 3.5ka 1500 

TABLE 1. FREQUENCY BAND SELECTION 

*The following information is not intended to represent device specifications, but is indicative of typical 
values. See the PLL section for actual specifications. 
**Charge Pump Gain, and thus, Loop Gain, is reduced by half in phase lock. 
tLPF internal resistance is to GROUND, external resistance is to the filter 
fPUMP to VCON internal resistor is shorted during velocity lock 
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FIGURE 3. WD10C23 BLOCK DIAGRAM 
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DESCRIPTION 

2.2 Read Operations 
The WD10C23 performs phase-locked loop data 
synchronization on read data from the drive. For 
soft-sector applications, an on-board synch field 
detector automatically switches the PLL from the 
stable crystal reference to the read data. Phase­
frequency detection (velocity lock) is used at the 
beginning of the synch field to quickly and reliably 
acquire lock to the data. Use of this technique 
eliminates susceptibility to harmonics and asym­
metry. The WD1 OC23 then switches to phase-only 
detection to complete the phase acquisition 
before the end of the synch field, and to enable 
tracking of random read data. The phase jump at 
the acquisition-to-tracking switchover due to multi­
plexing, seen in other circuits, is avoided through 
the use of a zero phase jump design. 
When switching to phase detection, the 
WD10C23 reduces the charge pump gain for bet­
ter jitter rejection. A preCisely centered detector 
samples the data at twice the underlying data rate 
to remove the phase jitter. A proprietary technique 
adjusts the window width, T, to the current data 
rate, providing greater phase margin. The 
regenerated signal, along with a fixed-phase 
synchronous clock, are output for the controller's 
digital circuits. 

WD10C23 

2.3 Write Operations 
The WD10C23 performs conditioning on write 
data to the drive. Data from the controller is 
precisely synchronized with the crystal reference 
at twice the data frequency, thus minimizing the 
addition of digital phase jitter on the write data to 
the drive. If enabled, precompensation is 
achieved via delay taps available through 
proprietary CMOS delay line technology. The 
delay line is servo-controlled to the crystal refer­
ence for precision. Synchronized, precompen­
sated write data is thus sent directly to the drive's 
write circuits. 
Precompensation levels are programmable to be 
either 12.5 or 6.25 percent of the window, defined 
by the inverse of the crystal frequency. The 
SH IFT2X input allows dynamic control of early 
and late precompensation magnitude for more 
complex precompensation schemes. In addition, 
SHIFT2X may be programmed using track infor­
mation for zone bit precompensation schemes. 
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3.0 EXTERNAL COMPONENTS PARTS LIST 

The parts list shown below gives typical com­
ponent values for 5 Mbitlsec MFM and 5-15 
Mbitlsec RLL data rates. 

See the diagram on the opposite page for the 
location of each component. 

EXTERNAL COMPONENTS PARTS LIST 

Contact your local Western Digital sales repre­
sentative for more information on how to change 
these values, to accommodate different data 
rates. 

10C23 EXTERNAL COMPONENTS for 5 Mbits/sec (MFM) and 5-15 Mbits/sec (RLL) 

PART # TYPE VALUE SPECIFICATIONS 

C111 capacitor 4700 pF cer. , SOlo, SOV, COG 
C112 capacitor 1S0 pF car. , SOlo, SOV, COG 
C101 capacitor 47J.1F tan.,20%,10V 
C106 capacitor 0.1 J.1F +80-20%, SOV, zSu 
L101 ---------- 3.3 ohm 5%,114 w 
R107 resistor S90 ohm 1%, 1/4 W, 100 ppm 
R301 resistor 301 ohm 1%,114 W, 100 ppm 
R302 resistor 3.01Kohm 1%, 1/4 W, 100 ppm 

Y101 crystal 10-1S MHz .01%,3Ieads 
C104 capacitor 68pF car. , SOlo, SOV, COG 
C10S capacitor 47pF cer. , SOlo, 50V, COG 

Y101 crystal 15-20 MHz .01%,3Ieads 
C104 capacitor 33pF cer. , SOlo, SOV, COG 
C10S capacitor 22pF cer. , SOlo, SOV, COG 

Y101 crystal 20-30 MHz .01 %, 3 leads 
C104 capacitor 22pF cer. , SOlo, SOV, COG 
C10S capacitor 10pF cer. , 5%, SOV, COG 
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EXTERNAL COMPONENTS PARTS LIST WD10C23 

R302 resistor is left open for compatibility mode. 
R30! & R302 resistors are left open for BAN DO. 

Ll0l 

Cl06 

T 
Vee • 24 VCON 

WGATE 3 

RGATE 4 
26 

WPEN 5 

LATE 6 .... 
CD EARLY 7 ~= 

.~ ~ WDATA 8 25 0-c::: WCLK 9 0 "T1 
U 12 DRUN (i) 

RDATA 22 WD10C23 

RCLK 23 27 

VF2 13 Rl07 
WSHIFT [ .... 
Freq Ba~d VFl 20 0 e Ul 

(.) Ul Control VFO 15 
CD 

~ (.) WSCLK 18 e WSHIFT 21 SC 
a.. Preeomp [ SHIFT2 ] 0 

14 RAWDATA -. 
Magnitude <" 16 WPCDATA (1) 

m~[ 
RLLlMF 17 

10 
XTAlI:~ ~ c::: 0 

.~ !:: HS 15 C/)(1) 

- c::: 11 XTALOUT g-g 
0..0 

28 OU OPTlCA~ 2 -'(1) 

~Cl0 g i3 
'< 

Vss 

FIGURE 4. EXTERNAL COMPONENTS 
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WD10C23 PINDESCRIPTIONS 

4.0 PIN DESCRIPTIONS 

Signals have the same pin numbers for both packages. 

PIN 

NUMBER MNEMONIC SIGNAL NAME 1/0 FUNCTION 

SHIFT2X SHIFT2X Shift two times. When false, selects ±6.25% of the 
window for write precompensation and window shift-
ing. When true, selects two times that amount or 
± 12.5 of the window. Internal pull up. 

2 GND GROUND GROUND. 

3 WGATE WRITE GATE Write gate. Set high when recording onto the disk. 
Write gate takes precedence over read gate. 

4 RGATE READ GATE Read gate. Set high when the Controller intends to 
read. 

5 WPCEN WRITE Write precompensation enable. When high, it 
PRECOMP enables EARLY, LATE, and SHIFT2X for precom-
ENABLE pensation. 

6 LATE LATE Negative true inputs used to delay write data for 
write precompensation: 

7 EARLY EARLY Negative true inputs used to advance write data for 
write precompensation. Internal pullup. 

8 WDATA WRITE DATA Write data to be conditioned and sent out through 
WPCDAT A to be written onto the disk. 

9 WCLK WRITE CLOCK 0 Clock signal at one half the XTALIN frequency. 

10 XTALIN XTALIN Input pins for a crystal oscillator circuit. If an exter-
nal frequency source is desired, XTALIN can be 
driven and XTALOUT left open. 

11 XTALOUT XTALOUT 0 Output pins for a crystal oscillator circuit. 

12 DRUN DATA RUN 0 The output of a frequency detector connected to 
RAW DATA. Short, high frequency periods cause it 
to go high; long, low frequency periods cause it to 
go low. Used for detecting high frequency synch 
fields. Not used in hard sector. 

13 VF2 VARIABLE Tri-state input used during reads to select the 
FREQUENCY operating frequency bands for PLL. Also selects the 

CONTROL window shift diagnostic modes. VF2 is compatible 
with the WSHIFT pin on the 1 OC20Al21 Al20B/22B 
when VFO and VF1 are open. 
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PIN DESCRIPTIONS WD10C23 

PIN 

NUMBER MNEMONIC SIGNAL NAME I/O FUNCTION 

14 RAWDATA RAW DATA Data received from the drive read circuits. Includes 
an internal pullup resistor to allow tri-state multiplex-
ing of the drives' data receivers. 

15 VFO VARIABLE Variable frequency tri-state input used during reads 
FREQUENCY to select the operating frequency bands for PLL. 

Also selects the window shift diagnostic modes. 

16 WPCDATA WRITE 0 Write precompensation data sent to the drive write 
PRECOMP DATA circuits. Low when WGATE is low. 

17 RLUMFM RLUMFM When high, selects RLL (2,7) mode. When low, 
SELECT selects MFM (1,3) mode. Internal pullup. 

18 WSCLK WINDOW SHIFT Window shift clock reference. Internal pullup. 
CLOCK 

19 HS HARD SECTOR When true, disables DRUN qualification on reads. 
RGATE controls the acquisition sequence to and 
from data. Internal pull up. 

20 VF1 VARIABLE Variable frequency tri-state input used during reads 
FREQUENCY to select the operating frequency bands for PLL. 

Also selects the window shift diagnostic modes. 

21 SC/COAST SEEK COM- When low, disables RAWDATA and keeps VCO on 
PLETE reference. May be used to coast through defects 

when tracking. Internal pullup. 

22 RDATA READ DATA 0 Detected and regenerated version of RAWDATA. 
Jitter has been removed and pulses have been 
synchronized with RCLK. 

23 RCLK READ CLOCK 0 VCO divided to the data rate. Tracks the base fre-
quency of RAWDATA during a read operation; 
otherwise tracks the crystal frequency. 

24 Vee POWER -SUPPLY +5 Volts. Power supply input. 

25 PUMP PUMP 1/0 Charge pump output to the external filter. 

26 VCON VCOINPUT Input to the external filter. 

27 LPF FILTER OUTPUT 0 Output of the external filter. 

28 OPTICAL OPTICAL 1/0 Optical mode select. Used to enable test modes. In-
ternal pullup. 
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5.0 ARCHITECTURE 

The twelve major functions within the WD10C23 
are listed below: 
• Synchronization Field Detector 
• Acquisition Sequencer 
• Phase-Locked Loop (PLL) 

-Phase-Frequency Detector 
-Charge Pumps 
-Filter 
-Voltage Controiler Oscillator (VCO) 

• Read Data Conditioner 
• Read Data Detector 
• Phase Margining 
• Crystal Oscillator 
• Write Data Conditioner 
• Delay-Locked Loop (DLL) 
• Pulse Former 
• Power-on Reset 
• Test Modes 

5.1 Synchronization Field Detector 
The purpose of this circuit is to reliability dis­
criminate between the high frequency of a PLL 
synchronization field and the lower frequencies 
immediately preceding it. The criterion used is 
pulse period discrimination on RAWDATA. If the 
period between consecutive rising edges of RAW­
DATA is short with respect to the threshold, then 
DRUN will go high; if long, then DRUN will go 
10w.The pulses in the synchronization field must 
have the shortest period in the format (Le. 3T for 
2, 7 RLL; 2T for 1, 3 MFM). The pulses in the field 
preceding the synchronization field must have a 
period sufficient to drop DRUN. 
In MFM mode, the optimum discrimination 
threshold is set using an internal delay line. In 
RLL mode, the threshold is set digitally. . 
When a synchronization field is detected; DRUN 
will remain high until address mark detection. At 
this time, the Synchronization Field Detector is put 
to sleep. Upon de-assertion of RGATE, the Detec­
tor will be awakened. 
Although the Synchronization Field Detector is not 
used in hard sector mode (by either the controller 
or the internal Acquisition Sequencer), DRUN will 
still respond to pulse period information on RAW­
DATA. 

ARCHITECTURE 

5.2 AcquiSition Sequencer 

The Acquisition Sequencer sends sequencing 
control signals to the appropriate circuits when the 
WD10C23 switches between the read, write, and 
idle modes. 

5.2.1 Idle-to-Read Sequencing 

The soft sector read sequence begins when the 
Synchronization Field Detector raises DRUN in 
response to high frequency data on the RAW~ 
DATA input. If DRUN remains high for two NRZ 
byte times, the Sequencer switches the Phase -
Frequency Detector from the crystal reference to 
the incomin~ data. The Phase-Frequency Detec­
tor is in phase-frequency (velocity lock) mode with 
the PLL set at high gain. 

At the end of six bytes of velocity lock to data, 
RGATE is polled. If the controller has been issued 
a read command, RGATE will be true, and the 
Sequencer will switch the Phase-Frequency 
Detector to phase lock mode phase lock. The 
charge pump are set for low gain for improved 
jitter rejection. 
At this time, the Acquisition Sequencer is put to 
sleep and disables the Synchronization Field 
Detector. Upon the dropping of RGATE, the Se­
quencer awakens the Synchronization Field 
Detector, sets the·Phase Detector back to velocity 
lock, and sets the charge pumps back to high 
gain. 
For hard sector formats, the acquisition sequence· 
is slightly altered. RGATE alone initiates the ac­
quisition sequence data, without qualification of 
the Synchronization Field Detector. At the end of 
eight bytes in velocity lock, the sequence is as 
described above. 

5.2.2 Idle-to-Write Sequencing 
The write sequencer is initiated by the assertion of 
WGATE. WGATE disables the Aquisistion Se­
quencer, which in turn puts the Synchronization 
Field Detector to sleep. The Phase Detector is 
forced to remain on the crystal reference for the 
duration of the write. 
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5.3 Phase-Locked Loop (PLL) 

5.3.1 Phase~Frequency Detector 
The Phase-Frequency Detector can be operated 
in two modes. The velocity lock mode is used for 
acquisition when the PLL is switched to read data, 
and is always used when the PLL is following the 
reference crystal oscillator. Whenever the device 
is not reading, the PLL is locked to XTALIN. 

The second mode, phase lock, is standard phase­
only detection. The Acquisition Sequencer 
switches to this mode when frequency acquisition 
is essentially complete on data, and phase ac­
quisition is nearly complete as well. Phase-only 
mode must, of course, be used to lock to the data 
following the synch field, since that will contain the 
three frequencies inherent in MFM or the six fre­
quencies inherent in RLL mode. 

In either mode, the Phase-Frequency detector 
converts a phase difference between the veo 
and input to a pulse width equal to the phase 
difference. The polarity of the phase error deter­
mines whether a signal will be routed to the pump 
up or pump down circuitry in the Charge Pump 
section. 

5.3.2 Charge Pumps 
This circuit converts the pulse widths received 
from the Phase-Frequency Detector to proportion­
al amounts of charge into or out of the Filter. The 
symmetry of the Charge Pumps is continuously 
determined by the voltage on the VeON. A 
proprietary technique selects a pump up current 
which precisely matches that of the pump down at 
the given filter voltage. 

When in phase lock, the gain is reduced by two. 

WD10C23 

5.3.3 Filter 
The Filter converts the current pulses from the 
Charge Pumps to a voltage output to the veo. 

The Filter has been carefully designed to the 
specific requirements of damping factor, acquisi-
tion time, capture range, and jitter rejection; and 
within the context of its effect on veo operation. 
Roughly speaking, it functions to filter out high 
frequency signals due to RAWDATA read data jit-
ter, while passing the low frequency signals as-
sociated with the more slowly varying underlying 
frequency of RAWDATA, and handling a step • 
change in input frequency when switching be-
tween drive data and reference. 

The Filter is internal, with the exception of exter­
nal components. In variable frequency applica­
tions, two additional external resistors are re­
quired. 

5.3.4 Voltage Controlled Oscillator(VCO) 
The veo consists of an internal charge pump and 
ring oscillator. Thus, the veo requires no expen­
sive components, and has no tuning requirements 
for voltage, temperature, or aging. 

The veo converts the voltage developed by the 
Filter to a control voltage for the ring oscillator. 
The non-linear I-V characteristic inherent in most 
internal veo designs, is eliminated by a 
proprietary technique, and loop gain is linearized 
over a wide frequency band. 

The veo runs at four times the channel rate and 
is divided down for extremely high precision duty 
cycles. 
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5.4 Read Data Conditioner 

This circuit synchronizes the output of the Read 
Data Detector and produces the signals RCLK 
and RDATA. RCLK is a square wave at either one 
or two times the data rate selected via the 
OPTICAL. input (see Table 3). During data track­
ing, the frequency of RCLK mirrors the slo:"ly 
varying frequency of th.e raw data from the drive, 
RAW DATA. RDATA is a regenerated form of 
RAWDATA, with all jitter removed and positive 
pulses one window wide. It is synchronous with 
RCLK. RCLK ~dges occur nominally in the center 
of RDATA pulses to allow sufficient setup and hold 
time for the digital circuits in the controllers that 
u~e these signals. For the 2XRCLK, .RDATA and 
RCLK edges are coincideht., RDATA is DC low 
during velocity lock, and is activated by the A~­
quisition Sequencer approximately at the transI­
tion to phase lock. 

RCLK will stop for several winclowS. at the transi­
tion to phase lock for internal synchronization of 
the Read Data Detector and Read Data Con­
ditioner; 

5.5 Read OatS Detector 
The Read Data Detector 'latches the incoming 
drive data and presents it to the synchronization 
circuits of the Read Data Conditioner. Window 
shifting. is performed here using one of several 
techniques described below. 

To maximize phase margin, the window at the 
Read bata. Detector is preCisely centered and 
tracks the tTequency of the incoming data. 

5.6 Phase Margining 
Phase margining is performed at the Read Data 
Detector by shifting the incoming raw read data 
either early or late with respect to the Read Data 
Detector's sampling clock or strobe. Window shift­
ing is accomplished in one of two fashions 
described below, and is summarized in Table 2. 

5.6.1 Window Shifting as Percentage of the 
Window 

The first technique is compatible with previous 
Western Digital data separator designs. Window 
shifting is achieved by advanCing or delaying the 
raw read data to the Read Data Detector through 
precision internal delay stages. Shifting is 
programmable to either ±6.2S% or ± 12.S% of the 
window, and is inversely proportional to the crystal 
frequency. 
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Window shifting as a percentage of the window 
applies for fixed frequency as well as variable fre­
quency applications. 

5.6.2 Adaptive Window Shifting/Centering 
(AWS) 

This technique uses an external reference clock, 
WSCLK, to set the timing relationship of the r.aw 
read data to the Data Detector strobe. By allOWing 
for a continuous, precision, user controlled strobe 
placement, the effective detection window may be 
advanced or delayed as desired. This feature, 
when used in conjunction with micro-processor in.­
teraction at the VFO-2 inputs (see Table 2) may 
be used to: 

• Create an adaptive window centering scheme 
to offset any asymmetry induced by the read 
channel electronics 

• Provide system self-test in the form of built-in 
PMA capabilities 

• Execute error recovery algorithms 

Using AWS, the absolute range of window place­
ment is dictated by the VFO-2 control pins. Once 
the· range, N, has been selected, window place­
ment within that range is proportional to the period 
of the reference (WSCLK) with a gain of ap­
proximately 1/2 to 1/6. Thus, for every 1 ns of 
change on the external source, window shift 
resolution ranges from 166 ps to SOO ps. 
The value of N is the closest value which repre­
sents one quarter of the window, T/4" for any 
given data rate. For each of the twelve rang~s, 
there exists some frequency on WSCLK for which 
the range is optimum. That is, the window position 
may be programmed symmetrically about this fre­
quency up to plus or minus one-half window. 
When this center frequency is equal to the data 
rate, it is known as the Optimum Center Frequen­
cy, denoted f(N). Since "range" is now equal to 
"window", strobing may be programmed about 
f(N) up to ±window/2, denoted T/2. 
As the data rate varies from f(N), the range set by 
N may be insuffient to achieve window placement 
across the full window. However, placement 
across the full window may be obtained by using 
a different value of N for early shifting than that for 
late shifting. Here are some examples. 
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Example 1: 
If the actual data rate is 10.4Mbit/sec, selecting 
N=12 gives a 10.4Mbit/sec center frequency, 
f(12). We have selected an Optimum Center 
Frequency. The window at 10.4Mbit/sec is 
48ns. Varying WSCLK from 4.44Mhz to 
12.32Mhz will allow window shifting over a 
range of 24ns to 72ns, or 48ns ± T/2 (Figure 5). 
For the partial range of 24ns to just under 
48ns, the data is shifted from window center to 
the late edge of the window, respectively. This 
is equivalent to window shifting from Ons to 
24ns, or Ons to + T/2. 
For the partial range of just over 48ns to 72ns, 
the data is shifted into the next window, from 
that window's early edge to its center, 
respectively. This is equivelant to window 
shifting from -24ns to Ons, or -T/2 ns to Ons. 

In the example, window shifting of ±T/2 was 
achieved. 
If however the actual data rate was 10Mbit/sec, a 
single value of N would be insufficient (we would 
not be at an Optimum Center Frequency). 

WD10C23 

Example 2: 
For an actual data rate of 10Mbit/sec the 
window is 50ns. Again selecting N=12, the 
range of shifting achieved by varying WSCLK 
from 4.44Mhz to 12.32Mhz will be 24ns to 
72ns, as in the example above (Figure 6). 
For the partial range of 25ns to just under 
50ns, the data is shifted from window center to 
the late edge of the window respectively. This 
is equivelent to window shifting from Ons to 
25ns respectively, or Ons to + T/2. 
For the partial range of just over 50ns to 72ns, __ 
the data is shifted into the next window, from ~ 
that window's early edge to 3ns from its center 
respectively. This is equivelant to window 
shifting from -25ns to -3ns respectively, or 
-window/2 ns to -3ns. 
Thus the range provided by N=12 is not 
sufficient to allow early window shifting over 
the full half window. If N were selected to be 
13, the range would change from 24-72ns, to 
26-78ns. Using the same analysis as above, 
this would. allow early window shifting from 
-24ns to Ons, and late window shifting of Ons to 
25ns, or Ons to + T/2. 

Thus by using one value of N for the early window 
shifting, and another value for late, the full range 
of ±window/2 may be achieved. 

Selection of N may be made by looking for the 
Optimum Center Frequency f(N) which is closest 
the data rate in Table 2. N may also be deter­
mined using the relationships listed after Table 2. 
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Mode Selected VF2 VF1 VFO Data Rate Window Optimum. 
(MHz) Shift Ctr feN) MHz 

0 0 z 7.5 s Is 10.6 Ext. Ref 7.4 
0 z 0 7.5 s Is 10.6 Ext. Ref 7.8 
0 z 1 7.5s Is 10.6 Ext. Ref 8.3 
0 1 z 7.5 s Is 10.6 Ext. Ref 8.9 
z 0 z 7.5 s Is 10.6 Ext. Ref 9.6 

Variable z z 0 7.5s Is 10.6 Ext. Ref 10.4 
Frequency - z z 1 10.6 < 1< 15.0 Ext. Ref 11.4 
Adaptive z 1 z 10.6 < 1< 15.0 Ext. Ref 12.5 
Window Shift 1 0 z 10.6 < 1< 15.0 Ext. Ref 13.9 

1 z 0 15.0 = I Ext. Ref 15.6 
1 z 1 15.0 = I Ext. Ref 17.8 
1 1 z 15.0 = I Ext. Ref 20.8 

0 0 0 5.0s 1< 7.5 EARLY 
0 0 1 7.5 s Is 10.6 EARLY 
0 1 1 10.6 < 1< 15.0 EARLY 
0 1 0 15.0 = I EARLY 
z 0 0 5.0s 1<7.5 None 

Variable z 0 1 7.5 s Is 10.6 None 
Frequency - z 1 1 10.6 < 1< 15.0 None 
Percentage z 1 0 15.0 = I None 
Window Shift 1 0 0 5.0s 1<7.5 LATE 

1 0 1 7.5~s Is. 10.6 LATE 
1 1 1 10.6 < 1< 15.0 LATE 
1 1 0 15.0 = f LATE 

Compatibility 0 z z 5.0 MFI)t1 EARLY 
Percentage z z z or None 
Window Shift 1 z z 7.5 RLL LATE 

TABLE 2. PHASE MARGIN CONTROL 

Relationships for Selecting Window Position: 
1. tws = desired window shift in nsec, where -2N ~ tws ~ 2N 
2. T wsclk = required WSCLK period in MHz, where 4.44 MHz ~ fWSClk S 12.32 MHz 

3. Tdr = data rate in nsec 
4. T wsclk (N,tws,T dr) = { (36/N) tws +[ (9/N )T dr +9.2] 

{ (36/N) tws +[ (27/N )Tdr +9.2] 

(tws 2 0 ns) 

(tws sOns) 
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Range 
N cT/4) 

17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 • 
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5.7 Crystal Oscillator 

The Crystal Oscillator is designed to operate in 
the parallel resonant mod~, with an external crys­
tal and two capacitors. It generates the WCLK 
signal used externally. It is used primarily for inter­
nal reference when the PLL is not on data, and for 
accurate generation of the precompensated write 
data. 
When an externally generated clock is desired, 
the crystal and capacitors are omitted. The 
XTALIN pin is connected to the clock source, with 
XTALOUT left unconnected. 
The oscillator circuit includes a special implemen­
tation to better guarantee startup and to startup 
more quickly. A low value resistor is connected 
across the gain stage during the internal power-on 
reset. This quickly charges the external capacitors 
to the threshold value. As the resistor is discon­
nected, capacitive coupling induces a transient 
into the circuit, which helps to quickly achieve os­
cillation. A high value resistor is always present. 
The oscillator should not be connected to any 
external circuits.WCLK may drive only high im­
pedence MOS inputs. See the DC Electrical Char­
acteristics section for specific limitations. 

5.8 Write Data Conditioner 

The Write Data Conditioner samples and precise­
ly synchronizes WDATA, EARLY, LATE and 
SHIFT2X on the rising and falling edges of 
WCLK. They are immediately pipelined into flip­
flops that are sampled on one edge of the XTALIN 
frequency (twice WCLK) to remove all jitter due to 
differential rise and fall times of WCLK. 

When WGATE is active, the synchronized WDATA 
is channeled through an internal delay line for 
precompensation. If WPCEN is low, then the 
nominal delay is selected and passed to the 
WPCDATA output pin. If WPCEN is high, then the 
EARLY and LATE signals will select the early or 
late delays, respectively with SHIFT2X selecting 
the magnitude of shift. If both EARLY and LATE 
are inactive, or in the illegal case when they are 
simultaneously active, the nominal delay will be 
selected. 
The differential delay between the early 
WPCDATA and nominal WPCDATA defines the 
amount of early precompensation, and similar, 
nominal WPCDATA to late WPCDATA defines the 
amount of late precompensation. The value is 
nominally 6.25%, or 12.5% with SHIFT2X active. 
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It should be noted that SHIFT2X may be used for 
dynamic dual level precompensation, or 
programmed with track information for zone level 
precompensation. 
Finally, in MFM soft sector formats, the third 
WPCDATA output pulse on any given write opera­
tion is suppressed. This is done to ensure a low 
frequency interval after the write splice, required 
for initialization of the Acquisition Sequencer on 
subsequent reads. 

5.9 Delay-Locked Loop (DLL) 

This section includes the integrated delay lines 
and RAWDATA pulse forming logic of the 
WD10C23. 
The Delay-Locked Loop consists of an integrated 
active delay line, phase detector, charge pump, 
and internal filter. The DLL has special start-up 
and monitoring circuitry to prevent harmonic lock 
and to provide for faster acquisition. 
The DLL, when locked to the incoming XTALIN 
reference, will provide a 3600 phase shift through 
its sixteen delay stages. Thus, each delay stage 
will accurately provide delays of XTALIN 
period/16. Since the XTALIN period is equal to the 
window, each delay cell represents ±6.25% win­
dow. It is these delay stages which are used for 
accurate write data precompensation, window 
centering during reads, and window shifting as a 
percentage of the window. 

5.10 Pulse Former 

Pulse forming on RAW DATA is used to provide 
internal pulses suitable for use by the internal cir­
cuitry. In response to input rising edges on RAW­
DATA, it produces internal positive pulses ter­
minated by a Delay Line tap. Pulse forming 
makes the WD1 OC23 extremely insensitive to the 
normal pulse width modulation seen on the raw 
read data from the read channel circuits. 

5.11 Power-on Reset 

This integrated function is used to reliably initialize 
the flip-flops to a predictable state during the ap­
plication of Vee. It is also used by the Crystal 
Oscillator startup circuit and DLL for fast and reli­
able startup. 
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5.12 Test Modes 

The WD10C23 has several built-in modes for tes­
tability. Test modes are activated via one of two 
sequences. 
The primary method of invoking test modes is 
through the OPTICAL pin. With the appropriate 
selection of EARLY,LATE, and WPCEN, one of 
the following tests may be selected: 

5.12.1 Optical Mode 

This mode allows RCLK to be generated at two 
times the data rate for compability with the 
WD60C31A optical EN DEC. 

5.12.2 Acquisition Sequencer Mode 

This mode passes the CRGATE and PLOCK sig­
nals to RDATA and RCLK respectively. CRGATE 
is a composite read gate signal, activated upon 
the switchover from reference to raw read data 
after two bytes of high frequency data have been 
sensed by the Synchronization Field Detector. 
PLOCK is asserted just prior to the transition from 
VLOCK to PLOCK. 

5.12.3 Pump Up Mode 

This test disables the data input to the Phase 
Detector, forcing a DC pump down. In this mode, 
the internal feedback from VCON to PUMP is 
opened, and the PUMP clamp defeated. With 
VCON forced to its locked voltage, the PUMP'S 
source I-V characteristics may be obtained. 

5.12.4 Pump Down Mode 

This test disables the data input to the Phase 
Detector, forcing a DC pump down. In this mode, 
the internal feedback from VCON (VCO control 
voltage) to PUMP (Charge Pump output) is 
opened. With VCON forced to its locked voltage, 
the PUMP's sink I-V characteristics may be ob­
tained. 

5.12.5 Phase Detector Mode 

This test passes the Phase Detector's phase error 
Signals to the Read Data Conditioner output, 
RDATA and RCLK. RDATA will represent frequen­
cy up, and RClK frequency down. These signals, 
when used differentially, can be used) to 
reconstruct the error amplifier envelope. This test 
may be used in conjunction with Pump Up/Down 
Tests when forcing D.C. pump up/down. 
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The second method of envoking tests is 
through illegal states. 

5.12.6 Reset/Synchronization Mode 

This mode is envoked by pulling EARLY and 
LATE low (illegal), and pulling WGATE high: Once 
in this configuration, the WPCEN pin may be used 
to generate an internal synchronization/reset 
pulse. The pulse will begin on the leading edge of 
WPCEN and end on the falling edge of WPEN. 
This test is used to initialize internal logic states ,. 
which may be otherwise unknown. For instance, 
WCLK is a divide-by-two of XTALlN, and its phase 
relationship is not important to system operation. 
For testablility however, the phase is important. 
In this mode WCLK is set high, RCLK is set high, 
the internal VCO divider, is initialized, the VCO 
ring oscillator is halted,the Phase Detector is ini­
tialized, the Charge Pump is tristated, the Acquisi­
tion Sequencer is placed in velocity lock mode, 
the PUMP to VCON internal resistior is opened, 
and the PUMP clamp is defeated. 
RGATE must not be true on the falling edge of 
WPEN. See External veo Test. 

5.12.7 Internal/External veo Modes 

The External VCO mode is envoked by pulling 
EARLY and LATE low (illegal), and pulling RGATE 
and WGATE high (illegal). WPCEN is now pulsed 
high for a duration of at least five XTALIN clocks. 
On the falling edge of WPCEN, an internal clock 
edge is created. This internal clock edge latches 
the state of the VCO selector: RGATE high 
selects External VCO mode; RGATE low selects 
Internal VCO mode. 

This sequence is identical to the Synchroniza­
tion/Reset Test above. When WPEN is true, this 
test is executed. 
In External VCO mode, the PLL is running open 
loop with the VCO clock supplied through the 
OPTICAL input. The external VCO must be four 
times the data rate. 
In External mode, PUMP to VCON internal resis­
tance is open; the PUMP clamp is defeated, and 
OPTICAL is internallv decoded as an active low. 
This allows OPTICAL to be used as the VCO 
input, while still allowing test mode selection. 
Caution should be used to ensure that a test 
mode is not inadvertantly selected via the states 
of EARLY, LATE, WPCEN, RGATE, and WGATE. 
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EARLY LATE WPCEN OPTICALt WGATE RGATE TEST MODE 
x x x 1 X X Normal Operation 
0 0 1 X 1 x ResetiSynch Mode 
0 0 ~ x 1 0 Internal VCO Mode 
0 0 _r-----L X 1 1 External VCO ModeT 

0 0 0 0 x x Phase Detector Mode 
0 0 1 0 0 x Acquisition Sequencer Mode 

0 1 0 0 x x Pump Up/Phase Det Mode 
0 1 1 0 x x Pump Up Mode 
1 0 0 0 x x Pump On/Phase Det Mode 

1 0 1 0 x x Pump Down Mode 
1 1 0 0 x x Optical Mode 
1 1 1 0 x x Normal Operation 

TABLE 3. TEST MODE MATRIX 

t After latching the external VCO mode of operation, OPTICAL is internally decoded as a logic low to 
allow for the enabling of the various test modes. Caution should be used to avoid inadvertantly enabling 
test modes under this condition. 

, 
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6.0 ELECTRICAL CHARACTERISTICS 

6.1 Absolute Maximum Ratings 

Operating Temperature OOC (32°F) to 
70°C (15S°F) 

Storage Temperature -55°C (-6~Fb to 
+ 125°C (257 Fl 

Voltage on any pin with -0.5 to Vcc+0.5 volts 
respect to ground 
(except XTALlN): 

Voltage on XTALIN with -0.1 to Vcc+0.5 volts 
respect to ground 
Supply Voltage with +5.5 volts 
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 above. 

WD10C23 

6.2 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 
(TA) 70°C (15SoF) 

Power supply voltage +5.0V±.25V 
(VCC) 
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6.3 Digital Signals 

Input Signals:WGATE, RGATE,WPCEN, 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

Voltage input high 
. Voltage input low 

2.0 V 
0.8 V 

ELECTRICAL CHARACTERISTICS 

CONDITIONS 

Input Signals: SHIFT2X,RAWDATA,RLUMFM',wSCLK,HS, SC/COAST,OPTICAL,WDATA,EARIY,I::AfE 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS 

Voltage input high 
Voltage input low 

Input Signals: RGATE,wGATE,WPCEN 

2.0 V 
0.8 V 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

hN Input leakage current -10 +10 JlA 

CONDITIONS 

VIN=GND to Vcc 

Input Signals: SH IFT2X, RAWDATA,RLUMFM',WSCLK,HS,SC/COAST,OPTICAL,wDATA,EARIY, I::AfE 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS 

hH 
hL 

Input high current 
Input low currrent 

• Internal pullup resistor (10Kohm). 

Input Signal: VF2, VF1, VFO 

-0.1 rnA 
-1.0 rnA 

VIH= 2.40 V· 
VIL=0.40V· 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS 

VIH Voltage input high 0.8Vcc V 
VIT Voltage input 3-st volt 0.4Vcc 0.6Vcc V 
VIL Voltage input low 0.2Vcc V 
hH Input high current 0.2 0.7 rnA VIHA.4 V,· 
hL Input low current -0.2 -0.7 rnA VIL=0.6 V, • 
liz Input high Z current -50.0 +50.0 JlA V IN tristated, ., *. 

• Internal pullup and pulldown resistors (10Kohm). liz tristate driver leakage current tolerance 50 1lA. 

··Allowable leakage of the tristate driver. Leakage greater than this will pull the input level out of the 
tristate band. This parameter is guaranteed by forcing voltages at the edge of thEi tristate band and 
measuring a tolerance gre.ater than or equal to the liz specification. 
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Input Signal: VF2, VF1, VFO 
SYMBOL CHARACTERISTIC 

tRISE 

tFALL 
Risetirne 
Falitirne 

MIN TYP MAX UNIT 

25.0 nsec 
25.0 nsec 

CONDITIONS 

0.2 Vee to 0.8 Vcc; • 
0.8 Vee to 0.2 Vee; • 

WD10C23 

* Internal pullup and pulldown resistors (10Kohm). liz tristate driver leakage current tolerance 50 IlA. 

Input Signal: XTALlN* 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

VIH Voltage input high 2.0 V 
VIL Voltage input low 0.8 V 
VIH Voltage input high 3.0 V 
VIL Voltage input low 0.4 V 

* Externally generated oscillator; XTALOUT open 

Power Supply Currents: Vcc 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

leeA 
Ices 

5v active current 
5v static cu rrent 

25 35 rnA 
6 10 rnA 

CONDITIONS 

/!{.20.0 MHz 
/!{.20.0 MHz 
/>20.0 MHz 
/>20.0 MHz 

CONDITIONS 

Vee = 5.25;· 
Vee = 5.25;·· 

* ICCA measured as follows : Highest current draw is at 15 MbiVsec during a write operation, with 
WSCLK programmed to 14 MHz and the VF pins programmed to one of the Adaptive Window Shift 
states. Idle currents will be several mamps lower. 
** Iccs measured as follows: During the Reset Test Mode, pull XTALIN high after the required number of 
XTALIN clocks. Follow by grounding WGATE, RGATE, WPCEN; all other pins floating. 

Power Supply Voltage: Vce 
SYMBOL CHARACTERISTIC 

Power reset inactive 
Power reset active 

MIN TYP MAX UNIT CONDITIONS 

4.1 V 
2.6 V 

* At this level Vee level and above, the power-qualified reset is guaranteed to be inactive. 
** At this level Vee level and below, the power-qualified reset is guaranteed to be active. 

ADVANCE INFORMATION 11-26-90 27-21 



WD10C23 

MOS Outputs:WCLK, RCLK, RDATA, DRUN 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

VOH 
VOL 

tRISE 

tFALL 

Output high volt 
Output low volt 
Rise time 
Fall time 

2.4 V 
0.4 V 
7.0 nsec 
4.0 nsec 

ELECTRICAL CHARACTERISTICS 

CONDITIONS 

IOH=-201JA 
IOL=+201JA 
0.8 to 2.0 V; • 
2.0 to 0.8 V; • 

• Specified with a maximum external load of 20 pF; intended for high impedence MOS receivers, whose 
input threshold requirement is TLL compatible (Le. 2.010.8V VIHlVIL) 

TTL Outputs:WPCDATA 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS 

VOH 
VOL 
tRISE 

tFALL 

Output high volt 
Output low volt 
Rise time 
Fall time 

2.4 V 
0.4 V 
7.0 nsec 
4.0 nsec 

IOH=-4001JA 
IOL=+2.0mA 
0.8 to 2.0 V; • 
2.0 to 0.8 V; •• 

• Specified with 20 pF/20 kn load to Vss; intended for TLL receivers 
"Specified with 20 pF load to Vssl2 kQ load to Vee; intended for TLL receivers 
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6.4 Analog Signals (Crystal Oscillator) 

Input: XTALIN 

SYMBOL CHARACTERISTIC 

ILlO( 

VIBIAS 

Input leakage currents 
Input bias volt 

MIN TYP MAX UNIT 

-100 
1.0 

+100 nA 
1.8 V 

CONDITIONS 

VINNoUT=VIBIAS 

XTALOUT floating 

Leakage measured after the internal Power-On Reset has timed out. 

Output: XTALOUT 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS 

WD10C23 

IOLS 

10HS 

RBO 
RBS 

Short circuit sink current 4.5 
Short circuit source current -1.6 
Operating bias resistance 1.1 
Startup bias resistance 8 

18 rnA Vcc:=+5; XTALlN=2.5V,XTALOUT =5V 
-9.4 rnA Vcc=+5; XTALlN,XTALOUT =0 
5.6 Mohrn 
70 Kohrn 

*Measured after the internal Power Qualified Reset has timed out, RBO is the feedback resistance 
between XTALIN and XTALOUT. With Vcc=SV, XTALOUT =av, RBO is modelled as a resistance com­
bination with the measured leakage resistance, RLKX = VIBIAslILKX. With XTALlN=VIBIAS, XTALOUT = av, 
ILKX measured at the XTALIN input is given by VIBIAS(1/RBO + 1/RLKX) for leakage to GND, or by 
VIBIAS(1/RBO + 1/RLKX)-S/RLKX for leakage to Vcc. After measuring ILKX, RBO may be computed. 

**Measured during the internal Power Qualified Reset, Rss is the internal parallel resistor combination of 
RBO and an additional resistor activated during Power Qualified Reset. RBS is modelled as a parallel 
resistance to the measured leakage resistance RLKX = VIBIAslILKX. To ensure that PQR is active, the 
supply should be set at 2.SV. At this supply setting, measure VIBIAS. With XTALlN=VIBIAS, XTALOUT = 
av, and Vcc=2.SV, ILKX measured at the XTALIN input is given by VIBIAS(1/RBS + 1/RLKX) for leakage to 
GND, or by VIBIAS(1/RBS + 1/RLKX)-2.S/RLKX for leakage to Vcc. 
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6.5 Phase-Locked Loop 

Filter Input/Output: PUMP, VCON 
SYMBOL CHARACTERISTIC MIN 

iu(v VCON leakage current 
ILKP PUMP leakage current -100 
ICLP PUMP clamp current 4 

VCAP PUMP clamp act threshold 2.7 
VCDP PUMP clamp deact thrsh'd .55 
ICLN VCON clamp current 1.3 

VCLN VCON clamp threshold .5 
Rpvc Pump-VCON comp res 2.2 
Rpvo Pump-VCON BANDO res 
RpV1 Pump-VCON BAND1 res 
RpV2 Pump-VCON BAND2 res 4.0 
RpV3 Pump-VCON BAND3 res 2.3 
Rpvv Pump-VCON Vlock res 531 

TYP MAX UNIT 

100 nA 
100 nA 
15 rnA 
3.9 V 
1.15 V 
4.5 rnA 
.95 V 

3 5 Kohm 
ohm 
ohm 

6 9.8 Kohm 
3.5 5.6 Kohm 
627 1381 ohm 

ELECTRICAL CHARACTERISTICS 

CONDITIONS* 

VCON=Vcc, -
PUMP =Vcc!GND, -
VCONlPUMP=Vcc, -­
IpUMP ~ 2.5 rnA, -­
IpUMP < 2.5 rnA, -­
VCON=GND, -­
IVCON = -1!lA, --
t 
t 
t 
t 
t 
:j: 

- High impedence is guaranteed by placing the device in the Reset Test Mode to open the PUMP to the 
VCON resistor, tristate the Charge Pump, and disable the PUMP clamp. Leakage on VCON is not 
measured to Vee, as there is a low voltage clamp on this pin. 
_. The PUMP clamp will activate, pulling PUMP low, when VCON rises above the PUMP clamp activa­
tion threshold voltage. The PUMP clamp is latched until VCON falls below the clamp deactivation 
threshold. The VCON clamp will activate, keeping VCON above ground, when VCON falls below the 
VCON clamp threshold. Both clamp currentslvoltages should be measured after tristating the Charge 
Pump by disabling the RAWDATA input in phase lock, and selecting BANDO or BAND1 to open the 
internal resistance betweeen PUMP and VCON. 
t Measured during phase lock, this is the internal filter resistance between PUMP and VCON. The 
measurement should be made in the correct band with PUMP =1.5 V and VCON = 2.0 V. 
:t: Measured during velocity lock, this is the internal filter resistance between PUMP and VCON. The 
measurement may be made in any band with PUMP = 1.5 V and VCON = 2.0V 
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Filter Input/Output: LPF 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS 

ILKL Leakage current -10 10 IJA 
RLPC LPF-GND comp res ohm 
RLPO LPF-GND BAN DO res ohm 
RLP1 LPF-GND BAND1 res 1.5 2.B 4.B Kohm 
RLP2 LPF-GND BAND2 res 300 525 950 ohm 
RLP3 LPF-GND BAND3 res 75 150 250 ohm 

• Tristate on LPF is guaranteed by setting VFO/=OO or zz . 

•• This in the internal filter resistance between LPF and GND. The measurement should be made in the 
correct band with LPF=2.0 V. 

Charge Pump: PUMP 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS· 

IPLP Comp/BANDO-2 pmp cur 40 200 IJA phase lock 
IPLV Comp/BANDO-2 pmp cur BO 400 IJA velocity lock 
IPHP BAND3 pump current BO 400 IJA phase lock 
IPHV BAND3 pump current 160 BOO IJA velocity lock 
RPB Pump cur symmetry ratio .95 1.05 lup:ldown 

RKOVP Vlock-Plock pmp gain ratio 1.9 2.1 Ko Vlock:Plock 
RKOH1 Hi-Io band pump gain ratio 1.9 2.1 K03:Ko2 

• Currents are for the measured VCON voltages found at the frequency extremes of the specified 
frequency bands2 and are specified as magnitudes. Pump current is related to VCON approximately by 
1== P (VCON - Vt) . 
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VCO: VCON 
SYMBOL CHARACTERISTIC MIN 

VCON VCO N-Channel control volt .9 
KOM Comp VCO gain 150 
KOR Comp VCO gain 150 
Koo BANDO VCO gain 150 
K01 BAND1 VCO gain 50 
K02 BAND2 VCO gain 50 
K03 BAND3 VCO gain 50 

KOLM Comp open loop gain 15 
KOLR Comp open loop gain 15 
KOLO BANDO open loop gain 10 
KOL1 BAND1 open loop gain 10 
KOL2 BAND2 open loop gain 10 
KOL3 BAND3 open loop gain 30 

TYP MAX UNIT 

2.4 V 
450 %N 
450 %N 
500 %N 
450 %N 
450 %N 
450 %N 
45 %mAN 
45 %mAN 
45 %mAN 
50 %mAN 
50 %mAN 
79 %mAN 

ELECTRICAL CHARACTERISTICS 

CONDITIONS 

5Mbit MFM," . 
7.5Mbit RLL, •• 

MFM,t 
RLL,t 

t 
t 
t 
t 

* This is the voltage developed by the filter and charge pump used to drive the internal VCO. The VCON 
voltage will be within this range for each of the four Ko settings in Table 1. 
** The VCO frequency is proportional to the square of the voltage, VCON, on the VCON input. VCO gain 
is given by % (~f 1 fAVE) (1/~ VCON ), or 4000 (f2 - f1) 1(/2 + f1) where f2 and f1 are the 
frequencies at VCON ± 25mV respectively. The gains are specified for the VCON'S found at the frequen­
cy extremes of the frequency bands. (Le., at 5 and 7.5 MHz for BANDO). 
t The open loop gain is given_,as a product of Ko and the average Charge Pump current. Specifically, 
K01 = KolAVE = 2000 (f2 - f1) (12+11)1 (f2 + f1) where 12 and 11 are the Charge Pump currents found 
at the VCON voltages determine f2 and f1 , respectively. 
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7.0 TIMING CHARACTERISTICS 

The following timings have been, where ap­
plicable, expressed in terms of the data rate by T 
= 1/(2x NRZ data frequency), for data frequencies 
in the range of 5 to 15 MBitisec. 
Several timings are referenced using a phase 
relationship of input signals called NULL phases. 
These phases should be such that there is zero 
phase error at the Phase Detector and zero net 
charge transfer on the PUMP pin. When the PLL 
is acquiring data in velocity lock mode, for a given 
set of conditions there is one phase of RAWDATA 
with respect to VCOIN which results in zero net 
current on PUMP. This phase is called NULLV 
(denoted eV). 

7.1 Disk Drive Raw Read Data 

WD10C23 

The equivalent phase relationship found when the 
PLL is tracking data in phase detection mode is 
called NULLP(denoted ep). When the PLL is 
tracking the crystal reference, the corresponding 
NULL, NULLX (denoted ex), refers to the 
equivalent phase between XTALIN and the VCO. 

All timings are measured with in~ut levels of 2.4V 
VIH and .4V VIL, Ta = 0 °c to 70 C; Vss = OV, Vee 
= 5 V + 0.25 V. Closed loop PLL timings will be 
guaranteed to within ±1 ns for power supply ripple 
of no more than 30m V peak to peak. 
Transition times are measured at the 2.0 V cross- _ 
ing for high going transitions, and at the O.B V .. 
crossing for low going. Any deviations from these 
criteria will be specified. 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS 

tROH 

tRCL 

tROT 

tROT 

RAW DATA pulse width high 15 
RAWDATA pulse width low 15 
RAWDATA period T 
RAW DATA period 2T 

nsec 
nsec 
nsec 
nsec 

MFM mode, * 
RLLmode, * 

* This timing is intended to indicate that two consecutive bit shifts, in a direction such that a minimum 
interval is created, can be tolerated up to just under T/2ns each without recycle failure in the phase or 
data detectors. 

, RDT 

- 'RD 
L 

'RDL I 

RAWDATA 

FIGURE 7. DISK DRIVE RAW READ DATA TIMING 

ADVANCE INFORMATION 11-26-90 27-27 



WD10C23 

7.2 Disk Drive 
Raw Read Data Frequency Detector 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

tORL 
tORH 
tOR 

DRUN low freq threshold 2.50T 2.62ST 2.7ST nsec 
DRUN high freq threshold 1.188T 1.313T 1.438T nsec 
DRUN threshold 4T 5T nsec 

TIMING CHARACTERISTICS 

CONDITIONS 

MFM mode,' 
MFM mode,' 
RLL mode," 

• DRUN is guaranteed to be high for RAWDATA frequencies greater than tORL but less that tORH. For 
frequencies less than tORL, DRUN will not remain high, and for those greater than tORH DRUN behavior 
is not specified. DRUN low pulse widths will always reflect the pulse periods on RAWDATA for those 
periods which cause DRUN to drop. Thus the minimum will typically be 2.625T nsec. 
** DRUN minimum low pulse widths will be typically T nsec. 
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7.3 Read Data Conditioner 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

tRDP 

tRCP 

tRCS 

tRCH 

RDATA pulse width 
RCLK pulse width 
RDATA setup to RCLK 
RDATA hold from RCLK 

T nsec 
T nsec 

T/2-6.6 T/2 T/2+6.6 nsec 
T/2-6.6 T/2 T/2+6.6 nsec 

CONDITIONS· 

RDATA _~X 

tRCP----+ 

FIGURE 8. READ DATA CONDITIONER TIMING 
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7.4 Read Data Detector 
(Percentage Window Shift) 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

toow Data Detect Window T-1 T nsec 
towc DD Center Window xl2-1 xl2 xl2+1 nsec 

tOWSE1 DD Window Shift Early 1X -T/16-1 T/16 -T/16+1 nsec 
tOWSL1 DD Window Shift Late 1X T/16-1 T/16 T/16+1 nsec 
tOWSE2 DD Window Shift Early 2X -T/S-1 TIS -T/8+1 nsec 
tOWS12 DD Window Shift Late 2X T/S-1 TIS T/8+1 nsec 

TIMING CHARACTERISTICS 

CONDITIONS 

x = Toow,' 
SHIFT2X=GND 
SHIFT2X=GND 
SHIFT2X=Vcc 
SHIFT2X=Vcc 

• Window centering, towc, is not a function of window loss and is thus correctly specified in terms of 
toow. 

7.5 Read Data Detector 
(Adaptive Window Shift) 

SYMBOL CHARACTERISTIC 

tws AWS Accuracy 

MIN TYP MAX UNIT CONDITIONS 

5 %/ans 

** The accuracy is specified as the error in the gain (slope), 36/N, as given by equation 4 from Table 2. 
The tws error is determined by multiplying the difference in TWSCLK from 153.2 ns. For example, if the 
required TWSCLK is 160.2 ns, then the maximum tws error will be the 0.05x(160.2 -153.2)=350ps. If the 
required TWSCLK were 150.2 ns, the maximum error would be 0.05x(150.2-153.2)ns=-150ps. 
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7.6 Phase-Frequency Detector 

7.6.1 Phase Lock Mode 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

tPDW 

tpwc 
Phase Detect Window T nsec 
Phase Centering Window xl2-1 xl2 xl2+1 nsec 

WD10C23 

CONDITIONS 

X=TPDW, • 

• The phase detection window must be equal to T. Any apparent gain or loss in the window must be due 
to tester inaccuracy and/or statistical error in the measurement. Phase window centering is not a 
function of window size, and is thus correctly specified in terms of TpDW. 

7.6.2 Velocity Lock Mode (MFM) 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

tVDW 

tvWE 
tvWL 

Velocity Lock Detect Win­
dow 
Velocity Lock Early Window 
Velocity Lock Late Window 

7.6.3 Velocity Lock Mode (RLL) 

4T 

2T 
2T 

nsec 

nsec 
nsec 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

tVDW 

tvwE 
tvwL 

Velocity Lock Detect Win­
dow 
Velocity Lock Early Window 
Velocity Lock Late Window 

6T 

3T 
3T 

nsec 

nsec 
nsec 
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1 tpwc---- /1 
PUMP 

//, / , 
CURRENT / , / , 

/ , / , 
/ / 

0 / , 
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, 
PHASE 

, / 
, i ROR 

, / , / 
, / , / 
, / 

-I / 
/ 

/ ~ t pwc 
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FIGURE 9. PHASE DETECTION TIMING 
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V /: 

0 //: , / / 
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! 
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:/ 
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FIGURE 10. VELOCITY LOCK MODE 
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7.7 Write Data Conditioner 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

twcs WD setup to WCLK 8 nsec 
twCH WD hold from WCLCK 3 nsec 
tpCE1 Early precomp 1 X T/16-1 T/16 T/16+1 nsec 
tpCL1 Late precomp 1 X T/16-1 T/16 T/16+1 nsec 
tpCE2 Early precomp 2X T/8-1 T/8 T/8+1 nsec 
tpCL2 Late precomp 2X T/8-1 T/8 T/8+1 nsec 
tpcp WPCDATA high T-10 T nsec 
tWPD WDATA to WPCDATA .5T 2.75T+50 nsec 

• Timings are for WDATA. EARLY. LATE. and SHIFT2X. 

CONDITIONS 

". SHIFT2X=GND 
". SHIFT2X=GND 
". SHIFT2X=VCC 
". SHIFT2X=VCC 
•••• SHIFT2X=GND 

WD10C23 

** Differential measurement of rising edge of precompensated WPCDATA versus non-precompensated 
WPCDATA. 

*** Measured for early and late precompensated WPCDATA. 

7.8 TTL XTALIN Input Clock, WCLK Output 

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

txs 
txp 

twCD 

Crystal startup 
XTALIN freq @TIL levels 
WCLK duty cycle 45 

2 msec 
20 MHz 
55 % 

CONDITIONS 

40/60% Duty Cycle 

* WCLK duty cycle is specified for the high phase. at any voltage between 0.8-2.0 V. This guarantees 
the worst case duty cycle seen at the input of a receiver. whose input threshold is specified to be within 
this voltage range. See the Output Driver section of the DC Electrical Characteristics above for load 
limitations. 

ADVANCE INFORMATION 11-26-90 27-33 



WD10C23 

EARLY 

LATE ~ ~ 
~ t ~~[i-t-WOC----+-----------------tw~~~ 

WCH 

WCLK 

~ 

WDATA ______________ ~ 

WPCDATA 

WPCDATA 

(EARLY 2X) t 

~
_tpcp 

PCE2 
r---------+--.. 

-PCEl 

WPCDATA 
______________ -J 

(NOMINAL) ---II> PCLl +---

WPCDATA 
-----------------r---J 

t 
wcs 

~~~:~~ - ~= --1/ 
(LATE2X)--------------1-

FIGURE 11. WRITE DATA CONDITIONER TIMINGS 
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TIMING CHARACTERISTICS 

7.9 Delay Line 
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT 

tDRC Delay-Locked Loop Time 
Constant 

.4 1.5 msec 

WD10C23 

CONDITIONS 

* This is the time required for the DOL to acquire the XTALIN frequency. It should be used in conjunction 
with txs to determine the time from power up to device ready. 

x 
T 

~I---T--
R 6. f 

~ ~ 

o 
E 
L 
A 
y 

I 
I 
I 
I 
I 
I 
I 
L----~----==-==_=~~ 
I I 

VI ;r-
I I 0.636. delay 

I I 
I 

L lORe ----+1.1 
I 

TIME 

FIGURE 12. DELAY LINE TIMING 
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repeated for each sector ................ : 

index 
______ -J~~ ________________________________ ~_. ______________ ___ 

sector ---------~------------------------------------~~---------
WG =r----~--~~t 
during format -+. :.-FWGON 

WG ~ ____ ~ ______ ~ ______ ~~ 
during write tWGON : 

--+. 

tFWGOFF-+ :-

~~---------------­.-
~tWGOFF2: RG ----~----~/. tGOFF1: '" ~--~-------------II- tRGON1 : +------+: :'--t :-+: 

. .- RGON2-+ 

+--

GAP1 WS+ID PLO 

~n''''"i'+V'.11 x+9 

, _____________________ IDENTDefinition: 

NOTES: 
1. n=contents of Sector Number Register during Format command. 
2. CL=controlier latency. OSCl.!;;1 byte times. 
3. x=contents of PLO register. ID PLO Length is erogrammable during Format command. 

DATA PLO Length is programmable during Wnte command. Data PLO Length is 11 during Format Data PLO Length is 12±1 during write if x=O. 
4. twooN=17±1 bit times with respect to RD in. 
5. two0FF1=28 bit times with respect to WD out 
6. IRGOFF1=9±1 bit times wtth respect to RD in. 
7. IRGOFF2=9±1 bit times wtth respect to RD in. . 
8. lRooNl=Z+CL byte times with respect to INDEX/SECTOR (SCT). Sector is tied to DRUNSCT always. z=contents of internal GAP register. 
9. IRGON2=35±1 bit times with respect to RD in. 
10. GAP2= speed tolerance + comined ENDEC delays + other GAP requirements (I.e. SERVO) 

GAP2 Length= (time between sector pulses) - (time from start of GAP1IGAP3 to end of data pad) 
11. lFwooN=n+S112+CL byte times with respect to INDEX/SECTOR. n=contents of Sector Number Register during Format twGOFf"20 bit times with 

respect to WD out 

FIGURE 13. HARD SECTOR FORMAT w/WG PULSE OPTION 
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repeated for each sector· 

index ________ ~~~ __________________________________________ ·----------------------

sector---------7------------------------------------------~~,-------------
DRUN~------~~~ ~~-----------------

WG ~----~:~~--------------~--------------~--------------
~. tFWGOFF--+ : 4--

during format 

WG=-____ ~--~--~------~~ t • 
during write tWGON : ,WGOFFl --+ , ~~----------------

'4--

-----.; 

RG ____ ~ ___ ~/ tGOFF1: 

~ 

~tWGOFF2· ~~--~-------------

42C22A 

FORMAT 
# Bytes 

---+: tRGON1 . +--~ +-t :--+: 
'+- RGON2-+ 

4--

, 10 
, PAD 
: 2 x+14:!-1 

t'---_______________________________________ IDENT Definftion: 

NOTES: 
1. n=conten1s of Sector Number Register during Format command. 
2. CL=controlier latency. O:S;C~l byte times. 
3. x=conten1s of PLO register. ID PLO Length is programmable during Format command. 

DATA PLO Length is programmable during Wr~e command. Data PLO Length is 11 during Fonnat Data PLO Length is 12±1 during write if x=O. 
4. !waoN= 17±1 bit times with respect to RD in. 
5. lwaoFF1=28 bit times with respect to WD out. 
6. IRGOFF1=9±1 bit times with respect to RD in. 
7.tRooFF2=9±1 bit times with respect to RD in. 
8. IRGON1=19±1 bit times with respect to DRUN. SECTOR is tied to DRUNSCT during Format and DRUN is tied to DRUNSCT during Read and Write. 
9. lRaoN2=35±1 bit times with respect to RD in. 
10. GAP2= speed tolerance ... comined EN DEC delays ... other GAP requirements (I.e. SERVO) 

GAP2 Length= (time between sector pulses) - (time from start of GAP1/GAP3 to end of data pad) 

FIGURE 14. HARD SECTOR FORMAT wi SOFT SECTOR RIW 
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8.0 PRODUCT COMPATIBILITY 

The following is a matrix of the features for each of the data separators from Western Digital's family of 
devices. 

Market WD10C WD10C WD10C WD10C WD10C 

Number 20A 21A 20B 22B 23 
, 

CMOS 3f..lSM 3f..lSM 3f..lSM 3f..lSM 1.25 f..lDM 

min ext componts 15 15 14 14 3 

ext delay line ..J ..J 

int delay line ..J ..J ..J 

extVCO ..J ..J ..J ..J 

int VCO ..J 

MFM encoding ..J ..J ..J ..J 

RLL encoding ..J ..J ..J 

5 Mbit ..J ..J ..J ..J ...J 

7.5 Mbit ..J ...J ...J 

10 Mbit ..J ..J 

15 Mbit ...J 

var frequency ..J 

soft sector ..J ..J ..J ...J ...J 

hard sector ..J 

write precomp ext dly ext dly ± 12.5 % ± 12.5 % * 

window shift ext dly ext dly ± 12.5 % ± 12.5 % ** 

adapt win centering ..J 

TABLE 4. PRODUCT COMPATIBILITY FOR DATA SEPARATORS 

* ± 12.5 % I ± 6.25 % 

** ± WIN/2 
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INTRODUCTION 

1.0 INTRODUCTION 

The 33C92A is a MOSNLSI 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. ANSI 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 

WD33C92A 

systems. Host bus data parity checking and 
generation is an optional feature. 

• 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
mandto 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 

I/O 

REO 

ACK 
ATN 

Vee 

TGS 

IGS 

SOlE 

SOOE 

ARBlO 

ClK 

39 38 37 36 35 34 33 32 31 30 29 
~ ~ 

WD33C92A 

7 8 9 10 11 12 13 14 15 16 17 

W 01" ...J a: U 
< C < 

Igl~ c c 

00..... C\I 
a: c c c 
.... 
z 

27 

~ 

25 

24 

23 

22 

21 

20 

19 

18 
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4.0 PIN DESCRIPTIONS 

4.1 Processor/DMA Interface 

NAME 1/0 FUNCTION 
ClK I 8-20 MHz square wave clock. 
MR- I Reset is an active-low input which forces the 33C92A into an idle state. All 

SCSI outputs are tristated. 
INTRQ 0 Interrupt Request to external microprocessor. Indicates command com ple-

tionltermination or a need to service the SCSI interface. This bit is 
reset when the SCSI STATUS register is read. 

RE- 110 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) 

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) 

CS- I Chip Select is an active-low input which qualifies RE- and WE- when ac-
cessing a register. This signal must be inactive during a DMA cycle (DACK-
active in·DMAiburst mode or DRQ active in WD Bus mode). 

AO I Address pin used to access the internal registers for non-multiplexed ad-
dress/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. 

ALE I Address latch Enable is used for multiplexed address/data busses 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 addressing. 

DACK- I/O DMA acknowledge input used for interfacing to an external DMA controller 
(RCS-) (e.g. 8237). When DACK- is low, all bus transfers are to/from the DATA 

register regardless of the contents of the ADDRESS 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 re-
quired when operating in WD Bus mode. 

DRQ- I/O Data request is an output when interfacing to (DRQ) an external DMA con-
troller and an input when in WD Bus mode. When used with an external 
DMA controller, DRQ- and DACK- form the handshake for the data-byte 
transfers. In Burst mode, DRQ- 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. 

D7-DO I/O Processor data bus. 
DP I/O Data Parity, used only for checking/generating parity during data transfers. 
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4.2 SCSI Interface 

NAME 1/0 FUNCTION 
ATN 1/0 ATN is an output in the initiator role and an input in the target role. It is used 

to indicate the ATTENTION condition. 

REO 110 REO is an input in the initiator role and an output in the target role. It indi-
cates a request for a REO/ACK data transfer. 

ACK 1110 ACK is an output in the initiator role and an input in the target role. It indi-
cates an acknowledgement for a REO/ACK data transfer handshake. 

MSG 1/0 MSG is an input in the initiator role and an output in the target role. It is as-
serted during_ a MESSAGE phase. 

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. 

IlO- IlO 1/0- is an input in the initiator role and an output in the target role. It con-
trols the direction of data movement on the SCSI data bus with respect to 
an Initiator. 

S07 1/0 SCSI data bus. 

I 
SOO 

SOP 1/0 SCSI data bus parity siQnal. 

BSYI I BSYI signals the 33C92A that SCSI BSY- is asserted. 

BSYO 0 The 33C92A asserts BSYO to assert the SCSI BSY- siQnal. 

SEll I SEll signals the 33C92A that SCSI SEL- is asserted. 

SELO 0 The 33C92A asserts SELO to assert the SCSI SEL-signal. 

SOlE 0 Enables SCSI data bus receivers. 

SOOE 0 Enables SCSI data bus drivers. 

ARBLO 0 Latches the decoded port number into an external register just prior to the 
SCSI bus arbitration process. 

IGS 0 The 33C92A asserts IGS when operating as an Initiator. IGS enables the 
SCSI drivers for ATN and ACK. 

TGS 0 The 33C92A asserts TGS when operating as a TargetTGS enables the 
SCSI drivers for REO, MSG, C/O- and 1/0-. 
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5.0 33C92A BLOCK DIAGRAM 
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6.0 33C92A REGISTERS 

6.1 Register Map 

AO RIW 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 RIW 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 RIW 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 RIW SOURCE ID REGISTER 16 
1 R SCSI STATUS REGISTER 17 
1 RIW COMMAND REGISTER 18 
1 RIW 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 aU-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 DMAIBurst mode or DRa as­
serted in WD bus mode). 

II~T k~1 IB~Y Ic~p I ~ I ~ Ip~ ID~R I 
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. 

33C92A REGISTERS 

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. 

• Indirect addressing (separate address/data 
busses). In indirect addressing, the register 
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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). 

WD33C92A 

Bit 0-2 IDn-SCSI ID 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·HALT 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·HALTon ATTENTION 

The HALT on ATTENTION 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
cates that the Initiator detected a parity 
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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 
reset, no interrupt is generated 
by a valid disconnect. This feature, when 
used with the Resume SAT command, 
provides support for overlapped SCSI 
operations. 101 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 

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: 

6.2.4.1 DMA Mode Selected 

DM2 DM1 DMO DMA MODE SELECTED 
0 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 writing (reading) the data to (from) the DATA register. 

0 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-IWE- as long as DRO-
is active. 

0 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 DRO 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 DRO 
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 
DRO signal; one more transfer may occur after this transition, and then 
the DACK-, RE-, and WE- signals are negated. 

1 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 tolfrom the 33C92A. 

6.2.5 Timeout 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· Ficlk/80 

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. 
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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-5elect-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 
by the WD33C92A, then the number of spare 
sectors per cylinder must be written into this 
register before issuing the Translate Address 
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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 
set to one, then a linked Command Complete 
message will be sent during command execu­
tion. In this case, bit 1 of the CDB12 register is 
used as a FLAG bit to determine whether a OA 
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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 (OO 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 I nitiator 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. 

Bit 3-5 Not Used 

Not used bits are zero. 

Bit 6 DOK-Disconnects OK 

Disconnects permitted. 
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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 bits0-6 

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 
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 ID register. 
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7 
o 

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-IWE-

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 

The 'cycle' referred to above is the period of the 
internal data transfer clock after the divisor 
chosen in the OWN ID register is applied. This 
period is calculated by the following formula: 

cycle = divisor (from OWN ID)(nsec) / 2' input clock frequency 
(MHz) 
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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. 

6.2.17 Destination ID 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. 
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4 3 
o o 

Bit 0-2 Dlx-DESTINATION ID 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, a Send-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 ID 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 
enable and control response to selection and 
reselection. 

IE~ IE~ ID~P I ~ Is~v Is~v Is~ Is~v 
Bit 7 ER-ENABLE RESELECTION 

ENABLE RES ELECTION, when set to 
one, enables the 33C92A to respond to a 

ADVANCE INFORMATION 12-19-90 28-15 



WD33C92A 

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 OSP-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 select/reselect 
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. 

6.2.19 SCSI Status Register 

The SCSI STATUS register is a read-only register 
which indicates the cause of the most recent 
INTRa assertion. INTRa 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; 
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• the bus phase changed; 

• an error occurred. 

Once INTRa 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 
successfully. / 

0010 xxxx A 33C92A command has paused or 
was aborted by an Abort command. 

0100 xxxx 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: 
MSG, C/D, and I/O. 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 REa signal is asserted 
on the SCSI bus. The following table summarizes 
the meaning of the MCI field: 
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MCICODE MEANING 

000 Data Out phase 

001 Data In phase 

010 Command~hase 

011 Status phase 

100 Un~ecified Info Out phase 

101 Unspecified Info In phase 

110 Message Out phase 
111 Message In phase 

6.2.19.1 Reset State Interrupts 

STATUS CODE STATE SPECIFIC MEANING 
00000000 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. 

00000001 DTI 33C92A Reset. The device has successfully completed a Reset 
command with advance features enabled. The new state of the 
33C92A is disconnected. 

6.2.19.2 Successful Completion Interrupts 

STATUS CODE STATE SPECIFIC MEANING 
00010000 0 A Reselect command completed successfully. The new state of the 

33C92A is connected as a Target. 

0001 0001 0 A Select command completed successfully. The new state of the 
33C92A is connected as an Initiator. 

00010010 - 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). 

00010100 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). 

00010101 DT A Translate Address command completed successfully. 
00010110 01 A Select-and-Transfer command completed successfully. 
00010111 - Reserved for future use. 
0001 1MCI I A Transfer (non-MESSAGE IN phase) command completed suc-

cessfully. MCI defines the new information type (SCSI bus phase) 
being requested. 
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6.2.19.3 Paused Or Aborted Interrupts 

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 accepting 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. 
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6.2.19.4 Terminated Interrupts 

STATUS CODE STATE SPECIFIC MEANING 
01000000 DTI 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 DT 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. 
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6.2.19.5 Service Required Interrupts 

STATUS CODE STATE SPECIFIC MEANING 
10000000 D The 33C92A has been reselected. The new state of the 33C92A is 

connected as an Initiator. No Identity message transfer has yet oc-
curred. 

10000001 D The 33C92A has been reselected in Advanced Mode. The SCSI 
bus ID of the Target may be read from the SOURCE ID register. 
The Identity 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 D The 33C92A has been selected (no ATN assertion). The new state 
of the 33C92A is connected as a Taroet. 

10000011 D The 33C92A has been selected (ATN was asserted). The new 
state of the 33C92A is connected as a Taroet. 

10000100 T The ATN sional 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 CDB is not a known command group. 
The OWN ID register must be loaded with the CDB length,and the 
command resumed. The CDB1 register may be examined to deter-
mine the SCSI command group from the opcode. The new state of 
the 33C92A is connected as a Taroet. (Advanced Mode only) 

10001MCI I The REO 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. 
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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 DMAlWD 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 
done so that the FIFO is returned to a ready state 
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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 
WE-(RE-) pins are asserted in response to the 
assertion by the 33C92A of the DRQ- 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 DRQ pin. 

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: 

• 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 ID register is reset to zero. 

• Advanced mode is disabled. 
• The ES, ER, and DSP bits in the SOURCE ID 

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. 

• The following host accessible registers are 
NOT affected by the MR- signal: 

- Registers 01 hex through 15 hex; 
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- SOURCE ID (16 hex) register bits 0-3;· 
- COMMAND register (18 hex); 

Th.e SCSI Soft Reset ma~ be implemented by 
uSing the SCSI bus reset signal to cause a reset 
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: 
• 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 advanced 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 10 
register. 
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7.0 COMMANDS 

7.1 Command List 

COMMAND 
CODE (HEX) COMMAND 

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 

08 Reselect-and-Send-Data 

OC Wait-for-Select-and-Receive 
00 Send-Status-and-Command-Complete 

OE Send-Disconnect-Message 

OF Set 101 

10 Receive Command 
11 Receive Data 

12 Receive Message 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: 
o = Disconnected 
T = Connected as a Target 
I = Connected as an Initiator 

Command Levels: 
I = Level I command 
II = Level II command 
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VALID 
STATES LEVEL 

D,T,I 

D,T 
I 

I 

TI 

0 

0 
0 
0,1 • 0,1 
D,T 

D,T 

D,T 
T 

T 

D,T,I 

T 
T 
T 

T 

T 

T 
T 

T 

D,T 

I 
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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 interrupt. 
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 the 'Enable Ad­
vanced Features' (EAF) bit set in the OWN 10 
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register. The host can determine if advanced fea­
tures have been enabled (thereby implying that a 
33C92A is installed) by examini l1g 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 10 does not match the DESTINATION 10 
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~e. 
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 10 regl~ter 
will contain the SCSI bus 10 of the reselectmg 
Target, and the ACK signal remain~ 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 t03F 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 COB into the COB 
registers prior to issuing the command, the 
host also loads the expected command length 
into the OWN 10 register. The 33C92A uses 
this value to make sure the correct number of 
bytes are then transferred in the command 
phase. 
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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 com­
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 Levell 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 in 
progress. Upon completion of the Reset com­
mand, an interrupt is generated the SCSI 
STATUS will be 00 hex or 01 hex, depending on 
the contents of the OWN 10 register. 
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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 Reseleet com­
mand and the WD33C92A has won arbitra­
tion, the WD33C92A releases the SCSI bus 
by removing the Bus ID 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, DRO, 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 
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. 
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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, 
DRO, 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 II command, the Level II command is 
irr;Jmediately terminated and the 33C92A transi­
tions to the Disconnected state. 

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. 
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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 res election 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 
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. 
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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 ID of the Target device should be writ­
ten into the DESTINATION ID 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 response 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 
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 "pausedl 
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 1/0 signal 
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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 1/0-, C/D-, ~ 
and MSG outputs during the command according ~ 
to the following chart (1 =asserted): 

Receive OP MSG C/D 1/0 
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
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 
(SBT =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 
SBT =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. TheATN pin is asserted (and HA=1). 

5. The Abort command is issued. 

6. A Disconnect command is issued. 
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When the Receive command is completed as a 
result of receiving the correct number of bytes, a 
"successful completion" interrupt wi" be 
generated. If a parity error has caused termina­
tion, a "terminated" interrupt wi" 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 wi" be hand­
led by the processor or through a DMAlWD inter­
face. When the processor is required to read the 
DATA register (i.e. DMA mode select bits=O), it 
must monitor the DBR 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. 
DBR 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 
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 I/O-,C/O-, 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): 

COMMANDS 

Send OP MSG C/O 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 SBT 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 
(SBT =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 
SBT =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. 

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 WD-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 
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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 
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, 
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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 
generates 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. 

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-
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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 com~ands 
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. 

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 
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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 0 (6-byte 
CDB), Group 1 (10-byte CDB), and Group 5 (12-
byte CDB) 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 10. 

After completing the Selection phase, the 33C92A 
begins an information transfer phase. If ATN has 
been asserted (Le. 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 
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 

28-30 ADVANCE INFORMATION 12-19-90 



COMMANDS 

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 
CDB 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 101 bit is set, the WD33C92A ter­
minates the Select-and-Transfer command by 
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 
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. 
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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 pnotocol. 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 
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 
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another REQ is asserted to begin an information 
transfer phase (as in SCSI linked commands). If 
the EDI bit is set, the "successful completion" in­
terrupt will be suppressed until the Target discon­
nects from the SCSI bus. 

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. 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-

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: 

COMMAND 
PHASE MEANING 
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 Identify message 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 message. The 33C92A is now in the disconnected state. 
44 The 33C92A has been reselected by the Target whose SCSI bus ID matches the value 

in the DESTINATION ID 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 register. 

46 The number of bytes specified in the TRANSFER COUNT register have been trans-
ferred to/from the Target during a Data Out/In phase. 

47 The Taroet has be~un a Receive StatusJ>hase. 
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 

Messaoe In phases are expected. An implied Neoate ACK occurs. 
42 Resume to complete Disconnect Messaoe In· an implied Neoate ACK occurs. 
44 Resume after reselection by a Taroet. 
45 Resume to transfer more data in a data transfer phase. May expect Status or Message 

In as well. An implied Neoate 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 08 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 Reselection phase. These phases are deter­
mined by which command is sent, and the setting 
of two bits: the EDI 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 pRase. 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 
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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 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 com-
bination command can occur if enabled. 
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7.6.3 Wait-for-Select-and-Receive (DC 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 "~eceive Message Out" command to get 
the !dentlfy 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 (he~ 
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 Target state. 
20 The Identity message 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 
register. 

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 

WD33C92A 

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 ~hase. 

20 Resume after a message out; check the received message in the TARGET LUN 
reaister for a valid Identify message. 

30 Resume after Identify message out. Start with command [>hase. 
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 TargEilt role, and is used to 
complete a SCSI. operation by transferring the ap­
propriate status information to the Initiatc;>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 
COB 12 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 

COMMANDS 

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 
CDB11 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 completed. 
60 Command Complete message transfer completed. 
61 Linked Command Complete message 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 

WD33"C92A 

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 Sehd-Disconnect-Message command is a 
Target-role command which may be used to dis­
conne.ct from the SCSI bus at any time during a 
SCSL com'mand 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 IDI 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 

COMMANDS 

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 descr,iptions for additional 
values that can occur when command chaining is 
used. 

-

00 No operation occurred; !VPically, ATN was found to be asserted. 
41 The Save-Data-Pointer mess~e was transferred. 
42 The Disconnect mess~e 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 ELECTRICAL CHARACTERISTICS 

8.1 Absolute Maximum Ratings 

Ambient temperature OOC to 70°C 
under bias 
Storage temperature -55° C to 125° C 
Voltage on any pin -0.5 to 7 Volts 
with respect to GND 
Power dissipation 190mW 

Input 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- 0° to 70° C 
ture range 

Vee +5 Volts ± 0.25 V 

Vss o Volts 
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8.3 DC Operating Characteristics 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

hL Input Leakage --- 10 f..lA VIN = .4 to VCC 

10L Output Leakage --- 50 f..lA VOUT = .4 to VCC 
(inactive) 

VIH Input High Voltage 2.0 --- V 

VIL Input Low Voltage --- 0.8 V 

VOH Output High Voltage 2.4 --- V 10 = -400 uA 
VOL1 Output Low Voltage --- 0.4 V 10= 7.0 rnA 

(TGS,IGS) 

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 TIMING 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: 

WD33C92A 

Tcyc = Tcp * DIVISOR/2 

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/DMA 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 

~oE tcp .-.: 
ClK I \ J \ 

:oE tCH .-.: ;oE tCl ----..j 

FIGURE 4. CLOCK TIMING 
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9.1.2 MR-

SYMBOL CHARACTERISTIC MIN MAX 
tmr MR- PULSE WIDTH 

:.....: III(~--- t M R --~ ... i 
MR --------~\~! ----------~/~-----------

FIGURE 5. MR- TIMING 
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9.1.3 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 WE- PULSE WIDTH 120 ns 
tdvwh DATA VALID TO WE- HIGH 70 ns 
twhai WE- HIGH TO AO INVALID 0 ns 
twhch 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 

!..-- tAVWL ~ ----.: tWHAI !......-
AO ~: X:r-----
CS 

--..! tCLWL !::......- ~:::. tWHCH !......-

\I:....-i -----+-----<---~/ \'---
----------,~ .. . 'wE 'r t 'w_---i· .. L 

i..-toVWH-----.!. WHOI .: 

------------~X ~~-----

WE 

00-07, OP 

FIGURE 6. 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 

i..-- tAVRl ~i ~ tRHAI i~ 

AO ~: Xr-----
-----..., tClRl :::.~ ~ tRHCH :~ 

\~! --~----~~~/ \~-cs 

RE ______________ ~\~I· ________ tR_E_-_-_-_-_~~»~~'~.~---
tRlOV----.i ~ i. tRHOI »; 

tRHRl--~ • ..,; 

L 
00-07, OP _____________________ -..JX'-________________ --'X..---------

FIGURE 7. 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 
tclwl . CS- LOW TO WE- LOW 0 ns 
twe WE- PULSE WIDTH 120 ns 
tdvwh DATA VALID TO WE- HIGH 70 ns 
twhch 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 --- 1 115 

---.: tAHAL:~ 

ALE ~~ ______________________ __ 

i--------': tCLWL !::: --------'i:::. tWHCH ~ 
cs --'-----,\"--1 _-;--___ ----;-_---11 \ 

~ tALWL .. :. tWE .. :. tWHWL:-~:::;";:;-i--
WE-------I------~\ I~i------------~~ 
~i tAVAL i tALAI :...- ~ tDVWH >-:..c: tWHDI >-i 

00-07, DP ~ ADDRESS ~~ ______ __'X.--------

FIGURE 8. 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 ItS II 

---..: tAHAl ~ 
ALE ~~ __ . ______________________________________ ___ 

: ----...: tClRl !::~ ~:. tRHCH :-.----

CS --;.-: --.:;,\ I I _~\ ~_ 
~ tAlRl ---.j .... 011(~- tRE ----;.~:~ 011(011(--- tR HRl •. 

RE i \ Ii L 
----...j tAVAl! tAlAI !~!-:.----:-tR-l-D-V-~--""':"'---' i-< tRHDI >1 

DO-D7, DP ~ ADDRESS ~ ~~---------

FIGURE 9. PROCESSOR READ (DIRECT ADDRESSING) TIMING 
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9.1.7 DMA Write 

SYMBOL CHARACTERISnC 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 

ORO (OUT) 

~tOLOH~ ~tDHOL~ 
\: Ir--' ---~-----.\: 

! ~---

~: tDLWL ~:. ~i:::. tWHDH j..--
\: 1;--' -----,L DACK (IN) 

:.. tWR .: ....... <----- tw HWL ----,l.~. 

----~\ !~i ------~t WE 

~ tDVWH >+< tWHDI :..--

00-07, OP ------------~X~ ______ ~X~---------

FIGURE 10. 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 
tdhql DACK- HIGH TO DRQ- LOW 0 ns 

:.-- tOLOH -----..j ~ tOHOL----...i 
ORO (OUT) \ i fr-' ----------i----____ \ 

! ~---

~ tOLRL ,..-- ~:::. tRHOH ~ 
OACK (IN) \i Ir-' ----""""L 

____________ -,\~i.-----t~R-O---------~~.~/~:.~------tRHRL------~.~~ 
~ tRLOV ;" • i tRHOI 1...-

00-07, OP ____________________ --'Xr-----------------.Xr---------------
RE 

FIGURE 11. DMA READ TIMING 
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9.1.9 Bus Buffer Write 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tQhsl ORO HIGH TO Res- LOW 0 40 ns 
tslwv Res- 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 Tcyc 
tqlsh ORO LOW TO Res- HIGH 8 10 Tcyc 
tshwi Res- HIGH TO WE- INVALID 100 ns 
twhsh WE- HIGH TO Res- HIGH 0 ns 
tslwl Res- LOW TO WE- LOW 60 ns 
tQlwl ORO LOW TO WE- LOW(1) 0 ns 
tslql Res- 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. ferred. 

~ 'OHSL >1 ... 0lIl(<----- 'SLOL .. : 0lIl( 'OLSH ----:l~..,i: 

DRO (IN) ~: \~; _______ -+--__ _ 

i~ tSLWL --..i ~ tOLWL i:::~ ~ 'SHWI :.-

Res (OUT) ----~\~!~------~:--------~----~----~--~/~: -~--
-..i'SLWV i.. : ........ tWO~'WHWL iOlll( .:tWHSHi.-

--' -----J~ , J: ,\ I WE (OUT) L 
~:tWLDv~i'WHDI i.-

00-07, OP ---------------..,X ' 'X..-------------------

FIGURE 12. BUS BUFFER WRITE TIMING 
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9.1.10 Bus Buffer Read 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tqhsl ORO 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 ORO 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 II 
tQlrl ORO LOW TO RE- LOW (1) 0 ns 
tslQI 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. ferred. 

~ 'OHSL >!: .... ct-----'SLOL --... : .... E-----'OLSH .:::: 

ORO (IN) j : \\... ________ -+ ___ _ 

: ........ 'SLRL ---..: ---..i 'OLRL i:::,........ -----..' 'SHRI :~ -----.,! f : 
~, ----~!~--~--~---~-~ 

~i 'SLRV i. .: 'RO i 'R HRL i: .... E-----:l.~: 'R HSH~ __ ----'r-\! Ii \~! ---.J! 

Res (OUT) 

RE (OUT) '--
---..i t DVRH i 'RHOI i~ ---------.x : x,.----------00-07, OP 

FIGURE 13. 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 

!-< tWLOH>~ tOHOL ~i 
ORO (OUT) \~ __ ~ ______ ~~/ L 

!..- tOLWL --..j::., ~:::. tWHOH :~ 
,"--: -_I ----;---II \'-+----;--~/ 

!-< tWR >t< tWHWL >; 

------,\ I \ I 

OACK (IN) 

WE 

~! tDVWH >t< tWHOI !....-

00-D7, OP --------~X X~-------------

FIGURE 14. BURST DMA WRITE TIMING 
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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 DRO- LOW 0.5 Tcyc .. 

,..- tRLOH ~i..- tOHOL ~i 

ORO (OUT) ,'-__________ -:-i __ ----'/ \L 
OACK (IN) 

~ tOLWL ---.i ----"i,. tRHOH i~ 

1 I ~~i--~~r-
i .... tRO >l< tRHRL ~i 

--~\ I \1:...-: _--Ii 
~i tRLOV l-c.~ tRHDV i.....-

~' Y:III!IItA'-----_~ 

RE 

00-07. OP 

FIGURE 15. BURST DMA READ TIMING 
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9.1.13 INTRQ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tihrl INTRa HIGH TO RE- LOW 0 ns 
tri RE- PULSE WIDTH 180 ns 
trhil RE- HIGH TO INTRa LOW 0 100 ns 
tilih INTRa LOW TO INTRa HIGH 100 ns 

INTRa 

.' : tlLlH : 
i~ tlHRL --.j ..... <------ tRLlL .. : 01( .. i 

--~/~----~----------~\ /~----

i~ tRI -----.j 
------~\! /r: ---------------

RE 

FIGURE 16. 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 SDIE, 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, REQ; ATN" = ATN, ACK 

l 'E IBLBH ---_..,!~ tSHSH ~ 

BSYI \\-1 -:-----,---------------+--11 
~ tBLEL ~ 

BSYO -----i----------1! 
SEll -----+----------~------_r:r 

SELO ;--

---~----------~--~~I ~IBHEH !_ 

SOx -------1-----{======}-~--~--------
4-tDFEH~i 

SOOE ______ --+ ____ --+-______ +. ____ ---lIt-: -------

SOlE 

ARBLO 

IGS, TGS 

I/O", ATN" 

\1-: _--+-_...,...---+-_-----JI 
-! IELIO i IIOAH IAHOF i..--

NOTE: 1/0' = 1/0, C/O, MSG and REO 
ATN' = ATN and ACK 

FIGURE 17. ARBITRATION TIMING 
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UNITS 

TQYc 
Tcyc 

Tcyc 
Tcyc 

Tcyc 

Tcyc 

ns 

j.1S -
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9.2.2 Selection (Initiator) 

SYMBOL CHARACTERISTIC MIN MAX 
tshel SELO HIGH TO SOlE LOW 1.2 
teloo SOlE LOW TO "OR-EO" 10 OUT 100 
tovgh "OR-EO" 10 OUT VAllO TO IGS HIGH 100 
taogh ATN, ACK OUT TO IGS HIGH 100 
tghav IGS HIGH TO ATN VAllO 400 
tavbl ATN ACK VAllO OUT TO BSYO LOW 100 
tblbv BSYO LOW TO BSY HIGH VAllO 400 
tbhsl BSYI HIGH TO SELO LOW 100 

NOTE: 
1/0* = 110, C/O, MSG, REQ; SOIE* = SOlE, 
ARBLO 

28-58 

Li: 
--+-: tBLBV 104-

-------------------,\~, __ ~i __ _ 

------..j tAVBl ~ 

BSYI 

BYSO 

SEll ~ ; .L 
--.~ tBLSL \4:---

SELO ~! L 
SOx 

SOOE 

SOlE" 

IGS 

ATN 

ACK 

TGS 

1/0' 

,(L ____ -+ __________ __ 

. 
ISHEL i tELOO i_ 

----~\~!--~----~~---------------
-----! tOVGH i..-. A~i~-----------

----=====~ .. !: i;:;tAO)GG;;-H -', tGHAV~' "'======--____ __ 
------~--~~t~----------

NOTE: 1/0' • 1/0, CIO, MSG and REO 

SOlE' • SOlE and ARBLO 

FIGURE 18. SELECTION (INITIATOR) TIMING 
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TIMING CHARACTERISTICS WD33C92A 

9.2.3 Selection (Target) 

SYMBOL CHARACTERISTIC 
tshbl SEll HIGH TO BSYI LOW 
tivbl "OR-ED" 10 VALID IN TO BSYI LOW 

tblbh SEll HIGH, 10 VALID, BSYI LOW TO 
BSYOHIGH 

tbhoi BSYO HIGH TO "OR-ED" 10 INVALID IN 

tbhsl BSYO HIGH TO SEll LOW 

tavsl ATN VALID IN TO SEll LOW 

tslio SEll LOW TO 1/0 OUT 
tivgh 1/0 OUT VALID TO TGS HIGH 

NOTE: 
1/0* = 1/0, CID, MSG, REO; SDOE* = SDOE, 
ARBLD 

BSYI 

MIN MAX UNITS 
0 ns 

0 ns 
0.4 200 JlS 

0 ns 
0 ns 

0 ns 

100 ns 
100 ns 

'~!:------------~I 
----~----+---~----~/~;----------:--------------------
~ tSHBL i ~ tBLBH ~:~ tBHSL ~i 

BSYO 

SEll --.-/! ! \Ii-: -------------------

SELD ~ tlVBL ; ~ ~; tBHOI ~ : 

SOx - - - - - ·x ______________________ ,x- - - - - t -----------------------
SOOE* ! 

SOlE 

IGS 

ATN - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - x'---____ +-__________________ _ 

---------------------------------------I -------------------or' 
~; tSLIO i~ tIVGH~ i 

ACK 

TGS 

1/0* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -x ____________ _ 

FIGURE 19. 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 TGS HIGH 
tilgh 1/0, C/O OUT TO TGS HIGH 
tghih TGS HIGH 1/0 HIGH 
tivbl 1/0, C/O OUT VAllO TO BSYO LOW 
tblbv BSYO LOW TO BSYI HIGH VAllO 
tbhbh BSYI HIGH TO BSYO HIGH 
tbhsl BSYO HIGH TO SELO LOW 

NOTE: 
C/O* = C/O, MSG, REQ; ATN* = ATN, ACK; SOIE* 
= SOlE, ARBLO 

BSYI 

BSYO 

MIN MAX 
1.2 
100 
0 
100 
400 
100 
400 
0 
100 

~! " / ~ 'IVBl '--'~B-lB-V-:-!"-7"'B-H-BH..J 

Ji 

UNITS 
j.lS 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

'BHSl i~ 

i '--­
'L-

SOx ---t--------- xxx ____________ -+ ________________________ ___ 
SOOE I 

-..! 'SHEl 'ElCO! ~ 
SOIE* 

IGS 

ATN" 

TGS 

" i 
. . --------------++ -'OVGH- ~ ~- ---

/~i------~--------------------------
---------.--.... ! ---:-tll-G-H--' i tGHIH ..-

1/0 - - - - - - - - - - - - _> ..... ________________ ...,,/r-----------------------
C/O" -. - - - - - - - - - - -' ..... _______________________________________ _ 

FIGURE 20. 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" ID VALID IN TO BSYI LOW 0 ns 
tihbl I/O IN HIGH TO BSYI LOW 0 ns 
tblal SEll HIGH, ID 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, ARBLD, 
SELO; C/D* = C/D, MSG, REO 

BSYI 

------------~----~~ +---- tshbl .i.. tblbh .:" 
.~ 

tbhsl -------+..; tslbl ~ 

BSYO 

SEll ~~-.-.. ---~ ...... -----~-----~-•. -~~~: ___ _ 
tivbl ---+ tihbh +-- tbhoi --..... 

SOx ... <~----~> 
IGS ------,------.;.... ----/ -+. tihbl ; tblal ~ 

ATN* 
; talgh ,< . 

1/0 ___ ---'I 

TGS 

SOOE"--------------------------

SOlE 

C/D" 

FIGURE 21. 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 SDOE LOW, DATA BUS 0 125 

TRISTATE 
tdtih DATA BUS TRISTATE TO SDIE HIGH -10 
tpcrh PHASE CHANGE IN TO REO IN HIGH 350 
tdvrh DATA VALID 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 DATA INVALID IN 0 
talpc ACK OUT LOW TO PHASE CHANGE IN 0 

NOTE: 
C/D* = C/D, MSG 

SEU~ 

SOx X X >C 
---. kivm 1- -t---taldl ~ 

SOOE \ / 

SOIE----. 
I C 

'.po tihol trltih 1-

VO __ ----'I 

C/O" __ ----'X'-____________ ><== 

REO _______ ~/ "''--____ _ 

----.. lrhah tahrt trial talpa "t--

ACK _________ --'/ \~. -

ATN _________________ _ 

FIGURE 22. ASYNCHRONOUS INFORMATION TRANSFER IN (I) TIMING 
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TIMING CHARACTERISTICS 

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, OATAOUT 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 ACK IN HIGH TO OATA OUT INVALIO 0 
trial REO OUT LOW TO ACK IN LOW 0 
tal pc ACK IN LOW TO PHASE CHANGE OUT 100 

NOTE: C/O" = C/O, MSG 

SEll -----.".'-__________________________ _ 

SOx . ~ ><== 
-----tJ'tsIPC. tihll :tlloh ~ -----Jt.1XIvrh +- ~ taldi--": 

SOOE ____ ----'! c 

c \'------~--------~ 
+--SOlE 

1/0 --.I+---- tpah ____ _ 

~ c 

>C ClO·===>< _______ -i-____ _ 

Rffi ----------~/ ~'_ _____ __ 

---.: - taM ~ ,,",pc +-

~K ________________ ~/ 
\,,--. --

A~ ________________ ___ 

FIGURE 23. ASYNCHRONOUS INFORMATION TRANSFER IN (T) TIMING 

ADVANCE INFORMATION 12-19-90 
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UNITS 
ns 

ns 
ns 
ns 
ns 
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ns 
ns 
ns 
ns 
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9.2.8 Asvnchronous Information Transfer 
out (Initiator) 

SYMBOL CHARACTERISTIC MIN . MAX 
tslpc SEll LOW TO PHASE CHANGE IN 0 
tilil I/O IN LOW TO SDIE LOW 0 
tiloh SDIE LOW TO SDOE HIGH DATA OUT 30 
tpcrh 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 
talpc ACK OUT LOW TO PHASE CHANGE IN 0 

NOTE: 
C/D* = C/D, MSG 

SELl ~~. ________________ _ 

SOx .... ~'-----~ 
~tiloh +-- ~. tdvah .+- ~ trldl :~ 

SOOE / 
-----'--

'\ C SOIE~ .. Ipo. tilll ~+--------,---------'--

REQ----~/ 

ACK ----~/' \,--: -

~N __________________ __ 

FIGURE 24. ASYNCHRONOUS INFORMATION TRANSFER OUT(I) TIMING 
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TIMING CHARACTERISTICS 

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 X X X --- ~ ""'.h +-- ---'.!rldl ~'-------

SDOE \ c 

_----c~1 
SOIE~tsIpc: "~I . tdtih .--

OO~,-' __________________ -LC __ 

ClO" ----v v--
~~------~-------------~ 

<4---'1'''"---' 

REQ------~/ "" ~ triah . tah< '---;:;ctri.:;------talpc-'4-

ACK ________ -----'/ \,-: --

Am ___________________ __ 

FIGURE 25. ASYNCHRONOUS INFORMATION TRANSFER OUT (T) 
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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 1-15n5 
talah ACK OUT LOW TO ACK OUT HIGH 1-15n5 

talQC ACK OUT LOW TO PHASE CHANGE IN 0 

PARAMETERS tslpc, tihol, tdtih, and tpcrh ALSO NOTE: 
APPLY (see 9.2.6). C/D* = C/O, MSG 

SOx .................. ·X~---'----J)K,--_~X~ _____ _ 
~ ldvrh trhdi ;+~ __ 

SOOE __________ ~~ __________________________ ~r= __ 

SOlE ------------+------------------------------'C--

I/O 

C~· _____ ~--~---------_>c== 
-~. taIpc :.-trlrh +-

REO -------/ 

ACK 
4. tahai 

ATN 

FIGURE 26. SYNCHRONOUS INFORMATION TRANSFER IN (I) TIMING 
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TIMING CHARACTERISTICS 

9.2.11 Synchronous Information Transfer In 
(Target) 

SYMBOL CHARACTERISTIC 
tdvrh DATA VALID OUT TO REO OUT HIGH 
trhdi REO OUT HIGH TO DATA INVALID OUT 
trhrl REO OUT HIGH TO REO OUT LOW 
trlrh REO OUT LOW TO REO OUT HIGH 
tahal ACK IN HIGH TO ACK IN LOW 
talah ACK IN LOW TO ACK IN HIGH 
tal pc ACK IN LOW TO PHASE CHANGE OUT 

PARAMETERS tslpc, tihil, tilah, and tpcrh ALSO NOTE: 

MIN 
75 
115 
1-15ns 
1-15ns 
50 
50 
0 

APPLY (see 9.2.7). C/O" = C/O, MSG 

MAX 

SOX ___ ~X,--",-----,X~_----,X~ _____ _ 
~ tdvrh trhdi ~~--

SOOE _____ ---.;--_____________ -r_ 

C 

c 
SOlE 

1/0 

C/O" ___________________ >C 
--.: trM trim .- -~, talpc +--

REQ------/ 

ACK 
4 tahal ,talah . ..--

ATN 

FIGURE 27. SYNCHRONOUS INFORMATION TRANSFER IN (T) TIMING 
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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 
tal pc ACK OUT LOW TO PHASE CHANGE IN 0 

PARAMETERS tslpc, tiloh, tilil, and tpcrh ALSO NOTE: 
APPLY (see 9.2.8). C/D* = C/D, MSG 

sox . X X'--____ _ 
~ tdvah : tahdi .... '4 --

SOOE ________________ ~----------------------~r_ 
C 

SOlE 

va 

C/O" ------,----------i-------,---i----------------------->C 
~ talpe :+-

---.: trhrl trlrh ~ 

: : 

REO .---/ ~-'-. -+-----'" 
~--------~-----------

ACK ------r\; r--'\'.~ : 
-. !aha! : talah ...-- 'i-----------

ATN 

FIGURE 28. SYNCHRONOUS INFORMATION TRANSFER OUT (I) TiMING 
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TIMING CHARACTERISTICS 

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, tilol, tdtih, and tpcrh ALSO NOTE: 
APPLY (see 9.2.9). C/O" = C/O, MSG 

sox _____ ~X ___ X'-_______ _ 
-----.. Idvah . tahdi .-.. --

SOOE ;:= 

C/O' ><= 
--. trhrl trlrh ~ 

~ talpc .i-

REQ ----./' ~: ~'-----~-----

ACK 
--.: tahal ,talah 

ATN 

FIGURE 29. SYNCHRONOUS INFORMATION TRANSFER OUT (T) TIMING 
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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 

SEll 

SOx ............. <~-----'> .............................................................................................................. . 

SOOE 

SOlE --

ARBLO 

FIGURE 30. 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 I.lS 

8+120ns Tcyc 

8+120ns Tcyc 

8+120ns Tcyc 

* SOx logic low, causing logic low on SCSI data 
bus. gs IGS (INITIATOR) or TGS (TARGET) 

cntl = ATN, ACK (IN IT) or 110, C/O, MSG, and 
REO (TARGET) 

BSYI ,,~ _____________ _ 

SELO ""'-~ ___ _;_----

SOx ==========~,~.----~--~/~.----­
'4-tslih~ 

SOOE ---------~--~"">_: ___ _ 

SOlE ____________ ~/ 

9S 

"",--: ---

~tslgl------" 

cntl _____________ -J>~'-----
FIGURE 31. SELECTION (I) OR RESELECTION <n 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+120ns Tcyc 
tbldt BSYI LOW TO DATA BUS TRISTATE 8+120ns Tcyc 
tblgl BSYI LOW TO IGS LOW, ATN TRISTATE 8+120ns Tcyc 

NOTE: 
ATN* '" ATN, ACK 

BYSI ----------------------~" 
~------~-------------------~+- Iblldt --+ 

SOx --------------------------------------'> 
+-tblih~: 

SOOE __________________________ ~ _______ \~.-------------------

SOlE __________________________ ...,.. ______ --J) 
: t-tblgl-------t: 

~: -;-------------------
IGS 

ATN· ________________________________ ~)~:-------------------

FIGURE 32. 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 SDIE HIGH, SDOE LOW 8+120ns Tcyc 

tbldt BSYO LOW TO DATA BUS TRISTATE 8+120ns Tcyc 
tblgl BSYO LOW TO TGS LOW, 1/0 TRISTATE 8+120ns Tcyc 

NOTE: 
1/0· = 1/0, C/D, MSG, REO 

BYSO----------------------~~ 

~~~--~-----------------­+- tblldt--+ 

SOx >. . ......... . 
---------------------------·~--tb-lih--~~: 

SOOE __________________________ ~----~\~~------------------

SOlE ----------------------------i.--------.J( 
• ~tblgl______.: 

TGS ------------------------------~~~: ________________ __ 

I/O' ___________________________________ )i--' -----------------

FIGURE 33. CONNECTED-AS-A-TARGET TO BUS FREE TIMING 
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WD33C93A 

WD33C93A SCSI Bus 
Interface Controller 

FEATURES 
o Implements full SCSI bus features: arbitration, 

disconnect, reconnect, parity generation/checking 
on both data ports, soft reset, and synchronous 
data transfers. 

o Asynchronous Data transfers up to 2.5 Mb/sec 

o Synchronous Data transfers up to 5.0 Mb/sec 

o Synchronous offset selectable from 1 to 12 bytes. 

o 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. 

o Can be used as host adapter (SCSI Initiator) or 
peripheral adapter (SCSI Target). 

o Local host data transfer options include 
programmed I/O, single byte DMA, burst (multibyte) 
DMA, or direct bus access (WD bus) transfers. 

o Includes 48-ma drivers for direct connection to 
the SCSI bus. 

o 24 bit transfer counter. 

o Programmable timeout for selection and reselection. 

o Internal Microcontroller 

o "Combination" commands greatly reduce interrupt­
handling responsibilities. 

o Special "Translate Address" command performs 
the Logical-to-Physical addressed translation. 

o Single + 5V supply. 

o Available in 44-pin chip carrier or 40-pin DIP. 

o Low power CMOS design. 

