
( 

,,; \ ... Convergent Technologies 



l 
\ 

Convergent Technologies 

Workstation Hardware Manual 



Specifications Subject to Change. 

Convergent Technologies, Convergent, CTOS, CT-BUS, IWS, 
EWS, and MWS are trademarks of Convergent Technologies. 

Multibus is a trademark of Intel Corporation. 

First Edition Revised (April 1981) A-09-00016-01-B 

Copyright © 1981 by Convergent Technologies Inc. 



Table of Contents 

Page 

Preface. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • x,1 v 

1. System Architecture 

2. 

Overview •••••••••••••••••••••••••••••••••••••••••••••••• 
The mainframe ••••••••••••••••••••••••••••••••••••••••••• 
Memory •••••••••••••••••••••••••••••••••• . . . . . . . . . . . . . 
Input/output •••••••••••••••••••••••••••••••••••••••••••• 
Multibus interface. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1-1 
1-2 
1-5 
1-8 
1-8 

Functions and Interfaces (Processor and I/O-Memo11 Boards) 

Dual bus organization •••••••••••••• 
Local and multibus separation ••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Local bus interface ••••• 

2-1 
.• 2-4 

2-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
y,.,.,.~1 Tin h .. .., ~ ... +.,.. .... .P ............... 
.-v-....,\,4...a.. .,,_, V U\AU .L.14'°"'VJ. ..L.CL~V O . . . . . . . . . 
Multibus interface ••• , ••••• ~·····,···· 
Multibus master access •••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Multibus slave access •••••••••.•••••••••••••••••••••••• 
Priorities .••.•••...•.••••••...•..•.•• . . . . . . . . . . . . . . 
Bus timeout •••••••••••••••••••••••••••.••• 

The 8086 and 
The 8086 

8087 processors •••••••••••••••• . . . . . . . . . . 
CPU ••••••••••••••••••••••••••• . . . . . . . . . . . . 

The 8087 numeric data processor ••••• . . . . . . . . . . . . . . . 
Software interface ••••••••••••••••••••• . . . . . . . . . . 

8086 CPU •••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8087 NDP ••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Memory interface •••••••••••••••••••••••. . . . . . . . . . . . . . 
Address space •••••••••••••••••••••••••.••••••• 
ROM memory ••••••••••••••••••••••••••••••••••••••• 

. . . . . . . 
RAM memory •••••••••• . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . 
Multibus/Local-bus memory mapping ••••••••••••••••••••• 
Software interface •••••••••••••••••••••••••••••••••••• 

Parity error register (PER) •••••••••••••••••••••• 
I/O and control interfaces •••••••••••••••••••••••••••••• 

I/O peripheral devices and channels •••••••••••••••••• 
I/O circuits and registers •••••••••••••••••••••••••••• 
DMA Control ••••••••••••••••••••••••••••••••••••••••••• 
Interrupt Control ••••••••••••••••••••••••••••••••••••• 
Keyboard Control and LEDs ••••••••••••••••••••••••••••• 
Interval Timer ••••••••••••••••••.••••••.•••••••••••••• 
I/0-Memory Board LEDs and Audio •••••••• . . . . . . . . . 
Communications Control •••••••••••••••••••••••••••••• 
I/O Control Register (!OCR) ••••••••••••••••••••••••••• 
Parity Error Register (PER) ••••••••••••••••••••••••••• 
Printer Status Register (PSR) •• . . . . . . . . . . . . . . . . . . . . . . . 

i 

,., t:. 
c.-u 

2-7 
2-7 
2-8 
2-8 
2-9 
2-10 
2-10 
2-10 
2-13 
2-13 
2-16 
2-20 
2-20 
2-20 
2-23 
2-26 
2-27 
2-27 
2-29 
2-29 
2-30 
2-30 
2-30 
2-31 
2-31 
2-31 
2-31 
2-32 
2-32 
2-33 



Attribute Register (SAR) ••• 
Disk Control (FDC) •••••••• 

Disk Control (WDC) •• 

Screen 
Floppy 
Winchester 
Software 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
interface •••••••••••• . . . . . . . . . 

DMA Transfers •••••••••••••••••.•• . . . . . . . . . . . . ... 
General operating characteristics ••• . . . . . 
Channel uses •••••••••• . . . . . . . . . . . . . . 
Multibus Access. 
Communications ••• 

... . . . . . . . . . . . . . . . . . . . . . 
Disk ..••..........•. . . . . . . . . . . . . 
Video Refresh ••••••••••••••••• . . . . . . . . . 
Bus exchange •••••••• 
Address generation. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Communication and Video Addresses ••••••••• . . . 
Disk Addresses ••••••••••••••••• . . . . . . . . . . . . . . . 
Software interface •••••••••••••••• . . . . . . . . . . . . ... 

8237-2 DMA controller •••••••• 
DMA extended address register (EAR) •• . . . . . . . . . . . 

Interrupts ....... .............. . . . . . . . . . . . . . . . . . . . . . . 
Non-maskable interrupts. 
Power Failure ••••••••••• 
Parity Error ••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . ) ...... . 
Memory Write-protection •••••••••••• . . . . . . . 
Bus Timeout ••••••••••••• . . . . . ... " ... . . . . . . . . . . . . 

1) •• 
Maskable interrupts ••••.• 
Communications (Level 
Internal Timer (Level 

..... . . . . . . . . . . 
Printer Keyboard, 

3) •• 
real time clock 

8087 Level 4 •••.••••••.•••• 

. . . . . . . . 
and . . . . . . . . . . . . . . . . . . . . . ~ . Disks (Level 7) ••••••••••••••••••••• 

Software interface ••••••••••••••••.••••••• . . . . . . 
8259A interrupt controller ••••••••••• 
I/O control register (IOCR) 
8253 interval timer ••••••••• . . . . . . 

Multibus interface ••••• . . . . . . . . . . . . . 
Signal lines. . . . . . . . . . . . . . . . . . 
Form factor •••.••• . . . . . . . . . . . . . 
Transfers across the interface ••••• 
Modes of operation •••••••••••••••••••••••• 
Bus priority resolution. . . . . . . . . . . 
Interrupts ......... .................. . 

Communications interface •••••••••••••••••• 

• • ...... . . . . . . . 
. . . . . . . . . . . . . 

. ... . . . . . . . . . . . . 
Channels .............................. . . . . . . . . . . . . 
Transfer control •••••••••••••••••••••••••••• . . . . . . . 
Switch-selectable clocks ••• 
Extended control register •• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Software interface ••.•••••.••••••••••••••• . . . 

Z-80A serial I/O (SIO) controller ••••••••• .. 
SIO extended control register (ECR) ••••••••• 
SIO interrupt acknowledge register (IAR) •••••• 

Keyboard inter face . .......................... . . . . 
Keyboard/mainframe communication functions ••••••••• 
Data formats ............................... . . . . . . . . 

ii 

2-33 
2-33 
2-33 
2-34 
2-35 
2-35 
2-37 
2-38 
2-38 
2-40 
2-40 
2-42 
2-43 
2-43 
2-43 
2-47 
2-47 
2-53 
2-55 
2-55 
2-58 
2-58 
2-58 
2-59 
2-59 
2-59 
2-59 

2-59 
2-60 
2-61 
2-61 
2-70 
2-75 
2-80 
2-80 
2-80 
2-80 
2-84 
2-84 
2-85 
2-88 
2-88 
2-88 
2-91 
2-91 
2-92 
2-92 
2-97 
2-100 
2-102 
2-102 
2-102 



Software interface ••••••••••••••••• . . . . . . . . . . . . . . . 
8251A communication interface •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • •••••• Printer interface ••••••• 

Software interface •••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . 
Utilities ............................................. . 

Programmable LEDs and audio •••••••••••••••••••••••• 
Hardwired LEDs •••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . 

Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Power supply ........................................ . 
Autorestart function •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Reset ••••••••••••••••••••••••• . . . . . . . . . . . . . . . . . . . . . 

3. Mainframe Motherboard 

Multibus priority resolution logic •• 
Cluster communications termination •• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
References ••••••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Edge-connector pin list. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Jumpers •••••••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . 

4. Processor Board 

Overview ......................•........•............... 
Operation by logic block •••••• 
The dual bus architecture ••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Control of the local bus drivers. 
Processor ready logic ••••••••••••• 

. . . . . . . ~ . . . . . . . . . .. . . . . . . . ... 
Bus timeouts ••••••••••••• . . . . . . . . . . . . . . . . . . . . . 

The 8086 microprocessor •••••••••••••••••••••••••••••••• 
The 8087. o ••• o •••••••••••••••••••••••••• . . . . . . . . . . . 
The RAM controller •.•••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Memory read cycles. 

Memory write •••••••••••• 
Column address strobe. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Parity logic •••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Parity writing •••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . Parity reading and checking •••• 
Interrupt control l~gic •••••••••••••••• . . . . . . . . . . . . 
Direct memory access (DMA) ••••••••••••••••••••••••••••• 
Multibus slave READY generation. • ••••• . . . . . . . . . . . . . 
Non-Multibus READY generation •••••••••••••••••••••••••• 
Multibus interface •••••••••••• . . . . . . . . . . . . . . . . . . . . . . . 

Multibus master mode ••••••••• . . . . . . . . . . . . . . . . . . . . 
8289 Multibus handshake •••••••••••••••••••••••••••••• 
Acquiring multibus •••••••••••••••••••••••••••••••• 
Multibus master mode operation ••••••••••••••••••••••• 
Command address and data bus control 

during master mode ••••••••••••••••••••• • • • • • • 
LOCK access to Multibus •••••••••••••••• . . . . . . . . . . . . . . 
Slave mode ••••••••••••••••••• ~ •••••••• . . ' . . . . . . . . 
Multibus 

Boot PROMs 
slave transfer acknowledge logic •• 

0 e 0 0 e D D e 0 0 e e 0 0 0 0 0 e e e 8 0 0 0 0 • 0 e e 0 8 

. . . . . . . . . . . 
AC characteristics •••••••••••••••••••••••••••• . . . . . . . . . 

iii 

2-104 
2-104 
2-109 
2-111 
2-113 
2-113 
2-113 
2-115 
2-115 
2-115 
2-116 

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

4-1 
4-1 
4-3 
4-4 
4-6 
4-8 
4-8 
4-11 
4-11 
4-12 
4-13 
4-13 
4-14 
4-14 
4-14 
4-15 
4-18 
4-21 
4-22 
4-23 
4-23 
4-23 
4-24 
4-26 

4-27 
4-28 
4-29 
4-31 
4-31 
4-33 



DC characteristics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • • 0 • • • • • • • • • • • • • • • . . . . . References 

Edge-connector 
Connector 
Connector 

pin list ... ................ . . . . 
J2 ••••••••••• . . . . . . . . . . . . . . . . . . . 
J3 . ......... . . . . . . . . . . . . . . . . . . 

Jumpers • ••••••••••••••••••••••••••• . . . . . . . . . . . . . . . . 
Switches ... .... • ................................... . 
The memory addressing decode PROM. . . . . . . . . . . . 
LED indicators ...................................... . 
Test points ••••.•••••••••••••••••••••••• .. • • • 
I/0-Port addresses vs. functions •• . . . . . . . . . . . . . . 
Device pin functions •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

8086 HMOS microproocessor •••••••••• . . . . . 
8284 Clock driver •••• . . . . . . . . . . . . . . 

arbiter ...................... . . . . . . 8289 Bus 
8288 Bus controller ••••••••••••• . . . . . . . . . . . . 
8237-2 DMA controller ••••.••••• 
8259A Interrupt controller ••••• 

. . . . . . . . . . . . . . . . . . . . . 
5. I/O Memory Board 

Overview . ...................... . . . . . . . . . . . . . . . . . . . . . . 
Operation by logic block ••••• . . . . . . . . . . . . . . . . 

AC 
DC 

The RAM array. . • • • • • • • • • . • • • • • • • • • • ••••••••• . .. 
I/O 
The 

Disk control interface (DC!) ••••••• . . . . 
address decode • ••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I/O control register 

Control bits of the 
(IOCR). 
IOCR •. . . . . . . . . . . . . . . . . . . . . . . 

Status bits of the !OCR ••••• . . . . . . . . . . 
Speaker LESs and switches ••• . . . . . . . . . . . . . . . . 
Programmable timer ••••• 
Keyboard interface ••••• 
Line printer interface •• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ...... 
Real time clocks ••••••••••••••••••• . . . . . . . . . • •• 
Power fail detect •••••••••••••••••••••••••• . . . . . . 
Write protection •••••• . . . . . . . . . . . . . . . . . . . . . . . 
Communications ••••••••••••••••••••••••••• . . . . . . . 

Non-DMA transfers between 
DMA transfers between memory 

8086 and 
and the 

the SIO ••• 
SIO •••••• 

Programming the ECR ••••••••••••••••••••••••• 
• ••• . . . . . . . . . . . . . Multidrop driver control ••••••••••••• 

Multidrop receiver clock detect •• 
Baud rate clock source selection ••• . . . . . . . . . . . 
Channel B level changers •••••• . . . . . . . . . . . . 
Channel B level changers •••••••• . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . characteristics •••• 

characteristics .•••••••••• . . . . . . . . . . ... . . 
References .... ..................... . . . . . . . . . . . . . 

Edge-connector 
Connector 
Connector 

Jumpers •.•••••• 

pin list. . . . . . . . . . . . . . . . . . . . . . . . . 
J4 •• 
J5 •• 

. . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Switches ...... .................. . . . . . . . . . . . . . . . . . 
iv 

4-42 
4-44 
4-44 
4-44 
4-45 
4-48 
4-48 
4-48 
4-49 
4-49 
4-49 
4-50 
4-50 
4-57 
4-62 
4-68 
4-72 
4-79 

5-1 
5-1 
5-3 
5-5 
5-7 
5-7 
5-9 
5-10 
5-11 
5-11 
5-12 
5-12 
5-13 
5-13 
5-13 
5-14 
5-14 
5-15 
5-15 
5-16 
5-16 
5-16 
5-18 
5-18 
5-19 
5-30 
5-32 
5-32 
5-32 
5-33 
5-36 
5-36 



Programmable LED and audio •••••••• . . . . . . . . . . . . . . . . . . . 
Test points ......................................... . 
I/O Port addresses and functions •••••••••••• • • • • • 
Device pin functions ••••••••••••••••••••••••••••••••• 

8251A USART ••••••••••••••••••••••••••••••••••••• 
8253 programmable timer ••••••••••••••••••••••••• 
Z80A SI0/2 ......... ................. . • • • • • • • 

6. RAM Expansion Board 

Overview •••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Operation by logic block •• . . . . . . . . . . . . . . . . . . . ' . . . . . . . . . 
AC 
DC 

The RAM array . ...................................... . 
ROM Expansion board ••••••••••••••• Buffering for 

characteristics •• 
characteristics ••••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
References •••••••••• 

Edge-connector 
Connector 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
pin list. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
J 1 ••••••••••• . . . . . . . . . . . . . . . . . . . . . . . 

Jumper •••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1. ROM Expansion Board 

Overview . ..•..•......................•................. 
Operation by logic block ••••••••••••••••••••••••••••••• 
AC characteristics ••••••••• 
DC characteristics •••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
References •••••••••• 

Edge-connector 
Connector 

pin 
J1. 

. . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
list. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Switches ••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8. Video Control Board 

Functional description and software interfaces ••••••• 
Display characteristics ••••••••••••• . . . . . . . . . . 
Character map ••••••••••• . . . . . . . . . . . . . . . . . . . . . . 
Video control logic ••••••••••••••••••• . . . . • • 
DMA transfers •••• •..•••••••...•••..•.••••••••••.• 
Software interface •••••••• . . . . . . . . . . . . . . . . . . 

Screen attribute register •••••••••••••••••• 
Character map ••••••••••••••••••• • • • • • 
Font RAM ••••••••••••••••••••••••• " ••••••••• 

Operation by logic block ••••••••••••••••••••••••••••• 

AC 

Bus interface •••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Row buffers ...•...•.•.•.....•.•.•... . . . . . . . . . . 
Attribute logic ••••••••••••••••••••••••••••••••• 
Video generator ••••••••••• . . . . . . . . . . . . . . . . . . . . 
Main control ..•.••••••.••.••.•••..•..•.•••••••.• 
Microcode word • •••••••••••••••••••••••••••.••••• 
Controller operation ••••••••••••••••••• . ..... . 
Timing chain .................................••. 

characteristics ••••••••••••••••••••••••••••••••••• 

v 

5-36 
5-37 
5-37 
5-38 
5-39 
5-46 
5-49 

6-1 
6-1 
6-1 
6-3 
6-5 
6-6 
6-7 
6-7 
6-7 
6-8 

7-1 
7-1 
7-4 
7-5 
7-6 
7-6 
7-6 
7-7 

8-1 
8-1 
8-2 
8-2 
8-6 
8-8 
8-8 
8-11 
8-14 
8-16 
8-16 
8-19 
8-21 
8-22 
8-25 
8-29 
8-32 
8-34 
8-37 



DC characteristics •••••••••••• . . . . . . . . . . . . . . . . . . . . . 
References •••••••••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . 

Edge-connector pin list ••• 
Jumper •••••••••••• 
Test points ••••••• 
I/O port address. 

. . . . . . 
• • • • • . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • ••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9. Keyboard 

Functional description and software interface. . . . . . 
Writing to the keyboard ••••••••• . . . . . . . . . . . . . . 

Operation ••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . 
DC characteristics ••••••••••••••••••••• . . . 
References ••••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . 

Connector Pin list •••••••••••••••••••••••••••••• 
LED indicators ........................... . • • 
Test points ••••••••••••••• . . . . . . . . . . . . . . . . . . . . 

10. Video Monitor (CRT) 

. . . . . . . . . . ... Functional description ••••••••••••••••• 
Operation by circuit block ••.••••.•• 

Horizontal deflection ••• 
Horizontal regulator •••••••• 
Vertical deflection •••••••• 

. . . . . . . . . . . . • ••• 

Bias supply and dynamic focus •••••••••••• . . . . 
Video amplifier •••••••••••••• . . . . . . . . . . . . . . . . 
Power •••••••••••• ..... . . . . . . . . . . . . . . . . . . . 

Adjustment procedures ••••••••• . . . . . . . . . . . . . . . . . . . 
References . ....................... . . . . . ...... . . . . . . . . . . . . . . . . Connector pin list ••••••• 

Potentiometers •••••••••••• . . . . . . . . . . . . . . . 
11. Console Switches 

Function ••••• . . . . . . . . . . . . . . . . . . . . . . . . . . 
References ..... ..................................... . 

Connectors ••••••••••••••••••••••••••••••• . . . . . 
LED indicator •••••••• . . . . . . . . . . . . . . . . . . . . . . . . . 

12. Power Supply 

Functional description ••••••• . . . . . . . . . . . . . . . . . . . . 
AC 
DC 

. . . . . . . . . . . . . . . characteristics •••••••••••••••• 
characteristics •••••••••••• . . . . . . . . . . .... 

References ••••••• 
Connectors •• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Jumper ••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

vi 

8-38 
8-52 
8-52 
8-54 
8-54 
8-54 

9-1 
9-1 
9-6 
9-7 
9-8 
9-8 
9-8 
9-8 

10-1 
10-1 
10-1 
10-2 
10-2 
10-2 
10-4 
10-4 
10-5 
10-6 
10-6 
10-6 

11-1 
11-3 
11-3 
11-3 

12-1 
12-3 
12-4 
12-5 
12-5 
12-5 



Glossary 

Appendix A. 

Appendix B. 

Appepdix C. 

•••••••••••••• 0 ••••••••••••••••••••••••••••••••• A-1 

IEEE 796 (Multibus) Standard •..•••.•.••.••.•. B-1 

Environmental Characteristics ••.••••••.••..•• C-1 

Workstation Switch and Jumper Settings ••.•.•• D-1 

vii 



Figure 

1-1 
1-2 
1-3 
1-4 
2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 
2-10 
2-11 
2-12 
2-13 
2-14 
2-15 
2-16 
2-17 
2-18 
2-19 
2-20 
2-21 
2-22 
2-23 
2-24 
2-25 
2-26 
2-27 
2-28 
2-29 
2-30 
2-31 
2-32 
2-33 
2-34 
2-35 
2-36 
2-37 
2-38 
2-39 
3-1 
3-2 
3-3 
3-4 
3-5 

List of Figures 

Title 

Workstation System Overview ••••••••••••••••••••••••• 
Workstation Mainframe ••••••••••••••••••••••••••••••• 
Memory Address Space •••••••••••••••••••••••••••••••• 
Memory-Mapping Between the Local Bus and Multibus ••• 
Mainframe Block Diagram ••••••••••••••••••••••••••••• 
8086 Address Generation ••••••••••••••••••••••••••••• 
8086 Instruction Set •••••••••••••••••••••••••••••••• 
8086 Instruction Set (Continued) •••••••••••••••••••• 
8087 Instruction Set •••••••••••••••••••••••••••••••• 
8087 Instruction Set (Continued) •••••••••••••••••••• 
Memory Capacity and Address Space ••••••••••••••••••• 
ROM Memory Space • ••••••••••••••••••••••••••••••••••• 
RAM Configurations (kilobytes) •••••••••••••••••••••• 
Parity Error Register (PER) ••••••••••••••••••••••••• 
DMA Block Diagram ••••••••••••••••••••••••••••••••••• 
DMA Priorities and Characteristics •••••••••••••••••• 
Location of Communication and Video Buffers ••••••••• 
Communication and Video Address Generation •••••••••• 
Disk Address Generation ••••••••••••••••••••••••••••• 
8237-2 Register Formats ••••••••••••••••••••••••••••• 
DMA Extended Address Register (EAR) ••••••••••••••••• 
Interrupt Priorities and Functions •••••••••••••••••• 
Interrupt Block Diagram ••••••••••••••••••••••••••••• 
8259A Initialization Sequence ••••••••••••••••••••••• 
8259A Initialization Command Words •••••••••••••••••• 
8259A Operation Command Words ••••••••••••••••••••••• 
8259A Status Registers •••••••••••••••••••••••••••••• 
8259A Instruction Set Summary ••••••••••••••••••••••• 
I/O Control Register (!OCR) ••••••••••••••••••••••••• 
8253 Control Word ..••.........•............•..•....• 
Multibus Pin Assignments •••••••••••••••••••••••••••• 
Multibus Form Factor •••••••••••••••••••••••••••••••• 
Maskable Interrupt Expansion on Multibus •••••••••••• 
Communication Channel Characteristics ••••••••••••••• 
RS-232 and RS-422 Pinouts ••••••••••••••••••••••••••• 
SIO Write Registers ••••••••••••••••••••••••••••••••• 
SIO Read Registers •••••••••••••••••••••••••••••••••• 
SIO Extended Control Register (ECR) ••••••••••••••••• 
SIO Interrupt Acknowledge Register (IAC) •••••••••••• 
8251A Control/Status •••••••••••••••••••••••••••••••• 
Printer Connector Pinout •••••••••••••••••••••••••••• 
Printer Status Register (PSR) ••••••••••••••••••••••• 
Programmable LED's and Audio •••••••••••••••••••••••• 
Edge-Connector Pin List ••••••••••••••••••••••••••••• 
Edge-Connector Pin List ••••••••••••••••••••••••••••• 
Edge-Connector Pin List ••••••••••••••••••••••••••••• 
Edge-Connector Pin List ••••••••••••••••••••••••••••• 
Edge-Connector Pin List ••••••••••••••••••••••••••••• 

viii 

Page 

1-3 
1-4 
1-7 
1-9 
2-3 
2-11 
2-14 
2-15 
2-17 
2-18 
2-21 
2-22 
2-25 
2-28 
2-36 
2-39 
2-41 
2-45 
2-46 
2-52 
2-54 
2-56 
2-57 
2-65 
2-66 
2-67 
2-68 
2-69 
2-72 
2-79 
2-82 
2-83 
2-87 
2-89 
2-90 
2-95 
2-96 
2-99 
2-101 
2-108 
2-110 
2-112 
2-114 
3-4 
3-5 
3-6 
3-7 
3-8 

2/81 



3-6 
3-7 
3-8 
3-9 
3-10 
3-11 
3-12 
3-13 
3-14 
3-15 
3-16 
3-17 
3-18 
3-19 
4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 
5-1 
5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
6-1 
6-2 
7-1 
7-2 
8-1 
8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 
8-9 
8-10 
8-11 
8-12 
8-13 
8-14 
8-15 
8-16 
8-17 
8-18 

