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NCR If 0 Chip Specifications 

M.l NCR89Cl00 (MACIO) 

The NCR Corporation Master I/O Controller device 89ClOO specifications 
(including functional block specifications) are in this appendix. This device is 
also known by the Sun Microsystems code name MACIO (MAster Controller 
I/O). Use this specification to determine the operating parameters of the 
device. 

The NCR documentation included here is accurate as of the date of release of 
the SPARCengine EC OEM Technical Manual. Please call NCR to ensure that 
you have the most current documentation. Please use caution in developing 
plans on this information until you confirm it is the latest information 
available. 

M.2 NCR89Cl05 (SLAVIO) 

The NCR Corporation Slave I/O Controller 89CIOS specifications (including 
functional block specifications) are in this appendix. This device is also known 
by the Sun Microsystems code name of SLAVIO (SLAVe controller I/O). Use 
this specification to determine the operating parameters· of the device. 

The NCR documentation included here is accurate as of the date of release of 
the SPARCengine EC OEM Technical Manual. Please call NCR to ensure that 
you have the most current documentation. Please use caution in developing 
plans on this information until you confirm it is the latest information 
available. 

M-l 
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Product Disclaimer 

The NCR SBus I/O Chipset (NCR89CIOO and NCR89CI05) and NCR SBus 
Demonstration Board were NOT designed as fault-tolerant devices and are NOT 
designed or intended for use or resale in or as on-line control equipment in hazardous 
environments requiring fail-safe performance, such as in the operation of nuclear 
facilities, aircraft navigation or communication systems, air traffic control, direct life 
support machines or potentially life-threatening devices, systems or procedures (e.g. 
devices used in medical diagnostic applications, used in life-sustaining equipment, 
used in connection with surgical or other intrusive procedures, or otherwise used to 
support or sustain life or implement medical procedures), or weapons systems, in 
which the failure of Products could lead directly to death, personal injury, or severe 
physical or environmental damage ("High Risk Activities"). NCR specifically disclaims 
any express or implied warranty of fitness for High Risk Activities. 
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About this Version 
This is Revision 1.0 of the NCR SBus I/O Chipset Data ManuaL 

The areas that were updated from the previous version are as follows: 

NCR89CIOO Master 1/0 section 

• Additional timing diagrams were added. 

• Packaging information was added. 

• Operating conditions, AC and DC characteristics were updated. 

NCR89CI05 Slave 1/0 section 

• Existing timing diagrams were modified. 

• Additional timing diagrams were added. 

• Packaging information was added. 

• Operating conditions, AC and DC characteristics were updated 

NCR53C9X SCSI Core 

• Specification was updated to include enhanced feature set. 

Application Notes 

• Additional information on I/O Demonstration Board was included. 

• The "Frequently Asked Questions" section was expanded. 
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Overview 

1. LSI Logic Corp. 

NCR89C100 
Chip Specification 

The NCR89C100 is designed for low-cost, SBus-based systems. It incorporates stan­
dard workstation 110 devices with a DMA controller in a single l60-pin PQFP pack­
age, providing cost, area, and power savings over discrete implementations. 

The 89ClOO provides three special purpose SBus DMA channels that are commonly 
used on SPARC® platforms: Ethernet, SCSI, and Parallel Port. It consists of three 
major logic blocks: DMA2, ENET, SCSI as well as an additional TEST block.. The 
DMA2 block provides internal buffering for each of its three channels in the form of a 
cache for the ENET interface and fifos for the SCSI and Parallel Port interfaces. It 
also provides controVstatus registers for each channel, plus several SCSI/PPORT-spe­
cific support registers, and a write buffer for slave accesses to the ENET. The DMA2 
block design is based on the L648531 ASIC design with the addition of a programma­
ble, Centronics-type parallel port. It incorporates a number of new features for 
increasing performance and allowing different modes of operation necessary for future 
desktop systems. The ENET block is based on the NCR92C990 Application Specific 
Function (ASF) which is a superset of (and fully backwards compatible with) the 
AM79902 previously found on SPARCstations. The SCSI block is based on the 
NCR53C9Xs ASF which is a superset of(and fully backwards compatible with) the 
NCR53C90A also found on SPARCs,tations. The TEST block contains the JTAG TAP 
controller, JTAG boundary scan cells, ASF test muxes and some ancillary glue logic. 

The 89C100 interfaces directly to the SBus with no additional glue logic. 'Ibgether, 
with the 89C105 (slave 110), it provides the core SPARCstation 110 subsystem. 

This document reflects the integrated nature of the 89C100. This section, 
"NCR89C100 Master 110", covers the chip as a whole and describes pinout informa­
tion, test muxing, chip-level block diagrams and address map, and electrical and 
mechanical characteristics. The TEST block is described in detail, but DMA2, ENET, 
and SCSI blocks are only introduced and a list of differences from their discrete imple­
mentations is given. The full specifications for those discrete implementations follow 
in the next three sections: "DMA2 DMA Core," "NCR92C990 Ethernet Core," and 
''NCR53C9X SCSI Core". These specifications cover functional descriptions and theory 
of operations. 

2. Advanced Micro Devices, Inc. 
s. The NCR63C9X is identical to the FASIOllicensed from Emulex Corporation. 

Rev. 1.0 
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Chip-Level Functional Block Diagram 

Parallel Network 
Port Adapter 

(AT&TeT721S) 

Figure 2-1 Chip-Level Functional Block Diagram 

Features 
• Single chip solution to standard SP ARC DVMA devices - saves cost, power, 

board space, and weight. Together, with the 89CI05 chip, forms a two-chip 
solution which provides the core SPARCstation I/O subsystem. 

• Supports concurrent 10 MByte/sec SCSI transfers, 1.25 MByte/sec Ether-
net transfers, and 4 MByte/sec Parallel Port transfers. 

• Supports 4-word, 8-word, and 'no burst' SBus burst modes. 
• 64-byte internal cache for Ethernet data buffering. 
• 64-byte internal FIFOs for SCSI and Parallel Port data buffering. 
• 16-bit write buffer for slave writes to Ethernet. 
• Improved cache and FIFO draining algorithms for better SBus utilization. 
• Internal address and byte count registers and "NEXT" address/byte count 

features for data block chaining on SCSI and Parallel Port interfaces. 
• JTAG internal and boundary scan for improved chip and board level test­

ability. 

Intended Applications 
The 89CI00 is intended for low-end SBus-based systems in which cost, power, and 
area are the main design constraints. It is designed for use with either the '!exas 
Instruments MicroSPARC or SuperSPARC processors, but will also work in any SBus­
based system. 

Related Products 

Page 2-2 

The 89CI00 is designed to share a single SBus slot with the NCR89CI05. 

Rev. 1.0 
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Pinout Information 
This section includes the pinout map and two tables that summarize the 89CIOO 
pinout information in the following formats: 

• Pinout by function 
• Pinout by pin order on package 
• JTAG boundary chain 
• Pinout in TEST modes 

Pinout Map 

Pin 1 Index 

sb_d[22] 
sb_d[23] 

VSS 
sb_d[24] 
sb_d[25] 
sb_d[26] 

VDD 
sb_d[27] 
sb_d[28] 
sb_d[29] 
sb_d[30] 
sb_d[31] 

VSS 

sb_reset_ 
VDD 

sb"'p_il'CL 
sb_'UI'CL 

VSS 
p_ack 

p_bsy_ 
p_d_strb 

VDD 
p_data(7] 
p_data[6] 

VDD 
p_data[5] 
p_data[4] 

VSS 
p_data[3] 
p_data[2] 

VDO 
p_data[1] 
p_data[O] 

VSS 

Rev. 1.0 

o 

Figure 2-2 Pinout Map 

o 
sb_d[9] 
sb_d[8] 
sb_d[7] 
VSS 
sb_d[6] 
sb_d!5] 
VDD 
sb_d[4] 
VSS 
sb_d[3] 
sb_d[2] 
sb_d[1] 
sb_d[O] 
VSS 
sb_rd 
VDD 
sb_d_irCL 
VSS 
VSS 
scc_cik20 
scc.J(tai20_out 
scc_xtai20_in 
VDD 
VDD 
8csLxtaUn 
8csLxtal_out 
VSS 
vss 
VSS 
scsUSC 
scsLatn_ 
scsLLo_ 
scsLc_d_ 
scsLmsg_ 
VSS 
scsLack_ 
scsiJIKL 
scsLbsy_ 
scsLsel_ 
VSS 

SBus I/O Chipset Data Manual Page 2-3 
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Pinout Tables 

Page 2-4 

Tables 2-4 and 2-5 present the 89C100 pinouts by function and by pin number 
sequence, respectively. The pin type entry in the 'JYpe column of Tables 2-4 and 2-5 is 
composed offields which contain the mnemonic values shown in Tables 2-1 and 2-2: 

Table 2-1 Valid Pin Mnemonics 

Field A B C 0 E F G H I 

Value(s) BS IN N PD 2 L U 25 T 

NCR 10 - - 4 - D 100 H 

- lOP 6 - - I 

ION 8 S16 

0 12 S18 

OT 16 S38 

IP - -

The values represented by the mnemonics in each of these fields is as follows: 

Field 

A 

B 

C 

D 

E 

F 

G 

H 

I 

Table 2-2 Mnemonic Descriptions 

Mnemonic Description 

BS 

NCR 

IN 

10 

lOP 

ION 

0 

OT 

IP 

N 

PD 

integer 

L 

U 

D 

integer 

T 

H 

I 

S16 

S18 

S38 

Boundary Scan 

NCR type 

Input 

Bidirectional 

Bidirectional with pull-up/pull-down 

Bidirectional open drain 

Output 

Tristate output 

Input with pull-up/pull-down 

Open drain 

10 pad 

Pad drain in rnA as indicated 

Slew rate limited output 

Pull-up 

Pull-down 

Pull-up/pull-down value in !LA as indicated 

TTL input receiver 

High drive TTL input receiver 

Inverting TTL input receiver 

ds1216 Schmitt input receiver 

ds1218 Schmitt input receiver 

ds1238 Schmitt input receiver 

Rev. 1.0 
SBus 110 Chipset Data Manual 



Rev. 1.0 

NCR89C100 Chip Specification 

For example, the pin type identification bsinpds18 means that the pin type is a bound­
ary scan version of an input pad with a ds1218 Schmitt input receiver. 

Notice that some fields in '!'able 2-1 are optional and that there are four exceptions to 
the above scheme. SCSIPAD is a 48 rnA driver compatible with ANSI X3T9.2 require­
ments, SCSIPADF is the same with an input RC filter, OSC1401 is a crystal oscillator 
pad, and BSCLOCK is a clock input pad. 

The Direction column in Tables 2-4 and 2-5 is used to identify the pin direction using 
the mnemonics shown in Table 2-3. 

Table 2-3 Direction Mnemonic Des~ions 

Mnemonic Description 

I Input 

0 Output 

B Bidirectional 

T Tristate 

- Not applicable 

Note that the pad type listed in the following tables may not correspond exactly to the 
functional direction of the pin (input, output, bidirectional, or tristate) for either of the 
following reasons: 

• The pin is used differently in a test mode. For instance, using an input as 
an output during test will require use of a bidirectional pad instead of an 
input. 

• An equivalent output-only' pad was not available. This applies specifically 
to the SBus outputs, which all use a custom 12 mA pad that was only avail­
able as a bidirectional pad. 

SBus 110 Chipset Data Manual Page 2-5 
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Pinout by Function 

Name Pin 

SBus Interface: 59 pins 

sb_d[311 12 

sb_d[301 11 

sb_d[291 10 

sb_d[281 9 

sb_d[271 8 

sb_d[261 6 

sb_d[251 5 

sb_d[24] 4 

sb_d[231 2 

sb_d[221 1 

sb_d[211 160 

sb_d[201 159 

sb_d[191 157 

sb_d[181 155 

sb_d[171 154 

sb_d[161 153 

sb_d[151 128 

sb_d[14] 126 

sb_d[131 125 

sb_d[121 123 

sb_d[l1] 122 

sb_d[101 121 

sb_d[9] 120 

sb_d[8] 119 

sb_d[71 118 

sb_d[61 116 

sb_d[51 115 

sb_d[41 113 

sb_d[3] 111 

sb_d[2] 110 

sb_d[11 109 

sb_d[O] 108 

Page 2-6 

Table 2-4 Pinout by Function 

Direction 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

Type Description 

BSIOPD12S16 SBus Data Bus (MSB) 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus 

BSIOPD12S16 SBus Data Bus (LSB) 

Rev. 1.0 
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Table 2-4 Pinout by Function (Continued) 

Name Pin Direction Type Description 

sb_bc 131 B BSIOPD12T SBus Bus Request 

sb_bg_ 132 I BSINPDH SBus Bus Grant 

sb_ack[2] 129 B BSIOPD12H SBus Acknowledge 

sb_ack[l] 130 B BSIOPD12I SBus Acknowledge 

sb_ack[O] 137 B BSIOPD121 SBus Acknowledge 

sb_reset_ 16 I BSINPDS16 SBus Reset 

sb_Ierr_ 133 I BSINPDT SBus Late Error 
(lNT15) 

sb_clk 142 I BSCLOCK SBus Clock Input 

sb_rd 106 B BSIOPD12H SBus ReadIWrite 

sb_seC 135 I BSINPDH SBus Select 

SBus Interrupt for 
sb_d_ir<L 104 0 BSIOPD12U25T SCSI transfers (open-

drain) 
SBus Interrupt for 

sb_e_irq_ 19 0 BSIOPD12U25T ETHERNET trans-
fers (open-drain) 
SBus Interrupt for 

sb_p_ir<L 18 0 BSIOPD12U25T Parallel Port Trans-
fers (open-drain) 

sb_siz[2] 138 B BSIOPD12H SBus Transfer Size 

sb_siz[l] 139 B BSIOPD12H SBus Transfer Size 

sb_siz[O] 140 B BSIOPD12H SBus Transfer Size 

sb_as_ 136 I BSINPDH SBus Address Strobe 
(address is valid) 

chip_sell 134 I BSINPDT High order physical 
address bit 

sb_pa[w] 144 I BSINPDH High order physical 
address bit 

sb_pa[x] 145 I BSIONPD4H High order physical 
address bit 

sb_pa[y] 146 I BSINPDH High order physical 
address bit 

sb_pa[5] 152 I BSINPDH Low order physical 
address bit 

sb_pa[4] 147 I BSINPDH Low order physical 
address bit 

sb_pa[3] 148 I BSINPDH Low order physical 
address bit 

sb_pa[2] 149 I BSINPDH Low order physical 
address bit 

sb_pa[l] 150 I BSINPDH Low order physical 
address bit 
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NCR89C100 Chip Specification 

Table 2-4 Pinout by Function (Continued) 

Name Pin Direction 

sb_pa[O] 151 I 

Ethernet Interface: 8 pins 

enet_auC2 56 0 

enet_tx 57 0 

enet_tena 58 0 

enet_clsn 59 I 

enet_rx 60 I 

enet_rena 61 I 

enet_tclk 62 I 

eneLrclk 63 I 

SCSI Interface : 20 pins 

scsCd_[7] 79 B 

scsi_d_[6] 78 B 

scsi_d_[5] 77 B 

scsCd_[4] 76 B 

scsCd_[3] 74 B 

scsCd_[2] 73 B 

scsi_d_[l] 72 B 

scsCd_[O] 71 B 

scsCdp_ 80 B 

scsi_sel_ 82 B 

scsCbsy_ 83 B 

scsCreq_ 84 B 

scsCack_ 85 B 

scsi_msg_ 87 B 

sesCc_d_ 88 B 

scsCCo_ 89 B 

scsi_atn_ 90 B 

scsCrsL 91 B 

scsi_xtal_in 96 I 
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Type 

BSINPDT 

BSOTPD4 

BSOTPD4 

BSOTPD4 

BSINPDT 

BSINPDT 

BSINPDT 

BSINPDT 

BSINPDT 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPADF 

SCSIPADF 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPADF 

SCSIPAD 

OSC1401 

Description 

Low order physical 
address bit 

Ethernet TP/AUL 
select 
Ethernet Transmit 
data 
Ethernet Transmit 
enable 
Ethernet Collision 
detect 
Ethernet Receive data 

Ethernet Receiver 
enable (carrier sense) 
Ethernet Transmit 
clock 
Ethernet Receive 
clock 

SCSI Data 

SCSI Data 

SCSI Data 

SCSI Data 

SCSI Data 

SCSI Data 

SCSI Data 

SCSI Data 

SCSI Data Parity 

SCSI Select 

SCSI Busy 

SCSI Request 

SCSI Acknowledge 

SCSI Message 

SCSI CommandlData 

SCSI Input/Output 

SCSI Attention 

SCSI Reset 

SCSI Clock Crystal In 
(can drive with exter-
nal CMOS clock) 
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NCR89C100 Chip Specification 

Table 2-4 Pinout by Function (Continued) 

Name Pin Direction Type Description 

SCSI Clock Crystal 
scsi_xtal_out 95 0 BSOSC1401 Out (must not connect 

to any external load) 
Parallel Port Interface: 22 Pins 

p_data[7] 25 T BSIOPD4T 
Parallel Port Data 
Bus 

p_data[6] 26 T BSIOPD4T Parallel Port Data 
Bus 

p_data[5] 28 T BSIOPD4T Parallel Port Data 
Bus 

p_data[4] 29 T BSIOPD4T Parallel Port Data 
Bus 

p_data[31 31 T BSIOPD4T Parallel Port Data 
Bus 

p_data[2] 32 T BSIOPD4T Parallel Port Data 
Bus 

p_data[11 34 T BSIOPD4T Parallel Port Data 
Bus 

p_data[O] 35 T BSIOPD4T Parallel Port Data 
Bus 
Parallel Port Data 

p_d_strb 23 B BSIOPPD4D25T Strobe (25 uA pull-
down) 

p_bsy_ 22 B BSIOPPD4U25T Parallel Port Busy (25 
uA pull-up) 
Parallel Port 

p_ack 21 B BSIOPPD4D25T Acknowledge (25 uA 
pull-down) 

p_pe_ 39 B BSIONPD4T Parallel Port Paper 
Error 

p_slcL 38 B BSIONPD4T Parallel Port Select 

p_error 37 I BSINPDT Parallel Port Error 

p_init 42 0 BSOTPD4 Parallel Port Initial-
ize 

p_slct_in 40 0 BSOTPD4 Parallel Port Select In 

p_afxn 41 0 BSOTPD4 Parallel Port Auto 
Feed 

p_ds_dir4 45 0 BSOTPD4 Parallel Port Data 
Strobe Direction 

p_bsy_dir4 44 0 BSOTPD4 Parallel Port Busy 
Direction 
Parallel Port 

p_ack_dir4 43 0 BSOTPD4 Acknowledge Direc-
tion 

p_d_dir4 46 0 BSOTPD4 
Parallel Port Data 
Direction 
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Table 2-4 Pinout by Function (Continued) 

Name Pin Direction Type Description 

Secondary Device 
Select (boot prom) 

id_cs_ 14 0 BSIOPPD4U25T output; pull low to 
specify absence of 
external prom 

Test: 5 pins 

jtag_tdo 64 0 NCROTPD4 JTAG Test Data Out-
put 

jtag_tdi 66 I NCRIPPDU100 JTAG Test Data Input 
(100 uA pull-up) 

jtag_clk 65 I NCRINPD JTAGClock 

JTAG Test Mode 
jtag_tms 67 I NCRIPPDU100 Select (100 uA pull-

up) 

jtag_rsL 68 I NCRIPPDU100 JTAG Reset (100 uA 
pull-up) 

General Purpose OscillatorsT: 9 pins 

scc_xtaI20_in 99 I OSC1401 

scc_xtaI20_out 100 0 OSC1401 

scc_clk20 101 0 OPD16SYM 

fpy _xtaI24_in 50 I OSC1401 

fpy _xtaI24_out 49 0 OSC1401 

fpy_clk24 48 0 OPD16SYM 

fpy _xtaI32_in 52 I OSC1401 

fpy _xtaI32_out 53 0 OSC1401 

fpy_clk32 54 0 OPD16SYM 

Power, Ground: 37 pins 

SCC Clock Crystal In 
(19.66 MHz) (can 
drive with external 
CMOS clock) 
SCC Clock Crystal 
Out (19.66 MHz) 
(must not connect to 
any external load) 
SCC Clock Out (19.66 
MHz) 
Floppy Clock Crystal 
In (24 MHz) (can 
drive with external 
CMOS clock) 
Floppy Clock Crystal 
Out (24 MHz) (must 
not connect to any 
external load) 
Floppy Clock Out (24 
MHz) 
Floppy Clock Crystal 
In (32 MHz) (can 
drive with external 
CMOS clock) 
Floppy Clock Crystal 
Out (32 MHz) (must 
not connect to any 
external load) 
Floppy Clock Out (32 
MHz) 
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NCR89C100 Chip Specification 

Table 2-4 Pinout by Function (Continued) 

Name Pin Direction Type Description 

VDD 7 - Power Connection 

VDD 17 - Power Connection 

VDD 24 - Power Connection 

VDD 27 - Power Connection 

VDD 33 - Power Connection 

VDD 51 - Power Connection 

VDD 97 - Power Connection 

VDD 98 - Power Connection 

VDD 105 - Power Connection 

VDD 114 - Power Connection 

VDD 124 - Power Connection 

VDD 141 - Power Connection 

VDD 156 - Power Connection 

VSS 3 - Ground Connection 

VSS 13 - Ground Connection 

VSS 15 - Ground Connection 

VSS 20 - Ground Connection 

VSS 30 - Ground Connection 

VSS 36 - Ground Connection 

VSS 47 - Ground Connection 

VSS 55 - Ground Connection 

VSS 69 - Ground Connection 

VSS 70 - Ground Connection 

VSS 75 - Ground Connection 

VSS 81 - Ground Connection 

VSS 86 - Ground Connection 

VSS 92 - Ground Connection 

VSS 93 - Ground Connection 

VSS 94 - Ground Connection 

VSS 102 - Ground Connection 

VSS 103 - Ground Connection 

VSS 107 - Ground Connection 

VSS 112 - Ground Connection 

VSS 117 - Ground Connection 
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Table 2-4 Pinout by Function (Continued) 

Name Pin Direction Type Description 

VSS 127 - Ground Connection 

VSS 143 - Ground Connection 

VSS 158 - Ground Connection 

1. The chip_sel pin is an additional qualifier (active high) to the sb_sel_line. In some system configu­
rations where the 89C100 and the 890105 share a single SBus select line, PA[27] can be used to 
select between the two. 

2. Drives MIS input of the AT&T T7213 chip to select between twisted pair and AUI-type Ethernet 
interfaces, with ENET_AUC = 0 selecting AUl. 

3. All of the SCSI pads (except the crystal oscillator pads) are custom NCR 48 mA bidirectional open­
drain pads with hysteresis on inputs. 

4. The Parallel Port control and data line direction bits, (for example, p_ * _dir), are gang programmed 
by the DIR bit of the Transfer Control Register. DlR=O sets transfer direction away from the 
89C100 (p_d_dir=p_ds_dir=1j p_bBY_dir=p_ack_dir=O)j DlR=1 sets transfer direction towards the 
89C100 (p_d_dir=p_ds_dir=Oj p_bBY_dir=p_ack_dir=1). 

5. In some system configurations, the 89C100 provides these three clocks to the 89C105 (which is pin 
limited). These are really general-purpose 20-50 MHz crystal oscillator pads that can operate in 
both fundamental and overtone mode. Refer to page 60"0SC1401 Crystal Oscillator" for more 
information. 
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NCR89C100 Chip Specification 

Pinout by Pin Number Sequence 

Table 2-5 Pinout by Pin Number Sequence 

Pin Name Direction Type Description 

1 sb_d[22] B BSIOPD12S16 SBus Data Bus 

2 sb_d[23] B BSIOPD12S16 SBus Data Bus 

3 VSS - Ground Connection 

4 sb_d[24] B BSIOPD12S16 SBus Data Bus 

5 sb_d[25] B BSIOPD12S16 SBus Data Bus 

6 sb_d[26] B BSIOPD12S16 SBus Data Bus 

7 VDD - Power Connection 

8 sb_d[27] B BSIOPD12S16 SBus Data Bus 

9 sb_d[28] B BSIOPD12S16 SBus Data Bus 

10 sb_d[29] B BSIOPD12S16 SBus Data Bus 

11 sb_d[30] B BSIOPD12S16 SBus Data Bus 

12 sb_d[31] B BSIOPD12S16 SBus Data Bus (MSB) 

13 VSS - Ground Connection 

Secondary Device Select 

14 id_cs_ 0 BSIOPPD4U25T (boot prom) output; pull 
low to specify absence of 
external prom 

15 VSS - Ground Connection 

16 sb_reseL I BSINPDS16 SBus Reset 

17 VDD - Power Connection 

SBus Interrupt for 
18 sb_p_irq_ 0 BSIOPD12U25T Parallel Port Transfers 

(open-drain) 
SBus Interrupt for 

19 sb_e_irq_ 0 BSIOPD12U25T Ethernet transfers 
(open-drain) 

20 VSS - Ground Connection 

21 p_ack B BSIOPPD4D25T Parallel Port Acknowledge 
(25 IlA pull-down) 

22 p_bsy_ B BSIOPPD4U25T Parallel Port Busy 
(25 IlA pull-up) 

23 p_d_strb B BSIOPPD4D25T Parallel Port Data Strobe 
(25 IlA pull-down) 

24 VDD - Power Connection 

25 p_data[7] T BSIOPD4T Parallel Port Data Bus 

26 p_data[6] T BSIOPD4T Parallel Port Data Bus 

27 VDD - Power Connection 
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NCR89C100 Chip Specification 

Table 2-5 Pinout by Pin Number Sequence (Continued) 

Pin Name Direction 

28 p_data[5] T 

29 p_data[4] T 

30 VSS -
31 p_data[3] T 

32 p_data[2] T 

33 VDD -
34 p_data[1] T 

35 p_data[O] T 

36 VSS -
37 p_error I 

38 p_slct_ B 

39 p_pe_ B 

40 p_slct_in 0 

41 p_afxn 0 

42 p_init 0 

43 p_ack_dirI 0 

44 p_bsY_dir1 0 

45 p_ds_dirI 0 

46 p_d_dirI 0 

47 VSS -
48 fpY31k242 0 

49 fpy _xtaI24_out2 0 

50 fpy _xtaI24_in2 I 

51 VDD -

52 fpy _xtaI32_in2 I 

53 fpy _xtaI32_out2 0 

54 fpy_clk322 0 
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Type 

BSIOPD4T 

BSIOPD4T 

BSIOPD4T 

BSIOPD4T 

BSIOPD4T 

BSIOPD4T 

BSINPDT 

BSIONPD4T 

BSIONPD4T 

BSOTPD4 

BSOTPD4 

BSOTPD4 

BSOTPD4 

BSOTPD4 

BSOTPD4 

BSOTPD4 

OPD16SYM 

OSC1401 

OSC1401 

OSC1401 

OSC1401 

OPD16SYM 

Description 

Parallel Port Data Bus 

Parallel Port Data Bus 

Ground Connection 

Parallel Port Data Bus 

Parallel Port Data Bus 

Power Connection 

Parallel Port Data Bus 

Parallel Port Data Bus 

Ground Connection 

Parallel Port Error 

Parallel Port Select 

Parallel Port Paper Error 

Parallel Port Select In 

Parallel Port Auto Feed 

Parallel Port Initialize 

Parallel Port Acknowledge 
Direction 
Parallel Port Busy 
Direction 
Parallel Port Data Strobe 
Direction 
Parallel Port Data 
Direction 
Ground Connection 

Floppy Clock Out 
(24 MHz) 
Floppy Clock Crystal Out 
(24 MHz) (must not connect 
to any external load) 
Floppy Clock Crystal In (24 
MHz) (can drive with exter-
nal CMOS clock) 
Power Connection 

Floppy Clock Crystal In (32 
MHz) (can drive with exter-
nal CMOS clock) 
Floppy Clock Crystal Out 
(32 MHz) (must not connect 
to any external load) 
Floppy Clock Out (32 MHz) 
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NCR89C100 Chip Specification 

Table 2-5 Pinout by Pin Number Sequence (Continued) 

Pin Name Direction Type Description 

55 VSS - Ground Connection 

56 eneLauC3 0 BSOTPD4 Ethernet TP/ AUI_ select 
output 

57 eneLtx 0 BSOTPD4 Ethernet Transmit data 
output 

58 enet_tena 0 BSOTPD4 Ethernet Transmit enable 
output 

59 enet_clsn I BSINPDT Ethernet Collision detect 
input 

60 eneLrx I BSINPDT Ethernet Receive data 
input 

61 eneLrena I BSINPDT Ethernet Receiver enable 
(carrier sense) input 

62 enet_tclk I BSINPDT Ethernet Transmit clock 
input 

63 enet_rclk I BSINPDT Ethernet Receive clock 
input 

64 jtag_tdo 0 NCROTPD4 JTAG Test Data Output 

65 jtag_clk I NCRINPD JTAG Clock 

66 jtag_tdi I NCRIPPDU100 JTAG Test Data Input (100 
JLA pull-up) 

67 jtag_tms I NCRIPPDU100 JTAG Test Mode Select 
(100 !LA pull-up) 

68 jtag_rsL I NCRIPPDU100 JTAG Reset (100 !LA pull-
up) 

69 VSS - Ground Connection 

70 VSS - Ground Connection 

71 scsi_d_[0]4 B SCSIPAD SCSI Data 

72 scsi_d_[1]4 B SCSIPAD SCSI Data 

73 scsCd_[2]4 B SCSIPAD SCSI Data 

74 scsi_d_[3]4 B SCSIPAD SCSI Data 

75 VSS - Ground Connection 

76 scsi_d_[ 4]4 B SCSIPAD SCSI Data 

77 scsi_d_[5]4 B SCSIPAD SCSI Data 

78 scsi_d_[6]4 B SCSIPAD SCSI Data 

79 scsi_d_[7]4 B SCSIPAD SCSI Data 

80 scsi_dp_ 4 B SCSIPAD SCSI Data Parity 

81 VSS - Ground Connection 

82 scsi_sel_ 4 B SCSIPAD SCSI Select 

83 scsi_bsy_4 B SCSIPAD SCSI Busy 
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NCR89C100 Chip Specification 

Table 2-5 Pinout by Pin Number Sequence (Continued) 

Pin Name Direction 

84 scsi_req_4 B 

85 scsLack_4 B 

86 VSS -
87 scsLmsg_4 B 

88 scsLc_d_4 B 

89 scsi_Lo_4 B 

90 scsi_atn_4 B 

91 scsi_rsL 4 B 

92 VSS -
93 VSS -
94 VSS -

95 scsi_xtaLout 0 

96 scsi_xtaLin I 

97 VDD -
98 VDD -

99 scc_xtaI20_in2 I 

100 scc_xtaI20_out2 0 

101 scc_clk202 0 

102 VSS -
103 VSS -
104 sb_d_irq_ 0 

105 VDD -
106 sb_rd T 

107 VSS -
108 sb_d[O] B 

109 sb_d[l] B 

110 sb_d[2] B 

111 sb_d[3] B 
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Type 

SCSIPADF 

SCSIPADF 

SCSIPAD 

SCSIPAD 

SCSIPAD 

SCSIPADF 

SCSIPAD 

OSC1401 

BSOSC1401 

OSC1401 

OSC1401 

OPD16SYM 

BSIOPD12U25T 

BSIOPD12H 

BSIOPD12S16 

BSIOPD12S16 

BSIOPD12S16 

BSIOPD12S16 

Description 

SCSI Request 

SCSI Acknowledge 

Ground Connection 

SCSI Message 

SCSI CommandlData 

SCSI Input/Output 

SCSI Attention 

SCSI Reset 

Ground Connection 

Ground Connection 

Ground Connection 

SCSI Clock Crystal Out 
(must not connect to any 
external load) 
SCSI Clock Crystal In (can 
drive with external CMOS 
clock) 
Power Connection 

Power Connection 

SCC Clock Crystal In 
(19.66 MHz) (can drive 
with external CMOS clock) 
SCC Clock Crystal Out 
(19.66 MHz) (must not con-
nect to any external load) 
SCC Clock Out 
(19.66 MHz) 
Ground Connection 

Ground Connection 

SBus Interrupt for SCSI 
transfers (open-drain) 
Power Connection 

SBus ReadlWrite 

Ground Connection 

SBus Data Bus (LSB) 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 
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NCRB9C100 Chip Specification 

Table 2-5 Pinout by Pin Number Sequence (Continued) 

Pin Name Direction Type Description 

112 VSS - Ground Connection 

113 sb_d[4] B BSIOPD12S16 SBus Data Bus 

114 VDD - Power Connection 

115 sb_d[5] B BSIOPD12S16 SBus Data Bus 

116 sb_d[6] B BSIOPD12S16 SBus Data Bus 

117 VSS - Ground Connection 

118 sb_d[7] B BSIOPD12S16 SBus Data Bus 

119 sb_d[8] B BSIOPD12S16 SBus Data Bus 

120 sb_d[9] B BSIOPD12S16 SBus Data Bus 

121 sb_d[10] B BSIOPD12S16 SBus Data Bus 

122 sb_d[l11 B BSIOPD12S16 SBus Data Bus 

123 sb_d[121 B BSIOPD12S16 SBus Data Bus 

124 VDD - Power Connection 

125 sb_d[131 B BSIOPD12S16 SBus Data Bus 

126 sb_dU41 B BSIOPD12S16 SBus Data Bus 

127 VSS - Ground Connection 

128 sb_dU51 B BSIOPD12S16 SBus Data Bus 

129 sb_ack[2] B BSIOPD12H SBus Acknowledge 

130 sb_ack[l] B BSIOPD121 SBus Acknowledge 

131 sb_br_ B BSIOPD12T SBus Bus Request 

132 sb_bg_ I BSINPDH SBus Bus Grant 

133 sb_Ierr_ I BSINPDT SBus Late Error (INT15) 

134 chip_sel6 I 
High order physical 

BSINPDT address bits (for slave 
decodes) 

135 sb_sel_ I BSINPDH SBus Select 

136 sb_as_ I BSINPDH SBus Address Strobe 
(address is valid) 

137 sb_ack[Ol B BSIOPD121 SBus Acknowledge 

138 sb_siz[21 B BSIOPD12H SBus Transfer Size 

139 sb_siz[l] B BSIOPD12H SBus Transfer Size 

140 sb_siz[O] B BSIOPD12H SBus Transfer Size 

141 VDD - Power Connection 

142 sb_clk I BSINPDH SBus Clock Input 

143 VSS - Ground Connection 
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Table 2-5 Pinout by Pin Number Sequence (Continued) 

Pin Name Direction Type Description 

144 sb_pa_w I BSINPDH High order physical 
address bit 

145 sb_pa_x I BSIONPD4H High order physical 
address bit 

146 sb_pa.s I BSINPDH High order physical 
address bit 

147 sb_pa[4] I BSINPDH Low order physical 
address bit 

148 sb_pa[3] I BSINPDH Low order physical 
address bit 

149 sb_pa[2] I BSINPDH Low order physical 
address bit 

150 sb_pa[1] I BSINPDH Low order physical 
address bit 

151 sb_pa[O] I BSINPDT Low order physical 
address bit 

152 sb_pa[51 I BSINPDT Low order physical 
address bit 

153 sb_d[161 B BSIOPD12S16 SBus Data Bus 

154 sb_d[171 B BSIOPD12S16 SBus Data Bus 

155 sb_d[181 B BSIOPD12S16 SBus Data Bus 

156 VDD - Power Connection 

157 sb_d[191 B BSIOPD12S16 SBus Data Bus 

158 VSS - Ground Connection 

159 sb_d[201 B BSIOPD12S16 SBus Data Bus 

160 sb_d[211 B BSIOPD12S16 SBus Data Bus 

1. The Parallel Port control and data line direction bits, (for example, - p_ * _dir), are gang programmed 
by the DIR bit ofthe Transfer Control Register. DlR=O sets transfer direction away from the 89C100 
(p_d_dir=p_ds_dir=l; p_bsy_dir=p_aclcdir=O); DlR=l sets transfer direction towards the 89C100 
(p_d_dir=p_ds_dir=O; p_bsy _dir=p_aclcdir=l). 

2. In some system configurations, the 89C100 provides these three clocks to the 89C106 (which is pin 
limited). These are really general-purpose 20-60 MHz crystal oscillator pads that can operate in 
both fundamental and overtone mode. Refer to page 60, "OSC1401 Crystal Oscillator" for more 
information. 

3. Drives MIS input of the AT&T T7213 chip to select between twisted pair and AUI-type Ethernet 
interfaces, with ENET_AUI_ = 0 selecting AU!. 

4. All of the SCSI pads are custom NCR 48 mA bidirectional open-drain pads with hysteresis on inputs. 
6. The chip_sel pin is an additional qualifier (active high) to the sb_sel_line. In some system configura­

tions, where the 890100 and the 890106 share a single SBus select line, PA[27] is used to select 
between the two, with PA[27]=1 selecting the 890100. 
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NCR89C100 Chip Specification 

JTAG Boundary Information 

Table 2-6 describes the boundary scan chain. The numbers listed in the Input, 
Output, and Enable columns represent the bit order of the scan chain. Bit 0 is the first 
to be scanned in. All of the enable signals are active low. 

Table 2-6 Boundary Chain Description 

Pin Name Type Input Output Enable 

1 sb_d[221 BIDIR 87 88 97 

2 sb_d[231 BIDIR 89 90 97 

3 io_vss POWER - - -
4 sb_d[241 BIDIR 91 92 97 

5 sb_d[251 BIDIR 93 94 97 

6 sb_d[261 BIDIR 95 96 97 

7 io_vdd POWER - - -
8 sb_d[271 BIDIR 98 99 97 

9 sb_d[281 BIDIR 100 101 97 

10 sb_d[291 BIDIR 102 103 97 

11 sb_d[301 BIDIR 104 105 97 

12 sb_d[311 BIDIR 106 107 97 

13 io_vss POWER - - -
14 id_cs_ BIDIR 109 110 108 

15 core_vss POWER - - -
16 sb_reseL INPUT 111 - -
17 core_vdd POWER - - -
18 sb_p_irQ.. BIDIR 113 114 112 

19 sb_e_irQ.. BIDIR 116 117 115 

20 core_vss POWER - - -
21 p_ack BIDIR 120 121 118 

22 p_bsy_ BIDIR 123 124 122 

23 p_d_strb BIDIR 126 127 125 

24 core_vdd POWER - - -
25 p_data[71 BIDIR 128 129 136 

26 p_data[61 BIDIR 130 131 136 

27 io_vdd POWER - - -
28 p_data[51 BIDIR 132 133 136 

29 p_data[41 BIDIR 134 135 136 

30 core_vss POWER - - -
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Table 2-6 Boundary Chain Description (Continued) 

Pin Name Type 

31 p_data[3] BIDIR 

32 p_data[2] BIDIR 

33 core_vdd POWER 

34 p_data[l] BIDIR 

35 p_data[O] BIDIR 

36 io_vss POWER 

37 p_error INPUT 

38 p_slct_ BIDIR 

39 p_pe_ BIDIR 

40 p_slcLin TRISTATE 

41 p_afxn TRISTATE 

42 p_init TRISTATE 

43 p_ack_dir TRISTATE 

44 p_bsy_dir TRISTATE 

45 p_ds_dir TRISTATE 

46 p_d_dir TRISTATE 

47 io_vss POWER 

48 fpy_clk24 OUTPUT 

49 fpy _xtaI24_out OUTPUT 

50 fpy _xtaI24_in . INPUT 

51 io_vdd POWER 

52 fpy _xtaI32_in INPUT 

53 fpy _xtaI32_out OUTPUT 

54 fpy_clk32 OUTPUT 

55 io_vss POWER 

56 enet_auC TRISTATE 

57 eneLtx TRISTATE 

58 enet_tena TRISTATE 

59 enet3lsn INPUT 

60 enet_rx INPUT 

61 eneLrena INPUT 

62 enet_tclk INPUT 

63 enet3clk INPUT 

64 jtag_tdo TDO 
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Input Output Enable 

137 138 136 

139 140 136 

- - -
142 143 136 

144 145 136 

- - -
146 - -
147 148 119 

149 150 119 

- 152 151 

- 153 155 

- 154 155 

- 156 155 

- 158 157 

- 159 141 

- 160 155 

- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- 162 161 

- 163 141 

- 164 141 

165 - -
166 - -
167 - -
168 - -
169 - -
- - -
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Table 2-6 Boundary Chain Description (Continued) 

Pin Name Type Input Output Enable 

65 jtag_clk TCK - - -
66 jtag_tdi TDI - - -
67 jtag_tms TMS - - -
68 jtag_rst_ TRSTB - - -
69 io_vss POWER - - -
70 scsipad_gnd POWER - - -
71 scsCd[O] BIDIR 170 171 188 

72 scsi_d[l] BIDm 172 173 188 

73 scsi_d[2] BIDIR 174 175 188 

74 scsLd[3] BIDIR 176 177 188 

75 scsipad~nd POWER - - -
76 scsi_d[4] BIDIR 178 179 188 

77 scsi_d[5] BIDIR 180 181 188 

78 scsi_d[6] BIDIR 182 183 188 

79 scsi_d[7] BIDIR 184 185 188 

80 scsi_dp_ BIDIR 186 187 188 

81 scsipad~nd POWER - - -
82 scsi_seC BIDIR 194 195 208 

83 scsLbsy_ BIDIR 196 197 208 

84 scsi_req_ BIDIR 189 190 193 

85 scsCack_ BIDIR 191 192 193 

86 scsipad~nd POWER - - -
87 scsi_msg_ BIDIR 198 199 208 

88 scsi_c_d_ BIDIR 200 201 208 

89 scsLi_o_ BIDIR 202 203 208 

90 scsi_atn_ BIDIR 204 ·205 208 

91 scsLrsL BIDIR 206 207 208 

92 scsipad~nd POWER - - -
93 core_vss POWER - - -
94 io_vss POWER - - -
95 scsi_xtal_out OUTPUT - - -
96 scsLxtaCin INPUT 0 - -
97 io_vdd POWER - - -
98 core_vdd POWER - - -
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Table 2-6 Boundary Chain Description (Continued) 

Pin' Name Type 

99 scc.-xta120_in INPUT 
100 scc_xta120_out OUTPUT 
101 scc_c1k20 OUTPUT 
102 io_vss POWER 
103 core_vss POWER 
104 sb_d_irq_ BIDIR 
105 core_vdd POWER 
106 sb_rd BIDIR 
107 io_vss POWER 
108 sb_d[O] BIDIR 
109 sb_d_[l] BIDIR 
110 sb_d[2] BIDIR 
111 sb_d[3] BIDIR 
112 core_vss POWER 
113 sb_d[4] BIDIR 
114 io_vdd POWER 
115 sb_d[5] BIDIR 
116 sb_d[6] BIDIR 
117 io_vss POWER 
118 sb_d[7] BIDIR 
119 sb_d[8] BIDIR 
120 sb_d[9] BIDIR 
121 sb_d[10] BIDIR 
122 sb_d[ll] BIDIR 
123 sb_d[12] BIDIR 
124 io_vdd POWER 
125 sb_d[13] BIDIR 
126 sb_d[14] BIDIR 
127 io_vss POWER 
128 sb_d[151 BIDIR 
129 sb_ack[2] BIDIR 
130 sb_ack[l] BIDIR 
131 sb_bc BIDIR 
132 sb_bg_ INPUT 

PBge2-22 

Input Output Enable 

- - -
- - -
- - -
- - -
- - -
2 3 1 

- - -
5 6 4 

- - -
7 8 15 

9 10 15 

11 12 15 

13 14 15 

- - -
16 17 15 

- - -
18 19 15 

20 21 15 

- - -
22 23 30 

24 25 30 

26 27 30 

28 29 30 

31 32 30 

33 34 30 

- - -
35 36 30 

37 38 70 

- - -
39 40 70 

41 42 43 

44 45 43 

46 47 141 

48 - -
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Table 2-6 Boundary Chain Description (Continued) 

Pin Name Type Input Output Enable 

133 sb_Ierc INPUT 49 - -
134 chip_sel INPUT 50 - -
135 sb_seC INPUT 51 - -
136 sb_as_ INPUT 52 - -
137 sb_ack[Ol BIDIR 54 55 53 

138 sb_size[21 BIDIR 56 57 58 

139 sb_size[11 BIDIR 59 60 58 

140 sb_size[Ol BIDIR 61 62 58 

141 io_vdd POWER - - -
142 sb_clk INPUT 63 - -
143 io_vss POWER - - -
144 sb_pa_w INPUT 64 - -
145 sb_pa_x BIDIR 65 66 119 

146 sb_p-y INPUT 67 - -
147 sb_pa[41 INPUT 68 - -
148 sb_pa[31 INPUT 69 - -
149 sb_pa[21 INPUT 71 - -
150 sb_pa[11 INPUT 72 - -
151 sb_pa[Ol INPUT 73 - -
152 sb_pa[51 . INPUT 74 - -
153 sb_d[161 BIDIR 75 76 70 

154 sb_d[171 BIDIR 77 78 70 

155 sb_d[181 BIDIR 79 80 70 

156 io_vdd POWER - - -
157 sb_d[191 BIDIR 81 82 70 

158 io_vss POWER - - -
159 sb_d[201 BIDIR 83 84 70 

160 sb_d[211 BIDIR 85 86 70 
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Functional Operation 
This section includes the following: 

• Detailed chip block diagram 
• Chip-level address map 
• Functional chip description 

Detailed Chip Block Diagram 
SBus 
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Figure 2-3 Chip Block Diagram 
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Chip-Level Address Map 

Table 2-7 Chip-Level Address Map 

Ox840 0000 Control/Status Register (D_CSR) RJW 32 
Ox840 0004 Address Register (D_ADDR)4 RJW 32 
Ox840 0008 Byte Count Register (D_BCNT)4 RJW 24 
Ox840 OOOe Test Control/Status Reg (D_TST_CSR) RJW 32 

Ox840 0010 .> DMA2 Ethernet Registers 
Ox840 OOlf 

Ox840 0010 Control/Status Register (E_CSR) RJW 32 
Ox840 0014 Test Control/Status Register (E_TST_CSR) RJW 32 
Ox840 0018 Cache Valid Bits (E_ VLD) RJW 32 
Ox840 001c Base Address Reg (E_BASE_ADDR) RJW 8 

Oxc80 0000 .> DMA2 Parallel Port Registers 
Oxc80001f 

Oxc80 0000 Control/Status Register (P _CSR) RJW 32 
Oxc80 0004 Address Register (P _ADDR)6 RJW 32 
Oxc80 0008 Byte Count Register (P _BCNT)6 RJW 32 
Oxc80 OOOc Test Control/Status Register (P _TST_CSR) RJW 32 
Oxc80 0010 Hardware Configuration Reg (P _HCR) RJW 16 
Oxc80 0012 Operation Configuration Reg (P _OCR) RJW 16 
Oxc80 0014 Parallel Data Register (P _DR) RJW 8 
Oxc80 0015 Transfer Control Register (P _TCR) RJW 8 
Oxc80 0016 Output Register (P _OR) RJW 8 
Oxe80 0017 Input Register (P _IR) RJW 8 
Oxc80 0018 Interrupt Control Register (P _ICR) RJW 16 
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Table 2-7 Chip-Level Address Map (Continued) 

Ox880 0000 - > SCSI Controller Registers 
Ox880003f 

Ox880 0000 Transfer Count Low (7:0) RJW 8 
Ox880 0004 Transfer Count Middle (15:8) RJW 8 
Ox880 0008 FIFO Data RJW 8 
Ox880 OOOc Command RJW 8 
Ox880 0010 Status R 8 
Ox880 0010 Select-Reselect Bus ID W 8 
Ox880 0014 Interrupt R 8 
Ox880 0014 Select-Reselect Time-Out W 8 
Ox880 0018 Sequence Step R 8 
Ox880 0018 Synchronous Transfer Period W 8 
Ox880 001c FIFO Flags R 8 
Ox880 001c Synchronous Offset W 8 
Ox880 0020 Configuration #1 RJW 8 
Ox880 0024 Clock Conversion Factor W 8 
Ox880 0028 Test (Chip Test Use Only) W 8 
Ox880002c Configuration #2 RJW 8 
Ox880 0030 Configuration #3 RJW 8 
Ox880 0038 Transfer Count High (23 :16) RJW 8 

Ox8cO 0000 -> Ethernet Registers 
Ox8cOOO03 

Ox8cO 0000 Register Data Port (RDP) RJW 16 
Ox8cO 0002 Register Address Port (RAP) RJW 16 

1. (chip_sel, sb-pa_w,sb-pa_x,sb-pa..,y) = sb-pa(27,26,23,22) would be the mapping for a typical system. 
This is the mapping shown. 

2. It is recommended that software access the DMA2 registers with sb_pa(5] = 0 for future expansion. 
3. Byte and 112 word accesses to this register are also allowed. 
4. The "NEXT" Address/Byte Count registers are accessed at these addresses using the D..ENj{EXT 

bit in the D_CSR. Refer to "DMA2 DMA Core" for details. 
5. The "NEXT" Address/Byte Count registers are accessed at these addresses using the P ..EN..NEXT 

bit in the P _CSR. Refer to "DMA2 DMA Core" for details. 
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Functional Description 

Rev. 1.0 

Overview 

The 89C100 integrates the SBus DMA2 Controller, the NCR92C990 802.3 LAN Con­
troller, and the NCR53C9X Fast SCSI Processor in a 1 SO-pin plastic quad flat package 
(PQFP). The programmer's interface is identical to that of a discrete implementation 
using the above ICs. The chip-level address map is defined in the next section. Refer 
to "DMA2 DMA Core," "NCR92C990 Ethernet Core," and ''NCR53C9X SCSI Core" for 
more information on the above devices. 

89C100 and 89C105 Interdependencies 

When the 89C100 and the 89C105 are used together, the 89C105 receives three clocks 
from the 89CIOO (fpy_clk24, fpy_clk32, and scc_cl~20). The 89C100 simply provides 
oscillator pads on its pins because of a pin limitation on the 89C105. The 89C100 does 
not use these clock signals internally. The 89C100 also sends its three interrupt sig­
nals to the 89C105 for processing, they are; sb_d_irQ,..., sb_e_ir~, and sb-p_ir~ for; 
SCSI, Ethernet, and parallel port interrupts, respectively. Refer to ''NCR89C105 
Slave I/O" for a description of how the 89C105 handles interrupts. It is necessary to 
provide both enet_tclk and scsCclk even if the Ethernet controller and SCSI controller 
are not used. 

Technology 

The 89C100 is a standard cell design, based on the NCR VS700H technology (.9511 
drawn,.7 effective). It consists of SO,OOO equivalent gates. 

Start-Up Information 

The 89C100 receives a reset from the SBus signal sb_reseL This signal must be 
asserted for at least 512 SBus clock cycles after the system power is stable, as speci­
fied by SBus specification B.O. After this, the 89C100 is ready for programming. 
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Functional Blocks 

Overview 
This section includes block diagrams, descriptions, and block-level address maps for 
the following: 

• DMA2 Block 
• SCSI Block 
• Ethernet Block 
• Test Block 

DMA2 Block 

PBge2-28 

The DMA2 block is a functionally and logically equivalent implementation of the 
L64854 SBus DMA controller with two minor differences. 

Differences 

• E_CSR bit 20, E_ALE/AS_ is not implemented. This allows use of other 
ENET controllers which is only an option in a discrete implementation. 

• The pullup for the id_cs_ pin is provided internally. To use an external 
PROM simply connect id_cs_ with the PROM chip select pin. To signify 
absence of an external PROM connect id_cs_ to logic low. 
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DMA2 Block Diagram 

DMA2 

ENET 

DMA data path 

--- Slave data path 

NCR89C 1 00 Chip Specification 

SBUS 

SCSI Parallel Port 

--- Acldr & ctrl paths 

Figure 2-4 DMA2 Block Diagram 
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DMA2 Level Address Map 

Table 2-8 DMA2 Level Address Map 

Ox840 0000 -> ESP Registers 
Ox840 OOOf 

001 Ox840 0000 R/W 
001 Ox840 0004 R/W 
001 Ox840 0008 R/W 
001 Ox840 OOOc R/W 

Ox840 0010 -> Ethernet Registers 
Ox840 OOlf 

001 
Ox840 0010 Control/Status Register (E_CSR) R/W 001 

001 
Ox840 0014 Test Control/Status Reg (E_TST_CSR) R/W 

001 
Ox840 0018 Cache Valid Bits (E_ VLD) R/W 
Ox840 001c Base Address Reg (E_BASE_ADDR) R/W 

Oxc80 0000 -> Parallel Port Registers 
Oxc80 OOlf 

110 Oxc80 0000 Control/Status Register (P _CSR) R/W 
110 Oxc80 0004 Register (P _ADDR)5 R/W 
110 Oxc80 0008 Byte Count Register (P _BCNT)5 R/W 
110 Oxc80 OOOc Test Control/Status Reg (P _TST_CSR) R/W 
110 Oxc80 0010 Hardware Configuration Reg (P _HCR) R/W 
110 Oxc80 0012 Operation Configuration Reg (P _OCR) R/W 
110 Oxc80 0014 Parallel Data Register (P _DR) R/W 
110 Oxc80 0015 Transfer Control Register (P _ TCR) R/W 
110 Oxc80 0016 Output Register (P _OR) R/W 
110 Oxc80 0017 Input Register (P _IR) R/W 
110 Oxc80 0018 Interrupt Control Register (P _ICR) R/W 

1. (chip_sel.sb-pa_(w.x,y» = sb....Pa(27.26.23.22) in a typical system. 
2. This column specifies a 27 -bit address for systems using the same chip_sel and sb-pa_(w,x.y) map­

ping as described in 1. 
3. Byte and 1/2 word accesses to this register are also allowed. If the id_CB_ pin is tied to ground. then 

addresses Ox800.0000-0x83F,FFFF all map to the internal chip ID registe!: If the id_cs_ pin it tied 
high or allowed to float (it has an internal pullup). then this address range maps to the external ID 
PROM. 

4. The "NEXT" AddressIByte Count registers are accessed at these addresses using the D.-EN_NEXT 
bit in the D_CSR. Refer to "DMA2 DMA Core" for details. 

6. The "NEXT" Address!Byte Count registers are accessed at these addresses using the P .-EN_NEXT 
bit in the P _CSR. Refer to "DMA2 DMA Core" for details. 

32 
32 
24 
32 

32 
32 
32 
8 

32 
32 
32 
32 
16 
16 
8 
8 
8 
8 

16 
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SCSI Block 

8-Bit 
Host 
Data 
Bus 

INTI 
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The SCSI block is based on the NCR53C9X ASF which is a superset of(and fully back­
ward compatible with) the NCR53C90A previously found on SPARCstations. 

Differences 

The 89C100 implementation of the SCSI channel differs from former discrete imple­
mentations as follows: 

• The following pins exist in the discrete implementation but not in the 
89C100 chip: 

• TGS, IGS, DIFFM-Not needed for single-ended SCSI 
• RESETO-Not normally used in a system 
• All current SP ARCstation designs operate as single-ended SCSI only, 

with the RESETO pin floating so this was chosen for the 89C100. 
• The NCR53C9X ASF has two additional registers: 

• Configuration Register 3 (used to enable Fast SCSI) 
• Transfer Count High (allows for up to 16 Mbyte block transfers) 

• The NCR53C9X ASF can be clocked at 40 Mhz (necessary for Fast SCSI). 
Software using hardware clocked at this speed will need to adjust the 
Clock Conversion Factor Register accordingly. 

Refer to "NCR53C9X SCSI Core" for details. 
SCSI Block Diagram 

Sequencer 

Figure 2-5 SCSI Block Diagram 

SCSI Data 
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Inputs 
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~+I-. Outputs 

SCSI Bus 
~~·Control 
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SCSI· Level Address Map 

Table 2-9 NCR53C9X Registers 

Ox880 0000 • > SCSI Controller Registers 
Ox880 003f 

010 Ox880 0000 Transfer Count Low (7:0) R/W 8 
010 Ox880 0004 Transfer Count Middle (15:8) R/W 8 
010 Ox880 0008 FIFO Data R/W 8 
010 Ox880 OOOc Command R/W 8 
010 Ox880 0010 Status R 8 
010 Ox880 0010 Select-Res elect Bus ID W 8 
010 Ox880 0014 Interrupt R 8 
010 Ox880 0014 Select-Reselect Time-Out W 8 
010 Ox880 0018 Sequence Step R 8 
010 Ox880 0018 Synchronous Transfer Period W 8 
010 Ox880 001c FIFO Flags R 8 
010 Ox880 001c Synchronous Offset W 8 
010 Ox880 0020 Configuration #1 R/W 8 
010 Ox880 0024 Clock Conversion Factor W 8 
010 Ox880 0028 Test (Chip Test Use Only) W 8 
010 Ox880 002c Configuration #2 R/W 8 
010 Ox880 0030 Configuration #3 R/W 8 
010 Ox880 0038 Transfer Count High (23:16) R/W 8 

1. (chip_sel,sb-pa_(w,x,y» = sb-pa(27,26,23,22) in a typical system. 

Ethernet Block 

Page 2-32 

The ENET block is based on the NCR92C990 ASF which is a superset of (and fully 
backwards compatible with) the AM7990 previously found on SPARCstations. 

Differences 

The only differences between the NCR92C990 and the AM7990 are: 
• Programmable Inter Packet Gap (IPG). The NCR92C990 allows one to pro­

gram the Transmit after Transmit (Tx-Tx) or Transmit after Receive (Rx­
Tx) IPG time within the range of 9.6 11 sec (the Ethernet spec minimum 
IPG) to 22.4 I1sec. 

This feature can be accessed via the upper bits of CSR3, as shown below: 
CSR3 Bit Description 
15 Enable programmable IPG (default is O. not programmable) 
14·12 Rx-Tx IPG value: (default=110 or 20.8 I1sec) 
11·9 Tx-Tx IPG (default=OOO or 9.6 I1sec) 
8-0 As normally defmed in AM7990 

NOTE: 
• The formula for calculating the IPG value is [9.6 + 1.6*(3 bit IPG #)] 

I1sec 
• The default values chosen to closely mimic the operation of the 

AM7990. 
The programmable IPG time assumes its default value should ANY of the fol· 
lowing occur: 

Rev. 1.0 
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• Ethernet hard reset (either as a result of an SBus reset or the E_CSR 
E_RESET bit of the DMA2). 

• The CSRO STOP bit is set. 
• The CSRO INIrr bit is set. 
• The CSRa Enable programmable IPG is reset to o. 

Software drivers should set CSRa right after the last INIT, while waiting for 
the mON interrupt. It is recommended that the Enable, Rx-Tx IPG and Tx­
Tx IPG fields be ORed into all CSRa writes. 

• The NCR92C990 core used in the 89C100 differs from both the AM7990 
and the stand-alone NCR92C990 core with respect to the memory error 
(MERR) time-out value. The description for bit 11 (ME) in the ControVSta­
tus Register 0 tables shows that READYb_IN must be received within 
25.6us after asserting DAL_OUT(15:0). This value has been extended to 
102.4us (4X) to avoid memory errors in high latency systems. This feature 
helps to avoid unneeded reinitializations of the NCR92C990 during periods 
of high system activity. 

Refer to "NCR92C990 Ethernet Core" for details. 

Ethernet Block Diagram 
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Figure 2-6 Ethernet Block Diagram 
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Ethernet-Level Address Map 

011 
011 

Table 2-10 NCR92C990 Registers 

Ox8cO 0000 -> Ethernet Controller Registers 
Ox8cOOOO3 

Ox8cO 0000 
Ox8cO 0002 

Register Data Port (RDP) 
Register Address Port (RAP) 

1. (chip_sel,sb-pa_(w,x,y» = sb-pa(27,26,23,22) for the mapping shown. 

R/W 
R/W 

16 
16 

Test Block 

Page 2-34 

The 89C100 contains an IEEE JTAG 1149.1 compliant test controller and boundary 
scan architecture. All mandatory instructions are supported, and this document con­
tains the chip specific boundary scan information. The 89C100 also contains internal 
test logic and reserved instructions. The basic description of this logic appears below 
but is not supported. 

This section describes the goals and implementation of the testability features imple­
mented in the 89ClOO. These features have been incorporated to provide a structured 
test approach to both device fabrication testing and board-level testing and debug. 

JTAG Scan Access 

The goals for the 89C100 testability are to provide for high stuck at fault coverage at 
both the IC and board level. This is provided by the incorporation of an IEEE 1149.1 
(JTAG) compatible TAP controller and boundary scan, which in conjunction with mod­
ular broadside access modes provides access to each of the major functional blocks on 
the 110 chips through either full scan (in the case of the DMA2 block) or boundary 
scan (in the case of the NCR ASFs) .. These ASFs are tested during device fabrication 
by a full broadside pin mode that provides direct access to all ports of each ASF from 
the device pins. This allows standardized test patterns.to be applied directly to each 
ASF without the need for additional high fault coverage patterns for these blocks. At 
the board-level, the JTAG compatible boundary scan provides for complete access to 
PCB interconnect, including die to package bonding. 

Block Access Modes 
Diagnostic multiplexing between the pad ring and the internal ASFs is configurable 
into four different modes: Normal Mode, in which the device operates as required in 
the system; TBLKl Mode, for scanned logic, in which all the ports to the DMA2 logic 
are accessible via scannable elements. In addition, the internal scan chain of the block 
is connected in series with the boundary scan chain, and the partition scan chain (if 
one is required) to form a complete scan path for access to all state and primary inputs 
of the block. TBLK2 and TBLKa, for NCR designed logic, in which each block is pre­
sented to the pins of the device as if it were a stand-alone device. 

Tristate Pin Function 
All output pins of the device are tristate-able, controlled by elements in the boundary 
scan chain, to support manufacturing system test. At power-up and in normal opera­
tion of the system this function is disabled by the TRSTB JTAG pin being held in the 
active low state. 
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Block Diagnostic Modes 

TBLK1 (Internal Scan) Diagnostic Mode 
Figure 2-1 illustrates the operation of the TBLKl diagnostic mode. In this mode, the 
test logic is configured to connect every primary input to the Q-output of a scannable 
flip-flop and every primary output to the D-input of a scannable flip-flop. In addition, 
every flip-flop inside the block is configured into a single scan chain, known as the 
internal, or "iscan" chain. 

IDI 

1DO 

JTAG 

, , , , , , , , , , , , , 

BLK2 

i-~---t-----+--+---I---,----' 

: ~---I----l , 

. isc1Ul dlaitJ. ••• ., , 
________________ 4 

: r.~--~ 
: BLKl 
~······--·------i~___+--~ , ,----------------, 
!---------------~~~--~ , , 

Figure 2-7 TBLK1 (Internal Scan) Diagnostic Mode 

TBLK2/TBLK3 Diagnostic Mode 

BLKJ 

Figure 2-2 illustrates the operation of the TBLK2(TBLKa) diagnostic mode. In these 
modes the test logic is configured to connect internal inputs and outputs to BLK2 
(BLKa) to pins normally assigned to BLKl or BLK3(BLK2). Since these blocks are 
non-scannable, the only function of the JTAG controller in this mode is to configure 
the multiplexor logic into this mode. Hence the scan datapath is placed in BYPASS 
mode. 
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BLK2 BLKl BLIO 

JTAG 

1D1 

o 1 TBLK2 TBLK2 

1DO 

Figure 2-8 TBLK2frBLK3 Diagnostic Mode 

Outputs of the block that normally connect to BLKl are multiplexed into the chip out­
puts of the other blocks, configured by the TBLK2(TBLKa) mode signal. Inputs to 
BLK2 (BLKa) are multiplexed with inputs from the other blocks. Figure 2-2 shows 
how the outputs of BLK2 and the inputs of BLKa are configured. 

Other JTAG test modes (TBLK2J3S and TBLKa_BS) are provided that operate iden­
tically except that the scan data path is configured to pass through the boundary 
chain. This allows application of the' broadside test vectors to the blocks using the 
boundary chain to drive primary inputs and sample primary outputs in a pseudo­
static manner, i.e. it does not directly support complex edge relationships between 
inputs. Instead these vectors must be "exploded" into multiple boundary scan vectors. 

JT AG Controller 

The JTAG controller contains the following elements: 
• NCR Tap controller 
• Scan Datapath including instruction register, bypass register and ID 

register 

• Clock control register and state machine 

The following figure shows a simplified block diagram of the JTAG controller. It has 
been partitioned into two main functional areas: Scan Datapath and Scan Control 
Logic. 
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Figure 2-9 JTAG Controller Block Diagram 
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The NCR tap controller is a standard cell implementation ofa reference 1149.1 tap 
state machinel . It is connected directly to the test access port on the 89C100 (TCK, 
TMS, TRSTB) and generates the basic scan controls (clock.-dr, clock.-ir, reseLl, select, 
shift_dr, shiflUr, update_dr, update_dr) which are used to control the scan architec­
ture. 

The NCR TAP implementation has been modified slightly to also make available the 
TAP state for use by supplemental state machines. The NCR state machine imple­
ments the reference state diagram described by the 1149.1 specification2. The state 
coding is shown Table 2-12. 

1. IEEE Std. 1149.l-l990 chapter 5. 
2. IEEE Std. 1149.l-l990 page 5-1. 
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Table 2-11 State Assignments for NCR TAP Controller 

Controller State State[3:0] 

Exit2-DR 0 

Exitl-DR 1 

Shift-DR 2 

Pause-DR 3 

Select-IR-Scan 4 

Update-DR 5 

Capture-DR 6 

Select-DR-Scan 7 

Exit2-IR 8 

Exitl-IR 9 

Shift-IR A 

Pause-IR B 

Run-TestlIdle C 

Update-IR D 

Capture-IR E 

Test-Logic-Reset F 

The instruction register for the 89C100 is a 4- bit register comprised of simple scanna­
ble elements. When the TAP state machine issues a reset signal this register is initial­
ized to the mCODE (1110) instruction. The parallel inputs of the instruction register 
are not used to load design-specific infonnation and are tied-off to logic O. 

The 4-bit output of the instruction register is followed by an instruction decode stage 
which decodes up to 16 unique instructions. Not all of these are used by the 89C100 
but are given mnemonics for completeness. 

Table 2-2-12 lists these mnemonics and the instruction value that corresponds to 
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them: 

Table 2-12 Decoded JTAG Instructions 

Value Mnemonic Description 

00001 EXTEST Boundary scan board interconnect test. 

0001 SAMPLE Boundary scan sample/preload. 

0010 TBLKl BLKl ATPG scan test mode (lnternal+-
Boundary+Clock chains). 

0011 TBLK2 BLK2 broadside test mode (Bypass). 

0100 TBLK3 BLKa broadside test mode (Bypass). 

0101 RESERVED -

0110 PSCAN Reserved for partition scan (if implemented, 
otherwise Bypass). 

0111 INTEST Boundary scan capture of internal I/O. 

1000 TBLK2_BS BLK2 boundary scan test mode. 

1001 TBLKa_BS BLKa boundary scan test mode. 

Reserved for BLKl tester partition scan 

1011 TPSCAN mode (if implemented, otherwise Bypass). 
Other BLKl pins controlled by broadside 
tester. 

'Reserved for BLKl boundary partition scan 

1100 BPSCAN mode (if implemented, otherwise Bypass). 
Other BLKl pins controlled by boundary 
scan. 

1101 ZMODEO General purpose test mode. 

1110 IDCODE Device ID register. 

11111 BYPASS Bypass mode. 

1. Required instruction. 

The scan controls decoded by these instructions configure the scan datapath, the test 
multiplexors and control the clocks and pseudo clocks for the test mode in progress. 

Instruction Decode 
The I-Decode logic converts the 4-bit instruction register contents into decoded signals 
that control mux selection in the scan datapath and test mode configuration in the 
ASFs. Nine of these signals are latched by the I-latch to provide glitch free values on 
these signals which are updated during the ill-Update state. 
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Clock Control FSM 
The clock control finite state machine monitors the state output from the NCR TAP 
controller and determines when it is necessary to insert the capture clock and/or 
pseudo clocks required to support ATPG stimulus application to BLK!. The clock gat­
ing is designed such that the boundary clock is guaranteed to be asserted at all ele­
ments of the boundary scan chain before it is applied to either the clock or pseudo 
clock (set/reset) inputs to the BLK! internals. This requirement is present due to the 
fact that ATPG vectors have an assumed order in which stimulus is applied to the cir­
cuit and state or primary outputs are captured. The clock control state machine in the 
89ClOO has been verified to support the requirements of TestScan ATPG from 
Cadence Design Systems, Inc. although it may function equally well with other ATPG 
systems. 

The assumed sequence of operations required for ATPG pattern application is: 
1. Stimulate pins - boundary and pscan chains shift/update sequence. 
2. Stimulate shift register/latches - internal scan chain shift in. 
3. Measure pins - boundary and pscan chain capture sequence. 
4. Pulse clocks/pseudo clocks - internal chain clock/set/reset. 
5. Measure shift register/latches - internal scan chain shift out. 

The Clock Control FSM has been designed to support this event ordering in a single 
continuous shift-update-capture-shift sequence. In TBLKl mode the scan chains 
within the 89C100 are concatenated into a single chain containing internal, boundary 
and clock control scan chains. Hence after an initial shift-update sequence, the 
requirements of(l) and (2) have been met. The Capture-DR state is then used to mea­
sure the state of the primary outputs ofBLKl by issuing a clock to the boundary with 
the shift control not asserted. A delayed version of the clock (or update pulse in the 
case of the pseudo clocks) is then used to apply clock, set or reset to the internal scan 
chain to implement the internal chain capture. This occurs only when indicated by the 
value of the "capture" output from the clock control state machine. 

Clock Control Register 
The other three bit positions in the clock control scan chain are transferred to the 
clock control register during a DR-update sequence, where they are decoded by the C­
Decode logic to specifY which vector class the following capture sequence belongs to 
out of the following categories: 

1. Shift only, no capture. 
2. Capture scan chain, (i.e. shift high during capture clock). 
3. Normal clocked vector. 
4. Set vector, no clock. 
5. Reset vector, no clock. 

Since the last two categories are only required when the logic under test contains 
asynchronous sets or resets, they are not required for the 89ClOO. 

Mode Gating Logic 
The decoded vector type information is combined with the clock control FSM informa­
tion and the primary scan controls from the NCR TAP controller and instruction regis­
ter decodes to generate control signals for each of the four scan chains with the 
89C100: iscan, bscan, pscan (if present) or CSCan' These signals are buffered and dis­
tributed throughout the device to the various chain elements. Since the 89CIOO does 
not require a partition scan chain for its final implementation, these controls have 
been deleted. 
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Scan Datapath 
The scan datapath within the JTAG Controller contains the chain configuration logic, 
implemented as a series of multiplexors; inter-chain flops to guarantee hold margins; 
the Cscan register; JTAG compliant ID, BYPASS and m shift; registers and the TDO 
output multiplexors and flop. This datapath, like the external scan chains and test 
logic is controlled by the scan control logic described above. The only variation from a 
more conventional IEEE 1149.1 implementation is the ability to configure the scan 
chain into various different modes based on the instruction type. The use of the hold 
flops, clocked by TCK- is simply an implementation detail to reduce the effects of 
clock skew between the separate scan chains. 

The 89C100's scan datapath does not include a partition scan chain, as in its final 
implementation this functionality has been incorporated into the internal, or "iscan" 
chain to facilitate physical implementation of the device. The elements of the embed­
ded partition scan chain are therefore controlled by the same datapath controls as the 
existing iscan chain elements. 

Table 2-14 lists the lengths of the various scan chains that comprise the 89C100's scan 
datapath. 

Table 2-13 89C100 JTAG Chain Lengths 

Chain Name Number of 
Elements 

BYPASS 1 

I.D. 32 

Instruction Register 4 

Internal 893 

Boundary 209 

ATPG 1105 

Performance 

The design as implemented in NCR's VS700H 0.95um (drawn) standard cell library 
has been verified to operate at a 5MHz scan rate. 

The JTAG controller occupies approximately 700 gates, and the scan overhead for the 
simple multiplexed flop scan element that it supports is estimated at about 10% from 
a gate count perspective, 5% in total area overhead. 
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Functional Timing Diagrams 
These timing diagrams illustrate a DMA access by the 89C100 on the SBus as well as 
all the common slave accesses to the 89C100 address ports. Optimal translation time 
(1 cycle) is assumed for DMA. 

SBus DMA Burst Read (1 WordlClock) 

· :~r-~~--+-~~~+-~--~~--T--~-----
· • · · .' , J t '", 

, : : I : :' ::'::: 
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.' f , , f 

':' I • f 

:: ! W%~ :: ,:~ 
': ' , I 

i !32Bytes ~ 
'f ' • f " : , , 
: I , ,...~. ~:f--------\., 'V . 
': ' I I: I : : 
" , I , 

: ! .. ' ~: ----------------~ : 3 ~--!------· . · . · . , !.'""--
------------------~\~ ________________ ~f 

(Data flow from memory to the DMA2) 
For other possible SBus cycles, see the SBus Specification; this Is Just one example. 

Figure 2·10 SBus DMA Burst Read (1 WordiClock) 

DMA2 ENET and SCSI Register Accesses 
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Figure 2-11 DMA2 ENET and SCSI Register Accesses 

Rev. 1.0 
Page 2-42 SBus 110 Chipset Data Manual 



Rev. 1.0 

NCR89C100 Chip Specification 

DMA2 Parallel Port Register Accesses 
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Figure 2-12 DMA2 Parallel Port Register Accesses 

ENET Controller Register Accesses 

o 2 n-1 n* 11+1 

~------------~~r 
'-----------~V:: r-~---*n-=14 tor RAP l accesses,stor 
r-------------+--..... ' RDP accesses '----------i-----lfXOOX ~ ____ W_rit_e ____ ~~~-~I~---
~----------~~~----

\...-________ 2 ______ -+1~}~---
sb_m --<~ __________ -+-! _--I}\-------

-----------------~~----
Figure 2-13 ENET Controller Register Accesses 

SBus 110 Chipset Data Manual Page 2-43 



NCR89C100 Chip Specification 

SCSI Controller Register Access 
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Electrical Considerations 
This section defines the following electrical specifications for the 89C100: 

• Absolute and recommended operating conditions 
• DC characteristics 
• AC characteristics 
• Power consumption 

The 89CIOO is implemented in NCR's VS700H process, and normal handling precau­
tions required by all MOS devices must be observed. Regardless of the fact that all 
inputs and outputs are protected against ESD damage by internal protection struc­
tures, the device can be degraded or destroyed by exposure to high electrostatic fields. 

Absolute Maximum Ratings 
The following section details the absolute maximum ratings of the 89C100 chip. Oper­
ation of the device at values in excess of those listed here will result in degradation or 
destruction of the device and should be avoided. This table does not imply that func­
tional operation at conditions above those listed in the "Recommended Operating Con­
ditions" is possible. This is a stress rating and operation of a device at or above this 
rating may cause failure or affect reliability. 

Table 2-14 Absolute Maximum Operating Conditions 

Name Symbol Min Max Units 

Supply Voltage Vdd -0.5 +7 Volts 

Input, Output Voltage Vim -0.5 Vdd + 0.5 Volts 

Current Drain Vdd and Vss 
Ii 100 mA pins 

Lead Temperature (less than 
Tl 250 ·C 

10 second soldering) 

Operating Temperature Tj 0 70 ·C 

Storage Temperature Ts -55 150 ·C 

Recommended Operating Conditions 

Rev. 1.0 

The following section details the recommended DC operating conditions for the 
89CIOO chip: 

Table 2-15 Recommended Operating Conditions 

Name Symbol Min Nom Max Units 

Supply Voltage Vdd 4.75 5.0 5.25 Volts 

Operating Free-Air Ta 0 25 70 °C Temperature 
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DC Characteristics 
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This table specifies the DC characteristics of the 89CI00 chip over the range of the 
recommended operating conditions. 