DESCRIPTION 
The WD33C93A is a MOSNLSI device which is imple­
mented in Western Digital's CMOS process. It 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 WD33C93A is intended for use in systems which 
interface to the SCSI (Small Computer System Inter­
face) Bus. The WD33C93A 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 WD33C93A inter- .. 
faces to both the host bus and to the SCSI bus. To 
perform a SCSI operation, the host processor must 
issue a command to the WD33C93A to select the 
desired Target. The WD33C93A then arbitrates for the 
SCSI bus and selects the peripheral unit. If it fails to get 
the bus because of a higher priority bus device, it 
continues trying, notifying the host when it has suc-
ceeded by generating an interrupt. At this point, the 
WD33C93A is operating in the initiator role. When the 
peripheral requests a SCSI command from the host, the 
WD33C93A 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 WD33C93A. 
T.he WD33C93A transfers the SCSI command to the 
peripheral, and then waits for the next bus phase 
request. This process continues until all SCSI informa-
tion including data, status, and messages have been 
transferred. 

The WD33C93A also offers high level Select-And­
Transfer commands, which may be used to eliminate 
the interrupt-handling which is otherwise typically 
required between each SCSI bus phase. 
When the WD33C93A 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 environ­
. ment, the WD33C93A will operate primarily in a Target 
role. The Target-role command set enables the 
WD33C93A to reql:lest each SCSI bus phase individu­
ally, or the special combination commands may be used 
for automatic SCSI bus phase sequencing. 

The WD33C93A has an internal microcontroller, a reg­
ister task file, and SCSI interface logic. This architec­
ture 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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i/o 40 vee 
MOO 2 39 REO 
GNO 3 38 ACK 
CIO 4 37 ATf'j 

BSY 5 36 ~ 
SEE 6 35 GNO 

eLK 7 34 SID 
ORO 8 33 S06 
OACK 9 32 SD5 
INTRa 10 31 S04 
DO 11 4O-PIN 30 soo 
01 12 29 SD2 
02 13 DIP 28 GNO 
03 14 27 SOl 
D4 15 26 soo 
05 16 25 SOP 
06 17 24 ALE 
07 18 23 FIE 
AO 19 22 WE 
GNO 20 21 cs 

G S S S S S S G S S 
N 0 O(N.C.)O 0 0 0 N 0 0 
0 7 6 5 4 3 2 0 1 0 

- - - - - - -

39 38 37 36 35 34 33 32 31 30 29 

~ 40 28 SOP 

ATN 41 27 ALE 

ACK 42 26 FIE 

REO 43 25 WE 

vee 44 24 cs 
(N.C.) - -. 23 GNO 

flo 2 22 (N.C.) 

MOO 3 21 AO 
GNO 4 20 07 

c/o 5 19 06 

BSY 6 18 05 

7 8 9 10 11 12 13 14 15 16 17 

S e 0 0 0 I 0 0 0 0 0 
E L R A P N 0 1 2 3 4 
L K a e T 

- K R 
Q 

NOTE: Pin labeled N.C. should be left not connected. 
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4. PIN DESCRIPTIONS 
4.1 PROCESSOR/DMA INTERFACE 

DIP PLCC 

(40 PIN) (44 PIN) NAME I/O FUNCTION 

7 8 ClK I 8-16 MHz square wave clock. 
36 40 MR I Reset is an active low input which forces the 

WD33C93A into an idle state. All SCSI signals are 
forced to the negated state. 

10 12 INTRQ 0 Interrupt Request to external microprocessor. 
Used to indicate command completion/termination 
or a need to service the SCSI interface. This bit is 
reset when the SCSI Status register is read. 

23 26 RE I/O Read enable is an active low input which is used 
with CS- to read a WD33C93A register. In WD Bus 
mode, it is used as an output to read data from a 
sector buffer. (Tri-State) 

22 25 WE 110 Write enable is an active low input which is used 
with CS- to write a WD33C93A register. In WD 
Bus mode, it is used as an output to write data to 
a sector buffer. (Tri-State) 

21 24 CS I Chip Select is an active low input which is used to 
qualify RE- and WE- when accessing a register. 
This signal must be inactive during a DMA cycle 
(DACK- active in DMA/burst mode, or ORO active 
in WD Bus mode). 

19 21 AO I Address pin used to access the internal registers 
for non-mUltiplexed address/Oata busses (i.e., 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. 

24 27 ALE I Address latch Enable is used for multiplexed 
address/data busses to load the address of the 
desired WD33C93A 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 addressing. 

9 10 DACK/(RCS) 110 DMA acknowledge input used for interfacing to an 
external DMA controller. When DACK 
is low, all bus transfers are to/from the Data regis-
ter regardless of the contents of the ADDRESS 
register. In WD Bus mode, this pin functions as a 
RAM chip select output to allow the WD33C93A 
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 is required 
when operating in WD Bus mode. 

8 9 DRO/ (ORO) I/O Data request is an output when interfacing to an 
external DMA controller, and an input when in 
WD Bus mode. When used with an external DMA 
controller, ORO- and DACK- form the handshake 
for the data-byte transfers. In Burst mode, ORO-
remains low as long as there is data to transfer. In 
WD Bus mode, the WD33C93A performs burst 
transfers while ORO is high, and when ORO 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 is 
required when operating in DMA or Burst mode. 

18-11 17-13 07-00 I/O Host processor data bus. 
11 DP I/O Data Parity, used only for checking/generating 

host data bus parity during data transfers. (odd) 
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4.2 SCSI INTERFACE 
Note: All pins have open-drain output drivers. 

DIP PLCC 

(40 PIN) (44 PIN) NAME I/O FUNCTION 

39 43 REO 110 REo- is an input in the initiator role and an output 
in the target role. It indicates a request for a REal 
ACK data transfer. 

38 42 ACK 110 ACK- is an output in the initiator role and an input 
in the target role. It is used to indicate an 
acknowledgement for a REo/ACK data transfer 
handshake. 

37 41 ATN 110 ATN- is an output in the initiator role and an input 
in the target role. It is used to indicate the SCSI 
Attention condition. 

2 3 MSG 110 MSG- is an input in the initiator role and an output 
in the target role. It is asserted during a Message 
phase. 

4 5 CIO 110 C/O- is an input in the initiator role and an output in 
the target role. It is used to indicate whether 
Control or Data information is on the SCSI data 
bus. 

1 2 110 110 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. 

5 6 BSY 110 BSY- is asserted when the W033C93A is 
attempting to arbitrate for the SCSI bus or when 
connected as a Target. 

6 7 SEL 110 SEL- is asserted when the W033C93A is 
attempting to select or reselect another SCSI 
device. 

N/A 28 SOP 110 SCSI data bus parity signal. (odd) 

34-26 38-29 S07-S00 110 SCSI data bus. 
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6. WD33C93A REGISTERS 
6.1 REGISTER MAP 

AO RIW REGISTER ACCESSED 

0 R AUXILIARY STATUS 
0 W ADDRESS REGISTER 
1 RfW OWN 10 REGISTER 
1 ·RfW CONTROL REGISTER 
1 RfW TIMEOUT PERIOD REGISTER 
1 RfW TOTAL SECTORS REGISTER 
1 RfW TOTAL HEADS REGISTER 
1 RfW TOTAL CYLINDERS REGISTER (MSB) 
1 RfW TOTAL CYLINDERS REGISTER (LSB) 
1 RfW LOGICAL ADDRESS (MSB) 
1 RfW LOGICAL ADDRESS (2ND) 
1 RfW LOGICAL ADDRESS (3RD) 
1 RfW LOGICAL ADDRESS (LSB) 
1 RfW SECTOR NUMBER REGISTER 
1 RfW HEAD NUMBER REGISTER 
1 RfW CYLINDER NUMBER REGISTER (MSB) 
1 RfW CYLINDER NUMBER REGISTER (LSB) 
1 RfW TARGET LUN REGISTER 
1 R/W COMMAND PHASE REGISTER 
1 RfW SYNCHRONOUS TRANSFER REGISTER 
1 R/W TRANSFER COUNT REGISTER (MSB) 
1 RfW TRANSFER COUNT REGISTER (2ND BYTE) 
1 RfW TRANSFER COUNT REGISTER (LSB) 
1 RfW DESTINATION 10 REGISTER 
1 RfW SOURCE 10 REGISTER 
1 R SCSI STATUS 
1 RfW COMMAND REGISTER 
1 R/W DATA REGISTER 

ICDB SIZE 

ICDB 1ST 
ICDB 2ND 
ICDB 3RD 
ICDB 4TH 
ICDB 5TH 
ICDB 6TH 
ICDB 7TH 
ICDB 8TH 
ICDB 9TH 

ICDB 10TH 
ICDB 11TH 
ICDB 12TH 

1 R AUXILIARY STATUS (DIRECT ADDRESSING MODE) 

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. 
3. Register addresses are determined by the Address register bits ARO thru AR7. 

ADDRESS 
(Hex) 

XX 
XX 
00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 
00 
OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1F 

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 1 F. 

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 

(Address Hex IF) 
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 accessed at any time, except 
during DMA accesses (DACK- asserted in DMAIBurst 
mode, or ORO asserted in WD bus mode). 

7 6 5 4 3 2 

INT LCI BSY CIP 0 0 

Bit 0 DBR Data Buffer Ready is used during pro-
grammed 1/0 to indicate to the pro-
cessor whether or not the Data register 
is available for reading or writing. Dur-
ing Send or Transfer commands which 
transmit data over the SCSI bus, the 
DBR bit is set when the WD33C93A 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 commands 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 status indicates that even 
parity was detected on a data byte 
received during an information trans-
fer. 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 dur-
ing 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 Not used, will be zero. 

1 0 

PE DBR 

Bit 3 
Bit 4 

Bit 5 

Bit 6 

Bit 7 

12-12-90 
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Not used, will be zero. 

CIP COMMAND IN PROGRESS, when 
set, indicates that the WD33C93A is 
interpreting the last command entered .. into the Command register and there-
fore this register is unavailable. When 
this bit is reset, a command may be 
written to the Command register. 

BSY BUSY indicates that a Level II com-
mand is currently executing and there-
fore only the Command register (when 
CIP = 0), the DATA register, and the 
Auxiliary Status register are access-
ible by the host. A Level II command 
may not be written to the Command 
register when this bit is one. 

LCI LAST COMMAND IGNORED indi-
cates that a command was issued by 
the host just prior to or concurrent with 
a pending interrupt, and therefore the 
command will be ignored and this sta-
tus set. 

INT INTERRUPT PENDING indicates that 
the Intrq pin is asserted. The host 
should read the SCSI Status register 
to clear Intrq prior to issuing any 
commands. 
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6.2.2 ADDRESS REGISTER 
[Address XX Hex] 
The Address register is a write-only register which 
contains the address of the register to be accessed. 
Registers in the WD33C93A may be accessed in one of 
two ways: 

e 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 regis­
ter. 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. 

elndirect addressing (separate address/data busses). 
In indirect addressing, the register access is per­
formed 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 ~ddress to the WD33C93A (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 regis­
ter will automatically increment to point at the next 
register, with the exception of the following locations: 
Auxiliary Status register, Data register, and the Com­
mand register. In indirect addressing, the Auxiliary 
Status register is accessed by performing a read (CS­
and RE- asserted) with AO = O. 

OWN ID/CDB SIZE REGISTER 

7 6 5 4 3 2 1 

FS1 FSO 0 EHP EAF 102 101 

Bit 0-2 IOn SCSI 10 Bits 0-2 set the SCSI bus 10 
number that the WD33C93A will use 
during arbitration and selection. 

Bit 3 EAF ENABLE ADVANCED FEATURES, 
when set to one, causes the 
WD33C93A to enable certain 
advanced features (see section 7.3). 
When this bit is zero, those features 
are disabled. 

Bit 4 EHP ENABLE HOST PARITY, when set to 
one, enables odd parity checking on 
the host bus; the PE bit in the Auxiliary 

0 

100 

6.2.3 OWN ID/CDB SIZE REGISTER 
[Address 00 Hex] 
The Own ID/CDB Size register, in its first mode, con­
tains both the encoded 10 of the WD33C93A on the 
SCSI bus and several control bits that are used to 
initially configure the device during the "Reset" com­
mand. These bits control 'advanced feature' selection, 
host bus parity enable, and selection of the input clock 
division. In its second mode (when advanced features 
are enabled, see 7.3), this register is used during the 
combination commands to specify the SCSI COB size if 
the command group is unknown to the WD33C93A. 

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 then a "Reset" command issued, to set 
the SCSI bus 10, 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). 

Bit 5 

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), regard­
less of the state of this bit. 

Not used, will be zero. 
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Bit6-7 FSn FREQUENCY SELECT 0-1 select the 
divisor that is applied to the input 
clock. The resulting clock is used for 
data transfer timing and for SCSI bus 
arbitration timing. The table below 

INPUT CLOCK 
FREQUENCY FS1 

(MHZ) 

8-10 0 
12-15 0 

16 1 
xx 1 

FSO 

0 
1 
0 
1 

WD33C93A 

shows input clock frequency ranges 
and the corresponding divisors. The 
correct divisor for the input clock must 
be used, or SCSI bus timing specifica­
tions may not be met. 

RESULTING 
DIVISOR 

2 
3 
4 

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 computing the maximum SCSI data transfer rate is: 

MAXIMUM SCSI TRANSFER RATE = INPUT CLOCK FREQUENCY [MByte/sec] 
CLOCK DIVISOR 

6.2.4 CONTROL REGISTER 
[Address 01 Hex] 
The CONTROL register is used to enable/disable cer­
tain functions, such as response to parity errors and the 
SCSI attention condition, interrupt handling, and data 
transfer modes. 

BIT 

Bit 0 

7 6 5 4 3 2 1 

DM2 DM1 DMO HHP EDI IDI HA 

HSP The HALT on SCSI PARITY ERROR 
bit enables the WD33C93A to termi­
nate a Receive or Transfer command if 
a parity error is detected on an incom­
ing SCSI data byte. In the Initiator role, 
termination due to a SCSI parity error 
causes the ACK- pin to be left in the 
active state in order to inhibit any addi­
tional data transfers (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. 

0 

HSP 

Bit 1 

12-12-90 

HA The HALT on ATTENTION bit (in Tar­
get mode only) enables the 
WD33C93A to terminate a Send or 
Receive command if the ATN- input is 
asserted. This normally indicates that 
the Initiator detected a parity error 
while receiving data from the 
WD33C93A. 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 ·ules apply to 
both synchronous and asynchronous 
transfers. 
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Bit2 

Bit 3 

DM2 

0 

0 

0 

1 

29-10 

101 The Intermediate Disconnect Interrupt 
bit, when set, enables the W033C93A 
to generate an 85H disconnect inter­
rupt and suspends a Select-and­
Transfer command if the Target dis­
connects according to the defined 
SCSI protocol. When this bit is reset, 
no interrupt is generated by a valid 
disconnect. This feature, when used 
with the Resume SAT command, 
provides support for overlapped SCSI 
operations. 101 is also used to select 
execution options in Target mode com­
bination commands that serve to 
reduce host system overhead. Refer to 
Section 7 for more details. 

EOI When the Ending Disconnect Interrupt 
bit is set, the 16H interrupt which nor­
mally follows the Command Complete 
message during the execution of a 
Select-And-Transfer command will be 
suppressed until the Target discon­
nects from the SCSI bus. EOI 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 The Halt on Host Parity Error bit 
enables the W033C93A to imme­
diately terminate 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 checking 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. 

Bit 5-7 OMx OMA Mode Select bits 2-0 are used to 
select the OMA mode of operation, 
which describes the host bus transfer 
mode used during Data In or Data Out 
phases. The following table describes 
the different OMA modes, and the 
state of these bits to select them: 

DM1 DMO DMA MODE SELECTED 

0 0 Polled I/O Mode, or no OMA enabled. All data phase transfers are 
performed by polling for OBR in the Auxiliary Status register, and then 
writing (reading) the data to (from) the Data register. 

0 1 Burst Mode selects a demand-mode OMA interface. In this mode, the 
ORO- signal will be active as long as there is data/space in the internal 
FIFO to allow the transfer to continue. The OMA controller responds by 
asserting OACK- and RE-IWE- as long as ORO- is active. 

1 0 WO Bus Mode should be selected when the W033C93A is connected to a 
WO Bus. This mode is also referred to as Direct Buffer Access (DBA) 
mode. 
In this mode, the W033C93A acts as a bus master, and all data access 
signals reverse their direction: The ORO- signal become the ORO input, 
which enables the W033C93A to drive the buffer bus control signals. 
The OACK- signal becomes the RCS- output, which is asserted as a chip 
select for the buffer. RE- and WE- become outputs which drive the read 
and write functions of the external FIFO/RAM buffer. As long as the ORO 
signal is asserted, transfers will continue in a burst manner, until the 
transfer is complete or the host/local up decides to pause the transfer by 
negating the ORO signal; after negating ORO, one more transfer may 
occur before the RCS-, RE-, and WE- signals are negated. 

0 0 OMA Mode is selected when the W033C93A is to be used with a OMA 
controller in single-type transfer mode. In this mode, ORO- is asserted 
and then negated, and the OMA controller responds by asserting OACK-
and WE- or RE-, for each data byte transferred to/lrom the W033C93A. 
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6.2.5 TIMEOUT PERIOD REGISTER 
[Address 02 Hex] 
The Timeout Period register is an 8-bit register contain­
ing a preset value which determines the timeout period 
for Select and Reselect commands. This value may be 
calculated as a function of the input clock frequency and 
the desired timeout period, as shown in the following 
equation: 

register value = Tper' Ficlk 

Where: 

Tper 
Ficlk 

80d 

the desired timeout period in milliseconds; 
the input clo(;k frequency at the ClK pin in 
Megahertz (with no divisor applied). 

d decimal 
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. 

The timeout period specifies how long the WD33C93A 
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. 

NOTE: The following twelve registers are used 
exclusively by the Translate Address and/or "com­
bination" commands. The function of each register 
is determined by the type of command issued. 

6.2.6 TOTAL SECTORS REGISTERI 
COB 1ST BYTE [Address 03 Hex] 
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 WD33C93A will 
store the first byte of the received COB in this register. 

6_2.7 TOTAL HEADS REGISTERI 
COB 2ND BYTE [Address 04 Hex] 
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 WD33C93A will 
store the second byte of the received COB in this 
register. 

6_2.8 TOTAL CYLINDERS REGISTERI 
COB 3RD AND 4TH BYTES 
[Address 05, 06 Hex] 
Translate Address: This is a 16-bit register which holds 
the total number of cylinders. 

WD33C93A 

Select-And-Transfer: This register should be loaded 
with the third and fourth bytes of the COB before issuing 
a Select-And-Transfer command. 

Wait-For-Select-And-Receive: The WD33C93A will 
store the third and fourth bytes of the received COB in 
this register. 

6.2.9 LOGICAL ADDRESS REGISTERI 
COB 5TH-8TH BYTES [Address 07, 
08, 09, OA Hex] 
Translate Address: The logical Address register is a 
32-bit register which should be loaded with the logical 
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 WD33C93A 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/CDB 9TH BYTE [Address OB Hex] 
Translate Address: This register will contain the result­
ing sector number following a Translate Address 
command. 

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 WD33C93A 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 [Address OC Hex] 
Translate Address: The Head Number register con­
tains the resulting head number following a Translate 
Address command. If automatic compensation for 
spare sectors on a disk is to be performed by the 
WD33C93A, 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 maximum number of 
heads is 15. An initial value of zero in this register 
indicates that no compensation is to be performed. 

Select-And-Transfer: This register should be loaded 
with the tenth byte of a ten or twelve byte COB before 
issuing a Select-And-Transfer command. 

Wait-For-Select-And-Receive: The WD33C93A will 
store the tenth byte of a ten or twelve byte received COB 
in this register. 

6.2.12 CYLINDER NUMBER REGISTER/CDB 
11TH AND 12TH BYTES [Address 00, OE, Hex] 
Translate Address: The Cylinder Number register is a 
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16-bit register which contains the resulting cylinder 
number following execution of the Translate Address 
command. When a Translate Address command involv­
ing automatic compensation for spare sectors is issued 
(i.e. the Head Number register initially contains a non­
zero 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 
command. 

Select-And-Transfer: This register should be loaded 
with the eleventh and twelfth bytes of a twelve byte CDB 
before issuing a Select-and-Transfer command. 

Walt-For-Select-And-Receive: The WD33C93A 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 
WD33C93A. If bit 0 of the CDB12 register is set to one, 
then a linked Command Complete message will be sent 
during command execution. In this case, bit 1 of the 
CDB12 register is used as a FLAG bit to determine 
whether a OA Hex (FLAG = 0) 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 
[Address OF Hex] 
The Target LUN register is used to hold both the Logical 
Unit Number (LUN) and Target status information dur­
ing various WD33C93A 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. 

BIT 7 6 5 4 3 2 1 0 

TLV DOK 0 0 0 TL2 TL1 TLO 

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 indicate whether or not the Initiator has 
enabled disconnects. 

During Reselect-And-Transfer commands, this register 
is used to set the LUN to be used in the Identify mes­
sage sent to the Initiator after Selection phase. The TLV 
and DOK bits are not used. 

In advanced mode, during Select-And-Transfer com­
mands, this register is used to handle reselection by an 
unexpected Target. In this mode, this register will hold 
the image of the Identify message received from the 
Target. In this case, the TLV bit is one, since the Target 
always sends the Identify message. 

6.2.14 COMMAND PHASE REGISTER 
[Address 10 Hex] 
The Command Phase register is used during combina­
tion commands to indicate which phases of these multi­
phase commands have been completed. 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 command phases and 
resume values. 
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6.2.15 SYNCHRONOUS TRANSFER 
REGISTER [Address 11 Hex] 
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 - OFO = 0), asynchronous transfers will occur. 
Valcles greater than zero define a synchronous transfer 
mode and the offset is determined as shown below. This 
offset determines the effective FIFO depth for syn-

BIT 7 6 5 4 3 2 1 0 

0 TP2 TP1 TPO OF3 OF2 OF1 OFO 

WD33C93A 

chronous 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 syn­
chronous and asynchronous SCSI transfers and, if WO­
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 The OFFSET bits are used to select the desired offset according to the following: 

OF3 OF2 OF1 OFO SELECTED OFFSET 

0 0 0 0 Note 1 

0 0 0 1 1 

0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 0 5 

0 1 1 0 6 

0 1 1 1 7 

1 0 0 0 8 

1 0 0 1 9 

1 0 1 0 10 

1 0 1 1 11 

1 1 0 0 12 

1 1 0 1 12 

1 1 1 X 12 

Note 1" - Asynchronous data phase transfers 
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Bit 4-6 TPx The TRANSFER PERIOD bits are used to select the desired transfer period according to the 
following table: 

SCSIIWD-8US (SCSI REQ/ACK synchronous pulse width 

TP2 TP1 TPO TRANSFER PERIOD and WD-8US RE-IWE- pulse width) 

0 0 X 8 cycles (4 cycles) 

0 1 0 2 cycles (1 cycle) 

0 1 1 3 cycles (1 cycle) 

1 0 0 4 cycles (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 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 (fLS) = 
DIVISOR (from OWN 10) 

2 * INPUT CLOCK FREQUENCY (MHZ) 

6.2.16 TRANSFER COUNT REGISTER 
[Address 12, 13, 14 Hex] 
The Transfer Count register is a 24-bit register contain­
ing 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 inter­
rupt 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 zeroes prior to issuing a 
command or by setting the Single-Byte Transfer bit in 
the Command register concurrent with issuing the com­
mand. If the counter is disabled, the Send, Receive, or 

Transfer 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 com­
mands issued in Single Byte Transfer mode. 

When a transfer is interrupted by a halt on error condi­
tion, a SCSI bus phase change, or an abort, the Transfer 
Count register will contain the number of bytes NOT 
successfully transferred tolfrom the SCSI bus, includ­
ing clearing the internal 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 
[Address 15 Hex] 
The Destination 10 register contains the encoded 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. 

BIT 7 6 5 4 3 2 1 0 

SCC OPD 0 0 0 012 011 010 

Bit 0-2 Destination 10 bits 010·012 contains 
the encoded SCSI bus 10 of the device 
which is to be selected or reselected 
when a Reselect or a Select command 
is issued. 

6.2.18 SOURCE 10 REGISTER 
[Address 16 Hex] 
The SOURCE 10 register is used to report the SCSI bus 
10 of the device that has selected or reselected the 
WD33C93A. It also contains bits that enable and con­
trol response to selection and reselection. 

BIT 7 6 5 4 3 2 1 0 

ER ES DSP 0 SIV SI2 SI1 SIO 

Bit 0-2 Six Source 10 Bits 2-0 are valid only if the 
S IV bit is set to one. These bits indicate 
the SCSI bus 10 of the device that 
selected or reselected the 
WD33C93A. 

Bit 3 SIV Source 10 Valid is set to one after the 
WD33C93A is selected or reselected if 
the other SCSI bus device asserted its 
own bus 10 bit (in addition to the bus 10 
bit of the WD33C93A) during the 
select/reselect phase. This bit is zero if 
only the bus 10 bit of the WD33C93A 
was asserted. 

Bit 4 Not used, will be zero. 

Bit 5 DSP Disable Select Parity, when set to one, 

Bit 6 

Bit 7 

Bit 6 

Bit 7 
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DPD DATA PHASE DIRECTION, when 
advanced features are enabled (see 
7.3), is used to specify the expected 
direction of the SCSI data phase. This 
allows the WD33C93A 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 Tar­
get). When this bit is one, the expected 
direction is in (from the Target). An 
unexpected information phase error 
will occur if the direction does not 
match the setting of this bit. 

SCC SELECT COMMAND CHAIN is used 
only when the Reselect-And-Transfer 
command is issued with EDI = 1. This 
bit selects which command is chained 
to when the data transfer is completed. 
When this bit is zero, a Send-Status- ~ 
and-Command-Complete command .. 
begins executing. When this bit is one, 
a Send-Disconnect-Message com-
mand begins executing. 

causes the W033C93A to ignore the 
bus parity when responding to selec-
tion or reselection. When this bit is 
zero, any selection or reselection with 
a parity error is ignored. 

ES Enable Selection, when set to one, 
enables the WD33C93A to respond to 
a selection by another device on the 
SCSI bus. When this bit is zero, any 
selection is ignored. 

ER Enable Reselection, when set to one, 
enables the WD33C93A to respond to 
a reselection by another device on the 
SCSI bus. When this bit is zero, any 
reselection is ignored. 
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6.2.19 SCSI STATUS REGISTER 
[Address 17 Hex] 
The SCSI Status register is a read-only register which 
indicates the cause of the most recent interrupt request 
assertion. Interrupt request is asserted whenever a 
condition occurs within the WD33C93A that requires 
intervention by the host; for example: 

• the WD33C93A has been reset; 

• the command completed successfully; 

• the bus phase changed; 

• an error occurred. 
Once interrupt request has been asserted, the contents 
of this register will not change until after the SCSI 
STATUS register has been read or until the WD33C93A 
has been reset. 

BIT 7 6 5 4 3 2 1 0 

SS7 sse SS5 SS4 SS3 SS,2 SS1 SSO 

Bit Q-3 SSx 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 define the type of 
interrupt that occurred. The possible 
codes are defined in the following 
table: 

STATUS CODE GROUP MEANING 

0000 xxxx The WD33C93A is in a reset state. 

0001 xxxx A WD33C93A command has completed successfully. 

0010 xxxx A WD33C93A command has paused or was aborted by 
an Abort command. 

0100 xxxx A WD33C93A command has been terminated prematurely 
due to an error or other unexpected condition. 

1000 xxxx An event on the SCSI bus requires service. 
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All other Status Code groups are currently not used and 
are reserved for future use. 

In the following tables, the 'State' column indicates the 
current state from which the Status Code can occur. 
Also, the MCI field refers to the signals that define a 
SCSI bus information transfer phase: MSG, CID, and 
1/0. 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 table below summarizes 
the meaning of the MCI field: 

RESET STATE INTERRUPTS 

STATUS CODE STATE* 

MCI CODE 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 Message In phase 

SPECIFIC MEANING 

0000 0000 0, T, I WD33C93 Reset. The device has been reset, or a Reset 
command has executed successfully with no advanced features 
enabled. The new state of the WD33C93A is disconnected. 

0000 0001 0, T, I WD33C93A Reset. The device has successfully completed a 
Reset command with advanced features enabled. The new state 
of the WD33C93A is disconnected. 

* 0 Disconnected 
T Connected as a Target 
I Connected as an Initiator 
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SUCCESSFUL COMPLETION INTERRUPTS 

STATUS CODE STATE* SPECIFIC MEANING 

0001 0000 0 A Reselect command completed successfully. The new state of 
the WD33C93A is connected as a Target. 

0001 0001 0 A Select command completed successfully. The new state of the 
WD33C93A is connected as an Initiator. 

0001 0010 Reserved for future use. 

0001 0011 0, T A Receive, Send, Reselect-And-Transfer, Wait-For-Select-And-
Receive, Send-Status-And-Command-Complete, or a Send-
Disconnect-Message command completed successfully 
(ATN- is not asserted). 

0001 0100 0, T A Receive, Send, Reselect-And-Transfer, Wait-For-Select-And-
Receive, Send-Status-And-Command-Complete, or a Send-
Disconnect-Message command completed successfully 
(ATN- is asserted). 

0001 0101 0, T A Translate Address command completed successfully. 

0001 0110 0, I A Select-And-Transfer command completed successfully. 

0001 0111 Reserved for future use. 

0001 1MCI I A Transfer (non-Message IN phase) command completed 
successfully. MCI defines the new information type (SCSI bus 
phase) being requested. 

PAUSED OR ABORTED INTERRUPTS 

STATUS CODE STATE* SPECIFIC MEANING 

0010 0000 I A Transfer Info (Message-In phase) command has paused with 
ACK- asserted. This allows the host to examine the message 
before accepting it. 

0010 0001 I A Save Data Pointers message was received during a Select- _ 
And-Transfer command. The host should save its current data 
buffer pointer. 

0010 0010 0 A Select or Reselect command was aborted. 

0010 0011 T A Receive or Send command has halted by an error or was 
aborted (ATN- is not asserted). 

0010 0100 T A Receive or Send command has halted by an error or ATN-
asserted, or was aborted (ATN- is asserted). 

0010 0101 0 An Abort was issued while the WD33C93A was in the 
process of being selected or reselected. 

0010 0110 Reserved for future use. 

0010 0111 0 The WD33G93A has been reselected during a Select-And-
Transfer (with 101 = 0) by a Target that does not match the SCSI 
bus 10 loaded into the Destination 10 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 
message, and the bus 10 and LUN of the reselecting Target 
are available in the Source 10 and Target LUN registers. 
(Advanced Mode only) 

0010 1MCI I A Transfer command was aborted. MCI define the new 
information type (SCSI bus phase) being requested. 

• 0 Disconnected 
T Connected as a Target 
I Connected as an Initiator 
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TERMINATED INTERRUPTS 

STATUS CODE STATE* SPECIFIC MEANING 

0100 0000 D, T,I . An invalid command was issued. 

0100 0001 I An unexpected disconnect (SCSI bus free) by the Target caused 
a command to terminate. The new state of the WD33C93A is 
disconnected. 

0100 0010 D A timeout occurred during a Select or Reselect command. The 
state of the WD33C93A is disconnected. 

0100 0011 T,I 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,I A parity error caused a command to terminate (ATN- is 
asserted). The transfer direction determines whether it is a SCSI 
or host parity error. 

0100 0101 D, T The Logical Address exceeded the disk boundaries. 

0100 0110 D A Target whose SCSI bus device ID does not match the bus ID 
set in the Destination ID register has reselected the WD33C93A 
during a Select-And-Transfer command (with IDI = 0). This 
interrupt occurs when the WD33C93A is not in Advanced Mode. 

.. 
The new state of the WD33C93A is connected as an Initiator. 

0100 0111 I An incorrect status byte (i.e. the status byte has a parity error) 
was received during a Select-And-Transfer command. The Data 
Register can be read to observe the status byte in error. 

0100 1MCI 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 Count has reached zero, 
or an unexpected phase sequence occurred during a Select-
And-Transfer command. 

* D Disconnected 
T Connected as a Target 
I Connected as an Initiator 
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SERVICE REQUIRED INTERRUPTS 

STATUS CODE STATE* SPECIFIC MEANING 

1000 0000 0 The WD33C93A has been reselected. The new state of the 
WD3,3C93A is connected as an Initiator. No Identify message 
transfer has yet occurred. 

1000 0001 0 The WD33C93A has been reselected 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 WD33C93A is connected as an Initiator. 

1000 0010 0 The WD33C93A has been selected (no ATN- assertion). 
The new state of the WD33C93A is connected as a Target. 

1000 0011 0 The WD33C93A has been selected (ATN- was asserted). 
The new state of the WD33C93A is connected as a Target. 

1000 0100 T The ATN- signal has been asserted. 
1000 0101 I A disconnect has occurred. The new state of the WD33C93A 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 a known 
command group. The Own 10 register must be loaded with the 
COB length, and the command resumed. The CDB1 register 
may be examined to determine the SCSI command group from 
the opcode. The new state of the WD33C93A is connected as a 
Target. (Advanced Mode only) 

1000 1MCI I The REO signal has been asserted following connection or 
when the WD33C93A 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 . 

• 0 = Disconnected 
T = Connected as a Target 
I = Connected as an Initiator 
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6.2.20 COMMAND REGISTER 
[Address 18 Hex] 
The Command register is used to issue the WD33C93A 
commands. Since the WD33C93A expects the SCSI 
Status to have been read before the host can issue a 
valid command, a command should not be loaded into 
the Command register within seven microseconds 
(independent of input clock frequency) from the last 
SCSI Status read to avoid the command being ignored 
(indicated by the LCI bi.t in the Auxiliary Status register). 
Also, 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. 

WD33C93A 

The Single· Byte Transfer (SBT) bit in the Command 
register is only used during information 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. 

Refer to the Commands section for a description of the 
commands and their corresponding command codes. 

BIT 7 6 5 4 3 2 1 0 

SBT CC6 CC5 CC4 CC3 CC2 CC1 cco 
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6.2.21 DATA REGISTER [Address 19 Hex] 
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 accessed by the processor 
during any type of information phase (simple Level II 
commands) or via the DMAlWD BUS interface during a 
SCSI Data In phase or Data Out phase (simple and 
combination Level II commands). 

The DATA register is actually a port for the host interface 
into the interval twelve byte FIFO of the WD33C93A. 
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 
WD33C93A is to be halted for any reason (through 
ABORT, for example), then data transfers with this FIFO 
must continue until an interrupt occurs. This must be 
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 host 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 selects 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 WE- pins are asserted in response 
to the assertion by the WD33C93A 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 become outputs, 
allowing the WD33C93A to automatically transfer data 
between its DATA register and the external buffer. In this 
mode, bus control can be returned to the external 
processor or any device by negating the ORO pin. 

6.3 RESET CONDITIONS 
6.3.1 HARDWARE RESET 
The following results occur when the WD33C93A is 
reset by the assertion of the MR- signal: 

o The LCI and PE bits in the Auxiliary Status register are 
reset to zero. The DBR bit in the Auxiliary Status 
Register is reset to zero. The BSY and CIP are reset to 
zero, and the INT bit (and INTRO pin) is set to one 
when the hardware reset is complete. 

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: 

o Registers 01 Hex through 15 Hex; 

o Source 10 (16 Hex) register bits 0-3; 

o Command register (18 Hex). 

NOTE: The SCSI Soft Reset may be implemented by 
using the SCSI bus reset signal to cause a reset of the 
WD33C93A (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 WD33C93A 
executes the Reset command: 

o The DBR bit in the Auxiliary Status register is reset to 
zero. The INT bit (and INTRO 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, 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. COMMANDS 
7.1 COMMAND LISTS 

COMMAND VALID 
CODE COMMAND 

STATES 
LEVEL 

(Hex) 

00 Reset D,T,I I 

01 Abort D,T,I I 

02 Assert ATN I I 

03 Negate ACK I I 

04 Disconnect T,I I 

05 Reselect 0 " 06 Select-With-ATN 0 " 07 Select-Without-ATN 0 " 08 Sel w/ATN-And-Transfer 0,1 " 09 Sel wlo ATN-And-Transfer 0,1 " OA Reselect-And-Receive Data 0 " OB Reselect-And-Send Data 0 " OC Wait-For-Select-And-Receive 0 " 00 Send-Status-And-Command-Complete T " OE Send-Disconnect-Message T I 

OF Set 101 D,T,I 
10 Receive Command T 
11 Receive Data T 
12 Receive Message Out T 
13 Receive Unspecified Info Out T 
14 Send Status T 
15 Send Data T 
16 Send Message In T 
17 Send Unspecified Info In T 
18 Translate Address D,T 
20 Transfer Info I 

WD33C93A valid states: 
o Disconnected 
T Connected as a Target 
I Connected as an Initiator 

Command Levels: 
I Level I command 
" Level " command 
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7.2 WD33C93A COMMAND TYPES 
There are two basic types of WD33C93A commands: 
Level I and Levell!. 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 
execution will always result in an interrupt. If a Level II 
command is issued while another Level II command is 
executing, unpredictable results may occur. 

There are two types of Level II commands. 'Simple' 
Level II commands are associated with a single opera­
tion or phase (for example, selection or information 
transfer). 'Combination' Level II commands combine 
multiple phases into a single WD33C93A command to 
minimize interrupt overhead. The Initiator combination 
commands 'expect' certain 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 interrupt. Target 
combination commands can also be chained together 
to 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 WD33C93A 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 Com~a~d 
List. An attempt to issue a Level II command which IS 

invalid for the present WD33C93A state will cause an 
"invalid command" interrupt. Levell commands issued 
in invalid states will be ignored. 

7.3 ADVANCED MODE FEATURES 
The W033C93A has several new features included 
which add new functions to the original WD33C93 
design. Some of these features cause the W033C93A 
to be incompatible with the W033C93. These features 
have been grouped together under the heading of 
'Advanced Mode' features. These features are disabled 
when the WD33C93A is reset by the MR- signal (hard­
ware reset). They must be enabled by the host by 
issuing the 'Reset' command with the 'Enable 
Advanced Features' (EAR) bit set in the Own 10 register. 
The host can determine if advanced features have been 
enabled (thereby implying that a WD33C93A is 
installed) by examining the SCSI status register after 
issuing the 'Reset' command. 

The features enabled by this bit are described below. 

7.3.1 UNEXPECTED RESELECTION: 
When in normal mode, a reselection when idle (ER = 1) 
or when disconnected during a Select-And-Transfer 
command (and the Target bus 10 does not match the 
Destination 10 register) causes an immediate interrupt 
after the reselection handshake is complete. In 
Advanced Mode, the WD33C93A will continue to the 
Message In phase to fetch the Identify message. If the 

WD33C93A was idle, the SCSI status register will be 
set to 81 Hex, and the Identify message will be in the 
Data register. If the WD33C93A was executing a Select­
And-Transfer command, the SCSI status register will be 
set to 27 Hex, and the Identify message will be in t~e 
Target LUN register. In either case, the Sourc~ 10 regis­
ter will contain the SCSI bus 10 of the reselectlng Target, 
and the ACK signal remains asserted so that the Iden­
tify 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 1F 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 com­
mand groups are undefined by that standard. In normal 
mode, the W033C93A will assume that these 
undefined groups are six byte commands when execut­
ing Select-And-Transfer or Wait-For-Select-And­
Receive commands. In Advanced Mode, the following 
events will occur: 

• Select-And-Transfer: When loading the COB into 
the COB registers prior to issuing the command, the 
host also loads the expected command length into 
the OWN 10 register. The WD33C93A uses 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 
COB from the Initiator, the W033C93A will check the 
first COB byte as soon as it is received. If the group is 
undefined, an interrupt will occur so that the host 
processor can examine the first command byte in the 
COB 1ST register, and then load the Total command 
length into the Own 10 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 WD33C93A will only accept a 
Resume Wait-For-Select-And-Receive command, 
Abort, Disconnect, or Reset command. All other com­
mands are invalid; during the interrupt processing, the 
WD33C93A will continue to transfer the first six bytes of 
the command into its internal FIFO. 

7.3.3 DATE 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 directi~n 
expected by the host, the WD33C93A will not detect thiS 
error but expects that the transfer will continue. In 
Advanced Mode, the DPD bit in the Destination 10 
register is compared 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 'unexpected 
phase' status in the SCSI status register. 
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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 con­
cerning the operating configuration of the WD33C93A. 
The WD33C93A is also initialized as described in the 
RESET CONDITIONS section. The Reset command may 
be executed in any WD33C93A state and will force the 
WD33C93A into the Disconnected state, aborting any 
previously issued command in progress. Upon comple­
tion of the Reset command, 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 any WD33C93A state: 
Disconnected, Target, or Initiator. The Abort command 
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 command and the WD33C93A has 
won arbitration, the WD33C93A releases the SCSI bus by 
removing the Bus ID bits while SEL- is asserted and 
checking for a negated BSY- signal. If, after at least 200 
IlS, there is no BSY- response, the WD33C93A 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" interrupt will result 
instead. If the WD33C93A has not yet won arbitration, it 
will immediately abort the Select or Reselect command. 

Target State: When the WD33C93A is in a Connected as 
a Target state, the Abort command may be used to abort 
RECEIVE, SEND, or the data phase portion of a Target 
combination command. When issuing an Abort in the 
Connected as a Target state, the following rules apply: 

1. When an Abort command is issued to abort a SEND 
or Reselect-and-SEND command, the local processor 
must not service any data request (DBR, DRO, etc.) from 
the WD33C93A until an interrupt from the WD33C93A 
occurs. This is required to allow the FIFO to clear; the 
Abort processing will not complete until the FIFO contents 
are flushed to the SCSI bus. The WD33C93A removes 
the data request at an arbitrary time during the Abort 
command processing and the data request is not valid 
once the Abort command is written to the COMMAND 
register. 

2. When an Abort command is issued to abort a 
RECEIVE or Reselect-and-RECEIVE command, the 
local processor must CONTINUE to service any data 
request (DBR, DRO, etc.) from the WD33C93A until an 
interrupt from the WD33C93A 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 
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processor has received the interrupt indicating this, the 
TRANSFER COUNT register contains the number of 
bytes that were not successfully transferred with the SCSI 
bus. The WD33C93A remains in the connected as a 
Target state. The WD33C93A is now ready to receive any 
appropriate Target mode command, including a resume 
of the command that was aborted. 

Initiator State: When the WD33C93A is in a connected as 
an Initiator state, the Abort command may be used to 
abort TRANSFER INFO, TRANSFER PAD, Select, or 
Select-and-TRANSFER command. When issuing an 
Abort in the connected as an Initiator state, the local 
processor must continue to service any data request 
(DBR, DRO, etc.) from the WD33C93A until an interrupt 
from the WD33C93A occurs. This is required to allow the 
FIFO to clear; the Abort processing will not complete until 
the FIFO contents are flushed to the data destination. 

After the Abort command is processed and the local 
processor has received the interrupt indicating this, the 
TRANSFER COUNT register contains the number of .. 
bytes that were not successfully transferred with the SCSI • 
bus. The WD33C93A remains in the connected as an 
Initiaior state. The WD33C93A is now ready to receive 
any appropriate Initiator 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 normal procedure for 
disconnecting from the SCSI bus following the informa­
tion 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 II command, the Level II 
command is immediately terminated and the WD33C93A 
transitions to the Disconnected state. 

7.4.4 ASSERT ATN (02 HEX) 
The Assert ATN command is only valid when Connected 
as an Initiator. It is normally used to allow the Initiator to 
inform a Target that it has a message pending (the Target 
is expected to respond by performing 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 WD33C93A to automatically 
assert ATN- prior to the release of SEL- providing the bus 
arbitration is won. 
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7.4.5 NEGATE ACK (03 HEX) 
The Negate Ack command causes ACK- to be negated. It 
is used when Connected as an Initiator following Mes­
sage-In type Transfer Info commands, or when the 
WD33C93A has detected a parity error on any received 
information and the Halt on SCSI Parity Error (HSP) bit is 
set. 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 com­
mand should be issued. 

During non-Message-In transfers, if the Transfer com­
mand is terminated by parity error, the Assert ATN com­
mand can again be issued prior to 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 WD33C93A 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 WD33C93A to select a 
Target. Before issliing this command, the SCSI Bus 10 
of the Target device should be written into the Destina­
tion 10 register. When the Select-with-ATN command is 
issued, the WD33C93A begins bus arbitration. If the 
WD33C93A is selected or reselected by another device 
during the arbitration, the Select-with-ATN command is 
aborted and a "service required" interrupt (8x Hex) is 
generated. 

Should the WD33C93A 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 WD33C93A begins its 
selection abort sequence (as described in the Abort 
command description), .and if there is no Target 
response 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 
WD33C93A negates the Sel- signal, putting the 
WD33C93A in a Connected-as-an-Initiator state. A 
"successful completion" interrupt indicates that the 
Select-with-ATN command has been completed 
successfully. 

If the WD33C93A 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 com­
mand is successfully executed under these circum­
stances, the WD33C93A 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-with­
out-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 
WD33C93A 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 Receive command selected determines the state of 
the 1/0-, C/D-, and MSG- outputs during the command 
according to the following chart below (1 = asserted). 

The Receive commands- are information transferrring 
commands and are therefore dependent on the SBT bit 
in the Command register for determination of a suc­
cessful completion. In addition to a termination caused 

RECEIVE COMMAND TYPE OPCODE MSG CID 1/0 

Receive Command 10 0 1 0 

Receive Data 11 0 0 0 

Receive Message Out 12 1 1 0 

Receive Unspecified Info Out 13 1 0 0 
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by reset (via either a Reset command being issued or 
assertion of the MR- pin), a Receive command comple­
tion or termination will occur under any of these condi­
tions: (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 number of bytes 
have been transferred; (3) A parity error has been 
detected on one of the received data bytes (and 
HSP=1); (4) TheATN-pin is asserted (and HA=1); (5) 
The Abort command is issued; or (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 termination, 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 WD33C93A is in the 
Connected-as-a-Target state. 

As data transfer commands, the Receive commands 
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 handled by the processor or through a 
DMA/WD interface. When the processor is required to 
read the Data register (i.e. DMA mode select bits = 0), it 
must monitor the DBR 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. 
DBR is also reset when a Receive command is issued. 

All information transfers involving other than data infor­
mation are asynchronous. However, if the information 
phase involves data transfers, the Synchronous Trans­
fer 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 transfers 
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 1/0-, C/D-, and MSG- pins and the type 
of data that is transferred. The four Send commands, 
also valid in the Connected-as-a-Target state only, are 

SEND COMMAND TYPE 

Send Status 

Send Data 

Send Message In 

Send Unspecified Info In 
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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 commands as follows shown in the chart 
below (asserted = 1). 

The Send commands are also information transferring 
commands and as such are also dependent upon the 
SBT bit in the Command register for command comple­
tion. 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 (SBT = 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 SBT = 0) indicating that the 
specified number 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 is- EIII 
sued; or (6) A Disconnect command is issued. The I 

WD33C93A remains Connected-As-A-Target following 
the Send command completion/termination unless the 
Disconnect command or reset was used to force a 
termination. 

During a Send command, Data register accessing 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 WD-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 
(DSR=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 (20 HEX) 
Transfer Info is used to send and receive data, com­
mand, status, and message information. 

OPCODE MSG C/O I/O 

14 0 1 1 

15 0 0 1 

16 1 1 1 

17 1 0 1 
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The first Req- 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 information transfer 
requested by the Target, and then issue a Transfer Info 
command in response. While an Initiator, the 
WD33C93A 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 commands, 
when the Transfer Info command completion is to be 
dependent upon the internal transfer counter, the pro­
cessor 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 com­
mands just as they are during the Send-And-Receive 
commands. However, for processor access of the Data 
register during Transfer Info commands (when the DMA 
mope 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 transferred 
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 SCS I 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 command 
completionltermination in addition to a reset. Just as for 
a Send or Receive command, the Transfer Info com­
mand can be terminated by issuing a subsequent Dis­
connect or Abort command. The Abort command will 
cal,lse a "paused/aborted" interrupt to be generated 
after executiOn (leaving the WD33C93A in a connected 
state), while the Disconnect command causes an imme­
diate disconnect and does not generate an interrupt. 

A Transfer Info command will be either completed or 
paused 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) have been 
sent or received. The WD33C93A generates a "suc­
cessful completion" interrupt only after receiving 
another REO- from the Target during non-Message In 
information phases, but generates a "paused/aborted" 
interrupt for Message-In phases without waiting for an 
additional REO- (Note that when the completed Trans­
fer Info command was a Message-In transfer phase, the 
ACK- pin will be left asserted by the WD33C93AI in the 
last REO-ACK cycle of the command, and the pro­
cessor is required to issue a negate ACK or an Assert 
ATN followed by a Negate ACK command to accept or 
reject the message respectively). 

If a parity error is detected on a data byte received from 
the SCSI bus (and HSP = 1), or on a data byte received 
from the host (and HHP=1), then the WD33C93A will 
terminate the command and, for SCSI parity errors, will 
leave ACK- asserted (to also halt the Target). In this 
case a "terminated" interrupt is generated. Finally, 
negation of the BSY- Signal (Le. the Target suddenly 
disconnects) or a transition in the 1/0-, C/D-, and/or 
MSG- pins during a Transfer command will also termi­
nate the command and generate a "terminated" 
interrupt. 

If a parity error is detected on a received byte but parity 
error command termination is disabled (HSP = ° or 
HHP=O, as appropriate), the'WD33C93A will still set 
the Parity Error status bit in the Auxiliary Status register 
but will not terminate the command as a result of this 
error. 

7.5.7 TRANSLATE ADDRESS (18 HEX) 
The Translate Address Command is used to perform a 
logical-to physical-address translation. Certain 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 reload 
the logical address into the WD33C93A Logical 
Address register and then issue the Translate Address 
command to have the WD33C93A do the conversion. 
Upon receiving a "successful completion" interrupt, the 
processor can read three WD33C93A registers to 
extract the Cylinder Number, Head Number, and Sector 
Number corresponding to the logical address. The disk 
parameters contained in the Total Sectors, 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 WD33C93A, then the number of 
spare sectors per cylinder and total number of sectors 
per cylinder must also be loaded in the Head Number 
and Cylinder Number registers respectively. A "termi­
nated" interrupt will occur if any division operation 
performed during this command results in an overflow. 

7.6 COMBINATION LEVEL II COMMANDS 
7.6.1 SELECT-AND-TRANSFER 

(08 AND 09 HEX) 
The Selecl-And-Transfer commands are capable of 
greatly reducing the host or local processor interrupt­
handling burden by enabling the WD33C93A's internal 
microprocessor to manage the low-level SCSI protocol. 
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This results in as few as one interrupt per SCSI opera­
tion. 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; (3) Reception of status 
information; and (4) Reception of a Command Com­
plete Message. These commands optionally consist of 
a Data Transfer phase and additional Message Transfer 
phases. During execution of a Select-And-Transfer 
command, the Command Phase register will be 
updated to indicate which bus phases of the SCSI 
operation have been completed, so that upon comple­
tion or termination of the command, the WD33C93A 
may be interrogated to find out where the SCSI opera­
tion was stopped. 

The two Select-And-Transfer commands are dis­
tinguished from each other only by whether or not the 
ATN- pin is asserted during the Selection phase. Select­
And-Transfer commands directly support Group 0 (6-
byte CDB), Group 1 (10-byte CDB), and Group 5 (12-
byte) SCSI commands. In addition, the ability to have 
ATN- asserted during Selection supports the SCSI 
Message Protocol which calls for an Identify Message 
Out phase following the Selection. When the Select 
w/Atn-And-Transfer commands is issued, the 
WD33C93A expects the first information phase request 
from the Target to be a Message Out phase, whereas for 
a Select w/o Atn-and-Transfer command, the first infor­
mation phase request is expected to be a Command 
Out phase. 

When a Select-And-Transfer command is issued, the 
WD33C93A 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-Trans­
fer command is terminated and a "terminated" interrupt 
is generated. Failure to complete the Selection phase is 
also indicated by the fact that the Command Phase 
register contains all zeroes. If the Selection is success­
ful, no interrupt is generated, but the Command Phase 
register will be set to a Hex 10. 

After completing the Selection phase, the WD33C93A 
begins an information transfer phase. If ATN- has been 
asserted (i.e. a Select w/Atn-And-Transfer command 
was issued), the WD33C93A expects the Target to 
respond with a Message Out phase. If the first informa­
tion phase request is other than a Message Out 
request, the WD33C93A will terminate the command 
and generate a "terminated" interrupt. However, when 
the Target does request a Message Out phase, the 
WD33C93A will respond by automatically sending an 
Identify Message. This single byte message is of the 
binary form: 1 rOOOttt, where r = 1 if the Enable Reselect 
bit in the Source ID register is equal to 1, and ttt is the 
encoded Target Logical Unit Number contained in the 
Target LUN register. Once the Identify Message has 
been sent, the WD33C93A will set the Command Phase 
register to Hex 20. 

Following the Message Out phase (or Selection phase 
when ATN- was not asserted during Selection), a Com­
mand phase is expected by the WD33C93A. Again, and 
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throughout the entire Select-And-Transfer command 
execution, if the Target requests an unexpected infor­
mation phase type, the WD33C93A terminates the 
command and generates a "terminated" interrupt. If 
the Command phase is requested in this situation, the 
WD33C93A will extract the SCSI command from the 
internal Command Descriptor Block registers and send 
6, 10, or 12 bytes of command information as deter­
mined 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 CDB have been 
transferred. 
After the Command phase, the WD33C93A expects 
either a Data In phase, Data Out phase, Status phase, 
or Message In phase. If the Target is requesting a 
Message In phase, a pending disconnection is 
assumed. The WD33C93A therefore expects to receive ,. 
either a Save Data Pointer Message (Hex 02) or a 
Disconnect Message (Hex 04). If either message is 
inc·orrect, or if a different message is received, a "termi-
nated" 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 gen-
erated if the Target disconnects before sending the 
Disconnect message. When a correct Save Data 
Pointer message is received, a "paused/aborted" inter-
rupt is generated and the Select-And-Transfer com-
mand terminated to allow the processor to save the 
SCSI data pointers. 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 WD33C93A terminates the Select-
And-Transfer command by generating an 85H interrupt. 
However, if the IDI bit is reset, then instead the 
WD33C93A sits in an idle state, waiting for the Target to 
reconnect. If a different Target device Reselects the 
WD33C93A, a "terminated" interrupt is generated. 
However, if the original Target Reselects the 
WD33C93A, no interrupt is generated and the Com-
mand Phase register is set to Hex 44. 

Following the original Target Reselection, the 
WD33C93A 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 WD33C93A is different or the Target Lun spec­
ified in this byte does not match the contents of the 
Target Lun register, a "terminated" interrupt is gener­
ated and the Message byte may be examined by 
the processor. A correct Identify Message In phase re­
sults 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, 
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or Status phase should occur. If the Transfer Count 
register contains any non-zero value, then the 
WD33C93A will expect a Data Transfer phase. If 
Advanced Features are enabled, then the DPD bit will 
be examined to verify the correct data direction. If the 
data direction is incorrect, then a "terminated" interrupt 
is generated. In this phase, the WD33C93A 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. 

Note that 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 subsequent reconnection until all of 
the data has been transferred and the Data Transfer 
phase is complete. 

A Status phase is expected by the WD33C93A following 
the Data Transfer phase (or instead of the Data Transfer 
phase when the Transfer 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 

COMMAND MEANING PHASE 

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 Mes­
sage In phase is expected. The WD33C93A expects the 
Target to send a Command Complete Message (Hex 
00) to indicate that the SCSI command operation has 
been completed. After the WD33C93A receives this 
Command Complete 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 com­
mands). If the EDI bit is set, the "successful completion; 
interrupt will be suppressed until the Target disconnects 
from the SCSI bus. 

At any time during execution of the Select-And-Transfer 
commands, an abnormal or unexpected condition will 
cause the WD33C93A to terminate the command, set 
the appropriate status qualifiers, and generate a "termi­
nated" interrupt. If the termination occurred during an 
information transfer phase, the WD33C93A will be left 
in a Connected-as-an-Initiator state (unless termination 
was due to a sudden Target disconnection). Command 
termination during any other phase will result in the 
WD33C93A being in a Disconnected state. Transfer 

00 No SCSI bus device has been selected. The WD33C93A is in the disconnected state. 

10 
The Target has been selected. The WD33C93A is now in the connected as an Initiator 
state. 

20 An Identify message 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 
Disconnect message. The WD33C93A is now in the disconnected state. 

The WD33C93A has been reselected by the Target whose SCSI bus 10 matches the 
44 value in the DESTINATION 10 register. The WD33C93A is now in the connected as an 

Initiator state. 

45 
The WD33C93A has received an Identify message from the Target whose Logical Unit 
Number matches the value in the TARGET LUN register. 

46 
The number of bytes specified in the TRANSFER COUNT register have been 
transferred tolfrom the Target during a Data Out/In phase. 

47 The Target has begun a Receive Status phase. 

50 
The WD33C93A has successfully received a Status byte from the Target and stored it 
in the TARGET LUN register. 

60 
The WD33C93A has successfully received a Command Complete message from the 
Target. 
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COMMAND MEANING 
PHASE 

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 
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. 

45 
Resume to transfer more data in a data transfer phase. May expect Status or 
Message In as well. An implied Negate ACK occurs. 

46 
Resume after the data phase 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. 

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 termination: 
A "Resume Select-And-Transfer" command is 
assumed whenever a normal "Select-And-Transfer" 
command is issued while the WD33C93A is in the 
Connected-Initiator state. When the "Resume" is iss­
ued, the WD33C93A examines the Command Phase 
Register to determine where to restart the Select-And­
Transfer command execution. This feature, in conjunc­
tion with the Intermediate Disconnect Interrupt 
enabled, allows support of multi-threaded or over­
lapped I/O on the SCSI bus. 

(1) Reselect-and-Receive command, EDI = 0, 
and SCC = don't care: 

• Reselection phase; 
• Send Identify Message In; 
• Receive Data Out phase; 
• Completion interrupt. 

(2) Reselect-and-Send command, EDI = 0, 
and SCC = don't care: 

• Reselection phase; 
• Send Identify Message In; 
• Receive 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; 

The table above briefly describes the valid settings of 
the Command Phase register when resuming a Select­
And-Transfer command: • Chain to Se.nd-Status-and-Command Complete. 

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 
WD33C93A to execute certain common SCSI bus 
phase sequences as a Target following a Reselection 
phase. These phases are determined by which com­
mand is sent, and the setting of two bits: the EDI bit in 
the Control Register; and the SCC bit in the Destination 
10 register. The SCSI bus phase sequences are sum­
marized below. Refer to the command descriptions of 
the Send-Status-And-Command-Complete and Send­
Disconnect-Message commands for details on those 
sequences. 

(4) Reselect-and-Send command, EDI=1, 
and SCC=O: 

• Reselection phase; 
• Send Identify Message In; 
• Receive Data In phase; 
• Chain to Send-Status-And-Command Complete. 

(5) Reselect-and-RCV command, EDI = 1, 
and SCC=1: 

• Reselection phase; 
• Send Identify Message In; 
• RCV Data Out phase; 
• Chain to Send-Disconnect-Message. 
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(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, 

COMMAND MEANING 
PHASE 

or if a parity error is detected on an 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 suc­
cessfully completed phase. If none of these conditions 
occurs, all phases complete normally, and if EDI = 0, 
then a "successful completion" interrupt would be gen­
erated at this point. However, if EDI = 1, no interrupt is 

00 
No SCSI bus device has been reselected. The WD33C93A is in the disconnected 
state. 

10 
The WD33C93A has successfully reselected the Initiator. The WD33C93A 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. 

generated and command chain occurs (as described 
above). 

The following table summarizes the possible values 
that the Command Phase register can take 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. 

A "Resume Reselect-And-Transfer" command is 
assumed whenever a normal "Reselect-And-Transfer" 
command is issued while the WD33C93A is in the 

COMMAND MEANING 
PHASE 

Connected as a Target state. When the "Resume" is 
issued, the WD33C93A examines the Command Phase 
Register to determine where to restart the Reselect­
And-Transfer command execution. This feature, in con­
junction with the capability to chain to other combina­
tion 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 resuming a Reselect­
And-Transfer command: 

10 Resume after Initiator reselection is complete; start with Identify Message Out. 

Resume after Identify Message Out; start with data transfer phase. If Transfer Count 
20 is zero, no data transfer phase occurs. In either case, a chain to another combination 

command can occur if enabled. 

7.6.3 WAIT-FOR-SELECT-AND- RECEIVE 
(OC HEX) 

The Wait-For-Select-And-Receive causes the 
WD33C93A to idle until it is selected by an Initiator, at 
which time the WD33C93A will enter the Target mode 
and message and command information will automat­
ically be requested. As an option, the WD33C93A may 
be programmed to disconnect when a SCSI read com­
mand is received while executing a Wait-For-Select­
And-Receive command. Use of this 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 ATN- was asserted by the Initiator during the selection 
phase, the WD33C93A will first execute an implied 
"Receive Message Out" command to get the Identify 
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message from the Initiator, before continuing on with 
the implied "Receive Command" to receive the SCSI 
command information. The SCSI command information 

(CDB) will be stored in the CDB 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 requested 
by the WD33C93A is determined by the SCSI group 
code in the first byte of the CDB. 

After the WD33C93A is selected and receives all valid 
command and message information, a "successful 
completion" interrupt will normally be generated to 
allow the local processor to read out and interpret the 
SCSI CDB. However, by setting the EDI bit prior to 
issuing a Wait-For-Select-And-Receive command, the 
WD3?C93A is enabled to perform an automatic discon­
nect when a SCSI read command is received. There-
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fore, when EDI = 1 and the 1st CDB byte received 
contains a 6, 10 or 12 byte read command code, then 
the WD33C93A will temporarily suppress the interrupt 
and chain to begin execution of a Send-Disconnect­
Message command. An interrupt will then be generated 
after completion of this command, which normally 
would indicate a transition to the bus free condition. 
Refer to the Send-Disconnect-Message command 
description for more details. 

If during execution the message or command informa­
tion received from the Initiator is invalid, the implied 
receive command will be terminated and the appropri­
ate 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 com-

COMMAND MEANING PHASE 

WD33C93A 

pleted before the error condition occurred. A Command 
Phase Hex value of Hex 10 indicates that the 
WD33C93A was successfully selected. A Hex value of 
20 indicates that a message was received from the 
Initiator, and when the WD33C93A begins receiving 
command bytes, the Command Phase is set to Hex 30 
and incfements with each byte received (to a maximum 
of 3C for a 12-byte CDB command). 

The following table summarizes the possible values 
that the Command Phase register can take during the 
Wait-For-Select-And-Receive command, and their 
meanings relative to command termination. See other 
command descriptions for additonal values that can 
occur when command chaining is used. 

00 The WD33C93A has not been selected. The WD33C93A is in the disconnected state. 

10 
The WD33C93A has been successfully selected by the Initiator. The WD33C93A is 
now in the connected as a Target state. 

20 The Identify message has been successfully received from the Initiator. 

30 
The WD33C93A has begun command phase by setting the SCSI bus phase signals 
and asserting REO-. 

31 
The WD33C93A 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 ID register. 

3x The WD33C93A has transferred x command bytes from the Initiator. 

A "Resume Wait-For-Select-And-Receive" command is 
assumed whenever a normal "Wait-For-Select-And­
Receive" command is issued while the WD33C93A is in 
the Connected as a Target state. When the "Resume" is 
issued, the WD33C93A examines the Command Phase 
Register to determine where to restart the Wait-For­
Select-And-Receive 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. 

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. 

30 Resume after Identify message out. Start with command phase. 

Resume after the WD33C93A has transferred 1 command byte from the Initiator. This 
31 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. 
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7.6.4 SEND·STATUS·AND·COMMAND· 
COMPLETE (OD HEX) 

The Send·Status-And-Command-Complete command 
is valid in the Target role, and is used. to complete a 
SCSI operation by transferring the appropriate status 
information to the Initiator prior to disconnection from 
the SCSI bus. This command also supports linked SCSI 
operations by optionally allowing a linked command­
complete message to be sent after the status is trans­
ferred. Linked command complete messages are 
controlled by the CDB12 register with bits that corre­
spond to the standard linked command control bits in 
the CDB. 

Before a Send-Status-And-Command-Complete com­
mand is issued, the CDBl1 register must be loaded with 
a status byte which will then be transferred across the 
SCSI bus. Also, the link control bits from the current 
CDB must be loaded into the CDB1? register to ensure 
that the correct sequence occurs. Note that the bits 
used by the WD33C93A 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 CDB12to get the correct function. As the 
command execution progresses, the Command Phase 
register will be updated to indicate the last phase 
completed. 

The possible sequences caused by this command are 
as fol.lows: 

(1) CDB12 bitO= 0, bit1 = don't care: The status byte in 

COMMAND MEANING 
PHASE 

CDB11 is sent, followed by a Command Complete 
message (00 Hex). A "successful completion" inter­
rup now occurs. 

(2) CDB12 bitO = 1, bit1 = 0: The status byte in CDBl1 is 
sent, followed by a Linked Command Complete 
message (OA Hex). A chain to the command fetch 
portion of Wait-for-Select-and-Receive then occurs 
to fetch the next CDB from the Initiator. WD33C93A 
command execution proceeds as described for that 
command. 

(3) CDB12 bitO=1, bit1 =1: The status byte in CDB11 is 
sent, followed by a Linked Command Complete with 
Flag message (OB Hex). A chain to the command 
fetch portion of Wait-for-Select-and-Receive then 
occurs to fetch the next CDB from the Initiator. 
WD33C93A command execution proceeds as 
described for that command. 

A Send-Status-And-Command-Complete command 
may be terminated by ATN- asserted when HA = 1, or 
when a Disconnect or Reset command is issued. In 
addition, it may be aborted on a SCSI bus-phase 
boundary by issuing an Abort command. 

The following table summarizes the possible values 
that the Command Phase register can take 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. 

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. 

A "Resume Send-Status-And-Command-Complete" 
command is assumed wheneve a normal "Send-Sta­
tus-And-Command-Complete" command is issued 
while the WD33C93A is in the Connected as a Target 
state. When the "Resume" is issued, the WD33C93A 
examines the Command Phase Register to determine 
where to restart the Send-Status-And-Command-Com-

COMMAND MEANING 
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plete command execution. This feature, in 
conjunction with the capability to chain to other com­
bination 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 resuming a Send-Sta­
tus-And-Command-Complete command: 

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 disconnect from 
the SCSI bus at any time during a SCSI command 
sequence. This command consists of sending a Discon­
nect message byte. followed 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 Pointers message will automatically be sent 
before the Disconnect message whenever the IDI bit is 
set prior to issuing this command. 

The Command Phase register is updated during execu­
tion of the Send-Disconnect-Message command to 
indicate bus phase status. After a Save Data Pointers 

COMMAND MEANING 
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message is sent. the Command Phase will be set to 
41H. After the Disconnect message transfer. this regis­
ter will be updated to 42H. and after disconnection the 
Command Phase register will contain a 43H. 

A Send-Disconnect-Message command may be termi­
nated by ATN- asserted when HA = 1. or when a Discon­
nect or Reset command is issued. In addition. it may be 
aborted on a SCSI bus-phase boundary by issuing an 
Abort command. 

The following table summarizes the possible values 
that the Command Phase Register can take during the 
Send-Disconnect-Message. and their meanings rela­
tive 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 Jound to be asserted .. 

41 The Save Data Pointer message was transferred. 

42 The Disconnect messag~ was transferred. 

43 
The bus free state occurred after the DiscQnnect message was transferred. The 
WD33C93A is now in the disconnected state. 

8. ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin with respect to GND 
Operating temperature 
Storage temperature 
Power dissipation 
Input Static Discharge Protection 

DC OPERATING CHARACTERISTICS 
Ta = 0 to 70 deg. C 
VCC = +5V +/- .25V, GND = OV 

SYMBOL CHARACTERISTICS 

ilL INPUT LEAKAGE 

10L1 SCSI OUTPUT LEAKAGE 
(INACTIVE) 

IOL2 OUTPUT LEAKAGE 
(TRI-STATE) 

VIH INPUT HIGH VOLTAGE 

VIL INPUT LOW VOLTAGE 

VIHYS SCHMITT TRIGGER INPUT 
HYSTERISIS (ALL SCSI PINS) 

VOH OUTPUT HIGH VOLTAGE 

VOL1 SCSI OUTPUT LOW VOLTAGE 

VOL2 OUTPUT LOW VOLTAGE 
(ALL OTHERS) 

ICC SUPPLY CURRENT 

- 0.5V to + 7.0V 
o to 70 degrees C 
-55 to + 125 degrees C 
500mW 
1200 V pin to pin 

MIN MAX UNITS 

10 uA 

50 uA 

10 uA 

2.0 V 

0.8 V 

0.2 V 

2.4 V 

0.5 V 

0.4 V 

20 mA 

12-12-90 

CONDITIONS 

VIN = .4 TO VCC 

VOUT = .5 TO 
VCC 

VOUT = .4 TO 
VCC 

10 = -400 uA 

10 = 48.0 mA 

10 = 4.0 mA 

Ta = +25 deg. C 
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9. TIMING CHARACTERISTICS 
Timing characteristics are valid over the entire operat· 
ing temperature (0 to 70 deg. 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. 

Manyof the SCSI bus 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 
Ticlk * DIVISOR 

2 

9.1 PROCESSOR/DMA INTERFACE 
9.1.1 ClK 

SYMBOL CHARACTERISTIC 

lep CLOCK PERIOD 
leh CLOCK HIGH 
lei CLOCK LOW 

Where: 

Tcyc is the internal clock cycle time; 

Ticlk is the period of the clock at the MCK input; 

DIVISOR is the clock divisor selected in the OWN 10 
register. 

For example, with a 16MHz clock input to the 
WD33C93A, the clock divisor selected would be 4. 
Therefore, the value of Tcyc would be: 

Tcyc = ___ 6_2_.5_n_s_ec_*4 ___ - 125 nsec 

2 

MIN MAX UNITS 

62.5 125 ns 
28 ns 
28 ns 

MCK ------J/! ______ ..... I---'-h---- le
p 

..........--- 'C -~~- " 

9.1.2 MR 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tmr MR PULSE WIDTH 1 us 

MR-------

I~ .. tmr -~( 
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9.1.3 PROCESSOR WRITE -INDIRECT ADDRESSING MODE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tavwl ADDR VALID TO WE LOW 0 ns 

lc!wl CS LOW TO WE LOW 0 ns 

lwe WE PULSE WIDTH 120 ns 

~vwh DATA VALID TO WE HIGH 70 ns 
lwhai WE HIGH TO ADDR. INVALID 0 ns 

lwhCh WEHIGH TO CS HIGH 0 ns 
lwhdi WE HIGH TO DATA INVALID 0 ns 
lwhwl WE HIGH TO WE OR RE LOW 100 ns 

AO 

1"'--- t AVWL --' .twHA, .... 1 

.... tCLwL .... ~tWHCH .. 
\ 

.. tWE ~ .. tWHWL • 
\ / \'-

1--- tovwH -... 
.. 

tWHDl1 
DO-D7 
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9.1.4 PROCESSOR READ -INDIRECT ADDRESSING MODE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tavrt ADDR VALID TO RE LOW 0 ns 
telrt CS LOW TO RE LOW 0 ns 
tre RE LOW TO DATA VALID 180 10000 ns 
lndV RE PULSE WIDTH LOW TO DATA VALID 180 180 ns 
t rhch RE HIGH TO CS HIGH 0 ns 
imd; RE HIGH TO DATA INVALID 10 40 ns 
trhrt RE HIGH TO RE OR WE LOW 100 ns 
1ma; RE HIGH TO AO INVALID 0 ns 

14--- tAVRL --. ---.. tRHAI 1'-
AO 

~lcLRL"" .-tRHCH-+-1 

\ 

.. tRE • .. tRHRL • 
\ / \--

.-- t RLDV ---.., --.-. tRHDI I~ 
00·07 X 
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9.1.5 PROCESSOR WRITE - DIRECT ADDRESSING MODE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

taval ADDR VALID TO ALE LOW 40 ns 
ta1ai ALE LOW TO ADDR INVALID 0 ns 
ta1wl ALE LOW TO WE LOW 90 ns 

lclwl CSLOW TO WE LOW 0 ns 

lwe WE PULSE TO WE HIGH 120 ns 
~lIWh DATA VALID TO WE HIGH 70 ns 

lwhch WE HIGH TO CS HIGH 0 ns 

lwhd' WE HIGH TO DATA INVALID 0 ns 
lwhwl WE HIGH TO WE OR RE LOW 100 ns 

ALE 

-.. tCLWL ~ --.. t WHCH 1--
\ 

..-tALWL --' -- tWE .. ....-- tWHwL .. 
\ / \-

... tAVAL .... -4-tALA' ·1 I'" tOVWH ..... 1 ~twHo, .. 1 

DO-D7 =:x'--________ )()QQ()()OOQ()Q'---____ .-JX'-_____ _ 
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9.1.6 PROCESSOR READ - DIRECT ADDRESSING MODE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

taval ADDR VALID TO ALE LOW 40 ns 
talai ALE LOW TO ADDR INVALID 0 ns 
t alrl ALE LOW TO RE LOW 30 ns 
!chi CS LOW TO RE LOW 0 ns 
tre RE PULSE WIDTH 180 10000 ns 
t rldv RE LOW TO DATA VALID 180 ns 
t rhch RE HIGH TO CS HIGH 0 ns 
t rhdl RE HIGH TO DATA INVALID 10 40 ns 
trM RE HIGH TO RE OR WE. LOW 100 ns 

ALE \ 

--... IcLRL .. --. t RHCH /-
\ \. 

-..--tALRL --. .. tRE • .. tRHRL ----. 

~~1 
\ / \,-

...-tAVAL -' '4--
t RLOV ----I ---- t RHOI I~ 

00-07 :x __ --.;;.ad;;.;;d;;..;re.,;;.;SS~_....JXXXXXXXXXXXXX x'-____ _ 
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9.1.7 DMA WRITE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tcllwl DACK LOW TO WE LOW 0 ns 

tcllqh DACK, WR LOW TO ORO HIGH 40 90 ns 

fwr WE PULSE WIDTH 50 ns 

fwhwl WE HIGH TO WE LOW 100 ns 

tclvwh DATA VALID TO WE HIGH 25 ns 

fwhdh WE HIGH TO DACK HIGH 0 ns 

fwhdi WE HIGH TO DATA INVALID 0 ns 

tclhql DACK HIGH TO ORO LOW 30 ns 

tOLOH """"41-----

ORO (OUT) 

tOLWL ..- tWR -. tWHOH ~ t OHOL 

DACK (IN) ---~ 

.. tWHWL ------tl~ 

00-07 

NOTE: External load on ORO & DACK is assumed to be 1Kfi. 
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9.1.8 DMA READ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

~I'I OACK ,-ow TO RE LOW 0 ns 

~Iqh OACK, RE LOW TO ORO HIGH 40 90 ns 

t,d RE PULSE WIDTH 80 ns 

t,h,l RE HIGH TO RE LOW 100 ns 

t'ldv RE LOW TO DATA VALID 70 ns 

t'hdh RE HIGH TO OACK HIGH 0 ns 

trhdi RE HIGH TO DATA INVALID 5 40 ns 

t,hdl ORO HIGH TO ORO LOW 100 ns 

~hql OACK HIGH TO ORO LOW 30 ns 

--".~I tOLOH 1 ..... _._--

ORO (OUT) 

tOHOL 

OACK (IN) 

--. tRLoV I"'--II~ tRHOI 1"'----
00-07 ----------~XXXXXXX~------~xxxxxXXXXXXX~ 

NOTE: External load on ORO & OACK is assumed to be 1KO. 
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9.1.9 WO-BUS BUFFER WRITE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

lqhsl ORO HIGH TO Res LOW 0 ns 
t.lwv Res LOW TO WE VALID 0 20 ns 
two WE PULSE WIDTH Tcyc-20 ns 
twldv WE LOW TO DATA VALID 50 ns 
twhdi WE HIGH TO WE LOW 30 ns 
twhwl WE HIGH TO WE LOW Tcyc-20 ns 
lqlsh ORO LOW TO Res HIGH 8* Tcyc 10*Tcyc ns 
t.hwl Res HIGH TO WE INVALID 0 100 ns 

-4-- taLSH --. • ORO (IN) 

tSHWI -" 

Res (OUT) 

~two 

WE (OUT) 

tWLDV -1 tWHDI1 

----------------------~X~ ______ ~Xr-----------------------00-07 
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9.1.10 WD-BUS BUFFER READ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

lqh81 . ORO HIGH TO RCS LOW 0 ns 
t..lrv RCS LOW TO RE VALID 0 20 ns 
t,o RE PULSE WIDTH Tcyc-20 ns 
t.JVrh DATA VALID TO RE HIGH 10 ns 
trhdi RE HIGH TO DATA INVALID 10 ns 
t,hrl RE HIGH TO RE LOW TCYC-20 ns 
lqlsh ORO LOW TO RCS HIGH 8*Tcyc 1O*Tcyc ns 
t..hri RCS HIGH TO RE INVALID 0 100 ns 

....-- taHSL 

DRW(IN) 

tSHRI -----. 

RCS (OUT) 

RE (OUT) 

1-4- tOVRH -. t RHOI r--
---------------------------~X~ ______________ ~Xr----------------------00-07 
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9.1.11 BURST DMA WRITE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

I.!lwl 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 
I.!vwh DATA VALID TO WE HIGH 25 ns 
twhdh WE HIGH TO DACK HIGH 0 ns 
twhdi WE HIGH TO DATA INVALID 0 ns 

DRO (OUT) 

DACK (IN) 

tWHDI 

DO-D7 
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9.1.12 BURST DMA READ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

t.tI,1 DACK LOW TO RE LOW 0 ns 
Irtqh RE LOW TO ORO HIGH 75 ns 
1m RE PULSE WIDTH 80 ns 
Irh'l RE HIGH TO RE LOW 80 ns 
1,Idv RE LOW TO DATA VALID 50 ns 
Imdh RE HIGH TO DACK HIGH 0 ns 
I,hdi RE HIGH TO DATA INVALID 5 40 ns 

ORO (OUT) 
.-- IRLOH -----'l 

~ IOLRL 
..- IRO ---" --. IRHOH ,..-

L '\ DACK (IN) 

~ IRHRL~ 

'\ J \. / 

---. IRLOV ~ IRHOI ,..-. 
00-07 ______________ ~x~ ______ ~x~ ______ ~x~ ______ ~x~ ____ _ 
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9.1.13 INTRQ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

~hrl INTRa HIGH TO RE LOW 0 ns 

tri RE PULSE WIDTH 180 ns 

trhil RE HIGH TO INTRa LOW 0 100 ns 

tihh INTRa LOW TO INTRa HIGH 100 ns 

.tIHRL .. ......- tRHIL ------.. ~ t IUH -" 

INTRa / \ ...-- tRI .. 
\ V 
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9.2 SCSI INTERFACE 
9.2.1 ARBITRATION 

SYMBOL CHARACTERISTIC 

t bhbl BSY. SEL IN HIGH TO BSY OUT LOW 

tblio BSY OUT LOW TO BUS 10 OUT 

~ISI BSY OUT LOW TO SEL OUT LOW 

I ... 

l 
tBHBL • 

\ 

MIN MAX UNITS 

12* Tcyc 16*Tcyc ns 
-50 50 ns 
2.2 us 

... tBLSL 

~I 
\ 

~ tBLIe 

.----------------------------(~----------------

Igroup 

Tgroup 

NOTE: Tgroup = signals driven by a Target = 1/0. C/O. MSG. REO 
Igroup = signals driven by an Initiator = ATN. ACK 
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9.2.2 SELECTING A TARGET (AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

toloo SEL OUT LOW TO "OR·EO" 10 OUT 1.2 us 

Iovao "OR·EO" 10 OUT VALID TO ACK, ATN OUT 100 ns 

taobh ACK, ATN OUT VALID TO BSY OUT HIGH 100 ns 

~hbv BSY OUT HIGH TO BSY IN LOW VALID 400 ns 
tbloh BSY IN LOW TO SEL OUT HIGH 100 ns 

tSLSH 

tSLOO 

~tOVAO 

Tgroup 

NOTE: Tgroup = signals driven by a Target = 1/0, CIO, MSG, REO 
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9.2.3 RESPONSE TO SELECTION (AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tS1bh SEL IN LOW TO BSY IN HIGH 0 ns 

thibh "OR-ED" 10 VALID IN TO BSY IN HIGH 0 ns 

~hbl SEL LOW, 10 VALID, BSY HIGH TO BSY LOW 0.4 200 . US 

tblOi BSY OUT LOW TO "OR-ED" 10 INVALID IN 0 ns 

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 

tBHBL tBLSH -.. 

--- - --- --- -----~ ________________________ ~ __ __J 

Tgroup 

~ tSH10 ~ 
---------------------------------------~ 

NOTE: Tgroup = signals driven by a Target = I/O, C/O, MSG, REO 
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9.2.4 RESELECTING AN INITIATOR (AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

1,,100 SEL OUT LOW TO "OR-ED" 10 OUT 1.2 us 

Iov;o "OR-ED" 10 VALID TO 1/0 and Tgroup OUT 100 ns 
VALID 

~obh 1/0 and Tgroup OUT VALID TO BSY OUT HIGH 100 us 

tbhbv 8SY OUT HIGH TO 8SY IN LOW VALID 400 ns 

tblSh 8SY IN LOW TO SEL OUT HIGH 100 ns 

__ -.,. 1 ..... 1--- ts~oo 

~ro~ _______________________________________________ _ 

NOTE: Tgroup = signals driven by a Target = C/O. MSG. REa 
Igroup = signals driven by an Initiator = ATN. ACK 
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9.2.5 RESPONSE TO RESELECTION (AS AN INITIATOR) 

SYMBOL· CHARACTERISTIC MIN MAX UNITS 

talbh SEL IN LOW TO BSY IN HIGH 0 ns 

tivbh "OR-ED" 10 VALID IN TO BSY IN HIGH 0 ns 

tilbh 110 IN LOW TO BSY IN HIGH 0 ns 

~hao SEL LOW, 10 VALID, BSY HIGH TO Igroup OUT 100 ns 

tavbl Igroup VALID OUT TO BSY OUT LOW 100 ns 

tbhbl BSY IN HIGH TO BSY OUT LOW 0.4 200 US 

~Ioi BSY OUT LOW TO "OR-ED" INVALID IN 0 ns 

tblSh BSY OUT LOW TO SEL IN HIGH 0 ns 

tahbh SEL IN HIGH TO BSY OUT HIGH 0 ns 

BSY __ -+ ____ J 1 .. .._---
tBHBL ~ tBLSH 

DBx ,------

Igroup - - - - - - - - - - - - - - - - - - -_-"':'=X~';1'_--------------­'" 1 ,~ "'"'" 
~ro~-------------- ________________________________ _ 

NOTE: Tgroup = signals driven by a Target = C/O, MSG, REO 
Igroup = signals driven by an Initiator = ATN, ACK 

BSY will still be driven low by the reselecting target. 
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9.2.6 RECEIVE ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tshpc SEL IN HIGH TO PHASE CHANGE IN 0 ns 

tild! 1/0 IN LOW TO DATA BUS TRISTATE 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 

tald; 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 OUT HIGH TO PHASE CHANGE IN 0 ns 

---I 

-------

~ tSHPC '" ~tILOT tOVRL ....- ... t ALOI ~ 
\.. r--

I 
Phas e J. )< 

1-- tpCRL 

\ I 

.tRLAL ... 14 tALRH.l4tRHAH+ t AHPC·"--

\. 

ATN-------------------------------------------------------------------

NOTE: Phase = signals that define the bus phase CID, MSG 
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9.2.7 SEND ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tshpc SEL IN HIGH TO PHASE CHANGE OUT 100 ns 

~Ido 1/0 OUT LOW TO DATA OUT 800 ns 

~vrl 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 

trhdi REO OUT HIGH 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 

J 
r--tRHOlr 

X 
~tSHPC. 

f+- tilOO 1 t OVRl • I I \ 
(PCRl 

Phase 

\ / "-
---+ ~tRlAl" ~tAlRH. ,.tRHAH .. I'4tAHPC• 

\. / 
~tAHRl-+ 

ATN ------------------------------------------------------------------

NOTE: Phase = signals that define the bus phase CID, MSG 
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9.2.8 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 

~val 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 

tahdl ACK OUT HIGH TO DATA OUT INVALID 0 ns 

tahpc ACK OUT HIGH TO PHASE CHANGE IN 0 ns 

---.I 

X 
--. tSHPC tlHOO I" tOVAL ---+ tAHOI l+-

I I 
Phase X 

I .. tpCRL 

\. ~ -... tRLAL .... ~tALRH~tRHAH~ ~tAHPC ~ 

\. / 

NOTE: Phase = signals that define the bus phase CID, MSG 
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9.2.9 RECEIVE ASYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

t.hpc SEL IN HIGH TO PHASE CHANGE OUT 100 ns 

tihdt I/O OUT HIGH TO DATA BUS TRISTATE 0 ns 

tpcrl PHASE CHANGE TO REO OUT LOW 500 ns 

Inal REO OUT LOW TO ACK IN LOW 0 ns 

~val DATA IN VALID TO ACK IN LOW 5 ns 

ta1rh ACK IN LOW TO REO OUT HIGH 0 175 ns 

Imdl REO OUT HIGH TO DATA IN INVALID 0 ns 

trhah REO OUT HIGH TO ACK IN HIGH 0 ns 

tahpc ACK IN HIGH TO PHASE CHANGE OUT 0 ns 

Ishrl ACK IN HIGH TO REO OUT LOW 0 175 ns 

J 

X---------X X 
-+ tSHPC ..... i'+- t lHOT tOVAL ---. t RHOI ~ 

/ '\x .. t pCRL I 
Phase 

\ J "--
---. tRLAL ... :.tALRH .. ~tRHAH" f4- t AHPC ~ 

'\ / 
-..... tAHRL 14-

ATN ------------------------------------------------------------------

NOTE: Phase = signals that define the bus phase C/D, MSG 
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9.2.10 RECEIVE SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

1civrl DATA VALID IN TO REO IN LOW 0 ns 

trldi REO IN LOW TO DATA INVALID 45 ns 

~rh REO IN LOW TO REO IN HIGH 50 ns 

trM REO IN HIGH TO REO IN LOW 50 ns 

t..lah ACK OUT LOW TO ACK OUT HIGH Tcyc-10 ns 

tahal ACK OUT HIGH TO ACK OUT LOW Tcyc-25 ns 

tahpc ACK OUT HIGH TO PHASE CHANGE 0 ns 

PARAMETERS tshpc, tildt, and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE IN 9.2.6. 

DBx--)( X 
~--------------------~ 

tOVRL ~ tRLo,---..1 

1/0 / J\X/\X 

____ +-__________________________ ~I 
Phas~e ______ _r------------r_------r_------------------------------J 

_ ____ ~ ~ tRLRH 4 tRHRL J""'--­
REO 

----.. tAHPC ~ 
'\I / \. ..... 1 ___ ---J j 

ACK------------------~ . . 

I=~" -( '- I~~-~ 
ATN-------------------------------------------------------------------

NOTE: Phase = signals that define the bus phase C/D, MSG 
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9.2.11 SEND SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tdvrl DATA VALID OUT TO REO OUT LOW 55 ns 
trldl REO OUT LOW TO DATA INVALID OUT 100 ns 

t..lrh REO OUT LOW TO REO OUT HIGH Tcyc-10 ns 
trhrl REO OUT HIGH TO REO OUT LOW Tcyc-25 ns 
ta1ah ACK IN LOW TO ACK IN HIGH 50 ns 
tahal ACK IN HIGH TO ACK IN LOW 50 ns 
tahpc ACK IN HiGH TO PHASE CHANGE OUT 0 ns 

PARAMETERS tshpc, tildt, and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE IN 
SUBSECTION 9.2.7. 

Im--------+---------------------------------------------------~~~~ 

Ph~~e ______ ~ ____________ ,-______ ,-______________________________ -J. 

REO'------~~~ __________ J 

----I.~I tAHPC ..-

ACK---------_____ \ (\'I-------J/ 

r::=: tALAH ---.j.-tAHAL ~I 
ATN---------------------------------------------------------------

NOTE: Phase = signals that define the bus phase C/O, MSG 
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9.2.12 SEND SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

~val DATA VALID OUT TO ACK OUT LOW 55 ns 

laid; ACK OUT LOW TO DATA INVALID OUT 100 ns 

Irlrh REO IN LOW TO REO IN HIGH 50 ns 

Irhrl REO IN HIGH TO REO IN LOW 50 ns 

lalah ACK OUT LOW TO ACK OUT HIGH Tcyc-10 ns 

lahal ACK OUT HIGH TO ACK OUT LOW Tcyc-25 ns 

lahpc ACK OUT HIGH TO PHASE CHANGE 0 ns 

PARAMETERS Ishpc, tildl, and Ipcrl ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE IN 9.2.8. 

DBx _ ,----------------. r----------........ r-------

I/O---------------------+---------~--

Phase~ ___ r_-----,_---._------,_--------_r----
_____ , 1....- IRLRH~I IRHRL I~ 

REO \I \l 
ACK---------__ ~ 

)-------( 

1..- IALAH---.I I~ 
ATN------------------------------------

NOTE: Phase = signals Ihal define Ihe bus phase C/D, MSG 

9.2.13 RECEIVE SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

~val DATA VALID IN TO ACK IN LOW 0 ns 

laldi ACK IN LOW TO DATA INVALID 45 ns 

Irlrh REO OUT LOW TO REO OUT HIGH Tcyc-10 ns 

Irhrl REO OUT HIGH TO REO OUT LOW Tcyc-25 ns 

lalah ACK IN LOW TO ACK IN HIGH 50 ns 

lahal ACK IN HIGH TO ACK IN LOW 50 ns 

lahpc ACK IN HIGH TO PHASE CHANGE OUT 0 ns 

PARAMETERS Ishpc, told" and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE IN SUBSECTION 
9.2.9. 
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9.2.14 ARBITRATION TO BUS FREE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

ts1bh SEL IN LOW TO BSY HIGH, DATA TRI-STATE 8*Tcyc ns 
+75 

BSY------------------------------~ 

SEL------------------------------------~ 

DBX--------~(~ ________________________________ ~)~--------

9.2.15 SELECTION (AS AN INITIATOR) OR RESELECTION (AS A TARGET) TO BUS FREE 
(SELECTION TIMEOUT) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

ltadc TIMEOUT OR ABORT TO DATA BUS CLEARED 0 ns 

lcicsh DATA BUS CLEARED TO SEL OUT HIGH 200 us 

t.hdt SEL OUT HIGH TO DATA BUS TRISTATE 800 ns 

tshih SEL OUT HIGH TO cntl TRISTATE 800 ns 

BSY------------~I 

SEL--------------------------------~ 

tSHDT r-
DBx ---- -- ----- ----

----------------------~----~------~ I-tSHIH 

T8;g~C or -------------------------------------------.) __________ - __ _ 

NOTE: Tgroup = signals driven by a Target = 110, C/D, MSG, REO 
Igroup = signals driven by an Initiator = ATN, ACK 
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9.2.16 CONNECTED-AS-AN-INITIATOR TO BUS FREE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

It.hdt BSY IN HIGH TO DATA BUS TRISTATE 8*Tcyc ns 
+ 75ns 

It.hgt BSY IN HIGH TO Igroup TRISTATE 8*Tcyc ns 
+ 75ns 

BSY __________________________ --J 

DBx ------------------------____________________ +-______ -J 

1'--
Igroup --------------------------------> _ _ _ _ _ _ _ _ _ _ _ _ _ _ .. 

NOTE: Igroup = signals driven by an Initiator = ATN, ACIS 

9.2.17 CONNECTED-AS-A-TARGET TO BUS FREE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

It.hdt BSY OUT HIGH TO DATA BUS TRISTATE 8*Tcyc ns 
+75ns 

It.hgt BSY OUT HIGH TO Tgroup TRISTATE 8* Tcyc ns 
+ 75ns 

BSY --________________________ --J 

DBx ----------------
------------------------+-----~ 

___ --------I~ 
~ro~ }--------------

NOTE: Tgroup = signals driven by a Target = 110, C/O, MSG, REO 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 DESCRIPTION 

The 33C93B, a MOSIVLSI 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. 

WD33C93B 

The 33C93B 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. 

1.2 FEATURES 

o Implements full SCSI bus features: arbitration, 
disconnect, reconnect, parity generation and 
checking on both data ports, soft reset, and 
synchronous data transfers. 

o Includes 48 mA drivers for direct connection to 
the SCSI bus. 

o Operates in both initiator and target roles. 

o Synchronous offset selectable from one to 
twelve bytes. 

o Programmable timeout for selection and 
reselection. 

o 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. 

o Special "Translate Address" command 
performs the Logical-to-Physical address 
mapping. 

o "Combination" commands greatly reduce 
interrupt-handling responsibilities. 

o 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. 

o Burst data transfers up to 4096 bytes. 

o Data transfer options include programmed I/O, 
single-byte DMA, burst (multibyte) DMA, or 
direct bus access (WD bus) transfers. 

o Single +5 V supply. 

o Available in 44-pin chip carrier or 40-pin DIP. 

o 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 ID 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 to detect possible data corruption and unex­
pected 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 send or 
receive Queue-tag messages at appropriate points 
in the SCSI bus sequence. The host via two bits in 
the DESTINATION ID 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 host regarding the type of Queue-tag message 
received, including whether the initiator sent a mes­
sage or not, and the actual queue tag. 

INTRODUCTION 

These commands also support the LUNTAR bit in 
the Identify message. By setting the corresponding 
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 
next 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 I/O 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 
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MR 40 28 SOP 
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ACK 26 RE 
ORO S06 

REO 25 WE 
OACK S05 

Vee 24 CS 

WD33C93B 
INTRa S04 

(NC) 23 GNO 
DO - S03 

1/0 2 22 (NC) 
01 - S02 

MSG 21 AO 
02 GNO 

GNO 20 07 03 S01 -
C/O 5 19 06 04 SOO 
BSY 6 18 05 05 SOP 

7 8 9 10 11 12 13 14 15 16 17 
06 ALE 

07 RE -I~ ~IOI~ ~ a 0 ~ N M 3 --'a:uOa: oooo AO WE Uo<C f-
o ~ GNO cs 

Figure 1. 44-Pin Chip Carrier Figure 2. 4O-Pin DIP 

2.1 PROCESSOR/DMA INTERFACE 

NAME 1/0 FUNCTION 

ClK I 8-20 MHz square wave clock 

MR- I Reset is an active-low input which forces the 33C93B into an idel state and 
forces all SCSI signals to the negated 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 register clears this bit. 

RE- 1/0 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 DRa active in WD Bus mode). 

AO I Address Pin AO is used to access the internal registers for non-multiplexed 
addressldata busses (i.e.; 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 reQister is then accessed when AO=1. 
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NAME 110 FUNCTION 
ALE I Address Latch Enable is used for multiplexed address/data 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 DMAAcknowledge is an active-low input used for (RCS-) interfacing to an 
(RCS-) external 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, an open-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 external circuitry (e.g. a pullup resistor) to an inactive state and 
should not be left floatinQ. 

DRQ- 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, DRQ- and DACK- form the handshake for the DMA data 
transfers. In Burst mode, DRQ- remains low so long as there is data to 
transfer; in Single-byte DMA mode, DRQ- toggles for each byte. Since this 
pin is an open drain output, a pullup resistor may be required when operat-
ing in these modes. In WD Bus mode, this pin becomes the DRQ 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. 

D7 - DO I/O Processor data bus. 
DP I/O Data Parity is used only for checking and generating parity during data trans-

fers. 
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2.2 SCSI INTERFACE 

NAME 
ATN-

REQ-

ACK-

MSG-

C/O-

1/0-

S07-

SOO-

SOP-

BSY-

SEL-

SCSI 
BUS 

1/0 

I/O 

1/0 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

l/a 

WD33C93B 

FUNCTION 
ATN- is an output in the initiator role and an input in the target role. Its 
assertion indicates the ATTENTION condition. 

REQ- is an input in the initiator role and·an output in the target role. It indi-
cates a request for a data transfer. 

ACK- is an output in the initiator role and an input in the target role. It indi-
cates an acknowledgement of a data transfer. 

MSG- is an input in the initiator role and an output in the target role. The tar-
get 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. 

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 in-
itiator. 

SCSI data bus. 

SCSI data bus. 

SCSI data bus parity signal. 

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. 