Edge-Connector Pin List ••••••••••••••••••••••••••••• 3-9 
Edge-Connector Pin List ••••••••••••••••••••••••••••• 3-10 
Edge-Connector Pin List ••••••••••••.••••••••••••••.• 3-11 
Edge-Connector Pin List ••••••••••••.•••••••••••••••• 3-12 
Edge-Connector Pin List ••••••.•••••••••••••••••••••. 3-13 
Edge-Connector Pin List ••••••••••••••••••••••••••••• 3-14 
Edge-Connector Pin Li st.. • • • • • . • • • • • • • • • • . • • • • • • • • • • 3-15 
Edge-Connector Pin List ••••••••••••••••••••••••••••• 3-16 
Edge-Connector Pin List •••••••••••••.••••••••••••••• 3-17 
Mainframe Motherboard Schematic ••••••••••••••••••••• 3-18 
Mainframe Motherboard Schematic ••••••••••••••••••••• 3-19 
Mainframe Motherboard Schematic •••••.•.••••••••••••• 3-20 
Mainframe Motherboard Assembly Drawing •••.•••••••••• 3-21 
Mainframe Motherboard Assembly Drawing •••••••••••••• 3-22 
Processor Board Block Diagram ••••••••••••.•••••••••• 4-2 
8086 CPU Chip . ... o • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4-56 
8284 Clock Generator •••••..•••.••••••••••••••••••••• 4-61 
8289 Bus Arbiter •.••••••••••••••••••.••••••••••••••• 4-67 
8288 Bus Controller ••••••••••••.••••.•••.••••••••••• 4-71 
8237-2 DMA Controller •••••••.•••••••...••••••••••••. 4-78 
8259A Interrupt Controller •••••••••.•••••••••••••••• 4-82 
Processor Board Schematics •••••••••••••••.•••••.•.•• 4-83 
Processor Board Assembly Drawing ••••..•••••••••••••• 4-85 
I/0-Memory Board Block Diagram •••••••••••••••••••••• 5-2 
I/O Address Decode Signals •••••.•••••••••••••••••.•• 5-8 
Extended Control Register Bits ••••••..••••••••••••.• 5-17 
8 2 5 1 A u SAR T 0 0 Cl ••• 0 0 •• e ••••••••••• e • • • • • • • • • • • • • • • • • • 5-4 5 
8253 Programmable Timer ••••••••••••••.••.•••••••.••• 5-48 
Z80A SI0/2 a e 0 •••••• 0 •••••••••••••••••••••••••••••••• 5-55 
I/0-Memory Board Schematic •••••••••.••••.•.••.•••••• 5-56 
I/0-Memory Board Assembly Drawing ••••••••.•••••••••• 5-62 
RAM Expansion Board Schematic •••••••••..•••.•••••••• 6-9 
RAM Expansion Board Assembly Drawing •••••••••...•••• 6-11 
ROM Expansion Board Schematic ••••••••••••.•••••••••• 7-8 
ROM Expansion Board Assembly Drawing •.•••••••••••••• 7-9 
Video Control Board Data Paths ••••••••••••.••..••••• 8-4 
Screen Attribute Register (SAR) •••••••.••..••.•••••• 8-10 
Character Map Format for 132 char/row .••••.•..••..• 8-12 
Character Map Format for 80 char/row ••••••.•••.••••• 8-13 
Font RAM Addressing and Data •••••••••••••••••••••••• 8-15 
Video Board Block Diagram ••••••••••••••••••••.••.••• 8-17 
Bus Interface" 11 ••••• o. e • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 8-18 
Row Buffers ••••••••••••••••••••••••••••••••.•••••••• 8-20 
Font RAM Attribute Logic and Video Output •.•.••••••• 8-24 
Block Diagram of Main Control Section .•••••••••••••• 8-26 
Video Control - Simplified Flow Chart ••••.•••••••••• 8-27 
DMA Request Control Lines •••••••.•••••••••••••••••.• 8-28 
Microcode Word ... o •••••••••••••••••••••••••••••••••• 8-30 
Video Timing Parameters ••••••••••••.•••••.•••••••••. 8-36 
Video Timing Flow Chart ••••••••••••••••••.••••••.•.• 8-55 
Video Control Flow Chart ••••••••••••.••••..••••••••• 8-56 
Video Control Flow Chart •••.•••••••••••••••••••••••• 8-57 
Video Board Schematic ••••••.••••.••••••••••.•••.•••. 8-58 

ix 



8-19 
9-1 
9-2 
9-3 
9-4 
9-5 

10-1 
10-2 
10-3 
11-1 
11-2 
11-3 
12-1 
12-2 

Video Board Assembly Diagram •••••••••••••••••••••••• 
Li st of Keys •.••••.••••••••••••••••.••.••••.•••••.•• 
Map of Keyboard •.• ••••.•••••.•••••••••.••••.•••••••• 
Data Format for Keyboard Output ••••••••••••••••••••• 
Keyboard Schematic and Assembly Drawing ••••••••••••• 
Keyboard Assembly Drawing ••••••••••••••••••••••••••• 
CRT-Display Block Diagram ••••••••••••••••••••••••••• 
Video Monitor Schematic ••••••••••••••••••••••••••••• 
Video Monitor Assembly Drawing •••••••••••••••••••••• 
Switch and Fuse Locations ••••••••••••••••••••••••••• 
Con so le Schematic . ................................. . 
Console Assembly Drawing •••••••••••••••••••••••••••• 
Adjustment Potentiometers ••••••••••••••••••••••••••• 
Power Supply Wiring Diagram ••••••••••••••••••••••••• 

x 

8-64 
9-2 
9-3 
9-4 
9-9 
9-10 
10-3 
10-8 
10-10 
11-2 
11-4 
11-5 
12-6 
12-7 



GUIDE TO TECHNICAL DOCUMENTATION 

This Manual is one of a series that documents the 
Convergent™ Family of Information Processing 
Systems. The series includes: 

o Technical Summary 

o Workstation Hardware Manual 

o Peripherals Hardware Manual 

o Central Processing Unit 

o CTOS™ Operating System Manual 

o Executive Manual 

o Editor Manual 

o BASIC Manual 

o FORTRAN Manual 

o COBOL Manual 

o Pascal Manual 

o Assembly Language Manual 

o Debugger Manual 

o Utilities Manual 

o Data Base Management System Manual 

o 3270 Emulator Manual 

o System Programnter's Guide 

o Operator's Guide 

This section outlines the contents of these 
manuals. 

The Technical Summary briefly describes the 
hardware and software of the Convergent Family of 
Information Process.ing Systems. It summarizes 
the other manuals in one volume. It may be 
helpful to read this overview before reading the 
other manuals. 
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The Workstation Hardware Manual describes the 
mainframe, keyboard, and video display. It 
specifies system architecture, printed circuit 
boards (motherboard, processor, I/0-memory, video 
control, ROM expansion, and RAM expansion), 
keyboard, video monitor, Multibus interface, 
communications interfaces, power supply, and 
environmental characteristics of the workstation. 

The Peripherals Hardware Manual describes the 
disk subsystems. It specifies the disk 
controller motherboard, controller boards for the 
floppy disk and the Winchester disks, power 
supplies, disk drives, and environmental 
characteristics. 

The Central Processing Unit describes the main 
processor, the 8086. It specifies the machine 
architecture, instruction set, and programming at 
the symbolic instruction level. 

The CTos• Operating System ~anual describes the 
operating system. It specifies services for 
managing processes, messages, memory, exchanges, 
tasks, video, disk, keyboard, printer, timer, 
communications, and files. In particular, it 
specifies the standard file access methods. 

The Executive Manual describes the command 
interpreter, the program that first interacts 
with the user when the system is turned on. It 
specifies commands for managing files and 
invoking other programs such as the Editor and 
the programming languages. 

The Editor Manual describes the text editor. 

The BASIC, FORTRAN, COBOL, Pascal, and Assembly 
Language Manuals describe the system's 
programming languages. Each mannual specifies 
both the language itself and also operating 
instructions for that language. For Pascal, the 
manual is supplemented by a popular text, Pascal 
User Manual and Report. 

The Debugger Manual describes the Debugger, which 
is designed for use at the symbolic instruction 
level. Together with appropriate interlistings, 
it can be used for debugging FORTRAN, Pascal, and 
assembly language programs. (BASIC and COBOL, in 
contrast, are more conveniently debugged using 
special facilities described in their respective 
manuals.) 
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The Utilities Manual describes miscellaneous 
programs such as the Linker, which links together 
separately compiled object files, and the 
Asynchronous Terminal Emulator. 

The Data Base Management System Manual describes 
the data base management system. It specifies 
( 1) the data definition language, which defines 
the logical structure of data bases and 
separately defines their physical organization, 
( 2) the host language interfaces for accessing 
data bases from each of the system's programming 
languages, and (3) the utilities for creating, 
loading, unloading, and reorganizing data bases. 

The 3270 Emulator Manual describes the 3270 
emulator package. 

The System Programmer's Guide addresses the needs 
of the system programmer or system manager for 
detailed information on operaating system 
structure and system operation. It describes (1) 
diagnostics, ( 2) procedures for customizing the 
operating system, and (3) system utilities 
normally used only by a system programmer or 
manager, for example, Initialize Volume, Backup, 
and Restore. 

The Operator's Guide addresses the needs of the 
average user for operating instructions. It 
describes the workstation switches and controls, 
keyboard function, and floppy disk handling. 
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PREFACE 

INTENDED AUDIENCE 

SOFTWARE CONTENT 

The Workstation Hardware Manual deals with the 
mainframe (processing, memory and I/0-control portions 
of the system), the keyboard and the video subsystem 
for a workstation configuration of the system. The 
Peripherals Hardware Manual deals with the mass 
storage (floppy disk and Winchester disk) portions of 
the system. 

The manual is intended for OEM engineers who will test 
or service the system electronics. It is not, 
however, intended as documentation of production-level 
testing nor is it designed to support modifications of 
the hardware. Convergent Technologies does not 
support modifications to its boards other than those 
predetermined by design, such as jumper options; the 
only provision for user additions to the system are 
through the Multibus* interface slots on the mainframe 
and through the conventional serial and parallel I/O 
connectors on the mainframe. 

The system contains several programmable peripheral 
I Cs and registers. All of these are either 
initialized to default conditions by the standard 
operating system during power-up/Reset and/or they are 
supported with preprogrammed routines in the system 
library that can be bound to user's application 
programs. In addition, the operating system's 
interrupt service processes often reinitialize or 
modify the operation of this circuitry. 

The descriptions given under the "Software Interface" 
sections of certain chapters document the interface 
between these software events and the hardware. With 
this exception, the manual concentrates exclusively on 
hardware. 
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CONVENTIONS 

REFERENCES 

All numbering of bits in a word, bits on a bus line 
and I/0-port addresses is done in hexidec imal 
notation, with decimal equivalents included in 
parentheses for reference to CT software manuals. For 
example, the 20 bi ts in an address are numbered from 
O, the least significant bit, to 13 (19 decimal), most 
significant bit; the signal lines on 16-bit data 
buses are numbered from 0 to F (0 to 15, decimal). 

Signal names use plus (+) and minus (-) suffixes to 
distinguish active-high from active-low, res-
pectively. For example, 

Signal Logical Voltage 
Name State Level 

RD- 0 (active) Low 
1 (inactive) High 

RD+ 0 (inactive) Low 
1 (active) High 

* Multibus is a trademark of Intel Corporation. 
Throughout this manual the name is used as a 
synonym for the IEEE 796 Microcomputer System Bus 
Standard, which is derived from the Multibus. 

The convention usad here corresponds to the Multibus 
convention as follows: 

CT 
Convention 

RD­
RD+ 

Multibus 
Convention 

RD/ 
RD 

IEEE 796 
Convention 

RD* 
RD 

In all other respects, our convention is the same as 
the Multibus convention. 

There is a reference section at the end of most 
chapters in this manual. These sections contain a 
variety of lists summarizing hardware-related 
functions. The append ices at the end of the manual 
contain additional reference material. 

Since the system contains several programmable devices 
whose hardware functions and software interfaces are 
only briefly summarized in this manual, readers are 
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likely to want occassional reference to the following 
manufacturer's literature: 

Intel 8086 Family User's Manual 
Intel Component Data Catalog 
Zilog Z80A-SIO Technical Manual 

Several new terms are introduced in the course of this 
manual. Generally, they are explained when first used 
but the Glossary at the end of the manual gives 
explanations of these terms. 
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OVERVIEW 

1. SYSTEM ARCHITBCTURE 

The workstation system supports interactive 
single-job, multi-task data processing. It can 
be operated in either a stand-alone or multi-drop 
(distributed) environment. 

The configuration has many similarities with 
larger mainframe computers: substantial main 
memory is available (up to 1 megabyte), hard disk 
storage is available either directly to the user 
or through a shared-disk cluster, and rapid pro­
cessing and I/O are possible. 

The system is dissimilar to larger mainframes, 
however, in that the system operator is usually 
the principal user; a high-resolution CRT moni­
tor and a keyboard with programmable functions 
are integral parts of the operator's interface. 
Moreover, a convenient and widely-used bus struc­
ture (Multibus) is provided in the dual-bus 
architecture for the addition of user-designed 
hardware. 

Figure 1-1 gives an overview of the system ar­
chitecture. A high-performance 16-bi t 8086 mi­
croprocessor forms the heart of the system and 
ultimately controls alt activity. The internal 
bus (called the CT-BUS m or "local bus") for the 
workstation system supports the following re­
sources: 

o video control and high-resolution CRT 
video display monitor. 

o 8086 central processor, with optional 
8087 coprocessor for hardware floating­
po int operations. 
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THE MAINFRAME 

o ROM or PROM, up to 144 kilobytes. 

o Dynamic RAM, up to 992 kilobytes. 

o Disk control interface, to external hard 
and floppy mass storage subsystems. 

o DMA controller, for high-speed I/O in 
transfers involving video, disk and com­
munications, and Multibus. 

o Interfacing for two serial communications 
channels, one of which can be controlled 
by the DMA logic. 

o Keyboard interface and keyboard. 

o Centronics-compatible parallel printer 
interface. 

o A programmable interval timer. 

o Interrupt control for local and Multibus 
interrupts to the 8086 CPU. 

o A standard IEEE 796 (Multibus) interface 
for two or four user-supplied boards. 

The local bus, which operates asynchronously with 
and is electrically separate from the Multibus, 
has its own high-speed protocol for access by the 
local resources it supports. The memory is the 
only local-bus resources accessible from the 
Multibus. 

The workstation configuration includes an opera­
tor's keyboard and CRT monitor. Other configura­
tions of the system may not include the keyboard 
or CRT. 

Figure 1-2 illustrates the mainframe for a work­
station configuration. It is a set of hardware 
components that includes a processor (CPU) board, 
an I/0-memory board, a motherboard (backplane), a 
video control board, a console (system switches), 
a power supply and a fan. The mainframe may 
optionally control a RAM expansion board, a ROM 
expansion board, and two or four Multibus 
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Figure 1-1. Workstation System Overview 
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Figure 1-2. Workstation Mainframe 
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MEMORY 

boards. If both the RAM and ROM expansion boards 
are installed, they are stacked onto one main­
frame motherboard connector. All boards in the 
mainframe are contained in a single physical 
enclosure, although different types of enclosures 
are used in different mainframe configurations. 

The processor board includes the following pro­
grammable integrated circuits: 

o 8086 central processing unit (5 MHz, 
standard; 8 MHz, optional). 

o 8087 numeric data processor (optional) 
for high-speed arithmetic operations. 

o ROM or PROM, up to 16 kilobytes. 

o A four-channel DMA controller (8237-2 or 
9517. 

o An 8259A eight-level interrupt controller 
for maskable interrupts from the local 
bus or the Multibus. 

The I/0-memory board includes these integrated 
circuits: 

o Dynamic RAM, up to 512 kilobytes. 

o Z-80 SI0/2 serial I/O controller for 
dual-channel communication interfacing. 

0 8253 interval timer, 
baud-rate generation 
tion. 

for communications 
and user applica-

o 8251 A UART for asynchronous interfacing 
to the operator's keyboard. 

Figure 1-3 illustrates the system's memory-ad­
dress space. The maximum 1-megabyte (1024-kilo­
byte) space is illustrated, although many systems 
will have only a portion of this space populated 
with memory chips. 

RAM memory occupies the low addresses and can 
expand to higher addresses in a variety of incre­
ments. The lowest space in RAM contains the 
interrupt table, the operating system, and the 
I/O buffers. 
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ROM memory occupies the high addresses and can 
expand to lower addresses in various incre-
ments. The highest space :i.n ROM contains the 
bootstrap program. 

The term "main" ROM or RAM in Figure 1-3 refers 
to memory chips physically located on one of the 
two required boards in the mainframe: the pro­
cessor board for ROM and the I/0-memory board for 
RAM. The term "expansion" ROM or RAM refers to 
chips located on one of the optional memory ex­
pansion boards. 
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Figure 1-3. Memory Address Space 
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INPUT/OUTPUT 

While the 8086 ultimately controls all activity 
on the local bus (and, optionally, on the Multi­
bus) , much of the I/O associated with the local 
bus is controlled by the 8237-2 DMA logic. 

The following table presents an 
data transfers are controlled. 
and "DMA" refer to the 8086 and 
the local bus. 

overview of how 
The terms "CPU" 
8237-2 chips on 

Video 
Hard Disk 
Floppy Disk 
Communications 
Keyboard 
Printer 

Data 
Transfer Method 

DMA 
DMA 
DMA 
DMA or CPU 
CPU 
CPU 

Of the two communication channels (A and B), only 
channel A can be configured to use DMA service; 
this channel can have either an RS-232 or an RS-
422 interface. 

MULTIBUS INTERFACE 

Information in memory can be accessed across the 
Multibus interface within various memory-address 
ranges (windows), as depicted in Figure 1-4. The 
windows are selected by switches on the mainframe 
boards and they are different, depending on the 
direction in which the transfer are made: there 
are three choices for cases in which the local 
8086 is controlling the transfer, and four 
choices for cases in which a Multibus CPU or DMA 
is controlling the transfer. 

The I/O resources supported by the local bus are 
dedicated, in the sense that they can only be 
accessed by a local master (i.e., the 8086 CPU or 
the 8237-2 DMA controller). Multibus devices 
cannot directly access the local I/0 resources; 
they are limited to accessing local memory. The 
local 8086 CPU, however, can access Multibus I/O 
resources. 
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9l005F (95K) 

(768K) C0000 
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SWITCH-SELECTABLE CHOICES WHEN LOCAL BUS IS MASTER 

1 All memory accesses are to local memory. 

2 768-863K window of local bus maps to 0-95K window on 
Multibus. 

3 512-863K window of local 
Multibus. 

bus maps to 0-351K window on 

( )0 Multibus Local Bus 0 
08000 32K (32K) 08000 
0BB00 (47K) b~~~~::s3C~~*$$~ (47K) 0BB00 

FFFFF (1023K) ....._......_. ___ _ 
SWITCH-SELECTABLE CHOICES WHEN MULTIBUS IS MASTER 

1 All memory accesses are to Multibus. 

2 32-47K window of Multibus maps to 32-47K window of 
local bus. 

3 512-1023K window of Multibus maps to 0-511K window 
of local bus. 

4 Combination of 2 and 3. 

Figure 1-4. Memory-Happing Between the Local Bus and Multibus 
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2. FUNCTIONS AND INTERFACES (Processor and I/0-Memory Boards) 

This chapter describes the functions of the major 
buses, logic blocks, and hardware interfaces 
provided on the processor and I/0-memory 
boards. Software interfaces for the programmable 
chips and registers on these boards are also 
described. The video control boards, disk con­
trol boards and other components of the system 
are not covered in this Chapter; their functions 
and software interfaces are described in other 
chapters. 

DUAL BUS ORGANIZATION 

In its most basic configuration, the mainframe 
for the system consists of a processor board, an 
I/Q-memory board, and a motherboard. The ma in­
frame contains the primary bus structure for the 
system, a structure which incorporates two sets 
of buses as illustrated at the top of Figure 2-
1 : 

o Local Bus: This is the bus that links the 
entire mainframe. It includes a 20-bit 
local address bus (LAO to LA 13, hex), a 
16-bit local data bus (MEMO to MEMF, hex) 
and an 8-bit local I/O bus (IOBO to IOB7), 
plus several control lines. The local bus 
also includes as a subset the processor 
bus, a collection of 20 time-multiplexed 
address/data lines {ADO to AD13, hex) plus 
several control lines. 

o Multibus: This is the standard IEEE 796 
86-pin microcomputer system bus provided 
for user-supplied boards. It is not used 
for CT boards, but Multibus board slots 
are provided on the mainframe motherboard 
and these slots interface to the local 
bus. 

In Figure 2-1, the mainframe consists of all the 
blocks except the shaded drawings of peripheral 
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devices (the CRT, keyboard, printer, disk control 
and disk); the video control logic is omitted r 
from the mainframe in certain configurations. 

Only address and data buses are shown here; 
control lines are not included in this diagram. 

The processor bus subset of the local bus ser­
vices only the 8086 CPU and the optional 8087 
Numeric Data Processor (NDP). Both of these 
processors have nearly identical pinouts which 
are tied together by their shared bus. The chips 
use address/data multiplexing, and it is the 
function of the local bus interface to demulti-
plex and latch these lines for convenient use by 
other devices attached to the local bus and the 
Multibus. 

The remainder of the local bus services all of 
the memory and I/O peripherals provided by CT. 

The 20-bit local address bus, LAO-LA13 in Figure 
2-1, carries addresses from the local CPU (8086), 
the local DMA chip (8237-2), or a Multibus mas­
ter. The addresses reach all of the memory-re­
la ted resources, including the local ROM, RAM and 
video control logic. Through the Multibus inter­
face, addresses placed on this bus by the local 
CPU that are within certain switch-selectable 
memory ranges (windows) can be directed to the 
Multi bus. Similarly, Multi bus masters can ad­
dress local-bus memory resources within another 
set of switch-selectable ranges. 

The ROM and RAM logic blocks shown in this figure 
represent both main ROM and RAM (i.e., memory 
chips installed on the processor or I/0-memory 
board) as well as expansion memory (i.e., memory 
chips installed in the ROM or RAM expansion 
boards). The video control logic is physically 
contained on its own board which plugs into the 
mainframe motherboard, and a cable connects the 
motherboard to the external CRT. 

The 16-bi t local data bus, MEMO-MEMF in Figure 
2-1, connects the demultiplexed processor data 
bus with the local ROM, RAM, video control, disk 
control interface, printer control and local I/O 
bus interface, as well as being buffered through 
to the Multibus. Note that the disk control 
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interface and the printer interface connect to 
this bus instead of to the local I/O bus. The 
disk control board(s), to which the disk control 
interface logic connects, are located with the 
disk drives themselves. The printer-interface 
logic constitutes the entire printer interface 
(Centronics con:patible) provided on the CT sys­
tem. 

The 8-bit local I/O bus, IOBO-IOB7 in Figure 2-1, 
is buffered off of the local data bus to service 
the DMA logic, interrupt control, keyboard inter­
face, interval timer and communications inter­
faces. The keyboard con ta ins its own micropro­
cessor and is attached to the 8251-based keyboard 
interface logic through a serial cable. The 
communications control block includes cable con­
nectors on the mainframe enclosure to which 
standard RS-232 and RS-422 cables can be attach­
ed; two separate channels, A and B, are avail­
able. The entire local I/O bus is strictly re­
served for local resources in the sense that it 
has no interface with the Multibus and cannot be 
addressed by a Multibus master. The two serial 
communications channels on the mainframe provide 
access to and from external devices. 

The processor bus and the 
operate in an intimately 
local bus and Multibus, 
asynchronously. 

rest of the local bus 
linked protocol. The 
by contrast, operate 

Word accesses by the CPU may have even or odd 
addresses on either the local bus or Multi bus; 
the only distinction is that odd-addressed word 
accesses cause two bus cycles instead of one. 
For DMA transfers on the local bus, however, only 
word transfers are made; the LAO 1 ine on the 
local address bus is always forced to 0. For 
transfers from the local data bus to the local 
I/O bus, only the lower byte is seen by the lat­
ter bus. 

Local and Multibus Separation 

The separation of processor bus from local bus is 
almost a necessity, given the fact that the mul­
tiplexed processor lines need to be demultiplexed 
before they can be used conveniently. The asyn­
chronous separation between local bus and Multi­
bus, however, is not imposed by design res tr ic­
tions but rather results from a conscious effort 
to achieve three objectives: 
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o Speed: Local bus masters (the 8086, 8087 
and 8237-2) can optimize their access to 
the local bus because they use a bus-ar­
b i tration protocol that is more efficient 
for their well-defined environment than 
the bus-request/bus-acknowledge protocol 
used on Multibus. 

o Protection: By controlling the access of 
Multibus signals to the local bus (a task 
handled by the local DMA logic) the local 
bus can protect itself and its memory re­
sources from unauthorized or electrically 
anomalous interaction with the Multibus. 

o Parallel Processing~ Because the local 
bus is electrically separate from the 
Mul t :i. bus, connected only through buffers 
that can be controlled from the local bus, 
both buses can operate simultaneously but 
separately. That is, the local CPU and a 
Multibus CPU can operate simultaneously as 
long as they do not require access to 
resources on the opposite side of the 
Multibus interface. 

The local bus appears as simply another Multibus 
module to Multibus masters trying to gain access 
to local resources. In order to gain access to 
those portions of local memory that are open to 
them through the switch-selectable memory-space 
windows, Multibus masters must go through their 
standard protocol of raising their bus-request 
(BREQ/) line and awa:i.ting a bus-priority-in 
(BPRN/) signal through the priority-resolving 
network. 

Local bus masters, on the other hand, have faster 
and more direct priority-resolving methods for 
access to their own bus. On one hand, both the 
8086 and 8087 watch the same instruction stream 
being fetched from memory and they execute a 
mutually exclusive set of instructions; more­
over, they have a request/grant handshake that it 
synchronized by their shared clock. On the other 
hand, the DMA logic watches status lines from the 
CPU and is able to anticipate when the bus will 
become free before the CPU has finished executing 
an instruction. This results in faster access to 
local memory than is possible for Multibus mas­
ters. 



Either the DMA chip or a Multibus master can use 
the local bus between CPU bus cycles, during non­
bus CPU cycles or when the CPU is waiting for 
permission to use Multibus slave resources. 

Local Bus Interface 

The logic block in Figure 2-1 that represents the 
interface between the processor bus and the re­
mainder of the local bus (local bus interface) 
includes several functions beyond the demulti­
plexing and latching of the processor's ad­
dress/data bus. It also includes the bus control 
logic (organized around an 8288 bus controller 
chip), the processor address decode logic, and 
the local I/O address decode logic. 

The 8288, which handles local bus control by 
watching the CPU's status lines, also has an 
interface to the Multi bus through a trans­
ceiver. This arrangement puts read/write com­
mands on the Multibus when the local CPU is the 
Multibus master. 

The processor address decode logic determines 
what logic block (on the processor board, I/0-
memory board, or user-installed Multibus boards) 
a CPU instruct ion refers to. It thereby deter­
mines whether the local bus should connect to the 
Multibus. This logic also connects to the local 
I/O address decode logic, to the 8086, the op­
tional 8087 and the 8237-2 DMA chip. 