Table 2-16 DC Characteristics 

Name Symbol Min Nom Max Units 

TIL Input Receiver 

High Level Input Voltage Vih 2.0 Volts 

Logic Low Input Voltage Vu 0.8 Volts 

DS1216 Schmitt Input Receiver 

High Level Input Voltage Vih 1.9 1.6 Volts 

Logic Low Input Voltage ViI 1.2 0.9 Volts 

DS1218 Schmitt Input Receiver 

High Level Input Voltage Vih 2.1 1.8 Volts 

Logic Low Input Voltage Vu 1.2 0.9 Volts 

DS1238 Schmitt Input Receiver 

High Level Input Voltage Vih 4.1 3.8 Volts 

Logic Low Input Voltage Vii 1.2 0.9 Volts 

Minimum high-level source current, V oh = 2.4 V 

2 mA buffer 2.0 

4mA buffer 4.0 

8mAbuffer 8.0 
loh 

16 mA buffer 16.0 

24 mA buffer 24.0 

48mA buffer nJa 

Minimum low-level sink current, Vol = 0.4 V 
2 mA buffer 2.0 

4mAbuffer 4.0 

8mAbuffer 8.0 

16 mAbuffer 16.0 

24 mAbuffer 
101 

24.0 

48mAbuffer 48.0 

SCSIPAD (Vol = 0.5 V) 48.0 

SCSIPADF (Vol = 0.5 V) 48.0 

rnA 

mA 
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Table 2-16 DC Characteristics 

Name Symbol Min Nom Max Units 

Input Leakage Current lin ±1O IlA 

Tristate Output Leakage 
loz ±1O IlA Current 

High Level Output Voltage Voh 4.4 4.5 Volts 

Low Level Output Voltage Vol 0.0 0.1 Volts 

Input Capacitance Ci 6 pF 

Output Capacitance Co 6 pF 

Bidirectional Pin Capacitance Cb 6 pF 

SCSI Pin Capacitance 10 pF 

AC Characteristics 
The following table lists the 89C100 AC characteristics specification: 

Table 2-17 89C100 AC Characteristics 

Number Description Conditions Min Max Units 

SBusTiming 

1 Clock Period 40.0 60.0 ns 

2 Clock High 17.0 ns 

3 Clock Low 17.0 ns 

4 Hold wrt CLK Rising 0.0 ns 

5 Setup to CLK Rising 15.0 ns 

6 Hold wrt CLK Rising See Note 1 1.0 ns 

7 Hold wrt CLK Rising 0.0 ns 

8 
CLK Rising to Output 160 pF load 2.5 22.5 ns Valid 

9 
CLK Rising to Output 160 pF load 2.5 20.0 ns Invalid 

Parallel Port Timing 

10 CLK to p_d_strb 75 pF 35 ns 

11 p_d_strb nom. width DSW=0,1,2,3 3 sb.clk 
periods 

12 
p_data valid to p_d_strb 75 pF 5 ns assert 

13 p_data valid (nominal) DSS=0,DSN=3 6 
sb_elk 
periods 

14 p_ack, p_bsy setup to elk 5 ns 
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Number 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

26 

27 

28 

29 

30 

31 

32 
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Table 2-17 89C100 AC Characteristics (Continued) 

Description Conditions Min Max Units 

p-ack,p_bsy input pulse 3 
sb_clk 

width periods 

p_d_strb setup to clk 5 ns 

p_d_strb input pulse 
3 

sb_clk 
width periods 

p_data setup to p_d_strb 36 ns 

p_data input hold from 4 Sb3lk 
p_d_strb periods 

p_d_strb to p_bsy valid 75 pF 2 3+26 ns 
sb_clk 
periods 

CLK to p_ack, p_bsy 75 pF 40 ns 

p_ack, p_bsy nominal 75 pF 3 
sb_clk 

pulse width periods 

CLK to output 75 pF 35 ns 

SCSI Timing 

Clock period (tcp) 25 83.3 ns 

Synchronization latency tCL teL+teP ns 

With F ASTCLK bit reset 

Clock frequency, asyn-
See Note 2 chronous 

Clock frequency, synchro- See Note 2 nous 

Clock high 

Clock low (teL) 

With F ASTCLK bit set 

Clock frequency, See Note 2 asynchronous 

Clock frequency, See Note 2 
synchronous 

Clock high 

Clock low (teL) 

Asynchronous SCSI 

Data setup to scsCackJ' 
scsi_req_ low 

Data hold from scsi_req_ 
See Note 3 high/scsi_ack_ low 

scsi_ack_ low to 
scsi_req_ high 

12* 25 MHz 

20* 25 MHz 

14.58 0.65*tcp ns 

14.58 0.65*tcp ns 

20* 40 MHz 

38* 40 MHz 

OAO*tcp 0.60*tcp ns 

OAO*tcp 0.60*tcp ns 

60 ns 

5 ns 

50 ns 
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Table 2-17 89C100 AC Characteristics (Continued) 

Number Description Conditions Min Max Units 

scsI_ack_ hIgh to 
33 scsCreq_ low See Note 4 45 ns 

(data already setup) 

34 scsCreq_ high to 50 ns scsi_ack_ high 
scsCre<L low to 

35 scsi_ack_ low See Note 4 50 ns 
(data already setup) 

36 Data setup to scsi_reqj 0 ns scsCack_ low 

37 Data hold from scsi_reqj 18 ns scsi_ack_ low 

Synchronous SCSI 

Normal SCSI 

38 Data setup to scsCreq../ 55 ns scsCack_ low 

39 Data hold from scsCreqj 100 ns scsCack_ low 

40 scsi_reqjscsCack_ 90 ns assertion period 

41 scsi_reqjscsi_ack_ 
90 ns negation period 

Fast SCSI 

38 Data setup to scsi_reqj 25 ns scsi_ack_ low 

39 Data hold from scsCreqj 35 ns scsi_ack_ low 

40 scsi_req../scsi_ack_ asser- 30 ns tion period 

41 scsi_reqjscsi_ack_ nega- 30 ns tion period 

Synchronous SCSI Input Cycle 

42 Data setup to scsi_req../ 5 ns scsi_ack_ low 

43 Data hold from scsCreq../ 15 ns scsi_ack_ low 

44 scsCre<L assertion period 27 ns 

45 scsCre<L negation period 20 ns 

46 scsCack_ assertion period 20 ns 

47 scsi_ack_ negation period 20 ns 

Ethernet Timing 

48 eneLtclk period 99 101 ns 
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Table 2-17 89C100 AC Characteristics (Continued) 

Number Description Conditions Min Max Units 

49 
enet_tclK mgn pUlse 45 ns 
duration 

50 
enet_tclk low pulse dura-

45 ns 
tion 

51 enet_tclk rise time 8 ns 

52 eneLtclk fall time 8 ns 

eneLtena propagation 
53 delay after rising edge of 25 ns 

enet_tclk 

54 
enet_tena hold time after 

7 ns enet_tclk rising 

55 
enet_tx propagation delay 

32 ns after enet_tclk rising 

56 
eneLtx hold time after 

7 ns enet_tclk rising 

57 enet3clk period 85 118 ns 

58 
eneLrclk high pulse 

38 ns duration 

59 
eneLrclk low pulse 

38 ns duration 

60 enet_rclk rise time 8 ns 

61 enet_rclk fall time 8 ns 

62 enet_rx data rise time 8 ns 

63 eneLrx data fall time 8 ns 

64 
eneLrx data hold time 

5 ns from eneLrclkrising 

65 
eneLrx data setup time 

40 ns to eneLrclkrising 

66 enet_rena low duration 120 ns 

67 enet_c1sn high duration 110 ns 

enet_rena hold time after 
68 the rising edge of 1 ns 

eneLrclk 

69 
enet_rena defer before 

356 ns enet_tena 

70 enet3ena extended after 
275 ns enet_rclk last falling 

NOTE 1: This is the only violation ofSBus Specification B.O. No known implementation to date pro­
vides less than 1.0 ns hold time on these signals. 

NOTE 2: These minimum numbers required to comply with ANSI SCSI speciftcation. For Synchro­
nous SCSI data transfers and FASTCLK enabled, the clock inputs must also meet the follow­
ing requirements: 2*tcp+tcr.>97.92 ns and 2tcp+tCH>97.92 ns· 

NOTE 3: FIFO is not empty. 
NOTE 4: FIFO is not full. 
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AC Timing Diagrams 
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SBus Output Signals 
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Parallel Port Output Timing 

Figure 2-18 Parallel Port Output Timing 

Parallel Port Input Timing 

p_ack(i) 
--------+-------------------tJl 

Figure 2-19 Parallel Port Input Timing 

Parallel Port, Other Timing 

Figure 2-20 Parallel Port, Other Timing 
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SCSI Clock 
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Figure 2-21 SCSI Clock 
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Figure 2-23 SCSI Asynchronous Input 
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SCSI Synchronous Output 
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Figure 2-24 SCSI Synchronous Output 

SCSI Synchronous Input 
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Figure 2-25 SCSI Synchronous Input 
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Ethernet Transmit/Receive Timing 
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Figure 2-26 Ethernet Transmit/receive timing 

Ethernet Collision Timing 
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Figure 2-27 Ethernet Collision Timing 
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Power Consumption 
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The 89ClOO power consumption depends on SBus clock frequency, SBus and other 
output loading, and the workload. Power measurements are given for maximum load­
ing (every ASF/functional block running in a manner to maximize power consump­
tion) of the device. These measurements were taken over the entire operating ranges 
of voltage and temperature. The typical number reflects the average power consumed 
by the device under these conditions and the maximum number reflects the high limit 
of power that the part may consume in operation. Note that in normal system opera­
tion, the power consumption should fall at or below the typical number given here. 

Table 2-18 Power Consumption 

SBus Freq Typical Maximum Units power power 

25 MHz 750 1400 mW 

The 89ClOO is packaged in a ISO-pin PQFP package, and uses a custom copper lead­
frame to enhance thermal performance. The package thermal parameters are: 

Table 2-19 Package Thermal Parameters (Still Air) 

eja Units 

24 

The 89ClOO AC characteristics are given at 70 ° C junction temperature. By using the 
package characteristics and the power consumption numbers, one can get a rough 
idea of the allowable operating environments. Operation at junction temperatures in 
excess of 70° C is not recommended for performance reasons (the critical timing paths 
will not meet 25 MHz SBus specifications above this temperature). Operation at junc­
tion temperatures above 125°C is not recommended at any time, as it will cause reli­
ability problems. 
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Packaging Information 
The 89C105 chip is a standard cell design, based on the NCR VS700H technology 
(0.95 micron drawn, 0.7 effective). 

Packaging Identification 

Rev. 1.0 

The 89C105 is packaged in a 160 pin Plastic Quad Flat Pack (PQFP), with the follow­
ing marking (the last line will be :filled in with wafer lot and date code information): 

N 

Figure 2-28 Packaging Identification 
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Mechanical Packaging Specification 
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Figure 2-29 Mechanical Packaging Specification 
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Figure 2-30 Mechanical Packaging Specification (Detail A and B) 

Table 2-20 Package Measurements (mm) 

SYM MIN. NOM. MAX. 

A - - 4.07 

Al 0.25 - -

A2 3.17 3.42 3.67 

D 31.65 31.90 32.15 

D1 27.90 28.00 28.10 

D3 25.35 Ref. 

E 31.65 31.90 32.15 

E1 27.90 28.00 28.10 

E3 25.35 Ref. 

L 0.65 0.80 0.95 

L1 1.95 Ref. 

L2 0.40 - -

e 0.65 BSC. 

b 0.22 - 0.38 

b1 0.22 0.30 0.33 

c 0.13 - 0.23 

c1 0.13 - 0.17 

R 0.13 - 0.40 

e 0° - 7° 
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OSC1401 Crystal Oscillator 
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Features 

• 20-50 MHz operation 
• Buffered on-chip output 
• Power-down mode 
• gm = 72 mAIV typical 

Inputs: 
Outputs: 
Kit Part: 

Description 

XTLI, EN 
OUTB,XTLO 
OSCHIP 1-A 

11 

OSC1401 01 

02 '---r-----' OUTB 
EN 

OSC1401 is a Pierce-type high frequency crystal oscillator cell designed to operate 
from 25 MHz to 50 MHz. It is also possible to operate the OSC1401 as a crystal oscil­
lator down to 3 MHz. Lower frequency operation may be desired if the frequency 
range of the IC product extends below 25 MHz as well as between 25 and 50 MHz. 

Designs using a fundamental mode crystal require two external tuning capacitors and 
a resistor to complete the oscillator circuit. The resistor, R1, shown in Figure 2-10will 
be required to provide adequate phase shift at the lower fundamental frequencies. 
Typical values for R1 will be 100 ohms at 25 MHz to several hundred ohms at 10 MHz. 

Fundamental mode crystals are not as easy to obtain above 25 or 30 MHz so oscilla­
tors in this frequency range are often designed to use a third overtone crystal. An 
additional inductor and coupling capacitor are required for overtone operation. Over­
tone operation from 25 to 50 MHz may also require a resistor in series with Cs to opti­
mize performance (see the overtone circuit shown in Figure 2-11. 

A power-down mode allows the oscillator to be turned off when it is not needed, to con­
serve power. This is especially useful in battery powered applications. The EN 
(ENable) pin must be high for normal operation and low for power-down mode. In 
power-down mode the self-bias device, :MPl., is turned off and the XTLI input is pulled 
to ground by an open drain n-channel FET. This causes XTLO and OUTB to go to a 
logic 1. Note that the buffer between XTLO and OUTB is noninverting. 

EN 

Figure 2-31 

XTLI XTLO 

MP1 

Functional Diagram 
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When EN is changed from low to high the oscillator may require several milliseconds 
to start-up and produce a stable output. The start-up time is dependent upon crystal 
parameters, especially the motional inductance of the crystal, L, as shown in Figure 
2-12. A higher inductance value causes a slower start-up time. The analysis of startup 
time is beyond the scope of this data sheet but is covered in the references. 

Preferred locations for OSC1401 are near the center of any side of the packaged part 
to minimize bond wire and lead frame parasitics. This is especially important in DIP 
packages. It is also desirable to place power (VDD) and ground (Vss) pins near the 
oscillator cell. A short, wide circuit board ground trace must be used from the V ss 
pin(s) to the external tuning capacitors, C1 and C2. It is also important to provide a 
0.01 I1F or O.lI1F bypass capacitor from VDD to Vss (very close to the pins) for proper 
oscillator operation. 

Driving External Circuits 
'Ib drive external circuits with an oscillator generated clock, the on-chip oscillator 

output (OUTB) should drive a pad buffer such as OUTINY, which in turn drives an 
output pad such as an OPD8. A special output pad cell, the OPD16SYM, may be 
driven directly by the oscillator OUTB port without a buffer. This method provides the 
best possible waveform symmetry for driving external CMOS level circuits since the 
OPD16SYM has symmetrical low-high and high-low output drive. The oscillator out­
put, XTLO, should not normally be used to drive external circuits except the oscillator 
components. 'Ib avoid undesired parasitic feedback paths, separate power and ground 
pins must be used to isolate the oscillator cell when it drives any pad cell, with or 
without an intermediate buffer. 

Driving the OSC1401 
In some cases, the user may want the option of driving the OSC1401 input with an 

external clock source rather than operating the cell as an oscillator. This may be the 
case if a clock source is available on the PC board of some products and not on others. 
The XTLI input can be driven with an external source provided XTLO is left uncon­
nected. The maximum toggle frequency is typically 50 MHz with no load on XTLO. 
The signal driving XTLI must be from a CMOS driver such as standard 54174HCxxx 
IC's or some other rail-to-rail driver. A TTL driver does not provide an adequate HI 
output level to drive the OSC1401 at high frequencies. Any application of the oscilla­
tor cell in which the input is driven should be first reviewed with an NCR applications 
engineer. 

Theory and External Components 
The internal bias device, MP1, causes the inverter to selfbias to approximately 
VDD/2. This is an operating point where the inverting amplifier has high gain, which 
is necessary for the circuit to oscillate. The on-resistance of MP1 is approximately 5 
Ma such that it will not affect the AC performance of the circuit. 

Figures 2-11 and 2-12 show the external components required for fundamental and 
overtone operation. In Figure external components ~, C2 and the crystal, form a pi 
network which resonates at the specified crystal frequency. The ratio CiC1 should be 
somewhat greater than unity since it is a term in the loop gain equation. Increasing 
the ratio too much will cause the voltage swing on XTLI to exceed the supply rails 
which is undesirable. Typically, a range of 1.1 < (C iC1) < 1.5 should be used. 
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XTlI 

XTAL 
+----I0t----+ 

C, 20 MHz C2 

39 pF J. .J. 56 pF 

OUTB 

Figure 2-32 Typical Fundamental Mode Circuit 

The series combination of C2 and C1 should also be approximately equal to the load 
capacitance specified for the quartz crystal. The strays associated with each node, and 
the oscillator input and output capacitance should be included in calculations which 
involve C 2 and C1. Typical component values are shown in Figures 2-12 and 2-13. 

The output resistance of the oscillator core, along with C2, forms an RC low pass cir­
cuit. This pole contributes additional phase shift; to insure that the phase shift around 
the loop is greater than 360 degrees, which is required for oscillation. In some cases 
the addition of a resistor in series with the output will improve performance and 
reduce the power supply current. 

OUTB 

XTlI 

36 MHz 
3rd Overtone 

Figure 2-33 Typical Third Overtone Circuit 

'lb achieve overtone oscillation, the crystal's fundamental mode must be suppressed 
by making the loop gain lower at the fundamental frequency compared to the third 
overtone frequency. An overtone crystal will resonate at its fundamental frequency 
unless the loop gain is forced to be higher at the overtone frequency. Loop gain must 
be less than one at the fundamental and greater than one at the desired overtone to 
insure startup on the overtone frequency. 
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Referring to Figure 2-11, the additional components necessary for overtone operation 
are a coupling capacitor and an inductor. The coupling capacitor is a DC block so the 
inductor does not short the inverter output to ground. In some cases a resistor in the 
range oflO-100 ohms in series with Cs will improve the duty cycle and minimize sup­
ply current. Cs is chosen such that its impedance is low compared to other components 
at the operating frequency. Values between 0.0015 IlF and 0.01 IlF are a good choice. 

The inductor, Lv is selected such that its impedance lowers the loop gain at the funda­
mental frequency relative to the third harmonic. The resonant frequency of the circuit 
made up of C2 and ~ is set midway between the fundamental and third overtone fre­
quency. This causes the equivalent impedance to look inductive at the fundamental 
and capacitive at the third overtone frequency. The equivalent capacitance of C2 and 
~ in parallel at the third overtone is used to calculate C2 (effective) at the output 
node. 

The value of C1 may be reduced to as low as 10 pF since the input referred Miller 
capacitance actually increases the effective input capacitance beyond the specified 
values. Some experimentation with component values should be anticipated prior to 
specifying final production values. Refer to Table 2-23 for typical external component 
values. 

Table 2-21 Typical Overtone Component Values 

Third 
Overtone C1 C2 L1 

Frequency 

25 MHz 33pF 120 pF 0.6811 

35 MHz 22 pF 100 pF 0.471lH 

50 MHz 22pF 100 pF 0.221lH 

Note: C1 = 0.01 IlF 

Crystals 
The OSC1401 is a Pierce type oscillator circuit in which the crystal is operated in its 
parallel resonant mode. (Refer to the crystal equivalent circuit - Figure 2-12.) At par­
allel resonance, the LRC leg appears slightly inductive and resonates with Co and the 
circuit load capacitances, C1 and C2. Typical equivalent circuit component values are 
shown in Table 2-20. The values should only be used as a guideline in selecting a crys­
tal for your application. The RMAX column, however, should be adhered to when speci­
fying a crystal. It will ensure a quality crystal which will resonate in a circuit using 
the OSC1401 cell. 

L R C 

r-------~~-------~ 

I 
Figure 2-34 Crystal Equivalent Circuit 

Simulation and Test 
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For simulation purposes, the XTLI to XTLO propagation delay is zero. In production 
test, the XTLO pin will be driven with the complement of the XTLI test signal. This is 
transparent to the designer. 

The most thorough method of testing an oscillator circuit is to determine phase mar­
gin and gain by breaking the loop and making measurements with a network ana­
lyzer. A very basic test is observing the output waveform at XTLO on an oscilloscope 
when Vdd is first turned on, and in steady state. A FET probe should be used to keep 
capacitive loading to less than 2 pF. A standard lOX probe has an input capacitance of 
approximately 13 pF which will change the characteristics of the oscillator loop. A 
buffered output, which is available on the kit part, should be monitored if a standard 
probe is to be used. 

Table 2-22 Typical Measured Crystal Parameters (Represents Several Manufacturers' AT Cut Crystals) 

Crystal L C CO R RMAX Frequency 

10 MHz 10.64mH 23.83 fF 5.998 pF 14 .0 30.0 

20 MHz 3.042mH 20.81 fF 5.310 pF 6.7 n 25.0 

24 MHz 25.005 mH 1.762 fF 4.095 pF 19 .0 50.0 

36 MHz 13.321 mH 1.467 fF 6.88 pF 32 .0 50.0 
48 MHz 6/997 mH 1.571 fF 6.407 pF 23 n 50n 

Specifications 
Table 2-23 Electrical Specifications 

Parameter Min Typical Max Unit Operating Comments! 
@25 °C Temp. Range °C Conditions 

Power supply 4.5 5.5 V -55 to 125 
range 

Amplifier 72 25 
transconductance 49 106 mmhos o to 70 VDD = 5.0 ± 10% 

47 120 (mAIV) -40 to 85 Note 4 
(gm) 38 120 -40 to 125 

38 125 -55 to 125 

Note 1 - Some experimentation with external component values should be 
anticipated prior to specifying production values to achieve the duty 
cycle specifications shown. 

Note 2 - DC bias voltage of core inverter input and output (XTLI and XTLO) 
with no crystal in the circuit. 

Note 3 - Start-up time is dependent on the external circuit and the specific 
crystal being used. Start-up time is defined as the time required for the 
envelope of the XTLO output to reach 90% of final amplitude. This 
insures that OUTB is a valid clock. 

Note 4 - At operating temperatures above 85°C the load capacitance (CL) must 
be reduced below 32 pF for adequate gm margin at higher frequencies. 
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Table 2-23 Electrical Specifications (Continued) 

Parameter Min Typical Max Unit Operating Comments! 
@25 °C Temp. Range °C Conditions 

Input 11.9 25 
capacitance 8.3 16.0 o to 70 

8.3 16.0 pF -40 to 85 VDD = 5.0 ± 10% 
(CXTLI) 8.3 16.0 -40 to 125 

8.3 16.0 -55 to 125 

Output 6.1 25 
capacitance 4.5 8.1 o to 70 

4.5 8.1 pF -40 to 85 VDD = 5.0 ± 10% 
(CXTLO) 4.5 8.1 -40 to 125 

4.5 8.1 -55 to 125 

50 % 25 
45 55 o to 70 At OUTB output 

Duty cycle 45 55 -40 to 85 Note 1 
45 56 -40 to 125 
45 57 -55 to 125 

Self bias voltage 2.50 V 25 VDD = 5.0V 
Note 2 

Startup time 2.0 mS 25 Note 3 

Power-down JtA 
(EN=O) 
supply current 

Note 1 - Some experimentation with external component values should be 
anticipated prior to specifying production values to achieve the duty 
cycle specifications shown. 

Note 2 - DC bias voltage of core inverter input and output (XTLI and XTLO) 
with no crystal in the circuit. 

Note 3 - Start-up time is dependent on the external circuit and the specific 
crystal being used. Start-up time is defined as the time required for the 
envelope of the XTLO output to reach 90% of final amplitude. This 
insures that OUTB is a valid clock. 

Note 4 - At operating temperatures above 85°C the load capacitance (CL) must 
be reduced below 32 pF for adequate gm margin at higher frequencies. 
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Table 2-24 Power Supply Current - Overtone Mode 

Supply Current Operating Temp. °C 

Inn = 11.0 rnA + (0.1 mAlMHz) x f(typical) 25 

Inn = 19.0 mA + (0.1 mAlMHz) x f(maximum) o to 70 

Inn = 20.0 rnA + (0.1 mAlMHz) x f (maximum) -40 to 85 

Inn = 20.0 rnA + (0.1 mAlMHz) x f (maximum) -40 to 125 

Inn = 20.5 rnA + (0.1 mAlMHz) x f (maximum) -55 to 125 

Note: f = frequency in MHz (between 25 - 50 MHz) 

Table 2-25 Power S~y ClITent - Fundamental Mode 

Supply Current Operating Temp. °C 

Inn = 6.0 mA + (0.2 mA/MHz) x f (typical) 25 

Inn = 11.0 mA + (0.2 mAlMHz) x f(maximum) o to 70 

Inn = 12.0 rnA + (0.2 mAlMHz) x f(maximum) -40 to 85 

Inn = 12.0 rnA + (0.2 mAlMHz) x f (maximum) -40 to 125 

Inn = 12.5 rnA + (0.2 mAlMHz) x f (maximum) -55 to 125 

Note: f = frequency in MHz (between 25 - 35 MHz) with a fundamental mode 
crystal. 
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Features 

DMA2 
DMA Core 

The DMA2 core is functionally equivalent to the LSI L64854 DMA controller and 
provides three channels for DMA over the SBus. It has three external interfaces 
designed to provide DMA access to one NCR92C990 Ethernet Controller (compatible 
with AMD7990), one NCR53C9X SCSI Controller1 (SCSI), and one programmable 
parallel port (Centronics@...type). The DMA2 contains internal buffering for these 
DMA channels in the form of a cache for the ENET interface and FIFOs for the SCSI 
and parallel port interfaces. It also contains control/status registers for each of the 
three interfaces, several SCSI and parallel port support registers, and a write buffer 
for slave accesses to the ENET. The design of the DMA2 is based on those of the SBUS 
DMA+ controller chip (LSI L645853A) and the parallel port from the SBus Hardcopy 
I/O Device (InOD chip), and incorporates a number of new features for increasing 
perfonnance and allowing different modes of operation necessary for new systems. By 
default, DMA2 is software compatible with DMA+. Software enables DMA2's 
additional features by changing the default values of appropriate mode bits in the 
control/status registers. 

• Supports 10 MByte/sec SCSI transfers, 1.25 MByte/sec Ethernet transfers, 
and 4 MByte/sec parallel port transfers. 

• Supports 4-word, 8-word, and 'no burst' SBus burst modes. 
• 64-byte internal cache for Ethernet data buffering. 
• 64-byte internal FIFOs for SCSI and parallel port data buffering. 
• 16-bit write buffer for slave writes to ENET. 
• Improved cache and FIFO draining algorithms for better SBus utilization. 
• Internal address and byte count registers and "NEXT" address/byte count 

features for data block chaining on SCSI and parallel port interfaces. 
• JTAG test interface. 

1. The NCR53C9X is identical to the FAS101 licensed from Emulex Corporation. 
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Pinout Information 

SBus Interface 
57 Signals 

Name 

sb_d(31:0) 

sb_br_ 

sb_bg_ 

sb_ack(2:0) 

sb_reset_ 

sb_Ierc 

sb_clk 

sb_rd 

sb_seL 

sb_d_irq_ 

sb_e_ir<I-

sb_p_irq_ 

sb_siz(2:0) 

sb_as_ 

sb_a[x]1 

sb_a[y]l 

sb_a[z]l 

sb_a(4:0) 

Direction Description 

I/O SBus Data Bus 

0 SBus Bus Request 

I SBus Bus Grant 

I/O SBus Acknowledge 

I SBus Reset 

I SBus Late Error (INT15) 

I SBus Clock input 

I/O SBus ReadIWrite_ 

I SBus Select 

0 SBus Interrupt for SCSI transfers 

0 SBus Interrupt for ENET transfers 

0 SBus Interrupt for Parallel Port transfers 

I/O SBus transfer Size 

I SBus Address Strobe (addr is valid) 

I High order physical address bits 
(for slave decodes) 

I High order physical address bits 
(fo~ slave decodes) 

I High order physical address bits 
(for slave decodes) 

I Low order physical address bits 

1. These signals, sb_a (x, y, z), correspond to 890100 signals sb"'pa (x, y, w), respectively. 
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Lance Interface 
35 Signals 

Name 

e_as_ 

e_hold_ 

e_hlda_ 

e_read 

e_das_ 

e_rdy_ 

e_cs_ 

e_ir<L 

e_reseL 

e_byte 

e_a(23:16) 

e_ad(15:0) 

e_sb_al 

SCSI Interface 
16 Signals 

Name 

d_d(7:0) 

d_req 

d_ack_ 

d_rd_ 

d_wc 

d_cs_ 

d_irq_ 

d_reset 

id_cs_ 

SBus I/O Chipset Data Manual 

Direction 

I 

I 

0 

I/O 

I/O 

I/O 

0 

I 

0 

I 

I 

I/O 

0 

Direction 

I/O 

I 

0 

0 

0 

0 

I 

0 

0 

DMA2 DMA Core 

Description 

ENET Address Strobe 

ENETHold 

ENET Hold Acknowledge 

ENETRead 

ENET Data Strobe 

ENETReady 

ENET Chip Select 

ENET Interrupt Request 

ENETReset 

ENET Byte Marker 

ENET High Order Address 

ENET AddresslData Bus 

Buffered Version ofsb_a(1) for ENET 

Description 

SCSI Data Bus 

SCSI DMA Request 

SCSI DMA Acknowledge 

SCSI Read Strobe 
(reg read or dma data to memory) 
SCSI Write Strobe 
(reg write or dma from memory) 
SCSI Chip Select for slave register access. 

SCSI Interrupt Request 

SCSI Reset 
Secondary Device Select (boot prom) output. Pull 
high to specify existence of external prom 
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Parallel Port Interface 
21 Signals 

Name Direction 

p_data(7:0) I/O 

p_d_strb I/O 

p_bsy_ I/O 

p_ack I/O 

p_pe_ I/O 

p_slcL I/O 

p_error I 

p_init 0 

p_slcLin 0 

p_afXn 0 

p_ds_dir_1 0 

p_bsy_diCl 0 

p_ack..dir_1 0 

p_d_dir_1 0 

Description 

Parallel Port Data Bus 

Parallel Port Data Strobe 

Parallel Port Busy 

Parallel Port Acknowledge 

Parallel Port Paper Error 

Parallel Port Select 

Parallel Port Error 

Parallel Port Initialize 

Parallel Port Select In 

Parallel Port Auto Feed 

Parallel Port Data Strobe Direction 

Parallel Port Busy Direction 

Parallel Port Acknowledge Direction 

Parallel Port Data Direction 

1. The Parallel port direction bits, p_ds_dir_, p_bsy _dir-> p_ack_dir-> and p_d_dir_, have the following 
polarity: asserted (p_ • _dir_ =0) sets transfer direction toward DMA2, unasserted (p_ • _dir_ =1) sets 
transfer direction away from DMA2. 

Miscellaneous 
6 Signals 

Name 

jtagdi 

jtagclk 

jtagtms 

jtagdo 

slow_ 

tp_aui_ 

Direction 

I 

I 

I 

0 

I 

0 

Description 

JTAG data input 

JTAGclock 

JTAG test mode select 

JTAG data output 

Fast or slow DMA acknowledge cycles (for use with 
SCSI controller fast mode should be used - inter-
nal pullup means this requires no external connec-
tion for fast mode). 
Ethernet select output. Drives NIS input ofT7213 
chip to select between twisted pair and AU! type 
Ethernet interfaces (See definition of E_CSR(22». 
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Chip Level Block Diagram 

DMA2 

Ethernet 

--- DMA data path 
Slave data path 
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DMA2 DMA Core 

SBUS 

SCSI Parallel Port 

--- Addr & ctrl paths 
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Address Maps 
DMA2 Internal Registers 
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Table 3-1 DMA Internal Registers 

sb_a(x, y, Z)1 sb_a(4:0)2 Register Accessed Type Size 

000 00000 Internal ID Register" R 32 

010 00000 
SCSI Control/Status Register RJW 32 (D_CSR) 

010 00100 
SCSI Address Register RJW 32 (D.fiI)DR)4 

010 01000 
SCSI Byte Count Register 
(D_BCNT)4 RJW 24 

010 01100 
SCSI Test Control/Status Register RJW 32 (D_TST_CSR) 

010 10000 
Ethernet Control/Status Register 

RJW 32 (E_CSR) 

010 10100 
Ethernet Test Control/Status RJW 32 Register (E_TST_CSR) 

010 11000 Ethernet Cache Valid Bits RJW 32 (E_VLD) 

010 11100 
Ethernet Base Address Register RJW 8 (E_BASE_ADDR) 

101 00000 
P-Port DMA Control/Status 

RJW 32 Register (P _CSR) 

101 00100 
P-Port Address Register 

RJW 32 (P.fiI)DR) 

101 01000 
P-Port Byte Count Register 

RJW 32 (P_BCNT) 

101 01100 
P-Port Test Control/Status RJW 32 Register (P _TST_CSR) 

101 10000 
P-Port Hardware Configuration 

RJW 16 Reg (P_HCR) 

101 10010 
P-Port Operation Configuration RJW 16 Reg (P_OCR) 

101 10100 
P-Port Parallel Data Register RJW 8 (P_DR) 

101 10101 
P-Port Transfer Control Register RJW 8 (P_TCR) 

101 10110 P-Port Output Register (P _OR) RJW 8 

101 10111 P-Port Input Register (P _IR) RJW 8 

101 11000 
P-Port Interrupt Control Register 

RJW 16 (P_ICR) 
1. sb_a(x, y, z) .. sb_a(23:22:26) on typical systems. 
2. It is recommended that software access these registers with sb_a(6) = 0 for future expand ability. 
3. Byte and 1/2 word accesses to this register are also allowed. 
4. The "NEXT" Addresa/Byte Count registers are accessed at these addresses uaingthe D..EN_NEXT 

bit in the D_CSR. 
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SCSI Registers (on 53C9X ASF) 

Table 3-2 SCSI Registers (on 53C9X Chip) 

sb_a(x, y, Z) sb_a(5:2) Register Accessed 

100 0000 Transfer Count Low 

100 0001 Transfer Count High 

100 0010 FIFO Data 

100 0011 Command 

100 0100 StatuslBus ID 

100 0101 Interrupt/Status Time-out 

100 0110 Seq. Step/Synch transfer period 

100 0111 FIFO flags/Synch offset 

100 1000 Configuration 

100 1001 Clock Conversion Factor 

100 1010 SCSI TEST (chip test use only) 

100 1011 Configuration (SCSI-2 only) 

ENET Registers (on NCR92C990 ASF) 

Table 3-3 ENET Registers (on NCR92C990 Chip) 

sb_a(x, y, Z) sb_a(1) Register Accessed 

110 0 Register Data Port (RDP) 

110 1 Register Address Port (RAP) 

Rev. 1.0 
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Type Size 

RIW 8 

RIW 8 

RIW 8 

RIW 8 

RIW 8 

RIW 8 

RIW 8 

RIW 8 

RIW 8 

RIW 8 

RIW 8 

RIW 8 

Type Size 

RIW 16 

RIW 16 
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SBus Interface 
The DMA2 provides for the communication between the SBus and three I/O devices, 
each of which are connected to separate ports of the chip. One I/O device port is 
tailored to interface with the NCR92C990 Ethernet Controller, one port is tailored to 
interface with the NCR53C90X SCSI Controller, and one port implements a 
programmable Centronics-type parallel port. However, it is possible to interface with 
other I/O devices with some external logic. In this document, the three ports will be 
referred to as the ENET interface, the SCSI interface, and the parallel port interface, 
and it will be assumed that the ENET and SCSI are connected to their respective 
interfaces. Also, the three buffers associated with these interfaces will be referred to 
as the E-cache, the D-FIFO, and the P-FIFO, respectively. 

The DMA2 provides both Slave cycle and Master cycle accesses over the SBus. 
Address and Control registers in the DMA2 gate array, along with similar registers in 
both the ENET and the SCSI (or other devices in their places), can be accessed by the 
CPU via Slave cycles. 

Master Cycles 
1b perform a Master Cycle the DMA2 requests the use of the SBus by asserting 
sb_br_, the bus request signal. On reception of sb_bg.., bus grant, the DMA2 takes 
control of the SBus to transfer data to or from memory, using the signals sb_d(31 :0), 
sb_read, sb_siz(2:0), and sb_ack(2:0). The address is multiplexed onto the sb_d bus for 
all accesses on the SBus. 

The sizes ofDMA reads from memory to the E-cache, D-FIFO, and P-FIFO are 
determined by the E_BURST~IZE field in the E_CSR, the D_BURST_SIZE field in 
the D_CSR, and the P _BURST_SIZE field in the P _ CSR, respectively. All reads to a 
given interface will be of the same size, either 1, 4, or 8 SBus words, depending on the 
value of the BURST_SIZE field in that interface's CSR. DMA writes from one of the 
interface buffers to memory can be any of the following sizes not greater than the 
corresponding read burst size: byte, half-word, word, 4-word, or 8-word. No 2-word 
bursts are carried out. The DMA2 SBus interface will always use the largest possible 
size when writing to memory. The largest possible size is determined by which bytes 
have been written to the DMA2 by the I/O device and the BURST_SIZE field in that 
device's CSR. Note that the slave device accessed byDMA2 must support the transfer 
sizes for which the chip is configured. 

The SBus interface of the DMA2 is capable of supporting rerun acknowledgments 
from slaves. The requested DMA transfer will repeat until either it completes or an 
error indicator (sb_ack(O) asserted) is received, whereupon it will be aborted. When 
the DMA2 receives a rerun acknowledge, it will unassert sb_br_ for one clock to give 
the CPU and other DMA masters a chance to win SBus arbitration. Then it will 
reassert sb.J>r_ to retry the cycle. Once the DMA2 has asserted sb_br_, it will not 
unassert it until it has received sb_bg.. or sb_reset_. 

Slave Cycles 

NCR89C100 
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The CPU accesses registers in the DMA2 chip and attached devices by the use of a 
geographical select signal on the SBus, sb_seC, in conjunction with sb_as_. During 
slave cycles the DMA2 takes control of the sb_ack(2:0) signals. The combination of 
responses are as follows: 
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DMA2 DMA Core 

sb_ack(2) sb_ack(1) sb_ack(O) Definition 

1 1 1 Insert Wait States ** 
1 1 0 Error ack ** 
1 0 1 8-bit Port ack ** 
1 0 0 Rerun ** 
0 1 0 Reserved 

0 0 1 I6-bit Port ack ** 
0 1 1 32-bit Port ack ** 
0 0 0 Reserved 

NOTE: This table represents all possible SBus responses. The DMA2 can, how-
ever, only generate those responses marked with a ** 

The DMA2 will give a rerun acknowledgment if a slave access is to an I/O device (SCSI 
or ENET) that is currently active with a DMA transfer, with one exception. The ENET 
interface is considered active with DMA if it is currently asserting e_hlda_ or has 
asserted e_hlda_ within the one SBus clock. The SCSI interface is considered active 
with DMA if it is asserting d_ack_ or has asserted d_ack_ within two SBus clocks. 

The DMA2 contains a I6-bit write buffer for slave writes to ENET. This write buffer is 
enabled by default, but can be disabled by setting the E_DSBL_BUF _ WR bit in the 
E_CSR. When E_DSBL_BUF _ WR is not set, a single slave write to the ENET can be 
carried out without a rerun while it is active with a DMA transfer. A second slave 
write to the ENET while it is still active with a DMA transfer will elicit a rerun 
acknowledgment. The DMA2 will not give a rerun if a slave access is to an internal 
register of the DMA2; these accesses can take place concurrently with DMA activity 
between the I/O devices and the DMA2. Forcing the SBus master (usually the CPU) to 
rerun its slave accesses in this manner will insure that a deadlock does not occur 
between the SCSI or ENET and the SBus master. 

If the slave access to the DMA2 does not cause a rerun acknowledge, then the DMA2 
will respond in the following way: 

Acknowledge Field accessed 

32-bit port ack Internal ID or internal register 

I6-port ack ENET register or I6-bit parallel port register 

8-bit port ack SCSI register, external ID, or 8-bit parallel port register 

A byte or half-word access to an on-chip register or a 

error ack byte or word access to a ENET register. Note that an 
error ack will also be given for a register access of some 
size other than word, half-word, or byte. 
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SBus Identification 
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This is a mechanism which allows software to uniquely identify each SBus device, since 
each device can have a unique ID. The onboard ID of the DMA2 is hardwired to the 32-
bit value Oxfe81 0103. This value will be returned when the ID field is read by the CPU 
if the id_cs_ pin is tied low. If the id_cs_ pin is pulled high through a large (-4.7k) re­
sistor, then access to the ID field will cause an external access using the id_cs_ pin as 
an external chip select. For oftboard ID reads, ID data should be driven onto p_da­
ta(7:0) when id_cs_ is asserted. The sb_a bits can be used to address the external ID 
PROM. 

NOTE: For oftboard ID reads (external to the DMA2), id_cs_ is simply an address 
decode from sb_a(x, y, z); therefore, it can be active for a slave read cycle 
or a slave write cycle. 

The 89C100 provides an internal pullup on id_cs_, thus an external pull-up 
resistor is not required. 

Rev. 1.0 
SBus 110 Chipset Data Manual 



ENET Interface 

Block Diagram 
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Overview 
The DMA2 will provide all necessary buffering and arbitration functions to allow the 
ENET to access main memory over the SBus (master cycle) and the CPU to access the 
ENET (slave cycle). Between the ENET interface and the SBus interface is a 2 line, 8-
word/line cache (E-cache) with consistency control logic. Each byte in the E-cache has 
its own valid/dirty bit, and each line has a bit that determines the meaning of the valid/ 
dirty bits for that line (i.e. valid or dirty). These valid/dirty bits can be accessed directly 
for testing via the E_ VLD register. Bytes being transferred to memory are marked 
dirty as they are loaded into the E-cache. Bytes being transferred from memory are 
marked as valid as they are loaded into the E-cache. Consistency control ensures that 
all data written by the ENET gets to main memory in a deterministic manner, and is 
handled completely in hardware. 

The ENET uses multiplexed address and data, so the DMA2 demultiplexes them 
internally. The address supported by the ENET is 24 bits. The upper 8 bits of the 32-
bit virtual address for an ENET transfer come from the E_BASE..ADDR register, and 
by default are driven to OxFF. The ENET has a 16-bit data path which can 
accommodate 8 or 16 bit accesses using byte masking capabilities. 

Data packing and unpacking is used to reduce the bus bandwidth impact of ENET 
transfers on the SBus. The ENET performs 2 distinct types of memory access; data 
transfer from or to the network, and message descriptor access for buffer management 
control. The ENET performs data transfers in bursts of up to 8 half-word accesses (16 
bytes total), and message descriptor transfers as single half-word accesses. The end of 
a ENET transfer is detected by the unassertion of the e_hold_ signal. 

NOTE: Any I/O device connected to the ENET interface of the DMA2 is required to 
unassert e_hold_ between write cycles and read cycles, and it is not allowed to unassert 
e_hold_ during the e_as_ or e_das_ pulses, or between these pulses. 

Transfers To Memory 

NCR89C100 
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Data from the ENET is packed into the E-cache and marked as "dirty" until one of the 
draining conditions is detected. The nine conditions that can cause draining of dirty 
bytes to memory are as follows: 

1. The ENET writes to the last byte of a E-cache line. 

2. The ENET writes a message descriptor (disabled by setting 
E_DSBL_ WR_DRN bit in E_CSR>. 

3. The CPU does a slave read of a ENET CSR (disabled by setting 
E_DSBL_RD_DRN bit in E_CSR). 

4. The CPU does a slave write to a ENET CSR (disabled by setting 
E_DSBL_ WR_INV AL bit in E_CSR). 

5. The E_DRAIN bit in the E_CSR is set. 

6. The E_INVALIDATE bit in the E_CSR is set. 

7. The E_RESET bit in the E_CSR is set. 

8. Both E-cache lines contain dirty data when the ENET writes to an 
address that causes a cache miss. 

9. The ENET performs a DMA read from the E-cache after having 
performed a DMA write to the E-cache. 
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None of these conditions will cause draining ifE_ERR_PEND=l, indicating that a 
memory error has occurred. If Condition 4, 6, or 7 occurs when E_ERR_PEND=l, the 
E-cache will be invalidated and all dirty data discarded. Condition 1 will always cause 
the dirty bytes in that cache line to be queued for draining to memory, while data can 
continue to be written into the other line if the ENET is still transferring. The last byte 
of a cache line is the byte whose least significant address bits are 0xF or OxlF, 
depending on the E_BURST.-8IZE field in the E_CSR. Condition 2, the ENET writing 
a descriptor, indicates that it has completed transferring a data block or has detected 
an error in transferring, and is detected as a single half-word written during a single 
assertion of e_hold_. This draining condition can be disabled by setting the 
E_DSBL_ WR_DRN bit in the E_CSR. Condition 5 provides a way for the CPU to 
explicitly drain all dirty bytes in the cache by setting the E_DRAIN bit in the E_CSR. 
The E_DRAIN bit clears itself once draining is complete. Condition 8 occurs when the 
ENET attempts to write data to an address that doesn't match one of the cache tags 
and both cache lines contain dirty data. In this case, both cache lines will automatically 
be queued for draining in order to make room for the new data to be written. Condition 
9 ensures that the ENET doesn't write data to the E-cache and then read it back before 
the E-cache has a chance to drain the data to memory. 

Note that if an I/O device connected to the ENET interface makes more than one write 
to the same address without satisfying one of the draining conditions, the data 
previously stored at that address in the E-cache will be written over each time new 
data is written to that address. 

Transfers From Memory 
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If the data requested by the ENET is not in E-cache or marked as not valid, then the 
Least Recently Used (LRU) E-cache line will be filled with the line from memory that 
contains the data requested. As soon as the data requested by the ENET is written to 
the E-cache, it is transferred on to the ENET (even if the entire E-cache line has not 
yet been filled). Also, the word containing the requested data will be the first one to be 
read from memory. 

If the data requested by the ENET is in the E-cache and it is valid, then the ENET gets 
a cache hit, and the requested data is transferred to the ENET and marked as no longer 
valid in the E-cache. If part or all of the data requested by the ENETcomes from a byte 
in an E-cache line whose least significant address bits are Ox6, and the next cache line 
is on the same 4k page as the current line, then a read-ahead operation will be 
performed. When a read-ahead occurs, the E-cache line that does not contain the data 
requested by the ENET will be filled with the next line from memory. The read-ahead 
happens concurrently with the transfer of the requested data to the ENET unless the 
ENET's request resulted in a cache miss. If the ENET receives a cache miss on a 
request that causes a read-ahead, then the e_rdy _ signal will not be asserted to the 
ENET until the SBus burst transfer (caused by the cache miss) has completed. 
Positioning the read-ahead line as it is, at byte 6 of the cache line, causes data from 
large blocks to be automatically pre-fetched, but does not cause superfluous pre-fetches 
on descriptor reads. When the last byte of a cache line is accessed, the other line is 
marked as Most Recently Used (MRU). Otherwise, the line that was most recently 
accessed by the ENET is marked as MRU. The line that is not marked as MRU is 
marked as LRU. 

There are several conditions that will cause all valid data that has been read into the 
E-cache from memory to be invalidated before it can be read by the ENET. If the ENET 
reads the same address more than once without any intervening DMA accesses to the 
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DMA2, then the DMA2 detects that the ENET is polling and marks all bytes in the E­
cache as invalid. This ensures consistency between the E-cache and memory for the 
data that is in the same cache line as the accessed data. A CPU slave write to any of 
the ENET's internal registers will also cause all bytes in the E-cache to be marked 
invalid if the E_DSBL_ WR_INV AL bit in the E_CSR is O. IfE_DSBL_ WR_INV AL = 1, 
the E-cache is unaffected by slave writes to the ENET, which has been shown to 
markedly increase the performance of the ENET driver software. These and the other 
conditions that invalidate all bytes in the E-cache are summarized as follows: 

1. The ENET reads the same address more than once without intervening 
DMA accesses (polling). 

2. The CPU does a slave write to a ENET internal CSR (disabled by setting 
E_DSBL_ WR_INV AL in E_CSR). 

3. The E_INV ALIDATE bit in the E_CSR is set. 

4. The E_RESET bit in the E_CSR is set. 

5. sbus_reset_ is asserted. 

Memory Errors 
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A transfer from the ENET to memory is composed of two separate transfers: one from 
the ENET to the DMA2, and another from the DMA2 to memory. Similarly, a transfer 
from memory to the ENET is composed of a transfer from memory to the DMA2, and 
another from the DMA2 to the ENET. A memory error can only occur during a transfer 
between the DMA2 and memory. 

The DMA2 reports ENET-related memory errors by setting the E_ERRJ'END bit in 
the E_CSR. When E_ERRJ>END is set, the DMA2 forces the ENET to time out by 
withholding e_rdy after it has assorted e_hlda. It then generates an interrupt request 
directly to the CPU by asserting sb_e_ir<l- when interrupts are enabled by EJNT_EN 
being set. This gives rise to two interrupt sources, ENET and DMA2, both of which 
must be cleared by software. This can be done in one of two ways, either by setting the 
E_RESET bit in the E_CSR, which resets the ENET and clears E_ERR_PEND, or by 
resetting the ENET by writing to its internal control register and then clearing 
E_ERR_PEND by writing E_INV ALIDATE. E_ERR_PEND is not cleared by a slave 
write to the ENET. 

To restart ENET DMA activity after an error, it will be necessary to write to the 
ENET's internal registers. If the E_DSBL_WRJNVAL bit in the E_CSR is set, 
software must invalidate the E-cache explicitly so that invalid cache data is not used 
when the ENET is restarted. 

For a memory time-out or protection error on a transfer from the ENET to 
memory, the DMA2 behaves in the following way: 

The E_ERR_PEND bit in the E_CSR is set as soon as the error is detected. This causes 
the DMA2 to generate an interrupt (assert sb_e_irq-> if interrupts are enabled by 
E_INT_EN being set. No further transfers from the DMA2 to memory will take place 
until the E_ERRJ>END bit is cleared. 
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For a memory time-out or protection error on a transfer from memory to the 
ENET, the DMA2 behaves in the following way: 

The E_ERR_PEND bit in the E_CSR is set as soon as the error is detected. This 
causes the DMA2 to generate an interrupt (assert sb_e_irq) if interrupts are enabled 
by E_INT_EN being set. No further transfers to the ENET take place until the 
E_ERR_PEND bit is cleared. 

Registers Internal to the ENET 
Slave accesses to the ENET registers will be completed with a 16-bit port 
acknowledge signal, sb_ack(2) & sb_ack(1), as defined in the SBus specification. The 
CPU accesses registers internal to the ENET in the same way as it does registers 
internal to DMA2, by asserting DMA2's sb_seC in conjunction with sb_as_. The 
address map for these registers is shown in Table 3-3. 

Registers Internal to DMA2 
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Ethernet Control/Status Register (E_CSR) 

Bit Mnemonic Description Type 

31:0 E_CSR Control/Status bits for Ethernet Interface RIW 

The E_CSR is a 32-bit RJW register internal to DMA2 and is accessed as indicated in 
the DMA2 Internal Registers Address Map (Table 3-1). The bits in the E_CSR are 
defined in the following table: 

E_CSR Bit Definitions 

Bit Mnemonic Description Type 

0 E_INT_PEND Set when e_irq_ active, cleared 
R when e_irq. inactive. 

Set when memory time-out, 
1 E_ERR_PEND protection, or late error detected R 

on a ENET transfer. 

Both bits set when E-cache 
3:2 E_DRAINING draining dirty data to memory, R 

otherwise both bits are o. 
When set, enables sb_e_irq. to 

4 E_INT_EN assert when E_INT_PEND or RIW 
E_ERR_PEND is set. 

When set, marks all bytes in E-
5 E_INV ALIDATE cache as invalid. Resets itself. W 

Reads as o. 
NOTE: All bits in the E_CSR default to 0 on an E_RESET or SBus reset with 

the following exceptions: E_RESET itself is cleared by an SBus reset 
but otherwise remains active once set until written to 0 and 
E_DEV _ID is hard-wired to 1010. 
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Bit Mnemonic Description Type 

Set on slave access size error to a 
6 E_SLA VE_ERR ENET-related register. Reset on RJWl 

write of!. 

When set, invalidates the E-cache, 
7 E_RESET resets the ENET interface, and RJW 

asserts e_reset. 

9:8 - Unused. Read as O. R 

When set, forces draining of E-
10 E_DRAIN cache. Resets itself when draining RIW 

complete. 

When set, disables draining of E-
II E_DSBL_ WR_DRN cache on descriptor writes from RIW 

ENET. 

12 E_DSBL_RD_DRN When set, disables draining of E-
R/W cache on slave reads to ENET. 

14:13 - Unused. Read as O. R 

15 E_ILACC When set, modifies ENET DMA 
R/W cycle. 

16 E_DSBL_BUF _ WR When set, disables buffering of 
R/W slave writes to ENET. 

Defines whether E-cache is 
17 E_DSBL_ WR...:INV AL invalidated on slave writes to R/W 

ENET; 1 = no invalidate. 
Defines size of SBus read and 

19:18 E_BURST_SIZE write bursts for ENET transfers RIW 
(see table below). 

20 - Unused. R/W 

When set, enables Ethernet loop-
21 E_LOOP _TEST back mode by tristating R/W 

TP _AUCoutput. 

When E_LOOP _TEST = 0, selects 
22 E_TP_AUI_ TP or AUI Ethernet by driving RIW 

TP _AUI to 1 or O. 

27:23 - Unused. Read as O. R 

31:28 E_DEV_ID Device ID (For DMA2, E_DEV _ID 
R = 1010) 

NOTE: All bits in the E_CSR default to 0 on an E~SET or SBus reset with 
the following exceptions: E_RESET itself is cleared by an SBus reset 
but otherwise remains active once set until written to 0 and 
E_DEV_ID is hard-wired to 1010. 
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E_CSR Bit Function Notes 

E_ERR_PEND • Bit 1 

DMA2 DMA Core 

E_ERR_PEND is always reset on setting E_INV ALIDATE or E_RESET. 

E_DRAINING • Bits 3:2 
When the E-cache is draining to memory, both bits are set. Do NOT 
assert E_RESET or E_INV ALIDATE when set. E_DRAINING bits are not 
valid while E_ERR_PEND is set or during transfers to the ENET. In 
these cases, the E_DRAINING bits should be ignored. 

E_INT_EN • Bit 4 
Setting this bit allows the DMA2 to generate an interrupt by asserting 
sb_e_ir<I- whenever E_INT_PEND is set due to the ENET asserting 
e_irCl-, or whenever E_ERR_PEND is set due to a memory error. 

E_INVALIDATE. Bit 5 
Setting this bit invalidates the E-cache. IfE_ERR_PEND = 0 when E_IN­
VALIDATE is set, all dirty data in the E-cache will first be drained to 
memory. If E_ERR_PEND=1 when E_INV ALIDATE is set, all dirty data 
in the E-cache will be discarded. In addition to invalidating the E-cache, 
setting this bit causes E_ERR_PEND to be reset. 

E_RESET • Bit 7 
E_RESET will remain active once written as a one until written as a zero, 
unless cleared by an SBus reset (sb_reset_ asserted). Setting E_RESET 
or asserting sb_reseL will invalidate the E-cache, reset all ENET inter­
face state machines to their idle states, and assert the e_reset output for 
as long as E_RESET or sb_reset_ remains active. If E_ERR_PEND=O 
when E_RESET is set, all dirty bytes in the E-cache will first be drained 
to memory. When this occurs, E_RESET must not be cleared until drain­
ing is complete, as indicated by E_DRAINING = 00. If E_ERR_PEND =1 
when E_RESET is set, no draining will take place and all dirty data in 
the E-cache will be discarded. If the CPU attempts a slave access to the 
ENET while E_RESET or sb_reset_ is active, it will not cause an error, 
but no data will actually be transferred since the e_reset output is being 
asserted throughout the access. In order to satisfy the ENET chip's mini­
mum reset pulse width (200 ns), E_RESET must remain set for at least 
10 SBus clocks. 

E_DSBL_ WR_DRN • Bit 11 
When E_DSBL_ WR_DRN = 0, dirty bytes in the E-cache are queued for 
draining to memory whenever the ENET writes to a message descriptor. 
This is detected as a ENET transfer (one assertion of e_hold_) in which 
only a single half-word is written. When E_DSBL_ WR_DRN = 1, draining 
of the E-cache on this condition is disabled. 

E_DSBL_RD_DRN· Bit 12 
When E_DSBL_RD_DRN = 0, dirty bytes in the E-cache are queued for 
draining to memory whenever the CPU does a slave read to one of the 
ENET CSR's. When E_DSBL_RD_DRN = 1, draining of the E-cache on 
this condition is disabled. 

E_ILACC . Integrated Local Area Controller Chip. Bit 15 
When ENET (or something in its place) is master, and it performs a DMA 
cycle with ILACC set, e_rdy_ will go inactive when the ENET unasserts 
e_das_ and e_hlda_ will go inactive when e_hold_ is unasserted. Note 
that neither e_das_ nor e_hold_ can glitch when the ILACC bit is set. 
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E_DSBL_ WR_BUF - Bit 16 
Setting this bit disables the 16-bit buffer for slave writes to ENET. 

E_DSBL_WR_INVAL· Bit 17 
When E_DSBL_ WR_INV AL = 0, the E-cache is invalidated whenever the 
CPU does a slave write to the ENET. When E_DSBL_WR_INVAL = 1, the 
E-cache is not invalidated on slave writes to ENET. The latter mode sig­
nificantly increases tolerable SBus latency while the ENET is transmit­
ting Ethernet data. 

E_BURST_SIZE· Bits 19:18 
This field defines the sizes of SBus read and write bursts used by DMA2 
for ENET transfers and the size of the E-cache lines. All reads from mem­
ory will be one size, either a 4- or 8-word SBus burst. SBus writes to 
memory can be byte, halfword, or word, or one of the burst sizes given in 
the table. The DMA2 will always use the largest possible size for writes, 
which is dependent on E_BURST_SIZE and the number of dirty bytes 
that need to be drained. Also, E_BURST_SIZE determines the size of the 
E-cache lines, which are the same size as the SBus read burst. The sizes 
given in the following table are in SBus words: 

E_BURST _SIZE Read Burst Size Write Burst Sizes E-cache Line Size 

00 4 words 4 words 4 words 

01 8 words 4,8 words 8 words 

10 reserved reserved reserved 

11 reserved reserved reserved 

E_LOOP _TEST & E_TP .ftUI_ • Bits 21 & 22 
These bits determine the value of the TP _AUL output pin, which drives 
the NIS input pin of the external T7213 dual Ethernet interface chip. 
TP _AUL selects between the T7213's TP, Au!, and loopback Ethernet 
modes by driving its NIS input as indicated in the following table: 

E_LOOP _TEST E_TP_AUI - TP_AUI_* TP _AUI_Functlon 

0 0 0 NIS Select-AU! mode 

0 1 1 NIS Select-TP mode 

1 X Z NIS Select-Loopback mode 

* NOTE: At least 20 mS must elapse after any change to the TP _AUL output 
before transferring data to or from the T7213. 
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Ethernet Address Register (E_ADDR) 

Bit Mnemonic Description Type 

23:0 E_ADDR Ethernet DMA Address Register RJW 

This register holds bits (23:0) of the address at which the ENET is requesting a DMA 
transfer. Bits (31:24) of the ENET DMA address are driven by the E_BASE_ADDR 
register, and have a default value of OxfI. During normal operation, the E_ADDR 
register is never read or written directly from the SBus, but for testing purposes it can 
be accessed via bits (23:0) of the E_TST_CSR as described in the following section. 

Ethernet Test ControllStatus Register (E_TST_CSR) 

The E_TST_CSR is a 32-bit R/W register internal to DMA2 provided for testability 
purposes. It is accessed as indicated in the DMA2 Internal Registers Address Map 
(Table 3-1). The read and write functions of the bits in the E_TST_CSR are defined in 
the following table: 

Bit Mnemonic Description Type 

31 LD_TAG Writing 110ads address tag ofLRU cache line 
W with E_TST_CSR(23:0). 

30 RE(LOUT Reads as 1 when cache is making a request for an 
R SBus read or write. 

30 RD_LlNE Writing to 1 initiates burst read from memory 
W into LRU cache line from address in E_ADDR. 

Reads as 1 when address in E_ADDR matches one 

29 HIT of the cache address tags and corresponding valid 
R bit is set. Not valid while E_HLDA_asserted 

(ENET DMA active). 

28 LRU Reads as which cache line is LRU (1 or 0). Writing 
RIW marks specified cache line as LRU. 

27 DRAIN1 
Reads as 1 if cache line 1 is draining. Writing to 1 

RIW causes dirty bytes in cache line 1 to drain. 

26 DRAINO 
Reads as 1 if cache line 0 is draining. Writing to 1 

RIW causes dirty bytes in cache line 0 to drain. 

25 DIRTYl Determines meaning ofValid/Dirty bits for cache 
RIW line 1. 

24 DIRTYO Determines meaning of Valid/Dirty bits for cache 
RIW line o. 

23:0 E_ADDR Reads E_ADDR register. R 

23:0 E_ADDR Writes E_ADDR register. IfLD_TAG=l, also 
W writes LRU cache address tag. 

NOTE: The E_TST_CSR is intended for diagnostic and test use only, and should 
never be written while a DMA transfer is active. 
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Ethernet Cache Valid Bits Register (E_ VLD) 

Bit Mnemonic Description Type 

31:0 E_VLD ValidJDirty Bits for LRU Ethernet Cache Line RIW 

NOTE: The E_ VLD register is intended for diagnostic and test use only, and 
should never be written while a DMA transfer is active. 

This register accesses the bits which indicate whether each byte in the Least Recently 
Used cache line is valid, invalid, dirty, or not dirty. Each bit corresponds to the byte of 
the same number in the LRU cache line. The meaning of these bits for each cache line 
is determined by the DffiTY1 and DffiTYO bits, accessible through the E_TST_CSR. 

The following table describes the meaning of the E_ VLD bits based on the value of the 
DffiTYlIO bit corresponding to the LRU cache line: 

DIRTY 1/0 E_VLD Bit Meaning 

0 0 Invalid data; reading this byte is a cache miss. 

0 1 Valid data; reading this byte is a cache hit. 

1 0 Not dirty data; this byte does not need to be drained 
to memory. 

1 1 Dirty data; this byte needs to be drained to memory. 

Ethernet Base Address Register (E_BASE_ADDR) 

Bit Mnemonic Description Type 

7:0 E_BASE_ADDR High Order 8 bits of address for Ethernet 
RIW DMA transfers (defaults to Oxff). 

This register makes the high order 8 address bits which are driven onto the SBus for 
Ethernet DMA transfers programmable by software. By default, these bit are always 
driven to Oxff, but for some applications it is useful to set a base address. 
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Overview 
The DMA2 gate array provides paths for the SCSI to transfer data to and from 
memory and for the CPU to access control and status registers on the SCSI. In order 
to support the DMA activity of the SCSI, the DMA2 contains two 24-bit address 
counters, a 32-bit controVstatus register, as well as two 24 bit byte counters which 
may be used for a SCSI generic control offuture devices. The SCSI has a l6-bit 
transfer count, however the address counter supports a 24-bit count for future 
enhancements. 

Between the SCSI interface and the SBus interface is a 64-byte FIFO (D-FIFO). This 
FIFO is bypassed for slave accesses to the SCSI. 

For error recovery, the D_CSR contains a D_INV ALIDATE bit for explicitly 
invalidating the FIFO. 

Transfers To Memory 

NCR89C100 
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Data from the SCSI is written into the D-FIFO until the largest possible SBus burst 
write to memory can be carried out (1,4, or 8 words depending on the D_BURST_SIZE 
field in the D_CSR). All data in the D-FIFO is then queued for draining to memory. Any 
time a SCSI interrupt, byte count expiration, slave write to the D_CSR, or slave access 
to a SCSI-internal register is detected, data in the D-FIFO is also queued for draining. 
The last two conditions can be disabled by setting appropriate mode bits in the D-CSR. 
When the D-FIFO is invalidated by setting the DJNVALIDATE or D..RESET bits in 
the D_CSR, all data currently in the D-FIFO will first be drained to memory unless the 
D_ERRJ>END bit is set. IfD_ERRJ>END is set when D_INV ALIDATE or D_RESET 
is asserted, or an SBus reset occurs (sb_reseL is asserted), any data in the D-FIFO will 
be discarded. These and other conditions that cause data in the D-FIFO to be drained 
to memory are summarized below: 

1. 4,16, or 32 bytes (depending on D_BURST_SIZE) have been written to 
the D-FIFO by the SCSI. . 

2. The D_INT_PEND bit in the D_CSR is set. 

3. The CPU does a slave write to the D_CSR (disabled by setting 
D_DSBL_CSR_DRN bit in D_CSR). 

4. The CPU does a slave access to a SCSI-internal register (disabled by 
setting D_DSBL_SCSCDRN bit in D_CSR). 

5. The D_RESETor D_INVALIDATE bit in the D_CSR is set. 

6. The D..ADDR register is loaded with a new address, either directly or 
from the D_NEXT_ADDR register (disabled by setting D_DIAG bit in 
D_CSR). 

None of these conditions will cause draining ifD_ERR_PEND=l, indicating that a 
memory error has occurred. If Condition 5 or 6 occurs when D_ERR_PEND=l, the D­
FIFO will be invalidated and all dirty data discarded. Draining is carried out 
completely in hardware and until it is completed, subsequent DMA reads from the 
SCSI are inhibited (by withholding d_ack.J. A mechanism for determining when the D­
FIFO has been drained is provided in the D_CSR. 
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Transfers From Memory 
When the SCSI initiates a read operation, the DMA2 does an SBus read burst of the 
size defined by D_BURST~IZE, either 1,4, or 8 SBus words. The word containing the 
requested data will be the first one to be read from memory and will be transferred on 
to the SCSI as soon as it is written to the D-FIFO, even before the rest of the burst read 
is complete. 

When the SCSI is reading data and the D-FIFO has enough space to hold another read 
burst of data (4,16, or 32 bytes, depending on D_BURST_SIZE), a read-ahead 
operation will be performed as long as it doesn't cross a 4K page boundary. When this 
occurs, the largest possible SBus burst read is performed beginning with the address 
of the word following the last word in the D-FIFO. The read-ahead happens 
concurrently with the transfer of data to the SCSI. 

Memory Errors 
A transfer from the SCSI to memory is composed of two separate transfers: one from 
the SCSI to the DMA2, and another from the DMA2 to memory. Similarly, a transfer 
from memory to the SCSI is composed of a transfer from memory to the DMA2, and 
another from the DMA2 to the SCSI. A memory error can only occur in a transfer 
between the DMA2 and memory. The DMA2 reports SCSI-related memory errors by 
setting the D_ERRYEND bit in the D_CSR, which generates an interrupt request 
(asserts sb_dJrqJ to the CPU when enabled by D_INT.-EN being set. When 
D_INT_EN is set, sb_d_irq. will also be asserted (level sensitive) whenever d_int- is 
asserted by the SCSI. 

For a memory time-out or protection error on a transfer from the SCSI 
to memory, the DMA2 behaves in the following way: 

The D_ERR_PEND bit in the D_CSR is set as soon as the error is detected, causing the 
DMA2 to generate an interrupt (assert sb_d_irq.) if interrupts are enabled by 
D_INT_EN being set. After the trans.fer that caused the error, no further transfers will 
take place from the DMA2 to memory. The interrupt is active until the D_ERR_PEND 
bit has been cleared by setting the DJNV ALIDATE or D_RESET bits. 

For a memory time-out or protection error on a transfer from memory to the 
SCSI, the DMA2 behaves in the following way: 

Since the DMA2 reads data that the SCSI has not yet requested (without crossing page 
boundaries), it is possible that an error could be detected on a data read that the SCSI 
has never requested. Whether the SCSI requested the memory read that caused the 
error or not, the data from that read will not be written to the SCSI. Instead the 
D.-ERR_PEND bit is set, which causes the DMA2 to generate an interrupt (assert 
sb_d_irqJ if interrupts are enabled by D_INT_EN being set. No transfers to the SCSI 
take place until D_ERR_PEND is cleared. 

Registers Internal to the SCSI 

Rev. 1.0 

Access to control and status registers in the SCSI are achieved using the address map 
in Table 3-2. These addresses are external to the DMA2, however the chip does decode 
the appropriate higher order address bits, sb_a(x, y, z) = 100, and generate the chip 
select and read/write lines to the external device. The DMA2 responds to slave accesses 
of these registers with sb_ack(l). 
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SCSI Support Registers Internal to DMA2 
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Access to SCSI support registers within DMA2 are achieved using the address map in 
Table 3-1. These registers provide status and control for the SCSI and are selected by 
the host when sb_seC and sb_as_ are zero and sb_a(x, y, z) = 010. The Next feature 
registers are selected when D_EN_NEXT= 1. The Byte Count Registers are only used 
when enabled by bit 13, D_EN_CNT, in the D_CSR. 

SCSI Control/Status Register (D _ CSR) 

Bit Mnemonic Description Type 

31:0 D_CSR Control/Status bits for SCSI interface RIW 

The D_CSR is a 32-bit R/W register internal to DMA2 and is accessed as indicated in 
the DMA2 Internal Registers Address Map (Table 3-1). The bits in the D_CSR are 
defined in the following table: 

D_CSR Bit Definitions 

Bit Mnemonic 

0 D_INT_PEND 

1 D_ERR_PEND 

3:2 D_DRAINING 

4 D_INT_EN 

5 D_INV ALIDATE 

6 D_SLA VE_ERR 

7 D_RESET 

S D_WRITE 

9 D_EN_DMA 

12:10 -

Description Type 

Set when d_irq active, or when D_TC 
set and D_TCI_DIS not set. Cleared R 
otherwise. 

Set when memory time-out, protection, 
or late error detected on SCSI DMA R 
transfer. 

Both bits set when D-FIFO draining 
SCSI data to memory, otherwise both R 
bits are O. 

When set, enables sb_d_ir~ to assert 
when D_INT_PEND or D_ERR_PEND RIW 
is set; 

When set, invalidates the D-FIFO. 
W Resets itself. Reads as O. 

Set on slave access size error to a 
SCSI-related register. Reset on write R/W1 
of!. 

When set, invalidates the D-FIFO, 
resets the SCSI interface, and asserts RIW 
d_reset output. 

DMA direction for SCSI transfers; 1 = 
RIW to memory. 

When set, enables DMA requests from 
SCSI if DMA not stopped by other RIW 
conditions. 

Unused. Read as O. R 
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Bit Mnemonic Description Type 

When set, enables internal byte 
13 D_EN_CNT counter, D_BCNT, to be decremented RIW 

on byte transfers. 

Terminal Count; set when D_BCNT 
14 D_TC has expired. Reset on write of 1 if RlW1 

D_EN_NEXT=l. 

15 - Unused. Read as o. R 

16 D_DSBL_CSR_DRN When set, disables draining of D-FIFO 
RIW on slave writes to D-CSR. 

When set, disables draining of D-FIFO 
17 D_DSBL_SCSI_DRN on slave accesses to SCSI-internal RIW 

registers. 

Defines sizes of SBus read and write 
19:18 D_BURST_SIZE bursts for SCSI transfers. (see table RIW 

below) 

When set, disables draining & 
20 D_DIAG resetting of D-FIFO on writing of RIW 

D_ADDR register. 

When set and D_FASTER=O, sets SCSI 
21 D_TWO_CYCLE DMA transfer rate to (2 SBus clocks)/ RIW 

byte. 

When set and D_TWO_CYCLE=O, sets 
22 D_FASTER SCSI DMA transfer rate to (3 SBus RIW 

clocks)/byte. 

23 D_TCLDIS When set, disables D_TC from 
RIW generating an interrupt. Defaults to o. 

When set, enables next address auto-
24 D_EN_NEXT load mechanism. D_EN_CNT must RIW 

also be set. 

When set, indicates that the DMA2 is 
25 D_DMA..ON able to respond to DMA requests from R 

the SCSI. 

Address Loaded. Set when D_ADDR 
26 D_A-LOADED written or NEXT_ADDR copied to R 

DADDR. 

27 D_NA_LOADED Next Address Loaded. Set when R NEXT_ADDR register written. 

31:28 D_DEV_ID Device ID (For DMA2, D_DEV_ID = R 1010). 

NOTE: All bits in the D_CSR default to 0 on a D_RESET or SBus reset with the 
following exceptions: D_RESET itself is cleared by an SBus reset but 
otherwise remains active once set until written to 0 and D_DEV _ID is 
hard-wired to 1010. 
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D _ CSR Bit Function Notes 

D_ERR_PEND • Bit 1 
DMA to/from the SCSI is stopped while this bit is set. D_ERR_PEND is 
reset on setting D_INVALIDATE or D_RESET. 

D_DRAINING· Bits 3:2 
When D-FIFO is draining to memory, both bits are set. Do not assert 
D_RESET or D_INV ALIDATE or write to D_ADDR register when set. 
D_DRAINING bits are not valid while D_ERR_PEND is set or during 
transfers to the SCSI. In these cases, the D_DRAINING bits should be 
ignored. 

D_INVALIDATE. Bit 5 
Setting this bit invalidates the D-FIFO. If D_ERR_PEND = 0 when D_IN­
VALIDATE is set, all dirty data in the D-FIFO will first be drained to 
memory. IfD_ERR_PEND=1 when D_INVALIDATE is set, all dirty data 
in the D-FIFO will be discarded. In addition to invalidating the D-FIFO, 
setting this bit causes D_ERR_PEND and D_TC to be reset. IfD_EN_­
NEXT = 1, D_A_LOADED and D_NA_LOADED will also be reset. 

D_RESET • Bit 7 
D_RESET will remain active once written as a one until written as a 
zero, unless cleared by an SBus reset (sb_reseL asserted). Setting 
D_RESET or asserting sb_reset_ will invalidate the D-FIFO, reset all 
SCSI interface state machines to their idle states, and assert the d_reset 
output for as long as D_RESET or sb_reseL remains active. If D_ER­
R_PEND=O when D_RESET is set, all dirty data in the D-FIFO will first 
be drained to memory. When this occurs, D_RESET must not be cleared 
until draining is complete, as indicated by D_DRAINING = 00. IfD_ER­
R_PEND=1 when D_RESET is set, no draining will take place and all 
dirty data in the D-FIFO will be discarded. If the CPU attempts a slave 
access to the SCSI while D_RESET or sb_reset_ is active, it will not cause 
an error, but no data will actually be transferred since the d_reset output 
is being asserted throughout the access. 

D_EN_CNT & D_ENJrnXT • Bits 13 and 24 
The D_EN_CNT and D_EN_NEXT control the modes of operation of the 
DMA Address register, Next Address register, Byte count and Next Byte 
count registers as follows: 

D_EN_CNT D_EN_NEXT Mode 

0 0 Backward compatible with early SPARC stations. 

0 1 Illegal mode. Do not use. 

1 0 
Backward compatible with early SPARC stations 
using byte count. Invalidate clears D_TC flag. 
Enables loading of D_NEXT_ADDR & 
D_NEXT_BCNT registers and auto-load of 

1 1 D_ADDR & D_BCNT on byte count expiration. 
Halt DMA on count expiration if D_NEXT_ADDR 
not loaded. 

NOTE: D-.EN_CNT must always be set when D_EN_NEXT is set. 
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D_TC • Terminal Count· Bit 14 
The D_TC bit will be set when D_BCNT makes a transition from 
OxOOOOOl to OxOOOOOO. When it is set, an interrupt will be generated on 
the d_irq_ pin (if enabled by D_INT_EN and not disabled by D_TCI_DIS). 
When D_EN_NEXT= 0, D_TC is cleared by D_INV ALIDATE, D_RESET 
or sb_reset_. When D_EN_NEXT= I, D_TC can also be cleared by writing 
a 1 to it. 

D_BURST_SIZE • Bits 19:18 
This field defines the sizes of SBus read and write bursts used by DMA2 
for SCSI transfers. All reads from memory will be one size, either 4, 8, or 
1 word (in 'no burst' mode). SBus writes to memory can be byte, half­
word, or word, or one of the burst sizes given in the table. The DMA2 will 
always use the largest possible size for writes, which is dependent on 
D_BURST_SIZE and the number of bytes that need to be drained. Also, 
D_BURST_SIZE determines the draining level of the D-FIFO. When the 
D-FIFO has been filled with this amount of data, it will always be 
drained to memory. The sizes given in the following table are in SBus 
words. 

D_BURST_SIZE Read Burst Size Write Burst Sizes D·FIFO 
Draining Level 

001 4 words 4 words 4 words 

01 8 words 4,8 words 8 words 

10 no bursts2 no bursts 1 word 

11 reserved reserved reserved 

1 Default. 
2 SBus reads are always 1 word in 'no burst' mode. 

D_TWO_CYCLE • Bit 21 
Setting this bit modifies the timing of SCSI DMA such that one byte can 
be transferred every two SBus clocks, for a peak transfer rate of 10 
MByte/sec in systems with a 20 MHz sb_clk. This mode should only be 
used with SCSI controllers supporting this data rate, such as the 
NCR53C9X. This bit should ONLY be set when D_FASTER=O. 

D_FASTER· Bit 22 
Setting this bit modifies the timing of SCSI DMA such that one byte can 
be transferred every three SBus clocks, for a peak transfer rate of 6.67 
MByte/sec in systems with a 20 MHz sb_clk. This mode should only be 
used with SCSI controllers supporting this data rate, such as the 
NCR53C90A. This bit should ONLY be set when D_TWO_CYCLE=O. 

D_DMA_ON. Bit 25 
Reads as 1 when (D_A_LOADED or D_NA..LOADED) & D_EN_DMA & 
NOT (D_ERR_PEND); otherwise reads as o. When set, indicates that 
DMA2 is able to respond to DMA requests from the SCSI. 
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D_A_LOADED & D_NA_LOADED - Bits 26 and 27. 
These bits define the validity of the values stored in the D_ADDR and 
D_NEXT_ADDR registers. D_A-LOADED is set when D_ADDR is written 
directly or when D_NEXT_ADDR is copied to D_ADDR, and is reset by 
D_RESET, (D_INVALIDATE & D_EN_NEXT), or D_BCNT expiring. 
D_NA_LOADED is set when D_NEXT_ADDR is written. It is reset by 
D_RESET, D_EN_CNT = 0, D_EN_NEXT = 0, (D_INV ALIDATE & 
D_EN_NEXT), or D_NEXT_ADDR being copied to D_ADDR. When the 
state is reached where a valid D_NEXT_ADDR has been loaded and the 
current D_ADDR has been marked as invalid (D_NA_LOADED = 1 & 
D_A_LOADED = 0), then the contents of the D_NEXT_ADDR register are 
copied to the D_ADDR register. The copy takes place on the same clock 
edge where the stated condition is sampled as true. So if address chaining 
has been set up to take place when the byte count expires, the actual 
sequence of events will be the following: First, D_A_LOADED will be 
cleared (on expiration of byte count). Second, the D_NEXT_ADDR will be 
copied to the D_ADDR register. These two events will probably be seen as 
one by software. 

Address Register (D_ADDR) & NEXT Address Register (D_NEXT_ADDR) 

Bit Mnemonic Description Type 

31:0 D_ADDR Virtual Address Counter for SCSI access 
RIW VA(31:0) 

31:0 NEXT_AD DR NEXT Address Register W 

The value in this register after a D_RESET is indeterminate. 

The Address Register is a 32-bit loadable counter which always points to the next byte 
that will be accessed by the SCSI, independent of which bytes in memory have been 
accessed by the DMA2. 

If the D_EN_NEXT (enable next address) bit in the D_CSR is set, then a write to the 
D_ADDR register will write to the D~XT_ADDR register instead. IfD_EN_NEXT 
is set when the byte counter (D_BCNT) expires, and the D_NEXT_ADDR register has 
been written since the last time the byte counter expired, then the contents of 
D_NEXT_ADDR are copied into D-ADDR. IfD_EN_NEXT is set when the byte counter 
(D_BCNT) expires, but the D_NEXT_ADDR register has not been written since the last 
time the byte counter expired, then DMA activity is stopped and DMA requests from 
the SCSI will be ignored until D_NEXT_ADDR is written, or D_EN_NEXT is cleared. 
(Also, the D_DMA_ON bit will read as 0 while DMA is stopped because of this). When 
DMA is re-enabled by writing to the D_NEXT_ADDR register, the contents of 
D_NEXT_ADDR are copied into D_ADDR before DMA activity actually begins. 