INTERNAL 
BUS 

'+_"'~~ REGISTER FILE 
... AND STACK 

~HHcOiS~T"IN~T~ERlRF~ACCEE~---- CS 
14--.... (--+1 DATA BUFFERS 

~~~R~I~~G~E~N/~C~HK~(---~~RE 
WE 

~7 

do 
DP 

~-----. DRQ 
L..::==:..J~-------j~ DACK 

Figure 3. WD33C93B Block Diagram 
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3.0 WD33C93B REGISTERS 

REGISTER MAP 
AO RIW REGISTER ACCESSED ADDRESS 

(HEX) 

0 R Auxiliary Status Register XX 
0 W Address Register XX 
1 RIW Own ID Register . /CDB Size 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 RIW 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 RIW 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 (MSB) 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 Cound Register (MSB) 12 
1 RIW Transfer Cound Register (2nd Byte) 13 
1 RIW Transfer Cound Register (lSB) 14 
1 RIW Destination ID Register 15 
1 RIW Source ID Register 16 
1 R SCSI Status Register 17 
1 RIW Command Register 18 
1 RIW Data Register 19 
1 RIW Queue Tage Register 1A 

NOTE: 1. All unused. bits of a defined register are reserved and must be zero. 

30-6 

2. Reading an undefined or unavailable register results in an all-ones data bus output. 
3. Register addresses are determined by the ADDRESS register bist AR7 through ARO. 
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 1 F hex. 

5. See section 3.2 for a description of how reset affects the internal registers. 
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3.1 REGISTER DESCRIPTIONS 

3.1.1 Auxiliary Status Register 

The AUXILIARY STATUS register, a read-only 
register, contains general status information 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 DMA/Burst mode or RCS- asserted in 
WD bus mode). 

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·DATA BUFFER READY 
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 ID 
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 ·DATA BUFFER READY 
FIFO FULUEMPTY indicates when the 
FIFO is full or empty depending on the 
direction of the transfer. (see 3.1.22) 

Bit4 CIP ·DATA BUFFER READY 
COMMAND IN PROGRESS indicates that 

WD33C93B 

the 33C93B is interpreting the last com­
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. 

BitS LCI ·DATA BUFFER READY 
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·DATA BUFFER READY 
INTERRUPT PENDING reflects the state 
of the INTRQ pin. When set, the host 
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 AD 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 the ADDRESS register 
by writing (CS- and WE- asserted) to the 
33C93B with AO=O.The second cycle, with 
AO=1, then reads (CS- and RE- asserted) or 
writes (CS- and WE- asserted) the selected 
register. Every cycle with AO=1 increments the 
ADDRESS register except when accessing 
the DATA or COMMAND registers. In indirect 
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addressing, the AUXILIARY STATUS 
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. 

WD33C938 REGISTERS 

Bit 5 RAF-REALLY ADVANCED FEATURES 
REALLY ADVANCED FEATURES, when 
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-HAL T on SCSI PARITY ERROR 
The HALT on 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 
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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 
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. 

Bit 1 HA-HALT on ATTENTION 
The HALT on ATTENTION bit (target 
mode only) enables the 33C93B to ter­
minate a Send or Receive command if the 
initiator asserts ATN-. The 33C93B nor­
mally tests for the ATN-condition before 
the start of a data transfer, on 4096 byte 
boundaries, and after the end of the trans­
fer. If the Immediate Halt feature is 
enabled, an Abort command will be is­
sued upon recognition of the ATN-condi­
tion. These rules apply to both 
synchronous and asynchronous transfers. 

Bit 2 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 

WD33C93B 

command, provides support for over­
lapped SCSI operations. In the target 
role, the IDI 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-HALT on 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. How­
ever, 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 I/O MODE or no DMA enabled. The host must poll 
for DBR in the AUXILIARY STATUS register and then, 
depending 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 controller 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 DRO- pin becomes the 
DRO 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 func-
tions of the RAM buffer. Transfers will continue in a burst man-
ner until the transfer is complete or until the external buffer 
logic pauses the transfer by negating the DRO signal. One 
transfer may occur after DRO 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 byte. The DMA controller transfers 
the byte by asserting WE- or RE- while asserting DACK-. 

3.1.5 Timeout Period Register 

The TIMEOUT PERIOD register $tores 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 (as­
serted SEL- and negated BSY-) before terminating 
the command. Loading this register with zero dis­
ables the timeout feature. For a desired timeout 
period, the register value depends upon the input 
clock frequency, 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-
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Command-Complete message (bit 0=1). In 
the latter case, bit 1 of CDB12, the FLAG bit, 
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 for the 
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. 

3.1.13 Cylinder Number Register 

The CYLINDER NUMBER register contains a 16-
bit value specifying the resulting cylinder number 
following a Translate Address command. 
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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 * head s -
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 ID 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 Wait-for-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 Iden­
tify message with the TRN bit set only if the host 
issues the command with the SBT bit in the COM­
MAND 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. 
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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 Synch ronous 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 
divisor selected in the OWN 10 register, and the 
setting of the FSS bit. 
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The FSS bit has effect only when operating with an 
input clock frequency of 16-20 MHz, i.e. the divisor 
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 0-30Fx - OFFSET 

3 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 

1 
1 
1 
1 

The OFFSET bits specifies the desired of­
fset according to the following table: 

2 1 0 SELECTED OFFSET 
0 0 0 o Note 1 
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 

Note 1 - Asynchronous data phase transfers. 
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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 SCSI/wD-BUS 
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(SCSI REQ/ACK Synchronous Pulse Width 
TRANSFER PERIOD and WD-BUS RE- /wE- Pulse Width 

0 0 X 8 cycles (4 cycles) 

0 1 0 2 cycles (1 cycle) 

0 1 1 3 cycles (1 cycle) 

1 0 0 4 cycles (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 synchronous transfer when the input clock frequency is less than 16 MHz, it is calculated as follows: 

DIVISOR (from OWN 10) 
CYCLE (J.L 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 (J.L 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. 

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 
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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 ID register stores the encoded 
SCSI bus ID 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 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 
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 
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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 I D register is used to report the SCSI 
bus ID of the device that has selected or reselected 
the 33C93B. It also contains bits that enable and 
control response to selection and reselection. 

Bit 2-0 Six - SOURCE 10 
SOURCE ID Bits 2-0, valid only if the SIV 
bit is set, indicate the SCSI bus ID of the 
device that selected or reselected the 
33C93B. 

Bit 3 SIV - SOURCE 10 VALID 
SOURCE ID VALID is set to one when the 
33C93B is selected or reselected and the 
other SCSI bus device asserted its own 
bus ID bit during the Selection/Reselec­
tion phase. This bit is zero if only the 
bus ID bit of the 33C93B was asserted. 

Bit 5 DSP DISABLE SELECT PARITY 
DISABLE SELECT PARITY, when set, 
causes the 33C93B to ignore the bus 
parity when responding to selection or 
reselection. 
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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 INTRa assertion. The 33C93B asserts 
INTRa whenever a condition occurs that requires 
intervention by the host. For example, 

- the 33C93B has been reset; 
- the command completed successfully; 

STATUS CODE 
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- the bus phase changed; 
- an error occurred. 

After assertion of INTRa, 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---Disconnected, Target, or Initiator­
--from which the Status Code can occur. The MCI 
field refers to the signals that define a SCSI bus 
information transfer phase: MSG-, C/D-, 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 REQ­
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 
Message In phase 111 

RESET STATE INTERRUPTS 
STATUS CODE STATE SPECIFIC MEANING 

0000 0000 DT1 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 33C93B 
is disconnected. 

0000 0001 DT1 33C93B Reset. The device has successfully completed 
a Reset command with advanced features enabled. The 
new state of the 33C93B is disconnected. 

SUCCESSFUL COMPLETION INTERRUPTS 
STATUS CODE STATE SPECIFIC MEANING 

0001 0000 D A Reselect command completed successfully. The new 
state of the 33C93B is connected as a target. 

0001 0001 D 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 suc-
cessfullv (ATN- is not asserted). 

0001 0100 T A Receive, Send, Reselect-and-Transfer, Wait-for-Select-
and-Receive, or Send-Status-and- Command-Cpmplete 
command completed successfully (ATN- is asserted). 

0001 0101 DT A Translate Address command completed successfully. 
0001 0110 I A Select-and-Transfer command completed successfully. 

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 

itvpe (SCSI bus phase) requested. 
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PAUSED OR ABORTED INTERRUPTS 
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 messaqe. 

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 corrupting 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 
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 fol-
lowing 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-
ecutin~ a Select-and-Transfer in advanced mode. 

0010 1MCI - Reserved for future use. 
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TERMINATED INTERRUPTS 
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 
33C938 is disconnected. 

0100 0010 0 A timeout occurred during a Select or Reselect com-
mand. The state of the 33C938 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 Logical Address exceeded the disk boundaries. 

0100 0110 I A target whose SCSI bus device 10 does not match the 
bus 10 set in the DESTINATION 10 register has 
reselected the 33C938 during a Select-and-Transfer com-
mand. This interrupt occurs when the 33C938 is not in ad-
vanced mode. The state of the 33C938 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. 
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SERVICE REQUIRED INTERRUPTS 
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 reselected 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 command bytes expected. The new state of the 
33C93B is connected as a target. (Advanced 
mode only) 

1000 1MCI I The REO 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. 

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" command when the BSY bit is set. 

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. 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 
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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 DMAlWD 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 FIFO 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 I/O 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 I/O 
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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 ID 
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 

WD33C938 

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 Sedn-Status-and-Command-Complete 
OE Send-Disconnect-Message 

OF Set IDI 

10 Receive Command 
11 Receive Data 
12 Receive Message 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 Leyels' 
I = Level I command 
II = Level II command 
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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 

DT II 
DT II 
D,T II 
T II 
T II 

D, T, I I 

T 
T 
T 
T 
T 
T 
T 
T 

D,T II 

I II 



COMMANDS 

4.2 33C93B COMMAND TYPES 

The 33C93B command set consists of two types of 
commands: Level I 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 Level II 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 IDI bits in the CONTROL register and 
the SCC bit in the DESTINATION ID register 
enable and control chaining of target combinations 
command. Linking commands further decreases 
interrupt overhead by creating longer phase se­
quences. When using command chaining, the host 
must initialize all commands in the chain prior to 
starting the sequence. 

4.3 33C93B SPECIFIC FEATURES 

The 33C93B incorporates two sets of features, both 
of which cause itto 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 
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generates additional interrupts, described below, 
making it incompatible with the 33C93A. 

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 ID 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 ID does not match the one in 
the DESTINATION ID register causes an interrupt 
immediately after the reselection handshake __ 
finishes. In advanced mode, the 33C93B will con-~ 
tinue 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. Ifthe 
33C93B was executing a Select-and-Transfer com-
mand, 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 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 if desired. 

Any message other than a valid Identify message 
will result in an unexpected message in phase 
interrupt. 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 fea­
ture 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 1F 
hex), group 1 (opcodes 20 to 3F hex), and group 5 
(opcodes AD to BF hex) commands respectively as 
six, ten, and twelve byte commands. All other 
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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
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 CDB 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 CDB from the initiator, the 33C93B 
examines the first CDB 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 CDB 1 ST register, to determine the TOTAL 
command length, which it then places into the 
CDB 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 mismatch 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 DESTINA­
TION ID 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 DF bit in the DESTINATION ID 
register disables this feature. 
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4.3.2 Really Advanced Features 

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 corruption caused by noise on the 
REQ- and ACK- signals, 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 
ID 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 cu rrent 
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 ID bits from the SCSI bus while 
maintaining assertion of SEL-. If the target 
does not respond within at least 200 us 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. 
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Abort processing will not ,complete until the 
contents of the FIFO are flUshed to the host. 

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 
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negate ACK- before generating an interrupt in the 
following cases: 

- after successful completion of a Message-In 
Transfer Info command; 

- 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 II 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 OES­
TINATJON 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 (8x hex) 
will occur. 

Should the 33C93B win the arbitration, it asserts 
SEL- and ATN-, places the target and initiator Bus 
lOs 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 PERIOO 
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/D- 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 1/0- pins is not as­
serted; the type of the Receive command selected 
determines the state of the C/D- and MSG- outputs 
according to the following chart (1 =asserted): 

RECEIVE COMMAND OP- MSG C/O I/O 
TYPE ~ODE 

Receive Oommand 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 33C938 detects a parity error on one of 
the received data bytes when Halt­
on-SCSI-Parity is enabled; 

- The 33C938 detects ATN- when Halt-on-ATN 
is enabled; 

- The 33C938 detects a transfer protocol error; 

- The host aborts the Receive command; 

- The host issues a Disconnect command; or 

- The 33C938 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 33C938 ina 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 
33C938 evaluates the contents of the 
SYNCHRONOUS TRANSFER register. Any offset 
other than zero selects synchronous transfers. The 
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minimum transfer period applies to both 
synchronous and asynchronous transfers. The 
33C938 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/D- and MSG- pins 
and the type of data that is transferred. These 
commands, 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/D- and MSG- ~I 
outputs according to the following chart (1 =as- .. 
serted): 

SEND COMMAND OP- MSG C/O I/O 
TYPE PODE 

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 33C938 detects a parity error on one of 
the received data bytes when Halt­
on-Host-Parity is enabled; 

- The 33C938 detects ATN- when Halt-on-ATN 
is enabled; 

- The 33C938 detects a transfer protocol error; 

- The host aborts the Receive command; 

- The host issues a Disconnect command; or 

- The 33C938 resets because of a Reset 
command or assertion of MR-. 
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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 
the number of bytes not yet transferred in the 
TRANSFER COUNT register. 

In the case ofthe 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 REQ- 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 
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indicates that the FIFO contains data available for 
the host to read. 

The Transfer Info command normally terminates or 
pauses after the specified number of bytes has 
been sent or received. For a non- Message-In 
transfer, the 33C93B will generate a "successful 
completion" interrupt after the target asserts REQ­
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 33C93B resets 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-
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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. 

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 
unexpected 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 asynchronous 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 ~Iso 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. 
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An overflow during any calculation will result in a 
"terminated" interrupt. 

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 
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 
~essage 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 
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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 
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 exclusive-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 
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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 
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 tlien 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 res election, 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 
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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 
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. 
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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 
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 IDI bit to allow the host to reinitialize the external 
DMA controller. 

The start of the 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 interrupt 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 message has been sent to the target. 

21 The Tag message code has been sent to the target. 

22 The Queue tag 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 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 
Tall messaRe from the tarllet. 

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-
I get. 

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 tag message is expected. 

71 The 33C93B has received a Simple-Queue Tag message. 

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 I/O 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 target selection is complete. 
20 Resume after Identify message out. Command or message phases are expected; 

an implied Negate 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-

sage In as well. An implied Negate 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. 

4.6.2 Reselect-and-Transfer (OA and 08 hex) 

The Reselect-and-Transfer commands consist of 
the Reselect-and- Receive-Data and the Reselect­
and-Send-Data commands. These commands 
cause the 33C938 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; 
Chain to Send-Status-and-Command­
Complete; 
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• 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 
register are not both zero, a Simple-Queue Tag 

/ 
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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. 

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 
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 Identity Message Out. 

20 Resume after Identity 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. 
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4.6.3 Wait-for-Select-and-Receive (OC hex) 

The Wait-for-Select-and~Receive causes the 
33C93B 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 this 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 message and the Tag message, if any, from 
theinitiator. 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 
DESTINATION 10 register and places the queue 
tag into the QUEUE TAG register. Normally, the 
Wait-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 
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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 
normally 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 
Send-Disconnect-Message command. Completion 
of this sequence causes 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 33C938 has not been selected. The 33C938 is in the disconnected state. 

10 The 33C938 has been successfully selected by the initiator. The 33C938 is now 
in the connected-as-a- taroet state. 

20 The 33C938 has received a message byte (Identify) from the initiator. The TAR-
GET LUN register holds the byte. 

21 The 33C938 has received a message byte (Tag code) from the initiator. The 
QUEUE TAG register contains the byte. 

22 The 33C938 has received a message byte (Queue Tag) from the initiator. The 
QUEUE TAG register contains the byte. 

30 The 33C938 is ready to begin Command phase. The SCSI bus phase lines and 
REQ- have not been asserted. 

31 The 33C938 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 reoister. 

3x The 33C938 has transferred x command bytes from the initiator. 

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 33C938 is operating in the connected-as-a-target state. When resuming this command, the 33C938 
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. 

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 CDB12 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: 

- CDB12 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. 

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 III 
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. 

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 IDI 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; typically, ATN- was found to be asserted. 
41 The Save-Data-Pointer message 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. 
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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 V 
VIL INPUT LOW VOLTAGE 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 mA 

VOL2 OUTPUT LOW VOLTAGE (ALL 0.4 V 10=4.0 mA 
OTHERS) 

ICC SUPPLY CURRENn 36 mA Ta = +25" C 

(1) REQ- and ACK- will sink 57 mA at 0.5 volts. 
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6.0 TIMING CHARACTERISTICS 

Timing characteristics are valid over the entire 
operating temperature (O 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 DRQ- 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 
REQ- for at least 200 ns. If the initiator takes more 
than 200 ns from the leading edge of REQ- to assert 
ACK-, then the 33C93B will release REQ- within 
175 ns. However, if the initiator responds with ACK­
within 200 ns of REQ-, 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 REQ- 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 

WD33C938 

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 
frequency, 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 III 
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 
teh CLOCK HIGH 20 ns 
tel CLOCK LOW 20 ns 

i· te p .J elK / \ \ 
:..:: te H ., :. tel~ 

Figure 4. Clock Timing 

6.1.2 MR-

SYMBOL CHARACTERISTIC 
tmr MR- PULSE WIDTH 

, .... ~--- t M R ------l.~i 

MR --------~\~! __________ ~v~-----------

Figure 5. MR- Timing 
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6.1.3 Processor Write (Indirect Addressing) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tavwl AO VALID TO WE- LOW 0 ns 
tel wi 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 
twheh 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 

~~ tCLWL ~...-- ~ tWHCH ~...--
-
CS 

: 
tWE tWHNL ~ ... T ·L -

\. WE 

:~ tDvWH----..i ... 
tWHDI .: 

pO-D7, DP XXXXXXXXXXXXXXXXXXXXxxx YJXXXXXXXXXXX 

Figure 6. 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 

'''-- tAVRL~ ~ tRHAI ,~ 

AO 

~: tCLRL :~ ~ tRHCH !~ 

CS 

01( tRE t tRHRL ·L RE \' 
tRHDI 

tRLDV -----.j :....- ,0lil( »: 
pO-D7, DP 

j \ 
\ I 

Figure 7. 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 
talwl ALE LOW TO WE- LOW 
tclwl 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 

~itAHAL~ 
ALE 

CS 

WE 

----....i tAVAL : tALAI 

PO-D7, DP ~ ADDRESS 

MIN 

40 
0 
90 
0 

120 
70 
-5 

0 
100 
40 

Figure 8. Processor Write (Direct) Timing 
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MAX UNITS 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

1000 ns 
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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 

~itAHAL~ 
ALE 

i ---.l tCLRL i~ ~ tRHCH i~ 
--~'~\i / \ 
"I ' '----I 
~ tALRL ----...: II( tRE .. : II( tR HRL ---l.~: 

CS 

RE : \ Ii L 
------..! tAVAL : tALAI i~~!~--t-R-LD-V-~-""!---'!-< tRHDI >! 

:. : r------"""'\: :r---------. 
0-D7, DP ADDRESS 

Figure 9. 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 ---.: ~ tOHOL ~ 
ORO (OUT)"\: Ii-: -------+-------.\ 

! ~---

---..i tOLWL ,..- ~:::. tWHOH 1..-
OACK (IN) \: Ii-' ------,L 

WE 

lOll( tWR ----:l.~:! .... OII(E__---tw HWL-----:l.~:: 

------~\~: __ ~ __ ~/ri ----------~~ 
AA~lAA,~AA,AAJ~AAAA~/\AAN:J~t-ov-W--H->+<-:---tw-H-O-I~i~ 

00-07, OP 

Figure 10. 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 DAKC- 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 
tdhql DACK- HIGH TO DRQ- LOW 0 ns 

~ tOLQH ---+i 1~ tOHQL ~ 
\ i Jr--. -----i---~\"--: __ ORQ (OUT) 

OACK (IN) 

------..! tOLRL !:..- ~:. tRHOH !..-

\~: --~----~~/~. --~~ 
! ..... E--- tRO ----:l .. ~ .. :! .... E_--- t R HR L---~"~; 

RE ----~\~I ~~I L 
-----..! tRLOV !. ..! tRHOI !..-

00-07, OP --------------~{~--------~)~. ----------

Figure 11. DMA Read Timing 
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6.1.9 WD-BUS Buffer Write 

SYMBOL CHARACTERISTIC 
tQhsl ORO HIGH TO RCS- LOW 
tslwv RCS- LOW TO WE- VALID 

two WE- PULSE WIDTH (1) 

twhwl WE- HIGH TO WE- LOW (A) 

twldv WE- LOW TO DATA VALID 
twhdi WE- HIGH TO DATA INVALID 
tqlsh ORO LOW TO RCS- TRISTATE 

tshwi RCS- TRISTATE TO WE- INVALID 

twhsh WE- HIGH TO RCS- TRISTATE 

tslwl RCS- LOW TO WE- LOW 

twlQI WE- LOW TO ORO LOW (2) 

tslQI RCS- LOW TO ORO LOW (3) 

(1) Two + Twhwl = 2*Tcyc 

(2) Guarantees that only one more byte will be transferred. 

(3) Guarantees that only one byte will be transferred. 

WD33C93B 

MIN MAX UNITS 

0 40 ns 
-5 20 ns 

1-10ns Tcyc 

1-10ns Tcyc 

20 ns 
1- ns 

8 10 Tcyc 

100 ns 

0 ns 

60 ns 

55 ns 

75 ns 

ORQ (IN) 

~ tQHSL >i ...... £:-----tSLQL ---~ • ..;: ...... E--- tQLSH .: 

~~: --~: --------~\~; -------1----1 
i....- tSLWL .:. tWLQL --.: ---..: tSHWI :~ 

------.\\-i __ ----:-_______ --'1 : 
----..i tSLWV : • i----two----.; t W HW L :. • : tw HS Hl.--

------'~ I \L....-i ----oJ1 
----..:tWLOV:""'-': tWHOI : _____ 

L 

-
ReS (OUT) 

WE (OUT) 

00·07, OP ----~ : X~------.)~------I 

Figure 12. 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 RCS- LOW 0 40 ns 
tslrv RCS- LOW TO RE- VALID -5 20 ns 
tro RE- PULSE WIDTH (1) 1-10ns Tcyc 

trhrl RE- HIGH TO RE- LOW (1) 1-10ns Tcyc 

tdvrh DATA VALID TO RE- HIGH 20 ns 
trhdi RE- HIGH TO DATA INVALID 0 ns 
tqlsh ORO LOW TO RCS- TRISTATE 8 10 Tcvc 
tshri RCS- TRISTATE TO RE- INVALID 100 ns 

trhsh RE- HIGH TO RCS- TRISTATE 0 ns 

tslrl RC$- LOW TO RE- LOW 60 ns 
trlql RE- LOW TO ORO LOW (2) 55 ns 
tslql RCS- 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. 

--.l tOHSL ~ ..... c:~---tSLOL -----} • .:: ...... c:~- tOLSH .; 
, : 

J ,\~! ____ ~:---
~ tSLRL -----..;.- tRLOL ~ -----..i tSHRI i~ 

--~\, I,' , 
~·--------~i--------------------------J· 

~! tSLRV ! .... c:c-----i.~: tRO--.jtR HRL !c: .: tR HSH~ 

__ -----" \' I! \ / L 

ORO (IN) 

;--

~CS (OUT) 

RE (OUT) 

~: 'OVRH! tRHOI!~ 

00-07 OP ~~-.JX"--------''I:IttIt/!I:ItI 

Figure 13. 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 DRQ- 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 DRQ- LOW 0 ns 

ORO (OUT) 1 \,,--1 _ 

Figure 14. 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 0 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 0 ns 
trhdi RE- HIGH TO DATA INVALID 5 40 ns 
tdhql DACK- HIGH TO DRO- LOW 0 ns 

~i tRLOH !~ 
-

" / \ ORO (OUT) 

i -: tRHOH tOHOL !~ --
OACK (IN) \, n / 

~ tOLRL .. : ... tRO 

T 
tRHRL !...- ) RE \ \ 

~tOLOV ~: ~ tRHOV ~---.i tRHOI !--c:------

00-07, OP 4 X X X 0 

Figure 15. Burst DMA Read Timing 
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6.1.13INTRQ 

SYMBOL CHARACTERISTIC 

tihrl INTRa HIGH TO RE- LOW 
tri RE- PULSE WIDTH 

trhil RE- HIGH TO INTRa LOW 

tilih INTRa LOW TO INTRa HIGH 

INTRQ _--II 

MIN 

0 
180 
0 

100 

i~tRHIL 
! 

MAX 

100 

: tlLlH . 
-----..: 01( .: 

\1 / 

WD33C93B 

UNITS 

ns 
ns 

ns 

ns 

RE 

r-- tRI ----'i 
--------~\~i ____ ~/~-----------------

Figure 16. 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 10 OUT ,50 50 ns 

tblsl BSY- OUT LOW TO SEL- OUT LOW 2.2 us 

BSY ~ \!-! __________ _ 

SEL 

OBx 

Igroup 

!.. tBLSL ----~ ... ~i 

\t..-l --:~tBLlO~ 

--------:---~\~--------

Tgroup - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: Tgroup signals driven by a target = 1/0, CIO, MSG and REQ. 

Igroup signals driven by an initiator = ATN and ACK. 

Figure 17. 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 

____________ ~I \~--~ 
:-< tBHBV >-:-< tSLSH >-: 

~ __________________ ~ ________ ~/r' ---
tSLOO :..--

BSY 

SEL \ 
~; 

.. 
OBx ----------~(============================================= i~ tOVAO ~:~ tAOBH~: 

ATN --------------~(~\ -----------------------
ACK I 

Tgroup - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: Tgroup = signals driven by a target = 1/0, CIO, MSG and REQ. 

Figure 18. Timing-Initiator Selecting a Target 

ADVANCE INFORMATION 12110190 30-55 



WD33C93B TIMING CHARACTERISTICS 

6.2.3 Response To Selection (As A Target) 

SYMBOL 
tslbh 
tivbh 

tbhbl 

tbloi 

tblsh 
tavsh 
tshio 

BSY 

SEl 

DBx 

ATN 

ACK 

Tgroup 

30-56 

CHARACTERISTIC MIN MAX UNITS 
SEL- IN LOW TO BSY- IN HIGH 0 ns 
"OR-ED" 10 VALID IN 0 ns 

TO BSY- IN HIGH 
SEL- LOW, 10 VALID, BSY- HIGH 0.4 200 us 

TO BSY- OUT LOW 
BSY- OUT LOW 0 ns 

TO "OR-ED" 10 INVALID IN 
BSY- OUT LOW TO SEL- IN HIGH 0 ns 
ATN- VALID IN TO SEL- IN HIGH 0 ns 
SEL- IN HIGH TO Tgroup OUT 100 ns 

______ ~I \~ ______________ __ 
--'f t'lBH ~- tBHBl ~ tBlSH . I 
~ tIVBH:___ ~! tBlOI l~ 

----~(~--------------~)~: ~----------­
~ tAVSH i"'--

--------------------~(~--~------------

......... --- ........ __ .... _ .. _-----_ ............. __ ................ __ .... __ ......... _ .. - .... - .. oo ........ -- ... -

~ tSHIO 

- -
NOTE: Tgroup = signals driven by a target = 1/0, C/D, MSG and REO. 

Figure 19. Timing-Target Response 
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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 I/O AND Tgroup OUT VALID 
tiobh I/O 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 ----------------~f \~--~--
!---- tBHBV ~< tBLSH >-! . : I 

SEL \ 

i--tSLOO ~ 
OBX' :(r----------;.----------

------.! tOVIO>-:"- tIOBH~! 

I/O 
---------i---4\~ _____________ ___ 

Tgroup 

Igroup - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: Tgroup signals driven by a target = C/O, MSG and REO. 

Igroup signals driven by an initiator = ATN and ACK. 

Figure 20. Timing-Reselecting a Target 
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6.2.5 Response To Reselection (As An Initiator) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tslbh SEL- IN LOW TO BSY- IN HIGH 0 ns 

tivbh "OR-ED" 10 VALID IN 0 ns 
TO BSY- IN HIGH 

tilbh 1/1- IN LOW TO BSY- IN HIGH 0 ns 
tbhao SEL- LOW, 10 VALID, BSY- HIGH 100 ns 

TO Igroup OUT 
tavbl Igroup VALID OUT TO BSY- OUT LOW 100 ns 

tbhbl BSY- IN HIGH TO BSY- OUT LOW 0.4 200 ns 
tbloi BSY- OUT LOW 0 ns 

TO "OR-ED" 10 INVALID IN 
tblsh BSY- OUT LOW TO SEL- IN HIGH 0 ns 
tshbh SEL- IN HIGH TO BSY- OUT HIGH 0 ns 

BSY --~~/ \~~~~--
!~tSlBH~""'- tBHBl ~!::::_ tBlSH ~~ tSHBH>1 

~~j --~----~~~I 
____ : 'IVBH :~ :_ tBlOI ~ 

SEl 

DBx ----(~! . }r---' --

~: tBHAO >j~tAVBl:~ 

Igroup \~------------------------------. . 
----i tllBH:~ 

1/0 --------~\~!---------------------------------------------

Tgroup - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - " - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOTE: Tgroup signals driven by a target = C/D, MSG and REO. 

Igroup signals driven by an initiator = ATN and ACK. 

Figure 21. 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 1/0- IN LOW TO DATA BUS TRISTATE 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- OUT HIGH TO PHASE CHANGE IN 0 ns 

SEl ~ .. 
~ tSHPC 

PHASE --------~X~-----------------------------------x=== 
\ C -

I/O 

---~ IllOT i .... ""'<-----,lI.~: IOVRl ~""O(:-------;l.~ IAlOI i~ 

DBx ___ ----'-----') (' X..----i--
.... 0(;---- tpCRl ----:.~i 

\ /, 
~i IRlAl IAlRH! tRHAHi 

~K------------------------~\ fr' -------

REO 

ATN 

NOTE: Phase = signals that define the bus = C/O and MSG 

Figure 22. Timing-Asynchronous Transfer 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 1/0- OUT LOW TO DATA OUT 800 ns 

tdvrl DATA OUT VALID TO REQ- OUT LOW 55 ns 
tpcrl PHASE CHANGE OUT TO REQ- OUT LOW 500 ns 
trial REQ- OUT LOW TO ACK- IN LOW 0 ns 

talrh ACK- IN LOW TO REQ- OUT HIGH 0 175 ns 

taldi ACK- IN LOW TO DATA OUT INVALID 0 ns 

trhah REQ- OUT HIGH TO ACK- IN HIGH 0 ns 
tahpc ACK- IN HIGH TO PHASE CHANGE OUT 100 ns 
tahrl ACK- IN HIGH TO REQ- OUT LOW 0 175 ns 

SEL --1 
~ tSHPC j ..... 

PHASE ------~~========================x,~----
1/0 \ A~_ 

:.- tlLDO >-j-< tDVRL>-j j~ tALDI ----...: 

DBx : {=====·===:·======X~~-_-_~~-_-_-_-_-_ 
j.....-- tpCRL ~i 

\t j: \<,--: _ 

----..jtRLAL j tALRH j tRHAH j tAHPC i ..... : 
REO 

ACK --------------~\ )~ tAHRL~ 

ATN 

NOTE: Phase = signals that define the bus = C/O and MSG 

Figure 23. Timing-Asynchronous Transfer as Target 
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6.2.8 Send Asynchronous Information Transfer Out (Acting As An Initiator) 

SYMBOL CHARACTERISTIC 
tshpc SEL- IN HIGH TO PHASE CHANGE IN 

tihdo 1/0- IN HIGH TO DATA OUT 

tpcrl PHASE CHANGE IN TO REO- IN LOW 

trial REO- IN LOW TO ACK- OUT LOW 

tdval DATA OUT VALID TO ACK- OUT LOW 
talrh ACK- OUT LOW TO REO- IN HIGH 

trhah REO- IN HIGH TO ACK- OUT HIGH 

trhdi REO- IN HIGH TO DATA OUT INVALID 
tahpc ACK- OUT HIGH TO PHASE IN CHANGE 

SEl J 
~ tSHPC 

MIN MAX 

0 
0 

400 
0 175 
55 
0 
0 175 

0 
0 

WD33C93B 

UNITS 
ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

PHASE ------~x~--------------------~x.~ __ __ 
I/O ____ .....Jf t'--__ 

i.-tIHOO .. [ .... ~~».,: tOVAL i~ 

----~~[( X'--__ --~x.~~-DBx 

!~ tpCRl ----..! !~tRHOI--.i 

REO \\ . / 
~!tRLAL [tALRH , tRHAH : tAHPC !~ 

ACK 
\,,--! _---J/ 

ATN 

NOTE: Phase = signals that define the bus = c/o and MSG 

Figure 24. Timing-Asynchronous Transfer Out as Initiator 
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6.2.9 Receive Asynchronous Information Transfer Out (Acting As A Target) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tshpc SEL- IN HIGH TO PHASE CHANGE OUT 100 ns 
tihdt 1/0- OUT HIGH TO DATA BUS TRISTATE 0 ns 
tpcrl PHASE CHANGE TO REQ- OUT LOW 500 ns 
trIal REQ- OUT LOW TO ACK- IN LOW 0 ns 
tdval DATA IN VALID TO ACK- IN LOW 0 ns 
talrh ACK- IN LOW TO REQ- OUT HIGH 0 175 ns 
trhdi REQ- OUT HIGH TO DATA IN INVALID 0 ns 
trhah REQ- OUT HIGH TO ACK- IN HIGH 0 ns 
tahpc ACK- IN HIGH TO PHASE CHANGE OUT 0 ns 
tahrl ACK- IN HIGH TO REQ- OUT LOW 0 175 ns 

SEl --f 
~ tSHPC 

PHASE ----------~~~--------------------------------~0~-----
1/0 ____ -JJ: ~'----

~ tlHOT >-:;....~-:J.~: tOVAl ,~, tRHOI :..-

DBx _ ___ ---:-__ -1):: :( ! X'r--:-----.~. ~:~--~~l,--~·~· ~---­
:~ tpCRl-------': 

\~i --t-----'I ! \>,---, _ 

~tRlAl tAlRHl tRHAH 1 tAHPC :..- i 

ACK -------------------------------,\"-________ -'A~- tAHRl ~ 

REO 

ATN 

NOTE: Phase = signals that define the bus = C/O and MSG 

Figure 25.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 REQ- IN LOW 0 
trldi REQ- IN LOW TO DATA INVALID 30 
trcvc REQ- IN CYCLE TIME 100 
trlrh REQ- IN LOW TO REQ- IN HIGH 30 
trhrl REQ- IN HIGH TO REQ- IN LOW 30 
talah ACK- OUT LOW TO ACK- OUT HIGH (1) HOns 
tahal ACK- OUT HIGH TO ACK- OUT LOW (1) HOns 
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 

UNITS 
ns 
ns 
ns 
ns 

ns 

Tcvc 
Tcvc 
ns 

-..: tOVRL tRLOI:"--

OBx -{r-------,Xr----t-! ----"""""\X,..---------
:..-- tRCYC ~! 

-\ I: \~! ---,I 
---..: tRLRH tRHRL: 

REQ 

tAHAL :~ 

ACK \! 1 \,,--: ----J/ 
!..- tAHPC~: 

PHASE __________________________________________________ ~xr-----

ATN 

NOTE: Phase = signals that define the bus = C/O, I/O and MSG 

Fig. 26.liming-Receive Synchronous Transfer In As 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 REQ- OUT LOW 55 ns 

trldi REQ- OUT LOW TO DATA INVALID 100 ns 

trlrh REQ- OUT LOW TO REQ- OUT HIGH {1} HOns Tcyc 

trhrl REQ- OUT HIGH TO REQ- OUT LOW {1} HOns 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 

PHASE ________________________________________________ ~X~----

ATN 

NOTE: Phase = signals that define the bus = C/O, I/O and MSG 

Figure 27. Timing-5end 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 CHARACTERISTlC MIN MAX UNITS 
tdvrl DATA VALID OUT TO REQ- OUT LOW 25 
rtrldi REQ- OUT LOW TO DATA INVALIF 35 
trlrh REQ- OUT LOW TO REQ- OUT HIGH (1) 1-10ns 
trhrl REQ- OUT HIGH TO REQ- OUT LOW (1) HOns 

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, tilda, and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL TO 
THOSE IN 6.2.7. 

(1) Trhrl + Trlrh = 2*Tcyc 

----..j tOVRL tRLOI :~ 

ns 

ns 
Tcyc 
Tcyc 
ns 
ns 
ns 
ns 

OBx -i~~----: -t-~-R-H-,t~t-R-H-R-L-+i~-----.X~-----------------------------

REO \ / \,,--1 _--JI 
---...: tALAH : tAHAL i"-

ACK -------,\ I \lj-i _----.Jl : 
i~ tACYC ~: i~ tAHPC ~: 

PHASE ________________________________________________ --JX~-----

ATN 

NOTE: Phase = signals that define the bus = C/O, I/O and MSG 

Figure 28. 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 
tdval DATA VALID OUT TO ACK- OUT LOW 55 
taldi ACK- OUT LOW TO DATA INVALID 100 
trcyc REO- IN CYCLE TIME 200 
trlrh REO- IN LOW TO REO- IN HIGH 50 
trhrl REO- IN HIGH TO !REO- IN LOW 50 
talah ACK- OUT LOW TO ACK- OUT HIGH (1) 1-10ns 
tahal ACK- OUT HIGH TO ACK- OUT LOW (1) 1-10ns 
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 

UNITS 
ns 
ns 
ns 
ns 
ns 

Tcyc 

Tcyc 
ns 

PHASE -----i-. --------+!--------------lX'---
~ tRLRH tRHRL:~ 

\ ___ ! ---1/ \~: ----J/ REQ 

--..: tALAH tAHAL:~ :..- tAHPC ---..: 
: ! 

ACK ------.,\i If \\--. _-J/ 
~: tOVAL tALOI:"'-

OBx ~~------~X~ __ ~X~------
ATN 

NOTE: Phase = signals that define the bus = C/O, 110 and MSG 

Figure 29. 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 REQ- IN CYCLE TIME 100 
trlrh REQ- IN LOW TO REQ- IN HIGH 30 
trhrl REQ- IN HIGH TO REQ- IN LOW 30 
talah ACK- OUT LOW TO ACK- OUT HIGH (1) 1-10ns 
tahal ACK- OUT HIGH TO ACK- OUT LOW (1) 1-10ns 
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 

UNITS 
ns 
ns 
ns 
ns 

ns 
Tcyc 
Tcyc 

ns 

PHASE -----;------_-----------------JX.'----
~j tRLRH tRHRL j...-

REO ,<--I _~/ \<--: _--,I 
~: tALAH 

ACK ----------\ Ii 

DBx -{'--_____ ---JX'--___ --'X'---____ _ 
ATN 

NOTE: Phase = signals that define the bus = C/D, I/O and MSG 

Figure 30. 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) 1-10ns 
trhrl REO- OUT HIGH TO REO- OUT LOW (1) 1-10ns 

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 

1/0 

MAX UNITS 
ns 

ns 
Tcyc 
Tcyc 
ns 
ns 
ns 
ns 

PHASE ______________________________________________ ~~.~---
------..: tRlRH tRHRL:~ 

REO \1:.-: _--II \1:.-: _--,I 
~: tALAH tAHAL ,..- :..- tAHPC ----..: 

ACK ------,\i l.. \1 / 
. ~! tOVAL '!-! -tA-L-OI~:~ 

OBx -{~--------;----,X Xr-----....,...-
!~ tACYC ------..' 

ATN 

NOTE: Phase = signals that define the bus = C/O and MSG 

Fig. 31. Timing-Receive Synchronous Transfer Out As Target 

30-68 ADVANCE INFORMATION 12110190 
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6.2.14 Arbitration To Bus Free 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
tslbh SEL- IN LOW 6+50ns Tcyc 

TO BSY- HIGH, DATA TRI-STATE 

BSY -------------------,,'-____ ----J/: 
. . . . 

SEL ------------------------------------~\~!~ ___ tS_L_B_H_~ __ ~! ________ ___ 

DBx ---------------------- x __________________________ x----------

Figure 32. Arbitration to Bus Free Timing 

ADVANCE INFORMATION 12110190 30-69 



WD33C93B TIMING CHARACTERISTICS 

6.2.15 Selection (As An Initiator) Or Reselection (As A Target) To Bus Free (Selection Timeout) 

SYMBOL CHARACTERISTIC MIN MAX 
ttade TIMEOUT OR ABORT 0 

TO DATA BUS CLEARED 
tdesh DATA BUS CLEARED TO SEL- OUT HIGH 201 
tshdt SEL- OUT HIGH TO DATA BUS TRISTATE 800 
tshih SEL- OUT HIGH TO entl TRISTATE 800 

BSY _______ ....11 

SEL ---------------~( 
tOCSH tSHOT 

OBx -------------,~----~~-----.. : tSHIH ~ 

Tgroup or ----------------------
Igroup 

NOTE: Tgroup = signals driven by a target = 1/0-, C/O-, MSG-, REO­
Igroup = signals driven by an initiator = ATN-, ACK-

Figure 33. Timing-5election to Bus Free 
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TIMING CHARACTERISTICS WD33C93B 

6.2.16 Connected-As-An-Initiator To Bus Free 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tbhdt BSY- IN HIGH TO DATA BUS TRISTATE 8+75ns Tcyc 
tbhgt BSY- IN HIGH TO Igroup TRISTATE 8+75ns Tcyc 

IBHDT • 
BSY --------------/ ---.. 
DBx 

tBHGT 

Igroup ________________ _ 

NOTE: Igroup = signals driven by an initiator = ATN-, ACK-

Figure 34. Timing-Initiator to Bus Free 
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6.2.17 Connected-As-A-Target To Bus Free 

SYMBOL CHARACTERISTIC 
tbhdt BSY- OUT HIGH TO DATA BUS TRISTATE 
tbhgt BSY- OUT HIGH TO Tgroup TRISTATE 

BSY -----------JI! 
~ 

OBx 

tBHOT 

tBHGT 

Tgroup ________________ _ 

TIMING CHARACTERISTICS 

MIN MAX UNITS 
8+75n5 Tcyc 
8+75n5 Tcyc 

NOTE: Tgroup = signals driven by an initiator = 1/0-, C/O-, MSG-, REQ-

Figure 35. Timing-Target to Bus Free 
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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 36 for a 
descripion of functional differences between the 
WD37C65A1B 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/de~oding, 
stepper motor control, and status sensing func­
tions: All inp~ts 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 
sy~tem. 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 
sta!us registers under system control also give 
vanous status and error information. The Control 
Register provides support logic that latches the 
two LSBs used to select the desired data rate that 
controls internal clock generation. The Operations 

WD37C65C 

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 oscillato~ 
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 
mWat32 MHz) 

• Power down mode with low standby current 
(ICC = 100J.lA 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) 
~8 rnA sink output drivers 
-Schmitt Trigger line receivers 

• Compatible with PD8080/85, PD8086 , 8088, 
80286, 80386SX, 80386, and PD78D (zao) 
microprocessors 

• On chip clock generation 

• Two TTL clock inputs for 40-pin DIP 
• Two XTAL oscillator circuits for 44-pin PLCC 

Western Digital is a registered trademark of Western Digital Corporation. 
Othe~ tradel!1arks m~nt.ioned here~n belong to their respective companies. 
Repnnted with permission of and licensed by NEC Electronics Inc. © 1985 NEC Electronics Inc. 
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• Automatic write precompensation 
-Disable option 
-Pin selectable inner track values of 125 or 

187 nanoseconds 

• Integrated high-performance DPLL data 
separator 
-lndustry standard error rates of 10<E-9 
-Data rates of 125, 250, 300, 500 

Kbits/second and 1 Mbitlsecond 
-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 

AD 
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PIN DESCRIPTIONS WD37C65C 

2.0 PIN DESCRIPTIONS 

D/P 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 ~ 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 WD37C65C 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 

1m 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 
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). D7 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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D/P PIN MNEMONIC SIGNAL NAME I/O FUNCTION 
NUMBER 

117 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.9...Q!. 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 RST 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. 

211 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. 

122 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. 

123 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. 

231 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. 

125 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. 

126 XT1 XTAL1 XTAL oscillator input requiring 16MHz or 32MHz 
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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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 
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. 

32/35 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 MOTORON 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 PIN DESCRIPTIONS 

DIP PIN MNEMONIC SIGNAL NAME 1/0 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 outf:!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 IDX 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-

8 BIT 
DATA 
BUS 

DRV -I 
RD 
WR 
CS 
AO 

DACK 
TC 

DMA 

IRQ 

LDCR 

LDOR 

CLKl 

CLK2 

WD37C65C 

pensation, data rate selection, clock generation, 
drive interface drivers and receivers. 
Figure 1 illustrates a block diagram of the 
WD37C65C Floppy Disk Subsystem Controller. 
Figure 2 illustrates a typical WD37C65C system. 

RS 
HDL 
STEP 

DISK 5iRC INTERFACE 
CONTROL RWC 
REGISTER 001-4 

TROO 

iDx 
WP 

DCHG" 

RDD 
WE 

WRITE WD 
PRECOMPENSATION PCVAL 

·PLCC version of WD37C85C only 

FIGURE 1. WD37C65C BLOCK DIAGRAM 
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W037C65C HOST INTERFACE 
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WD37C65C en 
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WE 26 !II "- 40 VCC 
...J 

1 RD WD 27 c( 
a: STEP 29 a: w 2 WR w J: DIRC 28 ...J a. 4 AO ..J a: HDL 35 0 a: w 16 IRQ 
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7-14 DBO-DB7 DS1 30 U 
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~ DS232 U 

DS3-M01 33 Lf 0 15 DMA a: J: 
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Wcl 3 CS a:o 
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t + 5V 

GNL -

CLOCK 
CKTS 

24 PCVAL VSS 31 

23 CLK1 
21 CLK2 

11- .. Indicates 
'IT' 150 ohm 

pull-up 

PLCC version of WD37C65 only. 

FIGURE 2. TYPICAL WD37C65 SYSTEM 

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 IRQ 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 IJ.S before reading the Main 
Status Register. Bits D6 and D7 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 D6 and D7 in the Main Status 
Register must both be 1 's (D6=1 and D!=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 
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HOST INTERFACE 

also that DB6 and DB7 in the MSR can be polled 
instead of waiting 12JlS. 
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!!lJ6 
(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 JlS for the MFM mode 
and 27 ~s for the FM mode), then it may poll the 
Main Status Register and bit D7 (RQM) functions 
as the Interrupt sjgmtl. 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. 
Note that in the non-DM.A 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 (IRQ = 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-

WD37C65C 

Iy 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 gatlng 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 .. 
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. 
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. 
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WD37C65C 

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 LSBs of 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 "deglitched," allowing continuous operation 
after changing data rates. If the Control Register 
is not useq, 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 

CR1 CRD 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 
1 1 x 125 K 

CONTROL REGISTER 

frequency of 32 MHz, unless the Control Register 
is used. Switching of this clock must be "glitch­
less" or the device will need to be reset. Table 1 
and Table 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 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 
I (AT/EISA mode) 

MFM 1 
FM 1 
MFM 0 
MFM,(9.6 MHz XTAL) 0 
MFM, RST Default 1 
FM, RST Default 1 
FM 0 

TABLE 1. CONTROL REGISTER CONFIGURATION -16 MHZ 

CR1 CRO DRV Data Rate Comments RPM 
I (AT/EISAmode) 

0 0 x 1M MFM 1 
0 0 x 500 K FM 1 

0 1 0 500 K MFM 0 
0 1 1 300K MFM,(9.6 MHz XTAU 0 
1 0 x 500 K MFM, RST Default 1 
1 0 x 250 K FM,MFM,RST Default 1 

TABLE 2. CONTROL REGISTER CONFIGURATION - 32 MHz 
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CONTROL REGISTER 

In AT/EISA mode, write precompensation can be 
disabled by a logic high on bit 2 of the Control 
Register. (See Table 4). 

CR1 CRO DRV Data Rate 

WD37C65C 

Comments RPM 
I (AT/EISA mode) 

0 0 x 300 K MFM 1 

0 0 x 150 K FM 1 

TABLE 3. CONTROL REGISTER CONFIGURATION - OPTIONS 

Bit Signal Name & Function Reset Condition Clock Qualifier 

0 Data Rate 0 None 

1 Data Rate 0 None 
2 No Write Precompensation 0 None 
3-7 Reserved None None 

TABLE 4. CONTROL REGISTER CONFIGURATION - AT/EISA MODE 
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WD37C65C 

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 the data bus. 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 MFM data rate is selected. (If 
250 kb/s MFM is selected, the delay is 24 !!S. If 1 
Mb/s is selected, the delay is 6 Ils.) For this 
reason, everytime the Master Status Register is 
read, the CPU should wait 12 !!S. The maximum 
time from the trailing edge of the last RO in the 
result phase to when OB4 (FOC busy) goes low is 
121ls. 

MASTER STATUS REGISTER 

The bits in the Master Status Register are listed in 
Table 6. The bits in Status Register 0 are listed in 
Table 7.The bits in Status Register 1 are listed in 

. Table B.The bits in Status Register 2 are listed in 
Table g.The bits in Status Register 3 are listed in 
Table 10. 

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. 

Bit Signal Name & Function Reset Condition Clock Qualifier 
0 Power down mode (POM) 0 None 
1-7 Reserved None None 

TABLE 5. AT/EISA MODE. MASTER STATUS REGISTER 1 CONFIG. 
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MASTER STATUS REGISTER WD37C65C 

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. 

DBS EXECUTION EXM This bit is set only during Execution phase in non-
MODE DMA mode. When DBS goes low Execution phase 

has ended and Results Phase has started. It 

Ell operates only during non-DMA mode of operation. 

DB6 DATA INPUT 010 Indicates direction of data transfer between FDC 
and Data Register. If 010=1, then transfer is from 
Data Register to the processor. If 010=0, then trans-
fer is from the processor to Data Register. 

DB? REOUESTFOR ROM Indicates Data Register is ready to send or receive 
MASTER data to or from the processor. Both bits 010 and 

ROM should be used to perform the handshaking 
functions of "ready" and '''direction'' to the processor. 

TABLE 6. MASTER STATUS REGISTER BITS 
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NO. 

07 

06 

05 

t04 

t03 

02 

01 

DO 

31-14 

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 

MASTER STATUS REGISTER 

DESCRIPTION 

07=0 and 06=0. Normal termination of command 
was completed and properly executed. 07=0 and 
06=1. Abnormal termination of command, (AT). Ex­
ecution of command was started but was not suc­
cessfully completed. 

07=1 and 06=0. Invalid command issue, (IC). Com­
mand which was issued was never started. 

When the FOC 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. 

USO This flag is used to indicate a Drive Unit Number at 
interrupt. 

TABLE 7. STATUS REGISTER 0 BITS 
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MASTER STATUS REGISTER 

NO. 

07 

06 

05 

04 

03 

02 

01 

DO 

BIT 

NAME 

END OF 
CYLINDER 

DATA ERROR 

OVERRUN 

NO DATA 

NOT WRITEABLE 

MISSING 
ADDRESS MARK 

SYMBOL 

EN 

DE 

OR 

NO 

NW 

MA 

WD37C65C 

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 10 
field or the data field, this flag is set. 

If the FDC is not serviced by the host system during 
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 8. STATUS REGISTER 1 BITS 
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BIT 

NO. NAME 

07 

06 CONTROL MARK 

05 

04 

03 

02 

01 

DO 

31-16 

DATA ERROR 

WRONG 
CYLINDER 

SCAN EQUAL 

SCAN NOT 

BAD CYLINDER 

MISSING 
ADDRESS MARK 
IN DATA FIELD 

SYMBOL 

CM 

DO 

WC 

SH 

SN 

BC 

MD 

MASTER STATUS REGISTER 

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 set. 

This bit is related to the NO bit, and when the con­
tents of' • 'C on the medium is different from that 
stored in the lOR, this flag is set. 

During execution of the SCAN command, if the con­
dition of "equal" is satisfied, this flag is set. 

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 NO bit, and when the con­
tents of C on the medium is different from that 
stored in the lOR 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 9. STATUS REGISTER 2 BITS 
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MASTER STATUS REGISTER 

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 

WD37C65C 

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 10. STATUS REGISTER 3 BITS 

• CRC - Cyclic Redundancy Check 
• • lOR - Internal Data Register 
••• C - Cylinder 

t - Different from NEC765 
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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 

DATA REGISTER 

The relationship between the Master Status 
Register and the Data Register and the signals 
RD, WR, and AO are shown in Table 11. 

Function 
Read Main Status Register 
Illegal 
IlIejlal 
lIIeoal 
Read from Data Register 
Write into Data Reoister 

TABLE 11. MASTER STATUS AND DATA REGISTERS RELATIONSHIPS 
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OPERA TlONS REGISTER WD37C65C 

8.0 OPERATIONS REGISTER cal latched port found in floppy subsystems used 
to control disk drive spindle motors and to select 
the desired disk drive. Table 12 represents the 
Operations Register. 

The Operations Register provides support logic 
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-

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 I (x) This must be a logic 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 on!yin AT/EISA mode. 
OR5 MOEN2 Motor On enable, inverted output M02 is active only in AT/EISA mode. 
OR6 (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 12. OPERATIONS REGISTER 
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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 00 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. 

BASE, SPECIAL, AND AT/EISA MODES 

9.3 AT/EISA Modes 

For AT/EISA compatibility, useILwrite 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 O. 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 s.!mQQrted 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 3 illustrates the relationship among the three 
modes. 

Read Master 
Status Reg. 

Hardware 
Reset 

FIGURE 3. FLOW DIAGRAM BASE, SPECIAL 
& AT/EISA MODES 
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10.0 POLLING ROUTINE 

After ~eset 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 ~or a c.hange in ~he 
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 

\ / 

DS2 \ 

DS4 

DS3 

WD37C65C 

after reset goes inactive, then IRQ may be al­
ready set and pending when finally en.abled 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 READ/WRITE 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 4 illustrates the 
Drive Select Polling Timing. 

/ 

\ / 

FIGURE 4. DRIVE SELECT POLLING TIMING 
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11.0 DEVICE RESETS 

The WD37C65C supports both hardware reset 
(RST) pin (19) and a software reset (SRST) 
throu'lh use of the Operations Register. The RST 
pin will cause a device reset for the active dura­
tion. RST causes a default tp 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 

DEVICE RESETS 

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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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 

WD37C65C 

loop performance. Figure 1 illustrates the 
WD92C32 used as the Data Separator in the 
WD37C65C system. Figure 5 illustrates the 
WD92C32 simplified block diagram. The bit jitter 
tolerance for the data separator is 60%, which 
guarantees an error rate of <10E-9. 
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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-

-1 DATA I 
SYNCHRONIZATION I I 

L-:- TRANSIENT 
RESPONSE 

WRITE PRECOMPENSATION 

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. 

r RDATA I I RE SYNCHRONIZATION I 
_SEPD 

t 

PHASE ~I SUMMER I _ SEPCLK 

§ STATE CORRECTIONS 
I 

w FILTERING 

Iii c f f f f w en 
~ DIGITAL -- 0.. - STEADY INC CONTROLLED 

STATE OSCILLATOR 
FREQUENCY DEC 

'---- FILTERING 

~ CLOCK GENERATOR I • SCLK 

I I 
REFCLK ~ 

f f 
CD1 COO 

FIGURE 5. WD92C32 SIMPLIFIED BLOCK DIAGRAM 
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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 13 presents the Clock Data Rate. Fig-

26 
XT1 A -:t;C4 

25 =r= -
XT1 ~C3 
XT2 23 

A ~C2 
22 =r= 

WD37C65C 

ure 6 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 8.0 2.0 500 KHz 

125 kb/s FM 4.0 2.0 250KHz 
300 kb/s MFM 9.6 2.4 600 KHz 

TABLE 13. CLOCK DATA RATE 

SERIES RESONANT 
XT2 

9.6 MHz ;t 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 
~C 

16.0 MHz:!; 100 ppm 32 MHz:!; ppm 
_ 1 R series = 30 ohm max R series = 47.2 ohm 

C shunt = 10 pf max C shunt = 2 pf max 
C3 = 47 pf 5% mica C3 = 30 pf 5% mica 
C4 = 15 pf 5% mica C4 = 30 pf 5% mica 

FIGURE 6. CRYSTAL OSCILLATOR CIRCUITS FOR 44 PIN PLCC 
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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 
multi byte 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 14 lists the 15 WD37C65C commands. 

PHASE R/W D7 D6 D5 D4 

COMMAND W MT MF SK 0 
W X X X X 
W C C C C 
W H H H H 
W R R R R 
W N N N N 
W EOT EOT EOT EOT 
W GPL GPL GPL GPL 
W DTL DTL DTL DTL 

EXECUTION 

RESULTS R STO STO STO STO 
R ST1 ST1 ST1 ST1 
R ST2 ST2 ST2 ST2 
R C C C C 
R H H H H 
R R R R R 
R N N N N 

D3 

0 
X 
C 
H 
R 
N 
EOT 
GPL 
DTL 

STO 
ST1 
ST2 
C 
H 
R 
N 

READ DATA 
READ DELETED DATA 
WRITE DATA 
WRITE DELETED DATA 
READ A TRACK 
READ 10 
FORMAT A TRACK 
SCAN EQUAL 

COMMAND PARAMETERS 

SCAN LOW OR EQUAL 
SCAN HIGH OR EQUAL 
RECALIBRATE 
SENSE INTERRUPT STATUS 
SPECIFY 
SENSE DRIVE STATUS 
SEEK 

TABLE 14. WD37C65C COMMANDS 

Tables 15 through 29 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. READ DATA 
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PHASE R/W 07 OS 05 04 03 02 01 DO REMARKS 

COMMAND W MT MF SK 0 1 1 0 0 Command Codes 
W X X X X X HS US1 USO 
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. 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 1S.READ DELETED DATA -
PHASE RIW 07 OS 05 04 03 02 01 DO REMARKS 
COMMAND W MT MF 0 0 0 1 0 1 Command Codes 

W X X X X X HS US1 USO 
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. 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 17. WRITE DATA 
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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 USO 
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 OTL OTL OTL OTL OTL OTL OTL OTL 

EXECUTION Data transfer between FOO 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 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 18. 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 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 EOr EOT EOT EOT EOT EOT EOT 
W GPL GPL GPL GPL GPL GPL GPL GPL 
W OTL OTL OTL OTL OTL OTL OTL OTL 

EXECUTION Data transfer between FOO and 
main system. FOO 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 19. READ A TRACK 
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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 USO 
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 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 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 20. 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 Sectors/Track 
W GPL GPL GPL GPL GPL GPL GPL GPL Gap 3 
W D D D D D D D D Filler Byte 

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 21. FORMAT A TRACK 
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PHASE RJW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W MT MF SK 1 0 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 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 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 22. SCAN EQUAL 

PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W MT MF SK 1 1 0 0 1 Command Codes 

W X X X X X HS US1 USO 
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 STP STP STP STP STP STP STP STP 

EXECUTION Data compared 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 23. SCAN LOW OR EQUAL 
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PHASE RIW 07 06 05 04 03 02 01 00 REMARKS 
COMMAND W MT MF SK 1 1 1 0 1 Command Codes 

W X X X X X HS US1 USO 
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 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 24. SCAN HIGH OR EQUAL 

PHASE RIW 07 06 05 04 03 02 01 00 REMARKS 
COMMAND W 0 0 0 0 0 1 1 1 Command Codes 

W X X X X X 0 US1 usa 
EXECUTION Head retracted to Track zero. 

TABLE 25. 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 0 0 0 0 1 0 0 0 Command Codes 
RESULTS R STO STO STO STO STO STO STO STO Status information about the FDC 

R PCN PCN PCN PCN PCN PCN PCN PCN at the end of seek operation 

TABLE 26. 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 27. SPECIFY 

PHASE RIW D7 D6 05 04 03 02 D1 DO REMARKS 
COMMAND W 0 0 0 0 0 0 0 0 Command Codes 

W X X X X X HS US1 uso 
RESULTS R ST3 ST3 ST3 ST3 ST3 ST3 ST3 ST3 Status information about the 

FDC. 
TABLE 28.SENSE DRIVE STATUS 

PHASE RIW 07 06 05 04 03 D2 01 DO REMARKS 
COMMAND W 0 0 0 0 1 1 1 1 Command Codes 

W X X X X X HS US1 uso 
W NCN NCN NCN NCN NCN NCN NCN NCN 

EXECUTION Head is positioned over 
proper cylinder on the 
diskette. 

TABLE 29. SEEK 
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Table 30 defines, in alphabetical order, the symbols used in Command Tables 15 through 29. 

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. -HLT 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 FM orMFM 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 30. COMMAND SYMBOL DESCRIPTIONS 
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SYMBOL 

R 

RIW 

SC 

SK 

SRT 

STO 
ST1 
ST2 
ST3 

STP 

NAME 

RECORD 

READIWRITE 

SECTOR 

SKIP 

STEP RATE TIME 

STATUS 0 
STATUS 1 
STATUS 2 
STATUS 3 

COMMAND PARAMETERS 

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. 

USO,US1 UNIT SELECT US stands for a selected drive; binary encoded, 1 of 4. 

TABLE 30. COMMAND SYMBOL DESCRIPTIONS (CONT'D) 
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COMMAND DESCRIPTIONS 

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
ber(''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 Read Data Command 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 (MFM/FM), and N (number of bytes/sector). 
Table 31 lists the Transfer Capacity. 

Multi- MFMI ~s Maximum Transfer Final Sector Read 
Track FM I c- CaI!8Ci!¥, From 
MT MF tor W~ ector) Diskettes 

N umber 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 31. 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 
at Sector 1, Side 0 and completing at Sector L, 

WD37C65C 

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 III 
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 ID 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 Field) 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. 

During disk data transfers between the FDC and 
the processor, via the data bus, the FDC must be 
serviced by the processor every 27 JlS in the FM 
mode, and every 13 ILs in the MFM mode, or the 
FDC sets the OR (Overrun) flag in Status Register 
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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 ID information in 
the Result phase is dependent upon the state of 
the MT bit and EOT byte. Table 32 shows the 
values for C, H, R, and N, when the processor 
terminates the command. 

Final Sector 

MT HD Transferred 10 IDwrrnatico at Besult Ebase 
to Procesor 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 32. 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 ID fields. When all four 
bytes loaded during the command (C, H, R, N) 
match the four bytes of the ID 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 FDe it continues 
writing into the current sector to complete the data 
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 ID field of each sector and 
checks the CRC bytes. If the FDC detects a read 
error (CRC error) in one of the ID fields, it sets the 
DE (Data Error) flag of Status Register 1 to a 1 
(high) and terminates the Write Data command. 
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(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 
• ND (No Data) flag 
• Head Unload Time interval 
• ID Information when the processor terminates 

command 

• Definition of DTL when N = 0 and when N ~ 

In the Write Data mode, data transfers between 
the processor and FDe via the data bus, must 
occur every 27 IJS in the FM mode and every 13 
J..ls in the MFM mode. If the time interval between 
data transfers is longer than this, then the FDe 
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 eM flag in Status Register 2 to 
a 1 (high), and then terminate the command. If SK 
= 1, then the FDe skips the sector with the Data 
Address mark and reads the next sector. 

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 FDe 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. 
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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 EOT. If the FDC does not 
find an ID 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 10 

The Read ID command is used to give the 
present position of the recording head. The FDC 
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 1 is 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. 

WD37C65C 

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- I!w. 
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 33 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 1/4" Minlflopp1 

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 
31/2" Sony Microfloppy 
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 33. 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 FOe cannot perform a ReadlWrite/format 
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 OFDO = OProcessor, OFOO~ 
o Processor, or OFDO ~ o Processor. 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 34 shows the status of bits SH and SN 
under various conditions of Scan. 
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Command SlIItulI Begl&te[ 2 
Bit 2=SN Bit 3=SH 

Comments 

Scan Equal 0 1 DFFO=D Processor 

Scan Equal 1 0 DFFD;tD Processor 

Scan Low or 0 1 DFFD=D Processor 

Equal 

Scan Low or 0 0 DFFD<D Processor 

Equal 
Scan Low or 1 0 DFFO>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 DFFO<D Processor 

Equal 
TABLE 34. 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 IJS (FM mode) or 13 /lS 
(MFM mode). If an Overrun occurs, the FDC ends 
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) 

PCN > 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 
ReadlWrite 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 
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 
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and the WD37C65A) or 77 step pulses 
(WD37C65B/C), the FDC 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. 

1S.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 ID 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, DB5 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. 

Seek End IDmrrypt CQdl Bllt5 
BitS Bit 7 Cause 

0 1 1 Ready Line changed state, either 
polaritv 

1 0 0 Normal Termination of Seek or 
Recalibrate command 

1 1 0 Abnormal Termination of Seek or 
Recalibrate command 

TABLE 35. INTERRUPT CAUSE 

The Sense Interrupt Status command is used in 
conjunction with the Seek and Recalibrate com-
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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 7. 

The Specify command sets the initial values for 
each of the three internal timers. The HUT (Head 
Unload lime) defines the time from the end of the 
Execution phase of one of the ReadlWrite 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
val between adjacent step pulses. This timer is 
programmable from 1 to 16 ms in increments of 1 
ms (F = 1ms, E = 2ms, D = 3ms, etc.). The HlT 
(Head load lime) 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 (ClK on pin 23). limes indi­
cated above are for a 16MHz clock; if the clock 
was reduced to BMHz, 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 ND (Non-DMA) bit. When this bit is 
high (ND = 1), the Non-DMA mode is selected; 
and when ND = 0, the DMA mode is selected. 

1S.12 Sense Drive Status 

This command may be used by the processor to 
obtain the status of the FDDs. Status Register 3 
contains the Drive Status information stored inter­
nally in FDC registers. 

1S.13 Invalid 

If an Invalid command is sent to the FDC (a com­
mand not defined above), then the FDC 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 (DIO and ROM) in the Main Status Register 
are both high (1), indicating to the processor that 
the WD37C65C is in the Result phase and the 
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FIGURE 7. SEEK, RECALIBRATE, AND SENSE INTERRUPT 

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 FDC 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 FDC in a standby or No Opera­
tion state. 
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Index Repeat N Times --------1 

FIGURE 8. WD37C65C FM MODE FORMAT 

Index 1----------- Repeat N Times 

FIGURE 9. WD37C65C MFM MODE FORMAT 

No. WD37C65/A1B 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 uA max. 
4. PCVAL pin for selecting the precomp PCVAL pin for selecting the precomp values 

values. and a feature to disable write precomp. 

TABLE 36. DIFFERENCES BETWEEN WD37C65/A1B AND WD37C65C 
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17.0 ELECTRICAL CHARACTERISTICS 

17.1 Absolute Maximum Ratings 

Operating Temperature OOC (32°F) to 70°C 
(158°F) 

Storage Temperature -55°C (-67°F) to 
+ 125°C (257°F) 

Voltage on any pin with -O.3V to VCC +O.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. 

WD37C65C 

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 (TA) I (158F) 
Power supply voltage +5V ± 10% 
(VCC) 
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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 Trigger 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 luA 
ILH Leakage Current High --- -10.0 luA 
ICC Supply Current - 100 uA 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 luA1 

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 
Note 2. Includes DBx, IRQ and DMA; 10 = -5.0 mA Vol = O.4V. 
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 (High 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 

tOF DB To Float Delay From RD Hioh 

WD37C65C 

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 
High 

tWW WRWidth 60 --- nS 

tOW Data Set Up Time To WR High SO --- nS 

tWO 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 Hioh 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 

tROD ROD Active Time Low 40 --- nS 

tWO 0 WD Write Data Width Low 1/2 (TYP) --- WCY 

tOST 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 lOX Index Pulse Width 2 --- MCY 

tMR RD Delay From DMA 0 --- nS 
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SYMBOL PARAMETER MIN MAX UNITS 
tMW WR Delav From DMA 0 --- nS 
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 --- uS 
tXTS XT2 Access Delay After RST 9.6 MHz 1000 --- uS 
tTCR TC Delay From Last DMA Or IRQ, RD 0 192 MCY 
tTCW TC Delay From DMA Or IRQ, WR 0 384 MCY 
Tcycle Clock Cycle 60 --- nS 
Tp-high Clock High 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 

31-46 ADVANCE INFORMATION 11-14-90 



AC TIMING CHARACTERISTICS WD37C65C 

AO, CS 
DACK 

RD 

DATA 

IRQ 

DATA 

IRQ 

__ ~X X~ __ _ 
--~-~R1 tRR t_tRA~...I..-_ 
____ L_t_RD~ ~tDFj,....--_ 

X Data Valid I J< 
______ ----J ~tRlj '-----

'\'------

FIGURE 10. READ TIMING 

--t-~w1 WM t-w4....1....---
___ L_tDW~ ~~ ______ 

X Data Valid I J< 
_____ --J ~tWlj '----

'\ ....... _--

FIGURE 11. WRITE TIMING 

ADVANCE INFORMATION 11-14-90 31-47 



WD37C65C AC TIMING CHARACTERISTICS 

~~I·~-_-_~-_-_~~t_MC_Y:~--------~;l~ ____ _ 

DMA ---' I-tMA .~ tAM ---I '--------' 
DACK I. 

RD or WR 

DATA _______ ---:I ___ --J)Koata Valid I X,..------

I ~~:~ 

FIGURE 12. DMA TIMING 

DMA or IRQ j 
tTCR 
tTCW 

_T_C __________ ----'If+"---tTC -------..\~\\_ ___ _ 

FIGURE 13. TERMINAL COUNT TIMING 

31-48 ADVANCE INFORMATION 11-14-90 



AC TIMING CHARACTERISTICS WD37C65C 

R_E_s_E_T __________ ~~ tRST--~""'\ 

CS 

~«)A=1 
~'-----

FIGURE 14. RESET TIMING 

_O_IR_C ___ ~ __ tO_S_T--I i--- tSTo=4 
~L-tSTp-----J/- \. 

STEP t 1 tSC -------.t.i'----
'" I- tSTU --Y 

lOX 

ROO 

WO 

ttlOX 

t tR00 7 
t tW00 7 
FIGURE 15. DISK DRIVE TIMING 

ADVANCE INFORMATION 11-14-90 31-49 

II 



WD37C65C 

~---Tcycle -----+I 

16 MHz CLOCK / I'--=-~---f 
I--T p-high --+-= T p-Iow ---i 

Trise 

t= tCY -:---1 
32 MHz CLoc;i;1-- tR ----I'-J- tF F tPH --I{-tPH---1jr---

FIGURE 16. CLOCK TIMING 

31-50 ADVANCE INFORMATION 11-14-90 



WD42C22A 

Winchester Disk Subsystem 

Controller Device 

3'}. WESTERN DIGITAL 

• 



WD42C22A 

TABLE OF CONTENTS 
Section Title Page 

1.0 INTRODUCTION ....................................................... 32-1 
1.1 FEATURES ...................................................... 32-1 
1.2 DESCRIPTION ................................................... 32-2 

1.2.1 ENHANCED HOST INTERFACE .............................. 32-2 
1.2.2 ADVANCED BUFFER MANAGEMENT ......................... 32-3 
1.2.3 ADAPTABLE DISK CONTROLLER ............................ 32-3 
1.2.4 FLEXIBILITY OF APPLICATION .............................. 32-3 
1.2.5 TYPICAL APPLICATION .................................... 32-4 
1.2.6 PIN DESCRIPTIONS ....................................... 32-4 

2.0 ARCHITECTURE ..................................................... 32-10 
2.1 POWER-QUALIFIED RESET ....................................... 32-10 
2.2 DRIVE INTERFACE LOGIC ........................................ 32-10 
2.3 DRIVE CONTROLLER ORGANIZATION .............................. 32-10 
2.4 PROGRAMMABLE LOGIC ARRAY (PLA) CONTROLLER ................ 32-10 
2.5 MAGNITUDE COMPARATOR ...................................... 32-11 
2.6 CRC/ECC GENERATOR AND CHECKER ............................. 32-11 
2.7 MFM/RLL ENCODING AND MFM/RLL DECODING ..................... 32-13 
2.8 ADDRESS MARK DETECTOR ...................................... 32-13 
2.9 CONTROLLER TO DATA SEPARATOR INTERFACE .................... 32-14 
INTERFACE PORTS AND TASK FILES .................................... 32-16 3.0 Ell 
3.1 HOST INTERFACE ORGANIZATION ................................. 32-16 
3.2 XT HOST INTERFACE ............................................ 32-16 

3.2.1 READ DATA PORT (HA1 THRU HAO = 0, READ) ................ 32-16 
3.2.2 WRITE DATA PORT (HA1 THRU HAO = 0, WRITE) .............. 32-16 
3.2.3 HARDWARE STATUS (HA1 THRU HAO = 1, READ) ............. 32-16 

3.2.3.1 BIT 5 - INTERRUPT REQUEST ...................... 32-16 
3.2.3.2 BIT 4 - DMA REQUEST ............................. 32-17 
3.2.3.3 BIT 3 - XT BUSY .................................. 32-17 
3.2.3.4 BIT 2 - COMMAND / DATA .......................... 32-17 
3.2.3.5 BIT 1 - INPUT / OUTPUT ........................... 32-17 
3.2.3.6 BIT 0 - REQUEST ................................. 32-17 

3.2.4 CONTROLLER RESET (HA1 THRU HAD = 1, WRITE) ............ 32-17 
3.2.5 DRIVE CONFIGURATION INFORMATION 

(HA 1 TH RU HAO = 2, READ) ................................ 32-17 
3.2.6 CONTROLLER SELECT (HA1 THRU HAO = 2, WRITE) ........... 32-17 
3.2.7 DMAAND INTERRUPT MASK (HA1 THRU HAO = 3, WRITE) ...... 32-17 

3.3 AT HOST INTERFACE ............................................ 32-17 
3.3.1 ERROR REGISTER (HA9, HA2 THRU HAO = 01, READ) ......... 32-18 

3.3.1.1 BIT 7 BAD BLOCK ................................. 32-18 
3.3.1.2 BIT6CRC/ECC DATA FIELD ERROR ................. 32-18 
3.3.1.3 BIT5 RESERVED ................................. 32-18 

11/19/90 32-i 



WD42C22A 

Section Title Page 

32-ii 

3.3.1.4 BIT4 10 NOT FOUND ............................. 32-18 
3.3.1.5 BIT3 RESERVED ................................ 32-19 
3.3.1.6 BIT2ABORTEDCOMMAND ....................... 32-19 
3.3.1.7 BIT 1 TRACK 0 ERROR ........................... 32-19 
3.3.1.8 BIT 0 DATA ADDRESS MARK NOT FOUND ........... 32-19 

3.3.2 WRITE PRECOMP CYLINDER REGISTER (HA9, HA2 THRU 
HAO = 01, WRITE) ........................................ 32-19 

3.3.3 SECTOR COUNT REGISTER (HA9, HA2 THRU HAO = 02, 
READIWRITE) ........................................... 32-19 

3.3.4 SECTOR NUMBER REGISTER (HA9, HA2 THRU HAO = 03, 
READIWRITE) ............................................ 32-19 

3.3.5 CYLINDER NUMBER LOW AND HIGH REGISTERS (CYLINDER 
NUMBER LOW: HA9, HA2 THRU HAO = 04, READIWRITE. CYLINDER 
NUMBER HIGH: HA9, HA2 THRU HAO = 05, READIWRITE) ....... 32-19 

3.3.6 SDH REGISTER (HA9, HA2 THRU HAO = 06, READIWRITE) ...... 32-19 
3.3.6.1 BIT 7 ECC/CRC SELECT .......................... 32-19 
3.3.6.2 BIT 5 SECTOR SIZE .............................. 32-19 
3.3.6.3 BIT 4 DRIVE SELECT ............................. 32-20 
3.3.6.4 BITS 3 THROUGH 0 HEAD NUMBER ................ 32-20 

3.3.7 HOST STATUS REGISTER(HA9, HA2 THRU HAO = 7, READ) ..... 32-20 
3.3.7.1 BIT 7 AT BUSY ................................... 32-20 
3.3.7.2 BIT 6 DRIVE READY .............................. 32-20 
3.3.7.3 BIT 5 WRITE FAULT .............................. 32-20 
3.3.7.4 BIT 4 SEEK COMPLETE ........................... 32-20 
3.3.7.5 BIT 3 DATA REQUEST ............................ 32-20 
3.3.7.6 BIT 2 DATA WAS CORRECTED ..................... 32-20 
3.3.7.7 BIT 1 INDEX ..................................... 32-20 
3.3.7.8 BIT 0 ERROR .................................... 32-20 

3.3.8 HOST COMMAND REGISTER (HA9, HA2 THRU HAO = 7, WRITE) . 32-20 
3.3.9 ALTERNATE STATUS REGISTER 

(HA9, HA2 THRU HAO = E, READ) ............................ 32-20 
3.3.10 FIXED DISK REGISTER (HA9, HA2 THRU HAO = E, WRITE) ...... 32-20 

3.3.10.1 BIT 3 HEAD SELECT 3 ENABLE .................... 32-21 
3.3.10.2 BIT 2 RESET .................................... 32-21 
3.3.10.3 BIT 1 INTERRUPT ENABLE ........................ 32-21 

3.3.11 DIGITAL INPUT REGISTER (HA9, HA2 THRU HAO = F, READ) .... 32-21 
3.3.11.1 BIT 6 WRITE GATE ON ............................ 32-21 
3.3.11.2 BIT 5 HEAD SELECT 3/ REDUCE WRITE CURRENT .... 32-21 
3.3.11.3 BIT 4, BIT 3, AND BIT 2 HEAD SELECTS ............. 32-21 
3.3.11.4 BIT 1 AND BIT 0 DRIVE SELECTS ................... 32-21 

3.4 SLAVE HOST INTERFACE ......................................... 32-22 
3.5 LOCAL MICROCONTROLLERINTERFACE ORGANIZATION ............. 32-24 
3.6 DISK CONTROLLER TASK FILE (AD7 THRU ADO = 20 THRU 27) ......... 32-24 

11119/90 



Section Title 

WD42C22A 

Page 

3.6.1 ERROR REGISTER (AD7 THRU ADO = 21, READ) .............. 32-~4 
3.6.1.1 BIT 7 BAD BLOCK ................................. 32-24 
3.6.1.2 BIT 6 CRC/ECC DATA FIELD ERROR ................. 32-24 
3.6.1.3 BIT 5 RELOCATION ID FOUND ...................... 32-24 
3.6.1.4 BIT 4 ID NOT FOUND .............................. 32-24 
3.6.1.5 BIT 3 RESERVED ................................. 32-24 
3.6.1.6 BIT 2 ABORTED COMMAND ........................ 32-24 
3.6.1.7 BIT 1 RESERVED ................................. 32-24 
3.6.1.8 BIT 0 DATA ADDRESS MARK NOT FOUND ............ 32-24 

3.6.2 PLO LENGTH REGISTER (AD7 THRU ADO = 21, WRITE) ........ 32-24 
3.6.3 SECTOR COUNT (AD7 THRU ADO = 22, READIWRITE) .......... 32-25 
3.6.4 SECTOR NUMBER REGISTER (AD7 THRU ADO = 23, 

READIWRITE) ........................................... 32-25 
3.6.5 CYLINDER NUMBER REGISTERS (CYLINDER NUMBER LOW: 

AD7 THRU ADO = 24, READ WRITECYLINDER NUMBER HIGH: 
AD7 THRU ADO = 25, READIWRITE) ......................... 32-25 

3.6.6 CYLINDER NUMBER REGISTERS (CYLINDER NUMBER LOW: 
AD7 THRU ADO = 24, READIWRITE CYLINDER NUMBER HIGH: 
AD7 THRU ADO = 25, READIWRITE) ......................... 32-26 

3.6.7 SDH REGISTER (AD7 THRU ADO = 26, READIWRITE) .......... 32-26 
3.6.7.1 SDH REGISTER, THREE BIT HEAD NUMBER .......... 32-26 • 
3.6.7.2 SDH REGISTER, FOUR BIT HEAD NUMBER ..... " .... 32-26 
3.6.7.3 BIT7 ECC/CRC SELECT ........................... 32-26 
3.6.7.4 BIT 6 AND BIT 5 SECTOR SIZE ...................... 32-26 
3.6.7.5 BIT 4 AND BIT 3 DRIVE NUMBER (THREE BIT HEAD 

NUMBER) BIT 4 DRIVE NUMBER (FOUR BIT HEAD 
NUMBER) ....................................... 32-26 

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 32-26 

3.6.7.7 SDH ID FIELD FORMAT BYTE 
(THREE BIT HEAD MODE) .......................... 32-27 

3.6.7.8 SDH ID FIELD FORMAT BYTE 
(FOUR BIT HEAD MODE) ........................... 32-27 

3.6.8 STATUS REGISTER (AD7 THRU ADO = 27, READ) .............. 32-27 
3.6.8.1 BIT 7 ALWAYS 0 .................................. 32-27 
3.6.8.2 BIT 6 DRIVE READY ............................... 32-27 
3.6.8.3 BIT 5 WRITE FAULT ............................... 32-27 
3.6.8.4 BIT 4 ALWAYS 1 .................................. 32-27 
3.6.8.5 BIT 3 ALWAYS 0 .................................. 32-27 
3.6.8.6 BIT 2 NOT USED .................................. 32-27 
3.6.8.7 BIT 1 ALWAYS 0 .................................. 32-27 
3.6.8.8 BIT 0 ERROR .................................... 32-27 

3.6.9 COMMAND REGISTER (AD7 THRU ADO = 27, WRITE) .......... 32-27 

11/19/90 32-iii 



WD42C22A 

Section Title Page 

3.7 XT INTERFACE PORTS .... " .............. '" .................... 32-27 
3.7.1 XT HOST HARDWARE STATUS 

(AD7 THRU ADO = 2D, READIWRITE) ......................... 32-27 
3.7.1.1 BITS6AND7UNDEFINED ......................... 32-28 
3.7.1.2 BITS INTERRUPT REGUEST ...................... 32-28 
3.7.1.3 BIT 4 DMA REQUEST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32-28 
3.7.1.4 BIT 3 XT BUSY .................................. 32-28 
3.7.1.S BIT 2 COMMAND / DATA .......................... 32-28 
3.7.1.6 BIT1INPUT/OUTPUT ............................ 32-28 
3.7.1.7 BIT 0 REQUEST ................................. 32-28 

3.7.2 HOST DRIVE CONFIGURATION 
(AD7 THRU ADO = 2E, WRITE) .............................. 32-28 

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, READIWRITE) ......................... 32-28 

3.7.4 HOST TRANSFER COUNT LOW (AD7 THRU ADO = 32, READIWRITE) 
HOST TRANSFER COUNT HIGH 
(AD7 THRU ADO = 33, READIWRITE) ........ , ................ 32-28 

3.7.S DISK BUFFER POINTER LOW (AD7 THRU ADO = 34, READIWRITE) 
DISK BUFFER POINTER HIGH 
(AD7 THRU ADO = 3S, READIWRITE) ......................... 32-29 

3.7.6 MICROCONTROLLER RAM ACCESS PORT (AD7 THRU ADO = 36, 
READIWRITE) ........................................... 32-29 

3.7.7 BUFFER CONTROL REGISTER (AD7 THRU ADO = 37, WRITE) ... 32-29 
3.7.7.1 BIT7 AT tXT INTERFACE CONTROL ................ 32-29 
3.7.7.2 BIT 6 READ CONFIGURATION ..................... 32-29 
3.7.7.3 BIT S RESET TRANSFER COUNTER ................ 32-29 
3.7.7.4 BIT 4 ARM HOST BUFFER POINTER ................ 32-30 
3.7.7.S BIT 3 HOST READ / WRITE ........................ 32-30 
3.7.7.6 BIT 2 DISK READ / WRITE ......................... 32-30 
3.7.7.7 BIT 1 BURST DMA ENABLE ........................ 32-30 
3.7.7.8 BIT 0 ARM DISK BUFFER POINTER ................. 32-30 

3.7.8 BUFFER STATUS REGISTER (AD7 THRU ADO = 37, READ) ...... 32-30 
3.7.8.1 BIT 7 AT / XT INTERFACE MODE .................... 32-30 
3.7.8.2 BIT 6 READ CONFIGURATION ..................... 32-30 
3.7.8.3 BIT S RESET TRANSFER COUNTER ................ 32-30 
3.7.8.4 BIT 4 HOST BUFFER POINTER ARMED .............. 32-30 
3.7.8.S BIT 3 HOST READ / WRITE ........................ 32-30 
3.7.8.6 BIT 2 DISK READ / WRITE ......................... 32-30 
3.7.8.7 BIT 1 BURST DMA ENABLE ....... , ................ 32-30 
3.7.8.8 BIT 0 DISK BUFFER POINTER ARMED ............... 32-30 

32-iv 11119/90 



WD42C22A 

Section Title Page 

3.7.9 AUXILLIARY BUFFER CONTROL REGISTER 
(AD7 THRU ADO = 2F, WRITE) ............................... 32-31 
3.7.9.1 BIT 7 HOST DMA ................................. 32-31 
3.7.9.2 BIT 6 HOST SLAVE / MASTER ....................... 32-31 
3.7.9.3 BIT 5 BURST CONTINUOUS ........................ 32-31 
3.7.9.4 BIT 4 INTELLIGENT DRIVE DECODE ................. 32-31 
3.7.9.5 BIT 3 DRIVE SELECT .............................. 32-31 
3.7.9.6 BIT 1 HOST 16/8 BIT .............................. 32-31 
3.7.9.7 BIT 0 SYNCHRONOUS CLOCK SWITCH .............. 32-31 

3.7.10 AUXILLIARY BUFFER STATUS REGISTER 
(AD7 THRU ADO = 2F, READ) ............................... 32-31 
3.7.10.1 BIT7 HOST DMA ................................. 32-31 
3.7.10.2 BIT 6 HOST SLAVE / MASTER ....................... 32-32 
3.7.10.3 BIT 5 BURST CONTINUOUS ........................ 32-32 
3.7.10.4 BIT 4 INTELLIGENT DRIVE DECODE ................. 32-32 
3.7.10.5 BIT 3 DRIVE SELECT .............................. 32-32 
3.7.10.6 BIT 2 CLOCK SOURCE ............................ 32-32 
3.7.10.7 BIT1 HOST16/8BIT .............................. 32-32 
3.7.10.8 BIT 0 SYNCHRONOUS CLOCK SWITCH .............. 32-32 

(~6i~~~EA~~A~~~, ~~~~T~~ ............................. 32-32 __ 
3.7.11.1 BIT7 MICROCONTROLLER INTERRUPT .............. 32-32 

3.7.11 

3.7.11.2 BIT6 DRIVE CHANGE INTERRUPT .................. 32-32 
3.7.11.3 BIT 5 SOFT RESET INTERRUPT ..................... 32-32 
3.7.11.4 BIT 4 FIFO ERROR INTERRUPT ..................... 32-32 
3.7.11.5 BIT 3 DISK CONTROLLER INTERRUPT ............... 32-32 
3.7.11.6 BIT2 HOST POINTER READY INTERRUPT ............ 32-32 
3.7.11.7 BIT 1 DISK BDRQ INTERRUPT ...................... 32-33 
3.7.11.8 BIT 0 COMMAND WRITE / SELECT / 

SLAVE INTERRUPT ............................... 32-33 
3.7.12 INTERFACE CONTROL REGISTER 

(AD7 THRU ADO = 38, WRITE) .............................. 32-33 
3.7.12.1 BIT7 SET INTERRUPT ............................. 32-33 
3.7.12.2 BIT 6 RESET DRIVE CHANGE INTERRUPT ............ 32-33 
3.7.12.3 BIT 5 RESET SOFT RESET INTERRUPT .............. 32-33 
3.7.12.4 BIT 4 RESET FIFO ERROR INTERRUPT .............. 32-33 
3.7.12.5 BIT 3 RESET BUSY ............................... 32-33 
3.7.12.6 BIT 2 RESET HOST POINTER READY INTERRUPT ..... 32-33 
3.7.12.7 BIT 1 RESET DISK BDRQ INTERRUPT ............... 32-33 
3.7.12.8 BIT 0 RESET COMMAND WRITE / SELECT 

/SLAVE INTERRUPT ............................... 32-33 
3.7.13 CONFIGURATION REGISTER LOW 

(AD7 THRU ADO = 39, READ) ............................... 32-33 

11/19/90 32-v 



WD42C22A 

Section Title Page 

3.7.14 DRIVE INTERFACE STATUS 
(AD7 THRU ADO = 3B, READ) ............................... 32-34 
3.7.14.1 BIT7 RESET DRIVE CONTROLLER ................. 32-34 
3.7.14.2 BIT6 DRIVE READy .............................. 32-34 
3.7.14.3 BIT 5 WRITE FAULT ............... , .............. 32-34 
3.7.14.4 BIT 4 HOST DRIVE SELECT ....................... 32-34 
3.7.14.5 BIT 3 MICROCONTROLLER ACCESS CONTROL ...... 32-34 
3.7.14.6 BIT2 DISABLE RESET OUTPUT .................... 32-34 
3.7.14.7 BIT 1 INPUT POLARITY ........................... 32-34 
3.7.14.8 BITO DISABLE SECTOR NUMBER .................. 32-34 

3.7.15 DRIVE INTERFACE CONTROL 
(AD7 THRU ADO = 3B, WRITE) .............................. 32-34 
3.7.15.1 BIT7 RESET DRIVE CONTROLLER .. , .............. 32-34 
3.7.15.2 BIT 3 MICROCONTROLLER ACCESS CONTROL ...... 32-34 
3.7.15.3 BIT 2 DISABLE RESET OUTPUT .................... 32-35 
3.7.15.4 BIT 1 INPUT POLARITY ........................... 32-35 
3.7.15.5 BITO DISABLE SECTOR NUMBER .................. 32-35 

3.7.16 ALTERNATE SECTOR NUMBER 
(AD7 THRU ADO = 3C, READ) ............................... 32-35 

3.8 AT INTERFACE PORTS ........................................... 32-35 
3.8.1 DRIVE ZERO STATUS 

(AD7 THRU ADO = 3D, READIWRITE) ........................ 32-35 
3.8.2 DRIVE ONE STATUS 

(AD7 THRU ADO = 3E, READIWRITE) ......................... 32-35 
3.8.3 FIXED DISK REGISTER 

(AD7 THRU ADO = 3F, READ) ................................ 32-35 
3.8.4 DIGITAL INPUT REGISTER 

(AD7 THRU ADO = 3F, WRITE) ............................... 32-35 
3.8.4.1 BIT 7 ECC MODE ................................ 32-36 
3.8.4.2 BIT 6 ECC 7 BYTES/ DISABLE BDRO . . . . . . . . . . . . . . . . 32-36 
3.8.4.3 BIT 5 REDUCE WRITE CURRENT ................... 32-36 
3.8.4.4 BIT 1 DRIVE SELECT 1 ............................ 32-36 
3.8.4.5 BIT 0 DRIVE SELECT 0 ............................ 32-36 

3.8.5 AT TASK FILE COPY 
(AD7 THRU ADO = 40 THRU 47, READIWRITE) ................. 32-36 

4.0 BUFFER MANAGER ORGANIZATION ..................................... 32-37 
4.1 ACCESSING BUFFER RAM FROM THE MICRO-CONTROLLER .......... 32-37 
4.2 STARTING HOST TRANSFERS TO/FROM BUFFER RAM ................ 32-38 
4.3 CONTROLLER COMMANDS ....................................... 32-39 
4.4 COMMAND DESCRIPTIONS ....................................... 32-40 

4.4.1 READ SECTOR .......................................... 32-40 
4.4.2 READ NEXT DATA ........................................ 32-42 
4.4.3 WRITE SECTOR .......................................... 32-42 

32-vi 11119/90 



WD42C22A 

Section Title Page 

4.4.4 WRITE 10 ............................................... 32-44 
4.4.5 SCAN 10 ................................................ 32-45 
4.4.6 FORMAT TRACK ......................................... 32-45 
4.4.7 FORMAT SINGLE SECTOR ................................. 32-47 
4.4.8 COMPUTE CORRECTION ................................. 32-48 
4.4.9 SET PARAMETER ........................................ 32-49 
4.4.10 LOAD PARAMETER BLOCK ................................ 32-50 
4.4.11 SLEEP ................................................. 32-51 
4.4.12 DUMP .................................................. 32-51 

5.0 ELECTRICAL AND TIMING SPECIFICATIONS .............................. 32-54 
5.1 MAXIMUM RATINGS ............................................. 32-54 
5.2 DC OPERATING CHARACTERISTICS ............................... 32-54 
5.3 AC TIMING CHARACTERISTICS .................................... 32-57 

5.3.1 AT/XT HOST PROGRAMMED I/O WRITE TIMING ............... 32-58 
5.3.2 AT/XT HOST PROGRAMMED I/O READ TIMING ................ 32-60 
5.3.3 AT/XT HOST DMAWRITE TIMING ........................... 32-61 
5.3.4 AT/XT HOST DMA READ TIMING ............................ 32-63 
5.3.5 SLAVE HOST WRITE TIMINGS .............................. 32-65 
5.3.6 SLAVE HOST READ TIMINGS .............................. 32-66 
5.3.7 BUFFER RAM WRITE TIMING (INTERNAL OSCILLATOR; 

XTAL = 8 to 20 MHz)) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32-67 
5.3.8 BUFFER RAM READ TIMING (INTERNAL OSCILLATOR; 

XTAL = 8 to 20 MHz) ...................................... 32-68 
5.3.9 BUFFER RAM WRITE TIMING (EXTERNAL OSCILLATOR; 

XTAL = 8 to 20 MHz) ...................................... 32-69 
5.3.10 BUFFER RAM READ TIMING (EXTERNAL OSCILLATOR; 

XTAL= 8 to 20 MHz) ....................................... 32-71 
5.3.11 MICROPROCESSOR WRITE TIMING (INTEL BUS) ............. 32-72 
5.3.12 MICROPROCESSOR WRITE TIMING (MOTOROLA BUS) ........ 32-73 
5.3.13 MICROPROCESSOR READ TIMING (INTEL BUS) .............. 32-74 
5.3.14 MICROPROCESSOR READ TIMING (MOTOROLA BUS) ......... 32-75 
5.3.15 WRITE DATA TIMING (MFM/RLL MODE; WC 5 to 15 MHz) ........ 32-76 
5.3.16 WRITE DATA TIMING (NRZ MODE; WC 5 to 15 MHz) ............ 32-77 
5.3.17 READ DATA TIMING (MFM/RLL MODE; RCIWC 5 to 15 MHz) ..... 32-78 
5.3.18 READ DATA TIMING (NRZ MODE; WC 5 to 20 MHz) ............. 32-79 
5.3.19 MISCELLANEOUS TIMING ................................. 32-80 

5.4 PIN DIAGRAMS/SPECIFICATIONS .................................. 32-88 

11/19/90 32-vii 



WD42C22A 

LIST OF ILLUSTRATIONS 
Figure Title Page 

PIN DESIGNATION ..................................................... 32-1 
2 WD42C22A BLOCK DIAGRAM ............................................ 32-2 
3 DRIVE CONTROLLER BLOCK DIAGRAM .................................. 32-11 
4 PLL CONTROL (10 FIELD) .............................................. 32-14 
5 PLL CONTROL (DATA FIELD) ............................................ 32-15 
6 DUMP COMMAND ..................................................... 32-53 
7 POWER QUALIFIED RESET VOLTAGE THRESHOLD ........................ 32-56 
8 AT/XT HOST PROGRAMMED I/O WRITE TIMING ........................... 32-57 
9 TEST CIRCUIT 1 ..................... : ................................ 32-58 
10 AT/XT HOST PROGRAMMED I/O READ TIMING ............................ 32-59 
11 AT/XT HOST DMA WRITE TIMING ............ : ........................... 32-61 
12 AT/XT HOST DMA READ TIMING ......................................... 32-63 
13 SLAVE HOST WRITE TIMING ........................................... 32-65 
14 SLAVE HOST READ TIMING ............................................ 32-66 
15 BUFFER RAM WRITE TIMING (INTERNAL OSCILLATOR) .................... 32-67 
16 BUFFER READ TIMING (INTERNAL OSCILLATOR) .......................... 32-68 
17 BUFFER RAM WRITE TIMING (EXTERNAL OSCILLATOR) .................... 32-70 
18 BUFFER RAM WRITE TIMING (EXTERNAL OSCILLATOR) .................... 32-71 
19 MICROPROCESSOR WRITE TIMING (INTEL BUS) .......................... 32-72 
20 MICROPROCESSOR WRITE TIMING (MOTOROLA BUS) ..................... 32-74 
21 MICROPROCESSOR READ TIMING (INTEL BUS) ........................... 32-75 
22 MICROPROCESSOR READ TIMING (MOTOROLA BUS) ...................... 32-76 
23 WRITE DATA TIMING (MFM/RLL MODE) ................................... 32-77 
24 WRITE DATA TIMING (NRZ MODE) ....................................... 32-78 
25 READ DATA TIMING (MFM/RLL) ......................................... 32-79 
26 READ DATA TIMING (NRZ MODE) ........................................ 32-80 
27 MISCELLANEOUS TIMING .............................................. 32-81 
28 SOFT SECTOR MFM/RLL TRACK FORMAT ................................ 32-83 
29 SOFT SECTOR NRZ TRACK FORMAT .................................... 32-84 
30 HARD SECTOR RLUMRM TRACK FORMAT 

(WITH SOFT SECTOR READIWRITE) .......................... ~ .......... 32-85 
31 HARD SECTOR RLUMFM.TRACK FORMAT 

(WITH HARD SECTOR READIWRITE AND CONTINUOUS WG OPTION) ........ 32-86 
32 HARD SECTOR RLUMRM TRACK FORMAT 

(WITH HARD SECTOR READIWRITE AND WG PULSE OPTION) ............... 32-87 
33 HARD SECTOR NRZ TRACK FORMAT ........... : ........................ 32-88 
34 84-LEAD PLCC PACKAGE DIAGRAM ..................................... 32-89 
35 84-LEAD PQFP PACKAGE DIAGARAM .................................... 32-90 

32-viii 11/19/90 



WD42C22A 

LIST OF TABLES 

Table Title Page 

1 HOST INTERFACE PIN DESCRIPTION ..................................... 32-5 
2 LOCAL MICROCONTROLLER INTERFACE PIN DESCRIPTION ................. 32-7 
3 BUFFER INTERFACAE PIN DESCRIPTION ................................. 32-8 
4 DRIVE INTERFACE PIN DESCRIPTION .................................... 32-9 
5 RLLCODING RULES .................................................. 32-13 
6 EARLY AND LATE DELAYS ............................................. 32-15 
7 EARLY AND LATE GENERATION (RLL MODE) ............................. 32-15 
8 EARLY AND LATE GENERATION (MFM - NRZ) ............................. 32-16 
9 XT PORT DESCRIPTION ............................................... 32-16 
10 AT MODE PORT DESCRIPTIONS ........................................ 32-18 
11 LOCAL MICROCONTROLLER REGISTER MAP ............................. 32-22 
12 COMMAND AND COMMAND CODES ..................................... 32-39 
13 OPTION SUMMARY TABLE ............................................. 32-40 
14 DC OPERATING CHARACTERISTICS .................................... 32-54 
15 AT/XT HOST PROGRAMMED 110 WRITE TIMING ........................... 32-58 
16 AT/XT HOST PROGRAMMED 110 READ TIMING ............................ 32-60 
17 
18 
19 
20 

AT/XT DMA WRITE TIMING ............................................. 32-62 
AT/XT DMA READ TIMING .............................................. 32-64 
SLAVE HOST WRITE TIMING ........................................... 32-65 
SLAVE HOST READ TIMING ............................................ 32-66 

21 BUFFER RAM WRITE TIMING (INTERNAL OSCILLATOR) .................... 32-67 
22 BUFFER RAM READ TIMING ............................................ 32-68 
23 BUFFER RAM WRITE TIMING (XTAL = 8 TO 20 MHZ) ........................ 32-70 
24 BUFFER RAM READ TIMING (EXTERNAL OSCILLATOR) .................... 32-71 
25 MICROPROCESSOR WRITE TIMING (INTEL BUS) .......................... 32-72 
26 MICROPROCESSOR WRITE TIMING (MOTOROLA BUS) ..................... 32-73 
27 MICROPROCESSOR READ TIMING (INTEL BUS) ........................... 32-74 
28 MICROPROCESSOR READ TIMING (MOTOROLA BUS) ..................... 32-75 
29 WRITE DATA TIMING (MFM/RLL MODE; WC 5 TO 15 MHZ) ................... 32-76 
30 WRITE DATA TIMING (NRZ MODE; RWIWC 5 TO 15 MHZ) .................... 32-77 
31 READ DATA TIMING (MFM/RLL; RWIWC TO 15 MHZ) ....................... 32-78 
32 READ DATA TIMING (NRZ MODE; RWIWC 5 TO 15 MHZ) .................... 32-79 
33 MISCELLANEOUS TIMING ............................................. 32-81 

11/19/90 32-ix 

II 





INTRODUCTION 

1.0 INTRODUCTION 

Western Digital's WD42C22A 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 WD42C22A is implemented in a low 
power CMOS design and is available in an 84-pin 
PLCC (Figure 1). Figure 2 is a block diagram of 
the WD42C22A. 

1.1 FEATURES 

• Enhanced host interface 
IBM Personal Computer AT and XT port 
compatible 
Supports AT speeds up to 12 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 and 4 MB/sec for XT 
Internal 12 mA 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 

• Adaptable disk controller 
Software selectable MFM, RLL 2, 7, or 
NRZ disk interface 
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FIGURE 1. PIN DESIGNATION 

Software selectable 56 bit ECC, 32 bit 
ECC, or 16 bit CRC 

INTRO 
SAl' 
SAI3 
SAI2 
BAit 
SAIO 
SM 
BAS 
BA7 
aM 
BAS 
BA4 
aA3 
SAO 
SAl 
aM 
S07 
B06 
80S 
804 
BD3 

Software selectable 5,11, or 22 bit error 
correction span 
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 
20 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 
Supports sector servo schemes by 
disabling WRITE GATE over servo when 
formatting 
Internal 48 mA drivers and Schmitt trigger 
input receivers for direct connection to the 
drive control cable 
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• Integrated support features 
Programmable master/slave mode allows 
two Integrated Drive Electronics (IDE) disks 
on one connector 
Supports both Intel-type(80xx) and 
Motorola-type(68xx) microcontrollers 
Internal power-qualified reset to detect low 
Voo 

• Low power sleep mode 

1.2 DESCRIPTION 

1.2.1 ENHANCED HOST INTERFACE 

The WD42C22A host interface port directly con­
nects to the host system bus via internal 12 mA 

WD42C22A 
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INTRODUCTION 

drivers. When operating in either AT or XT mode, 
all host control, data, and task file address lines 
directly connect to the WD42C22A. Mapping the 
device to the desired host system I/O addresses 
require 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 WD42C22A can 
operate in 12 MHz or 16 MHz, 1 wait state I/O 
channels (0 wait state memory) of 286 
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 
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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 
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 WD42C22A 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 WD42C22A 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 WD42C22A'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 
20 Mbits/sec. To support varied data format re­
quirements, the WD42C22A operates in hard or 
soft sectored mode with programmable sector 
sizes to 2048 bytes and programmable ID 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 WD42C22A can be programmed to 
automatically detect the presence of a previously 

WD42C22A 

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
troller to execute "zero-latency" multiple sector 
read operations. In this mode of operation, the 
WD42C22A 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 
requested 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 WD42C2.2A 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 WD42C22A 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 WD42C22A is ideal for mUlti-function 
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boards, direct system motherboards, and IDE ap­
plications. Special design considerations within 
the WD42C22A facilitate these applications. 

1.2.5 TYPICAL APPLICATION 

With an external microcontroller, buffer RAM, and 
a data separator such as the WDlOC22B, the 
WD42C22A 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 WD42C22A requires exter­
nal address decoding to select the primary and 
secondary liD address range of the WD42C22A. 
Other bus interfaces are supported via auxiliary 
bus controllers such as the WD33C93A SCSI Bus 
Interface Controller. 

INTRODUCTION 

For ST506 (MFM) and ST412HP (RLL) applica­
tions, the WD42C22A directly connects to the 
WD10C22 data separator. (Like the WD42C22A, 
the WD10C22B supports both MFM and RLL en­
coding methods.) An external microcontroller im­
plements interface specific control lines, e.g. the 
ST506's STEP and DIRECTION signals. For 
ESDI applications, the WD42C22A operates in 
NRZmode. 

1.2.6 PIN DESCRIPTIONS 

This section lists the pin number, signal name, 
and function for all the WD42C22A'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 1/0 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 HA91 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 
HDD through HD7. 

5 HRE HOST READ I/O Schmitt-triggered inp-ut. 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 inp-ut. 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 should 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 microcontrolier is accessing the slave 
device address space. 

8 IOCS16/ I/O CHIP SELECT a This output is p-rogrammable to function as the 
DREQ 16/ AT bus signal IOCS16 when the Pia mode is 

DMAREQUEST 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 

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 1/0 FUNCTION 
NUMBER 

23 RESET RESET I/O Open-drain output and Schmitt input, can be 
wire- ORed with an external reset. The 
WD42C22A 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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PIN MNEMONIC SIGNAL NAME I/O FUNCTION 
NUMBER 

22 Vss GROUND Ground. 

24 MCINT I:!CONTROLER 0 This output is used as an interrupt signal in 
INTERRUPT 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. 

25 ALE/AS ADDRESS LATCH Schmitt-triggered input. ALE is used to latch 
ENABLEI the lower eight address bits from the mUlti-
ADDRESS STROBE plexed address/data lines (AD7-ADO). AS is 

used for this function when tied to a Motorola 
type microcontroller. 

26 MREIDS IlCONTROLLER Schmitt-triggered input. MRE is asserted by 
READ ENABLE the local microcontroller to read an internal 
/DATA STROBE register or the buffer. OS is used in Motorola 

type microcontrollers to enable the data trans-
fer. 

27 MWEI I:!CONTROLLER Schmitt-triggered input. MWE is asserted by 
MRIW WRITE ENABLE/ the local microcontroller to write an internal 

uC READIWRITE register or the buffer. MRIW is used by 
Motorola type microcontrollers to set the direc-
tion of data transfers. 

1m 28 ADO ADDRESS/DATA 0 I/O Schmitt-triggered inputs. These multiplexed 
thru thru thru address/data lines are used to load the 
35 AD7 ADDRESS/DATA 7 registerlbuffer address on the falling edge of 

ALE, and are used for data transfers between 
the local microcontroller. 

43 Vss GROUND Ground. 

TABLE 2. LOCAL MICROCONTROLLER INTERFACE PIN DESCRIPTION 
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PIN MNEMONIC SIGNAL NAME 1/0 FUNCTION 
NUMBER 

38 XTAUN CRYSTAL Crystal oscillator input. The crystal frequency 
INPUT is twice the buffer data rate. 

39 XTALOUT CRYSTAL 0 Crystal oscillator output. 
OUT 

49 BOE BUFFER OUTPUT 0 BOE is asserted by the chip to read data from 
E:NABLE 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 I/O Buff.er 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 config-uration data in Read Configura-

tion Mode. In input mode, there is a low cur-
rent internal pulldown. 

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 ~T412, up to 15 MHz for ESDI). 

15 INDEX INDEX Schmitt-triggered INDEX input for direct con-
nection to the drive control cable. 

16 SCTI SECTOR! 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 

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. 

o High-current open-drain DRIVE SELECT out-
o 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. It also forces a reset if the Voo falls 
below a threshold. 

2.2 DRIVE INTERFACE LpGIC 

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. For a 10 Mbs data rate, 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 20 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 
WD42C22A 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 10 PLO 
sync field length, the Gap1/Gap3 length, the 
Gap1/Gap3 data bytes and the 10 CRC pad 
bytes are programmable during the format 
command. 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 WD42C22A. 

2.4 PROGRAMMABLE LOGIC ARRAY (PLA) 
CONTROLLER 

The PLA controller interprets commands, e.g. 
write, read format, etc. This circuitry's operation is 
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FIGURE 3. DRIVE CONTROLLER BLOCK DIAGRAM 

synchronized with the WC input. The PLA control­
ler is started when a command is written into the 
command register_ It generates control signals 
and operates in a handshake mode when com­
municating with the MFM/RLL decoding block. 
The MFM/RLL decoding 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_ This 
comparator is not used in the W042C22A_ A 
separate high speed equivalence comparator is 
used to compare 10 field bytes when searching for 
a sector 10 field. 

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. 
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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 eRC 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 0 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 W042C22A 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 0 of the status register. 

• 6. On any ECC error the controller stops 
regardless of the T bit. (Refer to the read com­
mand description.) 

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 0 of the status register 
and bit 6 of the error register are set. The user 
now has two choices: 

T r represents record length. b represents error correction span. 

ARCHITECTURE 

• 1. Ignore the error and make no attempt to cor­
rect 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 A1 byte was included. 

The 32-bit ECC polynomial is: 

X32 + X28 + X26 + X19 + X17 + X10 + X6 + X2 + 1 

and is the same one used in the W01002, 
W01003, and W01006 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 + X41 + X34 + X30 + X26 + 
X24+X8+ 1 

The 56-bit ECC polynomial has a 22 bit maximum 
single burst correction span. 

The reverse 56-bit ECC polynomial is: 

X56 + X48 + X32 + X30 + X26 + X22 + X15 + ~13 + 
X6+ X4+1 
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The non-detection probability for the 56-bit ECC 
polynomial is: 

1.39 (E-17),rt =519xS,bt =11 
and the miscorrection probability 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 WD42C22A. 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 
IA1" 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. 

WD42C22A 

NRZ Data RLL Code Word Output 

First Bit Last Bit First Bit Last Bit 

1 1 X X 1 0 0 0 XXXX 

1 0 X X o 1 00 XXXX 

0 X o 0 1 0 o OXX 

0 1 0 X o 0 0 1 o OXX 

0 0 0 X 1 0 0 1 o OXX 

0 0 0000 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 N RZ 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 Ell 
at the beginning of each 10 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 10 or data field. 
For the MFM mode, the first byte is an A 1 (hex) 
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 10 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 (S090 hex). The 
second byte is encoded with normal RLL rules. 
FF through FC and F7 through F4 specify the 
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beginning of an ID field and Fa specifies the 
beginning of a data field. 

In NRZ mode, an NRZ A1 byte establishes byte 
synchronization. When the WD42C22A 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 
INTEfiFACE 

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 zeros 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 a 
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 read gate 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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WD42C22A 

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 
DELAY 

o 

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 
or NRZ). 

RLL Coded Data Pattern 

Preceding Compo Following Precomp 
Bits Bit Bits 
o 1 0 0 1 000 1 None 

o 1 o 0 000 0 EARLY 

X 0 0 0 000 X None 

1 000 o 0 1 0 None 

o 0 0 0 o 0 1 0 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 Following 
Bits CompBit Bits Precomp 

XXX1 1 OXXX EARLY 
XXXO 1 1XXX LATE 
XXOO 0 1XXX EARLY 
XX 10 0 OXXX LATE 

TABLE 8. EARLY AND LATE GENERATION 
(MFM - NRZ) 

3.0 INTERFACE PORTS AND TASK 
FILES 

3.1 HOST INTERFACE ORGANIZATION 

The WD42C22A'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 
WD42C22A 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 between 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 WD42C22A in the PC/XT compatible 
interface mode the local microcontroller resets the 
ATIXT control bit. In this mode, HCS should be 
active when I/O ports 320 (hex) through 323 (hex) 
are addressed. (XT I/O ports 320 through 323 are 
primary ports. XT 1/0 ports 324 through 327 are 
secondary ports. Unless otherwise noted, infor­
mation regarding the primary ports is identical to 
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information on secondary ports.) Table 9 lists the 
port descriptions for this mode. 

HA9 HA2 HA1 HAO READ WRITE 
PORT 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 DMAand 
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 (HA1 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 IRQ DRQ XBSY C/D 1/0 REQ 

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 
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WD42C22A 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 WD42C22A 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 WD42C22A 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 ~ 
expected at the read and write data ports. C/D 
set to 1 indicates that a command or status 
transfer is expected. c/i) 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 to 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 WD42C22A. When transfer­
ring data between the WD42C22A's read data 
and write data ports by the host, assertion of this 
bit informs the host that the WD42C22A is ready 
for the transfer. 

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. 

WD42C22A 

3.2.5 DRIVE CONFIGURATION INFORMATION 
(HA 1 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 
(HA 1 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 
(HA 1 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 WD42C22A 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 
WD42C22A is reset. 

Bit 

7 6 5 4 3 2 1 0 

X X X X X X IRQ DRQ 
EN EN 

3.3 AT HOST INTERFACE 

To put the WD42C22A in the AT compatible inter­
face mode, the ATIXT control bit is set by the local 
microcontroller. The HCS chip select should be 
active when I/O ports 1 FO(hex) through 1 F7(hex) 
and 3F6(hex) and 3F7(hex) are addressed for 
primary addressing and for 1/0 ports 170(hex) 
through 177(hex) and 376(hex) and 377(hex) 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: 
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ABSY HAg HA2 HA1 HAO READ WRITE 
PORT PORT 

AT 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 SDH SDH 

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 

TABLE 10. AT MODE PORT DESCRIPTIONS 

When port 0 is accessed the 10CS 16 output is 
asserted when in AT programmed 1/0 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. 

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 CRCI 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 CRCIECC 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 
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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: 

• 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 A 1 Fa. 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 'FF' hex, then the RWC is 
never asserted. 

3.3.3 SECTOR COUNT REGISTER (HAg, HA2 
THRU HAO = 02, READIWRITE) 

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-

WD42C22A 

mented after each sector transfer between the 
buffer and host or drive. 

3.3.4 SECTOR NUMBER REGISTER (HAg, 
HA2 THRU HAO = 03, READIWRITE) 

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. 

3.3.5 CYLINDER NUMBER LOW AND HIGH 
REGISTERS (CYLINDER NUMBER 
LOW: HAg, HA2 THRU HAO = 04, 
READ/WRITE. CYLINDER NUMBER 
HIGH: HAg, HA2 THRU HAO = OS, 
READIWRITE) 

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 a 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 a 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, READIWRITE) 

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/O SS DriveHead 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. 
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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 
status. If DS = 1, then the host receives drive one 
status. 

3.3.6.4 BITS 3 THROUGH 0 HEAD NUMBER 

Bits 3, 2, 1 and 0 specify the desired head num­
ber. 

3.3.7 HOST STATUS REGISTER 
(HA9, 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 
W042C22A, one for each drive. Bit 4 of the SOH 
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 

ABSYROY WF SC ORO OWC lOX ERR 

3.3.7.1 BIT 7 AT BUSY 

This bit is active (=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 OROY drive 
status pin. Any command aborts if OROY 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. 

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 
W042C22A. 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 W042C22A, i.e. the fixed disk 
register passes 8 bits between the host and the 
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local microcontroller. The host should write zeros 
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 WD42C22A. 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 JlSec. If reset has 
been disabled by the local microcontroller then 
writing a '1' to this bit only resets the 
WD42C22A. RESET is not asserted in this case. 
The WD42C22A 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 INTRa output to the 
host is enabled. When lEN = 1, then the 
INTRa 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 INTRa 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 I EN to 1. 
When interrupts are disabled, then the INTRa pin 
is tri-stated. 

WD42C22A 

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 SOH register with HS3EN set to 
one. Bits 0 through bit 4 also come from the host 
SOH register. When this register is read by the 
host, then HD7 (pin 82) is tri-stated. It is coded as 
follows: 

Bit 

7 6 5 4 3 2 1 0 

X WG HS31 HS2 HS1 HSO DS2 DS1 
RWC 

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 
by the local microcontroller. HS3 comes from 
the SOH 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 SOH 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 SOH register bit 4. 
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A A A A A A A A READ PORT 
D D D D D D D D 
765 432 1 0 

DISK CONTROLLER TASK FILE 

0 0 0 X X X X X BUS TRISTATE 

0 0 1 0 0 0 0 0 INVALID 

0 0 0 0 0 0 Error Register 

0 0 0 0 0 0 Sector Count 

0 0 0 0 0 1 1 Sector Number 

0 0 0 0 0 0 Cylinder Number Low 

0 0 0 0 0 1 Cylinder Number High 

0 0 0 0 0 SOH 

o 0 0 0 Status Register 

XT 

o 0 0 0 Hardware Status 

o 0 1 0 1 1 0 NOT USED 

BUFFER MANAGER 

0 1 0 0 0 0 0 Host Buffer Pointer Low 

0 0 0 0 0 Host Buffer Pointer High 

0 0 0 0 0 Host Transfer Count Low 

0 0 0 0 1 Host Transfer Count High 

0 0 0 0 0 Disk Buffer Pointer Low 

0 0 0 0 Disk Buffer Pointer High 

WRITE PORT 

NOT USED 

INVALID 

PLO Length 

Sector Count 

Sector Number 

Cylinder Number Low 

Cylinder Number High 

SOH 

Command Register 

Hardware Status 

Drive Configuration 

Host Buffer Pointer Low 

Host Buffer Pointer High 

Host Transfer Count Low 

Host Transfer Count High 

Disk Buffer Pointer Low 

Disk Buffer Pointer High 

0 0 0 0 Microcontroller RAM Access Microcontroller RAM Access 

0 0 0 1 Buffer Status Buffer Control 

0 0 0 Auxilliary Buffer Status· Auxilliary Buffer Control 

TABLE 11. LOCAL MICROCONTROLLER REGISTER MAP 

3.4 SLAVE HOST INTERFACE 

In slave mode, the WD42C22A 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 
WD42C22A using the ports as follows:. 

A A A A A A A A A READ 
BOD 0 0 0 0 0 0 PORT 
S 7 6 5 432 1 0 
Y 
X 0 o 0 o 0 0 Bus tri­

state 

X 0 1 0 0 1 0 1 0 Bus tri­
state 

X 0 1 0 0 1 0 0 1 Slave 
read 
data 
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PORT 
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A A A A A A A A A READ PORT WRITE PORT 
B D D D D D D D D 
S 7 6 5 432 1 0 
Y 

MISC. 

X 0 0 0 0 0 Interface Status Interface Control 

X 0 0 0 0 1 Configuration Status Low NOT USED 

X 0 0 0 0 Configuration Status High NOT USED 

X 0 0 0 1 1 Drive Interface Status Drive Interface Control 

X 0 0 1 1 1 0 0 Alternate Sector Number NOT USED 

AT INTERFACE 

X 0 0 0 1 Drive 0 Status Drive 0 Status 

X 0 0 1 1 1 0 Drive 1 Status Drive 1 Status 

X 0 0 1 1 1 1 1 1 Fixed Disk Register Digital Input Register 

AT INTERFACE (TASK FILE COPY) 

0 0 0 0 0 0 Write Precomp Cylinder Error Register 

0 0 0 0 0 0 Sector Count Sector Count 

0 0 0 0 0 1 1 Sector Number Sector Number 

0 0 0 0 1 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 

o 0 0 0 0 X X X INVALID INVALID 

X 0 0 0 0 0 0 INVALID Slave Address Port for reads 

X 0 0 0 0 0 INVALID Slave Address Port for writes 

X 0 0 0 o 0 1 Slave Read Data Slave Write Data 

X 0 0 0 X X X INVALID NOT USED 

X 0 1 0 1 X X X X INVALID NOT USED 

X 0 1 1 X X X X X BUS TRISTATE NOT USED 

X 1 X X X X X X X BUS TRISTATE NOT USED 

TABLE 11. LOCAL MICROCONTROLLER REGISTER MAP (CONT'D) 

The slave peripheral connects to the WD42C22A 
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. 

Data transfers between the peripheral device and 
the WD42C22A 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). 
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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 WD42C22A has a built-in M­
Otorola-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 

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. 

INTERFACE PORTS AND TASK FILES 

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 41D NOT FOUND 

Occurs when cylinder, head, sector, size para­
meters with a correct ID field CRC cannot be 
found. For all commands, this bit is set after 10 
index pulses if the ID is not found if T = o. For all 
commands with the retry disable bit set, this bit 
indicates that after 2 index pulses no matching ID 
field was found. 

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 WD42C22A, forced to zero. 

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 A1 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 

32-24 11/19/90 



INTERFACE PORTS AND TASK FILES 

contents of the lower six bits of the PLO length 
register are transferred to the internal GAP 
register. In hard sector mode, this internal 
GAP register is used to control the delay be­
tween the INDEX or SECTOR pulse and the 
leading edge of READ GATE. This GAP 
register is altered by loading the desired GAP 
register value into the PLO length register and 
then issuing a load parameter block command. 

3.6.3 SECTOR COUNT 
(AD7 THRU ADO = 22, READIWRITE) 

Bit 

7 6 5 4 3 2 1 0 
NUMBER OF SECTORS/GAP VALUE 

SECTOR WITH BAD BLOCK 

This register is used for three purposes: 
• 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 
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 10 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 WD42C22A searches 
for a special 10 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. 

WD42C22A 

3.6.4 SECTOR NUMBER REGISTER 
(AD7 THRU ADO = 23, READIWRITE) 

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 
NRZ mode). 

·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 10 and DATA pads during format 
and write commands. 

3.6.5 CYLINDER NUMBER REGISTERS 
(CYLINDER NUMBER LOW: 
AD7 THRU ADO = 24, READ WRITE 
CYLINDER NUMBER HIGH: 
AD7 THRU ADO = 25, READIWRITE) 

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 10 command. To load the internal sec­
tor size register, load 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 10 offset. 
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3.6.6 CYLINDER NUMBER REGISTERS 
(CYLINDER NUMBER LOW: 
AD7 THRU ADO = 24, READIWRITE 
CYLINDER NUMBER HIGH: 
AD7 THRU ADO = 25, READIWRITE) 

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 SDH 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. 

3.6.7.1 SDH REGISTER, THREE BIT HEAD 
NUMBER 

Bit 

7 6 5 4 3 2 1 0 

CRC/ SS1 SSO Drive # Head # 
ECC 

3.6.7.2 SDH REGISTER, FOUR BIT HEAD 
NUMBER 

Bit 

7 6 5 4 3 2 1 0 

CRCI SS1 SSO Drive # Head # 
ECC 

3.6.7.3 BIT 7 ECCICRC SELECT 

This bit is set for data field ECC mode. It is reset 
for data field CRC mode. In RLL mode, this bit is 
ignored. RLL mode always uses 7-byte ECC. The 
CRC/ECC flag bit is not written on the disk at 
format time. The bad block flag is written on the 
disk in its place. 
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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 ECC for sector sizes over 1056 bytes. 

3.6.7.5 BIT 4 AND BIT 3 DRIVE NUMBER 
(THREE BIT HEAD NUMBER) 
BIT 4 DRIVE NUMBER 
(FOUR BIT HEAD NUMBER) 

Bits 4 and 3 specify the desired drive number in 
three bit head number mode. Only bit 4 specifies 
the drive number in four bit head number mode. 
The local microcontroller is responsible 
fortransferring these bits to the DS1 and DSO out­
put pins. 

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 microcontrolier 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 SOH format byte is shown as 
follows: 
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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 1 

Bad SS1 SSO 0 Head # 
Block 

0 

0 

3.6.8 STATUS REGISTER (AD7 THRU ADO = 
27, READ) 

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 
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. 

WD42C22A 

3.6.8.5 BIT 3 ALWAYS 0 

This bit reflects the state of the BDRO 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. 

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 
(DC I bit in the interface status register). 

3.7 XT INTERFACE PORTS 

3.7.1 XT HOST HARDWARE STATUS 
(AD7 THRU ADO = 20, READ/WRITE) 

Bits 7, bit 6, bit 2, and bit 1 of this register are writ­
ten by the local microcontroller and read by the 
host. The other bits reflect the state of certain 
hardware signals. This register is readable and 
valid in all host modes. 

Bit 

7 6 5 4 3 2 1 0 

1 1 IRO DRO XBSYC/D I/O REO 
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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 REGUEST 

This bit reflects the state of the INTRO output. 
This bit can NOT be written by the microcontrol­
ler. 

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 BIT3XTBUSY 

This bit reflects the state of the internal XT 
BUSY flipflop. This bit is set by during a reset and 
is set when the W042C22A 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.E.9cted at the read data and write' data ports. 
C/O = 1 indicates that a command or status trans­
fer is expected and C/O = a indicates that a data 
transfer is expected. This bit is written by the 
microcontroller. 

3.7.1.6 BIT1INPUT/OUTPUT 

This bit tells the host the direction of transfer for 
the two data ports. lid = 1 indicates an input 
(read) by the host and I/O = a 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 

7 

(AD7 THRU ADO = 30, READIWRITE) 
HOST BUFFER POINTER HIGH 
(AD7 THRU ADO = 31; READ/WRITE) 

Bit 

6 5 4 3 2 1 

LEAST SIGNIFICANT BYTE 

0 

OF HOST BUFFER POINTER 

Bit 

7 6 5 4 3 2 1 0 

a 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 
zero. If the transfer count is already zero, then the 
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, READIWRITE) 
HOST TRANSFER COUNT HIGH 
(AD7 THRU ADO = 33, READIWRITE) 

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 
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host buffer pointer counter. The transfer counter is 
12 bits long which gives a maximum transfer 
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, READIWRITE) 
DISK BUFFER POINTER HIGH 
(AD7 THRU ADO = 35, READIWRITE) 

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 (38 hex). 
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 

WD42C22A 

3.7.6 MICROCONTROLLER RAM ACCESS 
PORT (AD7 THRU ADO = 36, 
READIWRITE) 

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 I XT INTERFACE CONTROL 

This bit, along with HSMB, in the auxilliary 
buffer control register, controls the host interface 
type. If AT/XT = O~en 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 lJA 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 il')ternal 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 WD42C22A 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 / 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 WD42C22A. When HRWB = 1, then 
the host reads from the WD42C22A. 

3.7.7.6 BIT 2 DISK READ / 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 WD42C22A 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 
the next byte read or written by the microcontroller 
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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 / XT INTERFACE MODE 

This status bit reflects the state of the ATIXT 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 / 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 / WRITE 

This bit reflects the state of the DRWB control bit 
defined in the buffer control register. 

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. 

32-30 11119/90 



INTERFACE PORTS AND TASK FILES 

3.7.9 AUXILLIARY 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 to/from 
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 WD42C22A 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 WD42C22A. The ALE mode 
supports up to 32 registers in the slave device. 
Data transfers occur via WD-BUS mode if HDMA 
= 1 and is an 8-bit transfer if H 16/8 = ° and a 
16-bit if H16/8 = 1. This bit resets upon power-up 
but not affected by RESET. 

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 
WD42C22A DMAs data continuously as long as 
the FIFOs can keep up. If BCNT = 0, HDMA = 1, 
and BDEN = 1, then the WD42C22A 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-15, INTRQ, 
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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 when IDD = 1 to control drive 
selection. If ATIXT =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 is not af­
fected by RESET. 

3.7.9.6 BIT 1 HOST 16 / BBIT 

This bit controls the width of the data transfers on 
the host side. If H16/8 = 0, then the host data 
transfers are 8-bit. If H16/8 = 1, then the host data 
transfers are 16-bit. This bit resets upon power up 
but is 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 bae changed without the need for 
external clock deglitching. When SCKS = 1, the 
default, then the WD42C22A synchronously 
switches the drive controller to the internal buffer 
clock (BCLK). When SCKS = 0, the WD42C22A 
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 occurred. When RESET 
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 ussuing 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. 

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. 
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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 abit 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 auxiliary 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. 

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 BIT 

This bit reflects the state of the H 16/8 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 
WD42C22A. The bits are defined as follows: 

Bit 
7 6 5 4 

MINT DCGI RSTI FEI 

3 2 1 0 

DCI HPRI DROI CWSI 
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3.7.11.1 BIT 7 MICROCONTROLLER 
INTERRUPT 

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. 
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 SDH register bit 4 when AT mode is selected. 

3.7.11.3 BIT 5 SOFT RESETINTERRUPT 

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 27 hex) is read or when the 
disk controller command (port 27 hex) 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. 
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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=O (bit 0) in the buffer control register 
(37 hex) when this bit first goes from 0 to 1 then 
OROI and MCINT is not reset until after the 
microcontroller writes AOBP= 1. 

3.7.11.8 BIT 0 COMMAND WRITE I SELECT I 
SLAVE INTERRUPT 

This bit informs the local microcontroller that a 
command has been written if the W042C22A is 
in AT mode, that the W042C22A has been 
selected if it is in XT mode, or that the slave host 
device has issued an interrupt (Asserts INTRO. 
Slave interrupt only triggers on rising edge of 
INTRO.) if in slave host mode. 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 
W042C22A. 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 inter­
rupt flip-flop. In AT mode, the microcontroller must 
wait for the RST bit (2) in the FOR register (3F 
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hex) to be 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 I 
SELECT/SLAVEINTERRUPT 

Writing a '1' to this bit resets the command 
write/selecVslave interrupt flip-flop. 

3.7.13 CONFIGURATION REGISTER LOW 
(AD7 THRU ADO = 39, READ) 

This register is used to read the configuration 
jumpers on buffer address pins BA? through 
BAO. When in read configuration mode, the buffer 
address lines have 300 I1A 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 '0'. 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 
configuration registers should not be read until 
100 I1sec 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. 
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Configuration status low 
Bit 

7 6 5 4 3 2 

BA7THRU BAa 

Configuration status high 
Bit 

7 6 5 4 3 2 

a BA14 THRU BA8 

3.7.14 DRIVE INTERFACE STATUS 
(AD7 THRU ADO = 3B, READ) 

1 0 

1 0 

This register gives status information for the drive 
controller. It is coded as follows: 

Bit 

7 6 5 4 3 2 1 0 

RDC DRDY WF HDS MAC DRO IPOL DSN 

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 DRDY 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. 

3.7.14.4 BIT 4 HOST DRIVE SELECT 

This bit reflects the state of bit 4 of register 46 
(hex), the host copy of the SDH register. It is used 
by the host in AT mode as a drive select. If HDS = 
a then drive 1 is selected. If HDS = 1, then drive 
2' is selected. This bit is always accessable 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. 
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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 WD42C22A resets. It is held 
reset as lo~he bit is asserted. This bit is 
reset when RESET is asserted. 

• 1. Set DRWB=1 (bit 2) in the buffer control 
register (3716). 

• 2. Set ADBP=1 (bit 0) in the buffer control 
register. 

• 3. Set RDOI (bit 1) in the interface control 
register (3816) 

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 or writing to the RAM access 
port (36 hex). 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 21 through 
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27 hex) cannot be accessed by the 
microcontroller. If the microcontroller writes to 
these registers, when MAC = 1 then the disk con­
troller may not act properly. This bit resets when 
RESET is asserted. The proper sequence for the 
microcontroller to readlwrite 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 is 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 will instead write 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 ORal or DCI, the drive 
controller always writes the sector number to the 
alternate sector number register. This bit resets 
when RESET is asserted. 

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 BORa inter­
rupt (ORal) or the disk controller interrupt (DCI). It 
is initialized to FF hex at the start of every com­
mand. It is written regardless of the state of the 
DSN bit described above. 
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Bit 

7 6 5 4 3 2 1 0 

NUMBER OF LAST SECTOR READ OR 
WRITTEN 

3.8 AT INTERFACE PORTS 

3.8.1 DRIVE ZERO STATUS 
(AD7 THRU ADO = 3D, READIWRITE) 

In PC/AT mode, bit 6, bit 5, bit 4, bit 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 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 SOH register (port 46 for 
microcontroller, port 6 for host) is o. The other bits 
of the host status are not affected by this register. 

3.8.2 DRIVE ONE STATUS 
(AD7 THRU ADO = 3E, READ/WRITE) 

In AT mode, bit 6, bit 5, bit 4, bit 2, and 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 SOH register (port 46 for ~ 
microcontroller, port 6 for host) is 1. The other bits 
of the host status are not affected by this register. 

3.8.3 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 

3.8.4 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. 
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Bit 
7 6 5 4 3 2 1 0 

ECCM ECC7/ RWC X X X DS1 DSO 
DDRQ 

3.8.4.1 BIT 7 ECC MODE 

In PC/AT mode, ECCMOD = 1 indicates that the 
data transferred to the host includes ECC. The 
ECC 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. 

3.8.4.2 BIT 6 ECC 7 BYTES/ DISABLE BDRQ 

When ECCM = 1, then this bit determines the 
number of ECC bytes transferred to the host. If 
ECC7 = 1, then 7 bytes are transferred. Other­
wise, 4 bytes are transferred. If ECCM = 0, then 
this bit controls whether or not the drive con­
troller issues BDRQ interrupts. If DDRQ = 0, 
then the drive controller issues BDRQ inter­
rupts. If DDRQ = 1, then the drive controller does 
not issue BDRQ interrupts. It should be noted that 
when BDRQ occurs, the buffer manager loads the 
disk pointer from its pipeline register and when no 
BORQ occurs then the disk pointer keeps in­
crementing from one sector to the next. This bit 
resets when RESET is asserted. 

3.8.4.3 BIT 5 REDUCE WRITE CURRENT 

This bit is set by the microcontroller and indi­
cates the state of the RWC signal going to the 
drive. 

INTERFACE PORTS AND TASK FILES 

3.8.4.4 BIT 1 DRIVE SELECT 1 

This bit controls the state of the DS1 output pin. 
When DS1 = 0, then the DS1 output is tri­
stated and when DS1 = 1 the the DS1 output is 
low. This bit is reset when RESET is asserted. 

3.8.4.5 BIT 0 DRIVE SELECT 0 

This bit controls the state of the DSO output pin. 
When DSO = ° then the DSO output is tri-stated 
and when DSO ~ 1 the the DSO output is low. This 
bit is reset when RESET is asserted. 

3.8.5 AT TASK FILE COPY 
(AD7 THRU ADO = 40 THRU 47, 
READIWRITE) 

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 (20-
27 hex). At the end of the command, the local 
microcontroller must update this task file copy 
before asserting INTRQ and resetting ABSY. The 
local microcontroller can only access these 
registers when ABSY=1. 
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4.0 BUFFER MANAGER ORGANIZA· 
TION 

The buffer manager can control multiple sector 
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 ECC, 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 36), 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 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 con­
trol Register (37 hex). 

2. Set MAC=1 (bit 3) in the disk controller control 
register (3B hex). 
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3. Load the starting address of the data being 
accessed into the disk buffer pointer registers 
(34 & 35 hex). 

4. Set ADBP=1 (bit 0) in the buffer manager con­
trol register (37 hex). 

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 (36 hex), sequential bytes from the buff­
er are transferred from the FIFO to the 
microcontroller. 

The procedure to write to the buffer RAM is: 

1. Set DRWB=O (bit 2) in the buffer manager con­
trol register (37 hex). 

2. Set MAC=1 (bit 3) in the disk controller control 
register (3B hex). 

3. Load the starting address of the data being 
accessed into the disk buffer pointer registers ~ 
(34 &35 hex). ~ 

4. Set ADBP=1 (bit 0) in the buffer manager con-
trol register (37 hex). 

As the microcontroller writes data to the RAM ac­
cess port (36 hex), 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 
TO/FROM 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 sino Ie bvte DMA 

1 0 X 1 
16-bit wide sino Ie 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 PIO 

0 X X 1 
16-bit wide PIO 

Bits HDMA (bit 7), BCNT(bit 5), and H16/8 (bit 1) 
are in the auxilliary buffer manager control 
register (2F hex) and bit BDEN (bit 1) is in the 
buffer manager control register (37 hex). All of 
these modes are available in both the XT and AT 
host configurations. All of the DMA modes are 
available 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 (37 hex). 

3. Load the starting address of the desired sec­
tor into the host pointer registers (30 & 31 
hex). Load the number of bytes into the host 
transfer count registers (32 & 33 hex). 

4. Set AHBP=1 (bit 4) in the buffer manager 
control register (37 hex). Hardware automat­
ically sets DRO (bit 3) and resets ABSY (bit 
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7) in the host status register if AT mode and 
sets 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 (38 hex). MCINT is asserted. 

6. Set RHRI=1 (bit 2) in the interface control 
register (38 hex) to reset the interrupt. If 
chaining and still more sectors then go to 3. 

7. Wait for HPRI=1 (bit 2) in the interface status 
register (38 hex). MCINT is be asserted. 

8. Set RHRI=1 (bit 2) in the interface control 
register (38 hex) 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=O (bit 3) in the buffer control 
register (37 hex). 

3. Load the starting address of the desired sec­
tor into the host pointer registers (30 & 31 
hex). Load the number of bytes into the host 
transfer count registers (32 & 33) 

4. Set AHBP=1 (bit 4) in the buffer manager con­
trol register (37 hex). Hardware automatically 
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 (38 hex). MCINT is asserted. 
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6. Set RHRI=1 (bit 2) in the interface control 
register (38 hex) to reset the interrupt. If 
chaining and still more sectors then go to 3. 

7. Wait for second HPRI=1 (bit 2) in the interface 
status register (38 hex). MCINT is asserted. 

8. Set RHRI=1 (bit 2) in the interface control 
register (38 hex) 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. 

4.3 CONTROLLER COMMANDS 

The WD42C22A 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 microcontroller 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 0 o L 1 
Write Sector 0 0 1 1 X M L T 
Write ID 1 0 1 1 F OAT 
ScanlD 0 1 0 0 0 o 0 T 
Format Track 0 1 0 1 0 o W 1 
Format Single Sector 1 1 0 1 0 o W 1 
Compute Correction 0 0 0 o 1 P 0 0 
Set Parameter Z 0 0 R 0 E H S 
Load Parameter Block 1 0 0 o 1 D K U 
Sleep 1 0 0 1 1 000 
Dump 1 0 1 o I B L 1 

TABLE 12. COMMAND AND COMMAND CODES 

Mnemonic definitions for Table 12: 
• M=O Single sector read or write. Sector count 

is ignored. 

WD42C22A 

M=1 Multiple sector read or write. Used for 
1:1 interleave. 

• L=O Normal mode, selected ECC or CRC 
functions performed. 

L=1 Sector extended by 4 or 7 bytes (de­
pends on set parameter command. 
No ECC generated or checked. 

• T =0 Enable retries. 
T =1 Disable retries. 

• X=O Write sector specified in sector number 
register. 

X=1 Write sector specified in first byte of 
the sector buffer. 

• F=O Write new ID immediately after current 
ID. 

F=1 Write new ID offset from current ID. 

Do not pulse AME when writing new 
ID. 
Pulse AME when writing new ID. 

Write gate stays asserted for entire 
track or sector. 
Write gate deasserted over all 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. 

• Z=O MFM or RLL mode. 
Z=1 NRZ mode. Mode used for ESDI drive 

interface. 

• R=O Disable relocation ID searches. 
R=1 Enable relocation ID searches. 

• E=O Sector extension for read long/write 
long 4 bytes. ECC generator/checker 
is 4 bytes. 

E=1 Sector extension for read long/write 
long 7 bytes. ECG generator/checker 
is 7 bytes. 

• H=O SDH register programmed for 3 head 
select bits. 

H=1 SDH register programmed for 4 head 
select bits. 

• S=O Error correction span 5 bits with 4 
byte EGC or 11 bits with 7 byte EGC. 

S= 1 Error correction span 11 bits with 4 
byte EGC or 22 bits with 7 byte EGG . 
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MODE MODE 
CONTROL 

OPTIONS 

ZDK MTLXAFRSEHPUWI B 

RLL soft sector 

RLL hard sector 

MFM soft sector 

MFM hard sector 

N RZ soft sector 

. N RZ hard sector 

? 0 0 
? 1 0 

001 

011 

1 0 1 

1 1 1 

x x x x x x x x 

x x x x x x x x 

x x x 

x x x x x x 

x x x x x x x x x x x x 

x x x x x x x x x x x x x x x 

x x x x x x x x x x x x 

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 

• 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. 

4.4 

RLL data interface. Selection of this 
option disables the NRZ option. De­
faults to this setting after master re­
. set. 
Data interface is either MFM or NRZ. 

Use the standard sector sizes defined 
under the SOH register description. 
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. 

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 10 searches are retried for 10 index 
pulses. DAM not found errors are not retried. 
There are no retries for CRC/ECC errors. If T =1, 
10 searches are retried for two index pulses. 

If L=O, then normal CRC or ECC read commands 
are performed. If L=1, then the CRC or ECC 
check bytes are not computed but instead the 
CRC or ECC 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 ECC 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 10 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 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 special 10 field 
is found. If a bad block mark is found in an 10 
field then the command terminates immediately 
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: 
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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 (3B hex) than the sector number is not 
compared 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=O (bit 2) in the 
buffer manager control reg­
ister (37 hex). 

2. Load the starting address of 
the first sector into the disk 
buffer pointer registers (34 & 
35 hex). 

3. Set ECCM=O (bit 7) and 
DDRO=1 (bit 6) in the DIR 
write register (3F hex) and 
MAC=1 (bit 3) in the drive 
interface control register (3B 
hex) to disable DROI, if de­
sired. 

4. Set ADBP=1 (bit 0) in the 
buffer manager control reg­
ister (37 hex). 

5. Set MAC=O in the drive inter­
face control register. 

6. Issue read command to 
WD42C22A. 

• WD42C22A: 7. Write 'FF' to alternate sector 
number register (3C hex). 
Abort if drive not ready or 
write fault. 

8. (If DROI is enabled) 
Activate BDRO signal to 
buffer manager and DROI to 
microcontroller. Wait for 
BRDY signal indicating trans­
fer of buffer pointer. 

• MICRO: 
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8. 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 
(38 hex). 

• WD42C22A: 9. Search for head, cylinder, sec­
tor number and sector size 
code. 

• MICRO: 

Error Flags: 

10. When the proper sector ID 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 (38 hex). 
MCINT asserted. 

14. Read disk controller status 
register (27 hex) and error 
register (21 hex). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write fault and aborted command set if WF pin 
activated. 

• ID 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 WD42C22A 
detects that the drive number changed since the 
last read command, then an auto-scan ID 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 ID 
field, the data address mark is not found a DAM 
error is set. 

The L flag controls the ECC check bytes. If l=0, 
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 
compatibility with the WD5011 and WD5011A. 

Command Flow: 
• MICRO: 1. Set DRWB=O (bit 2) in the 

buffer manager control reg­
ister (37 hex). 

2. Load the starting address of 
the first sector into the disk 
buffer pointer registers (34 & 
35 hex). 

3. Set ADBP=1 (bit 0) in the 
buffer manager control reg­
ister (37 hex). 

4. Set ECCM=O (bit 7) and 
DDRO=1 (bit 6) in the DIR 
write register (3F hex) and 
MAC=1 (bit 3) in the drive 
interface control register (3B 
hex) to disable DROI, if de­
sired. 

5. Set MAC';'O in the drive inter­
face control register. 

6. Issue read next data com­
mand to WD42C22A. 

• WD42C22A: 7. Write 'FF' to alternate sec­
tor number register (3C hex). 
Abort if drive not ready or 
write fault. 

• MICRO: 
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8. (If DROI is enabled) 
Set DRO status bit, activate 
BDRO signal to buffer man­
ager. Wait for BRDY signal 
indicating transfer of buffer 
pointer. 

Set RDOI (bit 1) in the inter­
face control register (38 hex). 

• WD42C22A: 9. Find next data field, read sec-
tor data and place in buffer. 
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 (3C hex). Set DCI 
(bit 3) in the interface status 
register (38 hex). MCINT is 
asserted. 

• MICRO: 11. Read disk controller status 

Error Flags: 

register (27 hex) and error 
register (21 hex). 

• 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 BRDY 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 ID searches are retried for 10 index 
pulses. If T =1, then ID searches are retried for 2 
index pulses only . 

If L=O, 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 
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to the disk but instead, 4 or 7 additional bytes are 
read from the buffer and written to the disk imme­
diately after the data field. 

If X=O, 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 ID field sets the error bit 
and the data field is not be written. If the R option 
in the set parameter command is set, then the 
controller searches immediately after the normal 
ID 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 spe­
cial ID field is found. If a bad block mark is found 
in an ID 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 (3B hex) then the sector number is not 
compared when ID searches are performed. The 
WD42C22A 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 

WD42C22A 

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 (37 hex). 

2. Load the starting address of 
the first sector into the disk 
buffer pointer registers (34 & 
35 hex). 

3. Set ECCM=O (bit 7) and 
DDRO=1 (bit 6) in the DIR 
write register (3F hex) and 
MAC=1 (bit 3) in the drive 
register (3B hex) to disable 
DROI, if desired. 

4. Set ADBP=1 (bit 0) in the 
buffer manager control reg­
ister (37 hex). 

5. Set MAC=O in the drive inter­
face control register. 

6. Issue write command to 
WD42C22A. 

• WD42C22A: 7. Write 'FF' to alternate sec­
tor number register (3C hex). 
Abort if drive not ready or ~ 

• MICRO: 

write fault. ~ 
8. (If DROI is enabled) 

Activate BDRO signal to 
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 
register if more sectors re­
maining. Set RDOI (bit 1) in 
the interface control register 
(38 hex). 

• WD42C22A: 9. Search for head, cylinder, 
sector number and sector 
size code. 

10. When the proper sector ID 
is found, write buffer data to 
sector. 

11. Write sector number to alter­
nate sector number register 
(3C hex). If M = 0 then go to 
13. 

12. Decrement sector count, in-
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• MICRO: 

Error Flags: 

crement sector number. If 
M = 1 and sector count = 0 
then go to 13 else go to step 
8. ' 

13. Set OCI (bit 3) in the inter­
face status register (38 hex). 
MCINT asserted. 

14. Read disk controller status 
register (27 hex) and error 
register (21 hex). 

• 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. 

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=O, 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 sec­
tor 10 with the offset determined by the internal 
sector size register. The sector number register is 
ignored if F=1. The sector number of the 10 to 
match is taken from the first byte of the buffer. 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 correct value if the program­
mable sector size option is being used. An offset 
of up to 2048 is allowed. This option can be used 
to reformat a single sector in soft sector mode. 
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If A=O 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 reformat a single 
sector in soft sector NRZ mode. 

The four bytes in the buffer (F=O) should be as 
follows: 

BYTE 0: 

BYTE 1: 

BYTE 2: 

BYTE 3: 

1 1 1 1 cyl 1 0 1 cyl 9 cyl 8 

Low byte of cylinder number 

BB 0 RF 0 HS3 HS2 HS1 HSO 

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 1 0 1 cyl 9 cyl 8 

Low byte of cylinder number 

BB 0 RF 0 HS3 HS2 HS1 HSO 

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 (37 hex). 

2. Load the starting address of 
the 10 buffer data into the 
disk buffer pointer registers 
(34 & 35 hex). 

32-44 11/19/90 



BUFFER MANAGER ORGANIZA TION 

3. Set ECCM=O (bit 7) and 
DDRO=1 (bit 6) in the DIR 
write register (3F hex) and 
MAC=1 (bit 3) in the drive 
interface control register (3B 
hex) to disable DROI, if de­
sired. 

4. Set ADBP=1 (bit 0) in the 
buffer manager control regis­
ter (37 hex). 

5. Set MAC=O in the drive inter­
control register. 

6. Issue Write ID command to 
WD42C22A. 

• WD42C22A: 7. Write 'FF' to alternate sector 
number register (3C hex). 
Abort if drive not ready or 
write fault. 

8. (If DROI is enabled) 
Activate BDRO signal to buff­
ermanager and DROI to 
microcontroller. Wait for 
BRDY signal indicating trans­
fer of buffer pointer. 

• MICRO: Set RDOI (bit 1) in the inter­
face control register (38 hex). 

• WD42C22A: 9. Search for head, cylinder, 
sector number and sector 
size code. 

10. When the proper sector ID is 
found, write buffer data to 
sector. 

• WD42C22A:11. Write sector number to alter­
nate sector number register. 
Set DCI (bit 3) in the interface 
status register (38 hex). 
MCINT asserted. 

• MICRO: 

Error Flags: 

12. Read disk controller status 
register (27 hex) and error 
register (21 hex). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write Fault and aborted command set if WF 
pin activated. 

• ID not Found set if exact ID field not found or if 
ID field matches but CRC check fails, after 
retry procedure. 

• Bad Block set if bad block bit detected in I D of 
desired sector. 

WD42C22A 

4.4.5 SCAN 10 

When the next ID field of the present track is en­
countered, cylinder number, sector size, head 
number and sector number are loaded into the 
respective registers. 

Command Flow: 
• MICRO: 1. Issue Scan ID command to 

WD42C22A. 
2. Write 'FF' to alternate Sec­

tor number register (3C hex). 
Abort if drive not ready or 
write fault. 

3. Search for next ID field and 
read 4 ID bytes into respec­
tive registers. Search for ID 
field for up to 10 index pulses 
if T =0, up to 2 index pulses if 
T =1. 

• WD42C22A: 4. Set DCI (bit 3) in the interface 
status register (38 hex). 
MCINT asserted. 

• MICRO: 

Error Flags: 

5. Read disk controller status 
register (27 hex) and error 
register (21 hex). 

• 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. 

• ID not found if no ID fields are found. 

• Relocation ID found if R option enabled and 
relocation ID 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 block/bad 
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 ID 
PLO sync field is loaded into the PLO length 
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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 
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 
BRDY 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 33 
hex 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 ID 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 sector 
position should be set to '80' hex and the sector 
number for that sector should be set to 'FF' hex. 
If it is desired to map the bad sector then the bad 
block mark for that sector should be set to '80' 
hex 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 
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commands. A write ID 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 

(00 or 80 hex) 

• BYTE 1: 

• BYTE 2: 

• BYTE 3: 

• BYTE 2n: 

1 st sector's sector number 

2nd sector's block mark 
(00 or 80 hex) 

2nd sector's sector number 

nth sector's block mark 
(00 or 80 hex) 

• BYTE 2n+ 1 : nth sector's sector number 

Command Flow: 
• MICRO: 1. Set DRWB=1 (bit 2) in the 

buffer manager control regis­
ter (37 hex) 

2. Load the starting address of 
the interleave table into the 
disk buffer pointer registers 
(34 & 35 hex). 

3. Set ECCM=O (bit 7) and 
DDRO=1 (bit 6) in the DIR 
write register (3F hex) and 
MAC=1 (bit 3) in the drive 
interface control register (3B 
hex) to disable DROI, if de­
sired. 

4. Set ADBP=1 (bit 0) in the 
buffer manager control reg­
ister (37 hex). 

5. Set MAC=O in the buffer 
control register. 

6. Issue format command to 
WD42C22A. 

WD42C22A: 7. Write 'FF' to the alternate 
sector number register (3C 
hex). 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 signal indicating trans­
fer of buffer pointer. Wait for 
leading edge of index. 
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• MICRO: Set RDOI (bit 1) in the inter­
face control register (38 hex). 

• WD42C22A: 9. Write gap. 

• MICRO: 

Error Flags: 

10. Write sector ID using para­
meters in task register file 
and buffer memory. Data 
bytes are FF. 

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 (38 hex). 
MCINT asserted. 

15. Read disk controller status 
register (27 hex) and error 
register (21 hex). 

• 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 blocklbad 
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 
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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 
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 8RDY 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 eRC 
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 (00 or 80 hex) 

• BYTE 1: sector number of formatted sector. 

Command Flow: 
• MICRO: 1. Set DRW8=1 (bit 2) in the 

buffer manager control Regis­
ter (37 hex). 

2. Load the starting address of 
the interleave table into the 
disk buffer pointer registers 
(34 & 35 hex). 

3. Set ECCM=O (bit 7) and DDRQ 
=1 (bit 6) in the DIR write reg­
ister (3F hex) and MAC=1 (bit 
3) in the drive interface con­
trol Register (38 hex) to dis­
able DROI, if desired. 

4. Set ADBP=1 (bit 0) in the 
buffer manager control regis­
ter (37 hex). 

5. Set MAC=O in the drive inter­
face control register. 

6. Issue format single sector 
command to WD42C22A. 
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• WD42C22A: 7. Write 'FF' to the alternate sec­
tor number register (3C hex). 
Abort if drive nof ready or 
write fault. 

8. (If bROI is enabled) 
Activate BDRO signal to buff­
er manager and DROI to 
microcontroller. Wait for BRDY 
signal indicating transfer of 
buffer pointer. Wait for leading 
edge of index. 

• MICRO: Set RDOI (bit 1) in the inter­
face control register (38 hex). 

• WD42C22A: 9. Decrement sector count. If 
sector count = 0 go to 11 , 
else go to 10. 

10. Wait for SECTOR pulse, then 
goto 9. 

11. Assert WRITE GATE. Write 
gap. 

• WD42C22A:12. Write sector ID 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 (38 hex). 
MCINT asserted. 

16. Read disk controller status 
register (27 hex) and error 
register (21 hex). 

• 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 
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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=O, 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 transferred 
to the buffer. This option facilitates firmware algo­
rithms that require a matching syndrome before a 
correction is made. In this case, the firmware cal­
culates the error pattern, corrects the 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 ECC error can now be corrected in one 
revolution of the disk compared to three revolu­
tions required by earlier WD1010 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 ECC) 

• 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 ECC) 

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), the second data byte 
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exclusive OR'ed with the second error pattern 
byte, and the third data byte with the last error 
pattern byte (LSB). Exclusive OR the first three 
error pattern bytes for 5 and 11 bit spans. Ex­
clusive 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 (37 hex). 

2. Load the starting address of 
the error correction data buff­
er into the disk buffer pointer 
Registers (34 & 35 hex). 

3. Set ECCM=O (bit 7) and DDRO 
=1 (bit 6) in the DIR write reg­
ister (3F hex) and MAC=1 
(bit 3) in the drive interface 
control register (3B hex) to 
disable DROI, if desired. 

4. Set ADBP=1 (bit 0) in the 
buffer manager control regis­
ter (37 hex). 

5. Set MAC=O in the drive inter­
face control register. 

6. Issue compute correction 
command to WD42C22A. 

• WD42C22A: 7. Write 'FF' to the alternate sec­
tor number register (3C hex). 
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 
signal indicating transfer of 
buffer pointer. Wait for leading 
edge of INDEX. 

• MICRO: Set RDOI (bit 1) in the inter­
face control register (38 hex). 

• WD42C22A: 9. Transfer contents of the four 
(or seven) byte ECC register 
to buffer, most significant byte 
first. 

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. 

• MICRO: 

Error Flags: 

WD42C22A 

11. Transfer byte count to buffer 
(2 bytes). Transfer 3 bytes of 
error pattern to buffer if C=O 
and transfer 4 bytes of error 
pattern if C=1 or 7 byte ECC. 

12. Set DCI (bit 3) in the interface 
status register (38 hex). 
MCINT asserted. 

13. Read disk controller status 
register (27 hex) and error 
register (21 hex). 

• CRC/ECC flag set if data field error length ex­
ceeds correction span. 

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 ECC 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 SDH register. If H=O, then 3 head select bits 
are written or compared in the ID fields on the 
drive. If H=1, then 4 head select bits are written or 
compared in the ID 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 ECC. An 11 bit correc­
tion span is the default parameter following 
master reset. If Sis 0, then a 5 bit correction span 
is selected if 4 byte ECC, 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 
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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 ID 
searches. If R=1 for read and write sector com­
mands and a bad block mark is detected in the 
desired sector's ID, then the WD42C22A sear­
ches for a special ID field containing relocation 
information immediately after the desired sector's 
ID. This special ID field is placed using the write 
ID command. When the R option is used,then the 
U option must be set to 1 in the load parameter 
block command. 

Command Flow: 
• MICRO: 1. Issue set parameter com-

mand to WD42C22A. 

• WD42C22A: 2. Write 'FF' to the alternate sec­
tor number register (3C hex). 
Abort if drive not ready or 
write fault. 

• MICRO: 

Error Flags: 
• None. 

3. Set or reset internal para­
meter flip-flop. 

4. Set DCI (bit 3) in the interface 
status register (38 hex). 
MCINT asserted. 

5. Read disk controller status 
register (27 hex) and error 
register (21 hex). 

4.4.10 LOAD PARAMETER BLOCK 

The D bit is used to indicate the sectoring mode. 
If D = 0, the default after a master reset, then soft 
sector mode is selected. If D = 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. 
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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 SDH 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: 

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 ID 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 WD42C22A . 

• WD42C22A: 3. Write 'FF' to the alternate sec­
tor number register (3C hex). 
Abort if drive not ready or 
write fau It. 

• MICRO: 

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 (38 hex). 
MCINT asserted. 

7. Read disk controller status 
register (27 hex) and error 
register (21 hex). 
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Error Flags: 
• None. 

4.4.11 SLEEP 

The sleep command places the WD42C22A in a 
low power standby mode. When the sleep com­
mand is issued to the disk controller section, 
clocks are disabled and only the buffer manager 
and host interface logic is enabled. The disk con­
troller can be brought out of the sleep mode by 
setting RDC=1 (bit 7) in the disk controller control 
register (38 hex) or by resetting the entire 
WD42C22A. The microcontroller should NEVER 
attempt to read or write the drive controller task 
file (registers 21 hex through 27 hex) while the 
drive controller is in the sleep mode. 

Command Flow: 
• MICRO: 1. Issue sleep command to 

WD42C22A. 

• WD42C22A: 2. Write 'FF' to the alternate sec­
tor number register (3C hex). 

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 WD42C22A. 

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 multisector 
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 1=0, then two fields (ID 
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and data) are dumped for each sector. If 1=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 
programmed to 1 less than the number of bytes to 
be dumped for the sector. 

The 8 option controls the sync byte and CRC 
preset. If 8=0, then the sync byte is assumed to 
FE and the CRC is preset to all zeroes. If 8=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=O, 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. 8 does not affect 
the L option. 

The PLO register controls the read gate delay fo r 
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 A1 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. 
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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. 

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=O (bit 2) in the 

buffer manager control regis­
ter (37 hex.) 

2. Load the starting address of 
the buffer into the disk buffer 
pointer register (34 & 35 hex). 

3. Set ECCM=O (bit 7) and 
ODRO=1 (bit 6) in the DIR 
write register (3F hex) and 
MAC=1 (bit 3) in the drive 
interface control register 
(3B hex) to disable DROI, 
if desired. 

4. Set ADBP=1 (bit 0) in the 
buffer manager control regis­
ter (37 hex). 

5. Set MAC=O in the drive inter­
face control register. 

6. Issue dump command to 
WD42C22A. 

• WD42C22A 7. Write FF to alternate sector 
number register (3C hex). 
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 tor BRDY 
indicating transfer of buffer 
pointer. 

• MICRO: Set RDOI (bit 1) in the inter­
face control register (38 hex). 

• WD42C22A: 9. Wait for index. 
10. If 1=1, then go to 12 else go 

to 11. 

~ MICRO: 

Error Flags: 
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11. Search for sync byte. When 
found, dump 5 data bytes 
into buffer. 

12. Search for sync byte. When 
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 (38 hex). 
MCINT asserted. 

15. Read disk controller status 
register (27 hex) and errror 
register (21 hex). 

• Drive not ready and aborted command set if 
drive not ready. 

• Write fault and aborted command set if WF pin 
activated. 

• ID not found set if 1=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 ID or data field 
when 1=1. 

• Data CRC if the data field CRC doesn't zero 
when 1=0 or if either an ID or data field CRC 
doesn't zero when 1=1. 

ERRATA 
There is a current problem with the dump com­
mand. When the dump commamd is executed, 
there is sometimes an extra byte transferred after 
either the ID or the data field. When the 1=1 option 
is used, then there is sometimes an extra byte 
after the expected bytes in the buffer. When the 
1=0 option is used, then there can be an extra 
byte between the I D and data fields and it is 
therefore impossible to determine where the data 
field starts in the buffer. 
The fix for this problem has been identified and 
will be implemented on any new versions of the 
WD42C22A. Currently, there is a firmware work­
aroun to read an ESDI defect list. If the 1=1 option 
is used, then the buffer contains the correct ex­
pected data. The firmware ensures that the buffer 
has one more byte than the number of bytes ex-
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BUFFER MANAGER ORGANIZA TlON 

pected to be transferred from the W042C22A. 
To read the 10: 

1. Set PLO register = A - 5. Refer to the follow 
ing illustration. 

2. Set sector size = 4 (for 5 byte 10). Use load 
parameter command to set sector size. 

3. Issure A9 command. 

To read the data: 

1. Set PLO register = B - 5. Refer to the illustra­
tion above. 

2. Set sector size = 255 (for 256 byte data). Use. 
load parameter command to set sector size. 

3. Issue A9 command. 

RG 
(10 READ) 

11/19/90 

WD42C22A 

Figure 6. DUMP COMMAND 

32-53 



WD42C22A ELECTRICAL AND TIMING SPECIFICATIONS 

5.0 ELECTRICAL AND TIMING 
SPECIFICATIONS 

5.1 MAXIMUM RATINGS 

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 (TA) ............................................................................... OOC (32°F) to 70°C (15SoF) 

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 UNITS 

ill 
102 

VIH 

Vil 

VOH 

VOL 

lee 

lees 

Input Leakage ±10 IlA 

Tri-state and open drain ± 10 IlA 
output leakage 

Input High Voltage 2.0 V 

Input Low Voltage O.S V 

Output High Voltage 2.4 V 

Output Low Voltage 0.4 V 

Supply Current 1 00 mA 

Supply Current (Standby 25 mA 
Mode) 

CONDITIONS 

VIN = 0.4 to Vee 

VOUT = 0.4 TO Vee 

10UT=-SOOIlA 

IOuT=2.0mA 

All outputs open. 

All inputs at VDD or Vss, disk con­
troller sleep mode, 15 MHz crystal. 

TABLE 14. DC OPERATING CHARACTERISTICS 

For pins 75 thru 82, 40 thru 42, 44 thru 48, 74, 8 
HDO thru HD15 INTRQ DREQ): 
SYMBOL CHARACTERISTIC MIN MAX UNITS . CONDITIONS 

VOH Output High Voltage 2.4 V IOUT=-5mA 

VOL Output Low Voltage 0.4 V IOUT=12mA 

EDr Din SJIOCS16 AT PIO mode onlv): 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOL Output Low Voltage 0.4 V 10=20.0mA 
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ELECTRICAL AND TIMING SPECIFICA TlONS WD42C22A 

For pins 10,11, and 12 (WO, EARLY, LATE): 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOH Output High Voltage 2.4 10=-8OOIlA 

VOL Output Low Voltage 0.4 V 10=6.0mA 

For pin 22 (RESET) 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VOL Output Low Voltage 0.4 V 10=6.0 mA 

For pins 36, 37 (OSO, OS1 ): 
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 (HOB through 
H015 in 8-bit host mode): 
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Ipu Pullup Current 100 2000 !lA VOUT=O.4 V, Voo=5.25 V 

For oin 38 (XTALIN when driven bv 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 ----------------------------_ ...... ----.. 

VRST1 --
RESET 

14---- t RSTL 

(Refer to MISC. timings.) 

0.0 

FIGURE 7. POWER QUALIFIED RESET VOLTAGE THRESHOLD 

For pin 84 (VDD) 
SYMBOL CHARACTERISTIC MIN MAX UNITS 

VRST1 
VRST2 

VRST3 

VRST4 

32-56 

Power Qualified Reset 0.0 2.0 
Voltage Threshold 2.5 4.6 

2.5 4.6 
0.0 2.0 

V 
V 
V 
V 

11119/90 

CONDITIONS 

See Figure 7. 

VRST3 

V RST4 



ELECTRICAL AND TIMING SPECIFICA TlONS 

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 ): 

WD42C22A 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

Rise lime 10 nsec 10% to 90% 

HAg, HA2, > V > K HA1, HAO ~ 
----t tASW I+---- t AICSI -----+ 

I+-- t AHW --J 
----0 

-
HCS / 

---- -tcsw tCHW 

-
HWE 

'" .I 
tWE 

tWER 

t wCY 

HD7-HDO 

12== tos --

/' 

~ tCICSV---> 
--tOH--I 

IOCS16 ~ / (AT only) 
t AICSV -----+ 

FIGURE 8. AT/XT HOST PROGRAMMED I/O WRITE TIMING 

NOTE 
A write occurs during the overlap of HCS and 
HWE. 

11119/90 

-tCICSI 
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WD42C22A ELECTRICAL AND TIMING SPECIFICATIONS 

5.3.1 ATIXT HOST PROGRAMMED 110 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 50 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 lime 100 ns Port 0, XTAL=20 MHz 
2*X Port 0, Any XTAL (X=tXTAL) 

twCY Write Cycle lime 150 ns All other ports 

tCICSV IOCS16 valid from 30 ns 
HCS 

tAICSV IOCS 16 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 15. AT/Xl HOST PROGRAMMED 110 WRITE TIMING 

IOCS16 

300 OHMS 50 pF 

4.5V 

FIGURE 9. TEST CIRCUIT 1 
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HAg, HA2, > ./ > < HA1, HAO ~ 
tASE _tAICSI_ r-- tAHE --0 

-----t tCICSI 

-

/ HCS 
(ACTIVE) -- _tCSE 

tHLD 

-
HCS / ~ ( VI=\ -- _tCSE 

tHLD 

-
HRE 

,"'" 
/ 

.I --

t "e • tRDR 

t RDCY 

HD7-HDO 

~~ t DAC - r--. t DAC 

--tt;I"~V 
tHDTS --

IOCS16 ~ / (AT only) 

• tAICSV -

FIGURE 10. AT/XT HOST PROGRAMMED I/O READ TIMING 
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5.3.2 AT/XT HOST PROGRAMMED 110 READ 
TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

lASE 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 H RE 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 Time 100 ns Port 0, XTAL=20 MHz 
2*X Port 0, Any XTAL (X=tXTAL) 

tROCY Read Cycle Time 150 ns All other ports. XTAL=20 MHz 

tCICSV IOCS16 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. ATIXT HOST PROGRAMMED 110 READ TIMING 
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5.3.3 AT/XT HOST DMA WRITE TIMING 

OREQ 

OACK 

HWE 

H07-
HOO 

tOLQH 

1+------ tOK-------+I 

FIGURE 11. AT/XT HOST DMA WRITE TIMING 

11/19/90 

WD42C22A 
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SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tOLQH DACK Low to DRO 100 ns BDEN=O 
Low 

twLQH HWE Low to DRO 100 ns BDEN=1 (Transfer count throttle) 
Low 

tWHQH HWE High to DRO 100 ns BDEN =1 (First transfer count throt-
Low tie) 

tOK DMACycle 100 ns XTAL=20MHz 
2*X Any XTAL (X=tXTAL) 

tOLWL DACK Low to HWE 0 ns 
Low 

twR HWE Pulse Width 80 ns tOLWL~20 
100 - tOLWL < 20 
tOLWL 

tOVWH Data Valid to HWE 50 ns 
High 

tWHoH HWE High to DACK 0 ns 
High 

tWHOI HWE High to Data In- 15 ns 
valid 

tow I DACK and HWE Inact- 20 ns 
ive 

TABLE 17. AT/XT HOST DMA WRITE TIMING 
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5.3.4 AT/XT HOST DMA READ TIMING 

OREQ 

OACK 

HRE 

H07-
HOD 

\4------ tOK ------~ 

FIGURE 12. AT/XT HOST DMA READ TIMING 

11/19/90 
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SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tOLQH DACK Low to DRO 100 ns BDEN=O 
Low 

tRI-QH HRE Low to DRO 100 ns BDEN=1 (Transfer count throttle) 
Low 

tRHQH HRE High to DRO 100 ns BDEN=1 (First TC throttle) 
Low 

tOK DMACycle 100 ns XTAL=20MHz 
2*X Any XTAL (X=tXTAL) 

tOLRL DACK Low to HRE 20 ns 
Low 

tRo HRE Pulse Width 80 ns tOLWL~ 20 ns 
100 - tOLRL < 20 ns 
tOLRL 

tRLOV HRE Low to Data 60 ns 8-bit mode. tOLRL ~ 20 ns 
Valid 80 - 8-bit mode. tOLRL < 20 ns 

tOLRL 

tRLOV HRE Low to Data 70 ns 16-bit mode. tOLRL ~ 20 ns 
Valid 90 - 16-bit mode. tOLRL < 20 ns 

tOLRL 

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 DACK and HRE Inact- 20 ns 
ive 

TABLE 18 •. AT/XT HOST DMA READ TIMING 
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5.3.5 SLAVE HOST WRITE TIMINGS 

LOCAL MICROCONTROLLER INTERFACE 

ALE / "" / "" ADO 
THRU 4A SBIC REGISTER # " 49 WRITE DATA 
AD7 

tADVWH tADVDH--o 
MWE 

tWHwL 

MRE 

MDO 
THRU SBIC REGISTER # WRITE DATA 
MD7 

HOST INTERFACE tMw~:l -tMwHAL 

IMWHAL--> r---- t MWHAL 

HALE 

t AVAL -----iI 

~ I ALAI I MWHWH---t r-- t MWHWH HDO 
I ALAI ---< 

THRU SBIC REGISTER # ~_M" f"~M" E HD7 

t MWHWL ----+I I DVW~~. 
t ALWl t WHOI t WHOI 

HWE I 

-
HRE 

- I \ 
HCS 

FIGURE 13. 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 (tAoVWH)=130 ns 
HALE Low 

tALAI HD Address Hold From 0 ns 
HALE low 

tAlWl HALE Low To HWE 90 ns 
Low 

tovWH HD Valid to HWE High 70 ns AD setup to MWE (tAOVWH)=130 ns 

twHOI 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 

V 
ALE 

ADO 
THRU 4B ~C REGISTER # 49 READ DATA > AD7 

IADVWH --0 

MWE 

~ IWHALH---O 

MRE ~ 

A 

HOST INTERFACE bMW~_-l +--IMWHAL 

tMWHAL------I tMWHAl 
HALE 

ctAL
-4 

I HDSA--- -I HDSA I--- IMRHR~ 
HDO 

I ALAI -4 -IALAI tHDHA 

THRU SBIC REGISTER # REGISTER READ DATA 
HD7 

tALRL ----J 
t HRLDV 

- IALRL 

-
@--tMWHRE--t 

f-
HRE 

HWE 

- / \ 
HCS 

FIGURE 14. SLAVE HOST READ TIMING 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

twHALH Address Port Write to 400 10000 ns tHRLDV=210 ns 
ALE High Read 
Recovery lime 

tMWHAL MWE to HALE Delay 150 ns 
-- --

tMHRE 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 

tALRL HALE Low to HRE Low 0 50 ns 

tHDSA HD Data Setup to ALE 40 ns 
High 

tHDSA 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 = tMHRE + tHRLVDV + 
tHDSA 

TABLE 20. SLAVE HOST READ TIMING 
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5.3.7 BUFFER RAM WRITE TIMING (INTER­
NAL OSCILLATOR; XTAL = 8 to 20 
MHz» 

WD42C22A 

BAD 
THRU 
BA14 

t ADey ~ 
__ ~ '------------------------t-BA-Hw--------~~-t~-H-W----------­

BASW 

BWE 

BOO 
THRU 
B07 

SYMBOL 

tAoCY 

tAOCY 

tBASW 

tBASW 

tBW 

tBW 

tBAHW 

tOSWH 

tOSWH 

tOHW 

tOTSW 

t BW -------------+/ 

~----- t DTSW ------.j 

tOHW 

FIGURE 15. BUFFER RAM WRITE TIMING (INTERNAL OSCILLATOR) 

CHARACTERISTIC MIN MAX UNITS CONDITIONS 
20 MHz 
12MHz 

Address Cycle Time 72 ns MaxXTAL 
125 

Address Cycle Time 2*tXTAV28 ns AnyXTAL 
2*txTAL-35 

Addres Setup to 5 ns MaxXTAL 
BWE Low 5 
Addres Setup to 0.5*tXTAL-20 ns Any XTAL 
BWE Low 0.5*tXTAL-35 
BWE Pulse Width 55 ns MaxXTAL 

85 

BWE Pulse Width 1.5*txTAL-20 ns AnyXTAL 
1.5*tXTAL-35 

Address Hold From 5 ns AnyXTAL 
BWE High 5 
Data Valid to BWE 35 ns MaxXTAL 
High 60 
Data Valid to BWE 1.5*tXTAL-40 ns AnyXTAL 
High 1.5*tXTAL-60 
Data Hold from 10 ns AnyXTAL 
BWE High 10 
Data Tri-state from 50 ns AnyXTAL 
BWE High 

TABLE 21. BUFFER RAM WRITE TIMING (INTERNAL OSCILLATOR) 
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WD42C22A 

5.3.8 BUFFER RAM READ TIMING (INTER­
NAL OSCILLATOR; XTAL = 8 to 20 MHz) 

BAO 
THRU 
BA14 

BWE 

BDO 
THRU 
BD7 

t ADCY 

t BASR 

t BR 

ELECTRICAL AND TIMING SPECIFICATIONS 

tADH 

tBAHR 

FIGURE 16. BUFFER RAM READ TIMING (INTERNAL OSCILLATOR) 

SYMBOL CHARACTERISTIC MIN UNITS CONDITIONS 
20 MHz 
12 MHz 

tADCY Address Cycle lime 72 ns MaxXTAL 
125 

tADCY Address Cycle Time 2*txTAL-28 ns AnyXTAL 
2*txTAL-35 

tBASR Address Setup to 72 ns MaxXTAL 
BOE High 125 

tSASR Address Setup to 2*txTAL-28 ns AnyXTAL 
BOE High 2*txTAL-35 

tSR BOE Pulse Width 45 ns MaxXTAL 
75 

tSR BOE Pulse Width 1.5*tXTAL-30 ns AnyXTAL 
1.5*tXTAL-45 

tSAHR Address Hold from 0 ns AnyXTAL 
BOE High 0 

tRDS Data Setup to 5 ns AnyXTAL 
BOE High 5 

tRDH Data Hold from 10 ns AnyXTAL 
BOE High 10 

tDHW Data Hold from 10 ns 
Address 10 

• All timings in this table only are referenced to 
1.5V levels. 

TABLE 22. BUFFER RAM READ TIMING (INTERNAL OSCILLATOR) 
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5.3.9 BUFFER RAM WRITE TIMING (EXTER­
NAL OSCILLATOR; XTAL = 8 to 20 MHz) 

BAO 
THRU 
BA14 

l BASW 

I AOCY 

I BAHW 

IBW ---------+1 

BWE 

WD42C22A 

I BAHW 

1+---- IOTSW ------->I 

BOO 
THRU 
BO? 

I OSWH ------ IOHW 

FIGURE 17. BUFFER RAM WRITE TIMING (EXTERNAL OSCILLATOR) 
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SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 
20 MHz 
12 MHz 

tAOCY Address Cycle lime 72 ns MaxXTAL 
125 

tAOCY Address Cycle lime 2*tXTAL-28 ns AnyXTAL 
2*txTAL-35 

tSASWL Address Setup to 5 ns MaxXTAU 
BWE Low 5 50%XTAL 

tSASWL Address Setup to txcH-20 ns AnyXTAL 
BWE Low txcH-35 

tSASWH Address Setup to 60 ns MaxXTAL 
BWE High 105 

tSASWH Address Setup to 2*tXTAL-40 ns AnyXTAL 
BWE High 2*tXTAL-55 

tsw BWE Pulse Width 55 ns MaxXTAU 
85 50%XTAL 

tsw BWE Pulse Width tXTAL +txcL-30 ns AnyXTAL 
tXTAL+tXCL-35 

tSAHW Address Hold from 5 ns AnyXTAL 
BWE High 5 

tOSWH Data Valid to BWE 35 ns MaxXTAL 
High 60 

tOSWH Data Valid to BWE tXTAL +txcH-40 ns Any XTAU 
High tXTAL +txcH-60 %50XTAL 

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 23. BUFFER RAM WRITE TIMING (XTAL = 8 TO 20 MHZ) 
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5.3.10 BUFFER RAM READ TIMING (EXTER­
NAL OSCILLATOR; XTAL=8 to 20 MHz) 

BAO 
THRU 
BA14 

BOE 

BOO 
THRU 
B07 

t ADCV 

t BASR 

t BR 

tADH 

tBAHR 

FIGURE 18_ BUFFER RAM READ TIMING (EXTERNAL OSCILLATOR) 

SYMBOL CHARACTERISTIC . MIN UNITS CONDITIONS 
20 MHz 
12 MHz 

tAOCY Address Cycle Time 72 ns Max XTAU50% XTAL 
125 

tAOCY Address Cycle Time 2*tXTAL-28 ns Any XTAL 
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 

tROS Data Setup to BOE 5 ns Any XTAL 
High 5 

tROH Data Hold from BOE 10 ns Any XTAL 
High 10 

tOHW Data Hold from Ad- 10 ns 
dress 10 

• All timings in this table referenced to 1.5 V 
levels. 

TABLE 24. BUFFER RAM READ TIMING (EXTERNAL OSCILLATOR) 

11/19/90 
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5.3.11 MICROPROCESSOR WRITE TIMING 
(INTEL BUS) 

___ t ALEH'----O 

ALE "-

'" 
V 

~ 

~ t AVAL -------0 

t ALAI -------0 fo-- t ALAI 

ADO 
THRU V ADDRESS "- DATA "-
AD7 1""'- / 1""'- / 

~ tADVWH--t +-- tWHDI---t 

-
MWE '" '" 

/ 
t ADWL 

- t MWEL tWHLH ---0 

FIGURE 19. 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 25. MICROPROCESSOR WRITE TIMING (INTEL BUS) 
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5.3.12 MICROPROCESSOR WRITE TIMING 
(MOTOROLA BUS) 

--t ASH ----+ 

AS "", ~ / 

I+--tAVAL -

t ALA1 - I"--tALAI 

ADO 
THRU V ADDRESS "- DATA "-
AD7 1""- / ~""- / 

+-- tADvDS ___ I--- t DSD1 -

t ADDS 

OS / 
r\ 

.--- t DSH-------O I+-- t DSAH -----

t WLDS --
.---t wLDS 

-
RIW "'", / 

t DSWH -------0 ~tDSWH 

FIGURE 20. 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 R/W 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 26. MICROPROCESSOR WRITE TIMING (MOTOROLA BUS) 

11/19/90 
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5.3.15 MICROPROCESSOR READ TIMING 
(INTEL BUS) 

ALE 

tALAI 

ADO 
THRU ADDRESS 
AD7 

tRLDV 

MRE 
tADAR 

tMREL tRHLH 

FIGURE 21. 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 M RE 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 27. MICROPROCESSOR READ TIMING (INTEL BUS) 
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5.3.16 MICROPROCESSOR READ TIMING 
(MOTOROLA BUS) 

~ t ASH ------0 

AS "~ ---.I / 

~ t AVAL -------0 

t ALAI -------0 -tALAI 

ADO 
THRU 1/ ADDRESS '\, 

DATA ~ AD? ."'- / 1"'-

I DSDV-- I+--IDSDV 
+- IOSDI 

+-- I DSDH -----

DS / \ 
/ \ 
+---I DSH --*---1 DSAH -------

1 ADDS 

-
RIW 

FIGURE 22. 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 DS 100 ns 
High 

tDSDI Data Tri-state from DS 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 28. MICROPROCESSOR READ TIMING (MOTOROLA BUS) 
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WD42C22A 

5.3.17 WRITE DATA TIMING (MFM/RLL MODE; 
WC 5 to 15 MHz) 

wo -----t-wo--~{~ 

WC 

LATE 

EARLY 
tWLE tWLE 

tWLE 

ELECTRICAL AND TIMING SPECIFICA TlONS 

two ---.j 

tWLE 

FIGURE 23. 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 Ilate Propagation 3 15 ns 
3 25 

two WD Propagation Delay 3 15 ns 
3 25 

tWCF we Frequency 15 MHz 
10 

TABLE 29. WRITE DATA TIMING (MFM/RLL MODEj WC 5 TO 15 MHZ) 
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ELECTRICAL AND TIMING SPECIFICATIONS 

5.3.18 WRITE DATA TIMING (NRZ MODE; WC 5 
to 15 MHz) 

WD42C22A 

t...,,~------~ t=t~ 
"-

wo "-
two ----0 

tWD __ ...--two 

~ r \ / 
WC 1\ / 

I*-- tWCL tWCH---'" 

i=t~" ~ t~,=4 t~~~t~ 
\ 

WCOUT 1\ 

FIGURE 24. WRITE DATA TIMING (NRZ MODE) 

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 22 MHz 
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 

twowco WD Prop Delay from -5 +5 ns 
WeOUT -8 +8 

TABLE 30. WRITE DATA TIMING (NRZ MODE; WC 5 TO 15 MHZ) 
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5.3.19 READ DATA TIMING (MFM/RLL MODE; 
RCIWC 5 to 15 MHz) 

RO 

RC 

ORUN ----~/ 

FIGURE 25. READ DATA TIMING (MFM/RLL) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
20 MHz 
12MHz 

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 

tRo Read Data Pulse 20 tRCP ns 
Width 30 tRCP 

tORN DRUN Low Pulse 25 ns 
Width 25 

tRCF RC Frequency 15 MHz 
10 

TABLE 31. READ DATA TIMING (MFM/RLL; RWIWC 5 TO 15 MHZ) 
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5.3.20 READ DATA TIMING (NRZ MODE; WC 5 
to 20 MHz) 

~ 

RD 1\ / 

1-1 RNS ~ 1-1 RNH ~ 

RC / 1\ 

"'",-

1-1 RNS ~ 

/ 
fo--- 1 RCP 1 RCP ------t 

/ 

+-IRNH~ 

FIGURE 26. READ DATA TIMING (NRZ MODE) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
20 MHz 
12MHz 

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 22 MHz 
16.5 

\ 

TABLE 32. READ DATA TIMING (NRZ MODE; WC 5 TO 20 MHZ) 
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5.3.21 MISCELLANEOUS TIMING 

seT 

t lOX 

INDEX 

WG 

t WGWO 

WD 

FIGURE 27. MISCELLANEOUS TIMING 
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SYMBOL 

tlDX 

tSCT 
tlWG 

twGWD 

tRSTI 

tMRW 

FRCWC 

tRSTL 

tRSTL 

tRSTL 

tXTAL 

tXCH 

tXCL 

CHARACTERISTIC MIN MAX UNITS 

Index Pulse Width 100 ns 

SCT Pulse Width 100 ns 
Index to write gate 0 4 WC periods 

Write gate to write data 0 4 WC periods 
RESET in pulse width 24 WC periods 
low 
MR Trailing to Host 2.4 IlS 
Register Write 
Difference of RC Fre- -15% + 15% 
quency from WC Fre-
quency 
RESET Out Low Pulse 51.2 
Width during Power-up 

RESET Out Low Pulse 41.3 
Width during Power-up 
RESET Out Low Pulse 25.6 
Width during Power-up 

Clock Period 50 

Clock High Time 

Clock Low Time 

70 

25 
30 

25 
30 

ms 

ms 

ms 

125 ns 

ns 

ns 

WD42C22A 

CONDITIONS 

Gap data=33 in RLL mode. Any 
gap data in MFM and NRZ. 

XTAL=10 MHz 

XTAL=12.5 MHz 

XTAL=20MHz 

TABLE 33. MISCELLANEOUS TIMING 

NOTE 

tXTAL. tXCH, and tXCL timings at 2.5 V levels. 

11/19/90 32-81 
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WD42C22A ELECTRICAL AND TIMING SPECIFICA TlONS 

I Repeated for Each Sector I 
I I 

INDEX 1\ 
I I 
I I 

DRUN r\ / \ I 
I I 

WG / I I 
(during FORMAT) I I 

I I 
WG L tWGOFF~: 

\ 
(during WRITE) I tWGON-j I 

c= I 

RG 
1/ \ / 

t RGOFF2-.1 1+- 1/ 
I t RG0FF1- 1 I+- I 

t RGONI --J +- ----- t RGON2-- I 
-

I GAP 4 II GAPI)~ IDPLO 42C22A ID ID WRITE I DATA PLO DATA DATA 
WSI GAP3 I IDPLO II DI 

FORMAT n+ 5+C X+9 7 PAD 2 SPICE (II) PAD I n+7 X+9 7 
# BYTES I 3 -

/ '. '. "- / / 
/ " / // "-

r--
A I ~6 HS CC X+ 12+/-1 A F 128: 2:CRC IDENT Definition: 

1 D E E RR (X= 0) I 8 256: 4:INT FE = Cylinders 0-255 

E LW 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 

t 
F7 = Cylinders 1280-1535 
F4 = Cylinders 1536-1791 
F5 = Cylinders 1792-2047 

~ 

NOTES 

1. n = contents of sector number register during 4. tWGON = 17 ± 1 bit times with respect to RD in. 
format command. 5. tWGOFF1 = 28 bit times with respect to WD out. 
2. CL = controller latency. 1/2 oS. CL.s. 1-1/2 byte 6. tRGOFF1 = 9 ± 1 bit times with respect to RD in. 
times. 7. tRGOFF2 = 9 ± 1 bit times with respect to RD in. 
3. X = contents of PLO register. ID PLO length is 8. tRGON1 = 19 ± 1 bit times with respect to 
programmable during format command. Data DRUN. 
PLO length is programmable during write com- 9. tRGON2 = 35 + 1 bit times with respect to RD in. 
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). 

FIGURE 28. SOFT SECTOR MFM/RLL TRACK FORMAT 
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ELECTRICAL AND TIMING SPECIFICA TlONS WD42C22A 

1 
Repealed for Each Sector 

1 

1 1 

INDEX /\ 
1 1 

AME rl 1 

(during Formal) 
1 1 

AME 

(during R!W) 
J 1 \ I 1 \ 

AMF f\ /1\ 
1 

WG / 1 
(during FORMAT) 

1 
I--tWREC~ 

WG 1 C 'i 1 (during WRITE) 
1 tWGON--+1 

t RGOFFr--+: +-
1 I 1 1/ \ / 

tRGPFF~ 
~ t RREC I RG ,I t RGOFFr+ 1 I+- I I-

t RGON1 ---.J '+- ~tRGON2----+ 1 
-

42C22A l GAP4 J GAP1j 
I DPL ID ID WRITE J DATA PLO DATA DATA WSj GAP3 I ID PLO II DI 

FORMAT n+ 7 +C X+8 7 PAD 2 SPICE (11) PAD 1 n+9 X+8 7 
# BYTES 1 3 -/ .... 

/./ ", "- / 
/ " /' // "-

~ 

A I $~ HS C C X+12+1-1 A F 128: 2:CRC IDENT Definition: 
1 D E E R R (X=O) 1 8 256: 4:INT FE = Cylinders 0-255 

E L .... 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 

r 
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 So CL So 1-1/2 byte 6. tRGOFF1 = 9 ± 1 bit times with respect to 
times. NRZRDin. 
3. x = contents of PLO register. 10 PLO length is 7. tRGOFF2 = 9 ± 1 bit times with respect to 
programmable during format command. Data NRZRDin. 
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 29. SOFT SECTOR NRZ TRACK FORMAT 
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WD42C22A ELECTRICAL AND TIMING SPECIFICATIONS 

Repeated for Each Sector 
i_ 

I I 

I I 

h I 
INDEX 

I I 

SECTOR I V\ 

/ "- / "-DRUN 

I 

WG / I 
(during FORMAT) I 

I 
WG C "-
(during WRITE) I tWGOw--'j 

tWGOFF1- 1+-1 I I 
RG I I/. "- / j I t RGOFF~ I Fit RGOFF~ "-

~ I 
, '-t RGON1 ~ t RGON2--- I 

42C22A 1 GAP4 GAP1 .1 
10 PL 10 10 WRITE 1 DATAPLO DATA 

DATA 1 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 

/ 
"'- / /1 " "-/ " 

/ i ." r--
A I C L H S CC X+ 12+/-1 

IDENT Definition: 
A F 128: 2:CRC FE = Cylinders 0-255 1 o Y 0 E E R R (X=O) 1 8 256: 4:INT FF = Cylinders 256-511 E L W A C CC X+13+/-1 512: ECC FC = Cylinders 512-767 N 0# 1 2 (X> 0) 

T 1024: 7:INT FD = Cylinders 768-1 023 
DATA ECC F6 = Cylinders 1 024-1279 

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 tc 
2. CL = controller latency. 1/2 So CL So 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. ID 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. ,~AP2 = 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 datl: 
5. twGOFF1 = 28 bit times with respect to WD out. pad.) , 
6. tRGOFF1= 9 ± 1 bit times with respect to RD in. 

FIGURE 30. HARD SECtOR RLUMFM TRACK FORMAT 
(WITH SOFT SECTOR READIWRITE) 
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ELECTRICAL AND TIMING SPECIFICATIONS WD42C22A 

Repeated for Each Sector I 
I 

I 
I 

I 
INDEX 0 

I 
I 

1/\ SECTOR 
I 

I 
WG 1/ 
(during FORMAT) I 

I 
I 

WG I C " . (during WRITE) 
tWGON-j tWGOFF1-j LI 

I 
I 

RG / " / " I I t RGOFFr+ I F I t RGOFFz-oi I- I 
tRGON1-- '+- - t RGON2-

42C22A I GAP4 GAP 1 _II 0 PLO 10 10 WRITE I DATA PLO I DATA DATA I WSI GAP21 GAP3~~ IDPLO I 
FORMAT n+5+CL X+9 7 PAD 2 SPICE (11) PAD 1 n+5+ C X+9 
# BYTES 1 3 

/ '. '/ '. "- / /. "-/ " 

/ 'j -
A I C L HS CC X+12+/-1 A F 128: 2:CRC IDENT Defin~ion: 

1 0 YO E E RR (X.O) 1 8 256: 4:INT FE = Cylinders 0-255 

E L W A C CC X+13+/-1 512: ECC FF = Cylinders 256-511 

N 0# 1 2 (X>O) 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. 10 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 31. HARD SECTOR RLUMFM TRACK FORMAT 
(WITH HARD SECTOR READIWRITE AND CONTINUOUS WG OPTION) 
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INDEX 

SECTOR 

Repeated for Each Sector 

I 

~~--------------------------~I--------

----~----------------------------------~V'\~-----

~ .~--~I----~I' (during FORMA 1) _ j+- t FWGON 

I tFWGOFr-; 

~~ring WRITE=)---1I-----t-W-GO-N-----r1 --(CO t WGOFF,-I "r--------k= 
/ I" / I 

t-R-GO-N-'~-'·~--~ I.- t RGOF~. f." r t RGOFFr":I· 
I ~tRGON~ 

RG " ~I~---+------
42C22A I GAP 4 I GAP1;~WS:IIDPLO 10 10 WRITE IDATAPLO I DATA I DATA WS:I GAP21 GAP3;~WS:1 
FORMAT n+S+C 1 X+8 7 PAD 2 SPICE (11) PAD 1 n+5+C 1 
# BYTES 1 3 

IDPLOI 
X+B I 

NOTES 

/ ". / / ..... --.--....... . ........ . --. 
(-A'I'C-L'H'S"'C..,.-'-tC / / . A F 128: 2:CRC 
10 OeER 18 256: 4:INT 

~ D # 1 2 (X =0) D~"i:: 7~~6 
E I INA C C ~ I X+12+1·1 512: ECC 

1 
I ~X+:~ +1·1 [ IDENT Definition: 
. FE = Cylinders 0-255 

FF = Cylinders 256-511 
FC = Cylinders 512·767 
FD = Cylinders 768-1023 
F6 = Cylinders 1024-1279 
F7 = Cylinders 1260-1535 
F4 = Cylinders 1536-1791 

L-_____________ --j. F5 = Cylinders 1792-2047 

1. n = contents of sector number register during 
format command. 

8. tRGON1 = Z + CL byte times with respect to 
INDEX/SECTOR (SCT). SECTOR is tied to 
DRUNSCT always. z = contents of internal GAP 
register. 

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 = 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. 

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 32. HARD SECTOR RLLlMFM TRACK FORMAT 
(WITH HARD SECTOR READIWRITE AND WG PULSE OPTION) 
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ELECTRICAL AND TIMING SPECIFICATIONS WD42C22A 

Repeated for Each Sactor 

1 

INDEX -r'----------------------~------

1/\'--___ -
SECTOR ---+------------------------------~I 

AME --~~~~----------------------~~~ 
I 

WG ~~-------~--\,L-
(d""", FORMA"!) _II+- t WGLOW Y i.- t WGOFF2 

I /r-----------:--~" 
:;ngWRITE)-----t--------:----r---r\.._ tWGOFF1 -----II-~ )-1+=--------:-'---

RG 

42C22A 
FORMAT 
# BYTES 

L 
A 
1 

I C L H S C C 
o y a E E R R 
E L W A C C C 
N o • 1 2 
T 

/ / \ 
2·CRC 

4:INT 

ECC ['DENT 0",","0", 7:INT FE = Cylinders 0.255 

t _____ ~~=~__=====ECC=-I FF = Cylinders 256-511 
_ Fe = Cylinders 512·767 

NOTES 

1. n = contents of sector number register during 
format command. 
2. CL = controller latency. 1/25. CL 5. 1-1/2 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= o. 
4. tWGON = 17 ± 1 bit times with respect to 
NRZRDin. 
5. twGOFF1 = 28 bit times with respect to NRZWD 
out. 
6. tRGOFF1 = 9 ± 1 bit times with respect to 
NRZRD in. 

FD = Cylinders 768·1 023 
Fa = Cylinders 1024-1279 
F7 = Cylinders 1280-1535 
F4 = Cylinders 1536·1791 
F5 = Cylinders 1192·2047 

7. tRGOFF2 = 9 ± 1 bit times with respect t 
NRZRDin. 

8. tRGON1 = 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 33. HARD SECTOR NRZ TRACK FORMAT 
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5.4 PIN DIAGRAMS I SPECIFICATIONS 

1.185/1.195 
30.099130.353 

32-88 

2&Z§ ... 
1.905 

8PLCS 

PIN NO.1 1.0. 

018510.200 I +0.0041-0.000 I 0.18&'0.200 +.0041-.000 
i.m'iilR SEATING PLANE 4.1IiiI1Si6 SEATING PLANE 

14------- 1.185/1.195 _______ .. 
30.099/30.353 

OPTION 
-A-

OPTION -e-

OPTION C 

FIGURE 34. 84-LEAD PLCC 
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1.080 ± .cos 
27.43 ± 12 

.950 ±.003 
(24.13 ± .076) 

1.100 ± .003 
(27.94 ± .075) 

1.080 ± .005 

1100.:!:. 003 

~~----t (27.43 ± .076) 

& 

140 

1r;~'----------------------------'CT'-1-T&(a~) 