The buffers on the local bus interface are bi­
polar (TTL-type) in order to achieve high speed 
and drive. Similarly, the buffers that interface 
the local address {LA) and local data (MEM) buses 
to the many devices attached to these buses use 
bipolar buffering for the same reason. This is 
in contrast to the devices on the local I/O bus, 
which have only internal MOS buffering and are 
much slower. 

Local I/O Bus Interface 

The local I/O bus interface consists entirely of 
a TTL transceiver connecting the local data (MEM) 
bus and the local I/O bus. The devices attached 
to the local I/O bus are all 8-bi t MOS devices 
with no additional buffering beyond their inter­
nal pin buffering, and their drive capacity is 
limited to the devices on the local I/0 bus with 
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which they interact. Because these devices in­
herently operate more slowly than those on the 
local data bus 9 they require three additional 
clock cycles (Wait states) beyond the read/write­
cycle specifications given in the 8086 data 
sheet. 

Multibus Interface 

As mentioned above 9 the Multibus interface pro­
vides standard Multibus slots for user-installed 
boards. A later chapter defines the standard 
interface by reference to the related IEEE docu­
ment. 

The Multibus is interfaced electrically to the 
local bus through bipolar transceivers which are 
controlled by the local DMA logic. In addition 
to this buffering, the Multibus interface con­
tains the Multibus control logic (rebuffered from 
the 8288 in the local bus interface), the Multi­
bus address-decode logic for determining which 
memory and I/O addresses are meant for it, and 
the arbitration logic (primarily and 8289) for 
determining when the local masters can get the 
Multibus. 

The local bus can generate a 10 MHz bus clock for 
the Multibus or it can receive clocking from the 
Multibus; this option is switch-selectable. 

Interprocessor communication between the local 
bus and the Multibus is supported by the standard 
LOCK prefix for 8086 instructions, which can be 
used to implement test-and-set semaphores or 
other synchronization primitives in software. 

Interaction between the local bus and the Multi­
bus can take place in both direct ions; i.e., it 
can occur with the local CPU acting as master 
(called a w1Mul ti bus master access") or with a 
Multibus board acting as master (called a "Multi­
bus slave access"). 

Multibus Master Access 

When the local CPU is master of the Multi bus, 
hardware switches on the processor board deter­
mine which memory-address ranges, if any, refer 
to memory resources located on the Multibus 
rather than the local bus. A 96-kilobyte or 352-
kilobyte range within the total 1-Megabyte ad-
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Priorities 

dress space can be selected for these accesses. 
For local CPU access to Multi bus I/O devices, 
whenever an I/O address does not per ta in to a 
local bus device, Multibus I/O devices will be 
accessed. 

Multibus Slave Access 

Hardware switches on the processor board and 
software-programmable bits in the local DMA logic 
control whether a Multibus board can become mas­
ter of the local bus and, if so, to what areas of 
memory. The range of local address space ac­
cessible to a Multibus master can be set at 16 
kilobytGs or 512 kilobytes. Only memory accesses 
(including the video buffer in memory) are per­
mitted. 

Memory accesses from a Multibus master may be 
either byte or word aligned. As in conventional 
8086 usage, if word accesses have odd addresses 
they will take two bus cycles instead of one. 

Priorities for access to the local bus, from 
highest to lowest, are as follows: 

1. Multibus-master accesses to local memory, 
in which the local DMA logic arbitrates 
access but the Multibus master generates 
addresses. 

2. Channel A communications access to and 
from local memory, in which the local DMA 
chip generates addresses. (Channel B com­
munications are not serviced by the DMA 
logic and have a priority of 5, since it 
uses the CPU for transfer control). 

3. Disk accesses (floppy or hard disk) to and 
from local memory, in which the local DMA 
chip generates addresses. 

4. Video-refresh accesses from local memory, 
in which the local DMA chip generates 
addresses. 

5. 8086/8087 use of the local bus, in which 
the 8086 or 8087 generates addresses. 
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Bus Timeout 

When local bus usage involves memory there are 
two levels of contention involved: the first 
level of contention is for the bus itself, as 
described above, The second level is for the 
memory. At th is second level, memory re fresh 
always nas priority over bus masters. 

Access by the 8086 and 8087 is given equal prior­
ity. These two devices compete with each other 
for the local bus with a request/grant handshake 
that is synchronized to their shared clock. 

The system causes a 6-millisecond bus timeout if 
a memory location or I/O port does not respond 
when it is addressed. The timeout will affect 
accesses of local-bus masters to local-bus 
slaves, local-bus taasters to Multibus slaves, and 
Multi bus masters to local-bus slaves. Timeouts 
between Multibus masters must be provided 
independently of the local timeout. 

The enabling/disabling of the timeout function 
interrupt is done with a bit in the I/O Control 
Register (IOCR); a non-maskable interrupt is 
caused whenever the memory or I/O device does not 
respond within the allotted time. The mechanism 
is designed to protect the local bus's functions 
against faulty or non-existent slave devices, 
unplugged cables, faulty programs, or other un­
forseen problems. 
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THE 8086 AND 8087 PROCESSORS 

The 8086 CPO 

The CPU for the system is an Intel 8086. A 5-MHz 
version is standard but an 8-MHz version is of­
fered as an option. The chip is operated in its 
Maximum Mode. 

The 8086 achieves high performance in part 
through pipelined architecture. This architec­
ture combines a 16-b it internal data pa th with 
pre fetch registers which permit instruct ions to 
be fetched from memory and queued for execution 
during bus cycles that would otherwise go unused. 

The 16-bit registers include four registers used 
to store and update base addresses for memory. 
Figure 2-2 illustrates the manner in which the 
contents of two 16-bit registers are manipulated 
to obtain 20-bit addresses, allowing a 1-megbyte 
address space. The segment register, one of the 
four registers referred to above, holds the base 
address for a given logical segment of memory. 
The offset for the address is obtained from one 
of the 8086 's general-purpose registers or from 
memory. Whenever memory is accessed, a physical 
address is obtained from a logical address by 
shifting the segment base four bits to the left 
and adding the offset. 

For more background on the 8086, see the Intel 
8086 Family User's Manual. 

The 8087 Numeric Data Processor 

The optional 8087 numeric data processor (NDP) is 
a coprocessor which can improve system throughput 
dramatically in some applications. Coprocessing 
is a special case of multiprocessing, one in 
which both processors execute from a single in­
struction stream. 

2-10 



8086 
REGISTER 

11

:, o o, 2 2 f-1
-- off set__,. I o o 2 2 I 

base ._. I l 2 3 4 I 0 ) 

( 10 ~240*) 

( 1,239 ) 

i§ 
SEGMENT {rriia 

REGISTERS E::3 
I I 
I 
I I I L ___ _J 

PHYSitAL 
1 2 3 6 2 4-- ADDRESS ( 11 47 g ) 

(HEXIDECIMAL) ' . 

* Effective when shifted 
right 4, 640 x 16 = 10,240. 

Figure 2-2. 8086 Address Generation 
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In the 8086-8087 combination, both processors 
operate in unison. They monitor the same in­
struction stream and execute selected instruc­
tions from it. For example, while the 8086 deals 
with memory segmentation, calculating the addres­
ses of operands in memory, the 8087 can perform 
complex arithmetic and logic operations that 
would otherwise take the 8086 much longer to 
compute. 

The 8087 can filter out its own instruct ions as 
they appear on the bus that it shares with the 
8086. The 8086 calculates the memory address for 
the initial operand, if any, and puts that on the 
bus. The 8087 latches this address, reads the 
operand, and begins to execute the required nu­
merical operation, leaving the 8086 free to pro­
cess non-numeric commands. The 8087 takes con­
trol of the bus only when necessary, to load and 
store operands. 

The 8087 can be viewed as an architectural ex­
tension of the 8086. It in effect extends the 
register resources and instruction set of the 
CPU. Programming the 8086-8087 combination is 
essentially the same as programming a lone 
8086. From the programmer's standpoint the 8087 
simply provides 68 new instructions and data 
types (seven in all) on top of those provided by 
the 8086. 
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Software Interface 

8086 CPU 

Th• 8086 uses the full instruction set, which is 
summarized in Figures 2-3 and 2-4. 

To fully understand the programming of the 8086, 
the following publications are recommended: 

o Convergent Technologies Central Processing 
Unit 

o Convergent Technologie~ Assembler Manual 

Descriptions of the 8086 memory and I/O inter­
faces are given later in this chapter. The mem­
ory address space accessible to the 8086 depends 
no~ only on the amount and location of physical 
memory chips installed in the system but also 
upon the jumper-selected windows between local­
bus and Multibus address spaces. 

8086 addressing of I/O ports can be affected by 
the setting of bit C in the I/O Control Register 
(!OCR), which is described under the "Interrupts" 
section of this chapter. 
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Figure 2-4. 8086 Instruction Set (Continued) 
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8087 NDP 

The optional 8087 performs arithmetic and logical 
operations on a variety of numeric data types. 
Users with this option should refer to the Intel 
literature. A summary of the instruction set is 
given in Figures 2-5 and 2-6. 
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Data Transfer 

FLO• LOAD 

lnleger!Aeet Memory to ST(O) 

Long Integer Memory 10 ST(O) 

Te"'por•ry Real Memory to S:T(O) 

BCD Memory to STIO) 

ST(i) to STfO) 

FST =STORE 

ST(O} to lnleger/Real Memory 

ST(Oj lo ST(i) 

FSTP ,. STORE ANO POP 

ST(O) lo lruege1/Reat Memory 

STfO) to long lnfeger Memory 

ST(O) to Temporary R,,al Memory 

ST(OI to BCO Memory 

ST(D) to ST{i) 

FXCH • Ei;chenge $Ti1) and ST~O) 

Cof1'lparfson 

FCOM = Compare 

Integer/Real Ml"mory to STfO) 

ST(tl IO STID) 

F~MP "' Compare and Pop 

Integer/Real Memory IO ST(OI 

$T(1) 10 STIO) 

FCOMPP = Compare ST(1) to ST(O) 
and Pop Twice 

nsT • Tesl ST(O) 

FXAM • E11an11ne ST(O) 

7 15 5 4 3 2. 1 0 7 6 5 4 3 2 1 0 7 I 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

ESCAPE MF , I MOO 0 0 RIM (OISP·LO) (OISP·HI) 

ESCAPE , , I MOO , 0 , RIM (OISP-LO) (OISP·HI) 

ESCAPE 0 1 , I MOO , 0 1 RIM (OISP-LO) (OISP·HI) 

ESCAPE , I MOO 1 0 0 RIM (OISP-LO) (QISP·HI) 

ESCAPE 0 0 , I 1 0 0 ST(i) 

ESCAPE MF , I MOO 0 , RIM (DISP-LO) (OISP-HI) 

ESCAPE 1 0 1 I 1 0 1 0 ST(i) 

ESCAPE MF 1 I MOO 0 , RIM (OISP-LO) (OISP-HI) 

ESCAPE 1 , I MOO 1 , RIM (OISP-LO) (OISP-HI) 

SCAPE 0 , M 0 , RIM (OISP·LO) (OISP·HI) 

ESCAP MOO 1 , 0 RIM (OISP-L ) (OISP-HI) 

ESCAPE , 0 , I , , 0 , , ST(i) 

~E 0 0 1 , 1 0 0 1 ST(i) 

~APE. MF JI MOO 0 1 RIM 

L_[ __ es_c_A_P_f.. __ _c.o_o_o_,_l ___ , _0_1 ~ 
(QI SP-LO) (OISP-HI) =---i 

ESCAPE MF MOO 0 1 RIM.~ ___ 1_0_1s_P_.·_L_0_1 __ ~ ____ 1_0_1s_P_-H_l_I __ ~ 

ESCAPE 0 0 101~ 

ESCAPE , o I , , 0 1 ·~ c::Ji.§1?e 1 I , , Q 0 1 0 I 
[ ESCAPE 0 0 , I , 1 0 0 1 0 1 I 

Figure 2-5 .. 8087 Instruction Set 



-----------------·---------··----------------------------~ 

Arithmetic 

fAOO "Add1!1on 

Integer/Rea! Memory with ST{OJ 

ST(1) and ST(O) 

FSUB = Subtraction 

Integer/Real Memory with ST(O) 

ST(1) and ST(Ol 

FMUL : Mu1t1plicdtion 

lntegeoReal Memory with ST(O) 

ST(1) on~ ST{O) 

f'DIV : D1v1s1on 

lnteger1Aeal Memory with ST(O) 

ST(1) and ST(O) 

fSORT =Square Root of ST(O) 

FSCALE •Scale ST(O) by ST(1) 

fPREM = Partial Remainder of 
ST(O) + ST(l) 

fRNOINT = Round STtO) 

to lnte91n 

FXTRACT-" E•!ract Components 
ol ST(O) 

FASS , Absolute Value al ST{O) 

FCHS , Change Sogn of ST(O) 

Transcendental 

FPTAN ~ Perl1al Tangen! ol ST{Ol 

f'PATAN ~Partial Arclangenl ol 
ST(O) + STl11 

f2XM1 ; 2 STI0)_1 

fYL2X = STf1) · Log2 JST(O)J 

FVUXP1 "ST(1) • log2 fST(O) + 1] 

Cons hints 

FL.DZ ~ LOAD • 0 0 m!o ST(O) 

PLD1 "LOAD• 1 0 into ST(O) 

Fl.DP! = LOAD rr 1n10 ST(O) 

'1.DL:rT ~LOAD 109 2 10 into ST(O) 

FLDL:ll! .. LOAD 109 2 e into ST(O) 

flDL02 ~LOAD 10~ IO 2 into ST(O) 

i'LDLH2 • LOAD 16ge 2 mto ST(O) 

76543210165432107654321076543210 

~~===E=SC=A=P=E=======MF~~~--~1 ___ 10_1_s_P_·L_O~) _____ .__ _ ___:(~D_1s_P_·_H~l) ___ _J 

1...I ___:E:.:So:C::.A:.:.P.::E __ d::_:P 0 I 1 1 0 0 0 ST i' I. =i 

ESCAPE i<AF I MOD 1 0 R RIM (DISP·LO) (DISP·HI) 

ESCAPE _ __:d:_~P__:O_,_j_1___:_1.:._~0___:R___:~R~l~M-__, 

I ESCAPE MF 0 jMOD 0 1 RIM (DISP-LO) (OISP·HI) 

[ ESCAPE d p 11 1 0 o· 1 RIM 

~E MF 0 I MOD 1 R RIM (DISP-LO) (OISP-HI) 

I ESCAPE d p 0 I 1 1 R RIM 

ESCAPE 0 0 1 I 1 1 1 .1· 1 0 1 0 I 
QSCAP"E"·--a-·a-1 r-1-,-1T.1_1_<CtJ 

C£$CAPE 0 0 1 j 1 1 0 0 0 

ESCAPE 1 0 0 

ESCAPE 1 I• 1 0 , o~ 
!ESCAPE 0 0 1,, 1 0 0 c 1 I 

ESCAPE 0 0 1~ 0 0 0 0 o I 

ESCAPE 0 0 1 11 1 0 0 1 

ESCAPE 0 1,, 1 0 0 1 1 I 
ESCAPE 1,, 1 0 0 0 o I 
ESCAPE 'I• 1 0 0 0 1 I 
ESCAPE 0 0 , I• 1 0 0 1 I 

ESCAPE 0 1 1 0 1 1 o I 
ESCAPE 0 0 1 1 0 1 o I 
ESCAPE 0 0 1 1 0 1 0 1 1 I 
ESCAPE 0 0 1 1 0 1 1 I 
ESCAPE 0 1 1 0 1 0 1 o I 
ESCAPE 0 1 1 0 1 1 0 o I 
ESCAPE 'I' 1 0 1 1 0 1 I 

Figure 2-6. 8087 Instruction Set (Continued) 
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7 6 s 4 3 2 1 0 7 6 5 

Processor Control 

FINIT = ln1t1al1ze NOP ESCAPE 0 1 1 

FEHi : Enable Interrupts ESCAPE 0 1 1 

FDISI ~ Disable Interrupts ESCAPE 0 1 1 

FLDCW " Load Control Word ESCAPE 0 1 MOD 1 

FSTCW" Store Control Word ESCAPE 0 , MOD 

FSTSW = Slore Status Word ESCAPE , 0 1 MOD 

FCLEX " Clear E11cept1ona ESCAPE 0 , , 
FSTENV" Store Emmonmenl ESCAPE 0 0 1 MOD 

FLDENV = load Environment ESCAPE 0 0 1 MOD 1 

FSAVE : Save Slale ESCAPE 1 0 1 MOD 

FRSTOA = Restore Slate ESCAPE 1 0 1 MOD 

FINCSTP : 1nc1emenl Stack Poinler ESCAPE 0 1 

FOECSTP: Denemenl Slack P01nter L ESCAPE 0 0 1 
,, 

FF REE = Free ST(1) ESCAPE 1 0 1 
,, 

0 

FNOP = No Operation ESCAPE , ,, 
0 

FWAIT = CPU Wait for NOP LC£:o 1 0 1 1 I 

FOOTNOTES: 

if mod= 00 then DISP = o·. disp-low and disp-high are absent 
if mod= 01 then DISP= disp-low sign-extended to 16-bits, 

disp-high is absent 
if mod= 10 then DISP = disp-high; disp-low 
if mod= 11 then rim is treated as an ST(i) field 

if rim= 000 then EA= (BX)+ (SI) + DISP 
ii rim= 001 then EA= (BX) +(DI) + DISP 
if rim= 010 then EA= (BP)+ (SI) + DISP 
if rim= 011 then EA= (BP)+ (DI) + DISP 
if rim= 100 then EA= (SI) + DISP 
if rim= 101 then EA= (DI) • DISP 
ii rim= 110 then EA= (BP)+ DISP" 
ii rim= 111 then EA= (BX) + DISP 

·except if mod= 000 and rim= 110 then EA= disp-high. disp-low. 

MF= Memory Format 
00 - 32-bit Real 
01 - 32-bit Integer 
1 O - 64-bit Real 
11 - 16-bit Integer 

4 

0 

0 

0 

0 

0 

1 

0 

1 

0 

, 
1 

0 

1 

3 2 1 

0 1 

0 0 

0 0 

, RIM 

RIM 

RIM 

0 0 1 

0 RIM 

0 RIM 

0 RIM 

0 RIM 

0 , 
0 1 1 

0 ST(i) 

0 0 0 

ST(O) = 
ST(i) = 

d= 

P= 

R" 

0 7 6 5 4 3 2 1 0 7 

, I 
o I 
1 

(DI SP-LO) 

(DI SP-LO) 

ID ISP-LO) 

(DISP-LO) 

(DISP-LOJ 

(OISP-LO) 

ID ISP-LO) 

o I 
I 

0 I 

Current stack top 
i1h register below stack top 

Destination 
O - Destination is ST(O) 
1 - Destination is ST(i) 

Pop 
0- No pop 
1 - Pop ST(O) 

Reverse 
O - Destination (op) Source 
1 - Source (op) Destination 

For fSQRT: -0 :S ST(O) :S +"" 

5 4 3 2 1 

IDISP-HI) 

IDISP-HI) 

(DISP-HI) 

(DISP-HI) 

(DISP-HI) 

(DISP-HI) 

(DISP-HI) 

For fSCALE: 
for f2XM1: 

-2 15 $ ST(1) < +2 15 and ST(1) integer 

For fYL2X: 

For fYL2XP1: 

for fPTAN: 
For fPATAN: 

0 :S ST(J) :S 2- 1 

0 < ST(O) <"' 
-"" < ST(1) < + "' 
0 < IST(O)t < (2 - .,/2)/2 
-"" < ST(1) < oo 

0 "' ST(O) < n/4 
0"' ST(O) < ST(1) <+co 

Figure 2-6a. 8087 InstIUction Set (Continued) 
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MEMORY INTERFACE 

Address Space 

ROM Memory 

The 1-Megabyte address space, illustrated in 
Figure 1-3 of the prior chapter, can be populated 
with memory chips in a variety of ways. ROM 
occupies the highest addresses and expands down­
ward; RAM occupies the lowest addresses and 
expands upward. 

Main ROM and RAM are both of variable size, de­
pending on the type and number of chips in­
stalled. Similarly, expansion ROM and RAM can be 
of variable size. However, the border line 
between main and expansion ROM is fixed at hexi­
dec imal address F7FFF (1,015,807 decimal), where­
as the border line between main and expansion RAM 
can be at several alternative address. This 
allows flexibility in the configuration of main 
versus expansion RAM without sacrificing the 
contiguity of the RAM address space. 

Figure 2-7 shows the maximum capacities and their 
associated maximum address-space allocations for 
ROM and RAM. The two options for expansion mem­
ory represe11t no expansion ROM (opt ion 111) and 
maximum expansion ROM (option #2). 

The term ROM, as used in this manual, applies to 
either ROM or PROM. Figure 2-8 gives a detailed 
illustration of the memory space that can be 
occupied by ROM. 

ROM capacity can be added in increments of 4 
kilobytes, up to a total of 16 kilobytes for main 
ROM (located on the processor board) and a total 
of 128 kilobytes for expansion ROM (located on 
the ROM expansion board, although this space can 
alternatively be occupied by RAM located on the 
RAM expansion board). Total ROM capacity for the 
entire system is therefore 144 kilobytes, 
al though the reserved address space (for future 
use) is 160 kilobytes. 

The devices that can be loaded into the available 
sockets are as follows: 
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ROM RAM 

Ma ip Memor}!:: 
M~ximum capacity (bytes) 16K 512K 
Maximum space allocated (bytes) 32K 512K 

Main + Ex2ansion Memor~ 1 02tion #1 
Maximum capacity (byte's) 16K 992K** 
Maximum space allocated (bytes) 32K 992K 

Main + Ex2ansion Memortz 02tion #2 
Maximum capacity (by es) · 160K 864K*** 
Maximum space allocated (bytes) 160K 864K 

* ROM on processor board and RAM on I/0-~emory board. 
** 1024 minus 32K (for main ROM) 

*** 1024 minus 32K (for main ROM) minus 128K (for expansion 
ROM) 

Figure 2-7. Memory Capacity and Address Space 
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F7FFF (1,015,807) 

(1,032,191) 
FBFFF MAIN ROM 

MAXIMUM ADDRESS SPACE 
ROM {32K BYTES) MAIN ROM 

{16K BYTES) FFFFF 
( 1, 048' 5 7 5) 

Figure 2-8. ROH Memory Space 
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RAH Memory 

Chip Chip Board 
Types Capac it;'£ Ca12acity 

Main (processqr board): 
2316 ROM or 2716 PROM 2K x 8 4K bytes 
2332 ROM or 2732 PROM 4K x 8 BK bytes 
2364 ROM or 2764 PROM BK x B 16K bytes 

Expansion Board: 
2316 ROM or 2716 PROM 2K x B 32K bytes 
2332 ROM or 2732 PROM 4K x B 64K bytes 
2364 ROM or 2764 PROM BK x 8 128K bytes 

All chips on the same board (processor board or 
expansion bQard) must be of the same type. The 
main ROM (processor board) consists of two chips, 
or one word row. The ROM expansion board con­
s is ts of eight word rows, two chips per row, so 
that expansion ROM can be added in one-row in­
crements. Only one ROM and one RAM expansion 
board can be used in a mainframe. 

Access time for main and expansion ROM is 500 
nanoseconds. With a 5-MHz CPU clock, 3 Wait 
states will normally be added to the bus cycle. 
With an 8-MHz clock, 4 Wa 1 t s.ta tes are normally 
added. 

The bootstrap program that occupies the highest 
locations of ROM does a basic verification of 
hardware functions before reading in the opera­
ting system. The read is first attempted from 
floppy drive O, then from hard-disk drive O. 

RAM memory is organized in the standard 8086 
format of high-byte bank and low-byte bank, 
thereby allowing either byte or word accesses. 
Chips are added from the bottom of the address 
space upward. By 8086 convention, the interrupt 
pointers occupy the lowest one kilobyte of RAM 
memory. The operating system is normally loaded 
above the interrupt pointers. 

A total of 512 kilobytes of RAM can be installed 
on the I/0-memory board. The fully-buffered RAM 
expansion board can also hold 512 kilobytes, 
although the total of the two RAM boards cannot 
exceed 992 kilobytes. The highest 128 kilobytes 
of permitted RAM space overlaps with the space 
allocated to the ROM expansion board (see Figure 
2-8), hence this space can be used for either RAM 
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or ROM, but not intermixed. If it is used for 
RAM, the entire 128-kilobyte space can be used. 

RAM can be added in increments of 32 or 128 kilo­
bytes, depending on whether 16K or 64K chips are 
used. These increments represent word rows. 
There are a total of 8 word rows possible, 4 on 
the I/0-memory board and 4 on the RAM expansion 
board. The types of chips ( 16K or 64K) can be 
different on each board. Figure 2-9 shows the 
possible configuration of chips. Each configura­
tion is associated with a specific RAM-decode 
PROM and switch setting on the processor board, 
as described in chapter 4. 

RAM is refreshed in a way that does not interfere 
with non-RAM bus accesses, although it does take 
precedence over RAM accesses from bus masters. 
The 8 bits of refresh address are adequate to 
support virtually all types of 16K and 64K dy­
namic RAM's. The refresh rate of 78 kHz repre­
sents only about · 5% of the memory bandwidth, 
during which RAM is unavailable to the CPU. 

A flexible, jumper-controlled scheme of delay­
line timing provides support for a wide variety 
of RAM chips. No Wait states are required when 
running a 5-MHz clock or when faster RAM's are 
used with a 8-MHz clock. Timing protection is 
provided for the T as and Tr timing specifica­
tions of the RAS sfgnal, the~by preventing des­
tructive results from illegal accesses by Multi­
bus masters. 

A special memory-read optimizer circuit on the 
processor board generates memory-read commands 
faster than the 8288 bus controller is able to, 
thereby allowing the CPU to operate at full speed 
even with relatively slow RAM chips. The op­
timizer circuit works in parallel with the 8288, 
using the status outputs of the 8086. 