If the D..NEXT_ADDR register is written before the D_ADDR register has been 
written, the address written to D_NEXT-ADDR will immediately be copied into 
D_ADDR. When this occurs, it also causes the value in the D_NEXT_BCNT register to 
be copied into the D_BCNT register. This allows for a shortcut in loading both D-ADDR 
and D_NEXT-ADDR along with D_BCNT and D_NEXT_BCNT by writing the 
registers in the following sequence: D_NEXT_BCNT, D..NEXT_ADDR, 
D_NEXT_BCNT, D_NEXT_ADDR. When the first value is written into 
D_NEXT_ADDR, it is immediately copied into D_ADDR since D_ADDR hasn't been 
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loaded yet. This causes the first value that was written into D_NEXT_BCNT to be 
copied into D~CNT. The second values written into D_NEXT_BCNT and 
D_NEXT.ADDR then remain there as the actual next address and byte count. This 
allows the loading of both the current and next address and byte count registers 
without having to write the D_CSR to change the D_EN_NEXT bit in between. 

NOTE: A write to the D.ADDR register will invalidate the D-FIFO. A write to the 
D_NEXT_ADDR register does not have this effect. 

Byte Counter (D_BCNT) & NEXT Byte Counter (D_NEXT_BCNT) 

Bit Mnemonic Description Type 

23:0 D_BCNT Byte Count; counts down to 0, then sets 
RJW the D_TC bit in the D_CSR 

23:0 D_NEXT_BCNT NEXT Byte Count Register W 

The value in this register after a D_RESET is indeterminate. 

When reading this register as a word, bits 31:24 will read as O's. 

When enabled, the Byte Counter is decremented every time a byte is transferred 
between the DMA2 and the SCSI in a SCSI DMA cycle. It is decremented immediately 
after the byte has been transferred. It is not decremented on slave accesses to the 
SCSI or on transfers between the DMA2 and memory. 

If the D_EN_NEXTbit in the D_CSR is set, then a write to the D_BCNT register will 
write to the D_NEXT_BCNT register instead. Whenever the D_NEXT_ADDR register 
is copied into the D.ADDR register, the D_NEXT_BCNT register is copied into the 
DJ3CNT register at the same time. 

If D_NEXT.ADDR is being copied into D_ADDR and D_NEXT~CNT has not been 
written since the last time D_NEXT_BCNT was copied into D_BCNT, the last value 
that was written into D_NEXT_BCNT will again be copied into D_BCNT. This 
provides a shortcut in setting up consecutive DMA transfers of equal size from 
different addresses, in that D_NEXT_BCNT only needs to be written once as long as 
D_NEXT_ADDR is loaded for each successive transfer. 

IfD~N_NEXT is not set when D_BCNT expires (changes from OX000001 to 
OXOOOOOO), then DMA actiVity between the SCSI and the DMA2 will be stopped and 
theD_D~ONbitwillreadasOunti1D.-ADDRiswritten.IfD_EN_NEXTisset,then 
DMA will be stopped on D_BCNT expiration. 

NOTE: Loading D_BCNT with 0 will allow 224 bytes to be transferred before it 
expires. 
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SCSI Test Control/Status Register (D_TST_CSR) 

The D_TST_CSR is a 32-bit RJW register internal to DMA2 provided for testability 
purposes. It is accessed as indicated in the DMA2 Internal Registers Address Map 
(Table 3-1). The read and write functions of the bits in the D_TST_CSR are defined in 
the following table: 

Bit Mnemonic Description Type 

31 LD_TAG Writing to 1 loads FIFO DMA address register W (ADDR_TAG) with value in D_ADDR. 

30 RE(LOUT Reads as 1 when FIFO is making a request for R an SBus read or write. 

30 RD_BURST Writing to 1 initiates a DMA burst read from 
W memory into FIFO from address in ADDR_TAG. 

29 WR_CNT Writing to 1 loads FIFO CNT register with 
W D_ TST_CSR(5:0). 

28 WRITE Writing to 1 puts FIFO into 'WRITING' mode. 
RIW Reads as 1 when FIFO in 'WRITING' mode. 

27 DRAIN Reads as 1 if FIFO is draining. Writing to 1 
RIW forces FIFO to drain. 

26 EMPTY Reads as 1 if FIFO buffer is empty. R 

25 FULL Reads as 1 if FIFO buffer is full. R 

24 LO_MARK Reads as 1 if FIFO buffer has enough room for 1 
R SBus read burst of data. 

23 HI_MARK Reads as 1 if FIFO contains enough data for 1 
R SBus write burst. 

5:0 COUNT Reads CNT register containing number of bytes 
R stored in FIFO buffer. 

5:0 COUNT When WR_CNT=l, writes CNT register contain-
W ing number of bytes stored in FIFO buffer. 

NOTE: The D_TST_CSR is intended for diagnostic and test use only, and should 
never be written while a DMA transfer is active. 

Programming Notes 
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To setup a transfer to/from the SCSI using the DMA2 

The transfer may be setup by first programming the internal byte count and address 
registers of the DMA2. But first, the software driver needs to ensure that no error bits 
are set in the D_CSR. It may do this by issuing a D_INV ALIDATE and/or D_RESET 
command. Once this is done, the driver then programs the WRITE, D_ INT_EN, 
D_EN_CNT, (DYASTER), and D_TCIJ)IS bits in the D_CSR. These map to the 
following usages: 

WRITE: 
D_EN_CNT: 
D_FASTER: 
D_TCCDIS: 
D_INT_EN: 

determines direction of transfer 
set to override the SCSI byte count register and use that of DMA2 
this should be set with every D_RESET 
set to disable interrupts upon byte count = O. 
set to enable interrupts upon error conditions and byte count = o. 
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Next, the SCSI chip should be programmed with the appropriate data for the 
particular transfer. Finally, the ENA_DMA bit should be set. This bit acts as a gate 
such that the DMA2 will immediately begin to respond to SCSI requests for service. 

The transfer will now complete with one of three events: an error, in which case the 
driver must go poll the SCSI for status, an interrupt, for which the driver must provide 
service, or expiration of the byte count register. This last may be used in combination 
with the chaining feature presented in subsequent sections of this spec. 

To stop a transfer to/from the SCSI using the DMA2 

The driver may suspend transfers between the SCSI and DMA2 at any time by simply 
clearing the ENA_DMA bit. Note that memory accesses by the SBus side of the DMA2 
chip are still possible even with this bit cleared. The transfer is easily restarted by 
again setting the ENA_DMA bit. 

Use of Internal Byte Counter with Next Address feature disabled 

When using the internal Byte Counter and the D_TC flag in the D_CSR with 
D_EN_NEXT = 0, it is necessary to perform the following procedure for correct 
operation: 

Load Byte Count into DJ3CNT 

Load DMA address into D_ADDR 

Load Peripheral Device with relevant command(s) 

Load D_CSR with enables and direction bits (D_EN_DMA, D_EN_CNT, and 
WRITE) 

Data will be transferred as directed until the Byte Count expires, at which point 
the D_TC flag will be set in the D_CSR and an interrupt will be generated, if 
enabled. DMA will also be stopped at this time (D_DMA...ON will be cleared). 
DMA will remain stopped, independent of the value ofD_ENJJMA, until 
D_ADDR is loaded with a new value. (NOTE: this implies that the interrupt 
service routine should clear D_EN_DMA before writing a new address to 
D..ADDR.) Once the CPU has serviced the interrupt and wishes to start another 
DMA operation it is necessary to proceed as follows: 

Issue a D_INVALIDATE command and then repeat the above procedure. (Clears 
D_TC bit ofD_CSR) 

Use of Internal Byte Counter with Next Address feature enabled 

When using the internal Byte Counter, the D_TC flag in the D_CSR and the NEXT 
ADDRESS feature, it is necessary to perform the following procedure for correct 
operation: 

NOTE: This is a suggested procedure since several methods of programming the 
chip are possible. 
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INITIALIZATION 

Initialization if the state of the chip is not defined such as after an error. 

Write Control register 

D_TCCDIS, D_EN_DMA, D_EN_NEXT, D_RESET = 0 

D_INVALIDATE, D_EN_CNT, D_INT_EN = 1 

WRITE = value when read 

MULTIPLE BLOCK TRANSFERS 

To do a multiple block transfer with an interrupt after each block: 

Write Control register 

D_INT_EN, D_EN_DMA, D-.EN_CNT, D_ENJffiXT = 1 

D_TCCDIS, D_INV ALIDATE, D_RESET = 0 

WRITE = value as read or desired 

Write D_BCNT with byte count of the first block. 

Write D..ADDR with the starting address of the first block. Set-up and start the SCSI 
chip to do its transfer. 

Write DJffiXT_BCNT with the byte count of the 'next' block. 

Loading of the D_NEXT_BCNT is optional because the initial loading of the 
D_BCNT also loads the next count register. 

Write D_NEXT..ADDR with the address of the 'next' block. The transfer of the first 
block is enabled and the transfer of the next block will happen automatically when 
Terminal Count is reached, Le.: the next address and byte counts will be used. (This 
assumes the loading of the NEXT count and address occur before the first block 
transfer is complete.) 

INTERRUPT 

After each interrupt: 

ReadD_CSR 

D_TC and DJ)~ON should both = 1. 

IfD_D~ON = 0 then, the D_NEXT_ADDR register did not get updated or 
there is an error pending, D-.ERRJ>END. (It could also mean the DMA is not 
enabled, D_EN_DMA, or the next address feature is not enabled, 
D_EN_NEXT, butthey were set = 1 so this should not be the case.) 

Write D_NEXT_BCNT with the byte count of the 'next' block. 

Loading of the D-.NEXT_BCNT register is optionaJ, but if loaded, must be 
loaded before the D_NEXT_ADDR register. 

Write DJfflXT...ADDR with the address of the 'next' block. 
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LAST BLOCK 

If no Terminal Count interrupt is desired after the last block is transferred: (because 
we expect an interrupt from the SCSI chip at the end of the transfer.) 
On interrupt of the next to last block: 

ReadD_CSR 

D_TC and D_DMA_ON should both = l. 
WriteD_CSR 

D_TCCDIS, INT_EN, D_EN_DMA, D_EN_CNT, D_EN_NEXT = 1 

D_INV ALIDATE, D_RESET = 0 

WRITE = value as read or desired 

The D_NEXT_ADDR register is not loaded so the transfer will stop. 

NEXT TRANSFER 

The initialization for the next multi-block transfer is: 

WriteD_CSR 

D_INT_EN, D_ENJ)MA, D_EN_CNT, D_EN_NEXT = 1 

D_TCI_DIS, D_INVALIDATE, D_RESET = 0 

WRITE = value as read or desired 

This assumes the chip is in a known state because, if not, the write to the 
D_BCNT and D.J\DDR registers may go to the NEXT registers (See 
INITIALIZATION). 

Write D_BCNT with byte count of the first block. 

Write D_ADDR with the starting address of the first block. 

Set-up and start the SCSI chip to do its transfer. 

Write D_NEXT_BCNT with the byte count of the 'next' block. 

Loading of the D_NEXT_BCNT is optional because the initial loading of the 
D_BCNT also loads the next count register 

Write D_NEXT_ADDR with the address of the 'next' block. 
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TAKING ADVANTAGE OF 'NEXT' FEATURE 

If an interrupt occurs and the 'next' address is not available, there is no room in the 
buffer or data is not available, the processor can take advantage of the fail-safe 
capability by not loading the D_NEXT..ADDR and the DMA will stop when the count 
goes to O. 

After the 'next' address becomes known the processor must determine if the transfer of 
the current block has completed. If it has not, the processor should load the 'next' count 
and address to continue the transfer. If the transfer has completed, the processor 
should load the current count and address and the next count and next address to 
restart the transfer. 

NOTES: 
1. There will be an interrupt generated when the count goes to zero. 

2. The firmware must understand that if the transfer has stopped because 
the D_NEXT_ADDR was not loaded before the terminal count was 
reached, it is effectively loading the D_BCNT and D_ADDR registers, not 
the NEXT registers. This will enable the DMA to restart the transfer. 

3. It is necessary to load the count before the address because the loading of 
the address register causes the restart of the transfer 

Additional Notes 
Interrupts from the SCSI are visible as D_ INT_PEND in the D_CSR. The D_INT_EN 
bit is provided to enable or disable the generation of an interrupt to the IU. If an error 
condition exists during a memory access, (this could be late errors, protection errors, 
time-outs etc.), the D_ERR_PEND bit will be set. This will cause an interrupt (if 
enabled) to the IU. Similarly, expiration of the Byte Counter will cause the D_ 
INT_PEND bit to be set and an interrupt (if enabled). The D_ERR_PEND bit can only 
be cleared by a DJNV ALIDATE or D_RESET command, or sbJeset. 

Software should never set the D_RESET or D_INV ALIDATE bits in the D_CSR or 
write to the D_ADDR register while the D_EN_DMA bit is set or while the 
D_DRAINING bits are set. 

TESTING the 'NEXT' REGISTERS 

When the processor writes to the D_BCNT and D..ADDR registers the data goes 
through the 'NEXT registers. This 'feature' can be used to test the 'NEXT registers 
since they can not be read directly. 
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Bidirectional Parallel Port 
The parallel port consists offour 8 bit Parallel Port interface registers, three 16-bit 
Configuration registers, and a 64-byte FIFO. The parallel port can operate in 
programmed 110 mode or be DMA driven. The interface direction, timing and protocol 
is programmable to meet the wide variety of "Centronics" interfaces that exist on 
peripheral devices. 

Three functional blocks make up the interface: DMA Control, P-FIFO, and the parallel 
port register interface. The functional blocks, register sets, and operational modes are 
discussed below. 

Parallel Port DMA 

Rev. 1.0 

Parallel port DMA can operate in either a chained or unchained transfer mode. Mode 
selection, interrupt control and general DMA control is performed via the Parallel Port 
Control/Status Register (P _CSR). Transfer direction (to or from memory) is reflected in 
the P _CSR but is controlled via the Parallel Port Transfer Control Register (P _TCR). 
The operation of both modes is discussed in the following sections. 

Unchained DMA Transfers 

The unchained mode operates using a single address register and optionally the Byte 
Count Register. If the byte counter has been enabled by setting the P _EN_CNT bit of 
the P_CSR, the byte count will be decremented each time a byte is transferred to or 
from the parallel port data bus, p_data(7:0). When the byte count expires (changes 
from OxOOOOOl to OXOOOOOO), the terminal count bit (P_TC) will be set, DMA will be 
halted, and an interrupt will be generated if enabled via P _!NT_EN = 1 and 
P _TCI_DIS = o. 

Unchained DMA transfers are terminated in one of two ways. If the byte counter 
expires (changes from OxOOOOOI to OxOOOOOO), DMA will be halted, P_TC will be set 
P _A....LOADED will be reset, and P _D~ON will be cleared until a new DMA address 
is loaded into the P ...AJJDR register. Otherwise, the transfer can be terminated through 
software by clearing the P ~NJ)MA bit of the P _CSR. In both cases, on termination 
of transfers from memory to the peripheral device the P-FIFO will be invalidated, and 
on termination of transfers from the peripheral device to memory all valid data in the 
P-FIFO will be drained to memory. 

Chained DMA Transfers 

Chained DMA transfers also use the address and byte count registers to perform 
transfers. In addition, they also use the NEXT address and NEXT byte count register 
set to accomplish the chaining ofDMA transfers. DMA transfer chaining is enabled via 
the P ~N_NEXT and P _EN_CNTbits in the P _CSR. Note that use of the byte counter 
is essential to DMA chaining, as it is byte count expiration that initiates the loading of 
the NEXT address and NEXT byte count into the address and byte count registers. 

Chained DMA transfers are terminated in the following ways. If the byte counter 
expires (changes from OxOOOOOl to OXOOOOOO) and DMA chaining has been disabled 
(P _EN_NEXT = 0), DMA will be halted, P _TC will be set, P _A....LOADED will be reset, 
and P _D~ON will be cleared until a new DMA address is loaded into the P ...AJJDR 
register. If the byte counter expires, DMA chaining is enabled (P _EN~T = 1), and 
the NEXT address/byte count is invalid (P _NA..LOADED = 0), DMA will be halted 
until the NEXT register set has been written. Finally, the transfer can be terminated 
through software by clearing the P_EN_DMA bit of the P_CSR. In all three cases, on 
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termination of transfers from memory to the peripheral device the P-FIFO will be 
invalidated, and on termination of transfers from the peripheral device to memory all 
valid data in the P-FIFO will be drained to memory. 

NEXT Register Access 
The NEXT register set used for chaining can only be accessed indirectly. The 
P _EN_NEXT bit of the P _CSR defines whether register writes to the address/byte 
count registers access the address/byte counter registers or the NEXT address/byte 
count registers. When the P _EN_NEXT bit is set, all write accesses to the address/ 
byte count register locations are actually writes to the NEXT registers. The NEXT 
registers shadow the counter registers. Note that the NEXT registers cannot be read 
directly. Two P _CSR bits pertain to the validity of the address and NEXT address 
registers. The P _A-LOADED bit indicates whether the address counter contains a 
valid address and the P _NA..,LOADED indicates whether the NEXT address register 
contains a valid address. 

DMA Memory Clear 

The clearing of memory can be hardware assisted by setting the MEM_CLR and 
DATA_SRC bits of the Parallel Port Operation Configuration Register (P _OCR). The 
MEM_CLR bit specifies a DMA transfer to memory using the DATURC bit as the 
data to be sourced. Once ME~CLR has been set, the P _WRITE bit of the P _CSR will 
reflect the transfer direction to memory. Setting the P _EN_DMA bit will start the 
transfer. Either of the above DMA transfer methods can be used but in either case the 
byte counter must be enabled and used to control the transfer. When terminal count is 
reached and P _EN..NEXT is cleared the transfer will be terminated. When terminal 
count is reached and P _EN_NEXT is set but the NEXT addresslbyte count is invalid 
(P _NA.LOADED cleared), the transfer will be suspended until the NEXT register set 
has been written. Interrupts on P _TC operate according to the transfer mode selected. 

Parallel Port DMA Registers 

All Parallel Port DMA registers are accessed as 32 bit registers. However, not all 
registers have 32 significant bits. The mnemonics for all Parallel Port registers are all 
preceded by 7'. The Addr field of the register definitions correspond to SBus physical 
address bits 4:0. Additionally, to access these registers the pa(x, y, z) physical address 
bits must be 101, respectively. 

PP DMA Address Register (P _AD DR) and 
NEXT Address Register (P _NEXT _ADDR) 

Addr Bits Description 

04 31:0 PP DMA Address Register (P --ADDR). 

Size Type 

32 Bit RIW 

04 31:0 PP DMA NEXT Address Reg (P _NEXT_ADDR) 32 Bit W 

This 32 bit RJW register contains the virtual address for Parallel Port DMA transfers. 
It is implemented as a 32-bit loadable counter which points to the next byte that will 
be accessed via the Parallel Port. 

If the P ..EN_NEXT (enable next address) bit in the P _CSR is set, then a write to the 
P _ADDR register will write to the P _NEXT_ADDR register instead. IfP _EN_NEXT is 
set when the byte counter (P _BCNT) expires, and the P _NEXT_ADDR register has 
been written since the last time the byte counter expired, then the contents of 
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P _NEXT_ADDR are copied into P _ADDR. If P _EN_NEXT is set when the byte 
counter (P _BCNT) expires, but the P _NEXT.-A1JDR register has not been written 
since the last time the byte counter expired, then DMA activity is stopped and DMA 
requests from the Parallel Port will be ignored until P _NEXT_ADDR is written or 
P _EN_NEXT IS cleared. (Also, the P _DMA_ON bit will read as 0 while DMA is 
stopped because of this). When DMA is re-enabled by writing to the P _NEXT_ADDR 
register, the contents ofP _NEXT_ADDR are copied into P _ADDR before DMA activity 
actually begins. 

NOTE: A write to the P _ADDR register will invalidate the P-FIFO. A write to the 
P _NEXT_ADDR register does not have this effect. 

PP DMA Byte Count Register (P _BCNT) & NEXT Byte Count (P _NEXT _BCNT) 

Addr Bits Description Size Type 

08 23:0 PP DMA Byte Count (P _BCNT) 32 Bit RIW 

08 23:0 PP DMA NEXT Address Reg (P _NEXT_BCNT) 32 Bit W 

This register is implemented as a 24 bit down counter. When reading this register as a 
word, bits 31 :24 will read as O's. The register should be loaded with a 24 bit byte count 
which, if enabled via the P _EN_CNT bit in the P _CSR, will be decremented every 
time a byte is transferred between the DMA2 and whatever external device is 
connected to the parallel port. Transition of this register to zero, Terminal Count 
(P _TC), will generate an interrupt ifnot disabled via the P _TCI_DIS bit of the P _CSR. 

If the P _EN_NEXT bit in the P _CSR is set, then a write to the P _BCNT register will 
write to the P _NEXT_BCNT register instead. Whenever the P _NEXT_ADDR register 
is copied into the P _ADDR register, the P _NEXT_BCNT register is copied into the 
P _BCNT register at the same time. IfP _NEXT_ADDR is being copied int P .-A1JDR 
and P _NEXT_BCNT has not been written since the last time P _NEXT_BCNT was 
copied int P _BCNT, the last value that was written into P JmXT_BCNT will again be 
copied into P _BCNT. This provides a shortcut in setting up consecutive DMA 
transfers of equal size from different addresses, in that P _NEXT_BCNT only needs to 
be written once as long as P ..NEXT.-A1JDR is loaded for each successive transfer. If 
P _EN_NEXT is not set when P _BCNT expires (changes from OxOOOOOl to OXOOOOOO), 
then Parallel Port DMA activity will be stopped and the P _DMA...ON bit will read as 0 
until P _ADDR is written. If P _EN_NEXT is set, then DMA will be stopped on 
P _BCNT expiration. 

NOTE: Loading P _BCNT with 0 will allow 224 bytes to be transferred before it 
expires. 

PP Test Control/Status Register (P _TST_CSR) 
The P _TST_CSR is a 32-bit RJW register internal to DMA2 which provides testability 
functions for the parallel port interface. It is accessed as indicated in the DMA2 
Internal Registers Address Map (Table 3-1). The functionality of the P_TST_CSR is 
identical to the D_TST_CSR, except that it affects the P-FIFO instead of the D-FIFO. 

Parallel Port Control/Status Register (P _CSR) 
This register provides DMA status and control information for the Parallel Port. 
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ADDR=O, Size=32 Bits 

Bit Mnemonic Description Type 

Set when a PP DMA or PP Control 
0 P_INT_PEND interrupt is pending or when P _TC R 

set and P _TCLDIS not set. 

1 P_ERR_PEND 
Set when an interrupt is pending due R 
to an SBus error condition. 

Both bits set when the P-FIFO is 
3:2 P_DRAINING draining to memory, otherwise both R 

bits are O. 

When set, enables sb_p_irq.. to 
4 P_INT_EN become active when either P_INT_- RIW 

PEND or P _ERR_PEND are set. 

5 P _INVALIDATE 
When set, invalidates the P-FIFO. 

W 
Resets itself. Reads as O. 

Set on slave access size error to a PP 
6 P _SLAVE_ERR register. Reset by P _RESET, P _IN- RlW1* 

VALIDATE, or writing to 1. 

7 P_RESET When set, acts as a hardware reset to RIW the Parallel Port only. 

8 P_WRITE DMA Direction. 1= To memory; 
R O=From memory. 

9 P_EN_DMA When set, enables DMA transfers to! 
RIW from the PP. 

12:10 - Unused. Reads as O. R 

13 P_EN_CNT When set, enables the PP byte 
RIW counter to be decremented. 

Terminal count. Set when byte count 
14 P_TC expires. Reset on write of 1 if P _EN_- RlW1* 

NEXT=l. 

17:15 - Unused. Reads as O. R 

19:18 P _BURST_SIZE Defines sizes of SBus read and write 
RIW bursts for PP transfers. 

When set, disables draining and 
20 P_DIAG resetting of P-FIFO on loading of RIW 

P _ADDR register. 

22:21 - Unused. Reads as O. -.---

23 P_TCLDIS When set, disables P _TC from generat-
RIW ing an interrupt. 

When set, enables DMA chaining and 

24 P_EN_NEXT NEXT address/byte count auto-load 
RIW mechanism. P _EN_CNT must also be 

set. 

*RlWl bits are readable and cleared by writing to logic 1. 
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Bit Mnemonic Description Type 

DMA On. When set, indicates that 

25 P_DMA_ON DMA transfers are not disabled due R to any hardware or software condi-
tion. 

Set when the contents of the address 
26 P_A_LOADED and byte count are considered valid R 

during chained transfers. 

Set when NEXT Address and byte 
27 P_N~LOADED count registers have been written but R 

have not been used for chaining. 

31:28 P_DEV_ID Device ID=1 01 0 R 

*R/W1 bits are readable and cleared by writing to logic 1. 

The RESET state of this register is as follows: 
P _ERR_PEND=P _INT_EN=P _INVALIDATE=P _SLAVE_ERR=P .-RESET= 
P _ WRITE=P _ENJ)MA=P _EN_CNT=P _TC=P _BURST_SIZE=P _TCCDIS= 
P _EN_NEXT=P _D~ON=P _A_LOADED=P _NA_LOADED=O. 

P_INT_PEND 
Interrupt pending is the logical OR of the following enabled PP interrupt 
sources: (P _TC & !P _TCCDIS), DS_IRQ, AC~IRQ, BUSY_IRQ, 
ERR_IRQ, PE_IRQ, SLCT_IRQ. 

P_ERR_PEND 
Error pending will be set due to an SBus error acknowledge or an SBus 
late error. It indicates an SBus error condition. PP DMA is stopped 
(P _DM~ON=O) when this bit is set. This bit can be reset by setting 
P _INVALIDATE or P _RESET. 

P_DRAINING 
When P-FIFO is draining to memory, both bits are set. Do not assert 
P _RESET or P _INVALIDATE or write to the P _ADDR register when set. 
P _DRAINING bits are not valid while P _ERR_PEND is set and should be 
ignored. 

P _INVALIDATE 
Setting this bit invalidates the P-FIFO. If P _ERR_PEND = 0 when P _IN­
VALIDATE is set, all dirty data in the P-FIFO will first be drained to 
memory. If P _ERR_PEND = 1 when P _INVALIDATE is set, all dirty data 
in the P-FIFO will be discarded. In addition to invalidating the P-FIFO, 
setting this bit causes P _ERR_PEND and P _TC to be reset. If 
P _EN_NEXT = 1, P _~LOADED and P _N~LOADED will also be reset. 

P_RESET 
This bit functions as a hardware reset to the parallel port. It will remain 
active once written to one until written to zero, unless cleared by an SBus 
reset (sb_reset_ asserted). Setting P _RESET or asserting sb_reset_ will 
invalidate the P-FIFO and reset all parallel port interface state machines 
to their idle states. If P _ERR_PEND = 0 when P _RESET is set, all dirty 
data in the P-FIFO will first be drained to memory. When this occurs, 
P _RESET must not be cleared until draining is complete, as indicated by 
P _DRAINING = 00. If P _ERR_PEND=1 when P _RESET is set, no drain­
ing will take place and all dirty data in the P-FIFO will be discarded. 
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P_WRITE 
This read only bit reflects the direction for DMA transfers. It is a logical 
OR of the DIR bit of the Parallel Control Register (P _CR) and the 
MEM_CLR bit of the parallel operation control register (P _OCR). 

P_TC 
This bit will be set when the byte counter (P _BCNT) transitions to from 
Ox000001 to OxOOOOOO. This will generate an interrupt if enabled by 
P _INT_EN and not disabled by P _TCCDIS. During unchained transfers, 
P_TC causes P_DMA-ON to be reset. When P_EN_NEXT = 0, P_TC is 
cleared by P _INVALIDATE, P _RESET, or sb_reset_. When P _EN_NEXT 
= 1, P _ TC can also be cleared by writing a 1 to it. 

P _BURST_SIZE 
. This field defines the sizes of SBus read and write bursts used by the 

DMA2 for parallel port transfers. All reads from memory will be one size, 
either 4, 8, or 1 word (in 'no burst' mode). SBus writes to memory can be 
byte, half-word, word, or one of the burst sizes given in the table. The 
DMA2 will always use the largest possible size for writes, which is depen­
dent on P _BURST_SIZE and the number of bytes that need to be drained. 
Also, P_BURST_SIZE determines the draining level of the P-FIFO. When 
the P-FIFO has been filled with this amount of data, itwill always be 
drained to memory. The sizes given in the following table are in SBus 
words. 

P _BURST_SIZE Read Burst Size Write Burst Sizes P-FIFO 
Draining Level 

00 4 words 4 words 4 words 

01 8 words 4,8 words 8 words 

10 no bursts} no bursts 1 word 

11 reserved reserved reserved 

1 SBus reads are always 1 word in 'no burst' mode. 

PJ>MA_ON 
When set, indicates that DMA2 is able to respond to Parallel Port DMA 
requests. Reads as 1 when (P _A_LOADED or P _NA_LOADED) & 
P _EN_DMA & NOT(P _ERR_PEND); otherwise reads as O. 

Parallel Port FIFO (P-FIFO) Operation 
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Between the Parallel Port and the SBus interface is a 64-byte FIFO (P-FIFO). This 
FIFO is bypassed for slave accesses to the Parallel Port registers. Consistency control 
ensures that all data written by the external device gets to main memory in a 
deterministic manner, and is handled completely in hardware. One of the consistency 
control mechanisms used on transfers to memory is draining of all P-FIFO data upon 
the access of any parallel port register. The P-FIFO is implemented using the same 
logic block as the D-FIFO, and thus has identical functionality internally. Refer to the 
SCSI section for detailed descriptions of how the FIFO handles transfers to and from 
memory, invalidation conditions, and memory errors. 
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The conditions that cause data in the P-FIFO to be drained to memory are slightly 
different than those for the D-FIFO, and are as follows: 

1. 4,16, or 32 bytes (depending on P _BURST_SIZE) have been written into 
the P-FIFO. 

3. The CPU does a slave write to a Parallel Port internal register other than 
the P _TST_CSR (writing P _ADDR does not cause draining if P _DIAG is 
set). 

4. The P _RESET or P _INVALIDATE bit in the P _CSR is set. 

5. The P _ADDR register is loaded from P _NEXT_ADDR when P _DIAG is 
not set. 

None of these conditions will cause draining if P _ERR_PEND = 1, indicating that a 
memory error has occurred. If Condition 4 or 5 occurs when P _ERR_PEND = 1, the 
P-FIFO will be invalidated and all dirty data discarded. 

Bidirectional Parallel Port Interface 

Rev. 1.0 

The parallel port can operate unidirectionally or bi-directionally in either a 
programmed I/O mode or in a DMA mode. The hardware interface can be configured 
to operate with a wide range of devices through the following mechanisms: 

• Bidirectional signal configuration for the interface control signals-<iata 
strobe, acknowledge, and busy. Each control signal can be individually 
configured as a unidirectional or as a bidirectional signal. 

• Programmable pulse widths for all generated signals and programmable 
data setup time for data transfers. 

• Programmable protocol definition for all combinations of acknowledge and 
busy handshaking. 

This interface configuration capability will allow operation over a wide range of data 
transfer rates and protocol definitions. The operational modes and a description of 
each of the individual registers are presented below. 

DMAMode 

DMA mode automates the data transfer over the port as has been discussed in the 
previous sections on PP DMA. Since no software intervention is required for data 
transfer, the interface protocol and timing required must be programmed via the 
configuration registers. DMA transfers are initiated/enabled by setting the 
P _EN_DMA bit of the P _CSR. The operation of the interface is dependent on the 
direction of transfer and the protocol selected as described below. 

Unidirectional Operation (Transfers To the Peripheral Device) 
This mode of operation is the "Centronics" implementation of a unidirectional parallel 
port. Operation of the parallel port in this mode requires the direction control bit 
(DIR) of the Transfer Control Register (TCR) to be O. Timing variations are handled 
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via the DSS (data setup to data strobe) and DSW (data strobe width) bits of the 
Hardware Configuration Register. The timebase for programmability is the SBus 
clock. The DSS parameter (7 bits) can be programed from a minimum of 0 SBus clocks 
to 127 SBus clocks in steps of one SBus clock. The DSW parameter (7 bits) is also 
programmed in steps of one SBus clocks, however, when DSW=0,1,2, or 3, data strobe 
width is defined as three SBus clocks. That is, the minimum data strobe width is three 
SBus clocks. The following table shows the nominal range of programmability for 
different SBus clock speeds. 

SBU5 Clock DSS DSW 

16.67 MHz 0-7.62us 180.0 ns - 7.62 us 

20 MHz 0- 6.35 us 150.0 ns - 6.35 us 

25 MHz 0- 5.08 us 120.0 ns - 5.08 us 

The desired handshake protocol can be selected using the ACK_OP (acknowledge 
operation) and BUSY_OP (busy operation) bits of the Operations Configuration 
Register (OCR). The function of these bits is defined as follows: 

1 = Handshake complete with receipt of p_ack. 
o = p_ack is ignored. 

1 = Handshake complete with receipt of p_bsy_. 
o = p_bsy _ is not used for handshaking. 

These two bits allow selection of one of four possible protocols, however only three of 
these protocols make sense and are valid selections. The case of ACK_OP= 
BUSY_OP=1, is not supported. For all protocol selections, ifp_bsy_ is active, further 
data transfers will not occur until p_bsy _ is negated. The following table summarizes 
the protocol definitions for transfers to the peripheral device: 

BUSY_OP ACK_OP Protocol Definition 

0 0 No handshaking occurs. 

0 1 Acknowledge is required for each byte 
transferred. 

1 0 p_bsy_ is used as acknowledge and is required 
for each byte transferred. ack is ignored. 

1 1 Invalid. 

The transfer modes are shown and discussed in the following sections. 
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No Handshake (BUSY_OP=O, ACK_OP=O) 
Data transfers are controlled by the use of p_d_strb and optionally p_bsy _. There is no 
acknowledge in this mode and p_ack is a don't care. p_bsy _ is used to gate further 
transfers when the peripheral device cannot receive another byte of data. p_bsy _ is 
sampled before data strobe becomes active and after data strobe becomes inactive, to 
insure that a data transfer is not attempted while the device is busy. 

It is this mode, which provides the fastest transfer of data over the interface, the 
fastest cycle time is six SBus clocks per byte. This transfer time is arrived at as 
follows: DSS=O, DSW=3 (minimum width ofDSW is three SBus clocks), and three 
SBus clocks between consecutive data strobes. This assumes that p_bsy _ is not 
asserted during the transfer cycle. Refer to the following data transfer diagram: 

p_data (0) ===>f .. -------..Jx. ..... -----------1::: 
1 . 2 i 1 

p_d_strb (.~ 1,' E" iE)o 2 
\I _--i..! ---=DSS=....J~DSW=+\E 3 ~ :SS j;::OSW=-+lE 5 , 

1. Data Setup as defmed in the hardware configuration register. 
2. Data strobe width as defmed in the hardware configuration register. 
3. There is a three SBus clock delay from the end of data strobe to the 

next byte of data being clocked onto the p_d data bus. 
4. Acknowledge is a don't care condition for all data transfers. 
5. When p_bsy_ is active it gates further data transfers. 
6. All signal polarities shown are at the pins. Polarities on the interface cable 

should be inverted (except p_data). 

Handshake with Ack (BUSY_OP=O,ACK_OP=1) 
Data transfers are controlled by the use ofp_d_strb, p_ack, and optionally p_bsy_. 
p_ack is required for each byte transferred. If p_bsy _ is active at the end of the cycle, 
further data transfers will be gated until p_bsy_ becomes inactive. Ifp_bsy_ is not 
present then data transfers will proceed. p_bsy _ is also sampled immediately before 
p_d_strb is generated to insure that a data transfer is not attempted while the device 
is busy. Refer to the following data transfer diagram: 
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1. Data Setup as defined in the hardware configuration register. 
2. Data strobe width as defined in the hardware configuration register. 
3. Acknowledge is required for each byte transferred. 
4. When p_bsy_ is active it gates further data transfers. 
5. Ifp_bsy_ is not present, the next data byte will be gated on to the bus following 

ack (there is a minimum of three SBus clocks between the trailing edge of ack and the 
next data byte). 

6. All signal polarities shown are at the pins. Polarities on the interface cable 
should be inverted (except p_data). 

Handshake with Busy (ACK_OP=O, BUSY_OP=1) 
Data transfers are controlled by the use of p_d_strb and p_bsy _. p_ack is a don't care 
in this mode. pJ>sy_ is required as an acknowledge after p_d_strb and will gate any 
further data transfers while it is active. p_bsy_ is also sampled immediately before 
p_d_strb is generated to insure that a data transfer is not attempted while the device 
is busy. Refer to the following data transfer diagram: 

1. Data Setup as defrned in the hardware configuration register. 
2. Data strobe width as defined in the hardware configuration register. 
3. Acknowledge is a don't care condition for all data transfers. 
4. p_bsy_ is required as an acknowledge for each byte transferred. While p_bsy_ is present, 

it gates further data transfers. 
5. The next byte of data will be gated on to the bus following the trailing edge of p_bsy_ 

(there is a minimum of three SBus clocks between the trailing edge of p_bsy _ and the 
next byte of data). 

6. All signal polarities shown are at the pins. Polarities on the interface cable 
should be inverted (except p_data). 
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Bidirectional Operation 
Bidirectional data transfer over the parallel port can be accomplished by the use of 
either of two master/slave protocols. The "master write" protocol or the "master read! 
write" protocol. The IBM implementation of a bidirectional parallel port uses the 
"master write" protocol in which the master always writes data to the slave and when 
the direction of data transfer needs to be reversed, mastership is exchanged. The 
Xerox implementation uses the "master read/write" protocol where data transfer is 
performed in either direction under control of the fixed master. The parallel port will 
operate as either master or slave when configured for master write protocol, and only 
as the master when configured for the master read/write protocol. 

The selection of one of these bidirectional transfer methods is accomplished indirectly 
through the specification of the bidirectional nature of the data strobe signal. Since in 
both methods data strobe resides with the master, a bidirectional data strobe implies 
the mM "master write" scheme and fixed data strobe (output only) implies the Xerox 
"master read/write" scheme. 

The interface control signals - data strobe, acknowledge, and busy are individually 
configurable as bidirectional or unidirectional pins. The bidirectional signal 
configuration bits are located in the Operation Configuration Register. The function of 
the bits are as follows: 

ACI(.DSEL 

1 = Data strobe is bidirectional. 
Master write transfer protocol is selected. 

o = Data strobe is fixed as an output. 
Master read!write transfer protocol is selected. 

1 = p_ack is bidirectional. 

o = p_ack is fixed as an input. 

1 = p_bsy _ is bidirectional. 

o = pJ>sy _ is fIXed as an input. 

1b allow external driver/receiver connection, each of these control signals and the data 
bus has a corresponding direction control pin. The DIR bit of the Transfer Control 
Register is used to switch the direction of the data bus and the pins that have been 
configured as bidirectional. The state of the DIR bit is reflected on the p_d_dic pin for 
external transceiver control and direction control communication to the attached 
device. While DlR=O, all pins remain in their unidirectional sense which is defined to 
be consistent with the unidirectional parallel port as follows: 

Signal 1/0 Dlr_Pln State 

p_d_strb 0 p_ds_dir 1 

p_ack I p_ack_dir_ 0 

p_bsy_ I p_bsy_dir_ 0 

p_data 0 p_d_dir_ 1 
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When DIR is set to 1, the pins configured as bidirectional change direction and their 
corresponding direction control pins are set accordingly. Note that the input status 
pins (err, slct, pe) which are readable in the Input Register are not configurable. They 
are fixed as inputs. Similarly, the output pins (p_afxn, p_init, p_slct_in) of the Output 
Register are fixed as outputs. 

The transfer modes are shown and discussed in the following sections. 

Master Write Protocol, Slave Operation 
This section describes the parallel port operation as a slave when it is configured for 
master write protocol (DS_DSEL=l). Operation as a master is the same as is 
described in the Unidirectional Operation section. 

In this mode, acknowledge and/or busy can be generated in response to a data strobe. 
The width of the p_ack pulse can be defined using the DSW bits of the hardware 
configuration register. The p_bsy _ hold time and p_ack positioning after the trailing 
edge of data strobe are defined using the DSS bits. However note that in this mode, 
DSS has a tolerance of +3 to 4 SBus clocks, due to synchronization delays. The 
nominal programmability range is the same as was specified in the Unidirectional 
Operation section. 

The ACILOP and BUSY_OP bits are used to specify handshake protocol. The 
function of the bits take on a new meaning when the parallel port is a slave. 

ACILOP 1 = Generate p_ack in response to a data strobe. 

o = p_ack is not generated. p_ack is held in an inactive state. 

1 = Generate p_bsy_, as an acknowledge, in response to data 
strobe. 

o = p_bsy _ is not generated for each byte transferred, but is 
asserted as required. 

These two bits allow selection of one of four possible handshake protocols. The 
following table summarizes the protocol definitions for transfers to the parallel port 
from the peripheral device. 

BUSY_OP ACK_OP 

0 0 

0 1 

1 0 

1 1 

Protocol Definition 

No handshaking occurs. 

Acknowledge is generated for each byte transferred. 

p_bsy _ is generated as an acknowledge for each byte 
transferred. p_ack remains inactive. 

Both p_bsy _ and p_ack are generated for each byte 
transferred. 
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For all protocol selections, p_bsy _ will become active if one of the following conditions 
occur: the P _DMA_ON bit is reset indicating DMA cannot proceed; or the P-FIFO is 
unable to accept more data. Internally, p_bsy _ will always be generated for these 
conditions. However, if the p_bsy _ pin is not configured as an output it will not be 
driven and the external interface will not be able to detect the busy condition. In this 
case data could be lost. In all cases ifp_bsy_ is asserted it will have the following 
timing characteristics: 

1. When data strobe is detected, p_bsy _ will be generated within 
3 SBus clocks, if required. 

2. p_bsy_ hold time after data strobe is configurable via nss. 

The transfer modes are shown and discussed in the following sections: 

No Handshake (BUSY_OP=O, ACK_OP=O) 
No handshake signals are generated in this mode. Ifp_ack is configured as an output 
it will remain low or inactive. p_bsy _ will be generated as required to gate further 
transfers but not as a handshake signal. The operation of the interface as defined 
assumes the bidirectional sense of each signal has been configured as follows: DIR=l, 
DS_DSEL=l, ACK_DSEL=X, BUSY_DSEL=l. Ifp_ack is configured as an output it 
will remain low or inactive. The configuration of p_bsy _ as an output is suggested to 
avoid potential data loss. Reference the parallel port timing section for detailed 
timing requirements for this mode. 

Handshake with Ack (BUSY_OP=O, ACK_OP=1) 
Data transfers are acknowledged using p_ack. The position ofp_ack relative to the 
trailing edge of data strobe is set using DSS. Note that in this mode, the actual 
positioning of p_ack will be DSS plus 3 to 4 SBus clocks, due to synchronization 
delays. The width of p_ack is set using DSW. p_bsy _ will be generated as required to 
gate further transfers but not as a handshake signal. The operation of the interface as 
defined assumes the bidirectional sense of each signal has been configured as follows: 
DIR=l, DS_DSEL=l, ACILDSEL=l, BUSY_DSEL=l. The configuration of p_bsy _ as 
an output is suggested to avoid potential data loss. Refer to the following data 
transfer diagram: 
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p_data (~ ===>< _________________ --JX'-____ _ 

1 : 2 ________ ~j~c __ DSS __ ~):k=DSW~~ _________ _ 

~_;t ________________________________________________________________ . 

1. Acknowledge position relative to data strobe (DSS-Hardware configuration register). 
2. Acknowledge width (DSW-Hardware configuration register). 
3. p_bsy_will be asserted if required. 
4. All signal polarities shown are at the pins. Polarities on the interface cable 

should be inverted (except p_data). 

Handshake with Busy (BUSY _OP=1, ACK_OP=O) 
Data transfers are acknowledged using p_bsy _. p_bsy _ will be generated off of the 
leading edge of P_<Lstrb and will remain active for the period specified by DSS (plus 3 
to 4 SBus clocks) beyond the end ofp_<Lstrb. The operation of the interface as defined 
assumes the bidirectional sense of each signal has been configured as follows: DIR=l, 
DS_DSEL=l, ACKJ)SEL=X, BUSY_DSEL=l. The configuration ofp_ack as an input 
will not hinder the operation of the interface as far as handshaking is concerned. If 
p_ack is configured as an output it will remain low or inactive. Refer to the following 
data transfer diagram: 

p_dma(Q ::=)< ________________ ~><~ ____ _ 

p~j~ro------~ r--------------------~r---
p_a~(~ ~(~~~iC_~~ ____ ~r_-----------------

E OSSl )~I _____ _ p_bsy_ (0) _____ -, : 

1. p_bsy_ hold time after data strobe (DSS-Hardware configuration register). 
2. All signal polarities shown are at the pins. Polarities on the interface cable 

should be inverted (except p_data). 

Handshake with Ack and Busy (BUSY_OP=1, ACK_OP=1) 
Both p_ack and p_bsy_ are generated in response to a data strobe. p_bsy_ will be 
generated off of the leading edge of p_d_strb and will remain active for three SBus 
clocks beyond the end of p_ack. The position of p_ack relative to the trailing edge of 
data strobe is defined by DSS (again DSS has a tolerance of +3 to 4 SBus clocks). The 
width of p_ack is set using Dsw. The operation of the interface as defined assumes the 
bidirectional sense of each signal has been configured as follows: DIR=l, DS_DSEL=l, 
ACKJ)SEL=l, BUSY_DSEL=l. Reference the following data transfer diagram: 
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p_dma(~ ===:x __________________________________ -J)(~ ________ __ 

l.E o!s) 2 
p_ack (0) ____________________ ....;;..;;____'1+=" DSW ~!-~ ______________ __ 

p_bsy- (0) -------, loE 3 '" 
~-----_____ ----'I 

1. Acknowledge position relative to data strobe. (DSS-Hardware Configuration Register). 
2. Acknowledge width (DSW-Hardware configuration register). 
3. p_bsy is deasserted 3 sbus clocks following the trailing edge ofp_ack . 

. 4. All signal polarities shown are at the pins. Polarities on the interface cable 
should be inverted (except p_data). 

Master Read/Write Protocol (Xerox Mode) 
This section describes the parallel port operation while master read cycles are 
performed. Operation while master write cycles are performed is the same as is 
described in the Unidirectional Operation section. 

Data transfer for master read cycles is accomplished by the master generating a data 
strobe (request for data) with no data present on the p_data bus. The peripheral 
responds by placing data on the p_data bus and generating an p_ack which functions 
as a strobe. Only one handshake protocol is valid for master read cycles. It described 
below. 

Handshake with Ack (BUSY_OP=O, ACK_OP=1) 
Data is transferred to the parallel port by the use of p_ack. p_d_strb width is defined 
by Dsw. DSS is used to define the required interval from p_ack to the next p_d_strb. 
p_bsy _ will gate further data transfers if present. The operation of the interface as 
defined assumes the bidirectional sense of each signal has been configured as follows: 
DIR=l, DS_DSEL=O, ACKJ)SEL=O, BUSY_DSEL=O. Refer to the following data 
transfer diagram: 

1 

1. Data strobe width as defmed in the hardware configuration register. 
2. nss is used for ack to p_d_strb timing (hardware configuration register). 
3. Acknowledge is used as a strobe and is required for each byte transferred. 
4. Ifp_bsy_ is active it gates further data transfers. 
5. All signal polarities shown are at the pins. Polarities on the interface cable 

should be inverted (except p_data). 
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Programmed 1/0 Mode 

Programmed 110 mode is intended to allow the parallel port to operate primarily 
under software control. Data latching, interrupt and busy generation are performed in 
hardware as required. The following two sections describe operation for transfers to 
and from the peripheral device. 

PIO on Transfers To the Peripheral Device 
For transfers to the peripheral device, all signals are under the control of software. 
There is no hardware assist other than interrupt generation. 

PIO on Transfers From the Peripheral Device 
The two modes of bidirectional operation previously discussed are supported with 
hardware assisted data latching. The bidirectional select bits (DS_DSEL, 
ACKJ)SEL, BUSY_DSEL) should be set according to the desired configuration. The 
handshake protocol bits (ACK..OP, BUSY_OP) have no function in PIO mode. 

During operation as a slave under the master write protocol (DS_DSEL=l, DIR=l), 
data is sampled and latched once data strobe has been detected. p_bsy _ becomes 
active at the same time that data is latched and must be made inactive under 
software control. 

During operation under master read/write protocol (DS_DSEL=O, DlR=l), master 
reads are assisted by sampling and latching the data once p_ack has been detected. 
p_bsy _ is not generated in this mode. 

Bidirectional Parallel Port Registers 

The parallel port register set consists of two 16-bit configuration registers, four 8-bit 
parallel port interface registers, and one 16-bit interrupt control register. The two 16-
bit configuration registers can be accessed as individual 16 bit registers or as a word 
aligned pair. Similarly, the four 8-bit registers can be accessed as 8-bit registers, 16-
bit halfword aligned pairs, or as one 32-bit register. The Addr field of the register 
definitions corresponds to SBus physical address bits 4:0. Additionally, to access these 
registers the pa(x, y, z) physical address bits must be 101, respectively. 

Parallel Port Configuration Registers 

Hardware Configuration Register (P _HCR) 
This 16-bit read/write register is used to specify the value of the two programmable 
timers. Reset value of this register is unknown, except the TEST bit which is reset to 
aO. 

ADDR=10, Size=16 Bit 

Bit Mnemonic 

6:0 DSS 

7 -

14:8 DSW 

15 TEST 

Description Type 

Data setup before data strobe in incre-
RIW ments of 1 SBus clock. 

Unused. Reads as O. RO 

Data strobe width in increments of 1 
RIW SBus clock. 

Test bit which when set, allows the bur-
RIW ied counters to be read. 
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DSS 
Data setup to data strobe. This 7 bit quantity is used to define several different timing 
specifications for the interface. The contents of this field of the register are used to 
load a hardware timer whose timebase is the SBus clock. The programmability range 
is from a minimum of 0 SBus clocks to 127 SBus clocks. Bit 0 is the Isb and bit 6 is the 
msb. The sections on unidirectional and bidirectional transfers should be referenced 
for detailed information on the use of this timer. 

DSW 
Data strobe width. This 7 bit quantity is used to define data strobe and acknowledge 
pulse widths for the interface. The contents of this field of the register are used to load 
a hardware timer whose timebase is the SBus clock. The programmability range is 
from a minimum of 3 SBus clock to 127 SBus clocks. In the case of the value being 
0,1,2,or 3, the timer will be loaded with a value of 3. Bit 8 is the Isb and bit 14 is the 
msb. For detailed information on the use of this timer, refer to the sections on unidi­
rectional and bidirectional transfers. 

Operation Configuration Register (P _OCR) 
This 16-bit read/write register is used to specify the operation of the interface. Bidi­
rectional specification of the control signals (p_<l.strb, p_ack, p_bsyJ, handshake pro­
tocol, memory clear and diagnostic mode are defined in this register. The detailed 
function of the bits is described following the table. Reset value of this register is all 
bits 0, except DSJ)SEL & IDLE, which are reset to 1, and bit 1, which always reads 
as!. 

ADDR=12 Slze=16 Bit 

Bit Mnemonic Description Type 

0 - Reserved R/W 

1 - Reserved. Reads as 1. RO 

2 - Unused. Reads as O. RO 

3 IDLE Reads as one when the PP data transfer RO state machines are idle. 

4 - Unused. Reads as o. RO 

5 - Unused. Reads as O. RO 

6 - Unused. Reads as O. RO 

7 SRST When set, resets the parallel port. Must 
R/W be reset by software. 

8 ACK_OP Acknowledge operation. R/W 

9 BUSY_OP Busy operation. R/W 

10 EN_DIAG When set, enables diagnostic mode. R/W 

11 ACICDSEL 
Acknowledge bidirectional select. When 

R/W set, ack_ is bi-dir. 

12 BUSY_DSEL Busy bidirectional select. When set, 
R/W p_bsy_ is bi-dir. 
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Bit Mnemonic Description Type 

13 DS_DSEL Data Strobe bidirectional select. When 
RIW set, p_d_strb is bi-dir. 

14 DAT~SRC Data source for memory clear operation. RIW 

15 MEM_CLR When set, enables memory clear. RIW 

IDLE 
When this bit is set, it indicates that the parallel port data transfer state machines 
are in their idle states. The state machines should be idle when changing direction 
and/or configuring operational modes and when enabling a memory clear operation. 

SRST 
Setting this bit will place the parallel port data transfer state machines and 
programmable timers into reset. It will not reset any of the parallel port registers. 
This bit must be reset by software. 

ACK_OP 
Used to specify the handshake protocol to be used on the interface. The meaning of 
this bit differs depending on the direction of transfer. Refer to the sections on 
unidirectional and bidirectional transfers for detailed information on this bit. The 
general definition is as follows: 

BUSY_OP 

1 = Handshake using p_ack. 

o = p_ack is inactive. 

Used to specify the handshake protocol to be used on the interface. The meaning of 
this bit differs depending on the direction of transfer. Refer to the sections on 
unidirectional and bidirectional transfers for detailed information on this bit. The 
general definition is as follows: 

EN_DIAG 

1 = Handshake performed using p_bsy_. 

o = p_bsy _ is not used for handshaking. 

Setting this bit enables diagnostic mode which does three things: 

1. Bits 0-2 of the output register are gated on to bits 0-2 of the input 
register. This allows testing of the data path and the interrupt 
generation logic. 

2. The internal DS, ACK, and BUSY latch bits drive the internal DS_IRQ 
and ACK_IRQ, and BUSY_IRQ interrupt generation logic. 

3. When reading the DS, ACK, and BUSY bits of the Transfer Control 
Register, the read data comes fro~ the internal latches instead of the 
external pins. During diagnostic mode, if the DS or ACK bits are 
configured as outputs, the output pins will be gated to an inactive level. 
The BUSY- output will be driven active and the DIR output will be 
latched in its current state. 
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ACK_DSEL 
This bit is a bidirectional select for the p_ack signal. When reset, p_ack is fixed as an 
input. When set, p_ack is a bidirectional signal. The p_ack_dic pin will reflect the 
direction of p_ack. The switching of direction is controlled by the DIR bit of the 
Transfer Control Register. The function of the two pins is as follows: 

BUSY_DSEL 

DIR =0 DIR= 1 

Input 
o 

Output 
1 

This bit is a bidirectional select for the p_bsy _ signal. When reset, p_bsy _ is fixed as 
an input. When set, p_bsy _ is a bidirectional signal. The pJ>sy _dir_ pin will reflect the 
direction of p_bsy _. The switching of direction is controlled by the DIR bit of the 
Transfer Control Register. The function of the two pins is as follows: 

DIR=O DIR=1 

p_bsy 
p_bsy_dir_ 

Input 
o 

Output 
1 

DS_DSEL 
This bit is a bidirectional select for the p_d_strb signal. When reset, p_d_strb is fixed 
as an output. When set, p_d_strb is a bidirectional signal. The p_ds_dir_ pin will 
reflect the direction of p_d_strb. The switching of direction is controlled by the DIR bit 
of the Transfer Control Register. The function of the two pins is as follows: 

p_d_strb 
p_ds_dir_ 

DIR=O DIR=1 

Output 
1 

Input 
o 

This bit also defines transfer protocol as follows: 

DATA_SRC 

1 = Data strobe is bidirectional. Master write transfer protocol is 
selected. 

o = Data strobe is fIxed as an output. Master read/write transfer protocol 
is selected. 

This bit specifIes the data to be sourced during a memory clear operation. When set, 
the sourced data will be ones. When reset, the sourced data will be zeros. 

MEM_CLR 
This bit enables memory clear operation. Additionally, the DMA control registers need 
to be confIgured and DMA must be enabled. 

Parallel Port Interface Registers 

Parallel Data Register (P _DR) 
The Data Register is an 8-bit read/write port used to transfer data to and from the 
external device. In programmed I/O mode data written to this register is presented to 
the I/O pins if the DIR bit of the Transfer Control Register is o. A read of this register 
will result in the data previously written or if the DIR bit of the Transfer Control 
Register is set to 1, the latched data from the last data strobe. The data port is not 
accessible via slave write cycles during DMA (P _DMA...ON=l). Any write cycles 
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during DMA will not generate errors, the data will simply not be written. Since both 
DMA and PIO share the same data register, internalloopback is possible by running a 
single byte DMA cycle followed by a PIO cycle to verify the data. This will test both 
the DMA and slave data paths. 

The reset state of this register is undefined. 

ADDR=14, Slze=8 Bit 

Addr Bits Description Size Type 

14 7:0 Parallel Data 8 Bit RIW 

Transfer Control Register (P _ TCR) 
The Transfer Control Register is an 8-bit register whose contents definelreflect the 
state of the external interface handshake and direction control signals. The DS, ACK, 
and BUSY· bits will reflect the state of the external pins, when read. Writing these 
bits defines a value to be driven onto the external pins if the individual direction 
select bits (DS_DSEL, ACK,..DSEL, BUSY_DSEL) and the direction control bit (Dffi) 
are configured such that these pins are outputs. The write bits and read bits are 
different. That means that values typically written to these bits may not be reflected 
on a read cycle. However, by setting the EN_DIAG bit of the Operation Control 
Register, these register bits become read/write (see the EN_DIAG bit description of 
the OCR). 

ADDR=15, Size=8 Bit 

Bit Mnemonic Description Type 

0 DS Data Strobe. RIW 

1 ACK Acknowledge. RIW 

2 BUSY Busy (active low). RIW 

3 DIR Direction Control. 0= Write to external RIW Device. 1 =Read. 

4 - Unused. Reads as o. RO 

5 - Unused. Reads as O. RO 

6 - Unused. Reads as O. RO 

7 - Unused. Reads as o. RO 

DS 
Reading this bit reflects the state of the bidirectional p_d_strb pin. Writing this bit 
with DS_DSEL=O or with DS_SEL=1 and Dffi=O will cause the value written to be 
driven onto p_d_strb. The reset state of the output latch is 0, but the value read back 
from this bit after reset will reflect the input signal being driven onto p_d_strb. 

ACK 
Reading this bit reflects the state of the bidirectional p_ack pin. Writing this bit with 
ACKJ)SEL=1 will cause the value written to be driven onto p_ack ifDffi=l. The reset 
state of the output latch is 0, but the value read back from this bit after reset will 
reflect the input signal being driven onto p_ack.. 
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BUSY 
Reading this bit reflects the state of the bidirectional p_bsy_ pin. Writing this bit with 
BUSY_DSEL=l will cause the value written to be driven onto p_bsy _ if DIR=l. The 
reset state of the output latch is 0, but the value read back from this bit after reset 
will reflect the input signal being driven onto p_bsy_. 

DIR 
This bit defines and controls the direction of data transfer: O=write to external device, 
1= read from external device. It is also driven externally on the p_d_dir_ pin. Note 
that this bit also controls the direction ofDMA (except in the case of a memory clear 
operation, when the MEM_CLR bit defines DMA direction). The state of the DIR bit is 
reflected in the P _ WRITE bit of the P _CSR. Reset state of this bit is 1. 

Output Register (P _OR) 
The Output Register is an 8-bit read/write register whose contents are driven onto the 
corresponding external pins. In diagnostic mode (EN_DIAG=l), bits 0-2 are gated 
onto Input Register bits 0-2. The external outputs remain low while diagnostic mode 
is enabled. All bits are 0 after reset. 

ADDR=16, Size=8 Bit 

Bit Mnemonic Description Type 

0 SLCT_IN Select in. This bit is output on the RIW p_slcLin pin. 

1 AFXN 
Auto Feed. This bit is output on the RIW p_afxn pin. 

2 INIT Initialize. This bit is output on the RIW p_init pin. 

3 - Reserved RIW 

4 - Reserved RIW 

5 - Reserved RIW 

6 - Unused. Reads as 0 RO 

7 - Unused. Reads as 0 RO 

Input Register (P _IR) 
The Input Register is an 8-bit read/write register whose contents reflect the state of 
several external input pins and their corresponding interrupts. In diagnostic mode 
(EN_DIAG=l), bits 0-2 are driven from output register bits 0-2. 

ADDR=17, Slze=8 Bit 

Bit Mnemonic Description Type 

0 ERR 
Error input. This bit reflects the state of 

RO the err input pin. 

1 SLCT 
Select input. This bit reflects the state 

RO of the slct input pin. 

2 PE Paper empty. This bit reflects the state 
RO of the p_pe_ input pin. 

3 - Unused. Reads as 0 RO 
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Bit Mnemonic Description Type 

4 - Unused. Reads as 0 RO 

5 - Unused. Reads as 0 RO 

6 - Unused. Reads as 0 RO 

7 - Unused. Reads as 0 RO 

ERR, SLCT, PE 
These bits reflect the state of the corresponding input pins. 

Interrupt Control Register 
This 16-bit read/write register is used to specify operation of the parallel port 
interrupts. Interrupt enables, polarity, and IRQ pending bits are contained in this 
register. The detailed function of these bits is described following the table. Reset 
value of this register is all bits o. 

ADDR=18 Size=16 Bit 

Bit Mnemonic 

0 ERR_IR~EN 

1 ERR_IRP 

2 SLCT_IR~EN 

3 SLCT_IRP 

4 PE_IR~EN 

5 PE_IRP 

6 BUSY_IR~EN 

7 BUSY_IRP 

S ACK_IR~EN 

9 DS_IR~EN 

10 ERR_IRQ 

11 SLCT_IRQ 

12 PE_IRQ 

13 BUSY_IRQ 

14 AC}LIRQ 

15 DS_IRQ 

Description Type 

When set, enables ERR interrupts. RIW 

ERR interrupt polarity. l=on rising 
RIW edge, O=on trailing edge. 

When set, enables SLCT interrupts. RIW 

SLCT interrupt polarity. l=onrising 
RIW edge, O=on trailing edge. 

When set, enables PE interrupts. RJW 

PE interrupt polarity. l=on rising RJW edge, O=on trailing edge. 

When set, enables BUSY interrupts. RIW 

BUSY interrupt polarity. l=on rising 
RJW edge, O=on trailing edge. 

When set, enables ACK interrupts on 
RJW rising edge of ack. 

When set, enables DS interrupts on RJW the rising edge of ds. 

When set, error IRQ pending. RIW1 

When set, select IRQ pending. RIW1 

When set, paper empty IRQ pending. RIW1 

When set, busy IRQ pending. RlW1 

When set, acknowledge IRQ pending. RIW1 

When set, data Strobe IRQ pending. RIW1 
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*_IRQ_EN 
When set, enables interrupts on the corresponding bits of the Input and Transfer 
Control registers. Note that the interrupt enable bit of the PD_SCR must also be 
enabled to allow a hardware interrupt to be generated. 

*_IRP 
Defines the polarity of the edge triggered interrupts on the corresponding bits of the 
Input Register. O=Interrupt generated on the 1 to 0 transition of the signal. 1= 
Interrupt generated on the 0 to 1 transitions of the signal. Note that when configuring 
the interrupt polarity of a given signal, it is possible to generate a false interrupt. It is 
suggested that when the interrupt polarities are being programmed, interrupts be 
disabled and all interrupt sources be cleared upon completion of programming. 

ERR_IRQ, SLCT _IRQ, PE_IRQ, BUSY_IRQ 
When set, an interrupt is pending on the corresponding bit. The interrupt is cleared 
and the bit is reset when a one is written to the corresponding bit. Writing a 0 to these 
locations leaves the bit(s) unchanged. 

ACK_IRQ 
When set, an interrupt is pending due to the receipt of p_ack. The interrupt is set on 
the 0 to 1 transition of p_ack. This interrupt is intended to facilitate PIO transfers 
while configured as master under master write protocol. The interrupt is cleared and 
the bit is reset when a one is written to this bit. Writing a 0 to this location leaves the 
bit unchanged. 

OS_IRQ 
When set, an interrupt is pending due to the receipt of p_«t-strb. This interrupt is 
intended to facilitate PIO transfers while configured as slave under master write 
protocol. The interrupt is cleared and the bit is reset when a one is written to this bit. 
Writing a 0 to this location leaves the bit unchanged. 
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Parallel Port Interrupts 

The P _INT_PEND and P _ERR_PEND bits of the P _CSR reflect whether the PP has 
an interrupt source active or not. This will allow software to determine whether an 
interrupt is pending on the PP by performing one register read. If P _INT_PEND is 
set, then one or more of the following interrupt sources are active: 

Parallel Port Control/Status Register (P _CSR): 

• P _TC - Terminal Count. 

Par~llel Port Interrupt Control Register (P _ICR): 

• ERR_IRQ - Error 

• SLCT_IRQ - Select 

• PE_IRQ - Paper Error 

• BUSY_ffiQ - Busy 

• AC~IRQ - Acknowledge 

• DS_IRQ - Data Strobe 

If the P _ERR_PEND bit is set, the P _RESET must be toggled to reset the parallel port 
to recover from the error. 

Mode Selection 

When switching modes of operation of the parallel port, the P J>MA...ON bit should be 
o and the IDLE bit of the Transfer Control Register should be 1 before the mode is 
switched. This insures that no data transfer cycles are in progress. ''Mode Selection" 
in this context means handshake specification, control signal direction selection, 
interface direction selection via the nffi bit of the Transfer Control Register, and mem­
ory clear operations. 
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NOTE: These timing diagrams illustrate relationships between various DMA2 sig­
nals and SBus clock pulses. Also note that there are no diagrams for slave 
(register) accesses to the SCSI in "slow" mode (fastlslow_ pin = 0). For now, 
these cycles are described in terms of their corresponding "fast" cycles: 

The SCSI register write cycle in "slow" mode is the same as it is in ''fast" mode except 
that the d_cs_ pulse is extended by three SBus clocks and the d_wr_ pulse is extended 
by two SBus clocks. 

The SCSI register read cycle in "slow" mode is the same as it is in "fast" mode except 
that the d_cs_ pulse is extended by three SBus clocks and the dJd_ pulse is extended 
by three clocks. 

Note that for both of these cycles, the sb_ack(l) pulse is delayed by the same time that 
the d_rd_ or d_wr_ pulse is extended. 
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SBus DMA burst read (1 word/elk) 
(Data flows from memory to the DMA2) 

For other possible SBus cycles, see 
the SBus specification; this Is just one example. 
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1~Ons 75ns : 70 : 
min mIn fmi~ [3] 
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, , · e_read • · · · · · · • · · · • · 
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11] e_hlda_ is only asserted when the interface is not busy. 
2] e_hoke will stay asserted for burst mode accesses. e_hlda_ must follow it. 