~~~fffl~Hm~~~~~~ 

FIGURE 35. 84-LEAD PQFP 

11/19/90 

170 .:!:. .010 
(4.32 ±.254) 

WD42C22A 
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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 ns static RAM (SRAM) 
Supports AT speeds up to 16 MHz, 1 wait 
state I/O and 0 wait state memory using 
100 ns 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 
Adaptable disk controller 

Software selectable MFM, RLL2,7, 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 
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INTAa 
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8M 
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BAlI 
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8M 
8A3 
8A2 
aM 
BAD 
B07 
906 
805 
804 
803 

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 

24 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 

• Integrated support features 
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 
Voo 

• 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 1/0 addresses 
requires external address decode logic. Integrated 
1/0 port compatible AT and XT task file registers 
assure system compatibility. 

WD42C22C 

HRE 

HWE 

INTRODUCTION 

To satisfy requirements for faster system bus 
rates and data transfers, the WD42C22C can 
operate in 12 MHz or 16 MHz, 1 wait state 1/0 
. 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 
using a slave DMA scheme such as the WD-BUS 
mode in the WD33C93 SCSI bus interface con­
troller (SBIC). 

we 
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FIGURE 2. WD42C22C BLOCK DIAGRAM 
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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 ID 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
troller to execute "zero-latency" multiple sector 
read operations. In this mode of operation, the 
WD42C22C immediately commences data trans-

WD42C22C 

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 
requested 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 
WD42C22C forms the basis of a Winchester disk 
controller product. For AT and XT applications, 
direct interfacing is available to the system bus. In 
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these applications, the WD42C22C requires ex­
ternal address decoding to select the primary and 
secondary 1/0 address range of the WD42C22C. 
Other bus interfaces are supported via auxiliary 
bus controllers such as the WD33C93A SCSI Bus 
Interface Controller. 

For STS06 (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 
STS06's STEP and DIRECTION signals. For 

INTRODUCTION 

ESDI applications, the WD42C22C operates in 
NRZmode. 

1.2.6 PIN DESCRIPTIOI\IS 
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 1/0 FUNCTION 
NUMBER 

1 HAO HOST ADDRESS 0 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 inp-ut. 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 inp-ut. 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 should be 
SELECT decoded from the AT or XT address bus and is 

used to qualify H RE and HWE for host acces-
ses. In slave mode, HCS is asserted when the 
local microcontroller is accessing the slave 
device address space. .. 8 IOCS16/ I/O CHIP SELECT 0 This output is p-rogrammable 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 DACK/ 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 I/O 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 Voo +5V +5V 

TABLE 1. HOST INTERFACE PIN DESCRIPTION (CONT'D) 
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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 

IlCONTROLER 
INTERRUPT 

ADDRESS LATCH 
ENABLE/ 
ADDRESS STROBE 

!lCONTROLLER 
READ ENABLE 
/DAT A STROBE 

IlCONTROLLER 
WRITE ENABLE/ 
uC READIWRITE 

ADDRESS/DATA 0 
thru 
ADDRESS/DATA 7 

GROUND 

Ground. 

o This output is used as an interrupt signal in 
order to alert the local microcontrolier it is 
necessary to check command parameters or 
status. For the XT mode, MCINT is asserted 
when the controlier 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 microcontrolier. 

Schmitt-triggered input. MRE is asserted by 
the local microcontrolier to read an internal 
register or the buffer. OS is used in Motorola 
type microcontroliers to enable the data trans­
fer. 

Schmitt-triggered input. MWE is asserted by 
the local microcontrolier to write an internal 
register or the buffer. MRIW is used by 
Motorola type microcontroliers to set the direc­
tion of data transfers. 

I/O Schmitt-triggered inputs. These multiplexed 
address/data lines are used to load the 
register/buffer address on the falling edge of 
ALE, and are used for data transfers tolfrom 
the local microcontrolier. 

Ground. 

TABLE 2. LOCAL MICROCONTROLLER INTERFACE PIN DESCRIPTION 
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PIN MNEMONIC SIGNAL NAME I/O 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 I/O 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 I/O 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 pulldown. 

TABLE 3. BUFFER INTERFACE PIN DESCRIPTION 
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PIN MNEMONIC SIGNAL NAME I/O 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 LATE/ LATE/ 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 AME/ ADDRESS MARK 0 In NRZ mode, this output is the Address Mark 
EARLY ENABLE/EARLY 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-

III nection to the drive control cable. 

16 SCT/ SECTOR/ 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 

1/0 

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. 

o High-current open-drain DRIVE SELECT out-
o 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 Voo falls below a 
specified threshold. 

2.2 DRIVE INTERFACE LOGIC 

The drive interface contains high-current 48 rnA 
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. 

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-
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TASK I-- PARALLEL f--
MFM/RLLlNRZ 

MFM/RLL f---WRITE DATA 
REGISTERS 

TO SERIAL ENCODER f--- PRECOMP LATE 
f--- PRECOMP EARLY 

CRC/ECC 
LOGIC 

SYN-
~ 

SERIAL 
~ 

MFM/RLL 
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NIZING PARALLEL 
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NOTE 
NC indicates no connection to the chip pins. 

FIGURE 3. DRIVE CONTROLLER BLOCK DIAGRAM 

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, This 
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. 

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, 
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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 0 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: 

o 1. SOH register bit 7. 

o 2. Read and write command bit 1 (L). 

o 3. Compute correction command. 

o 4. Set parameter command. 

o 5. Error occurred, bit 0 of the status register. 

o 6. On any ECC error the controller stops 
regardless of the T bit. (Refer to the read com­
mand description.) 

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 0 of the status register 
and bit 6 of the error register are set. The user 
now has two choices: 

o 1. Ignore the error and make no attempt to 
correct it. 

o 2. Use the compute correction command to 
determine the pattern and location of the error, 
and correct it within the user's program. 

ARCHITECTURE 

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 A1 byte was included. 

The 32-bit ECC polynomial is: 

X32 + X28 + X26 + X19 + X17 + X10 + X6 + X2 + 1 

and is the same one used in the WO 1002, 
W01003, and W01006 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 rrobability is: 

1.57(E-5),r =516x8,bt =5 
The 56-bit ECC polynomial is: 

X56 + X52 + X50 + X43 + X41 + X34 + X30 + X26 + 
X24 + X8 + 1 

The 56-bit ECC polynomial has a 22 bit maximum 
single burst correction span. 

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 8, bt =11 
and the miscorrection rrobability is: 

5.84(E-11),r =519x8,bt =11 
The set parameter command selects the number 
of bits in the correction span, through the use of 
bit O. 
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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 EGG 
or GRG characters are generated or checked by 
the WD42G22G. 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 GRG/EGG calculations, the GRG/EGG 
register is initialized to all 1 'so For GRG/EGG pur­
poses only, the address mark byte has a value of 
"A 1" and is included in the GRG/EGG calcula­
tions. 

2.7 MFM/Rll ENCODING AND MFM/Rll 
DECODING 

The MFM/RLL encoding section receives 8-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 (RG). 

Data bytes are written to the drive most significant 
bit first. The MFM/RLL decoding section 
generates 8 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. 

NRZ Data RLL Code Word Output 

First Bit last Bit First Bit last Bit 

1 1 X X 1 0 00 XXXX 

1 0 X X o 1 00 XXX X 

0 1 1 X o 0 1 0 o OXX 

0 1 0 X o 0 0 1 o OXX 

0 0 0 X 1 0 0 1 0 OXX 

0 0 1 1 00 00 1 000 
0 0 1 0 o 0 1 0 0 100 

TABLE 5. Rll CODING RULES 

WD42C22C 

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 
Glock and N RZ write data is clocked out on the 
rising edge of WG. 

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 A116 byte 
with missing clock (data = A 1, clock = OA). The 
second byte is encoded with normal MFM rules. 
FF through FG and F7 through F4 specify the 
beginning of an ID field and F8 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 (809016). The 
second byte is encoded with normal RLL rules. 
FF through FG and F7 through F4 specify the 
beginning of an ID field and F8 specifies the 
beginning of a data field. 

In NRZ mode, an NRZ A1 byte establishes byte 
synchronization. When the WD42G22G 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 
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address mark should be preceded by ap­
proximately 12 bytes of zeroes, RG is activated 
when a sequence of zeroes is detected by ORUN 
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 10 
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 we, before inspecting ORUN 
input again. If the desired 10 field was read, then 
the sector transfer can be made. If a data field 
was detected or if the 10 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 ORUN is inspected again for a se­
quence of zeroes. 