Single-bit RAM errors can be detected and report­
ed. Even parity is used by default and odd 
parity can be software selected; the parity 
logic itself is checked by switching between the 
two modes for the same data. If a parity error 
is detected, its address and circumstances 
(word/byte access, high/low-byte error, last 
cause of system reset) are stored in the Parity­
Error Register (PER) on the processor board. 
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I/0-Memor;t: Board Ex2ansion RAM Board Total 

128K OK 128K 
128 32 160 
128 64 192 
128 96 224 
128 128 256 
128 256 (64K chips) 384 
128 / 384 ( " " ) 512 
128 512 ( It ti ) 640 

Note: The memory configurations listed above are standard. The 
configurations listed below may not be available and are 
included to enhance understanding of the hardware. Contact the 
CT factory for availability of the configurations. 

0 256 
256 32 288 
256 64 320 
256 96 352 
256 128 480 
256 256 (64K chips) 608 
256 384 ( " " ) 640 
256 512 ( " II ) 768 

384 (64K chips) 0 384 
384 ( " " ) 32 416 
384 ( " " ) 64 448 
384 ( " " ) 96 480 
384 ( " II ) 128 512 
384 ( " " ) 256 (64K chips) 640 
384 ( " " ) 384 ( " " ) 768 
384 ( " " ) 512 ( " " ) 896 

512 (64K chips) 0 512 
512 ( ti " ) 32 544 
512 ( " " ) 64 576 
512 ( " " ) 96 608 
512 ( " " ) 128 640 
512 ( " " ) 256 (64K chips) 768 
512 ( " " ) 384 ( It " ) 896** 
512 ( II " ) 512 ( " ti ) 1024*,** 

* 32 Kilobytes of the address space must be reserved for 
permanent ROM space. 

** 160 Kilobytes of the address space must be reserved for ROM 
space if the optional ROM Expansion Board is used. 

Figure 2-9. RAM Configurations (kilobytes). 
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Typically, the operating system will write the 
entire contents of memory to disk upon parity­
error detection and bootstrap a new version of 
the operating system. 

The bottom 32 kilobytes of RAM, where the opera­
ting system typically resides, can be write-pro­
tected by setting a bit in the I/O Control Reg­
ister (!OCR). If a write is attempted into this 
area, it is prevented and a non-maskable in­
terrupt to the CPU is generated. 

Multibus/Local-Bus Memory Mapping 

The processor board contains a set of switches 
which define memory-space windows for local and 
Multibus masters. The windows determine whether 
memory resources on the Multibus or on the local 
bus will be addessed when an address is generated 
by a master. These windows are illustrated in 
I"igure 1-4 of the prior chapter. Three choices 
of windows are available for local-bus masters 
and four choices are available for Multibus mas­
ters. 

This scheme of windowing is intended to facili­
tate communication across the Multibus interface 
with either 8-bit or 16-bit microprocessor boards 
on the: Multi bus. It also tends to minimize the 
amount of physical memory chips needed for high­
address communication. A small and large window 
are available in both directions. 

The small window is generally intended for inter­
processor communication. On the Multibus side, 
this window falls within the 64-kilobyte address 
space of 8-bit boards without interfering with 
the board's ability to access its own low-end or 
high-end operating memory. On the local-bus 
side, there will always be some RAM at the low 
end of the memory space where communication mes­
sage buffers are located and Multibus masters 
will be able to access these locations. 

The large window is generally intended for buf­
fering of large I/O devices, such as tape 
drives. The method used for shifting the window 
across the Multibus interface simply involves 
forcing the high-order address bi ts one way or 
another. 
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Software Interface 

Parity Error Register (PER) 

RAM is checked for single-bit parity errors when 
enabled for this function through the IOCR. Even 
parity is used by default, but odd can be select­
ed. If a parity error occurs and the IOCR is 
enabled for the detect function, a non-maskable 
interrupt occurs. 

The Parity Register, at ports 52 (82 decimal) and 
54 (84 decimal), is designed as a status register 
in the event of such an interrupt. This register 
has the following bit assignments: 

Port 

52 (82) 

54 ( 84) 

54 (84) 

54 (84) 

54 (84) 

54 (84) 

54 ( 84) 

54 (84) 

Bit(s) 

0-F 

0-3 

4 

5 

6 

D 

E 

F 

Function 

Low-order 16 bi ts of the 
address at which parity 
error occurred. 

High-order 4 bi ts of the 
address at which parity 
error occurred. 

When one, a word 
caused the error. 
zero, a byte access 
it. 

access 
When 

caused 

When one, a DMA access 
caused the error. 

When one, a SLAVE Multibus 
access caused the error. 

When one, the most recent 
system Reset was by power­
up. When zero, it was a 
manual Reset. 

When one, the low byte of 
data was in error. 

When one, the high byte of 
data was in error. 

Figure 2-10 illustrates this register. 
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---- ERROR IN HIGH BYTE (IF SET) 

--- ERROR IN LOW BYTE (IF SET) 

-- LAST RESET {l=POWER UP, 0=MANUAL) 

r WOR.D/BYTE 
l=WORD 
~=BYTE 

iOF,IOE OD."Di:::' DB •DA •09 .D8 D7,06. D5·104 '03 02 Ol'i0.0 

PORT 54 (84)j [ I );~,I x{xJixl!'f [Xf x)xl ) f I I I 
\.. ._. I '---.,,---) 

DON'T CARE HIGH-ORDER 
4 BITS OF 

ADDRESS 

/OF D8 :07 ; Diii 

PORT 52 ( 82 } [ I I J I I I I , -, ....-I -----,-1 .......... 1 -, ''-"I' 

LOW-ORDER 16 BITS OF ADDRESS 

Figure 2-10. Parity Error Register (PER) 

2-28 



I/O AND CONTROL INTERFACES 

I/O Peripheral Devices and Channels 

As illustrated in Figure 2-1 only two I/O peri­
pheral devices (the keyboard and the dual-com­
munication-channel interface) are attached to the 
local I/O bus. Because th is bus comes off the 
lower byte of the local data (MEM) bus, all port 
addresses and I/0 data must be on even bytes. 
Three other I/O devices (video, disk, and 
printer) are located on the 16-bit TTL-buffered 
local data (MEM) bus, where speed and drive are 
higher. Additional I/O peripherals can be added 
on the Multi bus. The video screen is refreshed 
completely from main memory. 

Transfers involving video, disk and one of the 
two communications channels can use DMA ser­
vice. All DMA transfers are word transfers. In 
the case of DMA transfers for video, hard disk 
and floppy disk, the full word is used since 
these devices are attached to the 16-bit local 
data (MEM) bus. In the case of DMA communica­
tions on channel A, howeve~, only the low byte of 
each word is used since the communication path 
uses the local I/O bus, which sees only the lower 
8 bits of the MEM bus. 

When the CPU controls transfers, e.g., for the 
keyboard and printer, it can use byte instruc­
tions to peripherals on the local I/O bus and 
thereby avoid wasting the high byte of each word. 

In a standard system, contrcl of the peripheral 
devices is only done by the operating system, 
never by a user program or a Multibus master. 
The hardware control is not adequate to prevent 
all possible errors, such as Winchester disk and 
floppy disk simultaneously sending data to memory 
via DMA transfers (a shared DMA channel is used 
for both types of drives). For video displays, 
user programs running locally or on the Multibus 
can read and write to the video-refresh buffers 
in local memory, but the operating system handles 
all video control and status exchanges. 

The CPU's I/O to peripheral devices on the 
Multibus can be controlled by a bit in the I/O 
Control Register (!OCR), which is described below 
in the section entitled "Interrupts". The local 
DMA logic, however, cannot control transfers 
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across the Multibus interface; DMA of this type 
can only be done between local memory and a 
Multibus I/O device using a DMA controller that 
is located on the Multibus. 

I/O Circuits and Registers 

There are a number of I/O ports on the various 
boards of the mainframe and disk subsystems. 
Nearly all of them are initialized and/or other­
wise monitored by the operating system, although 
in a few cases user software may benefit from 
interaction with these ports. The descriptions 
here are followed by the port addresses relating 
to the functions; all port addresses are even 
(word-aligned). A reference to further program­
ming details is given under the "Software 
Interface" section that follows. 

DMA Control 

The local DMA chip (8237-2 or 9517) on the pro­
cessor board is used for video, disk and com­
munication transfers, as well as for local-bus 
arbitration when a Multibus master is seeking 
access to local memory. Control words are writ­
ten to the DMA chip for a variety of purposes, 
including the enabling/disabling (masking) of DMA 
transfers for particular I/O devices and the 
enabling/disabling of Multibus access to the 
local bus. Associated with the DMA chip is the 
Extended Address Register (EAR), a 3-bit register 
used in disk accesses to expand the DMA chip's 
16-bit word addresses into 19-bit wo~d addresses 
that cover the full 1 Megabyte address space (the 
least-significant address line is always held 
low). The EAR can be initialized by software at 
the beginning of each DMA access and the hardware 
will increment it thereafter. Ports 0 through 1C 
(24) and 68 (104). 

Interrupt Control 

The 8259A interrupt controller on the processor 
board, together with the I/O Control Register 
(IOCR) described below, handle CPU interrupts by 
the I/O peripherals and other local and Multibus 
logic. After initialization, the controller can 
be programmed for various forms of operation, 
including interrupt masking, end of interrupt, 
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and interrupt-priority rotation for user-added 
interrupts. Interrupt status can also be read 
from the chip. The "Special Fully Nested Mode" 
on this chip is not supported. Ports 20 (32) and 
22 ( 34). 

Keyboard Control and LEDs 

An 8251A USART on the I/0-memory board is used 
primarily to receive communication from the key­
board, which contains its own dedicated firmware­
J?rogrammed 8048 microprocessor. Transfers from 
the local bus to the 8251 are used for 8251 ini­
tialization after system Reset and for subsequent 
control bytes that light the 8 programmable LEDs 
located on the keyboard, set the keyboard in a 
diagnostics echo mode, or Reset the entire key­
board logic. Ports 38 (56) and 3A (58). 

Interval Timer 

A three-counter 8253 timer chip on the I/0-memory 
board is used to generate software-controlled 
baud rates for the two communication channels. 
The third counter is available to users and can 
be programmed to generate a maskable interrupt 
(level 3) periodically or. Ports 28 (40) through 
30 ( 42). 

I/O.Memory Board LEDs and Audio 

S~x latched LEDs and control for the speaker on 
tne I/0-memory board are available for various 
functions controlled by users' software. The 
LEDs are used by the ROM during system boot to 
indicate various types of failures; thereafter, 
any application program can set or clear them. 
The audio signal can be driven in hardware at a 
standard 625 Hz tone or in software at any other 
audible frequency. Port 44 (68). 

Communications Control 

A Z80A-SIO (serial I/O) chip on the I/0-memory 
board controls the two communication channels. 
After mode initialization by library subroutine, 
the status of various communication and interrupt 
functions can be read from the chip. One of the 
channels (channel A) can be programmed to operate 
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either under DMA or CPU control; channel B is 
always operated by the CPU. Due to the SIO 's 
non-8086 bussing structure, interrupt acknow­
ledges by the CPU are made through a separate 
logic block called the Interrupt Acknowledge 
Register (IAR). An Extended Control Register 
(ECR) is also associated with the SIO; this 
programmable register adds some transmit/receive 
control functions that the SIO does not support, 
such as secondary receive/transmit and control 
1 ines used for RS-422 mul t idrop drivers. Ports 
30 (48), 48 (72) through 4E (78), and 60 (96). 

I/O Control Register (IOCR) 

This 16-bit register on the I/0-memory board 
serves miscellaneous I/0-related interrupt enab­
ling, status and other control functions. It 
communicates with the system over the local data 
(MEM) bus. The entire 16 bits can be read by the 
CPU and 8 of these bits can be written to perform 
the following functions: 

o Power-failure interrupt enable and status 
o Parity-error interrupt enable and status 
o Parity sense (odd/even) 
o Lo~al-master/Multibus-slave I/O enable 

(factory option) 
o Printer interrupt enable and status 
o Bus-timeout interrupt enable and status 
o Realtime (50/60 Hz) clock interrupt enable 

and status 
o Memory-write interrupt enable and status 
o Programmable-timer interrupt status 

In addition to providing these functions, the 
!OCR also pulls together all non-maskable in­
terrupts and all level-4 maskable interrupts and 
forwards them to the CPU. Port 56 (86). 

Parity Error Register (PER) 

A register located on the processor board will 
latch the 20-bit address at which a RAM parity 
error occurs. It will also record whether the 
data was a word or byte, which byte in a word 
caused the error, and whether the last system 
Reset was manual or power-up; the latter distinc­
tion indicates whether or not the operating sys­
tem should save the prior contents of memory onto 
disk. Ports 52 (82) and 54 (84). 
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Printer Status Register {PSR) 

In addition to the 8-bit output data register, a 
4-bit input status register is provided on the 
I/0-memory board for the printer. Depending on 
the status outputs available from the printer 
device, the register can indicate when the prin­
ter is selected, when its buffer is full, when it 
is busy printing, and when it is out of paper. 
Port 50 (80). 

Screen Attribute Register (SAR) 

The video control board contains a 16-bit con­
trol/status register that is used to set four 
global screen attributes (normal/reverse screen, 
screen blank, screen half-bright and 80/132 
characters per row) and to direct DMA activity 
for screen refresh and symbol-RAM loading. Port 
58 (88). 

Floppy Disk Control {FDC) 

The floppy disk control board contains an NEC 765 
controller chip that is controlled by the CPU and 
an 8-bit Floppy Control Register (FCR), located 
on the FDC board. One of the two available ports 
for this logic is used for NEC 765 commands, 
transfer status and data transfers. The other 
port, when read, serves as 'the NEC 765 main 
status register; when written to, it serves as 
the Floppy Disk Control Register. Ports 70 (112) 
and 72 (114). 

Winchester Disk Control (WDC) 

The Winchester hard disk control board contains a 
firmware-programmed 8085 microprocessor and an 8-
b it Winchester Control Register (WCR) which are 
used in a manner analogous to that described 
above for floppy disk control. Ports 78 ( 120) 
and 7 A ( 122). 
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Software Interface 

Software interfaces to the above-mentioned I/O 
circuit and registers are described in other 
parts of the Workstation Hardware Manual ( WHM) 
and Peripherals Hardware Manual (PHM) as follows: 

I/O Logic 

DMA Control 

Interrupt Control 
Keyboard Control 

Interval Timer 
I/0-Man.LEDs/Audio 
Comm. Control 

IOCR 
PER 

PSR 

SAR 

FDC 

WDC 
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Manual 

WHM 

WHM 
WHM 

WHM 
WHM 
WHM 

WHM 
WHM 

WHM 

WHM 

PHM 

PHM 

Chapter 

2 

2 
2 

2 
2 
2 

2 
2 

2 

8 

2 

4 

Section 

DMA Trans­
fers 
Interrupts 
Keyboard 
Interface 
Interrupts 
Utilities 
Comm. Inter­
face 
Interrupts 
Memory In­
terface 
Printer 
Interface 
Functions & 
Interfaces 
Functions & 
Interfaces 
Functions & 
Interfaces 



DMA TRANSFERS 

General Operating Characteristics 

Direct memory access (DMA) transfers are done on 
the local bus by a four-channel DMA controller 
chip. The 8237-2 DMA chip is standard but the 
9517 chip can alternatively be used. The DMA 
chip does not service transfers involving the 
Multi bus, except to help arbitrate access by a 
Multi bus master to the local bus memory. When 
data must be transferred by a local-bus master 
outward to the Multibus, only the local CPU can 
be used for th is purpose. If DMA across the 
Multibus interface is desired, it must be handled 
by an external DMA controller on the Multibus. 

Figure 2-11 shows the configuration of data, ad­
dress-generation and control paths for local DMA 
logic. The CPU writes commands and reads status 
through the 8-bit data path connected via the low 
byte of the MEM bus to the local I/O bus; the 
commands include CPU-initiated requests for DMA 
service, starting addresses, transfer block 
lengths, and enable/disable bi ts which mask the 
ability of individual peripheral-device channels 
to request their own DMA service. The control 
1 ines in and out of the DMA chip are used for 
local-bus request/acknowledge, IIO peripheral 
request/acknowledge, and ancillary register or 
buffer control. 

Memory and I/O read/write commands are generated 
by the DMA logic and distributed through the 
local bus interface. The DMA logic then gen­
erates addresses for the RAM memory on the local 
address bus and transfers of data occur on the 
16-b it local data (MEM) bus. Transfers always 
have RAM memory at one end of the path, either at 
the source or the destination. Memory-to-memory, 
I/0-to-I/O and ROM accesses are not supported 
under DMA control. 

The DMA controller chip, either 8237-2 or 9517, 
operates at 4 MHz. The chip has 8-bit data and 
address paths, although its ability to use both 
paths together allows them to generate 16 bits of 
address internally. An additional 3 bits of 
address are generated by an external register as 
described below under "Address Generation." 
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Channel Uses 

Maximum transfer rate on the local bus with the 
DMA chip is 2. 64 Megabytes/second. Since all 
transfers are words (the least-significant ad­
dress bit is always forced to zero), this is 
equal to 1.32 Mega-transfers/second, the maximum 
rated speed of the chip. This rate is achieved 
with a "simultaneous" transfer scheme in which 
data is read from the source in essentially the 
same transfer cycle in which it is written to the 
destination. The transfer cycle for an 8237-2 
varies between 3 and 6 clock cycles, depending on 
the DMA mode, address and I/O peripheral involved 
in the transfer. 

Local DMA transfers uses either the single (word­
at-a-time) or the demand transfer mode, depending 
on the channel. When demand mode is used, hard­
ware logic causes bursts of multiple-word trans­
fers with in a single DMA-request cycle for cer­
tain peripherals. DMA activity that is control­
led by a Multibus DMA controller, however, can 
only use the single transfer mode, since there is 
no way to communicate a block length across the 
Multibus interface. Therefore, all DMA transfers 
across the Multibus interface are subject to 
interleaving with other local CPU or DMA trans­
fers on the local bus. 

The DMA chip has four prioritized channels. Each 
channel has its own request/acknowledge pin, 16-
bit starting-address register and 16-bit address­
counting register. I/O peripherals use one of 
the four request/acknowledge signal lines shown 
in Figure 2-11 to request service. 

The CPU maintains software control over these 
priorities by having the ability to write mask 
bits to the DMA chip's mask register, thereby 
enabling or disabling individual I/O devices from 
requesting DMA service, and by having the ability 
to change from fixed to rotating priority. One 
further consideration with respect to DMA prior­
ity involves memory refresh: the refresh will 
always take priority over a DMA transfer for 
access to RAM. 

Figure 2-12 and the sections below outline the 
nature of activity on the four DMA channels. 
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Multibus Access 

While the local DMA chip does not service trans­
fers across the Multibus interface, it is in­
volved in arbitrating access to the local bus by 
Multibus masters. When a Multibus master puts an 
address on the Multi bus which corresponds to an 
established address window into the local bus 
(see the "Memory Interface" sect ion above) , the 
Multibus interface derives a DMA-request signal 
from the address. The DMA logic communicates 
with the local bus interface to obtain bus con­
trol, which it then turns over to the Multibus 
master. Thereafter, all address-generation and 
control come from that master and addresses gen­
erated by the DMA chip are ignored. 

Multibus access to the local bus is given highest 
priority because it is assumed that some Multibus 
devices, such as realtime devices, will not have 
their own storage buffering and will require very 
fast access to local RAM. All local-bus devices, 
by contrast, have their own storage buffering and 
can wait longer for local-bus access if neces­
sary. 

Communications 

DMA communication transfers can occur only 
through Channel A of the Z80A-SIO serial com­
munications controller chip. Channel B of that 
chip can only be serviced by the CPU. To obtain 
DMA service the SIO requests it through its 
Wait/Ready line (the Ready output activates the 
request). 

Only 16 address bits are available for 
communications DMA. This means that memory 
buffers constructed in software must be located 
in the first 128 kilobytes of memory, since 16 
bits address 64K words (128K bytes). Figure 2-13 
illustrates this constraint, which also applies 
to vid~o buffers. Furthermore, the SIO only 
looks at the lower 8 bits of the local data (MEM) 
bus via its local I/O bus interface. Therefore, 
only the low byte of every word transfer is used. 
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DMA communication on Channel A is limited to 
half-duplex operation. While the SIO itself has 
full-duplex channels, the arrangement with the 
DMA logic requires a service-request line for 
each direction and the SIO can generate only one 
service-request signal for each channel. 

DMA transfers for the SIO require Wait states. 
This is handled by logic which is enabled from 
the SIO/DMA request/acknowledge handshake and 
timed by the DMA chip's Write strobe. 

Disk 

A common DMA channel is used for both floppy and 
hard disk accesses. The control boards for both 
types of disk are capable of generating a DMA 
request and for this reason it is essential that 
operating-system supervision over these requests 
on the common signal line be maintained. 

The control boards stack bytes into words for the 
disk control interface and the MEM bus, making 
bus utilization more efficient. 

Unlike communications DMA, disk DMA transfers can 
access the entire 1-megabyte memory space. The 
address bi ts are added at the high end by the 
software-initialized Extended Address Register 
(EAR), which is explained below under the section 
titled "Address Generation." 

Video Refresh 

Video DMA is similar to communications DMA in 
that only 16 address bi ts are used, hence the 
requirement to store the software screen buf­
fer( s) within the lower 128 kilobytes of mem­
ory. Figure 2-13 shows this. The two methods 
differ, however, in that the video control logic 
watches the full 16-bit data bus and sends both 
bytes of data to the CRT. 

Transfers of data from memory to the CRT needn't 
require reinitialization by the CPU for each 
screen frame. The DMA chip's auto-initialize 
function is normally used for this, causing auto­
matic restarts after each screen frame is fully 
transferred. 
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Figure 2-13. Location of Communication and Video Buffers 
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Bus Exchange 

Transfers from the video board to the processor 
board are also handled by the DMA logic but they 
occur only rarely for status checking. After the 
above four DMA functions are satisfied, priority 
for the local bus defaults to the CPU. 

Upon receipt of a service request from a local 
peripheral, the DMA chip first obtains control of 
the local bus and then sends the peripheral an 
acknowledgement which enables the peripheral to 
transmit or receive its data on the data bus. 
The peripheral's request line and the DMA chip's 
acknowledge line are normally held active for a 
maximum transfer duration of 1 to 8 words, as 
shown in Figure 2-12. In the case of Winchester 
disk and video transfers, the maximum duration 
involves multiple words and is enforced by 
special hardware logic that interfaces the 
peripheral's request line to the DMA chip. 

The DMA chip obtains control of the local bus by 
asserting its Hold Request output to the arbitra­
tion logic in the local bus interface and await­
ing a Hold Acknowledge in return. The arb i tra­
tion logic uses the CPU's status lines to 
determine when the 8086 or 8087 is using or 
preparing to use the bus. At the earliest 
opportunity, the Hold Acknowledge is sent to the 
DMA chip, which then takes control of the bus by 
holding down the CPU's Ready line. This causes 
the CPU to idle for the duration of the DMA 
activity. 

If a Multi bus master is seeking access to the 
local bus, it first must gain access to the Mul­
tibus using the conventional Multibus protocol. 
Then it places the address on the Multibus. The 
Multibus address decode logic determines whether 
a valid local-memory window is being addressed. 
When this occurs, the same decode logic generates 
a Multibus service request (SLAVERQ) to the DMA 
logic. The DMA logic then obtains control of the 
local bus and returns an acknowledgement to the 
Multibus interface, which is thereby enabled to 
put read/write commands on the local bus. 
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Address Generation 

In Multibus accesses to the local bus, addresses 
are generated by the Multibus master. In the 
other three types of DMA transfers, addresses are 
generated by the local DMA logic: communication 
and video addresses are generated by one method 
and disk addresses are generated by another 
method. 

Communication and Video Addresses 

In these transfers, only 16 address bits are 
placed on the 20-bit local address (LA) bus by 
the DMA chip. The low-order byte of the address 
comes from the DMA-chip's address outputs and the 
high-order byte is multiplexed onto the local I/O 
bus (IOB) through the DMA chip's data lines. The 
high-order 3 bits plus the low-order bit of the 
local address bus are forced to zero. This means 
that memory buffers constructed in software must 
be located in the first 128 kilobytes of memory. 

Before loading the DMA chip with a base (start­
ing) address, the actual starting address is 
shifted right one bit by the operating system. 
This allows the DMA chip to count words instead 
of bytes on its 16-bit internal counter and ad­
dress incrementer, but it means that starting 
addresses must be word boundaries; i.e., they 
must be even addresses. This shifting is trans­
parent to the user and is reversed automatically 
by the DMA logic when it puts addresses onto the 
local address bus, since the DMA-logic bus lines 
are connected in hardware to the next higher 
local address bus line. 

Figure 2-14 gives a pictorial overview of how DMA 
addresses are manipulated in system software and 
hardware during this process. 

Disk Addresses 

Unlike communications and video DMA, disk DMA 
transfers can access the entire 1-megabyte ad­
dress space. The low-order address bit is still 
zero, allowing the DMA chip to count word trans­
fers in its 16-bit registers instead of byte 
transfers. But in disk transfers, three addi­
tional bits on the high end are supplied by the 
Extended Address Register (EAR). This gives a 
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total of 19 address bi ts which address words, \ 
hence the equivalent of 20 bits addressing bytes 
on word boundaries. 

The EAR is initialized by the disk-handler por­
tion of the operating system each time a disk 
access is started. Once initialized, however, it 
is incremented in hardware on 64K-word (128~kilo­
byte) boundaries, when the capacity of the DMA­
chip 's counter is reached. 

The one-bit address shift in operating-system 
software is still required prior to loading the 
DMA registers, just as in communiction and video 
addresses, and it is corrected upon DMA address 
output in the same hardware manner. This pro­
cess, like the initializing of the EAR, are gen­
erally transparent to the ~ser. 