Ethernet DMA burst read (from memory) with valid data In E-cache 
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1~Ons 
min 

250m~ 290ns 
max : max 

SBus 75ns 
min 

~d 250ns 
time : max 

I 

: 70 : :E--ml~ 
: 175ns: 
I I : max : 
: I 

[3] 

~~~I--~--~~--~--~---
: [2] 

[1] \'-_!----t----;--~~-~--
I I 
I I 
I I 

U \~ 
I 
I 
I 

addr 

[1] e_hlda_ is only asserted when the interface is not busy. 
[2] e_hold_ will stay asserted for burst mode accesses. e_hlda_ must follow it. 

Ethernet DMA burst read (from memory) with no data inE-cache 
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120ns 
min 

250ns 290ns 
max: max , , 

75ns 
min 

, 250ns 
: max , 

: 70n~: 
~min~ 
: 175ns: 
: max : , , , , 

[2] 

[1] \'-~!---_-+-______ ~ __ ~ __ 
, , , , 

~ l: ! 1, \ lL-li :' '-.--
• I " i: ': 
1 1 \, / 1 
: :: : 
, " -, " , 

--------~--~--~\~ __ ~~V 

\~--~------~-------
data 

addr 

[1] e_hlda_ is only asserted when the interface is not busy. 
[2] e_hold_ will stay asserted for burst mode accesses. e_hlda_ must follow it. 

Ethernet DMA burst write (to memory) 

NOTE: assumes a cache line is available for the ENET to write to 
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, ' , ' , ' 

1 \~--~----~------~!~---, ' , ' , , , 

\~~~ __________ ~~~v~-----+,==--

data to SCSI 

SCSI DMA read (from memory) 

[fastlslow_ pin = OV, DYASTER = "don't care", D_TWO_CYCLE = "don't care"] 

sb_clk , , , , , , , , , , , , , 
, 

\ ! 1 

, , 
1 d_req 

, , , , , , , , , , , , , , , , , , 

V 
, 

\ 
, 

\ , 
d_ack_ 

, , 
, I , , 
, , , , 

d_rd_ \ V 
d_d7:0 data from SCSI 

SCSI DMA write (to memory) 

[fastlslow_ pin = OV, D_FASTER = "don't care", D_TWO_CYCLE = "don't care"] 

Rev, 1.0 
SBus I/O Chipset Data Manual 

NCR89C100 
Page 3-65 



DMA2 DMA Core 

sb_clk 

dJeq 

d_ack_ 

d_rcC 
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J 

SCSI DMA read (from memory) with valid data in O-cache 
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SCSI DMA write (to memory) 
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\ 
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d_ack_ \ / 
I I 
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d_wr_ \ V 
I 
I 
I 

d_d7:0 data 

SCSI DMA read (from memory) with valid data in D-cache 
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I I I 

I 

J 
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d_req I 
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I 
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d_ack_ t\ V \ 
I I 

I 
I I 

I 
I I 

I 
I I 

I 

d_rd_ V \ 
d_d7:0 

SCSI DMA write (to memory) 
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sb_clk 

d_req 

d_ack_ 

d_wr_ 

d_d7:0 

sb_clk 

d_req 

d_ack_ 

d_rd_ 

d_d7:O 
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SCSI DMA read (from memory) with valid data In O-cache 
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SCSI DMA write (to memory) 
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sb_seL 
&sb_as_ 

sb_a 

d_cs_ 

d_rd_ 

d_d7:0 

sb_ack(1) 
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~----------~----~V~-------------
, 

\ 

SCSI register read (slave cycle) 

, , , 

, ' , ' 

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

[fasLslow_ pin = +5V] 

; , 
, ' 

---~\~----~--~----~~V~-+---~-------

SCSI register write (slave cycle) 

! 

I 
I 

~~------------------
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sb_clk 
I 

I I 
I I 
I I 

sb_sel_ \ V &sb_as_ 
I I 
I I 
I I 

sb_a J( ! 1 
I I 
I I 
I I 
I I 

\ 
I 
I 

Id_cs_ I 
I 
I 
i 
I 
I 

External 10 PROM read (slave cycle) 

Internal register slave access (0 & E Interfaces) 

For D_CSR, DJ\DDR, D_BCNT, D_TST_CSR, E_CSR, E_TST_CSR, E_ VLD, & E_BASE~DR. 
(See SBus Spec for timing of SBus signals not shown here.) 
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DMA2 DMA Core 

\ V,.-----
~----------!, 

I 
I 
I 

I 
I 
I 
I 
I 

LV 

Internal register slave access (P Interface) 

For P _CSR, P _ADDR, P _BCNT, P _TST_CSR, P _HCR, P _OCR, P _DR, P _TCR, P _OR, P _IR, & P _ICR 

(See SBus Spec for timing of SBus signals not shown here.) 
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Features 

Rev. 1.0 

NCR92C990 
Ethernet/IEEE 802.3 

LAN Controller 

• Register compatible with Am7990, rev. F 

• Supports the IEEE 802.3 standard for 10BASE5 type A, and 10BASE2 
typeB 

• Compatible with Am7992 Manchester EncoderlDecoder 

• Multiplexed address/data bus (l6-bit data bus and 24-bit linear address) 

• Dual 48-byte internal FIFOs (one for transmit and one for receive) 

• Data byte swapping (8086/68000 microprocessors) 

• Programmable Address Latch Enable (ALE) 

• Supports DMA bus master and slave modes 

• Transmit-/receive-based collision detection and recovery 

• Network and packet error reporting 

• Diagnostics 

• Internal/externalloopback 

• CRC 

• Time Domain Reflectometry (TDR) 

• Submicron CMOS cell-based technology 

• ASIC macrocell core for customized designs 

• Available in a 68-pin PLCC 

SBus 110 Chipset Data Manual 
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DAL_IN (15) 
DAL_IN (14) 
DAL_IN (13) 
DAL_IN (12) 
DAL_IN (11) 
DAUN (10) 
DAL_IN (9) 
DAL_IN (8) 
DAL_IN (7) 
DAL_IN (6) 
DAL_IN (5) 
DAL_IN (4) 
DAL_IN (3) 
DAL_IN (2) 
DAL_IN (1) 
DAL_IN (0) 

ADR 
CSb 
HLDAb 
TCLK 
RESETb 

RCLK_IN 
RENA_IN 
RX_IN 
CLSN_IN 

READYb_IN 
HOLDb_IN 
READ_IN 
DASb_IN 

TESTb 

TESTRb 

.c .................................................................. 
z(")C\I,...OO>CO ....... CD 
wC\lC\lC\lC\l,...,...,...,... .......................................................................... 
«I <C <C <C « <C <C <C « 

NCR92C990 

Figure 4-1 Symbol 

DAL ENb 
DAL_ouf (15) 
DAL_OUT (14) 
DAL_OUT (13) 
DAL_OUT (12) 
DAL_OUT (11) 
DAL_OUT (10) 

DAL_OUT(9) 
DAL_OUT(8) 
DAL_OUT(7) 
DAL_OUT(6) 
DAL_OUT(5) 
DAL_OUT(4) 
DAL_OUT(3) 
DAL_OUT(2) 
DAL_OUT (1) 
DAL_OUT(O) 

DA_ENb 
ALEb_OUT 

INTRb_OUT 
DAUb_OUT 

DALOb_OUT 
BMOb_OUT 
BM1b_OUT 

BM10E_ENb 

TX_OUT 
TENA_OUT 

READYb_OUT 
HOLDb_OUT 

READ_OUT 
DASb_OUT 
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Signal Name 

DASb_IN 

DASb_OUT* 

DALlb_OUT* 

DALOb_OUT* 

DAL_IN(O) 

DAL_IN(l) 

DAL_IN(2) 

DAL_IN (3) 

DAL_IN(4) 

DAL_IN (5) 

DAL_IN(6) 

DAL_IN(7) 

DAL_IN (8) 

DAL_IN (9) 

DAL_IN (10) 

DAL_IN(ll) 

DAL_IN (12) 

DAL_IN (13) 

DAL_IN (14) 

DAL_IN(15) 

DAL_OUT(O) 

DAL_OUT(1) 

DAL_OUT(2) 

DAL_OUT(3) 

DAL_OUT(4) 

DAL_OUT(5) 

DAL_OUT(6) 

DAL_OUT(7) 

DAL_OUT(8) 

·U BeB DA_Enb for Enable. 
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I 

I 
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I 

I 

° 
° 
° 
° 
° 
° 
° 
° 
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Description 

Data strobe 

Data strobe 

External bus transmission control 

External bus transmission control 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Input data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus 
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Signal Name 

DAL_OUT(9) 

DAL_OUT (10) 

DAL_OUT (11) 

DAL_OUT (12) 

DAL_OUT (13) 

DAL_OUT (14) 

DAL_OUT (15) 

DAL_ENb 

BMOb_OUT* 

BM1b_OUT 

BM10E_ENb 

INTRb_OUT 

D~ENb 

ALEb_OUT* 

READYb_IN 

READYb_OUT 

HOLDb_IN 

HOLDb_OUT 

READ_IN 

READ_OUT* 

RCL~IN 

RENA_IN 

RX_IN 

CLSN_IN 

TX_OUT 

TEN~OUT 

ADR 

CSb 

ID..DAb 

·Uses DAJ:nb for Enable. 

Type 

° 
° 
° 
° 
° 
° 
° 
° 
° 
° 
° 
° 
° 
° 
I 

° I 

° I 

° I 

I 

I 

I 

° 
° I 

I 

I 

Description 

Output data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus 

Output data bus enable 

Byte selection 

Byte selection 
(uses BM10E_ENb for enable) 

Byte selection enable 

Interrupt 

Bus control signals enable 

Address latch enable 

Ready acknowledge 

Hold request 

ReadIWrite 

Receive clock 

Receiver enable 

Receive data 

Collision 

Transmit data 

Transmitter enable 

Register address port 

Chip select 

Hold acknowledge 
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Signal Name 

TCLK 

RESETb 

A(16) 

A(17) 

A(18) 

A(19) 

A(20) 

A(21) 

A(22) 

A(23) 

A_ENb 

TBUS_ENb 

TBUS (0) 

TBUS (1) 

TBUS (2) 

TBUS (3) 

TBUS (4) 

TBUS (5) 

TBUS (6) 

TBUS (7) 

TBUS (8) 

TBUS (9) 

TBUS (10) 

TBUS (11) 

TBUS (12) 

TBUS (13) 

TBUS (14) 

TBUS (15) 

TBUS (16) 

TBUS (17) 
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Type 

I 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Description 

Transmit (system) clock 

Reset 

High order address bits 

High order address bits 

High order address bits 

High order address bits 

High order address bits 

High order address bits 

High order address bits 

High order address bits 

High order address bits enable 

Test bus enable 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 

Test bus 
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Signal Name Type 

TESTb I 

TESTRb I 

Input Signal Capacitance 

DASb_IN .035 pF 

DAL_IN (15:0) .035 pF 

READYb_In .035 pF 

HOLDb_IN .035 pF 

READb_IN .035 pF 

RCLK_IN .035 pF 

RENA_IN .035 pF 

RJLIN .035 pF 

CLSN_IN .035 pF 

ADR .035 pF 

CSb .035 pF 

HLDAb .035 pF 

TCLK .035 pF 

RESETb .035 pF 

TESTb .035 pF 

TESTRb .035 pF 

Description 

Test enable (active low) 

Test enable (active low) 

Output Signal Drive Capability 

DASb_OUT HBUF 

DAL_OUT (15:0) HBUF 

DAL_ENb HBUF 

READYb_OUT HBUF 

HOLDb_OUT HBUF 

READb_OUT HBUF 

DALlb_OUT HBUF 

DALOb_OUT HBUF 

INTRb_OUT HBUF 

BM1b_OUT HBUF 

BMOb_OUT HBUF 

BM10E_ENb HBUF 

DA..ENb HBUF 

ALEb_OUT HBUF 

TICOUT HBUF 

TENA_OUT HBUF 

A (23:16) HBUF 

A_ENb HBUF 

TBUS (17:0) HBUF 

TBUS_ENb HBUF 
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Description 
The NCR92C990 is a Local Area Network (LAN) controller that supports IEEE 
802.310BASE5 type A and 10BASE-T type B applications. The NCR92C990 pro­
vides a I6-bit interface for use in LAN adapter architectures and system buses. 
The NCR92C990 is suitable in both low-cost slave architectures and shared mem­
ory applications. The NCR92C990 controls the network parameters of an IEEE 
802.3 network and supports network management with network counters and sta­
tus reports. 

Designed with NCR's cell-based technology, the NCR92C990's compatibility sig­
nificantly reduces the difficulty in interfacing a microcomputer or minicomputer to 
an IEEE 802.3 Ethernet LAN. DMA and slave modes facilitate addressing to 24 
bits .. Bus master and slave modes are supported. The NCR92C990 has two inde­
pendent, 48-byte FIFOs (one for transmit and one for receive). Network diagnos­
tics and CRC error reporting are also supported. 

NCR offers EtherCore products that are sold as standard products for quick time­
to-market designs. This family of EtherCore products is developed and supported 
by NCR's ASIC design tools. This allows designers to maintain control of cost! 
performance objectives and eliminate standard products that restrict design 
flexibility. 

Macrocell Pin Descriptions 

Rev. 1.0 

A(23:16) - High-Order Address Bits. 
During the bus master address segment of a memory transfer, these out­
puts contain the most significant eight bits of the 24-bit address. A_ENb 
is the enable for A(23:16). 

ADR - Register Address Port Select. 
This input selects which internal register is in use during a slave mode 
access. If ADR = 1, the register address port is selected. If ADR = 0, the 
register data port is selected. 

ALEb_OUT - Address Latch Enable/Address Strobe. 
This output demultiplexes the address bus. ALE is programmed through 
the ACON bit of Control/Status Register 3. 

BMOb_OUT and Bmlb_OUT - Byte Selection 

BMO_OUT BM1b_OUT Mode 

0 0 16-bit word 

0 1 upper byte 

1 0 lower byte 

1 1 not used 

CSb - Chip Select. 
To select the NCR92C990 for slave access, drive this input low. CSb must 
remain active throughout the complete cycle. 

SBus liD Chipset Data Manual 
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CLSN_IN - Collision. 
This input from the Manchester Encoder/ Decoder (MENDEC) indicates a 
collision was detected. 

DAL_OUT(15:0) - DAL_IN(15:0) - Address/Data Line. 
During the address segment of a memory transfer, this split bus contains 
the lower 16 bits of memory address. During data read/write segments, 
this split bus contains 16 bits of data. DAL_ENb is the enable for 
DAL_OUT(15:0). 

DALIb_OUT - External data bus transceiver control. 
This output is active in bus master mode only. It is asserted when 
DAL_OUT(15:0) is driven. DALIb_OUT = 1 during a write cycle. 
DALIb_OUT = 0 during the DATA segment of a read cycle. 

DALOb_OUT - External data bus transceiver control. 
This output is active in bus master mode only. It is asserted when 
DAL_OUT(15:0) is driven. DALOb_OUT = 0 during a write cycle and the 
ADDRESS segment of a read cycle. 

DASb_OUT - Data Strobe. 
This output identifies the data segment of the bus cycle. DASb_OUT = 0 
during the WRITE data segment of the bus master transfer. 
DASb_OUT = 1 during the address segment of the bus master transfer. A 
low-to-high transition is used to latch WRITE data for a slave cycle. 

DASb_IN - Data Strobe. 
This input identifies the data segment of the bus cycle. DASb_IN = 0 dur­
ing the READ data segment of the bus master transfer. DASb_IN = 1 dur­
ing the address segment of the bus master transfer. A low-to-high 
transition is used to latch data READ. 

HLDAb - Hold Acknowledge. 
When this input, HLDAb = 0, in response to an assertion ofHOLDb_IN, 
the NCR92C990 is the bus master. The controller waits for HLDAb to go 
high before reasserting HOLDb_OUT = O. 

HOLDb_OUT - Hold Request. 
The NCR92C990 asserts this active low output during memory accesses. 
It stays = 0 for the entire burst. This pin is programmable through bit 0 
of Control/Status Register 3. 

HOLDb_IN - Hold Request Sense. 
The NCR92C990 looks at HOLDb_IN input to sense the HOLDb condi­
tion. If HOLDb_IN = 1 the NCR92C990 can drive HOLDb_OUT = 0 to 
request the bus. 

INTRb_OUT - Interrupt. 
This active low output activates when any interrupts are generated 
according to the flags set in Control/Status Register o. INTRb_OUT is 
disabled through bit 6 of Control/Status Register O. (In which case 
INTRb_OUT will remain high.) 

Rev. 1.0 
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RCLK_IN - Receive Clock. 
This input is the 10 MHz receive clock from the MENDEC. 

READ_IN - Read Data In. 
This input is used to define the read/write operation. For a slave cycle 
READ_IN = 0 to output data (write). READ_IN = 1 to input data (read). 

Cycle READ_IN Type 

0 
Slave 

Data output 

1 Data input 

READ_OUT - Read Data Out. 
This output is used to define the read/write operation. For a master cycle 
READ_OUT = 1 to input data (read), READ_OUT = 0 to output data 
(write). 

Cycle READ_OUT Type 

1 
Bus Master 

Data output 

0 Data input 

READYb_IN - Ready (Master mode). 
This active low input in a bus master mode is used to provide an asyn­
chronous acknowledgment that a transfer can be performed. The 
READ_OUT signal determines whether a read or write transfer is taking 
place. 

READYb_OUT - Ready (Slave mode). 
Asserted active low output is generated in response to DASb_IN for a 
Slave read or write. The READ_IN signal determines whether a read or 
write transfer is taking place. 

RENA_IN - Receive Enable. 
This buffered input from the MENDEC signifies a carrier present. 

RESETb - Reset. 
This active low buffered input is a system reset for the NCR92C990 
macrocell. 

RX..IN - Receive Data. 
This is the buffered receive data input from the MENDEC data output. 

TBUS(17:0) - Test Bus Outputs. 
These outputs are used for testing and are always driven. 

TCLK - Transmit Clock. 
This buffered input is the system clock from the MENDEC. 

TENA_OUT - Transmitter Enable. 
This is an output to the MENDEC to enable the MENDEC transmitter. 

SBus 110 Chipset Data Manual . 
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TESTb - Test Mode Enable. 
This active low input is driven low to enable the NCR92C990 internal 
test features. TESTb should be driven high for normal operation. 

TESTRb - Test Mode Enable. 
This active low input is driven low to enable the NCR92C990 internal 
test features. TESTRb should be driven high for normal operation. 

TX_OUT - Transmit Data. 
This output is the transmit data to the MENDEC. 

Functional Description 

NCR89C100 
Page 4-10 

Bus Interface 

The NCR92C990 is designed to be compatible with a variety of microprocessors. 
Internal logic for byte swapping enables different bus organizations to be sup­
ported. The programmable Address Latch Enable (ALE) output supports inter­
faces with different microprocessors and it is register programmable. The bus 
master mode supports 24-bit DMA with addressing and 16-bit programmable data 
byte addressing. 

Bus Master Mode 
Data is transferred to and from the NCR92C990 through DMA transfers. The data 
transfers are timed by using ALEb_OUT, DASb_IN, DASb_OUT, READYb_IN and 
READYb_OUT. 

Slave Mode 
The slave mode is active when the host asserts the CSb input and initiates a read 
or write to a register or to the register address port. 

Rev. 1.0 
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Figure 4·2 Macrocell Functional Block Diagram 
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LAN Interface 
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The NCR92C990 supports error reporting for diagnostics, addressing, collision, 
babbling transmitter (jabbering), packet framing, overflow and underflow. 

Diagnostic Modes 

Internal and externalloopback modes are supported by the NCR92C990; they are 
configured through the internal registers. 

Addressing Modes 

Physical, logical and promiscuous modes are supported. 

Physical 
Packets can be received that have the full 48-bit destination address matching the 
physical address that is programmed into the NCR92C990 during initialization. 

SBus I/O Chipset Data Manual 
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Logical 
Packets can be received only if the destination address matches one of 64 logical 
addresses programmed in the logical address filter at initialization. 

Promiscuous 
A promiscuous mode allows reception of all packets. All incoming, error-free pack­
ets are accepted and stored in the buffer memory regardless of destination address 
or length. 

Collision Detection 
The NCR92C990 supports collision detection and recovery for both transmit and 
receive functions. 

Transmitting 
Upon a collision during transmit, the NCR92C990 will jam with 1 bit for 32 bit­
times and then back off for a multiple number of slot-times. A slot-time is equal to 
512 bit-times @ 10 MHz/100 ns periods. The delay for the next transmission is cho­
sen from a uniformly distributed random integer in the range of 1 to 2k where 
k=1,2,3, ... n. Collisions during preamble, destination or source address fields, data 
fields, and CRC are handled in the same manner. 

Receiving 
Upon a collision during receive, the packet reception terminates immediately. A 
collision that occurs before the 64-byte interval results in a runt packet. A collision 
that occurs after the 64-byte interval causes a truncated packet that is transferred 
to memory. A CRC error is reported in this case. 

Descriptor Ring Management 
Buffer management for the NCR92C990 is handled by a recurrent list of assign­
ments in memory called descriptor rings. There are separate descriptor rings for 
both transmit and receive. The NCR92C990 searches the descriptor rings to deter­
mine the next empty buffer. Mer an empty buffer is filled, the OWN bit is set in 
that descriptor ring. When a descriptor ring has its OWN bit set, the NCR92C990 
starts a DMA transfer using the descriptor ring buffer pointer which points to the 
data memory buffer. 

Internal Registers 

NCR89C100 
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Initialization Block 

The NCR92C990 reads a data structure in memory to initialize pointers to mem­
ory transmit and receive buffers. This sets the mode of operation, and reads the 
logical address filter programming as well as the controllers physical address on 
the network. The initialization data structure contains the following: 

• 
• 
• 
• 
• 

Mode register 
Physical address 
Logical address filter 
Receive ring address pointer and length 
Transmit ring address pointer and length 

Rev. 1.0 
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Mode Register 

15 6 

PRO ILB 

Bits Name 

0 DRX 

1 DTX 

2 LBK 

3 DTC 

4 COL 

5 DRY 

Rev. 1.0 
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5 4 321 o 
DRY COL DTC LBK DTX DRX 

Description 

Disable Receiver. When this bit is set, the NCR92C990 
rejects all incoming packets because the receive descriptor 
ring is not accessed. DRX = 1 will clear the RON bit in Con-
trol/Status Register 0 when initialization is done. 

Disable Transmitter. When this bit is set, the NCR92C990 
does not access the transmit descriptor ring so no transmis-
sions are attempted. DTX = 1 will clear the TON bit in Con-
trol/Status Register 0 when initialization is done. 

Loopback. Loopback allows the NCR92C990 to transmit a 
packet addressed to itself which can be used to test the LAN 
interface at various levels. The packet size is limited to 8-32 
bytes with 4 bytes allowed for CRC when DTC = O. Runt 
packet detection is disabled. TBK = 1 allows concurrent 
transmit and receive for a packet length constrained to fit in 
the SILO. Transmission will begin when the entire packet is 
in the SILO. The entire received packet will be written to 
memory only after reception is complete. Transmit data 
chaining is not allowed in LBK mode. Receive data chaining 
is allowed if the receive packet length does not exceed 32 
bytes. 

Disable Transmit CRC. When DTC = 0, the transmitter gen-
erates and appends CRC to the transmitted packet. When 
DTC = 1, no CRC is appended to the packet. During LBK 
mode, DTC = 1 will cause CRC to be appended to the trans-
mitted packet. Receive CRC will be checked by the 
NCR92C990 and written into memory. DTC = 1 disables CRC 
append during transmit. The host must append the CRC to 
the transmit packet in this case. Receive CRC will be 
checked. 

Force Collision. This bit allows testing of the collision logic. 
The NCR92C990 must be in internalloopback mode for COL 
to be valid. If COL = 1, a collision will be forced during the 
next transmit and can result in 16 transmission retries. 
Transmit Descriptor 3 RTY will be set = 1 in this case. 

Disable Retry. When DRY = 1, the NCR92C990 attempts to 
transmit a packet only once. If there is a collision on this first 
attempt, a retry error is reported. In Transmit Descriptor 3, 
RTY = 1. 

NCR89C100 
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Bits Name Description 

Internal Loopback. This is set with the LBK bit to determine 
where the loopback function is done. The NCR92C990 does 
not receive any external packets when it is in internal loop-

6 ILB back mode. The packet size is limited to 8-32 bytes. Extend 
packet reception is disabled. Muticast addressing in External 
Loopback (LBK) is valid only when DTC = 1. Received pack-
ets will be accepted from the network. ILB is valid only when 
LBK= 1. 

LBK ILB Loopback Mode 

0 X Normal Mode 

1 0 External Loopback 

1 1 Internal Loopback 

Bits Name Description 

14-7 res Reserved. 

15 PRO Promiscuous mode. When PRO = 1, all incoming packets are 
accepted. 

Physical Address (PADR) 

The physical address is the unique 48-bit physical address assigned to the 
NCR92C990. PADR (0) must = O. 

Logical Address Filter (LADR) 

The logical address filter is a 64-bit mask used by the NCR92C990 to accept logical 
addresses. It is composed offour 16-bit registers. The logical address filter is a 64-
bit mask used to qualify incoming packets. After the 48 bits of the destination 
address have gone through the LADR CRC circuit, the high order 6 bits of the 32-
bit LADR CRC value are set to select 1 of 64 bit positions in the Logical Address 
filter. If a bit position in the logical address filter = 1, the packet will be accepted. 
Broadcast addresses (all ones) pass transparently through the logical address fil­
ter. If the logical address filter (LADR) = 0, all packets are rejected except Broad­
cast packets. 

Receive Ring Pointer 

31·29 28-24 23·3 

RRL res RRA 

2 

zero 

1 o 
zero zero 
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Bits Name Description 

2-0 zero These bits must be zero. Receive Ring Pointers are quad 
word boundary aligned. 

23-3 RRA 
Receive Ring Address. These bits are the lowest address 
bits of the receive ring. 

28-24 res These bits are reserved for internal use. 

31-29 RRL Receive Ring Length. This is the number of entries in the 
receive ring expressed as a power of two. 

RRL Number of Entries 

0 1 

1 2 
2 4 

3 8 
4 16 

5 32 

6 64 

7 128 

Transmit Ring Pointer 

Bits Name 

2-0 zero 

23-3 TRA 

28-24 res 

31-29 TRL 

Rev. 1.0 
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31-29 28-24 23-3 2 1 o 
TRL res TRA zero zero zero 

Description 

These bits must be zero. Transmit Rings are aligned with 
quad word boundaries. 

Transmit Ring Address. These bits are the lowest address 
bits of the transmit ring. 

These bits are reserved for internal use. 

Transmit Ring Length. This is the number of entries in the 
transmit ring expressed as a power of two. 

TRL Number of Entries 

0 1 

1 2 
2 4 

NCR89C100 
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TRL Number of Entries 

3 8 
4 16 
5 32 
6 64 
7 128 

Control/Status Registers 

NCR89C100 
Page 4-16 

The Control/Status registers are accessed through the register address port and 
the register data port. The status register being accessed is determined by the 
value of the ADR input. When ADR = 0, the register data port is selected and when 
ADR = 1, the register address port is selected. 

The address of the Control/Status register to be accessed is written to the register 
address port. All subsequent reads and writes to the data port have the same data 
read/written to the selected Control/Status register. 

Register Address Port 

15 2 1 0 

res I CIS REG1 I CIS REGO I 

Bits Name Description 

Control/Status Register Select. The Register Address Port is 

1-0 CIS READIWRITE and selects the Control/Status Register to be 
accessed through the Register Data Port. RESETb clears the 
Register Address Port. 

15-2 res Reserved. Read as O. 

Bit 1 Bit 0 Register 

0 0 Control/Status Register 0 
0 1 Control/Status Register 1 
1 0 Control/Status Register 2 
1 1 Control/Status Register 3 

Register Data Port 

15 

DATA 

o 

Rev. 1.0 
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Bits Name Description 

Data written to the Register Data Port is actually written to 

15-0 DATA 
the ControVStatus Register selected by the Register Address 
Port. The ControVStatus Registers 1, 2 and 3 are only accessi-
ble when the stop bit is set in Control IStatus Register O. 

Control Status Register 0 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I ERR I BAB I CE I MISS I ME I RINT I TINT I IFIN lINT I lEN I RON I TON I TD I STP I STR I INIT I 

Bits Name 

0 INIT 

1 STR 

2 STP 

3 TD 

4 TON 

5 RON 

Rev. 1.0 
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Description 

Initialize. This bit causes the NCR92C990 to start the initial-
ization procedure and access the initialization block. Set the 
STP bit prior to setting INIT. INIT clears the STP bit. INIT 
is Read/Write with a 1 only. Writing zero bits into INIT has 
no effect. INIT is cleared by chip reset on setting STP. 

Start. Start enables the NCR92C990 to send and receive 
packets, access memory, and perform management tasks. Set 
the STP bit prior to setting STR. INIT clears the STR bit. 
Wait until INFIN = 1 to set STR. STR is Read/Write with a 1 
only. STR is cleared by reset. 

Stop. STP disables the NCR92C990 from all external activity 
when set and clears the internal logic. STP is the same as 
RESETb. STP stays set until STR or INIT is set. STP is 
ReadlWrite with a 1 only. STP is set by RESETb. STP is 
cleared by INIT or STR. 

Transmit Demand. This bit causes the NCR92C990 to access 
the Transmit Ring Pointer register without waiting for a 
time interval. TD is write with 1 only. TD is cleared by 
RESETb or by STP = 1. 

Transmitter On. This bit shows that the transmitter is 
enabled. TON is cleared by RESETb or by setting STP. TON 
is set = 1 when STR = 1 and DTX = 0 in the Mode Register, 
for example, initialization block has been read. TON is Read 
only. TON is cleared by RESETb or STP = 1. 

Receiver On. This bit shows that the receiver is enabled. 
RON is cleared by RESETb or by setting STP. RON is set = 1 
when STR = 1 and DRX = 0 in the Mode Register, for exam-
pIe, initialization block has been read. RON is cleared by 
Minor Error (ME), or, ifIFIN = 1 from setting INIT=l and 
DRX = 1 in the Mode Register. RON is Read only and is 
cleared by RESETb or STP = 1. 

NCR89C100 
Page 4-17 



NCR92C990 EthemetAEEE 802.3 LAN Controller 

NCR89C100 
Page 4-18 

Bits 

6 

7 

8 

9 

10 

11 

12 

13 

Name 

lEN 

INT 

IFIN 

TINT 

RINT 

ME 

MISS 

SQE 

Description 

Interrupt Enable. lEN allows the INT bit to go low. lEN can-
not be set while STP is set, but it can be set in parallel or 
afterwards. IfIEN = 1 and INT = 1, the INTRb_OUT pin will 
= O. Otherwise INTRb_OUT = 1. lEN is Read/Write and is 
cleared by RESETb or STP = 1. 

Interrupt. INT is set by anyone of the following bits being 
set: BAB, MISS, ME, RINT, TINT, and IFIN. INT is Read 
only and is cleared by RESETb or by clearing the interrupt 
cause. 

Initialization Finished. This bit indicates that the 
NCR92C990 has finished the initialization procedure started 
by the INIT bit. All new parameters in the initialization 
block are now stored. When IFIN = 1, an interrupt is gener-
ated if lEN = 1. IFIN is Read/Clear and is cleared by writing 
a 1 to IFIN. RESETb and STP = 1 clear IF IN. 

Transmitter Interrupt. This bit is set when the NCR92C990 
updates an entry in the transmit ring description for the last 
buffer sent or when transmit is stopped due to an error. 
When TINT = 1, an interrupt is generated if lEN = 1. 

Receiver Interrupt. This bit is set when the NCR92C990 
updates an entry in the receive ring description for the last 
buffer received or if a receive is stopped due to an error. 
When RINT = 1, an interrupt is generated if lEN = 1. 

Memory Error. This bit is set when the NCR92C990 is in bus 
master mode and has not received a signal from READYb_IN 
after asserting the address on DAL_OUT(15:0). READYb_IN 
must be received within 102.4 microseconds after asserting 
DAL_OUT(15:0). The Receiver and Transmitter are turned 
off if ME = 1, and if lEN = 1 an interrupt is generated. ME is 
Read/Clear by writing a 1 to ME. RESETb or STP = 1 clear 
ME. 

Missed Packet. This bit is set when the receiver loses a 
packet of data because it does not own any receive buffer. An 
interrupt is generated if lEN = 1. If MISS = 1 and lEN = 1, 
an interrupt is generated. MISS is Read/Clear by writing a 1 
to MISS. RESETb on STP = 1 clears MISS. 

Signal Quality Error test. This bit is set when the SQE test 
that follows every packet transmission fails. This indicates 
that the collision detection circuitry in the transceiver may 
be faulty. Packets still transmit, but should be retransmitted 
because they may have collided without the collision being 
detected. SQE = 1 means that on transmission the CLSN pin 
started to activate within 2.2 microseconds after the fall of 
RENA. 
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Bits Name Description 

Babble. This bit shows a transmitter time-out error. It indi-
cates that the transmitter has been on the channel longer 

14 BAB 
than the time required to send the maximum length packet. 
BAB will be set after 1519 bytes have been transmitted. If 
lEN = 1, an interrupt will be generated. BAB is Read/Clear 
by writing a 1 to BAB. BAB is cleared by RESETb or STP = 1. 

Error. ERR is set by anyone of the following bits being set: 

15 ERR 
BAB, SQE, MISS, and ME. ERR stays set while any of these 
errors are true. ERR is cleared by RESETb' by setting STP, 
or by clearing the individual error. ERR is Read only. 

ControllStatus Register 1 

Accessible only when STP = 1 and RAP = 1. Contents are best after STP =1. 

15 1 o 

Bits Name Description 

0 zero This bit must be set to zero. 

15-1 DAL 
These 15 bits, along with bit 0 , are the low order 16 bits of 
the initialization block address. 

ControllStatus Register 2 

Accessible only when STP = 1 and RAP = 2. Contents are best after STP = 1. 

15 8 7 o 

res A(23:16) 

Bits Name Description 

7-0 A(23:16) This represents the high order 8 bits of the initialization 
block address. 

15-8 res Reserved. 

ControllStatus Register 3 

Accessible only when STP = 1 and RAP = 3. Contents are lost after 
STP = 1. CSRa is cleared by RESETb or STP = 1. 
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Bits 

0 

Bits 

1 

Bits 

2 

8-3 

11-9 

14-12 

15 14 12 11 9 8 3 210 

I IPGS I ~TX I ~GTX I res I SWAP lACON I BCON I 

Name 

BCON 

BCON 

0 

1 

Name 

ACON 

Name 

SWAP 

res 

TX-TX 
IPG 

RX-TX 
IPG 

Description 

Byte Control. BCON redefines HOLDb_OUT, BMOb_OUT, 
and BM1b_OUT as shown below. BCON is ReadlWrite. 
RESETb or STP = 1 clears BCON. 

Pin 17 Pin 16 Pin 15 

HOLDb_OUT BM1b_OUT BMOb_OUT 

BURSRQb_OUT BUSAKOb_OUT BYTE 

Description 

ALE State Control. This bit defines the assertive state of 
ALEb_OUT when the NCR92C990 is in bus master mode. 
ACON is ReadlWrite. RESETb or STP= 1 clears ACON. 

ACON ALEb_OUT 

0 Asserted High 
1 Asserted Low 

Description 

Byte Swap. This bit allows the NCR92C990 to operate in sys-
tems that require bit 15:8 to be pointed to an even address and 
bits 7:0 to be pointed to an odd address. SWAP = 1 allows the 
NCR92C990 to swap the mILO bytes on DMA transfers. Ring 
entries, lNIT Block data is not swapped. SWAP is ReadIWrite 
and cleared by RESETb or STP = 1. 

Reserved. Read as O. 

Programmable TX IPG. Transmit IPG range with Control/Sta-
tus Register 3 (bit 15) = 1. 

Programmable RX IPG. 
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Bits Name Description 

IPG Range Select with CSR3(15) = 0 the default settings for 
TX-TX IPG and RX-TX IPG are selected. This is the normal 

15 IPGS 
power-up mode for the macrocell.IfCSR3(15) = 1 then the con-
tents of CSR3(14-7) select the programmable IPG values 
according to the tables shown. CSR3(15-3) are WritelRead but 
CSR(15-3) are read as O. 

TX IPG Range 

With CSR3(15) = 1 

Bit 11 Bit 10 Bit 9 TX IPG Range 

0 0 0 9.6 - 10.4l1s 

0 0 1 11.2 - 12.011s 

0 1 0 12.8 - 13.611S 

0 1 1 14.4 - 15.211S 
1 0 0 16.0 - 16.811S 
1 0 1 17.6 - 18.4l1s 
1 1 0 19.2 - 20.011s 
1 1 1 20.8 - 21.611s 

With CSR3(16) = 0, the TX -TX IPG Range = 9.6 - 10.2118. 

TX-TX is defined as any transmission initiated by this node that follows either 
another transmission from this node, or any number of receive packets not 
addressed to this node, which followed a transmission from this node. The previ­
ous transmission need not have been successful. 

Example: 
TX - collided and backed off or was successful 
RX - no address match 
RX - no address match TX 
TX - follows 
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NCR92C990 behavior: 
For TX-TX., the NCR92C990 begins the IPG count as soon as RENA_IN falls after 
the previous transmission or receive packet that was not received. Once the IPG 
count begins, it will ignore any reassertions of RENA_IN. After the IPG expires, if 
there is at least one byte of TX. data in the FIFO, the NCR92C990 will begin to 
transmit. If the FIFO is empty, the NCR92C990 will continue to defer until the 
FIFO has at least one byte and then immediately begins to transmit. If between 
the time the IPG expires and the FIFO obtains one byte RENA_IN is asserted, the 
NCR92C990 will reset the IPG counter and wait until RENA_IN again falls. Once 
RENA_IN falls the IPG counter will again begin to count and the cycle is repeated. 

RX IPG Range 

Receive followed by transmit IPG range. 
With Control/Status register 3(15) = 1 

Bit 14 Bit 13 Bit 12 RX IPG Range 

0 0 0 9.6 - 10.4JLs 
0 0 1 11.2 - 12.0JLs 

0 1 0 12.8 - 13.6JLs 
0 1 1 14.4 - 15.2JLs 
1 0 0 16.0 - 16.8JLs 
1 0 1 17.6 - 18.4JLs 
1 1 0 19.2 - 20.0JLs 
1 1 1 20.8 - 21.6JLs 

WIth CRS3(16) = 0, the RX-TX IPG Range = 19.2 - 20.0JL8. 

RX-RX is defined as any transmission initiated by this node when the last transac­
tion processed by this node was any reception with a matching address whether it 
was a runt, missed packet, or a successful reception. 

Example: 
RX - addressed to this node (missed, runt or received) 
RX - not address match TX 
TX. - follows 

NCR92C990 behavior: 
For RX-TX. the IPG count begins as soon as RENA_IN falls for the previous receive 
(whether it was addressed to this node or not). If RENA_IN becomes reasserted 
during the first 3.2JLs of the IPG (minus synchronization delay), the IPG counter 
will be reset and wait until RENA-IN falls again to resume counting. Once the 
IPG count expires and the FIFO contains at least one byte, transmission will 
begin. If RENA-IN becomes reasserted after the first 3.2JLs of the lPG, the IPG 
counter will not be reset. Once the IPG counter expires and the FIFO contains at 
least one byte of TX data, transmission will begin. The FIFO cannot obtain 1 byte 
of data until RENA_IN falls or the packet is not addressed to this node and the 
NCR92C990 polls and begins to burst data. If between the time that the IPG 
expires and the FIFO contains at least 1 byte of data, RENA..IN is asserted, the 
IPG counter is reset, and waits until RENA_IN falls again. Once RENA-IN falls 
the IPG counter will again begin to count and the cycle is repeated. 

Rev. 1.0 
SBus 110 Chipset Data Manual 



NCR92C990 EthernetllEEE 802.3 LAN Controller 

Buffer Management 

Receive Descriptor 0 

15 o 
LAD 

Bits Name Description 

Low-order Address. These are the lowest 16 address bits of 
15-0 LAD the buffer to which this descriptor points. They are written by 

the host. 

Receive Descriptor 1 

15 14 13 12 11 10 9 8 7 o 
HAD 

Bits Name Description 

High-order Address bits. These are the upper 8 address bits 
7-0 HAD of the buffer to which this descriptor points. They are written 

by the host. The NCR92C990 does not change these bits. 

End of Packet. This is the last buffer used by the NCR92C990 
8 EOP for this packet. IF SOP = 1 and EOP = 1, the packet fits into 

one simple buffer. 

Start of Packet. This is the first buffer used by the 
9 SOP NCR92C990 for this packet. IfEOP and SOP are both set, the 

packet fits into one buffer. 

Buffer Error. This bit is set when the NCR92C990 does not 

10 BUF own the next buffer while receiving a packet. If a buffer error 
occurs, an OFL error may also occur but it is not reported 
unless both BUF and OFL occur at the same time. 

Cyclic Redundancy Check. This occurs when the receiver 
11 CRC detects a CRC error on the incoming packet. CRC is valid only 

when EOP is set and OFL is not set. 

Receiver Overflow. This error indicates that the receiver has 

12 OFL lost all or part of the incoming packet data because the tem-
porary buffer overflowed. OFL is valid only when EOP is not 
set. 

Rev. 1.0 
SBus //0 Chipset Data Manual· 

NCR89C100 
Page 4-23 



NCR92C990 EthernetllEEE 802.3 LAN Controller 

NCR89C100 
Page 4-24 

Bits Name Description 

Frame Error. This bit shows that the incoming packet con-
tained a noninteger multiple of eight bits. FRA is not valid in 

13 FRA internalloopback mode. FRA is valid only when EOP is set 
and OFL is not set. FRA should be ignored if no CRC error is 
reported. 

14 ERR Error. This bit is set when at least one of the following bits is 
set: FRA, OFL, CRC, or BUF. 

This bit shows ownership of the decriptor entry. If OWN = 0, 
the host owns this entry. If OWN = 1, the NCR92C990 owns 
this entry. The host sets this bit after emptying the buffer to 

15 OWN which this descriptor points. The NCR92C990 clears this bit 
after filling the buffer. If the host for the NCR92C990 has set 
this bit, for example, a buffer has been given over, the 
descriptor entries must not be changed. 

Receive Descriptor 2 

15 14 13 12 11 o 
1 1 1 1 BBL 

Bits Name Description 

Buffer Byte Length. This represents the length of the buffer 

11-0 BBL to which this descriptor points. This number is expressed as a 
two's complement. BBL is written by the host. The 
NCR92C990 does not change BBL in any way. 

15-12 1 These bits must be ones. This field is written by the host. The 
NCR92C990 does not change these bits. 

Receive Descriptor 3 

15 

res 

Bits Name 

11-0 MBL 

15-12 res 

12 11 o 
MBL 

Description 

Message Byte Length. This represents the length of the 
received message in bytes. MBL is valid only when ERR is 
clear and EOP is set. MBL is written by the NCR92C990 and 
cleared by the host. 

Reserved. These bits are reserved and read as zeros. 
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Transmit Descriptor 0 

15 o 

LAD 

Bits Name Description 

Low-order Address. These are the lowest 16 address bits of 
15-0 LAD the buffer to which this descriptor points. They are written by 

the host. The NCR92C990 does not change these bits. 

Transmit Descriptor 1 

15 14 13 12 11 10 9 8 7 o 
I OWN I ERR I res I MOR I ONE I DEF I SOP I EOP I HAD 

Bits Name Description 

High-order Address bits. These are the 8 address bits of the 
7-0 HAD buffer to which this descriptor points. They are written by the 

host. The NCR92C990 does not change these bits. 

End of Packet. This is the last buffer used by the NCR92C990 

8 EOP for this packet. If EOP and SOP are both set, the packet fits 
into a single buffer. EOP is set by the host. The NCR92C990 
does not alter EOP. 

Start of Packet. This is the first buffer used by the 
NCR92C990 for this packet. If EOP and SOP are both set, the 

9 SOP packet fits in one buffer. SOP must = 1 in the first buffer of a 
packet or it will be skipped over during a pull until the OWN 
bit and SOP bits are set. 

Deferred. This means that the NCR92C990 had to defer while 
10 DEF trying to transmit a packet. This occurs if the channel is busy 

when the NCR92C990 is ready to transmit. 

11 ONE One. This means that exactly one retry was necessary to 
transmit a packet. ONE is not valid if LCOL is set. 

12 MOR More. This means that more than one retry was necessary to 
transmit a packet. 

13 res Reserved. The NCR92C990 writes a zero to this bit. 

14 ERR Error. This bit is set when at least one of the following bits is 
set: RTY, CLOS, LCOL, orUFL. 
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Bits Name Description 

This bit shows ownership of the descriptor entry. If OWN = 0, 
the host owns this entry. If OWN = 1, the NCR92C990 owns 

15 OWN 
this entry. The host sets this bit after emptying the buffer to 
which this descriptor points. The NCR92C990 clears this bit 
after filling the buffer. Once either the host or NCR92C990 
has given over a buffer, it must not alter the descriptor entry. 

Transmit Descriptor 2 

15 14 13 12 11 o 

1 1 1 1 BBL 

Bits Name Description 

Buffer Byte Length. This represents the length of the buffer 

11-0 BBL to which this descriptor points. This number is expressed as a 
two's complement. BBL is written by the host. The 
NCR92C990 does not change BBL in any way. 

15-12 1 These bits must be ones. This field is written by the host. The 
NCR92C990 does not change these bits. 

Transmit Descriptor 3 

15 14 

BUF UFL 

Bits Name 

9-0 TDR 

10 RTY 

13 12 11 10 9 o 

res I LCOL I CLOS I RTY TDR 

Description 

Time Domain Reflectometry. This bit shows the state of a 
counter internal to the NCR92C990. This counter counts from 
the start of a transmission to a collision if one occurs. This 
value can be used to determine the approximate distance to a 
fault in a cable. TDR is valid and written by the NCR92C990 
only if RTY is set. 

Retry. This error indicates that the transmitter has failed 
because of collisions in 16 attempts to successfully transmit a 
packet. If the Disable Retry (DRY) bit in the mode register is 
set, RTY will set after only one failed transmission attempt. 
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Bits Name Description 

Carrier Loss. This bit is set when the carrier input to the 
NCR92C990 goes low during a transmission. The NCR92C990 

11 CLOS does not try again when it loses the carrier; it transmits the 
entire packet until complete. CLOS is not valid during inter-
nal loopback. 

Late Collision. This bit means that a collision occurred after 
12 LCOL the channel slot-time (64 bytes) elapsed. The NCR92C990 

does not retry on late collisions. 

13 res Reserved. The NCR92C990 sets this bit to O. 

Underflow. This error indicates that the transmitter has 
shortened a message because the data was late coming from 

14 UFL memory. UFL indicates that the temporary buffer emptied 
before the end of the packet. The transmitter is turned off 
and TON set = O. 

Buffer Error. This bit is set during transmission when the 
NCR92C990 cannot find the EOP = 1 in the current buffer 

15 BUF and does not own the next buffer. BUF is set by the 
NCR92C990 and cleared by the host. If a buffer error occurs, 
an underflow error also occurs. The transmitter is turned off 
and TON set = O. 

NCR92C990 Changes and Differences to the Am7990 

Rev. 1.0 

In engineering the NCR92C990, NCR noticed discrepancies in the way the 
Am 7990 operated and the way the documentation read. A summary follows of 
these items that are most significant to hardware and software designers. 

Documented 

1. The Am.7990 documentation states that the initialization block must 
begin on an even word address. Odd-byte initialization addresses cause 
the Am7990 to operate in an undefined manner. 

The NCR92C990 accepts odd-byte initialization block addressing in addi­
tion to the standard even-byte addressing. In odd-byte addressing, the 
address increments by one after the first DMA transfer from the odd-byte 
address to get on an even boundary. Then the address counter increments 
by two, as with even-byte addressing. 

2. The Am.7990 documentation states that no DMA bursts occur between 
polling and loading of DMA cycles. Under certain circumstances, the 
Am7990 actually performs DMA bursts between the polling and loading 
DMA cycles (ring accesses). 

The NCR92C990 is designed to operate as the Am.7990 does, not as the 
documentation indicates. 

Undocumented 

1. The Am.7990 asserts the INTRb output 25.5 cycles after the rise of 

SBus lID Chipset Data Manual 
NCR89C100 

Page 4-27 



NCR92C990 EthernetllEEE 802.3 LAN Controller 

NCR89C100 
Page 4-28 

HOLDb on the last initialization DMA read cycle. 

The NCR92C990 asserts INTRb after completing 1.5 cycles after the rise 
of the HOLDb output on the last initialization DMA read cycle. 

2. Because of timing differences in the response time to a receive-based col­
lision and the transfer of received data to the FIFO, responses may differ 
on the NCR92C990 if the collision signal is asserted during the header, 
between the destination and source addresses of a receive packet, or dur­
ing the 64th data byte. In the first case, the lack of a sync bit causes the 
abort. In the second case, an address mismatch causes the abort. In the 
third case, a runt packet causes a CRC and framing error. It is possible 
for one of these aborts or errors in the Am 7990 to appear as one of the 
others in the NCR92C990. 

3. When the first DMA transfer is a data word, the Am7990 starts transmis­
sion eight cycles after the rising edge of the DASb pulse. If the first DMA 
transfer is only a byte, the Am7990 starts the transmission 12 cycles 
after the rising edge of the DASb pulse. 

In both the byte and word cases, the NCR92C990 starts transmission 
eight cycles after the rising edge of DASb. 

4. During loopback, the rising edge of the DASb pulse latches in the last 
byte/word of a transmission. The Am 7990 begins transmission of the next 
packet preamble on the rising edge of DASb. 

The NCR92C990 begins transmission within five clock cycles after the 
rising edge of DASb. 

5. During externalloopback, the Am7990 SILO can lose some data if there 
is heavy traffic on the media. 

The NCR92C990 does not lose data, even during heavy traffic on the 
media. 

6. The Am 7990 generates a memory error if READYb has not been asserted 
within 254 cycles after DASb falls and both the transmitter and receiver 
are turned off. If READYb falls between 251 and 253 cycles after DASb 
falls, incorrect data is loaded into Control/Status Register 0, the memory 
error (ME) bit is set, but neither the transmitter nor receiver are turned 
off. 

The NCR92C990 matches this behavior. 

7. The Am 7990 requires 11 clock cycles after the rising edge of HOLDb to 
set the missed packet (MP) bit in Control/Status Register O. 

The NCR92C990 sets the MP bit within two clock cycles of the rising edge 
of HOLDb. 

8. If the SILO overflows during a receive operation, the Am7990 updates 
the ring with the number of bytes actually transferred to memory at that 
point. 
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The NCR92C990 updates the ring with the number of bytes transferred 
to the memory, plus any that may be left in the FIFO when the overflow 
occurred. The data in the FIFO is not actually transferred to memory. 
Because the packet is incomplete, the host should ignore all the data in 
the buffer, and the actual amount of data in the buffer should not be con­
sidered. 

9. The Am7990 begins Time Domain Reflectometry (TDR) counts from the 
assertion of RENA. 

The NCR92C990 begins TDR counts 2-3 cycles after the assertion of 
TENA, as specified in the IEEE 802.3 specification. 

TDR counts are only valid after a retry. During TX updates when a retry 
does not occur, the Am7990 writes invalid TDR values to the ring. 

The NCR92C990 also writes invalid TDR data to the ring, but not neces­
sarily the same values. 

10. The Am 7990 recognizes a defer condition when it is ready to assert TENA 
at the start of transmission, but RENA is already asserted. 

The NCR92C990 recognizes a defer condition when it is ready to assert 
TENA at the start of a transmission and either RENA is already asserted 
or the interpacket gap time has not elapsed since RENA went inactive. 

11. If the SILO on the Am7990 contains 43 or more bytes of data from a pre­
vious reception and another packet is being sent by another node on the 
network, an overflow condition can occur even if the second packet is not 
addressed to this node. For example: 43 bytes of data remain in the SILO 
from a previous packet reception. The Am7990 checks the incoming 
packet for a valid destination address and, in the process, tries to trans­
fer the six address bytes to the SILO. It recognizes that the address is not 
its own after the sixth byte, but before that happens, an overflow of the 
48-byte SILO occurs (43 + 6 = 49). The SILO pointer is reset to the 44th 
byte in the FIFO, but the packet residing in the SILO is labeled with an 
overflow error. 

The NCR92C990 temporarily stores the incoming destination address in 
a separate FIFO which is either erased if the address is not matched, or 
burst into the main 48-byte FIFO if the address is matched. No overflow 
is reported by the NCR92C990 in the previous example. 

12. Defer is reported if the first attempt to transmit a packet is delayed 
because RENA is asserted when the NCR92C990 is ready to transmit 
(the IPG has expired and the TX FIFO contains at least one byte of data); 
or, for an RX-TX transmission, defer is reported if the NCR92C990 is 
ready to transmit and the IPG time has not expired. 

13. Interpacket gap: Either TX-TX or RX-TX. 
In general, three conditions are required in order to begin a transmis­
sion: 
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• The backoff count is 0 (only pertains to retries) 
• The IPG has expired. 
• The TX FIFO contains at least 1 byte of data. 

The Am7990 TX FIFO is reset (and thus empty) whenever RENA is 
asserted except when: 

• TENA is also asserted, or 
• RENA is still asserted from a previous transmission, or 
• An RX packet is still on the network but the RX circuitry has deter­

mined that it is not addressed to this node. 

Therefore, the NCR92C990 will defer to any incoming packet, regardless of the 
state of the IPG counters except for a packet which causes RENA to be asserted 
just before TENA is to be asserted for transmission. 

The NCR92C990 IPG counter will be reset if the RENA pulse is shorter than the 
remainder of the IPG as programmed. The IPG features control IPG timings which 
are different for RX-TX, TX-TX and the default IPG partition. 

If the NCR92C990 is ready to transmit and is waiting for the IPG to expire, it will 
defer to the incoming packet thus avoiding a collision. 

TX-TX 

The Am7990 data sheet refers to the condition that if RENA is asserted within the 
first 4.1 ~s of the IPG after a TX that the Am7990 will defer to the packet and 
receive it if the sync bit is correctly recognized after the first 4.1 ~s of the IPG. The 
NCR92C90 will begin to look for the sync immediately. 

RX-TX 

The Am7990 data sheet refers to the condition that if RENA is asserted within the 
first 4.1 ~s of the IPG after a RX that the Am7990 will defer to the packet and not 
receive it. The NCR92C990 will defer to the packet and will receive it. 

Electrical Specifications 
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Absolute Maximums 

Symbol Parameter 

TA Ambient Temperature 

Ts Storage Temperature 
VDD Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

TL 
Lead Temperature (Solder-
ing 10 seconds maximum) 

Minimum 

0 
-55 
-0.5 
-0.5 
-0.5 

Maximum Units 

70 °C 
125 °C 
7.0 V 

VDD + 0.5 V 
VDD + 0.5 V 

250 °C 
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DC Characteristics 

(Voo = 4.75 to 5.25 V, Vss = 0 V, TA = 0° C to 70° C) 

Symbol Parameter Minimum Maximum Units 

VIL Input Voltage, Low Vss- 0.5 0.8 Volts 

VIH Input Voltage, High 2.0 VDD Volts 

VOL 
Output Voltage, Low 0.4 Volts 

(VDD = 4.5 V) 

VOH 
Output Voltage, High 2.4 Volts 

(VDD = 4.5 V) 
CIN Input Capacitance 10 pF 

ITL 
Input Leakage Current t10 ~A (VDD = 5.5 V) 

IOL 
Output Leakage Current tlO ~A (VDD = 5.5 V) 

IDD Power Supply Current 50 rnA 

IOL Output Current, Low 4 mA 

IOH Output Current, High -4 rnA 

AC Characteristics 

The following timing parameters apply strictly to the VS700H macrocell. These 
timings are derived from pre-layout estimated capacitances. Post-layout timing 
variations may occur. 

(Voo = 4.75 to 5.25 V, Vss = 0 V, TA = 0° C to 70° C) External load 1 pF 

Num. Description Fig. Min. Type Max. Units 

1 TCLKperiod 1 99 101 ns 
2 TCLK high pulse duration 1 45 ns 

3 TCLK low pulse duration 1 45 ns 

4 TCLK rise time 1 8 ns 

5 TCLK fall time 1 8 ns 

6 
TENA_OUT propagation delay after 1 25 ns rising edge of TCLK 

7 
TENA_OUT hold time after TCLK 1 7 ns rising 

8 TX_OUT propagation delay after 1 32 ns TCLKrising 

9 TX_OUT hold time after TCLK rising 1 7 ns 

10 RCLK_IN period 1 85 118 ns 

11 RCLK_IN high pulse duration 1 38 ns 

12 RCLK_IN low pulse duration 1 38 ns 

13 RCLK_IN rise time 1 8 ns 

14 RCLK_IN fall time 1 8 ns 

15 lULIN data rise time 1 8 ns 

16 lULIN data fall time 1 8 ns 
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(VDD = 4.75 to 5.25 V, Vss = 0 V, TA = 0° C to 70° C) External load 1 pF 
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Num. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

Description 

rucIN data hold time from RCLK 
rising 

ruCIN data setup time to RCLK rising 

RENA-IN low duration 

CLSN_IN high duration 

Bus master driver disable after rising 
edge of HOLDb_OUT 

Bus Master driver enable after falling 
edge of HLDAb (Bus Master) 

Delay from HOLDb_OUT to falling 
edge of HLDAb (Bus Master) 

RESETb pulse width low 

Read/Write, AddresslData cycle time 

A(23:16) setup time to the falling edge 
of ALEb_OUT 

A(23:16) hold time after the rising 
edge of DASb_OUT 

DAL_OUT(15:0) setup time to falling 
edge of ALEb_OUT 

DAL_OUT(15:0) hold time after falling 
edge of ALEb_OUT 

Data setup time to the rising edge of 
DASb_OUT (Bus Master Read) 

Data hold time from the rising edge of 
DASb_OUT (Bus Master Read) 

Data setup time to falling edge of 
DASb_OUT (Bus Master Write) 

Data setup time to the rising edge of 
DASb_OUT (Bus Master Write) 

Data hold time after the rising edge of 
DASb_OUT (Bus Master Write) 

Data driver delay after the falling edge 
of DASb_IN (Bus Slave Read) (RAP) 

Data driver delay after the falling edge 
of DASb_IN (Bus Slave Read) (CSRO, 
1,2,3) 

Data hold time after the rising edge of 
DASb_IN (Bus Slave Read) 

Data hold time after the rising edge of 
DASb_IN (Bus Slave Write) 

Data setup time to the falling edge of 
DASb_IN (Bus Slave Write) 

Fig. 

1 

1 

1 

2 

3,4 

3,4 

3,4 

3,4 

3,4 

3,4 

3,4 

3 

3 

4 

4 

4 

5 

5 

5 

6 

6 

Min. Type Max. Units 

5 ns 

40 ns 

200 ns 

100 ns 

2 ns 

202 ns 

0 ns 

200 ns 

600 ns 

144 ns 

100 ns 

144 ns 

53 ns 

2 ns 

8 ns 

46 ns 

295 ns 

102 ns 

200 ns 

200 ns 

2 6 ns 

0 ns 

0 ns 
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(VDD = 4.75 to 5.25 V, Vss = 0 V, TA = 0 0 C to 70 0 C) External load 1 pF 

Num. Description Fig. Min. Type Max. Units 

40 ALEb_OUT high pulse width 3,4 144 ns 

41 
Delay from rising edge ofDASb_OUT 3,4 100 ns 
to rising edge of ALEb_OUT 

42 DASb_OUT low pulse width 3,4 252 ns 

43 
Delay from falling edge of ALEb_OUT 3,4 100 ns 
to falling edge of DASb_OUT 

Delay from rising edge ofDALOb_OUT 
44 to the falling edge DASb_OUT (Bus 3 50 ns 

Master Read) 

Delay from falling edge READYb_IN to 
45 rising edge ofDASb_OUT 3,4 55 255 ns 

(Bus Master) 

Delay from rising edge ofDALOb_OUT 
46 to falling edge of DALIb_OUT (Bus 3 55 ns 

Master Read) 

47 DALIb_OUT setup time to rising edge 3,4 240 ns of DASb_OUT (Bus Master) 

48 DALIb_OUT hold time after the rising 
3 8 ns edge of DASb_OUT (Bus Master Read) 

Delay from rising edge of DALIb_OUT 
49 to falling edge of DALOb_OUT (Bus 3 82 ns 

Master Read) 

50 DALOb_OUT setup time to the falling 
3 150 ns edge of ALEb_OUT (Bus Master Read) 

DALOb_OUT hold time after the fall-
51 ing edge of ALEb_OUT (Bus Master 3 50 ns 

Read) 

Delay from rising edge of DASb_OUT 
52 to rising edge of DALOb_OUT (Bus 4 50 ns 

Master Write) 

53 CSb hold time after the rising edge of 
5,6 0 ns DASb_IN (Bus Slave) 

54 CSb setup time to the falling edge of 
5,6 0 ns DASb_IN (Bus Slave) 

55 
ADR hold time after the rising edge 

5,6 0 ns DASb_IN (Bus Slave) 

56 
ADR setup time before the falling edge 

5,6 0 ns of DASb_IN (Bus Slave) 

Delay from ALEb_OUT to falling edge 

57 of READYb_IN to ensure a minimum 
bus cycle time of 600 ns (See note on 3,4 395 ns 

page 34.) 

58 
Data setup time to the falling edge of 

5 100 ns READYb_OUT (Bus Slave Read) 
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(VDD = 4.75 to 5.25 V, Vss = 0 V, TA = 0 0 C to 70 0 C) External load 1 pF 

NCR89C100 
PBge4-34 

Num. 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

Description 

READYb_IN hold time after the rising 
edge of DASb_OUT (Bus Master) 

READYb_OUT driver on after the fall-
ing edge ofDASb_IN (Bus Slave Write) 
(RAP) 

READYb_OUT driven on after the fall-
ing edge ofDASb_IN (Bus Slave Write) 
CSRO, 1, 2, 3 
READYb_OUT hold time after the ris-
ing edge of DASb_IN (Bus Slave) 

READ_IN hold time after the rising 
edge ofDASb_IN (Bus Slave) 

READ_IN setup time to the falling 
edge ofDASb_IN (Bus Slave) 

TCLK rising edge for low or high delay 

TCLK rising to valid address 

TCLK rising edge to control signals 
active 

TCLK falling edge to ALEb_OUT low 

TCLK falling edge to DASb_OUT fall-
ing edge 
READYb_IN setup time to TCLK (See 
note on page 34.) 

TCLK rising edge to DASb_OUT high 

HLDAb setup to TCLK 

RENA_IN hold time after the rising 
edge of RCLK_JN 

REN~IN defer before TENA_OUT 

REN~IN extended after RCLK_IN 
last falling 

Delay from DASb .... OUT rising to 
HOLDb_OUT rising 
READYb_OUT falling to DASb_IN ris-
ing (Slave WritelRead) 

ALEb_OUT falling to next ALEb_OUT 
falling (DMA Burst) (Not shown in 
diagrams) 

DASb_IN falling to DAL_ENb falling 
(Slave) 

Fig. 

3,4 

5,6 

5,6 

5,6 

5,6 

5,6 

3,4 

3,4 

3,4 

3,4 

3,4 

3,4 

3,4 
3,4 

1 

1 

1 

3,4 

5,6 

--

5 

Min. Type Max. Units 

8 ns 

300 ns 

300 ns 

0 6 ns 

0 6 ns 

0 ns 

14 ns 

115 ns 

115 ns 

115 ns 

115 ns 

0 ns 

12 ns 

0 ns 

0 ns 

400 ns 

275 ns 

100 ns 

0 ns 

600 ns 

200 ns 
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(VDD = 4.75 to 5.25 V, Vss = 0 V, TA = 0° C to 70° C) External load 1 pF 

Num. Description Fig. Min. Type Max. Units 

80 
DASb_IN rising to DAL_ENb rising 5 2 6 ns (Slave) 

81 
HLDAb falling to ~ENb falling (sin-

3 200 ns gle DMA) 

82 HLDAb falling to DA_ENb falling 3 200 ns 

83 DALOb_OUT falling to D~ENb fall- 3 2 6 ns ing (single DMA) 

84 HLDAb falling to DAL_ENb falling 3 200 ns '(single DMA) 

85 DAL_ENb active to DAL_OUT stable 3,4 2 6 ns (single DMA) 

86 
ALEb_OUT falling to DAL_ENb rising 

3,4 52 ns (single DMA) 

87 DASb_OUT rising to ~ENb rising 3,4 100 ns (single DMA) 

88 DASb_OUT rising to DA_ENb rising 
3 100 ns (single DMA) 

89 DA_ENb rising to ALEb_OUT rising 
3 100 ns (single DMA) 

90 DAL_OUT hold time after DAL_ENb 
3 20 ns rising (Slave) 

91 D~ENb falling to DASb_IN rising 
5 100 ns (Slave Read) 

92 D~ENb falling from DASb_IN falling 
5 100 ns (Bus Slave Read) 

93 DA-ENb falling from DASb_IN falling 
6 100 ns (Bus Slave Write) 

NOTE: The READYb_IN setup time before negation ofDASb_OUT is a function of 
the synchronization time of READYb_IN. The synchronization must occur 
within 100 ns. The setup time is 100 ns plus any accumulated propagation 
delays. Ready slips occur on 100 ns increments. No wait states are added by 
the NCR92C990 if either parameter number 57 or 70 is met. 
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Figure 4-3 Transmit/Receive Clock 

Figure 4-4 Collision 
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AEADDATA 

CSb 

ADA 

Figure 4-7 Bus Slave Aead 
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Figure 4-8 Bus Slave Write 
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Compatibility Verification Procedures 
The design and verification of high-level macrocell is directed towards functional 
compatibility with the existing standard part. The macrocell is designed and veri­
fied to match data sheet functionality (when possible), then additional steps are 
taken to match undocumented functionality. 

Creation of a Compatibility Model 
A compatibility model of the new macrocell is generated from published sources of 
information on the standard part including functional specifications, data sheets, 
application notes, review sheets and errata sheets. Exceptions to standard part 
behavior or function will be identified. 

Utilization of Industry Consultants 
NCR utilizes the advice of industry consultants who are highly knowledgeable 
about the operation of the standard part. This additional data includes features 
and functions which would be apparent to someone who is very familiar with the 
functionality of the part but would not necessarily be covered in available docu­
mentation. 

Use of Hardware Modeling Techniques and Extraction 
of System Patterns for Design Verification 

Compatibility test vectors for the part are developed from two sources. First, a 
device model is created on a hardware modeling system (HML) to create test vec­
tors based on the actual operation of the industry standard part. A second set of 
vectors is generated by extracting functional and timing information from the 
compatibility documentation and creating patterns based on this information. 

In-system Test and Firmware Verification 

NCR89C100 
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To ensure that the macrocell is truly representative of the standard part's func­
tionality, a system test is executed on new sample parts. The test includes the fol­
lowing system parameters to detect any incompatibilities or inconsistencies: 

• Selection of controllers and systems 
• Special test programs 
• System diagnostics 
• Selection of operating systems 
• Selection of application programs 

Final Test Plan 

Throughout the compatibility verification process, final test procedures for the 
macrocell are emphasized. The NCR compatibility procedures provide assurance 
that the macrocell will function as the standard part does with documented excep­
tions where warranted. 

Kit Parts 

Provision of kit parts that are plug-compatible with the existing standard part is a 
very important aspect of in-system verification. The availability of kit parts allows 
the customer to verify macrocell operation and compatibility with the existing sys­
tem design and software. Kit parts also provide a convenient way to breadboard 
"System Solutions in Silicon". 
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NCR 53C9X 
Advanced SCSI Controller 

General Description 

Features 

Rev. 1.0 

The 53C9X FSC (Fast SCSI Controller) is a high performance CMOS device designed 
for SCSI (Small Computer Systems Interface). It is a super-set of the 53C90A, 
providing fast SCSI operation, with additional commands and an additional 
configuration register. The C9X is intended to directly replace a C90A in an existing 
design, allowing an easy upgrade to SCSI-2. It is 100% compatible with existing 
53C90A software. 

The C90 family reduces protocol overhead by performing critical SCSI algorithms, or 
sequences, in response to a single C90 command. The C9X will operate at sustained 
data transfer rates of 10 MB/s in synchronous mode and 7 MB/s in asynchronous 
mode. 

Independent of microprocessor intervention, the FSC performs arbitration, selection, 
or reselection. It also independently handles message, command, status, and data 
transfer between the chip's 16-byte internal FIFO, or a buffer memory. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

ANSI X3.131-I986 SCSI and X3.131-199X SCSI-2 compatible 
Parity generation, optional checking 
Programmable transfer period 
Programmable offset 
SCSI-2 tagged-queueing 
I6-byte FIFO 
12 MB/s DMA interface burst transfer rate (F ASTCLK disabled) 
Up to 7 MB/s asynchronous SCSI 
Up to 10 MB/s synchronous fast SCSI and 5MB/s normal SCSI 
Up to 13.3 MBPs DMA burst transfer rate (F ASTCLK enabled) 
10 to 40 MHz clock rate 
24-bit transfer counter eliminates inter-sector transfer delays and allows 
single transfers up to 16 MB 
High performance CMOS technology 
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Sequencer 

Figure 5-1 Functional Block Diagram 
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Pin Descriptions 

Signal Type 

DB7-DBO B 

RESET I 

RESETO 0 

INTI 0 

A3-AO I 

CSI I 

RDI I 

WRI I 

DREQ 0 

Rev. 1.0 
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Table 5-1 Host Processor and DMA Interface Pins 

Description 

Active-high data bus connected to the DMA controller, 
CPU and buffer memory. Each pad contains a pull-up to 
VDD (12.5K minimum). 

Active-high chip reset. Reset must be asserted for two 
CLK periods, minimum, after the voltage on the power 
pins has reached VDD minimum. This input must not be 
connected to RESETO. 

Active-high reset output. This output is always asserted 
when the RESET input is true OR may be asserted 
when the SCSI reset signal is active ifbit 6 of the Config 
1 register is cleared and the host has not serviced the 
interrupt (generated because of SCSI reset) within 1-2 
ms (depending on CLK frequency and clock conversion 
factor). Refer to Bus Initiated Reset. 

Active-low, open drain interrupt signal to the 
microprocessor. It is latched on the rising edge of CLK 
and may be cleared by reading the interrupt register or 
by a host hardware reset, or by a host software reset 
(but not by a SCSI reset). This output cannot be 
disabled internally. 

Active-high address bus which specifies one of the FSC's 
internal registers for reading or writing. Used with CS/, 
ignored with DACKI. 

Active-low chip-select signal that enables access to the 
FSC's internal registers. CSI accesses any register, 
including the FIFO, while DACKI accesses only the 
FIFO. CSI and DACKI must never be active at the same 
time. 

Active-low read signal that enables FSC data onto DB7-
DBO. CSI or DACKI must also be active. 

Active-low write signal that strobes DB7-DBO data into 
the FSC. CSt or DACKI must also be active. 

Tristate active-high DMA request to the DMA 
controller. DREQ will be true as long as the FIFO has at 
least one byte to send to memory, or has room to receive 
at least one byte from memory, depending on data 
direction. 
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Table 5-1 Host Processor and DMA Interface Pins (Continued) (Continued) 
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Signal 

DACKI 

CLK 

Signal 

SDIO/-
SDI7/, 
SDIP/ 

SDOO/-
SD071 

SDOP 

SELOI 

BSYOI 

REQOI 

ACKOI 

MSGOI 
CIDOI, 
1/001 

ATNOI 

Type 

I 

I 

Type 

B 

0 

0 

0 

0 

0 

0 

0 

0 

Description 

Active-low DMA acknowledge from the DMA controller. 
DACKI accesses the FIFO only, while CSI accesses any 
register, including the FIFO. CSI and DACKI must 
never be active at the same time. DACKI must toggle 
true then false for every byte transferred. Refer to 
DREQ Hi Z Bit in Config 2. 

Clock signal. Generates internal core timing. Maximum 
frequency is 40 MHz (F ASTCLK bit set) or 25 MHz 
(F ASTCLK bit reset). 

Table 5·2 SCSI Bus Interface 

Description 

Schmitt trigger, active-low SCSI data/parity bus. These 
inputs are SCSI data bus signals. 

48 rnA, open drain SCSI data parity bus. These outputs 
are active-low SCSI data signals. 

48 rnA, open drain SCSI select signal. This output is 
active-low. Asserted by the FSC to select a Target or 
res elect an Initiator. 

48 rnA, open drain SCSI busy signal. This output is 
active-low. Asserted by the FSC to gain use of the SCSI 
bus. 

48 rnA, open drain, active-low SCSI request signal. This 
output is only asserted when the FSC is in target mode 
to request a data transfer over the SCSI bus. 

48 mA, open drain, active-low SCSI acknowledge signal. 
This output is only asserted when the FSC is in initiator 
mode to acknowledge a request for a data transfer over 
the SCSI bus. 

48 rnA, open drain, active-low SCSI phase signals. 
These outputs are only asserted when the FSC is in tar-
get mode. 

48 mA, open drain, active-low SCSI attention signal. 
This output is only asserted when the FSC is in initiator 
mode. Alerts the Target SCSI device that the FSC has a 
command or message transfer. 

Rev. 1.0 
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Signal Type 

RSTOI 0 

SELII I 

BSYI/ I 

REQII I 

ACKII I 

MSGII I 

CIDI I 

I101 I 

ATNII I 

RSTII I 

IGS 0 

TGS 0 
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Table 5-2 SCSI Bus Interface (Continued) 

Description 

48 rnA, open drain SCSI reset signal. In single-ended 
mode this output is active-low. The FSC drives this 
signal true only when the host writes the SCSI bus reset 
command to the command register. 

Schmitt trigger, active-low SCSI select input. Selects 
the FSC as a Target or Reselects the FSC as an Initiator 

Schmitt trigger, active-low SCSI busy input. Indicates 
to the FSC that the SCSI bus is in use. 

Schmitt trigger, active-low SCSI request input. 
Indicates to the FSC, as Initiator, that a Target device 
is requesting a data transfer on the SCSI bus. 

Schmitt trigger, active-low SCSI acknowledge input. 
Asserted by an initiator to acknowledge a request by the 
FSC for a data transfer on the SCSI bus. 

Schmitt trigger, active-low SCSI message input. 
Indicates to the FSC that a Target device has initiated a 
SCSI Message In or Message Out phase. 

Schmitt trigger SCSI control/data input. Signals the 
FSC that a Target device is transferring control or data 
information on the SCSI bus. 

Schmitt trigger SCSI input/output input. Alerts the 
FSC, as Initiator, that the direction of data movement 
on the SCSI bus is into the chip. This signal also 
distinguishes between Selection and Reselection phases. 

Schmitt trigger, active-low SCSI attention input. 
Indicates to the FSC that an Initiator device is ready to 
transfer a message or a command. 

Schmitt trigger, active-low SCSI reset signal. When this 
input is true, the FSC will automatically disconnect 
from the SCSI bus. 

Active-high initiator group select signal. This pin is 
high whenever the FSC is in initiator mode. Used to 
enable external drivers for the Initiator signals ACKOI 
andATNOI. 

Active-high target group select signal. This pin is high 
whenever the FSC is in target mode. Used to enable 
external drivers for the Target signals REQOI, MSGOI, 
C_DOI, and 1_001. 
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Fu nctional Description 
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The FSC has a command set that allows it to perform common SCSI sequences at 
hardware speed without host intervention. Its on-chip FIFO may be accessed 
simultaneously by the SCSI bus and either the host processor or the host DMA 
controller. All command, data, status, and message bytes pass through the FIFO on 
their way to or from the SCSI bus. Most FSC commands have two versions: DMA and 
non-DMA. When DMA instructions are used, data will pass between memory and the 
SCSI bus with the FIFO acting as temporary storage when the DMA channel is 
temporarily shut down by a higher priority event such as DRAM refresh. 

The FIFO also helps speed execution during non-DMA transfers. For example, in 
initiator role, the host processor will load the CDB (Command Descriptor Block) and 
optionally one or three message bytes into the FIFO, issue one of several selection 
commands and wait for an interrupt. The FSC will wait for bus-free, arbitrate for the 
bus again and again until it acquires it, send the message bytes followed by the CDB, 
then generate an interrupt. Meanwhile, a multi-tasking host may continue with other 
tasks. 

An 8-bit part unique ID code for the FSC is available in the Transfer Counter High 
register, at address OEh, when the following conditions are true: 

• Mter power-up or chip reset 
• Before the Transfer Counter High register is loaded 
• The features Enable bit (bit 6 in the Configuration 2 register) is set 
• A DMA NOP command (80h) has been issued 

The lower three bits indicate the revision level, while the upper five bits indicate the 
chip family code. 

In target role, the host processor will enable selection, then wait for an interrupt. 
Eventually, an initiator will select the FSC and will then automatically step through 
the arbitration, selection, and command phases before generating an interrupt. When 
the interrupt occurs, the entire command descriptor block will be in the FIFO along 
with any message bytes sent by the initiator. Combination commands such as these, 
are identified with the sequence suffix in the Thble of FSC Commands. 

After selection phase has been successfully completed, the FSC may transfer bytes in 
any of the SCSI information phases whether operating in initiator or a target role. 
The FSC supports disconnectlreselect in both initiator and target roles, making high 
performance multi-threaded systems easy to implement. 

The FSC may transfer data phase bytes across the bus synchronously, at speeds up to 
10 MB/s, or asynchronously at speeds up to 7 MB/s. Refer to Data Transfer Rate. The 
difference between the two is transparent to the user except that the Synchronous 
Offset and the Synchronous Transfer Period registers must be programmed prior to 
synchronous data transfer. The default, after hardware or software reset, is 
asynchronous transmission. 

Data bytes will usually be transferred using DMA. The host processor will program an 
external DMA controller, program the FSC transfer count, issue an FSC data transfer 
command (there are several), and then wait for an interrUpt. The DMA controller and 
the FSC will transfer all the data without host processor intervention. 

Rev. 1.0 
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'lb end the SCSI transaction, the FSC target will place a status byte and a message 
byte in the FIFO, then issue a single command (there are two to chose from) which 
will cause the FSC to first assert status phase, send the first byte, assert message in 
phase, send the second byte, disconnect from the SCSI bus (after the initiator releases 
ACK (Acknowledge» and interrupt the host processor. 

The end of a SCSI transaction is similar for an FSC initiator except that it receives 
two bytes into its FIFO. The initiator prevents the target from disconnecting by 
holding ACK asserted on the bus while the host processor examines the status and 
message bytes. Ifboth bytes are good, the message accepted command is used to 
instruct the FSC to release ACK, which allows the target to disconnect which causes 
the initiator to interrupt its host and report the disconnect. If the status and message 
bytes are not good, the host should first issue the set ATN (Attention) command before 
issuing the message accepted command. This instructs the FSC to assert ATN before 
releasing ACK, which should cause the target to request message out phase rather 
than disconnect. 

Bus Initiated Sequences 

Rev. 1.0 

• Selection 
• Reselection 
• SCSI bus reset 

Selection or res election sequences occur in the disconnected state when the FSC is 
selected or reselected by another initiator or target, if the Enable Selection or 
Reselection command had previously been received by the FSC. 

In addition to responding to bus initiated events, the FSC may initiate a bus event by 
using one of several selection or reselection commands. If one of these commands 
starts executing, it will clear Enable SelectionlReselection after arbitration has been 
won. Normally the host processor will have 250 ms (ANSI recommended selection 
time-out period) after the chip disconnects from the bus to re-enable bus initiated 
events. If the time-out is exceeded, an initiator or target which is attempting to 
connect to the FSC, may time-out and abort. 

If, on the other hand, the bus initiated event occurs before the command starts 
executing, the FIFO and command register will be cleared, and any further writes by 
the host processor will be ignored until the interrupt register is read. Since a 
selectionlreselection command requires that something be placed in the FIFO, these 
bytes will be lost, as will any command written to the Command register. The 
interrupt handler that services a selectionlreselection command will have to examine 
the bits in the Interrupt register to determine if the FSC selected another device, or if 
it was selected by another device. The former case will cause a Function Complete 
interrupt, the latter case will cause a Selection!Reselection interrupt. 
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Bus Initiated Selection 
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When the FSC has been selected as a target, the following data will be in its FIFO: 

• Bus ID 
• Identify message 
• Optional two-byte command queuing message 
• Command Descriptor Block (CDB) 

The bus ID will always be present and will always be one byte. It is an un-encoded 
version of the state of the bus during selection phase. Any SCSI data bits that were 
true during selection phase will be set. The target ID (our ID) must always be set. In 
arbitrating systems, the initiator ID must also be set. The initiator ID is optional in 
non-arbitrating systems. 

The identify message, if sent, will be placed in the FIFO and will always be one byte 
in SCSI-! systems but may be one or three bytes in SCSI-2 systems. If the initiator 
does not send an identify message (does not select with ATN), a null byte (00 hex) will 
be placed in the FIFO. If the FSC is selected with ATN false, it will store a null byte 