Figures 4 illustrates the PLL control sequence for 
the 10 field. Figure 5 illustrates the PLL control 
sequence for the data field. 

NO 

NO 

NO 

NO 

NO 

ARCHITECTURE 

OE-ASSERT 
RG 

FIGURE 4. PLL CONTROL (10 FIELD) 
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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 (RWe) and shifting of the bits as they are 
written. The RWe is NOT controlled by the drive 
controller. The local microcontroller should specify 
when the write current is reduced by asserting its 
own RWe 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 
or NRZ). 

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 0 001 X LATE 

o 1 0 0 001 0 None 

TABLE 7. EARLY AND LATE GENERATION 
(RLL MODE) 
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MFM Codina - NRZ Data Pattern 

Preceding Compo Following Precomp 
Bits Bit Bits 
XXX1 1 OXXX EARLY 

XXXO 1XXX 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
face mode the local microcontroller resets the 
AT/XT control bit. In this mode, HCS should be 
active when I/O ports 320 (hex) through 323 (hex) 
are addressed. (XT lID ports 320 through J323 are 
primary ports. XT lID ports 324 through 327 are 
secondary ports. Unless otherwise noted, infor­
mation regarding the primary ports is identical to 

INTERFACE PORTS AND TASK FILES 

information on secondary ports.) Table 9 lists the 
port descriptions for this mode. 

HA9 HA2 HA 1 HAO READ WRITE 
PORT 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 DMAand 
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 (HA1 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 DRO XBSY C/D lID REO 

3.2.3.1 BIT 5 INTERRUPT REQUEST 

This bit signifies that an interrupt is pending. 
IRO reflects the state of the INTRO output. The 
INTRO pin is tri-stated and the IRO status bit 
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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 liD 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 ~ 
expected at the read and write data ports. C/D 
set to 1 indicates that a command or status 
transfer is expected. C/D 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. liD set t.Q. 1 indicates 
an input (read) by the host and liD 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. 

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. 

WD42C22C 

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 
(HA 1 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 
(HA 1 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 

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 liD ports 1 F016 through 1 F716 and 
3F616 and 3F716 are addressed for primary ad­
dressing and for liD 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: 
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ABSY HAg· HA2 HA1 HAO READ WRITE 
PORT PORT 

AT 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 SDH SDH 

0 0 1 1 1 Host Status Host Command 
Register Register 

1 0 X X X Host Status Register 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 

When port 0 is accessed the 10CS 16 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. 

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 TKODMNF 
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 4 ID NOT FOUND 
Occurs when cylinder, head, sector, size para­
meters with a correct ID field CRC cannot be 
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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 
10 and auto-seek, and 10 more index pulses, no 
matching 10 field was found. If the retry disable 
bit is set, then no matching 10 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: 

• 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 10 match are not A1 F8. This condition 
is checked for read sector commands only. 

3.3.2 WRITE PRECOMP CYLINDER 
REGISTER (HA9, 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 (HA9, HA2 THRU HAO 
= 02, READIWRITE) 

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-

WD42C22C 

mented after each sector transfer between the 
buffer and host or drive. 

3.3.4 SECTOR NUMBER (HA9, HA2 THRU 
HAO = 03, READIWRITE) 

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. 

3.3.5 CYLINDER NUMBER LOW AND HIGH 
REGISTERS (CYLINDER NUMBER 
LOW: HA9, HA2 THRU HAO = 04, 
READ/WRITE. CYLINDER NUMBER 
HIGH: HA9, HA2 THRU HAO = 05, 
READIWRITE) 

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 (HA9, HA2 THRU HAO = 
06, READIWRITE) 

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. 
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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 
status. If DS = 1, then the host receives drive one 
status. 

3.3.6.4 BITS 3 THROUGH 0 HEAD NUMBER 
Bits 3, 2, 1 and 0 specify the desired head num­
ber. 

3.3.7 HOST STATUS REGISTER 
(HA9, 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 

ABSYRDY 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 microcontroller. 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 ~ddress. 
Refer to page 23 for the bit description. 

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 
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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 '~his 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 INTRa output to the 
host is enabled. When lEN = 1, then the 
INTRa 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 INTRa 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 INTRa pin 
is tri-stated. 

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 

WD42C22C 

host, then HD7 (pin 82) is tri-stated. It is coded as 
follows: 

Bit 
7 6 5 4 3 2 1 0 

----
X WG HS31 HS2 HS1 HSO DS2 DS1 

RWC 

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 
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. 
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A A A A A A A A READ PORT WRITE PORT 
D D D D D D D D 
765 4 3 2 1 0 

DISK CONTROLLER TASK FILE 
o 0 0 X X X X X BUS TRISTATE NOT USED 

0 0 o 0 0 0 0 INVALID INVALID 

0 0 0 0 0 o 1 Error Register PLO Length 

0 0 0 0 0 0 Sector Count Sector Count 

0 0 0 0 0 1 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 SDH SDH 

0 0 0 0 Status Register Command Register 

XT 
o 0 0 ' 1 0 Hardware Status Hardware Status 

o 0 0 0 NOT USED Drive Configuration 

BUFFER MANAGER 
o 0 1 1 o 000 Host Buffer Pointer Low Host Buffer Pointer Low 

0 0 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 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 1 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 

3.4 SLAVE HOST INTERFACE A A A A A A A A A READ 
B D D D D D D D D PORT 
S 7 6 5 4 3 2 1 0 

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: 

Y 

x 0 0 0 0 0 0 Bus tri-
state 

x 0 1 0 0 1 0 1 0 Bus tri­
state 

x 0 1 0 0 1 0 0 1 Slave 
read 
data 

33-22 ADVANCED INFORMATION 1214190 

WRITE 
PORT 

Slave 
address 
port for 
reads 

Slave 
address 
port for 
writes 

Slave 
write 
data 



INTERFACE PORTS AND TASK FILES WD42C22C 

A A A A A A A A A READ PORT 
B D D D D D D D D 
S 7 6 5 432 1 0 
Y 

MISC. 
X 0 0 0 0 0 Interface Status 

WRITE PORT 

Interface Control 

X 0 0 0 0 1 Configuration Status Low NOT USED 

X 0 0 0 0 Configuration Status High NOT USED 

X 0 0 0 1 Drive Interface Status Drive Interface Control 

X 0 0 0 0 Alternate Sector Number NOT USED 

AT'INTERFACE 
X 0 0 1 o 1 0 1 0 AT Control Register AT Control Register 

X 0 0 1 0 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 o 0 0 0 Sector Count Sector Count 

0 0 0 0 0 1 Sector Number Sector Number 

0 0 0 0 0 0 Cylinder Number Low Cylinder Number Low 

0 0 0 0 0 1 Cylinder Number High Cylinder Number High 

0 0 0 0 0 SDH SDH 

0 0 0 0 Command Register NOT USED 
(from Host) 

SLAVE HOST 
001 000 X X X INVALID INVALID 

X 0 0 0 o 0 0 INVALID Slave Address Port for reads 

X 0 0 0 o 0 1 Slave Read Data Slave Write Data 

X 0 0 0 0 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 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) 

The slave peripheral connects to the WD42C22C 
using an ALE type interface. Register reads and 
writes are always a-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 WD42G22G 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 
MGINT output. In the XT mode, MGINT is as­
serted when the controller is selected. In the AT 
mode, MGINT is asserted when the host writes to 
the command register. In slave host mode, 
MGINT is asserted when the slave peripheral 
device asserts its INTRQ signal. MGINT is also 
asserted at the end of each host or disk transfer 
regardless of the interlace mode. 

The local microcontroller can have either the 
Intel-type (8051) or the Motorola-type (68HG11) 
interface. The WD42C22G 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 GRG/ RIDF IDNF 0 AG 0 DMNF 
EGG 

INTERFACE PORTS AND TASK FILES 

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 GRG error in the data field has been detected 
when in GRG mode. In EGG mode, data errors 
were detected in the data. 

3.6.1.3 BIT 5 RELOCATION 10 FOUND 

This bit is set if a relocation 10 is found after 
detecting the bad block mark in the desired 
sector's 10 field. This bit is only valid if the R 
option is used in the set parameter command. 

3.6.1.4 BIT 410 NOT FOUND 

Occurs when cylinder, head, sector, size para­
meters with a correct 10 field GRG cannot be 
found. For a scan 10 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 10 
was found. For read and write sector commands 
with the retry disable bit set, this bit indicates that 
after 10 index pulses, auto-scan 10 and auto­
seek, and 10 more index pulses, no matching 10 
field was found. If the retry disable bit is set and 
no matching 10 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 WD42G22G, forced to zero. 

3.6.1.8 BIT 0 DATA ADDRESS MARK NOT 
FOUND 

Set if the first two bytes of the data field following 
an 10 match are not A1 F8. This condition is 
checked for read sector commands only. 
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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 
value into the PLO length register and then is­
suing a load parameter block command. 

3.6.3 SECTOR COUNT (AD7 THRU ADO = 22, 
READIWRITE) 

Bit 
7 6 5 4 3 2 1 0 

NUMBER OF SECTORS/GAP VALUE 
SECTOR WITH BAD BLOCK 

This register is used for three purposes: 
• 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 
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 

WD42C22C 

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, READIWRITE) 

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 
NRZ mode). 

• 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. 

3.6.5 CYLINDER NUMBER REGISTERS 
(CYLINDER NUMBER LOW: 
AD7 THRU ADO = 24, READ WRITE 
CYLINDER NUMBER HIGH: 
AD7 THRU ADO = 25, READIWRITE) 

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-
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tor size is desired and to specify the offset for 
a write 10 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 10 offset. 

3.6.6 CYLINDER NUMBER REGISTERS 
(CYLINDER NUMBER LOW: 
AD7 THRU ADO = 24, READ/WRITE 
CYLINDER NUMBER HIGH: 
AD7 THRU ADO = 25, READ/WRITE) 

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 SDH REGISTER (AD7 THRU ADO = 26, 
READIWRITE) 

This register is used to specify the desired drive 
and head numbers and to specify CRC or ECC 
mode. There are two SOH 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. 

3.6.7.1 SDH REGISTER, THREE-BIT HEAD 
NUMBER 

Bit 
7 6 5 4 3 2 1 0 

CRC/ SS1 SSO 0 0 Head # 
ECC 

3.6.7.2 SDH REGISTER, FOUR-BIT HEAD 
NUMBER 

Bit 
7 6 5 4 3 2 1 0 

CRC/ SS1 SSO 0 Head # 
ECC 

INTERFACE PORTS AND TASK FILES 

3.6.7.3 BIT 7 ECC/CRC SELECT 

This bit is set for data field ECC mode. It is reset 
for data field CRC mode. In RLL mode, this bit is 
ignored. RLL mode always uses 7-byte ECC. The 
CRC/ECC 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 1 512 byte data field 

1 0 1024 byte data field 

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 ECC for sector sizes over 1056 bytes. 

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 SOH format byte is shown 
below: 
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3.6.7.7 SDH ID 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 SDH ID FIELD FORMAT BYTE 
(FOUR BIT HEAD MODE) 

Bit 

7 6 5 4 3 2 1 

Bad SS1 SSO 0 Head # 
Block 

3.6.8 STATUS REGISTER (AD7 THRU 
ADO = 27, READ) 

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 
status register bits follows: 

Bit 

7 6 5 4 3 2 1 0 

0 ROY 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. 

WD42C22C 

3.6.8.5 BIT 3 ALWAYS 0 

This bit reflects the state of the BDRO 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. 

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 = 2D, READ/WRITE) 

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 IRO ORO XBSY C/O I/O REO 
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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. 

3.7.1.3 BIT 4 DMA REQUEST 

This bit reflects the state of the OREQ 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.e.ected at the read data and write data ports. 
C/O = 1 indicates that a command or status trans­
fer is expected and cio = 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. lio = 1 indicates an input 
(read) by the host and lio = 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 ORQ 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 

7 

(AD7 THRU ADO = 30, READIWRITE) 
HOST BUFFER POINTER HIGH 
(AD7 THRU ADO = 31, READIWRITE) 

Bit 
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 p,ointer. 
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 
zero. If the transfer count is already zero, then the 
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, READIWRITE 
HOST TRANSFER COUNT HIGH 
(AD7 THRU ADO = 33, READIWRITE) 

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 
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host buffer pointer counter. The transfer counter is 
12 bits long which gives a maximum transfer 
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, READIWRITE) 
DISK BUFFER POINTER HIGH 
(AD7 THRU ADO = 35, READIWRITE) 

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 

WD42C22C 

3.7.6 MICROCONTROLLER RAM ACCESS 
PORT (AD7 THRU ADO = 36, 
READIWRITE) 

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 / Xl INTERFACE CONTROL 

This bit, along with HSMB, in the auxilliary 
buffer control register, controls the host interface 
type. If AT/XT = O~en 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 JlA 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 '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' 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 
the next byte read or written by the microcontroller 
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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 ATIXT 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' 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' WRITE 

This bit reflects the state of the DRWB control bit 
defined in the buffer control register. 

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. 
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3.7.9 AUXILLIARY 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 to/from 
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 mode if HDMA 
= 1 and is an 8-bit transfer if H 16/8 = 0 and a 
16-bit transfer if H 16/8 = 1. This bit resets upon 
power-up but not affected by RESET. 

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 
. 8 b t 16 b In - y e or - yte 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-15, INTRQ, 
and DREQ/IOCS16 outputs are always tri-stated if 
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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 when 100 = 1 to control drive 
selection. If ATIXT =1, then the drive is con­
sidered selected when SOH register bit 4 equals 
DSEL. If ATIXT = 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 width of the data transfers on 
the host side. If H16/8 = 0, 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 
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 100 

3 2 1 0 

DSEL CKSC H16/8 SCKS 
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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. 

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 H 16/8 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: 

INTERFACE PORTS AND TASK FILES 

Bit 

7 6 5 4 

MINT DCGI RSTI FEI 

3 2 1 0 

DCI HPRI DROI CWSI 

3.7.11.1 BIT 7 MICROCONTROLLER 
INTERRUPT 

This bit is high 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. 
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 SDH 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 
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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 
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 microcontroller writes 
AOBP = 1. 

3.7.11.8 BIT 0 COMMAND WRITE I SELECT I 
SLAVE INTERRUPT 

This bit informs the local microcontroller 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 INTRa.) 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. 
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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 
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 I 
SELECT I SLAVE INTERRUPT 

Writing a 1 to this bit resets the command 
write/selecVslave 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 IlA current source 
pulldowns enabled. If there is no external pullup 
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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 
configuration registers should not be read until 
100 lJ.Sec 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 

BA7THRU BAO 

Configuration status high 
Bit 

7 6 5 4 3 2 1 0 

0 BA14 THRU BAS 
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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 accessable 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 
3.7.14 DRIVE INTERFACE STATUS This bit reflects the state of the disable sector 

(AD7 THRU ADO = 3B, READ) number control bit defined in the drive interface 
This register gives status information for the drive control register. 
controller. It is coded as follows: 

Bit 

7 6 5 4 3 2 1 0 

RDC DRDY WF HDS MAC DRO IPOL DSN 

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 DRDY 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. 

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 

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. 

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 
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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~sed 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. 

3.7.16 ALTERNATE SECTOR NUMBER 
(AD7 THRU ADO = 3C, READ) 

W.hen the disk controller interrupts the 
mlcrocontroller, 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 (DC I). 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. 
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Bit 

7 6 5 4 3 2 1 

NUMBER OF LAST SECTOR READ OR 
WRITTEN 

3.8 AT INTERFACE PORTS 

3.8.1 AT CONTROL REGISTER 

0 

(AD7 THRU ADO = 2A, READ/WRITE) 

This register controls the new auto-ORO option 
for write, write long, and format commands. 

Bit 

7 6 5 4 3 2 1 0 

0 0 0 0 0 OAD07ADRO 

3.8.1.1 BITS 7 THROUGH 2 RESERVED 

Set to O. 

3.8.1.2 BIT 1 AUTO-DRQ 7 BYTE ECC 

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 III 
transferred on read long and write long com-
mands. 

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 65 4 
2, and 0, respectively, of this register if bit 4 ~f th~ 
AT task file copy SOH register (port 46 for 
microcontroller, port 6 for host) is O. The other bits 
of the host status are not affected by this register. 

ADVANCED INFORMATION 12/4/90 33-35 



WD42C22C 

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 SOH register (port 46 for 
microcontroller, 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 

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 

ECCM ECC7/ RWC X X X OS1 OSO 
OORa 

3.8.5.1 BIT 7 ECC MODE 

In PC/AT mode, ECCMOO = 1 indicates that the 
data transferred to the host includes ECC. The 
ECC 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 ECCM = 1, then this bit determines the 
number of ECC bytes transferred to the host. If 
ECC7 = 1, then 7 bytes are transferred. Other-
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wise, 4 bytes are transferred. If ECCM = 0, then 
this bit controls whether or not the drive con­
troller issues BORa interrupts. If OORa = 0, 
then the drive controller issues BORa inter­
rupts. If OORa = 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 RWC 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. 

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, 
READIWRITE) 

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 ORGANIZA-
TION 

The buffer manager can control multiple sector 
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 ECC, and 
can be located at any byte boundary. The buffer 
manager has two address counters, one for the 
host interlace and one for the disk data buffer. 
80th counters can access the SRAM simul­
taneously. The buffer manager handles the ar­
bitration between the host interlace 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. 

80th 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. 
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4.1 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 DRW8 = 1 (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 
accessed into the disk buffer pointer 
registers (34 & 3516). 

4. Set AD8P = 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 DRW8 = 0 (bit 2) in the buffer manager III 
control register (3716). 

2. Set MAC = 1 (bit 3) in the disk controller con­
trol register (3816). 

3. Load the starting address of the data being 
accessed into the disk buffer pointer 
registers (34 & 3516). 

4. Set AD8P = 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 
TO/FROM 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 single 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 PIO 

0 X X 1 
16-bit wide PIO 

Bits HDMA (bit 7), BCNT{bit 5), and H16/8 (bit 1) 
are in the auxilliary buffer manager control 
register (2F 16) 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 hQst 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 
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7) in the host status register if AT mode and 
sets 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. 

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, ··,e 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. 
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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 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 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. 

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 microcontroller 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 0 o L 1 
Write Sector 0 0 1 1 X M L T 
Write ID 1 0 1 1 F 0 A T 
Scan ID 0 1 0 0 0 0 o T 
Format Track 0 1 0 1 0 0 W1 
Format Single Sector 1 1 0 1 0 o W 1 
Compute Correction 0 0 0 o 1 P 0 0 
Set Parameter Z 0 0 R 0 E H S 
Load Parameter Block 1 0 0 o 1 D K U 
Sleep 1 0 0 1 1 000 
Dump 1 0 1 o I B L 1 

TABLE 12. COMMAND AND COMMAND CODES 

Mnemonic definitions for Table 12: 

o M=O Single sector read or write. Sector count 
is ignored. 

M=1 Multiple sector read or write. Used for 
1:1 interleave. 

WD42C22C 

o L=O Normal mode, selected ECC or CRC 
functions performed. 

L=1 Sector extended by 4 or 7 bytes (de-
pends on set parameter command. 
No ECC generated or checked. 

o T=O Enable retries. 
T=1 Disable retries. 

o X=O Write sector specified in sector number 
register. 

X=1 Write sector specified in first byte of 
the sector buffer. 

o F=O Write new ID immediately after current 
ID. 

F=1 Write new ID offset from current ID. 

o A=O Do not pulse AME when writing new 
ID. 

A=1 Pulse AME when writing new ID. 

o W=O Write gate stays asserted for entire 
track or sector. 

W=1 Write gate deasserted over all gaps 
during format. 

o P=O Transfer syndrome bytes to buffer and 
calculate error pattern bytes and 
transfer them to the buffer. 

P=1 Transfer syndrome bytes to the buffer 
but do not calculate error pattern 
bytes. 

o Z=O MFM or RLL mode. 
Z=1 NRZ mode. Mode used for ESDI drive 

interface. 

o R=O Disable relocation ID searches. 
R=1 Enable relocation ID searches. 

o E=O Sector extension for read long/write 
long 4 bytes. ECC generator/checker 
is 4 bytes. 

E=1 Sector extension for read long/write 
long 7 bytes. ECC generator/checker 
is 7 bytes. 

o H=O SDH register programmed for 3 head 
select bits. 

H=1 SDH register programmed for 4 head 
select bits. 

o S=O Error correction span 5 bits with 4 
byte ECC or 11 bits with 7 byte ECC. 

S=1 Error correction span 11 bits with 4 
byte ECC or 22 bits with 7 byte ECC. 

e D=O Select soft sector drive interface. De-
fault after master reset. 

D=1 Select hard sector drive interface. In 
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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 
N RZ 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 

this mode, DRUN becomes a sector 
pulse input. 

• 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 A 1 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 = O,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 normal ID 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 DlR 
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) 

• MICRO 

WD42C22C 

Activate BDRO signal to 
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. 

• ID not found set if 10 field not found or 
if 10 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 10 found if R option enabled and 
relocation 10 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 WD42C22C 
detects that the drive number changed since the 
last read command, then an auto-scan ID 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 ID 
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 WD5011 and WD5011A. 

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 ADBP = 1 (bit 0) in the 
buffer manager control reg­
ister (3716). 

4. 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. 

5. Set MAC=O in the drive inter­
face control register. 

6. Issue read next data com­
mand to WD42C22C. 

• WD42C22C: 7. Write FF to alternate sec­
tor number register (3C16). 
Abort if drive not ready or 
write fault. 

• MICRO: 

BUFFER MANAGER ORGANIZATION 

8. (If DROI is enabled) 
Set DRO status bit, activate 
BDRO signal to buffer man­
ager. Wait for BRDY signal 
indicating transfer of buffer 
pointer. 

Set RDOI (bit 1) in the inter­
face control register (3816). 

• WD42C22C: 9. Find next data field, read sec­
tor data and place in buffer. 
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 DCI 
(bit 3) in the interface status 
register (3816). MCINT is 
asserted. 

• MICRO: 11. Read disk controller status 

Error Flags: 

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 BRDY 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 ID searches are retried for 10 index 
pulses. If T = 1, then ID 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 
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to the disk but instead, 4 or 7 additional bytes are 
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 ID field sets the error bit 
and the data field is not be written. If the R option 
in the set parameter command is set, then the 
controller searches immediately after the normal 
ID 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 spe­
cial ID field is found. If a bad block mark is found 
in an ID 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 ID searches are performed. The 
WD42C22C 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. 

WD42C22C 

Command Flow: 
• MICRO: 1. Set DRWB = 1 (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 
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 DRO is enabled.) 
Activate BDRO signal to 
buffer manager and DROI to 
microcontroller. Wait for 
BRDY signal indicating 
transfer of buffer pointer. 

Load starting address of next 
sector buffer into disk buffer 
pointer register. Set ADBP=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 ID 
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 
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• MICRO: 

Error Flags: 

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. 

• ID not found set if exact ID field not found or if 
ID field matches but CRC check fails, after 
retry procedure. 

• Bad Block set if write sector attempted on any 
sector with bad block mark. 

• Relocation ID found if R option enabled and 
relocation ID detected. 

4.4.4 WRITE 10 

Write from buffer to disk when BRDY Signal is 
activated by the buffer manager. Write 4 bytes to 
create an ID field. The PLO sync field prior to this 
new ID 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 I D searches are retried for 10 index 
pulses. If T = 1, then ID searches are retried for 2 
index pulses only. 

If F = 0, then the new ID is written immediately 
after the ID field of the desired sector. If F = 1, 
then the new ID field is written offset from the 
desired sector ID 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 ID command. If A = 1, then the AME 
output is pulsed at the start of the PLO field 
before the new ID being written. This option, 
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together with the F option, can be used to refor­
mat a single sector in soft sector NRZ mode. 

The four bytes in the buffer (F = 0) should be as 
follows: 

BYTE 0: 1 1 1 1 cyl1 0 1 cyl 9 cyl 8 

BYTE 1: Low byte of cylinder number 

BYTE 2: BB 0 RF 0 HS3 HS2 HS1 HSO 

BYTE 3: Sector Number 

BB = bad block flag 

RF = Relocation ID 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: Sector Number 
-- --

BYTE1: 1 1 1 1 cyl 1 0 1 cyl 9 cyl 8 

BYTE 2: Low byte of cylinder number 

BYTE 3: BB 0 RF 0 HS3 HS2 HS1 HSO 

BYTE 4: Sector Number 

BB = bad block flag 

RF = Relocation ID 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 ID being written 
is to be a special relocation ID for mapping a 
defective sector to a new position. 

Command Flow: 
• MICRO: 1. Set DRWB = 1 (bit 2) in the 

buffer manager control regis­
ter (3716). 

2. Load the starting address of 
the ID buffer data into the 
disk buffer pOinter registers 
(3416 & 3516). 

3. Set ECCM = 0 (bit 7) and 
DDRQ = 1 (bit 6) in the DIR 
write register (3F16) and 
MAC = 1 (bit 3) in the drive 
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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 
interface control register. 

6. Issue Write ID 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 signal indicating trans­
fer of buffer pointer. 

• MICRO: Set RDOI (bit 1) in the inter­
face control register (3816). 

• WD42C22C: 9. Search for head, cylinder, 
sector number and sector 
size code. 

10. When the proper sector ID is 
found, write buffer data to 
sector. 

• WD42C22C:11. Write sector number to alter­
nate sector number register. 
Set DCI (bit 3) in the interface 
status register (3816). 
MCINT asserted. 

• MICRO: 12. Read disk controller status 

Error Flags: 

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. 

• ID not Found set if exact ID field not found or if 
ID field matches but CRC check fails, after 
retry procedure. 

• Bad Block set if bad blockbit detected in ID of 
desired sector. 

4.4.5 SCAN 10 
When the next ID field of the present track is en­
countered, cylinder number, sector size, head 

WD42C22C 

number and sector number are loaded into the 
respective registers. 

Command Flow: 
• MICRO: 1. Issue Scan ID command to 

WD42C22C. 

• WD42C22C 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 ID field and 
read 4 ID bytes into respec­
tive registers. Search for ID 
field for up to 10 index pulses 
if T =0, up to 2 index pulses if 
T=1. 

4. Set DCI (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. 

• ID not found if no ID fields are found. 

• Relocation ID found if R option enabled and 
relocation ID 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 ID 
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 
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block command. The data placed into the pads 
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. 
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The interleave table format is: 
• BYTE 0: 1st sector's block mark 

(0016 or 8016) 

• BYTE 1: 
• BYTE 2: 

• BYTE 3: 

• BYTE 2n: 

1 st sector's sector number 

2nd sector's block mark 
(0016 or 8016) 

2nd sector's sector number 

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 en.iibled) 
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 
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• MICRO: 

Error Flags: 

and buffer memory. Data 
bytes are FF. 

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. 

WD42C22C 

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 
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
ister (3F16) and MAC=1 (bit 
3) in the drive interface con­
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-
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• MICRO: 

er manager and DROI to 
microcontroller. Wait for BRDY 
signal indicating transfer of 
buffer pointer. Wait for leading 
edge of index. 

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 
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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 
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 ECC 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 controlle~s. 

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 ECC) 

• 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 ECC) 

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-
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tern bytes for 11 bit spans. Exclusive OR the first 
four error pattern bytes for the 22 bit span. 

Command Flow: 

• MICRO: 1. Set ORWB~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 
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). 

• W042C22C: 9. Transfer contents of the four 
(or seven) byte ECC register 
to buffer, most significant byte 
first. 

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. 

• MICRO: 

Error Flags: 

WD42C22C 

12. Set OCI (bit 3) in the interface 
status register (3816). 
MCINT asserted. 

13. Read disk controller status 
register (2716) and error 
register (2116). 

• CRC/ECC flag set if data field error length ex­
ceeds correction span. 

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 ECC 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 ECC. 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 ECC, 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-
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mands and a bad block mark is detected in the 
desired sector's ID, then the WD42C22C sear­
ches for a special ID field containing relocation 
information immediately after the desired sector's 
ID. This special ID field is placed using the write 
ID command. When the R option is used, then the 
U option must be set to 1 in the load parameter 
block command. 

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. 

• MICRO: 

Error Flags: 
• None. 

3. Set or reset internal para­
meter flip-flop. 

4. Set DCI (bit 3) in the interface 
status register (3816). 
MCINT asserted. 

5. Read disk controller status 
register (2716) and error 
register (2116). 

4.4.10 LOAD PARAMETER BLOCK 

The D bit is used to indicate the sectoring mode. 
If D = 0, the default after a master reset, then soft 
sector mode is selected. If D = 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 SDH register. If 
U=1, then the sector size is defined by the user. 
The cylinder registers are loaded with the desired 
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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: 

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 ID 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 fau It. 

• 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 (3816) 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 multisector 
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 

WD42C22C 

and the sector size. The sector size should be 
programmed to 1 less than the number of bytes to 
be dumped for the sector. 

The 8 option controls the sync byte and CRC 
preset. If 8 = 0, then the sync byte is assumed to 
FE and the CRC is preset to all zeroes. If 8 = 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. 8 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. 
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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. 

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: 
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Set RDOI (bit 1) in the inter- .. 
face control register (3816). 

• WD42C22C: 9. Wait for index. 

• MICRO: 

Error Flags: 

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 
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 I = 1 . 

• Data CRC if the data field CRC doesn't zero 
when I = 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 

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 (25~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) 

UNITS 

J.LA 

J.LA 

V 

V 

V 

V 

mA 

mA 

CONDITIONS 

VIN = 0.4 to Vee 

VOUT = 0.4 TO Vee 

IOUT=-800J.LA 

IOUT=2.0mA 

All outputs open. 

All inputs at Voo or Vss, disk con­
troller sleep mode, 15 MHz crystal. 

TABLE 14. DC OPERATING CHARACTERISTICS 

For pins 75 thru 82, 40 thru 42, 44 thru 48, 74, 8 
HDO thru HD15 INTRQ DREQ): 
SYMBOL CHARACTERISTIC MIN MAX UNITS 

VOH 

VOL 

Output High Voltage 2.4 

Output Low Voltage 0.4 

For pin 8 (IOCS16 AT PIO mode only): 

V 

V 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

VOL Output Low Voltage 0.4 V 

For pins 10, 11, and 12 (WD, EARLY, LATE ): 
SYMBOL CHARACTERISTIC MIN MAX UNITS 

VOH 

VOL 

Output High Voltage 

Output Low Voltage 

2.4 

0.4 V 

CONDITIONS 

IOUT=-5mA 

IOUT=12mA 

CONDITIONS 

lo=20.0mA 

CONDITIONS 

lo=-800J.LA 

lo=6.0mA 
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For pin 22 (RESET) 
SYMBOL CHARACTERISTIC MIN MAX UNITS 

VOL Output Low Voltage 0.4 V 

For pins 36 37 (OSO OS1 ): 
SYMBOL CHARACTERISTIC MIN MAX UNITS 

VOL Output Low Voltage 0.4 V 

For pins 59-73 (BAO-B14) 
SYMBOL CHARACTERISTIC MIN MAX UNITS 

Ipo Pulldown Current in 
read config. mode 

40 160 

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 

Ipu Pullup Current 1 00 2000 J,LA 

For pin 38 (XTALIN when driven by external osc.): 
SYMBOL CHARACTERISTIC MIN MAX UNITS 

VIH 

VIL 

Input High Voltage 

Input Low Voltage 

3.5 

1.0 

V 

V 

ELECTRICAL AND TIMING SPECIFICATIONS 

CONDITIONS 

10=6.0 mA and VOO at spec. 
10=2.0 mA and VOO at VRST2 
max 
VRST3 max. 

CONDITIONS 

10=48.0mA 

CONDITIONS 

VOUT=2.4V 

CONDITIONS 

VouT=0.4 V, Voo=5.25 V 

CONDITIONS 
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5.0 
VRST2 --------------------------.. VRST3 

VRST1 

RESET 

f4----- t RSTL 

(Refer to MISC. timings.) ,----L 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 Din 84 (Vnn) 
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, > ,/ > < HA1, HAO ~ 
tASW _ t AICSI ----0 

~tAHw ----
-----+ 

-
HCS / 

----. -tcsw tCHW 

-
HWE '~ j 

tWE------
tWER 

t wCY 

HD7-HDO 

~ tos ---I 

.,/ 

I+-- t CICSV-----O 
-toH---I 

IOCS16 ~ ./ (AT only) 
t AICSV ----0 

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 ATIXT HOST PROGRAMMED 110 WRITE 
TIMING 

SYMBOL CHARACTERISTIC MIN MAX 

tASW Address Setup to 30 
HWE Low 

tcsw HCS Setup to HWE 10 
Low 

tos Data Setup to HWE 30 
High 

twE HWE Pulse Width 75 

tos Data Setup to HWE 50 
High 

twE HWE Pulse Width 100 

tOH Data Hold from 15 
HWE High 

tAHW ADDR Hold from HWE 20 
High 

tCHW HCS Hold from HWE 10 
High 

tWER HCS and HWE Inact- 20 
ive 

twCY Write Cycle Time 125 

WD42C22C 

UNITS CONDITIONS 

ns 

ns 

ns Port 0 only. 

ns Port 0 only. 

ns All other ports. 

ns All other ports 

ns 

ns 

ns 

ns 

ns Port 0, XTAl>16 MHz 
2*X Port 0, XTAL<16MHz (X=txTAL) 

twCY Write Cycle Time 150 ns All other ports 

tCICSV IOCS 16 valid from 30 ns 
HCS 

tAICSV IOCS 16 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 15. ATIXT HOST PROGRAMMED 110 WRITE TIMING 

IOCS16 

300 OHMS 50pF 

4.5V tL 
FIGURE 8. TEST CIRCUIT 1 
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HAg, HA2, > < ) < HA1, HAO 

tASE -tAICSI-

f4-- t AHE ----I 
------0 -tCICSI 

-
HCS / (ACTIVE) 

-----> _tCSE 
tHLD 

-
HCS / ~ (INACTIVE).. 

-----> _tCSE 

tHLD 

-
HRE 

"'" 
/ 

/ ,-

• tHe • tRDR 

t RDCY 

HD7-HDO 

-t~ t DAC - --I> t DAC 

+- t CICSV---' 
tHOTS ---+ 

IOCS16 ~ / (AT only) 

tAICSV -

FIGURE 9. AT/XT HOST PROGRAMMED I/O READ TIMING 

33-58 ADVANCED INFORMATION 1214/90 



ELECTRICAL AND TIMING SPECIFICA TlONS WD42C22C 

5.3.2 AT/Xl 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 Time 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 IOCS 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. ATIXT HOST PROGRAMMED I/O READ TIMING 
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5.3.3 AT/XT HOST DMA WRITE TIMING 

OREQ 

OACK 

HWE 

H07-
HOO 

33-60 

t OLWL 

tOWL 
t OLOL 

t WHOH 

t WR -

t WHOL 

tOVWH 

~ _________ tOK ____________ ~ 

FIGURE 10. AT/XT HOST DMA WRITE TIMING 
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SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tOLOL DACK Low to DRO 100 ns BDEN=O 
Low 

twHOL HWE High to DRO 4*X ns BDEN=1. First transfer count throt-
Low +100 tie. (X=tXTAL) 

tOK DMACycle 100 ns XTAL=20MHz 
2*X Any XTAL (X=tXTAL) 

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 

twHOI HWE High to Data In- 15 ns 
valid 

tOWI DACK and HWE In 20 ns 
active 

TABLE 17. ATIXT DMA WRITE TIMING 

.. 
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5.3.4 AT/XT HOST DMA READ TIMING 

DREQ 

DACK 

HRE 

HD7-
HDO 

33-62 

t OLOL 

tOLRL 

t RHOL 

1+----- t OK------+I 

FIGURE 11. ATIXT HOST DMA READ TIMING 
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SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

tOLQL DACK Low to DRQ 100 ns BDEN=O 
Low 

tRHQL HRE High to DRO 4*X ns BDEN=1. First TC throttle. 
Low +100 (X=txrAL) 

tOK DMACycle 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 DACK and HRE Inact- 20 ns 
ive. 

TABLE 18. ATIXT DMA READ TIMING 

.. 

ADVANCED INFORMATION 1214190 33-63 



WD42C22C ELECTRICAL AND TIMING SPECIFICATIONS 

5.3.5 SLAVE HOST WRITE TIMINGS 

LOCAL IIICROCONTROLLER INTERFACE 

ALE / "" / "" ADO 
THRU 4A SBIC REGISTER # 49 WRITE DATA "-
AD7 

tADVWH tADVDH-
MWE 

tWHWL 

MRE 

MOO 
THRU SBIC REGISTER # WRITE OATA 
M07 

HOST INTERFACE tMWHA~A~ ~tMWHAL 

tMWHAL- I==tMWHAL 
HALE 

tAVAL ___ 

~ tALAI tMWHWH --> I+-- tMWHWH HOD tALlY ---

THRU SBle REGISTER # '~~,"~M" ~~M" E H07 "-
t MWHWL --+i t DVW~~ 
t AlWL t WHOI t WHOI 

HWE I 

HRE 

-
HCS 

I "-

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 4B ~C REGISTER # 49 READ DATA > AD7 
IAOVWH -+ 

MWE 

~ IWHALH---+ 

MRE r-
A 

HOST INTERFACE 
bMWHALj 

+--tMWHAL 

I MWHAL ------t t MWHAL 

HALE 

[lAVAL --0 
I HOSA-- ~IHOSA -IMRHR~ 

HDO 
I ALAI --0 -IALAI tHDHA 

THRU SBIC REGISTER # REGISTER READ DATA 
HD7 

tHRLDV 

- f----
HRE 

@-IMWHRE-+ 

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 
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 H D Address Hold from 0 ns 
HALE Low 

tHDSA H D 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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DATA TRANSFER TilliNG 

RCS 

HWE 
(IN) 

HOD 
THRU 
H07 

HWE 
(OUT) 

THROTTLE TilliNG 

RCS ------------------------~;--
NOTE 1 NOTE 2 

HWE~ 

~lswr_____1~ 
DREQ . 

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

SINGLE TRANSFER TilliNG 

OREQ / t~,~ 
RCS / 
HWE LlCJ 

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 

BIN 02 BIN 02 
BIN 03 BIN 03 
BIN 05 BIN 05 

tSW1 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 lime 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 

single trans-
fer mode 

tSW11 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 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. 

ADVANCED INFORMATION 12/4/90 33-67 



WD42C22C 

33-68 

ELECTRICAL AND TIMING SPECIFICATIONS 

DATA TRANSFER TIMING 

ReS 

HRE 
(IN) 

HOO 
THRU 
H07 

HRE 
(OUT) 

THROTTLE TIMING 

------------------------~;--iiCs 

NOTE 1 NOTE 2 

iiiiE~ 

~lsw7_____1i 
DREO 

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

SINGLE TRANSFER TIMING 

OR EO 
___ -'I 

HRE 

NOTE 3 

FIGURE 15. SLAVE HOST DMA READ TIMING 

ADVANCED INFORMATION 1214/90 



ELECTRICAL AND TIMING SPECIFICA TlONS 

5.3.8 SLAVE HOST DMA READ TIMING 

SYMBOL 

tSW1 

tSW2 

tSW3 

tSW4 

tsW5 

tSW6 

tSW7 

tSW10 

tSW11 

CHARACTERISTIC 

RCS Low to HD Valid 
First Transfer of Burst 

HRE Rising to HD Valid 

RCS Low to First HRE 
Rising Edge 

HRE Cycle Time 

HRE Low Pulse Width 

HRE High Pulse 

HRE Rising to DRO Low 

RCS Low to DREO Low 

DACK Low to HRE Out 
Tri-state 

MIN 
BIN 02 
BIN 03 
BIN 05 

o 
o 
o 
5 
5 
5 

140 
140 
100 

200 
200 
100 

80 
80 
30 

30 
30 
30 

MAX 
BIN02 
BIN 03 
BIN05 

180 
180 
180 

4*X + 100 
4*X + 100 
4*X + 50 

100 
100 
50 

60 
60 
60 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

WD42C22C 

CONDITIONS 

tXTAL < tsW4 / 
2 

Intermediate 
throttle. X = 
tXTAL 

Throttle when ~ 
transfer --
count < 16 or 
single trans-
fer mode 

HSMB = 1 

TABLE 22. SLAVE HOST DMA READ TIMING 

The following notes apply to Figure 16. 

NOTE 1 
SBIC guarantees no transfer here at 5 MB/s 
transfer rate. 

NOTE 2 
SBIC guarantees no transfer here at 10 MB/s 
transfer rate. 

NOTE 3 
SBIC guarantees no transfer here. 

Although 4 transfers may occLir after the FIFO 
goes almost full at 10 MB/s and only 3 bytes 
remain at that time, the buffer manage guarantees 
that at least 1 additional transfer occurs out of the 
FIFO prior to the fourth host transfer after the al­
most full condition. This guarantees that no over­
run condition occurs. 

ADVANCED INFORMATION 12/4/90 33-69 



WD42C22C ELECTRICAL AND TIMING SPECIFICATIONS 

5.3.9 BUFFER RAM WRITE TIMING (INTER­
NAL OSCILLATOR; XTAL = 8 - 25 MHZ) . 

BAO 
THRU 
BA14 

BWE 

BOO 
THRU 
B07 

SYMBOL 

tAOCY 

tBASWH 

tBASWL 

tBW 

tBAHW 

tOSWH 

tOHW 

tOTSW 

33"70 

I AOCY 

l BAHW 
l BAHW 

eASWL 

14------ lew -------+/ 

l BASWH 

1+------ IOTSW ---+I 

IOHW 

FIGURE 16. BUFFER RAM WRITE TIMING (INTERNAL OSCILLATOR) 
CHARACTERISTIC MIN MAX UNITS CONDITIONS 

BinD2 
BinD3 
BinDS 

Address Cycle Time 2-*tXTAL-28 ns Any XTAL 
2*tXTAL-35 
2*tXTAL-25 

Addres Setup to 2*tXTAL-40 ns AnyXTAL 
BWE High 2*tXTAL-55 

2*tXTAL-35 
Addres Setup to 0.5*txTAL -20 ns AnyXTAL 
BWE Low 0.5*txTAL-35 

O.5*txrAL-20 

BWE Pulse Width 1.5*txrAL-30 ns AnyXTAL 
1.5*tXTAL-35 
1.5*txTAL-25 

Address Hold From 5 ns AnyXTAL 
BWE High 5 

5 
Data Valid to BWE 1.5*txrAL-40 ns Any XTAL 
High· 1.5*txTAL-60 

1.5*txTAL-35 
Data Hold from 10 ns Any XTAL 
BWE High 10 

10 

Data Tri-state from 50 ns Any XTAL 
BWE High 

TABLE 23. BUFFER .RAM WRITE TIMING (INTERNAL OSCILLATOR) 
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5.3.10 BUFFER RAM READ TIMING (INTER­
NAL OSCILLATOR; XTAL = 8 - 20 MHZ) 

BAD 
THRU 
BA14 

BWE 

BDO 
THRU 
BD? 

I ADCY 

I BASR 

IBR 

IADH 

lBAHR 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 

tBASR Address Setup to 72 ns 
BOE High 125 

tBASR Address Setup to 2*txTAL-28 ns 
BOE High 2*txTAL-35 

tBR BOE Pulse Width 45 ns 
75 

tBR BOE Pulse Width 1.5*tXTAL-30 ns 
1.5*tXTAL-45 

tBAHR 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) 

ADVANCED INFORMATION 12/4/90 

WD42C22C 

CONDITIONS 

MaxXTAL 

Any XTAL 

MaxXTAL 

AnyXTAL 

MaxXTAL 

AnyXTAL 

Any XTAL 

AnyXTAL 

Any XTAL 
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BAO 
THRU 
BA14 

BWE 

BOO 
THRU 
BO? 
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t ADCY 

t BASW 

tBAHW tBAHW 

1+---- t DTSW -----.j 

t DSWH -~-- t DHW 

FIGURE 18. BUFFER RAM WRITE TIMING (EXTERNAL OSCILLATOR) 
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5.3.11 BUFFER RAM WRITE TIMING (EXTER-
NAL OSCILLATOR; XTAL = 8 to 20 MHz) 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 
20 MHz 
12 MHz 

tAOCY Address Cycle Time 72 ns MaxXTAL 
125 

tAoCY Address Cycle Time 2*tXTAL·28 ns Any XTAL 
2*tXTAL·35 

tBASWL Address Setup to 5 ns MaxXTAU 
BWE Low 5 50%XTAL 

tBASWL Address Setup to txcH-20 ns Any XTAL 
BWE Low txcH-35 

tBASWH Address Setup to 60 ns MaxXTAL 
BWE High 105 

tBASWH Address Setup to 2*tXTAL-40 ns AnyXTAL 
BWE High 2*tXTAL·55 

tBW BWE Pulse Width 55 ns MaxXTAU 
85 50%XTAL 

tBw BWE Pulse Width tXTAL +txcL·30 ns AnyXTAL 
tXTAL +txcL-35 

tBAHW Address Hold from 5 ns AnyXTAL 
BWE High 5 

toswH Data Valid to BWE 35 ns MaxXTAL 

III High 60 

tOSWH Data Valid to BWE tXTAL +txcH-40 ns Any XTAU 
High tXTAL +txcH-60 %50XTAL 

tOHW Data Hold from BWE 10 ns AnyXTAL 
High 10 

tOTSW Data tri-state from BWE 50 ns AnyXTAL 
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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5.3.12 BUFFER RAM READ TIMING (EXTER-· 
NAL OSCILLATOR; XTAL=8 to 20 MHz) 

BAO 
THRU 
BA14 

BOE 

BOO 
THRU 
BO? 

SYMBOL 

tAOCY 

tAOCY 

tBASR 

tBASR 

tBR 

tBR 

tBAHR 

tROS 

tROH 

tOHW 

I ADCY 

l BASR IADH 

lBAHR 

IBR 

FIGURE 19. BUFFER RAM READ TIMING (EXTERNAL OSCILLATOR) 

CHARACTERISTIC . MIN UNITS CONDITIONS 
20 MHz 
12 MHz 

Address Cycle Time 72 ns Max XTAU500/0 XTAL 
125 

Address Cycle Time 2*txTAL-28 ns AnyXTAL 
2*txTAL-35 

Address Setup to 72 ns Max XTAU500/0 XTAL 
BOE High 125 
Address Setup to 2*txTAL-28 ns 
BOE High 2*txTAL-35 
BOE Pulse Width 45 ns Max XTAU500/0 XTAL 

75 

BOE Pulse Width tXTAL +txcH-30 ns AnyXTAL 
tXTAL +txcH-45 

Address Hold from 0 ns AnyXTAL 
BOE High 0 
Data Setup to BOE 5 ns AnyXTAL 
High 5 
Data Hold from BOE 10 ns AnyXTAL 
High 10 
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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5.3.13 MICROPROCESSOR WRITE TIMING 
(INTEL BUS) 

~ t ALEH -------. 

ALE V 

""" V 
~ 

+--tAVAL ~ 

tALAI~ +---tALAI 

ADO 
THRU / ADDRESS "- DATA "-
AD7 '" / "- / 

4-- t ADVWH ---< 
-tWHD1 -

-
MWE "-

f"-. 
/ 

tADWL 

!+----- t MWEL tWHLH ----

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) 

ADVANCED INFORMATION 1214190 
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5.3.14 MICROPROCESSOR WRITE TIMING 
(MOTOROLA BUS) 

~tASH---t 

AS V 

"" 
V 

~ / 

~tAVAL---

tALAI --- ~tALAI 
ADO 
THRU 1/ ADDRESS '\ DATA '\ 
AD7 1"'-. / ~"'-. / 

+- tAOVOS -~ t OSOI --' 

t AOOS 

OS / 
r\ 

_tOSH---~tOSAH---t 

t wLOS ---t _t wLOS 

-
RIW "'-.~ / 

t oSWH --- -toSWH 

FIGURE 21. MICROPROCESSOR WRITE TIMING (MOTOROLA BUS) 

SYMBOL CHARACTERISTIC MIN UNITS CONDITIONS 

lAVAL Address Setup to AS 15 ns 
Low 

tALAI Address Hold from AS 5 ns 

lASH AS High Pulse Width 30 ns 

tADvDS Data Setup to DS Low 50 ns HSMB=O 
130 HSMB=1 

tOSDI Data Hold from DS 5 ns 
Low 

tOSH DS High Pulse Width 75 ns 
during Write 

tWLOS RIW Low to DS High 5 ns 

tOSWH DS Low to RIW High 20 ns 

tAooS Address High to DS 55 ns 
High 

tOSAH DS Low to AS High 10 ns 

TABLE 28. MICROPROCESSOR WRITE TIMING (MOTOROLA BUS) 
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5.3.15 MICROPROCESSOR READ TIMING 
(INTEL BUS) 

ALE 

ADO 
THRU 
AD? 

MRE 

tALEH 

t AVAL 

tALAI 

ADDRESS 

tADAR 

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 

fADAR Address Valid to MRE 55 ns 
Low 

tRHLH MRE High to ALE High 10 ns 

TABLE 29. MICROPROCESSOR READ TIMING (INTEL BUS) 

ADVANCED INFORMATION 12/4/90 
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5.3.16 MICROPROCESSOR READ TIMING 
(MOTOROLA BUS) 

~ I ASH -----0 

AS 
~ 

""" 
/ 

4-- lAVAL ----t 

IALAI ----t _IALAI 

ADO 
THRU / ADDRESS '\ 

DATA ~ AD? '" / '" 
I _Iosov I-- losol 

LJ<>U' 

I<-- I DSOH --. , 
OS / \ 

1\ 
~ IOSH----t --I DSAH -----I 

I ADDS 

-
RIW 

FIGURE 23. MICROPROCESSOR READ TIMING (MOTOROLA BUS) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

lAvAL Address Setup to AS 15 ns 
Low 

tALAI Address Hold from AS 5 ns 
Low 

lASH AS High Pulse Width 30 ns 

tDSDV Data Valid from DS 100 ns 
High 

tDSDI Data Tri-state from DS 50 ns 
Low 

tDSH DS High pulse Width 100 ns 
during Read 

tADDS Address Valid to DS 55 ns 
High 

tDSAH DS Low to AS High 10 ns 

TABLE 30. MICROPROCESSOR READ TIMING (MOTOROLA BUS) 
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5.3.17 WRITE DATA TIMING (MFM/RLL MODE; 
WC 5 to 15 MHz) 

WD 

wc 

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 

twD WD Propagation Delay 3 15 ns 
3 25 

tWCF we Frequency 15 MHz 
10 

TABLE 31. WRITE DATA TIMING (MFM/RLL MODE) 

ADVANCED INFORMATION 1214/90 

WD42C22C 

33-79 



WD42C22C ELECTRICAL AND TIMING SPECIFICATIONS 

5.3.18 WRITE DATA TIMING (NRZ MODE; WC 5 
to 15 MHz) 

wo --------t-w-o----~~t~ 

WC 
tWCL -~>---twCH 

two ______ 

WCOOT r ~ J ~ ~ tWCOH tWCOL =.-, twowco 

twoWCO 
two 

FIGURE 25. WRITE DATA TIMING (NRZ MODE) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
20 MHz 
12MHz 

tWCL we Pulse Width Low 20 500 ns 
27 500 

tWCH WC 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 

twowCO 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 SPECIFICATIONS 

5.3.19 READ DATA TIMING (MFM/RLL MODE; 
RCIWC 5 to 15 MHz) 

RO 

RC 
t Rep 

ORUN --------'/ 
FIGURE 26. READ DATA TIMING (MFM/RLL) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
20 MHz 
12MHz 

tRCP RC Pulse Width 27 500 ns 
45 500 

RC Transition to Next 5 ns 
Leading RD 10 

tX2 Leading RD to Next RC 10 ns 
Transition 20 
Read Data Pulse 20 tRCP ns 
Width 30 tRCP 

tORN DRUN Low Pulse 25 ns 
Width 25 

tRCF RC Frequency 15 MHz 
10 

TABLE 33. READ DATA TIMING (MFM/RLL) 
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5.3.20 READ DATA llMING (NRZ MODE; WC 5 
to 20 MHz) 

~ "'-
RD [\ / " / 

I-t RNS .... I-tANH .... ~tRNS .... ... tANH .... 

V 
RC / 1\ / 

~tRCP t Rep -----t 

fiGURE 27. READ DATA TIMING (~RZ 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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5.3.21 MISCELLANEOUS TIMING 

SCT 

INDEX 

WG 

WD 

CS 
WE 

RESET 
(INPUT) 

RESET 
(OUTPUT) 

WC 

XTALIN 

y=tSCT 
~~---

~----

\~-

\ 

~tMRW--~ 

\ V 
[\'---------// 

I+--- t RSTI ---+I -tMRW 

--------- t RSTL -------------+1 

J\NVV\ 

FIGURE 28. MISCELLANEOUS TIMING 
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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 WCperiods 

tRSTI RESET in pulse width 24 WC periods 
low 

tMRW MR Trailing to Host 2.4 JlS 
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 SPECIFICATIONS WD42C22C 

I Repeated for Each Sector 

/\ 
I 

INDEX I 
I 

DRUN f\ / \ 
I 

WG / I 
(during FORMAT) I 

I 
WG / 

tWGOFFr----->-: 
\ 

(during WRITE) I tWGOW--+j I.- c= 
I 

RG 1/ \ / 
tRGOFF2--' 

\ / 
. r t RGOFF1-+ I F I I-

t RGONI --J . .- ~ t RGON2- I 
-

I GAP41' GAP1;~ IDPLO 

I 

42C22A 10 10 WRITE I DATA PLO DATA DATA WSI GAP3 10 PLO II 01 
FORMAT n+ 5+C X+9 7 PAD 2 SPICE (11) PAD 1 n+7 X+9 7 
# BYTES 1 3 -

/ ". "- / /" 
/ / // "-"- r--
A I C L HS C C X+ 12+/-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 

E L W A C C C X+13+/-1 512: ECC FF = Cylinders 256-511 

N 0# 1 2 
(X>O) 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 

- III 
NOTES 

1. n = contents of sector number register during 4. twGON = 17 ± 1 bit times with respect to RD in. 
format command. 5. tWGOFF1 = 28 bit times with respect to WD out. 
2. CL = controller latency. 1/2 5. CL 5. 1-112 byte 6. tRGOFF1 = 9 ± 1 bit times with respect to RD in. 
times. 7. tRGOFF2 = 9 ± 1 bit times with respect to RD in. 
3. X = contents of PLO register. ID PLO length is 8. tRGON1 = 19 ± 1 bit times with respect to 
programmable during format command. Data DRUN. 
PLO length is programmable during write com- 9. tRGON2 = 35 + 1 bit times with respect to RD in. 
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). 

FIGURE 29. SOFT SECTOR MFM/RLL TRACK FORMAT 
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I Repeated for Each Sector 

/\ 
I 

INDEX I 

AME rl 
(during Format) I 

, AME ~ I \ ! \ 
(during RIW) 

AMF ;h /1\ 
I I 

WG / I I 
(during FORMAT) 

I I 
I+-t WREC4 

I WG ! ~ I 
(during WRITE) I tWGON-j 

1..- t RGOFFt--+~ I - I ' I I , I 
RG 1/ \ ( ~ t RREC 17 

t -.i r t RGOFFr+ ~ t RGOFF~ j+-

RGON1 '..- t RGON2 --+L I 
42C22A 

I GAP4 II GAP\~ 10 PL 10 10 WRITE I DATA PLO I DATA 
-

DATA I WSI GAP 3 I 10 PLO II 01 
FORMAT n+ 7+C X+8 7 PAD 2 SPICE (11) PAD 1 n+9 X+8 7 
# BYTES 1 3 -/ ", "-

"- /. / 
/ 

/. "-" 

/ // .--
A I C L H S CC X+12+/-1 A F 128: 2:CRC IDENT Definition: 
1 0 

I~ E E RR (X= 0) 1 8 256: 4:INT FE = Cylinders 0-255 
E A C CC X+ 13+/-1 512: ECC FF = Cylinders 256-511 
N 0# 1 2 (X>O) 1024: 7:INT FC = Cylinders 512-767 
T DATA ECC FD = Cylinders 768-1023 ' 

r 
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 = 2B bit times with respect to NRZWD 
format command. out. 

2. CL = controller latency. 1/2 s CL s 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 NRZRDin. 

PLO length is programmable during write com- B. 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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1 
Repeated for Each Sector 

1 

1 I 

1 1 
INDEX 

1 1 

SECTOR 1 1/\ 

1 1 
DRUN 1 1 

1 I 1 

WG 1 1 
(during FORMAT) 1 1 1 

WG i 1 / "- 1 
{during WRITE} 

1 1 twGmr--j I+- tWGOFF1-
1 

I.-- ' 
' 1 

RG I/. 1 "- tRGOFF~ 
~ 

'I t RGOFF1-+ ~ _I 1-
-J '+- t RGONI r- t RGON2-- 1 

42C22A I GAP4 GAPI _I IDPL 10 10 WRITE 1 DATA PLO DATA 
DATA 1 WSI GAP21 GAP\~ IDPLO 1 

FORMAT n+5+CL X+9 7 PAD 2 SPICE {II} PAD 1 n+5+ C X+9 
# BYTES 1 3 

/ ", 
/ Ij "', "'- "-I " 

/ ;'/ " 

- IDENT Definition: A I C L H S CC X+ 12+/-1 A F 128: 2:CRC FE = Cylinders 0-255 1 o Y 0 E E R R {X=O} 1 8 256: 4:INT FF = Cylinders 256-511 ELW A C CC X+ 13+/-1 512: ECC FC = Cylinders 512-767 
N 0# 1 2 {X>O} 1024: 7:INT FD = Cylinders 768-1023 
T 

DATA ECC 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 = 19 ± 1 bit times with respect to 
2. CL = controller latency. 1/2.s. CL.s. 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 RLUMFM TRACK FORMAT 

(WITH SOFT SECTOR READIWRITE) 
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Repeated for Each Sector 1 
I 

I 
1 

I 
INDEX 

I 
I 

1/\ SECTOR 
I 

I 
WG i 
(during FORMAT) 1 

I 
I 

WG i "-
(during WRITE) 

tWGON-j I+- t WGOFFI ----, ~I 
I 

I 
RG 

I tRGOFF~I~. .1 tRGOFF~ I-
I 

t RGON1--o '+- tRGON2-

42C22A 1 GAP4 GAP 1 LII D PLO ID ID WRITE 1 DATA PLO 1 DATA DATA 1 WSI GAP 21 GAP 3 LI IDPLO 1 
FORMAT n+5+CL X+9 7 PAD 2 SPICE (11) PAD 1 n + 5 + CL X+9 
# BYTES 1 3 

/ 
/ / " " /. ....... / ....... / ,.---

A I C L H S CC X+ 12+/-1 A F 128: 2:CRC IDENT Definition: 

1 D YO E E R R (X=O) 1 8 256: 4:INT FE = Cylinders 0-255 

E L W 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 

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. 10 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 RLUMFM TRACK FORMAT 
(WITH HARD SECTOR READ/WRITE AND 

CONTINUOUS WG OPTION) 
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ELECTRICAL AND TIMING SPECIFICATIONS WD42C22C 

Repeated for Each Sector 

I 

INDEX ~----------------------------~-------
SECTOR ----~------------------------------------~I~~-------

I 
WG =---'IL-----tr' "I----t.------';----
(during FORMAT) -+ i+- t FWGON . ~ I. I t FWGOFFj '+-

WG /~----------------~" I 
(during WRIT;:::E)-----1r---------t-W-G-ON---+--r1 -----if+_ t WGOFF .. I r-~---I-----------

____ ~----~/ I" / I "'1--__ --11---------
t ~ I.- t RGOF~ F. I t RGOFFnl· 1-

RGON1 I . ~t RGONZ--. 

RG 

42C22A I GAP 4 I GAP ':~WS; II D PLO I DID 
FORMAT n+5+C 1 X+8 7 PAD 2 
'BYTES 

WRITE IDATAPLO I DATA I DATA Wsl GAP21 GAP3..! Wsl 
S~ICE (11) P~D 1 I I n+5+c1 1 I 

IDPLOI 
X+ 8 I 

NOTES 

I ". 
/ " 
A ICLHSCC 
1 DYOEERR 

ELWACCC 
N D # 1 2 
T 

I / ...... ---. ___ . 
. ." ---

/ / A F 128: ~:CRC 

(X =0) 

1 8 256: 4:INT 
512: ECC 

1024: 7:INT 
DATA ECC I 

X+ 12+/-1 

1 
I ;X+>':) +/-1 [ IDENT Definition: 
. FE = Cylinders 0-255 

FF = Cylinders 256-511 
FC = Cylinders 512-767 
FD = Cylinders 766-1023 

~ : g~::~~:~ ~ ~:~ ~ ~~ 
F4 = Cylinders 1536-1791 

'------------------------------1 F5 = Cylinders 1792-2047 

1. n = contents of sector number register during 
format command. 
2. CL = controller latency. 112 ~ CL ~ 1-1/2 byte 
times. 

8. tRGONl = Z + CL byte times with respect to 
INDEX/SECTOR (SCT). SECTOR is tied to 
DRUNSCT always. z = contents of internal GAP 
register. 

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. twGOFFl = 28 bit times with respect to WD out. 
6. tRGOFFl = 9 ± 1 bit times with respect to RD in. 
7. tRGOFF2 = 9 ± 1 bit times with respect to RD in. 

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 READIWRITE AND WG PULSE) 
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WD42C22C ELECTRICAL AND TIMING SPECIFICA TlONS 

------- Repes:tedforEachSector 

I 

I 
INDEX -r 
seCTOR I -~~--------------------------------:I/\~----

I ~ AME 
I 

~---------------rr-r--
WO ~~--------------------------~--~ 
(0",,,,, FORMAT] I -'11-- 'WGLOW I _. I.- 'WOOFF2 

/~----------~~~ I I 
:~i""WRrrE)---If-----'W-GO-N-_----'I---r~ 'WGOFF1 _I r~----~I -~I --

I / I ~ / I ~r:-----+----t-~--
,..... I.- 'RooFF1 -+; h r 'RGOFF2 -l' ~ I I I 

RG 

RGON1 I ~ RGON2 ----110>, . . 

I GAP 4 1 GAP 1 jWS I' IDPLQ 10 10 WRITE lDATAPLO jDATA I DATA JWS IGAP2 J GAP3jWSjlDPLOJ 42C22A 
FoRMAT 
# BYTES 

J n+5+CL 11 X+B 7 PAD 2 SP~CE (11) I p~o 1 n+5+Cl 1 X+8 

AtCLHSCC 
1 0 Y a E ERR X+13+/-1 A F 128: 2:CRC 

NOTES 

ELWA cee 
N 0 # 1 2 
T 

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. 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. tRGOFF1 = 9 ± 1 bit times with respect to 
NRZRDin. 

1 • 256: 4:1NT 
512: ECC 

(X =0) 

X +14+/-1 1024: 7:INT 
DATA ECC 

7. tRGOFF2 = 9 ± 1 bit times with respect to 
NRZRDin. 

8. tRGON1 = 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 
NRZRD in. 
10. tWGLOW = 2 bit times. tWGOFF2 = 8 bit times. 
Both timings with respect to NRZWD out. 
11. GAP2 = Speed tolerance + combined 
EN DEC 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 
30.099130.353 

0.075_ 
1.905 

8PLCS 

PIN NO.1 1.0. 

~
PINNO'l~~ 

c-====~~~==if 0.558 

0.001 - 0.003 
0.025 - 0.076 

0185.1:1200 +0004/-0 000 
~ SEATING PLANE 

OPTION 
-A-

OPTION C 

FIGURE 35. 84-LEAD PLCC 
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o 1S5J0200 +.004/-.000 
4'i9iiS'iiiiO SEATING PLANE 

OPTION 
-8-
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33-92 

B 1.100 + .003 
(27.94.:!: .075) 

1.080 ± .005 1.100.:!: .003 
27.43.± .127 (27.43 ± 076) 

.950 ±.003 
(24.13 ± .076) 

1.080 ± .005 
±. 

1.100-1- . 
(27.94 ± 076) 

.140 
(3.56) 

I~~.-----------------------------~~-+-r, 

~Hm~~~~~~~~~~ 

&,. 

.170 ± .010 
(4.32 ±.254) 

.500 
(20.32) 

.780 + .OOS 
(27.43.:!; .127) 

FIGURE 36. 84-LEAD PQFP 

ADVANCED INFORMATION 1214/90 



WD57C65 

Floppy Disk Subsystem 

Controller Device 

1& 

~ WESTERN DIGITAL 



WD57C65 

TABLE OF CONTENTS 

Section Title Page 

1.0 INTRODUCTION ....................................................... 34-1 
1.1 FEATURES ... '" ................................................ 34-1 
1.2 DESCRIPTION ................................................... 34-1 

2.0 ARCHITECTURE ...................................................... 34-1 
2.1 HOST INTERFACE ...... , ......................................... 34-1 
2.2 FLOPPY DRIVE INTERFACE ........................................ 34-1 
2.3 CLOCK AND TIMING GENERATOR .................................. 34-1 
2.4 CRYSTAL AND CLOCK INPUT ...................................... 34-2 
2.5 WRITE PRECOMPENSATION ....................................... 34-2 
2.6 DATA SEPARATOR ................................................ 34-3 
2.7 WD57C65 REGISTERS ............................................ 34-3 

3.0 INTERFACE DESCRIPTION .............................................. 34-5 
3.1 FLOPPY DRIVE INTERFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34-9 
3.2 HOST INTERFACE ................................................ 34-9 

4.0 WD57C65 REGISTERS ................................................ 34-11 
4.1 CONFIGURATION CONTROL 

REGISTER ..................................................... 34-11 
4.2 MAIN STATUS REGISTER AND STATUS REGISTERS 0-3 ............... 34-13 
4.3 STATUS REGISTER A (CS/ = 0 AND ADDRESS = 000 - READ ONLY) ...... 34-17 
4.4 STATUS REGISTER B (CS/ = 0 AND ADDRESS = 001 - READ ONLY) ...... 34-18 
4.5 DATA REGISTER ................................................ 34-19 
4.6 DIGITAL OUTPUT REGISTER (CS/=O AND ADDRESS = 010 - WRITE ONLY) 34-19 
4.7 DIGITAL INPUT REGISTER (CS/=O AND ADDRESS = 111 - READ ONLY) ... 34-21 Ell 
4.8 OPTIONS REGISTER ............................................. 34-23 

5.0 SPECIFICATIONS ..................................................... 34-25 
5.1 ABSOLUTE MAXIMUM RATINGS ................................... 34-25 
5.2 DC CHARACTERISTICS .......................................... 34-25 
5.3 TIMING CHARACTERISTICS (CL=100pf): ............................ 34-25 

6.0 COMMAND SUMMARY ................................................ 34-30 
6.1 COMMAND PARAMETERS ........................................ 34-30 
6.2 COMMAND DESCRIPTIONS ....................................... 34-38 

6.2.1 READ DATA ............................................. 34-38 
6.2.2 WRITE DATA ............................................ 34-39 
6.2.3 WRITE DELETED DATA ................................... 34-40 
6.2.4 READ DELETED DATA .................................... 34-40 
6.2.5 READ A TRACK .......................................... 34-40 
6.2.6 READ 10 ................................................ 34-40 
6.2.7 FORMAT A TRACK ........................................ 34-40 
6.2.8 SCAN COMMANDS ....................................... 34-40 
6.2.9 SEEK .................................................. 34-42 

11126/90 34-i 



WD57C65 

Section Title Page 

6.2.10 RECALIBRATE ........................................... 34-42 
6.2.11 SENSE INTERRUPT STATUS ............................... 34-42 
6.2.12 SENSE DRIVE STATUS .................................... 34-44 
6.2.13 INVALID ................................................. 34-44 

LIST OF ILLUSTRATIONS 

Figure Title Page 
1 WD57C65 BLOCK DIAGRAM ............................................. 34-2 
2 XTAL OSCILLATOR CIRCUITS FOR THE 44-PIN PLCC ........................ 34-3 
3 WD92C32 SIMPLIFIED BLOCK DIAGRAM .................................. 34-4 
4 WD57C65 40-PIN DIP ................................................... 34-4 
5 WD57C65 44-PIN PLCC ................................................. 34-5 
6 TYPICAL WD57C65 SYSTEM ............................................. 34-9 
7 READ TIMING ........................................................ 34-27 
8 WRITE TIMING ....................................................... 34-27 
9 DMA TIMING ......................................................... 34-28 
10 TERMINAL COUNT TIMING ............................................. 34-28 
11 RESET TIMING ....................................................... 34-29 
12 DISK DRIVE TIMING ................................................... 34-29 
13 CLOCK TIMING ....................................................... 34-30 
14 SEEK, RECALIBRATE, AND SENSE INTERRUPT ........................... 34-43 

LIST OF TABLES 

Table Title Page 
1 CLOCK DATA RATE .................................................... 34-3 
2 PINOUT DESCRIPTION ................................................. 34-6 
3 HDS TRUTH TABLE ................................................... 34-10 
4 ADDRESS REGISTER MAP .................. : .......................... 34-11 
5 CONFIGURATION CONTROL REGISTER FOR SYSTEMS COMPATIBLE 

WITH IBM PS/2 50,60 AND 80 ........................................... 34-12 
6 CONFIGURATION CONTROL REGISTER FOR IBM PC XT AND 

IBM PS/230 .......................................................... 34-12 
7 DATA RATE SELECTION ............................................... 34-13 
8 MAIN STATUS REGISTER BITS .......................................... 34-14 
9 STATUS REGISTER 0 BITS .............................................. 34-14 
10 STATUS REGISTER 1 BITS ............................................. 34-15 
11 STATUS REGISTER 2 BITS ............................................. 34-16 
12 STATUS REGISTER 3 BITS ............................................. 34-16 

34-ii 11126/90 



WD57C65 

Table Title Page 

13 STATUS REGISTER A FOR IBM PS/2 50,60 AND 80 ......................... 34-17 
14 STATUS REGISTER A FOR IBM PC XT AND IBM PS/230 ..................... 34-17 
15 STATUS REGISTER B FOR IBM PS/2 50,60 AND 80 ........................ 34-18 
16 STATUS REGISTERB FOR IBM PCXTAND IBM PS/230 .................... 34-18 
17 MASTER STATUS AND DATA REGISTERS RELATIONSHIP ................... 34-19 
18 BIT DECODE FOR DRIVE SELECT 34-19 
19 DIGITAL OUTPUT REGiSTER ........................................... 34-20 
20 DIGITAL OUTPUT REGISTER FOR IBM PS/2 50, 60 AND 80 .................. 34-20 
21 DIGITAL OUTPUT REGISTER FOR IBM PC XT AND PS/2 30 .................. 34-21 
22 DIGITAL INPUT REGISTER FOR IBM PS/2 50, 60 AND 80 .................... 34-21 
23 DIGITAL INPUT REGISTER FOR IBM PC XT AND PS/230 .................... 34-22 
24 OPTIONS REGISTER .................................................. 34-23 
25 TRUTH TABLE ....................................................... 34-23 
26 OPTIONS REGISTER .................................................. 34-24 
27 READ DATA .......................................................... 34-31 
28 READ DELETED DATA ................................................. 34-31 
29 WRITE DATA ......................................................... 34-32 
30 WRITE DELETED DATA ................................................ 34-32 
31 READ A TRACK ....................................................... 34-33 
32 READ 10 ............................................................ 34-33 
33 FORMAT A TRACK .................................................... 34-34 
34 SCAN EQUAL ........................................................ 34-34 
35 SCAN LOW OR EQUAL ................................................ 34-35 
36 SCAN HIGH OR EQUAL ................................................ 34-35 
37 RECALIBRATE ....................................................... 34-36 __ 
38 SENSE INTERRUPT STATUS ........................................... 34-36 
39 SPECIFY ............................................................ 34-36 
40 SENSE DRIVE STATUS ................................................ 34-36 
41 SEEK ............................................................... 34-36 
42 COMMAND SYMBOL DESCRIPTIONS .................................... 34-37 
43 TRANSFER CAPACITY ................................................ 34-39 
44 C, H, R, AND N VALUES ................................................ 34-39 
45 N, SC, AND GPL RELATIONSHIP ........................................ 34-41 
46 STATUS OF BITS SH AND SN ........................................... 34-41 
47 INTERRUPT CAUSE ................................................... 34-42 

11/26/90 34-iii 





INTRODUCTION 

1 .0 INTRODUCTION 

1.1 FEATURES 

• IBM PS/2 and IBM PC XT Compatible 
• 100% Software Compatible with WD37C65B 

• Integrated High Performance DPLL Data 
Separator 
-<10E-9 industry standard error rates 
-Data rates of 125, 250, 300, 500 

Kbits/second 
• Automatic Write Precompensation 

-Defeat option 
-Programmable values of 62,125,187, and 

250 nanoseconds for standard data rates. 
• On Chip Clock Generation 

- Two TTL clock inputs (44 pin PLCC) 
-One XTAL oscillator circuit for standard 

data rates. 
• Enhanced Host Interface 

-Read/write accesses compatible with an 8 
or 12 MHz 286 microprocessor with 0 wait 
states 

- Twenty LSTTL output drive capability 
- TTL Schmitt trigger inputs (except Data 

Bus) 
• Direct Floppy Disk Drive Interface - No Buffers 

Needed 
-48mA sink output drivers 
-Schmitt trigger input line receivers 
-Supports three drives 

• Complete Application Support for Systems 
Compatible with the IBM PS/2 and IBM PC XT. 

-Register file on chip. 
-PC XT mode provides required signal 

qualification to DMA channel 
-BIOS compatible 

1.2 DESCRIPTION 

The WD57C65 Floppy Disk Subsystem Controller 
is an LSI device which incorporates all the func­
tional blocks that typically make up a floppy disk 
subsystem controller, such as the formatter/con­
troller, data separation, write precompensation, 
data rate selection, clock generation, and floppy 
drive interface drivers and receivers. Traditionally, 
data rate selection, drive selection, and motor 
control have been output ports of the host 
processor's architecture. The WD57C65 provides 
all the necessary status and control registers 
necessary to integrate all the functions of the flop­
py disk subsystem on a single chip. 
The WD57C65 is designed for systems com­
patible with the IBM PS/2 and IBM PC XT and 

WD57C65 

interfaces with three 5.25 or 3.5-inch floppy disk 
drives. It is available in a 40-pin, totally encapsu­
lated plastic DIP or a 44-pin PLCC package. 
The WD57C65 retains the core of the WD37C65B 
floppy disk controller so that the Micro-Sequenc~r 
is functionally equivalent and all commands Will 
execute identically to ensure software com­
patibility. The Control State Machine is also func­
tionally equivalent. The Micro-Sequencer and the 
Control State Machine operate at eight times the 
selected bit data rate in MFM and sixteen times 
the bit data rate in FM. 

2.0 ARCHITECTURE 

Figure 1 shows a block diagram of the WD57C65 
"superchip". 

2.1 HOSTINTERFACE 

The host interface provides the standard host ac­
cess signals (eight control signals and eight data 
signals), but with enhanced timing. A detailed in­
terface description appears in the Interface sec­
tion of this document. 

2.2 FLOPPY DRIVE INTERFACE 

The floppy drive interface provides data separa­
tion that has been designed to address high-per­
formance error rates on floppy disk drives. It con­
tains all the necessary logic to achieve 2nd order, 
type 2, phase-locked loop performance. Write 
precompensation is included along with the usual 
formatting, encoding/decoding, stepper motor 
control, and status sensing functions. A detailed 
interface description appears in the Interface sec­
tion of this document. 

2.3 CLOCK AND TIMING GENERATOR 

This logical block provides all the clocks needed 
by the WD57C65: Master Clock, Write Clock and 
Sampling Clock. Sampling Clock (SCLK) is the 
clock which drives the digital phase lock loop data 
separator that is used during data recovery. This 
clock frequency is always 32 times the selected 
data rate. The encoder logic uses the Write Clock 
(WCLK) to place MFM or FM on the serial Write 
Data stream to the disk. WCLK always has a fre­
quency two times the selected data rate. Master 
clock (MCLK) is used by the microsequencer. 
MCLK and MCLKI 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 1 presents the Clock Data 
Rates. Figure 2 illustrates the XTAL oscillator cir­
cuits for the 44-pin PLCC configuration. 
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Data Bus 8-bit t 
8-BIT INTERNAL DATA BUS 

AD 

WR 
HOST 

CS 

A0-2 INTERFACE TRCO 

DACK i5X 

TC YiP, 

DMA 
DCHG 

IAQ 
PCMODE 

WCSEL 

AST 
ADD 

XTAL CRYSTAL WE 

XTAL AND 
CLOCK WD 

coo INPUT 

FIGURE 1. WD57C65 BLOCK DIAGRAM 

2.4 CRYSTAL AND CLOCK INPUT 

An XTAL oscillator circuit (Figure 2) provides the 
necessary signal for internaf timing when using 
the 44-pin PLCC package. There is one 16 Mhz 
oscillator on the WD57C65 which handles all 
standard data rates (500, 250, 125 Kbits/sec) and 
one TTL level clock. input used for non-standard 
data rates; e.g. 300 Kbits/second used in PC AT 
designs. Note, however, that the WD57C65 

does not support the IBM PC .AT due to 
register address mapping conflicts. 
When using the 40-pin DIP, one TTL level clock 
input handles the standard data rates. The 40-pin 
8lP does not support non-standard rates. 

2.5 WRITE PRECOMPENSATION 

The WD57C65 maintains the standard first level 
algorithm to determine when write precompensa-
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TABLE 1 CLOCK DATA RATE 

DATA RATE CODE SCLK MCLK WCLK 

500 kb/s MFM 16.0 MHz 4.0 MHz 1.0 MHz 

250 kb/s FM 8.0 MHz 4.0 MHz 500 KHz 

250 kb/s MFM 8.0 MHz 2.0 MHz 500 KHz 

125 kb/s FM 4.0 MHz 2.0 MHz 250 KHz 

300 kb/s MFM 9.6 MHz 2.4 MHz 600 KHz 

_21 

XT1 f------r~-------,~ 16.0 MHz +/- 100 ppm 

= ----=r:::.- C4 R series = 30 Ohms maximum 
C shunt = 10 pf maximum 

XT2 
22T 

~ 
----=r:::.-

C3 = 47 pf 5% mica 
C4 = 15 pf 5% mica 

C3 

FIGURE 2. XTAL OSCILLATOR CIRCUITS FOR THE 44·PIN PLCC 

tion should be applied. These EARLY and LATE 
signals are used internally to select the ap­
propriate 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 
XTAL, and clocked through a shift register. 
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, i.e. 
one-fourth of the bit cell period, also equal to half 
of the WCLK period. 
The Write Precompensation value is micro 
programmable. The precompensation values are 
defined by two bits in the Options Register (bit 2 
and 3). After reset the default value for Precom­
pensation is +/- two clocks and is valid for all 
tracks. There is no write precompensation value 
for FM. Precompensation can be disabled by the 
use of bit 2 in the Configuration Control Register 
for models compatible with the IBM PS/2 Model 
30. For models compatible with the IBM PS/2 
Models 50,60 and 80, bit 4 in the Options Register 

disables Write precompensation. The precompen­
sation value is independent of track. . 

2.6 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 
loop performance. Figure 3 is a simplified 
block diagaram of the WD92C32. The bit jitter 
tolerance for the data separator is 60%, which 
guarantees an error rate of <10E-9. 

2.7 WD57C65 REGISTERS 

The WD57C65 provides nine registers for status, 
control, option selection and buffering functions. 
These registers are described in detail in the In­
terface Description. 
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FIGURE 3. WD92C32 SIMPLIFIED BLOCK DIAGRAM 

RDI 1 40 TFDI 
WRI 2 39 IDXI 
CS/ 3 38 TROOI 

AO 4 37 WPI 
A1 5 36 DCHGI 
A2 8 35 HDSi 

DBO 7 34 DSOI 
DB1 8 33 0811 
DB2 9 32 DIRCI 
DB3 10 31 VSS 
VCC 11 30 STEPI 
DB4 12 29 WDI 
DB5 13 29 WEI 
DB6 14 27 HS/ 
DB7 15 26 1l00NO/ 

DIIA 16 25 IlOEN11 
IRQ 17 24 WCSEL 

DACK/ 18 23 RDDI 
TC 19 22 PCIIODE 

CLK1 20 21 RST 

FIGURE 4. WD57C65 4O-PIN DIP 
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OCHG! 
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TROD! 
lOX! 
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RO! 

WR! 
CSt 

AD 

A1 

A2 

0 ___ - ii: Z 
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39 38 37 36 35 34 33 32 31 30 29 .. 

" 
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2. - MOEN1! 

27 - MOEN2I 

2. - WCSEL 
25 - ROD! 

2 • - PCMOOE 
2. - RST 

22 - XTAU 

21 - XTAL 

2. - CLK2 ,. - TC ,. - OACK! 

FIGURE 5. WD57C65 44-PIN PLCC 

3.0 INTERFACE DESCRIPTION 

WD57C65 

Figures 4 and 5 show the pinouts of the floppy subsystem controllers for systems compatible with the 
IBM PS/2. Table 2 provides a pinout signal description of the WD57C65. 
Table 2 below lists the DIP/PLCC pin numbers and the corresponding signal and signal function descrip- EIII 
tion. Note: For pin numbers separated by a "t', the first number is a DIP pin number. The number 
following the slash is the PLCC pin number. 
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D/PPIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

RD/ Read Control signal for transfer of data or status onto the 
data bus by WD57C65. 

2 WR/ Write Control signal for latching data from the bus into 
WD57C65 buffer register. Also other registers of 
Write - only type. 

3 CS/ Chip Select Enables RD/ or WR/ operation from the host. 

4-6 AO-2 Address Address lines selecting data. 

7-10,12-15 DBO-7 Data Bus I/O 8 bit bi-directional tri-state data bus. 

11 VCC +5V Supply 

16 DMA Direct Memory- 0 DMA request for byte transfers of data. In a mode 
Access compatible with the IBM PC XT and IBM PS/2 Model 

30, this pin is tri-stated, enabled by DMAEN signal 
from the Digital Output register. In modes com-
patible with the IBM PS/2 Models 50, 60 and 80, this 
internal signal, DMAEN, is always forced valid. 

17 IRQ Interrupt Request 0 Interrupt request indicating completion IRQ/ of com-
mand execution or data transfer requests (in non-
DMA mode). In modes compatible with the IBM PC 
XT and PS/2 model 30, this pin is tri-stated, enabled 
by DMAEN signal from the Digital Output register 
and is active high. It is open drain for modes com-
patible with the IBM PS/2 Models 50, 60 and 80, 
requires external pull-up, and is active low. 

18 DACKI DMAAcknow- Used by DMA controller to transfer data from 
ledge WD57C65 onto the bus. Logical equivalent to CSt 

and Addr=101 . In a mode compatible with the IBM 
PC XT and IBM PS/2 Model .30, this signal is 
qualified by DMAEN from the Digital 'Output register. 
In modes compatible with the IBM PS/2 Model 50, 
60 and 80, this signal is not qualified. 

19 TC Terminal Count This signal indicates to WD57C65 that Tci data 
transfer is complete. TC is always qualified by 
DACKI. In the IBM PC XT and IBM PS/2 Model 30, 
qualification by DACK/ requires Digital Output 
Register signal DMAEN to be logically true. In the 
IBM PS/2 models 50, 60 and 80, TC is active low, 
and the internal signal DMAEN is always forced 
valid. 

20/NA CLK1 Clock 1 16 MHz TTL level clock input used to generate all 
internal timings for standard data rates. Non-stand-
ard data rates (300 Kbits/second) are not supported 
by the 40-pin DIP package. 

TABLE 2. PINOUT DESCRIPTION 

34-6 11/26/90 



INTERFACE DESCRIPTION WD57C65 

DIP PIN MNEMONIC SIGNAL NAME 1/0 DESCRIPTION 

NAl20 CLK2 Clock 2 TTL level clock input used for non-standard data 
rates, such as 300 Kbits/second in an IBM PC AT 
application. Must be 32 times MFM data rate; i.e. 9.6 
MHz for 300 Kbits/second, and can only be selected 
from the Control Register. It has an internal pull-up. 

NAl21 XTAL XTAL Oscillator input requiring 16MHz crystal. This oscil-
lator is used for all standard data rates. It may be 
driven with a TTL level signal. 

NAl22 XTAU XTAL 0 XTAL oscillator drive output fro 44-pin PLCC. 

21/23 RST Reset Resets controller, placing micro-sequencer in idle. 
Resets device outputs. 

22124 PCMODE PC MODE PC application mode select. Selects a mode com-
patible with the IBM's PC XT and IBM PS/2 Model 
30, or a mode compatible with the IBM PS/2 Models 
50,60 and 80. 

23/25 RDDI Read Disk Data This Schmitt Trigger (ST) input senses the serial bit 
stream from the disk drive. The falling edge of each 
pulse represents a flux transition of the encoded 
data. 

24/26 WCSEL Write Control Allows direct interface to both 5.25 and 3.5-inch flop-
Select py disk drives. For logical function see Table 3. 

NAl27 MOEN2I Floppy Drive 0 This high current driver (HCD) output, when active 
Motor Enable low, enables disk drive #2. This signal comes from 

Digital Output Register. 

25/28 MOEN11 Floppy Drive 0 This HCD output, when active low, enables disk 
Motor Enable drive #1. This signal comes from Digital Output 

Register. 

26/29 MOENOI Floppy Drive 0 This HCD output, when active low, enables disk 
Motor Enable drive #0. This signal comes from Digital Output 

Register • 27/30 HSI Head Select 0 This HCD output selects the head, or side of the 
floppy disk that is being read or written. Logic 1 = 
side 0, logic 0 = side 1. 

28/31 WEI Write Enable 0 This HCD output goes active low just prior to writing 
on the diskette. This allows current to flow through 
the write head. 

29/32 WDI Write Data 0 This HCD output is write data. Each falling edge of 
the encoded data pulse stream causes a flux transi-
tion on the media. 

30/33 STEPI Step 0 This HCD output issues an active low pulse for each 
track-to-track movement of the head. The state of 
the Direction signal at the trailing edge of the STEP 
pulse determines the direction of the head motion. 

TABLE 2. PINOUT DESCRIPTION (CONT'D) 
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WD57C65 INTERFACE DESCRIPTION 

DIP PIN MNEMONIC SIGNAL NAME I/O DESCRIPTION 

31/34 VSS Ground 

32135 DIRCI Direction Control 0 This HCD output determines the direction of the 
head stepper motor. Logic 1 = outward motion, logic 
o = inward motion. 

35/39 HDSI High Density 
Select 

0 This HCD output indicates to the drive the ap-
propriate write current level to use for the data rate 
and media density currently being used. The active 
logic level used to select between High Density vs 
Double Density is determined by the WCSEL input 
pin. 

34/38 DSOI Drive Select 0 0 This HCD output, when active low, enables Drive 
O's interface. This signal comes from the Digital Out-
put register. This signal is qualified by MOENOI ac-
tive low. 

33/37 DS11 Drive Select 1 0 This HCD output, when active low, enables Drive 1 's 
interface. This signal comes from the Digital Input 
register. This signal is qualified by MOEN11 active 
low. 

NAl36 DS21 Drive Select 2 0 This HCD output, when active low, enables Drive 2's 
interface. This signal comes from the Digital input 
Digital Input register. This signal is qualified by 
MOEN2I active low. 

36/40 DCHGI Diskette Change This is a Schmitt Trigger input which is an active low 
signal when the disk drive door is open or if the 
diskette has possibly changed since last drive selec-
tion. This status is reflected in the Digital Input 
Register. 

37/41 WPI Write Protected This Schmitt Trigger input indicates status from the 
disk drive, going active low when a diskette is Write 
Protected. 

38/42 TROOI Track 00 This Schmitt Trigger input indicates status from the 
drive, going active low when the head is poSitioned 
over the 'outermost track, track 00. 

39/43 lOX! Index This Schmitt Trigger input indicates status from the 
drive, going active low when the head is poSitioned 
over the beginning of a track marked by an index 
hole. 

40/44 TFDI Twp Floppy Drive This Schmitt Trigger input indicates status from the 
drive, going active low when a second drive is in-
stalled. 

TABLE 2. PINOUT DESCRIPTION (CONT'D) 
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FIGURE 6. TYPICAL WD57C65 SYSTEM 

Figure 6 illustrates a typical interface system for 
the WD57C65. 

3.1 FLOPPY DRIVE INTERFACE 

The WD57C65 Floppy Drive Interface provides 
different options than its predecessor, the 
WD37C65B. Most notably, it supports three drives 
rather than just two. A new input signal, Write 
Control Select (WCSEL) allows interfacing with 
5.25 and 3.5 inch floppy drives. WCSEL and the 
selected data rate determine the correct logical 
level on the High Density Select (HDS/) output 
pin. If WCSEL = 0, HDS/ = CRO/. If WCSEL =1, 
HDS/ = CR1. Refer to Table 3, HDS Truth Table. 
PCMODE input signal selects either IBM PC XT­
PS/2 30 mode or the PS/2 50, 60, and 80 mode. 
WD57C65 does not support IBM AT systems. 
Since PS/2 compatible systems require a Two 
Floppy Drive (TFD/) pin, the WD57C65 provides 

TFD/ and has dropped the PCVAL pin used 
for precompensation in the WD37C658 predeces· 
sor. Write precompensation values are deter­
mined by bits 2 and 3 in the Options Register. The 
reset default value for write precompensation is 
+/- 2 clocks. 

3.2 HOST INTERFACE 

Host Microprocessor Peripheral Bus provides 
eight control signals and eight data signals. In the 
XT and PS2 30 mode, IRQ and DMA Request are 
tri·stated and enabled by DMAEN, which is inter­
nally provided by the Digital Output Register. In 
PS/2 50, 60 and 80 mode, IRQ is open drain, 
active low, requires external pull-up, and DMAEN 
is always forced valid. The data bus, DMA, and 
IRQ outputs are designed to handle 20 LSTTL 
loading. Inputs, except the data bus, are Schmitt 
trigger receivers and can be hooked up to a bus 
or backplane without any additional buffering. 
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WD57C65 INTERFACE DESCRIPTION 

DATA RATE AND CODE WCSEL HDS DESCRIPTION 

500 K MFM or 0 1 5.25" High Density / 1.2 MByte FDD 
250 K FM 1 0 3.5" High Density / 1.44 MByte FDD 

300 K MFM 0 0 5.25" Double Density / 1.2 MByte FDD 
1 0 Not Defined 

250 K MFM or 0 1 5.25" Double Density / 360 KByte FDD 
125 K FM 1 1 3.5" Double Density / 720 KByte FDD 

or 1 .44 MByte FDD 

125 K FM 0 0 ' 5.25" Single Density / 360 KByte FDD 
1 1 3.5" Single Density / 720 KByte FDD 

TABLE 3. HDS TRUTH TABLE 

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 should wait for 12 microseconds before 
reading the Main Status Register. Bits D6 and D7 
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 
WD57C65. Many of the commands require mUlti­
ple bytes. As a result, the Main Status Register 
must be read prior to each byte transfer to the 
WD57C65. During the result phase, Bits D6 and 
D7 in the Main Status Register must both be "1's" 
before reading each byte from the Data Register. 
Note that this reading of the Main Status Register 
before each byte transfer to the WD57C65 is re­
quired 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 in­
stead of waiting 12 microseconds. 
During the execution phase, the Main St?t~s 
Register need not be read. If the WD57C65 IS In 
the non-DMA mode, then receipt of each 
data byte (WD57C65 is reading data fro",! the 
FDD) is indicated by an interrupt signal on Pin 17 
(I RQ=1). The generation of a Read signal (RD=O) 
will clear the interrupt as well as output the data 
onto the data bus. If the processor cannot handle 
interrupts fast enough (every 13 microseconds for 
the MFM mode and 27 microseconds for the FM 
mode), then it may poll th~ Main St~tus 
Register and bit D7 (RQM) functions as the Inter­
rupt Signal. If a Write command is in process, then 
the WR signal performs the reset to the Interrupt 
signal. 

All timing mentioned above is double for mini­
floppy (5.25-inch) data rates. 
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 inter~uRt, 
either normal or abnormal. If the WD57C65 IS In 
the DMA mode, no interrupt signals are generated 
during the execution phase. The WD57C65 
generates DMA requests when each byte of data 
is available. The DMA controller responds to this 
request with both DACK! = 0 (DMA Acknowledge) 
and a RDI =0 (Read signal). When the DMA Ac­
knowledge signal goes low (DACK! = 0), then the 
DMA Request is cleared (DMA = 0). If a Write 
Command has been issued, then a WR signal will 
appear instead of RD. After the execution phase 
has been completed (Terminal Count has oc­
curred or the EOT sector is read or written), then 
an interrupt occurs (IRQ = 1). This signi.fies the 
beginning of the Result phase. When the first byte 
of data is read during the result phase, the Inter­
rupt automatically clears (IRQ = 0). 
The RDI or WRI signals should be asserted while 
DACK! is true. The CSI signal is used in conjunc­
tion with RDI and WRI as a gating function during 
programmed 110 operations. CS has no effe~t 
during DMA operations. If the non-DMA mode IS 
chosen, the DACK! signal should be pulled up ~o 
VCC. 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 WD57C65 will not accept a 
new command until all seven bytes have been 
read. Other commands may require fewer bytes 
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WD57C65 REGISTERS WD57C65 

ADDRESS MAP CSt A2 A1 AO R/w/RW 

Status Register A 0 0 0 0 Read only 
Status Register B 0 0 0 1 Read only 
Digital Output Register 0 0 1 0 Write only 
Not Defined 0 0 1 1 Not defined 
Main Status Register 0 1 0 0 Read only 
Main Data Register 0 1 0 1 Read/Write 
Options Register 0 1 1 0 Write only 
Digital Input Register 0 1 1 1 Read only 
Configuration Control Register 0 1 1 1 Write only 

TABLE 4. ADDRESS REGISTER MAP 

to be read during the result phase. The 
WD57C65 contains an address decoder for the 
register file on the host interface side. The ad­
dress mapping is shown in Table 4. 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 after completing a command. The particular 
command that has been executed determines 
how many of the status registers will be 
read. 
The bytes of data which are sent to the WD57C65 
during the command phase, and are read out of 
the WD57C65 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. No fore­
shortening of the command or result phases is 
allowed. After the last byte of data in the com­
mand phase is sent to the WD57C65, the execu­
tion 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 WD57C65 is ready for a new com­
mand. 

4.0 WD57C65 REGISTERS 

4.1 CONFIGURATION CONTROL 
REGISTER 

The Configuration Control Register provides sup-
port logic that latches the three least significant 
bits of the data bus upon receiving CS/ Address = 
111 and WRf. These bits select the desired data 
rate, which in turn controls the internal clock 
generation. Clock switchover is internally 
"deglitched," allowing continuous operation after .. 
changing data rates. If the Configuration Control 
Register is not used, the data rate is 
governed by the supplied clock or crystal. The 
frequency must be 32 times the desired MFM 
data rate up to a maximum frequency of 16 MHz. 
This implies a maximum data rate of 500 
kbits/second, unless the Configuration Control 
Register is used. 
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Switching this clock must be "glitchless" or the device will need to be reset. Tables 5 and 6 show the 
Configuration Control Register. 

BIT SIGNAL NAME I FUNCTION STORAGE RESET CLOCK 
ELEMENT CONDITION QUALIFIER 

0 Data Rate F/F 0 None (1 ) 
1 Data Rate F/F 0 None (1 ) 
2 Reserved None N/A None 
3 Reserved None N/A None 
4 Reserved None N/A None 
5 Reserved None N/A None 
6 Reserved None N/A None 
7 Reserved None N/A None 

Note 1: 250K data rate IS selected If bits 0 and 1 are anything but "0,0" In models compatible 
with the IBM PS/2 50, 60 and 80. 

BIT 

0 
1 
2 
3 
4 
5 
6 
7 

TABLE 5. CONFIGURATION CONTROL REGISTER FOR SYSTEMS 

COMPATIBLE WITH IBM PS/2 50, 60 AND 80 

SIGNAL NAME I FUNCTION STORAGE RESET 
ELEMENT CONDITION 

Data Rate F/F 0 
Data Rate F/F 0 
No Write Precompensation F/F 0 
Reserved None N/A 
Reserved None N/A 
Reserved None N/A 
Reserved None N/A 
Reserved None N/A 

CLOCK 
QUALIFIER 

None (3) 
None 
None 
None 
None 
None 
None 
None 

Note 3: Undefined in applications compatible with IBM PS/2 30, but supported by the 57C65. 
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TABLE 6. CONFIGURATION CONTROL REGISTER FOR IBM PC XT 

AND IBM PS/2 30 
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CR1 CRO DATA RATE COMMENTS 

0 0 500 K MFM, RST default (Defined in both modes) 
0 0 250 K FM (Undefined in PC applications) 
0 1 300 K MFM (Defined in applications compatible with IBM PC/AT) 
1 0 250 K MFM (Defined in modes compatible with PC XT and PS/2) 
1 0 125 K FM (Undefined in PC applications) 
1 1 125 K FM (Undefined in PC applications) 

Bit 2 (CR2) is undefined in the IBM PS/2 50,60 and 80 modes, and is set to a "1". 
Bit 4 (CR4) enables (0) or disables (1) write precompensation in the IBM PS/2 50, 60 and 80 
mode. 
In the IBM PC XT and PS/2 30 mode, CR2 enables (0) or disables (1) write precompensation 

TABLE 7. DATA RATE SELECTION 

4.2 MAIN STATUS REGISTER AND STATUS 
REGISTERS 0-3 

The Main Status Register is an eight-bit register 
that contains the status information of the FOC, 
and may be accessed at any time. Only the Main 
Status Register may be read and used to 
facilitate the transfer of data between the proces­
sor and W057C65. The 010 and ROM bits in the 
Main Status Register indicate when data is ready 
and in which direction data will be transferred on 
the data bus. The maximum time between the last 

RO or WR during a command or result phase and 
010 and ROM getting set is 12 microseconds if 
500 kbits/second MFM data rate is selected. (If 
250 kbits/second MFM is selected the delay is 24 
microseconds.) For this reason, every time the 
Main Status Register is read, the CPU 
should wait 12 microseconds. The maximum time 
from the trailing edge of the last RO/ in the result 
phase to when OB4 (FOC busy) goes low is 12 
microseconds. Tables 8 through 12 show the bits 
in the Master Status Register and Status 
Registers 0 through 3. 
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BIT 
NUMBER BIT NAME SYMBOL DESCRIPTION 

DBO FDD 0 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 FDD2 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 MODE EXM This bit is set only during Execution phase in non-
DMA mode. When DB5 goes low, Execution phase 
has ended and Results sPhase has started. It 
operates only during non-DMA mode of operation. 

DB6 DATA INPUT DIO Indicates direction of data tr.ansfer between FDC 
and Data Register. If DIO = 1, then transfer is from 
Data Register to the processor. If DIO = 0, then 
transfer is from the processor to Data Register. 

DB7 REQUEST RQM Indicates Data Register is ready to send or receive 
FOR MASTER data to or from the processor. Both bits DIO and 

RQM should be used to perform the handshaking 
functions of "ready" and "direction" to the proces-
sor. 

TABLE 8. MAIN STATUS REGISTER BITS 

BIT 
NUMBER BIT NAME SYMBOL DESCRIPTION 

D7 INTERRUPT CODE IC D7 = 0 AND D6 = o. Normal termination of com-
mand was completed and properly executed. 

D6 Execution of command was started but was not 
successfully completed. 

05 SEEK END SE When the FOG completes the SEEK command, 
this flag is set to 1 (high). 

D4 EQUIPMENT CHECK EC If the Track 0 signal fails to occur afater 255 step 
poulses (Recalibrate Command), then this flag is 
set. 

D3 NOT READY NR Since drive Ready is always presumed true, this 
will always be a logic O. 

D2 HEAD SELECT HS This flag is used to indicatae the state of the head 
at interrupt. 

D1 UNIT SELECT 1 US1 This flag is used to indicate a Drive Unit Number at 
interrupt. 

DO UNIT SELECT 0 usa This flag is used to indicate a Drive Unit Number at 
interrupt. 