Figure 2-15 illustrates the address-generation 
technique used for disk accesses. Compare this 
with the technique illustrated in Figure 2-14 for 
communication and video accesses. 
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Software Interface 

8237-2 DMA Controller 

The 8237-2 DMA chip is standard with the system, 
although a 9517 may be used. This section 
describes only the 8237-2; the 9517 is identical 
in operation. 

The DMA logic is initialized and monitored by the 
CPU through a set of I/O ports. These ports, 
which address a set of registers described below, 
are as followsg 

IIO 
Port 

f7J 

2 
4 
6 
8 
A (10) 
c ( 12) 
E (14) 
10 (16) 
12 (18) 
14 ( 20) 
16 ( 22) 
18 ( 24) 
1 A ( 26) 
1C (28) 
68 ( 104) 

Write 
Register 

Reserved 
Reserved 
SIO base address 
SIO base count 
Disk base address 
Disk base count 
Video base address 
Video base count 
Command 
Request 
Set/reset mask 
Mode 
Clear flip-flop 
Master clear 
Mask 
EAR* 

Read 
Register 

Reserved 
Reserved 
SIO current address 
SIO current count 
Disk current address 
Disk current count 
Video current address 
Video current count 
Status 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
EAR* 

* See separate section 
with this title 

When the standard operating system is used, all 
initialization and control of the DMA logic is done 
by the operating system. Under these circumstance-s, 
you should have no need to write to any of the above 
ports. The following information will be needed 
only when a non-standard operating system is used. 

Registers: The 8237 has four channels for I/0 
devices, each with its own request and acknow­
ledge lines. All four are enabled by the stan­
dard operating system. Since the Multibus chan­
nel is only used for arbitrating access of a 
Multibus master to the local bus, its channel is 
not programmed with base addresses and counts as 
the other three channels are. The register for­
mats are illustrated in Figure 2-16. Their 
contents are as follows: 
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Current Address Register: Each channel has 
a 16-bit Current Address Register. This 
register holds the value for the address 
used during DMA transfers. The address is 
automatically incremented or decremented 
after each transfer and the intermediate 
values of the address are stored in the 
Current Address register during the trans­
fer. This register is written or read by 
the CPU in successive 8-bit bytes. It may 
also be reinitialized by an Autoinitialize 
back to its original value. Autoinitialize 
takes place only after an End of Process 
( EOP). 

Current Word Count Register: Each channel 
has a 16-bit Current Word Count register. 
This register holds the number of transfers 
to be performed. The word count is decre­
mented after each transfer. The interme­
diate value of the word count is stored in 
the register during the transfer. When the 
value in the register goes to zero, a Ter­
minal Count (TC) will be generated. This 
register is loaded or read in successive 8-
bit bytes by the CPU in the Program Condi­
tion. Following the end of a DMA service it 
may also be reinitialized by an Autoinitial­
iza t ion back to its original value. Au to­
in it ial iza t ion can occur only when an EOP 
occurs. 

Base Address and Base Word Count Regis­
ters: Each channel has a pair of Base Ad­
dress and Base Word Count Registers. These 
16-bit registers store the original value of 
their associated current registers. During 
Autoinitialize these values are used to 
restore the current registers to their 
original values. The base registers are 
written simultaneously with their corres­
ponding current register in 8-bit bytes in 
the Program Condit ion by the CPU. These 
registers cannot be read by the micropro­
cessor. 

Command Register: This 8-bit register con­
trols the operation of the 8237. It is 
programmed by the CPU and cleared by Reset. 

Mode Register: Each channel has 
Mode register associated with it. 
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Mode register associated with it. When the 
register is being written to by the CPU in 
the Program Condit ion 9 bi ts 0 and 1 deter­
mine which channel Mode register is to be 
written. 

Request Register: 
used. 

This register is not 

Mask Reg is ter ~ Each channe 1 has associated 
with it a mask bit which can be set to dis­
able the incoming DREQ. Each mask bit is 
set when its associated channel produces an 
EOP if the channel is not programmed for 
Autoinitialize. Each bit of the 4-bit Mask 
register may also be set or cleared separ­
ately under software control. The entire 
register is also set by a Reset. This dis­
ables all DMA requests until a clear Mask 
register instruction allows them to occur. 
The instruction to separately set or clear 
the mask bi ts is similar in form to that 
used with the Request register. All four 
bits of the Mask register may also be writ­
ten with a single command. 

Status Register: The Status register is 
available to be read out of the 8237 by the 
CPU. It contains information about the 
status of the devices at this point. This 
information includes which channels have 
reached a terminal count and which channels 
have pending DMA requests. Bits 0-3 are set 
every time a TC is reached by that channel 
or an external EOP is applied. These bits 
are cleared upon Reset and on each Status 
Read. Bi ts 4-7 are set whenever their cor­
responding channel is requesting service. 

Temporary Register: The Temporary register 
is not used in this configuration, since 
memory - to memory transfers are not sup­
ported. 

Software Commands: These are additional 
special software commands which can be exe­
cuted in the Program Condition. These com­
mands are decoded as sets of addresses with 
the chip select (CS) and I/O write ( IOW) 
lines. The two software commands are: 

1. Clear First/Last Flip-Flop: 
mand is executed prio~ to 
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reading new address or word count infor­
mation to the 8237. This initializes 
the flip-flop to a known state so that 
subsequent accesses to register contents 
by the CPU will address upper and lower 
bytes in the correct sequence. 

2. Master Clear: This software instruction 
has the same effect as the hardware 
Reset. The Command, Status, Request, 
Temporary, and internal First/Last Flip­
Flop registers are cleared and the Mask 
register is set. The 8237 will enter 
the idle cycle. 

Idle Mode: When no channel is requesting ser­
vice, the 8237 will sample the DREQ lines every 
clock cycle to determine if any channel is re­
questing a DMA service. The device will also 
sample the chip select (CS) pin looking for an 
attempt by the CPU to write or read the internal 
registers of the 8237. When CS is low and HRQ is 
low, the 8237 enters the Program Condit ion in 
which the CPU can read from or write to the in­
ternal registers. 

Active Modes: When the 8237 is in the idle mode 
and a channel requests DMA service, the device 
will output an HRQ and enter an Active cycle in 
one of two modes: 

Single Transfer Mode: In Single Transfer 
mode the device is programmed to make one 
transfer only. The word count will be de­
cremented and the address decremented or 
incremented following each transfer. When 
the word count goes to zero, a Terminal 
Count (TC) will cause an Autoinitialize if 
the channel has been programmed to do so. 

Demand Transfer Mode: In Demand Transfer 
mode, which is used for all local I/O de­
vices by the standard operating system, the 
device is programmed to continue making 
transfers until a TC or external EOP is 
encountered or until DREQ goes inactive. 
Thus transfers may continue until the I/O 
device has exhausted its data capacity. 
After the I/O device has had a chance to 
catch up, the DMA service is re-established 
by means of a DREQ. During the time between 
services when the CPU is allowed to operate, 
the intermediate values of address and word 
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count are stored in the 8237 Current 
and Current Word Count registers. 
EOP can cause an Autoinitialize at 
of the service. 

Address 
Only an 
the end 

Transfer Types: Each of the three active trans­
fer modes can perform two different types of 
transfers. These are Read and Write. Write 
transfers move data from an I/O device to the 
memory by activating MEMW and IOR. Read 
transfers move data from memory to an I/O device 
by activating MEMR and IOW. 

Autoinitialize: By programming a bit in the 
Mode register, a channel may be set up as an 
Autoinitialize channel. During Autoinitial­
ize intialization, the orginal values of the 
Current Address and Current Word Count reg­
isters are automatically restored from the 
Base Address and Base Word Count registers 
of that channel following EOP. The base 
registers are loaded simultaneously with the 
current registers by the CPU and remain 
unchanged throughout the DMA service. The 
mask bit is not set when the channel is in 
Autoinitialize. Following Autoinitialize 
the channel is ready to perform another 
service without CPU intervention. 

Priority: The 8237 has two types of prior­
ity encoding, fixed and rotating, available 
as software selectable options. Fixed 
Priority is used by the CT operating system, 
with the priority order based upon the 
descending value of their number. The 
channel with the lowest priority is 3 
followed by 2, 1 and the highest priority 
channel, O. After the recognition of any 
one channel for service, the other channels 
are prevented from interferring with that 
service until it is completed. 
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Port 10 
(16} 

Port 16 
(22) 

Port 12 
(18} 

Command Register 
1 e s 3 2 0 -Bit Number 

0 
1 

0 
1 
x 

0 

0 
1 
x 

0 

( ! 
0 

-{ ~ 

Mode Register 

7 6 2 

o-=:cr_L~ 

00 
01 
10 
11 
xx 

---{ 0 

0 

00 
01 
10 
11 

Request Register 

-.---
Don't Care -Ci~ 10 

11 

'------! 0 

Memory-to-memory disable 
Memory-to-memory enable 

Channel 0 address hold disable 
Channel 0 address hold enable 
If bit 0=0 

Controller enable 
Controller disable 

Normal timing 
Compressed timing 
If bit 0= 1 

Fixed priority 
Rotating priority 

Late write selection 
Extended write selection 
If bit 3= 1 

OREO sense active high 
OREO sense active low 

DACK sense active low 
DACK sense active high 

Channel 0 select 
Channel 1 select 
Channel 2 setect 
Channel 3 select 

Verity transfer 
Write transfer 
Read transfer 
Illegal 
If bits 6 and 7= 11 

Auloinitiallzatlon dlsable 
Autoinitlalization enable 

Address increment select 
Address decrement select 

Demand mode select 
Single mode select 
Block mode select 
Cascade mode select 

Select channel 0 
Select channel 1 
Select channel 2 
Select channel 3 

Reset request bit 
Set request bit 

Port 10 
(16) 

Status Register 

__ -'l'i'J rrIJ~~::: e1t Number 
l_ Channel 0 has reached TC 

Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 

Channel 0 request 
Channel 1 request 

-----~-~--- 1 Channel 2 request 
~----------- 1 Channel 3 request 

Mask Set/Reset Register 

Port 14 
(20) 

Port lC 
(28) 

7 4 2 0 •-- Bit Number 

~Ti~ 
Select channel 0 mask bit 
Select channel 1 mask bit 
Select channel 2 mask bit 
Select channel 3 mask bit 

CII:¥.J. . -l-:C[] 

-------{ 01 Clear mask bit 
Set mask bit 

Mask Register 

6 0 •- -- Bit Number 

CJ..J;.l:I Tl] ll.~I I o 
Don't Care -l 1 

---{ ~ 

. ---1 ~ 

Clear channel O mask bit 
Set channel 0 mask bit 

Clear channel 1 mask bit 
Set channel 1 mask bit 

Clear channel 2 mask bit 
Set channel 2 mask bit 

Clear channel 3 mask bit 
Set channel 3 mask bit 

Figure 2-16. 8237-2 Register Formats 
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DMA Extended Address Register (EAR) 

The EAR is a 3-bit register which is written and 
read from I/O port 68 ( 104 dee imal). It is used 
only for disk transfers and must be used for all 
such transfers. 

The EAR is loaded by the opera ting system prior 
to a disk transfer. Thereafter, it is incre­
mented by hardware on 128-kilobyte boundaries 
that are counted from the 8237's 16-bit word 
counter. 

A discussion of the DMA address-generation method 
is given earlier in this chapter. The format for 
writing to the EAR is given in Figure 2-17, be­
low. The EAR is loaded from the three low-order 
bits of the local data (MEM) bus. 
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D7 D6 D5 D4 D3 D2 Dl DO 

I I I I I I 
\. 

____ +I 
~ 

DON'T CARE 

BIT 13 (HEX) OF 20-BIT ADDRESS 

BIT 12 (HEX) OF 20-BIT ADDRESS 

BIT 11 (HEX) OF 20-BIT ADDRESS 

I I I PORT 68 
(1096) 

Fi~ure 2-17. DMA Extended Address Register (EAR) 
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INTERRUPTS 

The local bus supports both non-maskable (NMI) 
and maskable ( INTR) interrupts of the 8086. An 
8259A interrupt controller supports up to eight 
priority levels for the maskable interrupts. Of 
these priority levels, four are reserved for 
local-bus use and the other four are available 
for Multibus use. Up to 36 maskable-interrupt 
priority levels can be supported on Multibus when 
additional priority-encoding logic (such as ad­
ditional 8259As) are provided on the Multibus. 

While certain features of the way in which in­
terrupt requests are passed to the processor are 
unique, the manner in which the interrupts are 
processed is standard for the 8086. 

Figure 2-18 lists the types of interrupts suppor­
ted, along with their usage on the local bus and 
connections through to the Multibus. Figure 2-19 
illustrates the general arrangement of control 
lines used for passing interrupts to the CPU from 
the interrupting devices and logic blocks. 

Non-Maskable Interrupts 

In conventional usage, a "non-maskable interrupt" 
cannot be masked by software. In the usage im­
plemented on the local bus, however, it can be 
masked although not through the 8086 itself. 
This is possible because all inputs to the 8086's 
NMI pin pass through the I/O Control Register 
(!OCR), a programmable I/O port that contains an 
enable/disable mask bit for each interrupting 
source. In th is implementation, the important 
distinction between non-maskable and maskable 
interrupts is that the former type have higher 
priority and are able to get the CPU's attention 
faster. 

Non-maskable interrupts are not part of the Mul­
ti bus convention. Therefore, these interrupts go 
only to the local 8086. They come from four 
sources, each of which has a separate line into 
the !OCR where the input is latched. Any of the 
inputs will cause the !OCR to send an NMI to the 
8086, which can then read the IOCR status reg­
ister to determine the cause of the interrupt. 
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Priority Local-Bus Interface Local-Bus/Multibus 
(Highest First) Usage To CPU Connection? 

Non-Maskable Power Fail~re, IOCR No 
Parity Error, 
Write Protect, 
Bus Timeout. 

Maskable, level 0 Undefined 8259A Yes 

" level 1 Communications 8259A No* 

" level 2 Undefined 8259A Yes 
' 

" level 3 Interval Timer 8259A Yes** 

" level 4 Printer, !OCR No* 
' Keyboard, and 

8259A 
Realtime Clock, 
8087. 

" level 5 Undefined 8259A Yes 

" level 6 Undefined 8259A Yes 

" level 7 Hard Disk, 8259A No* 
Floppy Disk. 

* While these interrupt lines are not connected between the local 
bus and the Multibus, they are connected between all Multibus 
boards. 

** If the local interval timer is not used, this interrupt level can 
be used by Multibus devices. 

Figure 2-18. Interrupt Priorities and Functions 
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All interrupt latches in the IOCR are disabled 
and cleared upon system Reset. Normally, they 
are reenabled by the operating system's initial­
ization routine. 

Power Failure 

Logic on the I/0-memory board can detect AC power 
transitions. At a line frequency of 60 Hz, for 
example, the transit ions occur at a 120-Hz rate 
or every 8.33 milliseconds. Capacitors on the 
power supply are guaranteed to keep the CPU run­
ning for at least 12 milliseconds after the AC 
power is interrupted. Worst-case detection of 
power failure would then leave 12 minus 8.33, or 
about 3.67 milliseconds after the failure to take 
defensive action. 

When a missing line transit ion is detected, a 
signal a sent from the power-failure detect ion 
logic to the IOCR, causing a non-maskable in­
terrupt to the CPU. At the same time, the detec­
tion logic disables the disk-control interface so 
that disks cannot be corrupted beyond any concur­
rent sector operation. 

If the power comes up again before the operator 
turns the power switch off, the system will auto­
matically Reset and reboot itself. This function 
is called Auto-Restart. 

Parity Error 

The parity detection logic on the processor board 
can detect RAM (not ROM) parity erros and cause 
the IOCR to assert NMI. When an error occurs, 
the 20-bit address at which it occurred is stored 
in the Parity Error Register (PER), from which it 
can be read by the CPU. The PER is described 
above, in the "Memory Interface" section. 

Memory Write-Protection 

Logic on the I/0-memory board can generate an NMI 
through the IOCR when an attempt is made to write 
in the lower 32 kilobytes of RAM, where the oper­
ating system normally resides. In addition to an 
interrupt being generated, the write is also 
inhibited. 
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Bus Timeout 

Logic on the processor board can be enabled to 
monitor bus cycles. If it finds that none has 
occurred within 6 milliseconds after a read/write 
command to memory or an I/O device, it will as­
sert NMI through the IOCR. The timeout will 
affect all slave accesses on the local bus, 
whether by local-bus or by Multibus masters. It 
is designed to protect against non-existent de­
vices and faulty programs. 

Maskable Interrupts 

The 8259A handles maskable interrupt requests. 
Figure 2-18 shows four of the 8259A 's interrupt 
inputs (levels 1, 3, 4 and 7) being used by local 
I/O peripherals. These four are as follows: 

Communications (Level 1) 

Interrupts from the Z80A-SIO go directly to the 
level 1 input on the 8259A, where they are then 
passed to the CPU in their proper priority order, 
i.e., after any pending level 0 interrupts. 

The SIO can generate an interrupt when (a) it is 
ready to transmit a message, (b) it has received 
a message, or ( c) a noteworthy external or in­
ternal status condition has occurred (such as 
loss of carrier). These functions are indepen­
dently enabled in software, with Channel A having 
higher fixed priority then Channel B. 

Interval Timer (Level 3): This input to the 
8259A is electrically connected to the Multibus, 
as well as to counter 0 of 8253 interval timer. 
If the timer is not used, the interrupt level can 
be used by a Multibus device. 

Printer, Keyboard, Realtime Clock, and 8087 
(Level 4) 

The interrupts from these sources are routed 
through independent signal lines to the !OCR. 
They are latched in the IOCR until sent on 
through a common line to the 8259A's level-4 
input. The printer and realtime clock interrupts 
can be independently enabled or disabled by 
setting a mask bit in the IOCR. 
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If an interrupt occurs at level 4, the 8259A will 
identify it only as that level, not as the speci­
fic device that caused the interrupt. It is then 
up to the CPU to individually poll the possible 
sources that the 8259A has multiplexed onto that 
level. The following registers are available for 
this: 

Printer: The printer interface has a status 
register port 50 (80 decimal), that can be read 
after an interrupt to determine the cause, in 
addition to a status bit in the IOCR. 

Keyboard: The keyboard interface has an 8251A 
status register, port 3A (58 decimal). 

Realtime Clock: This clock sets a bit (bit 1) in 
the IOCR, port 56 (186 decimal), at a rate of 50 
or 60 Hz, which can be read after an interrupt. 

8087: The 8087, which interrupts on errors, has 
a status register which can be examined after an 
interrupt by using its own instruction set. 

Disks (Level 7) 

Both the floppy and Winchester disk controller 
boards share this common interrupt line through 
the disk interface to the 8259A. Interrupts on 
the line normally occur at the completion of a 
DMA block transfer or other command to the con­
troller. Interrupts may also occur on error or 
abnormal conditions, such as when a diskette is 
removed and the drive becomes not ready. 
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Software Interface 

8259A Interrupt Controller 

The 8259A has eight maskable interrupt-request 
inputs, as shown in Figure 2-18. When the stand­
ard operating system is used, all initialization 
and control for priority levels 1, 3, 4 and 7 are 
done by the operating system. Under these cir­
cumstances, users will only have occasion to 
write command bytes that relate to interrupt 
levels accessible from the Multibus (i.e., levels 
0 , 2 , 5 and 6 ) • 

Commands: The 8259A accepts two types of command 
words generated by the CPU: 

1. Initialization Command Words ( ICWs): Before 
normal operation can begin, each 8259A in the 
system must be brought to a starting point -
by a sequence of 2 to 4 bytes timed by WR 
pulses. 

2. Operating Command Words (OCWs): These are 
the command words that are sent to the 8259A 
for various forms of operation, such as: 

o Interrupt Masking 
o End of Interrupt 
o Priority Rotation 
o Interrupt Status 

The OCWs can be written into the 8259A anytime 
after initialization. 

The interrupts at the interrupt-request inputs 
are handled by two registers in cascade: the 
Interrupt Request Register (IRR) and the In-Ser­
vice Register (!SR). The IRR is used to store 
all the interrupt levels which are requesting 
service, and the !SR is used to store all the 
interrupt levels which are being serviced. 

An Interrupt Mask Register (IMR) stores the bits 
which mask the interrupt lines. The !MR operates 
on the IRR. Masking of a higher-priority input 
will not affect lower-priority inputs. 

The I/O ports used for writing and reading the 
above commands and status are as follows: 

2-61 



Port Write Read 

20 ( 32) ICW1 IRR 
OCW2 ISR 
OCW3 

22 ( 34) OCW1 IMR 
ICW2 
ICW3 
ICW4 

Initialization Command Words: Figure 2-20 shows 
the sequence of initialization and Figure 2-21 
shows the command word formats. 

ICW1 and ICW2: T7-T3 are inserted as a 
portion of an interrupt vector in ICW2. The 
8259A sets the remaining bi ts according to 
the interrupt level. A10-A5 are ignored and 
ADI (Address Interval) has no effect. 

ICW3: Th is word is read only when there is 
more than one 8259A in the system and cas­
cading is used, in which case SNGL=O. It 
will load the 8-bit slave register. The 
functions of this register are: 

a. With the 8259A in the master mode, as is 
always the case for the CT mainframe, 
(in buffered mode when MIS= 1 in ICW4) a 
"1" is set for each slave in the sys­
tem. The master then will enable the 
corresponding slave to release byte 2 
through the cascade lines. 

b. With the 8259A in the slave mode, as may 
be used in cascaded 8259As on the 
Multibus, (in buffered mode when M/S = 0 
in ICW4) bits 2-0 identify the slave. 
The slave compares its cascade input 
with these bits and if they are equal, 
byte 2 of the call sequence is released 
by it on the Data Bus. 

ICW4: The Special Fully Nested mode is not 
supported and buffered mode should be 
used. Bit D0 should be set to 1. 

Operation Command Words: After the Initializa­
tion Command Words (ICWs) are programmed into the 
8259A, the chip is ready to accept interrupt 
requests at its input lines. However, during the 
8259A operation, a selection of algorithms can 
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command the 8259 A to operate in various modes 
through the Operation Command Words (OCWs). 

Figure 2-22 shows the operation command word for­
mats. 

OCW1: OCW1 sets and clears the mask bits in 
the interrupt Mask Register (IMR). M7-Mo 
represent the eight mask bits. M = 1 indi­
cates the channel is masked (inhibited), M = 
0 indicates the channel is enabled. 

OCW2: R, SL, EOI - These three bits control 
the Rotate and End if interrupt modes (see 
19 Modes of Operations", below) and combin­
ations of the two. A chart of these combin­
ations can be found in the Operation Command 
Word formats. 

L2 , Ll' L0 - These bits determine the inter­
rupt evel acted upon when the SEOI bit is 
active. 

OCW3: ESMM - Enable Special Mask Mode (see 
"Modes of Operation", below). When this bit 
is set to 1 it enables the SMM bit to set or 
reset the Special Mask Mode. When ESMM = 0 
the SMM bit becomes a "don't care". 

SMM Special Mask Mode (see "Modes of 
Operation", below). If ESMM = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If 
ESMM = 1 and SMM = 0 the 8259A will revert 
to normal mask mode. When ESMM = O, SMM has 
no effect. 

Interrupt Maskg Each Interrupt Request input can 
be masked individually by the Interrupt Mask 
Register (IMR) programmed through OCW1. Each bit 
in the IMR masks one interrupt channel if it is 
set (1). Bit 0 masks IRO, Bit 1 masks IR1 and so 
forth. Masking an IR channel does not affect the 
other channel operation. 

Modes of Operation: The 8259A has several modes 
of operation. However, the only operating mode 
used in the CT system is the fully nested "level 
triggered" mode. The priority scheme allowed 
within the CT system is "fixed priority". 

Reading Status: The input status of several 
internal registers can be read to update the user 
information on the system. The following regis-
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ters can be read via OCW3 (IRR and ISR) or OCW1 
(IMR). 

Interrupt Request Register (IRR): 8-bit 
register which contains the levels request­
ing an interrupt to be ackowledged. The 
highest request level is reset from the IRR 
when an interrupt is acknowledged. (Not 
affected by IMR). 

In-Service Register (ISR): 8-bit register 
which contains the priority levels that are 
being serviced. The ISR is updated when an 
End of Interrupt command is issued. 

Interrupt Mask Register (IMR): 8-bit regis­
ter which contains the interrupt request 
lines which are masked. The IRR can be read 
when, prior to the RD pulse, a Read Register 
Command is issued with OCW3 (RR = 1 , RIS = 
0) • The I SR can be read when, prior to the 
RD pulse, a Read Register Command is issued 
with OCW3 (RR = 1, RIS = 1). There is no 
need to write an OCW3 before every status 
read operation, as long as the status read 
corresponds with the previous one; i.e., the 
8259A "remembers" whether the IRR or ISR has 
been previously selected by the OCW3. Th is 
is not true when poll is used. For reading 
the IMR, no OCW3 is needed. The output data 
bus will contain the IMR whenever RD is 
active and AO = (OCW1). Polling overrides 
status read when P = 1, RR= 1 in OCW3. 

Figure 2-23 shows the status-register format and 
Figure 2-24 summarizes the 8259A instruction set. 
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AO 07 D6 05 04 03 D2 01 DO 

0 A7 A6 A5 1 LTIM ADI 5NGL IC4 ICWl 

~'1:__...:..:A.:.:l 5:.:../..._T7:___:.A.::.l.::..:~/...:.T..:..6 -~.;_:_~Al....,2r-/T_4_A_l~l.._/T_3~_-A_rn __ A_9 ___ A!}J__, CW2 

.1 57 56 SS 54 53 S2/I02 Sl/IDl SO/IDO ICW3 

1 O· 0 0 SFNM BUF M/S AEOI PM ICW4 
i..;;... ______ _:.._ _____ _,...---~------~----' 

READY TO ACCEPT INTERRUP·1 :i 

Figure 2-20. 8259A Initialization Sequence 
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Port 22 
(34) 

Port 22 
(34) 

Figure 2-21. 