(00) in the FIFO behind the bus ID, then begin requesting command phase bytes. A 
detected parity error will cause the FSC to interrupt and stop, if parity checking is 
enabled. 

If the initiator selects with ATN and the SCSI-2 bit is cleared, the FSC target will 
request one message byte and will place it in the FIFO behind the bus ID. The FSC 
will then begin requesting command phase bytes unless the message byte is not a 
valid identify message, or a parity error is detected, which will cause the FSC to 
interrupt and stop. The sequence step register should then be examined. 

If the initiator selects with ATN and the SCSI-2 bit is set, the FSC will examine both 
the message byte and the ATN signal to determine how many bytes to request. If the 
first byte is a valid identify message and if ATN goes false after receiving the first 
byte, the FSC will only request one message byte. If the first byte is a valid identify 
message byte and ATN is still true, it will request two more message bytes. The FSC 
will then begin requesting command phase bytes unless the first byte was not a valid 
identify message, or a parity error was detected, or ATN went false between the 2nd 
and 3rd bytes, or ATN remained true but the SCSI-2 bit was false, which will cause 
the FSC to interrupt and stop. The sequence step register should then be examined. 

The Command Descriptor Block (CDB) will be placed in the FIFO behind the message 
byte(s), assuming selection completed normally. The CDB may be 6, 10 or 12 bytes 
long. Thus, in SCSI-2, the entire FIFO may be filled if a tagged-queue 12-byte 
command is used. 
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Bus Initiated Reselectlon 
The FSC will allow itself to be reselected as an initiator by a target if it has previously 
received the enable selectionlreselection command. If the sequence completes 
normally, the following information will be in the FIFO: 

• Bus ID 
• Identify message 
• Optional 2-byte queue tag message 

The bus ID is the same as the selection case, described above. The identify message 
will always be present and always be one byte. If queue tagging is enabled, and the 
target is sending a queue tag message, the target will also send two queue tag 
message bytes. 

Bus Initiated Reset 

Rev. 1.0 

A bus initiated reset will be recognized by the FSC at any time. The FSC will then 
disconnect from the bus and reset its internal sequencer. If the SCSI reset reporting 
bit (Config 1 register) is not set, the FSC will generate a SCSI reset detected interrupt. 
If the host processor does not read the interrupt register within tt milliseconds, the 
FSC will assert RESETO for t:a microseconds. 

INT/-~ .... '" 

RESETO ___________ ..,/ 

Figure 5-2 Interrupt and Reset Timing 

tt = 2 (CLK period) (3841 CCF - 1) 
t:a = 130 (CLK period) (CCF) 

Where CCF = Clock Conversion Factor 
Refer to Description of Write Register 09. 

For example, at CLK = 25 MHz 
11. = 1.5 milliseconds 
t2 = 26 microseconds 
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Data Transfer Rate 
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Performance claims for the FSC are based on it being directly connected to the SCSI 
bus with no external transceivers. In differential mode, external transceivers are 
required and will slow asynchronous transmission by the propagation delay of the 
chosen transceiver but will not slow synchronous transmission. 

The synchronous data transmission rate is equal to the CLK input frequency 
multiplied by the encoded value in the Synchronous Transfer Period register. 
Sustained synchronous transfer rates of1 0 MB/s are attainable across the commercial 
voltage and temperature range. 

The FSC can transfer synchronous SCSI data in both initiator and target modes at 
transfer rates up to 10 MB/s, using an input clock frequency of 40 MHz. The SCSI-1 
and Fast SCSI-2 minimum timing requirements are listed in the following table: 

Mode Setup Hold Assert/Negate 

SCSI-1 55 ns 100 ns 90 ns 

Single-ended Fast SCSI-2 25 ns 35 ns 30 ns 

1b support maximum Fast SCSI transfer rates and SCSI-1 transfer requirements, the 
FASTSCSI (bit 1) and FASTCLK (bit 0) bits have been added to the Configuration 3 
register. They modify the SCSI state machine to provide fast and normal synchronous 
timings depending upon the clock frequency. 

During synchronous SCSI transfers, the assertion and deassertion of the REQ and 
ACK signals are programmable using the FASTCLK bit and other bits in the 
Synchronous Offset register. The input clock duty cycle affects the half clock 
assertion/deassertion delays. Note that DMA must be used for synchronous transfers. 

The asynchronous transmission rate will vary with cable length and the CLK period. 
The FSC can reach sustained transfer rates of 7 MB/s on short (one-foot) cables using 
typical devices operating at or near nominal voltage and temperature. The worst case 
asynchronous transmission rate over voltage, temperature, and process variations is 3 
MB/s on a maximum length (six meters), single-ended cable and 4 MB/s on a one-foot 
cable. 

The asynchronous transmission rate is only slightly affected by the CLK frequency 
when sending data. The FSC will drive the data bus for a minimum of one CLK period 
before asserting REQ or ACK The CLK frequency does not affect the asynchronous 
transfer rate when receiving data. 

Two termination methods for single-ended mode are described in the ANSI SCSI-2 
specification. Alternative 1 reflects the SCSI -1 specification, with 220 ohms to the 
TERMPWR line and 330 ohms to ground. 1b improve the noise margins, 1 % resistors 
should be used and TERMPWR should be between 5.0 V and 5.25 V. 

Alternative 2 reflects the SCSI-2 specification, and is the recommended termination 
method. An adjustable voltage regulator, powered by TERMPWR, supplies 2.85 V to 
11 0 ohm 1 % resistors. This more closely matches the characteristics impedance of the 
cable, resulting in better signal quality. Integrated versions from multiple vendors are 
available. 
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Reg ister Set 

Table 5-3 FSC Register Set 

Address Read Write 
(hex) 

0 Transfer Counter Low Transfer Count Low 

1 Transfer Counter Mid Transfer Count Mid 

2 FIFO FIFO 

3 Command Command 

4 Status Destination Bus ID 

5 Interrupt SelectlReselect Timeout 

6 Sequence Step Synchronous Transfer Period 

7 FIFO Flags Synchronous Offset 

8 Configuration 1 Configuration 1 

9 Reserved Clock Conversion Factor 

A Reserved Test Mode 

B Configuration 2 Configuration 2 

C Configuration 3 Configuration 3 

E Transfer Counter High Transfer Counter High 

Some FSC registers have different meanings during reads than writes. When CSI is 
true, the register being accessed is determined by either RDI or WRJ together with the 
address pins AO-3. The FIFO may be accessed using either CSI or DACK/ together 
with RDI or WRJ. Address pins AO-A3 are ignored when DACK/ is active, but must be 
driven when CS/ is active. 

Transfer Count (Write Address 0, 1) 

Rev. 1.0 

These two registers, together with the Transfer Counter High register, form a 24-bit 
transfer count for DMA operations. Transfer count specifies the number of bytes that 
are to be transferred over the SCSI bus. Values written to these two registers will be 
stored internally and loaded into the transfer counter by any DMA command. These 
values remain unchanged while the transfer counter decrements. Thus, successive 
blocks of equal size may be transferred without reprogramming the count. They may 
be reprogrammed any time after the previous DMA operation has started, whether it 
has finished or not. When the Features Enable bit (bit 6 in the Configuration 2 
register) is clear, disabling the Transfer Count High register, a zero in registers OOh 
and Olh specifies a maximum length count of 64 K When the Features Enable bit is 
set, and the Transfer Count High register is enabled, zeros specify a maximum length 
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count of16 MB. Th~se registers are not changed by any reset, and their states are 
unpredictable after power-up. 

Transfer Counter (Read Address 0, 1) 
These registers combine with the Transfer Counter High register to form a 24-bit 
transfer counter for DMA operations. A read from these two addresses will return the 
value currently in the counter. DMA commands use the counter to terminate a 
transfer. Any DMA command will load count into the counter. A DMA NOP80h will 
load the counter while the non-DMA NOP OOh will not. 

With one exception, non-DMA commands do not use the counter. The exception is 
when the FSC has been selected, it decodes the group code field of the CDB 
(Command Descriptor Block), loads the counter with the number of bytes in the CDB, 
then decrements once for every byte received. 

The transfer counter decrements on the leading edge of: 

Target Decremented by 

Data in Phase DACKI 

Data out Phase REQOI 

Initiator Decremented by 

Synchronous data in DACKI 

Asynchronous data in ACKOI 

Data out DACKI 

NOTE: DACKI can decrement the counter even if RDI or WRI do not go true. False 
DACKls can cause the counter to get out of sync with the data stream, 
leading to subtle errors that are difficult to trace. When false DACKls are 
expected to interfere with a temporarily suspended DMA operation, the 
DREQ Hi-Z bit in Config 2 should be set. 

FIFO Register (Read/Write Address 02) 

NCR89C100 
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The FIFO is a 16 by 9-bit first-in-first-out buffer between the SCSI bus and memory. It 
is accessible by the host processor at this address. It is also accessible by an external 
DMA controller and by the SCSI bus. The DMA may access the FIFO by asserting 
DACKI together with either RD/or WRI. When accessed by CS/, the address bits must 
be valid. When accessed by DACKI, the address bits are ignored. The bottom FIFO 
element and the FIFO flags are initialized to zero during hardware reset, software 
reset chip and at the beginning of bus initiated selection or reselection. The contents 
of the rest of the FIFO are not changed by any reset, but when the flags are zero, 
successive FIFO reads will always access the bottom register. It is cleared if the phase 
changes from an output phase to Synchronous Data In during a Transfer Pad or 
Transfer Information command. 

Rev. 1.0 
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Command Register (Read/Write Address 03) 

Rev. 1.0 

The command register is a two deep 8-bit read/write register used to give commands 
to the FSC. Up to two commands may be stacked in the command register. The second 
command may be written before the FSC completes (or even starts) the first. Reset 
chip, reset SCSI bus and target stop DMA execute immediately, all others wait for the 
previous command to complete. The last executed (or executing) command will remain 
in the command register and may be read by the host processor. Reading the 
command register has no effect on its contents. The command register will be cleared 
by any of the following conditions: 

• Hardware, software or SCSI bus reset 
• SCSI bus disconnect 
• Bus-initiated selection or reselection 

• Select command 
• Reconnect command if ATN is set 
• Select or reselect time-out 
• Target terminate command 
• Parity error detected in target mode 
• Assertion of ATN in target mode 
• Any phase change in initiator mode 
• Illegal command 

If two commands are placed in the command register, two interrupts may result. If 
the first interrupt is not serviced before the second finishes, the second interrupt is 
stacked behind the first. When the interrupt register is read by the host to service the 
first interrupt, the contents status register, sequence step register, and interrupt 
register will change to describe the second interrupt. 

If the Features Enable bit is not set, a SCSI Bus reset clears the Command register 
FIFO, but does not cause it to be held reset until the Interrupt register is read. Then if 
the Command register is loaded while the register is in the reset condition, and before 
the Interrupt register is read, the chip attempts to execute the loaded command 
causing undesirable command execution. This condition is avoided by setting the 
Features Enable bit. 

I DMA I Command 

7 6 5 4 3 2 1 o 

Figure 5-3 Command Register (ReadlWrite Address 03) 

Bit 7 (Enable DMA) 

When bit 7 is not set, the command is a non-DMA instruction. When it is set, the 
command is a DMA instruction. DMA instructions will load the internal byte counter 
with the value in the transfer count register (without changing the count register) 
then transfer data until that count decrements to zero. If the transfer terminates 
prematurely, the bits in the status, sequence step, and interrupt registers will 
indicate why. 
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Bits 6-0 (Command Code) 

The FSC commands are shown in Table 19. Bits 4, 5 and 6 specify a mode group. 
Commands from the miscellaneous group may be issued at any time. Commands from 
the disconnected, target or initiator groups will only be accepted by the FSC if it is in 
the same mode as the command when it falls to the bottom of the command FIFO. 
Otherwise, an illegal command interrupt will be generated. For example, after 
hardware or software reset, the FSC will be in the disconnected state. A command 
from either the target group or the initiator group will cause an illegal command 
interrupt. An enable selection or reselection command by itself will not change modes. 
However, if another SCSI device then selects the FSC, it will be in the target state; if 
another device reselects the FSC, it will then be in the initiator state. Similarly, any 
select command will place the FSC in initiator mode, while the reselect sequence 
command will place the FSC in target mode. 

Status Register (Read Address 04) 

NCR89C100 
Page 5-14 

The status register contains important flags that indicate various conditions. All but 
the phase bits are latched. The phase bits are live indicators of the state of the SCSI 
bus. All the latched bits except the terminal count are cleared by reading the 
interrupt register. 

INT 

7 

2 

0 

0 

0 

0 

1 

1 

1 

1 

GE PE ·TC I VGC I MSG I C/D 1/0 

6 5 4 3 i i 
,r 

Bits 
SCSI Phase 

1 0 

0 0 Data Out 

0 1 Data In 

1 0 Command 

1 1 Status 

0 0 ANSI Reserved 

0 1 ANSI Reserved 

1 0 Message Out 

1 1 Message In 

Figure 5-4 Status Register (Read Address 04) 
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Bit 7 (Interrupt) 

This bit is set whenever the FSC drives the !NT output true. It may be polled. It is 
buffered from the actual output, so that in wired-OR (shared interrupt) designs, this 
bit will indicate whether the FSC is attempting to interrupt the host processor. 
Hardware reset or software reset chip or a read from the interrupt register will 
release an active INT signal and also clear this bit. 

Bit 6 (GrossError)· 

This bit is set when one of the following has occurred: 
• The top of the FIFO is overwritten 
• The top of the command register has been overwritten 
• Direction of DMA transfer is opposite to the direction of the SCSI transfer 
• An unexpected phase change in initiator role during synchronous data 

phase 
Gross error does not cause an interrupt, it may be detected only while servicing 
another interrupt. The bit is cleared by reading the Interrupt register if the interrupt 
output is asserted. It will also be cleared by hardware reset, or software reset chip 
(but not SCSI reset). 

Bit 5 (Parity Error) 

This bit will be set if parity checking is enabled in the Config 1 register and the FSC 
detects a SCSI parity error on incoming command, data, status or message bytes. It 
will be cleared by reading the interrupt register if the interrupt output is asserted. 
Hardware reset or software reset chip will clear this bit (but not SCSI reset). 

Bit 4 (Terminal Count) 

This bit is set when the transfer counter decrements to zero. It resets when the 
transfer count is loaded. Since a DMA NOP 80h command will load the transfer 
counter, it will also clear this bit. Note that a non-DMA NOP OOh will not load the 
counter and will not clear this bit. Reading the interrupt register will not clear this 
bit. Hardware reset or software reset chip will clear it (but not SCSI reset). 

Bit 3 (Valid Group Code) 

When the FSC is selected, it decodes the group code field in the first byte of the 
command descriptor block. If the group code matches one defined in ANSI X3.131-
1986, this bit will be set. An undefined group code (designated reserved by the ANSI 
committee) leaves it not set. If the SCSI-2 bit is set in the Config 2 register, Group 2 
commands will be recognized as ten-byte commands and the bit will be set. If the 
SCSI-2 bit is cleared, Group 2 commands will be treated as reserved commands. 
Groups 3 and 4 are always treated as reserved commands. A reserved Group 
command will cause the FSC to request 6 command bytes. The FSC recognizes Group 
6 as six-byte vendor unique commands and Group 7 as lO-byte vendor unique 
commands. The valid group code bit will be cleared by reading the interrupt register if 
the interrupt output is asserted. It will also be cleared by hardware reset or software 
reset chip (but not by SCSI reset). 
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Bits 2-0 (Phase Bits) 

These bits indicate the phase on the SCSI bus at the time the register was read. These 
bits are live, if the phase changes, so will these bits. In target role, the FSC is driving 
these lines so they will not change if the read follows an interrupt. In initiator role, 
the FSC will generate its interrupt only after the target asserts REQ (Request). The 
ANSI specification requires that the phase lines be valid before asserting REQ and 
remain valid until the initiator asserts ACK.(Anowledge). Thus, these bits can be 
expected to be stable during any read that follows an interrupt. 

Destination 10 (Write Address 04) 

The least significant 3 bits of this register specify the encoded destination bus ID for a 
selection or reselection command. These bits are binary encoded, with 111 
representing device ID 7, which appears as BOh on the SCSI bus. The most significant 
5 bits are reserved by NCR. The destination ID is not changed by any reset, the states 
of these bits are unpredictable after power-up. 

Interrupt Register (Read Address 05) 

NCR89C100 
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This B-bit register is used in conjunction with the status register and sequence step 
register to determine the cause of an interrupt. Reading this register when the 
interrupt output is true will clear all three registers. The entire interrupt register will 
be cleared (0) by hardware reset or software reset chip (but not SCSI reset). 

SCSI 111 Dis BS FC 
Re SEL 

SEL RST SEL ATN 

7 6 5 4 3 2 1 o 

Figure 5-5 Interrupt Register (Read Address 05) 

Bit 7 (SCSI Reset Detected) 

This bit is set if the chip detects a reset on the SCSI bus, regardless of the status of 
the SCSI Reset Reporting Disable bit in the Config 1 register. If the interrupt is not 
serviced in one or two milliseconds, the FSC resets the host. Refer to Bus Initiated 
Selection. 

Bit 6 (Illegal Command) 

This bit is set when an unused code is placed in the command register or when the 
command is from a mode group different than the mode the FSC is currently in. 
Command Code 7 in the Command Register will not generate an illegal command. 
Refer to the Command Register definition. 

Bit 5 (Disconnect) 

In initiator mode, this bit is set when the target disconnects or a selection or 
reselection time-out occurs. When the FSC is in target mode, this bit is set if a 
Terminate Sequence or Command Complete sequence command causes the FSC to 
disconnect from the bus. 
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Bit 4 (Bus Service) 

This bit indicates that another device is requesting service. In target mode, it is set 
whenever the initiator asserts ATN (Attention). In initiator mode, it is set whenever 
the target is requesting an information transfer phase. 

Bit 3 (Function Complete) 

This bit will be set after any target mode command has completed. In initiator mode, 
it is set after a target has been selected (before transferring any command phase 
bytes), after Command Complete finishes, or after a Transfer Info command when the 
target is requesting message in phase. 

Bit 2 (Reselected) 

This bit is set during res election phase to indicate that the FSC has been reselected as 
an initiator. 

Bit 1 (Selected with ATN) 

This bit is set during selection phase to indicate that the FSC has been selected as a 
target and that ATN was asserted on the SCSI bus. 

Bit 0 (Selected) 

This bit is set during selection phase to indicate that the FSC has been selected as a 
target and that ATN was false during selection. 

Time-Out (Write Address 05) 

Rev. 1.0 

This 8-bit write-only register specifies the amount of time to wait for a response 
during selection or reselection. (The FSC has no way to time-out if it never wins 
arbitration, it will keep trying indefinitely until it wins). The time-out register is 
normally loaded to specifY a time-out period of 250 ms. The Register Value (RY) may 
be calculated from: 

RV= 
(Time-out period) (CLK frequency) 

8192 (Clock conversion factor) 

For example, at 25 MHz, the register value that gives a 250 ms time-out period is 153 
decimal or 99 hexadecimal. The clock conversion factor is defined in the description of 
write address 9. The time-out register remains unchanged by any reset, the states of 
these bits are unpredictable after power-up. 
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Synchronous Transfer Period (Write address 6) 
The lower five bits of this register specify the minimum time between leading edges of 
successive REQ (Request) or ACK(Acknowledge) pulses. Synchronous data will be 
transmitted or received at the rate of one byte every N clocks (CLK). N is related to 
the register value as shown below. 

Register Value Clocks per Byte 

00100 4 

00101 5 

00110 6 

00111 7 

- -
- -
- -

1 1 1 1 1 31 

00000 32 

00001 33 

0001.0 34 

00011 35 

Missing entries in the table above follow the binary code. The upper three bits are 
reserved. This register defaults to 5 after hardware reset or software reset chip (but 
not SCSI reset). 

Sequence Step (Read Address 06) 
The lower 3 bits of this register are used to indicate how far the internal sequencer 
was able to proceed in executing combination commands. This counter will be 
incremented at certain points in various algorithms to aid in error recovery if the 
previous command does not complete normally. 

FIFO Flags (Read Address 07) 
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The least significant five bits of this register indicate how many bytes are currently in 
the FIFO. The value is binary encoded. The flags should not be polled while 
transferring data because they will not be stable while the SCSI interface is changing 
the contents of the FIFO. 

1 SS21 SS1 1 SSO 1 FF41 FF31 FF21 FF1 1 FFO I 
7 6 5 4 3 2 1 o 

SS = Sequence Step FF = FIFO Flag 

Figure 5-6 FIFO Flags (Read address 07) 
The upper three bits are duplicates of the sequence step register bits when operating 
in normal mode. 
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If test mode is enabled, bit 5 is set to indicate that the offset counter is not zero. Not 
zero means that synchronous data may continue to be transferred. Zero means that 
the synchronous offset count has expired and the FSC will not transfer any more data 
until it receives an acknowledge. 

Synchronous Offset (Write Address 07) 
The least significant four bits of this register specify whether the FSC will transfer 
data phase bytes synchronously or asynchronously. Zero specifies asynchronous 
transfet: Any other value specifies the synchronous offset; the number of data phase 
bytes that may be sent synchronously without an acknowledge (either REQ or ACK), 
depending on whether the FSC is in initiator or target mode. 

When transmitting to the SCSI bus, the FSC will stop sending bytes when it reaches 
this offset and, thereafter, send one byte for every acknowledge it receives from the 
other SCSI device. 

When receiving from the SCSI bus, the FSC will send an acknowledge every time a 
byte is removed from its' FIFO on the DMA (or host processor) interface. The 
maximum offset of 15 allows a receiving FSC to store data in its FIFO while the 
external DMA controller gains control of the memory bus. 

The synchronous offset is cleared (0) by hardware reset or software reset chip (but not 
SCSI reset). 

Configuration 1 Register (Config 1) (Read/Write Address 08) 

Rev. 1.0 

This 8-bit read/write register specifies various operating conditions for the FSC. Any 
bit pattern written to this register may be read back and should be identical. 

Slow SRR P EnP Chip My Bus ID Test ChK Test 

7 6 5 4 3 2 1 o 

Figure 5·7 Configuration 1 Register (Config1) (ReadlWrite Address 08) 

Bit 7 (SlOW Cable Mode) 

Slow cable mode will seldom be necessary. It compensates for excessive capacitive 
loading on the SCSI data signals by inserting an extra CLK period between data 
being asserted on the bus and REQ or ACK being driven true. This bit is cleared (0) by 
hardware reset or software reset chip (but not SCSI reset). 

Bit 6 (SCSI Reset Reporting Interrupt Disable) 

This bit disables the reporting of a SCSI reset. If the SCSI reset signal goes true when 
this bit is set, the FSC will disconnect from the SCSI bus and remain idle in the 
disconnected state without interrupting the host. If the bit is not set, the FSC will 
respond to the SCSI reset by first interrupting the host, then resetting the host if the 
interrupt is not serviced within 1-2 ms (depending on CLKfrequency and clock 
conversion factor.) Refer to Bus Initiated Reset. This bit is cleared (0) by hardware 
reset or software reset chip (but not SCSI reset). The SCSI Reset Detected bit will be 
set if the chip detects a reset, regardless of the status of this bit. 
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Bit 5 (Parity Test Mode) 

Setting this bit will cause the parity signal to be a duplicate of data bit 7 when 
unloading the FIFO to the SCSI bus. This allows parity errors to be created so that 
hardware and software may be tested. This bit must not be set during normal 
operation. Refer to Parity Checking and Generation. This bit is cleared (0) by 
hardware reset or software reset chip (but not SCSI reset). 

Bit 4 

When this bit is set, the FSC will check parity on incoming SCSI bytes during any 
information transfer phase except when receiving bad bytes. Detected parity errors 
will cause a bit to be set in the status register but will not cause an interrupt. In 
initiator role, bad parity will also set ATN (Attention) on the SCSI bus. When this bit 
is not set, parity will not be checked; the bit in the status register will not be set, and 
ATN will not be asserted. Refer to Parity Checking and Generation. This bit is cleared 
(0) by hardware reset or software reset chip (but not SCSI reset). 

Bit 3 (Chip Test Mode Enable) 

When this bit is set, the chip is placed in special test mode that enables the test 
register at address OAh. Once it has been set, the chip must be reset (hard or soft but 
not SCSI) before normal operation can begin. This bit should not be set during normal 
operation. This bit is cleared (0) by hardware reset or software reset chip (but not 
SCSI reset). 

Bit 2-0 (My Bus ID) 

This bit field is the bus ID of this device. It is the ID to which the FSC responds during 
bus initiated selection or reselection, and the ID that the FSC uses to arbitrate for the 
bus. The name of this field has changed from bus ID on the C90, but its function 
remains the same. This three bit field is binary encoded. These bits are cleared by a 
hardware reset or software reset command (but not SCSI reset). 

Clock Conversion (Write Address 09) 

NCRB9C100 
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This register must be set according to the CLK (clock) input frequency. All timings 
longer than 400 ns depend on this register correctly agreeing with the CLK frequency. 
The least significant three bits are binary encoded, and should be set to one of the 
following seven values: 

CLK Frequency (MHz) 

10 

10.01 to 15 

15.01 to 20 

20.01 to 25 

25.01 to 30 

30.01 to 35 

35.01 to 40 

Clock Conversion 
Factor 

010 

011 

100 

101 

110 

111 

000 
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This register must never be loaded with 1. Hardware reset or software reset chip will 
set the clock conversion register to 2. SCSI reset will not affect it. The upper 5 bits of 
this register are reserved. 

Test Register (Write Address OA) 

This register is enabled by setting the special test mode bit in config-1 at address 08. 
After test mode has been entered, a hardware reset or software reset chip must occur 
before normal operation can begin. 

Reserved HiZ T 

7 6 5 4 3 2 1 o 

Figure 5-8 Test Register (Write address OA 

Bit 2 (All Outputs to High-impedance) 
When this bit is set, all bidirectional and all output pins go to high-impedance and 
will not significantly load a TTL or compatible device. 

Bit 1 (Initiator Mode) 
When this bit is set, the FSC is artificially forced into initiator mode. Any initiator 
command will be accepted by the FSC. For example, a set ATN command will cause 
ATN to be driven on the SCSI bus even if the FSC is disconnected. 

Bit 0 (Target Mode) 
When this bit is set, the FSC is artificially forced into target mode. Any target 
command will be accepted by the FSC. For example, a DMA command will load or 
unload the FIFO and set the SCSI phase, data and REQ signals even if arbitration 
and selection have not occurred. 

Configuration 2 (Conflg 2) (Read/Write Address OB) 
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After hardware reset or software reset chip, the bits in this register are all cleared. 
Any bit pattern written to this register may be read back and should be identical. 

RES FE I RES I D~~Q I ~SI I BPA RPE DPE 

7 6 5 4 3 2 1 o 

Figure 5-9 Configuration 2 (Config 2) (Read/write address 08 

Bit 7 Reserved 
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Bit 6 Features Enable 
When set, this bit will enable the following features: 

• The SCSI phase is latched at each command completion. This permits 
simpler software routines for stacked commands. When the Features 
Enable bit is not set, the phase bits (bits 2-0 in the Status register) are live 
indicators of the state of the SCSI phase lines. 

• During differential mode operation when the SCSI phase changes from in 
to out, the SCSI Data In and Parity lines are delayed two or three CLKs 
before asserting. When the phase changes from out to in, the SCSI Data 
Out and Parity lines are delayed two or three CLKs before deasserting. At 
40 MHz, this provides a minimum 50 ns turnoff time for the external 
transceivers. This will improve the SCSI Data timings in differential mode 
by preventing electrical bus contention between the chip and the SCSI bus 
transceivers when the bus changes phase. 

• The Transfer Counter High register at address OEh is enabled, which 
extends the transfer counter from 16 to 24 bits. 

• If other conditions are met, setting the Features Enable bit also allows the 
chip revision code to be read (see the Transfer Counter High register 
description for more information on this feature). 

BitS Reserved 

Bit 4 (DREQ High-impedance) 
When this bit is set, the DREQ output (DMA Request) goes to high impedance and 
will not significantly load a TTL compatible device. This is useful when several 
devices share the DMA request line (known as wired-OR). When this bit is set, the 
FSC will ignore any activity on the DACKI (DMA Acknowledge) input. 

When this bit is cleared, the DREQ output will be driven to TTL high or low voltages. 
When this bit is cleared, DACKI is enabled to decrement the transfer counter and load 
or unload the FIFO, depending or WRJ or RD/. DACKI should not pulse true without 
RDI or WRJ because the transfer counter may decrement without transferring any 
data. Refer to Transfer Counter Register. 

Bit 3 (SCSI-2) 
Allows the FSC to support two new features adopted in SCSI-2: the three-byte 
message exchange for tagged-queuing and Group 2 commands. 

Tagged-Queuing 
When this bit is set, and the FSC is selected with ATN (Attention), it will request 
either one or three message bytes depending on whether ATN remains true or goes 
false. If ATN is still true after the first byte has been received, the FSC may request 
two more message bytes before switching to command phase. If ATN goes false, it will 
request only one message byte then switch to command phase. When the bit is not set 
it will request a single message byte (as a target) when selected with ATN; and abort 
the selection sequence (as an initiator) if the target does not switch to command phase 
after one message byte has been transferred. Refer to Bus Initiated Selection. 
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Group 2 Commands 
When the SCSI-2 bit is set, Group 2 commands are recognized as lO-byte commands. 
Receiving a Group 2 command with this bit set will set the valid group code bit in the 
status register. If the SCSI-2 bit is not set the FSC will treat Group 2 commands as 
reserved commands, it will request only 6 bytes in command phase and will not set 
the valid group code status bit. 

Bit 2 (Target Bad Parity Abort) 

When this bit is set, the FSC will abort a receive command or receive data sequence 
when the FSC detects a parity error. 

Bit 1 (Register Parity Enable) 

When this bit is set, parity from the host DBP pin (53C90B only) will be loaded into 
the FIFO when CSt and WRJ are both true. When this bit is not set the FSC generates 
parity from the host data bus when CS/ and WRJ are both true and places it in the 
FIFO along with the data from which it was generated. 

When the FSC is moving data from the FIFO to the SCSI bus, it will flag outgoing 
parity errors if either this bit or the DMA parity enable bit is set. 

Bit 0 (OMA parity Enable) 

When this bit is set, parity from the host DBP pin (53C90B only) will be loaded into 
the FIFO when DACKI and WRJ are both true. When this bit is not set, the FSC 
generates parity from the host data bus when DACKI and WRJ are both true and 
places it in the FIFO along with the data from which it was generated. 

When the FSC is moving data from the FIFO to the SCSI bus, it will flag outgoing 
parity errors if either this bit or the register parity enable bit are set. 

Configuration Register 3 (Read/Write Address ~C) 
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After hardware reset or a Reset Chip command the bits in this register are all cleared. 
Any bit pattern written to this register may be read back and should be identical. 

RES RES RES 10M QTE COB FSCSI I FCLK I 
7 6 5 4 3 2 1 o 

Bits 7-5 Reserved 

Bit 4 10 Message Reserved Check 
This bit allows a second level of checking for the validity of an ID message. The most 
significant bit of an ID message byte is always checked, and must be one, or the chip 
interrupts. When this bit is set, bits 5-3 of the ID message are also checked and must 
be zero, or the chip interrupts. This check occurs in two cases: if the chip is selected 
with ATN true, or during reselection. If the validation check fails, the selection or 
reselection sequence halts and the chip generates an interrupt. 
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Bit 3 Queue Tag Enable 
When this bit is set, the FSC can receive 3-byte messages during bus-initiated select 
with ATN. This feature is also enabled by setting bit 3 in the Configuration 2 register. 
The message bytes consist of a 1-byte Identify message and a 2-byte Queue Tag 
message. The middle byte is the tagged queue message itself and the last byte is the 
tag value (0 to 255). When this bit is set, the second byte is checked to see if it is a 
valid queue tagging message. If the value of the byte is not 20h, 21h, or 22h, the 
sequence halts and an interrupt is generated. When this bit is not set, the chip aborts 
the select with ATN sequence after it receives one Identify message byte, if ATN is 
still asserted. 

Bit 2 CDB10 
When this bit is set, 10-byte Group 2 commands are recognized as valid Command 
Descriptor Blocks (CDB). The target command sequence receives ten Group 2 
command bytes and sets the Valid Group Code bit (Status register, bit 3). When this 
bit is not set, the target command sequence receives only six Group 2 command bytes 
and does not set the Valid Group Code bit. The group code defines how many bytes to 
request while driving command phase. This feature is also enabled or disabled by 
setting or clearing bit 3 in the Configuration 2 register. 

Bit 1 FASTSCSI 

Bit 0 FASTCLK 
Bits one and zero in this register are used to inform the device that it is connected to a 
fast clock, and to select between Fast SCSI timings and SCSI-1 timings. Fast SCSI 
operation requires a 40 MHz clock. A fast clock is one with a frequency greater than 
25 MHz. These bits affect the SCSI transfer rate as follows: 

Bit 1 Bit 0 

X 0 

0 1 

1 1 

Min clocks/byte 

async sync 

2 5 

3 8 

3 4 

SyncTransfer 
(MB/s) 

5 

5 

10 
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Transfer Counter High Register (Read Address OE) 

This register extends the transfer counter to 24 bits. Like the other transfer counter 
registers, this register is not affected by any reset condition. After power-up or a chip 
reset, and until Transfer Counter High register is loaded, the FSC part unique ID 
code is readable from this register. The Transfer Counter High register is only enabled 
when the Features Enable bit (bit 6 in the Configuration 2 register) is set. Refer to the 
descriptions for Transfer Counter Low and Transfer Counter Mid for more 
information on the transfer counter. 

An B-bit part unique ID code for the FSC is available in the Transfer Counter High 
register when the following conditions are true: 

• After power-up or chip reset 
• Before the Transfer Counter High register is loaded 
• The features Enable bit (bit 6 in the Configuration 2 register) is set 
• A DMA NOP command (BOh) has been issued 

Bits 7-3 indicate the chip family code. Bits 2-0 indicate the revision level of the chip. 
At power-up, the FSC family code is zero and the revision level is two. 

Transfer Counter High Register (Read Address OE) 

Rev. 1.0 

This register extends the Transfer Count to 24 bits. Like the other transfer count 
registers, this register is not affected by any reset condition. This register is only 
enabled when the Features Enable bit (bit 6 in the Configuration 2 register) is set. 
Refer to the descriptions for Transfer Count Low and Transfer Count Mid for more 
information on the transfer count. 
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Table 5-4 Parity Control 

Register Bit Bit Name 

Configuration 1 4 Enable Parity Checking 

Configuration 1 5 Parity Test Mode 

Status 5 Parity Error 

Configuration 2 0 DMA Parity Enable (N/A) 

Configuration 2 1 Register Parity Enable (Nt A) 

Configuration 2 2 Target Bad Priority Abort 

The FSC has six bits that control parity generation and checking. If parity checking is 
disabled, the FSC does not check for parity errors. In this document, the word 
"detected," in conjunction with "parity error," should be understood to imply that 
parity checking has previously been enabled. 

In target role, detected parity errors will set the parity error status bit and clear the 
command register. In initiator role, detected parity errors will set the parity error bit 
and assert ATN (Attention) prior to releasing ACK(Acknowledge). Parity errors 
occurring on the first few bytes after a phase change to synchronous data in are 
handled slightly differently in initiator mode. Refer to Initiator Commands. 

Ifparity test mode is enabled, the parity bit is a duplicate of bit 7. This is true both for 
data flowing from the FIFO to the SCSI Data Bus (SDB) or data flowing from the 
FIFO to the Host Data Bus (DB). 

It may pass parity between SCSI and host buses without changing it or flagging 
errors; or may generate parity from the data byte. Whether generated internally or 
externally, the parity bit is always loaded into the FIFO along with the data byte. 
From there on it moves through the FIFO along with the byte. The FIFO may be 
accessed by three busses: SCSI bus, host processor bus, or host DMA bus. 

When checking parity, the FSC checks at the edge of the board. Parity errors are 
flagged as data comes into the FIFO from the SCSI bus, or as it leaves the FIFO on its 
way out to the SCSI bus. 

Rev. 1.0 
SBus 110 Chipset Data Manual 



NCR 53C9X Advanced SCSI Controller 

Command Set 
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From the programmers point of view, DMA commands will move data between 
memory and the SCSI bus, non-DMA commands will move data between the FIFO 
and the SCSI bus. Non-DMA commands require the host processor to move data 
between the FIFO and memory. DMA commands require an external DMA controller 
to move data between the FIFO and memory. A command with bit 7 set is a DMA 
command. A command with bit 7 not set is a non-DMA command. DMA commands 
will load the transfer counter with whatever value is in the transfer count register, so 
the value must be correct before issuing the command. 

Table 5-5 FSC Command Set 

Command Register Command Mnemonic Interrupt 

7654 3210 

XOOO 0000 NOP No 

XOO 0 0001 Flush FIFO No 

XOOO 0010 Reset Chip No 

XOOO 0011 Reset SCSI Bus No* 

X100 0000 Reselect Sequence Yes 

X100 0001 Select without ATN Sequence Yes 

X100 0010 Select with ATN Sequence Yes 

X100 0011 Select with ATN and Stop Sequence Yes 

X100 0100 Enable SelectionlReselection No 

X100 0101 Disable SelectionlReselection Yes 

X100 0110 Select with ATN3 Yes 

X100 0111 Reselect3 Sequence Yes 

XOI0 0000 Send Message Yes 

X010 0001 Send Status Yes 

X010 0010 Send Data Yes 

X010 0011 Disconnect Sequence Yes 

X010 0100 Terminate Sequence Yes 

* The command itself does not cause an interrupt, however, external connection of the 
RSTO/ pin to RSTII pin causes an interrupt if the SCSI reset reporting is not disabled in 
the configuration register. 

** The command itself does not cause an interrupt, however, it may allow a stalled command 
to finish and generate an interrupt 
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Table 5-5 FSC Command Set (Continued) 

Command Register Command Mnemonic Interrupt 

X010 0101 Target Command Complete Sequence Yes 

X010 0111 Disconnect No 

X010 1000 Receive Message Yes 

X010 1001 Receive Command Sequence Yes 

X010 1010 Receive Data Yes 

X010 1011 Receive Command Sequence Yes 

XOOO 0100 Target Abort DMA No** 

7654 3210 

XO 0 1 0000 Transfer Information Yes 

XO 0 1 0001 Initiator Command Sequence Complete Yes 

XO 0 1 0010 Message Accepted Yes 

XO 0 1 1000 Transfer Pad Yes 

X001 1010 SetATN No 

X001 1011 ResetATN No 

* The command itself does not cause an interrupt, however, external connection of the 
RSTOI pin to RSTII pin causes an interrupt if the SCSI reset reporting is not disabled in 
the configuration register. 

** The command itself does not cause an interrupt, however, it may allow a stalled command 
to finish and generate an interrupt 

Miscellaneous Commands 
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Page 5-28 

Table 5-6 Miscellaneous Commands 

DMA Non-DMA Mnemonic 

80 00 No-Operation (NOP) 

81 01 Flush FIFO 

82 02 Reset Chip 

83 03 Reset SCSI Bus 

NOP 

No-Operation. The 53C9X requires this command only after hardware reset or 
software reset chip. A DMA NOP 80h may be used to load the transfer counter with 
the value in transfer count register. No interrupt is generated from this command. 
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Flush FIFO 

The Flush FIFO command initializes the FIFO to the empty condition by resetting the 
FIFO flags and setting the bottom byte of the FIFO to zero. 

Reset Chip 

This command resets all functions in the chip and returns it to a disconnected. state. 
The command has the same effect as a hardware reset, with the exception that reset 
chip cannot change between single-ended mode or differential mode. 

Reset SCSI Bus 

This command will assert the SCSI Reset Output (RSTO) signal for 25J.Ls, depending 
on CLK frequency and clock conversion factor. Refer to Bus Initiated Reset. This 
command does not cause an interrupt; however, since RSTI will be externally 
connected to RSTO, an interrupt will be generated unless it is disabled in the 
Con:fig 1 register. 

Disconnected State Commands 

Rev. 1.0 

Table 5-7 Disconnected State Commands 

DMA Non-DMA Mnemonic 

CO 40 Reselect Sequence 

C1 41 Select without ATN Sequence 

C2 42 Select with ATN Sequence 

C3 43 Select with ATN and Stop Sequence 

C4 44 Enable Selection or reselection 

C5 45 Disable Selection and Reseleciton 

C6 46 Select with ATN3 

C7 47 Reselect3 Sequence 

If any of the Disconnected State commands are received by the FSC when it is not in 
the disconnected state, the command will be ignored, the command register will be 
cleared, and the FSC will generate an illegal command interrupt. 

Reselect Sequence 

This command will cause the FSC target to arbitrate for the bus then enter 
reselection phase when it wins arbitration. The identify message, required by SCSI 
protocol, must either be placed in the FIFO by the host processor before issuing the 
command or must be transferred by DMA, which involves setting the transfer count to 
one and setting up the external DMA controller. In either case, the time-out and 
destination ID must have previously been set. The sequence will terminate early if a 
reselect time-out occurs. 
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Select Without ATN Sequence 

This command will cause the FSC initiator to arbitrate for the bus, enter selection 
phase when it wins, and send the CDB (Command Descriptor Block). The 6,10, or 12 
byte CDB must have either been placed in the FIFO previously by the host processor 
or must be transferred by DMA, which involves setting the transfer count to 6, 10 or 
12 and programming the external DMA controller. In either case, the time-out and 
destination registers must have previously been set. This command terminates early 
if a reselection time-out occurs, or the target does not assert command phase, or the 
target removes command phase too early. If it terminates normally, a function 
completelbus service interrupt will be generated. 

Sequence 
Step 

000 

010 

011 

100 

Table 5-8 Initiator Select without ATN 

Interrupt 
Register 

00100000 

00011000 

00011000 

00011000 

Interpretation 

Arbitration complete; selection time-out; discon­
nected 

Arbitration and selection complete; stopped 
because target did not assert command phase 
Stopped during command transfer because target 
prematurely changed phase 

Select sequence complete 

Table 5-9 Target Selected without ATN 

Sequence Interrupt Register 
Step Interpretation 

000 00000001 

001 00000001 

001 00010001 

010 00000001 

010 00010001 

Select with ATN Sequence 

Selected, loaded bus ID into FIFO, loaded 
null-byte message into FIFO 

Stopped in command phase due to parity 
error; some command descriptor block bytes 
may not have been received; check FIFO 
flags 
Same as above, initiator asserted ATN in 
command phase 

Selected, received entire command descriptor 
block; check valid group status bit 

Same as above, initiator asserted ATN in 
command phase 

This command will cause the FSC initiator to arbitrate for the bus, select a device 
with ATN true then send one message phase byte followed by 6, 10 or 12 command 
phase bytes. The message and command bytes must have either been placed in the 
FIFO by the host processor or must be transferred by DMA, which involves setting the 
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transfer count to 7, 11 or 13 and programming the external DMA controller. In either 
case, the time-out and destination ID registers must have previously been 
programmed. This command terminates early if: a select time-out occurs, target does 
not assert message phase followed by command phase, or target removes command 
phase early. If it completes normally, a function complete and bus service interrupt 
will be generated. 

Sequence 
Step 

000 

000 

010 

011 

100 

Sequenc 

Table 5-10 Initiator Selee! with ATN 

Interrupt 
Register 

00100000 

00011000 

00011000 

00011000 

00011000 

Interpretation 

Arbitration complete; selection time-out; discon-
nected 

Arbitration and selection complete; stopped 
because target did not assert message out phase; 
ATN still driven by FSC 

Message out complete; sent one message byte 
with ATN true, then released ATN; stopped 
because target did not assert command phase 
after message byte was sent 
Stopped during command transfer due to prema-
ture phase change; some CDB bytes may not have 
been sent; check FIFO flags 

Selection with ATN sequence complete 

Table 5-11 Target Selected with ATN SCSI-2 Bit Not Set 

e Interrupt Register Interpretation 
Step 

000 00000010 Selected with ATN, stored bus ID and one 
message byte; stopped due either to parity 
error or invalid ID message 

000 0001 0010 Selected with ATN, stored bus ID and one 
message byte; stopped because ATN 
remained true after first message byte 

001 00000010 Stopped in command phase due to parity 
error; some CDB bytes not received; check 
valid group code bit and FIFO flags 

001 0001 0010 Stopped in command phase; parity error and 
ATNtrue 

010 00000010 Selection complete; received one message 
byte and the entire command descriptor 
block 

010 0001 0010 Same as above, initiator asserted ATN dur­
ing command phase 
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Table 5-12 Target Selected with ATN SCSI-2 Bit Set 

Sequenc 
e Interrupt Register Interpretation 

Step 

000 0 0 0 0 0 0 10 Selected with ATN, stored bus ID and one 
message byte; stopped due either to parity 
error or invalid ID message 

1 0 0 0 0 0 0 0 0 10 Parity error during second or third message 
byte 

100 0001 0010 ATN remained true after third message byte 

101 00000010 Received three message bytes; then stopped 
in command phase due to parity error; some 
CDB bytes not received; check valid group 
code bit and FIFO flags 

1 01 0001 0010 Stopped in command phase; parity error and 
ATNtrue 

1 10 0 0 0 0 0 0 10 Selection complete; received 3 message bytes 
and the entire command descriptor block 

Select with ATN and Stop 

This command should be used in place of the one above when multiple message phase 
bytes are to be sent. The command will select a target with ATN asserted, send one 
message phase byte, and generate bus service and function complete interrupts, and 
stop. 

Sequence 
Step 

Table 5-13 Initiator Select with ATN and Stop 

Interrupt 
Register Interpretation 

o 0 0 0 0 1 0 0 0 0 0 Arbitration complete; selection time-out; discon-
nected 

o 0 0 0 0 0 1 1 0 0 0 Arbitration and selection complete; stopped 
because target did not assert message out phase; 
ATN still asserted by FSC 

001 00011 000 Message out complete; sent one message byte; 
ATNon 

Enable Selection/Reselection 

After receiving this command, the FSC will respond to bus initiated selection or 
reselection. A command that causes the FSC to select or reselect will cancel this 
command. The command must be re-issued within 250 ms after the FSC disconnects 
to preserve ANSI recommended timings. If DMA is enabled, incoming Command 
Descriptor Block will be placed in memory. If DMA is not enabled, incoming 
information will remain in the FIFO. 

Rev. 1.0 
SBus 110 Chipset Data Manual 



Rev. 1.0 

NCR 53C9X Advanced SCSI Controller 

Disable Selection/Reselection 

This command disables an earlier Enable SelectionlReselection command. If bus 
initiated selection or reselection had not yet begun when this command is received by 
the FSC, it will generate a function complete interrupt. If bus initiated selection or 
reselection had already begun, this command (and every other command) will be 
ignored. Refer to Bus Initiated Selection and Bus Initiated Reselection. 

Select with ATN3 Sequence 

This command is similar to the select with ATN command, but sends three message 
bytes instead of one. It will cause the FSC initiator to arbitrate for the bus, select a 
device with ATN true, send three message phase bytes, deassertATN, then send 6, 10, 
or 12 command phase bytes. The message and command bytes must have either been 
placed in the FIFO by the host processor or must be transferred by DMA; this involves 
setting the transfer count to 7, 11, or 13 and programming the external DMA 
controller. In either case, the time-out and destination ID registers must have 
previously been programmed. This command terminates early if: a select time-out 
occurs, target does not assert message phase followed by command phase or target 
removes command phase early. !fit completes normally, a function complete and bus 
service interrupt will be generated. 

Sequence 
Step 

000 

000 

010 

011 

100 

Table 5-14 Initiator Select with ATN3 

Interrupt 
Register 

00100000 

00011000 

00011000 

00011000 

00011000 

Interpretation 

Arbitration complete; selection time-out; 
disconnected 

Arbitration and selection complete; stopped 
because target did not assert message out phase; 
ATN still driven by FSC 

Sent 1, 2, or 3 message bytes; stopped because 
target prematurely changed from message out 
phase or did not assert command phase after 
third message byte; ATN released only if third 
message byte was sent 

Stopped during command transfer due to 
premature phase change; Some CDB bytes may 
not have been sent; check FIFO flags 
Selection with ATN3 sequence complete 
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Initiator Commands 
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Table 5-15 Initiator Commands 

DMA Non-DMA Mnemonic 

90 10 Transfer Information 

91 11 Initiator Command Complete Sequence 

92 12 Message Accepted 

98 18 Transfer Pad 

9A lA Set ATN (Attention) 

- IB Reset ATN (Attention 

If the FSC is not in initiator state when it receives any ofthese commands, the 
command will be ignored, an illegal command interrupt will be generated, and the 
command register will be cleared. Refer to Command Register. 

If BSY goes false while the FSC is connected as an initiator, it will generate a 
disconnected interrupt. The interrupt output will occur 1.5 to 3.5 CLK cycles after 
BSY goes false. 

When the FSC receives the last byte of a message in phase, it will leave ACK 
(Acknowledge) asserted on the bus to prevent the target from sending any more bytes 
until the initiator decides to accept or reject the message. For non-DMA commands, 
every byte is presumed to be the last byte. For DMA commands, the transfer counter 
signals the last byte. 

If parity checking is enabled and the FSC detects a parity error while in initiator 
mode, it will automatically assert ATN prior to deasserting ACK for the byte which 
has the error. The one exception is after a phase change to synchronous data in, 
described below. 

If the synchronous offset register is non-zero (synchronous) and the phase changes to 
data in, the DMA interface is immediately disabled and the reporting of a parity error 
during data in phase is delayed. The phase, change to data, in will: latch the FIFO 
flags to indicate how many bytes were in the FIFO (these bytes will be lost), clear the 
FIFO, load the FIFO with the first data in byte, generate an interrupt, and continue 
to load the FIFO with incoming data in bytes as long as the target sends them, but not 
more than the specified offset. Th continue receiving data in bytes, the host processor 
would normally issue the transfer information command to re-enable the DMA 
interface. If parity checking is enabled, and a parity error occurred on a previous 
input phase (message in or status), then the parity error flag will be set in the status 
register, and ATN (Attention) will be set on the SCSI bus. If a parity error occurred 
during the data in phase, the parity bit will not be set, nor will ATN be asserted until 
after the FSC receives the subsequent transfer information command. 
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Transfer Information 

This command can be used to send or receive any information phase bytes, but is most 
often used for data transfer. For synchronous transfer, DMA must be used. The FSC 
will continue to transfer information until one of the following terminating events 
occurs: 

• Transfer is complete. This successful completion will create a bus service 
interrupt. For a DMA transfer info, the transfer is complete when the 
transfer count decrements to zero and the FIFO is empty and the target 
asserts REQ (Request) for the next byte. For non-DMA transfer info in 
which the FSC is sending bytes to the SCSI bus, transfer is complete when 
the FIFO empties and the target asserts REQ for the next byte. For non­
DMA transfer info in which the FSC is receiving bytes from the SCSI bus, 
transfer is complete after one byte is received and the target asserts REQ 
for the next byte. Thus, non-DMA transfer info commands will generate an 
interrupt for every byte received. 

• If the phase is message out, the FSC removes ATN prior to asserting ACK 
for the last byte of the message. For non-DMA, the FIFO flags indicate the 
last byte. For DMA, the transfer counter indicates the last byte. 

• Target changes phase. The FSC clears the command register and gener­
ates a bus service interrupt, after the target asserts REQ for the next byte. 

• Target releases BSY (Busy). The FSC generates a disconnected interrupt. 

• The FSC receives the last byte of a message in phase. (For non-DMA every 
byte is assumed to be the last byte. For DMA, the transfer counter signals 
the last byte.) The FSC leaves ACK(Acknowledge) asserted and generates 
a function complete interrupt. 

All message in and status phase transfers are handled one byte at a time. IfDMA is 
enabled, the next byte will not be received until the current byte has been written to 
buffer memory and the FIFO is empty. IfDMA is not enabled, each byte will create an 
interrupt. 

Initiator Command Complete Sequence 

This command will cause the FSC to receive a status byte followed by a message byte. 
It terminates early if the target does not assert message in phase, or if the target 
disconnects. After receiving the message byte, the FSC leaves ACK asserted on the 
bus to allow the initiator to assert ATN if the message is unacceptable. 

Message Accepted 

This command releases the ACK signal on the SCSI bus. Any of the commands that 
receive bytes during message phase will leave ACK asserted after receiving the last 
message byte. 'lb accept the message, issue this command. 'lb reject the message, set 
ATN, then issue this command. 

Transfer Pad 

Transfer Pad is usually an error recovery technique. It is useful when a target 
requests more bytes than an initiator has to send, or when an initiator must receive 
and discard a number of bytes from a target. 
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When transmitting to the SCSI bus, Transfer Pad will fill the FIFO with null bytes 
and send them to the SCSI bus. When receiving from the SCSI bus, Transfer Pad will 
receive bytes, place them on the top of the FIFO and discard them from the bottom of 
the FIFO. 

When sending pad bytes to the SCSI bus, DMA must be enabled. No DMA requests 
are actually made, but the FSC uses the transfer counter to end the transfer. 

The command terminates under the same conditions as the transfer info command, 
except that the FSC does not leave ACK asserted on the last byte of a message in 
phase. If the command terminates early (due to phase change or disconnect) the FIFO 
may contain bad bytes. 

Set ATN 

This command asserts attention on the SCSI bus. No interrupt is generated from this 
command. ATN stays asserted until the last byte of a message out phase. DMA 
commands use the transfer counter to indicate the last byte. For non-DMA 
commands, every byte is assumed to be the last byte. ATN will also be released if the 
target prematurely disconnects. 

Reset ATN 

This command causes ATN to be released. It does not cause an interrupt. 

This command must not be used when connected to a device supporting the Common 
Command Set (CCS). The FSC obeys CCS protocol by releasing ATN on the last byte 
of a message out phase. The Reset ATN command is provided for older devices that do 
not respond properly to the ATN condition. 

Target Commands 
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DMA 

AO 

A1 

A2 

A3 

A4 

A5 

A7 

A8 

A9 

AA 

AB 

84 

Table 5-16 Target Commands 

Non-DMA 

20 

21 

22 

23 

24 

25 

27 

28 

29 

2A 

2B 

04 

Mnemonic 

Send Message 

Send Status 

Send Data 

Disconnect Sequence 

Terminate Sequence 

Target Command Complete Sequence 

Disconnect 

Receive Message Sequence 

Receive Command 

Receive Data 

Receive Command Sequence 

Target Abort DMA 
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If the FSC receives any of these commands when it is not in target state, it will ignore 
the command, clear the command register, and generate an illegal command 
interrupt. Refer to Command Register. 

Normal completion of these commands will cause a function complete interrupt. If 
ATN is asserted, the bus service bit will be set in the status register. If the FSC was 
idle when ATN was asserted, a bus service interrupt will be generated, the function 
complete bit will be zero, and the command register will be cleared. 

Send Message 

This command will cause the FSC to assert message in phase and send bytes until the 
FIFO is empty and the transfer counter is zero (if DMA). 

Send Status 

This command will cause the FSC to assert status phase and send bytes until the 
FIFO is empty and the transfer counter is zero (ifDMA). 

Send Data 

This command will cause the FSC to assert data in phase and send bytes until the 
FIFO is empty and the transfer counter is zero (if DMA). 

Disconnect Sequence 

This command will cause the FSC to assert message in phase, send two bytes, then 
disconnect from the SCSI bus. Normally, the first byte will be a save data pointers 
message and the second will be a disconnect message. If ATN is asserted by the 
initiator, the bus service and function complete bits will be set; an interrupt will be 
generated, but the FSC will not disconnect. 

Terminate Sequence 

This command will cause the FSC to first assert status phase, send one byte; then 
assert message in phase and send one more byte. If ATN is asserted by the initiator, 
the bus service and function complete bits will be set, an interrupt will be generated, 
but the FSC will not disconnect. 

Table 5-17 Target Terminate Sequence 

Sequenc 
e Interrupt Register Interpretation 

Step 

o 0 0 0 0 0 1 1 0 0 0 Sent status byte; stopped because initiator 
setATN 

001 00011 000 Sent status and message bytes; stopped 
because initiator set ATN 

o 10 0 0 1 0 1 0 0 0 Terminate sequence complete; disconnected; 
bus is free 
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Target Command Complete Sequence 

This command is similar to terminate sequence, but is used for linked commands. It 
will cause the FSC to first assert status phase, send one byte, then assert message in 
phase and send one more byte. The message byte will normally be a command 
complete message. If ATN is asserted by the initiator, the bus service and function 
complete bits will be set; an interrupt will be generated, but the FSC will not 
disconnect. 

Table 5-18 Target Command Complete Sequence 

Sequenc 
e Interrupt Register Interpretation 

Step 

o 0 0 0 0 0 1 1 0 0 0 Sent status byte; stopped because initiator 
setATN 

001 00011 000 Sent status and message bytes; stopped 
because initiator set ATN 

o 10 0 0 0 0 1 0 0 0 Command complete sequence complete 

Disconnect 

This command causes the FSC to release all SCSI bus signals except RSTO. The FSC 
returns to the disconnected state without generating an interrupt. 

Table 5-19 Target Disconnect Sequence 

Sequenc 
e Interrupt Register Interpretation 

Step 

o 0 0 0 0 0 1 1 0 0 0 Sent one message byte; stopped because 
initiator set ATN 

001 00011 000 Sent two message bytes; stopped because 
initiator set ATN 

o 10 0 0 1 0 1 0 0 0 Disconnect sequence complete; disconnected; 
bus is free 

Receive Message Sequence 

This command allows the target to request message bytes from the initiator SCSI 
device. The SCSI bus phase lines are set to the Message Out phase, and the target 
receives bytes from the initiator through the SCSI bus. A function complete interrupt 
is generated upon command completion; if ATN is still asserted, the bus service 
interrupt is set and the Command Register is cleared. If a parity error is detected, the 
53C9X receives message bytes and discards them until ATN is false, a function 
complete interrupt is generated, and the Command Register is cleared. 
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Receive Command 

This command will cause the FSC to assert command phase and receive bytes from 
the initiator. For non-DMA Receive command, only one byte per interrupt may be 
received. DMA Receive command will interrupt after the transfer counter decrements 
to zero. 

Table 5-20 Target Receive Command 

Sequenc 
e Interrupt Register Interpretation 

Step 

001 00001 000 Stopped during command transfer due to 
parity error; check FIFO flags 

001 00011 000 Stopped during command transfer due to 
parity error; ATN asserted by initiator 

o 1 0 0 0 0 0 1 0 0 0 Received entire command descriptor block 

o 1 0 0 0 0 1 1 0 0 0 Received entire CDB, initiator asserted ATN 

Receive Data 

This command will cause the FSC to assert data out phase and receive bytes from the 
initiator. For non-DMA Receive Data, only one byte per interrupt may be received. 
DMA Receive Data will interrupt after the transfer counter decrements to zero. 

Receive Command Sequence 

This command will cause the FSC to assert command phase and receive a number of 
bytes, which will vary according to the group code field of the first byte. If the SCSI-2 
bit is set in the Config 2 register, Group 2 commands will be recognized as 10-byte 
commands. If the SCSI-2 bit is cleared, Group 2 commands will be recognized as 
reserved commands. Groups 3 and 4 are always reserved. The FSC will request 6 
bytes for reserved commands, 6 bytes for Group 6 vendor unique commands, and 10 
bytes for Group 7 vendor unique commands. 

Target Stop DMA 

This command allows the host processor to stop a DMA data transfer command. The 
FSC must be in target state when this command falls to the bottom of the command 
FIFO or an illegal command interrupt will be generated. Target stop DMA may only 
be used when all of the following are true. 

1. Either a Target Send Data or Target Receive Data command are 
currently executing. 

2. The DMA controller has stopped. 
3. The FSC is in steady state, that is: 

a. Send data-the FIFO is empty. 
b. Receive asynchronous data-the FIFO is full or the transfer counter is 

zero. 
c. Receive sync data-the transfer counter is zero or the synchronous 

offset max bit (read register 06, bit 3) is not set. 
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Upon receiving this command, the FSC will reset the DMA interface (release DREQ) 
then terminate the current command. It will not generate its interrupt until the rest 
of the completion criteria are met. 

1. Send asynchronous data-completes immediately. 
2. Send synchronous data-eompletes when the offset counter is zero. 
3. Receive asynchronous data-eompletes immediately. There will be data in 

the FIFO which should be removed by the host processor. 
4. Receive synchronous data- completes when all outstanding SCSI ACKs 

have been received. The offset counter is separate from the transfer 
counter. There will be data in the FIFO which should be removed by the 
host processor. 

AC Electrical Characteristics 

NCR89C100 
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This document is intended for use with the SCSI controller embedded in the 
NCR89C100 Master YO device. All relevant timing information can be found in the 
section titled "NCR89C100 Master YO. 
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Overview 

NCR89C105 
Chip Specification 

The NCR89CI05 device is designed for use in a low-cost single-processor system with 
an SBus interface. This chip is meant to replace the slave portion of the desktop I/O 
hardware with a highly integrated, low cost and low power part. The 89CI05 inte­
grates two dual serial controllers, a high-speed floppy controller, uniprocessor inter­
rupt, reset, and counter/timer circuitry, power down control, and an external byte­
wide expansion bus in a single 160 PQFP package. 

Chip-Level Functional Block Diagram 
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NCR89C105 Chip Specification 

Features 
The following features are incorporated in the 89Cl05: 

• Four NCRB5C30 serial ports for keyboard/mouse and general purpose use, 
compatible with the AMD AM85C30 rev. C, without extended features. The 
TTYAIB serial ports are fully synchronous, while the keyboard/mouse ports 
are asynchronous only. All ports support data rates up to 38.4 Kb/s. 

• NCR82077 floppy disk interface compatible with the Intel® 82077AA-l 
single-chip floppy controller, supporting up to 1 Mbitlsec transfer rate. 

• Expansion bus that supports the following byte-wide peripherals: 
• EPROM 
• TODINVRAM (Mostek 48T02 or 48T08) 
• Generic 8-bit device 

• Auxiliary I/O registers (used for led, floppy, and system powerdown) 
• Interrupt Controller for single-processor SBus system 
• System reset control 
• Counter/timers for single-processor SBus system 
• JTAG internal and boundary scan for improved fault coverage and board 

testability 

Intended Applications 
The 89Cl05 is intended for uniprocessor SBus machines. It can work with either the 
Texas Instruments microSPARC processor or the Texas Instruments SuperSPARC 
processor and will also work in any SBus-based system. 

Related Products 
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The 89Cl05 is designed to share a single SBus slot with the NCR89ClOO. 
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NCR89C105 Chip Specification 

Pinout Information 
This section includes the pinout map and tables which summarize the 89CI05 pinout 
information in the following formats: 

• Pinout by function 
• Pinout by pin order on package 
• JTAG boundary information 

Pinout Map 

eneUn:t.. 
SCSUn:t.. 

fpy_densensa 
fpy_diskchg 

fpy_wrprot 
fpy_trackO 
Ipy _rdclata 
fpy_index 
fpy_clk24 

eORE_GND 
fpy_ejeCi 

fpy_heBdsel 
fpy_B1ep 

fpy_dir 
IO_GND 

fpy_wrdata 
fpy_wrgate 
fpy_drvsel 

1o_vee 
fpy_moten 
fpy_densel 

CORE_vee 
fpy_clk32 
sb.J)a[O] 
sb.J)a(1) 
Sb.J)B[2) 

CORE_GND 
sb.J)B(3] 
sb.J)a(4] 

sb.J)B[16] 
sb..Pa(z) 

CORE_vee 
sb.J)B[Y) 
sb.J)a(x) 
sb.J)a(w] 
sb.J)B[v] 

CORE_GND 
chip_saL 

sb_rd 
sb_BS_ 

Rev. 1.0 

o 

Figure 6-2 Pinout Map 

o mon_rns8_mu: 
kbd_din 
mae_din 
IInk_tescen 
ser_dcd_B_ 
ser_rxd_B 
CORE_Vee 
ser_Cls_B_ 
ser_rtxc-,"_ 
ser_dcdj)_ 
ser_rxd_b 
eORE_GND 
seCCls_b_ 
ser_rtxc_b_ 
ser_clk 
CORE_vee 
jt~tdo 
power_oil 
m88_out 
kbd_dout 
ser_sync_b_ 
ser_dtr_b_ 
ser.Jt8_b_ 
1o_vee 
ser_trxcj)_ 
seuxd_b 
seUrxc_1L 
ser_sYl1C_1L 
ser_rts_B_ 
IO_GND 
seuxd_B 
ser_dtr_B_ 
sb_BCk[OJ 
sb_BCk(1) 
Sb_BCk[2] 
CORE_GND 
sb_size[O) 
sb_size[1) 
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Pinout Tables 

Page 6-4 

Tables 6-4 and 6-5 present the 89C105 pinouts by function and by pin number 
sequence, respectively. 

The pin type information in the Type column of Tables 6-4 and 6-5 is identified by 
fields which contain the mnemonic values shown in Tables 6-1 and 6-2. 

Table 6-1 Valid Pin Mnemonics 

Field A B C D E F G H I 

Value(s) BS IN N PD 2 L U 25 T 

NCR 10 4 D 100 H 

lOP 6 I 

ION 8 S16 

0 12 S18 

OT 16 S38 

IP 

The values represented by the mnemonics in each of these fields is as follows: 

Field 

A 

B 

C 

D 

E 

F 

G 

H 

Table 6-2 Mnemonic Descriptions 

Mnemonic Description 

BS 

NCR 

IN 

10 

lOP 

ION 

0 

OT 

IP 

N 

PD 

integer 

L 

U 

D 

integer 

Boundary Scan 

NCR type 

Input 

Bidirectional 

Bidirectional with pull-up/pull-
down 
Bidirectional open drain 

Output 

Tristate output 

Input with pull-up/pull-down 

Open drain 

10 pad 

Pad drain in rnA as indicated 

Slew rate limited output 

Pull-up 

Pull-down 

Pull-up/pull-down value in uA as 
indicated 

Rev. 1.0 
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NCRB9C105 Chip Specification 

Table &2 Mnemonic Descriptions (Continued) 

Field Mnemonic DescripHon 

T TTL input receiver 

H High drive TTL input receiver 

I Inverting TTL input receiver 
I 

S16 ds1216 Schmitt input receiver 

S18 ds1218 Schmitt input receiver 

S38 ds1238 Schmitt input receiver 

For example, the pin type identification bsinpds18 means that the pin type is a bound­
ary scan version of an input pad with a ds1218 Schmitt input receiver. 
The Direction column in Tables 6-4 and 6-5 is used to identify the pin direction during 
system operation, using the mnemonics: shown in Table 6-3. 

Table &3 Direction Mnemonic DeSCllltions 

Mnemonic Description 

I Input 

0 Output 

B Bidirectional 

T Tristate 

- Not applicable 

Note that the pad type given in the following tables may not correspond exactly to the 
functional direction listed for the pin (input, output, bidirectional, or tristate) due to 
either of the following reasons: 

• The pin is used differently in a test mode; for instance, using an input as 
an output during test will require use of a bidirectional pad instead of an 
input. 

• An equivalent output-only pad was not available. This applies specifically 
to the SBus outputs, which all use a custom 12 rnA pad which was only 
available as a bidirectional pad. 
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Pinout by Function 

Table 6-4 Pinout by Function 

Name Pin Direction Type 
SBus Interface: 54 pins 

sb_d[31] 79 B BSIOPD12S18 

sb_d[30] 78 B BSIOPD12S18 

sb_d[29] 77 B BSIOPD12S18 

sb_d[28] 76 B BSIOPD12S18 

sb_d[271 74 B BSIOPD12S18 

sb_d[261 73 B BSIOPD12S18 

sb_d[251 72 B BSIOPD12S18 

sb_d[241 71 B BSIOPD12S18 

sb_d[23] 70 B BSIOPD12S18 

sb_d[22] 69 B BSIOPD12S18 

sb_d[211 67 B BSIOPD12S18 

sb_d[20] 66 B BSIOPD12S18 

sb_d[19] 65 B BSIOPD12S18 

sb_d[18] 64 B BSIOPD12S18 

sb_d[171 63 B BSIOPD12S18 

sb_d[16] 62 B BSIOPD12S18 

sb_d[151 59 B BSIOPD12S18 

sb_d[14] 58 B BSIOPD12S18 

sb_d[13] 57 B BSIOPD12S18 

sb_d[12] 56 B BSIOPD12S18 

sb_d[ll] 55 B BSIOPD12S18 

sb_d[10] 54 B BSIOPD12S18 

sb_d[9] 52 B BSIOPD12S18 

sb_d[8] 51 B BSIOPD12S18 

sb_d[7] 50 B BSIOPD12S18 

sb_d[6] 49 B BSIOPD12S18 

sb_d[5] 48 B BSIOPD12S18 

sb_d[4] 47 B BSIOPD12S18 

sb_d[3] 45 B BSIOPD12S18 

sb_d[2] 44 B BSIOPD12S18 

sb_d[1] 43 B BSIOPD12S18 

sb_d[O] 42 B BSIOPD12S18 

Page 6-6 

Description 

SBus Data Bus (MSB) 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus (LSB) 

Rev. 1.0 
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Table 6-4 Pinout by Function (Continued) 

Name Pin Direction Type Description 
sb_ack[2] 84 T BSIOPD12T SBus Acknowledge 

sb_ack[1] 85 T BSIOPD12T SBus Acknowledge 

sb_ack[O] 86 T BSIOPD12T SBus Acknowledge 

sb_clk 61 I BSCLOCK SBus Clock Input 

sb_rd 39 I BSINPDS18 SBus Read/Write 

sb_seC 41 I BSINPDS18 SBus Select 

sb_size[2] 80 I BSINPDS18 SBus Transfer Size 

sb_size[1] 81 I BSINPDS18 SBus Transfer Size 

sb_size[O] 82 I BSINPDS18 SBus Transfer Size 

sb_as_ 40 I BSINPDS18 SBus Address Strobe 
(addr is valid) 
High order physical 

chip_seCl 38 I BSINPDS18 address bits (for slave 
decodes) 
High order physical 

sb-pa[v]2 36 I BSINPDS18 address bits (for slave 
decodes) 
High order physical 

sb_pa[w]2 35 I BSINPDS18 address bits (for slave 
decodes) 
High order physical 

sb_pa[x]2 34 I BSINPDS18 address bits (for slave 
decodes) 
High order physical 

sb_pa[y]2 33 I BSINPDS18 address bits (for slave 
decodes) 
High order physical 

sb_pa[z]2 31 I BSINPDS18 address bits (for slave 
decodes) 

sb_pa[16] 30 I BSINPDS18 
PA[16] (for system/user 
selection in intltmr) 

.~.~ sb_pa[ 4] 29 I BSINPDS18 Low order physical 
address bits 

sb_pa[3] 28 I BSIOPD4S18 Low order physical 
address bits 

sb_pa[2] 26 I BSIOPD4S18 Low order physical 
address bits 

sb_pa[l] 25 I BSINPDS18 Low order physical 
address bits 

sb-pa[O] 24 I BSINPDS18 Low order physical 
address bits 

Floppy Interface: 17 pins 

fpy_clk32 23 I I BSINPDS38 32 MHz clock for floppy 
DDS 

Rev. 1.0 
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Table &4 Pinout by Function (Continued) 

Name Pin Direction Type Description 

fpy_clk24 9 I BSINPDS38 24 MHz clock for floppy 
ASF 

fpy _densense 3 I BSINPDS18 Density sense input 
(auxio1 register bit) 

fpy_diskchg 4 I BSINPDS18 Disk change 

fpy_wrprot 5 I BSINPDS18 Write protect 

fpy_trackO 6 I BSINPDS18 Track 0 indicator 

fpy_rddata 7 I BSINPDS18 Read data 

fpy_index 8 I BSINPDS18 Track index 

fpy_eject 11 0 BSOTPD16L Floppy eject (actually 
ME[3] of 82077 ASF) 

fpy _headsel 12 0 BSOTPD16L Head select 

fpy_step 13 0 BSOTPD16L Drive step pulse 

fpy_dir 14 0 BSOTPD16L Head step direction 

fpy_wrdata 16 0 BSOTPD16L Write data 

fpy_wrgate 17 0 BSOTPD16L Write enable 

fpy_drvsel 18 0 BSOTPD16L Floppy drive select 
(DS[O] of 82077 ASF) 

fpy_moten 20 0 BSOTPD16L Floppy motor enable 
(ME[O] of 82077 ASF) 
Density select (ME[2] 

fpy_densel 21 0 BSOTPD16L or DENSEL of 82077 
ASF) 

Serial Interface:19 pins 

secclk 104 

ser _rtxc_a_ 110 

ser_cts_a_ 111 

ser_rxd_a 113 

secdcd_a_ 114 

secdtca_ 87 

sectxd_a 88 

secrts_a_ 90 

ser _sync_a_ 91 

ser_trxc_a_ 92 

ser_rtxc_b_ 105 

seccts_b_ 106 

secrxd_b 108 
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I BSINPDS38 

I BSINPDS18 

I BSINPDS18 

I BSINPDS18 

I BSINPDS18 

0 BSOTPD4 

0 BSOTPD4 

0 BSOTPD4 

B BSIOPD4S18 

B BSIOPD4S18 

I BSINPDS18 

I BSINPDS18 

I BSINPDS18 

19.66 MHz serial clock 

Receive/transmi t 
clock A 
Clear to send A 

Receive data A 

Data carrier detect A 

Data terminal ready A 

Transmit data A 

Request to send A 

Sync 10, A 

Transmit clock A 

Receive/transmi t 
clock B 
Clear to send B 

Receive data B 

Rev. 1.0 
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Table 6-4 Pinout by Function (Continued) 

Name Pin Direction Type Description 

ser_dcd_b_ 109 I BSINPDS18 Data carrier detect B 

ser_dtcb_ 97 0 BSOTPD4 Data tenninal ready B 

ser_txd_b 93 0 BSOTPD4 Transmit data B 

ser_rts_b_ 96 0 BSOTPD4 Request to send B 

ser_sync_b_ 98 B BSIOPD4S18 SyncIO,B 

sectrxc_b_ 94 B BSIOPD4S18 Transmit clock B 

Keyboard/Mouse Interface: 4 pins 

kbd_din 117 I BSINPDS18 Keyboard data in 

kbd_dout 99 0 BSOTPD4 Keyboard data out 

mse_din 116 I BSINPDS18 Mouse data in 

mse_out 100 0 BSIOPD4 Mouse data out 

EBus Interface: 15 pins 
eb_d[7] 141 B BSIOPD8S18 EBus data 

eb_d[6] 139 B BSIOPD8S18 EBus data 

eb_d[5] 138 B BSIOPD8S18 EBus data 

eb_d[4] 137 B BSIOPD8S18 EBus data 

eb_d[3] 136 B BSIOPD8S18 EBus data 

eb_d[2] 135 B BSIOPD8S18 EBus data 

eb_d[l] 134 B BSIOPD8S18 EBus data 

eb_d[O] 132 B BSIOPD8S18 EBus data 

eb_addrlatch 142 0 BSOTPD4 EBus address latch 

eb_rd_ 130 0 BSIOPD8T EBus read 

eb_wc 131 0 BSIOPD8T Ebus write 

tod_cs_ 129 0 BSOTPD4 TOD chip select 

eprom_cs_ 128 0 BSOTPD4 EPROM chip select 

generic_cs_ 126 0 BSIOPD4T Generic port chip select 

generic_rdy _ 123 I BSIPPDU25S18 Generic port ready (25 
uA pull-up) 

Interrupt Signals: 16 pins 