TABLE 9. STATUS REGISTER 0 BITS 
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BIT 
NUMBER BIT NAME SYMBOL DESCRIPTION 

D7 END OF CYLINDER EN When the FDC tries to access a sector beyond the 
final sector of a cylinder, this flag is set. 

D6 Not used. This bit is always 0 (low). 
D5 DATA ERROR DE When the FDC detects a *CRC error in either the 

ID field of the data field, this flag is set. 
D4 OVERRUN OR If the FDC is not serviced by the host system 

during data transfers within a certain time interval, 
this flag is set. 

D3 Not used. This bit is always 0 (low). 
D2 NO DATA ND 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 com-
mand, if the starting sector con not be found, then 
this flag is set. 

D1 NOT WRITEABLE NW During execution of WRITE DATA, WRITE 
DELETED DATA or FORMALA TRACK com-
mands, if the FDC detects a WP signal from the 
FDD, then this flag is set. 

DO MISSING ADDRESS MA If the FDC cannot detect the ID Address Maark 
MARK after encountering the index hole twice, then this 

flag is set. At the same time the MD (Missing Ad-
dress Mark in data field) of Status Register 2 is set. 

TABLE 10. STATUS REGISTER 1 BITS 
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BIT 
NUMBER BIT NAME SYMBOL DESCRIPTION 

07 Not Used. This bit is always 0 (low). 
06 CONTROL MARK CM During execution of the jREAD DATA or SCAN 

Command, if the FDC encounters a sector whiph 
contains a Deleted Data Address Mark, this flag is 
set. 

05 DATA ERROR DO If the FDC detects a CRC error in the data field, 
then this flaa is set. 

04 WRONG CYLINDER WC This bit is related to the NO bit, and when the 
contents of ***C on the medium is differel1t from 
that so red in the lOR, this flag is set. 

03 SCAN EQUAL SH During execution of the SCAN command, if the 
condition of "eQual" is satisfied, this flag is set. 

02 SCAN NOT SN 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. 

01 BAD CYLINDER BC This bit is related to the NO bit, and when the 
contents of C on the medium is different from that 
stored in the lOR and the contents of Cis FF, then 
this flag is set. 

DO MISSING ADDRESS MD When data is read from the medium, if the FDC 
MARK IN DATA FIELD cannot find a Data Address Mark or then this flag is 

set. 

TABLE 11. STATUS REGISTER 2 BITS 

BIT 
NUMBER BIT NAME SYMBOL DESCRIPTION 

07 Not used. This bit is always 0 (low). 
06 WRITE PROTECTED WP This bit is used to indicate the status of the WRITE 

PROTECTED signal from the FDD. 
05 READY RY This bit is always a logic 1. Drive is presumed to be 

ready. 
04 TRACK 0 TO This bit is used to indicate the status of the Track 0 

signal from the FDD. 
03 WRITE PROTECTED WP This bit is used to indicate the status of the WRITE 

PROTECTED signal from the FDD. 
02 HEAD SELECT HS This bit is used to indicate the status of the Side 

Select signal to the FDD. 
01 UNIT SELECT 1 US1 This bit is used to indicate the status of the Unit 

Select 1 sianal to the FDD. 
DO UNIT SELECT 2 USO This bit is used to indicate the status of the Unit 

Select 0 signal to the FDD. 

TABLE 12. STATUS REGISTER 3 BITS 
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BIT SIGNAL NAME I FUNCTION STORAGE RESET CLOCK 
ELEMENT CONDITION QUALIFIER 

0 + Direction TSB N/A None 
1 - Write Protection TSB N/A None 
2 - Index TSB N/A None 
3 + Head 1 Select TSB N/A None 
4 - Track 0 TSB N/A None 
5 + Step TSB N/A None 
6 - 2nd Drive Installed TSB N/A None 
7 Interrupt TSB N/A None 

TABLE 13. STATUS REGISTER A FOR IBM PS/2 50, 60 AND 80 

BIT SIGNAL NAME I FUNCTION STORAGE RESET CLOCK 
ELEMENT CONDITION QUALIFIER 

0 - Direction TSB N/A None 
1 + Write Protect TSB N/A None 
2 + Index TSB N/A None 
3 - Head 1 Select TSB N/A None 
4 +Track 0 TSB N/A None 
5 + Step SR F/F 0 STEP (1 ) 
6 + DRQ TSB N/A None 
7 Interrupt TSB N/A None 

TABLE 14. STATUS REGISTER A FOR IBM PC XT AND IBM PS/2 30 

4.3 STATUS REGISTER A (CSt = 0 AND AD-
DRESS = 000 - READ ONLY) 

TSB = Tri-state buffer 
SR F/F = Set Reset Flip Flop 

Note 1: Not synchronized to unknown PAL clocks 
in systems compatible with the IBM PS2. Reset is 
forced to logic "0" for test purposes. Also resets to 
logic "0" when address 3F7 is read and STEP 
causes a set condition. 

If Storage Element is "none", Reset 
Condition reflects fixed logic state. 
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4.4 STATUS REGISTER B (CS/ = 0 AND AD· 
DRESS = 001 • READ ONLY) 

BIT SIGNAL NAME I FUNCTION 

0 Motor Enable 0 
1 Motor Enable 1 
2 Write Enable 
3 Read Data 
4 Write Data 
5 Drive Select 
6 Reserved 
7 Reserved 

STORAGE 
ELEMENT 

TSB 
TSB 
TSB 
Toggle F/F 
Toggle F/F 
TSB 
Unused TSB 
Unused TSB 

RESET CLOCK 
CONDITION QUALIFIER 

N/A None 
N/A None 
N/A None 
0 RDDI (1) 
0 WDI (2) 

N/A None (3) 
1 None 
1 None 

Note 1: Not synchronized to unknown PAL clocks in systems compatible with the IBM PS/2 50, 
60 and 80. Reset is forced to logic "0" for test purposes. 
Note 2: Not synchronized to unknown PAL clocks in systems compatible with the IBM PS/250, 
60 and 80. Reset is forced to logic "0" for test purposes. This "WD" clock is an internal signal 
not qualified by WEI signal. 
Note 3: This status reflects Digital Output Register bit 0 only. 

TABLE 15. STATUS REGISTER B FOR IBM PS/2 50, 60 AND 80 

BIT SIGNAL NAME I FUNCTION STORAGE RESET CLOCK 
ELEMENT CONDITION QUALIFIER 

0 - Drive Select 2 TSB N/A None (5) 
1 - Drive Select 3 TSB N/A None (5) 
2 Write Enable SR F/F 0 WEI (4) 

3 Read Data SR F/F 0 RDDI (4) 
4 Write Data SR F/F 0 WDI (4) 
5 - Drive Select 0 TSB N/A None (5) 

6 - Drive Select 1 TSB N/A None (5) 
7 Reserved Unused TSB 0 None 

Note 4: Not synchronized to unknown PAL clocks in systems compatible with IBM PS/2 30. 
Reset is forced to logic "0" for test purposes and when reading address 357. WEI, RDDI and 
WDI are internal signals and cause a set condition. 
Note 5: Drive select signals (0-3) are qualified by Motor Enable signals (0-3) 
TSB = Tri-state Buffer 
SR F/F = Set Reset Flip Flop. 
If Storage Element is none, Reset Condition reflects fixed logic state. 

TABLE 16. STATUS REGISTER B FOR IBM PC XT AND IBM PS/230 
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- - -
AO A1 A2 CS RD WR FUNCTION 
1 0 0 0 0 1 Read Main Status Register 
1 0 1 0 0 1 Read from Data Register 
1 0 1 0 1 0 Write into Data Register 

TABLE 17. MASTER STATUS AND DATA REGISTERS RELATIONSHIP 

4.5 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. The relation­
ship between the Master Status Register and the 
Data Register and the signals RD/, WR/, CSI and 
AO-A2 are shown in Table 17. 

4.6 DIGITAL OUTPUT REGISTER (CS/=O 
AND ADDRESS = 010· WRITE ONLY) 

The Digital Output Register (DOR) provides sup­
port logic that latches the data bus upon receiving 
CS/, Address = 010 and WR/. This register 
replaces the typical latched port seen in floppy 

subsystems used to control disk drive spindle 
motors and select drives. Table 18 illustrates the 
bit decode (bits 0 and 1 of the DOR) used to 
select drives 0 through 2. Table 19 provides a bit 
descsription of the contents of the DOR. 

DSEL1 DSELO DRIVE 

0 0 Drive 0 

0 1 Drive 1 

1 0 Drive 2 

1 1 Not Supported 

TABLE 18. BIT DECODE FOR DRIVE SELECT 
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BIT SIGNAL FUNCTION 

DORO DSELO Drive Select. If decode select is "0" and MOENO/ 
is active low, then DSO/ is selected. If decode 
select is "1" and MOEN1/ is active low, then DS1/ 
is selected. If decode select is "2" and MOEN2I is 
active low, then DS2/ is selected if in a mode 
compatible with the IBM PC XT and IBM PS/2 
Model 30. Although DS2I is undefined in applica-
tions compatible with the IBM PS/2 50, 60 and 80, 
the WD57C65 supports DS2/ in both modes. 

DOR1 DSEL1 Drive Select 

DOR2 SRST/ Soft Reset, active low 

DOR3 DMAEN DMA Enable". Active in a mode compatible with 
the IBM PC XT and IBM PS/2 Model 30, qualifies 
DMA and IRQ outputs and also DACKIinput. In 
modes compatible with the IBM PS/2 models 50, 
60 and 80 this internal signal is always valid. 

DOR4 MOENO Motor enable (Inverted output is MOENO/) 

DOR5 MOEN1 Motor enable (Inverted output is MOEN1/) 

DOR6 MOEN2 Motor enable (Inverted output is MOEN2/) Un-
defined in applications compatible with the IBM 
PS/2 50, 60 and 80, but supported by the 
WD57C65 in both modes.) 

DOR7 Reserved 

TABLE 19. DIGITAL OUTPUT REGISTER 

BIT SIGNAL NAME / FUNCTION STORAGE RESET CLOCK 
ELEMENT CONDITION QUALIFIER 

0 Drive Select F/F 0 None (1) 
1 Drive Select F/F 0 None (1) 
2 - Reset F/F 0 None 
3 Reserved Unused F/F N/A None 
4 Motor 0 F/F 0 None 
5 Motor 1 F/F 0 None 
6 Motor 2 F/F 0 None (1) 
7 Reserved Unused F/F N/A None 

Note 1: Although undefined in applications compatible with the IBM PS/2 50, 60 and 80, this 
signal is supported by the WD57C65. 

TABLE 20. DIGITAL OUTPUT REGISTER FOR IBM PS/2 50, 60 AND 80 
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BIT SIGNAL NAME I FUNCTION STORAGE RESET CLOCK 
ELEMENT CONDITION QUALIFIER 

0 Drive Select F/F 0 None 
1 Drive Select F/F 0 None 
2 - Reset F/F 0 None 
3 DMA and Interrupt Enable F/F 0 None 
4 Motor 0 F/F 0 None 
5 Motor 1 F/F 0 None 
6 Motor 2 F/F 0 None 
7 Reserved Unused F/F N/A None (2) 

Note 2: This bit is defined as Motor Enable 3 in models compatible with the IBM PS/2 30, but 
WD57C65 does not support it. 
TSB = Tri-state Buffer F/F = Flip Flop 
If Storage Element is "none", Reset condition reflects fixed logic state. 

TABLE 21. DIGITAL OUTPUT REGISTER FOR IBM PC XT AND PS/2 30 

4.7 DIGITAL INPUT REGISTER (CS/=O AND 
ADDRESS = 111· READ ONLY) 

BIT SIGNAL NAME I FUNCTION 

0 - High Density Select 
1 Reserved 
2 Reserved 
3 Reserved 
4 Reserved 
5 Reserved 
6 Reserved 
7 Disk Change 

STORAGE RESET 
ELEMENT CONDITION 

TSB N/A 
Unused TSB 1 
Unused TSB 1 
Unused TSB 1 
Unused TSB 1 
Unused TSB 1 
Unused TSB 1 
TSB N/A 

TABLE 22. DIGITAL INPUT REGISTER FOR IBM PS/2 50, 60 & 80 

11/26/90 

CLOCK 
QUALIFIER 

None 
None 
None 
None 
None 
None 
None 
None 
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BIT SIGNAL NAME I FUNCTION 

0 Reserved 
1 250K Rate Select 
2 No Write Precompensation 
3 DMA, Interrupt Enable 
4 Reserved 
5 . Reserved 
6 Reserved 
7 - Disk Change 

TSB = Tri-state Buffer 
F/F = Flip Flop 

STORAGE RESET 
ELEMENT CONDITION 

Unused TSB 0 
TSB N/A 
TSB N/A 
TSB N/A 
Unused TSB 0 
Unused TSB 0 
Unused TSB 0 
TSB N/A 

If Storage Element is "none" or "unused", Reset Condition reflects fixed logic state. 

TABLE 23. DIGITAL INPUT REGISTER FOR IBM PC XT AND PS/2 30 
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CLOCK 
QUALIFIER 

None 
None 
None 
None 
None 
None 
None 
None 
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4.8 OPTIONS REGISTER 

BIT SIGNAL FUNCTION 

a Boot Disk Select If "0", causes DS1/ and MOEN/1 to be swapped 
in HIW with DSO/ and MOENO/. Therefore, if DaR 
selects Drive 0, then actually Drive #1 will be 
selected and enabled, allowin~ a SIW operating 
system to be booted from the disk drive. 

1 SWTC Software Terminal Count allows a TC to be is-
sued to the core controller under BIOS driver con-
trol. 

2-3 PCV These two bits define the precompensation 
values, as shown in the truth table below. 

4 NWP This bit disables write precompensation in modes 
compatible with IBM PS/2 50, 60 and 80 only. 

TABLE 24. OPTIONS REGISTER 

BIT3 BIT 2 PRECOMP VALUE 
a a ±1 Clock 
a 1 ±2 Clocks 
1 a ±3 Clocks 
1 1 ±4 Clocks 

* RST Default 

TABLE 25. TRUTH TABLE 

Note: Clk = Clk 1 for all data rates, except when 
300 Kb/s is selected which requires Clk 2. In 
PS/2 model 30 precompensation can be disabled 
by using bit 2 in the Configuration Control 
Register. In PS/2 50, 60 and 80, bit 4 of the Op­
tions Register disables precompensation. 
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BIT SIGNAL NAME I FUNCTION STORAGE RESET - CLOCK 
ELEMENT CONDITION QUALIFIER 

0 Boot Disk Select F/F 0 None 
1 SWTC F/F 0 None 
2 PCV F/F 0 None 
3 PCV SR F/F 1 None 
4 No Write Precompensation F/F 0 None 
5 Reserved Unused F/F 0 None 
6 Reserved Unused F/F 0 None 
7 Reserved Unused F/F 0 None 

F/F = Flip Flop SR F/F = Set Reset Flip Flop 

TABLE 26. OPTIONS REGISTER 
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5.0 SPECIFICATIONS 

5.1 ABSOLUTE MAXIMUM RATINGS 

Voltages referenced to VSS 
VCC 7.0 Volts 
Voltage at any pin -0.3 to VCC +0.3 Volts 
Storage Temperature -550 to + 1500 C 
Operating Temperature 00 to +700 C 

5.2 DC CHARACTERISTICS 

PARAMETER SYMBOL MIN MAX UNIT 
+5V Supply VCC 4.5 5.5 V 
Input Low Voltage - Data Bus & XTOSC VIL O.B V 
Input High Volt - Data Bus & XTOSC VIH 2.0 V 
Input Low Threshold-Schmitt Trigger VILT O.B V 
Input High Threshold-Schmitt Trigger VIHT 2.0 V 
Schmitt Trigger Input Hysteresis VIHYS 0.45 V 
Output Low - DBx,IRQ,DMA; lo=12.0mA VOL 0.4 V 
Output High - DBx,IRQ,DMA; lo=-5.0mA VOH 2.B V 
Output Low - High Current; lo=4BmA VOLHC 0.4 V 
PQR trip threshold VPQR 2.75 4.35 V 
Latch Up Current Low ILUL 40 rnA 
Latch Up Current High ILUH -40 rnA 
Leakage Current Low ILL 10 !lA 
Leakage Current High ILH -10 IlA 
Supply Current - 1001lA source loads ICC 40 rnA 
Supply Current - 5mA source loads ICCHL 90 rnA 
Power Dissipation - ICC max * PD 400 mW -Power Dissipation - ICCHL max * PDHL 550 mW 

* Includes open drain high current drivers at Vol = 0.4V 

5.3 TIMING CHARACTERISTICS 
(CL=100pf): 

PARAMETER SYMBOL MIN MAX UNIT 
Clock Period tCY 60 nS 
Clock Active (High or Low) tPH 25 nS 
Clock Rise Time (Vin O.B to 2.0) tR 5 nS 
Clock Fall Time (Vin 2.0 to O.B) tF 5 nS 
AO-2 Set Up Time to RD- low tAR 10 nS 
AO-2, Hold Time to RD- high tRA 0 nS 
CS-, DACK Set Up Time to RD- low tCDR 0 nS 
CS-, DACK Hold Time to RD- high tRCD 0 nS 
RD- Width tRR BO nS 
Data Access Time from RD- low tRD 70 nS 
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PARAMETER SYMBOL 
DB to Float Delay from RD- high tDF 
AO-2 Set Up Time to WR- low tAW 
AO-2, Hold Time to WR- high tWA 
CS-, DACK Set Up Time to WR- low tCDR 
CS-, DACK Hold Time to WD- high tRCD 
WR-Width tWW 
Data Set Up Time to WR- high tDW 
Data Hold Time from WR- high tWD 
IRQ Reset Delay Time from RD- high tRI 
IRQ Reset Delay Time from WR- high' tWI 
DMA Cycle Time tMCY 
DMA Reset Delay Time from DACK- low tAM 
DACK- Delay Time from DMA high tMA 
DACK- Width tM 
TCWidth tTC 
Reset Width - TTL driven CLK1 . tRST 
Reset Width - Software Reset tSRST 
RDD- Active Time Low tRDD 
WD- Write Data Width Low tWDD 
DIRC- Hold & Set Up to STEP-low tDST 
DSx- Hold time from STEP-low tSTU 
STEP- Active Time Low tSTP 
STEP- Cycle Time tSC 
DI RC- Hold Time after STEP- tSTD 
IDX- Index Pulse Width tlDX 
RD- Delay from DMA tMR 
WR- Delay from DMA tMW 
RD- or WR- Response from DMA high tMRW 
Chip Access Delay from RST low - TTL tCA 
Chip Access Delay from SRST-Iow tCAS 
Chip Access Delay - osc XT1 at 16 MHz tXCA 
TC Delay from last DMA or IRQ, RD- tTCR 
TC Delay from last DMA or IRQ, WR- tTCW 

Note: 
1) CV = CLK1 or XT1 period 
2) MCV = MCLK period, dependent on selected 
data rate 
3) WCV = WCLK period, dependent on selected 
data rate 
4) Timing based on 3.5-inch floppy data rates. 
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MIN MAX UNIT 
10 40 nS 
10 nS 
0 nS 
0 nS 
0 nS 
60 nS 
60 nS 
0 nS 

1 MCY+100nS 
1 MCY+100nS 

52 MCY 
80 nS 

0 nS 
80 MCY 
60 nS 
60 nS 
5 MCY 
40 nS 
1/2 (typ) WCY 
4 MCY 
20 MCY 
24 MCY 
132 MCY 
96 MCY 
2 MCY 
0 nS 
0 nS 

48 MCY 
32 MCY 
40 MCY 
500 J.lS 
0 192 MCY 
0 384 MCY 

• MCY: 
500 KByte MFM = 250 nsec. 
250 KByte MFM = 500 nsec. 

• MCLK: . 
8.0 MHz = 125 nsec. 
4.0 MHz = 250 nsec. 
2.0 MHz = 500 nsec. 
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FIGURE 13. CLOCK TIMING 

6.0 COMMAND SUMMARY 

6.1 COMMAND PARAMETERS 

The WD57C65 performs 15 different host sup­
plied commands: 

READ DATA 
READ DELETED DATA 
WRITE DATA 
WRITE DELETED DATA 
READ A TRACK 
READID 
FORMAT A TRACK 
SCAN EQUAL 
SCAN LOW OR EQUAL 
SCAN HIGH OR EQUAL 
RECAll B RATE 
SENSE INTERRUPT STATUS 
SPECIFY 
SENSE DRIVE STATUS 
SEEK 

A multibyte transfer from the processor initiates 
each command. The results after execution of the 
command may also be a multi byte transfer back 
to the processor. The commands consist of three 
phases: the command phase, the 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 opera­
tion it was Instructed to do. 
Result phase - After completion of the operation, 
status and other housekeeping information are 
available to the processor. 
Tables 27 through 41 show the required 
parameters and results for each command. Most 
commands require nine command bytes and 
return seven bytes during the result phase. The 
"W" to the left of each bytes indicates a command 
phase byte to be written. An "R" indicates a result 
byte. Table 42, page 35, lists and defines all of the 
symbols used in tables 27 through 41 . 
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PHASE R/W 07 06 05 04 03 02 01 DO REMARKS 

COMMAND W MT MF SK 0 0 1 1 0 Command Codes 
W X X X X X HS US1 USO 
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. 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 27. READ DATA 

PHASE R/W 07 06 05 04 03 02 01 DO REMARKS 

COMMAND W MT MF SK 0 1 1 0 0 Command Codes • W X X X X X HS US1 USO 
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. 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 28.READ DELETED DATA 
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PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W MT MF 0 0 0 1 0 1 Command Codes 

W X X X X X HS US1 usa 
w C C C C C C C C Sector ID information ~rior to 
W H H H H H H H H command execution. e 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 29. WRITE DATA 

PHASE RIW D7 06 05 04 03 02 01 00 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 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 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 30. WRITE DELETED DATA 
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PHASE RIW 07 06 05 04 03 02 01 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 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 31. READ A TRACK 

PHASE R/W 07 06 05 04 03 02· 01 DO REMARKS 
Ell 

COMMAND W 0 MF 0 0 1 0 1 0 Command Codes 
W X X X X X HS US1 USO 

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 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 read during 
R R R R R R R R R Execution Phase hom floppy 
R N N N N N N N N disk. 

TABLE 32. READ ID 
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PHASE RJW 07 06 05 04 03 02 01 DO 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 Sectors/Track 
W GPL GPL GPL GPL GPL GPL GPL GPL Gap 3 
W D D D D D D D D Filler Byte 

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 sn 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 33. FORMAT A TRACK 

PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W MT MF· SK 1 0 0 0 1 Command Codes 

W X X X X X HS US1 USO 
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 STP STP STP STP STP STP STP STP 

EXECUTION Data compared 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 34. SCAN EQUAL 
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PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W MT MF SK 1 1 0 0 1 Command Codes 

W X X X X X HS US1 USO 
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 STP STP STP STP STP STP STP STP 

EXECUTION Data compared between FDD 
and main system. 

RESULTS R STO STO STO STO STO STO STO STO Status information after com-
R sn 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 35. SCAN LOW OR EQUAL 

PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W MT MF SK 1 1 1 0 1 Command Codes 

W X X X X X HS US1 USO 
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 STP STP STP STP STP STP STP STP 

EXECUTION Data compared between 
and main system. 

FDD 

RESULTS R STO STO STO STO STO STO STO STO Status information after com-
R ST1 ST1 ST1 ST1 ST1 sn 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 36. SCAN HIGH OR EQUAL 
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PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W 0 0 0 0 0 1 1 1 Command Codes 

W X X X X X 0 US1 USO 
EXECUTION Head retracted to Track zero. 

TABLE 37. RECALIBRATE 

PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W 0 0 0 0 1 0 0 0 Command Codes 
RESULTS R STO STO STO STO STO STO STO STO Status information about the FDC 

R PCN PCN PCN PCN PCN PCN PCN PCN at the end of seek operation 

TABLE 38. SENSE INTERRUPT STATUS 

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 39. SPECIFY 

PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W 0 0 0 0 0 0 0 0 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 40.SENSE DRIVE STATUS 

PHASE RIW 07 06 05 04 03 02 01 DO REMARKS 
COMMAND W 0 0 0 0 1 1 1 1 Command Codes 

W X X X X X HS US1 USO 
W NCN NCN NCN NCN NCN NCN NCN NCN 

EXECUTION Head is positioned over 
proper cylinder on the 
diskette. 

TABLE 41. SEEK 
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SYMBOL 

AO 

C 

D 

D7 - DO 

DTL 

EOT 

GPL 

H 

HLT 

HS 

HUT 

MF 

MT 

N 

NCN 

ND 

PCN 

R 

RJW 

SC 

NAME 

ADDRESS LINE 0 

CYLINDER NUMBER 

DATA 

DATA BUS 

DATA LENGTH 

END OF TRACK 

GAP LENGTH 

HEAD ADDRESS 

HEAD LOAD TIME 

HEAD SELECT 

HEAD UNLOAD TIME 

FMor MFM 

MULTITRACK 

NUMBER 

NEW CYLINDER 
NUMBER 

NON-DMA MODE 

PRESENT CYLINDER 

RECORD 

READIWRITE 

SECTOR 

DESCRIPTION 

AO controls selection of Main Status Register (AO=O) or 
Data Register (AO=1). 

C stands for the current/selected cylinder (track) numbers 0 
through 255 of the medium. 

D stands for the data pattern which is going to be written 
into a sector. 

8-bit DATA BUS, where D7 stands for a most significant bit, 
and DO stands for a least significant bit. 

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 stands for the final sector number on a cylinder. 
During Read or Write operations, FDC will stop data trans­
fer after a sector number equal to EOT. 

GPL stands for the length of Gap 3. During the FORMAT 
Command, it determines the size of Gap 3. 

H stands for head number 0 or 1 as specified in the ID field. 

HL T stands for the HEAD LOAD TIME in FDD (2 to 254ms 
in 2ms increments). 

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 stands for the HEAD UNLOAD TIME after a Read or 
Write operation has occurred (16 to 240ms in 16ms incre­
ments). 

If MF is low, FM mode is selected. If it is high, MFM mode 
is selected. 

If MT is high, a MULITRACK operation is performed. If __ 
MT =1 after finishing ReadIWrite operation on side 0, FDC ~ 
will automatically start searching for sector 1 on side 1. 

N stands for the NUMBER of data bytes written in a sector. 

NCN stands for a NEW CYLINDER NUMBER which is 
going to be reached as a result of the Seek operation. 
Desired position of head. 

ND stands for operation in the NON-DMA MODE. 

PCN stands for the cylinder number at the completion of 
the SENSE INTERRUPT STATUS Command. Position of 
head at present time. 

R stands for the sector number which will be read or writ­
ten. 

RJW stands for either READ or WRITE signal. 

SC indicates the number of sectors per cylinder. 

TABLE 42. COMMAND SYMBOL DESCRIPTIONS 
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SYMBOL NAME DESCRIPTION 

SK 

SRT 

SKIP SK stands for SKIP Deleted Data Address mark. 

STEP RATE TIME SRT stands for the Stepping Rate for the FDD (1 to 16ms 
in 1ms increments). Stepping Rate applies to all drives. In 
2's complement format, F(Hex)=1 ms, E(Hex)=2ms, etc. 

STO 
ST1 
ST2 
ST3 

STATUS 0 
STATUS 1 
STATUS 2 
STATUS 3 

STO-3 stands for one of four registers which store the 
STATUS information after a command has been executed. 
This information is available during the result phase after 
command execution. These registers should not be con­
fused with the Main Status Register (selected by AO=O). 
STO-3 may be read only after a command has been ex­
ecuted and contains information relevant to that particular 
command. 

STP During a SCAN operation, if STP=1, the data in contiguous 
sectors is compared byte by byte with data sent from the 
processor (or DMA); if STP=2, then alternate sectors are 
read and compared. 

USO,US1 UNIT SELECT US stands for a selected drive; binary encoded, 1 of 4. 

TABLE 42. COMMAND SYMBOL DESCRIPTIONS (CONTINUED) 

6.2 COMMAND DESCRIPTIONS 
6.2.1 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 for 
the specified head settling time (defined in the 
Specify Command), and begins reading ID Ad­
dress Marks and ID fields. When the current sec­
tor number (R) stored in the ID Register (IDR) 
compares with the sector number read off the dis­
kette, 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 placed on the data bus. This continuous 
read function is called a "Multi-sector Read 
Operation." The Read Data Command may be 
terminated by the receipt of a Terminal Count 
signal. TC should be issued at the same time as 
the DACKI for the last byte of data. Upon receipt 
of this signal, the FDC stops outputting data to the 
processor, but continues to read data from the 
current sector, check CRC (Cyclic Redundancy 
Count) bytes, and terminate the Read Data com­
mand at the end of the sector. The amount of data 
handled by a single command to the FDC 
depends upon MT (multi-track), MF (MFM/FM), 
and N (number of bytes/sector). Table 43 lists the 
Transfer Capacity. 

The "multi-track" function (MT) allows the FDC to 
read data from both sides of the diskette. For a 
particular cylinder, data will be transferred starting 
at 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 as 
a sector. If DTL is smaller than the actual data 
length of a sector, the data beyond DTL in the 
sector is not sent to the Data Bus. The FDC 
reads (internally) the complete sector performing 
the CRC check, and depending upon the manner 
of command termination, may perform a Multi­
Sector Read operation. When N is non-zero, then 
DTL has no meaning and sets to FF 
(hexadecimal.) 
Upon completion of the Read Data command, 
and after Head Unload Time Interval (specified in 
the Specify command) has elapsed, the head un­
loads. If the processor issues another command 
before the head unloads, then the head settling 
time may be saved between subsequent reads. 
This time out is particularly valuable when a dis-
kette is copied from one drive to another. t 

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.) 

34-38 11/26/90 



COMMAND SUMMARY 

Multi- MFMI ~es Maximum Transfer Final Sector Read 
Track FM I ct Caf)8Cllk From 
MT MF or Ifytes' tor) Diskettes 

N umber of Sectors 

0 0 00 (128W6l=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 1256)(15)=3,840 15 at Side 0 
0 1 02 512)(15)=7,680 

1 0 01 1256)(30)=7,680 15 at Side 1 
1 1 02 512)(15)=15,360 

0 0 02 (512)(8)=4,096 8 at Side! or 
0 1 03 (1024)(8)=8,192 8 at Side 1 
1 0 02 1512)~16)=8,192 8 at Side 1 
1 1 03 1024 (16)=16,384 

TABLE 43. TRANSFER CAPACITY 

After reading the I D and Data Fields in each sec­
tor, the FDC checks the CRC bytes. If it detects a 
read error (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 Field) flag in Status Register 2 to a 
"1" (high), and terminates the Read Data com­
mand. (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. 
During disk data transfers between the FDC and 
the processor, via the data bus, the processor 
must service the FDC every 27 microseconds in 
the FM mode, and every 13 microseconds in the 
MFM mode. If not, the FDC sets the OR (Overrun) 
flag in Status Register 1 to a "1" (high), and ter­
minates the Read Data command. 
If the processor terminates a read (or write) 
operation in the FDC, then the I D information in 
the Result phase is dependent upon the state of 
the MT bit and EOT byte. Table 44 shows the 
values for C, H, R, and N, when the processor 
terminates the command. 

6.2.2 WRITE DATA 

The FDC requires nine bytes of command for the 
Write Data mode. After the Write Data command 
issues, the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling 
time (defined in the Specify command), and 

WD57C65 

Final Sector 
MT HD Transferred 10 IDkmIlalioD at Besult Ebase 

to Processor C H R N 

0 0 Less than EOT NC NC R+1 NC 

0 0 Eaualto 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 Eaualto 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 

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 comple-
mented. 

TABLE 44. C, H, R, AND N VALUES 

begins reading ID fields. When all four bytes 
loaded during the command (C,H,R,N) match the 
four bytes of the ID field from the diskette, 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. The FDC con­
tinues this Multi-Sector Write Operation until the 
issuance of a Terminal Count signal. If a Terminal 
Count signal is sent to the FDC, the FDC con­
tinues writing into the current sector to complete 
the data 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 ID field of each sector and 
checks the CRC bytes. If the FDC detect a read III 
error (CRC error) in one of the ID fields, it sets the l 

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 

• ND (No Data) flag 
• Head Unload Time interval 
• ID Information when the processor terminates 

command 
• Definition of DTL when N = 0 and when N*O 

In the Write Data mode, data transfers between 
the processor and FDC via the data bus, must 
occur every 27 microseconds in the FM mode and 
every 13 microseconds in the MFM mode. If the 
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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 command. (Status Register a also 
has bits 7 and 6 set to "0" and "1 ", respectively.) 

6.2.3 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. 

6.2.4 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 = a [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. 

6.2.5 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 hold, 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 'infor­
mation read from each sector with the value 
stored in the IDR. It sets the ND flag of the Status 
REgister 1 to a "1" (high) if there is no com­
parison. Multi-Track or skip operations are not al­
lowed with this command. 
This command terminates when the number of 
sectors read is equal to EDT. If the FDC does not 
find an ID Address mark on the diskette after it 
senses the index hold for the s~cond time, it sets 
the MA (missing Address mark) flag in Status 
Register 1 to a "1" (high) and terminates the com­
mand. (Status Register a has bits 7 and 6 set to 
"0" and "1", respectively.) 

6.2.6 READ ID 
The Read ID command is used to give the 
present position of the recording head. The FDC 
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 1 is set to a "1" 

~i9h). If no data is found, then the ND (No 
ata) flag is also set in Status Register 1 to a "1" 

(high). The command is then terminated with bits 
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7 and 6 in Status Register a set to "0" and "1 ", 
respectively. During this command there is no 
data transfer between FDC and the CPU except 
during the result phase. ' 

6.2.7 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 the processor supplies during 
the command phase. The data field is filled with 
the byte of data stored in D. The processor 

. supplies the ID field for each sector; that is, the 
processor makes four data requests per sector for 
C (cylinder number), H (head number), R (sector 
number) and N (number of bytes/sector). This al­
lows the diskette to be formatted with nonsequen­
tial sector numbers, if desired. 
The processor must send new values for C, H, R, 
and N to the WD57C65 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. Tllis 
incrementing and formatting continues for the 
whole track until the FDC detects the index hole 
for the second time, whereupon it terminates the 
command. 
Table 45 shows the relationship between N, SC, 
and GPL for various sector sizes. 

6.2.8 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 FDC compares the data on a byte-by­
byte basis and looks for a sector of data which 
meets the conditions of DFDD = DProcessor, DFDD ~ 
DProcessor, 'or DFDD ~ DProcessor. The 
hexadecimal byte of FF either from memory or 
from FDD, can be used as a mask byte because it 
always meets the condition of the comparison. 
One's complement arithmetic is used for com­
parison (FF = largest number, 00 = smallest num­
ber). If, after a whole sector of data is compared, 
and the conditions are not met, the sector number 
increments (R + STP -----s R), and the scan 
operation continues. The scan operation 
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Format Sector Size N SC GPL GPL continues until one of the following conditions 
occur: the conditions for scan are met (equal, low, 
or high), the last sector on the track is reached 
(EaT), or the terminal count signal is received. 

Bytes/sector 1 2,3 

8" Standard Floppy 
128 00 1A 07 1B 
256 01 OF OE 2A 

FM Mode 512 02 08 1B 3A 
1024 03 04 47 8A 
2048 04 02 C8 FF 
4096 05 01 C8 FF 
256 01 1A OE 36 

MFM 
512 02 OF 1B 54 

Mode 1024 03 08 35 74 
2048 04 04 99 FF 
4096 05 02 C8 FF 
8192 06 01 C8 FF 

5 1/4" 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 

MFM 
256 01 10 20 32 

Mode 512 02 08 2A 50 
1024 03 04 80 FO 
2048 04 02 C8 FF 
4096 05 01 C8 FF 

31/2" Sonll Microfloppy 
128 0 OF 07 1B 

FM Mode 256 1 09 OE 2A 
512 2 05 1B 3A 
256 1 OF OE 36 

MFM 512 2 09 1B 54 
Mode 

1024 3 05 35 74 

Notes: 
1. Suggested values of GPL in Read 0, Write commands to 
avoid splice point between data field and ID field of con-
tiguous sections. 
2. Suggested values of GPL in format command. 
3. All values except sector size are hexadecimal. 
4. In MFM mode FDC cannot perform a ReadlWrite/format 
operation with 126 bytes/sector. (N=OO) 

TABLE 45. N, SC, AND GPL RELATIONSHIP 

If the conditions for scan are met, then the FDC 
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 (EaT), then the FDC 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 DMA controller during the 
scan operation will cause the FDC to complete 
the comparison of the particular byte which is in 
process and then to terminate the command. 
Table 46 shows the status of bits SH and SN 
under various conditions of Scan. 

Command Sll!11!lI Be~ster 2 
Bit 2=SN -it 3=SH 

Comments 

Scan Equal 0 1 DFFD=D Processor 

Scan Equal 1 0 DFFD*D Processor 

Scan Low or 0 1 DFFD=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 DFFD:D Processor 

Equal 
Scan High or 0 0 DFFD>D Processor 

Equal 
Scan High or 1 0 DFFD<D Processor 

Equal 

TABLE 46. 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 FDe 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. 
During the Scan command, the processor or DMA 
controller supplies the data for comparison 
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 avail­
able in less than 27 microseconds (FM mode) or 
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13 microseconds (MFM mode). If an Overrun oc­
curs, the FDC ends the command with bits 7 and 
6 of Status Register 0 set to "0" and "1 ", respec­
tively. 

6.2.9 SEEK 

The ReadIWrite 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) 
PCN > 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 issues, 
NCN is compared against PCN, and when NCN = 
PCN, the SE (Seek End) flag sets in Status 
Register 0 to a "1" (high), and the command ter­
minates. At this point FDC interrupt goes high. 
Bits DOB-D3B in the Main Status Register 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 for 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 microseconds, the timing between 
the first two step pulses may be shorter than set 
in the Specify command by as much as 1 mil­
lisecond. 

6.2.10 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 
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 
terminates. If the Track 0 signal is still low after 77 
step pulses have issued, the FDC sets the SE 
(Seek End) and EC (Equipment Check) flags of 
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Status Register 0 to both "1 s" (highs), and ter­
minates 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. 

6.2.11 SENSE INTERRUPT STATUS 

An Interrupt signal is generated by the FDC for 
one of the following conditions: 
1. Upon entering the Result phase of: 

a. Read Data command 
b. Read A Track command 
c. Read ID 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, DB5 in the Main 
Status Register is high. Upon entering the Result 
phase, this bit clears. Conditions 1 and 4 do not 
require Sense Interrupt Status commands. The in­
terrupt clears by ReadingIWriting 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 command, when 
issued, resets the Interrupt signal and via bits 5,6, 
and 7 of Status Register 0, identifies the cause of 
the interrupt. 
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 WD57C65 will set the interrupt line true. The 
host CPU must then issue a Sense Interrupt 
Status command to determine the actual 
Seek End Inlgr[!'IPI CCU;ig Bllt5 

Bit 6 Bit 7 Cause 
0 1 1 Ready Line changed state, either 

polaritv 

1 0 0 Normal Termination of Seek or 
Recalibrate com mand 

TABLE 47. INTERRUPT CAUSE 
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FIGURE 14. SEEK, RECALIBRATE, AND SENSE INTERRUPT 

cause of the interrupt, which could be Seek End 
or a change in ready status from one of the 
drives. See Figure 14. 
The Specify command sets the initial values for 
each of the three internal timers. The HUT (Head 
Unload lime) defines the time from the end of the 
Execution phase of one of the Read/Write com­
mands to the head unload state. This timer is 
programmable from 16 to 240 milliseconds in in-

crements of 16 milliseconds (01 = 16 mil­
liseconds, 02 = 32 milliseconds ... OF16 = 240 
milliseconds). The SRT (Step Rate Time) defines 
the time interval between adjacent step pulses. 
This timer is programmable from 1 to 16 mil­
liseconds in increments of 1 millisecond (F = 1 
millisecond, E = 2 milliseconds, D = 3 mil­
liseconds, etc.). The HLT (Head Load Time) 
defines the time between when the Head Load 
signal goes high and the Read/Write operation 

11/26/90 34-43 



WD57C65 

starts. This timer is programmable from 2 to 254 
milliseconds in increments of 2 milliseconds (011 
= 2 milliseconds, 02 = 4 milliseconds, 03 = 6mil­
Ii seconds ... 7F = 254 milliseconds). 
The time intervals mentioned above are a direct 
function of the clock (ClK on pin 20). Times indi­
cated above are for a 16 MHz clock; if the clock 
was reduced to 8 MHz, then all time intervals 
are increased by a factor of 2. 
The choice of DMA or non-DMA operation is 
made by the ND (Non-DMA) bit. When this bit is 
high (ND = 1). the Non-DMA mode is 
selected; and when ND = 0, the DMA mode is 
selected. 

6.2.12 SENSE DRIVE STATUS 

The processor uses this command whenever it 
wishes to obtain the status of the FDDs. Status 
Register 3 contains the Drive Status information 
stored internally in FDC registers. 

COMMAND SUMMARY 

6.2.13 INVALID 

If an Invalid command is sent to the FDC (a com­
mand not defined above), then the FDC 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 (DIO and ROM) in the Main Status Register 
are both high (1), indicating to the processor that 
the WD57C65 is in the result phase and the con­
tents of Status Register 0 (STO) must be read. 
When the processor reads Status Register 0, it 
will find 80 hex, indicating an Invalid command 
was received. 
A Sense Interrupt Status command must follow 
after a Seek or Recalibrate interrupt; otherwise 
the FDC will not consider the next command. 
In some applications, the user may wish to use 
this command as a No-Op command to place the 
FDC in a standby or No Operation state. 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 ARCHITECTURAL DESCRIPTION 

The WD60C40 peripheral cache manager (PCM) 
controls a large amount (up to 1 megabyte) of 
dynamic RAM, and the buffering required to allow 
the seemingly simultaneous access of this buffer 
by up to 3 requestors. The three requestors are 
assumed to be two block oriented devices, and a 
microprocessor. 

The two devices interface to the dynamic RAM, 
are designed to support block oriented peripheral 
formatter chips, such as the ADS10COO 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 will not have the capability of random­
ly 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 WD60C40. 

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. Each device port has built into it a 
byte-wide FIFO that will act as a buffer while the 
port is waiting for its time slot in the 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 or 
static column" that increases their bandwidth to 
the point that they will sustain multiple high speed 
devices. The dynamic RAMs have a multiplexed 
address bus with 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 
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 when 
a port gains access to the RAM, it can transfer 
data in a continuous block. The PCM incorporates 
15 bytes of FIFO into each of the peripheral ports 
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to support the page mode memory and CAS con­
trol static column architecture. This scheme has 
the advantage that the memory bandwidth is in­
creased by a factor of about 75% over the random 
access bandwidth, allowing a large buffer memory 
to be mechanized by inexpensive dynamic RAMs, 
but having the performance characteristics of a 
static RAM buffer. 

The external dynamic RAM buffer may be 8 bits 
or 9 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 216Kb 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) 

256KB 2 256Kb x4 (+ 256Kb x 1 parity) 

256KB 8 256Kb x 1 (+ 256Kb x 1 parity) 

1 MB 2 1Mbx4 (+ 1 Mb x 1 parity) 

1 MB 8 1Mbx1 (+ 1Mb x 1 parity) 

In the following description, refer to Figure 1, the 
block diagram of the WD60C40, 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 
'A' of the device is connected to a disk interface 
controller (ex. ADS10COO). 

The example begins with the assumption that all 
devices are currently active, and 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 will move data to/from the 
memory and the port 'Pi FIFO until the FIFO is 
full/empty, or the transfer counter of port 'A' ex­
hausts. If during this sequence, the PCM detects 
that a dynamic RAM page boundary is being 
crossed, the PCM will update the row address, 
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 'Pi has finished its data trans­
fers, the PCM will first service the host data re-
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quest, then the refresh request(s), both of which 
have priority over block transfers. The PCM will 
then initiate 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 
queued into a counter. When 4 refresh cycles 
have been queued (about 60 flSec.), then the "ur­
gent request" mechanism will force arbitration 
and a burst of 4 refresh cycles will be performed: 
This is done to maintain memory data integrity. 

INTRODUCTION 

To finish the architectural description of the 
device, the last items are the programmable fea­
tures of the internal logic that allow the controller 
firmware to control and "tune" the actions of the 
PCM. The first item the PCM needs to be aware 
of is if the devices are capable of being throttled. 
Most devices that attach to peripherals have mini­
mum 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 
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. 
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The device channels are mechanized with 8 or 9 
data lines, and 5 control/handshake lines. Four 
control signals are programmable to allow inter­
faceing to multiple types of device controller 
chips. Features such as the master/slave relation­
ships between the PCM and the external 
peripheral controller, the polarity and timing of the 
signals that do the handshake, inpuVoutput 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 PQFP 
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. 

• Aggregate memory bandwidth of greater than 
9.0 Mbytes/sec, using industry standard 100 
ns. dynamic RAMs. 

• Aggregate memory bandwidth of greater than 
12 Mbytes/sec, using 80 ns. dynamic RAMs 

WD60C40 

• Supports 2 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. 

• 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 type 
processors running at 12.5 MHz with no wait 
states required when accessing the PCM task 
file registers. 
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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, 

636575 

3 thru 10 ADO thru AD7 IlP 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 thr~ 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 bBAP DEVICE BUS A PARITY BIT 

67 thru 74 DBA7 thru DEVICE BUS A DATA BUS 
DBAO 

76 CLK CLOCK 
77 RST RESET 
78 CS I uP BUS CHIP SELECT 
79 WR I uP BUS WRITE CYCLE STROBE 
80 RD I uP BUS READ CYCLE STROBE 
81 ALE I uP ADDRESS STROBE 
82 PINT IILP INTERRUPT REQUEST 
83 RDY IILP WAIT CONTROL 
84 RBIAS5 RESISTOR BIAS5 

NPTES: 
1 I = WD60C40 bus master mode. 0 = WD60C40 bus slave mode 
2 I = WD60C40 bus slave mode. 0 = WD60C40 bus master mode. 
3 BAO is the LSB. 
4 Open drain output 
5 Resistor bias for output drive circuitry 1.24KQ ± 1 % connected from this pin to ground. 
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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 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 D7 
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 page 10-35 for a 
summary of all the non-channel registers. 

3.1 OPTION REGISTER 

Address = 60H or EOH 
Read/write register 

7 I 6 I 5 I 4 
MPAR I CAW1 I CAWO I SRAM 

The option register is a readlwrite 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 
I 

NON-CHANNEL REGISTERS 

3.1.1 RRC3 Thru 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. Rangel 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 inteNals are in j.ls. 
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 RRC1 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 
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 
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used to control the external latch that is to demul­
tiplex the address, when a valid row address is 
available on BA8 to BAO. RAS is intended to drive 
the clock input of a 74F373 type octal D-type 
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 
signal and then RAS goes active to latch the new 
row address and establish access in the new 
RAM page. 

WD60C40 

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 = Ten bit column address (1 meg DRAM). Bits 
19 - 10 will be output on BAg - BAO during RAS 
time. Bits 9 - 0 will be output on BAg - BAO during 
CAS time. 

01 = Nine bit column address (256K DRAM). Bits 
18 - g will be output on BAg - BAO during RAS 
time. Bits 8 - 0 will be output on BA8 - BAO during 
CAS time. 

10 = Eight bit column address (64K DRAM). Bits 
17 - 8 will be output on BAg - BAO during RAS 
time. Bits 7 - 0 will be output on BA7 - BAO during 
CAS time. 

11 = Six bit column address (16K DRAM). Bits 15 
- 6 will be output on BAg - BAO during RAS time. 
Bits 5 - 0 will be output on BA5 - BAO 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 will generate odd parity (the 
sum of all one bits including the parity bit will be 
an odd number) on memory writes, and check 
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 I 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 

This bit performs the same function as AINTE, but 
for the "8" channel. 

'A'CHANNEL 'B'CHANNEL AHI PRIORITY 
Non-pausible Pausible X A Channel 
Pausible Non-pausible X 8 Channel 
Non-pausible Non-pausible 1 A Channel 
Non-pausible Non-pausible 0 8 Channel 
Pausible Pausible 1 A Channel 
Pausible Pausible 0 8 Channe.1 

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. 

1 
I 

3 I 2 1 1 1 0 
AHI I INTE I 81NTE 1 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 will perform 
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, then the 
PCM will assert ROY low to halt thra bus cycle 
until it can perform the access. The PCM uses the 
leading edge of the data strobe to trigger the ac­
cess, 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 
will deassert the ROY signal and allow 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 will not gate the CS signal with the inter­
nal ROY status, so the ROY status will be 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 

3.3.2 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. 

3.3.3 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. 

3.3.4 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. 

3.3.5 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 
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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. 

3.3.6 DNR Dev,ice Not Ready (bit 7) 
Read only bit 

• The PCM "device not ready" status bit is used 
to signal the microprocessor that the PCM is 
currently 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 themselves. 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 I/O. 

When the power is applied to the PCM, or 
firmware issues a soft reset, the bit will set 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 
reflect this condition. 

When the microprocessor accesses either of the 
peripheral ports for programmed I/O, 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 
Read/write register 

7 I 6 I 5 I 4 
BOL? I BOL6 I BOL5 1 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 9MPO? - MPOO) 
Read/write register 

7 6 5 4 
0 0 0 0 

MP15 MP14 MP13 MPM12 
MPO? MP06 MP05 MP04 

3.5.1 MP19 thru MPOO Microprocessor 
Address Pointer 

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 
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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 J BOL1 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 = 78H or F8H 
ReadlWrite register 

7 I 6 I 5 I 4 
TAS7 I TAS6 I TASS 1 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 mechanization is that there is an address 
register in the PCM that can be loaded when a 
microprocessor write to this register occurs. This 
allows the selection of several internal registers 
and counters, and state machine registers, and 
the subsequent display of their content by reading 
this location. 
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3 1 2 1 1 1 0 
TAS3 1 TAS2 I TAS1 I TAsa 

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 = 7 AH or FAH 
Write only register 

7 I 6 I 5 I 4 
SWRST I 0 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 BOH. This register is also used for 
setting test modes and a value in this register 
other than BOH causes the PCM to behave unpre­
dictably to the user. The actions that occur when 
the register is written with SOH 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 0 but uses the B channel. 
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3 I 2 I 1 1 0 
TSMEM I CNTRT I MTPBF 1 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 Tri-state Memory Interface 
(bit 3) 

When this bit is set the control signals to the 
memory interface are forced to a tri-state 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 = 7CH or FCH 
Read/write register 

7 I 6 I 5 I 4 
BAR7 I BAR6 I BARS 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 RDY 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 
RDY 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 RDY 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 I 0 
BAR3 I BAR2 I BAR1 I BARO 

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 "DNR" status bit or the 
"BANR" in the Master Status Register, or poll the 
PCM RDY 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 
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 Data 
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 J 6 I 5 I 4 
BAR? I BAR6 I BARS 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. 

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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3 I 2 I 1 I 0 
BAR3 I BAR2 I BAR1 I BARO 

4.0 DEVICE CHANNELS 

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 2S6 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 BOH 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 SFH. The registers for channel B are in the 
address space of COH to DFH. 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 
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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. 

Channel A Address = 40H 
Channel B Address = COH 
Read/write register - not pipelined 

7 I 6 I 5 I 4 
LPBM I PPE 1 OKPL I RQPL 

NOTE 
There is an A or B appended to each bit name corresponding to 
the appropriate channel. 
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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. 

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. 

3 1 2 I 1 I 0 
SOTC 1 OLY I SC1 I sco 

4.1.1 SCO(1)A (SCO(1 )B) Channel Strobe 
Control Field 

The channel strobe control field is a two bit field I!w. 
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 (OMA), or when doing Pia operations. 
The width of the strobes is programmable by set-
ting the field. When the PCM is doing OMA 
cycles, for values of 0,1,2,3 the strobes will be 
2,4,6,8 clocks wide respectively. When the PCM 
is doing Pia cycles, for values of 0,1,2,3 the 
strobes will be 4,6,8,10 clocks wide respectively. 

4.1.2 DlYA (DlVB) Delay Strobe Bit 

Normally, the CS and OACK si~ls go active two 
PCM clock before the RO 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. 
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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<llh.then this 
bit is used to control the time that the RD and WR 
§jgpals are deasserted. When this bit is zero, the 
RD and WR strobes will be deasserted for two 
PCM clocks durin~data burst. When this bit is 
one, the RD and WR signals will be deasserted 
for 4 PCM 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 
DRO pin as active high. This is true whether this 
pin is receiving the request when the PCM is bus 
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 
I/O, 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. 

DEVICE CHANNELS 

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 tolfrom 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 
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. 
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'4.2 CHANNEL CONTROL REGISTER 

Channel A Address = 42H 
Channel B Address = C2H 
Read/write register - not pipelined 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
SLAV I BRST I DISK I EDAC I PAUS I DIR I IVE I IBE 

NOTE. There IS an Aor 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 5 bits are 
used to identify the logical protocol that the PCM 
is going to use to interface to the external device. 
The low 3 bits are used to set a firmware environ­
ment to control the manbagement 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 micrpprocessor desires an interrupt when the 
channel very busy status bit transitions from a one 
to a zero. 

4.2.2 D1RA (DIRB) Channel Transfer 
Direction Bit 

The channel transfer direction bit is I:lsed 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
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 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, 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 ~uffer to the input of the 

FIFO. When the transfer count exhausts and the 
FIFO goes empty, th~ 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), t~en the other port 
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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 overrunlunderrun 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 
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. 
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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 
masterlslave relationship controls whether the 
PCM has the capability of performing 
programmed liD on the external bus. When the 
microprocessor attempts to do programmed liD 
and the channel is in a master and non-disk 
mode, the channel will arbitrate the external bus 
and interleave the programmed liD with the DMA 
transfers the external device is requesting. When 
the channel is in slave mode, programmed liD is 
rejected. If the microprocessor attempts 
programmed liD an liD 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. 

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 REQUEST and ACKNOW­
LEDGE. When the bit is a zero then the normal 
DRQ 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 DRQ pin is the data request and 
is an input, the DACK pin is the data acknowledge 
and an output. In this mode, the PCM is con 
side red 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 from 
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 
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clock data from the peripheral device to the PCM. 
The PCM will also use the WR and RO signals 
when the microprocessor requests programmed 
inpuVoutput of the peripheral device. At this time, 
the PCM will output the chip select §jgnal to the 
peripheral device. The timing of the WR and RO 
signals is programmed in the timing control 
register of the channel. 

In the Single Cycle OMA mode, the PCM will 
cycle the OACK signal for each byte transferred. 
The peripheral device can use the OACK signal to 
deassert its ORO. This mode is designed to inter­
face with older OMA style peripherals that inter­
faced with the Intel 8237 OMA chip. This mode 
will only transfer a byte when the channel FIFO is 
capable, therefore it is implied that overrun/under­
run detection is the responsibility of the peripheral 
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 EOAC 
device, and supports interleave of programmed 
1/0 through the port and the OMA transfers. 

4.2.7 001 DMA Single Cycle Disk 

This mode is specifically for the AOS10COO Disk 
Formatter Chip. The interface is the same as the 
OMA Single Cycle Master mode, in that the 
peripheral device requests service with the ORO 
signal, and the PCM which is the bus master ac­
knowledges the request with the OACK signal. 
The timing of the OACK signal is modified for the 
AOS10COO requirements, with the leading edge 
of the OACK being returned asynchronously in 
response to the ORO, and the data and trailing 
edge occuring synchronous to the PCM clock:.....!n 
the OMA single cycle disk mode the WR and RO 
signals are not used. Instead the direction 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 OACK signal is all that 
is required, as it acts both as an acknow­
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 latch 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-
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tinues until the transfer counter exhausts. Since 
the AOS1 OCOO device supplies a seperate port for 
programmed 1/0, then programmed 1/0 through 
the PCM port is not allowed in this mode. This 
mode is compatible with the EOAC device. 

4.2.8 010 DMA Burst Cycle Master 

This mode, tuned for the W033C93 device, is the 
same as the OMA Single Cycle Master with the 
exception that at the end of the data strobe (either 
WR or RO) the ORO 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 OACK signal asserted, and proceed to 
transfer another byte of data. This burst sequence 
will continue until either the external device deas­
serts ORO, or the channel FIFO becomes unable 
to transfer another byte, or the microprocessor 
has requested a programmed 1/0 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 the ORO in the shortest amount of time. 
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 signal does not 
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 1/0 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 
1/0 is to occur in a slave such as the W050C1 X 
configuration, then the firmware will set this mode 
while programmed 1/0 is to occur, and set the 
slave mode again after the programmed 1/0 is 
complete. Note that for OMA Single Cycle Master 
mode, and OMA Burst Cycle Master mode, that 
programmed 1/0 requests are interleaved with the 
data transfers, and there is no need to set 
Programmed I/O mode to do programmed 1/0. 

12107/90 35-21 



WD60C40 

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 of 
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 responsibility of the 
bus master to drive the data strobe lines during 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 

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 device can 
continue with its next burst of data. For this dis­
cussion, the OACK pin will be referred to as 
BROV. 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 
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Signals is meant to accomodate the W050C1X 
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 110 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 110, 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 formatter again sends BORO the PCM will 
not send the BROY signal, effectively halting the 
disk formatter from proceeding. The user can 
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. 
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4.3 CHANNEL STATUS REGISTER 

Channel A Address = 44H 
Channel B Address = C4H 
Read only register 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 __ 

a I a I OKST I ROST I PNR I FMT I VBSY I BSY 

NOTE :There IS an A or B appended to each bit name corresponding to the appropnate 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 statis 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 1/0 access of the 
peripheral, and the registers that are associated 
with the channels programmed 1/0 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 RQSTA (RQSTB) Channel ORQ 
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 OOES 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. 

4.3.6 OKSTA (OKSTB) Channel OACK Pin 
Status (bit 5) 

Indicates the logical state of the channel OACK 
pin. 
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4.4 CHANNEL INTERRUPT STATUS REGISTER 

Channel A Address = 46H 
Channel B Address = C6H 
Read and write/clear bits 

7 J 6 I 5 I 4 
AERR 1 lOPE I IDE I REJ 

4.4.1 BSYIA (BSYIB) Interrupt From Busy 

This 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 

This status bit will be set when the very busy 
interrupt 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. WhelJ the 
channel 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 
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. 

I 
I 
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3 I 2 1 1 I 0 
LATE I PERR 1 VBI I BSYI 

4.4.4 LATEA (LATEB) 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 
detects 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 
pipeline because it is assumed that the pipeline 
register was corrupted previous to the erroneous 
start. No transfer will be initiated by the erroneous 
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. 
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4.4.7 10PEA (lOPES) 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 I/O 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. 

4.4.8 AERRA (AERRS) Any Error Sit (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 f..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, or to put the channel in loopback mode. 

12/07/90 
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4.5 CHANNEL DATA LATCH 

Channel A Address = 48H 
Channel B Address = C8H 
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.ls 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 liming 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 liD 
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 "ON R" status bit or the 
"PNRA" ("PNRB") in the Channel 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 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 (BP07 - BPOO) 
Channel B Address = CEH (BP19 - BP16) 
Channel B Address = CCH (BP15 - BP08) 
Channel B Address = CAH (BP07 - BPOO) 
Pseudo-read/write registers 

7 6 5 4 
0 0 0 0 

BP15 BP14 BP13 BP12 
BP07 BP06 BP05 BP04 

WD60C40 

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 BP17 BP16 
BP11 BP10 BP09 BPOS 
BP03 BP02 BP01 BPOO 

NOTE. There IS an A or B appended to each bn name corresponding to the appropriate channel. 

4.6.1 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 = SOH (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 

4.7.1 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 
firmware writes to 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 counter 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 preseUable 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. 
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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 the 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 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. 

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 

WD60C40 

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 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. 

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 10 
PCM clocks to synchronize the action to the PCM 
clock, and advance the channels status. During 
this time the firmware can only access non-chan­
nel registers. 

I 
I 

I 
I 

DEVICE CHANNELS 

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 

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. 
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4.11 EDAC IDLE COUNTER 

Channel A Address = 5AH 
Channel B 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 
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 Bit in the Channel Control 
Register. 

I 
I 

WD60C40 

3 1 2 I 1 1 0 
EC03 I EC02 I EC01 1 ECOO 

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 external 
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 AO?, 
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 
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the resource that is to be accessed. The PCM has 
control of 4 general resources (internal registers, 
buffer memory, channel A, and channel B), and 
maps these resources into the address space. 

The microprocessor interface deviates at this 
point depending upon the microprocessor that is 
interfaced, and the microprocessor and board 
design to support the REAOYIWAIT 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. Oata 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. 

110 MEMORY MAP 

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 2 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 
BOH 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 OATABUFFER 
EOH BUFFER MGR. REGISTERS 
COH CHANNEL B REGISTERS 
BOH CHANNELB 

7CH OAT A BUFFER 
60H BUFFER MGR. REGISTERS 
40H CHANNELA REGISTERS 
OOH CHANNELA 
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7.0 INTERRUPTS 

All interrupt conditions within the PCM are 
grouped into a single interrupt line going out of the 
WD60C40. Individual interrupt conditions can be 
enabledldisabled 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~to~ and tri-states the port's 
control lines (RD, WR, DRO, DACK), 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 
ini!ializing 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 
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 110 to the peripheral port can 
not be performed until the channel control register 
is written as master mode after a reset. 

WD60C40 

9.0 READY SEQUENCES AND LATENCIES 

The RDY (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 RDY Signal 
will assert low when the internal address decode 
with CS selects a resource. The resource will start 
its access 3 PCM clocks after the 
microprocessor's data strobe asserts. When the 
PCM is in the 'non-waitable' mode, the RDY sig­
nal will assert low 30 ns. after the 
microprocessor's data strobe ends. The resource 
will start its access after the 3 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 frequen­
cy 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 
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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 WD60C40 

The memory transfer rate when the port is in a 
burst is 2 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 WD33C93A 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 4 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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10.0 NON-CHANNEL REGISTERS MAP 

7 6 5 4 3 2 1 0 REGISTER/ 
ADDRESS 

MPAR CAW1 CAWO SRAM RRC3 RRC2 RRC RRCO OPT 
60H or EOH 

0 0 NOWAIT WAITE AHI INTE BINTE AINTE OP2 
62H or E2H 

ONR 0 0 PRNR BANR PPE BINTR AINTR MSR 
64H or E4H 

0 0 0 0 0 0 0 0 66H or E6H 

BOL? BOL6 BOL5 BOL4 BOL3 BOL2 BOL1 BOLO BOL 
68H or E8H 

MPO? MP06 MP05 MP04 MP03 MP02 MP01 MPOO MAP 
6AH or EAH 

MP15 MP14 MP13 MP12 MP11 MP10 MP09 MP08 6CH or ECH 

0 0 0 0 MP19 MP18 MP17 MP16 6EH or EEH 

TAS? TAS6 TAS5 TAS4 TAS3 TAS2 TAS1 TASO TAS 
?8H or F8H1 

SWRST 0 BRST ARST TSMEM CNTRT MTPBF MTPAF RTR 
?AH or FAH 

BAR? BAR6 BAR5 BAR4 BAR3 BAR2 BAR1 BARO BAR 
?CH or FCH 

BAR? BAR6 BAR5 BAR4 BAR3 BAR2 BAR1 BARO AAR 
?EH or FEH 

NOTES 
All "odd" addresses willi access the "even" address that is one lower. 
1Contents of addresses 70H (or FOH) through 76H (or F6H) must be written as 00 and read as 00. 
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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 or C2H 

0 0 DKST RQST PNR FMT VBSY BSY CSR 
44H or C4H 

AERR lOPE IOE REJ LATE PERR VB1 . BSY1 ISR 
46H or C6H 

CDL? CDL6 CDL5 CDL4 CDL3 CDL2 CDL1 CDLO CDL 
4BH orC8H 

BPO? BP06 BP05 BP04 BP03 BP02 BP01 BPOO CBP 
4AH or CAH 

BP15 BP14 BP13 BP12 BP11 BP10 BP09 BP08 4CH or CCH 

0 0 0 0 BP19 BP18 BP1? BP16 4EH or CEH 

TCO? 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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12.0 ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN MAX UNIT 
Power Supply Vee 4.5 5.5 V 

Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Ouptut Low Voltage VOL 0.4 V 
IOL= 2.0 rnA 

Output High Voltage, VOH 2.8 V 
10H = 400!lA 

Leakage Current Low ILL 10 JlA 

Leakage Current High ILH -10 !lA 

Supply Current lee 100 rnA 

Power Dissipation PD 500 mW 

The output loading depends on the pin function and are as follows: 

IOL IOH SIGNAL NAME 
6mA -2.5mA AD7toADO 

2mA -1.0 rnA CSA,CSB 
DRaA, DRaB 
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 0.0. RDY 
PINT 
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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 BA9to BAa 

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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14.0 TIMING DIAGRAMS 

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 
referred. 

DESCRIPTION 

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 

WD60C40 

RIS 

Classification of requirement/specification. 

R = Requirement of the external circuit. 

S = WD60C40 output timing specification. 

TIMING 

Value, unit, and characteristic of timing. 
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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 , 
~_0.8VOLTS 

,_2.0 VOLTS , 
" REF. INPUT GOING LOW ~_0.8VOLTS . . ,: REF. OUTPUT GOING LOW - - I , 

~ -, , , , , , , , , , 
REF. INPUT GOING LOW L REF. INPUT GOING LOW ~ 

0.8 VOLTS-, 0.8 VOLTS-, , , 
2.0 VOLTS -;-

REF. INPUT GOING HIGH . 
2.0 VOLTS --;-

REF. INPUT GOING HIGH , 

~TCKHL---+ ~TCKLH~ 

II 

/ 
TCKF ---. ~TCKR --. ~ 

..--- TCKH ---. ~ TCKL---. 

TCYC 

NAME REF R/S MINIMUM MAXIMUM 
TCYC = In~ut Clock Period R 40NS 
TCKL = Input Clock Low R 17 NS 
TCKH = Input Clock HiQh R 17 NS 
TCKR = Input Clock Rise R 5NS 
TCKF = Input Clock Fall R 5NS 
TCKHL = Input Clock High to Low R 20 NS 
TCKLH = Input Clock Low to High R 20 NS 

FIGURE 4. RISE/FALL AND MISC. TIMING 
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elK 

, 
~ \ , , 
~ -----------\"""p;,wRii"j- ---------- ~ ---~ 
_RD (REF IF PIC READ) I 

~ : ----.. : 
, \ / , , , , , , , , 
:_ lACS _._ TCSW lWWR_ _TCSA-. -

WR , 
, , , 

, J ~-~I 
-TWRZ 

PIO WRITE __ TROZ _ 

f-fflDVj _lWDH - CYCLE WAVEFORMS 

DB_ [7:0,p]: 

b~V:WJiLE "- "~VAUD "t£, NEXT DMA 
PROGRAMMED I/O CYCLE READ 

READ DATA / .......... WRITE DATA DATA , 
, 

~_TCSR TWRD-t -, 
~ , , RD_ 

, _'m:c ~TROZ~ PIO READ 

DB [7:0.P]: TSUR_ TDHR I- CYCLE WAVEFORMS 

PREVIOUS V VAUD 'f:A ........ ~-J ~~C~~ / 
:x.". PROGRA....., I/O / CYCLE READ 

WRITE DATA DATA 

NAME REF R/S 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 

TWDH = Time of Data Hold in Write TE S TCKH -5NS 

TWRZ = Time of Write Strobe to Hjgh Z TE S TCKH -5NS TCKH +20 NS 

TCSR = Chip Select to Read Strobe LE S 2TCYC-15 NS 4 TCYC+ 15 NS 
(See DLY in Section 4.1) 

TWRD = Width of Read Strobe S 4 TCYC-15 NS 10 TCYC + 15 NS 
(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 ONS 

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 5. PIO READ/WRITE OF EXTERNAL DEVICES 
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WD60C40 TIMING DIAGRAMS 

ClK 

~ \ 
-.I · \ I . 

· . 
· , 

DRO_· · · · FTACS_' , 
\ · DACK_· · · · , 

:-rCSA .- TDAW TWWR - r TSOA~-TDQD_: · · { _WR · · · I. · · · · · · · l ..-TWOE I TSUW TWDH · TWRZ _.TROZ_ 

DB [7:0,P] • · · 
PREVIOUS "'4.. · (XXXXXXX MYY.'fiX . , ", VAUD OMA VAliD DMA 'tA. PIO CYCLE WRITE DATA WRITE DATA "",.". READ DATA / · · · · · __ rOAR 

TWRD lr--TSDA ~ TDQD-: · ~ · RD_ · 
1---1 · · · 1 I-TSUo...--.TROZ- TDHR 1--

DB [7:0,PI • 
POSSlBlE 

PREVIOUS ........... VALID DMA XX/ / VALID OUA 't.f...> NEXT PIC 
PIO CYCLE . 

READ DATA "- READ DATA READ DATA 
READ DATA 

NAME REF RIS 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+ 15NS 
(See DL Y in Section 4.1 ) 

TWWR = Width of Write Strobe S 2 TCYC -15 NS STCYC + 15NS 
(See SC in Section 4.1) 

TWOE = Time to Output Enable in Write LE S o NS 

TSUW = Data Setup Time to Write TE S 2 TCYC-40 NS STCYC + 15NS 

TWDH = Time of Data Hold in Write TE S TCKH-5NS 

TWRZ = Time of Write Strobe to High Z TE S TCKH-5 NS TCKH +20 NS 

TDAR = Time DACK to Read Strobe LE S 2TCYC-15NS 4 TCYC+ 15NS 
(See DL Y in Section 4.1 ) 

TWRD = Width of Read Strobe S 2 TCYC -15 NS STCYC+ 15NS 
(See SC in Section 4.1) 

TSUR = Data Setup Time of Read Data TE R 30 NS 

TDHR = Data Hold Time of Read Data TE R o NS 

TROZ = Time of Read Strobe to High Z TE R 2 TCYC •• 

TDaD = Time to DRa Deasserted LE R 2 TCYC - 20 NS ••• 
(to stop Burst) 

TSDA = Time of Strobe Deactivated S 2TCYC-15NS 4 TCYC + 15NS 
(See SDTC in Section 4.1) . DRa 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 6. DMA BURST MODE TRANSFERS 
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TIMING DIAGRAMS WD60C40 