( o J o J o J o J o J 10, J •o.J 100] 

SlAVl 1011• 

0 1 ' ' . . . ' 
0 I 0 I 0 I 0 1 

0 0 I 1 0 0 1 1 
..___ 0 0 • 0 1 1 1 1 

ICW4 

07 D6 ~ 04 DJ 01 D1 

O SFNM BUF M1S Al 01 

1 = 808618088 MODE 
O .. MCS·80185 MOOE 

1 AUTOlOI 
D • NORMAi. EDI 

"'°"' BUfFEAEOMODE 
BUfFIRlO MOOEISlAVE. 

- 8UfffAEO MOOllMASTER 

1 111 SPECIAL FULLV NESTED 
MOOE 

~---------. 0 •NOT SPECIAL FULLY 
NESTED MODE 

NOTE 1· SLAVE 10 IS EQUAL TO THE CORRESPONDING MASTER IR INPUT 

8259A Initialization Command Words 
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Port 22 
(34) 

Port 20 
(32) 

Port 20 
(32) 

OCW• 

o, ~ ~ ~ ~ ~ u, ~ 

llr.iffftRUPT r.tA'i .. 
I MA~K Sf T 
0 MASK RfS( T 

or:w1 

0 1 o, °" 0• 0 1 0 1 0 1 t\ 

o, o, 0, 

00~ f 
CAM( 

Non speciltc EOI Command 

'Sp&c1r.c EOI Command 

Rotala On Non·Spec1/1c EOI Command 

Ro1a1e In Aulomatic EOI Mod111 (SET) 

Rot are In Automahc EOI Mode (CLEAR) 

"Rotate On Spec1f1c EOI Command 

•Set Pnonly Command 

No ope1 at1on 

'LO-l:? are used 

OCWJ 

o, o, o, o, 0,, 

IR LEVH TO BF. 
ACTED IJPON .. ,1.-;_,m-· /') , c 1 0 ' 

0 1 I 0 0 I I 

0 0 0 I I I I 
- -

ENO OF INTEAAIJPT 

AUTOMATIC ROTATION 

SPECIFIC ROT A. TION 

I • POLL COMMAND 

0 •NO POLL COMMAND 

At:S(f 
V'fCIAt. 

MASm 

Figure 2-22. 8259A Operation Command Words 
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Port ZO 
(3Z) 

Port ZO 
(3Z) 

Port ZZ 
(34) 

IRR 

D7 D6 DS D4 D3 DZ Dl DO 

INTERRUPT REQUEST 
._____.__...___..... __ ___.._.......___._--11 =ASSERTED 

O=NOT ASSERTER 

ISR 

D7 D6 DS D4 D3 DZ Dl DO 

INTERRUPT SERVICE 
,___.....____...___...__..___.__..__ __ --t 1 =IN SERVICE 

O=NOT IN SERVICE 

IMR 

D7 D6 DS D4 D3 DZ Dl DO 

INTERRUPT MASK 
....___..__"---_.._..___...__...._--.._,. 1 =MASK SET 

O=MASK RESET 

Figure 2-23. 8259A Status Registers 
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Port 20 

Port 22 

Port 20 

....... 
1 

2 
3 
4 

5 
8 

7 

B 

• 
10 

11 

12 

13 
\4 
15 

le 

17 

18 

111 
20 

21 

21 
23 

24 

25 
2'a 
27 
21 

29 
30 

31 

31 
33 .,. 
35 

38 

37 

38 

l9 

40 

41 

•2 
43 

'4 

45 

•6 
47 

46 ., 
!IQ 

51 

52 
53 

5• 
55 

56 

57 

58 

59 

60 

61 

ICWI A 

ICWI B 

1cw1 c 
ICWI 0 

ICV•/1 E 

ICWI F 

ICWI G 

ICWI H 

ICWI 

ICW1 

ICWI K 

ICW1 L 

ICW1 M 
ICWI N 

ICWI 0 

IC~I P 

ICW2 

ICWJ M 

ICWJ S 

IC\1'(4 A 

ICW4 B 

ICW4 C 

ICW4 0 

ICW4 E 

ICW4 F 

ICW4 G 

ICW4 H 

ICW4 I 

ICW4 J 

ICW4 K 

ICW4 

ICW4 M 

ICW• N 

ICW4 0 

ICW4 P 

ICW4 NA 

ICW4 NB 

ICW4 N~ 

ICW4 NO 

ICW4 NE 

ICW4 NF 

ICW4 NG 

ICW4 NH 

ICW4 NI 

ICW4 NJ 

ICW4 NK 

ICW4 NL 

ICW4 NM 

ICW4 NN 

ICW4 NO 

ICW4 f'IP 

OCWI 

OCW2 E 

OCW2 SE 

O<lW2 RE 

0CW2 ASE 

0CW2 R 

0CW2 Cll 

0CW2 AS 

OCWJ P 

OCWJ AIS 

07 DI 115 04 03 02 01 DO OperoUon Oeocrtpllon ---------·---------
A7 A8 A5 

A7 Al A5 

A7 A8 A5 

A7 A8 A5 

A7 A6 0 

A7 A6 0 

A7 A6 0 

A7 AG 0 

A7 A6 A5 

A7 A& AS 

A7 A8 AS 

A7 AG AS 

A7 A6 0 
A7 A8 0 

A7 A6 0 

A7 A8 0 

0 
I 

0 
1 

0 

I 

0 

0 
I 

0 
1 

0 
1 

0 

0 

I 0 

0 0 
1 0 0 
0 0 
0 0 
0 0 0 
0 0 0 

1 

1 

0 
0 

0 
0 

I 

1 

0 

0 
1 
1 

0 
0 

A15 A14 A13 A12 A11 AIO A9 

57 S6 SS S• S.3 52 SI 

A8 

so 
so 
0 
1 

0 

1 

0 

1 

0 

1 

0 

I 

0 

0 0 0 0 0 52 SI 

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 I 

Q 0 0 0 0 0 
0 D 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 

0 0 0 
·o o o 

0 

0 

0 
0 0 0 p 

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 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 

0 1 

0 D 0 

0 0 0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

1 

0 0 
0 0 
0 

0 I 

0 

0 

1 

0 0 
0 0 
0 
0 I 

0 

0 

0 0 
0 0 

0 

0 

D 
0 

0 , 
0 
1 

0 

0 
1 

0 

1 

0 

0 
1 

0 

0 

0 

M7 MG MS M4 MJ M2 Ml MO 

0 0 0 0 0 0 0 
0 1 

0 
1 

, 0 0 

0 0 0 

0 0 L2 LI LO 

0 () 0 0 0 
O 0 L2 LI LO 

0 0 0 0 0 
0 0 0 0 0 

I I 0 0 OL2L1LO 

0 0 0 0 1 0 0 

0 0 0 0 0 

} 

} 

Format -= 4, single. edge triggered 

Formal= 4. single, level triggered 

Byte 1 lniliaiization Formal~ 4, not s~ngle. edge lriggerud 

Format :; 4, not smglc, level tngr~rer1 

No ICW4 Rt1qulrad Format _ 8. single. edge triggered 

Formal ;- 8. single, level triggered 

Format= 8, not slngle. edge triggered 

Format = 8, not alngle, level triggered 

Byte 1 lnlliallzation 

ICW4 Required 

Byte 2 initialization 

Formal• 4, single, edge ltlggered 

Format = 4, single, level triggered 

Format ::: 4, not single, edge ltlggered 

Format= 4, not 1lngle. level trlggaretJ 
Format a 8, single, edge triggered 

Format= 8. single, laval triggered 

Format ir: 8, nol single. edge 1r1ggerad 

Formal-= 8. not single, level lt1ggered 

Byte 3 initialization - master 

Byte 3 initialization :- slave 

No action, l'edundant 

Non·buffered mode. no AEOI, 808618088 

Non·buffero<! mode. AEOI, MCS·80185 

Non·bulfered mode, AEOI, 808618066 

No action, rndundanl 

Non·buffered mode, no AEOI, 808618088 

Non·bulfered mode. AEOI, MCS-80185 

Non·bullered mode, AEOI, 808618068 

Sulfered mode, slave. no AEOI, MCS-80185 

Buffered mode, sieve. no AEOI, 808618088 

Buffered mode, slave, AEOI, MCS·80185 

Buffered mvde. slave, AEOI, 808618088 

Buffered modo, master. no AEOI, MCS·801 85 

Buffered mode, masler, no AEOI. 808618088 

Bulfered mode, master. AEOI, MCS·BOt 85 

Bulfered mode, master AEOI. 8086. 6088 

Fully nesled mode. MCS·80, non butlered, no AEOI 

ICW4 NB through ICW4 NO are 1den11ca1 to 
ICW4 B through ICW4 O with the acJcJ1!1on of 

Fully Nested Mode 

Fully Nesled Mode. MCS-8018!>. non·butfered. no AEOI 

ICW4 NF tnrough ICW4 NP ire 1denl1cal lo 
ICW4 F through ICWol P w1lh Iha 1idd111on of 
Fully Nested Mode 

Load mask register, read maak register 

Non·apeciflc EOI 

Specific EOf. LO-L2 code of IS FF lo be reset 

Rotala on Non-Specific EOI 

Rotate on Specific EOl LO-l2 code of line 

Rotate io Auto EOI (eel) 

Rotala in Aulo EOI (clear) 

Set Priority Command 

Poll mode 

Read IS register 

Figure 2-24. 8259A Instruction Set Summary 
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I/O Control Register (IOCR) 

The IOCR, port 56 (86 decimal), is a 16-bit reg­
ister, used to control and report certain main­
frame events. It ties into several other logic 
blocks on the mainframe. Figure 2-25 illustrates 
the bit pattern. 

The high-order byte consists of readable and 
writaple system control bits. Writing a zero 
into any of these bits disables the logic which 
generates the corresponding interrupt. 

The low-order byte is read-only status flags. 
Interrupt flags persist until the interrupt con­
dition is removed and the corresponding control 
bit in the high byte of the IOCR has been set by 
software. The bit assignments are: 

Bit Type Meaning 

F Control Power-Fail Detect Interrupt 
Enable. When one, enables 
power fail detect non-maskable 
interrupt. When zero, clears 
existing power fail indica­
tions. 

E Control Parity-Error Detect Enable. 
When one, enables parity error 
detect and parity error inter­
rupts. Whsn zero clears exist­
ing parity error interrupts. 
When zero clears existing par­
ity error indications and dis­
ables detection and interrupts. 

D Control Odd Parity Enable. When one, 
the parity logic writes odd 
parity and checks odd parity. 
When zero even parity is used. 

C Control Multibus I/O Enable. Normally 
this bit has no effect. If 
factory jumper 2-3 on the CPU 
board is installed, and IOCR 
bit C is one, then any I/O 
instruction with address bit 
F=O refers to a Multibus I/O 
device, and if address bit F=1 
or IOCR bit C is O, the 
instruction refers to a CT I/O 
port. 
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B Control 

Normally jumper 2-3 is not 
installed and reference to 
Multibus I/O devices is done by 
any I/O instruction with 
address bit F:1 (IOCR bit C has 
no effect). 

Printer Interrupt Enable. When 
one, enables interrupts from 
the line printer interface. 
When zero, clears existing 
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WRITE-PROTECT INTERRUPT STATUS--------------. 

REAL-TIME CLOCK INTERRUPT STATUS 

BUS-TIMEOUT INTERRUPT STATUS 
PRINTER INTERRUPT STATUS 

(RESERVED)-------------...... 

TH1ER INTERRUPT STATUS----------. 

PARITY-ERROR INTERRUPT STATUS 

POHER-FAILURE INTERRUPT STATUS----. 

CONTROL 
OF DE DD DC DB DA 09 08 

PORT 56 x 
07 06 05 D4 D3 02 Dl DO 

STATUS 

WRITE PROTECT ENABLE 

REAL-TIME CLOCK ENABLE 

BUS TIMEOUT ENABLE 

PRINTER INTERRUPT ENABLE 

MULTIBUS I/O ENARLE 

ODD PARITY ENABLE 

PARITY-ERROR DETECT ENABLE 

PO\'IER-FAI L DETECT ENABLE 

Figure 2-25. I/O Control Register (!OCR) 
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A 

9 

8 

7 

6 

5 

4 

3 

Control 

Control 

Control 

Status 

Status 

Status 

Status 

Status 

interrupts and disables genera­
ting new interrupts. 

Bus Timeout (Non-Existent De­
vice Detect) Enable. When one, 
a reference to a non-existent 
I/O register or a non-existent 
memory location will generate a 
non-maskable interrupt. When 
zero, the interrupt will be 
cleared and the detection will 
be disabled. 

Realtime Clock Enable. When 
one, real time-clock interrupts 
are enabled. When zero, pend­
ing realtime-clock interrupts 
are cleared and new ones are 
disabled. 

Write Protect Enable. When 
one, the lower 32K bytes of 
memory cannot be written in­
to. If an attempt is made to 
write it will cause a non-mask­
able-interrupt. When zero 
these functions are disabled 
and any pending write protect 
interrupt is cleared. Th is 
does not apply to DMA writes. 

Power-Fail Interrupts. When 
one, indicates that a power­
fa il non-maskable interrupt is 
pending. 

Parity-Error Interrupt. When 
one, indicates that a parity 
error non-maskable interrupt is 
pending. 

Timer Interrupt. When one, in­
dicates that the programmable 
timer (counter 0) is interrupt­
ing (level 3 maskable inter­
rupt). 

Reserved. 

Pr inter Interrupt. When one, 
indicates a line printer inter­
rupt is pending (level 4 mask­
able interrupt). 
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2 Status 

, Status 

0 Status 

Bus Timeout (Non-existent De­
vice) Interrupt. When one, 
indicates a non-existent I/O 
device or memory location was 
referenced and did not respond 
within 6 milliseconds. This 
will cause a non-maskable in­
terrupt. 

Realtime Clock Interrupt. When 
one, indicates a realtime clock 
interrupt is pending (level 4 
maskable interrupt). 

Write Protect Interrupt. When 
one, indicates a write protect 
fault occurred and a non-mask­
able interrupt was caused by 
it. 

The IOCR control bi ts are set to zero whenever 
the system is reset, either manually or during 
power-up. Normally, the operating system sets 
one or more of these bits during initializa­
tion. When set, the following functions will 
generate interrupts (NMI = non-maskable inter­
rupt, INTR4 =level 4 maskable interrupt): 

Function Control Status Int. Type 

Power Failure F 7 NM! 
Parity Error E 6 NMI 
Timer 5 INTR3 
Printer B 3 INTR4 
Bus Timeout A 2 NM! 
Real-Time Clock 9 1 INTR4 
Write Protect 8 0 NM! 
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8253 Interval Timer 

The 8253 timer has three independent channels, 
designated 0, 1 and 2. Two of these channels (1 
and 2) are used for baud-rate generation for the 
Z80A-SIO communications controller. The third 
(channel 0) is available to the user and can be 
programmed to generate a maskable interrupt to 
the CPU. 

The I/O ports assigned to the 8253 are as fol-
lows: 

Port Write Read 

28 (40) Counter 0 divisor Counter 0 divisor 

2A (42) Counter 1 divisor Counter 1 divisor 

2C (44) Counter 2 divisor Counter 2 divisor 

2E (46) Mode (all counters) Not used 

When the standard operating system is used, all 
initialization and control of counters is done by 
the operating system. 

Note that the Gate input to all counters is per­
manerntly enabled (high) and cannot be changed. 
This limits the use of the channels to certain 
modes, as described below. 

Write Operations: The systems software must 
program each counter of the 8253 with the mode 
and hexidecimal count divisor desired. The pro­
grammer must write out to the 8253 a MODE control 
word and the programmed number of count register 
bytes (1 or 2) prior to actually using the selec­
ted counter. 

The actual order of the programming is quite 
flexible. Writing out of the MODE control word 
can be in any sequence of counter selection, 
e.g., counter 110 does not have to be first or 
counter 112 last. Each counter's MODE control 
word register has a separate address so that its 
loading is completely sequence independent. (SCO, 
SC1) 

The loading of the Count Register with the actual 
hexidecimal count divisor, however, must be done 
in exactly the sequence programmed in the MODE 
control word (RLO, RL1). This loading of the 
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counter's count register is still sequence inde­
pendent 1 ike the MODE control word loading, but 
when a selected count register is to be loaded it 
must be loaded with the number of bytes program­
med in the MODE control word (RLO, RL1). The one 
or two bytes to be loaded in the count register 
do not have to follow the associated MODE control 
word. They can be programmed at any time follow­
ing the MODE control word loading as long as the 
correct number of bytes is loaded in order. 

All counters are down counters. Thus, the value 
loaded into the count register will be decremen­
ted. Loading all zeroes into a count register 
will result in the maximum count. In MODE O the 
new count will not restart until the load has 
been completed. It will accept one of two bytes, 
depending on how the MODE control words ( RLO, 
RL 1) are programmed, then proceed with the re­
start operation. 

Counter 0 has a 19.53KHz clock input. 

The baud rate (counters 1 & 2) counters each have 
a 1.23-MHz clock input. The 16-bit divisor 
number put into the counter is the number by 
which 1 • 2 3 MHz is divided before going to the 
SIO. Some common divisors are: 

Hex SIO Divide Baud 
Divisor Factor (decimal) Rate 

2 1 614,400 
4 16 19,200 
8 16 9,600 

10 16 4,800 
20 16 2,400 
40 16 1 ,200 
80 16 600 

100 16 300 
200 16 150 
2BA 16 110 

Mode Definition: The standard initialization 
mode for the two communication channels is Mode 3 
(Square Wave Rate Generator). When the standard 
operating system is used, channel 0 of the 8253 
can be programmed only in Mode O, since the oper­
ating system initializes the 8259A to expect only 
level-triggered interrupts and all other modes of 
the 8253 except mode 0 require an edge-triggered 
interrupt system. 



Mode 0 (Interrupt on Terminal Count) : 
Programming the mode of counter 0 causes any 
pending interrupt from the counter to be 
removed. As soon as the counter bytes are 
loaded, the counter begins to decrement at 
the 19.53KHz rate. When the counter reaches 
O, it will cause a level 4 interrupt. 

After the terminal count has been reached, 
the counter continues to decrement ( 0000, 
FFFF, FFFE, ••• ). Therefore, it is possible 
to ascertain the software latency time of 
the interrupt service process by reading the 
counter at the end of the process. 

MODE 3 (Square Wave Rate Genera tor) : With 
the standard operating system, this mode is 
used for counters 1 and 2, those that gener­
ate baud rate for the SIO channels. It is 
similar to MODE 2 except that the output 
will remain high until one half the count 
has been completed (for even numbers) and go 
low for the other half of the count. This 
is accomplished by decrementing the counter 
by two on the falling edge of each clock 
pulse. When the counter reaches terminal 
count, the state of the output is changed 
and the counter is reloaded with the full 
count and the whole process is repeated. If 
the count is odd and the output is high, the 
first clock pulse (after the count is load­
ed) decrements the count by 1. Subsequent 
clock pulses decrement the clock by 2. 
After timeout, the output goes low and the 
full count is reloaded. The first clock 
pulse (following the reload) decrements the 
counter by 3. Subsequent clock pulses de­
crement the count by 2 until timeout. Then 
the whole process is repeated. In this way, 
if the count is odd, the output will be high 
for (N + 1)/2 counts and low for (N - 1)/2 
counts. 

Reading from the 8253: Writing the control byte 
O+X ( ie., high nibble must be 0 but low nibble 
can be anything) to port 2E (46) sets the timer 
up for a read operation, in which the least and 
most significant bytes of the timer's count reg­
ister are successively placed onto the local I/O 
bus in response to successive reads. To convert 
th is count into the time remaining before the 
forthcoming interrupt on the TMRINT+ signal line, 

2-77 



multiply by 5.12 microseconds. Note that the 
count parameter may be in either hex or BCD for­
mat depending on whether the last digit of the 
mode control word used for loading the count 
valve was 1 or O, respectively. 

It is imperative to complete any read operation 
which has been started before trying to initiate 
any further write operations to the 8253. Note 
that the 8253 timer is not affected by ongoing 
read operations initiated by control bytes of the 
form O+X. Therefore, the 8253 can generate an 
interrupt while a read operation is underway, and 
the interrupt cannot be cleared until both bytes 
have been read out. 

The format for writing control information to the 
8253 is illustrated in Figure 2-26. 
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( 

Port 2E 
(47) 

Control Word Format 

D1 D6 Ds D4 D3 Dz D1 Do 

c SCl I sco I RLl I RLO I MZ I Ml I MO I BCD j 

SCl sco 

0 0 
0 1 
1 0 
1 1 

RLl RLO 

0 0 
1 0 
0 1 
1 1 

MZ Ml 

0 0 
0 0 
x 1 
x 1 
1 0 
1 0 

BCD 

0 
1 

Select Counter 0 
Select Counter 1 
Select Counter 2 
Illegal 

Counter Latching operation* 
Read/Load most significant byte only. 
Read/Load least significant byte only. 
Read/Load least significant byte first, 
then most significant byte. 

*See "Reading While Counting". 
Bits D~ through D3 are don't care 
if this mode is used. 

MO 

0 
1 
0 
1 
0 
1 

Mode 0 
Mode 1 
Mode 2 
Mode 3 
Mode 4 
Mode 5 

Binary Counter 16-bits 
Binary Coded Decimal (BCD) Counter 
(4 Decades) 

Figure 2-26. 8253 Control Word 
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MULTIBUS INTERFACE 

Signal Lines 

Form Factor 

The electrical interface between the local bus 
and the Multibus slots is termed the Multibus 
interface, as shown in Figure 2-1. This inter­
face isolates the CT mainframe from the Multi­
bus. The interface is controlled by various 
logic blocks, switch settings and jumpers on the 
CT mainframe. It prov ides asynchronous separa­
tion; the mainframe and Multibus clocks are 
assumed to have no interaction. 

Unlike other implementations of Multibus inter­
faces, this interface allows simultaneous opera­
tion (multiprocessing) of Multibus and local bus 
masters whenever there are no transfers across 
the interface. 

The IEEE 766 "Multibus" Standard (Appendix A) 
defines several levels of hardware compliance. 
The CT version of the Multibus achieves the 
highest level of compliance with the exception of 
memory address bits. CT provides 20 bits instead 
of 24 bi ts. In terms of the IEEE 796 short hand 
notation the CT bus achieves a D16 M20 I16 VD23E 
level of compliance 

The mainframe motherboard contains either two or 
four slots for Multibus boards, depending on the 
hardware configuration. These slots are standard 
Multibus slots with all signals required in the 
IEEE 796 microcomputer bus standard, as shown in 
Figure 2-27. 

The physical form requirements for user-supplied 
Multibus boards is shown in Figure 2-28. Maximum 
height of the Multibus boards, a parameter that 
is not specified by the IEEE standard, is 6.75 
inches from the base of the edge connector. 

Transfers Across The Interface 

When transfers across the Multibus interface are 
controlled by the local bus (i.e., the local 
CPU), either memory or I/O slave resources on the 
Multibus can be accessed. When a Multibus master 
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(e.g., a CPU or DMA on the Multibus) controls the 
transfers, the only slave resources on the local 
bus that can be accessed is the memory; I/O on 
the local bus cannot be accessed by a Multibus 
master. 

The memory address space accessible in transfers 
across the Multibus Interface is illustrated in 
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Table 4 Pin Auignnu:ni of Bus Signals on Multibus Board Connector (PI) 

(COMPOll!ENT SIDE) (CIRCUIT SIDE) 

l"IN MNEMONIC DESCRIPTION PIN MNEMONIC DESCRIPTION 

1 GNO Slgn&IGNO 2 GNO SigGNO 
3 -HIV +5\ldc 4 +511 +5Vdc 

POWER 5 'l-511 ·Hlll<lc 6 +511 +5Vdc 
SUPPLIES 7 +121/ +12Vdc: A +12V +12Vdc -

0 RESERVED 10 RESERVED 
11 GNO 

-$6QMI GND ___ 12 GND SignalGNCl-

13 BClK/ BuoC!Ocil 14 !NIT/ lnillallze 
15 BPRN/ Bu11Pn.ln ie BPRO/ Bus Pn. Out 

BUS 17 BUSY/ l!!us Busy 18 BREO/ Bus Request 
CONTROLS 19 MROC/ MemReadCmd 20 MWTC/ Mem Write Cmd 

21 IORC/ 110 ResdCmd 22 IOWC/ 11owri1aCmd 
23 XACK/ XFER Acknbwledg!l 24 INH1/ Inhibit 1 disable RAM 

BUS 25 FlessMJd 211 INK2/ lnhibil 2 disalJll PROM or ROM 
CONTROLS 27 BHEN/ Byte High Enablo 28 A010/ 
ANO 29 Cl:lRO/ Common Bu3 Request 31) A011/ Address 
ADDRESS 31 CCLK/ Constant Clk 32 A012/ Bua 

33 INTA/ !ntr Acknowledge 34 A013/ 

35 INT6/ Parallel 311 IN17/ Parallel· 

37 INT4/ lnlerrupi 38 INTS/ Interrupt 
INTERRUPTS 39 INT2/ R!IQUlllSllD 40 INT3/ Requos11 

41 INTO/ 42 INT1/ 

43 AORE/ 44 A.ORF/ 
45 AORC/ 46 AORD/ 
47 AOFIA/ Addrl!lSS 48 ADRB Addresa 

ADDRESS 411 ADAS/ Bua 5tl ACIR9/ Bus 
51 ADR6/ 52 ADR7/ 
5.1 AOR4/ iM AOR51 
55 AOR2/ 56 AOR3! 
57 AORO/ 5£1 ADFl1/ 

511 DA1'E/ M DATF/ 
61 OATC/ 52 DATO/ 
63 DATA/ Data &<l DATB/ Data 
65 0AT8/ 8113 06 OAT9/ Bus 

DATA 67 0AT6/ tlll DAT7/ 
11!1 0AT4/ 70 OATS/ 

71 OAT2/ 72 OATJ/ 

73 DATO/ 74 DAT1/ 

15 ONO SIQnalGNO 7ll GND Sign&IGlllD 
T1 ~ 7ll Reserved 

POWER 79 -1211 -1:1\fCIC 80 -121/ -t2Vdc 
SUPPLIES 81 +S\I +ll\ldc ll2 +5V +5Vdc 

83 +SV +!Ndc 1).4 +5V +5Vdc 
es GNO SlgnaiGNO Ill! GND Signal GNO 

Figure 2-270 Multibus Pin Assignments 
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Figure 1-4 and the "Memory Interface" section of 
this chapter contains a subsection entitled 

"Multibus/Local-Bus Memory Mapping" that des­
cribes the transfer windows in more detail. In 
addition, the "DMA transfer" section con ta ins a 
subsection entitled "Multi bus Access" that des­
cribes the method by which Multibus masters ob­
tain access to the local memory. 