mO_irl[3] 149 0 BSOTPD4 Module 0 encoded inter-
rupt level 

mO_irl[2] 148 0 BSOTPD4 Module 0 encoded inter-
rupt level 

mO_irl[l] 146 0 BSOTPD4 Module 0 encoded inter-
rupt level 

mO_irl[O] 145 0 BSOTPD4 Module 0 encoded inter-
rupt level 

Rev. 1.0 
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Table 6-4 Pinout by Function (Continued) 

Name Pin Direction Type Description 

sb_irq_[7] 157 I BSINPDS18 SBus interrupt requests 

sb_irq_[6] 156 I BSINPDS18 SBus interrupt requests 

sb_irq_[5] 155 I BSINPDS18 SBus interrupt requests 

sb_irq_[4] 154 I BSINPDS18 SBus interrupt requests 

sb_irq_[3] 153 I BSINPDS18 SBus interrupt requests 

sb_irq_[2] 152 I BSINPDS18 SBus interrupt requests 

sb_irq_[1] 151 I BSINPDS18 SBus interrupt requests 

eneLirq_ 1 I BSINPDS18 Ethernet interrupt 
request 

scsCir~ 2 I BSINPDS18 SCSI interrupt request 

pfd_ 158 I BSINPDS18 Power fail detect (level 
15 interrupt) 

msi_ir~ 160 I BSINPDS18 MSI interrupt (Super-
SPARC mode) 

moderr_ir~ 159 I BSINPDS18 Processor level 15 inter-
rupt (async error) 

Reset Signals: 3 pins 

pocrst_in_ 125 I BSINPDS38 Powerup reset input 

sys_rst_ouL 143 0 BSIOPD12T System (SBus) reset 
output 

mmc_rst_ouL 144 0 BSOTPD4 MMC reset output 
(SuperSPARC mode) 

Miscellaneous System Signals: 6 pins 

clk_10mhz 150 I 

mon_mse_mux 118 0 

power_off 101 0 

link_tesLen 115 0 

sys_Ied 127 0 

iu_error_ 124 I 

Test: 5 pins 
jtag_tdo 102 0 

jtag_tdi 119 I 

jtag_c1k 120 I 

jtag_tms 121 I 
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BCCLOCKS38 

BSOTPD4T 

BSIOPD4T 

BSIOPD4T 

BSOTPD4 

BSIOPD4S18 

NCROTPD4 

NCRIPPD 

NCRINPD 

NCRIPPD 

10 MHz clock for 
counter! timer block 
Monitor/mouse mux 
select 
Power off output (to 
power supply) 
T7213 link test enable 

System LED output 

Processor watchdog 
resetNideo interrupt 
(SuperSPARC mode) 

JTAG test data output 

JTAG test data input 
(100 uA pull-up) 
JTAGclock 

JTAG test mode select 
(100 uA pull-up) 
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Table 6-4 Pinout by Function (Continued) 

Name Pin Direction Type Description 

jtag_rst 122 I NCRIPPD JTAG reset (100 uA 
pull-up) 

Power, Ground: 21pins 

VDD (pad) 19 - Power Power Connection 

VDD (pad) 53 - Power Power Connection 

VDD (pad) 68 - Power Power Connection 

VDD (pad) 95 - Power Power Connection 

VDD (pad) 140 - Power Power Connection 

VDD (core) 22 - Power Power Connection 

VDD (core) 32 - Power Power Connection 

VDD (core) 103 - Power Power Connection 

VDD (core) 112 - Power Power Connection 

VSS (pad) 15 - Power Ground Connection 

VSS (pad) 46 - Power Ground Connection 

VSS (pad) 60 - Power Ground Connection 

VSS (pad) 75 - Power Ground Connection 

VSS (pad) 89 - Power Ground Connection 

VSS (pad) 133 - Power Ground Connection 

VSS (pad) 147 - Power Ground Connection 

VSS (core) 10 - Power Ground Connection 

VSS (core) 27 - Power Ground Connection 

VSS (core) 37 - Power Ground Connection 

VSS (core) 83 - Power Ground Connection 

VSS (core) 107 - Power Ground Connection 

1. The chip_seCpin is an additional qualifier (active low) to the sb_seC line. When sharing a 
single SBus select line with another device (such as the NCR89ClOO), one of the high order 
SBus physical address lines, such as PA[27], can be tied to the chip_seC pin to distinguish 
between the two devices. 

2. In some system configurations, the high order physical address bits can be connected as fol­
lows: sb_a[v, w. x, y, z]=PA[24:20]. 
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Pinout by Pin Number Sequence 

Pin Name 

1 enet_ir~ 

2 scsi_ir~ 

3 fpy _densense 

4 fpy_diskchg 

5 fpy_wrprot 

6 fpy_trackO 

7 fpy_rddata 

8 fpy_index 

9 fpy_clk24 

10 VSS (core) 

11 fpy_eject 

12 fpy _headsel 

13 fpy_step 

14 fpy_dir 

15 VSS (pad) 

16 fpy_wrdata 

17 fpy_wrgate 

18 fpy_drvsel 

19 VDD (pad) 

20 fpy_moten 

21 fpy_densel 

22 VDD (core) 

23 fpy_clk32 

24 sb_pa[O] 

25 sb_pa[1] 

26 sb_pa[2] 

27 VSS (core) 

28 sb_pa[3] 
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Table 6-5 Pinout by Pin Number Sequence 

Direction Type 

I BSINPDS18 

I BSINPDS18 

I BSINPDS18 

I BSINPDS18 

I BSINPDS18 

I BSINPDS18 

I BSINPDS38 

I BSINPDS18 

I BSINPDS38 

- Power 

0 BSOTPD16L 

0 BSOTPD16L 

0 BSOTPD16L 

0 BSOTPD16L 

-
0 BSOTPD16L 

0 BSOTPD16L 

0 BSOTPD16L 

-
0 BSOTPD16L 

0 BSOTPD16L 

-
I BSINPDS38 

I BSINPDS18 

I BSINPDS18 

I BSIOPD4S18 

-

I BSIOPD4S18 

Description 

Ethernet interrupt request 

SCSI interrupt request 

Density sense input 
(auxio1 register bit) 

Disk change 

Write protect 

Track 0 indicator 

Read data 

Track index 
24 MHz clock for floppy 
ASF 

Ground Connection 
Floppy eject (actually 
ME[3] of 82077 ASF) 

Head select 

Drive step pulse 

Head step direction 

Ground Connection 

Write data 

Write enable 
Floppy drive select (DS[O] 
of 82077 ASF) 

Power Connection 
Floppy motor enable 
(ME[O] of 82077 ASF) 
Density select (ME[2] or 
DENSEL of 82077 ASF) 

Power Connection 

32 MHz clock for floppy 
DDS 
Low order physical address 
bits 
Low order physical address 
bits 
Low order physical address 
bits 

Ground Connection 

Low order physical address 
bits 
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Table 6-5 Pinout by Pin Number Sequence (Continued) 

Pin Name Direction Type Description 

29 sb_pa[4] I BSINPDS18 Low order physical address 
bits 

30 sb_pa[16] I BSINPDS18 PA[16] (for system/user 
selection in int/tmr) 
High order physical 

31 sb_pa[z]l I BSINPDS18 address bits (for slave 
decodes) 

32 VDD (core) - Power Connection 

33 sb_pa[y]l I 
High order physical 

BSINPDS18 address bits (for slave 
decodes) 
High order physical 

34 sb_pa[x]l I BSINPDS18 address bits (for slave 
decodes) 
High order physical 

35 sb_pa[w]l I BSINPDS18 address bits (for slave 
decodes) 

36 sb_pa[v]l I 
High order physical 

BSINPDS18 address bits (for slave 
decodes) 

37 VSS (core) - Ground Connection 

38 chip_sel_2 I 
High order physical 

BSINPDS18 address bits (for slave 
decodes) 

39 sb_rd I BSINPDS18 SBus Read/Write 

40 sb_as_ I BSINPDS18 SBus Address Strobe (addr 
is valid) 

41 sb_seC I BSINPDS18 SBus Select 

42 sb_d[O] B BSIOPD12S18 SBus Data Bus (LSB) 

43 sb_d[l] B BSIOPD12S18 SBus Data Bus 

44 sb_d[2] B BSIOPD12S18 SBus Data Bus 

45 sb_d[3] B BSIOPD12S18 SBus Data Bus 

46 VSS (pad) - Ground Connection 

47 sb_d[4] B BSIOPD12S18 SBus Data Bus 

48 sb_d[5] B BSIOPD12S18 SBus Data Bus 

49 sb_d[6] B BSIOPD12S18 SBus Data Bus 

50 sb_d[7] B BSIOPD12S18 SBus Data Bus 

51 sb_d[8] B BSIOPD12S18 SBus Data Bus 

52 sb_d[9] B BSIOPD12S18 SBus Data Bus 

53 VDD (pad) - Power Connection 

54 sb_d[lO] B BSIOPD12S18 SBus Data Bus 

Rev. 1.0 
SBus liD Chipset Data Manual Page 6-13 



NCR89C105 Chip Specification 

Pin Name 

55 sb_d[lll 

56 sb_d[121 

57 sb_d[131 

58 sb_d[141 

59 sb_d[151 

60 VSS (pad) 

61 sb_clk 

62 sb_d[161 

63 sb_d[171 

64 sb_d[181 

65 sb_d[191 

66 sb_d[201 

67 sb_d[211 

68 VDD (pad) 

69 sb_d[221 

70 sb_d[231 

71 sb_d[241 

72 sb_d[251 

73 sb_d[261 

74 sb_d[271 

75 VSS (pad) 

76 sb_d[28] 

77 sb_d[291 

78 sb_d[30] 

79 sb_d[311 

80 sb_size[2] 

81 sb_size[1] 

82 sb_size[O] 

83 VSS (core) 

84 sb_ack[2] 

85 sb_ack[l] 

86 sb_ack[O] 

87 ser_dtca_ 

88 ser_txd_a 
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Table 6-5 Pinout by Pin Number Sequence (Continued) 

Direction Type 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

-
I BSCLOCK 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

-
B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

-
B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

B BSIOPD12S18 

I BSINPDS18 

I BSINPDS18 

I BSINPDS18 

- Power 

T BSIOPD12T 

T BSIOPD12T 

T BSIOPD12T 

0 BSOTPD4 

0 BSOTPD4 

Description 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

Ground Connection 

SBus Clock Input 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

Power Connection 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

Ground Connection 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus 

SBus Data Bus (MSB) 

SBus Transfer Size 

SBus Transfer Size 

SBus Transfer Size 

Ground Connection 

SBus Acknowledge 

SBus Acknowledge 

SBus Acknowledge 

Data terminal ready A 

Transmit data A 
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Table 6-5 Pinout by Pin Number Sequence (Continued) 

Pin Name Direction Type Description 

89 VSS (pad) - Power Ground Connection 

90 ser_rts_a_ 0 BSOTPD4 Request to send A 

91 secsync_a_ B BSIOPD4S18 SyncIO,A 

92 ser_trxc_a_ B BSIOPD4S18 Transmit clock A 

93 ser_txd_b 0 BSOTPD4 Transmit data B 

94 ser_trxc_b_ B BSIOPD4S18 Transmit clock B 

95 VDD (pad) - Power Power Connection 

96 ser_rts_b_ 0 BSOTPD4 Request to send B 

97 ser_dtr_b_ 0 BSOTPD4 Data terminal ready B 

98 ser_sync_b_ B BSIOPD4S18 SyncIO,B 

99 kbd_dout 0 BSOTPD4 Keyboard data out 

100 mse_out 0 BSOTPD4 Mouse data out 

101 power_off 0 BSIOPD4T Power off output (to power 
supply) 

102 jtag_tdo 0 NCROTPD4 JTAG test data output 

103 VDD (core) - Power Connection 

104 ser_clk I BSINPDS38 19.66 MHz serial clock 

105 ser_rtxc_b_ I BSINPDS18 Receive/transmit clock B 

106 ser_cts_b_ I BSINPDS18 Clear to send B 

107 VSS (core) - Ground Connection 

108 ser_rxd_b I BSINPDS18 Receive data B 

109 ser_dcd_b_ I BSINPDS18 Data carrier detect B 

110 secrtxc_a_ I BSINPDS18 Receive/transmit clock A 

111 ser_cts_a_ I BSINPDS18 Clear to send A 

112 VDD (core) - Power Power Connection 

113 ser_rxd_a I BSINPDS18 Receive data A 

114 .secdcd_a_ I BSINPDS18 Data carrier detect A 

115 link_tesLen 0 BSIOPD4T T7213 link test enable 

116 mse_din I BSINPDS18 Mouse data in 

117 kbd_din I BSINPDS18 Keyboard data in 

118 mon_mse_mux 0 BSIOPD4T Monitor/mouse mux select 

119 jtag_tdi I NCRIPPD JTAG test data input (100 
uA pull-up) 

120 jtag_clk I NCRINPD JTAGclock 
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Table 6-5 Pinout by Pin Number Sequence (Continued) 

Pin Name Direction 

121 jtag_tms I 

122 jtag_rst I 

123 generic_rdy _ I 

124 i~error_ I 

125 por_rsLin_ I 

126 generic_cs_ 0 

127 sys_Ied 0 

128 eprom_cs_ 0 

129 tod_cs_ 0 

130 eb_rd_ 0 

131 eb_wc 0 

132 eb_d[O] B 

133 VSS (pad) -
134 eb_d[l] B 

135 eb_d[2] B 

136 eb_d[3] B 

137 eb_d[4] B 

138 eb_d[5] B 

139 eb_d[6] B 

140 VDD (pad) -
141 eb_d[7] B 

142 eb_addrlatch 0 

143 sys_rst_ouL 0 

144 mmc_rst_out_ 0 

145 mO_irl[O] 0 

146 mO_irl[l] 0 

147 VSS (pad) -

148 mO_irl[2] 0 

149 mO_irl[3] 0 
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Type 

NCRIPPD 

NCRIPPD 

BSIPPDU25S18 

BSIOPD4S18 

BSINPDS38 

BSIOPD4T 

BSOTPD4 

BSOTPD4 

BSOTPD4 

BSIOPD8T 

BSIOPD8T 

BSIOPD8S18 

Power 

BSIOPD8S18 

BSIOPD8S18 

BSIOPD8S18 

BSIOPD8S18 

BSIOPD8S18 

BSIOPD8S18 

Power 

BSIOPD8S18 

BSOTPD4 

BSIOPD12T 

BSOTPD4 

BSOTPD4 

BSOTPD4 

Power 

BSOTPD4 

BSOTPD4 

Description 

JTAG test mode select 
(100 !LA pull-up) 
JTAG reset (100 !LA 
pull-up) 
Generic port ready (25 !LA 
pull-up) 
Processor watchdog reset! 
Video interrupt 
(SuperSPARC mode) 

Powerup reset input 

Generic port chip select 

System LED output 

EPROM chip select 

TOD chip select 

EBus read 

Ebus write 

EBus data 

Ground Connection 

EBus data 

EBus data 

EBus data 

EBus data 

EBus data 

EBus data 

Power Connection 

EBus data 

EBus address latch 

System (SBus) reset output 

MMC reset output 
(SuperSPARC mode) 

Module 0 encoded 
interrupt level 
Module 0 encoded 
interrupt level 

Ground Connection 

Module 0 encoded 
interrupt level 

Module 0 encoded 
interrupt level 
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Table 6-5 Pinout by Pin Number Sequence (Continued) 

Pin Name Direction Type Description 

150 clk_10mhz I BSCLOCKS38 10 MHz clock for counterl 
timer block 

151 sb_irq_[l] I BSINPDS18 SBus interrupt requests 

152 sb_irq_[2] I BSINPDS18 SBus interrupt requests 

153 sb_ir~[3] I BSINPDS18 SBus interrupt requests 

154 sb_irq_[4] I BSINPDS18 SBus interrupt requests 

155 sb_ir~[5] I BSINPDS18 SBus interrupt requests 

156 sb_ir~[6] I BSINPDS18 SBus interrupt requests 

157 sb_irq_[7] I BSINPDS18 SBus interrupt requests 

158 pfd_ I BSINPDS18 Power fail detect Oevel15 
interrupt) 

159 moderr_irq_ I BSINPDS18 Processor level 15 inter-
rupt (async error) 

160 msi_irq_ I BSINPDS18 MSI interrupt (Super-
SPARC mode) 

1. In some system configurations, the high order physical address bits are connected as fol­
lows: sb_a[v,w,x,y,z] = PA[24:20]. 

2. The chip_seC pin is an additional qualifier (active low) to the sb_seUine. Where the 
89Cl00 and the 89ClOS share a single SBus select line, PA[27] can be used to select 
between the two, with PA[27] = 0 selecting the 89CI05. 
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JTAG Boundary Information 

Table 6-66-6 gives a description of the boundary scan chain. The number listed in the 
Input, Output, and Enable columns represents the bit order of the scan chain. Bit 0 is 
the closest register to jtag_tdi. 

Pin 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Table 6-6 The 89C105 Boundary Chain Description 

Name Type 

enet_ir'l- INPUT 

scsi_irq_ INPUT 

fpy _densense INPUT 

fpy_diskchg INPUT 

fpy_wrprot INPUT 

fpy_trackO INPUT 

fpy_rddata INPUT 

fpy_index INPUT 

fpy_clk24 INPUT 

core_gnd POWER 

fpy_eject TRISTATE 

fpy _headsel TRISTATE 

fpy_step TRISTATE 

fpy_dir TRISTATE 

io~nd POWER 

fpy_wrdata TRISTATE 

fpy_wrgate TRISTATE 

fpy_drvsel TRISTATE 

io_vcc POWER 

fpy_moten TRISTATE 

fpy_densel TRISTATE 

core_vec POWER 

fpY3lk32 INPUT 

sb_pa[O] INPUT 

sb_pa[1] INPUT 

sb_pa[2] BIDIR 

eore_gnd POWER 

sb_pa[3] BIDIR 

sb_pa[4] INPUT 

sb-pa[16] INPUT 

Input Output Enable 

0 NA NA 

1 NA NA 

2 NA NA 

3 NA NA 

4 NA NA 

6 NA NA 

7 NA NA 

8 NA NA 

9 NA NA 

NA NA NA 

NA 10 193 

NA 11 193 

NA 12 193 

NA 13 193 

NA NA NA 

NA 14 193 

NA 15 193 

NA 16 193 

NA NA NA 

NA 17 193 

NA 18 193 

NA NA NA 

19 NA NA 

20 NA NA 

21 NA NA 

22 23 5 

NA NA NA 

24 25 5 

26 NA NA 

27 NA NA 
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Table 6-6 The 89C105 Boundary Chain Description (Continued) 

Pin Name Type Input Output Enable 

31 sb_pa[z] INPUT 28 NA NA 

32 core_vcc POWER NA NA NA 

33 sb_pa[y] INPUT 29 NA NA 

34 sb_pa[x] INPUT 30 NA NA 

35 sb_pa[w] INPUT 31 NA NA 
36 sb_pa[v] INPUT 32 NA NA 
37 core_vss POWER NA NA NA 
38 chip_sel_ INPUT 33 NA NA 
39 sb_rd INPUT 34 NA NA 

40 sb_as_ INPUT 35 NA NA 

41 sb_sel_ INPUT 36 NA NA 
42 sb_d[O] BIDIR 37 38 53 

43 sb_d[1] BIDIR 39 40 53 

44 sb_d[2] BIDIR 41 42 53 

45 sb_d[3] BIDIR 43 44 53 

46 io_vss POWER NA NA NA 
47 sb_d[4] BIDIR 45 46 53 

48 sb_d[5] BIDIR 47 48 53 

49 sb_d[6] BIDIR 49 50 53 

50 sb_d[7] BIDIR 51 52 53 

51 sb_d[8] BIDIR 54 55 53 

52 sb_d[9] BIDIR 56 57 53 

53 io_vdd POWER NA NA NA 
54 sb_d[10] BIDIR 58 59 53 

55 sb_d[ll] BIDIR 60 61 53 

56 sb_d[121 BIDIR 62 63 53 

57 sb_d[13] BIDIR 64 65 53 

58 sb_d[14] BIDIR 66 67 53 

59 sb_d[15] BIDIR 68 69 53 

60 io_vss POWER NA NA NA 
61 sb_clk INPUT 70 NA NA 
62 sb_d[16] BIDIR 71 72 87 

63 sb_d_17 BIDIR 73 74 87 

64 sb_d_18 BIDIR 75 76 87 
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Table 6-6 The 89C105 Boundary Chain Description (Continued) 

Pin Name Type 

65 sb_d_19 BIDIR 

66 sb_d_20 BIDIR 

67 sb_d_21 BIDIR 

68 io_vcc POWER 

69 sb_d_22 BIDIR 
70 sb_d_23 BIDIR 

71 sb_d_24 BIDIR 

72 sb_d_25 BIDIR 

73 sb_d_26 BIDIR 
74 sb_d_27 BIDIR 
75 io_gnd POWER 

76 sb_d_28 BIDIR 
77 sb_d_29 BIDIR 
78 sb_d_30 BIDIR 
79 sb_d_31 BIDIR 

80 sb_size_2 INPUT 
81 sb_size_1 INPUT 

82 sb_size_O INPUT 
83 core~nd POWER 
84 sb_ack_2_ BIDIR 
85 sb_ack_1_ BIDIR 
86 sb_ack_O_ BIDIR 
87 ser_dtr_a_ TRISTATE 
88 sectxd_a TRISTATE 
89 io_vss POWER 
90 ser_rts_a_ TRISTATE 
91 ser_sync_a_ BIDIR 
92 ser_trxc_a_ BIDIR 
93 ser_txd_b TRISTATE 
94 ser_trxc_b_ BIDIR 

95 io_vdd POWER 
96 ser_rts_b_ TRISTATE 
97 secdtr_b_ TRISTATE 
98 secsync_b_ BIDIR 
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Input Output Enable 

77 78 87 

79 80 87 

81 82 87 

NA NA NA 
83 84 87 

85 86 87 

88 89 87 

90 91 87 

92 93 87 

94 95 87 

NA NA NA 
96 97 87 

98 99 87 

100 101 87 

102 103 87 

104 NA NA 
105 NA NA 
106 NA NA 
NA NA NA 
107 108 109 

110 111 109 

113 114 112 

NA 115 193 

NA 116 193 

NA NA NA 
NA 117 193 

119 120 118 

122 123 121 

NA 124 193 

126 127 125 

NA NA NA 
NA 128 193 

NA 129 164 

131 132 130 
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Table 6-6 The 89C105 Boundary Chain Description (Continued) 

Pin Name 'fYpe Input Output Enable 

99 kbd_dout TRISTATE NA 133 164 

100 mse_out TRISTATE NA 134 164 

101 powecoff BIDIR 135 136 145 

102 jtag_tdo TDO NA NA NA 

103 core_vdd POWER NA NA NA 

104 ser_elk INPUT 137 NA NA 

105 ser_rtxc_b_ INPUT 138 NA NA 

106 seccts_b_ INPUT 139 NA NA 

107 core_vss POWER NA NA NA 

108 secrxd_b INPUT 140 NA NA 

109 ser_dcd_b_ INPUT 141 NA NA 

110 ser_rtxc_a_ INPUT 142 NA NA 

111 seccts_a_ INPUT 143 NA NA 

112 core_vdd POWER NA NA NA 

113 ser_rxd_a INPUT 144 NA NA 

114 secdcd_a_ INPUT 146 NA NA 

115 link_test_en BIDIR 147 148 145 

116 mse_din INPUT 149 NA NA 

117 kbd_din INPUT 150 NA NA 

118 mon_mse_mux BIDIR 152 153 151 

119 jtag_tdi TDI NA NA NA 

120 jtag_c1k TCK NA NA NA 

121 jtag_tms TMS NA NA NA 

122 jtag_rst TRSTB NA NA NA 

123 generic_rdy _ INPUT 154 NA NA 

124 iu_error_ BIDIR 155 156 5 

125 por_rsLin_ INPUT 157 NA NA 

126 generic_cs_ BIDIR 158 159 145 

127 sys_Ied TRISTATE NA 160 164 

128 eprom_cs_ TRISTATE NA 161 164 

129 tod_cs_ TRISTATE NA 163 162 

130 eb_rd_ BIDIR 165 166 164 

131 eb_wr_ BIDIR 167 168 164 

132 eb_d[OJ BIDIR 169 170 177 
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Table 6-6 The 89C105 Boundary Chain Description (Continued) 

Pin Name Type 

133 io_vss POWER 

134 eb_d[l] BIDIR 

135 eb_d[2] BIDIR 

136 eb_d[3] BIDIR 
137 eb_d[4] BIDIR 
138 eb_d[5] BIDIR 
139 eb_d[6] BIDIR 
140 io_vdd POWER 
141 eb_d[7] BIDIR 

142 eb_addlatch TRISTATE 

143 sys_rsLout_ BIDIR 

144 mmc_rst_out_ TRISTATE 
145 mO_irl[O] TRISTATE 
146 mO_irl[l] TRISTATE 
147 io_vss POWER 
148 mO_irl[2] TRISTATE 
149 mO_ir1[3] TRISTATE 
150 clk_10mhz INPUT 
151 sb_ir<L.[l ] INPUT 
152 sb_ir<L.[2] INPUT 
153 sb_ir<L.[3] INPUT 
154 sb_ir<L.[ 4] INPUT 

155 sb_ir<L.[5] INPUT 
156 sb_ir<L.[6] INPUT 
157 sb_ir<L.[7] INPUT 
158 pfd_ INPUT 
159 moderr _irq_ INPUT 
160 msi_irq_ INPUT 
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Input Output Enable 

NA NA NA 
171 172 177 

173 174 177 

175 176 177 

178 179 177 

180 181 177 

182 183 177 

NA NA NA 
184 185 177 

NA 187 186 

188 189 164 

NA 190 164 

NA 191 164 

NA 192 164 

NA NA NA 
NA 194 164 

NA 195 164 

196 NA NA 
197 NA NA 
198 NA NA 
199 NA NA 
200 NA NA 
201 NA NA 
202 NA NA 
203 NA NA 
204 NA NA 
205 NA NA 
206 NA NA 
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Functional Operation 
This section includes the following: 

• Detailed chip block diagram 
• Chip-level address map 
• Functional chip description 

Detailed Chip Block Diagram 
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SBus Slave Interface 
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Keyboardl 
Mouse 
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Figure 6-3 Chip block diagram 
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System Reset 
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Chip-Level Address Map 
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The various devices and registers in the 89C105 support different size accesses. The 
address map indicates the allowed accesses at each address. B indicates that a byte 
access is allowed, H indicates an half word access, W indicates a word access, and D 
indicates a double-word access. 

Table 6-7 Chi~Level Ada-ess Map 

000 0000·> Boot PROM B,H,W 
OFF FFFF 

100 0000·> Keyboard, Mouse, and Serial Ports B 
llFFFFF 

1000000 Mouse Control Port 
1000002 Mouse Data Port 
1000004 Keyboard Control Port 
1000006 Keyboard Data Port 
1100000 TTYB Control Port 
1100002 TTYB Data Port 
1100004 TTYA Control Port 
1100006 TTYA Data Port 

1200000·> TODINVRAM B,H,W 
12FFFFF 

1300000·> General Purpose (Generic Port) B 
13F FFFF 

1400000·> Floppy Controller B 
14FFFFF 

1400002 Digital Output Register (DOR) 
1400004 Main Status Register (MSR, Read Only) 
1400004 Datarate Select Register (DSR, Write Only) 
1400005 FIFO 
1400006 Reserved (Test mode select) 
1400007 Digital Input Register (DIR, Read Only) 
1400007 Configuration Control Register (CCR, Write 

Only) 

1500000·> Reserved 
1700000 

1800000 89C105 Configuration Register B 

1900000·> Auxiliary 1/0 Registers B 
19FFFFF 

1900000 Aux 1 Register (Miscellaneous System 
Functions) 

191 0000 Aux 2 Register (Software Powerdown 
Control) 
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lAO 0000 

lBO 0000 

lCO 0000-> 
lCF FFFF 

lDO 0000-> 
lDFFFFF 

IDO 0000 

IDO 0004 

lDO 0008 

IDO OOOC 

IDlOOOO 
lDI0004 
IDl0008 
lDlOOOC 
1Dl0010 

lEO 0000-> 
lEFFFFF 

lEO 0000 
lEO 0004 
lEO 0008 

1E10000 
lEI 0004 
lEI 0008 

lElOOOC 
lEI 0010 

lFO 0000 

NCR89C105 Chip Specification 

Table 6-7 Chip-Level Address Map (Continued) 

Diagnostic Message Register 

Modem Register 

Reserved 

Counter/Timers 

Processor Counter Limit Register or User 
TimerMSW 
Processor Counter Register or User Timer 
LSW 
Processor Counter Limit Register (non­
resetting port) 
Processor Counter User Timer Start/Stop 
Register 
System Limit Register (Level 10 Interrupt) 
System Counter Register 
System Limit Register (non-resetting port) 
Reserved 
Timer Configuration Register 

Interrupt Controller 

Processor Interrupt Pending Register 
Processor Clear-Pending Pseudo-Register 
Processor Set-Soft-Interrupt Pseudo­
Register 
System Interrupt Pending Register 
Interrupt Target Mask Register 
Interrupt Target Mask Clear Pseudo 
-Register 
Interrupt Target Mask Set Pseudo-Register 
Interrupt Target Register (Reads as 0, Write 
has no effect) 

System Control/Status Register 

B 

B 

W,D 

W 

W 

Reads or writes of reserved addresses and accesses using a size that is not valid for 
the selected address range will result in an SBus error acknowledgment. Other 
accesses will result in either a byte or word acknowledgment, depending on the 
access. 

The addresses in Table 6-7 and elsewhere in this specification assume the following 
address connections: SB_PA[v,w,x,y,z] = PA[24:20], and chip_seC = PA[27]. Other con­
nections are possible, but the address map will be different for the different setups. 
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Functional Description 
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Overview 

The 89CI05 consists offive major functional units, plus test logic. Three of the func­
tional units are application specific functions (ASF) designed by NCR to replicate the 
functionality of complete board-level chips: the 82077 floppy controller and the 85c30 
serial ports (the 89CI05 contains two 85C30 ASFs, one used for keyboard/mouse 
interface, and one for general-purpose tty serial ports). The other two functional 
blocks are the SBus interface/interrupt logic and counter/timers. The SBus logic inter­
faces between the external world and all functional blocks within the 89CI05, as well 
as other devices accessed through the 89CI05, such as the EPROM and NVRAM. The 
counter/timers have a 32164-bit interface (32-bit data input, 64-bit data output to sup­
port two word bursts), while all of the ASFs and the other devices reside on an 8-bit 
bus expansion bus referred to as the EBus. 

89C100 and 89C105 Interdependencies 

When the 89CIOO and the 89CI05 are used together, the 89C105 receives three clocks 
from the 89CIOO (fpy_c1k24, fpy_c1k32, and scc_c1k_20). The 89CIOO simply provides 
oscillator pads on its pins because of a pin limitation on the 89CI05. The 89CIOO does 
not use these clock signals internally. The 89CIOO also sends its three interrupt sig­
nals to the 89C105 for processing, they are; sb_d_ir<l-, sb_e_illL, and Sb-IUrq_ for; 
SCSI, Ethernet, and parallel port interrupts, respectively. Refer to "NCR89CIOO Mas­
ter I/O" for a description of how the 89CIOO generates interrupts. 

Technology 

The 89CI05 is a standard cell design, based on the NCR VS700H technology (.95 J.L 

drawn,.7 effective). It consists of 40,000 equivalent gates. 

Start-Up Information 

The 89CI05 provides the system reset function (SBus reset, and, optionally, a sepa­
rate Memory Controller reset for SuperSPARC-based systems). It takes a reset input 
indicating that the power supply voltage is valid, and produces reset outputs to ini­
tialize the system. 

Chip Reset Information 

On start-up, the 89C105 must have its reset input (POR_RST_IN.J asserted for at 
least 15 SBus clocks. Reset output is asserted for the entire time that the reset input 
is asserted, plus an additional reset time intended to guarantee that the various on­
board oscillators have stabilized and initialization is complete. The reset signals are 
described below; see the System Status and System Control register section for a reg­
ister-level description of the reset function and the timings associated with it. 
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Table 6-8 Chip Reset Signals Chart 

Signal Direction Synopsis 

por_rsLin_ 
Input, 

Reset input-low until power supply stable 
active low 

sys_rst_ouL 
Output, System (SBus) reset. 

active low 

mmc_rsLout_ 
Output, Memory Controller reset 

active low 

Processor Status Signals 

Watchdog Resets and Module Error (Level-15) interrupts are communicated to the 
89Cl05 (which serves as the system reset and interrupt master) via two low-active 
pins: IU_ERROR_ and MODERR_IR(L. These signals are described in the System 
Status and System Control and Interrupt Control functional block descriptions. 

NOTE: The IU_ERROR_ signal is only used by the microSPARC processor. In 
other systems, it should be tied high. 

Buses 

The 89Cl05 has two bus interfaces: the system SBus and a slow, eight-bit expansion 
bus (EBus) for devices such as EPROM, NVRAM, etc. The eight-bit bus is called the 
EBus. 

SBus 
The 89Cl05 uses the SBus as its system interface, and conforms to SBus Rev B.O. As 
allowed in the specification, it only supports a subset SBus functionality. The descrip­
tion of this subset follows. The chip-level address map lists valid access sizes for each 
address range, and this is described in more detail in each individual functional 
block's section. 

Subset of SBus Features Supported 
The 89Cl05 supports only slave SBus accesses. During a slave access, the 89Cl05 
takes control of sb_ack[2:0] signals. Halfword or word accesses to the EPROM port 
will receive an 8-bit acknowledge, so the system SBus controller must support 
dynamic bus sizing. Burst accesses to the EPROM or any other address range other 
than the counter/timers will receive an error acknowledge. The counter/timers will 
accept two word burst accesses, but only to the User Timer Count Register, and only 
when configured to use the user timer mode of operation. 

Table 6-9 represents all possible SBus responses. The 89Cl05's SBus interface can 
only generate those responses marked with a **. Any access to a reserved section of 
the 89Cl05's address space or any access that uses a size that is invalid for the 
address range accessed will result in an SBus error acknowledgment. 
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Table 6-9 sb_8ck Mapping 

sb_ack[2] sb_ack[1] sb_ack[O] Definition 

1 1 1 insert wait states ** 
1 1 0 error ** 
1 0 1 8-bit port ack ** 
1 0 0 rerun 

0 1 1 32-bit port ack ** 
0 1 0 double-word ack 

0 0 1 l6-bit port ack 

0 0 0 reserved 

Eight-Bit Bus (EBus) 
The EBus supports 8-bit "Intel-style" peripherals, with interface controls (chip select, 
read, write) that operate similarly to peripheral chips manufactured by the Intel Cor­
poration (see the Timing Diagrams section for typical EBus cycle diagrams). Write 
accesses are single buffered in order to reduce SBus overhead. This means that the 
89Cl05 will acknowledge SBus write accesses immediately, before completing the cor­
responding EBus cycle. Note that a second write immediately following the first has to 
wait for that first EBus cycle to complete (and the single write buffer to become avail­
able) before the 89Cl05 will acknowledge it and free the SBus. The Timing Diagrams 
section shows several examples of this write buffering. 

EBus Timings 
The EBus access times are customized for each device. The read/write pulse timings 
are given below (the read/write pulses are bracketed by chip select, which begins one 
SB_CLK before and ends one SB_CLK afterwards; see the Timing Diagram section for 
examples). The 89Cl05 contains hardware counters to ensure that the serial port 
minimum recovery times are met, up to the maximum SBus frequency of 25 MHz. 

sb31k I \ I "-zrl \ I \ 

t n 1 SBus 
eb_rd clocks 
eb_wr_ (( 

eprom cs 

gen!r~g:: \ (2 I 

Figure 6-4 EBus Timings: Chip Selects and eb_rd-'eb_wr 
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Device 

SerialNB 

Keyboard/Mouse 

Floppy 

NVRAM (wr) 
NVRAM(rd) 

EPROM 

EBus Address Map 

-> 
llF FFFF 

1000000 
1000002 
1000004 
1000006 
1100000 
1100002 
1100004 
1100006 

-> 

Table 6-10 EBus ReadlWrite Timing 

SBus 
16 MHz Clocks 

4 clocks 240 ns 

4 clocks 240 ns 

3 clocks 180 ns 

5 clocks 300 ns 
7 clocks 420 ns 

6 clocks 360 ns 

Table 6-11 EBus Address Map 

Mouse Control Port 
Mouse Data Port 
Keyboard Control Port 
Keyboard Data Port 
TTYB Control Port 
TTYB Data Port 
TTYA Control Port 
TTYA Data Port 

Digital Output Register (DOR) 

20 MHz 

200 ns 

200ns 

150 ns 

250 ns 

350 ns 

300 ns 

14FFFFF 
1400002 
1400004 
1400004 
1400005 
1400006 
1400007 
1400007 

Main Status Register (MSR, Read Only) 
Datarate Select Register (DSR, Write Only) 
FIFO 
Reserved (Test mode select) 
Digital Input Register (DIR, Read Only) 
Configuration Control Register (CCR, 
Write Only) 

Devices Residing on the EBus 
The following devices reside on the EBus: 

• EPROM 
• TODINVRAM 
• Floppy Controller 
• Serial Controller A 
• Serial Controller B 
• Keyboard Controller 
• Mouse Controller 
• General Purpose Decode (Generic port) 
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200 ns 
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Functional Blocks 
This section includes block diagrams, functional descriptions, and block-level address 
maps for the following: 

• Boot PROM 
• TODINVRAM 
• Floppy Controller 

• Generic Port 
• Serial Controller 
• KeyboardIMouse Controller 

• System Status and System Control 
• Interrupt Control 
• Counter-Timers 
• Chip Configuration Control 
• Diagnostic Message Register 
• Miscellaneous System Functions (Aux 110 Modem Registers) 

Overview 
The 89C105 consists of several major functional blocks: eight-bit devices (both exter­
nal devices residing on the EBus and internal ASFs), an interrupt controller, a set of 
counter-timers, a system status and control block that generates system resets, and 
miscellaneous other system and configuration registers. Each of these blocks is 
described in detail below. 

External Eight-Bit Devices 

Page 6-30 

The following devices reside on the external EBus: EPROM, TODINVRAM. In addi­
tion, the 89C105 provides a general purpose decode (Generic Port) for other eight-bit 
devices. 

Boot PROM 

The Boot PROM contains start-up information that gets accessed immediately after 
any reset. 

Boot PROM Address Map 
The Boot PROM is located at the following address as shown in Table 6-12: 

Table 6-12 Boot PROM Address Map 

000 0000 - OFF FFFF Boot PROM R 

An external chip select (eprom_cs_) is generated for transfers from this device. When 
an SBus read addressed to the EPROM space is detected, the chip select is asserted, 
and data is transferred from the PROM to the 8-bit expansion bus. The 89C105 passes 
this data through to the SBus and asserts sb_ack_ to end the transfer. The 89C105 
will only assert a byte acknowledge, so it relies on the SBus controller for bus sizing 
for halfword or word transfers. If a burst transfer is attempted to this address range, 
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the 89C105 will return an error acknowledge. 

TOD/NVRAM 

The Time-of-Day clockINon-Volatile RAM port is designed to support either a Thom­
son Mostek MK48T02 (2K NVRAM) or MK48T08 (8K NVRAM). 

TOD/NVRAM Address Map 
The Time-of-DaylNon-Volatile RAM have the address maps shown in Table 6-13 and 
Table 6-14: 

Table 6-13 TOOINVRAM (MK 48T02) Address Map 

120 0000 - 120 07F7 
NVRAM 

RIW (see software document) 

12007F8 TOD Control RIW 

12007F9 Seconds (00-59) R 

12007FA Minutes (00-59) R 

12007FB Hour (00-23) R 

2007FC Day (01-07) R 

12007FD Date (00-31) R 

12007FE Month (01-12) R 

12007FF Year (00-99) R 

Table 6-14 TOOINVRAM (MK48T08) Address Map 

120 0000 - 120 1FF7 NVRAM RIW (see software document) 

1201FF8 TOD Control RIW 

1201FF9 Seconds (00-59) R 

1201FFA Minutes (00-59) R 

1201FFB Hour (00-23) R 

1201FFC Day (01-07) R 

1201FFD Date (00-31) R 

1201FFE Month (01-12) R 

1201FFF Year (00-99) R 

A chip select pin (tod_cs) is used to select the chip so that data can be transferred to or 
from the 8-bit expansion bus under control of the EBUS data direction signals 
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(eb_wr-> eb_rd.->. The 89C105 will only assert a byte acknowledge, so it relies on the 
SBus controller for bus sizing for half word or word transfers. If a burst transfer is 
attempted to this address range, the 89C105 will return an error acknowledge. 

Generic Port 

The 89C105 can support additional Intel-style peripheral devices on the external 
EBus through the Generic Port. This port provides an additional chip select (which 
can be externally qualified with additional SBus address bits if desired). The length of 
the read/write cycles is programmable though the generic_rdy _ signal. The cycles will 
last two SBus clocks after the generic_rdy_ signal is sampled low. See the Functional 
Operation and Timing Diagrams sections for more details on the Generic Port timing. 

SBus writes to the Generic Port are buffered, like all EBus writes (see the Functional 
Operation section for details). If a generic_rdy _ is not received after 15 SBus clocks, 
writes are terminated, and reads will return an error acknowledge (since the EBus is 
buffered, a valid acknowledge would already have been given for a write). See the 
Timing Diagrams section for an example of a Generic time-out. 

Internal Eight-bit Devices 
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The 89C105 contains three internal eight-bit devices: a floppy disk controller, a serial 
communications controller, and a keyboard/mouse controller. 

Floppy Controller 

The NCR82077 floppy disk controller is compatible with the Intel 82077AA-1 single­
chip floppy disk controller. For detailed information on the NCR82077, refer to the 
''NCR80277 Floppy Disk Controller Core" section of this manual. In the 89C105, this 
floppy controller can be used slightly differently than the standard (PC/AT) setup. 
Details are shown below. 

Floppy Controller Address Map 
The sub-addresses for the floppy controller are shown in Table 6-15. 

Table 6-15 Floppy Controller Address Map 

1400002 Digital Output Register (DOR) RIW 

1400004 Main Status Register (MSR) R 

1400004 Data Rate Select Register (DSR) W 

1400005 Data FIFO RIW 

1400006 RESERVED (test mode) R 

1400007 Digital Input Register (DIR) R 

1400007 Configuration Control Register 
W (CCR) 

Floppy Controller Use 
In the 89C105, the 82077 floppy controller is used in a fairly unique way. All data is 
transferred using interrupt-driven programmed I/O instead of the more standard 
DMA setup. This requires that the Terminal Count bit be set under software control 

Rev. 1.0 
SBus liD Chipset Data Manual 



Rev. 1.0 

NCR89C105 Chip Specification 

(see the AuxIO register description for more details). In addition, the floppy disk 
interface is tailored to use a non-standard floppy drive that supports three density 
modes (720 KB, 1.2 MB, 1.44 MB) and has an auto-eject feature. 1b support this drive, 
some pins on the ASF, which are controlled by way of the DOR are assigned new func­
tions. In addition, a bit in the Aux 110 Register is used to sense the floppy density. The 
INVERTb pin of the floppy controller is tied low internal to the 89C105. Because of 
this, all of the pins which connect to the floppy drive have low polarity. 

EJ I DEN 0 I MOT IDMA RST 0 OS 

7 6 5 4 3 2 0 

Figure 6-5 DOR Register Field Definitions 

Field Definitions 
o DOR[5,1] are unused. They should be masked and 

ignored on read, and written as O. 

EJ EJECT. To eject the floppy, write a 1, pause for at least 
2us, and then write a O. The drive must be selected and 
the motor on for this to work. (This applies to auto-eject 
floppy drives meeting the Sony MP-F17W-XX auto-eject 
interface only). 

DEN DENSITY SELECT. This controls the FPY_DENSEL pin 
(that pin is an inverted version of this register bit). For 
the Sony MP-F17W-P1 drive, this yields the following 
density selection: 

Table 6-16 Floppy Density Select Operation (Sony MP-F17W-P1 only) 

Disk Density Select Drive Status Motor Speed 

2DD X 1.0 MB (720K formatted) 300 RPM 

2HD 0 2.0 MB (l.44MB formatted) 300RPM 

2HD 1 1.6MB (1.2MB formatted) 360 RPM 

MOT MOTOR ENABLE. Setting this to 1 turns on the floppy 
drive's motor. 

DMA DMAGATE. This must be set to 1 after system reset to 
allow floppy interrupts to be seen by the rest of the sys­
tem. 

RST RESET. This must be set to 1 after system reset to bring 
the floppy ASF out of reset. 

DS DRIVE SELECT. This must be set to 0 to select the 
floppy drive. 

All bits in the DOR register are cleared to 0 by a system reset. 
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Floppy Drives Supported 
The 89Cl05 floppy controller is compatible with any PC-style floppy drive that uses 
MFM encoding (typically 720K and l.44M floppies). It is also compatible with the 
extra high density (2.88MB formatted) floppy drives that use the Perpendicular Mode 
recording format. In a system with a heavily loaded SBus, the interrupt latency in a 
workstation has been found to be too long in many cases to allow operation at the 
EHD data rates. This will vary depending on the system being designed. 

Serial Controller 

The serial port controller used for the general-purpose TTY serial ports is compatible 
with the AMD AM85C30, rev C Serial Communications Controller. All registers are 8-
bit quantities. 

The serial ports' input clock (PCLK) is 1/4 of the SERIAL_CLK input pin (the input is 
internally divided by 4). On typical systems, the SERIAL_CLK input should be driven 
with a 19.66 MHz clock, which means that PCLK runs at 4.9152 MHz. 

Differences from AMD AM85C30 SCC 
The NCR 85c30 ASF is functionally compatible with the AMD AM85C30 rev C, with 
the exception of the enhancements to WR7 and the 1009 SDLC frame status FIFO. 
These functions, are not included in the 89Cl05 serial ports. 

Serial Controller Address Map 
The sub-addresses for the SCCs are as shown in Table 6-17: 

Table 6-17 Serial Controller Address Map 

1100000 TTYB Control Port RIW 

1100002 TTYB Data Port RIW 

1100004 TTY A Control Port RIW 

1100006 TTY A Data Port RIW 

Keyboard/Mouse Controller 

The serial port controller used for the keyboard/mouse ports is compatible with the 
AMD AM85C30, rev C Serial Communications Controller. All registers are 8-bit quan­
tities. 

The keyboard/mouse controller runs at the same PCLK rate as the serial controller. 

Differences from AMD AM85C30 SCC 
The 89Cl05 uses a reduced-function asynchronous only cell for the keyboard/mouse in 
order to conserve chip area. All synchronous logic has been removed, as well as some 
of the async modes not commonly used by drivers. Specific functions that were 
removed are: PLL, monosyncJbisynclSDLC rxltx circuitry, and any clocking mode (in 
WR4) except x16. 

Keyboard/Mouse Controller Address Map 
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The sub-addresses for the keyboard/mouse controller are as shown in Table 6-18: 
Table 6-18 Keyboard/Mouse Controller Address Map 

1000000 Mouse Control Port RIW 

1000002 Mouse Data Port RIW 

1000004 Keyboard Control Port RIW 

1000006 Keyboard Data Port RIW 

System Status and System Control 

Rev. 1.0 

The System Status and System Control Register is at physical address 1FO 0000. It is 
used to generate "software" system resets and to indicate reset sources for diagnostic 
purposes. 

System Status and System Control Register (Reset Register) 

(R) (R) 

31 05 04 03 02 01 00 

Figure 6-6 System Reset (Control) Register 

Field Definitions: 

SR Software Reset (write-only).When set to 1, generates the 
equivalent of a power-on reset. This is self-clearing logic, 
so it will always read as O. 

RS Reset Status (read/clear only). This bit is set to 1 after a 
software reset has been issued. It is cleared on a power­
on reset. 

(R) Reserved. These bits read as 0; writing has no effect. 

WD Watchdog Reset (read/clear only). This bit is set to 1 
when a Watchdog Reset request is received from the pro­
cessor via the iu_error_ input, as discussed in the Reset 
section following. It is cleared by either a power-on or 
software reset, or by writing a 0 to this bit. Writing a 1 
has no effect. 

This circuit requires that the hardware reset input be asserted on power-up to prop­
erly initialize the system during power-up. The SYS_RST_OUT_ pin will be asserted 
as long as the POR_RST_IN_ reset input is asserted, plus an additional 200 millisec­
onds or so. The circuit will de-assert SYS_RST_OUT_ synchronous to the rising edge 
of SBus clock, as defined by the SBus specification. 

Resets 

There are two sources of reset recognized by the I/O reset controller: Power-on Reset 
(POR), and Software Reset (SWR). Either of these two sources will cause the 89C105 
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to assert its two reset outputs, SYS_RST_OUT_ (SBus reset), and MMC_RST_OUT_ 
(Memory Controller Reset--SuperSPARC systems only). Both the length of the reset 
pulse and the value left in the System Reset Register will differ depending on the 
source of the reset. The lengths of the reset pulses are as follows: 

Table 6-19 Hardware and Software Resets 

Reset Source 
SBus Reset Memory Controller Reset 

(SYS_RST_OUTJ Duration (MMC_RST_OUTJ Duration 

POR_RST_IN_ > 200 milliseconds (starting > 200 milliseconds (starting 
after POR_RST_IN_ = 1) after POR_RST_IN_ = 1) 

66 SBus clocks + 2 10 MHz 
Soft Reset clocks + 3.2e-5 seconds 4 SBus clocks 

(approx) 

The software reset duration given above yields the following durations for SYS_R­
ST_OUT_ (SBus reset) at each SBus frequency: 

Table 6-20 SYS_RST_OUT_ Software Reset Duration 

16 MHz 20 MHz 25 MHz 

36.2 usec 35.5 usec 34.8 usec 
(602 SBus clocks) (710 SBus clocks) (871 SBus clocks) 

These numbers are somewhat approximate due to synchronization between two asyn­
chronous clocks that takes place in the process of generating the reset pulse. This can 
cause the numbers above to be offby several SBus clocks in one direction or the other. 

The reset output SYS_RST_OUT_, controlled by the 89C105, is intended to put the 
entire system into a known state. The system processor as well as all I/O devices and 
state machines will be reset. It is not possible to reset part of the system and leave the 
rest untouched via either of these two resets. 

In addition to the above sources, the processor may detect a Watchdog Reset if it expe­
riences an error condition, which is trap with traps disabled. This condition is commu­
nicated to the 89C105 via the IU_ERROR_ input, and is latched in the System Reset 
Register (no other action is taken by the 89C105; the processor has its own watchdog 
reset circuitry that performs the partial watchdog reset). 

When the processor recovers from a reset, it should determine the source of the reset. 
The hierarchy it should search for this determination is watchdog, SWR, then POR. 
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Table 6-21 Processor State after POR/SWR 

Device, Bus, or Bit State After PORISWR 

SBus Reset 

Interrupt Mask All '1' (all sources masked) 

Interrupt Target Register OxO 

Soft-Interrupt Bits All '0' 

System Error Bits All '0' 

Counter Timers Initialized 

Any reset source will cause the 89C105 to assert SYS_RST_OUT_ for a minimum of 
512 SBus clocks. 

Processor Status Pins 

Watchdog Resets and Module Error (Level-15) interrupts are communicated to the 
89C105 (which serves as the system reset and interrupt master) via two low-active 
pins: IU_ERROR_ and MODERR_IRQ... These signals allow the processor to indicate 
the following conditions: 

Table 6-22 Processor Status Codes 

moderCil'Q.... lu_error Definition 

1 1 Normal Operation 

0 1 Module Error (Level-15) Int Request 

1 0 Watchdog Reset Indicator 

0 0 Both Module Error Interrupt and Watchdog 
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Interrupt Control 
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The 89C105 contains an interrupt controller designed for use in uniprocessor systems. 
It contains the system logic and a single set of processor-specific circuitry 

Interrupt Control Block Diagram 

Syatem 
Interrupt 
Pending 
Reglater 

System 
Interrupt 
Malik 
Regl.ter 

Pr_or 
Interrupt 
Pending 
Reg ...... 

Figure 6-7 Interrupt Control Block Diagram 

Interrupt Control Register Definitions 

Interrupt 
Request 
Level 

(to Pro_or)' 

The Interrupt Control Registers are at physical address lEO 0000. They are defined as 
follows: 

Table 6-23 Interrupt Control Register Definitions 

lEO 0000 R 

lEO 0004 W 

lEO 0008 Processor SeLSofLInt Pseudo- Reg. W 

lEO 000C-1EO 3FFF RESERVED N/A 

lE10000 System Interrupt Pending Reg. R 

lE10004 Interrupt Target Mask Register R 

lE10008 Interrupt Target Mask Clear Pseudo-Reg. W 

lE1000C W 

lEl OOlO-lEF FFFF RESERVED W 

Reading and writing the System Interrupt PendingIMask register allows the CPU to 
identify hardware interrupt sources, and to selectively mask those sources, as follows: 

One must write/read zeroes toIfrom reserved bits. 
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SOFTINT[15:1 ] 0 HARDINT[15:1] 

17 16 15 

Figure 6-8 Processor Interrupt Pending Register (read only) 

SOFTINT[15:1].CLR 0 IIC 
I 

17 16 15 14 

Figure 6-9 Processor Interrupt Clear-Pending Pseudoregister 

SOFTINT[15:1].SET Reserved 

17 16 

Figure 6-10 Processor Set-Soft-Int Pseudoregister 

Field Definitions: 

SOFTINT[15:1] 

HARDINT[15:1] 

Ie 

Software Interrupt. 

Hardware Interrupt. 

Interrupt Level 15 Clear. 

I 
0 

I 

01 00 

0 

00 

00 

Writing a 1 to any of the SOFTINT bits or the IC bit in the Interrupt Clear pseudoreg­
ister clears the associated interrupt. 

The Software Interrupt Set register is used to generate software interrupts. Writes to 
a given bit in this register will cause the associated bit to be set in the Pending regis­
ter, and the appropriate level interrupt request will be issued to the CPU. 

All pending interrupts are CLEARED, and all mask bits are SET upon system reset. 

SBuslrq[7:1] 

31 30 29 28 27 23 22 21 20 19 18 17 16 15 14 13 07 06 00 

31 30 29 28 27 

Rev. 1.0 

Figure 6-11 System Interrupt Pending Register 

SBuslrq[7:1] 

23 22 21 20 19 18 17 16 15 14 13 

Figure 6-12 System Interrupt Target Mask Register (Read Only). 
and Mask Set and Mask Clear Registers (Write Only) 

SBus liD Chipset Data Manual 

07 06 00 

Page 6-39 



NCR89C105 Chip Specification 

Page 6-40 

Field Definitions: 

MA Mask All interrupts. Writing a 1 disables all interrupts. 

ME Module Error (asynchronous fault) 

1* MSI (MBus-SBus Interface) interrupt 

M* EMC (ECC Memory Controller) interrupt 

F Floppy interrupt 

T Level 10 Counter/Timer 

V* Video interrupt 

SC SCSI interrupt 

E Ethernet interrupt 

S Serial Port interrupt 

K Keyboard/Mouse interrupt 

SBus Gives a direct indication of which SBus level interrupts 
are active. 

(R) Reserved- Read as Os, writing has no effect. 

* These bits are only active in SuperSPARC mode; when the 89C105 is in 
microSPARC mode (set via the configuration register), these System Interrupt Pend­
ing Register bits will always read as 0 and the corresponding System Interrupt Target 
Mask Register bits will have no effect (though writing the set/clear bits will still 
update the Mask register). 

The Interrupt Target Mask Register occupies three addresses, one for reading the cur­
rent state of the interrupt mask, and one each for setting and clearing mask bits. 
Writing a 1 to any defined bit field in the Mask Set register will disable that interrupt, 
and writing a 1 to the same field in the Mask Clear register will re-enable it. Inter­
rupts are cleared by disabling and then re-enabling them. All pending interrupts are 
cleared, and all mask bits are set upon system reset. 

The Mask All bit allows masking of Level 15 interrupts (considered non-maskable by 
the SPARC definition) allowing the boot firmware to establish a basic environment 
before receiving any such interrupts. 

Interrupt Assignment and Priority 

There are 15 levels of software-generated and/or externally generated interrupts sup­
ported by the 89C105 interrupt controller. Assignment and prioritization of these 
interrupts is performed by the interrupt logic. Interrupt assignments are as follows: 
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Table 6-24 Interrupt Level Assignments 

Level Sources 

0 No Interrupts pending 

1 SOFTINT.1 

2 SOFTINT.2, SBus L1 

3 SOFTINT.3, SBus L2, Parallel port 

4 SOFTINTA, SCSI 

5 SOFTINT.5, SBus L3 

6 SOFTINT.6, Ethernet 

7 SOFTINT.7, SBus L4 

8 SOFTINT.8, Video 

9 SOFTINT.9, SBus L5 

10 SOFTINT.10, System Counter/Timer 

11 SOFTINT.ll, SBus L6, Floppy 

12 SOFTINT.12, Keyboard!Mouse, Serial Ports 

13 SOFTINT.13, SBus L7 

14 SOFTINT.14, Processor CounterlTimer 

15 SOFTINT.15, Asynchronous HW Errors 

Cou nter-Timers 

Rev. 1.0 

The 89C105 features two programmable counter/timer channels, designed to provide 
a system timer and a single processor-specific set of timers. The System Counter is a 
22-bit counter dedicated to the system timer function, and generates a level-10 inter­
rupt upon time-out. The Processor Counter can be configured to behave as a 22-bit 
timer that generates a level-14 interrupt upon time-out, or to provide a real-time 54-
bit counter for high resolution user performance analysis. 

In the first mode, the timer is useful for OS kernel profiling. In the second mode, the 
timer can be loaded upon each entry into user mode, and saved on each exit. By map­
ping the counter as read-only for the user process, it provides ''virtual" time, a mea­
sure of the context run time, which is useful for measuring application performance. 
It could also be loaded with a binary real time, which will then track precisely with 
the time-of-day. 
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Counter-Timers Block Diagram 

p-----------------------------------------------------------------------------------------------------------. 
• • · · • · • · · : Level10 
: Interrupt 

· · · · · · 

System Counter Processor Counter/User Timer 

Figure 6-13 Counter-Timer Block Diagram 

Counter-Timers Address Map 
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Counter/timer control registers are mapped as follows: 

PA[27:00] 

1DO 0000 

1DO 0004 

1DO 0008 

1DO OOOC 

1D10000 

1D10004 

1D10008 

1D1000C 

1D10010 

Table 6-25 Countermmer Address Map 

Register RIW 

Processor Counter Limit Register or User Timer 
R/W MSW 

Processor Counter Register or User Timer LSW RlW1 

Processor Counter Limit Register (non-resetting W port) 

Processor Counter User Timer Start/Stop Register RIW 

System Limit Register (Level 10 Interrupt) RIW 

System Counter Register R 

System Limit Register (non-resetting port) W 

RESERVED N/A 

Timer Configuration Register RIW 

1. Can be written as User Timer LSW, read-only as Counter Register. 
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Three addresses are associated with each counter: a count register, a limit register, 
and a pseudoregister that allows the limit to be loaded without resetting the count. 
The count and limit registers have the following format: 

Count[21 :00] 

Figure 6-14 System Counter Register Field Definitions 

Field Definitions: 

L 

Reserved 
Count 

Limit Reached 

Read as 0 
Current system count value 

Reserved 

9 8 00 

Each counter increments by one in bit position 9 every 500 nanoseconds. When a 
counter reaches the value in its corresponding limit register, it is reset to 500 ns (i.e. -
Ox00000200), the limit-reached bit in both the counter and limit registers is set, and 
an interrupt is generated (if enabled) at Levell 0 for the System Counter and levell4 
for the Processor Counter. 

The interrupt is cleared and the limit bits reset by reading the appropriate limit regis­
ter. Reading the counter register does not change the state of the limit bit. Writing the 
limit register resets the corresponding counter to 500 nS (0x200). 

The limit register can be loaded via the pseudoregister without resetting the count. If 
the count value is already higher than the new limit, the counter will proceed to count 
to its maximum value, then reset and count up to the new limit value before generat­
ing an interrupt. This allows alarm-clock, rather than time-tick, usage of the counter. 

Setting a limit register to 0 causes the corresponding counter to free-run. Interrupts 
will be generated when the counter overflows, approximately every two seconds. All 
bits in all count and limit registers are cleared to 0 on reset. 

Limit[21 :00] Reserved 

9 8 

Figure 6-15 CounterfTimer Limit Register Field Definitions 

Field Definitions: 

R, Reserved 

Limit 

Reserved, read as O. 

Limit value to count to before setting interrupt and 
resetting counter. 

00 
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Count[53:00] 

Figure 6-16 User Timer Count Register Field Definitions 

Field Definitions: 

L 

Reserved 
Count 

Limit Reached 

Read as 0 

Current count value. 

Reserved 

9 8 00 

When the Processor Counter is configured to be a User Timer, it should be accessed 
only as a 64-bit word (to insure consistency between the LS- and MS- words). 
Although the counter is read/write, it is recommended that it be mapped read-only for 
user-mode access. The Limit bit is set any time the counter exceeds the maximum 
count value, and is cleared on any write to the register. 

There is no interrupt associated with operation of the Processor Counter in User 
Timer Mode. 

Reserved 

00 

Figure 6-17 User Timer Start/Stop Register Field Definitions 

Field Definitions: 

Run 

R, Reserved 

When set to 1, counting is enabled. When 0, frozen. 

Read as 0 

The User Timer Start/Stop Register is provided to allow fast trap handlers to stop the 
User Timer blindly during time-critical code, without the necessity of reading and sav­
ing the count value. The timer must be restarted before reentering user state. A soft­
ware flag must be maintained to indicate if the UT is in use, so that the fast trap 
handle can know that it must be restarted. This register has no effect if the Processor 
Counter is configured as a counter. All bits are cleared to 0 on reset. 

Reserved ITO I 
01 00 

Figure 6-18 CounterlTimer Configuration Register Field Definitions 
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When set to 1, the Processor Counter is configured as a 
User Timer. 

Read as O. 

Note that the System Counter cannot be configured as a User Timer. All bits are 
cleared to 0 on reset. . 

Chip Configuration Control 

Rev. 1.0 

The 89C105 has several software-programmable options controlled by its configura­
tion register. This register is located at address 180 000. 

(R) I p D M s 
7 6 5 4 3 2 1 o 
Figure 6-19 The 89C105 Configuration Register Field Definitions 

Field Definitions: 

(R) 

I 

P 

D 

These bits are unused. They read as 0; writing has no 
effect. 

Modem Ring Indicate Interrupt Enable. When set to 
1 ,the modem RI interrupt generation is activated (see 
also bit 1, and the description of the Modem Register). 
When cleared, no modem interrupt will be generated, 
regardless of the state of the M bit or the MSCIR(L 
input. 

Power Fail Detect Enable. When set to 1, a low on the 
PFD_ input will cause a module error (level 15) inter­
rupt. The interrupt is visible (and clearable) in AuxIO 
register 2. When clear the PFD_ input is ignored. 

Density Select Source (1 = 82077 density select, 0 = 
82077 motor enable #2). This bit determines which signal 
drives the external density select pin (FPY_DENSEL). 
For the Teac tri-density (sw selectable) drive, this should 
be set to 0; for a standard PC drive (using an external 25-
pin floppy cable) it should be set to 1, so that the 82077 
can automatically control density selection between sin­
gle and double density. 
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Field Definitions: 

M 

S 

Modem Ring Select. This bit demuxes the MSCIRQ_ 
input pin, to select whether it functions as a level 15 
interrupt input from the MSI, or a modem ring indicator. 
When this bit is set to 1, a low on the MSCIR(L input 
will cause a leve115 MSI interrupt. When it is cleared, a 
transition will cause a modem ring indicate interrupt 
(SBus level 5). Either a high or low transition can cause 
an interrupt in this mode, depending on the Edge Select 
bit in the Modem Register. The interrupt request is visi­
ble (and clearable) in the Modem Register. The unused 
input will be held in its inactive state. 

SuperSPARC mode (1 = SuperSPARC, 0 = microSPARC). 
This bit determines the function of several rnuxed input 
pins (the 89C105 is extremely pin limited, so pins were 
not available to support all functions concurrently). The 
rnuxed pins are: 

Table 6-26 microSPARC/SuperSPARC Muxed Pins 

Pin microSPARC Use SuperSPARC Use 

secrtxc_b ser_rtxc_b_ emc_ir'l-

iu_error_ iu_error_ video_ir'l-

When in SuperSPARC mode, the microSPARC interrupts and signals will be forced to 
their inactive state; when in microSPARC mode, the SuperSPARC interrupts will be 
inactive (see the Interrupt Controller register for details of the SuperSPARC specific 
interrupts). 

All of the 89C105 configuration bits are cleared to 0 by a system reset. 

Diagnostic Messages 

Page 6-46 

The Diagnostic Message Register is an 8-bit read/write register provided for diagnos­
tic use. Accesses to this register have no effect, other than to change the value stored 
in it. The Diagnostic Message Register is non-volatile across resets (except power-up, 
where the register will come up in a random state). 

(0) 

7 6 5 4 3 2 o 
Figure 6-20 Diagnostic Message Register Bit Definitions 

Field Definitions: 

(D) Diagnostic value. This value is read/writable, and will be 
preserved across resets. 

All bits in the Diagnostic Message Register are unaffected by system reset. 
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Miscellaneous System Functions 

Rev. 1.0 

The 89C105 contains two 8-bit Auxiliary 110 Registers: one dedicated to system power 
down control, and one used to support several hardware functions that don't fit well 
elsewhere. They are located at physical addresses Ox190 0000 (aux1) and Ox191 0000 
(aux2). 

LED/Floppy (Aux1) Register 

(R) D (R) E M T L 

7 6 5 4 3 2 o 
Figure 6-21 Auxiliary I/O Register 1 (Ox190 0000) Field Definitions 

Field Definitions: 

(R) AuxI01[7:6,4] are unused. They should be masked out 
and their values discarded by software (they will always 
read as 0). 

D Floppy Density Sense (1=high density, read only). This 
bit directly reflects the state of the FPY_DENSENSE 
input pin. 

E Link Test Enable. This bit is directly reflected in the 
LINICTEST_ENpin. It controls the AT&T 7213 LTE 
pin. 

M MonitorlMouse Mux. This bit is directly reflected on the 
MON_MSE_MUX pin. 

T Terminal Count (1= TC). Writing a 1 will send a 4 SBus 
clock wide TC pulse to the 82077 floppy controller. This 
is self-clearing logic; it will always read as O. Writing a 0 
has no effect. 

L LED (1 = on, 0 = off.) This bit controls the system LED on 
the front panel. 

All output bits (E, M, T, L) are cleared to 0 by a system reset. The input (D) is con­
trolled by the corresponding chip pin (FPY_DENSENSE). The unused bits ([7:6, 4]) 
are unaffected by writes and will always read as o. 

Power Down Control (Aux2) Register 

(R) (R) c F 

7 6 5 4 3 2 o 
Figure 6-22 Auxiliary 1/0 Register 2 Field Definitions 
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Field Definitions: 

(R) AuxI02[7:6,4:2] are unused. They should be masked out 
and their values discarded by software ([7:6, 4] will 
always read as 0; [3:2] are read and write-able but the 
values have no meaning or effect). 

D Power Failure Detect (1 = power fail). When the power 
fail detect signal from the power supply is asserted (low), 
this bit is set and a "module-error" interrupt will be gen­
erated (this is a level-15 interrupt). This bit is cleared by 
writing a 1 to bit 1 (of this register), or by disabling PFD 
in the Config register. It should be noted that the PFD* 
input is ignored if disabled in the Config Register. 

C Clear Power Fail Detect Irit (1 = clear). This bit will clear 
the interrupt generated by PFD_ and the corresponding 
register bit (bit 5 above). Writing a 0 has no effect. 

F Power Off (1 = off). This bit is simply reflected in the 
power_off output pin. Setting it to 1 will turn the power 
supply off. 

All AuxI02 bits are cleared to 0 on system reset. 

Modem Register 

The 89C105 can support the RI (Ring Indicate) bit output of a modem directly when 
configured for Modem use (see the Configuration Register definition). This mode uses 
the MScmQ.. input pin for modem RI sensing, so it is not available in SuperSPARC 
mode. When the Modem mode and the Modem interrupt are enabled in the Configura­
tion Register, the 89C105 will generate an SBus level 5 interrupt on RI transitions. 

(R) R E 

7 6 5 4 3 2 o 
Figure 6-23 Modem Register Field Definitions 

Field Definitions: 

(R) 

R 

E 

Modem bits [7:3] are unused, and will always read as O. 
Writing has no effect. 

RI pin. This pin directly reflects the state of the MSI_­
IRQ.. pin (which is used for modem RI when in Modem 
mode). If the pin is low, then this bit will be O. 

Edge Select. This bit selects which edge of RI causes an 
interrupt. When cleared to 0, a 1->0 transition on the 
MSCIRQ.. pin causes an interrupt. When set to 1, a 0->1 
transition causes an interrupt. Toggling this bit after 
receiving the first edge of an RI pulse will allow one to 
get interrupts on both edges of RI. 
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Modem RI Interrupt. This bit is set to 1 if a modem RI 
interrupt is pending, and an SBus level 5 interrupt is set. 
Writing a 0 to this bit clears the interrupt. 

Bits [1 :0] (E,!) are cleared to 0 by a system reset. The input (R) is controlled by the 
corresponding chip pin (MSCIRQ.J. The unused bits ([7:3]) are unaffected by resets or 
writes and will always read as O. 

Test Block 

Rev. 1.0 

This section describes the goals and implementation of the testability features imple­
mented in the 89C105. These features have been incorporated to provide a structured 
test approach to both device fabrication testing and board-level testing and debug. 

The 89C105 contains an IEEE JTAG 1149.1 compliant test controller and boundary 
scan architecture. All mandatory instructions are supported and this document con­
tains the chip specific boundary scan information. The 89C105 also contains internal 
test logic and reserved instructions. The basic description of this logic is described 
below but not supported. 

JTAG Scan Access 

The goals for the 89C105 testability are to provide for high stuck at fault coverage at 
both the IC and board level. This is provided by the incorporation of an IEEE 1149.1 
(JTAG) compatible TAP controller and boundary scan, which in conjunction with mod­
ular broadside access modes provides access to each of the major functional blocks on 
the I/O chips through either full scan or boundary scan (in the case of the ASFs). The 
ASFs are tested during device fabrication by a full broadside pin mode that provides 
direct access to all ports of each ASF from the device pins. This allows standardized 
functional test patterns to be applied directly to each ASF. At the board-level, the 
JTAG compatible boundary scan provides for complete access to PCB interconnect, 
including die to package bonding. 

Block Access Modes 
Diagnostic multiplexing between the pad ring and the internal macros is configurable 
into four different modes: Normal Mode, in which the device operates as required in 
the system; TBLKl Mode, for scanned logic, in which all the ports to the scanned logic 
are accessible via scannable elements. In addition, the internal scan chain of the block 
is connected in series with the boundary scan chain, and the partition scan chain (if 
one is required) to form a complete scan path for access to all state and primary inputs 
of the block. TBLK2 and TBLKa, for ASF cores, in which each block is presented to 
the pins of the chip as if it where a stand-alone device. 

Tristate Pin Function 
All output pins of the device are tristate-able, controlled by elements in the boundary 
scan chain, to support manufacturing test. At power-up and in normal operation of 
the system this function is disabled by the TRSTB JTAG pin being held in the active 
low state. 
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Block Diagnostic Modes 

TBLK1 (Internal Scan) Diagnostic Mode 
The following figure illustrates the operation of the TBLKl diagnostic mode. In this 
mode, the test logic is configured to connect every primary input to the Q-output of a 
scannable flip-flop and every primary output to the D-input of a scannable flip-flop. In 
addition, every flip-flop inside the block is configured into a single scan chain, known 
as the internal, or "is can" chain. 

iscan chain -----------------. , 
:----------------'I--.--+-t>I 

BLK2 : BLK1 BLK3 , 
.---------------'11-1--+-~ 
----------______ 1 , 
~---------------.~~~~ , 

JTAG 

TOI 

o 1 

Figure 6-24 TBLK1 (Internal Scan) Diagnostic Mode 

TBLK2ITBLK3 Diagnostic Mode 
The following figure illustrates the operation of the TBLK2(TBLK3) diagnostic mode. 
In these modes the test logic is configured to connect internal inputs and outputs to 
BLK2 (BLK3) to pins normally assigned to BLKl or BLK3(BLK2). Since these blocks 
are non-scannable, the only function of the JTAG controller in this mode is to config­
ure the multiplexor logic into this mode. Hence the scan datapath is placed in 
BYPASS mode 
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BLK2 BLK1 BLK3 

JTAG 
TDI 

TBLK2 TBLK2 

TOO --' 

Figure 6-25 TBLK2ITBLK3 Diagnostic Mode 

Outputs of the block that normally connect to BLKl are multiplexed into the chip out­
puts of the other blocks, configured by the TBLK2(TBLKa) mode signal. Inputs to 
BLK2 (BLK3) are multiplexed with inputs from the other blocks. Figure 6-21 shows 
how the outputs of BLK2 and the inputs of BLKa are configured. 

Other JTAG test modes (TBLK2_BS and TBLKaJJS) are provided that operate iden­
tically except that the scan data path is configured to pass through the boundary 
chain. This allows application of the broadside test vectors to the blocks using the 
boundary chain to drive primary inputs and sample primary outputs in a pseudo­
static manner, i.e. it does not directly support complex edge relationships between 
inputs. Instead these vectors must be "exploded" into multiple boundary scan vectors. 

JTAG Controller 

The JTAG controller contains the following elements: 
• NCR Tap controller 
• Scan Datapath including instruction register, 

bypass register, and ID register 
• Clock control register and state machine 

The following figure shows a simplified block diagram of the JTAG controller. It has 
been partitioned into two main functional areas: Scan Datapath and Scan Control 
Logic: 
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tma 
tmb 
tclk 

tclk-
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controls 
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dmux_se1 
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Figure 6-26 JTAG Controller Block Diagram 

The NCR tap controller is an implementation of a reference 1149.1 tap state 
machine.1 It is connected directly to the test access port on the 89C105 (TCK, TMS, 
TRSTB) and generates the basic scan controls (clock-.dr, clock.jr, reset_I, select, 
shift_dr, shift_ir, update_dr, update_ir) which are used to control the scan architec­
ture. 

The NCR TAP implementation has been modified slightly to also make available the 
TAP state for use by supplemental state machines. The NCR state machine imple­
ments the reference state diagram described by the 1149.1 specification2 and will not 
be reproduced here. The state coding is shown in the following table: 

1. IEEE Std. 1149.1-1990 chapter 5. 
2. IEEE Std. 1149.1-1990 page 5-1. 
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Table 6-27 State Assignments for NCR TAP Controller 

Controller State State[3:0] 

Exit2-DR 0 

Exitl-DR 1 

Shift-DR 2 

Pause-DR 3 

Select-IR-Scan 4 

Update-DR 5 

Capture-DR 6 

Select-DR-Scan 7 

Exit2-IR 8 

Exitl-IR 9 

Shift-IR A 

Pause-IR B 

Run-TestlIdle C 

Update-IR D 

Capture-IR E 

Test-Logic-Reset F 

The instruction register for the 89C105 is a four bit register comprised of simple scan­
nable elements. When the TAP state machine issues a reset signal this register is ini­
tialized to the mCODE (1110) instruction. The parallel inputs of the instruction 
register are not used to load design-specific information and are tied-off to logic o. 

The 4-bit output of the instruction register is followed by an instruction decode stage 
which decodes up to 16 unique instructions. Not all of these are used by the 89CI05 
but are given mnemonics for completeness. The following table lists these mnemonics 
and the instruction value that corresponds to them: 
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Table 6-28 Decoded JTAG Instructions 

Value Mnemonic Description 

00001 EXTEST Boundary scan board interconnect test. 

0001 SAMPLE Boundary scan sample/preload. 

0010 TBLKl BLKl ATPG scan test mode (Internal+-
Boundary+Clock chains). 

0011 TBLK2 BLK2 broadside test mode (Bypass). 

0100 TBLKa BLKa broadside test mode (Bypass). 

0101 SCANTOOL BLKl no-capture scan test mode (Internal 
chain). 

0110 PSCAN Reserved for partition scan (if implemented, 
otherwise Bypass). 

0111 INTEST Boundary scan capture of internal 110. 

1000 TBLK2_BS BLK2 boundary scan test mode. 

1001 TBLK3_BS BLKa boundary scan test mode. 

Reserved for BLKl tester partition scan 

1011 TPSCAN mode (if implemented, otherwise Bypass). 
Other BLKl pins controlled by broadside 
tester. 
Reserved for BLKl boundary partition scan 

1100 BPSCAN mode (if implemented, otherwise Bypass). 
Other BLKl pins controlled by boundary 
scan. 

1101 ZMODEO General purpose test mode. 

1110 IDCODE Device ID register. 

11112 BYPASS Bypass mode. 

1. Required instruction. 
2. Required instruction. 

The scan controls decoded by these instructions configure the scan datapath, the test 
multiplexors and control the clocks and pseudo clocks for the test mode in progress. 

Instruction Decode 
The I-Decode logic converts the 4-bit instruction register contents into decoded signals 
that control mux selection in the scan datapath and test mode configuration in the 
ASF blocks. Nine of these signals are latched by the I-latch to provide glitch free val­
ues on these signals which are updated during the IR-Update state. 

Clock Control FSM 
The clock control finite state machine monitors the state output from the NCR TAP 
controller and determines when it is necessary to insert the capture clock and/or 
pseudo clocks required to support ATPG stimulus application to BLKl. The clock gat­
ing is designed such that the boundary clock is guaranteed to be asserted at all ele­
ments of the boundary scan chain before it is applied to either the clock or pseudo 
clock (set/reset) inputs to the BLKl internals.This requirement is present due to the 
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fact that ATPG vectors have an assumed order in which stimulus is applied to the cir­
cuit and state or primary outputs are captured. The clock control state machine in the 
89C105 has been verified to support the requirements of TestScan ATPG from 
Cadence Design Systems, Inc. although it may function equally well with other ATPG 
systems. 
The assumed sequence of operations required for ATPG pattern application is shown 
below. 

1. Stimulate pins - boundary and pscan chains shift/update sequence. 
2. Stimulate shift register/latches - internal scan chain shift in. 
3. Measure pins - boundary and pscan chain capture sequence. 
4. Pulse clocks/pseudo clocks - internal chain clock/set/reset. 
5. Measure shift register/latches - internal scan chain shift out. 

The Clock Control FSM has been designed to support this event ordering in a single 
continuous shift-update-capture-shift sequence. in TBLKl mode the scan chains 
within the 89C105 are concatenated into a single chain containing internal, boundary 
and clock control scan chains. Hence after an initial shift-update sequence, the 
requirements of(l) and (2) have been met. The Capture-DR state is then used to mea­
sure the state of the primary outputs ofBLKl by issuing a clock to the boundary with 
the shift control not asserted. A delayed version of the clock (or update pulse in the 
case of the pseudo clocks) is then used apply clock, set or reset to the internal scan 
chain to implement the internal chain capture. This occurs only when indicated by the 
value of the "capture" output from the clock control state machine. 

Clock Control Register 
The other three bit positions in the clock control scan chain are transferred to the 
clock control register during a DR-update sequence, where they are decoded by the C­
Decode logic to specify which vector class the following capture sequence belongs to 
out of the following categories: 

1. Shift only, no capture. 
2. Capture scan chain, (i.e. shift high during capture clock). 
3. Normal clocked vector. 
4. Set vector, no clock. 
5. Reset vector, no clock. 

Since the last two categories are only required when the logic under test contains 
asynchronous sets or resets, they are not required for the 89C105. 

Mode Gating Logic 
The decoded vector type information is combined with the clock control FSM informa­
tion and the primary scan controls from the NCR TAP controller and instruction reg­
ister decodes to generate control signals for each of the four scan chains with the 
89C105: iscan, bscan, pscan (if present) or cscan. These signals are buffered and dis­
tributed throughout the device to the various chain elements. Since the 89C105 does 
not require a partition scan chain for its final implementation, these controls have 
been deleted. 
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Scan Oatapath 

The scan datapath within the JTAG Controller contains the chain configuration logic, 
implemented as a series of multiplexors; inter-chain flops to guarantee hold margins; 
the Cscan register; JTAG compliant ID, BYPASS and IR shift registers and the TDO 
output multiplexors and flop. This datapath, like the external scan chains and test 
logic is controlled by the scan control logic described above. The only variation from a 
more conventional IEEE 1149.1 implementation is the ability to configure the scan 
chain into various different modes based on the instruction type. The use of the hold 
flops, clocked by TCK- is simply an implementation detail to reduced the effects of 
clock skew between the separate scan chains. 

The 89CI05's scan datapath does not include a partition scan chain, as in its final 
implementation this functionality has been incorporated into the internal, or "is can" 
chain to facilitate physical implementation of the device. The elements of the embed­
ded partition scan chain are therefore controlled by the same datapath controls as the 
existing iscan chain elements. 

The table below gives the lengths of the various scan chains that comprise the 
89CI05's scan datapath. 

Table 6-29 The 89C1 05 JTAG Chain Lengths 

Chain Name 
Number of 
Elements 

BYPASS 1 

I.D. 32 

Instruction Register 4 

Internal 549 

Boundary 207 

ATPG 759 

Performance 

The design as implemented in NCR's VS700H 0.95um (drawn) standard cell library 
has been verified to operate at a 5 MHz scan rate. 

The JTAG controller occupies approximately 700 gates, and the scan overhead for the 
simple multiplexed flop scan element that it supports is estimated at about 10% from 
a gate count perspective, 5% in total area overhead. 
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Functional Timing Diagrams 
This section contains cycle diagrams of the 8gel05 SBus accesses. 

EBUS Timing Diagrams 

EPROM Read 

sb_clk 

sb_rd 

sb_size ( Valid ) 

sb..J)a ( 
: 

Valid ) 

I I 
sb_as_ \ I 

I sb_seL \ I 

~ ack_8 

sb_d ICD 

eb_a X 
--------~~~~,~~------------------+-~--~------

Valid 

eb_adla ________ -<----/hl...-+ _________ -<-_<--+-__ __ 

eb_di----~--+---;.---;(!<n$ bi!nt;iH'[,i,)(,---Va-lid--~r+----

\'-______ ---"v 

i\~~------------+-~V 
Figure 6-27 EPROM Read 
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TOD/NVRAM Read 

. . . . . . . . 
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Figure 6-28 TODINVRAM Read 
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TOD/NVRAM Write, Showing Buffered EBus Cycle 

m_m ~~+-~~ __ ~If'------------+--+--------

---<4--I-+-lval-+-1 ~I ) 
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. Iii i· 
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Figure 6-29 TOD/NVRAM Write, Showing Buffered EBus Cycle 
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TOD/NVRAM Write/Write, Showing Buffered EBus Cycle 
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Figure 6-30 TOD/NVRAM WritelWrite, Showing Buffered EBus Cycle 
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Generic Port Read 
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Figure 6-31 Generic Port Read 
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Generic Port Write 
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Figure 6-32 Generic Port Write 
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Generic Port Time-Out 
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Figure 6-33 Generic Port Time-Out 
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Serial Ports/Keyboard/Mouse Write/Read Showing Hardware Holdoff 

Figure 6-34 Serial PortsiKeyboardlMouse Write/Read, Showing Hardware Holdoff 

Floppy Read/Write 
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!::: / , ~ ,...--. -----. ~ i I 
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Figure 6-35 Floppy ReadlWrite 

Rev. 1.0 
Page 6-64 SBus 110 Chipset Data Manual 



Rev. 1.0 

NCR89C105 Chip Specification 

DMR/AUXIO/Configuration Register Read/Write 
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sb_rcI ---1 

sb_size -( 
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Figure 6-36 DMRlAux IO/Configuration Register ReacllWrite 

CounterlTlmer Read 
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Figure 6-37 CounterfTimer Read 
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CounterlTlmer Two-Word Burst Read 
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Figure 6-38 CounterlTimer Two-Word Burst Read 

Counter/Timer Write 
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CounterlTlmer Two-Word Burst Write 
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sb_rd ~ jl\-
sb_size -< Valid ! )--
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sb_as_ \ / 
sb_seL \ I 
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Figure 6-40 CounterfTimer Two-Word Burst Write 

Interrupt ControlierlSCSR Read/Write 