ClK 

I CS ~ , 

J , 

}---)-,~ ~ , , , 
DRO_' , , TOOD 

I 

'\ DACK_' , , , , 
, reSA :_TOAW-=1_ TWWR -, 

_WR 
, , '\ , , , 

-TWRZ_ , 1 , 
t-TSUW_ TWDH -_.TROZ_ .-TWOE 

DB [7:0.P] , 
, 

~~~~EE "'4.. 
, 

/xxxxnxx Y\f.v, POSSIBlE VAlID DMA NEXT PlO 
READ OATA WRITE DATA READ DATA , , 

:-TDAR~ _TWRD_ , , , 
RD_ , "\J 

t~B , 

, 1" -.TROZ-

DB 17:0.P] , 
FOSSIIlI.E 

PREVK>US """J ~ VALID DMA 'f::A. "l NEXT PIO 
PIC CYCLE ,,?<- READ DATA / READ DATA 
READ DATA 

NAME REF RIS 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 - t5 NS·· 

TDAW = lime DACK to Write Strobe LE S 2 TCYC -15 NS 4 TCYC +15 NS 
(See DLY in Section 4.1) 

TWWR = Width of Write Strobe S 2TCYC-15 NS 8 TCYC + 15 NS 
(See SC in Section 4.1) 

TWOE = Time to Output Enable in Wr~e LE S ONS 

TSUW = Data Setup lime to Write TE S 2TCYC-40NS 8 TCYC + 15 NS 

TWDH = lime of Data Hold in Wme TE S TCKH -5 NS 

TWRZ = Time of Write Strobe to High Z TE S TCKH-5NS TCKH +20NS 

TDAR = Time DACK to Read Strobe LE S 2 TCYC -15 NS 4TCYC+15NS 
(See DLY in Section 4.1 ) 

TWRD = Width of Read Strobe S 2TCYC-15NS 8TCYC+15NS 
(See SC in Section 4.1) 

TSUR = Data Setup lime of Read Data TE R 30NS 

TDHR = Data Hold lime of Read Data TE R o NS 

TROZ = lime of Read Strobe to High Z TE R 2 TCYC •• 

TOaD = lime to ORO Deasserted LE R 2 TCYC - 20 NS ••• 
(to stop Burst) 

TSDA = Time of Strobe Deactivated S 2 TCYC -15 NS 4 TCYC+15 NS 
(See SDTC in Section 4.1) . 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 7. DMA SINGLE CYCLE MODE 
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WD60C40 TIMING DIAGRAMS 

ClK 

b TRap '1, 

DRO_' ( J' ! 

_DA_C_K_-_. __ 
T
_
DA

_
K
......,[ =0 ""O~K-_-_-_-----~-'~y'-.:----------

_D_B-;;;;....:.[O_:7_.P]-'-_____ ~ t::=..TSUW -;,.wDH 

DATA BYTE "N-1" DATA BYTE "N" 

DB_ [O:7.P] 

DATA BYTE "N-1" 

NAME 
TOAK = lime ORO to Acknowledge 

TOaD = lime to ORO Oeasserted 

TRap = lime of Request Period 

TWOK = Width of OACK Signal 

TSUW = Data Setup lime of Write Data 

TWDH = Data Hold Time of Write Data 

TSUR = Data Setup Time of Read Data 

TOHR = Data Hold Time of Read Data 

CTSUR -:TRDH 

DATA BYTE "N" 

REF 
lE 

lE 

TE 

TE 

TE 

TE 

• ORO polarity shown high true; DACK polarity shown low true 
•• If SOTC in Section 4.1 is set. then value is 4 TCYC 

""'"------- CHANNEL DIR BIT SET 
DATA BYTE "N+1" PCM DRIVING-BUS 

'-------- "WRITE OPERATION" 

/""------- CHANNEL DIR BIT RESET 
DATA BYTE "N+1" DEVICE DRIVING BUS 

"READ OPERATION" 

RlS MINIMUM MAXIMUM 
S 35 NS 

R 3 TCYC 

R 6.5 TCYC 

S 3.5 TCYC 5.5 TCYC + 15 NS 

S 2 TCYC -40 NS 

S TCKH -5NS 

R 30NS 

R o NS 

••• Based on SC and SDTC set to zero. Add 2 TCYC for each programmed state 

FIGURE 8. BUS MASTER DISK MODE 
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TIMING DIAGRAMS WD60C40 

J \ / 
DRO_ • · · 

\ · / DACK_' · · , · · · · · · · · TDSP TDAH . .-..-
· __ TWWR_ ~TSDA '!"DOD-: 

I 

· I 

· \ · V _WR · · · · \. · · · · I 

· j.-TSUW~ 1-- · · · TWDH · · DB_ (7:0,P] · · XXX;( XXXX XX~ VALID VALID 

· WRITE DATA WRITE DATA 

· ... TDSP: · · \--1--~ · · · - · V · _RD · J · · · · ___ TRACI __ 
TDHR ~ · · TRON --- ___ • TROZ ----DB 17:0,P] ,.,XXXX VALID XXX)( VALID XX/' WRITE DATA WRITE DATA 

NAME REF RIS MINIMUM MAXIMUM 
TWWR - Width of Write Strobe R 50NS 

TSDA = Time of Strobe Deactivated R 50 NS 

TOaD = Time to ORa Deasserted LE S 35NS 

TDSP = Time of Data Strobe Period R 2.5 TCYC 

TDAH = Time of DACK Hold TE R ONS 

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 o NS 50 NS 
DACK (If DIR bit is set) 

TWRD = Width of Read Strobe R 50NS 

TRAC = Data Access Time LE S 45NS 

TDHR = Data Hold Time of Read Data S 10NS 45 NS 

TROZ = Time of Read Strobe to High Z S 50 NS 

. ORa polarity shown high true; DACK polarity shown low true 

FIGURE 9. SLAVE BURST MODE TRANSFERS 
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WD60C40 

-:----..\ I~-~/. / 
~~ ....... --T-DQ-D-j--+--'"'I-d:~--~~~~T-R-WA------------:~~:~ 

TDAH :4-

TIMING DIAGRAMS 

rTSUW TWDH ~: 
DB_ [7:0,P[ ............ . • ii ............ ~~ ~A~WE DATA -

TDAH ,_ 

~: TROZ:-4-

NAME REF RIS MINIMUM MAXIMUM 
TWWR - Width of Write Strobe R SONS 

TDOD = lime to DRO Deasserted LE S 1.5TCYC 3.5 TCYC + 15 NS 

TDAH = lime of DACK Hold TE R ONS 

TSUW = Data Setu lime to Write TE R 20NS 

TE R 10NS 

LE S ONS SONS 

TWRD = Width of Read Strobe R 50NS 

TRAC = Data Access lime LE S 45NS 

TDHR = Data Hold lime of Read Data TE S 10NS 45NS 

TROZ = lime of Read Strobe to Hi h Z TE S SONS 

TRWA = lime of RIW to DACK Inactive LE S 2 TCYC + 15NS 

. DRO polarity shown high true; DACK polarity shown [ow true 

FIGURE 10. SLAVE SINGLE CYCLE TRANSFER 
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TIMING DIAGRAMS WD60C40 

DRQ_' (BDRQ) 

~""""":"'-\.'----------
-I TDAS) ___ 

DACK • (BRDY) 

TDRH l=-------
vv 

.. 
NAME REF RIS MINIMUM MAXIMUM 

TDAS = Time of DACK Setup LE S 3.5 TCYC 5.5 TCYC + 15 NS 

TSDA = Time of Strobe Deactivated R 50NS 

TDSP = Time of Data Strobe Period R 2.5 TCYC 

TDAH = Time of DACK Hold LE S STCYC 

TRAC = Data Access Time LE S 45NS 

TDHR = Data Hold Time of Read Data LE S 10NS 

TWRD = Width of Read STrobe R 50 NS 

• DRO polarity shown high true; DACK polarity shown low true 

FIGURE 11. SLAVE BURST DISK MODE (READ) 
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WD60C40 TIMING DIAGRAMS 

=4-r:rJ= ORQ_* (BORQ) 

OACK_* (BORQ) -4--TRDY 

_WR vV 
• TDSP 

lWWR- _ TSDA ..::::I 
_WR , 

I 

~ lWDHI-. 

~J\I1fffi WR~18ATA tp1tff VALID 'f;f;, 
WRITE DATA 

OB_ [7:0,P] VVVVYV\ 'VVVYVV\ 

NAME REF RIS MINIMUM MAXIMUM 
TWWR = Width of Write Strobe R 50 NS 

TSDA = lime of Strobe Deactivated R 50 NS 

TDSP = lime of Data Strobe Period R 2.5 TCYC 

TDAH = lime of DACK Hold TE R 2 TCYC 

TSUW = Data Setup lime to Write TE R 20NS 

TWDH = lime of Data Hold in Write TE R 10 NS 

TRDY = Width of BRDY (DACK) R 10 TCYC 

TDAS = Time of DACK Setup S STCYC 

. DRO polarity shown high true; DACK polarity shown low true 

FIGURE 12. SLAVE BURST DISK MODE (WRITE) 
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TIMING DIAGRAMS WD60C40 

CLK 

:if_TOAK _I ____ TDQD ----l~ \'------', 
r- PASSIVE PUlLUP MAY BE REQUIRED 

~---h~--"", 

:-rwOE 
DB_ [7.0,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 DL Y in Section 4.1 ) 

TWWR = Width of Write Strobe 
(See SC in Section 4.1) 

TWOE = Time to Output Enable in Write LE 

TSUW = Data Setup Time to Write TE 

TWDH = Time of Data Hold in Wrije 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 4,1) 

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 

TDQD = Time to DRQ Deasserted LE 
(to stop Burst) 

TSDA = Time of S1robe Deactivated 
(See SDTC in Section 4,1) 

TDAZ = Time to Dack High Z TE . DRQ Polarity shown high true; DACK polanty 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 

S 

_ DACK DRIVEN BY THE EDAC DEVICE _ 

FIRST CHECK BYTE 
FROM EDAC DEVICE 

\--------', 

MINIMUM MAXIMUM 
2 TCYC -15 NS" 

2 TCYC - 15 NS" 

2TCYC-15NS 4 TCYC + 15NS 

2 TCYC -15 NS 8 TCYC + 15 NS 

ONS 

2 TCYC-40 NS 8 TCYC + 15NS 

TCKH -5 NS 

TCKH-5NS 6.5 TCYC 

2TCYC-15 NS 4 TCYC+ 15NS 

2 TCYC -15 NS 8 TCYC + 15 NS 

30NS 

ONS 
2 TCYC •• 

2 TCYC - 20 NS ••• 

2TCYC-15 NS 4 TCYC+ 15NS 

6 TCYC 

••• Based on SC and SDTC set to zero. Add 2 TCYC for each programmed state. 

FIGURE 13. EDAC MODE (DMA SINGLE CYCLE) 
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WD60C40 TIMING DIAGRAMS 

ClK 

TRap 

1 
~ I 

_TDAK_ I-TDQD_ 
r- PASSIVE PULLUP MAY BE REQUIRED 

TWDK 
_ I l-TDAZ.-J' r DACK DRIVEN BY THE EDAC DEVICE_ 

DACK_' , , , , , 
TSUW 

, -1 
.lWDH , 

NEXT TO LAST DATA BYTE LAST DATA BYTE FROM PCM ~ / FIRST CHECK BYTE 
WHEN CHANNEL DIR_ BIT IS ONE FROM EDAC OEVICE 

, 
TSUR I TRDH 1_ 

)1 NEXT TO LAST DATA BYTE 
LAST DATA BYTE TO PCM xx XX XX XX FIRST CHECK BYTE 
WHEN CHANNEL DJR IS ZERO TO EDAC DEVICE 

DB_ [7.a,p] 

NAME REF RIS MINIMUM MAXIMUM 
TDAK = lime DRO to Acknowledge LE S 35NS 

TDOD = Time to DRO Deasserted LE R 3 TCYC 

TRap = lime of Request Period R 6.5 TCYC 

TWDK = Width of DACK Signal S 3.5 TCYC 5.5 TCYC + 15 NS 

TSUW = Data Setup lime of Write Data TE S 2TCYC-40 NS 

TWDH = Data Hold lime 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 ONS 

TDAZ = lime to DACK High Z TE S 6 TCYC 

. DRO 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. EDAC MODE (DMA DISK) 
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TIMING DIAGRAMS WD60C40 

I_TALEH_' 
,,----..... ' 

~~E~~1 \~ __________________________ ~~ 

AD[7:0[ 
ADDRESS »-__ _ 

CS 
TAURDY _____ [ 

TCSRDY 

CS RD or WR 

rQOSRY_ 

RDY 
RDY 

FIGURE 15. MICROPROCESSOR BUS TIMING 
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WD60C40 

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 Wr~e 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 Microprocessor 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 

FIGURE 1.5. MICROPROCESSOR BUS TIMING, Continued 
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TIMING DIAGRAMS 

TIMING 
35NS MIN. 

15NS MIN. 

15NS MIN. 

30 NS MIN. 

110 NSMIN. 

40 NS MAX. 

95NS MAX. 

o NSMIN. 

60NS MAX. 

120 NS MIN. 

110 NS MIN. 

3 CLK MAX. 

30 NS MIN. 

10NS MIN. 

120 NSMIN. 

50 NSMAX. 

35 NS MAX. 

60 NS MAX. 

6 ClK MIN . 



TIMING DIAGRAMS WD60C40 

SA [9:0_1-------------..... 
COLUMN ADDRESS UNDEFINED COLUMN ADDRESS 

R_A_S ________ ~t====~~====~ 
CAS 

~ 
I ////1//11 

RS[7:01, RSP 

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

NAME REF RIS MINIMUM MAXIMUM 
TCYC = Input CLock Period R 40 NS 

TCKL = Input Clock Low R 17 NS 

TCKH = Input Clock High R 17NS 

TCKR = Input Clock Rise R 5NS 

TCKF = Input Clock Fall R 5NS 

TRAS = Time of RAS Low S 3.5 TCYC -15 NS 

TRPC = Time of RAS Precharge S 2.5 TCYC - 5 NS TRFC 
(RAS High) 

TASR = Address Setuflto 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 6 TCYC TRFC" 

TRFC = Refresh Cycle Time S 32 TCYC 512 TCYC ••• 
(Programmable) 

TT = Transition Time All Outputs S 3 NS 20 NS 

•• 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 16. RAS ONLY REFRESH TIMING 
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WD60C40 

elK 

PREVIOUS COWMN ADDRESS 
BA{9:OJ 

ROW 
ADDRESS 

COWMN 
ADDRESS N 

COLUMN 
ADDRESS N+1 COWMN ADDRESS N+2 

TIMING DIAGRAMS 

NEW ROW 
ADDRESS 

~--______ TAS_iE - !~ -:;r-___ TRPC __ --_-_-_-___ TRC_D=~~I-~---1-----~ __ 
W i ~CS F~-'--------
RB[7:OJ.RBP 

DRAM READ DATA 

I-Tos-:-m~ 
V_-_~"""yVv WRrTE DATA "W-R-rTE-D-ATA--

./' '" X ADDRESS N ADDRESS N+1 ----_---/ 

NAME 
TRAS = TIme of RAS Asserted 

TRPC = TIme of RAS Precharge 
(RAS High) 

TASR = Address Setup 10 L.E. RAS 

TRAH = Address Hold from L.E. RAS 
TRCY = RAS Cycle TIme 
TT = Transition TIme All Outputs 
TRCD = L.E. RAS to L.E. CAS Delay 

TCAS = TIme of CAS Asserted 
TCP = Time of CAS Precharge (CAS 
High) 

TWP = Time of Write Asserted 
TASC = Address Setup to L.E. CAS 
TCAH = Address Hold from L.E. CAS 

TDS = Data Setup to L.E. CAS 
TDH = Data Hold from L.E. CAS 

TRSH = RAS Hold from L.E. CAS 

TWCS = Write Setup to L.E. CAS 

TWCH = Write Hold from L.E. CAS 

REF RlS 
S 

S 

FE S 
FE S 

S 
S 

LE S 

S 
S 

S 
LE S 
LE S 

LE S 

LE S 
LE S 
LE S 
LE S 

WRITE DATA 
ADDRESS N+2 

MINIMUM 
3.5 TCYC -15 NS 

2.5 TCYC - 5 NS 

TCYC-20NS 

TCYC-15NS 

STCYC 
3NS 
2 TCYC-25 NS 

TCYC 
TCYC-20NS 

2 TCYC 
TCKH -15NS 
1.5 TCYC -15 NS 

TCKH -15NS 
1.5 TCYC -15 NS 

TCYC 

TCYC 
TCYC 

FIGURE 17. PAGE MODE WRITE TIMING 
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MAXIMUM 

TRFC 

TCYC 

20NS 



TIMING DIAGRAMS 

elK 

PREVIOUS COLUMN ADDRESS 
BA[9:01 

RAS 

COlUMN ADDRESS N ... 2 

WD60C40 

NEW ROW 
ADDRESS 

,.-____________ ....... : TeAS:_ -TPCV _ TRSH_----------
_TRPC----! _TACO_gp==e; 

~ " I _TCP_ I 

w 

RB[7:01.RBP 

NAME REF RlS MINIMUM MAXIMUM 
TRAS ~ Time of RAS Asserted S 3.5 TCYC -15 NS 

TRPC ~ Time of RAS Preeharge 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-15NS 

TRCY ~ RAS Cycle Time S 6 TCYC 

TT ~ Transition Time All Outputs S 3NS 20NS 

TRCD ~ L.E. RAS to L.E. CAS Delay lE S 1 .5 TCYC - 5 NS 

TCAS ~ Time of CAS Asserted S TCYC 

TCP ~ lime of CAS Precharge (CAS S TCYC-20 NS 
High) 

TASC ~ Address Setup to L.E. CAS lE S TCKH-15NS 

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 Time lE R TCYC 

TOFF ~ Data High-Z Delay TE R ONS 30 NS 

FIGURE 18. PAGE MODE READ TIMING 
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WD60C40 

eLK 

AD~~~SS A8&k~~SN N ADO~~~+ 1 COLUMN ADDRESS N+2 PREVIOUS COLUMN ADDRESS 
BA[9:01 

-:'i[~J_ 

RB[7:OI.RBP 
, 

TDS-.. 

~,x,---------~xY ~~~~~ 
-------' 

SRAM READ DATA 

NAME 
TRAS = lime of RAS Asserted 

TRPC = lime of RAS Precharge 
(RAS High) 

TASR = Address Setup to L.E. RAS 

TRAH = Address Hold from L.E. RAS 

TRCY = RAS Cycle lime 

TT = Transition lime All Outputs 

TRWD = L.E. RAS to L.E. Write Delay 

TWCY = Write Cycle 

TWPC = Time of Write Precharge 
(Write High) 

TWP = Time of Write Asserted 

TASW = Address Setup to T.E. Write 

TWAH = Address Hold from T.E. Write 

TDS = Data Setup to T.E. Write 

TDH = Data Hold from T.E. Write 

TRWH = RAS Hold Time from T.E. Write 

REF 

FE 

FE 

LE 

TE 

TE 
TE 

TE 

TE 

IDH 

WRITE DATA 
ADDRESS N+1 

RlS 
S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

WAITE DATA 
ADDRESS N+2 

MINIMUM 
3.5 TCYC -15 NS 

2.5 TCYC - 5 NS 

TCYC-20 NS 

TCYC-15NS 

6 TCYC 

3NS 

2 TCYC -25NS 

2 TCYC 

TCYC-20 NS 

TCYC 

1.5 TCYC -15 NS 

5NS 

1.5 TCYC - 15 NS 

5NS 

ONS 

FIGURE 19. STATIC RAM WRITE TIMING 
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TIMING DIAGRAMS 

NEW ROW 
ADDRESS 

MAXIMUM 

TRFC 

TCYC 

20 NS 



TIMING DIAGRAMS 

CLK 

PREVIOUS COLUMN ADDRESS 
BA(9:0] 

ROW 
ADDRESS 

COWMN 
ADDRESS N 

COLUMN 
ADDRESS N+1 COLUMN ADDRESS N+2 

WD60C40 

NEW ROW 
ADDRESS 

.---------:'--, .. :1= TACC_: TRAS I, 

~------~-=k~';.l-=R:'RH_L~ ______ '-----__ _ 
w 

RB{7:0],RBP 

NAME 
TRAS = lime of RAS Asserted 

TRPC = Time of RAS Precharge 
(RAS High) 

TASR = Address Setup to L.E. RAS 

TRAH = Address Hold from L.E. RAS 

TRCY = RAS Cycle lime 

TT = Transition lime All Outputs 

TROE 

TWOE 

TOEI 
TACC 

TRRH 

TOE 

TOFF 

TRCT 

- TQFF_ 

REF R/S MINIMUM MAXIMUM 
S 3.5 TCYC -15 NS 

S 2.5 TCYC - 5 NS TRFC 

FE S TCYC-20NS TCYC 

FE S TCYC-15NS 

S STCYC -15 NS 

S 3 NS 20NS 

LE S 2TCYC-25NS 

S TCYC 

S TCYC-20NS 

R TCYC 1.5 TCYC -15 NS 

TE S ONS 

LE R TCYC 

TE R ONS 30NS 

S 2 TCYC 

FIGURE 20. STATIC RAM READ TIMING 
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WD60C80 
Error Detection and Correction Chip 

(EDAC) 
FEATURES 
• High speed on-the-fly Reed-Solomon encoding 

and error detection up to 3 Mbyte/sec when 
clocked at 24 MHz. (Maximum clock frequency 
= 25.0 MHz) 
-On-the-fly 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 /Lsec 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 (5.0 
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 1/5 

the clock frequency (5.0 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 +5V supply 
• 28 pin PLCC package 
• Implemented in 1% /Lm dual metal CMOS 

technology 

ADO 
AOl 
A02 
A03 
A04 
ADS 
A06 

4 321282726 
5 • 25 
6 
7 
8 
9 

10 

WD60C80 
DEVICE PINOUT 

SORa 
CORa 
~ 
COO 
COl 
CO2 
C03 
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PIN DESCRIPTIONS 

PIN SYMBOL PIN NAME DESCRIPTION 

1 WE Write Enable TTL Input, Low Active; AN Oed with ~, it controls the 
Taskfile write operation by the processor. 

2 -es Chip Select TTL Input, Low Active; Controls the Taskfile access by 
the processor. The pin must be set high during the reset. 

3 FCLK Fast Clock TTL Input; The primary clock input. f ::;;25 MHz. The 
frequency must be greater than or equal to the nominal 
bit transfer rate for the application. 

4 ALE Address Latch TTL 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 TTL Bidirectional, True Level; Multiplexed data/address 
bus used by the processor to access the internal Taskfile 
Registers and Syndrome transfer. 

13 CDP/SDACK TTL Bidirectional; Dual·Function Pin. 

CDP CD bus Parity TTL Bidirectional, True level; The parity bit inputJoutput 
for the CD bus. 

SDACK Syndrome DMA TTL Input; Active Level Programmable. 
Acknowledge The external DMA controller indicating that the DMA cycle 

is granted. 

14-22 CDO·CD7 Controller Data Bus TTL Bidirectional, True Level; (Less Pin 15) Data, CRC, 
ECC bytes are transferred tolfrom the target disk 
controller via this bus. An option exists to use this bus 
for the Syndrome transfer. 

15 VSS Logic/Power Ground 

23 ~ Controller Bus TTL 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 WD6OC80 inputsloutputs 
the CRCJcheck bytes while this signal (output) is active. 

24 CDRQ Controller Bus TTL 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 controllerlbuffer manager during the redundancy 
read/ write phase of the operation. 

25 SDRQ Syndrome DMA TTL Output, High Active; Indicates to the external DMA 
Request controller that syndrome bytes are ready to be transferred. 

26 MR Master Reset TTL Input, Low Active; Initializes the chip to the 
power-on default condition. 

27 RE Read Enable TTL Input, Low Active; ANDed with eg, it controls the 
Taskfile read operation by the processor. 

28 VDD Power Supply +5 V ± 10% 

DESCRIPTION 
The WD6OC80 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 WD60CSO 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. 

The WD60CSO 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 X3B11 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 WD60CSO can correct up to 
SO bytes per sector of data with only 160 bytes of ECC 
overhead (164 if CRC is used). 

The WD60CSO 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 WD60CSO can be clocked as high as 25.0 MHz, 
and has the maximum byte/sec throughput of 1IS 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 WD60CSO 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.S 
Mbytelsec. 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.S 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 WD60CSO 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. 

WD60C80 

The device is implemented using 1% I'm double metal 
CMOS process, and packaged in a 2S-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 WD60CSO 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 
WD60CSO and the external buffer manager. 

The WD60CSO 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 S-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 WD60CSO 
has three distinctive interfaces. 
a) The processor interface (ALE, CS, WE, RE pins) 
b) The controller interface (CDRQ, CDACK pins) 
c) The syndrome transfer interface (SDRQ, SDACK 

pins). 

The controller bus and syndrome transfer interfaces 
are simple REQ-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 COx 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 36-3 



WD60CBO 

The controller bus has an optional ninth bit, which is 
used as the parity bit for higher data integrity. The 
WD60C80 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 28-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 

COO 

I 
CD? 
COP 

CORa -CDACK _ 

SORa --SDACK _ 

~ 

_I 

CONTROLLER 
BUS DMA 

SYNDROME 
XFR CONTRL 

DATAIECC 
FIFO 

TASKFILE 
REGISTERS 

~ 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'" 
i80188/86) have their DMA function implemented like 
a p~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 

f-
SYNDROME 

FIFO f--

~ 

~ 
TASKFILE 

~ ACCESS 
CONTROL ~ 

~ 

ADO 
I 

AD? 

ALE 
cs 
FiE 
WE 

WD60C80 SIMPLIFIED BLOCK DIAGRAM 
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DatalECC 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
deni of the controller bus activity, allowing the external 
processor to interact with the device without any 
special protocol. 

SOFTWARE RESET 

CMDR.SSO-1 

CMDR.SSO=O 

WD60C80 

Control Sequences 
The WD60C80 has five independent states as listed 
below: 

1) Idling WD60C80 is completely dormant. 

2) Data Read 

3) Redundancy 
Write 

4) Redundancy 
Read 

5) Recovery 

WD60C80 reads data bytes from 
the CDbus. 

WD60C80 writes ECC/CRC to 
the CDbus. 

WD60C80 reads ECC/CRC from 
the CDbus. 

End of a block and reinitialize for 
the next. 

CMDR.SSO-O 

WD60C80 BASIC CONTROL FLOW DIAGRAM 
(END OF BLKWR) 
(END OF BLKRD) 

= All ECC/CRC bytes written out to the dataiECC 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 w.iII transfer the data bytes 

FiE 

l1E 

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-7 

CDACK- WD60C80 

l:= r+ 
CPU 

·COMMANDS 
CDRQ 

CbO-7,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 CDO through CD7 
pins plus the optional CDP 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 
CDx 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 
CD7 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 CDACK 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 
WD60C80 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 WD60C80 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 WD60C80 enters the Redundancy Write Phase 
(State) if the WRITE operation is chosen in the 
command register, and the prescribed number of 
bytes (in the sector size register) are read from the 
controller bus and finished processing inside the ECC 
generator. 

In this phase, the WD60C80 performs REQ-ACK 
protocol with the target peripheral device, outputting 
the generated ECC and CRC bytes to the controller 
bus. The CDACK pin as well as all the CDx pins 
become outputs, and CDRQ input gets activated, the 
WD60C80 becoming the temporary bus master. 
Unless it is used with a buffer manager like the 
WD60C40 which knows when to release the bus, 
some external support logic is necessary between the 
buffer manager and the WD60C80, isolating the buffer 
manager from the DMA protocol to transfer the 
ECC/CRC bytes. In particular, the DACK output of the 
buffer DMA device must be tri-stated. 

Notice when the WD60C80 shifts from the Data Read 
Phase to the Redundancy Write Phase, there is more 
than a "Byte Time (eight clock cycles)" before the first 
ECC/CRC 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 
WD60C80 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 WD60C80 can output the first 
ECC/CRC bytes. This register should be 
bidirectional, for dealing with the Read operation. 

2) Set the WD60C80'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 WD60C80. 

After the WD60C80 takes over the bus, it transfers the 
ECC/CRC bytes pretty much at the target data rate 
(eight clock cycles/byte, if FCLK 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 CDRQ 
pin is held inactive (low) for an extended period of time. 
The WD60C80 will stop generating redundancies 
when the FIFO is full. 

When all the ECC bytes are generated and the data 
FIFO becomes empty (Le., all of them are transferred 
to the target device), then the WD60C80chacges its 
state to the Recovery Phase. The DA K pin 
becomes an input again, and the final status 
information is output to the Syndrome FIFO, where 
the processor can read it. 

The WD60C80 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 WD60C80 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-ACK protocol with the target controller device as 
a temporary bus master, but to read CRC/ECC 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 datalECC FIFO 
may become full when the last ECC byte is read from 
the controller bus, due to the read-ahead feature on 
this device. If the transfer is taking place at the 
WD60C80 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 CDRQs are generated by the target controller 
at the end of the block, the WD60C80 will generate 
spurious CDACK 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 notfetch these spurious bytes from the 
FIFO. This prev~nts the FIFO from becoming empty, 
and consequently, prevents the WD60C80 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 SORa 
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 SORa and SDACK pins also 
control this bus. This bus is used primarily by the 
external processor to setup the operation 
modes/configurations of the WD60C80 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, 80186, 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 16-bit 
processors, some of which insist on even or odd 
boundaries for byte accesses, all internal registers of 
the WD60C80 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 by the processor, 
care should be taken that the es RE signal is wider 
than 2.0 clock cycles of the WD60C80, 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 WD60C80 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 SORa 
pin and the SDACK pin are used to perform REQ-ACK 
protocol. 

Code Description and Performance 
The WD60C80 implements Reed Solomon error 
correcting code of degree 16, distance 17, long 
distance code. There are 16 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 5114 
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(256), 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 Oata Field Length) 
- 255 X (Interleave Factor) -

(ECC Overhead)-(CRC Overhead) 

Number of ECC/Syndrome Bytes generated 
(ECC Overhead) 

Polynomial 

Oegree 16 
Oegree 8 
Oegree 4 

Interleave Factors 
1 2 3 4 5 8 10 

16 32 48 64 80 128 160 
8 16 24 32 40 64 80 
4 8 12 16 20 32 40 (Bytes) 

CRC Overhead - 0 if CRC is disabled. 
- 4 if CRC is enabled. 

Example: 
For Oegree 16, 10 interleave, no CRC, 
(The Maximum Oata 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 (ECG). 

EXAMPLE BLOCK FORMAT 
(Degree 16, five interleaves, with CRC) 

INTERLEAVE 

o 2 3 4 

00 01 02 03 04 -+ ROW 0 PARITY 

05 06 07 08 09 -+ ROW 1 PARITY 

010 011 012 013 014 -+ ROW 2 PARITY 

015 016 017 -+ ROW 3 PARITY 

0507 0508 0509 -+ ROW 101 PARITY 

0510 0511 CRCO CRC1 CRC2 -+ ROW 102 PARITY (UP TO 0511) 

CRC3 RO R1 R2 R3 

R4 R5 R6 R7 R8 USEO TO COMPUTE CRCO-CRC3 .... 

R9 

LEGENOS: 

R71 R72 R73 00-0511: 512 BYTES OATA 
CRCO-CRC3: 4 BYTES CRC 
CRO-R79: 80 BYTES ECC 

R74 R75 R76 Rn R78 

R79 

They are output to the target peripheral controller in the order of 00 through 0511, CRCO through CRC3, RO 
through R79. 

Supported Polynomials 

This section contains the definition of the polynomials 
supported by the W060C80. Knowledge of the Reed­
Solomon Code is assumed. 

Finite Field Definition 

This definition is common to all the polynomials 
including CRC. 

Let 8, 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: 

(l' - (13')88 
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ECC Generator polynomial for degree 16 
Degree 16, distance 17, self-reciprocal, with 
coefficients from GF(256) 

g(x) = IT135 (x + 0. 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) - IT 131 (x + o.i) 
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) = IT129 (x + o.i) 
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) = IT 139 (x + 0. i) 
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) 

Block Errors 1 n 
____ - __ E i n-i 

p (1-p) 

where 

n 
e 

k 
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 
errors/symbol) 

(This formula is quoted from "Product Description for 
the NG8510", 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. 

Mlscorrection 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,O 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 
01 OX 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 BIT6 BITS BIT4 BITS BIT2 Bm BITO 

I FT I SCB I CRC I SSO I WRTI ARM I RSV I RSTI 

The Command Register is a ReadIWrite 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 S CRC - CRC Encoding Enable 
When set high, the WD60C80 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 readlwrite 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 BITS BIT4 Brr3 BIT2 BIT1 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. 

152 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 S 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 SDRQ, 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 als.;> enabled (see 
PCD bit), the WD6OC80 will inspect the incoming data 
for odd parity (odd number of "high" bits at the 
CDD-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 DMA 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 

WD60CBO 

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 BITl BITO 

SSRO I SS7 I SS6 I SS5 I SS4 I SS3 I SS2 I SS1 I SSol 

SSRl I SS11 1 SS10 1 SS9 1 SS81 

(INTERLEAVE FACTOR + 1) :s (SSR) :s (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 :s (SECTOR SIZE REGISTER) :s 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 

1 DATA FIELD CRC 1 ECC I 

BI17 BIT6 BIT5 BIT4 BIT3 BIT2 BITl BITO 

STRO I N/U I N/U I PERR-I DFO-I SFO I EERR I SORC!I BUSy!1 

STR1 117E 1 16E 1 15E 1 14E 113E 1 12E 1 11E 

STR2 I N/U I CERR I PERR-I DFO-I SFO I EERR I 19E 

N/U = Not Used 

All bits are cleared at the end of the data field except: 
- marked bits clear at the end of the current block. 
! 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 reset/abort is activated. 

Byte 0 Bit 1 SDRQ - Syndrome Transfer 
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 SDRO 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 115 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-CD7, 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 interl.eave. The 
bit is set during the ECC fiRld 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC 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 ECC field and stays valid until the 
end of the data field of the next block. 

WD60C80 

Byte 2 Bit 6 CERR - CRC Error Detected 
This is a latched status indicating a CRC error is 
detected during the read operation. The processor 
should be able to find non-zero CRC residue. This bit 
is set during the CRC 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 SORa bit in the 
status register byte O. 

Timing Relationship between the Data flow and 
Syndrome Transfer 

Controller 
Bus 

Syndrome 
Bus 

to t 
------------------------~.~ 

DATA FIELD CRC ECC 

During the read operation, the host must read through 
this FIFO, four bytes of CRC residue (if CRC option 
is set), syndrome bytes (number of bytes varies 
depending on the ECC 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 CRC 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 
Degree 8 
Degree 4 

16 32 48 64 80 128 160 
8 16 24 32 40 64 80 
4 8 12 16 20 32 40 (Bytes) 

(Total # of bytes to be transferred) 
= CRC 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, SORa will be set 
high (true) at the end of the block. 
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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. erid 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 
'CS A'E 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., SDRa 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 
SDRa clears. 
If, for any reason, the DMA device tries to read the 
syndrome FIFO when SDRa 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 (3~F) to 70°F (158°F) 
Storage Temperature .......................................... -55°C (-67"F) to +125°C (257"F) 
Minimum Voltage on any pin with respect to Vss. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -02\1 
Maximum Voltage on any pin with respect to Voo ......................................... +0.3V 
V DO with respect to V ss .............................................................. + 7.OV 

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 output/bidirectional pins. 10 - -1.0 mA 
[7] Applies to all other output/bidirectional 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 pA [2) 

O.S V 
V. 

MAX UNIT CONDo 

10.0 pA [3) 
V [4) 
V [6) 

0.4 V [5) 
0.4 V [7] 
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DC OPERATING CHARACTERISTICS (continued) 

SYMBOL CHARACTERISTIC 

ILU Latch Up Current 

AC TIMING CHARACTERISTICS 

REF NAME DESCRIPTION REFERENCE I RIS I TIMING 

• 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-AD? pins are 100 pF, and all other outputs are 50 pF. 

O.SV'{ 
REFERENCED EDGE I 

(INPUT) 2.0/( 

04--

~~ VOH 

SIGNALS GOING LOW 
(OUTPUT) 

04-- -+f 2.OV 
SIGNALS GOING HIGH / (OUTPUT) 

VOH 

O.SV\{ 
REFERENCED EDGE I 

(OUTPUT) 2.0V) 

VOL .....-

=1~ 
SIGNALS GOING LOW 

(INPUT) 

SIGNALS GOING HIGH ~ ~2.OV 

(INPUT) / 
12-12-90 36-17 
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OUTPUT SIGNAL 

~ __ V_OH* 

_____ .J0 I/!2 2m. \t\.. OO_.8V ______ _ 

REF NAME . DESCRIPTION REFERENCE R/S TIMING 

1 TR Output Rise Time From VOL to 2.0V S 25 nsec Max 
2 TF Output Fall Time From VOH to O.BV S 25 nsec Max 

OUTPUT RISE/FALL TIMING 

FClK 

MRST-
1~4r------------6--------------~·~1 

----~\~----------------------------~/~---------

REF NAME DESCRIPTION REFERENCE R/S TIMING 

1 ClK FClK Cycle Time" R 40nsec 
R 60 nsec 

2 TeR FClK Rise Time R 10 nsec 
3 TeH 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 BOClK 

" This specification is used to define several other timings. 
(1) The maximum clock frequency is 25 MHz if Degree 4 or Degree B polynomial is selected. 
(2) If the Degree 16 polynomial is selected, the maximum clock frequency is 16.7 MHz. 

CLOCK/RESET TIMING 

36-18 12-12-90 

Min (1) 
Min (2) 

Max 
Min 
Max 
Min 
Min 



1+-1--.! 
ALE J \\.... ____________ _ 

(READ CYCLE) 

CS 

~7---f 
--------~----, r-----------

~8 

WD60CSO 

ADO-7 (HIGH IMP)-

(WRITE CYCLE) 

CS 

ADDR VALID 
(INPUT) 

DATA OUT VALID 
(OUTPUT) 

~11--r 
------------'""""\\ t'2 ~,.. .. -13-~-1---------

ADO-7 ---< X'!)///fl( ) 
(INPUT) ADDR VALID DATA IN VALID 

REF NAME DESCRIPTION REFERENCE RIS 

1 TALW ALE Pulse Width R 
2 TADS Address Setup Time Before T.E., ALE R 
3 TADH Address Hold Time After T.E., ALE R 
4 TRWD RE/We Setup Time After T.E., ALE R 
5 TCSE CS Setup Time Before L.E., RE/WE R 
6 THLD CS Hold Time After T.E., RE/WE R 
7 TRE RE Pulse Width R 

8 TDAC Data Output Delay After L.E., RE S 
9 TDOH Data Hold Time After T.E., RE S 
10 TDOT Data Bus High imp. After T.E., RE S 
11 TWE WE Pulse Width R 
12 TDS Data Setup Time Before T.E., WE R 
13 TDH Data Hold Time After T.E., WE R 

[1] This restriction applies only when reading the syndrome FIFO. 

TASKFILE ACCESS TIMING 
(Including PIO mode Syndrome Transfer) 

12-12-90 

TIMING 

50 nsec 
15 nsec 
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 

REF 

1 

2 
3 
4 
5 
6 

11+-: --===--<5-.~1-"1---_-~2-=------..l-+l:1 

~ -----, 'r-------___ \ 
(INPUT) r--1------------J1 '------

1--3 _-_-+-1 .. _6_.~1 .. ~4·1 
CDO-7,CDP 711/ /lJ///I//l/X Xli 1// /lJ/i Ii/// ////I/J/XI-__ 
(INPUT) DATA IN VALID 

NAME DESCRIPTION REFERENCE RIS TIMING 

TCDK1 CDACK INP Pulse Width R 2.0 ClK + 10nsec 
100 ",sec 

TCDC1 Transfer Recovery Time After T.E. CDACK R 2.0 ClK + 20 nsec 
TACC1 Data Access Time After L.E. CDACK R 4.0 ClK - 80 nsec 
TCDH1 Data Hold Time After T.E. CDACK R 10 nsec 
TCCDK Transfer/Cycle Time Between L.E. CDACK R 5.0ClK 
TCDS1 Data Setup Time Before T.E. CDACK R 40 nsec 

REDUNDANCY READ TIMING 

CORa ~ \\....-----

(INPUT) 1--1~.. 3 :t.. 4~2----l 
CDACR \. ----t_1)=~~\ r--
(OUTPUT) c=---------'~ ~--------' 

CD0-7 V/ ////1 /I/I/III!Ii!;;d ~"''jj,rT.'j/,rT.(';,rTl'//,rTl'//,'771277'/ /,77,/ /,"T7n"T7n"T7'j/,"T712TT'I/;,TTV,rT.'jj,rT.'jj,'"Z 
(INPUT) DATA IN VALID 

REF NAME DESCRIPTION REFER~NCE RIS TIMING 

1 TCDD CDACK Synchro Delay After L.E., DRO S 2.0ClK 
4.0 ClK + 20 nsec 

2 TORR CDRO Reset Timing After L.E., CDACK R 2.0 ClK - 15 nsec 
3 TCDK2 CDACK Out Pulse Width S 4.0 ClK - 40 nsec 
4 TOCD2 CDACK Recovery Time After T.E., CDACK S 2.0ClK 
5 TACC2 Data Valid Delay Time After L.E., CDACK S 4.0 ClK - 80 nsec 
6 TCDH2 Data Hold Time After T.E., CDACK S 10 nsec 

DATA READ TIMING 

36-20 12-12-90 

Min 
Max 
Min 
Max 
Min 
Min 
Min 

Min 
Max 
Max 
Min 
Min 
Max 
Min 
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CORa ~r--------------------------------------~\ 
(INPUT) I-- 1 --1_ I--- 2 --1'----------
~ _________ ~ 1··~-----3-----;·11~·~~4=~~ 

::"" t,~ 1~,--1'------'1 
10""'"" _+ _ o~t:J~ (HIGH IMP) ----------------

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 TORR CDRQ 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 TCDC2 CDACK Recovery Time After T.E., CDACK S 2.0CLK Min 
5 TCDD Data Valid Delay Time After L.E., CDACK' 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 CDO-7 Valid S 20 nsec Max 
9 TCDPT Parity Bit High Imp. After CDO-7 H.I. S 10 nsec Max 

REDUNDANCY OUTPUT TIMING 

12-12-90 36-21 
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PHASE CHANGE TIMING 

1--5--1 
'lilli/II iii II/Ilill 1I!l///1/I I \ I: 2:1 .·4 61 

~ -(IN-P-UT)----\ ____ ---..J/ (OUTPUT) \\-__ ..... /,...----

CORa 

1-- 4-/ 3 I 
(WRITE MODE OPERATION) I-------l 

CDO-7, P WI/// iii /a,-:-:"--~ ~~Y<lllllJJ ( 
(INPUT THE LAST DATA BYTE) (OUTPUT THE FIRST REDUNDANCY) 

) 

(READ MODE OPERATION) 

CD0-7, P WI///////~I//II//II///////!I///a W////////h 
(INPUT THE LAST DATA BYTE) (INPUT THE FIRST REDUNDANCY) 

REF NAME DESCRIPTION REFERENCE R/S 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) 
2 TCDlW CDACK Direc. Reversal 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 TCDrw CDACK Direc. Reversal After T.E., CDACK S 1.0 ClK Min 

·READ Mode Operation (Assumes FIFO not full after receiving the last data) 

2 

3 
4 

TSOlR 

TCDlR 

TSOTR 
TCDTR 

Switch Over Cycle Time After L.E., CDACK 

CDACK Direc. Reversal After L.E., CDACK 

Switch over Delay After T.E., CDACK 
CDACK Direc. Reversal After T.E., CDACK 

·WRITE/READ Operations 

6 TCDK2 CDACK Out Pulse Width 

S 

S 

S 
S 

S 
S 

6.0 ClK Min(1) 
8.0 ClK +24nsec Max(1) 
4.0 ClK Min (2) 
6.0 ClK + 25 nsec Max (2) 
2.0 ClK Min 
1.0 ClK Min 

4.0 ClK + 20nsec Min(3) 
4.0 ClK- 40nsec Min 

5 I TCDD I CDACK Synchro Delay I After L.E., CDRQ 

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

(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 

t+-2--+j 
CDACK (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 ..J. \~ ____ _ 
(OUTPUT) ~1----1·~14 3 .,.. 4--.r-2~ 

'SDACK ,-----
(INPUT) \ / \. f 

ADO-7 ______ r= __ 5_~-c 1:;31~IGH IM~-
(OUTPUT) DATA OUT VALID 

REF NAME DESCRIPTION REFERENCE RIS TIMING 

1 TSDD1 SDACK Setup Time After L.E., SDRQ R Onsec Min 
2 TSDR SDACK Reset Timing After L.E., SDACK S 80nsec Max 
3 TSDK1 SDACK Pulse Width R 3.0ClK Min 
4 TSDC1 Transfer Recovery Time After T.E., SDACK R 2.0 ClK + 10 nsec 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 

DMA TRANSFER TIMING (SYNDROME ON PROCESSOR BUS) 
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SDRQ ---f \~ ____ _ 
(OUTPUT) 1+--1----..1.1 f..2~ 

_ 3 .1_ 4----., 
·SDACK \ I \ I 
(INPU1] r:: ~ :r1 
CD0-7 ________ 5_~-< "\-(HIGHIMPJ-' 

(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) 
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.1175 8 PlACES 
1.905 

.170 •. 015 
4.318+.381 

.004 ___ - ..... .050 TYP 

.076mm 1.270 

.028 28 PLC'S 
, .. . 711 

I-=':'.;;;I::==U:; .1::'m" 

.050 
1270 

.170 •. 015 
4.318±.381 

WD60CBO 

r1: .02O • .oos 
.508± 127 
.018 

J.457 

"""1 

.050 
1.270 

OPTION - 'A' OPTION - '8' 

28 LEAD PLASTIC "JH" 
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DESCRIPTION AND APPLICATION 

1.0 DESCRIPTION AND APPLICATION 

The WD83B692 Ethernet Transceiver is a high­
speed, bipolar line transmitter/receiver. The device 
includes analog transmit and receive buffers, a 
10-MHz on-board oscillator, timing logic for jabber 
and heartbeat functions, output drivers, and a 
bandgap reference, in addition to a current refer­
ence and collision detector. The WD83B692 is 
pin-for-pin compatible with the National 
DP8392/NS32492 Coaxial Transceiver Interface 
(CTI). 

The Ethernet Transceiver (ET) is used as a coaxial 
cable line transmitter/receiver for Ether­
netiCheapernet-type local area networks (LANs). 
In Ethernet applications, the ET is part of a 
transceiver media attachment unit (MAU) that con­
nects directly to the coaxial transmission media and 
communicates with the data terminal equipment 
(DTE) through a transceiver cable, the attachment 
unit interface (AU I). 

1.1 FEATURES 
• Conforms to Ethernet II (10BASES) and 

Cheapernet (10BASE2) IEEE 802.3 standards, 
including IEEE 802.3 reliability specifications 
and receive mode collision circuitry 
requirements 

• Provides complete integration of transceiver 
function (except signal and power isolation) 

• Requires minimal external components 
• Contains on-board jabber function 

WD83B692 

• Provides combined noise rejection and squelch 
circuits for transmit and receive inputs 

• Provides heartbeat disable to allow use in 
repeaters 

• Incorporates high speed bipolar technology 

2.0 THEORY OF OPERATION 

This document describes the operation of the 
WD83B692 Ethernet Transceiver, and provides in­
formation on the following: 

1. Receiver 
2. Transmitter 
3. Collision Signaling 
4. Collision Detection 
5. Jabber Function 
6. Heartbeat Function 

The WD83B692 is part of a three-device set that 
implements the complete 802.3 IEEE-compatible 
Ethernet network node electronics (see Figure 1-1). 
The WD83C690 Ethernet LAN controller (ELC) and 
the WD83C691 Ethernet Manchester encoder/ 
decoder (MED) comprise the other two devices in 
the set. The ELC provides media access protocol 
functions and performs buffer management tasks, 
while the MED provides the Manchester encoding 
and decoding for transmission and data clock 
separation from received data. 

Figure 1-1 shows the connection for Ethernet ap­
plications of the WD83B692 ET between the 
coaxial cable and the DTE. 

------------I ,---------------------------------------------I 

BUFFER 
MEMORY 

PC BUS 

+5V 

TXC 

TXD 

WD83B690 !4--,-"RX=C---t 

802-3 RXD 
ETHERNET 

CONTROLLER 

GND 

STATION 
OR 
DTE 

+5V 

GND 

I 

TRANSCEIVER 
CABLE 
(AUI) 

FIGURE 1-1. WD83B692 SYSTEM INTERFACE 
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I 
I -9V 

ETHERNET 
COAX 

TRANSCEIVER 

GND 

1 ______ ------

TRANSCEIVER 
(MAU) 

r:~; .. 
: : ~ 
: : 0 

:u 
'1-'w 
l~ .w 
.J: 
it;:; 

.. ' 
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The coaxial transmitter is a current source driver 
with a controlled pulse waveform that minimizes 
jitter and spurious harmonics during transmissions. 
The receiver senses data on the coaxial transmis­
sion media and outputs the data to the Manchester 
encoder/decoder via the RX+ and RX- AUI pins. 
These pins drive the AUI cable through a pulse 
isolation transformer. 

3.0 OPERATIONAL DESCRIPTION 

This section describes the six basic functions of the 
Ethernet Transceiver, including receiving, transmit­
ting, collision signaling, collision detection, jabber 
timing, and the heartbeat function. Refer to Figure 
3-1 for a general system block diagram. 

3.1 Receiver Functions 

The receiver senses signals at pin 14 through the 
RXI input, which minimizes reflections on the trans­
mission media using a low capacitance, high resis­
tance input buffer amplifier. The CDS ground input 
at pin 16 attaches directly to the input buffer from 
the coaxial shield to eliminate ground loop noise. 

OPERATIONAL DESCRIPTION 

In addition to the input buffer, the receiver data path 
consists of an equalizer, data slicer, receiver 
squelch circuitry, and an output line driver. 

The equalizer improves the jitter margin; the data 
slicer restores equalized received signals to fast 
transition signals with binary levels to drive the 
receiver line driver; and the receiver line driver 
drives the AUI cable through an isolation trans­
former that connects to the AUI interface. See 
Figure 3-2. 

Noise on the transmission media is rejected by the 
receiver squelch circuitry, which determines valid 
data via two criteria: DC level and pulse width. The 
DC voltage level is detected and compared to a set 
level in the receiver comparator circuit. The pulse 
width must be greater than 20 nsec and repeat at 
valid data rates. It is detected using a pulse detec­
tor, operating like a retriggerable one-shot that 
resets at approximately two signal bit times. The 
pulse width detector disables the receiver line driver 
at the end of a transmission (Figure C-1). 
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OPERATIONAL DESCRIPTION 

DATA MEDIA 

L 

SLICER 

RECEIVER SQUELCH 

TRANSMIT SQUELCH 

WD83B692 

VEEtiVEE 
5 VEE 

13 VEE 

RECEIVER OUTPUT 
LINE DRIVER 

...-----------------19 HBE 

COLLISION 
THRESHOLD 

- -, 
llMiNG 
LOGIC 

R~~=E 11 RR+ 
AND CURRENT 1-------112 RR­

REFERENCE 

FIGURE 3-1. WD83B692 GENERAL SYSTEM BLOCK DIAGRAM 
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TE: T1 is a 1:1 pulse transformer. NO 
Pu 0 
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Valor Electronics (San Diego) 
Part No. 1101 or equivalent 

FIGURE 3-2. COJiNECTION DIAGRAM 
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OPERATIONAL DESCRIPTION 

3.2 Transmitter Functions 

The transmitter data path consists of a transmit 
input buffer, a pulse-shaping network (ramp gener­
ator), transmit squelch circuitry, a transmit driver, 
and a transmit output line driver. 

The self-biasing, transmit input buffer receives 
data through an isolation transformer and trans­
lates the AUI differential analog signal to digital 
signals suitable for driving the pulse shaping net­
work. The pulse shaping network gives equal rise 
and fall times to the transmit driver, which uses a 
high impedance current source output to drive the 
transmission media. The capacitance of the trans­
mit driver is isolated from the transmission media 
by an external diode with a low capacitance anode. 
The shield of the transmission media serves as the 
ground return for the transmitter function. 

A transmit squelch circuit, which consists of a pulse 
threshold detector, a pulse width detector, and a 
pulse duration timer, is used to suppress noise, as 
well as crosstalk, on the AUI cable. The squelch 
circuitry disables the transmit driver if the signal at 
TX+ or TX- is smaller than the pulse threshold. 
Pulse noise is rejected by a pulse width detector 
that passes only pulses with durations greater than 
20 nsec. The pulse duration timer disables the 
transmit driver if no pulses are received for two-bit 
periods following valid pulses. At the end of a 
transmission, the pulse duration timer disables the 
transmitter and triggers the blanking timer, used to 
block "dribble" bits. 

3.3 Collision Signaling 

When collision signaling is enabled, a 1 O-MHz sig­
nal is sent to the CD% pins (1 ,2) through an isolation 
transformer to the Manchester encoder/decoder. 
When the function is disabled, this output goes to a 
zero differential state. The 10-MHz output from the 
CD pins indicates a collision on the transmission 
media, a heartbeat function, or that the transmitter 
is in jabber mode. 

WD838692 

3.4 Collision Detection 

A collision occurs when two or more transmitters 
simultaneously access the transmission media. A 
collision is detected by comparing the DC level of 
the transmission media to a collision threshold. 
The received signal at RXI (pin 14) is buffered and 
sent through a low pass filter, then compared in the 
collision threshold circuit. If the DC level exceeds 
the collision threshold, the 10-MHz oscillator and 
CD outputs are enabled. 

3.5 Jabber Function 

When valid data is transmitted, the jabber timer is 
started. If there is valid data for more than 20 msec, 
a latch is set which disables the transmitter and 
enables the 10-MHz output on the CD pins. The 
latch is reset within O.S seconds after the valid data 
is removed from the transmitter input (TX%). This 
action resets the jabber timer and disables the 
10-MHz oscillator and CD output. The TX% inputs 
must remain inactive during the O.S-second reset 
period. 

3.6 Heartbeat Function 

The 1 O-MHz oscillator and CD outputs are enabled 
for about 1 J..lSec at approximately 1.1 J.1sec after the 
end of each transmission. The heartbeat signal 
tells the DTE that the circuit is functioning. This is 
implemented by starting the heartbeat timer when 
the valid data signal indicates the end of a transmis­
sion. 
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A.O APPENDIX A 

A.1 PIN DESIGNATIONS 

Figure A-1 illustrates the 16-pin DIP device. Table A-1 lists all pin designations. 

CO+ 16 CDS 

CO- 2 15 TXO 

RX+ 3 14 RXI 

VEE 4 13 VEE 

VEE 5 12 RR-

RX- 6 11 RR+ 

TX+ 7 10 GND 

TX- 8 9 HBE 

FIGURE A-1. WD83B69216-PIN DIP ETHERNET TRANSCEIVER 
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PIN NUMBERS MNEMONIC SIGNAL NAM-= FUNCTION 

1,2 CD+,CD-* Collision Output Balanced differential line driver outputs 
from the collision detect circuitry. The 10-
MHz signal from the internal oscillator is 
transferred to these outputs in the event of 
collision, jabber, or a heartbeat condition. 
These outputs are open emitters; pull-down 
resistors to VEE are required. When 
operating into a 78-ohm transmission line, 
these resistors should be 500 ohms. In 
Cheapernet applications, where the 78-
ohm drop cable is not used, higher resistor 
values (up to 1.5K) may be used to save 
power. 

3,6 RX+,RX-* Receiver Output Balanced differential line driver outputs 
from the receiver. These outputs require 
500-ohm pull-down resistors. 

7,8 TX+,TX-* Transmit Input Balanced differential line receiver inputs to 
the transmitter. The common mode voltage 
for these inputs is determined internally. 
Signals meeting transmitter squelch re-
quirements are wave-shaped and output at 
TXO (pin 15). 

9 HBE Heartbeat Enable This input enables CD heartbeat when 
grounded and disables it when connected 
to VEE. 

10 GND Ground Ground positive supply. A 0.1 11 F ceramic 
decoupling capacitor must be connected 
across GND and VEE as close to the com-
ponent as possible. 

11,12 RR+, RR- External Resistor A fixed, 1.0K, 1.0% resistor connected be-
tween these pins establishes internal 
operating currents. 

14 RXI Receiver Input Connects directly to the coaxial cable. Sig-
nals meeting receiver squelch requirements 
are equalized for intersymbol distortion, • amplified, then output at the RX+ or RX- pin. 

15 TXO Transmitter Output In both Ethernet and Cheapernet applica-
tions, this connects through an isolation 
diode to the coaxial cable. 

TABLE A-1. PIN DESIGNATIONS 
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PIN NUMBERS MNEMONIC SIGNAL NAME FUNCTION 

16 CDS Collision Detect This is the ground sense connection for the 
Sense collision detect circuit. This pin should be 

connected separately to the shield to avoid 
ground drops from altering the receive 
mode collision. 

4,5,13 VEE Negative Supply These pins should be connected to a large 
area of the lower metal layer on the PC 
board to handle heat dissipation. 

TABLE A-1. PIN DESIGNATIONS (Continued) 

*IEEE names for CD± = CI±; RX± = DI±; TX± = DO± 
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B.O APPENDIX B 

B.1 DC OPERATING CHARACTERISTICS 

Absolute maximum ratings indicate limits beyond 
which permanent damage may occur. Continuous 
operation at these limits is not recom-

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input Voltage 

Package Power Rating 
at 2So C (77° F) 

(PC Board Mounted) 

-12V 

o to -12V 

2.S Watts 

Derate linearly at the rate of 20 mWattsfC 

Lead Temperature 
(soldering, 10 seconds) 

Electrostatic Discharge (ESD) 1200V* 

WD83B692 

mended; operation should be limited to those con­
ditions specified under Recommended Operating 
Characteristics. 

* All pins tested per MIL-STD-883 Method 301S, Human Body Model. For the RXI pin only, the specified 
value is SOOV. 

Storage Temperature 

(For actual dissipation of the device refer to Table B-1.) 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage (VEE) -9V ±S%. 

Ambient Temperature 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS 

VOC Common Moqe Output 
Voltage (RX%, CD%) -2.5 -2.0 -1.5 V 

VOB Differential Output 
Voltage Imbalance - - %40 mV 
(RX%, CD%) 

lOB Differential Output 
Current Imbalance - - %4.0 mA 

VOD Differential Output 
Voltage %600 - %1200 mV 

ZR Input Impedance 
Real (TX%) 1.24 - - KQ 

ZI Input Capacitance 
(TX%) 0 - 6.0 pF 

VTC Common Mode Input 
Voltage (TX%) -1.8 - -1.2 V 

VLT Differential Logic 
Threshold (TX%) 0 - 338 mV 

CMR Common Mode 
Rejection (TX%) 40 - - dB 

HE Heartbeat Enable VEE+1.5 GND - V 

HD Heartbeat Disable - VEE VEE+.01 V 

RR Reference Resistor 0.99 - 1.01 Kil 

IEE1 Supply Current -
Non-Transmitting - 85 130 mA 

IEE2 Supply Current -
Transmitting - 125 180 mA 

IRX1 Receive Input Bus 
Current -2.0 - +20 IlA 

CX Input Capacitance (RXI) - 1.2 - pF 

RRXI Shunt Resistance -
Non-Transmitting (RXI) 1.0 - - Mil 

TABLE B·1. DC OPERATING CHARACTERISTICS 

Ta = OOC (32°F) to 70°(158°), VEE = -9V% 5% (See Note 2 on page 1-11.) 

·Refer to Notes on p. 1-11. 
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SYMBOL CHARACTERISTIC MIN TYP MAX UNITS NOTES 

VCD Collision Threshold 
(Receive Mode) -1.58 -1.492 -1.404 V 10 

VSQ Input Squelch Threshold -0.6 - -0.35 V -

ITDC Transmit Output DC 
Current Level 37 41 45 mA 4 

ITAC Transmit Output AC 
Current Level %28 - ITDC mA 4,5 

RTXON Shunt Resistance -
Transmitting (TXO) 7.5 10 - Kn 4,6 

RTXOF Shunt Resistance -
Non-Transmitting (TXO) 200 - - Kn 4 

ILOF Leakage Current -
Non-Transmitting - - %1.0 ItA 3,4 

CTXO Capacitance -
Non-Transmitting - 8 - pF 3,4 

TABLE B-1. DC OPERATING CHARACTERISTICS (continued) 

NOTES: 

1. Currents into device pins are positive; currents out of device pins are negative. If not specified, 
voltages are referenced to ground. 

2. All typicals are for VEE = -9V, Ta = 25°. 

3. 0 > VEE> -9.SV. 

4. The voltage on TXO is -4V < V(TXO) < O.OV. 

5. The AC current measurement is referenced to the DC current level. 

6. The shunt resistance does not degrade the ITAC current if five transmitters are simultaneously driving 
a SOn-terminated coax cable. 

7. Operating or idle state. 

8. Test load as shown in Figure 8-1. 

9. Device measurement taken in idle state. 

10. This threshold can be determined by monitoring the CD% output with a DC level into RXI. 

11. The TXO does not switch with a 100 mVpp common mode sine wave input for frequencies from 0 to 
10 MHz input to TX+, TX- with a common mode DC level from 0 to -3V. 

12. This is a self-bias, level-generated on device, and is measured with a DC voltmeter with no external 
load on the TX+ or TX- pin. 
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GNO~ 

RX+ 
or 

CO+ 

ETHERNET 
XCVR 

RX­

510 ±S% 

+ 

SOIAH ±1% 

or I--~~------~~------------~ 
CO-

S100HM ±S% 

730HM±1% 

FIGURE B-1. TEST LOAD FOR CD% OR RX% 
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C.O APPENDIX C 
C.1 AC OPERATING CHARACTERISTICS AND TIMING DIAGRAMS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS NOTES* 

Transmit Specification 

tTST Transmitter Start-up 
Delay (See Figure C-2) - 1 2 bits 8 

tTD Transmitter Propaga-
tion Delay 
(See Figure C-2) - 25 50 nsec 8 

tTS Transmitter Jitter - %0.5 2.0 nsec 7,8 

tTR Transmitter Rise 
Time; 10 - 90% 
(See Figure C-2) 20 25 30 nsec -

tTF Transmitter Fall 
Time; 90 - 10% 
(See Figure C-2) 20 25 30 nsec -

tTM tTR and trF 
Mismatch 
(See Figure C-2) - 1 - nsec -

TX% Transmit Squelch Timing 

tTON Transmit Turn-on Pulse 
Width atVTS 
(See Figure C-2) 8 25 30 nsec -

trOFF Minimum Transmit Turn-
off Pulse Width at VTS 
(See Figure C-2) - 180 - nsec -
Receive Specification 

tRJ Receive Jitter 
(See Figure C-6) - 2 4 nsec 5 

tRON Receiver Start-up Delay 
(See Figure C-1 ) - 4 5 bits 4 

tRD Propagation Delay 
(See Figure C-1) - 15 50 nsec -

TABLE C-1. AC OPERATING CHARACTERISTICS 

Ta = OOC (32°F) to 70°C (158°F); see note 3 on page 1-16. VEE = -9V%5%, Bit Time = 100 nsec 

*Refer to Notes on p. 16. 
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Transmit Specifications 

The first bit transmitted from TXO may have data and phase violations. The second through last bit 
reproduce the TX% signal with less than or equal to specified jitter. 

There is no logical signal inversion between TX% and TXO output. A low level from TX+ to TX- results 
in more current flowing from the coaxial cable into the TXO pin. 

At the end of transmission, when the transmitter changes from the enabled state to the idle state, no 
spurious pulses are generated,. i.e., the transition on TXO proceeds monotonically to zero current. 

Receive Specifications 

The first bit sent from RX% may have data and phase violations. The second through last bit reproduce 
the received signal with less than or equal to specified jitter. 

There is no logical Signal inversion between the RXI input and the RX% output. A high level at RXI 
produces a positive differential voltage from RX+ to RX-. 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS 

RX%, CD% Specification 

tRR Differential Outputs 
Rise lime - 4 5 nsec 

tRF Differential Outputs Fall 
Time - 4 5 nsec 

tEv Dynamic Pulse 
Envelope (See Figure C-9) 

VCM AC Common Mode 
Signal - - 50 mV 

TABLE C-1. AC OPERATING CHARACTERISTICS (continued) 

·Refer to Notes on p. 16. 
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Active to Idle Transition 

The output waveform conforms to the limits as specified in Figure C-10. 

Short Protection 

The electrical and physical characteristics of the RX%, CD% outputs are not altered if the pins 
are shorted together or to ground. 

SYMBOL CHARACTERISTIC I MIN I TYP I MAX I UNITS NOTES· 

CD% Collision Detection Timing 

tCON Collision Turn-on Delay 
(See Figure C-3) - 7 9 bits -

tCOFF Collision Turn-off Delay 
(see Figure C-3) - - 20 bits -

fCD Collision Frequency 
(See Figure C-3) 8.5 - 11.5 MHz -

tcp Collision Pulse Width 
(See Figure C-3) 40 - 60 nsec -

tHON CD Heartbeat Delay 
(see Figure C-4) 0.6 - 1.6 J.l.sec -

tHW CD Heartbeat Duration 
(See Figure C-4) 0.6 1.0 1.5 J.l.sec -

TABLE C-1. AC OPERATING CHARACTERISTICS (continued) 

*Refer to Notes on p. 16. 
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SYMBOL CHARACTERISTIC I MIN TYP MAX UNITS NOTES 

Jabber Timing 

tJA Jabber Activation Delay 
(See Figure C-5) 20 50 150 msec -

tJR Jabber Reset Unjab 
Time (See Figure C-5) 250 300 750 msec -

TABLE C-1. AC OPERATING CHARACTERISTICS (continued) 

NOTES 

1. Absolute maximum ratings are values beyond which the safety of the device cannot be guaranteed. 
They are not meant to imply that the device should be operated at these limits. 

2. All currents into device pins are positive; all currents out of device pins are negative. All voltages 
are referenced to ground unless otherwise specified. 

3. All typicals are given for VEE = -9V and Ta = 25°. 

4. RXI low to RX± out of idle state. 

5. Using the test configuration load shown in Figure C-6, jitter is measured at RX± in relation to 
transmitter edges. The waveform is a 1 O-MB Manchester-coded signal with an amplitude of 
0.749 to 2.6 Vpp. The waveform has a rise and fall time of 25 ± 1 nsec and zero jitter. The DC level is 
from 0 to 2.6V and does not clip input waveform. 

6. The dynamic voltage waveform stays within the shaded area of Figure C-9 when loaded as shown in 
Figure B-1. 

7. Transmitter jitter is the difference in propagation delay from TX± to TXO for rising and falling output 
transition. This is measured using a random Manchester-coded signal. 

8. The TX± input operates with signals meeting the RX± timing and amplitude specifications. 
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TIMING DIAGRAMS 

Table C-2lists all timing diagrams. Figures C-1 through C-12 illustrate all timings. 

FIGURE NUMBER TITLE 

C-1 Receiver Timing 
C-2 Transmitter liming 
C-3 Collision Timing 
C-4 Heartbeat Timing 
C-S Jabber Timing 
C-6 Receive Jitter Timing 
C-7 Coaxial Transceiver Receive Timing 
C-8 Coaxial Transceiver Transmit Timing 
C-g Dynamic Pulse Envelope 
C-10 Enable to Idle Transition; CD±,RX± 
C-11 Test Loads 
C-12 Test Circuit for TX± Input 

TABLE C-2. WD83B692 TIMING DIAGRAMS 

• 
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RXI 

RX± 

TX± 

TXO 

37-18 

I 

~I 

~ 
I 
I 1st BIT 

I 
I 

" ----..~ tRd 

FIGURE C-1. RECEIVER TIMING 

J J~ VTS 

L tTOFF . 

~----,/ 

~~IT' 

FIGURE C-2. TRANSMITTER TIMING 
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INPUT STEP 
FUNCTION 

.. - - - - - - - - - -, 
R= 1K , VVD83B692 

: RXI COLLISION 
~~~:------~ DETECTOR , 

, ' 
I rf':, 
: C = 150pF -.L 
I ~ I 

"----------, 
RCNETWORK 
SIMULATES WORST CASE 
CABLE STEP RESPONSE 

RXI~AX) 

etC-ON -1---
CD± 

FIGURE C-3. COLLISION TIMING 
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CD± 
OUTPUT 

TX± 
,~---------------------------------------------

CD± 

FIGURE C-4. HEARTBEAT TIMING 
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TX± ~111111111111111111111111t----------

~ ~ "I 11+--..-
TXO 1111111111111111 

CD±-----IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIt--1 --

INPUT SIGNAL 
WITH 30 NSEC RISE 

AND FALL TIMES 

37-20 

FIGURE C-S. JABBER TIMING 

~ - - - - - - - - - - - - -I 

1 R = 1k 
RXI 

ET ~ 1 AM! 
1 1 

I CD+ 

'---___ --' OUTPUT 

1 f"J' C = 36pF 1 

-----:.t------.J 

RC NETWORK SIMULATES 
WORST CASE CABLE 

1 1 
10lIl • ~I 

Input jitter <= ±1 nsec 
RX± Output jitter <= ±7 nsec 
Difference <= ±6 nsec 

FIGURE C-S. RECEIVE JITTER TIMING 
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RECEIVE 
INPUT 

FROM COAX 

LOW PASS 
FILTER 

OUTPUT 

RECEIVE 
ENABLE 

RECEIVE 
OUTPUT 
TODTE 

200nsec 
TIMER 

DC 
THRESHOLD 
CHECK ~ 

RECEIVER 
TURN-ON 

.-----------1..5 "r-S -------,1 REc:':EJ 
TURN-OFF 

------' 

FIGURE C-7. COAXIAL TRANSCEIVER RECEIVE TIMING 

TRANSMIT 
INPUT -------, 

FROM DTE - - - - - - - - - - - - - --

TRANSMITTER ~ 
TURN-ON PULSE 

WIDTH 
(TYPICALLY 25 nsec) 

TRANSMITTER ~ THRESHOLD 
TURN-OFF PULSE 

WIDTH 
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TRANSMIT 
DRIVER --------' 
ENABLE 

S~S--------~~I __________ _ 

TRANSMIT ----------. 
OUTPUT 
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FIGURE CoB. COAXIAL TRANSCEIVER TRANSMIT TIMING 
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t =2.5nsecAT10MHzDATARATE 
V2 = 0.89 V1 
V3= 0.82 V2 

OmV --r-~r-~-----------------------r--~--4---+ t 

BIT TIME 

(NOMINAL) 

FIGURE C-g. DYNAMIC PULSE ENVELOPE 
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-V 

TRANSMIT 
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T 1 = 200 nsec MINIMUM 
T2 = 80 BIT TIMES MAXIMUM 
U = 100 mV MAXIMUM UNDERSHOOT 
E = STEADY STATE OFFSET INTO 

SPECIFIED TEST LOAD 
±40 mVMAX 
±-4 mAMAX 

R = RINGING SHALL BE <200 mV PK-PK 
AFTER T1 AND BEFORE END OF T 2 

FIGURE C-10. ENABLE TO IDLE TRANSITION CD±,RX± 

25 OHM 

RX± 
or 

CD± 

510 
OHM 

FIGURE C-11. TEST LOADS 
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10 MHz 

37-24 

1 :1 
,------1..._-----.---t TX+ 

Vrc 

39 OHM 
±1% 

39 OHM 
±1% 

VTS 

TX-

APPENDIXC 

ET 

I GND 

t _______________ _ 

FIGURE C-12. TEST CIRCUIT FOR TX± INPUT 
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D.O APPENDIX D 
0.1 PACKAGE SPECIFICATIONS 

Figure D-1 illustrates the 16-Pin DIP package showing dimensions in inches (and millimeters). 

0.770 (19.558) 
0.745 (18.923) 

t 
0.260 (6.604) 
0.240 (6.096) 

+ 

0.070 (1.778) ± 0.015 (0.381) 

0.200 (5.080) tnrvvvvmJ + 
0.140 (3.556) ====::::;: 
0.150 (3.810) t 
0.125 (3.175) J -+I j.-0.100TYP. (2.540) 

... 0.015 (0.381) 
0.023 (0.584) 

0.310 (7.874) 
0.285 (7.239) 

FIGURE 0-1 W083B692 16-PIN DIP PACKAGE SPECIFICATIONS 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DESCRIPTION 

The WD83C584 is a single device bus interface 
controller that enables a LAN controller device to 
function with the standard PC XT, AT or compatible 
bus with minimum external logic. This device inter­
faces with BIOS ROM, shared memory, external 
EEPROM and the LAN controller. It's internal 
registers are automatically loaded with configura­
tion data from the external EEPROM. 

1.2 FEATURES 

• Host: IBM PC/XT/AT, PS/2s, and compatibles 

• Interfaces to: 
WD83C690,8390 
BIOS ROM: 16,32 or 64 Kbyte windows 
in memory space 
Shared Memory 

• 16-bit or 8-bit Memory Data 
- 8-bit 1/0 Data 

• Bus Speed: Supports 8.33 MHz EISA 

• 

• 

• 

• 

SRAM Memory: 
- 8-bit: 8 or 32 Kbyte 

16-bit: 16 or 64 Kbyte 

Shared Memory Mapped 
- allowing 16-bit 1 wait state 

or 8-bit 4 wait state transfers 

WD83C584 

- Zero Wait State on AT busses allowing 
16-bit 0 wait state or 8-bit 2 wait state 
memory transfers 

Interfaces to external EEROM which stores: 
1/0 Address 

- Memory Address 
- Memory Size 
- BIOS ROM Address 
- Configuration 

LAN Address 

Controls 128 Byte External EEROM, 
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2.0 PIN OUTS 

2.1 PIN DESCRIPTIONS 

2.2.1 PC Bus Signals 

PIN NAME DESCRIPTION 

97 LA23 (I) PC LA ADDRESS BUS 
96 LA22 These input signals (unlatched) are used to address memory. They give the 
95 LA21 system up to 16 Mbyte of addressability. They are valid when BALE is high. 
94 LA20 Their purpose is to generate memory address decodes during 0 and 1 wait 
93 LA19 state memory ReadlWrite cycles. 
92 LA18 
91 LA17 

19 SA19 (I) PC ADDRESS BUS 
18 SA18 Address lines SA 19-13 & SA 9-0 are used to decode and address memory. 
17 SA17 SA 15-13 and SA 9-0 are used for I/O addressing. 
16 SA16 
15 SA15 
14 SA14 
13 SA13 
12 SA9 
11 SA8 
10 SA7 
09 SA6 
08 SA5 
07 SA4 
06 SA3 
05 SA2 
04 SA1 
03 SAO 

99 BALE (I) PC ADDRESS LATCH ENABLE 
Used to enable address lines LA23-17 from the LA bus. 

98 SBHE (I) PC BUS HIGH ENABLE 
Indicates a transfer of data on the upper byte of the data bus, SD8 - SD15. 

100 M16CS (0) PC MEMORY 16-BIT CHIP SELECT 
Signals the system board that the present transfer is a 16-bit memory cycle. 
It is derived from a decode of LA23 - LA 17. It is driven by a tri-state driver. 

77 BIT8 (I) PC 8-BIT BUS / 16-BIT BUS 
A 0 or low signal on this input indicates that the data bus is an 16-bit bus. A 
1 or high signal indicates that the data bus is 8 bits. 

47 SD7 (I/O) PC DATA BUS 
46 SD6 These signals provide the low order data bus bits. They are the PC's access to 
45 SD5 the internal registers. 
44 SD4 
43 SD3 
42 SD2 
41 SD1 
40 SDO 

TABLE 2·1. PC BUS SIGNALS 
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PIN NAME DESCRIPTION 

21 ClK (I) PC CLOCK 
PC system clock used to synchronize the zero wait state line when used in the 
8-bit interface mode. 

33 RSTDRV (I) PC RESET 
Used to reset or initialize logic at power up time. 

58 lOR (I) PC 1/0 READ 
When low, this input transfers the contents of the selected 1/0 register onto 
the PC data bus. 

59 lOW (I) PC 1/0 WRITE 
When low, this input transfers the contents of the PC data bus onto the selected 
1/0 register. 

82 MEMR (I) PC MEMORY READ 
22 SMEMR (I) These inputs connect to the memory read signals on the PC bus. When this 

signal is active, it enables data from the buffer memory onto the PC data bus. 
SMEMW is active only when the memory address is within the first 1 Mbyte 
of memory space. 

81 MEMW (I) PC MEMORY WRITE 
23 SMEMW (I) This input connects to the memory write signal on the PC bus. When this signal 

is active, it enables data on the PC bus to be stored on the buffer memory. 
SMEMW is active only when the memory address is within the first 1 Mbyte of 
memory space. 

20 AEN (I) PC ADDRESS ENABLE 
This input connects to the address enable signal on the PC bus. If Address 
Enable is active, the WD83C584 will not respond to any command. 

24 10RDY (0) PC READY 
1/0 Channel Ready is pulled low (not ready) by a memory or 1/0 device to 
lenthen 1/0 or memory cycles. Any slow device using this line should drive it low 
immediately upon detecting its valid address and a Read or Write command. 
This signal is driven by a tri-state buffer capable of sinking 24 mA. 

32 . OWS (0) PC ZERO WAIT STATE 
Zero wait state signal tells the host processor that it can complete the present 
bus cycle without inserting any additional wait cycles. In order to run a memory 
cycle to a 16-bit device without wait cycles, OWS is derived from an address 
decode gated with a MEMR or MEMW command. In order to run a memory 
cycle to an 8-bit device with a minimum of two wait states, OWS should be 
driven active one system clock after the SMEMR or SMEMW command is gated 
with the address decode for the device. Memory Read and Write commands to 
an 8-bit device are active on the falling edge of the system clock. OWS is a tri-
state output capable of sinking 24 mAo 

90 IRQ2/9 (0) PC INTERRUPT REQUESTS 
86 IRQ3 (0) An interrupt request is generated when INT is raised from low to high. The line 
87 IRQ4 (0) must be held high until the microprocessor acknowledges the interrupt request. 
88 IRQ5 (0) Only one line is active at a time; all others are tri-stated. 
89 IRQ7 (0) 
85 IRQ10 (0) 
84 IRQ11 (0) 
83 IRQ15 (0) 

TABLE 2-1. PC BUS SIGNALS (Continued) 
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2.2.2 LAN Signals 

PIN NAME DESCRIPTION 

37 ffi)(JE" (0) PC BUFFER OUTPUT ENABLE 
38 BlUE" (0) Controls the least significant, most significant and swap byte buffers respectively. 
39 "SWAP (0) 

36 BUFDIR (0) PC BUFFER DIRECTION 
Provides direction control for an external data buffer. BUFDIR is "1" for writes 
and "0" for reads. 

78 BSCK (I) LAN CLOCK 
20 MHz clock. 

55 BREQ (I) LAN BUS REQUEST 
Bus Request is used to request the local bus for DMA transfers. this signal is 
generated when the LAN controller FIFO needs servicing. 

56 BACK (0) LAN BUS ACKNOWLEDGE 
Bus Acknowledge indicates that the LAN controller has been granted the bus. 

60 C"S (0) LAN CHIP SELECT 
Places the LAN in slave mode for access to LAN internal registers. 

57 ACT{ (I) LAN SLAVE 1/0 ACKNOWLEDGE 
Active low when LAN controller grants access to WD83C584. Used to insert 
wait states to WD83C584 until the LAN controller is synchronized for a register 
read or write operation. 

54 INT (I) LAN INTERRUPT 
Indicates that the LAN controller requires CPU attention after reception trans-
mission or completion of DMA transfers. 

53 RESET (0) LAN RESET 
Hardware reset to the LAN controller IC. 

TABLE 2·2. LAN SIGNALS 
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2.2.3 EEROM Signals 

PIN NAME DESCRIPTION 

50 lNlT2 (I) . EEROM INITIALIZE 
49 1N1Tf (I) There are three EEPROM initialization pins. Depending on the state of these 
48 If\llTO (I) , pins, the WD83C584 registers will power up from different EEROM bytes. The 

following table shows the bytes from which it will power up. Refer to each 
register to determine the value of each byte loaded at power up. One case is 
special, it causes the WD83C584 to its INITIAL state which overrides EEROM. 
(Refer to each register for their INITIAL values.) Note that the LAN ADDRESS 
is read from locations 40-47. 

--
INIT2 INIT1 INITO EEADDRESS. 
1 1 1 00-07 
1 1 0 08-0F 

1 0 1 10-17 
1 0 0 18-1 F 

0 1 1 20-27 

0 1 0 28-2F 

0 0 1 30-37, INITIAL CONDITION 

0 0 0 38-3F 

35 TEST TEST 
Used for factory testing. Must be pulled up to +5V with 10 Kohm, 5% resistor. 

64 EECS (0) EEROM CHIP SELECT 

63 EESK (0) EEROMCLOCK 

62 EEDI (0) EEROM DATA INPUT 

61 EEDO (I) EEROM DATA OUTPUT 
An external 9346 serial EEROM is used to store up to 1024 bits o.f EEROM data. 
The above signals interface to this chip. The EEROM is used to initialize registers 
at power up time. It takes about 2 ms to read all 16 registers after the end of the 
reset pulse. It takes about 200 ms to store EEROM. 

TABLE 2-3. EEROM SIGNALS 

.. 
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2.2.4 RAM Signals 

PIN NAME DESCRIPTION 

71 RAMOE (0) RAM OUTPUT ENABLE 
This output connects to the output enable pins on the buffer RAM. 

70 RAMWR (0) RAM WRITE ENABLE 
This output connects to the write enable pins on the buffer RAM. 

68 RMCSO (0) RAMO CHIP SELECT 
69 RMCS1 (0) RAM1 CHIP SELECT 
67 RAM12 (0) These outputs provide the chip select signals needed by the buffer RAMs. 

66 MA13 (I) These inputs are connected to memory address bus. They are used for 
65 MAO (I) memory address decode. 

73 MEM16 (0) MEMORY 16 ENABLE 
Indicates the host PC to RAM access will be 16 bits wide. This output will not go 
active if the W083C584 is used and programmed for 8-bit applications. 

72 LAN16 (0) LAN 16 ENABLE 
Indicates the LAN controller to RAM access will be 16 bits wide. 

TABLE 2-4. RAM SIGNALS 

2.2.5 General 1I0s 

PIN NAME DESCRIPTION 

52 OUT3 (0) OUTPUTS 
26 OUT2 (0) These three output pins follow bits 01, 02 and 03 in the IRR register. 
27 OUT1(0) 

30 INPUT2 (I) INPUTS 
31 INPUT1 (I) These two input pins are readable via software from IRR bits 01 and 02. 

TABLE 2-5. GENERAL I/Os 
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2.2.6 ROM Signals 

PIN NAME DESCRIPTION 

76 ROMOE (O) BIOS ROM OUTPUT ENABLE 
Chip Select for BIOS ROM. This signal gates ROM data onto the SD7-0 bus. 

75 ROM15 (O) ROM ADDRESS LINES 
74 ROM14 (O) These attach to the ROM address bits 15 and 14. Depending on the state of the 

RAM and FLSH bits, these lines do the proper addressing and write strobes for 
RAM and FLASH ROM. 

TABLE 2-6. ROM SIGNALS 

2.2.7 Voltages 

PIN NAME DESCRIPTION 

34 POWER (I) POWER SENSING INPUT 
This signal is used to sense that the input power has risen to a useable level. 
This signal has a Schmidtt trigger input. 

02,28, VCC (I) +5V (3 pins) 
79 
01,29 GND (I) GROUND (4 pins) 
51,80 

TABLE 2-7. VOLTAGES 
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WD83C584 

3.0 THEORY OF OPERATION 
3.1 INI11ALlZATION 
Upon power-up, the WD83C584 accesses an ex­
ternal EEROM to set up its initial cOnfiguration. 
This takes about 2 milliseconds to read the data 
from the EEPROM into the WD83C584. After this 
time the BIOS ROM and 1/0 Ports will be enabled. 
The Shared Memory is always disabled upon power 
up, and must be enabled by software. 

3.2 ARBITRA1l0N 

Arbitration for the bus is mainly between the PC and 
the LAN controller. The LAN controller asserts 
BREa and if the bus is free, a BACK is returned. 
When the LAN controller has the bus, it is in com­
plete control and must provide all RAM and inter­
face signals. Also, access to the ROM and the 
internal registers on the WD83C584 must also ar­
bitrate for the bus. 

3.3 RAM BUFFER 

The RAM buffer uses either 8K or 32K SRAMs. It 
may be either 8 bits or16 bits wide (giving 64K 
maximum). 

THEORY OF OPERA TlON 

3.4 EXTERNAL EEROM . 

The WD83C584 accesses an external EEROM. 
The contents of the EEROM are loaded into the 
internal registers of the WD83C584 upon power up. 

The use of EEROM has several advantages over a 
separate PROM for the LAN address. It can also 
reduce the number of jumpers needed on the 
board. It allows for reconfiguration without remov­
ing the board from the system. 

Upon power up, the EEROM data is read into the 
WD83C584 registers. Of course, the first time the 
EEROM is powered up, it will have random data. 
The INIT inputs allow the EEROM to be set to a 
known initial state. 

All 128 bytes of EEROM can be accessed and 
modified from the WD83C584. They are read into 
the LAN Address registers 8 bytes at a time. Once 
there, they can be changed and stored back into 
the EEPROM. 
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4.0 INTERNAL REGISTERS 
In the following descriptions, several values of each 4.1 1/0 MAP . 
register are given as follows: 

RESET The value during RSTDRV time. 
OxOO MEMORY SELECT REGISTER 

(MSR) 
INITIAL If the INIT2, 1, 0 pins (50,49,48) Ox01 INTERFACE CONFIGURATION 

are connected such that 001 is REGISTER (ICR) 
present on these inputs, this 
value is loaded into the r~gister Ox02 1/0 ADDRESS REGISTER (IA) 
immediately after RSTDRV Ox03 810S ROM ADDRESS 
time. REGISTER (810) 

POWER- If not in the INITIAL setting, this Ox04 INTERRUPT REQUEST 
UP value is loaded into the register REGISTER (IRR) 

immediately after RSTDRV time. 

RECALL This value is loaded each time a 
Ox05 LA ADDRESS REGISTER 

recall is performed. 
(LAAR) 

REGISTER ? = value unknown 
Ox06 INITIALIZATION JUMPERS 

VALUES: EE = value loaded from EEROM Ox07 GENERAL PURPOSE DATA 
1 = logical 1 REGISTER (GP2) 
0= logical 0 

Ox08-0xOF LAN ADDRESS REGISTERS nla = not used 
(LAR) 

Ox10-0x1F LAN CONTROLLER 
REGISTERS (LAN) 
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4.2 MEMORY SELECT REGISTER (MSR) 

Offset OXOO 

Upon power-up, MENB is o. Thus the memory is 
disabled at power up, and will not be enabled until 
the MSR has been programmed with the MENB bit 
a "1 ". It is possible to program the memory select 
bits and the memory enable bit simultaneously. 

D7 
RST 

RESET 0 

INITIAL 0 

POWER-UP 0 

RECALL EE 

BIT NAME 

D7 RST 

D6 D5 
MENB RA18 

o 

o 

o 

EE 

DESCRIPTION 

o 

EE 

EE 

EE 

SOFTWARE RESET 

D4 
RA17 

o 

EE 

EE 

EE 

D3 
RA16 

o 

EE 

. EE 

EE 

D2 
RA15 

o 

EE 

EE 

EE 

INTERNAL REGISTERS 

D1 DO 
RA14 RA13 

o 

EE 

EE 

EE 

o 

EE 

EE 

EE 

D6 MENB 
Set to 1 and then back to 0 to force a hardware reset to the LAN Controller. 
MEMORY ENABLE 

D5 RA18 
D4 RA17 
D3 RA16 
D2 RA15 
D1 RA14 
DO RA13 

38-10 

Set to 1 to enable PC access to shared memory. 
MEMORY ADDRESS BITS 
Must be set to the address at which the shared memory is to be placed. These 
bits correspond to system memory address bits SA18 through SA13. 
SA19 is assumed to be a "1". For example, address C4000 could be selected 
by writing Ox62 to this register. In 16-bit mode, A 19 is set by the LAAR register. 
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4.3 INTERFACE CONFIGURATION 
REGISTER 

(ICR) Offset Ox01, (ReadlWritel 

The ICR determines the configuration of the 
WD83C584. 

07 06 05 04 03 02 01 DO 
STO RIO RX7 RLA MSZ IR2 nla 8T16 

RESET 0 0 0 0 0 0 0 0 

INITIAL 0 0 0 0 0 0 0 0 

POWER-UP 0 0 0 0 EE EE EE NA 

RECALL EE EE EE EE EE EE EE NA 

III 
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BIT NAME DESCRIPTION 

D7 STO NON-VOLATILE EEROM STORE 
Set to 1 to store registers into EEROM. The bit will be automatically reset. It 
takes a maximum of 200 ms for a store to take place. It will be reset when the 
store is complete. This bit may be polled to determine when the store operation 
is complete. The EEROM has a limited number of stores that can take place. 
The store operation should only take place at initial board configuration or at 
initial installation. 

D6 RIO RI;:CALL I/O ADDRESS FROM EEROM 
Set to 1 to recall the I/O address from EEROM into the I/O Address Register. 
It will be reset when the recall is complete. This bit may be polled to determine 
when the recall is complete. 

D5 RX7 RECALL ALL BUT I/O and LAN ADDRESS 
Set to 1 to recall registers with offsets OxOO and Ox02 through Ox07. It will be 
reset when the recall is complete. This bit may be polled to determine when the 
recall is complete. 

D4 RLA RECALL LAN ADDRESS 
Set to 1 to recall the LAN address only from EEROM (Registers Ox08 through 
OxOF). It will be reset when the recall is complete. This bit may be polled to 
determine when the recall is complete. 

D3 MSZ SRAM SIZE 
This is the physical size of the SRAM chips on the board. 0 = 8K, 1 = 32K 
In order to determine the RAM window in host memory, this bit must be com-
bined with LAN16 as follows: 

MSZ LAN16 SIZE 
0 0 8 Kbytes 
0 1 16 Kbytes 
1 0 32 Kbytes 
1 1 64 Kbytes 

D2 IR2 Used to select the second set of IRQ lines. See IRR register. 

D1 OTHER This bit idetermines whether the BIOS ROM Address Register (BIO) or the 
REGISTER EEROM Address Register (EAR) is enabled. At power up, BIO is enabled. 
ACCESS o = BIO; 1 = EAR. 

DO BIT16 16-BIT BUS 
When the WD83C584 is used in an 8-bit interface, this bit is readlwritable. When 
used in a 16-bit interface, it will always read a 1. 
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4.4 I/O ADDRESS REGISTER (IAR) 

Offset Ox02, (ReadlWrite) 

The IAR sets the I/O address of the board. If the 
INIT2, INIT1, INITO pins are "001" at power-up, the 
I/O address will be hard initialized at 280. 

07 06 05 04 03 02 01 DO 
IA15 IA14 IA13 lAg lAS IA7 IA6 IA5 

RESET 0 0 0 0 0 0 0 0 

INITIAL 0 0 0 0 0 0 

POWER-UP EE EE EE EE EE EE EE EE 

RECALL EE EE EE EE EE EE EE EE 

BIT NAME DESCRIPTION 

D7 IA15 I/O ADDRESS BITS 
D6 
D5 

IA14 
IA13 

Must be set to the I/O address at which you want the board to be placed. These 
bits correspond to system address bits SA 15 thru SA 13 and SAg thru SA5. 

D4 lAg For example, address Ox280 could be selected by writing to Ox14 to this register. 
D3 IA8 
D2 IA7 
D1 IA6 
DO IA5 

Note: Address bits SA 15 through SA 13 can be used to select multiple boards while still taking up what is 
normally considered only 32 bytes of I/O space. 
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4.5 BIOS ROM ADDRESS REGISTER (BIO) 

EEROM Address Register (EAR) 
Offset Ox03, (ReadlWrite) 

There are two registers at this offset. Depending on 
what was last written to ICR-01 (OTHER) one 
register or the other will be accessed. 

ICR-01 = O:BIO will be accessed 
ICR-01 = 1 :EAR will be accessed. 

The BIO sets the· memory address of the BIOS 
ROM. 

D7 
RSl 

RESET 0 

INITIAL 0 

POWER-UP EE 

flECALL EE 

BIT NAME 

07 RS1 
06 RSO 

05 BA18 
04 BA17 
03 BA16 
02 BA15 
01 BA14 
DO INT 

38-14 

The ROM socket may be populated with a 64K 
ROM, a 32K RAM, or a 32K FLASH ROM. 

D6 D5 D4 D3 D2 Dl DO 
RSO BA18 BA17 BA16 BA15 BA14 INT 

0 0 0 0 0 0 0 

0 0 0 0 0 

EE EE EE EE EE EE EE 

EE EE EE EE EE EE EE 

DESCRIPTION 

BIOS ROM SIZE 
RS1 RSO 
0 0 ROM cannot be accessed 
0 1 16 Kbyte ROM 
1 0 32 Kbyte ROM 
1 1 64 Kbyte ROM 
BIOS ROM MEMORY ADDRESS BITS 
Must be set to the memory address at which you want the BIOS ROM is to be 
placed. These bits correspond to system memory address bits SA 18 through 
SA13. SA19 is assumed to be a "1". For example, a 16 Kbyte ROM at 
08000 could be selected by writing Ox6C to this register. 
Setting this bit raises one of the IRQ lines to the PC. This may be used as a 
software interrupt. It must be reset to remove the IRQ. 
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4.6 EEROM ADDRESS REGISTER (EAR) 

The EAR allows additional EEROM to be accessed. 
In order to access this register a "1" should be 
written to ICR-D1 (OTHER). 

Operation of EEROM is as follows: 

During power up or recall, 8 bytes of EEROM are 
loaded into the WD83CS84 first 8 registers. Which 
8 bytes are read depends on the position of the I N IT 
input jumper pins. In the case that the INIT pins are 
all unjumpered (all 1s), bytes from OXOO to OXOF 
will be read. In all cases, these bytes will be from 
EEROM locations between OXOO and OX3F. During 
a store operation, the first 8 bytes are always written 
to the first 8 EEROM locations (OXOO through 
OX07). 

RESET 

INITIAL 

POWER-UP 

RECALL 

BIT NAME 

D7 EA6 

07 
EA6 

EE 

06 
EA5 

o 

o 

o 

EE 

DESCRIPTION 

05 
EA4 

o 

o 

o 

EE 

EEROM ADDRESS 

WD83C584 

At power up, the EAR was set with EA6, EAS, EM, 
EA3 = 1000. The next 8 bytes are read into the LAN 
address registers using the EAR register addres­
ses. Thus the LAN address should be stored at 
OX40. 

When the ICR-D1 bit is set. This EAR register may 
be programmed to point at other EEROM addres­
ses. A STO or RLA would then transfer between the 
LAN address registers and this other EEROM ad­
dress. 

During a recall, ICR-D1 bit is not changed. Also the 
BIOS ROM ADDRESS (BIO) is recalled to offset 3 
and not this EAR. There is no EEROM backup for 
the EAR. During a STO, the BIO is stored. 

When the ICR-D1 bit is set, the EAR is readable 
from the host, not the BIO. 

04 
EA3 

03 
RAM 

02 
RPE 

01 
RP1 

DO 
RP 

o o o o o 

o o o o o 

o o o o o 

EE EE EE EE EE 

D6 EAS 
DS EM 

This determines which 8 bytes will be accessed with a recall or STO store. 
The default Ox80 says that bytesD4 EA3 Ox40-0x47 will b~ read into the 

D4 EA3 

D4 RAM 

D2 RPE 
D1 RP1 
DO RPO 

LAN registers. A Ox1 0 would cause bytes Ox08-0xOF to be stored or read to or 
from the LAN ADDRESS registers. When ICR-D1 = 0, the EEROM Address will 
be reset to Ox40. ~ 
RAM ~ 
Indicates that a 32K RAM is installed in the ROM socket. 
ROM PAGE 
RPE enables ROM paging. The RP1 and RPO bits determine what page of 
ROM will be accessed. A page is equal to 16 Kbytes. Four 16-Kbyte pages are 
accessible. 
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4.7 INTERRUPT REQUEST REGISTER (IRR) 

Offset OX04; (Read/Write) 

The IRR controls which Interrupt Request will be used. 

07 
lEN 

RESET 0 

INITIAL 0 

POWER-UP EE 

RECALL EE 

BIT NAME 

.:, 07 lEN 

ICR-02IR2 
06 IR1 
05 IRO 

04 FLSH 

03 OUT3 
02 OUT2 
01 OUT1 

00 OWS8 

38-16 

06 05 04 03 02 01 00 
IR1 IRO FLSH OUT3 OUT2 OUT1 OWS8 

0 0 0 0 0 0 0 

0 0 0 0 0 

EE EE EE EE EE EE EE 

EE EE EE EE EE EE EE 

OESCRIP110N 

INTERRUPT ENABLE 
Enables the appropriate IRQ line onto the bus. The IRQ lines are tri-stated 
otherwise. 
INTERRUPT REQUEST 
These bits determine which Interrupt Request Line will be enabled. IR2 
is found as ICR-02. 

IR2 
o 
o 
o 
o 
1 
1 
1 
1 

FLASH MEMORY 

IR1 
o 
o 
1 
1 
o 
o 
1 
1 

IRO 
o IRQ2I9 
11RQ3 
0lRQ5 
11RQ7 
o IRQ10 
1 IRQ11 
o IRQ15 
11RQ4 

This says that a 32K flash memory is in the ROM socket. It may be written to. 
OUTPUT PINS 
The three output pins follow the data stored on these bits. 

8-BIT ZERO WAIT STATE ENABLE 
If set to 0: Zero Wait State disabled. Every memory byte access will include 4 
states. If set to 1 : Zero Wait State enabled, 2 wait states will be included with 
every memory byte access. 
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4.8 LA ADDRESS REGISTER (LAAR) 

Offset OX05 (Read/Write) 

The LA address bits are used to decode the high 
order memory address when operating in 16-bit 
memory access mode. This register contains the 
LA bits which the memory will be compared against. 
This register has LA address bits LA23-19. Bits A 18 
and A 17 are selected in the Memory Address 
register. 

RESET 

INITIAL 

POWER-UP 

RECALL 

BIT NAME 

07 M16EN 

06 L 16EN 

05 OWS16 

04-0 LA23-19 

D7 D6 D5 D4 D3 D2 D1 . DO 
M16EN L16EN OWS16 LA23 LA22 LA21 LA20 LA19 

0 

0 

0 

0 

0 0 0 0 0 0 

0 0 0 0 0 0 

EE EE EE EE EE EE EE 

EE EE EE EE EE EE EE 

DESCRIPTION 

ENABLE 16 BIT MEMORY ACCESS 
Set to 1 to enable 16-bit memory access. This bit should only be set when all 
other interrupts have been disabled. 
ENABLE 16 BIT LAN OPERATION 
Set to 1 to allow 16-bit operation between the LAN controller and the on-board 
RAM memory. This bit has another function, when operating in 8 bit mode only 
8K byte RAM will be used. In 16-bit mode, the entire RAM (either 16K byte or 
64K byte) will be available. 
OWS 16 ENABLE 
Enable zero wait state operation when running 16 bit memory accesses. 
LA MEMORY DECODE BITS 
Must be set to select the address at which the shared memory is to be accessed. 
These bits correspond to system memory address bits LA23 through LA 19. For 
example, to select and enable base address register 00000, write a Ox01 to this ~ 
register and Ox68 to the memory address register. g;. 
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4.9 INlnALIZE JUMPER REGISTER 
Offset Ox06 (Read) 

PIN NAME 

07 
06 IN2 
05 IN1 
04,3 
02 INIT2 

DESCRIPTION 

Undefined, will read a "0". 
INPUT PINS 
These bits read the state of the 2 input pins. 
Undefined, will read a "0". 
INITIALIZE PINS 

INTERNAL REGISTERS 

01 INIT1 These read the contents of the 3 initialize pins. They are active low. 
00 INITO 
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4.10 GENERAL PURPOSE REGISTER 2 
(GP2) 

Offset OX07 (ReadlWrite) 

The GP2 is a byte register which is completely 
undefined and may be used as needed by 
software. 

07 06 05 04 03 02 01 00 

RESET ? ? ? ? ? ? ? ? 

INITIAL EE EE EE EE EE EE EE EE 

POWER-UP EE EE EE EE EE EE EE EE 

RECALL EE EE EE EE EE EE EE EE 

ADVANCE INFORMATION 10129190 38-19 



WD83C584 

4.11 LAN ADDRESS REGISTERS (LAR) 

Offset OxOS-OxOF 

The LAN Address Registers contains the unique 
LAN address that has been assigned to a board. It 
should be read and written to the LAN controller. 
Bytes of the LAN address may be read at the 
offsets given below. 

D7 D6 D5 D4 D3 

RESET ? ? ? ? ? 

INITIAL EE EE EE EE EE 

POWER-UP EE EE EE EE EE 

RECALL EE EE EE EE EE 

OFFSET DESCRIPTION 

Globally Assigned Address Block (LSB) 
Globally Assigned Address Block 
Globally Assigned Address Block (MSB) 
Unique Board Address (LSB) 
Unique Board Address 
Unique Board Address 
WD Board ID Byte 

INTERNAL REGISTERS 

D2 D1 DO 

? ? ? 

EE EE EE 

EE EE EE 

EE EE EE 

Ox08 
Ox09 
OxOA 
OxOB 
OxOC 
OxOD 
OxOE 
OxOF Checksum, causes the twos complement sum of all 8 LAN Address Register 

bytes to be OxFF. 
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0.0256 ± .004 

(0.65 ± 0.1) 
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AGURE 4-1. 100-PIN PLASTIC QFP 
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5.0 TIMING DIAGRAMS 

S06,S05,S04,S03 t==~=1:~*======~~===*~ S02,S01,SOO 

BSCK 

lOR I-------i 

BOOE~--------~~~~~ ________ J-____________ i=~2f----------l 
BUFOIR ~ ____ ~,....., 

IOROY g •••••• =-______ --..:;~ •••••••••••••• 

FIGURE 5·1. 1/0 READ 
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TIMING DIAGRAMS WD83C584 

SD6,SD5,SD4,SD3t==============~=======~======:t~±:::=j SD2,SD1,SDO 
BSCK 

lOR ~--------------------, 

BOOE~ __________________ -+~~ 

BUFDIR 

FIGURE 5-2. 1/0 WRITE 
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SD6,SD5,SD4,SD3'----------.. ,-----------------------, 
SD2,SD1,SDO 

38-24 

BSCK 

iOW 
f-------, 

BOOE 

BUFDIR 

14r:---------I 
csL-_______ -2==~==================~ _____ ~ 

FIGURE 5·3. 1/0 WRITE TO LAN CONTROLLER 
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SA18,SA17,SA16, V-­
SA15,SA14,SA13 f-----/I'-------------------------'~ 

SA6,SA5,SA4,SA3, V--
SA2,SA1,SAO ~ 

ROM15~-~~1~5~~-----------------------,~ 

ROM14 ~--~1::::;5""r L­
BSCK 

AEN~--------------_r-------------~ 
SMEMR 
ROMOE~------------~===========ta;l---------j~.---------~ 

BOOE I ~ r~--;3 $.;t::----------i 

BUFDIR 16;!Jt. 

FIGURE 5-4. ROM READ 
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LA22,LA21,LA20, 
LA19,LA18,LA17 

SA18,SA17,SA16, 
SA15,SA14,SA13 :::x 
SA6,SA5,SA4,SA3 
SA2,SA 1 ,SAO 'Y 
SD6,SD5,SD4,SD3 
SD2,SD1,SDO 
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BSCK 

BALE 

SMEMR 

SMEMW 

BOOE 

B10E 

SWAP 

SBHE 

RAMWR 

.~ 

~ 
I 

II:: 
IL-:)£. 

" ... n 

I---.J 

TIMING DIAGRAMS 

JLJULJlSL ~ 
h 

I ~ 

~ 
...k...Jt. U-

I 

21 
[..,]L I I 

8 
Iek 

FIGURE 5-5. RAM WRITE, 8 BIT 
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TIMING DIAGRAMS 

LA22,LA21,LA20, 
LA19,LA18,LA17 

SA18,SA17,SA16, 
SA15,SA14,SA13 
SA6,SA5,SA4,SA3 
SA2,SA 1 ,SAO 'p< 
S06,S05,S04,S03 
S02,S01,SOO 

BSCK 

BALE 

SMEMW 

BOOE 

B10E 

SWAP 

SBHE 

RAMWR 

W!-

~ 

H 

I 

WD83C584 

r 
~ Ey 

~ ~ 

Itl: 8 I r 
I 
I 

FIGURE 5·6. RAM WRITE, 8 BIT .. 
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SA6.SA5.SA4.SA3. 
SA2.SA1.SAO 

38-28 

BSCK 

BALE 

SMEMR 

BOOE 

B10E 

SWAP 
SBHE 

BUFDIR 

RAMOE 

RAMWR 

RMCS1 

RMcSO 

::x 

SL 

I 

TIMING DIAGRAMS 

I 

iL~ ~ , 
~..k ~17~ 

...iLU 

~ ~ 

FIGURE 5-7. RAM READ, 16 BIT 
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BSCK 

BALE r---' 

ClK 

OWS 

BOOE ~----------------~ 

SBHE 

BUFDIR 

RAMOE 

FIGURE 5-8. OWS, 8 BIT 
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~L-____________ ~====================================~ _____ I 

FIGURE 5-9. OWS, 16 BIT 
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TIMING DIAGRAMS 

LA22,LA21,LA20 
LA19,LA18,LA17 

SA18,SA17,SA16, 
SA15,SA14,SA13 

SA6,SAS,SA4,SA3 
SA2,SA1,SAO 
SD6,SDS,SD4,SD3 
SD2,SD1,SDO 

BSCK 

AEN 
BALE 

SMeMW 
eLK 

00 

00 

245 

r-u-

---1 

I 

WD83C584 

01 

10 

000 

80 01 

• Jl 

I r-
I I I r-

I r 

I r 

FIGURE 5-10. M16CS 
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SA18.SA17.SA16.F=================~=======~-;::=:::::::j 
SA15.SA14.SA13 '""'=====~;===::=:;;:-:;:====::::;:::-;:===~ '-===~;::::::==~ '-----I SA6.SA5.SA4.SA3.r / 

SA2.SA1.SAO I-:====~~:-:-;::====-~~=:::':=~;::::::=~~~=~:=~=~~~ SD6.SD5.SD4.SD3r r SD2.SD1.SDO 
BSCK 

SMEMR 

SMEMW 
1-------------------------------------, 

BOOE 

IORDY6~~~ RAMOE 

RAMWR 

BREQ 

BACKb:~~~2~9~==========================================~~~:J 

FIGURE 5-11. BREQlBACK 
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FIGURE 5-12. RSTDRV 
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WD83C584 TIMING DIAGRAMS 

t DESCRIPTION MIN TYP MAX 

ReadlWrite Strobe to data valid 11 26 ns 

2 ReadlWrite Strobe to BOOE low 8 21 

3 ReadlWrite to BUFDIR change 9 17 

4 ReadlWrite to IORDY low 9 23 

5 BSCK to IORDY tri-state 14 34 

6 Read Strobe to Data tri-state 6 17 

7 Register Write Data Setup 5 

8 Register Write Data Hold 18 

9 BSCK to CS low 12 30 

10 ACK to IORDY tri-state 7 16 

11 BSCK to ROMOE low 12 29 

12 Read Strobe to ROMOE high 6 13 

13 ReadlWrite Strobe to BOOE high 8 20 

14 ReadlWrite Strobe to CS high 6 14 

15 Address to ROM15, ROM14 change 7 18 

16 ReadlWrite Strobe to B 1 OE low 8 19 

17 ReadlWrite Strobe to B 1 OE high 8 21 

18 ReadlWrite Strobe to SWAP low 9 23 

19 ReadlWrite Strobe to SWAP high 10 24 

20 Write Strobe to RAMWE low 6 16 

21 Write Strobe to RAMWE high 6 15 

23 Read Strobe to RAMOE low 12 16 

24 Read Strobe to RAMOE high 6 14 

25 ClK to OWS (8 bit) low 8 20 

26 ReadlWrite Strobe to OWS tri-state 11 27 

27 ReadlWrite Strobe to OWS (16 bit) low 7 17 

28 Address to M16CS low 8 19 

29 BREQ to BACK high 250 

30 BREQ to BACK low 50 

31 ESCK Period 6400 

TABLE 5-1. WD83C584 TIMING 
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APPENDIX A - SOFTWARE COMPATIBILITY 

APPENDIX A - SOFTWARE COMPATIBILITY 

Compatibility of the WD83C584 with previous 
products is especially important. This section 
describes in what areas the WD83C584 is incom­
patible with the previous WD83C583. These in­
compatibilities are minor and should require little or 
no software changes. Changes to be made will be 
related to setup programs, since they are used to 
set up and configure the EEPROM data. 

• 

• 

The WD83C584 requires 2 ms to read all 16 
registers after power-up or a RECALL instruc­
tion. Register Ox01 may be polled to deter­
mine the finish of this read. The WD83C583 
reads its internal EEPROM within 5 ms. 

The WD83C584 requires 200 ms to store 
EEPROM and may be polled to determine 
finish, whereas the WD83C583 required 20 
ms and gave no indication of finish. 

• 

• 

• 

• 

• 

WD83C584 

MSZ (ICR-D#) on the WD83C584 shows 
SRAM size, not total RAM size. 

ICR-D@ on the WD83C584 is used as IR2. It 
was DMA on the 83C583 and was always a o. 
ICR-DO on the WD83C584 is 16BIT. ITs func­
tion has totally changed. In the 83C583, it 
wasWTS. 

IRR-D2 and D1 on the WD83C584 are not 
used. They were effectively not used in the 
83C583. 

The user can select 1 of 8 groups of 8 bytes 
each to be loaded into the WD83C584 from 
the EEPROM at power up. To be compatible 
with previous WD83C583 setup programs, 
the WD83C584 setup program will need to be 
modified so that 10f the 8 groups represents 
the setup data used with the previous 
WD83C583 device. 
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WD83C584 APPENDIX B - ELECTRICAL OPERATING CHARACTERISTICS 

APPENDIX B • ELECTRICAL OPERATING CHARACTERISTICS 

SYMBOL PARAMETER MIN TYP MAX UNIT CONDITION 
Idd VDD Supply Current 40 rnA 

Vdd Voltage Supply 4.75 5 5.75 V 

Vih Input High Voltage 2.0 V 

Vii Input Low Voltage V 

Viis Input High Voltage 2.5 20,21,33 0.6 
(Schmitt) 34,99 

Vihs Input Low Voltage (Schmitt) 2.5 20,21,33 0.6 
3499 

Voh Output High Voltage Vdd-.4 V loh = -2mA 

Vol Output Low Voltage Vss+.4 V 101 = 6mA 

Vole Output Low Voltage Vss+.4 101=24mA 
(Open Collector) 

Ii Input Leakage Current -10 10 !1A Vih=Vdd 

loz Tristate High Current -10 10 !1A Vin=Vdd 

Rpu Pull-up Resistor -50 21,34,35 500 K 
48,49,50 
77,81,82 
91-99 

TABLE B-1. DC PARAMETER CHARACTERISTICS 
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APPENDIX B - ELECTRICAL OPERATING CHARACTERISTICS WD83C584 

PARAMETER MIN TYP MAX UNIT 
Storage Temperature -65 150 Deg.C 
Voltage on any pin with respect to Vss -0.6 Vdd+0.3 Volts 
Voltage on Vee with respect to Vss 7.0 Volts 

TABLE B-2. NON-OPERATIONAL SPECIFICATIONS 

PARAMETER MIN TYP MAX UNIT 
Ambient Temperature 0 25 70 Deg.C 
Humidity 10 95 Percent 

TABLE B-3. OPERATIONAL SPECIFICATIONS 
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DESCRIPTION AND APPLICA TlON 

1.0 DESCRIPTION AND APPLICATION 
The WD83C593 is a Micro Channel bus interface 
controller designed for non-intelligent Ethernet or 
StarLAN boards. The device is used as an inter­
face to the LAN controller, BIOS ROM, buffer RAM 
(which functions as shared memory), and the host 
Micro Channel bus. 

1.1 FEATURES 
• Direct interface between a non-intelligent 

Ethernet or StarLAN LAN controller and a 
Micro Channel bus 

• Ten bytes of internal electrically erasable 
programmable read only memory (EEPROM) 

• 84-pin ASIC, 2.0 micron CMOS technology 

• Programmable BIOS ROM size (16, 32, or 
64 Kbytes) 

• Programmable RAM size (16 or 64 Kbytes) 

• Single, 5V power supply 

• Four Vee, ground, and program-selectable 
IRQ pins 

• Testable/programmable before and after as­
sembly 

1.2 THEORY OF OPERATION 

The WD83C593 non-intelligent interface device 
connects the Micro Channel bus (as a non-DMA 
slave) to the LAN controller, BIOS ROM, and buffer 
RAM. The WD83C593 satisfies all necessary inter­
face requirements, performs all decoding for local 
I/O and memory spaces, and generates the neces­
sary chip select control and handshake signals. 

WD83C593 

In order for the WD83C593 non-intelligent Micro 
Channel bus interface device to function properly, 
the mode select pin must be left open (internally 
pulled high). 

This enables the WD83C593 to arbitrate between 
the host and WD83C690 LAN controller for the 
BDOO-BD15 data bus. During local WD83C690 
DMAbursts in and out of the buffer RAM, the device 
isolates the BD data bus from the Micro Channel 
via external buffering, and prevents the host from 
intervening until the process is complete. When a 
valid decode occurs, the device negates the 
CDCHRDY signal. 

The remainder of the time, the device enables the 
external buffers so that the host can perform 
memory or I/O cycles (anywhere on the card). The 
host uses a 16-bit wide "move" string operation to 
transfer data to and from the buffer RAM. During 
this time, the WD83C593 generates the RAM con­
trol signals (tri-state during local RAM accesses). 
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WD83C593 

2.0 POS REGISTERS AND DECODING 
Designers of Micro Channel adapters are required 
by the Micro Channel architecture to use two read­
only 10 bytes and (up to) six read/write program­
mable option select (PaS) registers. This arrange­
ment accomplishes the following: 

• eliminates switches and jumpers 

• permits the installation of multiple identical 
cards 

• allows the identification of any card by slot 

• resolves resource assignment conflicts 

Designers are also required to provide an adapter 
description file (.ADF) that reports the contents of 
the ID bytes, the number of pas registers used on 
the card, their purpose and contents, and their 
"alternate contents." 

The Micro Channel bus defines the architecture of 
the following bits: 

POS[2] bit O ....... Card enable (address 102h) 

POS[5] bit ? ...... CH CK active indicator (105h) 

POS[5] bit 6 ....... CH CK status available 
indicator (105h) 

The r!'lmaining pas registers are "free form" and 
can be used for space decoding, establishing ar­
bitration levels, and so on. When the system is 
reset, each adapter m!Jst turn off the card enable 
bit, which in turn disables all outputs from the card, 
including the interrupt requ~st lines. 

" 
The central configuration software checks all slots 
independently for ID bytes, and uses the .ADF files 
provided to resolve conflicts and set up the pas 
registers. It is during this time QD.Iy that the pas 
registers can be accessed, and they can be ac­
cessed only by the configuration software. 

The CDSETUP line, together with the least sig­
nificant three address lines, is used for decoding 
pas register accesses. 

POS REGISTERS AND DECODING 

2.1 Space Oecodings 

Three pas registers, POS[2], POS[3]. and 
POS[4], are used to decode the card I/O space, 
shared RAM space, and BIOS ROM space, respec­
tively. The mode select pin, as indicated previously, 
must be left open. 

2.1.1 POS[2] Register 

Bit Bit Assignment 
? LA11 

6 LA10 

5 LA09 

4 LA08 

3 LAO? 

2 LA06 
1 LAOS 

0 CDEN 

If a 29h is written in POS[2], the WD83C593 I/O 
space is placed in the range 280h - 029Fh. This is 
one of 128 possible 32-Kbyte ranges. For each of 
the primary and alternate choices, one or more 
interrupt levels are defined in the .ADF file. 

Bit (7:1) 

These bits are used to decode the I/O space for the 
application. 

Bit 0 

Card Enable. 
Bit 0 wakes up low and, until it is set by the con­
figuration routine, keeps the card in "sleep" mode. 
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POS REGISTERS AND DECODING 

~-------------------------------------------------------------------
LAOD-LA23 BDOD-BD15 

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

: 

: MICRO CHANNEL 2 POS-ID 
BYTES 

_ CONTROL BUS 
'--- .. p 

0 (R) 
0 

(EEPROM) 
MICRO CHANNE 0 .... MODE 

... CONTROL BUS POS I -

.... CDSETUP SELECTION : J 
p AND 

~- - -~~I!-~~~- CONTROL 4 POS 

LOGIC i---- REGISTERS ENAISLEEP ... MODE (RIW) - : 
0 
0 

LEGEND: : BOOD-BD07 -- _____ BUS r------------ .. -----------------
__ SIGNAL 

R ( ) READ ONLY BOOO-BD15 

(RIW) READIWRITE 

COMPARE 

+ 

DECODE 

+ 

CONTROL 

LOGIC 

8 EEPROM 

REGISTERS 
(RIW) 

14 X 16 FIFO 
AND FIFO 
CONTROL 
LOGIC 

FIGURE 2·1. GENERAL SYSTEM BLOCK DIAGRAM 
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SELECT 
AND 
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2.1.2 POS[3] Register 

Bit Bit Assignment 

7 LA19 

6 LA18 

5 LA17 

4 LA16 
3 LA15 

2 LA14 

1 PME 

0 CLAIM 

If a C2h is written in POS[3], the shared RAM space 
is placed in the range OCOOOOh - OC3FFFh. This is 
one of 64 possible 16-Kbyte ranges. It is intended 
to place shared RAM in the general range, 
OCOOOOh - ODFFFFh. 

Bit (7:2) 

These bits are used to set the shared RAM space 
for the application. 

Bit (1 :0) 

Memory Enable; Claim. 
Bit 1 wakes up low and, until it is set by the con­
figuration routine, keeps the RAM buffer disabled. 
Bit 0 is provided for use by the driver software {to 
identify availability when multiple cards are used in 
the same system}. 

POS REGISTERS AND DECODING 

2.1.3 POS[4] Register 

Bit Bit Assignment 

7 LA19 

6 LA18 

5 LA17 

4 LA16 

3 LA15 

2 LA14 

1 BE1 

0 BEO 

If a DOh is written in POS[4], the BIOS ROM space 
is placed in the range ODOOOOh - OD3FFFh. This is 
one of 64 possible 16-Kbyte ranges. It is intended 
to place the BIOS ROM in the general range, 
OCOOOOh - ODFFFFh. 

Bit (7:2) 

These bits are used to set the BIOS ROM location 
for the application. 

Bit (1 :0) 

BIOS Size/Enable. 
Bits 1 and 0 are used to set the size of the BIOS 
ROM and, when necessary, to disable it as follows: 

BE1 BEO FUNCTION 

0 0 BIOS is 16 Kbytes 

0 1 BIOS is 32 Kbytes 

1 0 BIOS is Disabled 

1 1 BIOS is 64 Kbytes 
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POS REGISTERS AND DECODING 

2.2 Other POS Functions! POS[5] Register 

POS[5] provides bits that increase memory size, 
divide the BSCK clock by "2" (for internal use), and 
enable /disable interrupts to the host. 

Bit Bit Assignment 
7 CHCK 
6 CHCK 

5 N/A 
4 N/A 
3 MSE 
2 CDIV 
1 IEN1 

0 IENO 

Bit (7) 

Active Indicator (Micro Channel defined). 

Bit (6) 

Status Available Indicator (Micro Channel defined). 

Bit (5:4) 

Not applicable. 

WD83C593 

Bit 3 

Memory Size Enable. 
When set to "1", this bit increases the memory size 
from 8 x 16 Kbytes to 32 x 16 Kbytes. 

Bit 2 

Clock Divider. 
This bit, when reset, divides the BSCK clock by "2" 
for internal use. When the system is powered off, 
the bit is reset. 

Bit (1 :0) 

Interrupt Enable. 
Together, these bits enable/disable the interrupts 
to the host, and determine the level of the interrupt 
as follows. 

IEN1 IENO FUNCTION 

0 0 Interrupt level is IROO 

0 1 Interrupt level is IR01 
1 0 Interrupt level is IR02 

1 1 Interrupt level is IR03 
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WD83C593 PROGRAMMING THE EEPROM REGISTERS 

3.0 PROGRAMMING THE EEPROM REGISTERS 
The WD83C593 contains ten,internal eight-bit 
registers implemented in EEPROM technology 
(see Table 8-2). These registers contain random 
data when the device is shipped from the factory 
and must be programmed by you for your applica­
tion. If they are not, the device will not function 
properly. 

To initially program the EEPROM registers, you 
must write the data to be sorted to each register. 
Figure 3-1 illustrates a typicall;EPROM register bit 
cell. Data is stored in the latch and its output is 
presented to the input of the EEPROM cell. Once 
the data is stored in the registers, you must-write 
the following to the EEPROM control register: A5h 
(followed by) OOh. It is important that you write the 
numbers in the order given. This starts the 
programming process of all ten EEPROM registers 
with data stored in the latches. The program opera­
tion requires. a maximum of 20 milliseconds to 
complete. During this time,it is important that you 
do not access any of the registers in the device. 
Refer to Appendix 8 for more information on the 
EEPROM registers. 

DATA D Q - D Q 
LATCH EEPROM 

CELL 
CLOCK .... - -

FIGURE 3·1. TYPICAL EEPROM REGISTER BIT CELL 
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APPENDIX A -- PIN DESIGNATIONS 

APPENDIX A -- PIN DESIGNATIONS 

Figure A-1 illustrates the 84-pin PLCC device. 
Table A-1 lists all pin designations. 

N/C 
LA23 
LA22 
LA21 

LA20 
LA19 
LA18 
LA17 
LA16 
Vcc4 

GND2 
LA15 
LA14 
LA13 
LA12 
LA11 
LA10 
LA09 
LA08 
LA07 
LA06 

10 9 8 7 6 5 4 3 2 1 84 83 82 81 80 79 78 77 76 75 

74 • 73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 

31 55 
32 54 
~M~~~~M~~~~M~~Q~~W~~~ 

FIGURE A-1. 84-PLCC PINOUT 
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SO 
S1 
MADE24 

ADL 
INT 
MODE 
CDSETUP 
CHRESET 
AIOW 

GND3 
Vcc2 

AIOR 
LANCS 
RST 

lOR 
lOW 
ACK 
ATC 
BREOIABACK 
BACKIABREQ 

~ 

39-7 

• 



-WD83C593 APPENDIX A -- PIN DESIGN A TlONS 

PIN PIN 

I 
SIGNAL NAME/ 

NO. NAME DESCRIPTION 

Host Micro Channel Bus Signals 

2-10 BDOO-BDI5 (I/O) HOST MICRO CHANNEL DATA BUS: This bus needs to 
77-83 be externally buffered. 

11 REFRESH (I) REFRESH CYCLE: Input from host system. Indicates 
when a system memory refresh cycle is taking place. 

15-20 LAOO-LA21 (I) HOST MICRO CHANNEL ADDRESS LINES: These are 
23-38 the 20 bits of the host Micro Channel address lines. 

39 CDCHRDY (0) CHANNEL READY: This output, normally active, is pulled 
inactive to allow additional time to complete a channel 
operation.The maximum time that this line can be held 
inactive is 3.5 Ilsec. 

40 CDDS16 (0) CARD DATA SIZE 16: This output is used to indicate to the 
host Micro Channel that the current data transfer is 16 bits 
wide. It is derived from a valid address decode. 

41 CDSFDBK (0) CARD SELECTED FEEDBACK: This output is asserted as 
an acknowledgement when an I/O or memory device on the 
LAN card is selected. 

--
45-48 IRQO-3 (0) INTERRUPT REQUEST: These outputs tell the host micro-

processor that an interrupt has occurred and the LAN card 
needs attention. 

50 CMD (I) COMMAND: This input is used to define when data is 
valid on the data bus. The trailing edge of the signal 
indicates the end of the bus cycle. 

67 CHRESET (I) CHANNEL RESET: This signal is generated by the host 
when the host Micro Channel is powered up. 

68 CDSETUP (I) CARD SETUP: This input is generated by the host logic to 
individually select channel connectors during system 
configuration and error recovery procedures. This input, 
together with LAO-LA2, is used to access the POS 
registers. The CDSFDBK output is not asserted during 
configuration. 

TABLE A-1. PIN DESCRIPTIONS 
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APPENDIX A -- PIN DESIGN A TlONS WD83C593 

PIN PIN SIGNAL NAME! 
NO. NAME DESCRIPTION 

Host Micro Channel Bus Signals, Cont. 

71 ADL (I) ADDRESS DECODE LATCH: This input is used to 
indicate that the Micro Channel addresses are to be 
latched. The trailing edge is used. 

72 MADE24 (I) MEMORY ADDRESS ENABLE 24: This input, when 
active, indicates that an unextended address space equal 
to or less than 16M is present on the address bus. 

74, 73 SO, S1 (I) STATUS BITS 0 AND 1: These inputs indicate the start of 
a channel cycle and also define the type of channel cycle 
as follows . 

....MilO SO S1 TYPE 
0 0 0 Reserved A 
0 0 1 I/O Write 
0 1 0 I/O Read 
0 1 1 Reserved B 
1 0 0 Reserved C 
1 0 1 Memory Write 
1 1 0 Memory Read 
1 1 1 Reserved D 

75 M/IO (I) MEMORY/INPUT OUTPUT: This input distinguishes a 
memory cycle from an I/O cycle. 

LAN Controller Signals 

55 BACKIABREQ (0) LAN BUS ACKNOWLEDGE: This output is generated to 
acknowledge a LAN BUS REQUEST. 

56 BREQ/ABACK (I) LAN BUS REQUEST: This input is generated by the LAN 
controller to indicate that a DMA transfer is needed. It is 
automatically generated when the LAN controller's FIFO 
buffers need servicing. 

58 ACK (I) LAN SLAVE I/O ACKNOWLEDGE: This input is asserted 
by the LAN chip when it grants access to its internal 
registers. The input is used to insert wait states until the 
LAN is synchronized for a register read or write operation. 

59 lOW (0) LAN I/O WRITE: This output, together with LANCS, is 
used to write to the internal LAN registers. 

TABLE A-1. PIN DESCRIPTIONS (Continued) 
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PIN PIN SIGNAL NAME! 
NO. NAME DESCRIPTION 

LAN Controller Signals, Cont. 

60 lOR (0) LAN I/O READ: This output, together with LANCS, is used 
to read the internal LAN registers. 

61 RST (0) LAN RESET: This output places the LAN in reset mode 
immediately. No packets are received or transmitted by the 
LAN until the STA bit in the LAN is set. 

62 LANCS (0) LAN CHIP SELECT: This output places the LAN device in 
slave mode for access to internal registers. 

70 INT (I) LAN INTERRUPT: This input indicates that the LAN 
controller needs host attention (at the end of an operation, 
when an error occurs, etc.). 

76 BSCK (I) CLOCK: This input is the 40-MHz clock. 

69 MODE (I) ALTERNATE MODE SELECT: This input must be left open 
(internally pulled high). It signifies that the WD83C593 is 
being used on a non-intelligent board, directly interfacing 
the WD83C690 LAN controller to the buffer memory. 

RAM Signals 

51 RAMWE (0) RAM WRITE ENABLE: This output is used to write host 
data into the buffer RAM. 

53 RAMOEIAREADY (0) RAM OUTPUT ENABLE: This output is used to gate the 
buffer RAM onto the data bus, BDOO-BD15. 

ROM Signal 

54 BOE (0) BIOS ROM OUTPUT ENABLE: This output is the chip 
select for the BIOS ROM. It gates data onto BDO-BD7. 

Buffer Control Signals 

42 MREQ (0) MEMORY REQUEST: This output is provided for use in a 
possible memory mapped scheme. This is an unlatched 
memory decode indicator. 

. 49 DEN (0) DATA BUFFER ENABLE: This output is generated to 
enable or disable the external bidirectional data buffers. 

TABLE A-1. PIN DESCRIPTIONS (Continued) 
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PIN PIN SIGNAL NAME! 
NO. NAME DESCRIPTION 

52 DDIR (0) DATA DIRECTION: This output is generated to control the 
direction of the external bidirectional buffers between the 
host data bus and DBOO-DB15 (local data bus). 

Power 

21,43, Vee +5Vdc 
64,84 

1,22, GND GROUND. 
44,65 

No Connection 

11,12 N!C Pins 11, 12 must be left open. They are used for factory 
testing. 

TABLE A-1. PIN DESCRIPTIONS (Continued) 
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APPENDIX B -- REGISTER DESIGNATIONS 

This appendix provides information on the 
WD83C593's internal registers. Table B-1 sum-

marizes the 1/0 mapping, and the remainder of the 
appendix describes each register in detail. 

Offset Type Name 

OxOO RIW Memory Enable, Reset Register (MER) 
Ox01 W EEPROM Control Register (EEC) 
Ox02 R (EEPROM) Reserved (PI DO) 
Ox03 R (EEPROM) Reserved (PID1) 
Ox05 RIW Internal Mask and Command Control Register (IMCCR) 
Ox07 RIW General Purpose Register (GPR) 
Ox08-0xOF R (EEPROM) LAN Address Registers (LAR) 
Ox10-0x1F R/W LAN Controller Registers (LAN) 

TABLE B-1. INTERNAL REGISTER 110 MAP . 

Name: MEMORY ENABLE, RESET (MER) Offset: OxOO 

Description: Only bits 7 and 6 in this register are used. Setting bit 7, and clearing it after 1 ~sec, 
resets the LAN controller, as well as the other registers (except LAR, PIDO, PID1 and FEX). Setting 
bit 6 enables the host Micro Channel to share the on-board buffer RAM. When bit 6 is cleared, RAM 
is disabled. A hard reset clears all bits in this register. 

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitO 
REST MENB N/A N/A N/A N/A N/A N/A 

Name: EEPROM CONTROL (EEC) Offset: Ox01 

Description: Writing A5h first and then OOh to this register starts the program process for the 
EEPROM registers. See the EEPROM programming instructions for a detailed description on how 
this register is used. 