Modes of Operation 

The IEEE specifications specifies that two alter­
native modes of operation (Mode 1 and Mode 2) for 
Multibus masters be accommodated, although a 
particular system should operate only in one mode 
or the other. 

The CT system normally operates in the more per­
missive Mode 2 and it will accommodate any Multi­
bus boards which also operate in this mode. 

If a Mode 1 Multibus board is used, however, the 
entire system will then operate in Mode 1. 

In Mode 1, bus masters are limited to single bus 
transfers per bus connect and system timing is 
rendered deterministic by compliance with the 
maximum bus busy period, tBY SO max. In Mode 2 , 
bus masters are not limitea in their bus control 
and compliance with a maximum busy period is not 
required. 

Bus Priority Resolution 

A parallel priority resolution scheme is used for 
arbitrating bus access by Multibus masters. Two 
sockets on the mainframe motherboard contain a 
priority encoder chip and a decoder chip to im­
plement this priority resolution scheme. 

The parallel arrangement requires that the BREQ/ 
lines of each possible Multibus master (the main­
frame plus any user-supplied Multibus boards) be 
input to the encoder. 

The priority of access is fixed as follows, from 
highest to lowest: 

BREQO 
BREQ1 
BREQ2 

Local Bus 
Multibus Slot 1 
Multibus Slot 2 
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Interrupts 

Note that BPRO lines must be disabled on Multibus 
boards using parallel priority. 

Serial priority resolution schemes are also sup­
ported. These are implemented by removing the 
parallel-priority chips and enabling BPRO lines 
on all Multibus boards. 

Multibus interrupts adhere to the IEEE stand­
ard. However, since ambiguities of interpreta­
tion can arise, the general rules with respect to 
Multibus interrupts can be summarized as follows: 

o Non-maskable interrupts (NM!) from the 
Multi bus to the local bus are not sup­
ported. 

o Maskable interrupt requests from the Mul­
ti bus to the local bus are supported for 
levels O, 2, 5 and 6. 

o Maskable interrupt requests between Mul­
ti bus boards are fully supported at all 
levels. 

The second and third items above imply that mask­
able interrupt levels O, 2, 5 and 6 can be ser­
viced either by the local 8086 or by a Multibus 
master. 

The local 8259A can be cascaded with up to three 
slave 8259As on the Multibus (level 0 cannot be 
cascaded) to service up to 29 prioritized levels 
of maskable interrupt within a system. Each 
slave 8259A can multiplex eight interrupt levels 
from the Multi bus, and there are four available 
inputs from the Multibus to the local 8259A, 
giving 25 interrupt levels. The remaining four 
maskable interrupt levels are for the local 
functions mentioned above. 

Figure 2-29 illustrates a possible configura­
tion. The local 8259A master is shown with three 
slaves on the Multibus. When an interrupt occurs 
at a slave 8259 A, it is passed on to the CPU 
through the hardware chain of interrupt request­
ing. During the first cycle of the interrupt 
acknowledge, the local 8259A addresses the inter­
rupting slave through the three cascade lines 
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(CASO-CAS2) which are attached via the processor 
bus and local address bus to the Multibus address 
bus. This tells the interrupting controller that 
it has precedence and that it should enable the 
interrupt vector from the interrupting device to 
be put on the data bus. The Buffer Enable (EN-) 
line of the local 8259~, which is operated in the 
Buffered Mode, then enables the proper buffer to 
allow the 8086 to see the incoming interrupt 
vector. 

This configuration is dealt with in Application 
Note 59 of the Intel 8086 Family User's Manual. 
One note of caution: the Special Fully Nested 
Mode of the 8259A is not supported by CT. 
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Maskable Interrupt Expansion on Multibus 

2-87 

,· 



CO~NICATIONS INTERFACE 

Channels 

This interface, built around the Z80A-SIO, pro­
vides two independent communication channels, 
channel A and B, either of which can be operated 
in synchronous or asynchronous protocols. Both 
channels are brought to standard 25-pin D-type 
female connectors on the back of the mainframe 
enclosure. The channels are distinguished as 
shown in Figure 2-30. 

Channel A has the greatest flexibility. It can 
operate either as an RS-232 or an RS-422 inter­
face and can be controlled by either the CPU 
(interrupt or polled mode) or the local DMA 
logic. If DMA transfers are used, the communica­
tion channel can operate only in half duplex mode 
since only one DMA channel is allocated to com­
munication and the SIO has only one Ready line 
per channel for use as a DMA request signal. 

When the RS-422 interface option is selected by 
jumpers on the I/0-memory board, speeds up to 700 
kilobits per second can be used. This balanced­
differential interface allows multidrop hardware 
with the ability to transmit clocks on signals 
that are separate from the data. 

Figure 2-31 illustrates the RS-232 and RS-422 
pinouts. 

Transfer Control 

If the SIO is controlled by the CPU, it typically 
operates in interrupt-driven mode. In this mode, 
the SIO interrupts via level-1 maskable inter­
rupts for each receive or transmit character as 
well as for other modem-control or anomolous 
conditions. As an alternative to the interrupt­
dr i vem mode , the CPU can operate the SIO in a 
polled mode. In either mode, CPU transfer con­
trol allows full-duplex channels. 

If Channel A is used in the DMA mode, interrupts 
to the CPU are programmed in the SIO to occur 
only for modem-control and anomolous condi­
tions. The SIO's Ready output controls DMA ser­
vice requests for individual transfers. Since 
all DMA transfers are word transfers while the 
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protocols 

interface type 

channel A 

synchronous or 
asynchronous 

RS-232 or 
RS-422* 

transfer control CPU or 
DMA 

duplex mode 

max. speed 

full or half** 

19.2 kbaud or 
615 kbaud*** 

~ Balanced differential 
** When DMA control is used 

*** When RS-422 is used 

channel B 

synchronous or 
asynchronous 

RS-232 

CPU 

full 

19.2 kbaud 

Figure 2-30. Communication Channel Characteristics 
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Pin 

1 
2 
3 
4 
5 
6 
7 
8 

14 
15 
16 
17 
20 
22 

RS-232-C 

Function 

Protective Ground 
Transmit Data 
Receive Data 
Request To Send 
Clear To Send 
Data Set Ready 
Signal Ground 
Carrier Detect 
Secondary Transmit Data 
Transmit Clock 
Secondary Receive Data 
Receive Clock 
Data Terminal Ready 
Ring 

RS-422-A 

Pin Function 

1 Protective Ground 
2 Transmit Data + (from CT) 
3 Transmit Clock + (to CT) 
4 Transmit Data - (from CT) 
5 Transmit Clock - (to CT) 
6 Clear To Send + (to CT) 
7 Signal Ground 
8 Receive Data + (to CT) 

14 Request to Send - (from CT) 
15 Receive Clock - (to CT) 
16 Clear To Send - (to CT) 
17 Receive Clock + (to CT) 
18 Transmit Clock + (from CT) 
20 Request To Send + (from CT) 
22 Receive Data - (to CT) 
25 Transmit Clock - (from CT) 

Figure 2-31. RS-232 and RS-422 Pinouts 
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communication interface sees only the lower byte 
of the 16-bit local data bus, all of the high­
byte locations in the communications buffer of 
memory are ignored. Furthermore, when DMA is 
used for control of Channel A the communications 
buffer must reside in the lower 128-kilobytes of 
memory, as illustrated in Figure 2-13. 

The "DMA transfers" and "Interrupts" sections of 
this chapter contain additional information on 
communications control. 

Switch-Selectable Clocks 

Switches on the I/0-memory board can be used to 
select whether internal or e~ternal clocking is 
to be used on the data receive and transmit 
lines. Either channel can have either the re­
ceive or transmit line clocked either internally 
or externally. 

Extended Control Register 

A 16-bit register associated with the SIO is used 
to augment the SIO's set of channel control lines 
and status information. Among its functions, 
which enhance both RS-232 and RS-422 communica­
tion, are: 

Channel A ring indi~ator 
Channel A data set ready (DSR) 
Channel A secondary Rx data 
Channel A secondary Tx data 
Channel B ring indicator 
Channel B data set ready (DSR) 
Channel B secondary Rx data 
Channel B secondary Tx data 
RS-422 transmit request 
RS-422 transmitter enabled 
RS-422 carrier detect enabled 
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Software Interface 

Z80A Serial I/O (SIO) Controller 

The dual-channel Z80A-SI0/2 controls communi­
cation on the two serial communication chan­
nels. One of the channels, Channel A, can be 
operated in a DMA or CPU-driven mode; this chan­
nel can be jumper-selected as either an RS-232-C 
or an RS-422-A interface. Channel B can operate 
only in a CPU-driven mode as an RS-232-C port. 

Due to the SIO 's non-8086 bus structure, inter­
rupt acknowledges are sent by the CPU through a 
separate logic block called the Interrupt Acknow­
ledge Register (!AR). Also, an Extended Control 
Register (ECR) adds some control functions that 
are not supported by the SIO. The programming of 
these registers is described in the two sections 
that follow this one. This section describes 
only the SIO itself. 

I/O port assignments for the SIO channels and 
other related registers are as follows: 

Port Write Read 

48 .(72) SIO Ch.A data SIO Ch.A data 
4A (74) SIO Ch.A command SIO Ch.A status 
4C (76) SIO Ch.B data S!O Ch.B data 
4E ( 78) SIO Ch.B command S!O Ch. B status 
30 (48) not used IAR* 
60 (96) ECR* ECR* 

* See separate sections with these titles. 

In addition to the above ports, 
ports on the 8253 timer are used 
baud rate divisors, as described 
relating to the 8253: 

Port Write Read 

the following 
to program SIO 
in the section 

2A ( 42) 
2C ( 44) 
2E (46) 

Ch.B divisor 
Ch.A divisor 
8253 Mode 

Ch.B divisor 
Ch.A divisor 
Not used 

Initialization Subroutines: The SIO is the only 
programmable IC in the mainframe that is not 
initialized automatically by the standard opera­
ting system. Instead, several preprogrammed 
subroutines are provided in the system library 
for initial iza ti on of the SIO to various modes 
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and speeds. These subroutines can be bound with 
any application programs. 

General Procedures: The application program 
first issues a series of commands that initialize 
the basic mode of operation and then other com­
mands that qualify conditions within the selected 
mode. For example, the asynchronous mode, char­
acter length, clock rate, number of stop bi ts, 
even or odd parity might be set first; then the 
interrupt mode; and finally, receiver or trans­
mitter enable. Both channels contain registers, 
addressed as different I/O ports, that must be 
programmed prior to operation. 

Write Registers: The SIO contains eight 
write registers for Channel B and seven 
write registers for Channel A (WRO-WR7) 
that are programmed separately to configure 
the functional personality of the channels; 
WR2 contains the interrupt vector for both 
channels and is only in the Channel B reg­
ister set. With the exception of WRO, pro­
gramming the write registers requires two 
bytes. The first byte is to WRO and con­
tains three bits (D0-D2 ) that point to the 
selected register; the second byte is the 
actual control word that is written into 
the register to configure the SIO. WRO is 
a special case in that all of the basic 
commands can be written to it with a single 
byte. Reset (internal or external) ini­
tializes the pointer bits n0-D~ to point to 
WRO. This implies that a cnannel reset 
must not be combined with the po int ing to 
any register. The write registers are 
shown in Figure 2-32. 

Read Register: The SIO contains three read 
registers for Channel B and two read regis­
ters for Channel A (RRO-RR2) that can be 
read to obtain the status information; RR2 
contains the internally-modifiable inter­
rupt vector and is only in the Channel B 
register set. The status information in­
cludes error conditions, interrupt vector 
and standard communications-inter face sig­
nals. To read the contents of a selected 
read register other than RRO, the system 

·program must first write the pointer byte 
to WRO in exactly the same way as a write 
register operation. Then, by executing a 
read instruction, the contents of the ad-
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dressed read register can be read by the 
CPU. The status bits of RRO and RR1 are 
carefully grouped to simplify status moni­
toring. For example, when the interrupt 
vector indicates that a Special Receive 
Condi ti on interrupt has occurred, all the 
appropriate error bits can be read from a 
single register (RR1). The read registers 
are shown in Figure 2-33. 

DHA Operation: To program channel A of the SIO 
for DMA operation, select the READY fun ct ion on 
the SIO's WAIT/READY pin (set bit 6 of WR1) and 
enable that function (set bit 7 of WR1). 
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WRITE REGISTER 0 

[MIHT~T~TMTnI~T~l 

T T 1 REGISTER 0 

NULL CODE 

0 0 1 REGISTER 1 
0 1 I REGISTER 2 
0 1 1 REGISTER 3 
1 0 8 REGISTER • 
1 D 1 REGISTER 5 
1 1 0 REGISTER & 
1 1 1 REGISTER 1 

NULL CODE 

m~mNs~~%W INTERRUPTS 
CHANNEL RESET 
ENABLE INT ON NEXT R1 CHARACTER 
RESET TllNT PENDING 
ERROR RESET 
RETURN FROM INT (CH·A ONLY) 

RESET R1 CRC CHECKER 
RESET T1 CRC GENERATOR 
RESET Tl UNDERRUN/EOM LA'ICH 

WRITE REGISTER 1 

WRITE REGISTER 2 (CHANNEL B ONLY) 

WRITE REGISTER 4 

SYNC MODES !NAIL( 
1 STOP Ill /CHARACTER 
111 STOP BITS/CHARACTER 
f STOP llTS/CHARACltR 

I BIT SYNC CHARACTER 
1& Ill SYNC CHARACTER 
SDLC MODE (01111110 FlA&I 
UTERNAl SYNC MODI 

Xt CLOCK MOD[ 
X16 CLOCK MODE 
X3I CLOCK MODI 
XM CLOCK MOOE 

WRITE REGISTER 5 

-DTR 

h CRC ENAlll 
'-----RTS 

------ sllU:ICIU:-11 
'--------Ti f'fAIU 
---------SINO IREAI 

~: l ::~~~i:.:-:mw••RACTEI 
T1 & llTSJtHARACTER 
Tl I BITS/CHARACTER 

WRITE REGISTER 6 

'----- ~l J IN1ERRUPT 
'----------V4 VECTOR 

'------------vs L..------------V6 '-----------------V1 

WRITE REGISTER 3 

Rx 5 BITSfCHARACTER 
Rx 7 BITS/CHARACTER 
R1 6 BITS/CHARACTER 
R1 I BITS/CHARACTER 

NOTE: A separate set of 
channels A and B. 
channel B is port 

Figure 2-32. 

"ALSO SULC ADDRESS FIELD 

WRITE REGISTER 7 

'FDR SDLC IT MUST BE PROGRAMMED 
TO "01111110"" FOR FLAG RECOGNITION 

registers is maintained for 
Channel A is port 4A and 

4E. 

SIO Write Registers 
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READ REGISTER D 

r 07 T 06 l os 1 04 l 03 ] 02 j 01 l DO 1 

[ l 

READ REGISTER 1 t 

[~1~1~1~1ro1~r~100J 

R1 CHARACTER AVAILABLE 
INT PENDING (CH. A ONLY) 
h BUFFER EMPTY 
oco ) 
SYNC/HUNT ( 
CTS • 
T1 UNDERRUN1EOM J 
BREAK/ABORT 

•USED WITH ""EXTERNAL/STATUS 
INTERRUPT"" MODE 

All SENT 

I FIELD Bl TS I FIELD BITS IN 
IN PREVID US SECOND PREVIOUS 

BYTE BYTE 
1 0 0 0 3 
0 1 0 0 4 
1 1 0 0 5 
0 0 1 0 6 
1 0 1 0 7 
0 1 1 0 a 
1 1 1 1 B 
0 0 0 2 a 

L-- PARITY ERROR •R ESIOUE DATA FOR EIGHT 
R1 OVERRUN ERROR RI BITS/CHARACTER PROGRAMMED 

CRC1FRAMING ERROR 
END OF FRAME (SOLC) 

t USED WITH SPECIAL RECEIVE CONDITION MOOE 

READ REGISTER 2 

I 01 I 06 

I I 
I 

os I o• I 03 I 02 I 01 I ~D_J 
I i I i [ L__vol 

1 I L _=---== ~J! 
. 1 L -------- V3t INTERRUPT 

L. __ !_ -- -'---~~-~~ ~·~~=~~=~~~~:~~--~~-= ~i \ VECTOR 

•VARIABLE IF ""STATUS AFFECTS 
VECTOR"" IS PROGRAMMED 

NOTE: A separate set of registers is maintained 
for channels A and B. Channel A is port 
4A and channel B is port 4E. 

Figure 2-33. SIO Read Registers 
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SIO Extended Control Register (ECR) 

The ECR is a 16-bit control/status register which 
is written to and read from port 60 (96). It 
handles control functions that are not supported 
by the SIO but which are useful in RS-232 and RS-
422 environments. Figure 2-34 illustrates the 
register. 

The 16 bits of the register are allocated as 
follows: 

Bit 

F 

E 

D 

c 

B 

A 

9 

8 

7 

6 

5 

4 

3 

Type 

Status 

Status 

Status 

Status 

Status 

Status 

Status 

Control 

Function 

RS-422 Tx enable. This bit is 
the same as bit 2. 

Channel A ring indicator, as­
serted when 0. 

Channel B Data Set Ready, as­
serted when 0. 

Channel A Secondary Rx data, 
asserted when 1. 

Not used 

Channel B ring indicator, as­
serted when q. 

Channel B Data Set Ready, as­
serted when O. 

Channel B Secondary Rx data, 
asserted when 1. 

Not used 

Not used 

Not used 

Not used 

Clock detect enable. If I/O 
memory board switch 3 bit 2 is 
open and bit 1 is closed, 
Carrier Detect for channel A 
comes from receive clock detect 
circuit. If IOCR bit 3 is one 
and the Channel A receive clock 
is active then Carrier Detect 
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2 Control 

1 Control 

0 Control 

will go active. 
bit 3 to zero 
Detect inactive. 

Setting IOCR 
forces Carrier 

Tx Enable. When set to one , 
the RS-422 drivers are enabled. 

Channel A Secondary Tx data, 
asserted when 1. 

Channel B Secondary Tx data, 
asserted when 1. 
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Port 60 
( 96) 

[ 

STATUS 
(Read) 

DF DE DD DC DB DA D9 DB 

I I I I J J 1 l [ 

L--

CONTROL 
(Write) 

D7 D6 DS D4 D3 DZ 

x x x x x 
.., ,... , 

Don't Care 

Tx Request -----i 
Ch. A Secondary Tx Data 

Dl DO 

Ch. B Secondary Tx Data---..! 

Ch. B Secondary Rx Data 
Ch. B Data Set Ready 
Ch. B Ring Indicator 
Not used 
Ch. A Secondary Rx Data 
Ch. A Data Set Ready 
Ch. A Ring Indicator 
RS-422 Tx Enable 

Figure 2-34. SIO Extended Control Register (ECR) 
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SIO Interrupt Acknowledge Register (IAR) 

When the SIO interrupts the CPU, it is acknow­
ledged through a special logic block designed to 
interface 8086 signals to the SIO's require­
ments. Within this arrangement, however, the 
only manner in which the SIO 's internal inter­
rupt-pending condition can be cleared is to read 
the Interrupt Acknowledge Register (!AR), port 30 
(48). Figure 2-35 illustrates the register. 

While this interrupt-pending disable function is 
the primary reason for having the I AR, the reg­
ister also contains a copy of the SIO 's Read 
Register 2. Reading the IAR for this information 
has the advantage of not requiring a prior write, 
as does reading the SIO's Read Register 2. 
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Port .~o I D7 D6 Ds D4 D3 Dz Dl Do 

(48) 

* Variable if Status Affects 
Vector is Programmed. 

VO 
Vl* 
VZ* 
V3* INTERRUPT 
V4 VECTOR 
vs 
V6 
V7 

Figure 2-35. SIO Interrupt Acknowledge Register (IAC) 
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KEYBOARD INTERFACE 

The keyboard is housed in a separate enclosure 
which contains the keys, a firmware-programmed 
8048 microcomputer or equivalent with related 
logic, a set of eight user-programmable LED's, 
and a cable socket for attachment to the main­
frame enclosure. 

Keyboard/Mainframe Communication Functions 

Data Formats 

The 8048 in the keyboard enclosure communicates 
with the mainframe local bus via the 8251A, which 
constitutes the central component of the "key­
board interface" on the mainframe block diagram 
shown in Figure 2-1. The communication path is 
an asynchronous TTL-level bi-directional serial 
1 ink that operates at 1220 baud. The pa th from 
the keyboard (8048) to the mainframe (8251A) is 
the one that bears the principal traffic; the 
opposite direction is used much less frequently 
for a small number of control and diagnostic 
commands. Simultaneous bi-directional traffic is 
supported. 

The 8048 continually polls the keys to look for 
depressions. When it sees a new key depressed it 
sends its 8-bit code, together with the 8-bit 
codes of simultaneously-pressed keys, to the 
8251A on the mainframe. Upon receiving each 
byte, the 8251A interrupts the 8086, which calls 
the service process that puts the byte into the 
memory buffer reserved for the keyboard. 

Four types of commands can be sent to the 8048: 
a Reset, a request for the checksum of 8048 ROM, 
an e~ho command (followed by data to be echoed), 
and bit pat terns for turning the 8 LEDs on or 
off. When initialized by the operating system to 
send commands to the 8048, the 8251 A interrupts 
the CPU whenever it is ready to send a byte 
(i.e., whenever its transmit buffer is empty). 

Several keys can be depressed simultaneously. 
Each key depression contributes a unique 8-bit 
non-ASCII byte to the outgoing stream of data, so 
that simultaneous key depressions can be used to 
obtain a rich variety of commands. Whenever a 
key changes from being up to being down, or vice 
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versa, 
which 
8251 A. 

a 
are 

complete code sequence 
currently depressed is 
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Software Interface 

8251A Communication Interface 

The 8251A is normally used only for asynchronous 
communication between the keyboard and the I/0-
memory board, operating at 1220 baud. It is not 
intended as a user-programmable device nor can it 
be programmed for synchronous use. 

The ports used for control, status and data are 
as follows: 

Port 

38 ( 56) 
3A ( 58) 

Write 

Data 
Commands 

Read 

Data 
Status 

When the standard operating system is used, all 
initialization and control of the 8251A is done 
by the operating system. Under these circum­
stances, users should never have occasion to 
program this device. 

Transmit Functions: The 8251A occasionally func­
tions as a transmitter in order to send commands 
to the 8048. Commands recognized by the 8048 are 
as follows: 

COMMAND HEX CODE 

Reset 92 (146) 
Check ROM 8C (140) 
Echo 9E ( 159) 
LED03 AX (160+X) 
LED47 BX (176+X) 

"Reset" cancels the Echo mode (if enabled) turns 
off all the LEDs, waits for any bytes in the 
keyboard buffer to be sent out and then initiates 
a new scan. 

"CheckROM" computes a checksum of the 8048 ROM 
and sends it to the processor. 

"Echo" causes the 8048 to send back the subse­
quent 256 input bytes verbatim unless one of 
those bytes is 92 (146) or 80 (128), which are 
interpreted as Reset or CheckROM commands. 

"LED03" and "LED47" write the bit pattern speci­
fied by 'X' to LEDs 0-3 and 4-7 respectively. 
'X' is the bottom nibble of the command byte. 
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To transmit data to the keyboard, the operating 
system sets the Tx enable bit in the 8251A. As 
soon as the 8251 A has finished transmitting a 
byte it generates a level-four interrupt and the 
CPU sends either more data for transmission or a 
new control byte which disables the transmitter 
and therefore clears the interrupt. 

As a manufacturing option, a jumper (G,H,I) is 
provided to bypass this interrupt; however, the 
jumper must be in position G-H whenever CT soft­
ware is used. 

Generalized Functions: Once programmed, the 
8251A performs its communications functions as 
follows: The TxRDY output is raised active to 
signal the CPU that the 8251A is ready to receive 
a data character from the CPU. This output 
(TxRDY) is reset automatically when the CPU 
writes a character into the 8251A. On the other 
hand, t.he 8251A receives serial data from the 
keyboard. Upon receiving an entire character, 
the RxRDY output is raised active to signal the 
CPU that the 8251A has a complete character ready 
for the CPU • RxRDY is reset automatically upon 
the CPU data read operation. TxRDY and RxRDY 
cause keyboard level 4 interrupts. 

The 8251A cannot begin transmission until the Tx 
Enable bit is set in the Command Instruction and 
it has received a Clear To Send input. The TxD 
output will be held in the marking state upon 
Reset. 

Prior to starting data transmission or reception, 
the 8251 A must be loaded with a set of control 
bytes. 

The control bytes are split into two formats: 

1. Mode Instruction 
2. Command Instruction 

Mode Instructions: The following mode is 
applicable to the CT system: 

Asynchronous Transmission: Whenever a data 
character is sent by the CPU, the 8251A 
automatically adds a Start bit (low level) 
followed by the data bits (least significant 
bit first), and a Stop bit to each char­
acter. The character is then transmitted as 
a serial data stream on the TxD output. The 
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serial data is shifted out on the falling 
edge of TxC- at a rate equal to 1/16 that of 
the TxC-. When no data characters have been 
loaded into the 8251A the TxD output remains 
active (marking). 