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Figure 6-41 Interrupt ControllerlSCSR Read/Write 
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Electrical Considerations 
This section defines the following electrical specifications for the 89C105: 

• Absolute and recommended operating conditions 
• DC characteristics 
• AC characteristics 
• Power consumption 

The 89C105 is implemented in the NCR VS700H process, and normal handling pre­
cautions required by all MOS devices must be observed. Regardless of the fact that all 
inputs and outputs are protected against ESD damage by internal protection struc­
tures, the device can be degraded or destroyed by exposure to high electrostatic fields. 

Absolute Maximum Ratings 
The following section details the absolute maximum ratings of the 89C105 chip. Oper­
ation of the device at values in excess of those listed here will result in degradation or 
destruction of the device and should be avoided. This table does not imply that func­
tional operation at conditions above those listed in the "Recommended Operating Con­
ditions" is possible. This is a stress rating and operation of a device at or above this 
rating may cause failure or affect reliability. 

Table &30 Absolute Maximum Operating Conditions 

Name Symbol Min Max Units 

Supply Voltage VDD -0.5 +7 Volts 

Input, Output Voltage VIM -0.5 VDD + 0.5 Volts 

Current Drain VDD and VSS 
II 100 mA pins 

Lead Temperature (less than 
Tl 250 ·C 

10 second soldering) 

Operating Temperature TJ 0 70 ·C 

Storage Temperature TA -55 150 ·C 

Recommended Operating Conditions 

Page 6-68 

The following section details the recommended DC operating conditions for the 
89C105 chip: 

Name 

Supply Voltage 

Operating Free-Air 
Temperature 

Table 6-31 Recommended Operating Conditions 

Symbol Min Nom 

Vdd 4.75 5.0 

Ta 0 25 

Max Units 

5.25 Volts 

70 ·C 
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DC Characteristics 

Rev. 1.0 

This table specifies the DC characteristics of the 89C100 chip over the range of the 
recommended operating conditions. 

Table 6-32 DC Characteristics 

Name Symbol Min Nom Max Units 

TTL Input Receiver 

High Level Input Voltage Vih 2.0 Volts 

Logic Low Input Voltage Vil 0.8 Volts 

DS1216 Schmitt Input Receiver 

High Level Input Voltage Vih 1.9 1.6 Volts 

Logic Low Input Voltage ViI 1.2 0.9 Volts 

DS1218 Schmitt Input Receiver 

High Level Input Voltage Vih 2.1 1.8 Volts 

Logic Low Input Voltage Vil 1.2 0.9 Volts 

DS1238 Schmitt Input Receiver 

High Level Input Voltage Vih 4.1 3.8 Volts 

Logic Low Input Voltage ViI 1.2 0.9 Volts 

Minimum high-level source current, V oh = 2.4 V 

2 mAbuffer 2.0 

4mAbuffer 4.0 

8rnAbuffer 8.0 
Ioh rnA 

16 mAbuffer 16.0 

24 mAbuffer 24.0 

48mA buffer nJa 

Minimum low-level sink current, Vol = 0.4 V 

2 mAbuffer 2.0 

4mAbuffer 4.0 

8mA buffer 8.0 

16 mA buffer 16.0 
101 mA 

24 mA buffer 24.0 

48mA buffer 48.0 

SCSIPAD (Vol = 0.5 V) 48.0 

SCSIPADF (Vol = 0.5 V) 48.0 

Input Leakage Current lin ±1O ~A 
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Table 6-32 DC Characteristics 

Name Symbol Min Nom Max Units 

Tristate Output Leakage 
Ioz ±10 fJA Current 

High Level Output Voltage Voh 4.4 4.5 Volts 

Low Level Output Voltage Vol 0.0 0.1 Volts 

Input Capacitance Ci 6 pF 

Output Capacitance Co 6 pF 

Bidirectional Pin Capacitance Cb 6 pF 

AC Characteristics 
The following table lists the 89C105 AC characteristics. 

Table 6-33 The 89C105 AC Characteristics 

Number Description Conditions Min Max Units 

SBusTiming 

Fsb SBus Clock Frequency 16.7 25 

1 Clock Period 40 60 ns 

2 Clock High 17 ns 

3 Clock Low 17 ns 

4 Hold wrt CLK Rising 0 ns 

5 Setup to CLK Rising 15 ns 

6 Setup to CLK Rising 15 ns 

7 Hold wrt CLK Rising See Note 1 1 ns 

8 CLK Rising to Output Valid 100 pF load 22.5 ns 

9 CLK Rising to Output Invalid 100 pF load 22.5 ns 

10 CLK Rising to Output Valid 100 pF load 22.5 ns 

11 CLK Rising to Output Invalid 100 pF load 2.5 25 ns 

12 CLK Rising to Output Low 100 pF load 22.5 ns 

13 CLK Rising to Output High 100 pF load 22.5 ns 

EBusTiming 

14 Setup to CLK Rising 15 ns 

15 Hold wrt CLK Rising 2 ns 

16 CLK Rising to Output Valid 100 pF load 22.5 ns 

17 CLK Rising to Output Invalid 100 pF load 22.5 ns 

18 CLK Rising to Output Valid 100 pF load 22.5 ns 

Page 6-70 
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Table 6-33 The 89C105 AC Characteristics 

Number Description Conditions Min Max Units 

Miscellaneous Timing 

19 CLK Rising to Output Valid 100 pF load 22.5 ns 

20 10 MHz Clock Period See Note 2 50 ns 

Floppy Controller Timing 

21 fpy _clk32 Clock Period See Note 3 31.3 31.3 ns 

22 fpy _clk24 Clock High Time 16.7 25 ns 

23 fpy _clk24 Clock Low Time 16.7 25 ns 

24 fpy _clk24 Clock Period See Note 3 41.7 41.7 ns 

25 Internal Clock Period (tci) See Note 4 62.5 250 ns 

26 
fpy_dir Change to fpy_step 

1.0 J.lS Setup Time 

27 fpy _step Pulse Width 7 8 J.lS 

28 fpy_step Rate See Note 5 1 15 ms 

29 fpy _index Pulse Width 4 tci 

30 fpy_rddata Pulse Width 50 ns 

31 fpy _rddata Data Rate See Note 6 250K 1M bit/s 

32 
fpy _ wrgate to fpy _ wrdata 

250 ns Setup Time 

33 fpy _ wrdata Pulse Width See Note 7 125 500 ns 

SeriallKeyboardIMouse Controllers Timing 

34 ser_clk LOW Width See Note 8 50 ns 
35 ser_clk HIGH Width 50 ns 
36 ser_clk Cycle Time (Tpc) 122 ns 
37 secrtxc_ Width 150 ns 
38 ser_rtxc_ Cycle Time 4 Tpc 
39 sectrxc_ Width 150 ns 
40 sectrxc_ Cycle Time 4 Tpc 
41 ser_dcd_ or ser_cts_ Width 200 ns 
42 ser_sync_ Width 200 ns 
43 ser_rxd to ser_rtxc_ Setup 

0 Time ns 

44 ser_rxd to secrtxc_ Hold Time 150 ns 
45 ser_sync_ to secrtxc_ Setup 

-200 Time ns 

46 ser_sync to ser_rtxc_ Hold 
5 Tpc Time 

47 ser_trxc_ to ser_txd Delay 200 ns 
48 ser_txd to sectrxc_ Delay 200 ns 

Rev. 1.0 
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NOTE 1: This is the only violation ofSBus Specification B.O. No known implementation to date pro­
vides lesB than 1.0 nB hold time on theBe Bignals. 

NOTE 2: This clock MUST run at 10 MHz (lOOnB period) for correct Boftware operation. 

NOTE a: The NCR82077 core uses a digital data separator to read the data off of the disk. Any varia­
tion from the nominal input clock frequencies will shift the capture range of the cell. 

NOTE 4: Internal clock period iB a function of the selected data rate. 

Data Rate Frequency Period 

1 Mbs 16 MHz 62.5 ns 

500 Kbs 8 MHz 125 ns 

300 Kbs 4.8 MHz 208 ns 

250 Kbs 4 MHz 250 ns 

NOTE 5: fpY_Btep Rate time is selected by a SPECIFY command. Failure to isBue a specify command 
before issuing a Recalibrate or Seek command or implied Beek will cause unpredictable 
reBults. 

NOTE 6: fpy_rddata data rate is determined by the :floppy tape drive or tape drive. 

The values are: 
• 1 Mbs -1.0 ~ B minimum 
• 500 Kbs - 2.0~s minimum 
• aOOKbs-a.a~sminimum 
• 250 Kbs - 4.0~s minimum 

NOTE 7: fpy_wrdata pulse width is based on the selected data rate. The values are 2 X tCI: 
• 1 Mbs-2X62.5=125ns 
• 500 Kbs - 2 X 125 = 250 ns 
• aoo Kbs - 2 X 208 = 416 ns 
• 250Kbs-2X250=500ns 

NOTE 8: The input ser_clk is UBed to clock the serial controllers and the keyboard/mouse controller. 
The timing numbers in this Bection apply to both of theBe controllers. 

Rev. 1.0 
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AC Timing Diagrams 

SBus/EBus Input Signals 
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Figure 6-42 SBus/EBus Input Signals 

CounterlTlmer Input Clock 

Figure 6-43 CounterfTimer Input Clock 

SBus 110 Chipset Data Manual 

NCR89C105 Chip Specification 

V V-
I 

V - 5 f4-
4 

)K 
- 714-

'\/ 
/~ - 15 .. 

Page 6-73 



NCR89C105 Chip Specification 

SBus/EBus Output Signals 
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Figure 6-44 SBus/EBus Output Signals 

Floppy Controller Clock Inputs 
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Figure 6-45 Floppy Controller Clock Inputs 
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Floppy Drive Interface Timing 

26 

fpy-index -1: 29 }------------

Figure 6-46 Floppy Drive Interface Timing 

Floppy Read Data 

31 

Figure 6-47 Floppy Read Data 

Floppy Write Data 

Figure 6-48 Floppy Write Data 

Serial/Keyboard/Mouse Clock Input 

Figure 6-49 Serial/Keyboard/Mouse Clock Input 
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Serial Pulse Widths 

Figure 6-50 Serial Pulse Widths 

Serial Data Timing 

FM Mode Only 

se~~d ______________ -J-L __ ~~ 

+-46--j 
~ ________ ~-P(~ ~ __________________ __ 

ser_~c-, ------------------
se~rtxc_ 

FMModeOnly 

1.-47=1 1471 
seUxd ______ ~ -=x'-__________ --Jl~'_ ______ _ 

-1~48~ 
serJ~c _______________________ ~~r-----------------------------------

,,'-----

Figure 6-51 Serial Data Timing 
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Power Consumption 

Rev. 1.0 

The 89CI05 power consumption depends on SBus clock frequency, SBus and other 
output loading, and the workload. Power measurements are given for maximum load­
ing (every ASF/functional block running in a manner to maximize power consump­
tion) of the device. These measurements were taken over the entire operating ranges 
of voltage and temperature. The typical number reflects the average power consumed 
by the device under these conditions and the maximum number reflects the high limit 
of power that the part may consume in operation. Note that in normal system opera­
tion, the power consumption should fall at or below the typical number given here. 

Table 6-34 Power Consumption 

SBusFreq Typical Maximum Units Power Power 

25 MHz 280 560 mW 

The 89CI05 is packaged in a I60-pin PQFP package, and uses a custom copper lead­
frame to enhance thermal performance. The package thermal parameters are: 

Table 6-35 Package Thermal Parameters (Still Air) 

0jaMaximum Units 

24 

The 89CI05 AC characteristics are given at 70°C junction temperature. By using the 
package characteristics and the power consumption numbers, one can get a rough 
idea of the allowable operating environments. Operation at junction temperatures in 
excess of 70°C is not recommended for performance reasons (the critical timing paths 
will not meet 25 MHz SBus specifications above this temperature). Operation at junc­
tion temperatures above 125°C is not recommended at any time, as it will cause reli­
ability problems. 
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Packaging Information 
The 89C105 chip is a standard cell design, based on the NCR VS700H technology 
(0.95 micron drawn, 0.7 effective). The chip contains 40,042 gates (18,870 cells), with 
the following breakdown: 

Function Gates 

Serial Ports NB 11,296 

KeyboardIMouse 4,545 

Floppy ASF 11,916 

SBus/InterruptlCtr-timers 6,991 

Test Logic/Pad pre-drivers 5,294 

TOTAL: 40,042 

Packaging Identification 

Page 6-78 

The 89C105 is packaged in a 160-pin Plastic Quad Flat Pack (PQFP), with the follow­
ing marking (the last line will be filled in with wafer lot and date code information): 

N 

Rev. 1.0 
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Mechanical Packaging Specification 
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SEE DETAIL A 

Figure 6-52 Mechanical Packaging Specification 
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Figure 6-53 Mechanical Packaging Specifications (Detail A and B) 

Sym 

A 
Al 
A2 
D 
Dl 
D3 
E 
El 
E3 
L 
Ll 
L2 
e 
b 
bl 
c 
cl 
R 
e 

Page 6-80 

Table 6-36 Package Measurements (mm) 

Min. Nom. 

- -
0.25 -
3.17 3.42 
31.65 31.90 
27.90 28.00 

25.35 Ref. 
31.65 31.90 
27.90 28.00 

25.35 Ref. 
0.65 0.80 

1.95 Ref. 
0.40 -

0.65 BSC. 
0.22 -
0.22 0.30 
0.13 -
0.13 -
0.13 -
0° -

Max. 

4.07 

-
3.67 
32.15 
28.10 

32.15 
28.10 

0.95 

-

0.38 
0.33 
0.23 
0.17 
0.40 
7° 
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NCR89C105 System Considerations 

Muxed Pins 
The 89C105 is designed to interface directly to the Texas Instruments microSPARC 
processor, as well as serve as a substitute for the SEC chip for uniprocessor Super­
Spare systems. In order to support both modes within the pin limitations of a 160-pin 
package, several pins were reused in different ways for the two processors. In addi­
tion, the modem support and density select function allow several pins to be used in 
multiple modes. A complete list of pins that can be used in multiple modes is shown 
in Table 6-37. 

Table 6-37 Muxed pins 

Pin # Pin Name Direction Control Synopsis 

Either the DENSEL or 
21 fpy_densel output Config[2] ME[2] output of the 82077 

macrocell. 
Either ser_rtxc_b_ or 

105 ser_rtxc_b_ input Config[O] emc_irq_ (Memory 
Controller interrupt). 

124 iu_error_ input Config[O] Either iu_error_ or 
video_irq_. 

160 msi_irq_ input Config[l] Either modem_ri or 
msi_irq_. 

Interrupt Latency 

Rev. 1.0 

The 89C105 uses interrupt-driven programmed 110 to support the internal macro­
cells. This imposes some fairly stringent interrupt latency requirements on the sys­
tem processor and operating system, which in turn limits the performance of the 
devices. For example, the maximum data rate supported by the serial ports under 
SunOS in asynchronous mode is 38.4Kb/s, even though the hardware is capable of 
much higher data rates. For the floppy controller, the data rate supported by SunOS is 
limited to 500Kb/s (720KB/1.44MB floppies), even though the hardware can support 
1Mb1s transfer rates (2.88MB floppies). Interrupt latency requirements for these data 
rates are included below. Note that the latency distribution is important; a system can 
have a low average latency but have enough periods of extremely high latency to dis­
rupt PIO device operation. The devices can withstand some amount oflatencies above 
the numbers given below, but they will see data overruns and underruns, which will 
reduce performance. At some point, the performance is degraded to an extent that 
makes operation impossible--for instance, when the number of overruns seen by the 
floppy controller averages more than 1/sector. 
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Table 6-38 Interrupt Latency Requirements 

Macrocell Latency Background 

This macrocell has a 16B FIFO, with the 
effective threshold set to 9B by the SunOS 

82077 floppy 142 J1S driver. This means that the latency toler-
controller ance at 500 Kb/s before overrunning or 

underrunning is 9Bx16 J1slB-2 J1S 
(overhead) = 142 J1s. 

85c30 serial This macrocell has a 1B transmit FIFO. At 

controller 208 J1s 38.4Kb/s, this gives a latency tolerance of 
8b/38400 = 208 J1s. 

Same as above. The keyboard!mouse con-
85c30 keyboard! 208 J1S 

troller is typically run at only 2400 bls, 
mouse however, which yields a latency tolerance 

of 3.33 ms. 

Many factors impact interrupt latency, some of the more significant of which are listed 
below. 

• Integer performance. For a given OSlinterrupt handler, the faster the pro­
cessor, the shorter the latency. 

• System load. System load has a large impact on latency, particularly loads 
that generate many interrupts, such as I/O processing. The interrupt levels 
for the PIO devices have been chosen to be at or near the highest possible 
priority to minimize the impact that other less-critical interrupting devices 
will have on PIO performance. Most interrupt handlers have some amount 
of critical code, however, so even low priority interrupts can significantly 
increase PIO latency. 

• Critical code. Several OS resources require mutual exclusion control, 
which is typically implemented (in a uniprocessor) by disabling interrupts 
for a block of critical code. The number and length of these critical code sec­
tions depends on the system load. 

• Message passing. Sun-4M® multiprocessing systems pass messages via 
software interrupts. These interrupts can be at higher levels than the PIO 
interrupts, and they generally also entail sections of critical code. Most of 
this code has been compiled out of uniprocessor-only versions of Sun OS. 

Unused Functional Blocks 

Page 6-82 

For systems that don't use one or more of 89C105's functions, this section describes 
the steps that must be taken to disable the unused devices. 

Unused Floppy Controller 

The floppy macrocell uses an asynchronous reset, so a system that does not need the 
floppy function need not even supply a floppy clock. All inputs should be pulled to a 
known value, and the floppy interrupt bit should be masked in the System Interrupt 
Mask Register. 

Rev. 1.0 
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Unused Serial Ports or Keyboard/Mouse 

The serial ports use a synchronous reset, so they need a clock to reach a benign state. 
Any clock up to about 30-32 MHz may be tied to the serial_clk input (such as the SBus 
clock). The serial controller and/or keyboard/mouse controller interrupt bit should be 
masked in the System Interrupt Mask Register, and all inputs should be pulled to a 
known value. 

Unused Interrupt Controller 

The interrupt controller must be used to access any of the internal macrocells, since 
they are all interrupt driven. However, if89C105 is not providing the system inter­
rupt control function, then the unused interrupt inputs should be tied high, all inter­
rupt sources other than any internal devices that are being used should be masked in 
the System Interrupt Mask Register, and the IRL[3:0] lines should be decoded to pro­
vide discrete open-drain interrupts (if desired). 

Unused CounterlTimers 

If 89C1 05 is not providing the system counter/timer function, then the two counter 
interrupts should be masked in the System Interrupt Mask Register. In this case, the 
cl~10mhz input need not be exactly 10 MHz, but a clock still needs to be applied for 
89C105 to exit reset. The clock may be up to 20 MHz. NOTE: The length of the 
SYS_RST_OVT_ pulse (and 89C105's own internal reset, which is the same length) 
will change if a clock frequency other than 10 MHz is used. 

Unused Reset Controller 

If 89C105 does not generate the system reset, then either the system reset or the 
power valid signal may be tied to POR_RST_IN_. 89C105 will not respond to accesses 
until the SYS_RST_OVT_ pulse goes inactive, however. This is over 200 milliseconds 
with CLK...I0MHZ at 10 MHz, and half that at 20 MHz. 
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Features 

NCR85C30 Serial 
Communications Controller 

• Application Specific Function (ASF) compatible with the standard NMOS 
8530 SCC 

• Standard cell design allows easy integration 

• Two full-duplex channels 

• Highly programmable serial communications controller allows flexible 
operations 

• Supports SDLC, HDLC, IBM BISYNC, ASYNC and other protocols 

• Contains baud rate generators, digital phase-locked loops, CRC 
generators/checkers and other support circuitry 

• Simulation and test patterns provided 

• 44-pin PLCC kit part 

• 8 MHz operation 

Product Description 

Rev. 1.0 

Designed with NCR's VS700H submicron CMOS cell-based technology, the 85C30 
Serial Communications Controller operates as a dual-channel, multiprotocol data 
communications peripheral. It can function in either serial-to-parallel or parallel­
to-serial mode. It can be configured to meet a wide variety of serial communication 
applications, including full-duplex and half-duplex Bus architectures, Token Pass­
ing Ring (SDLC Loop mode), or Star configurations. 

The 85C30 has access to 14 Write and 7 Read registers per channel. Internal func­
tions reduce the need for external logic, and allow easy integration with other 
high-level digital and analog functions. 
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A Bb 
CEb 
CTSAb 
CTSBb 
DCDAb 
DCDBb 
D_Cb 
lEI 
INTACKb 
PCLK 
ROb 
RTXCAb 
RTXCBb 
RXDA 
RXDB 
SCAN IN 
SCANSELO 
SYNC_INA 
SYNC INB 
TESTMODE 
TAXC INA 
TRXC=:INB 
WRb 
DIN7 
DING 
DIN5 
DIN4 
DIN3 
DIN2 
DIN1 
DINO 

NCR85C30 

Figure 7-1 Symbol 

DTRAb 
DTRBb 

lEO 
INTb 

RTSAb 
RTSBb 

SCANOUT 
SYNC_OUTA 
SYNC_OUTB 

SYNCA_EN 
SYNCB_EN 

TRXC OUTA 
TRXC-OUTB 

TRXCA EN 
TAXCB-EN 

TXDA 
TXDB 

W_REQAb 
W REQBb 

WROA ENS 
WRQB=:ENS 

DOUT7 
DOUTG 
DOUT5 
DOUT4 
DOUT3 
DOUT2 
DOUT1 
DOUTO 

DOUT_EN 
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Pin Name Type 

A_Bb I 

CEb I 

CTSAb I 
CTSBb I 

DCDAb I 
DCDBb I 

D_Cb I 

lEI I 

INTACKb I 

PCLK I 

RDb I 

RTXCAb I 
RTXCBb I 

RXDA I 
RXDB I 

SCANIN I 

SCANSELO I 
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Description 

Channel Select. A high level on this signal selects 
Channel A for read or write operations. A low level 
selects Channel B. 

Cell Enable. A low level on CEb selects the cell for 
read or write operation. 

Clear to Send. In Auto Enable mode, these signals 
will enable their respective transmitters when 
activated low. Otherwise, these signals can be used 
as general purpose inputs. 

Data Carrier Detect. In Auto Enable mode, these 
signals will enable their respective receivers when 
activated low. Otherwise, these signals can be used 
as general purpose inputs. 

Data/Control Select. A high on D_Cb indictes a data 
transfer operaton during a read or write. A low 
indicates a control operation. 

Interrupt Enable In. lEI is used with the lEO signal 
to form an interrupt daisy chain. A high on lEI 
indicates that no higher priority device has an 
interrupt request or an interrupt under service. 

Interrupt Acknowledge. A low on INTACKb 
indicates that the succeeding read will be part of an 
interrupt acknowledge cycle. If lEI is high, the 
interrupt vector will be placed on the data bus. 

Master Clock. Master clock signal which allows 
synchronous operation of the control logic. 

Read. A low RDb signal performs a read if the cell is 
selected. Internal data will be driven onto the data 
bus. A low on RDb and WRb simultaneously 
performs a reset. 

Receive/Transmit Clocks. These signals can be 
programmed to be the source clock for the receiver, 
transmitter, baud rate generator, or the digital 
phase lock loop in their respective channels. 

Receive Data. These signals receive the serial input 
stream for their respective channels. 

Scan Input. When TESTMODE is high, this signal 
supplies the input to serial partial scan chains to 
aid in fault testing. 

Scan Select. When TESTMODE is high, this signal 
selects between two internal partial scan chains. 
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Pin Name 

SYNC_INA 
SYNC_INB 

TESTMODE 

TRXC_INA 
TRXC_INB 

WRb 

DINO-DIN7 

DOUTO-
DOUT7 

DOUT_EN 

DTRAb 
DTRBb 

lEO 

INTb 

RTSAb 
RTSBb 

SCANOUT 

Type 

I 
I 

I 

I 
I 

I 

I 

0 

0 

0 
0 

0 

0 

0 
0 

0 

Description 

Sync Input. In async mode, these signals control the 
status of the SYNCIHUNT bit in register O. In 
External Sync Mode, these signals are used for 
character synchronization. 

Test Mode Enable. A high on this signal allows the 
operation of the internal partial scan chains for test 
purposes. A high on TESTMODE with a low on RDb 
and WRb performs a test mode reset which 
initializes all flip-flops to a known state. This signal 
must be forced low for normal operation. 

TransmitlReceive Clock Input. These signals can 
supply the clock input for the receiver or 
transmitter if programmed appropriately for their 
respective channels. 

Write. A low on this signal indicates a write 
operation. A low on the WRb and RDb 
simultaneously performs a reset. 

Data Inputs. These signals are the write data 
inputs for commands or data transfer. 

Data Outputs. These signals are the data outputs 
which provide the results of a read operation. These 
signals can be used with the DIN and DOUT_EN 
signal to form a bidirectional bus. 

Data Output Enable. A high on this signal indicates 
that a valid read operation is active. The DOUT_EN 
signal can be used to control tristate drivers to form 
a bidirectional data bus. 

Data Terminal Ready/DMA Request. These signals 
follow the inverse of the DTR bit in Write Register 5 
if programmed for the DTR function in Register 14. 
This signal can also act as a DMA request if so 
programmed in Register 14. 

Interrupt Enable Output. This signal is used with 
lEI to form an interrupt daisy chain. This signal is 
high if lEI is high and the controller is servicing an 
interrupt or has an interrupt pending. 

Interrupt. A low on INTb indicates an interrupt is 
pending. 

Request to Send. When in Auto Enable and Async 
Mode, this signal will go high after the transmitter 
is empty. Otherwise this signal follows the inverse 
of the RTS bit in Register 5. 

Scan Output. This signal scans out the result of the 
internal partial scan chain. 

Rev. 1.0 
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Pin Name Type 

SYNC_OUTA ° SYNC_OUTB ° 
SYNCA_EN ° SYNCB_EN ° 

TRXC_OUTA ° TRXC_OUTB ° 
TRXCA_EN ° TRXCB_EN ° 

TXDA 0 
TXDB ° 

W_REQAh ° W_REQBb ° 
WRQA_ENS ° WRQB_ENS ° 

Rev. 1.0 
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NCR85C30 Serial Communications Controller 

Description 

Sync Output. These signals are active low when the 
proper sync character or flag has been received in 
the Synchronous or SDLC modes, respectively. 

Sync Output Enable. These signals can be used with 
the SYNC_IN and SYNC_OUT pins to create a 
bidirectional SYNC pin. A high on this signal 
indicates an output. 

TransmitlReceive Clock Output. These signals can 
be programmed to output the transmitter clock, the 
baud rate generator output, the digital phase lock 
loop output, or the oscillator output. 

TRXC Output Enable. These signals can be used 
with the TRXC_IN and TRXC_OUT signals to form 
a bidirectional TRXC pin. A high on this signal 
indicates an output. 

Transmit Data. These signals are the transmitter 
serial output data for their respecive channels. 

WaitiRequest. These signals can be used as a Wait 
signal to the CPU or as a DMA request per 
programming of Write Register 1. 

WaitlRequest Enable Strength. These signals can 
be used with the W _REQb signals to recreate the 
varied strength of the high level on the W _REQb 
pin. A high indicates a driving signal, a low 
indicates a floating signal. 
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Input Signal Capacitance 

A_B .054 pF 
CE .054 pF 

CTSA .054 pF 
CTSB .054 pF 
DCDA .054 pF 
DCDB .054 pF 
D_C .054pF 
lEI .054 pF 

INTACK .054 pF 
PCLK .054 pF 

RD .054 pF 
RTXCA .054 pF 
RTXCB .054 pF 
RXDA .054 pF 
RXDB .054 pF 

SCANIN .054 pF 
SCANSELO .054 pF 
SYNC_INA .054 pF 
SYNC_INB .054 pF 

TESTMODE .054 pF 
TRXC_INA .054 pF 
TRXC_INB .054 pF 

WR .054 pF 
DINO-DIN7 .054 pF 

Output Signal Drive Capability 

DOUTO-DOUT7 HBUF 
DOUT_EN HBUF 

DTRA HBUF 
DTRB HBUF 
lEO HBUF 
INT HBUF 

RTSA HBUF 
RTSB HBUF 

SCANOUT HBUF 
SYNC_OUTA HBUF 
SYNC_OUTB HBUF 
SYNCA_EN HBUF 
SYNCB_EN HBUF 

TRXC_OUTA HBUF 
TRXC_OUTB HBUF 
TRXCA_EN HBUF 
TRXCB_EN HBUF 

TXDA HBUF 
TXDB HBUF 

W_REQA HBUF 
W_REQB HBUF 

WRQA_ENS HBUF 
WRQB_ENS HBUF 
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Channel A 

TESTMODE SCANIN SCANSELO SCANOUT Baud 
Rate 

Generator 

I-f--. TXDA 
14-f--- RXDA ~ ~ ~ i Transmitter! RTXCAb 

Receiver P--f--. TRXC_OUTA 

I>+-t----- TRXC_INA 

DOUT_EN 

Internal 
Control 
Logic 

~~. .. 

Interrupt 
Control 
Logic 

iii 
+5V GND PCLK 

Channel A 

Registers 

t 

ChannelB 
Registers 

Digital 
Phase 
Lock Control 
Loop Logic 

Channel B 

SYNC_OUTA 
1>4-f--- SYNC_INA 
I>-t-. RTSAb 
I>.-t----- CTSAb 
1>4-1---- DCDAb 
P--+-. DTRAb 
I>-+-~ W_REQAb 

TXDB 
RXDB 
RTXCBb 
TRXC_OUTB 
TRXC_INB 
SYNC_OUTB 
SYNC_INB 
RTSBb 
CTSBb 
DCDBb 
DTRBb 
W_REQBb 

Figure 7-2 NCR85C30 Serial Communications Controller Block Diagram 

Architectural Description 
This section briefly describes major functional blocks of the 85C30 Serial Commu­
nications Controller (SCC) design, referencing the functional block diagram. For 
further detail, consult an 8530 technical manual. 

CPU Bus 1/0 

Rev. 1.0 

This functional block comprises the bus interface logic. Major features include the 
following: control of read/write commands, interrupt acknowledge, bus functions, 
and DMA request and wait logic. 

The signals A_Bb, D_Cb, and INTACKb are used to control the type of bus trans­
action. A_Bb is used for channel selection; a high level on this signal selects Chan­
nel A for read or write operations, whereas a low level selects Channel B. D_Cb is 
used for data/control selections; a high level on D_Cb causes a data transfer opera­
tion during a read or write, but a low level causes a control operation. INTACKb is 
used for interrupt acknowledgment. If lEI is high, a low on INTACKb causes the 
succeeding read to issue from RR2 (interrupt vector) as part of an interrupt 
acknowledge cycle. 
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Addressing in the SCC is accomplished by a two-step sequence in which the SCC 
registers are accessed utilizing a register pointer to perform the actual addressing 
whenever D_Cb is low. IfD_Cb is high, reads or writes bypass the pointer bits and 
allow direct access of data registers. Writing to WRO sets the pointer for a particu­
lar register and then that register is accessed on the next read or write cycle hav­
ing D_Cb low. 

Interrupt Control Logic 

This functional block has two major features: a "daisy chaining" mechanism gov­
erned by lEI and lEO pins, and prioritized interrupt vectors (Receive, Transmit, 
and External/Status in that order). Channel A interrupts have higher priority 
than Channel B interrupts. Designers can tie multiple devices together, chaining 
the lEI of one device to the lEO of another. Multiple device interrupts can be 
acknowledged as a group with only the highest priority device being serviced. 
Interrupt vectors can be placed on the data bus in order to enhance interrupt 
response time. Channel A interrupt vectors can include status, whereas Channel B 
vectors always include status. 

Registers 

The 85C30 registers consist of Channel A and Channel B registers, as well as two 
common ones - registers 2 and 9. 

See the section entitled Register Description for further information. 

Baud Rate Generator (BRG) 

This function block has a programmable clock output, usable by the transmitter/ 
receiver, that can also drive the DPLL. Its multiple clock sources include PCLK, 
TRXC_INA, TRXC_INB, RTXCAb, or RTXCBb. The BRG's time constant is pro­
grammed utilizing WR12 and WR13, applying the following equation: 

. Clock Frequency 
Time Constant = 2 x (Clock Mode) x (Baud Rate) - 2 

Digital Phase Lock Loop (DPLL) 

This functional block accomplishes the following two features: it allows clock 
recovery from a serial data stream and it can be used with FM-encoded or NRZI­
encoded data. 

The required driving clock rates are 32 times the data rate for NRZI encoding 
mode, versus 16 times the data rate for FM encoding mode. 

The DPLL has the following components: an edge detector, 5-bit counter, and two 
output decoders (one for the receive clock and one for the transmit clock). Either 
the BRG output or the RTXCAblRTXCBb pin can be used as the DPLL clock source 
input. The Enter Search Mode command is used to enable the DPLL by unlocking 
the counter and enabling the edge detector. Using edge detection and making 
counting cycle adjustments correlated to bit boundary transitions, the DPLL 
maintains proper phase relationships (counteracting jitter) during clock recovery. 
There is a 90-degree lag of the transmit clock after the receive clock in FM mode. 
In NRZI mode the transmit and receive clocks are in phase. 

Rev. 1.0 
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NCR85C30 Serial Communications Controller 

Transmitter 

The transmitter converts parallel data to serial data for transmission, handling 
common asynchronous and synchronous protocols. Character lengths from five to 
eight bits per character can be specified. 

The major features of this functional block include the following: an 8-bit shift reg­
ister, parity generator, CRC generator, zero-bit insertion logic for SDLCIHDLC 
protocols, format encoder, and clock generator. 

The shift register accepts data from various registers under transmitter control to 
perform parallel-to-serial conversion and proper protocol sequencing. Input to the 
shift register includes Register 8 for data, Registers 7 and 6 for SYNC characters, 
and Register 5 for character length control. 

Parity generation on data can be enabled by writing WR4. Even or odd parity can 
be selected with parity generated only on the enabled data bits. Parity is transmit­
ted after the last bit of a data character. 

The CRC generator can accommodate both the CRC-16 (XI6 + XI6 + X2 +1) and 
CRC-CCITT (XI6 + XI2 + X6 + 1) polynomials and can be used only with the syn­
chronous modes. In SDLC mode, CRC is not calculated on the inserted zero bits, 
and automatic inversion of the CRC is performed as required by the protocol. 

In SDLC mode, zero-bit insertion is performed as required by the protocol. When 
more than five consecutive ones occur in the data stream (data and CRC), a zero is 
automatically inserted after the fifth consecutive one. This inserted zero will be 
automatically deleted by the receiver for transparent operation. 

The format encoder allows FMO, FM1, NRZI, or NRZ data encoding. 
The control logic is capable of handling the following five modes: ASYNC, MONO­
SYNC, BISYNC, SDLCIHDLC, and SDLC Loop (a superclass of SDLC where com­
municating devices can be in a ring configuration). The ASYNC mode is capable of 
handling 1, 1.5, or 2 stop bits per character; MONO SYNC is capable of handling 6-
bit or 8-bit sync characters; BISYNC is capable of handling 12-bit or 16-bit sync 
characters; and SDLCIHDLC can send aborts or flags on underrun. 

The clock generator feature allows for ASYNC mode divide by 16, 32, or 64 clock, 
as well as 1X mode. 

Receiver 

The receiver functional block converts received serial data to parallel data. It han­
dles the following common protocols: ASYNC, MONOSYNC, BISYNC, SDLC/ 
HDLC, and SDLC Loop. Character lengths from five to eight bits per character 
can be specified. 

The major features of this functional block include the following: data and sync 
character shift registers, a parity checker, a CRC checker, an 8-bit CRC delay reg­
ister, a 3-byte-deep receive data FIFO, zero-bit deletion logic for SDLC, and clock 
generator. 

The shift registers include an 8-bit data shift register and sync shift register to 
allow recognition of sync characters in MONO SYNC, BISYNC, and SDLCIHDLC 
modes. 
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The SCC receiver can be programmed to cause a Special Condition interrupt upon 
parity error detection, FIFO overrun, CRC/framing error, or EOF and thereby lock 
the receive data FIFO until reset by the CPU. Interrupts can be optionally set for 
the first character or all characters received. Parity can be excluded as a special 
condition. 

The CRC checker validates data integrity in synchronous modes. It can use two 
different CRC polynomials for error checking, both CRC-16 and CRC-CCITT. For 
MONOSYNC and BISYNC modes, an 8-bit delay register allows sufficient decision 
time for character exclusion from the CRC calculation. 

The receive FIFO, zero-bit deletion logic, format decoder, and clock generator have 
provisions of note to the designer. The 3-byte-deep receive FIFO includes data 
with adjoining error bits for parity, framing error, EOF, overrun, and CRC. The 
SCC has zero-bit deletion logic for SDLC mode. A format decoder allows for decod­
ing ofFMO, FMI, NRZI or NRZ encoded data. The clock generator feature allows 
for ASYNC divide-by-16, -32, or -64 clock, as well as IX mode. 

Rev. 1.0 
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Register Description 

Rev. 1.0 

The following sections describe the NCR 85C30 SCC registers. Each register is 
detailed in terms of bit configuration, the active states (see below) of each bit, and 
their definitions. 

Read Description 
Register 

RRO TransmitlReceive Buffer Status and External Status 

RRl Receive Condition StatuslResidue Codes. 

RR2 Interrupt Vector (Modified in B Channel) 

RR3 Interrupt Pending (Channel A only) 

RR8* Receive Buffer 

RRIO Loop/Clock Status 

RR12 Lower Byte of Time Constant 

RR13 Upper Byte of Time Constant 

RR15 External Status Interrupt Enable 

*Can also be selected by driving D_Cb high during access. 

Write Description 
Registers 

WRO Command Register 

WRl TXIRX Interrupt and Data Transfer Mode Definition 
WR2 Interrupt Vector 

WR3 Receive Parameters and Control 
WR4 TXIRX Miscellaneous Parameters and Modes 

WR5 Transmit Parameter and Controls 

WR6 Sync Character or SDLC Address Field 

WR7 Sync Character or SDLC Flag 
WR8* Transmit Buffer 

WR9 Master Interrupt Control 

WRlO Miscellaneous TransmitterlReceiver Control Bits 
WRl1 Clock Mode Control 

WR12 Lower Byte of Baud Rate Generator Time Constant 

WR13 Upper Byte of Baud Rate Generator Time Constant 

WR14 Miscellaneous Control Bits 

WRl5 External Status/Interrupt Control 

*Can also be selected by driving D _ Cb high during access. 
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Table 7-1 Write Register 0 - Bit Functions 
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Signal 

Register 0 Select 

Register 1 Select 

Register 2 Select 

Register 3 Select 

Register 4 Select 

Register 5 Select 

Register 6 Select 

Register 7 Select 

Register 8 Select 

Register 9 Select 

Register 10 Select 

Register 11 Select 

Register 12 Select 

Register 13 Select 

Register 14 Select 

Register 15 Select 

Null Code 

Reset External/Status Interrupts 

Send Abort (SDLC Mode) 

Enable Int on Next RX Character 

Reset TX Interrupt Pending 

Error Reset 

Reset Highest IUS 

Null Code 

Reset RX CRC Checker 

Reset TX CRC Generator 

Reset TX UnderrunlEOM Latch 

MSB .... 

07 06 

0 0 

0 1 

1 0 

1 1 

WRO Register 

0 5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

LSB 

04 03 O2 0 1 0 0 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

0 1 0 0 0 

0 1 0 0 1 

0 1 0 1 0 

0 1 0 1 1 

0 1 1 0 0 

0 1 1 0 1 

0 1 1 1 0 

0 1 1 1 1 

0 0 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 
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Table 7-2 Write Register 1 - Bit Functions 

WR1 Register 

Signal 
MSB ~ 

0 7 06 05 0 4 03 

External Interrupt Enable 

Transmit Interrupt Enable 

Parity is Special Condition 

Receive Interrupt Disable 0 0 

Receive Interrupt on First 0 1 Character or Special Condition 

Interrupt on all Receive Charac- 1 0 ters or Special Condition 

Receive Interrupt on Special Con-
I 1 dition Only 

WaitlDMA Request on Receivel • Transmit 

WaitlDMA Request Function • 
WaitlDMA Request Enable • 

Table 7-3 Write Register 2 -Interrupt Vector 

WR2 Register 

Signal 
MSB ~ 

0 7 06 05 0 4 03 

Interrupt Vector V7 Va V6 V4 Va 

Table 7-4 Write Register 3 - Bit Functions 

WR3 Register 

Signal 
MSB .... 

0 7 06 05 0 4 03 

Receiver Enable 

Sync Character Load Inhibit 

Address Search Mode (SDLC) 

Receiver CRC Enable • 
Rev. 1.0 
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O2 

• 

O2 

V2 

O2 

• 

LSB 

01 0 0 

• 
• 

LSB 

0 1 0 0 

Vi Vo 

LSB 

0 1 0 0 

• 
• 
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Table 7-4 Write Register 3 - Bit Functions 

WR3 Register 

MSB,.. LSB 
Signal 

07 06 06 04 03 O2 0 1 00 

Enter Hunt Mode • 
Auto Enables • 
RX 5 Bits/Character 0 0 

RX 7 Bits/Character 0 1 

RX 6 Bits/Character 1 0 

RX 8 Bits/Character 1 1 

Table 7-5 Write Register 4 - Bit Functions 

WR4 Register 

Signal 
MSB ~ LSB 

07 0 6 06 0 4 03 O2 01 00 

Parity Enable • 
Parity Even/Odd • 
Sync Modes Enable 0 0 

l-Stop Bit/Character 0 1 

l.5-Stop Bits/Character 1 0 

2-Stop Bits/Character 

8-Bit Sync Character 

l6-Bit Sync Character 

SDLCMode 

External Sync Mode 

Xl Clock Mode 0 0 

Xl6 Clock Mode 0 1 

X32 Clock Mode 1 0 

X64 Clock Mode 1 1 

0 

0 

1 

1 

1 1 

0 

1 

0 

1 
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Table 7-6 Write Register 5 - Bit Functions 

WR5 Register 

Signal 
MSB ~ 

D7 D6 Ds D4 D3 

Transmitter CRC Enable 

RTS 

SDLC/CRC-16 

Transmitter Enable • 
Send Break • 
Transmitter 5 Bits (or less)/ 

0 0 Character 

Transmitter 7 Bits/Character 0 1 

Transmitter 6 Bits/Character 1 0 

Transmitter 8 Bits/Character 1 1 

DTR • 
Table 7-7 Write Register 6 - Protocols 

WR6 Register 

Protocol 
MSB ... 

D7 D6 D5 D4 D3 D2 

Monosync, 8 Bits SYNC7 SYNCo SYNC5 SYNC4 SYNC3 SYNC2 

Monosync, 6 Bits SYNCl SYNCo SYNC5 SYNC4 SYNC3 SYNC2 

Bisync, 16 Bits SYNC7 SYNCo SYNC5 SYNC4 SYNC3 SYNC2 

Bisync, 12 Bits SYNC3 SYNC2 SYNCl SYNCo 1 1 

SDLC ADR7 ADRG ADR6 ADR4 ADRS ADR2 

SDLC (Address 
ADR7 ADR6 ADR6 ADR4 X X Range) 
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LSB 

D2 D1 Do 

• 
• 

• 

LSB 

D1 Do 

SYNCl SYNCo 

SYNCl SYNCo 

SYNCl SYNCo 

1 1 

ADRl ADRO 

X 6 
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Table 7-8 Write Register 7 - Protocols 

WR7 Register 

Protocol 
MSB .... LSB 

07 0 6 05 04 03 O2 0 1 Do 

Monosync 8 Bite SYNC7 SYNC6 SYNC5 SYNC 4 SYNCs SYNC2 SYNC1 SYNCo 

Monosync 6 Bits SYNC5 SYNC4 SYNCs SYNC2 SYNC1 SYNCo X X 

Bisync,16 Bits SYNC15 SYNC14 SYNC13 SYNC12 SYNCn SYNC 10 SYNC9 SYNCs 

Bisync, 12 Bits SYNCn SYNClO SYNC9 SYNCs SYNC 7 SYNC6 SYNC5 SYNC4 

SDLC 0 1 1 1 1 1 1 0 

Table 7-9 Write Register 8 - 8-Bit Data Register 

WR8 Register 

Signal 
MSB .... LSB 

07 06 05 0 4 0 3 °2 01 Do 

Data • • • • • • • • 
Table 7-10 Write Register 9 - Bit Functions 

WR9 Register 

Signal 
MSB ... LSB 

0 7 06 05 0 4 03 O2 0 1 Do 

Vector Includes Status • 
No Vector on Interrupt • Acknowledge 

Disable Lower Chain • 
Master Interrupt Enable • 
Status High/Status Low • 
Not Used (Write to 0) • 
No Reset 0 0 

Channel Reset B 0 1 

Channel Reset A 1 0 

Force Hardware Reset 1 1 
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Table 7-11 Write Register 10 - Bit Functions 

WR10 Register 

Signal 
MSB .. 

0 7 06 05 0 4 03 

6-Bit/8-Bit Sync 

Loop Mode 

AbortIFlag on U nderrun 

MarkIFlag on Idle • 
Go Active on Poll • 
NRZ 0 0 

NRZI 0 1 

FMl (Tansition = 1) 1 0 

FMO (Transition = 0) 1 1 

CRC Preset 1/0 • 
Table 7-12 Write Register 11 - Bit Functions 

WR11 Register 

Signal 
MSB .. 

07 06 05 0 4 03 

TRXC_Out = XTAL Output 

TRXC_Out = Transmit Clock 

TRXC_Out = BR 
Generator Output 

TRXC_Out = DPLL Output 

TRXC_EN 

Transmit Clock = RTXCb Pin 0 0 

Transmit Clock = TRXC_IN Pin 0 1 

Transmit Clock = BR 1 0 Generator Output 

Transmit Clock = DPLL Output 1 1 

Receive Clock = RTXCb Pin 0 0 
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01 Do 
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Table 7-12 Write Register 11 - Bit Functions 

WR11 Register 

Signal 
MSB .... LSB 

07 0 6 05 04 0 3 O2 01 00 

Receive Clock = TRXC_IN Pin 0 1 

Receive Clock = BR 1 0 Generator Output 

Receive Clock = DPLL Output 1 1 

RTXCb XTALINO XTAL • 
Table 7-13 Write Register 12 -lime Constant Bits (lower Byte) 

WR12 Register 

Signal 
MSB ... LSB 

0 7 0 6 05 0 4 03 D2 01 00 

Time Constant (Lower Byte) TC7 TC6 TC5 TC4 TCs TC2 TC l TCo 

Table 7-14 Write Register 13 -lime Constant Bits (Upper Byte) 

WR13 Register 

Signal 
MSB ... LSB 

07 0 6 05 0 4 03 O2 01 00 

Time Constant 
TC 15 TCu TC13 TC12 TCll TClO TCs (Upper Byte) TC9 

Table 7-15 Write Register 14 - Bit Functions 

WR14 Register 

Signal 
MSB ... LSB 

07 0 6 0 5 D4 0 3 O2 0 1 00 

BR Generator Enable • 
BR Generator Source • 
DTRblRequest Function • 
Auto Echo • 
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Table 7-15 Write Register 14 - Bit Functions 

WR14 Register 

Signal 
MSB ~ 

0 7 06 05 04 03 

Local Loopback • 
Null Command 0 0 0 

Enter Search Mode 0 0 1 

Reset Missing Clock 0 1 0 

Disable DPLL 0 1 1 

Clock Source = BR Generator 1 0 0 

Clock Source = RTXCb 1 0 1 

Clock FM Mode 1 1 0 

Clock NRZI Mode 1 1 1 

Table 7-16 Write Register 15 - Bit Functions 

WR15 Register 

Signal 
MSB ~ 

0 7 06 05 04 03 

Not Used (Write to 0) 

Zero Count Interrupt Enable 

Not Used (Write to 0) 

DCD Interrupt Enable • 
Sync/Hunt Interrupt Enable • 
CTS Interrupt Enable • 
TX UnderrunlEOM • Interrupt Enable 

Break/Abort Interrupt Enable • 
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Read Registers 
Table 7-17 Read Register 0 - Bit Functions 
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RRO Register 

Signal 
MSB ... LSB 

D7 D6 Ds D4 D3 Dz D1 Do 

RX Character Available • 
Zero Count Interrupt Enable • 
Transmit Buffer Empty • 
DCD • 
Sync/Hunt • 
CTS • 
Transmit U nderrunlEOM • 
Break/Abort • 

Table 7-18 Read Register 1 - Bit Functions 

Signal 
MSB ... 

D7 D6 

All Sent 

Residue Code 2 

Residue Code 1 

Residue Code 0 

Parity Error 

RX Overrun Error 

CRClFraming Error • 
End of Frame (SDLC) • 

RR1 Register 

D6 

• 

LSB 

D4 D3 D2 D1 Do 

• 
• 

• 
• 

• 
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Table 7-19 Read Register 2 - Interrupt Vector 

RR2 Register 

Signal 
MSB ~ 

0 7 0 6 05 0 4 03 

Interrupt Vector* V7 V6 V6 V4 V3 

*Modified in B Channel 

Table 7-20 Read Register 3 - Bit Functions 

RR3 Register 

Signal 
MSB ~ 

0 7 0 6 05 0 4 03 

Channel B EXT/STAT 
Interrupt Pending* 

Channel B Transmit 
Interrupt Pending* 

Channel B RX 
Interrupt Pending* 

Channel A EXT/STAT • Interrupt Pending* 

Channel A Transmit • Interrupt Pending* 

Channel A RX • Interrupt Pending* 

0 • • 
* Always 0 in B Channel 

Table 7-21 Read Register a - a-Bit Data Register 

RR8 Register 

Signal 
MSB ~ 

0 7 D6 Ds 0 4 03 

Data • • • • • 
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Table 7-22 Read Register 10 - Bit Functions 

RR10 Register 

Signal 
MSB .. LSB 

07 0 6 05 04 03 O2 01 Do 

On Loop • 
Loop Sending • 
Two Clocks Missing • 
One Clock Missing • 
0 • • • • 

Table 7-23 Read Register 12 - Time Constant Bits (Lower Byte) 

RR12 Register 

Signal 
MSB ~ LSB 

07 06 05 0 4 03 O2 01 Do 

Time Constant (Lower Byte) TC7 TCo TC5 TC4 TCa TC2 TC l TCo 

Table 7-24 Read Register 13 - Time Constant Bits (Upper Byte) 

WR13 Register 

Signal 
MSB ~ LSB 

07 0 6 05 0 4 03 O2 01 Do 

Time Constant (Upper Byte) TC 15 TCu TC13 TC12 TCn TC10 TC9 TCs 

Table 7-25 Read Register 15 - Bit Functions 

RR15 Register 

Signal 
MSB .. LSB 

07 06 05 0 4 03 O2 0 1 Do 

Zero Count Interrupt Enable • 
DCD Interrupt Enable • 
Sync/Hunt Interrupt Enable • 
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Table 7-25 Read Register 15 - Bit Functions 

RR15 Register 

Signal 
MSB .... LSB 

D7 D6 D5 D4 D3 D2 D1 Do 

CTS Interrupt Enable • 
TX UnderrunlEOM • Interrupt enable 

Break/Abort Interrupt Enable • 
0 • • 

Switching Characteristics 

Rev. 1.0 

The following parameters apply strictly to the VS700H ASF. These timings are 
derived from pre-layout estimated capacitances. Post-layout timing variations 
may occur. 

Reset Timing 

14-------{ 4 )------.! 

ROb 

Temperature = O· to 70· e, vee = 5 V ± 10%, external load 1 pF 

No. Symbol Description Min. Max. Units 

1 TdRD(WR) RDb T to WRb J, Delay for No Reset 10 ns 
2 TdWR(RD) WRb i to RDb J. Delay for No Reset 10 ns 

3 
TwRES WRb and RDb Coincident 

50 LOW for Reset ns 

4 
TsRES Reset Recovery Time 

9 TcPC* (WRorRD) 
*NOTE: TePO is the POLK cycle Time. 
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Write Timing 

® 

CEb 

WRb 

DIN 

Temperature = 0° to 70° e, vee = 5 V ± 10%, external load 1 pF 

No. Symbol 

1 TsA(WR) 
2 ThA(WR) 
3 TsCEI(WR) 
4 ThCE(WR) 
5 TsCEh(WR) 
6 TwWRI 
7 TdWRf(DW) 
8 ThDW(WR) 

9 TsWRr(CE) 

Description Min. Max. Units 

Address to WRb ,J.. Setup Time 30 ns 
Address to WRb .,I. Hold Time 0 ns 
CEb Low to WRb J, Setup Time 0 ns 
CEb to WRb r Hold Time 0 ns 
CEb HIGH to WRb .,I. Setup Time 30 ns 
WRb LOW Width 50 ns 
WR J, to Write Data Valid 35 ns 
Write Data to WRb T Hold Time 0 ns 
WRb T to CEb .,I. Setup Time for 0 ns No Write 
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Read Timing 

No. 

1 
2 

3 

4 
5 
6 
7 
8 

9 

10 
11 

12 

13 

CEb 

ROb 

OOUT 

CEb 

WRb 
or ROB 

® 

Temperature = 0° to 70° e, vee = 5 V ± 10%, external load 1 pF 

Symbol Description Min. Max. 

TsA(RD) Address to RDb .!. Setup Time 30 
ThA(RD) Address to RDb l' Hold Time 0 

TsRDr(CE) RDb T to CEb .!. Setup Time for No 0 Read 
ThCE(RD) CEb to RDb l' Hold Time 0 
TsCEh(RD) CEb mGH to RDb .J, Setup Time 30 
TsCEI(RD) CEb LOW to RDb .J, Setup Time 0 
TwRDI RDb LOW Width 50 
TdRD(DRA) RDb .!. to DOUT_EN l' 0 

TdRDr(DR) RDb T to Read Data Not Valid 0 Delay 
TdRDftDR) RDb J.. to Read Data Valid Delay 40 
TdRD(DRz) RDb T to DOUT_EN .J, 20 

TdA(DR) Address Required Valid to Read 70 Data Valid Delay 
TrC RDblWRb Recovery Time 4 

*N01E: TcPC is the PClK cycle time. 

Units 

ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 

ns 

ns 
ns 

ns 

TcPC* 
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Interrupt Acknowledge Timing 

----.CD~ 
INTACKb ____ ~ 

PCLK 

WRb ________ ~~--~ 

~ ROb ________ +-+-____ ~ 4-----{ 

OO~ ________ ~--------~-JI'---~~~--~-----------------

lEI --
lEO ---

INTb -----------------f------' 

No. 

1 
2 

3 
4 
5 
6 
7 
8 

9 

10 
11 

12 
13 

14 
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Temperature = 0° to 70° e, vee = 5 V ± 10%, external load 1 pF 

Symbol 

TsIA 
ThIA(RD) 
ThIA(PC) 

TsIA(WR) 
ThIA(WR) 
TdIA(RD) 

TwRDA 
TsIAi(RD) 

TdRDA(DR) 

TsIEI(RDA) 
ThIEI(RDA) 

TdIEI(lEO) 
TdIA(lEO) 

TdRDA(INT) 

Description Min. Max. Units 

INTACKb to PCLK T Setup Time 10 ns 
INTACKb to RDb i Hold Time 0 ns 
INTACKb to PCLK i Hold Time 10 ns 
INTACKb to WRb J, Setup Time 30 ns 
INTACKb to WRb T Hold Time 0 ns 
INTACKb to RDb J, (Acknowledge) Delay 30 ns 
RDb (Acknowledge) Width 50 ns 
INTACK to RDb J, Setup Time 30 ns 
RDb J, (Acknowledge) to Read Data Valid 

40 ns Delay 

lEI to RDb (Acknowledge) Setup Time 30 ns 
lEI to RDb (Acknowledge) Hold Time 0 ns 
lEI to lEO Delay Time 40 ns 
INTACKb to lEO Delay Time 40 
RDb J, to INTb Inactive Delay 40 
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DMA Walt/Request Timing 

ROb 
~~ 

WRb 
"\ 

.... f1' to \.j 

.-®-. '\. 
2 

... (3) 

OTRb 
REQUEST 

<t--@----i 

.. 
--.. 

/ 

Temperature = 0° to 70° e, vee = 5 V ± 10%, external load 1 pF 

No. Symbol Description Min. Max. 

1 TdRD(W) RDb J. to Wait Valid Delay 40 
2 TdRD(REQ) RDb.1. to Request Not Valid Delay 40 
3 TdWR(W) WRb J. to Wait Valid Delay 50 

4 TdWRf(REQ) WRb.1. to Request Not Valid 
50 Delay 

5 TdWRr(REQ) WRb J. to DTRb Not Valid Delay 2 
*N01E: TcPC is the PCl..K cycle time. 

Cycle Timing 

PCLK ---_/ 

Temperature = 0° to 70° e, vee = 5 V ± 10%, external load 1 pF 

No. Symbol Description Min. Max. 

1 TwPCI PCLK LOW Width 50 
2 TwPCh PCLK mGH Width 50 
3 TcPC PCLK Cycle Time 125 

Units 

ns 
ns 
ns 

ns 

TcPC* 

Units 

ns 
ns 
ns 
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General Timing 

PCLK 

W_REQb ______________________________ ~r_--, 

REQUEST 

W_REQb 

WArr--------------------------------------~ 
FMModeOnly 

RTXCb, 
TRXC_IN --------------....,.~ 

RXD _____________ ""-"----++7 '-__ --' "--__ .¥ '-______ _ 

SYNC_IN ____________________ """ 

TRXC_IN, FM Mode Only 

RTXCb ---------------, 

TXD 

TRXC_OUT 
-------------------~ 

Temperature = 0° to 70° e, vee = 5 V ± 10%, external load 1 pF 

No. Symbol Description Min. Max. Units 

1 TdPC(REQ) PCLK J, to W _REQb Valid Delay 250 ns 
2 TdPC(W) PCLK J, to Wait Inactive Delay 250 ns 

3 TsRXD(RXC) RXD to RTXCb Setup Time 0 ns 

4 ThRXD(RxC) RXD to RTXCb Hold Time 150 ns 

5 TsSY(RXC) SYNC_IN to RTXCb Setup Time -200 ns 

6 ThSY(RXC) SYNC_IN to RTXCb Hold Time 5 TcPC* 

7 TdTXC(TXD) TRXC_IN to TXD Delay 200 ns 

8 TdTXD(TXC) TXD to TRXC_OUT Delay 200 ns 

*N01E: TcPC is the POl{ cycle time. 
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General Timing Continued 

" ~ " r 

" ~ " r 

RTXCb 

CTSb,DCDb i~~ 
i~~~ 

Temperature = 0° to 70° e, vee = 5 V ± 10%, external load 1 pF 

No. Symbol Description Min. Max. Units 

9 TwRTX RTXCbWidth 150 DS 

10 TcRTX RTXCb Cycle Time 4 TcPC* 
11 TwTRX TRXC_IN Width 150 DS 

12 TcTRX TRXC_IN Cycle Time 4 TcPC* 
13 TwEXT DCDb or CTSb Width 200 DS 

14 TwSY SYNC_IN Width 200 DS 

*N01E: TcPC is the PCl..K cycle time. 
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Integrating the NCR85C30 
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There are several important issues to consider when integrating the NCR85C30 
into a larger design. These issues are outlined below. 

Bidirectional Signal Creation 

The NCR85C30 Application Specific Function (ASF) has no bidirectional, tristate, 
or passively driven signals. Signals are provided, however, to allow for the cre­
ation of the bidirectional signals associated with the standard product. The figures 
below show one way to combine ASF signals to create the bidirectional data bus, 
TRXCb, and SYNCb signals, and the non-standard drive WAIT_REQb and INTRb 
signals. 

Test Philosophy 

To allow the usage of the test/simulation patterns provided with the NCR85C30, a 
specific multiplexed scheme must be used. The patterns provided assume the 
re-creation of bidirectional and open-drain signals at the pins of the device. All 
other signals must be multiplexed to the external pins for complete controllability 
and observability of the ASF. During the NCR85C30 test mode, the ASF must be 
muxed with the same interface as the standard product, plus SCANIN, 
SCANOUT, SCANSELO, and TESTMODE. The multiplexer logic should add as lit­
tle propagation delay as possible. 

Initializing the NCR85C30 

The standard product specifies that numerous bits in its register set are not ini­
tialized during reset. During simulations, this causes problems with propagating 
unknowns. However, a test mode reset is provided to bypass this problem. By 
asserting the TESTMODE signal high and the RDb and WRb signal low, all simul­
taneously, for longer than 50 ns, all flip-flops will be reset to a known state. 

Functional Exception 

The NCR85C30 synchronizes the Transmit Buffer Full signal to the back edge of 
TXCLK. This is a timing issue which results in a one-half bit time reduction in the 
transmitter service time. 

Compatibility Verification Procedures 

The design and verification of a high-level ASF is directed towards functional com­
patibility with the existing standard part. The ASF is designed and verified to 
match data sheet functionality (when possible), then additional steps are taken to 
match undocumented functionality. 

Creation of a Compatibility Model 

A compatibility model of the new ASF is generated from published sources of infor­
mation on the standard part including functional specifications, data sheets, 
application notes, review sheets and errata sheets. Exceptions to standard part 
behavior or function will be identified. 

Rev. 1.0 
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NCR85C30 Serial Communications Controller 

Utilization of Industry Consultants 

NCR utilizes the advice of industry consultants who are highly knowledgeable 
about the operation of the standard part. This additional data includes features 
and functions which would be apparent to someone who is very familiar with the 
functionality of the part, but would not necessarily be covered in available docu­
mentation. 

Use of Hardware Modeling Techniques and Extraction of 
System Patterns for Design Verification 
Compatibility test vectors for the part are developed from two sources. First, a 
device model is created on a hardware modeling system (HML) to create test vec­
tors based on the actual operation of the industry standard part. A second set of 
vectors is generated by extracting functional and timing information from the 
compatibility documentation and creating patterns based on this information. 

In-system Test and Firmware Verification 
To ensure that the ASF is truly representative of the standard part's functionality, 
a system test is executed on new sample parts. The test includes the following sys­
tem parameters to detect any incompatibilities or inconsistencies: 

• Selection of controllers and systems 
• Special test programs 
• System diagnostics 
• Selection of operating systems 
• Selection of application programs 

Final Test Plan 
Throughout the compatibility verification process, final test procedures for the 
ASF are emphasized. The NCR compatibility procedures provide assurance that 
the ASF will function as the standard part does with documented exceptions 
where warranted. 

Kit Parts 
Provision of kit parts that are plug-compatible with the existing standard part is a 
very important aspect of in-system verification. The availability of kit parts allows 
the customer to verify ASF operation and compatibility with the existing system 
design and software. Kit parts also provide a convenient way to bread-board "Sys­
tem Solutions in Silicon." 

Kit Part Exception 
The NCR85C30 kit part does not support the placement of a crystal oscillator 
across the SYNCb and RTxCb pins. For evaluation, an external clock can be cre­
ated and input directly to the SYNCb pin. 
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see Kit-Part Pinout 

lEO 

lEI 
INTACKb 

+5V 
WblREQAb 

SYNCAb 
RTxCAb 

RxDA 
TRxCAb 

TxDA 
TESTMODE 

~ .lJ.lJ 
... ",,,,-o,,, ... ,,,og: _ooooooooa:> 

NCR85C30 

AJBb 
CEb 

D/Cb 
SCANSELO 
GND 
WblREQBb 

SYNCBb 
RTxCBb 
RxDB 
TRxCBb 
TxDB 
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Features 

NCR82077 Floppy Disk 
Controller Core 

• ASIC core cell compatible with 82077AA-l 
• PC/AT® compatible 
• PS/2® compatible 
• PS/2 Model 30 compatible 

• Integrated digital data separator 
• 250 Kbits/second 
• 300 Kbits/second 
• 500 Kbits/second 
• 1Mbits/second 

• l6-byte FIFO 
• High-speed processor interface 
• Perpendicular recording support 
• Four fully decoded drive select and motor signals 
• Programmable write precompensation delays 
• Addresses 256 tracks directly, supports unlimited tracks 
• Kit part package type: 68-pin PLCC 
• MFM encoding format 

Product Description 

Rev. 1.0 

Designed with NCR's VS700H submicron CMOS cell-based technology, the 82077 AA 
compatible floppy disk controller core provides floppy disk control for the PC/AT and 
PS/2. 

Integrated internal logic functions eliminate external compensation and/or auxiliary 
logic requirements. Programmable thresholds, hardware register compatibility, and 
selectable polarity are just some of the other useful features this core provides. 

Upon reset, the 82077AA-compatible core defaults to NCR765 functionality. New soft­
ware commands or hardware straps are used to access the expanded functions. 
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01 RPCATb 
A2 
TORROb 
Ourb 
010 
000 
011 
001 
012 
002 
013 
003 
014 
004 
015 
DOS 
016 
006 
017 
007 
INT 
ORO 
REOEBb 
TC 
OACKb 

NCR82077 

Figure 8-1 Symbol 

OSO 
MEO 
OIR 

STEP 
WRDATA 

WE 
HDSEL 

DENSEL 
CONFIG1 

MFM 
RDDATA 
DSKCHG 
MFMENb 

NOTE: The use of the lowercase ''b'' at the end of a pin name indicates that the sig­
nal is asserted low. 
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Inputs/Outputs Tables 

Pin Name Type 

Host Interface 

AO-A2 I 

CSb I 

C24IN I 

C321N I 

DACKb I 

DIO-DI7 I 

DOO-D07 0 

DRQ 0 

Rev. 1.0 
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Table 8-1 Host Interface Pins 

Description 

Address. By using the appropriate 3-bit combination 
from the following table, the desired host interface 
register can be selected: 

A2 A1 AO Register 

0 0 0 R Status Register A 

0 0 1 R Status Register B 

0 1 0 RIW 
Digital Output 
Register 

0 1 1 RIW Tape Drive Register 

1 0 0 R 
Main Status 
Register 

1 0 0 W 
Data Rate Select 
Register 

1 0 1 RIW Data (FIFO) 

1 1 0 
Reserved (NCR Test 
Mode Enable) 

1 1 1 R 
Digital Input 
Register 

1 1 1 W 
Configuration 
Control Register 

Chip Select. A low on this pin is used to select the 
device. This qualifies the RDb and WRb inputs. 
Clock, 24 MHz. This pin serves as a 24 MHz oscillator 
connection. 
Clock, 32 MHz. This pin serves as a 32 MHz oscillator 
connection. 
DMA Acknowledge. Driving DACKb low during DMA 
cycles qualifies the RDb and WRb inputs for data 
accesses. For both PC/AT and PS/2 Model 30 modes, 
DMAGATEb must also be set high in the Digital Out-
put Register or DACKb will not be recognized. 
Data Bus In. Data is written on this bus to program 
the device and transfer data. 
Data Bus Out. Data is read on this bus to return sta-
tus and transfer data. 
DMA Request. Generates a request for a DMA con-
troller. In both PC/AT and PS/2 Model 30 modes, set-
ting DMAGATEb low in the Digital Output Register 
will place this pin in a state of high impedance. 
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Pin Name 

Host Interface 

IDENT 

CONFIG 

INT 

OUTb 

DIRPCATb 

TRRDb 

RDb 

RESET 

REQENb 

TC 

WRb 

Type 

I 

I 

0 

0 

0 

0 

I 

I 

0 

I 

I 

Table 8-1 Host Interface Pins (Continued) 

Description 

Identity. The IDENT pin is used during reset to 
select the mode in which the device is to operate (PCI 
AT, PS/2, PS/2 Model 30). After reset, IDENT corre-
sponds to the type of drive selected and affects the 
polarity of DENSEL. Refer to the Host Interface 
IDENTITY Addendum section for greater detail. 
Configure. This is the MFM related core input signal. 
The value of this signal is used as a configuration aid 
in conjunction with the IDENT pin during a hard-
ware RESET. 
Interrupt. INT is set high to indicate that the device 
is ready to return status bytes or transfer data bytes 
(in non-DMA operation). In both PC/AT and PS/2 
Model 30 modes, setting DMAGATEb low in the Digi-
tal Output Register will place this pin in a state of 
high impedance. 
Data Bus Enable. This signal is used to drive DOO-
D07 onto a bidirectional data bus. Refer to the Appli-
cation Notes section of this data sheet for a method of 
creating a bidirectional data bus. 
Data Bus Enable. This signal enables the data bus 
during a read of the Digital Input Register in PC/AT 
mode. Refer to the Application Notes section later in 
this data sheet for a complete description. 
Data Bus Enable. This signal enables the data bus 
during an access to the Tape Drive Register. Refer to 
the Application Notes section later in this data sheet 
for a complete description. 
Read. This signal is used in conjunction with CSb or 
DACKb to access device registers. 
Reset_ When driven high, the device is initialized. 
With the exception of those set by the Specify com-
mand, all of the registers are cleared. 
Request Enable. In PC/AT or PS/2 Model 30 modes, 
setting DMAGATEb low will force REQENb high, 
placing INT and DRQ in a state of high impedance. 
Terminal Count. Driving the TC pin high while driv-
ing DACKb low during a disk data transfer will sig-
nal that the final data byte has been transferred and 
the operation can be terminated. 
Write. This signal is used in conjunction with CSb or 
DACKb to write device registers. 

- - ---------~ 
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Pin Name Type 

Disk Control 

DENSEL 0 

DIR 0 

DRV2 I 

DSKCHG I 

DSO, DS1, 0 DS2, DS3 

HDSEL 0 

INDX I 

INVERTb I 

MEO,ME1, 
ME2,ME3 0 

STEP 0 

TRKO I 

WE 0 

WP I 

Rev. 1.0 
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Table 8-2 Disk Control Pins 

Description 

Density Select. This output is used to indicate the 
data rate selection as shown in the Host Interface 
IDENTITY Addendum section of this document. 

Direction. DIR controls the direction that the head on 
the disk drive moves in response to a STEP pulse. 
When DIR is high, the head will move toward the 
inner tracks. 

Drive2. This signal indicates the presence of a second 
drive. The state of this pin can be accessed in Status 
Register A. 

Disk Change. This signal is used to indicate that the 
disk in a drive has been changed. The state of this pin 
can be accessed in the Digital Input Register. 

Drive Select 0-3. These outputs are the decoded drive 
select signals (drives 0-3). A drive is selected by pro-
gramming the Digital Output Register with the 
desired drive. 

Head Select. This output is used for disk side 
selection. A high selects side 1, while a low selects 
side O. 

Index. This signal reflects the detection of the index 
hole from a floppy, indicating the beginning of a track. 

Invert. This input is used to determine the polarity of 
the disk interface signals. Strapping this pin low will 
make the disk control signals active low, allowing the 
internal buffers and drivers to be used. Strapping this 
pin high will make the disk control signals active 
high, requiring inverting receivers and drivers 
external to the device. 

MEO-3. These outputs are the decoded motor enable 
signals (drives 0-3). These pins are set directly by 
writing the Digital Output Register. 

Step. This output provides step pulses, to the drive, 
that move the head to a new track. 

TrackO. This signal indicates that the head is at track 
O. 

Write Enable. This output enables the selected drive 
to write data to the disk. 

Write Protect. Indicates if the disk in the selected 
drive is write protected. 
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Pin Name Type 

Disk Control 

WRDATA 0 

Pin Name Type 

PLL Interface 

DRATEO 0 DRATEl 

MFM 0 

MFMENb 0 

RDDATA I 

Table 8-2 Disk Control Pins (Continued) 

Description 

Write Data. This output carries the MFM encoded 
serial data that is to be written to the disk when WE 
is active. 

Table 8-3 PLL Interface Pins 

Description 

DATA RATE 0-1. These pins indicate the data rate at 
which the part is programmed to operate. The data rate 
is programmed in the Data Rate Select Register, bits 1 
and o. 
MFM. This is the output of the standard bidirectional 
MFM signal. This output can be combined with the 
CONFIG pin to recreate the MFM pin on the industry 
standard part. Because only MFM mode is supported by 
the NCR82077AA-l, the value ofMFM will always be 1. 

MFM Enable. This output signal is used for MFMI 
CONFIG bidirectional control when they are combined 
to form one signal. 

Read Data. This input carries the MFM encoded serial 
data that is coming from the disk when the device is 
trying to read. 
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Input Signal Capacitance 

RESET SBUF 

CSb INV3 

AO-A2 MBUF 

DIO-DI7 INV 

RDb MBUF 

WRb MBUF 

DACKb OR2 

TC EXOR 

C24IN INV 

C32IN INV 

IDENT SBUF 

RDDATA MBUF 

CONFIG SBUF 

INVERTb INV8 

DSKCHG EXNOR 

DRV2 MUX2,INV 

TRKO EXOR,EXOR 

WP EXOR,EXOR 

INDX EXOR,EXOR 
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Output Signal Drive Capability 

DOO-D07 

OUTb 

DIRPCATb 

TDRRDb 

DRQ 

INT 

REQENb 

MFM 

MFMENb 

DRATEO-DRATEI 

MEO-ME3 

DSO-DS3 

EDSEL 

STEP 

DIR 

WRDATA 

WE 

DENSEL 

MBUF 

AND2 

NAN2 

OR2 

MBUF 

MBUF 

MBUF 

NAN2 

INVH 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 
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Host Interface IDENTITY Addendum 

NCR89C105 
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During hardware reset, the IDENT and CONFIG pins are used to select one of three 
interface modes according to the Interface Configurations table that follows. 

Table 8-4 Interface Configuations 

Interface Mode Major Options 

IDENT CON FIG Interface Status 
Setting Setting Mode DMA TC Registers 

Gate Logic A and B 

0 0 PS/2 Enabled Active High Available Model 30 

0 lorNC PS/2 Ignored Active Low Available 

1 0 
Not Not Not -- Supported Supported Supported 

1 lorNC AT Enabled Active High Not 
Available 

After hardware reset, the IDENT pin performs two additional functions: (1) selects 
drive type and (2) determines polarity of the DENSEL pin. The state of the DENSEL 
pin is shown in the following table: 

Table 8-5 DENSEL Table 

Data Rate IDENT 

0 
250 Kbps 

1 

0 
300 Kbps 

1 

0 
500 Kbps 

1 

0 
1 Mbps 

1 

DENSEL 

1 

0 

1 

0 

0 

1 

0 

1 
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RDDATA 

NCR82077 Floppy Disk Contro//er Core 

.r--------- WRClK 

Serial 
Write 

1 Write 1..---•• WRDATA PRECOMP 

t'-____ 24 MHz 

PllClK __ -' '------+ WE 

010-017 

DOO-D07 

r----~------~~--i_ .. --~~~~~~~--~~DOO D07 

RDbE . WRb B 
CSb eo:oI 

RESET 
AO-A2-" 

DACKb 
DRO 

INT 

TC 

ClK 

PWRDN 

CMD 
State 

Machine 

PLLKCLK 
WRCLK 
24 MHz 
FDCCLK 

Status 

Figure 8-2 NCR82077 Floppy Controller Core Block Diagram 

WP 

INDX 

TRKO 
DSKCHG 

DSO-DS3 
MEO-ME3 
DENSEl 

HDSEl 
DIR 
STEP 
DRATEO 
DRATE1 
DRV2 

t'--__ INVERT 

Architectural Functionality 

Functional Blocks 

Rev. 1.0 

This section briefly describes all of the major functional blocks of the NCR82077 
Floppy Disk Controller Core (FDCC) design as illustrated in Figure 8-2. 

The 82077 has three command handling phases. They are: (1) Command, (2) Execu­
tion, and (3) Result. The Command phase inputs up to nine bytes needed to program 
the 82077 to execute the command. The Execution phase is where the operation 
occurs, transferring data, moving the disk head, or obtaining status. The Result phase 
can output up to 10 status bytes depending on the command. 

When writing command bytes to or reading result bytes from the controller, it is nec­
essary to poll the Main Status Register, checking the RQM and DIO bits, to make sure 
that the controller is ready for another byte transfer. When the RQM bit is set, a 
transfer may occur. The DIO bit indicates the direction (read or write) of the transfer. 
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FIFO 

NCR89C105 
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In order to allow the NCR82077 to be used in systems with long DMA and interrupt 
response times, a 16 byte FIFO with a programmable threshold value is included and 
can be optionally used as a buffer between the controller and the host. The FIFO is 
only used for transferring disk data during the Execution phase of a command. Dur­
ing the Command and Result phases, host accesses to the data register bypass the 
FIFO and talk directly to the core. The FIFO is cleared when the part exits the Execu­
tion phase in order to prepare it for the next data transfer. 

When the NCR82077 comes out of reset, the FIFO is automatically disabled to main­
tain compatibility with earlier versions of the floppy disk controller. If desired, the 
FIFO can be activated using the EFIFO and FIFOTHR parameters of the Configure 
command. This bit defaults to 1 upon reset of the part. The threshold of the FIFO is 
programmed with FIFOTHR, and will directly affect the behavior of read and write 
commands. 

For any of the read commands that use the FIFO, FIFOTHR corresponds to the num­
ber of bytes that the controller can place in the FIFO before the FIFO is filled. If no 
bytes are removed, then trying to transfer the FIFOTHR + 1 byte will cause the FIFO 
to overrun. In addition to reaching the threshold, transferring the last byte of a sector 
into the FIFO will also cause the request signal to be set. Read commands which use 
the FIFO include Read Data, Read Deleted Data, and Read a 1rack. 

For any of the write commands that use the FIFO, FIFOTHR corresponds to the num­
ber of data bytes that the controller can take out of the FIFO before the FIFO is 
empty. If the host has not placed any bytes in the FIFO, then an underrun will occur 
when the controller tries to access the FIFOTHR + 1 byte. When the FIFO contains 
FIFOTHR or fewer bytes, the request pin (DRQ or INT) is set to indicate that it is 
time for the host to transfer bytes to the FIFO. Write commands that use the FIFO 
include: Write Data, Write Deleted Data, and Format a 1rack. 

Once an !NT or DRQ has been set, it remains set until the FIFO has either been emp­
tied, in the case of a read, or filled, in the case of a write. At that time the request is 
reset and held reset until the threshold condition is met again. If the host sets the TC 
signal to indicate that the host is finished transferring bytes, the request is removed 
and will remain off for the duration of the command. The flow charts in Figures C-S 
and C-4 illustrate the conditions for setting and resetting the requests for reads and 
writes. 
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Reset 
DRQ/INT 

Set 
DRQ/lNT 

NCR82077 Floppy Disk Controller Core 

Reset 
DRQ/lNT 

Figure 8-3 Read Commands (Read Data, Read Deleted Data, Read a Track) 
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Reset 
DROJINT 

y 

Set 
DROJINT 

Reset 
DRQ/INT 

Figure 8-4 Write Commands (Write Data, Write Deleted Data, Format Track) 

In choosing the value for FIFOTHR, attention should be paid to the ability of the sys­
tem being designed to respond to the transfer request. A lower value would be selected 
for a system with a fast response time, resulting in fewer actual requests for each data 
transfer. By doing this, more bytes can be transferred during each request. The risk is 
that with less time to respond to an interrupt, there is a greater chance of over/under 
running the FIFO. Selecting a higher value would be appropriate for systems which 
have a longer response time. Fewer bytes will be transferred during each request, but 
the risk of over/under running the FIFO is reduced. 
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The maximum response time allowed can be calculated using the value programmed 
into FIFOTHR. The equation would be: 

1 
Maximum response time = (FIFOTHR + 1) x 18 x Data Rate I , 

where Data Rate is the highest disk data rate that will be supported by the system. 
For calculating the maximum response time in a given system, it is necessary to use 
the highest data rate because it will correspond to the longest allowable response 
time. Table 8-6 shows the conditions for setting the request and the maximum 
response times associated with different values of FIFOTIm. 

'lb prevent the FIFO from being disabled during a software reset (via the DOR or 
DSR), the Lock command is included in the NCR82077. The Lock command sets or 
resets the LOCK bit, which will prevent software resets from affecting the values of 
either EFIFO or FIFOTHR when set. A hardware reset (via the RESET pin) will clear 
the LOCK bit out and reset the FIFO configuration values. 

Table 8-6 FIFOTHR Table 

FIFOTHR 
Request Set Maximum Response Time (I1S) 

(Hex) Read Write 500 300 250 1 
Kbps Kbps Kbps Mbps 

0 = 16 =0 16 26 32 B 

B ~B 5.B 144 240 2BB 72 

F ~1 5.15 256 426 512 12B 

Clock Generator 
This functional block is internal to the chip, unlike the NCR765. A 24 MHz clock is 
supplied by the user. This clock is the reference for all internal timings. For a 1 Mbps 
operation, a 32 MHz clock is required to provide precision quanitization for the inter­
nal Digital Data Separator. 

Write Precompensation 
Within the Data Rate Select register, bits 4, 3, and 2 are used to modify the WRDATA 
output that is written to the disk to compensate for bit shifting. Bit shifting is jitter of 
the bit positions when reading from the disk caused by inherent properties of mag­
netic media 

This section of logic shifts the data to provide write precompensation for the floppy 
disk drive. The block contains a 13-bit shift register and a mux to select varying 
degrees of early, normal, or late bit shift during recording of the magnetic media. Oth­
erwise, the bit jitter could potentially manifest itself as read errors when the data is 
retrieved from the magnetic media. 

Data Separator 

Rev. 1.0 

The data separator locks onto the data stream coming in from the disk drive and 
recovers the embedded clock signal. The RDDATA pin transfers a serial MFM encoded 
data stream which, when fed to the data separator, is used to create an internal clock 
signal known as the Read Data Window (RDW). Once this clock is recovered, both 
RDW and RDDATA go to the Serial Read block, where they drive the serial to parallel 
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conversion logic. RDW is a periodic signal which frames the serial data bits on 
RDDATA and runs at a frequency equal to the data rate. For each bit in the data 
stream, RDW has a high and a low phase. One phase frames what is referred to as a 
data bit and the other phase frames what is referred to as a clock bit. Through the 
presence or absence of data and clock bits, the actual data to be transferred is encoded 
in the data stream. The Serial Read logic converts this data stream into bytes used for 
sector identification, data transfer, and CRC error checks. 

The NCR82077 incorporates a digital data separator (DDS) rather than follow the tra­
ditional analog phase-locked loop approach. Because of this, the NCR82077 is entirely 
a digital circuit, eliminating the need for any external filtering. 

The DDS has two modes of operation: high gain and low gain. Initially, while trying to 
synchronize to the data stream, the DDS operates in the high gain mode where it is 
capable of adjusting rapidly to the incoming data stream. Once the DDS has success­
fully locked on the data stream and a synchronization field is detected, it shifts into 
the low gain mode. In the low gain mode, the DDS maintains a lock on the data 
stream and makes gradual corrections as necessary to adjust to the speed variations 
which can occur in the data stream. 

The DDS samples the incoming data stream at 32 times the data rate. In order to do 
this at the 1 Mbps data rate, it is necessary to provide a 32 MHz clock to the cell. If the 
target design system will never need to support the 1 Mbps data rate, the 32 MHz 
clock can be left out of the design. In the kit part, this pin can be left as a no-connect. 
When designing an ASIC with the NCR82077 application specific function where the 
1 Mbps data rate will not be used, the pin C32IN on the symbol should be tied low. 

Bus Control Logic 
The bus control logic controls the interface between the system and the 82077. The 
bus control logic uses the address inputs, chip select, and the read and write signals to 
select which register is being accessed. The bus state machine determines which of 
the phases, Command, Execution, or Result, the controller is in. The count select and 
phase compare logic controls the number of bytes written during the command phase 
and the number of bytes read during the result phase. The bus control logic is 
designed to provide access to the test mode register, which is specific to the NCR ver­
sion of this part. 

DMA Control Logic 
The DMA control logic provides the timing and control of the data transfers during 
the execution phase when the FIFO is disabled. The block provides the overrun! 
underrun timing, controls the DRQ or !NT signals and responds to a DACKb or reads! 
writes to the data register (FIFO). The DMA control block also forces a zero fill for 
writes less than a full sector. 

Command State Machine Logic 

NCR89C105 
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The command state machine block stores internal register values, provides command 
decoding, and controls the serial read, serial write, status, and drive interface blocks. 
The command decode function stores the first byte of the command phase and decodes 
which command is to be executed. The remaining bytes of the command phase are 
stored in the internal data registers. These registers are used to direct the part in the 
Execution phase and to provide the proper response values during the Result phase. 
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Other registers store the data control for the commands in the Execution phase. The 
command sequencer stores error flags and reports them during the Result phase. The 
implied seek control, if enabled, initiates an implied seek as soon as the Execution 
phase starts. The normal data transfer operation is started at the completion of the 
implied seek. The Command state machine block has the clock divider for the remain­
der of the core logic. The clock divider provides timing for the drive interface block and 
some of the error condition checks. The Command state machine also contains the 
specify registers. 

Status Log ic 
The status logic is used to output status during the result phase. The status registers 
store the results of seek commands, recalibrate commands, and poll interrupts, and 
reports the status of these commands as well as data transfers. The status logic also 
contains the value for the main status register. 

Drive Interface Logic 