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitO 
1 0 1 0 0 1 0 1 

Name: RESERVED (PI DO) Offset: Ox02 

Description: This write-only register is used only by manufacturing to set the Micro Channel POS ID 
numbers. 

Name: RESERVED (PID1) Offset: Ox03 

Description: This write-only register is used only by manufacturing to set the Micro Channel POS ID 
numbers. 

TABLE B-2. REGISTER DESCRIPTIONS 
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Name: INTERNAL MASK AND COMMAND CONTROL Offset: Ox05 
REGISTER (lMCCR) 

Description: Bit 2 is cleared when the host Micro Channel is powered off or undergoes a soft reset. 

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitO 
- - - - - ElL - -

Note: 

bit2 (ElL) This bit is used to enable or disable an interrupt from the LAN controller to the host 
Micro Channel. The host Micro Channel sets this bit to "1" to enable the interrupt. 

Name: GENERAL PURPOSE REGISTER (GPR) Offset: OX07 

Description: This is an 8-bit wide general purpose register. 

Name: LAN ADDRESS REGISTERS (LAR) Offset: OX08 - OXOF 

Description: The values for these eight read-only registers are permanently stored in the 
internal EEPROM. See EEPROM programming instructions. 

Name: LAN CONTROLLER REGISTERS (LAN) Offset: OX10 - OX1 F 

Description: These sixteen registers are physically located on the LAN controller chip. Only the 
decode and control circuitry is internal to the WD83C593. 

TABLE B-2. REGISTER DESCRIPTIONS (Continued) 
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APPENDIX C - ELECTRICAL CHARACTERISTICS 
Table C-1 lists the dc electrical parameters for the 
WD83C593, Table C-2lists the non-operational 

specifications, and Table C-3 lists the operational 
specifications. 

Ta = OOC (32°F) to 70°C (158°F), Vcc = 5V % 10% 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

100 Voo Supply Current - 8 10 mA -
Voo Voltage Supply 4.5 5 5.5 V -
VIH Input High Voltage 2.0 - - V -

VIL Input Low Voltage - - 0.8 V -

VOH Output High Voltage 2.4 - - V note 1 

VOL Output Low Voltage - - 0.5 V note 2 

ILH Input Source Current - - 0.1 ~ VIN = Voo 

ILL Input Sink Current - - -1.0 JlA VIN=O 

IOZH Tri-state High Current -10 - 10 JlA VIN = Voo 

IOZL Tri-state Low Current -10 - 10 JlA VIN=O 

VOL Output Low Voltage - - 0.5 V note 3 
(Pins IRQO, IRQ1, 
IRQ2, and IRQ3) 

VOL Output Low Voltage - - 0.4 V note 4 
(All pins except IRQO, 
IRQ1, IRQ2, and IRQ3) 

TABLE C-1. DC PARAMETERS 

NOTES 

1. IOH = -24 mA on IRQO, IRQ1, IRQ2 and IRQ3. 

IOH = -8 mA on all other outputs and I/O pins. 

2. IOL = 0.5V (and 24 mA) on IRQO, IRQ1, IRQ2, and IRQ3. 

IOL = 0.4V (and 8 mA) on all other outputs and I/O pins. 

3. IOL = 24 mA on pins IRQO, I RQ1, IRQ2, and IRQ3. 

4. IOL = 8 mA on all other outputs and I/O pins. 

39-14 ADVANCED INFORMATION 10116190 



APPENDIX C - ELECTRICAL CHARACTERISTICS WD83C593 

PARAMETER MIN TVP MAX UNIT 

Storage temperature -65 - 150 Degrees 
Centigrade 

Voltage on any pin -0.6 - Vcc + 0.3 Volts 
with respect to Vss (except Vpp) 

Voltage on Vee - - 7.0 Volts 
with respectto V ss 

TABLE C-2. NON-OPERATIONAL SPECIFICATIONS 

PARAMETER MIN TYP MAX UNIT 

Ambient temperature 0 25 70 Degrees 
Centigrade 

Humidity 20 - 95 Percent 

Vee supply voltage 4.50 5.0 5.50 Volts 
with respect to Vss 

lee supply current - - 100 Milliamps 
(full loading) 

Power dissipation - - 500 Milliwatts 

TABLE C-3. OPERATIONAL SPECIFICATIONS 

• 
ADVANCED INFORMATION 10116190 39-15 



WD83C593 APPENDIX D - AC OPERA TlNG CHARACTERISTICS 

APPENDIX D - AC OPERATING CHARACTERISTICS 
This appendix provides information on the 
WD83C593's ac operating characteristics. Table 

D-1 lists the ac operating characteristics. Figures 
D-1 and D-2 illustrate timing information. 

SYMBOL PARAMETER MIN MAX UNITS 

t1 Status active low from 10 - nsec 
ADDRESS, MilO, REFRESH 
valid 

t2 CMD active low from status 55 - nsec 
active low 

ta ADL active low from 
ADDRESS MilO, REFRESH 
valid 45 - nsec 

t4 ADL active low to CMD active 
low 40 - nsec 

t5 CDDS16 active low from 
ADDRESS,M/IO,REFRESH 
valid - 55 nsec 

ts CDSFDBK and CDCHRDY 
low from ADDRESS valid - 60 nsec 

t7 CMD active low from 
ADDRESS valid 85 - nsec 

ts CMD pulse width 90 - nsec 

tg Write data setup to CMD 
active low 0 - nsec 

t10 Write data hold time from 
CMD high (at the PS/2 bus) 30 - nsec 

t11 Read data setup time to 
CMD high (at the PS/2 bus) 60 - nsec 

t12 Read data hold time from 
CMD high (at the PS/2 bus) 5 - nsec 

TABLE 0-1. AC OPERATING CHARACTERISTICS 
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SYMBOL PARAMETER MIN MAX UNITS 

t13 CMD high to RAMOE or 
RAMWE high 0 - nsec 

t14 CMD high to DEN high 
WRITE CYCLE (during WRITE) 15 - nsec 

t14 CMD high to DEN high 
READ CYCLE (during READ) - 25 nsec 

t15 CMD high to DDIR low 0 - nsec 

t16 DDIR low to pulse" 0 - nsec 
(read cycles only) 

t17 BREQ active high to 1 clk cyc -
BACK active high time 

t18 BREQ low to BACK low 1 clk cyc 3 clk cyc 
time time + 25 

nsec 

t19 LANCS active low to lOR 0 - nsec 
or lOW active low 

t20 ACK active low from lOR 0 - nsec 
or lOW active low 

t21 ACK high from lOR or lOW 
high 0 - nsec 

t22 CDSETUP active low to 15 - nsec 
ADL active low 

t23 CDSETUP hold from ADL 25 - nsec 
high 

t24 CDCHRDY inactive low from - 100 nsec 
CDSETUP active low 

t25 CDSETUP hold from CMD 
active low 30 - nsec 

TABLE 0-1. AC OPERATING CHARACTERISTICS (Continued) 

"The pulse occurs on the DEN line, when the DDIR signal goes low during read cycles. 
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DESCRIPTION AND APPLICATION 

1.0 DESCRIPTION AND APPLICATION 
The WD83C690 Ethernet LAN Controller (ELC) is 
a VLSI device designed to interface with networks 
such as Ethernet, Cheapernet, and StarLAN. 
Functionally similar to the National DP8390 device, 
the WD83C690 incorporates an original architec­
ture and provides several new registers (for en-han­
cements, block address, and test control). The 
device is implemented in a single-clock, single­
phase synchronous design, with the exception of 
serial portions of the receiver and transmitter. The 
WD83C690's signal functions, polarity require­
ments, and timings are compatible with the 
WD83C583 and WD83C593 bus interface devices. 

WD83C690 

1.1 FEATURES 

• Meets the IEEE 802.3 protocol for networks 
such as Ethernet, Cheapernet, and StarLAN 

• Provides direct memory address (DMA) 
channel for transferring data between memory 
and the host 

• Implements an original, sophisticated 
architecture in standard cell technology 

• Provides programmable wait states and slot 
times 

• Provides full duplex loopback capability 

• Requires single, 5V power supply 

• Supports physical, promiscuous, and 
broadcast address filtering 

• Provides efficient, versatile buffer management 
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1.2 SYSTEM INTERFACE 

The WD83C690 is part of a three-device set that 
implements the complete IEEE 802.3-compatible 
network node electronics. The WD83C691 
Manchester Encoder/Decoder (MED) and the 

+5V 

WD83C690 
ELC 

TXC 

TXD 

AXC 

AXD 

STATION 
OR 
OTE 

+5V 

DESCRIPTION AND APPLICATION 

WD83B692 Ethernet Transceiver (ET) comprise 
the other two devices in the set. The WD83C691 
provides the Manchester encoding/decoding func­
tions, while the WD83B692 serves as Ii coaxial 
cable line driver/receiver. Figure 1-1 illustrates how 
the devices interface. 

TRANSCEIVER 
CABLE 
(AUI) 

-9V 

WD83B692 
ET 

TRANSCEIVER 
(MAU) 

COAX 

FIGURE 1-1. WD83C690 SYSTEM INTERFACE 
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2.0 OPERATIONAL DESCRIPTION 
This section describes the functional blocks that 
comprise the Ethernet LAN controller. A general 
system block diagram is shown in Figure 2.1. Sec­
tions 3 and 4 provide more detailed explanations of 
the receive and transmit functions and memory 
interface. 

2.1 RECEIVE FEEDBACK MULTIPLEXOR 

For testing purposes, an internal multiplexor at the 
network interface end of the receiver permits the 
loopback of transmitted data, and the use of trans­
mit enable as a carrier sense signal. The multi­
plexor can be programmed via the transmit 
configuration register. 

2.2 CARRIER SENSING 

Carrier sensing is done externally and brought into 
the WD83C690 through the CRS pin. Received 
data and clock are brought in through the RXD and 
RXC pins, respectively, and feed the CRC checker, 
the octet alignment circuit, and the serial-to-parallel 
converter. 

2.3 CRC CHECKER 

The receiver section performs the cyclic redun­
dancy check (CRC) for the incoming serial data. 
The CRC computation includes the address, data, 
and CRC fields. It excludes the preamble and SFD. 

The CRC polynomial used is AUTODIN II (X32 + 
X26 + X23+ X22 +X16 + X12+ X11 + X10 +X8+ 
X7 + X5 + X4 + X2 + X1 + 1). 

2.4 RECEIVE DESERIALIZER 

The receive deserializer clocks incoming bits into 
an eight-bit serial-to-parallel shift register, and, 
when an octet is complete, loads the parallel data 
into the receiver "first in, first out" buffer (FIFO). 
Octet alignment is determined by a synchronization 
circuit which detects the start of frame delimiter 
(SFD). 

2.5 ADDRESS RECOGNITION LOGIC 

The destination address is compared to a 6-byte 
station address stored in the internal registers, and, 
if all bytes match (or if promiscuous mode is 
enabled), the frame is received. When multicast 
addressing is enabled, only the individual/group bit 

WD83C690 

of the destination address is checked. No filtering 
of group addresses is done. Broadcast frames are 
received when the broadcast enable bit is active. 

If the address is rejected, the receive FIFO is 
cleared and none of the frame is stored. If the 
address is accepted, buffering of the frame begins. 

2.6 RECEIVE PROTOCOL FINITE STATE 
MACHINE (RPFSM) 

The Receive Protocol Finite State Machine 
(RPFSM) determines whether the incoming frame 
will be saved in memory, and coordinates the 
operation of all other blocks in the receiver section. 
This involves generating status information regard­
ing each frame (the information is placed in the 
receiver status register) and keeping track of the 
length of the frame via a 16-bit-wide frame length 
byte counter attached to the state machine. The 
block is controlled by the receiver configuration 
register and the START and STOP bits from the 
command register. The receiver error counters are 
also under control of this circuit. 

2.7 RECEIVER ERROR COUNTERS 

There are three error counters in the receiver sec­
tion: the CRC error counter, the frame alignment 
error counter, and the missed packet counter. Each 
counter is eight bits wide and can be incremented 
up to 255, where it remains until the counter clears 
(when the register is read or the device reset). 

The CRC error counter, under control of the receive 
protocol finite state machine, is incremented when 
a received frame's computed CRC does not match 
the appended CRC. 

The frame alignment error counter is advanced 
when a frame with too many dribble bits and a CRC 
error at the same time is received. 

The missed packet counter is incremented when a 
frame that would ordinarily be stored in memory 
was not stored (either because the receiver was 
operating in monitor mode, or because there was 
insufficient memory to store the entire frame). 
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2.8 FIFOS 

The transmitter and receiver sections have similar, 
but independent, 16-byte deep FIFOs. These 
FIFOs have a programmable threshold level that 
allows the transmit recei'le (TR) direct memory 
access controller (TRDMA) to determine when 
there is a need to move data between the 
WD83C690 and memory. 

2.9 TRANSMITTER PROTOCOL FINITE STATE 
MACHINE (TPFSM) 

The transmitter protocol finite state machine 
(TPFSM) coordinates the operation of all blocks 
that comprise the transmitter section. It decides 
when to transmit, when to defer transmission, and, 
in the event of a colliSion, when to back off and 
attempt to transmit again. The transmit configura­
tion register controls the operation of this state 
machine, which updates the transmit status register 
after each attempt to send a frame. 

2.10 TRANSMIT SERIALIZER 

The transmit serializer converts the 8-bit parallel 
data from the transmit FIFO into serial data. Serial 
data is clocked out of the TXD pin (least significant 
bit first) by the rising edge of an external clock at 
theTXC pin. 

2.11 TRANSMITTER CRC GENERATOR 

Using the same polynomial as the receiver CRC 
checker, the transmit section generates CRC serial­
ly and appends it to each outgoing frame. (CRC is 
clocked-out most significant bit first.) 

2.12 PREAMBLE GENERATOR 

The preamble generator block generates a data 
pattern of alternating "1" and "0" bits. 

2.13 JAM GENERATOR 

This block generates a pattern of consecutive "1" 
bits. It drives the TXD pin when a collision is 
detected. 

2.14 SERIAL STREAM MUX 

Using the serial stream multiplexor, the TPFSM 
composes each frame from its constituent parts. 

OPERATIONAL DESCRIPTION 

2.15 SYNC-TQ-TXC 

To ensure minimal output jitter, the transmit data 
stream is reclocked to the rising edge of TXC prior 
to driving the pin. 

2.16 COLLISION DETECTION LOGIC 

Collisions are sensed externally during transmis­
Sion, then input through the COL pin. 

2.17 DMA CONTROLLER 

There is an internal direct memory access (DMA) 
controller, TRDMA, which moves packets between 
buffer memory and the WD83C690. 

The DMA generates 16-bit addresses, supple­
mented by 8 bits of static address in the high order 
positions (A 16-23)~ The DMA controller supports 
memory cycles as short as 200 nsec, which can be 
slowed down using the MEM-READY pin or by 
programming a default number of wait states into 
the configuration register. 

2.18 ASSEMBLY AND DISASSEMBLY 
LATCHES 

The TRDMA does all of its transfers as pairs of 8-bit 
bytes. The assembly and pissassembly latches 
match the internal 8-bit data path to the external 
data bus. When interfacing to a 16-bit bus, the 
assembly latches combine two 8-bit words to form 
a 16-bit word; when interfacing with an 8-bit bus, 
they supply the two consecutive bytes of a transfer. 
The disassembly latches perform the opposite 
function. 

2.19 BUS INTERFACE AND INTERNAL BUS 
ARBITRATOR 

The bus interface unit (BIU) and internal bus ar­
bitrator control access to the WD83C690's internal 
registers and ensure that the device does not at­
tempt a DMA transfer until it has access to the 
memory bus. The BIU transfers data from buffer 
memory to the internal disassembly latches and 
from the internal assembly latches to buffer 
memory. It generates the bus request (BREQ), 
memory strobes (MRD and MWR) and the address 
strobe (ALE). 

To control the initiation of a transfer and insertion of 
wait states, the BIU observes the bus grant 
(BGRANT) and memory ready (MEMRDY) signals. 
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Until BGRANT becomes true, the memory strobes, 
address outputs, and ALE outputs are tri-stated. 
Once BGRANT is issued, the host must not drive 
the address, data, ALE"or memory strobes until 
BREQ is dropped and BGRANT taken away at the 
end of the DMA burst. Failure to adhere to this rule 
will result in contention on the lines and corruption 
of the data transferred. Refer to the timing 
diagrams in Appendix D for more details. 

When the DMA bursts are complete and BGRANT 
is negated, the host can access the internal bus. 
Although BREQ may again become active in 
response to new DMA needs, the arbitration logic 
permits access until BGRANT becomes true. The 
internal arbitrator generates the READY signal to 
tell the host that the requested I/O access has been 
made and the internal bus is, available. 

The host may force the WD83C690 to interrupt a 
DMA burst by removing the BGRANT signal while 
BREQ is still active. When this happens, the BIU 
completes the current byte or word transfer, then 
relinquishes the bus by dropping BREQ for one 
clock. The internal bus arbitration unit disables the 
DMA until BG RANT is again true, at which time, the 
burst continues where it left off. 

2.20 ACCESSING INTERNAL REGISTERS 

To access an internal register, the host must assert 
the chip select (CS) signal and wait until READY is 
asserted before driving the bus. When the 
WD83C690 is not involved in a DMA operation, it is 
not necessary to wait for READY to be asserted 

WD83C690 

prior to driving the address, ALE, and data lines. 
CS must be maintained throughout the access. 

In multiplexed bus applications, ALE latches the 
register address into the WD83C690. In non-mUl­
tiplexed bus applications, ALE should be driven 
high or pulled up during register access to allow the 
address to flow through the internal transparent 
latch. 

To read from a register, lOR must be asserted by 
the host (either before or after CS). It is recognized 
by the internal bus arbitrator (BUSARB) circuit, 
which enables data flow from the addressed 
register to the ADOO-07 pins. During read opera­
tions (which are always done through the ADOO-07 
pins), AD08-15 are tri-stated. READY indicates 
when the host can sample data and terminate the 
read operation. 

To write to a register, lOW must be asserted by the 
host and recognized by the internal BUSARB. 
When the bus is free for the transfer, READY is 
asserted and the register address is latched inter­
nally. Data is latched into an intermediate transfer 
latch with the trailing edge of lOW, and, two clocks 
later, transferred to the destination register. 
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FIGURE 2-1. GENERAL SYSTEM BLOCK DIAGRAM 
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FIGURE 2·1. GENERAL SYSTEM BLOCK DIAGRAM (Continued) 
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3.0 OPERATION OF THE SERIAL IN-
TERFACE SECTIONS 

When the stop bit in the command register is 
cleared and the start bit is set, the transmit and 
receive sections are enabled. This permits the 
serial interface sections to recognize incoming 
frames and to act on requests for transmitting 
frames. Once enabled, the serial interface sections 
remain enabled until the stop bit is set. Clearing the 
start bit does not disable the serial interface. 

If the stop bit is set while the transmit and receive 
sections are operational, they will finish handling 
the current frame, then go to a soft reset condition 
and ignore incoming frames and requests for trans­
mission. Before the transmitter stops, however, it 
will complete the retransmission of any colliding 
packets. When both sections are stopped, the RST 
bit in the interrupt status register is set (although the 
DMA controller may remain active), and the 
receiver status registers are reinitialized. 

3.1 RECEIVE FUNCTIONS 

This section describes how the receiver section 
operates. 

3.1.1 RECEIVING A FRAME 

The preamble field is used to train the external 
Manchester decoder and to detect carrier. If carrier 
sense (CRS) is true, the preamble passes through 
the receive deserializer which discards it while 
searching for the consecutive" 1" bits that mark the 
start-frame-delimiter (SFD). The deserializer loads 
the receive FIFO with octets (bytes), beginning with 
the first bit after SFD. 

While the destination address (DA field) is being 
checked for recognition, the receive DMA is dis­
abled. If the frame is accepted, the DMAis enabled, 
and when the FIFO fills to the programmed burst 
level, transfer to memory begins. If the frame's 
address is not accepted, the receive unit clears out 
the FIFO and waits for the start of the next frame. 

The destination address, source address, and data 
fields are passed to buffer memory. In some 
protocols, the first 2 bytes of the data field denote 
a frame length. These bytes are not interpreted by 
the WD83C690, but treated as ordinary data. 

OPERATION OF THE SERIAL INTERFACE SECTIONS 

3.1.2 END OF FRAME 

Upon loss of carrier sense, dribble clocks (receive 
clocks that occur after the loss of carrier) on the 
RXC pin flush the remainder of the received frame 
through the deserializer and CRC checker. The 
CRC of all received octets is computed and com­
pared to the CRC at the end of the frame, and the 
result is recorded in the receiver status register. 
The CRC from each received frame is sent to 
memory with the frame via DMA, and included in 
the byte count posted in.the buffer header. 

The deserializer counts the number of bits left over 
after the last complete octet. If the number is 
greater than 6, a frame alignment error is reported. 

If the receive unit detects errors in the frame, it may 
abort reception, depending on how the bits, "save 
errored packets" and "accept runt frames", have 
been configured. If reception is aborted, the DMA 
controller stops sending bytes to the buffer, the 
receive unit clears out the FIFO, the receive status 
register (RSR) and the interrupt status register 
(ISR) are updated, and the receive unit waits for the 
next frame to begin. 

For frames that are not accepted, a header is not 
posted, and the previous contents of the header 
location remain unchanged. We recommend that 
the header portions of recycled buffers be cleared 
out so that they are not subject to misinterpretation 
during subsequent host processing. 

The received packet length must be less than 
65,024 bytes, including DA, SA, data, and CRC. In 
addition, the buffer ring must have enough space 
for the entire frame and a 4-byte header. Packets 
larger than the available buffer space cannot be 
received, regardless of the SEP bit in the RECEIVE 
CONFIG register. Such frames are posted as ring 
over-writes and cause the over-write (OVW) inter­
rupt to be set. Receiver interrupts (RXE, PRX) are 
posted after the frame has been completely posted 
to memory by DMA. If DMA aborts, these interrupts 
are not set for the current frame (if set previously, 
they remain unchanged). Packets shorter than 64 
bytes are received only when the "accept runts" bit 
is enabled. 
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3.2 TRANSMITTER 

This section describes how the transmitter section 
operates. 

3.2.1 INITIALIZATION FOR TRANSMISSION 

The host builds packets to be transmitted in buffer 
memory. These packets must include the DA, SA 
and data fields. CRC is not read from buffer 
memory unless CRC generation is disabled. If it is 
disabled, the user is expected to place the com­
puted CRC in the last four bytes of memory with the 
bit order reversed so that when clocked out least 
significant bit first, the CRC is presented to the 
serial interface most significant bit first. 

The transmit start and transmit length (TSTART and 
TLENGTH) registers must be properly 
programmed before the TXP bit in the command 
register is set by the host. Once the TXP bit is set, 
the transmit unit can request the frame from the 
TRDMA unit. TXP can be cleared only by the 
transmitter upon completion of an attempted trans­
mission. 

3.2.2 TRANSMISSION PROCESS 

TRDMA fills the transmit FIFO with bursts of data 
until there is no room left for an entire data burst. 
Burst lengths of 2, 4, or 8 bytes are repeated until 
they result in a full FIFO. A burst length of 12 bytes 
stops TRDMAand leaves only 12 bytes in the FIFO. 
When all bursts are done, TRDMA notifies the 
transmit unit that the FI FO is ready for transmission 
to begin. 

The transmit unit waits until the media is clear for 
transmission, then generates 62 bits of preamble 
and SFD. Following this operation, it pulls bytes out 
of the transmit FIFO, serializes them, shifts their bits 
to the TXD pin, and computes the packet's CRC. 
During this operation, the TRDMA monitors the 
condition of the FIFO to determine when there is 
room for other bursts of data. As soon as there is 
room, additional bursts are performed. 

When the DMA has filled the transmit FIFO with the 
last byte of the packet, it sets a flag. The transmitter 
continues to pull data out of the FIFO until it be­
comes empty, which marks the end of the frame. 
CRC computation stops and the CRC is appended 
serially to the frame, most significant bit first. 

WD83C690 

3.2.3 TRANSMIT UNDERRUN 

If the FIFO becomes empty before the internal flag 
is set, a transmit underrun condition results and a 
transmit error is posted. Transmission of the packet 
is aborted and an interrupt may be generated. 

3.2.4 COLLISIONS 

When a collision is reported on the COL pin, the 
transmitter sends thirty-two "1" bits as ajam signal, 
terminates transmission, then tries again (up to 16 
times). 

If there are fewer than 16 retries, the transmitter 
randomly selects a backoff delay, in slot-time units, 
from the range, O~ R< 2K (where K is 10 or the 
number of retries, whichever is less). The transmit­
ter requests retransmission of the frame from 
memory and delay is initiated. Note: in accord with 
the 802.3 specifications, the carrier sense is ig­
nored during the last third of the interframe gap. 

When retransmitting a frame, the DMA controller 
clears out the transmit FIFO, loads its pointer to the 
start of the frame in memory, and waits for the abort 
signal to subside. The FIFO is then loaded in the 
same manner as it was initially. If the maximum 
number of collisions (16) is exceeded, transmission 
is aborted without further retries or back-off delay. 

3.2.5 EXTENSIONS TO THE 802.310base5 
PROTOCOL 

The 802.3 10base5 protocol uses frame lengths 
between 64 and 4096 bytes, inclusive. The trans­
mitter section can send frames containing more 
than 16 and fewer than 65,276 bytes in length. The 
ability to transmit shorter or longer frames may be 
useful in other variations of the 802.3 protocol. 

To support these variations, the slot time is pro­
gram-selectable (the choices are 256-, 512-, or 
1 024-bit times). 

ADVANCE INFORMATION 1112/90 40-9 

-



WD83C690 

4.0 MEMORY INTERFACE 
As previously noted, the DMA channel generates a 
16-bit linear address which can be used with a static 
8-bit upper address stored in a page register. This 
enables the WD83C690's 64-Kbyte address space 
to be positioned on any 64-Kbyte boundary within 
the host's 16-Mbyte address space. 

4.1 MEMORY ACCESS TIME 

Once granted control of the memory bus, the DMA 
channel can perform memory accesses in as little 
as 200 nsec. The actual cycle time depends on the 
number of wait states requested by memory. Wait 
states add 50 nsec each to tHe cycle time. For 
systems in which memory access time is known at 
design time, a choice of 0, 1, 2, or 3 automatic wait 
states can be programmed into the enhancement 
register. Automatic wait states apply to all memory 
cycles, regardless of the direction in which the data 
is moving. 

Wait states are also inserted when the MEMRDY 
line is pulled high, even if the automatic wait states 
have expired. 

4.2 DMA BURSTS 

To economize on arbitration time, the TRDMA chan­
nel collects transfers into bursts of 2 bytes (1 word), 
4 bytes (2 words), 8 bytes (4 words), or 12 bytes (6 
words). The choices provide a trade-off between 
bus latency and efficiency. The same burst length 
applies to transmit and receive operations. 

When a data burst is required, the BREQ line 
requests the memory bus. An external arbitrator 
drives BGRANT high, enabling the· address pin 
drivers, and a multiplexed address is driven onto 
the bus. An ALE signal coordinates the external 
address latches. Data is then either driven out or 
read in. In byte mode operation, the evenly-ad­
dressed byte is always accessed first. 

Provided that the BGRANT line remains high, the 
entire burst proceeds as back-to-back cycles 
without relinquishing the bus. The DMA controller, 
however, can be preempted on a word boundary by 
removing BGRANT. On completion of the present 
word transfer (or second byte of a paired-byte trans­
fer), the WD83C690 tri-states its address and data 
drivers and suspends DMA operations. (While 
DMA is suspended, the device's registers can be 
accessed.) When BGRANT is asserted again the 
DMA process picks up where it left off. 

MEMORY INTERFACE 

Be careful when preempting DMA bursts. If 
memory is not regained soon enough, FIFO over­
flow or underrun can result. 

4.3 TRANSMIT PACKET BUFFERING 

A packet to be transmitted is placed by the host into 
buffer memory. The packet must include the DA, 
SA, and data fields. The preamble, SFD, and (nor­
mally) CRC are not included in the buffer. If CRC 
generation is suppressed, the CRC field for the 
packet is also supplied by the host. The packet is 
placed in a contiguous block of memory, starting on 
a 256-byte boundary. 

Valid 802.3 packets have at least 48 bytes of data. 
If data with fewer bytes are to be transmitted on an 
802.3 network, it is the host's responsibility to build 
a packet with pad data included. The WD83C690 
can transmit frames of any programmed length, 
even those which are too short to be valid frames 
on an 802.3 network. 

TRDMA transfers the number of bytes programmed 
into the transmit frame length high-and low-byte 
(TCNTH, TCNTL) register pair, starting from the 
address, TSTART, 00. 

4.4 RECEIVE PACKET BUFFERING 

All received packets are stored in a circular set of 
256-byte buffers. The values written into the 
receive start and receive stop page registers 
(RSTART and RSTOP) by the host when the 
WD83C690 is initialized determine the number and 
location of the buffers in the ring. RSTART points 
to the first buffer in the ring, and RSTOP points to 
the buffer after the last one in the ring. 

Each packet received is stored in one or more of 
these buffers, with a 4-byte header inserted at the 
start of the first buffer. Figure 4-1 illustrates the 
format of a received packet in memory. 
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FIGURE 4-1. RECEIVER BUFFER FORMAT 

Frames that extend to the buffer pointed to by 
RSTOP are continued in the buffer pointed to by 
RSTART. RSTOP can be either greater than 
RSTART + 1 or less than RSTART. Making RSTOP 
equal to RSTART or RSTART + 1 leads to unpre­
dictable results. The relationship of these registers 

to ring placement in memory is illustrated in Figure 
4-2. 

Up to 254 buffers can be allocated to the ring. The __ I 
receiver DMA uses as many as required to store a ~ 
packet. This enables you to configure the device to 
receive frames nearly as long as 64K bytes, a 
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0000 ----
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BUFFER 
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RSTOP points to first page beyond end of buffer 
ring. This page is never used to buffer 
received frames. 
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(RSTOP) 

(RSTART) 1-+ 

FFFF --. 

MEMORY INTERFACE 

RSTART MORE THAN RSTOP 

BUFFER NUMBER 4 --BUFFER NUMBER 5 

BUFFER 

BUFFER 

BUFFER 
LAST USABLE BUFFER I---
not Dart of rina 
not part of ring 
not part of ring 

not part of ring 

not part of ring 
not part of ring 

not part of ring 

FIRST BUFFER IN RING f+ 
BUFFER NUMBER 2 
BUFFER NUMBER 3 -

FIGURE 4-2. RECEIVER BUFFER STRUCTURE 

feature that may be useful in customized CSMA 
networks. 

The receive DMA uses two additional registers to 
manage the buffer ring: the current (CURR) page 
register and the boundary (BOUND) page register. 
CURR points to the first buffer that is not part of a 
completely-received packet. When TRDMA is stor­
ing a frame, for example, CURR points to the start 
of the frame being stored. When TRDMA is not 

storing a frame, CURR points to the first buffer that 
will be used for the next frame to be received. 

The receive boundary page register (BOUND) 
protects received frames from being overwritten by 
later frames. It points to the first buffer in the ring 
that is not to be overwritten. When the receive DMA 
process attempts to open the buffer pointed to by 
BOUND, reception is aborted and the overwrite 
(OVW) flag in the receiver status register is set. 
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Normally, BOUND is set up to point to the bldest 
received packet in the ring. The pointer is managed 
by the host. To discard an unwanted frame, the 
host simply rewrites BOUND to pOint to the next 
packet. To prevent misinterpretation of the dis­
carded packet as a received packet, it is advisable 
to write zeros into the first word. 

CURR is updated by the receive DMA after a frame 
is received. Conversely, BOUND is updated by 
host software after data is removed from the ring. 
When the last frame has been removed from the 
ring buffer, BOUND has the same value as CURR, 
and the ring is considered empty by the 
WD83C690. 

The WD83C690 distinguishes between empty, full, 
and partially-filled buffer rings on the basis of the 
BOUND and CURR pointer values. Whenever 
BOUND is not equal to CURR, the buffer ring is 
assumed to be partially filled, starting with the buffer 
pointed to by BOUND and ending with the buffer 
prior to that pointed to by CURR. 

WD83C690 

When BOUND equals CURR, the ring is full only if 
CU RR was changed by the TRDMA controller more 
recently than BOUND was changed by the host. 
When BOUND is changed more recently than 
CURR, the ring is considered empty. 

Note: you can initialize BOUND and CURR to point 
to any buffer within the ring, for example RSTART. 
Because RSTOP is outside the ring, the registers 
should not point to RSTOP. (This would result in 
the TRDMA storing frames outside the ring in an 
unpredictable manner.) . 

Provided the buffer is in the ring, you can give 
BOUND and CURR the same value. Figure 4-3 
illustrates the relationship between pointers in a 
typical initialized ring. Figure 4-4 shows a ring that 
has received a few frames (this is its normal condi­
tion), and Figure 4-5 shows the same ring after 
proper removal of the oldest received packet. Fig­
ure 4-6 shows a ring that is completely full, and 
Figure 4-7 shows a ring on the verge of overflow. 
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BOUND - POINTS TO START 
/OF RING· . 

¥..-- CURR - POINTS TO WHERE 
FIRST PACKET WILL 
BE RECEIVED 

RSTOP - 1 

FIGURE 4-3. RECEIVER BUFFER RING,TYPICAL SETUP CONFIGURATION 

.,,---- BOUND - POINTS TO 
RSTART OLDEST RECEIVED PACKET 

RSTOP - 1 

FIGURE 4·4. RECEIVER BUFFER RING, TYPICAL OPERATING CONFIG. 
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RSTART 

RSTOP - 1 
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, 
BOUND - POINTS TO 
OLDEST RECEIVED 
PACKET 

FIGURE 4-5. SAME BUFFER RING, AFTER REMOVING ONE PACKET 

RSTOP - 1 

, 

FIGURE 4·6. FULL RECEIVER BUFFER RING, NO OVERFLOW 
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RSTOP - 1 

40-16 

MEMORY INTERFACE 

THIS AREA CAN HOLD EITHER 
2 SINGLE BUFFER PACKETS OR 
1 PACKET THAT TAKES 2 
CURRENT BUFFERS. RECEIVING 
Af'oN MORE WILL CAUSE RING TO 
OVERFLOW. 

/' 
BOUND - POINTS TO OLDEST 
PACKET. RECEIVE DMA 
CANNOT CROSS THIS LINE. 

TO MAKE ROOM FOR MORE PACKETS, 
THE HOST MUST UPDATE BOUND 
REGISTER TO POINT TO OLDEST 
PACKET THAT REMAINS. 

PACKETS TO BE SAVED SHOULD BE 
COPIED OUT PRIOR TO UPDATING 
BOUND REGISTER. 

FIGURE 4-7. RECEIVER BUFFER RING VERGING ON OVERFLOW 
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A.O APPENDIX A 

A.1 HARDWARE CHARACTERISTICS 

FEATURE CHARACTERISTERIC(S) 

Package PLCC-68 

Supplies Single 5V supply 

Technology CMOS 

IEEE 802.3 compatibility Yes 

Individual addresses Filters completely 

Group addresses No filter; only enable/disable 

Broadcast address Enable/disable 

Collision detection External input 

Buffer block size Fixed at 256 bytes 

Transmit buffers One frame, contiguous blocks 

Receive buffers Circular buffer 
Many fr'lmes 
65 Kbyte maximum frame size 

DMAchannel Transmit/receive 
8/16 bit data 
Full duplex operation 
Muxed address/data 
Interruptible bursts 
Programmable wait states 
Programmable burst size 

Memory addressing 64 Kbyte buffer region within 
16 Mbyte address space. 

Loopback Full duplex -allows reception of entire 
frame. 

Clock relationships Device and transmit clocks 
must be synchronous. RXC is asynchronous. 

Clock frequency Device clock must be 20 MHz. RXC and TXC 
may be 1,2, or 10 MHz. 

TABLE A-1. SUMMARY OF HARDWARE CHARACTERISTICS 
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B.O APPENDIX B 
B.1 REGISTER DESIGNATIONS 

REG PAGE 0 PAGE 0 PAGE 1 PAGE 1 
ADDR READ WRITE READ WRITE 

0 COMMAND COMMAND COMMAND COMMAND 

1 TRINCRL RSTART STAO STAO 

2 TRINCRH RSTOP STA1 STA1 

3 BOUND BOUND STA2 STA2 

4 TSTAT TSTART STA3 STA3 

5 COLCNT TCNTL STA4 STA4 

6 - TCNTH STA5 STA5 

7 INTSTAT ·INTSTAT CURR CURR 

8 - - - -
9 - - - -
A - - - -
B - - . - -
C RSTAT RCON - -
D ALlCNT *TCON - -
E CRCCNT *DCON - -
F MPCNT INTMASK - -

TABLE B·1. REGISTER ADDRESSES 

*Register contains new or modified bits. 
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REG PAGE 2 PAGE 2 PAGE 3 PAGE 3 
ADDR READ WRITE READ WRITE 

0 COMMAND COMMAND COMMAND COMMAND 

1 RSTART *TRINCRL *TEST *TEST 

2 RSTOP *TRINCRH - -
3 - - - -

4 TSTART - - -
5 NEXT NEXT - -

6 *BLOCK *BLOCK - -

7 *ENH *ENH - -

8 - - - -

9 - - - -
A - - - -

B - - - -

C RCON - - -
D *TCON - - -

E *DCON - - -
F INTMASK - - -

TABLE B-1. REGISTER ADDRESSES (Continued) 

*Register contains new or modified bits. 

.. 
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Name: RIW Addr: 
ALlCNT 00/-

Description: This register is the alignment error counter. It is incremented by the receive unit when a 
packet is received with a frame alignment error. Only packets whose address is accepted are in-
cluded in the tally. The counter increments to 255, then stops. It clears when read. 

MSB 7 6 5 4 3 2 1 0 
NAME CT7 CT6 CT5 CT4 CT3 CT2 CT1 CTO 
INIT 0 0 0 0 0 0 0 0 

Name: RIW Addr: 
BLOCK 26/26 

Description: This is a page register for the upper 8 bits of memory address. During each memoryl 
transfer cycle, the contents of this register are driven out onto the A 16-A23 pins, which are not multiplexed 
and need not be latched by the host system. 

MSB 7 6 5 4 3 2 1 0 
NAME A23 A22 A21 A20 A19 A18 A17 A16 
INIT 0 0 0 0 0 0 0 0 

Name: RIW Addr: 
BOUND 03/03 

Description: To prevent overflow in the buffer ring, the receive boundary page register points to the 
oldest used receive buffer. TRDMA compares the contents of this register to the next buffer address 
when linking together buffers to store a received frame. If the contents match the next buffer address, 
the TRDMA operation is aborted. Because all buffers are aligned on 256-byte boundaries, only AOS-
A15 are specified. 

MSB 7 6 5 4 3 2 1 0 
NAME A15 A14 A13 A12 A11 A10 A09 A08 
INIT 0 0 0 0 0 0 0 0 

Name: R/W Addr: 
COLCNT 05/-

Description: This register contains the number of collisions detected during attempted transmission 
of the current (or most recent) packet. It is cleared at the start of transmission. For each collision en-
countered, the count is incremented. If no collisions are detected, the counter reads zero. If more 
than 15 collisions occur, the abort bit ofTSR is set and the count is reset to zero. 

MSB 7 6 5 4 3 2 1 0 
NAME 0 0 0 0 CT3 CT2 CT1 CTO 
INIT 0 0 0 0 0 0 0 0 

TABLE B-2. ALPHABETICAL REGISTER DESCRIPTIONS 
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Name: 
COMMAND 

RIW Addr: 
xO/xO 

WD83C690 

Description: The command register is used to initialize the device, start transmissions, and switch 
pages. 

MSB 
NAME 
INIT 

Notes: 

PS1, PSO 

Bits 5,4,3 

TXP 

STA 

STP 

Name: 
CRCCNT 

7 
PS1 
a 

6 
PSO 
a 

5 4 3 2 
CMD.5 CMD.4 CMD.3 TXP 
1 a a a 

Page select, a two-bit field. 

1 
STA 
a 

a 
STP 
1 

These bits may be read and written to, but they control no hardware in the 
WD83C690. (They were used for remote DMA control in the National 8390.) 

Transmit packet. Set this bit after loading transmit buffer and control registers to 
initiate transmission of a packet. The WD83C690 clears this bit upon completion, 
or abortion, of the transmission. The host can clear the bit by setting TESTMODE 
in the TEST CONTROL register and writing "0" into COMMAND.TXP. When 
TESTMODE is not set, writing "0" into COMMAND.TXP is ignored. 

Start bit. This bit is set by the user to activate the WD83C690 after power is applied 
or after the WD83C690 is reset. (Although the user's software should set the other 
registers prior to bringing the device on line, this is the actual command that allows 
normal operation of the transmit and receive portions of the device.) Until the 
register is set, no frames can be sent or received. Once set, this bit may be cleared 
and the WD83C690 will continue to remain online. 

Stop bit. Set this bit to stop the device via the software. The bit takes the device 
offline from the LAN. Frames partially transmitted or received are completed before 
reset occurs. ISR.RST is set high when the transmit and receive sections have 
completed all outstanding operations. No frames will be received until the start bit is 
set. Receiver status reqs are reinitialized when this command is executed. 

RIW Addr: 
OE/-

Description: This register is the CRC error counter. It is incremented by the receive unit when a pac­
ket is received with a CRC error. Only packets whose address is accepted are included in the tally. 
The counter stops at 255, and clears when read. 

MSB 
NAME 
INIT 

7 
CT7 
a 

6 
CT6 
a 

5 
CT5 
a 

4 
CT4 
a 

3 
CT3 
a 

2 
CT2 
a 

1 
CT1 
a 

a 
CTO 
a 

TABLE B-2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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Name: 
CURR 

R1WAddr: 
17/17 

APPENDIXB 

Description: This register pOints to the first buffer used to store the current frame. It is used internally 
by TRDMA to facilitate the storage of buffer header information, and to provide a backup address for 
recovering buffers in case of a flawed packet. The register should be initialized after the device has 
been reset and thereafter not altered by the user unless the ring overflows. Note: Because all buffers 
are aligned on 256-byte boundaries, only A08 through A 15 are specified. 

MSB 
NAME 
IN IT 

Name: 
DCON 

7 
A15 
o 

6 
A14 
o 

5 
A13 
o 

R/WAddr: 
2E/OE 

4 
A12 
o 

3 
A11 
o 

2 
A10 
o 

1 
A09 
o 

o 
A08 
o 

Description: The data configuration register defines characteristics of the memory interface. 

MSB 
NAME 
IN IT 

Notes: 

BSIZE1,0 

TRANS 

Bits 7,4,3,2,1 

BUS16 

40-22 

7 

o 

6 5 4 
BSIZE1 BSIZEO -
000 

3 

o 

2 

o o 

o 
BUS16 
o 

This two-bit field determines the length of DMA bursts and the FIFO threshold at which 
they are triggered. As a rule, each FIFO triggers its DMA when there is adequate roorr 
for an entire burst to fit in. 

RECV 
TRIG TRIG 

BSIZE1 BSIZEO .B..U.BSI LEVEL LEVEL 

0 0 2 bytes R:?:2 T:::;4 
0 1 4 bytes R:?:4 T:::;12 
1 0 8 bytes R:?:8 T:::;8 
1 1 12 bytes R:?:12 T:::;4 

Not used. 

"1" tells the WD83C690 to make all DMA transfers 16 bits wide. "0" tells the 
WD83C690 to make all DMA transfers 8 bits wide. 

TABLE B-2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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Name: RIW Addr: 
ENH 27/27 

Description: This register enables features that are unique to the WD83C600. 

MSB 7 6 5 4 3 2 1 0 
NAME WAIT1 WAITO - SLOT1 SLOTO - - -
INIT 0 0 0 0 0 0 1 0 

Notes: 

WAIT1 This two-bit field defines the default number of wait states the WD83C690 
WAITO inserts into every DMA cycle. 

WAIT1 WAJIQ WAITSIAIES 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

SLOT1, This two-bit field selects the slot time according to the following table. 
SLOTO 

SLQT1 SLOTQ SLQITIME 

0 X 512 bit ti mes - Ethernet, StarLAN 
1 0 256 bit times 
1 1 1024 bit times 

Name: RIW Addr: 
INITMASK 2F/OF 

Description: This register is used to selectively mask interrupt sources. Mask bits that are "1" allow 
the corresponding interrupts to cause an IRQ. Mask bits that are "0" block interrupt sources. 

MSB 7 6 5 4 3 2 1 0 
NAME - XDCE CNTE OVWE TXEE RXEE PTXE PRXE 
INIT 0 0 0 0 0 0 0 0 

TABLE B-2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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Name: 
INTSTATUS 

RIW Addr: 
07/07 

APPENDIXB 

Description: This register enables the host to determine the cause of an interrupt and to evaluate 
pending or masked interrupts (which are visible in this register even though they do not generate an 
IRQ). Pending interrupts can be cleared by writing "1" into the associated bit of this register. The 
I RQ signal is active as long as any unmasked interrupt bit remains set. 

MSB 
NAME 
INIT 

7 
RST 
1 

6 

o 

5 
CNT 
o 

4 3 
OVW TXE 
o 0 

2 
RXE 
o 

1 
PTX 
o 

o 
PRX 
o 

RST Reset status. This bit, which does not generate an interrupt, is set by the WD83C690 
when its transmit and receive sections are stopped in response to assertion of the 
RESET pin or the CMD.STP bit. 

BIT 6 This bit is unused in the WD83C690. It always returns 0 when read. 

CNT The counter overflow bit indicates that the MSB of one or more network error counters 
has been set. 

OVW The overwrite warning bit is set when the receive DMA attempts to write into the buffer 
pointed to by the boundary register. 

TXE Transmit error is set when there are excessive collisions, or when FIFO underrun 
prevents a packet from being transmitted. 

RXE Receive error is set when a packet is received with one or more of the following errors: 

PTX 

PRX 

40-24 

CRC error 
Frame alignment error 
FI FO overrun 
Missed packet (monitor mode) 

This interrupt is not posted if DMA abort occurs. (OVW interrupt indicates that 
condition.) If, however, the interrupt has been previously set, it will not be changed 
duetoOVW. 

Packet transmitted indicates that a packet was successfully transmitted. 

Packet received indicates that a packet was received with no errors. This interrupt is 
not posted if DMA abort occurs. If previously set, it will not be changed due to OVW. 

TABLE B-2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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Name: RIW Addr: 
MPCNT OF/-

Description: This register is the missed packet error counter. It is incremented by the receive unit 
when a packet cannot be received due to a lack of receive buffers, receive FIFO overflow, or be­
cause the receiver is in monitor mode. Only packets whose address is accepted are included in the 
tally. The counter stops at 255, and clears when read. 

MSB 
NAME 
INIT 

Name: 
NEXT 

7 
cn 
o 

6 
CT6 
o 

5 
CT5 
o 

R/WAddr: 
25/25 

4 
CT4 
o 

3 
CT3 
o 

2 
CT2 
o 

1 
CT1 
o 

o 
CTO 
o 

Description: This is a working register of the TRDMA controller. It holds a pointer to the next buffer 
to be opened. 

MSB 
NAME 
INIT 

Name: 
RCON 

7 
A15 
o 

6 
A14 
o 

5 
A13 
o 

RIW Addr: 
2C/OC 

4 
A12 
o 

3 
A11 
o 

2 
A10 
o 

1 
A09 
o 

o 
A08 
o 

Description: The receive configuration register defines optional behavior of the receive unit. It controls 

both address recognition and the acceptance of abnormal packets. These bits can be set 
independently, although monitor mode takes precedence over the others. 

MSB 
NAME 
INIT 

Notes: 

MON 

PROM 

GROUP 

BROAD 

RUNTS 

SEP 

7 6 

o o 

5 
MON 
o 

43210 
PROM GROUP BROAD RUNTS SEP 
00000 

When set, this bit enables the receive unit to check addresses and CRC on incoming 
packets without buffering them to memory. The missed packet counter is incremented 
for each recognized packet. Under normal operation, this bit is cleared to "0". 

When set to "1", this bit enables promiscuous reception of all frames having individual 
addresses. 

Setting this bit enables reception of all frames destined to multicast (group) addresses 
other than broadcast frames. 

Setting this bit enables reception of all frames having a broadcast destination address. 

Setting this bit enables the WD83C690 to receive frames with fewer than 64 bytes, 
provided they meet the other requirements of the IEEE 802.3 protocol. 

Setting the saved error packets bit to "1" causes the receive unit to save packets 
having CRC or frame alignment errors in the buffers. 

TABLE B-2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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Name: 
RSTART. 

R/W Addr: 
21/01 

APPENDIXB 

Description: The receive start page register points to the start of the receive buffer ring. Because 
all buffers are aligned on 256-byte boundaries, only Aoa through A 15 are specified. 

MSB 
NAME 
INIT 

Name: 
RSTAT 

7 
A15 
o 

6 
A14 
o 

5 
A13 
o 

R/W Addr: 
OC/-

4 
A12 
o 

3 
A11 
o 

2 
A10 
o 

1 
A09 
o 

o 
AOa 
o 

Description: The receive status register reports the status of the most recently received packet, 
categorizing any errors detected. At the start of reception, all bits are cleared except DIS. 

MSB 
NAME 
INIT 

DFR 

DIS 

GROUP 

MPA 

OVER 

FAE 

CRC 

PRX 

40-26 

7 
DFR 
o 

6 
DIS 
o 

5 4 
GROUP MPA 
o 0 

3 2 
OVER FAE 
o 0 

1 
CRC 
o 

o 
PRX 
o 

The deferring bit is set when the interframe gap state machine is deferring. If the 
transceiver asserts the CD line as a result of jabber, this bit remains set, indicating a 
jabber condition. 

The receiver disabled bit is set when the receiver is in monitor mode. It is cleared 
when the receiver leaves monitor mode. 

This bit is set when the address is a group address (multicast) or broadcast. It is 
cleared to indicate an individual (physical) address match. 

The missed packet address is set when a packet intended for this station cannot be 
accepted by the device due to a lack of receive buffers or because the device is in 
monitor mode. The missed packet counter is also incremented when this occurs. 

The FIFO overrun bit is set when the receiver attempts to write into a FIFO that is 
already full. This can occur when the TRDMA fails to keep up with the received data. 

A frame alignment error indicates that the incoming packet did not end on a byte 
boundary and the CRC did not match at the last byte boundary. Frames having 7 
dribble bits are reported as alignment errors. The alignment error counter is 
incremented when this condition occurs. 

When set, this bit indicates that the frame's computed CRC did not correspond to the 
CRC appended to the end of the frame. This error also causes the CRC counter to be 
incremented. 

When the packet received intact bit is set to "1 , it indicates that a packet was received 
without error. (This means that CRC, FAE, OVER, and MPA all equal 0.) 

TABLE B-2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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Name: HlW Aoor: 
RSTOP 22102 

Description: Prior to wrapping around to the RSTART buffer, the receive stop page register points 
to the last receive buffer in the ring. Because all buffers are aligned on 256-byte boundaries, only 
A08 through A15 are specified. 

MSB 7 6 5 4 3 2 1 0 
NAME A15 A14 A13 A12 A11 A10 A09 A08 
INIT 0 0 0 0 0 0 0 0 

Name: R/W Addr: 

STAO 11/11 
STA1 12112 
STA2 13/13 
STA3 14/14 
STA4 15/15 
STA5 16/16 

Description: These six registers contain the node's individual station address. 

STAO: DA07 DA06 DA05 DA04 DA03 DA02 DA01 DALSB 
STA1: DA15 DA14 DA13 DA12 DA11 DA10 DA09 DA08 
STA2: DA23 DA22 DA21 DA20 DA19 DA18 DA17 DA16 
STA3: DA31 DA30 DA29 DA28 DA27 DA26 DA25 DA24 
STA4: DA39 DA38 DA37 DA36 DA35 DA34 DA33 DA32 
STA5: DA47 DA46 DA45 DA44 DA43 DA42 DA41 DA40 

Name: R/W Addr: 
TCNTH -106 
TCNTL -105 

Description: Together, the transmit frame length high- and low-byte registers hold the byte count for 
the frame to be transmitted. The byte count includes the DA, SA and data fields. If CRC generation 
is inhibited, the count also includes the CRC field in the buffer. 

TCNT H: 

MSB 7 6 5 4 3 2 1 0 
NAME L15 L14 L13 L12 L11 L10 L09 L08 
INIT 0 0 0 0 0 0 0 0 

TCNT L: 

MSB 7 6 5 4 3 2 1 0 
NAME L7 L6 L5 L4 L3 L2 L1 LO 
INIT 0 0 0 0 0 0 0 0 

-
TABLE B·2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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Name: 
TCON 

R/WAddr: 
20/00 

APPENDIXB 

Description: The transmit configuration register controls loopback options, data rate options, and 
Manchester codes. 

MSB 
NAME 
IN IT 

Notes: 

? 
TCON? 
o 

6 5 432 
TCON6 TCON5 TCON4 TCON3 LB1 
o 0 0 0 0 

1 
LBO 
o 

o 
CRCN 
o 

TCON?,6,5,4,3 These bits are writable and readable, but have no function in the W083C690. 

LB1,LBO 

CRCN 

Name: 
TEST 

They are reserved for future enhancements. 

This two-bit field is for selecting loopback options. 

l..B1 
o 
o 
1 
1 

.!..OO 
o 
1 
o 
1 

OPERATION 
Normal (no loopback) 
Internalloopback just inside W083C690 pins 
External loopback with LOOP pin high 
Externalloopback with LOOP pin low 

Setting this bit inhibits generation of CRC during transmission of the frame. The user 
is responsible for calculating the frame's CRC and placing it in the buffer so that, when 
the last 4 bytes of the buffer are shifted out, they form the correct CRC for the frame. 
Note that the serializer shifts bytes out of LSB first, whereas the CRC shifts bytes out 
of MSB first. 

The operation of the receiver is unaffected by this bit. 

R/WAddr: 
31/31 

Description: This register, which is reserved, enables various internal test modes of the 
WD83C690, as well as host access to sensitive internal registers. It is important that you do not 
write to this register. 

TABLE B·2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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Name: 
TRINCRH 
TRINCRL 

RIW Addr: 
02122 
01/21 

Description: This register pair is the address incrementer for the TRDMA unit. Its value approximates 
the memory address associated with the next TRDMA operation. The information is approximate 
because the LSB of the address is not accessible when operating in a-bit bus mode. Additional 
uncertainty arises because of an internal one-word-deep address pipeline in the memory data transfer 
logic. 

The address obtained from these registers is usually the address of the lower half of the word just 
transferred, or the address of the lower half of the word to be transferred next. The word address applies 
even when the bus is being operated byte-wide. 

If these registers are read during the beginning or end of either transmission or reception, meaningless 
values may be obtained. The incrementer is used for pointer update and length modification calculations 
during these periods. 

TRINCR H: 

MSB 7 6 5 4 3 2 1 0 
NAME A15 A14 A13 A12 A11 A10 A09 ADa 
INIT 1 1 1 1 1 1 1 1 

TRINCR L: 

MSB 7 6 5 4 3 2 1 0 
NAME A07 A06 A05 A04 A03 A02 A01 ADO 
INIT 1 1 1 1 1 1 1 1 

Name: R/WAddr: 
TSTART 24/04 

Description: The transmit start page register points to the assembled packet to be transmitted. Be-
cause all frames are assembled on 256-byte boundaries, only ADa through A 15 are specified. 

MSB 7 6 5 4 3 2 1 0 
NAME A15 A14 A13 A12 A11 A10 A09 ADa 
INIT 0 0 0 0 0 0 0 0 

TABLE B-2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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Name: 
TSTAT 

RlWAddr: 
04/-

APPENDIXB 

Description: The transmit status register reports events that occur on the media while a packet is 
transmitted. All bits are cleared prior to transmission of a packet and set as needed. 

MSB 
NAME 
INIT 

Notes: 

OWC 

CDH 

UNDER 

CRL 

ABORT 

TWC 

NDT 

PTX 

40-30 

7 
OWC 
o 

6 
CDH 
o 

5 4 
UNDER CRL 
o 0 

3 2 
ABORT TWC 
o 0 

1 
NDT 
o 

o 
PTX 
o 

The out-of-window-collision bit is set if a collision is detected more than one slot 
time after transmission begins. The transmission is not aborted when this occurs. 

This is the collision detect heartbeat bit. It is set when heartbeat is detected. 

The FIFO underrun bit it set when the transmit unit attempts to read from an empty 
FIFO prior to receiving the TDONE flag from TRDMA. It means that the FIFO 
failed to supply enough data for the serializer to maintain the generation of a frame. 

The carrier sense lost bit is set when the carrier is lost while a packet is being 
transmitted. Carrier sense is monitored from its rising edge at the start of the 
outgoing frame's echo. Transmission is not aborted upon loss of the carrier, but 
the event is reported for ~tatistical purposes. 

This bit is set if the transmission is aborted because of excessive collisions. 

The transmitted-with-collisions bit is set when a transmitted frame collides (at 
least once) with another frame. 

The non-deferred transmission bit is set when the frame is transmitted successfully 
without deferring. A deferred transmission can occur only the first time an attempt is 
made to send a packet. Collisions are not deferred transmissions. 

The packet transmitted bit is set to indicate (1) transmission of a packet without 
excessive collisions or (2) a FIFO underrun. 

TABLE B·2. ALPHABETICAL REGISTER DESCRIPTIONS (Continued) 
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C.o APPENDIX C 

C.1 PIN DESIGNATIONS 

Figure C-1 illustrates the 68-pin Ethernet controller. 
Table C-1 lists all pin designations. 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 

Vdd 
TSO 
AD6 
AD7 
AD8 
AD9 

AD10 
AD11 

Vss 
Vss 

AD12 
AD13 
AD14 
AD15 

ALE 
A16 
A17 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

• 60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 

272829303132333435363738394041 4243 

FIGURE C-1. 68-PIN ETHERNET CONTROLLER 
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Vss 
A23 
IRQ 
RESET 
COL 
RXD 
CRS 
RXC 
Vdd 
Vdd 
LOOPBACK 
TXD 
TXC 
TXEN 
BREQ 
A22 
Vss 
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PIN DIR NO. DESCRIPTION 

A16 OUT 25 Highest address lines. These are used to define 
A17 26 the page address for the buffer memory block. 
A18 TRI 28 In systems having 64 Kbytes or less of local 
A19 29 memory, they are unused. The value of these 
A20 42 pins is programmed into the BLOCK ADDRESS 
A21 43 register. 
A22 45 
A23 59 

ADOO BIDIR 01 Multiplexed address/data lines when internal DMA 
AD01 02 channels are active g!Jd granted access to the 
AD02 TRI 03 local memory bus. When bus access is not per-
AD03 04 mitted, ADOO - AD07 become input/output pins 
AD04 05 for host data bus, and AD08 - AD15 are tri-stated. 
AD05 06 
AD06 12 
AD07 13 
AD08 14 
AD09 15 
AD10 16 
AD11 17 
AD12 20 
AD13 21 
AD14 22 
AD15 23 

ALE BIDIR 24 Address latch enable goes high when DMA 
address is driven onto ADOO - AD15. It goes 

TRI low to latch address externally. When accessed 
by the host, this pin is an input which serves to 
transparently latch the RAO-3 address lines 
internally on the falling edge. 

BDTEST IN 62 This pin tri-states the following output pins when 
pulled low: BREQ, IRQ, LOOPBACK, READY, 
RSO, TSO, TXD, TXEN. It may also be used to 
facilitate in-circuit testing of boards. This pin is 
pulled up by an internal resistor. 

BREQ OUT 46 Bus request (active high). This pin goes high for 
the WD83C690 to request access to the local 

TRI memory bus. It stays high throughout the DMA 
burst. 

BGRANT IN 41 Bus grant (active high). When active, the internal 
DMA channels drive the AD pins and strobes as 
needed to perform DMA transfers. When 
inactive, any ongoing DMA transfers are 
completed, and the DMA strobe pins tri-state. 

TABLE C-1. PIN DESIGNATIONS 
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PIN DIR NO. DESCRIPTION 

ClK IN 36 Master clock input for the device. Internal 
operation is timed relative to this clock. In norma 
operation, the clock must be 20 MHz. 

COL IN 56 Collision detection input (active high). This pin 
must be pulled low when external circuit 
detects collision conditions on the network. 

CRS IN 54 Carrier sensed (active high). This pin is driven 
by an external decoder circuit. 

CS IN 30 Chip select is active low. 

lOR IN 34 1/0 read (active low). Internal registers can be 
written to when CS and lOR are active. 

lOW IN 33 1/0 write (active low). Internal registers can be 
written to when CS and lOW are active. 

IRQ OUT 58 Interrupt request (active high). 

TRI 

lOOP- OUT 50 loopback goes high when either of the external 
BACK loopback modes is programmed in the TRANS-

TRI MIT CONFIGURATION register. 

MEMRDY IN 39 Memory ready (active low). Memory ready is 
negated externally to insert wait states into DMA 
transfers. 

--
MRD OUT 32 Memory read strobe output for the DMA channels 

(active low). 
TRI 

--
MWR OUT 31 Memory write strobe output for the DMA 

channels (active low). 
TRI 

RAO IN 68 Register address 0,1,2,3 (active high). RAOis 
RA1 67 the least significant. These lines combine with 
RA2 66 two bits in the COMMAND register to select an 
RA3 65 internal WD83C690 register during host 1/0 

access to the device. 

READY OUT 35 Register access ready (active low) is asserted 
by the WD83C690 when host access to the 

TRI internal register is ready. .. 
TABLE C-1. PIN DESIGNATIONS (Continued) 
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PIN DIR NO. DESCRIPTION 
NAME 

RESET IN 57 Active low. Asserting this pin forces the 
WD83C690 to a known (initial) state. The device 
remains in its initial state until the line is released. 

RSO OUT 7 This pin is the data output for level-sensitive 
scan testing of the receiver section. The pin 

TRI should be left open in board applications. 

RXC IN 53 Serial receive clock is active on its rising edge. 

RXD IN 55 Serial receive data (active high) is connected to 
decoded serial data from the network. 

SCANIN IN 8 This pin is used to gate the level-sensitive 
scanning clock during testing of the device. This 
pin must be left open or tied to ground in board 
applications. 

SHIFT-IN IN 61 This pin serves as data input for level-sensitive 
scan testing of the device. The pin must be left 
open or tied to ground in board applications. 

TSO OUT 11 This pin is the data output for level-sensitive scan 
testing of the transmit section. The pin must be 

TRI left open in board applications. 

TXC IN 48 Serial transmit clock is active on its rising edge. 

TXD OUT 49 Serial transmit data (active high) is NRZ-encoded 

TRI 

TXEN OUT 47 Serial transmitter enable is used to enable the 
LAN driver during transmission of a frame. This 

TRI signal is active high. 

Vdd (3) 10 +5 dc power inputs. 
51 
52 

Vss (6) 09 Ground returns for power. 
18 
19 
27 
44 
60 

TABLE C-1. PIN DESIGNATIONS (Continued) 

40-34 ADVANCE INFORMATION 11-2-90 



APPENDIXD 

0.0 APPENDIX 0 
D.1 OPERATING CHARACTERISTICS 

This appendix describes the dc and ac operating 
characteristics. Recommended operating con­
ditiions are listed below. 

D.2 RECOMMENDED OPERATING CONDITIONS 

Minimum Ambient Temperature = OOC (32°F) 
Maximum Ambient Temperature = asoc (185°F) 
Minimum Vdd = 4.75V 
Maximum Vdd = 5.25V 

D.3 DC PARAMETERS 

The input pins have the following parameters: 

Vll= 0.8V 
ill= 50j.iA (except BDTEST, which is 200 j.iA) 

VIH= 2.0V 
ilH= 501JA 

ADOO - 15 have the following dc parameters: 

VOL = O.4V 
iOl= 1.6 mA 

VOH= 2.7V 
iOH= 0.1 mA 

All other outputs have the following dc para­
meters: 

VOl= 0.4V 
iOl= 0.8 mA 

VOH= 2.7V 
iOH = 0.1 mA 

D.4 AC PARAMETERS (TIMING) 

The test load for the ADOO-15, MRD, and MWR 
outputs is: 

Cload = 60 pF 
R1 = 2.64 KOhms 
R2 = 2.78 KOhms 

WD83C690 

The test load for all other outputs is: 

Cload = 25 pF 
R1 = 5.23 KOhms 
R2 = 5.0 KOhms 

Cload 

+ 5 V 

R1 

R2 
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REF FROM TO MIN MAX NOTES 

T01 ClK ALE 0 40 -

T02 ClK ALE 0 40 -
-

Tre11 ALE ALE 15 - -

T03 ClK Valid Address 
ADOO-AD15 0 35 -

T04 ClK ADOO-AD15 
(-AD07) 3 45 -
high impedance 

Tre12 ADxx valid ALE a - -

T05 ClK MRD 3 35 -
--

T06 ClK MRD 0 35 -
T07 ClK MWR 0 32 -

Toa ClK MWR 3 30 -

T09 ClK Valid Data 
ADOO-AD15 0 45 -

T10 ClK ADOO -AD15 
(-AD07) 3 45 -
high impedance 

T14 ClK BREQ 0 35 -

T15 ClK BREQ 0 35 -

T16 ClK A16-23, ALE 0 35 -
MRD, MWR 
low impedance 

T17 ClK A16-23, ALE, 
MRD, MWR 
high impedance 0 35 -

T20 CS READY 100 200 1* 

T21 lOR or lOW READY 50 150 1 

TABLE 0-1. OUTPUT TIMING 

*Refer to Notes on p. 40-40. 
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REF FROM TO MIN MAX .... v I C"' 

I~~ LiLK. Ht:AUY U ;;So 

T23 ClK after ADOO-07 0 45 -
lOR low impedance 

T24 ClK after Data valid 0 95 2* 
lOR 
-

T25 lOR ADOO-07 0 45 -
high impedance 

T26 lOR and READY 0 45 -
lOW 

T27 ClK TXENorTXD 0 45 -
T28 TXEN TXD 1 ClK 1 BT -
T29 TXC TXDvalid 0 47 -
T30 ClK TXEN 0 45 -
T31 COL First bit of JAM 4BT 6BT -
T32 End of last TXEN 50 100 -

TXD bit 

T33 BDTEST Outputs high 0 95 -
impedance 

T34 BDTEST Outputs low 0 95 -
impedance 

T35 ClK IROor IRO 0 45 -

T36 ClK lOOPBACKor 0 45 -
lOOPBACK 

T37 ClK TSO, RSO 0 45 -
valid 

T38 BREO ALE 2 2ClKS 3 

T39 BGRANT A 16-23, ALE, 2 2ClKS -
MRD,MWR 
low impedance 

TABLE 0-1. OUTPUT TIMING (Continued) 

*Refer to Notes on p. 40-40. 
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REF )FROM TO MIN MAX NOTES 

T40 BGRANT A 16-23, ALE, 2 2CLKS -
BREQ MRD, MWR high 

impedance 

T41 MRD and BREQ 1 4CLKS -
MWR 
(last transfer) 

T42 ALE Next ALE in 7 8CLKS 4* 
receive DMA 
burst on 16-bit 
bus. 

T43 ALE Next ALE in 5 5CLKS 4 
transmit DMA 
burst on 16-bit 
bus 

T50 lOW lOW 100 - -

T51 RXC RXC 35 - -
-

T52 RXC RXC 35 - -

T53 RXC RXC-clock 99 - -
period 

T54 RXC of first First RXC of SFD 6BT - -
preamble bit (preamble length) 

T55 RXC of last last RXC prior OBT 6 BT -
data bit to CRS (dribble 

bits) 

T56 LastRX~ Last RXC 5BT - -
prior to CRS (dribble bits) 

T57 CRS CRS and Start - 27 BT - 8 
of Frame 
-

T58 TXC TXC 35 - -

T59 TXC TXC 35 - -

TABLE D-1. OUTPUT TIMING (Continued) 

*Refer to 'Notes on p. 4-40. 
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REF FROM TO MIN MAX NOTE5 

T60 TXC TXC-clock 2ClKS 20 ClKS 9* 
period 

- -
T61 ClK TXC, TXC 0 30 9 

T62 TXEN COL (heartbeat 0 59BT 10 
detect) 

T63 COL COL (collision 1 BT - -
width) 

T64 Vdd = 4.75V RESET 10 ClKS - -
T65 RESET RESET 10 ClKS - -
T66 ClK ClK 23 800 -

-
T67 ClK ClK 23 800 -

T68 ClK ClK 50 1600 9 
-

T69 ALE ALE 15 - -

TABLE 0-1. OUTPUT TIMING (Continued) 

*Refer to Notes on p. 4-40. 
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REF FROM TO MIN MAX NOTES 

T801 Data Valid elK 15 - -

T802 MEMRDY ClK#2 15 - 5 
orMEMRDY 

T804 BGRANT, ClK 15 - -
BGRANT 

T805 DMApins BGRANT 0 - -
undriven 

T806 TXC ClK 10 - -

T807 C8,IOR, ClK 15 - 6 
lOW 

T808 RAO-3 valid C8and 0 - -
(lOR or lOW) 

T809 RAO-3valid ALE 15 - -

T810 Data valid lOW 25 - -

T811 CR8orCR8 RXC 15 - -
T812 RXDvalid RXC 15 - -

TH01 MRD Data invalid 0 - -

TH02 ClK#2 MEMRDY, 
MEMRDY 15 - -

TH03 ClK TXCedge 10 - -

TH04 lOR and lOW RAO-3 invalid 0 - 7 

TH05 lOW Data invalid 10 - -

TH06 ALE RAO-3 invalid 10 - -

TH07 RXC RXD invalid 15 - -

TABLE 0·2. INPUT TIMING SETUP AND HOLD REQUIREMENTS 

NOTES 

1. These maximum times apply if, when the device is selected, there is no ongoing DMA. When there 
is ongoing DMA, the maximum times apply after BREQ = 0 and BGRANT = O. 

2. This applies after the first clock for which lOR meets the setup requirement. 

3. This is the delay between the time the bus is requested and internal DMA is ready to use the bus. 
Timing T39 is also satisfied and usually controls when DMA uses the bus. 
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NOTES (continued): 

4. These are the minimum durations of DMA transfers on 16-bit busses. The receive transfer requires 
4 cycles, plus wait states, with an interval of 3 or 4 clocks after completion of a 16-bit transfer. The 
transmit transfer is the same except that the interval after completion is only 1 clock. Because some 
versions of the device do not have this gap, we recommend that you not use the bus during the inter­
val between the 16-bit transfers. 

There is no interval between 8-bit transfers. They require 4 cycles, plus wait states. 

5. This timing must be met to control insertion of wait states. 

6. To minimize the delay to READY, this timing needs to be met. Failure to meet this timing may add 
an extra clock delay to the onset of the READY signal, but does not adversely affect access to the 
device. 

7. This timing applies only when ALE remains high during host access, as is the case with non-multi­
plexed or externally-latched addresses and data. The addresses must be stable throughout access 
to the device. 

8. This is the time required from the end of one frame to the reception of the SFD delimiter of the next 
frame. The limiting factor in reception of back-to-back frames is the time required for DMA to post 
the header of the received frame. This depends on memory speed and on access to the bus. The in­
terval given here is based on memory with two wait states, and the ability to access the bus within 5 
clocks after request. 

9. Operation of this device in an 802.3 network requires a ClK period of 50 nsec ± 0.01 %. TXC 
must be generated synchronously from ClK. The TXC period may be 2 ClKS, 10 ClKS, or 20 
ClKS. 

10. The maximum time is 63 bit times from CRS going low if that does not occur more than 4 bit times 
prior to TXEN going inactive. 
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D.S TIMING DIAGRAMS 

Table 0-3 lists all timing diagrams. Figures 0-1 
through 0-14 illustrate all timings. 

Figure Title 

0-1 Host Access Timing 
0-2 16 -Bit Bus, 4-Cycle OMA Read and Write Timing 
0-3 16-Bit Bus, 5-Cycle OMA Read and Write Timing 
0-4 8-Bit Bus, OMA Read and Write Timing 
0-5 Bus Request Timing for Normal OMA Burst 
0-6 16-Bit Bus OMA Burst Timing 
0-7 OMA Burst Timing - Bus Busy 
0-8 8-Bit Bus, Interrupted OMA Burst 
0-9 Receiver Serial Timing, Start of Frame 
0-10 Receiver Serial Timing, End of Frame 
0-11 Transmit Serial Timing, Start of Frame 
0-12 Transmit Serial Timing, End of Frame 
0-13 Transmit Serial Timing, Collision 
0-14 Other Timing 

TABLE D-3. LIST OF TIMING DIAGRAMS 

40-42 ADVANCE INFORMATION 11-2-90 

APPENDIXD 



APPENDIXD 

CLK 

BGRANT=O ______________________ ..,--___ _ 

~-------"'"' 

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

ALE------~------,~ ______ ~_~ ____ __ 

IlS09_I_ THOe_1 

RAo-3/-rZr,Z"7V-rZ'"'Z/'7Zr.Z"'V-rZ""Z"7V-rZ'"'V'7ZTZ""'V"T/""Z"'V""X VALID Xr-.i'"'V"TZr.Z"'ZZ'7'Z-rZ'"'V"7/TZ'"'Z"7V""'Z""/'"'V""'/""Z'"'V-rZ""Z'"'V""'Z""'/"'V-rr/j 

I_ 124 _I 
( HOST DRIVES AD BUS >----<xxxxxx~~~:§2DA~:rAS3v~ALQlIDC=~_-----

~ 
ADOO-15 

I---+l T26 
~---------------------~ r---------

~1---'T"'-21'---T-22-t1_~~ T20 
I_ TS10 _I 

ADOO-15------<:JHt!SOS!§:TE!D~R~IVE§]SC::::>«XXXXXXXXX~~QS82Q[~D~A~:rA£SV~ALillIDC=:>>--------
_____________ tl-~---T~5~0------~-I~·~-il~T~~5~ ____ __ 

lOW 

,~------------~/ 

CLK 

FIGURE 0·1. HOST ACCESS TIMING 

ADVANCE INFORMATION 11-2-90 

WD83C690 

III 

40-43 



WD83C690 APPENDIXD 

ClK 

I~I 

ME----f ~\~----------------------------------------
~ T02 

I~I 
ADOS-'5 ---< ADDRESS >____«XXXXXXXX DATA VALID 

I~~ 1 1;tI TSO' 1++1 1++1 THO, 

ADOO-07 ----<~--::A':::DD:::R::::ES:::S---.,;"'"'\>____«XXXXXXXX DATA VALID) 

1 
MRi5 ------------.. ,----------\ / 

AD08-'5 ----< ADDRESS ~ DATA OUT 

AOOO-o7 ----< ADDRESS ~ DATA OUT ) 

I- TOQ ~I I~ 
MWR \ I 

~l I~ 2 

CLK 

FIGURE D-2. 16-BIT BUS, 4-CYCLE DMA READ AND WRITE TIMING 
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INTRODUCTION 

1.0 INTRODUCTION 
1.1 DESCRIPTION 

The Manchester Encoder/Decoder (MED) con­
sists of balanced drivers and receivers, an on­
board crystal oscillator, a signal translator, and a 
diagnostic loopback circuit. Manufactured using 
CMOS silicon gate technology, the device is func­
tionally compatible with the National DP8391 
Serial Network Interface (SNI). 

The WD83C691 A is part of a three-device set 
that implements the complete IEEE 802.3-com­
patible network node electronics (see Figure 1-1). 
The WD83C690 Ethernet LAN Controller (ELC) 
and the WD83B692 Ethernet Transceiver (ET) 
comprise the other two devices in the set. The 
WD83C690 provides media access protocol func­
tions and performs buffer management tasks, 
while the WD83B692 serves as a coaxial cable 
line driver/receiver and collision detector. 

The WD83C691 A Manchester Encoder/Decoder 
provides the interface between the WD83C690 

WD83C691A 

ELC and the WD83B692 ET. When transmitting, 
the device converts non-return-to-zero (NRZ) 
data from the controller into Manchester encoded 
data, then sends the data to the transceiver. 
When receiving, the device reverses the process 
using an analog phase-locked loop that decodes 
10 Mbitlsec signals with up to 18 nsec of jitter. 

This document describes the operation of the 
WD83C691 A Manchester Encoder/Decoder, and 
provides information on the following functional 
blocks: 

• 
• 

• 
• 
• 

Oscillator 
Manchester Encoder and Differential 
Driver 
Manchester Decoder 
Collision Translator 
Loopback Capabilities 

The appendices provide pin designations, electri­
cal operating and switching characteristics, and 
timing and package diagrams. 

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

BUFFER 
MEMORY 

+5V 

TXC 

TXO 

WD83C690 I4---",RX':'::;C--I 

802.3 RXO 
ETHERNET 
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STATION 
OR 
OTE 

GNO TRANSCEIVER 
CABLE 
(AUI) 

I 

-9V 

ETHERNET 
COAX 

TRANSCEIVER 

GNO 

1 _________ _ 

TRANSCEIVER 
(MAU) 

FIGURE 1-1. WD83C691A SYSTEM INTERFACE 
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1.2 FEATURES 
• Compatible with Ethernet II (10BASE5) 

.and Cheapernet (10BASE2) IEEE 
a02.3 standards 

• Incorporates low power, 1 .25 CMOS 
technology 

• Provides 10 Mbps Manchester encod-
ing/ decoding with receive clock 
recovery 

• Connects directly to the transceiver 
(AUI) cable 

• Provides 16V fault protection at the 
transceiver interface 

• TTUMOS-compatible controller inter-
face 

• Features externally-selectable half- or 
full-step modes of operation at transmit 
output 

• Incorporates squelch circuits at receive 
and collision inputs to reject noise 

• Provides loopback capability for diag-
nostics 
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OPERA TlONAL DESCRIPTION 

2.0 OPERATIONAL DESCRIPTION 

This section describes the five basic components 
of the WD83C691A. 

2.1 Oscillator 

Control is provided either by a 20 MHz, parallel 
resonant crystal connected between X1 and X2, 
or by an external clock connected at X1. The 
oscillator's 20-MHz output is divided in half to 
generate the 1 O-MHz transmit clock for the Ether­
net lAN controller and to provide the internal 
clock signals for the encoding and decoding cir­
cuits. 

The IEEE 802.3 standard requires 0.01 % ab­
solute accuracy on the transmitted signal frequen­
cy. Stray capacitance, however, can shift the 
crystal's frequency out of range, causing it to ex­
ceed the 0.01 % tolerance. To remedy this, you 
may need to add extra load capacitance. 

To determine the amount of capacitance to add, 
measure the board capacitance and the 
capacitance between the X1 and X2 pins. Then 
add these values together, and subtract them 
from the crystal's required load capacitance. 
(Refer to Figure 2-2.) 

2.2 Manchester Encoder/Differential Driver 

Data encoding and transmission begin when the 
transmit enable input (TXE) goes high, and con­
tinue as long as the TXE remains high. It is es­
sential that the transmit enable and transmit data 
inputs meet the setup and hold time requirements 
in relation to the rising edge of the transmit clock. 
Transmission ends when the transmit enable 
input goes low. The last transition occurs at the 
center of the bit cell if the last bit is one, or at the 
boundary of the bit cell if the last bit is zero. 

The differential line driver, which has the ability to 
drive up to 50 meters of twisted pair AUI/ Ether­
net transceiver cable, provides the emitter­
coupled logic (ECl) level signals. The outputs 
consist of current drivers that must be loaded 
with external 1602 pull-down resistors. 

With the SEl input, one of two modes can be 
selected, full-step or half-step. When SEl is low, 
TX+ is positive in relation to TX- in the idle state. 
When SEl is high, TX+ and TX- are equal in the 

WD83C691A 

idle state. Figures C1 through C3 illustrate trans­
mit timing. 

2.3 Manchester Decoder 

Decoding is accomplished by a differential input 
receiver circuit and an analog phase-locked loop 
that separate the Manchester-encoded data 
stream into clock signals and NRZ data. With the 
standard 782 transceiver drop cable, the differen­
tial input must be externally terminated. This re­
quirement can be satisfied by connecting two 392 
resistors in series with one optional common 
mode bypass capacitor. 

To prevent noise at the input from falsely trigger­
ing the decoder, a squelch circuit rejects signals 
with pulse widths less than 20 nsec (negative 
going), or with levels less than -175 mV. When 
the input exceeds the squelch requirements, the 
analog phase-locked loop locks onto the incom­
ing signal and the WD83C691A decodes a data 
frame. The carrier sense (CRS) is activated, and 
the receive data (RXD) and receive clock (RXC) 
become available within five bit times. At the end 
of a frame, when the normal mid-bit transition on 
the differential input ceases, carrier sense is de­
activated. The receive clock remains active for 
an additional six bit times before subsiding. 
Figures C-4 through C-6 illustrate receive timing. 

2.4 Collision Translator 

The Ethernet transceiver detects collisions on the 
coaxial cable and generates a 10-MHz signal, 
which is monitored by the WD83C691A through 
the collision detect pins. The presence of the sig­
nal activates the collision detect (CD) pin con­
nected to the WD83C690, and causes the 
controller to stop transmitting. The collision 
detect output is deactivated within 350 nsec after 
the absence of the 10-MHz signal. (Figure C-7 
illustrates the collision timing.) Make sure that 
the collision differential inputs are terminated in 
exactly the same manner as the receive inputs. 
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2.5 Loopback Functions 

A logic "1" on the loopback input causes the 
WD83C691 A to send serial data from the trans­
mit data input through the encoder, and back 
through the phase-locked loop decoder to 

CRS +-------, 

RECEIVE 
DATA (RXO) 

RECEIVE 
CLOCK (RXC) 

LOOPBACK 
(LBK) 

(Xl) .--+-----1 
20~: 9 XTAL 

osc 
(X2) '--11-------1 

1...--.----1 
TRANSMIT 

CLOCK (TXC) 

TRANSMIT 
DATA (TXD) 

TRANSMIT .... +-----'-1 
ENABLE (TXE) '-----' 

MODE SELECT 
(SEL) 

COllISION 
DETECT (COL) 

OPERA TlONAL DESCRIPTION 

receive the output data. The transmit driver is in 
the idle state during loopback mode and the 
receiver circuitry is disabled. 

LOOPBACK 

r----.., RECEIVE PAIR 

(RX+) 

(RX·) 

TRANSMIT PAIR 

'..:----t .... (TX+) 

..-o--~ (TX.) 

COLUSION PAIR 

(CD+) 

(CD-) 

FIGURE 2-1. WD83C691 A GENERAL SYSTEM BLOCK DIAGRAM 
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OPERA TlONAL DESCRIPTION 

2.6 CRYSTAL SPECIFICATIONS 

Resonant Frequency: 

Overall Tolerance: 

Type: 

Temperature Tolerance: 

20 MHz 

0.005% at 25°C (77°F) 

AT-Cut 

0.005% O°C (32°F) to 70°C (158°F) 

WD83C691A 

Circuit Type: Parallel resonance (refer to Figure 2-2 for crystal connection diagram). 

X1 CJ 

I 
I I 20 MHz 
I 

X2CJ I 
CL = Load capacitancB l'peCiIied by 0)SaI manufaciurer. 

CP= Total parasite capadtanCB indJdi1g: 
a) WD83C691A nput capadtanCB between X1 and X2 (~ 5 pF). 
b) PC board traCES, plated through holes, &Xket capacitanCBs. 

NOTE: 

CL-CP 
(NOTE) 

No external shunt CBpaCianCB (CL) is required if the 0)SaI capadtanCB pUs 
the parasite capadtanCB matc:hes the a:lpadtanCB required to &abiize the 
0)SaI frequer1C¥. 

FIGURE 2-2. CONNECTION DIAGRAM 
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WD83C691A APPENDIX A -- PIN DESIGN A TlONS 

APPENDIX A - PIN DESIGNATIONS 
This Appendix provides information on the 24-Pin DIP and 28-Pin PLCC devices. Figures A-1 andA-2 
depict the devices, and Table A-1 lists all pin designations. 

\.J 
COL 24 CD+ 

0 en 
~ 9 0 8 ~ RXD CD- ~ a: 

2 23 0 0 

CRS 3 22 RX+ 

RXC 4 21 RX- sa 5 25 AX-

SEL BSR GIlD 6 24 ElSA 
5 20 

GIlD 7 23 Va:. 
GND 6 19 Vm 

GIlD 22 Va:. 

LBK 7 18 Vm GIlD- 21 Va:. 
(ANALOG) 

X1 8 17 CAP (FILTER) IlJ( 10 20 Va:. 

X2 9 16 OSR X1 11 19 CI'P 
12 13 14 15 16 17 18 

TXD 10 15 GND (N-JALOO) 

TXC 11 14 TX+ 
~ ~ ~ ~ ~ ~ a: 

~ 

TXE 12 13 TX-

FIGURE A-1. WD83C691-PG 24-Pin DIP FIGURE A-2. WD83C691-JH 28-Pin PLCC 
Manchester Encoder/Decoder Manchester Encoder/Decoder 

41-6 ADVANCE INFORMATION 10/30190 



APPENDIX A -- PIN DESIGN A TlONS WD83C691A 

DIP PLCC MNEMONIC SIGNAL NAME DESCRIPTION/FUNCTION 
PINS PINS 

1 1 COL COLLISON DETECT nUMOS level active high output. A 
OUTPUT 10-MHz signal at the collision input 

produces a logic high at COL output. 
When there is no signal at the collision 
input, COL output is low. 

2 2 RXD RECEIVE DATA TTUMOS level output. This is the 
OUTPUT NRZ data from the analog phase-

locked loop. This signal is sampled by 
the controller at the rising edge of the 
receive clock. 

3 3 CRS CARRIER SENSE nUMOS level active high output. The 
output is activated when there is valid 
data from the transceiver at the receive 
input. It is deactivated two bit times 
after the last bit at receive point. 

4 4 RXe RECEIVE CLOCK nUMOS level recovered clock 
output. When the analog phase-
locked loop locks to a valid incoming 
signal, a 1 O-MHz clock signal is 
activated on this output, which remains 
low during idle (5 bit times after activity 
ceases at receive input.) 

5 5 SEL* MODE SELECT When high, the TX+ and TX- outputs 
have the same voltage in idle state, 
providing a "zero" differential. When 
low, TX+ is positive with respect to TX-
in idle state. 

6 6-8 GND GROUND 

7 10 LBK LOOPBACK TTUMOS level active high on this input 
enables the loopback mode. 

8 11 X1 CRYSTAl1 Crystal or external frequency source 
input (TTL). 

9 12 X2 CRYSTAL This output is used only in the crystal 
FEEDBACK connection, and must be left open when 
OUTPUT driving X1 with an external frequency 

source. 

10 13 TXD TRANSMIT DATA TTUMOS level input. When transmit 
enable input is high, this signal is 
sampled by the WD83C691A at the 
rising edge of the transmit clock. The 
WD83C691A combines transmit data 
and transmit clock signals to produce a 
Manchester-encoded bit stream, which 
is sent differentially to the transceiver. 

TABLE A·1. PIN DESCRIPTIONS -
ADVANCE INFORM A TlON 10/30/90 41-7 



WD83C691A APPENDIX A -- PIN DESIGNA TlONS 

DIP PLCC MNEMONIC SIGNAL NAME DESCRIPTION/FUNCTION 
PINS PINS 
11 14 TXC TRANSMIT Derived from the 20-MHz oscillator, 

CLOCK This TTUMOS level 1 O-MHz clock 
output is always active. 

12 15 TXE TRANSMIT TTUMOS level active high data encoder 
ENABLE enable input, sampled by the 

WD83C691 A at the rising edge of the 
transmit clock. 

13,14 16,17 TX-,TX+ TRANSMIT These outputs are current drivers and 
OUTPUT require 160 ± 5.0% Ohm pull-down 

resistors to GND. 

15 9 GND GROUND System analog ground. 

16 18 OSR VCO RESISTOR A31.6 ± 1.0% Kbyte, bias oscillator 
resistor connected between this pin and 
a VCCpin. 

17 19 CAP FILTER A ceramic capacitor must be connected 
CAPACITOR from this output pin to ground as close 

to the part as possible. The capacitor 
must be .01J.l F ± 10%. 

18,19 20-23 VCC VCC +5V positive supply pins. A 0.1J.l F 
ceramic decoupling capacitor must be 
connected across VCC and GND, as 
close to the device as possible. 

20 24 BSR BIAS RESISTOR A 10.0 ± 1.0% Kbyte bias resistor 
connects beween this pin and a VCC 
pin. 

21,22 25,26 RX-,RX+ RECEIVE INPUT Differential receive input pair from the 
transceiver. 

23,24 27,28 CD-,CD+ COLLISION Differential collision input pair from 
OUTPUT transceiver. 

TABLE A·1. PIN DESCRIPTIONS, Continued 

'SEL is not a nUMOS level input. The veo frequency can be observed at AXe when SEL is forced to one-half 
Vec (for test purposes). 
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APPENDIX 8 -- ELECTRICAL OPERATING CHARACTERISTICS WD83C691A 

APPENDIX B - ELECTRICAL OPERATING CHARACTERISTICS 
Ta '" ooe (32°F) to 700 e (158°F), Vee '" +5V ±5% (Refer to note after table) 

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS 

VIH I~ut High Voltage 2.0 - V 
( Lana X1) 

VIH Inr:>ut High Voltage 4.0 - V -
(SEL) 

Vil I~ut Low Voltage - O.B V -
( Land X1) 

Vil Input Low Voltage - 1.0 V -
(SEL) 

hH I~ut High Current - 10 IJA Vin = Vcc 
f L) 
~ut Hi~h Current - 10 IJA Vin = Vcc 

( X±, C ±) 

III I~ut Low Current - -10 IJA Vin = 0.5V 
( L) 
Input Low Current - -500 IJA Vin = 0.5V 
(RX±, CD±) 

VCl I~ut Clamp Voltage - -1.2 V lin = -12mA 
( L) 

VOH OutEYt H~h Voltage 3.5 - V loh = -100 IJA 
(TT MO ) 

VOL OutEYt Low Voltage - 0.5 V 101 '" BmA 
(TT MOS) 

ics Output Short Circuit 
Current (HUMOS) 

-40 -200 mA -

Voo Differential Output ±450 ±120 mV 700 termination and 
Voltage (TX±) 2000 from each to ground 

VOB Differential Output - ±40 mV 7BO termination and 
Voltage Imbalance (TX±) 2000 from each to ground 

Vos Differential Squelch -175 -300 mV -
Threshold (RX± CD±) 

VCM Inr:>ut Common Mode 0 7.0 V -
Voltage (RX± CD±) 

icc Power Supply Current - BO mA 10 Mbitlsec 

TABLE B-1. ELECTRICAL OPERATING CHARACTERISTICS 

NOTE: All currents into device pins are positive. All currents out of device pins are negative. All voltages are refer­
enced to ground unless otherwise specified. 

All typical values are given for Vee '" 5V and Ta '" 25°e (77°F) 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Vee) 6V 

0- S.SV 

-S.S -16V 

o -16V 

-40mA 

APPENDIX B -- ELECTRICAL PPERATING CHARACTERISTICS 

TIL Input Voltage 

Differential Input Voltage 

Differential Output Voltage 

Differential Output Current 

Storage Temperature -65°C (-8S0F) to 1S0° (302°F) 

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

RECOMMENDED OPERATING CONDITIONS 
Supply Voltage (Vee) SV ±S% 

Ambient Temperature 
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APPENDIX C -- SWITCHING CHARACTERISTICS 

APPENDIX C - SWITCHING CHARACTERISTICS 
Ta = O°C (32°F) to 700 e (158°F). Vex = +5V ±5% (Refer to note after table) 

SYMBOL PARAMETER MIN TYP MAX 
Oscillator Specification 

tXTH X1 to Transmit Clock High 8 - 20 

tXTL X1 to Transmit Clock Low 8 - 20 

Transmit Specification 

trCD Transmit Clock DU~ 42 50 58 
Cycle at 1.5V (10 Hz) 

trCR Transmit Clock Rise - - 10 
Time (1.1 V to 2.9V) 

trCF Transmit Clock Fall - - 10 
Time (2.9V to 1.1 V) 

trDS Transmit Data Setup 
Time to Transmit 

20 - -
Clock Rising Edge 

trDH Transmit Data Hold 0 - -
Time from Transmit 
Clock Rising Edge 

trES Transmit Enable Setup 20 - -
Time to Transmit 
Clock Rising Edge 

trEH Transmit Enable Hold 0 - -
Time from Transmit 
Clock Rising Edge 

trOD Transmit Output Delay - - 40 
from Transmit Clock 
Rising Edge 

trOR Transmit Output Rise - - 7 
Time (20% to 80%) 

trOF Transmit Output Fall 
Time (80% to 20%) 

- - 7 

trOJ Transmit Output Jitter - ±O.25 -
trOH Transmit Output High 

Before Idle in Half 
200 - -

Step Mode 

trOI Transmit Output Idle Time - - 800 
in Half Step Mode 

Receive Specification 

tRCD Receive Clock Duty 40 50 60 
Cycle at 1.5V (10 MHz) 

tRCR Receive Clock Rise - - 10 
Time (1.1 V to 2.9V) 

tRCF Receive Clock Fall - - 8 
Time (2.9V to 1.1 V) 

UNITS 

nsec 

nsec 

% 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

% 

nsec 

nsec 

TABLE C-1. SWITCHING CHARACTERISTICS 
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WD83C691A APPENDIX C -- SWITCHING CHARACTERISTICS 

SYMBOL PARAMETER MIN TYP MAX UNITS 
Receive Specification, continued 

tROR Receive Data Rise - - 8 nsec 
Time (20% to 80%) 

tROF Receive Data Fall - - 8 nsec 
Time (80% to 20%) 

tROS Receive Data Stable 40 - - nsec 
From Receive Clock 
Rising Edge 

tCSON Carrier Sense Turn - - 50 nsec 
on Delay 

tCSOFF Carrier Sense Turn - - 160 nsec 
off Delay 

tOAT Decoder Acquisition Time - - 700 nsec 

tOREJ Differential Inputs 8 - 30 nsec 
Rejection Pulse 
Wiath (Squelch) 

tRO Receive Throughout - - 150 nsec 
Delay 

Collision Specification 

tCOLON Collision Turn On Delay - - 50 nsec 

tCOLOFF Collision Turn Off Delay - - 350 I nsec 

Loopback Specification 

tLBS Loopback Setup Time 20 - - nsec 

tLBH Loopback Hold Time 0 - - nsec 

TABLE C-1. SWITCHING CHARACTERISTICS, Continued 

NOTE: All typical values are given for Vee = 5V and Ta = 25°C (77°F). 
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TIMING DIAGRAMS WD83C691A 

TIMING DIAGRAMS 
Table C-2lists all timing diagrams. Figures C-1 through C-9 illustrate all timings. 

Figure Title 
Number 
C-1 Transmit liming -- Start of Transmission 

C-2 Transmit liming -- End of Transmission (last bit = 0) 

C-3 Transmit liming -- End of Transmission (last bit = 1) 

C-4 Receive Timing -- Start of Packet 

C-5 Receive Timing -- End of Packet (last bit = 0) 

C-6 Receive Timing -- End of Packet (last bit = 1) 

C-7 Collision liming 

C-8 Loopback liming 

C-9 Test Loads 

TABLE C-2. WD83C691 A TIMING DIAGRAMS 

III 
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WD83C691A TIMING DIAGRAMS 

41-14 

TXC ----' 

[ r tTES 

+~.SV 
TXE --------'- -I I- tTOH 

tTOS-j I-

_____ ..... + 1.SV 
TXO -

+1.SV 

-I I- tTOO 

~~--------iL __ ~1 ----~ ___ ~ 
FIGURE C-1. TRANSMIT TIMING - TRANSMISSION START 

I 

~ :~IT8-1 
I 

TXE 

1 I 1 o I 0 I 

TXD V///I//I//I/I///I//I/I///I/I/It 
: .. ITO! ---.: 

, " 
~ITai~' ' 
, I I 
, I 

------'-----

FIGURE C-2. TRANSMIT TIMING - TRANSMISISON END (LAST BIT =0) 
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TIMING DIAGRAMS WD83C691A 

TXE 

TXD 

, 
~ : __ tT8-I 

1 I 1 I 0 I 0 I 

LJ WI//////////////////////////Z 
:.. 1m , , 
--- lTO-t ----.. , , , 

.,' , , 
, 

.---------' 
~~ ---------

FIGURE C-3. TRANSMIT TIMING - TRANSMISSION END (LAST BIT=1) 

~ ~ FIRSr BIT DECCDB> 

11101110111011 1011 10111011101110111 

n~1 ~ 
AX- ---, 

~ j4-tOREi.I 

CAS f 1.5V 
-----' 

~ I--t~ 

~tDAT~ 

RXD _______ ~,~ 

11101110111011101110111 

FIGURE C-4. RECEIVE TIMING - START OF PACKET 
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I 1 I 0 I 1 I 0 I 0 I 

~ ~nu~--~----------------AX-

t-- tcro=F 

CAS ----~,------~+L_1.~ ____________________________ _ 
I I -

I I 

~ tRD!4-

RXC lJU1J1JlJlJ 
1'4- 6 EXTRA CLOCKS --., 

I 
I 1 I 0 I 1 I 0 I 0 I 

FIGURE Cos. RECEIVE TIMING - END OF PACKET (LAST BIT = 0) 

I 1 I 0 I 1 I 0 I 1 I 
AX+ ~'------~~~-----------------------
AX-

~ t-- tcro=F 

CAS -----------~I ________________________ _ 

RXC LnJlJlJlJlJlJ1JlJlJ1JlJl'---------
~ 6 EXTRA Cl.OCKS ~ 

RXD -UuLI 
I 1 I 0 I 1 I 0 I 1 I 

FIGURE C-6. RECEIVE TIMING - END OF PACKET (LAST BIT = 1) 
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TIMING DIAGRAMS WD83C691A 

g~ --JUL Sf-n~ t 
- I 14- Ca.oFF 
~t~1 _ I~ ~I 

co.. ~U + 1.5V 
-----~ ~----------------------

FIGURE C-7. COLLISION TIMING 

L.8K + 1.5V + 1.5V 
--------~ ---------------

~ t L.BS ~ j4- t L.8H ~ 

f-1-.5V--------;+ 1.5V 

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

TXE 

FIGURE C-B. LOOPBACK TIMING 
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TX+ TTLlMCl3 OUTPUTS 
D----, 

-I OOpF 

T 
D.....----e-j-r---,I 

100 OHM ~ 27 ~ H** ?, 

~,_5_.0_% __ 1 __ r--R_* -t1...-_:t_1_0

1c_o----'r 

41-18 

* R = 73 OHM ± 1% and 
R = Ir3 OHM ± 1% 

r 
aD OHM ~ 

l 

** 27 ~H ± 1% inductor is used for test 
purposes. 100 ~H transformers (Valor LT 
1101, or Pulse Engineerilg 64103) are 
reCDmmended for appkaOOn use. 

FIGURE e.g. TEST LOADS 
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APPENDIX D - PACKAGE DIAGRAMS WD83C691A 

APPENDIX D • PACKAGE DIAGRAMS 
Figures 0-1 and 0-2 are illustrations of the 24-Pin OIP and 28-Pin PLCC packages showing dimensions in inches. 

~ 
(2.337) 
(2 PLS) 

PIN NO.1 
IDENT 

0.075 + 0.015 
(1.905 ± 0.381) 

0.052 
(1:57s) 

RAD 

j ~ 
0.100 ± 0.010 

(2.54 ± 0.254) 
TYP 

+0.040 
0.375 .o.Q15 

(8.255 +~.~~) 

0.040 
(1.018) 

TYP 

RGURE 0·1. 24·PIN DIP PACKAGE DRAWING 
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L0CA1IIIG ~~: l rQ.028 CfW.ftR 0.711 

................ fL-L~~ 
--rl~:"":'-L 

. 0.G45 
T.143 

OABO ± OD15 
12.446 ± 0.38 

12.446 ± 0.38 OPllON '~ 

ef
Ftll~ID 

M51i 
• 0001 - 0003 

0005 -0D76 

OPllON 'C' 

APPENDIX D - PACKAGE DIAGRAMS 

OP1lON'B' 

FIGURE 0-2. 28-PIN PLCC PACKAGE DRAWING 
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