The drive interface logic is used to control the head (side) selection and the seek or 
recalibrate operations. The poll logic included here controls seek and recalibrate func­
tions by issuing step pulses and checking for seek complete. The poll logic also sets the 
initial power up interrupt unless disabled before the interrupt occurs. The timing for 
the drive interface signals is generated in the drive timing block. The VCO enable 
block is used to control the read logic and DDS. The input signals from the drive inter­
face is synchronized with the internal clock in this section. 

Invert Logic 
The invert logic monitors the invert pin and changes the polarity of the signals to and 
from the drive. 

Serial Read Logic 
The serial read logic is used to decode the serial MFM data stream from the DDS. The 
decoded data is checked for address marks, data marks, and CRC. The serial data 
stream is converted to bytes and output on the bus if it is a read operation. The read 
sequencer stores the data in a holding latch and initiates a data transfer to either the 
host or the FIFO. The read sequencer signals the completion of an ID field and a data 
field. It indicates an ID match for both the read and write commands. 

Serial Write Logic 
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The serial write logic provides MFM encoded data to the write precompensation logic. 
The serial write logic also provides early and late flags to selectively control the pre­
compensation circuit. The timing block initiates a write or format operation. The 
write sequencer controls a write data operation. When an ID match is received, the 
write sequencer starts loading the write shift register with either gap characters or 
sync characters. The data is shifted out at write clock time. The write sequencer out­
puts data when the data mark field is written and calculates CRC for the sector. The 
CRC is appended to the data stream and the command sequencer is signaled. 

The format state machine controls a format operation. The state machine waits for 
the rising edge of index pulse and starts outputting the index address mark, gap, ID 
address mark, gap, data mark, format data, gap, ID, gap, data, etc. until the sector 
number equals the sector count. The state machine waits for the next rising edge of 
index pulse and signals the command sequencer at completion. 
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Commands 

Unsupported Features 
NCR does not support FM recording or scan commands. When performing read and 
write operations, the part will assume MFM encoding regardless of the value written 
to the MFM bit. DTL (Data Length) is only supported as SC in the Verify command. In 
all other commands the byte must be written, but does not have an effect on the part. 
The parameter N cannot be written with a O. 

Read Data Command 

NCR89C105 
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This command causes the controller to read a given number of bytes (by sector) from 
the diskette and transfer them to the system. 

Command Phase - The microprocessor issues the following command and parame­
ter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 MT MFM SK 0 0 1 1 0 

Byte 1 0 0 0 0 0 HDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

ByteS DTL 

Execution Phase - The controller reads data from the diskette and transfers it to 
the system. The controller interrupts when the Execution phase ends. 

Result Phase - The system microprocessor reads the following result bytes from the 
controller: 

07 I 06 I 05 I 
Byte 0 

By tel 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

04 1 
STO 

STl 

ST2 

C 

H 

R 

N 

03 1 02 1 01 I 00 
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Read Deleted Data Command 

Rev. 1.0 

This command is identical to the Read Data command, except it only reads sectors 
with data fields containing a Deleted Data Address Mark. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 MT MFM SK 0 1 1 0 0 

Byte 1 0 0 0 0 0 HDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

Byte 8 DTL 

Execution Phase - The controller reads data from the diskette and transfers it to 
the system. The controller interrupts when execution phase ends. 

Result Phase - The system microprocessor reads the following result bytes from the 
controller: 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

Byte 0 STO 

Bytel STl 

Byte 2 ST2 

Byte 3 C 

Byte 4 H 

Byte 5 R 

Byte 6 N 
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Write Data Command 
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This command writes a given number of bytes (by sector) to the diskette from the sys­
tem microprocessor or DMA controller. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 00 

Byte 0 MT MFM 0 0 0 1 0 1 

By tel 0 0 0 0 0 HDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

ByteS DTL 

Execution Phase - Controller transfers data from system and writes it to the dis­
kette. The controller interrupts when execution phase ends. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

07 1 06 J 05 1 

Byte 0 

By tel 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

04103102101100 

STO 

STl 

ST2 

C 

H 

R 

N 
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Write Deleted Data Command 

Rev. 1.0 

This command is identical to the Write Data command, except it writes a Deleted 
Data Address Mark at the beginning of the data field instead of a Data Address Mark. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 MT MFM 0 0 1 0 0 1 

Byte 1 0 0 0 0 0 HDS DSl DSO 

Byte 2 C 

ByteS H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

ByteS DTL 

Execution Phase - Controller transfers data from the system and writes it to the 
diskette. The controller interrupts when execution phase ends. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

071061051 04 1 03 1 02 1 01 I DO 

Byte 0 STO 

Byte 1 STl 

Byte 2 ST2 

ByteS C 

Byte 4 H 

Byte 5 R 

Byte 6 N 
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Read a Track Command 
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This command operates much like the Read Data command, except that all the sec­
tors of a track are read as one large data field, regardless of the logical sector order. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 00 

Byte 0 0 MFM 0 0 0 0 1 0 

By tel 0 0 0 0 0 lIDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

Byte 8 DTL 

Execution Phase - Controller reads data from the diskette and transfers it to the 
system. The controller interrupts when execution phase ends. 

Result Phase - System microprocessor reads the following result from the 
controller: 

07 I 06 I 05 I 
Byte 0 

By tel 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

D4 I 03 I 02 I 01 I 00 

STO 

STl 

ST2 

C 

H 

R 

N 
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Read ID Command 

Rev. 1.0 

This command locates the current position of the disk drive heads. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 0 MFM 0 0 1 0 1 0 

Byte 1 0 0 0 0 0 HDS DSI DSO 

Execution Phase - The controller reads ID information from the diskette. The con­
troller interrupts when the execution phase ends. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

07 I 06 I 05 I 04 I 03 I 02 I 01 I DO 

Byte 0 STO 

Byte 1 STI 

Byte 2 ST2 

Byte 3 C 

Byte 4 H 

Byte 5 R 

Byte 6 N 

SBus 110 Chipset Data Manual 
NCRB9C105 

PageB-21 



NCRB2077 Floppy Disk Controller Core 

Format a Track Command 
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This command formats one track of a disk, one sector at a time. After each sector is 
formatted with the given gaps, address marks, ID information, and data, the host 
sends the floppy controller the logical sector number for the next sector of the track. 
This facilitates non-sequential sector addressing (interleaving). 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 DO 

Byte 0 0 MFM 0 0 1 1 0 1 

Byte 1 0 0 0 0 0 lIDS DSI DSO 

Byte 2 N 

Byte 3 se 
Byte 4 GPL 

Byte 5 D 

Execution Phase - The controller formats an entire track using four data bytes 
(supplied by the system) for each sector. The data bytes required from the system for 
each sector are: cylinder, head, sector number, and sector size (e, H, R, N) in that 
order. The particular values that will be written to the gap and data field are con­
trolled by the values programmed for N, se, GPL, and D during the command phase. 
The controller interrupts at the end of the execution phase. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

07 1 06 1 05 1 

Byte 0 

Byte 1 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

04 1 03 1 02 1 01 
1 

DO 

STO 

STI 

ST2 

Not Defined 

Not Defined 

Not Defined 

Not Defined 

Rev. 1.0 
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Recallbrate Command 

Rev. 1.0 

This command causes the disk drive read/write head to retract to the track 0 position 
and resets the floppy controller internal track counter, thus recalibrating the control­
ler and drive. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 0 0 0 0 0 1 1 1 

Byte 1 0 0 0 0 0 0 DSl DSO 

Execution Phase - The controller moves the drive head back to track O. The con­
troller interrupts when the execution phase ends. 

Result Phase - This command has no result phase. A Sense Interrupt Status com­
mand must be issued immediately after the interrupt to properly terminate the 
Recalibrate command. 

Seek Command 

This command moves the read/write head of the disk drive to the specified track. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 DO 

Byte 0 0 0 0 0 1 1 1 1 

Byte 1 0 0 0 0 0 lIDS DSl DSO 

Byte 2 NCN 

Execution Phase - The controller moves the drive head to the new cylinder. The 
controller interrupts when the execution phase ends. 

Result Phase - This command has no result phase. A Sense Interrupt Status com­
mand must be issued immediately after the interrupt to properly terminate the Seek 
command. 
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Sense Interrupt Status Command 
This command resets the floppy controller interrupt signal and identifies the cause of 
an interrupt. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

D6 D5 D4 D3 D2 D1 DO 

Byte 0 o o o 1 o o o 

Execution Phase - The controller resets the interrupt signal and identifies the 
interrupt cause. No interrupt is generated. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

D7 1 D6 1 D5 1 D4 1 D3 .1 D2 1 D1 l DO 

Byte 0 STO 

Byte 1 peN 

Sense Drive Status Command 
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This command obtains the disk drive status, which is read by the system during the 
result phase of the command. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

D7 D6 D5 D4 D3 02 01 00 

Byte 0 0 0 0 0 0 1 0 0 

By tel 0 0 0 0 0 HDS DSl DSO 

Execution Phase - This command has no execution phase and goes directly from 
the command phase to the result phase. No interrupt is generated. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

D7 D6 D5 D4 

Byte 0 ST3 

03 D2 D1 DO 

Rev. 1.0 
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Specify Command 

Rev. 1.0 

This command sets up the timings to be used for controller interaction with the disk 
drives(s). 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 

Byte 0 0 0 0 0 0 0 1 

Byte 1 SRT HUT 

Byte 2 HLT 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

Result Phase - This command has no result phase. 

Configure Command 

DO 

1 

ND 

The configure command is an 82077 command that enables certain 82077 unique 
features. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 DO 

Byte 0 0 0 0 1 0 0 1 1 

Byte 1 0 0 0 0 0 0 0 0 

Byte 2 0 EIS EFIFO POLL FIFOTHR 

Byte 3 PRETRK 

Execution Phase - This command has no execution phase. 

Result Phase - This command has no result phase. 
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Relative Seek Command 
This command performs a seek operation, moving the head in the specified direction 
and number of tracks from the current track. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 DO 

Byte 0 1 DIR 0 0 1 1 1 1 

Byte 1 0 0 0 0 0 HDS DSl DSO 

Byte 2 RCN 

Execution Phase - The FDC moves the head to the new cylinder and interrupts at 
the end of the execution phase. 

Result Phase - This command has no result phase. A Sense Interrupt Status com­
mand must be issued (after the interrupt occurs) to properly terminate the Relative 
Seek command. 

Verify Command 
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This command is used to verify the data stored on a disk. This command acts exactly 
like a Read Data command, except that no data is transferred to the system. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 DO 

Byte 0 MT MFM SK 1 0 1 1 0 

Byte 1 EC 0 0 0 0 HDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

ByteS DTL/SC 

The EOT value should be set to the final sector to be checked. If EOT is greater than 
the number of sectors on the disk, the command will stop due to an error and no use­
ful CRC information will be obtained. 

Rev. 1.0 
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Execution Phase - Data is read from the diskette and the CRC is computed and 
checked against the previously stored value. No data is transferred to the system. The 
FDC interrupts when the execution phase ends. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

" 07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

Byte 0 STO 

Byte 1 STI 

~yte2 ST2 

Byte 3 C 

Byte 4 H 

Byte 5 R 

Byte 6 N 

Version Command 

Rev. 1.0 

This command is used to determine if the FDC is an 82077 device. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

I 
07 

I 
06 05 

I 
04 

I 
03 02 01 00 

Byte 0 0 0 0 1 0 0 0 0 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

Result Phase - System microprocessor reads the following result byte from the 
controller: 

07 06 05 04 03 02 01 DO 

Byte 0 1 o o 1 o o o o 

This result byte indicates that the FDC is an 82077 enhanced FDC. 
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Dumpreg Command 
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This command is used to support system run-time diagnostics and application soft­
ware development and debug. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

06 05 04 03 02 01 00 

Byte 0 o o o 1 1 1 o 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

Result Phase - System microprocessor reads the following result byte from the 
controller: 

07 06 05 

Byte 0 

Byte 1 

Byte 2 

Byte 3 

Byte 4 SRT 

Byte 5 

Byte 6 

Byte 7 LOCK 0 D3 

Byte 8 0 EIS EFIFO 

Byte 9 

04 03 I 
PCN -Drive 0 

PCN -Drive 1 

PCN -Drive 2 

PCN -Drive 3 

HLT 

SCIEOT 

D2 Dl I 
POLL 

PRETRK 

02 I 01 I 00 

HUT 

I ND 

DO I GAP I WGATE 

FIFOTHR 
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Perpendicular Mode Command 
This command should be issued prior to executing ReadlWritelFormat commands that 
access a disk drive with perpendicular recording capability. With this command, the 
length of the GAP2 field and VCO enable timing can be altered to accommodate the 
unique requirements of these drives. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 00 

Byte 0 0 0 0 1 0 0 1 0 

Byte 1 OW 0 D3 D2 Dl DO GAP WGATE 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

Result Phase - This command has no result phase. 

Lock Command 
This command is used to protect the FIFO in long DMA latency systems from soft­
ware packages which reset the controller but do not reconfigure the FIFO. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 LOCK 0 0 1 0 1 0 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

0 

Result Phase - System microprocessor reads the following result byte from the 
controller: 

Invalid Commands 

Rev. 1.0 

If an invalid command is issued to the floppy controller, the controller enters a 
standby state and will return STO = 80H during the result phase. 
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Parameter Fields 
The floppy controller parameter byte fields are defined in the following table: 

NCR89C105 
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Symbol 

C 

D 

DIR 

DSO, DS1 

EC 

EFIFO 

EIS 

EOT 

FIFOTHR 

GAP 

GPL 

H 

lIDS 

HLT 

HUT 

Table 8-7 Parameter Fields 

Name 

Cylinder Number 

Data 

Direction 

Drive Select 

Enable Count 

Enable FIFO 

Enable Implied 
Seek 

End of Track 

FIFO Threshold 

Gap 

Gap Length 

Head Address 

Head Select 

Head Load Time 

Head Unload Time 

Description 

The cylinder track number (0 through 255) 
of the medium. 

The data pattern to be written to a sector. 

If 0, the head is stepped out. If1, the head 
is stepped in. 

The binary encoded diskette drive number 

Setting this bit to1 causes the Verify 
Command's DTL parameter to become the 
number of sectors per cylinder (SC). 

Setting this bit to 0 causes the FIFO to be 
enabled. The FIFO is a 16-byte buffer used 
in the execution phase of read or write 
commands. A "1" puts the 82077 in the 
NCR765 compatible mode so that the 
FIFO is disabled. This bit defaults to "1 " 
after a reset. 

When set, a seek operation will be 
perfonned before executing any read or 
write command that requires the C 
parameter in the command phase. A "0" 
disables the implied seek. 

The final sector number of a cylinder. 

When the FIFO is enabled, this field sets 
the FIFO threshold level. A "0" selects 1 
byte, "F" selects 16 bytes. 

When using Perpendicular Mode, this 
parameter alters Gap2 length. 

The length of GAP3 on the media (spacing 
between sectors excluding the VCO sync 
field). 

The head number (0 or 1) as specified in 
the ID field. 

The selected head number (0 or 1). H = 
lIDS in all command bytes. 

The head load time for the floppy drive (2 
to 254 ms in 2 ms increments). 

The head unload time for the floppy drive 
after a read or write operation (16 ms to 
240 ms in 16 ms increments). 
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Symbol Name 

LOCK Lock 

MFM MFMMode 

MT Multi-track 

N Number 

NCN New Cylinder 
Number 

ND Non-DMA Mode 

OW Overwrite 

PCN Present Cylinder 
Number 

POLL Polling Disable 

Write 
PRETRK Precompensation 

Start Track 

R Record 

Relative Cylinder RCN Number 

SC Sector 

SK Skip 

SRT Step Rate Time 
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Parameter Fields (Continued) 

Description 

Defines whether a Software Reset (setting 
the proper bit in the DSR or DOR 
registers) can reset the CONFIGURE 
command parameters EFIFO, FIFOTHR, 
and PRETRK to their default values. 

Used to select MFM mode. The NCR82077 
will always operate in MFM mode 
regardless of this value. 

If MT = 1, then both sides of a cylinder can 
be accessed with a single command. 

The encoded number of data bytes written 
to a sector. 

The new cylinder number to be reached as 
result of a seek operation. 

IfND = 1, the NCR82077 will use the 
interrupt signal rather than DRQ for data 
transfers. 

If OW = 1, then the Perpendicular Mode 
command bits DB, D2, D1, and DO can be 
overwritten. 

The cylinder number at which a given 
drive is set. 

When set, the internal drive polling 
routine is disabled. When cleared, polling 
is enabled. 

This field selects the track number at 
which to begin write precompensation. 00 
selects track 0, FF selects track 255. At 
power-on reset, the 82077 defaults to Pre-
compensation at track o. All tracks equal to 
or greater than PRETRK will have precom-
pensated WRDATA 

The sector number to be read or written. 

Determines how many tracks to step the 
head in or out from the current track 
number. 

The number of sectors per cylinder. 

If SK = 1, deleted data sectors will be 
skipped during reads. Only detected data 
sectors will be read during Read Deleted 
Data commands. 

The stepping rate for the floppy drive 
during seek operations. 

NCRB9C105 
PageB-31 



NCRB2077 Floppy Disk Controller Core 

Table 8-7 Parameter Fields (Continued) 

Symbol Name Description 

Status Registers The four floppy controller internal status 
STO-ST3 registers which contain the result status o through 3 following the execution of a command. 

Allows for pre-erase loads in perpendicu-
WGATE Write Gate lar drives, by altering the timing of the 

Write Enable (WE) signal. 

Register Description 
The following sections describe the NCR82077 Floppy Disk Controller Core registers. 
Each register is detailed in terms of bit configuration, the active states of each bit, 
their definitions, their functions and their effects upon the internal hardware and 
external pins. 

Status, Data, and Control Registers 
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The base address range is supplied by the CSb pin. This should be 3FO Hex to 3F7 
Hex for PC/AT and PS/2 designs. 

A2 A1 AO Register 

0 0 0 R Status Register A SRA 

0 0 1 R Status Register B SRB 

0 1 0 RIW Digital Output Register DOR 

0 1 1 RIW Tape Drive Register TDR 

1 0 0 R Main Status Register MSR 

1 0 0 W Data Rate Select Register DSR 

1 0 1 RIW Data (FIFO) FIFO 

1 1 0 Reserved (NCR test mode enable) 

1 1 1 R Digital Input Register DIR 

1 1 1 W Configuration Control Register CCR 

NOTE: Within each register, the bit values reflect the state of the drive signals on 
the cable, independent of the state of the INVERTb pin. 
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Status Register A (PS/2 Mode) 

Rev. 1.0 

This read-only register, not accessible in PC/AT mode, serves a monitoring function. It 
contains the state of the interrupt pin and of several disk interface pins. 

07 06 05 04 03 02 01 00 

• Direction 

• Write Protect 

• Index 

• Head 1 Select 

• Track 0 

• Step 

• Second Drive Installed 

• Interrupt Pending 

DO-Direction 
This bit returns the state of the drive interface DIR signal. 
(1 = head movement toward spindle for steps). 

Dl-Write Protect 
This bit returns the inverted state of the drive interface WP signal. 
(0 = write protected). 

D2-Index 
This bit returns the inverted state of the drive interface INDX signal 
(0 = at index). 

D3 Head 1 Select. 
This bit returns the state of the drive interface HDSEL signal. 
(0 = head O). 

D4-TrackO 
This bit returns the inverted state of the drive interface TRKO signal. 
(0 = at track 0). 

D5-Step 
This bit returns the state of the drive interface STEP signal. 
(1 = Step active). 

D6-2nd Drive Installed 
This bit returns the inverted state of the drive interface DRV2 signal. 
(0 = 2nd drive installed). 

D7-Interrupt Pending 
This bit returns the state of the controller's INT signal. 
(1 = interrupt pending). 
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Status Register A (PS/2 Model SO Mode) 
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In the PS/2 Model 30 mode, five of the eight bits are inverted (bits 0 through 4) and 
two others have been changed. 

07 06 05 D4 03 02 01 00 

• Direction 

• Write Protect 

• Index 

• Head Select 

• Track 0 

• Step 

• DMARequest 

• Interrupt Pending 

D-Direction 
This bit returns the inverted state of the drive interface DIR signal. 
(1 = head movement toward spindle for steps). 

Dt-Write Protect 
This bit returns the state of the drive interface WP signal. 
(0 = write protected). 

D2-Index 
This bit returns the state of the drive interface INDX signal 
(0 = at index). 

D3-Head Select 
This bit returns the state of the drive interface HDSEL signal. 
(0 = head 0). 

D4-TrackO 
This bit returns the inverted state of the drive interface TRKO signal. 
(1 = at track 0). 

D5-Step 
This bit returns the state of the drive interface STEP signal. 
(1 = Step active). 

D6-DMA Request 
This bit returns the status of the DRQ pin. 

D7-Interrupt Pending 
This bit returns the state of the controller's INT signal. 
(1 = interrupt pending). 
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Status Register B (PS/2 Mode) 

Rev. 1.0 

This read-only register, not accessible in PC/AT mode, serves a monitoring function. It 
reflects the state of several disk interface pins. 

D7 D6 D5 D4 D3 D2 D1 DO 

• Motor Enable 0 

• Motor Enable 1 

• Write Enable 

• Read Data Toggle 

• Write Data Toggle 

• Drive Select Bit 0 

• • Always read as 1 s 

DO-Motor Enable 0 
This bit returns the state of the Digital Output Register Motor Enable 0 
bit. 

Dl-Motor Enable 1 
This bit returns the state of the Digital Output Register Motor Enable 1 
bit. 

D2-Write Enable 
This bit returns the state of the drive interface WE signal. 

D3-Read Data 
This bit returns the state of a flip-flop which produces a wider more reli­
ably read pulse produced from the drive interface RDDATA signal. 

D4-Write Data 
This bit returns the state of a flip-flop which produces a wider more reli­
ably read pulse produced from the drive interface WRDATA signal. 

D5-Drive Select Bit 0 
This bit returns the state of the drive interface DSO signal. 
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Status Register B (PS/2 Model 30 Mode) 
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This register in PS/2 Model 30 mode returns inverted values of drive select bits in the 
DOR register, as well as other changes. 

07 06 05 04 03 02 01 00 

• Drive Select 2 

• Drive Select 3 

• Write Enable 

• Read Data 

• Write Data 

• Drive Select 0 

• Drive Select 1 

• Second Drive Installed 

DO-Drive Select 2 
This bit returns the inverted state of the drive interface DS2 signal. 

D1-Drive Select 3 
This bit returns the inverted state of the drive interface DS3 signal. 

D2-Write Enable 
This bit returns the state of the drive interface WE signal. 

D3-Read Data 
This bit returns the state of the drive interface RDDATA signal. 

D4-Write Data 
This bit returns the state of the drive interface WRDATA signal. 

D5-Drive Select 0 
This bit returns the inverted state of the drive interface DSO signal. 

D6-Drive Select 1 
This bit returns the inverted state of the drive interface DSl signal. 

D7-2nd Drive Installed 
This bit returns the inverted state of the drive interface DRV2 signal. 
(0 = 2nd Drive installed) 

Rev. 1.0 
SBus 110 Chipset Data Manual 



NCR82077 Floppy Disk Controller Core 

Digital Output Register 

Rev. 1.0 

This is both a read and a write register. It contains the motor enable and drive select 
bits, which by standard programming practice are set at the same time to control 
their respective pins. A DMAGate bit and a reset bit are also included with this 
register. 

07 06 05 04 D3 02 D1 DO 

• Drive Select Bit 0 

• Drive Select Bit 1 

• Controller Reset 

• DMAGate 

• Motor Enable 0 

• Motor Enable 1 

• Motor Enable 2 

• Motor Enable a 

DO-DI-Drive Select Bits 0, 1 
These bits control which Drive Select signal will be active when the 
respective motor enable bit is set. 

01 DO Drive Selected 

0 0 Drive 0 

0 1 Drive 1 

1 0 Drive 2 

1 1 Drive a 

D2-Controller Reset 
If 0, this bit causes a reset of the floppy disk controller. The reset 
remains active until this bit is written as a 1. 

D3-DMAGate 
This bit is enabled only in PC/AT and PS/2 ModelaO modes. A high set­
ting is used to system enable INT, DRQ, TC, and DACKb. 

D4-Motor Enable 0 
If this bit is set to a 1 and Drive Select bits (1, 0) = (00), drive interface 
signals DSO and MEO are active. 

D5-Motor Enable 1 
If this bit is set to a 1 and Drive Select bits (1, 0) = (01), drive interface 
signals DS1 and MEl are active. 

D6-Motor Enable 2 
If this bit is set to a 1 and Drive Select bits (1, 0) = (10), drive interface 
signals DS2 and ME2 are active. 

D7-Motor Enable 3 
If this bit is set to a 1 and Drive Select bits (1, 0) = (11), drive interface 
signals DSa and MEa are active. 
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Tape Drive Register 
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During initialization, this read and write register permits user-specified tape support 
assignment to a specific drive. Tape support is then automatically invoked by any sub­
sequent references to that drive number. A hardware reset is required to clear this 
register. 

07 06 05 04 03 02 01 DO 

• • Tape Select Bits 1, 0 

• • • • • • Tristated 

DI-DO-Tape Select Bits 1, 0 
These bits determine which drive is to be assigned tape support during 
initialization, and can only be cleared by a hardware reset. The possible 
tape drive selections are as follows: 

Tape Select Bit 1 Tape Select Bit 0 

0 0 

0 1 

1 0 

1 1 

Drive Selected 

Reserved 
(for floppy boot drive) 

Drive 1 

Drive 2 

Drive 3 
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Main Status Register 

Rev. 1.0 

This read-only register indicates the device status for all command inputs and result 
outputs. 

07 06 05 04 03 02 01 DO 

• Drive 0 Busy 

• Drive 1 Busy 

• Drive 2 Busy 

• Drive 3 Busy 

• Command Busy 

• Non-DMA Mode 

• Data Input/Output (DIO) 

• Request for Master (RQM) 

DO-Drive 0 Busy 
When this bit is 1, floppy drive 0 is in the seek mode. 

Dl-Drive 1 Busy 
When this bit is 1, floppy drive 1 is in the seek mode. 

D2-Drive 2 Busy 
When this bit is 1, floppy drive 2 is in the seek mode. 

D3-Drive 3 Busy 
When this bit is 1, floppy drive 3 is in the seek mode. 

D4-Command Busy 
When this bit is 1, the floppy controller has a read or write command in 
progress. 

D5-Non·DMA Mode 
This bit is only set during the execution phase of a command when the 
floppy controller is being operated in the non-DMA mode. The transition 
from 1 to 0 indicates the completion of a command in non-DMA mode. 

D6-Data Input/Output (DIO) 
This bit indicates the permitted direction of data transfer between the 
system's microprocessor and the floppy controller data register. When 
this bit is a 0, the direction is from the system microprocessor to the 
floppy controller. When this bit is a 1, the direction is from the floppy 
controller to the system microprocessor 

D7-Request for Master (RQM) 
When this bit is a 1, the floppy controller data register is ready for a 
transfer to/from the system microprocessor as indicated by the Data 
Input/Output bit. 
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Data Rate Select Register 
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This write-only register, with the exception of an absent interna1lexternal PLL select 
bit, replicates that used in the 82077 and thus lends itself to compatibility. Drive con­
trol signal timings are changed by modifying the data rates. 

D7 D6 D5 D4 D3 D2 D1 DO 

• • Data Rate Select bits 1, 0 

• • • PRECOMP 2, 1, 0 

• Always Read as 0 

• Power Down 

• Controller Reset 

DI-DO-Data Rate Select Bits 1, 0 
These bits determine the data rate to be used as follows: 

D1 DO MFM 

1 1 1 Mbps 

0 0 500 Kbps 

0 1 300 Kbps 

1 0 250 Kbps 

D4-D2-PRECOMP Bits 2, 1, 0 
These bits are used to adjust the WRDATA output to the disk to compen­
sate for bit shifting, and should normally be written as 0 to select the 
default write precompensation delay of 125 ns. 

Table 8-8 Selectable Precompensation Delays 

PC2 PC1 PCO Precompensation Delay 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

0 

1 

0 

1 

0 

1 

0 

1 

Default 

41.67 ns 

83.34 ns 

125.00 ns 

166.67 ns 

208.00 ns 

250 ns 

0.00 ns - Disabled 
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Table 8-9 DefauH Precompensation Delays 

Default Data Rate Precompensatlon Delay 

1 Mbps 41.67 ns 

500 Kbps 125 ns 

300 Kbps 125 ns 

200 Kbps 125 ns 

D6-Power Down 
This bit is used to activate the internal clocks and also shut off the 
oscillator. 

D7-Controller Reset 
This bit exhibits the same behavior pattern as DOR RESET, with the 
exception of being self-clearing. 

FIFO (Data) Register 
The FIFO (Data) Register buffers the system by 16 bytes to provide a wider latitude of 
DMA latency before over/underrun errors occur. 

Digital Input Register (PC/AT Mode) 

Rev. 1.0 

In all modes, this is a read-only register. For this mode, other than bit 7 being driven, 
all other bits remain tristated. 

07 06 D5 04 03 02 01 DO 

• • • • • • • Tristated 

• Diskette Change 

D7-Diskette Change 
This bit returns the state the Diskette Change signal. (1 = diskette 
changed). 
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Digital Input Register (PS/2 Mode) 

NCR89C105 
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In this mode, the valued of the current data rate is added to the information provided 
in the PC/AT mode. 

07 06 05 04 03 02 01 00 

• High Density Select 

• • Data Rate Select Bits 1, 0 

• • • • Always Read as 1s 

• Diskette Change 

DO-High Density Select 
This bit returns the inverted state of the drive interface DENSEL signal. 
For example, 0 = high density, that is, 500 Kbps or 1 Mbps. 

D2-DI-Data Rate Select Bits 1, 0 
These bits together return the currently selected data rate. 

D7-Diskette Change 
This bit returns the state of the disk interface DSKCHG signal (1 = dis­
kette changed). 
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Digital Input Register (PS/2 Model 30 Mode) 

Rev. 1.0 

In this mode, the significant changes are as follows: inverting bit 7, moving the bit 
positions of the data rate selection bits, and adding DOR and CCR information .. 

07 06 05 04 03 02 01 DO 

• • Data Rate Select Bits 1, 0 

• NOPREC 

• DMAGATE 

• • • Reserved (Read as Os) 

• Diskette Change 

DI-DO-Data Rate Selection Bits 1, 0 
These bits together return the currently selected data rate, reflecting 
their combined settings MFM table rate for the Data Rate Select 
register. 

D2-NOPREC 
This bit returns the NOPREC bit setting value in the Configuration Con­
trol register. 

D3-DMAGATE 
This bit returns the DMAGATE bit setting value in the Digital Output 
register. 

D7-Diskette Change 
This bit returns the inverted state of the disk interface DSKCHG signal 
(1 = diskette changed). 
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Configuration Control Register (PC/AT and PS/2 Modes) 
This write-only register is the Data Rate Select register in the PC/AT mode, with the 
exception ofbits 2 through 7 being always read as O. It is used to select the data rate. 

07 06 05 04 03 02 01 00 

• • Data Rate Select Bits 1, 0 

• • • • • • Always Read as Os 

DI-DO-Data Rate Select Bits 1, 0 
These bits together return the currently selected data rate, reflecting 
their combined settings MFM table rate for the Data Rate Select register. 

Configuration Control Register (PS/2 Model 30 Mode) 

NCR89C105 
Page 8-44 

This is identical to PC/AT and PS/2 modes, with the exception of the NOPREC bit 2. 

07 06 05 04 03 02 01 00 

• • Data Rate Select Bits 1, 0 

• NOPREC 

• • • • • Always Read as Os 

DI-DO-Data Rate Select Bits 1, 0 
These bits together return the currently selected data rate, reflecting 
their combined settings MFM table rate for the Data Rate Select register. 

D2-NOPREC 
This bit in this particular register situation has no function, being reset 
to 0 only on a hardware RESET. 
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Command Structure 

Rev. 1.0 

Command Phases 

Each controller operation is performed in a three-phase sequence. 
• Command Phase 
• Execution Phase 
• Result Phase 

Command Phase 

The command and parameter bytes are written to the floppy Controller Data register. 
The microprocessor must poll the Main Status register before each write to the FDC 
Data register to determine when the controller is prepared to accept a transfer. 

Execution Phase 

The command given to the controller is performed. All data transfers occur in the exe­
cution phase. The FDC will generate an interrupt when it completes the execution 
phase of all commands except the following: 

• Configure 
• Dumpreg 
• Perpendicular Mode 
• Sense Drive Status 
• Sense Interrupt Status 
• Specify 
• Version 

Result Phase 

The results of the given command are read from the FDC Data register by the system 
microprocessor. The microprocessor must poll the Main Status register to determine 
when the floppy controller is prepared. to transfer each byte of the result. The system 
microprocessor must read all result bytes from the controller before attempting to 
send a new command. Some commands do not have a result phase and require the 
issue of a Sense Interrupt Status command to properly terminate. 
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Result Status Registers 

NCR89C105 
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Status Register 0 

The content of this floppy controller internal register is returned to the system micro­
processor during the result phase of most commands. 

07 06 05 04 03 02 01 00 

• • Drive Select Bits 1,0 (DS1, 
DSO) 

• Head Address (H) 

• Always Read as Os 

• Equipment Check (EC) 

• Seek End (SE) 

• • Interrupt Code (Ie) 

DI-DO-Drive Select Bits 1, 0 
These bits indicate which drive interface-Drive Select signal is active, in 
the following manner: 
D1=0, DO=O - Drive 0 selected 
D1=0, DO=1 - Drive 1 selected 
D1=1, DO=O - Drive 2 selected 
D1=1, DO=1 - Drive 3 selected 

D2-Head Address 
This bit indicates which drive head is selected. 

D4-Equipment Check 
Set to a 1 if the track 0 signal fails to occur within 80 step pulses during a 
recalibrate command, or the relative seek command steps the 82077 out 
past track O. 

D5-SeekEnd 
Set to a 1 when the controller completes a seek command (or a read or 
write command with implied seek). 

D7-D6-Interrupt Code 
D7=0, D6=0 - Successful command completion. 
D7=0, D6=1 - Command was started, but terminated abnormally. 
D7=1, D6=0 - Invalid command (never started) 
D7=1, D6=I - Command was started, but terminated abnormally due to 
poI1ing. 
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Status Register 1 

The content of this register is returned to the microprocessor during the Result phase 
of most commands. 

07 06 05 04 03 02 01 00 

• Missing Address Mark (MA) 

• Not Writable (NW) 

• No Data (ND) 

• Always Read as 0 

• Over RunlUnder Run (OR) 

• Data Error (DE) 

• Always Read as 0 

• End of Cylinder (EN) 

DO-Missing Address Mark 
This bit is set if the floppy controller cannot detect the Address ID Mark 
after encountering the media's Index Mark twice. 

This bit is also set if the floppy controller cannot detect the Data Address 
Mark or Deleted Data Address Mark on the designated track. In this 
case, DO of ST2 will also be set. 

Dl-Not Writable 
This bit is set if the floppy controller detects write protection during a 
Write Data, Write Deleted Data, or Format command. 

D2-NoData 
This bit is set under the following conditions: if the controller cannot find 
the sector specified in the ID register during a Read Data, Read Deleted 
Data, Write Data, or Write Deleted Data command; if a Read ID com­
mand cannot read the ID field without error; or if the Read Track com­
mand cannot locate the correct sector sequence. 

D4-0ver RunlUnder Run 
This bit is set if the floppy controller is not serviced in time by the system 
microprocessor or DMA controller during data transfers. 

D5-Data Error 
This bit is set if the floppy controller detects a eRC error reading either 
the ID field or data field on the media. 

D7-End of Cylinder 
This bit is set if the controller tries to access a sector further than the 
final sector of a track. Also set if Terminal Count is not reached after a 
Read or Write Data command. 
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Status Register 2 

The content of this register is returned to the system microprocessor during the 
Result phase of most commands. 

07 06 05 04 03 02 01 00 

• Missing Address Mark in 
Data Field (MD) 

• Bad Cylinder (BC) 

• Always Read as 0 

• Always Read as 0 

• Wrong Cylinder (WC) 

• Data Error in Data Field 
(DD) 

• Control Mark (CM) 

• Always Read as 0 

DO-Missing Address Mark in Data Field 
This bit is set if the floppy controller cannot find a Data Address Mark or 
Deleted Data Address Mark when data is read from the medium. 

DI-Bad Cylinder 
This bit is set when the cylinder number read from the medium differs 
from that in the floppy controller ID register, and the medium cylinder 
number = FFH (bad track with hard error in IBM soft-sectored format). 
This bit is related to D2 in ST1. 

D4-Wrong Cylinder 
This bit is set if the cylinder number read from the medium is different 
than that in the controller's ID register. 

D5-Data Error in Data Field 
This bit is set if the floppy controller detects a CRC error in the data 
field. 

D6-Control Mark 
This bit is set if the floppy controller encounters a sector with a Deleted 
Data Address Mark during a Read Data command, or the opposite (a 
Data Address Mark during a Read Deleted Data command). 
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Status Register 3 

The content of this register is returned to the system microprocessor during the result 
phase of a Sense Drive Status command. 

07 06 05 04 03 02 01 00 

• • Drive Select Bits l, 0 (DSl, 
DSO) 

• Head Address (HD) 

• Always Read as 1 

• Track 0 (TO) 

• Always Read as 1 

• Write Protected (WP) 

• Always Read as 0 

DI-DO-Drive Select Bits 1, 0 
These bits indicate which drive interface DSl, DSO signal is active in the 
following manner: 

Dl=O, DO=O Drive 0 selected 
Dl=O, DO=1 Drive 1 selected 
D1=1, DO=O Drive 2 selected 
Dl=1, DO=1 Drive 3 selected 

D2-Head Address 
This bit indicates the state of the drive interface HDSEL signal. 

D4-TrackO 
This bit indicates the state of the TRKO signal from the floppy drive. 

D6-Write Protected 
This hit indicates the state of the WP signal from the floppy drive. 
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Timing Information 
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All timings were measured at the NCR82077 macrocell boundaries. Timings were 
measured using the 70 0 C., 4.5 V, worst-case process. Actual timing will vary depend­
ing on the output loading and layout. All timings should be verified by the macrocell 
user. Additional delays will be added to the output signals depending on the selected 
drivers and output pads. 

32 MHz 

24 MHz 

RESET 

CONFIG1 

IDENT 

DIR 

STEP 

Figure 8-5 Clock Inputs 

trpw Icrh 

Figure 8-6 Reset Timing 

INDEX ..* tipw "'i\.. _________ _ 
- 1,41 .. --...... 1 'I 

Figure 8-7 Drive Interface Timing 
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Figure 8-8 Register Operation 

A2~ __ ~><~ ___________ >< ___________ ~ 
CSb 

017~ x _____ .J X 

WRb V 
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~ 
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Figure 8-9 Register Write Register Read Operation 

SBus 110 Chipset Data Manual 
NCR89C105 

Page 8-51 



NCR82077 Floppy Disk Controller Core 

NCR89C105 
Page 8-52 

DRQ 

DACKb 

TC 

ROb or 
WRb 

INT 

CSb 

ROb or 
WRb 

DACKb* 

TC* 

007-0 
Read 
Only 

V '\ V 
~drl 

" 

"' .,/ 
tdS ttc 

~ .. ... .. 
tdrq .. .. 

Figure 8-10 DMA Cycle - FIFO Disabled 
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/ i\.. 
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tic 

* Both DACKb and TC must be asserted to terminate the 
data transfer for both DMA and Non-DMA data transfers 

Figure 8-11 Non-DMA Cycle - FIFO Disabled 

/ 
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ORO J 
OACKb 

ROb or 
WRb -----, 

TC __________ ..J/ ,----
Figure 8-12 OMA Cycle - FIFO Enabled 

INTJ 
CSb 

ROb or 

WRb -----, 

OACKb* '_-..J/ 

TC* ------------} ~ \~---
* Both OACKb and TC must be asserted to terminate the 

data transfer for both OMA and Non-OMA data transfers 

Figure 8-13 Non-OMA Cycle - FIFO Enabled 
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RDDATA 

Figure 8-14 Read Data 

WE --r ""' ~ /....--..l-K 
WRDATA~ twr ~I ,------------
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Figure 8-15 Write Data 
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Temperature and Voltage Range = 0° C, Vee = 5 V ± 10%, External Load 1 pF 

Symbol Parameter 

tc1p 32 MHz Clock Period 

tc2h 24 MHz Clock High Time 

tc21 24 MHz Clock Low Time 

t~2p 24 MHz Clock Period 

tci Internal Clock Period 

trpw Reset Pulse Width 

tcfh 
RESET Low to CONFIGl, 
IDENT Change Hold Time 

tdss 
DIR Change to STEP 
Setup Time 

tspw STEP Pulse Width 

tar STEP Rate 

tipw INDEX Pulse Width 

tpw RDb or WRb Pulse Width 

ts 
Address, CSb Setup to 
WRborRDb 

twdv 
Data Valid Before Rising Edge 
ofWRb 

trec Delay between data accesses 

tah Address, CSb Hold Time 

trov Data Valid from RDb Low 

trdh Data Hold from RDb Rising 

twrr Delay from WRbito RDbJ. 

tdrq DRQ Cycle Period 

tddrl 
DACKb Low to DRQ Low -
FIFO Disabled 
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Min 

31.25 

16.67 

16.67 

41.67 

62.5 

125 

5 

1.5 

7 

1 

4 

80 

0 

20 

4 

0 

4 

0 

60 

6.5 

Max 

31.25 

25 

25 

41.67 

250 

8 

15 

0 

20 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J1S 

J1S 

J1S 

tci 

ns 

ns 

ns 

tci 

ns 

ns 

ns 

ns 

J1S 

ns 

Comments! 
Conditions 

See Note 1 

See Note 8 

See Note 2 

See Note 3 
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Temperature and Voltage Range = 0° C, Vcc = 5 V ± 10%, External Load 1 pF 

Symbol Parameter Min Max Unit Comments! 
Conditions 

tds 
DACKb Low to RDb or WRb 
low 

0 ns 

ttc TC Pulse Width 80 ns See Note 4 

tic INT Cycle Period 6.5 I1S See Note 3 

tir 
RDb or WRb low to INT Low - 40 ns 
FIFO disabled 

tfr 
FIFO Read or Write 80 ns 
Recovery Time 

teddl 
DACKb to DRQ Low - FIFO 75 ns See Note 5 Enabled 

tecil 
RDb or WRb High to INT Low 75 ns See Note 5 - FIFO Enabled 

trd RDDATA Pulse Width 50 ns 

tdrr RDDATA Data Rate 1.0 4.0 118 See Note 6 

twdly WE to WRDATA Setup Time 320 ns 

twr WRDATA Pulse Width 125 500 ns See Note 7 

NOTE 1: Internal clock period is a function of the selected data rate. 

Data Rate Frequency Period 

1 Mbs 16 MHz 62.5 ns 

500 Kbs 8 MHz 125 ns 

300 Kbs 4.8 MHz 208 ns 

250 Kbs 4 MHz 250 ns 

NOTE 2: tREc is defined as the time between successive read or writes. tWRREc is 
defined as the time between a data register write and main status regis­
terread. 

NOTE 3: DRQ and !NT cycle period is dependent on the selected data rate and the 
FIFO enable. The following values are valid if the FIFO is disabled: 

• 1 Mbs - 6.5J.Ls 
• 500 Kbs -1311S 
• 300 Kbs - 21.611s 
• 250 Kbs - 2611S 
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NOTE 4: TC pulse width is determined by TC and DACKb both being active. The 
combined width must be at least two 24 MHz clock periods. 

NOTE 5: DRQ or INT will remain asserted until the FIFO is filled or emptied. The 
DACKb (DMA enabled) or WRb, RDb falling (DMA disabled) that fills or 
empties the FIFO will remove DRQ or INT until the FIFO reaches the 
configured threshold. DRQ or INT will be reasserted. 

NOTE 6: RDDATA data rate is determined by the floppy tape drive or tape drive. 
The values are: 

• 1 Mbs -LOllS minimum 
• 500 Kbs - 2.011s minimum 
• 300 Kbs - 3.311S minimum 
• 250 Kbs - 4.011s minimum 

NOTE 7: WRDATA pulse width is based on the selected data rate. The values are 
2 X tCI: 

• 1 Mbs - 2 X 62.5 = 125 ns 
• 500 Kbs - 2 X 125 = 250 ns 
• 300 Kbs - 2 X 208 = 416 ns 
• 250 Kbs - 2 X 250 = 500 ns 

NOTE 8: Step Rate time is selected by a SPECIFY command. Failure to issue a 
specify command before issuing a Recalibrate or Seek command or 
implied seek will cause unpredictable results. 
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The following application note describes some of the differences between the Intel 
82077AA standard part and the NCR82077 Floppy Disk Controller Core (FDCC). 
These operations were verified by actual system testing. 

The main operational difference is that the FDCC does not pass data through the 
FIFO except in the execution phase of the command. Software that does not sample 
the Main Status register before writing a command byte or reading a result byte must 
allow sufficient time for one of the internal state machines to process the write or 
read. This time is four internal clock periods. The internal clock period is a function of 
the selected data rate. The internal clock period for 500 Kbs data rate is 125 ns. The 
user can write or read the FIFO/data register then read the Main Status register 
within 60 ns. The recommended user operation is to write or read the FIFO/data reg­
ister, read the Main Status register until the RQM and DIO bits indicate the FDCC is 
ready for another write or read of the FIFO/data register during command or result 
phases. 

The data sheet for the 82077 AA implies that the device supports overlapped seeks. 
The floppy disk controller core of the 82077 AA supports overlapped seek as does the 
core of the NCR82077. The core uses its internal drive selects to select a drive and 
issues a step pulse to each drive selected. Iffour drives are seeking at the same time, 
the core issues a burst of four step pulses, one for each drive. However, the actual 
drive selection is done using the DOR register. The DOR register must be written to 
select a drive and turn the motor on for the drive. It would be difficult to write the reg­
ister and select different drives between the step pulses issued by the core. There 
would be no way to synchronize the drive selected with the proper step pulse. The 
user is cautioned to select and seek to only one drive at a time. 

Detailed information on programming the counter modes and sample timing dia­
grams can be found in any standard 82077 data sheet. 

Additional information on implementation of soft macrocells in a chip design can be 
found in the NCR application note for soft macrocells. 

A full logic schematic of the 82077 design can be provided for modification in cases 
where the designer needs only a portion of the full macrocell. NCR assumes no respon­
sibility for the functionality of a soft macroceU which has been altered in this manner. 
For more information, please contact your NCR Field Applications Engineer. 

Compatibility Verification Procedures 

The design and verification of a high-level ASF is directed towards functional 
compatibility with the existing standard part. The ASF is designed and verified to 
match data sheet functionality (when possible), then additional steps are taken to 
match undocumented functionality. 

Creation of a Compatibility Model 

A compatibility model of the new ASF is generated from published sources of 
information on the standard part including functional specifications, data sheets, 
application notes, review sheets and errata sheets. Exceptions to standard part 
behavior or function will be identified. 
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Utilization of Industry Consultants 

NCR utilizes the advice of industry consultants who are highly knowledgeable 
about the operation of the standard part. This additional data includes features 
and functions which would be apparent to someone who is very familiar with the 
functionality of the part, but would not necessarily be covered in available 
documentation. 

Use of Hardware Modeling Techniques and Extraction of 
System Patterns for Design Verification 
Compatibility test vectors for the part are developed from two sources. First, a 
device model is created on a hardware modeling system (HML) to create test 
vectors based on the actual operation of the industry standard part. A second set 
of vectors is generated by extracting functional and timing information from the 
compatibility documentation and creating patterns based on this information. 

In-system Test and Firmware Verification 
To ensure that the ASF is truly representative of the standard part's functionality, 
a system test is executed on new sample parts. The test includes the following 
system parameters to detect any incompatibilities or inconsistencies: 

• Selection of controllers and systems 
• Special test programs 
• System diagnostics 
• Selection of operating systems 
• Selection of application programs 

Final Test Plan 
Throughout the compatibility verification process, final test procedures for the 
ASF are emphasized. The NCR compatibility procedures provide assurance that 
the ASF will function as the standard part does with documented exceptions 
where warranted. 

Kit Parts 
Provision of kit parts that are plug-compatible with the existing standard part is a 
very important aspect of in-system verification. The availability of kit parts allows 
the customer to verify ASF operation and compatibility with the existing system 
design and software. Kit parts also provide a convenient way to bread-board 
"System Solutions in Silicon." 
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Frequently Asked Questions 
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Will SunSoft support the chipset? 

The functions (SCSI, Ethernet, serial communication controllers, floppy disk 
controller) implemented in the chipset will be backward compatible with the 
devices which currently exist. These functions are all either the same ones 
that were used in earlier Sparcstations or a superset of these devices. New 
drivers are included in the Solaris 2.1 release from SunSoft which take advan­
tage of both enhancements to the devices and new functions in the chipset 
(such as the parallel port). 

How far is the NCR89CI05 from SS-1O compatibility for the 
uniprocessor version? 

The NCR89C105 contains a subset of the logic necessary to implement an 
SS-10 multiprocessing system. It contains one of the required four sets of 
timers and one interrupt controller. For a uniporocessor SS-lO implemen­
tation, the C105 includes the hooks necessary to allow it to work .. 

How compatible is the SCSI device in the NCR89Cl00 with the 
SCSI device in the SS-IO? 

The DMA2 bus mastering I/O functions in the SS-lO are identical to the 
functions integrated in the NCR89C100. Specifically, the SCSI in the 
SS-10 is the same core included in the C100 master device. It is capable 
of operating at 10 MB/s synchronous transfer and 7 MB/s asynchronous 
transfer. 

When will the SCSI drivers be able to take advantage of the 
10 MB/s data rate available in the NCR89CI00? 

The SunSoft release of Solaris 2.1, which is now available, takes advan­
tage of the fast SCSI capability included in the C100. 

How fast can the SCSI in the NCR89CI00 execute asynchronous 
ata transfers? 

The SCSI core in the C100 device is capable of transferring data at 
7 MB/s asynchronously and 10 MB/s synchronously. 

Will these devices be compatible with a 64-bit SBus Version B.O 
system? 

These devices should work in a system which is capable of performing 
64-bit transfers in accordance with SBus Version B.O due to the fact that 
version B.O is to be fully backward compatible. They have not been tested 
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in any B.O systems, however. It should be noted that while these devices 
should work in a 64-bit SBus system, they will not be able to take advan­
tage of the extended (64-bit) transfers. 

Is it necessary to provide SCSI termination or is it provided on the 
NCR89CI00? 

There is no SCSI termination on the CIOO device. It is recommended that 
active termination be used for any implementation of the fast SCSI and 
that active termination also be used for the slower speeds to provide bet­
ter margins on the timing. 

How does the POR circuitry work on the NCR89CI05? Is the entire 
POR circuit included on the chip or is it necessary to include addi­
tional external circuitry? 

There is a pin on the NCR89CI05 which looks for a signal from a power 
monitor chip to determine when it needs to reset the SBus. There is no 
power sensing circuitry on the NCR89CI05 except for the digital signal 
that comes from the external POR circuitry. 

What range of EPROM addressing is the NCR89CI05 capable of? 

The CI05 can access up to 16 MBytes of memory. 

Will Verilog models for both devices be available? 

There are no plans to include the Verilog models as a part of the chipset. 

Will the NCR89CI00 work with an LXT901 Universal Ethernet Inter. 
face Adapter? 

The NCR89CIOO is capable of working with any of the Ethernet adapters 
supported by the industry standard 7990 Ethernet controller. At this 
time, all system testing has been done with the T72I3 Dual Interface Sta­
tion Chip from AT&T. A special AUIITP select pin is designed in that 
directly interfaces to the T7213 to determine which output mode to use. 

Will the 16·byte FIFO for the floppy controller in the NCR89CI05 
allow floppy accesses at the lMhit/s data rate? 

Even with the addition of the I6-byte FIFO for the floppy, it is believed 
that there is not enough buffering to allow IMbitis floppy accesses. Possi­
bly, with a highly tuned driver, the system could respond fast enough to 
prevent underflow/overflow of the FIFO. The 82077 itself is capable of 
reading the data at the IMbitis data rate. 

How does extending the memory error timeout from 25.6 us to 102.4 
us improve the performance of the Ethernet controller? 

The memory error timeout has been extended because of the way that the 
cache is drained in the DMA2 portion of the NCR89CIOO. The cache is 
organized as two lines of 8 words each, and has a number of different con­
ditions which can initiate a drain. When the cache starts to drain to clear 
a line for the transfer, the Ethernet controller can begin to start trying to 
transfer data into the cache. The cache will not be ready to accept the 
data until it has drained the line where the data will be stored. In the 
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worst case situation, this will take longer than the 25.6 us which the 
7990 is set to wait, causing a memory timeout error and requiring that 
the Ethernet controller be reconfigured before it can be used again. 

By increasing the memory timeout error time to 102.4 us, the worst case 
cache drains are given time to complete and the data is then successfully 
moved into the cache from the Ethernet controller. Because of the rapid 
internal transfers from the Ethernet FIFO to the DMA2 cache (effectively 
a second level of buffering) and the depth of both buffers, the data will 
successfully be transferred before an overflow of the Ethernet FIFO can 
occur. The increase of the timeout error eliminates the unnecessary 
reporting of an error which the system is designed to prevent. This, in 
turn, prevents the need to reconfigure the Ethernet core each time the 
timeout shows up. 

Can the chipset handle the 12.5 MHz SBus operation in accordance 
with IEEE P1496? 

At this time, no testing has been done below the original low SBus oper­
ating range of 16.67 MHz. It is believed that the chipset itself should 
function correctly at 12.5 MHz, but that the lower speeds would introduce 
SBus latency problems in a system. 

Can the Ethernet core support chained transfers? 

The Ethernet core in the NCR89C100 is compatible with the industry 
standard 7990 Ethernet controller. This device supports chained buffer 
transfers. 

Can the PS/2 keyboard be supported with the 8530 interface? 

The only way to support a PS/2 keyboard with this chipset is to use the 
generic 8 bit expansion slot off of the NCR89C105 slave device to inter­
face to the keyboard controller. It is recommended that a Sun-compatible 
keyboard be used, as the hooks are already in place and there is a dedi­
cated keyboard channel in the chipset. 

How many crystals are needed to support all chipset features? What 
are their operating frequencies? 

The crystals needed are as follows: 

NCR89C100 
• NCR89C100 
• SCSI crystal-40.0 Mhz 
• NCR89CI05 

NCR89CI05 
• 8530 SCC crystal-19.66 Mhz 
• 82077 crystal-24.0 Mhz 
• 82077 crystal-32.0 Mhz 
• Timers-1 0.0 Mhz (clock input - not oscillator) 

These are the crystals which directly tie to the devices in the chipset. In 
addition, both devices share a connection to the SBus clock and an 
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optional JTAG clock. The Ethernet controller receives its' clock from the 
T7213 DISC, which requires a 20.0 Mhz crystal. It should be noted that 
while the crystals above have been broken ouy by the chip that the clock 
is used on, all of the crystals are connected to oscillators on the C100, and 
the required clocks are then output to the C105. The timer clock in the 
C105 ca be obtained by dividing the 40.0 Mhz SCSI crystal. The 32.0 Mhz 
clock for the floppy is only used in systems which require the 1 Mbps data 
rate. If 500 kbps is the highest rate required, this crystal can be left out. 

Does the chipset support atomic transfers? 

The DMA2 is not set up to perform atomic transfers on the SBus. It 
appears at the time that this is being written that atomic transfers are 
being eliminated with IEEE P1496 standardization of the SBus. 

Does the NCR89CI05 do byte or word acknowledges on the SBus for 
the 8 bit devices that it supports? 

The C105 will always do a single byte transfer across the SBus when 
transferring data from any of the devices on the 8 bit expansion bus, 
including the 82077 and both 8530s internal to the part. Some of the 
other registers in the device are organized as words and half-words and 
do take advantage of the larger bus sizing. 

Does the chipset support rerun? 

The NCR89C100 master will support rerun as part of the function of the 
DMA2 core. The NCR89C105 is not capable of requesting a rerun. 

How are the interrupts cleared out of the interrupt circuitry? 

The interrupts are cleared by disabling and then re-enabling them in the 
interrupt controller registers. Responding to an interrupt will clear it 
out. 

Why doesn't the chipset support 16 word bursts? 

The chipset does not support 16 word bursts because it would require 
larger buffers and the initial target systems will not be able to utilize a 
16 word burst. 

Have any bandwidth studies been done on the chipset? 

No formal studies of the bandwidth of these devices on the SBus have 
been done aside from what falls out of normal system debug and testing. 
It should be noted, however, that the greatest impact on system band­
width will typically be a function of the SBus controller chip. This is due 
to the overhead of the address translation and the time required to grant 
the bus. 

Will the NCR89CIOO support differential SCSI operation with exter­
nallogic? 

The NCR89C100 is set up to run exclusively in single-ended mode. The 
additional pins that would be required for differential SCSI are not avail­
able. 
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Why is the processor timer configurable as either a 64-bit or 22-bit 
timer? Why is it not always a 64-bit counter? 

The processor timer is configurable for either 64-bit or 22-bit operation to 
maintain compliance with system architecture specification that it was 
designed to. 

Is it possible to support multiple instances of the devices in the same 
system? 

The devices can appear multiple times upon the same SBus. There can be 
one NCR89C100 master device per slot, and each of these may be paired 
with an NCR89C105 slave device in the same slot. It would also be possi­
ble, by adding an inverter to the system, to place two NCR89C105s in the 
same SBus slot. 

What systems can the SBus 1/0 demonstration board run on? 

The SBus 110 demonstration board that we provide is targeted for a 
SPARCstation 2 running the Solaris 2.1 DIS. The board can be plugged 
into a SPARCstation 2 running Sun DIS 4.1.x and successfully boot, how­
ever there is difficulty getting all of the drivers under the DIS to work. 
This is due to the fact that both the serial and floppy driver can only sup­
port one device in the system. When the board is plugged in, a second 
floppy controller and a second serial controller (in addition to the devices 
already in an SS-2) are introduced. Special drivers have been developed 
under Solaris 2.1 that recognize the serial and floppy ports on the 110 
board, rather than the ones resident on the SS-2. These drivers will be 
sent to all customers who have an SBus 110 board when the Solaris 2.1 
release of the board becomes available. 

In addition, the Sun DIS 4.1.x drivers are not able to take advantage of 
the fast SCSI port (10 MB/sec) or the parallel port, as these features did 
not exist when the drivers were written. The Solaris 2.1 OIS is the first 
OIS designed specifically to work with the NCR89C100 and NCR89C105 
devices. As such, the drivers utilize all of the new features that the 
chipset offers. For this reason, Sun is not supporting any DIS prior to 
Solaris 2.1 on the new workstations that they are shipping with the 
chipset (SPARCstation LX and SPARC Classic). 

What configuration does the floppy controller in the NCR89CI05 
operate in? 

The floppy controller in the NCR89C105 is configured internally to run in 
the PCI AT mode. 

I) What is the relationship between all of the interrupt signals on the 
NCR89CI05 and the system interrupts? 

The way that the interrupt controller in the 89C105 works is that it col­
lects all of the interrupts in the system and then feeds them to the pro­
cessor over the mO_irq lines. The interrupts collected include ones found 
on the SBus (sb_irq_[7:1]), ones internal to the C105 (floppy, serial, 
kbdlmse, timers), and ones external to the C105 (SCSI, Enet) and possi­
bly an asynchronous HW interrupt from the processor, depending on 
which processor is used. The follwing diagram shows how each of these 
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interrupts comes in and goes out of the chip. 

Enet Int 

SCSIInt 

sb_irCl-[7:1 ] 

Asynch HW Int 

NCR89C105 

Interrupt 
Controller 

Floppylnt~ 

Timer Ints ~ 

KbdlMse Int-" 
SerialInt ~ 

The interrupt control section of the data manual shows a listing of how 
each of the interrupts coming into the CI05 is mapped to the interrupt 
bus coming out. The relationships are as follows: 

Level 0 - 15: this is the interrupt level output by the CI05. This corre­
sponds to output lines mO_irCl-[3:O]. 

SBus L(1-7): these are the SBus interrupt levels, sb_irCl-[7:1] 

In addition, each of the other sources is mapped to a level on mO_irCl­
lines and are listed. Level 15 is the highest interrupt level possible. 

One thing that is worth noting here when designing a system using both 
the CI00 and CI05 is that the CI05 has pins for the SCSI and Enet inter­
rupts but not for the parallel port interrupt. The parallel port interrupt 
should be taken from the ClOO pin and put on SBus level 2, which will 
cause it to appear as Level3 on the mO_irCl- lines. 

Because the demonstration board plugs into an SPARCstation 2, which 
already has its' own interrupt controller, the PALs were added to handle 
this. All of the interrupts from the ClOO and CI05 are placed back on the 
SBus through the PALs, allowing them to be seen by the SS2 interrupt 
controller. It is also possible to write a register to set any of the SBus 
level interrupts which will go directly to the CI05, allowing the user to 
observe how the CI05 handles the interrupts off of the SBus. Note that 
although the internal interrupt circuitry in the CI05 works on the demo 
board, the interrupts will come out on the mO_irCl- lines and will be 
placed on the SBus to be seen by the SS2 controller. 
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How do the enables work on the drivers for the parallel port? 

The parallel port is designed so that there are direction signals for the 
Data lines, Data_strobe_L, Acknowledge_L, and Busy signals. This 
direction signal will guard the CIOO device from any problems, as it has 
full control of these signals. On the demo board, the output enables are 
tied high on the BCT245 and the ABT240. This will not cause any prob­
lems for the CIOO. It is necessary for the designer to make sure that it 
will not cause any problems for the devices that are intended to be used 
with the parallel port. There is some opportunity to define what the par­
allel port will actually be like in the system that is designed and to 
design for a desired data transfer protocol. Again, this should be targeted 
to the devices that will be used by the parallel port. The paralle port 
implementation shown here is very similar to the one that is used in the 
LX, Classic and S81O. It is Centronics compatible (unidirectional, mas­
ter writes) and capable of "Xerox mode" (master write/read) and "IBM 
mode" (master write, slave read). These protocols are identical in their 
write (output) mode used for pport printers. The input modes are the 
only ones that differ. Looking at the "Bidirectional Parallel Port Inter­
face" section of the DMA2 chapter of the data manual should help clarify 
this. 

Is the Power Fail signal on the NCR89CI05 edge or level sensitive? 

This signal is level sensitive. 

Where is the parallel port interrupt signal connected to the interrupt 
controller? 

The parallel port is intended to interrupt at SBus level 2. It does not 
actually tie directly to the CI05, but instead ties to the SBus level2 inter­
rupt signal (the sb_p_irCL pin is open-drain). The CI05 monitors the 
seven SBus interrupt signals and will then recognize the parallel port 
interrupt. 

Will the NVRAM access 1 Mbyte? 

The space reserved for both the TOD and NVRAM chip is I MByte wide. 
Any space outside of the TOD portion can be used for NVRAM. If you 
choose to use this entire space, it is necessary to take this into consider­
ation when designing the EBus address latch. 
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Sample Kit Errata Information 
In the early stages of the NCR SBus I/O chipset, the sample parts contain six known 
differences from the actual production version of the chipset. This section details 
these differences. Sample versions of the devices can be found in early sample kit 
packages, on early demonstration boards and in early small quantity sample orders. 
There are a number of ways to detremine if a part is a sample version or not, as 
described below. 

An NCR89CI00 can be recognized as a sample part if it has the label NCR89Cl 00-ES 
(Engineering Sample) or if it has the part number 0390771. The production version 
will have the part number 0391159 or 0391120 and will not have the -ES marking. 
Also, the label MACIO B.l will indicate that the part is a sample version. 

An NCR89CI05 can be recognized as a sample part if it has the label NCR89CI05-ES 
or if it has the part number 0390814. The production version will have the part num­
ber 0391187 or 0391167 and will not have the -ES marking. Also, the label SLAVIO 
B.2 will indicate that the part is a sample version. 

It should be noted that while there are slight differences between the sample and pro­
duction versions of each of these parts, these differences are very minor and should 
not hinder system debug efforts using these devices. 

WARNING: The earliest sample parts were distributed with a paper label designed to 
look like the mark that will be placed on the production parts. These labels are flam­
mable and can NOT be subjected to high heat, such as in a wave solder or vapor phase 
machine. 

NCR89C100 Errata 
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92C990 Multicast Addressing 

There is a special condition where a multicast addressed packet on the Ethernet can 
leak through the logical address filter in the 92C990. This condition occurs when the 
rising edges of the RCLK and TCLK signals align with the internal multicast abort 
signal, causing the abort signal to be masked. The production silicon is designed to 
insure that the abort signal is recognized in all variations of RCLK and TCLK 

92C990 Loss of Carrier 

When the 92C990 loses the carrier, it will try 16 times to obtain the signal. After the 
16th failed try to recover the carrier, the part should report a loss of carrier. If, how­
ever, a collision is detected on the 16th try, the industry standard part will not report 
the loss of carrier, while the 92C990 in the sample silicon will still report this error. In 
the production silicon, the loss of carrier error is masked in the situation where a col­
lision occurs during the 16th retry. 

92C990 Stop/In It 

When the 92C990 is issued a Stop command, it is necessary to reset the part before 
issuing an Initialize command. This is because the receiver may be receiving data 
when the Stop command is sent, and it will continue receiving data while other parts 
of the controller halt, potentially corrupting the data. It will be unnecessary to reset 
the part after a Stop command in the production version of the part, as this has been 
corrected. 
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85C30 Break Status 

When parity is enabled in the full function 85CaO SCC and a break occurs, a Special 
Condition Receive interrupt is reported when it actually should be reported as an 
External Status Change interrupt. This occurs due to an internal inversion of the par­
ity signal. This is not an issue with the 85CaO keyboard/mouse controller. The correct 
polarity of the parity signal is used in the production version of the parts. 

85C30 Break Interrupt 

When an external status interrupt occurs, signifying the end of a break condition, the 
85Ca.o should simultaneously generate a break for external status and received data 
(a null byte). The version of the 85CaO in the sample silicon (both serial ports and key­
board/mouse ports) will generate the external status interrupt immediately and then 
take up to one receive clock to generate the receive data interrupt. Software drivers 
designed to automatically respond to the receive data interrupt first will access the 
null byte before it is ready to transfer, causing a sequencing error in the part. The pro­
duction parts are modified to generate these two interrupts simultaneously. 

EPROM Address Space 

In the sample version of the NCR89CI05, the address space for the EPROM on the 
EBus is limited to 4 megabytes. In the production version of the part, this address 
space is extended to 16 megabytes. 
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SBus Demonstration Board 
The NCR 8Bus 110 Chipset Demonstration Board is intended for use in a 8PARCsta­
tion 2 workstation and occupies two 8Bus slots. A boot prom is included on this board 
that will allow an 88-2 to boot and create a space in the device tree for each of the 
devices found on the board. This section contains address maps, PAL equations, and 
schematics for the demo board. 

Demo Board Address Map 
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Following is the base address map for each of the devices on the demonstration board. 
Note that these addresses differ from the addresses given in each of the chip-level 
address maps of the NCR89CIOO and NCR89CI05 found in their respective sections. 

NCR89CI05 Address Map 

PA[27:0) Device 

000 0000 -> 3ff fiIf Boot PROM 

0400000 -> 047 fiff Keyboard. Mouse. Serial Ports 

0480000 -> 04b ffff TOD/NVRAM 

04c 0000 -> 04d fiIf General Purpose (Gen. Port) 

0500000 -> 053 fiIf floppy Controller 

054 0000 -> 05f ffff Reserved 

0600000 89C105 Configuration Reg. 

064 0000 -> 067 fiIf Auxiliary I/O Registers 

0680000 Diagnostic Message Register 

06c 0000 Modem Register 

070 0000 -> 071 fiIf Reserved 

0740000 -> 077 fiIf Counter/timers 

078 0000 -> 07b fiIf Interrupt Controller 

07c 0000 System Control/Status Register 

NCR89ClOO Address Map 

PA[27:0) 

1000000 

120 0000 -> 120 OOOf 

1200010 -> 12000H 

1cO 0000 -> 1cO OOH 

1400000 -> 140003f 

1600000 -> 1600003 

Device 

DMA2 Internal ID Register 

DMA2 ESP Registers 

DMA2 Ethernet Registers 

DMA2 Parallel Port Registers 

SCSI Controller Registers 

Ethernet Controller Registers 
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This section contains the equations used to program the PALs and GALs which are 
found on the demonstration board. The programmable devices are labeled both on the 
demonstration board and in the schematic as REGO, REG1, and INT_CTL. 

Register 0 (REGO) 

module _regOOO flag '-r3'; 
title' write control for register 0' 

regOOOdevice 'P22V1 0'; 

SB_CLK,DO,D1,D2,D3,D4,D5,D6,D7 pin 1,13,11 ,10,9,8,7,6,5; 
GENCS_L,EB_ WR_L,A2,SB_RESET_L pin 4,3,2,23; 

GENERIC_RDY_L,INT_ENABLE,INT_SELECT pin 22,21,19; 
PFD,MODERR_L,IV_ERROR,MSCIRQ pin 18,17,16,15; 
REGO_CS_L,VALID_CYCLE pin 14,20; 

write_cycle = (!GENCSJ. & !EB_ WR_L & !A2); 

equations 

!REGO_CSJ. := !GENCS_L & !A2 & SB_RESET_L If !REGO_CS_L & GENERIC_­
RDY_L & SB_RESET_L; 

INT_SELECT := !GENCS_L & DO & SB_RESET_L & !EB_ WR_L & lA2 If INT.J3E­
LECT & SB_RESET_L & !write_cycle; 

lMODERR_L := lGENCS_L & D1 & SB-.RESET_L & lEB_ WR_L & !A2 If !MOD­
ERRJ. & SB_RESET_L & lwrite_cycle; 

lMSI_IRQ := !GENCS_L & D2 & SB_RESETJ. & !EB_ WR_L & !A2 4/ !MSI_IRQ & 
SB..RESET_L & !write_cycle; 

lPFD := lGENCSJ. & D3 & SB_RESETJ. & !EB_ WRJ. & !A2 If !PFD & SB_RE­
SET_L & !write_cycle; 

lIV.-ERROR := !GENCS_L & D4 & SB_RESET_L & !EB_ WR_L & lA2 4/ IV_ERROR & 
SB..RESET_L & lwrite_cycle; 

VALID_CYCLE := !GENCS_L & SB_RESET_L; 

INT_ENABLE := VALID_CYCLE & D5 & !EB_ WR_L & !A2 If INT_ENABLE & 
SB_RESET_L & lwrite_cycle; 

lGENERIC_RDYJ. := VALID_CYCLE) 4/ (IGENERIC..RDY_L & lGENCS_L & 
SB..RESET_L); 
end 
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Register 1 (REG1) 

module _regll1 flag '-r3'; 
title' write control for register I' 

reg111 device 'P22V1 0'; 

SB_CLK,DO,D1,D2,D3,D4,D5,D6,D7 pin 1,13,11 ,10,9,8,7,6,5; 
GENCS_L,A2,EB_ WR_L,SB_RESET_L pin 4,3,2,23; 
!NT_SEL pin 22; 

IOSBJRQ7 _L,IOSB_ffiQ6_L,IOSB_ffiQ5_L,IOSB_ffiQ4_L pin 20,19,18,17; 
IOSBJRQ3_L,IOSB_ffiQ2..L_MUX,IOSB_ffiQ1..L pin 16,15,14; 
REGCCS..L pin 21; 

write_cycle = (!GENCS..L & !EB_ WR_L & A2); 

equations 

!REGl_CS_L := !GENCS_L & A2 & SB_RESET_L # !REGCCS_L & GENCS_L & 
SB_RESET_L; 

!IOSB_ffiQLL := !GENCS_L & A2 & !EB_ WR..L & D6 & SBJU;SET_L # !IOS­
B_ffiQ7..L & SBJU;SET_L & !write_cycle; 

IIOSB_mQ6_L := !GENCS_L & A2 & !EB_ WR_L & D5 & SB_RESET..L # !IOS­
B_ffiQ6..L & SB~ESET_L & !write_cycle; 

!IOSB_mQ5..L := !GENCS_L & A2 & !EB_ WR_L & D4 & SB_RESET_L # IIOS­
B_mQ5_L & SB_RESET_L & !write_cycle; 

!IOSB_mQ4_L := !GENCS_L & A2 & !EB_ WR_L & D3 & SB_RESET_L # !IOS­
B_mQ4..L & SB_RESET_L & !write_cycle; 

!IOSB_ffiQ3_L := !GENCS_L & A2 & !EB_WR..L & D2 & SB_RESET..L # !IOS­
B_ffiQ3..L & SB_RESET_L & !write_cycle; 

!IOSB_mQ2_L_MUX := !GENCS..L & A2 & !EB_ WR_L & D1 & SB_RESET_L # !IOS­
B_ffiQ2_L_MUX & SB_RESET_L & !write_cycle; 

!IOSB_mQI_L := !GENCS_L & A2 & !EB_ WR..L & DO & SB_RESET_L # !IOS­
B_mQ1..L & SB~ESET_L & !write_cycle; 

end 

Rev. 1.0 
SBus liD Chipset Data Manual 



Interrupt Control Register (INT _CTL) 

module _inLctl flag '-r3'; 
title' Interrupt control logic for 10 test board' 

int_ctl device 'P16V8C'; 

SLAVIO_IRL3,SLAVIO_IRL2,SLAVIO_IRL1,SLAVIO_IRLO pin 5,4,3,2; 
10_SB_INTR_L2_MUX,INT_SELECT,SB_RESET_L,PP _IR'LL,DISK_IR'LL,ETlfE 
R_IR'LL pin 1,6,7,8,9,11; 
INT_ENABLE pin 17; 

10_SB_INTR_L2,IO_INTERRUPr,ETHERNET,SCSI,PARALLEL pin 19,18,15,14,13; 

SLAVIO_INT = [SLAVIO_IRL3,SLAVIO_IRL2,SLAVIO_IRL1,SLAVIO_IRLO]; 

equations 

!lO_SB_INTR_L2 = (!PP _IR'LL & INT_ENABLE & INT~ELECT) # (!IO~B_IN­
TR_L2_MUX & INT_ENABLE & !INT_SELECT); 

10_INTERRUPT = (INT-.ENABLE) & (SLAVIO_INT != J\bOOOO) ; 

ETHERNET = INT_ENABLE & !ETHER_IRQJ.; 

SCSI = INT_ENABLE & !DISK_IRQJ.; 

PARALLEL = INT_ENABLE & !PP _IR'LL; 

end 

Demo Board Schematic 

Rev. 1.0 

The following pages contain the complete schematic for the NCR SBus 110 demonstra­
tion board. 
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Revision History 

Revision Date Comments 

First Draft February 13, 1992 Incorporated redlines from Jim 
Dexter, Ron Lee, Raymond Ho, 
Binh Pham. 

Second Draft August 13, 1992 Incorporated redlines from Ray 
Ho, Binh Pham, Jim Dexter. 

Third Draft October 19, 1992 Incorporated redlines from Mike 
Cavanaugh, Ron Lee, Stefen Boyd, 
Brian Healy, Chau Nguyen, Binh 
Pham, Ben Toy, Jim Dimino, Ken 
Kochi, Ron Rose, Harvey Siegel, 
Raymond Ho, Francisco De Anda, 
Scott Hickman, Elaine Miller, and 
Jim Dexter. 

Forth Draft November 23,1992 Peter Palm, Geoff George, Binh 
Pham, Loren Chan, Raymond Tam, 
Ken Kochi, Kaamel Kermaani. 

FCS May 2,1993 Jim Dexter, Binh Pham, Raymond 
Ho, Mike Cavanaugh, Chau 
Nguyen, Loren Chan, Mark 
Elgood, Peter Palm, Brian Healy. 
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