Asynchronous Receive: The RxD line is nor­
mally high. A falling edge on th is 1 ine 
triggers the beginning of a START bit. The 
validity of this START bit is checked by 
again strobing this bit at its nominal cen­
ter. If a low is detected again, it is a 
valid START bit, and the bit counter will 
start counting. The bit counter thus 
locates the center of the data bits and the 
stop bit. Data is sampled on the RxD pin 
with the rising edge of RxC-. If a low 
level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP 
bit signals the end of a character. Th is 
character is then loaded into the parallel 
I/O buffer of the 8251 A. The RxRDY pin is 
raised to signal the CPU that a character is 
ready to be fetched. If a previous charac­
ter has not been fetched by the CPU, the 
present character replaces it in the I/O 
buffer, and the OVERRUN Error flag is raised 
(thus the previous character is lost). All 
of the error flags can be reset by an Error 
Reset Instruction. The occurrence of any of 
these errors will not affect the operation 
of the 8251 A. 

Commands: Once the functional definition of the 
8251 A has been programmed by the Mode Instruc­
tion, the device is ready to be used for data 
communication. The Command Instruction controls 
and actual operation of the selected format. 
Functicns such as: Enable Transmit/Receive and 
Error Reset are provided by the Command In­
struction. 

Once the Mode Instruction has been written into 
the 8251A, all further control writes (C/D = 1) 
will load Command Instructions. A Reset Opera­
tion (internal or external) will return the 8251A 
to the Mode Instruction format. 

Status Reads: Some of the bits in the Status 
Read Format have identical meanings to external 
output pins so that the 8251A can be used in a 
completely polled environment or in an interrupt 
driven environment. TxRDY is an exception. 
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Note that status update can have a maximum delay 
of 28 clock periods from the actual event affect­
ing the status. 

Figure 2-36 illustrates the 8251A control/status 
byte formats. 

Comaands To The Keyboards The commands sent by 
the CPU to the keyboard via the 8251 A are des­
cribed in Chapter 9. 
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COMMANDS 

X RTS ER SBRK 

TRANSMIT ENABLE 
1 00 enable 
0" d1~able 

DATA TERMINAL 
READY 
""h1gh" will force OTA 

output to zero 

RECEIVE ENABLE 
1 = enable 
0 = disable 

SEND BREAK 
c_ ______ _, CHARACTER 

1 = force\ T 111.0 "low" 

O " normal oper<ttion 

ERROR RESET 
1 "' reset error lli!igli 

PE. OE, FE 

REQUEST TO SEND 
"tugh" will fo•ce ATS 
output to zero 

INTE'RNAL RESET 
L----------------~ ··1i1gh" 1eturns 8251A to 

Mode Instruction Format 

MODE (ASYNCHRONOUS} 

(lXJ {16XJ (&fX) 

CHARACTER LENGTH 

5 6 7 8 
BITS BITS BITS BITS 

-·~---- PARITY ENABLE 
1 =ENABLE 0 =DISABLE 

___ --- EVEN PARITY GENERATION/CHECK 

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

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

l =EVEN 0 =ODD 

NUMBER OF STOP ens 

1Y> 2 
BITS BITS INVALlq B~T 

(ONLY EFFECTS Tx; Ax NEVER 
REQUIRES MORE THAN ONE 
STOP BIT) 

o, 

DSR x 

Figure 2-36. 8251A Control/Status 
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STATUS 
o, o, o, o, 

OE PE TxEMPTY RxROY h:ROY 

PARITY ERROR 
The PE flag is. m wheri 1 P,rity 
error i1 detected. It i\ rnet by 
the ER bit of the Command 
lr11tJuction. PE does pot inhibit 
operation of the 8251A. 

OVERRUN ERROR 
The OE flag is set when 1he CPU 
does riot read a character bef~, 
the next one becomes available. 
It is rHet by the ER bit of the 
Command lnnruction. OE d~ 
not inhibit operation of the 8251A 
however. the previously ov111rrun 
character is I01t. 

FRAMING ERROR (Aaync only) 
The FE flag is set when a valid 

Stop bit is not detected at ·~· 
e~ of every character. It iJ reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
the operation of the 8251A. 

DATA SET READY: lnd1c;11tes 
that the DSA is at a zero level. 



PRINTER INTERFACE 

An 8-bit parallel Centronics-type printer inter­
face is provided through a 25-pin D-type female 
connector on the mainframe enclosure. The inter­
face outputs ASCII data from a memory buffer 
using the low byte of the MEM bus and I/O port 50 
(80). It will accommodate both buffered and non­
buffered printers that use the Centronics signal­
ing format. A 4-bit Printer Status Register 
( PSR) is also available for reading status 
through port 50 (80). 

The pinout for the 25-pin connector, which car­
ries signals for both the data output, status 
input and control signals, is shown in Figure 2-
37. 

2-109 



Pin Signal Source 

1 Data bit 0 Mainframe 
2 Data bit 1 Mainframe 
3 Data bit 2 Mainframe 
4 Data bit 3 Mainframe 
5 Data bit 4 Mainframe 
6 Data bit 5 Mainframe 
7 Data bit 6 Mainframe 
8 Data bit 7 Mainframe 
9 Ground 

10 Ground 
1 1 Ground 
12 Ground 
14 Strobe (DATA STROBE/) Mainframe 
15 Ground 
16 Acknowledge (ACKNLG/) Printer 
17 Printer Busy (BUSY) Printer 
21 No Paper (PE) Printer 
22 Select (SLCT) Printer 
25 Ground 

Figure 2-37. Printer Connector Pinout 
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) Software Interface 
J 

Printer Status Register (PSR): Port 50 (80) is 
used to indicate four status conditions of the 
printer. The bit assignments for the port are: 

Bit(s) 

F-4 

3 

2 

1 

Function 

Not used 

No paper in printer. Not all prin­
ters support this. It is merely a 
flag and does not generate an in­
terrupt. 

Buffer busy. A character or other 
command was sent to the printer and 
has not been acknowledged by the 
printer. This is the only printer­
status flag that is generated by the 
mainframe logic rather than the 
external printer device. 

Printer select. The printer is 
online and ready to print. The 
state of this bit is not affected by 
any data or control signals which 
the mainframe sends to the printer. 

Printer busy. The printer is doing 
some mechanical· activity, such as 
printing a buffered line or doing a 
1 ine feed, and will not acknowledge 
the character just sent for a long 
time. Worst-case BUSY duration for 
a Centronics printer is over two 
seconds. 

When printer interrupts are enabled in the IOCR 
and a character reception is acknowledged by the 
printer, an interrupt is generated. Typically 
printer interrupts should only be enabled when a 
character requiring mechanical motion is sent to 
the priuter. This can be determined by checking 
bit O of the printer status, by checking the 
character codes sent, or by timing out for bit 2 
of the status. 

Figure 2-38 illustrates this figure. 
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Port 50 
(80) 

DF DB D7 D3 D2 Dl DO 

x Ix Ix Ix !xix! xlxJ x x x x 

Don't Care 

No Paper--------" 
Buffer Busy -----..-------' 
Printer Select 
Printer Busy 

Figure 2-38. Printer Status Register (PSa) 
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UTILITIES 

Programmable LEDs and Audio 

Hardwired LEDs 

Port 44 (68) is used to program the six LEDs at 
the top of the I/0-memory board, plus the audio 
signal. The bit assignments for this port are: 

Bit Function 

0 When o, lights LED ti CR6 
1 When o, lights LED ti CR5 
2 When o, lights LED ti CR4 
3 When o, lights LED ti CR3 
4 When o, lights LED ti CR2 
5 When o, lights LED ti CR 1 

Bi ts 6 and 7 are used together to operate the 
speaker as follows: 

Bit 6 

0 
1 
0 
1 

Bit 7 

0 
0 
1 
1 

Function 

No tone 
625-Hz tone 
Speaker in 
Speaker out 

Alternating between speaker in and speaker out at 
various rates can generate any audible frequency. 

Figure 2-39 illustrates the control byte format. 

Several non-programmable LEDs are wired to pro­
vide visible indication of hardware events to 
facilitate servicing of the mainframe. Their 
functions are described in the "Reference" sec­
tions of the chapters on each mainframe board. 
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:Port 44 
(68) 

D7 D6 DS D4 D3 DZ Dl DO 

0 
1 
0 
1 

0 
0 
1 
1 

CRl CR2 DC3 CR4 CRS CR6 

No Tone 
1. 25 KHz 
Speaker In 
Speaker Out 

Figure 2-39. Programmable LED's and Audio 
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POWER 

Power Supply 

The mainframe power supply services all boards in 
the mainframe, plus the Multibus, the external 
keyboard and the CRT monitor. It does not ser­
vice the disk drives or their controller boards. 

Autorestart Function 

The system has an automatic Restart/Reset func­
tion. This function does two things: 

1. When the power switch is turned on a 
system Reset is automatically ac­
tivated, thereby causing the CPU to 
jump to the boot-ROM routine. At the 
end of this routine, the operating 
system is loaded either from floppy 
drive 0 or Winchester drive 0. 

2. When the power switch is turned on a 
bit (the COLD bit) in the Parity 
Error Register (PER) is set to in­
dicate an automatic, rather than 
manual, Reset. The distinct ion can 
be used by the operating system in 
deciding whether to write the con­
tents of RAM off to disk: in a manual 
Reset (COLD bit off), the contents of 
RAM are considered valid and can be 
saved for subsequent use; in an 
automatic (power-up) Reset (COLD bit 
on), RAM contents are considered 
invalid. 
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RESET 

A system Reset can happen either automatically 
during power-up, or manually whenever the opera­
tor presses the Reset switch on the mainframe 
console. The distinction between the two is 
explained in the prior section entitled "Power." 

When either type of Reset occurs, the following 
logic blocks are reset: 

CPU (8086) 
NDP (8087) 
DMA (8237-2) 
IOCR 
Communications (SIO) 
Multibus Interface 
Keyboard 
Printer timing 
I/0-memory board LEDs 
Video control and CRT blanking 

When the IOCR is reset, the interrupt logic for 
all non-maskable interrupts and level-4 maskable 
interrupts is cleared and disabled until re­
enabled, normally by the operating system. 

Multi.bus resets will always reset the local main­
frame. 

Programmed :10 is required to reset the disk 
sub Dy stem unless the disk subsystem undergoes a 
power-on. The CT system attends to this need. 

2-116 



3. MAINFRAME MOTHERBOARD 

The mainframe motherboard has two or four 
Multibus slots, some Multibus priority resolution 
logic, terminations for Multibus lines, plus 
slots for the following boards: 

o processor 
o I/O memory 
o video 
o RAM and/or ROM expansion 

It also contains connectors for the peripherals 
and the power supply. There is only one PC slot 
in the motherboard for expansion boards. If just 
a RAM expansion board or just a ROM expansion is 
used it may be plugged directly into the 
motherboard. If both are used, the ROM expansion 
board is plugged into the top of the RAM 
expansion board. 

MULTIBUS PRIORITY RESOLUTION LOGIC 

This circuit implements parallel priority resolu­
tion among up to three Multibus masters, one of 
which is this mainframe. Chip U1 determines 
whether or not at least one of the three Multibus 
request 1 in es ( BREQO ••. 2-) is active and sends 
out a binary code which corresponds to the 
highest priority request line which is now 
active. Chip U2 is a decoder that asserts the 
bus priority in (BPRNO .•. -) line which 
corresponds to the highest priority request 
presently active. Prioritization is as follows: 

line 
BREQO­
BREQ1-
BREQ2-

priority 
highest 

lowest 
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BREQO- is assigned to the mainframe while BREQl­
and BREQ2- are assigned to the nearest and 
farthest Multibus slots (MBl and MB2, 
respectively). 

CLUSTER COMMUNICATIONS TERMINATION 

The motherboard contains four of the six 
connectors located at the rear panel of the 
workstation. These support two RS232 interfaces, 
a parallel printer interface, and the interface 
to the mass storage subsystem. 

One of the two RS232 interfaces may be converted 
to a RS422 interface for very high speed 
communications. If the conversion is made in 
order to implement the CT cluster connection, two 
additional 9 pin connectors are used in place of 
one of the RS232 connectors (J7). The 9 pin 
connectors are mounted on the rear panel and 
connected to the motherboard through headers Jl5 
and Jl6. The 9 pin connector system mentioned 
above is included in all Integ~ated Workstations 
but is electrically disconnected. To engage this 
interface, the following jumper change is 
required. 

The motherboard also contains socket U3. When 
communication channel A is used for 
a jumper plug is inserted in U3. 
channel A to be configured for 
communication, and also connects 
protection diodes CR1-CR8. 

3 - 2 

a CT cluster, 
This causes 

half duplex 
in the surge 



REFERENCES 

Edge-Connector Pin List 

Jumpers 

The following several pages document the signals 
that are brought to the various edge connectors 
of the mainframe motherboard, showing the pin 
numbers at those connectors. 

The connectors, in their order of appearance on 
the following pages, are: 

Number 

J1 
J2 
J3 
J4 
J5 
J6 
J7 
J8 
J9 
J10 
J11 
J12 
J13 
J14 
J15 
J16 
J17 
J18 
J19 
• .T20 
MB1 
MB2 

Board/Cable 

RAM Expansion Board* 
Processor Board 
Processor Board 
I/0-Memory Board 
I/0-Memory Board 
Video Control Board 
Comm. Ch. A Cable 
Comm. Ch. B Cable 
Disk Control Cable 
Keyboard Cable 
Printer Cable 
Power Cable 
Video Control Board 
Monitor Cable 
Cluster CoMm. Cable 
Cluster Comm. Cable 
External Main. Cable 
Speaker Cable 
Reset Cable 
Power Indicator Cable 
Multibus Board** 
Multibus Board** 

Pins 

80 
80 

120 
80 

120 
80 
25 
25 
50 

2~ 
18 
20 
20 

9 
9 
6 
2 
2 
2 

86 
86 

Notes: * ROM expansion board plugs into top 
of RAM expansion board or into J1. 
** Slots for optional user-supplied 
boards. 

Name Function 
A-B Not normally used 
C-D Not normally used 
E-F Not normally used 
Note: These jumpers link Multibus interrupt 
lines 1, 4, and 7 to three non-Multibus interrupt 
lines used within the mainframe. The operating 
system does not support any Multibus utilization 
of these three lines. 

3 - 3 
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When configured for cluster control the 9 pin connectors 
located on the rear panel are connected to the following 
functions: 

P15/P16 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Channel A Function 

Signal Name 

GND 
GND 
GND 
GND 
GND 
CLK+ 
CLK­
DATA+ 
DATA-

... ~, 

Figure 3-13. Edge-Connector Pin List 

3 - 16 



The following reference information describes the inter­
connection between motherboard signals and the cluster 
headers, JlS and J16, when a one to one jumper plug is 
installed in socket U3. 

I/0- COMM DAISY DAISY 
SIGNAL MEM CH. A CHAIN CHAIN 

JS J7 JlS J16 

RXCA+ 13 17 6 6 
TCLK- 9 18 6 6 
TXCA+ 14 15 7 7 
TCLK+ 10 25 7 7 
DCDA+ 22 8 8 8 
TXDA- 19 2 8 8 
RINGA+ 23 22 9 9 
RTSA+ 20 4 9 9 

Figure 3-14. Edge-Connector Pin List 
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OVERVIEW 

4. PROCESSOR BOARD 

The processor board is one of two mandatory 
boards which plug into the mainframe motherboard 
to implement the minimum-configuration main­
frame. Many of the board's functions are built 
around programmable LSI chips which act as peri­
pherals to the 8086. Optionally, the processor 
board can be configured with an 8087 numeric data 
processor (NDP) in addition to the 8086. 

OPERATION BY LOGIC BLOCK 

Figure 4-1, shows how the major logic blocks are 
defined and how they relate to one another. The 
primary reference for logic, however, is the 
schematics at the end of this chapter. Refer­
ences in the text below contain parenthesized 
page numbers, and often zone numbers, for these 
schematics; for example, the reference (p1zA3) 
means page 1, zone A3 of the schematics. 
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The board contains the following blocks. 

1) The dual bus logic 
2) The 8086 microprocessor 
3) The 8087 numeric data processor 
4) Memory control and refresh logic 
5) RAM parity check and generate logic 
6) Interrupt control logic 
7) Direct Memory Access (DMA) control 

logic 
8) The Multibus interface 
9) Bootstrap logic and the bootstrap PROMs 

Each of the above blocks is discussed in detail 
below. 

The Dual Bus Architecture 

The mainframe uses a dual bus architecture. The 
CT logic boards reside on the local bus (CT-Bus) 
and a second bus, Multibus, is available for user 
add-on logic boards. The local bus can be in 
three different states as follows: 

state meaning Idle =T~h-e_,..b_u_s._i_s __ n_o_t __ b __ e~i-n_g __ u_s_e~d----------~ 

CPU active The CPU is using the local bus for 
an I/O, interrupt acknowledge, or 
memory cycle. Addresses come from 
the CPU. 

DMA active The DMA logic is using the local bus 
for communication, disk, or video 
DMA transfers. The address comes 
from the DMA logic. For slave 
Multibus DMA transfers, the address 
comes from the Multibus. 

In addition, the Multibus to local-bus interface 
can be in one of three states as follows: 

state 
master 

slave 

Independent 

meaning 
The local-bus is master over the 
Multibus and is driving its command 
and address signals. 

The local-bus is slave to the Multi­
bus and its command and addresses 
are driven by the Multibus. 

The local-bus and Multibus operate 
independently. 

4 - 3 



Control Of The Local Bus Drivers 

The local address bus drivers and associated 
control logic for DMA transfers are described in 
the DMA section, below. 

The 8086 address/data bus connects the 8086 to 
the 8087 and carries information to the local bus 
latches and drivers. The AD bus is multiplexed, 
containing address and data. The signal ALE+ 
from the 8288 indicates when the AD bus carries 
address information. 

The three latching local address drivers at 11E, 
15D, and 15E (p7) latch the contents of AD when 
ALE+ is active. As long as the DMA state is not 
active (HLDA+ inactive) these three latches drive 
the local address bus. 

The chips at 14D and 14E (p8) drive data from the 
AD bus to the MEM (MEMO+ MEMF+) on to the local 
bus latches and drivers. The AD bus is 
multiplexed, containing address and data. The 
signal ALE+ from the 8288 indicates when the AD 
bus carries address information. 

The three latching local address drivers at 11E, 
15D, and 15E ( p7) latch the contents of AD when 
ALE+ is active. As long as the DMA state is not 
active (HLDA+ inactive) these three latches drive 
the local address bus. 

The chips at 14D and 14E (p8) drive data from the 
AD bus to the MEM (MEMO+ MEMF+)5E (p7) latch the 
contents of AD when ALE+ is active. As long as 
the DMA state is not active (HLDA+ inactive) 
these three latches drive the local address bus. 

The chips at 14D and 14E (p8) drive data from the 
AD bus to the MEM (MEMO+ MEMF+) flfl to the local 
bus latches and drivers. The AD bus is 
multiplexed, containing address and data. The 
signal ALE+ from the 8288 indicates when the AD 
bus carries address information. 

The three latching local address drivers at 11E, 
15D, and 15E (p7) latch the contents of AD when 
ALE+ is active. As long as the DMA state is not 
active (HLDA+ inactive) these three latches drive 
the local address bus. 

The chips at 14D and 14E (p8) drive data from the 
AD bus to the MEM (MEMO+ MEMF+) bus when the 
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signal ADTOMEM- is active. ADTOMEM- goes active 
at 3B-8 (p5zA5) when HLDA+ is false (no DMA), and 
the DEN+ and DT+ signals from the 8288 indicate 
that the 8086 is outputting data. 

The chips at 13D and 13E (p8) drive data to 
the##D bus from the MEM bus when MEMTOAD- is ac­
tive. MEMTOAD- is asserted by 6E-8 (p1zA3) when 
DEN+ is asserted by the 8288, indicating that the 
8086 is using AD for a data transfer, and the 
8086 status signal S1- is low, indicating that an 
input command is in progress. 

The transceiver at 9F (p8) connects the I/O bus 
(IOBO+ IOB7+) and the MEM bus (MEMO+ 
MEM7+). It is disabled with ADSTB+ (address 
strobe) during DMA transfers when the 8237 is 
using the IOB bus to transfer address information 
to its high-order address latch at 5G ( p7) as 
described in the DMA section. The direction of 
the transceiver, 9F (p8), is established by the 
signal MEMTOIOB+. When active, MEMTOIOB+ causes 
the MEM bus to drive the IOB bus. MEMTOIOB+ is 
driven low, causing the IOB bus to drive the MEM 
bus, by gate 4D-13 (p5zB2), when the 8259A is 
supplying an interrupt vector on !OB (INT ADEN+ 
active) or when 4C-11 is high. 4C-11 goes high 
when an IiO read is in progress (IOR- active) and 
either communications DMA is in progress (SIOACK­
active) or the 8086 is addressing a device on the 
!OB bus (IOBCS+ active). 
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Processor Ready Logic 

Each time the 8086 issues a bus command ( IOR-, 
IOW-, MR-, MW-, or INTA-) it waits for its READY 
input to go active before completing the com­
mand. This facility is used to stretch the 
commands for devices that are slower than the 
8086 minimum access time and for devices that are 
not ready to transfer. 

The 8284 (p1) combines two READY sources, Multi­
bus and local bus. For Multibus Master mode, the 
LOCMASTER- (local master) signal is caused to be 
inactive at 5C-13 (p4zA4). This causes the 8284 
to ignore LOCRDY+ (local bus ready). Since 
MASTER- is active, pin 16C-4 (p1zD7) of the 8284 
is the source for READY generation. XACK- comes 
from the Multibus directly and is driven by 
whatever slave is active. 

There are two special cases when XACK- may be 
asserted by the CPU board even though it is the 
Multibus master: interrupt acknowledge (some­
times) and bus timeout. Gate 4A-8 (p5zB2) as­
serts XACK- in the two special cases. 4A-8 goes 
active if MASTER+ is asserted and MASACK+ (master 
acknowledge) is asserted. MASACK+ is the OR of 
three cases at 7D-12 (p67zC5). 7D-13 goes active 
if the cycle timed out, that is, no slave acknow­
ledged in 6 milliseconds. 7D-2 goes active 
during the first of the pair of INTA- pulses 
issued during interrupt acknowledge and 7D-1 goes 
active during the second INTA- pulse if the 8259A 
on the processor board is supplying the interrupt 
vector (as opposed to one on Multibus). In all 
other cases, the addressed Multibus slave res­
ponds by driving XACK- active to terminate the 
cycle. 

When the 8086 is not Multibus master (MASTER+ 
inactive) and no DMA transfer is in progress, 
5CD-12 (p4zA4) asserts LOCMASTER- (local mas­
ter). This causes the 8284 to use LOCRDY+ (at 
16C-6) (p1) as the source for READY+. LOCRDY+ is 
generated by gate 5C-8 (p5zB4) and is the OR of 
several cases. Pins 11 and 10 of 5CV are the RAM 
acknowledges. 

Pin 11 is used if the cycle will have wait states 
and pin 10 is used for no-wait-state access. The 
SLOW+/FAST+ flip-flop, 13B-9 (p5zA6), is set to 
SLOW+ for conditions when wait states are re­
quired and to FAST+ when they are not. When 
FAST+ is active, OCRDY+ is asserted by 7C-8 
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(p5zA5) as soon as the memory cycle starts 
(ENMCYC+ active). When SLOW+ is active, LOCRDY+ 
is asserted by 6C-3 (p5zB6) when PRACK+ (predic­
ted RAM acknowledge) is asserted by the RAM 
control logic indicating the cycle is about to 
complete. The SLOW+/FAST+ flip-flop is set to 
FAST+ whenever the signal IDLE+ goes active. 
IDLE+ goes active when the 8086 is doing internal 
cycles and between cycles. The SLOW+/FAST+ flip­
flop is set SLOW+ at 13B-10 if PWAIT- goes ac­
tive. PWAIT- indicates that the 8086 commands 
have been delayed at the 8288 by DMA or while 
waiting for Multibus Master status. Also, when a 
memory cycle starts (MCYC- goes active), if a 
re fresh is pending ( RFPNDG-) or the memory con­
trol is in the end of a previous cycle (ENDCYC-), 
gate 6C-11 (p5zB6) goes high, causing SLOW+ to be 
set. 

The non-RAM sources for LOCRDY+ are ORed by gate 
6A-8 (p5zB5). The key to the operation of 6A is 
the shift register at 5A (p6zD6) which counts 
MEMCLK+ pulses since the beginning of the com­
mand. Gate 9C-8 (p6zD7) goes high when any 
command line is asserted. This allows 5A to 
shift a 1 (from R3) through its stages, genera­
ting the signals 100nS+, 300NS+, 400NS+, and 
500NS+ for the corresponding amount of time since 
the command began. 

LOCRDY+ for PROM acesses is generated when 
PROMCS+ and 500NS+ are active, causing 6A-8 
(p5zB5) to go active. This allows at least 500 
nanoseconds for PROM access. 

The signal IOBCS+ (from the I/O Memory board) 
indicates that the I/O bus (IOBO+ - IOB7+) is 
being used for I/O. In that case LOCRDY+ is 
asserted when 400NS+ goes active, allowing 400 
nanoseconds for access to LSI peripheral chips. 
TMO-, ORed with IOBCS+ at 12B-11 (p5zB6), is a 
bus timeout signal, used to generate READY if 
nothing else responds within 6 milliseconds. 

FASTIC+ is asserted by the I/O Memory board when 
a TTL type I/O device, which does not need wait 
states, is addressed. In th is case, after 100 
nanoseconds, LOCRDY+ is asserted unless · DCIRDY+ 
is false. DCIRDY+ false indicates that an ad­
dressed disk control is not present. It is 
generated in the disk control interface (DCI) on 
the I/O Memory board. 
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Bus Timeouts 

The one-shot at 11D-10 (p6) is used to detect bus 
timeouts. A bus timeout occurs if no command has 
been started for 6 milliseconds. When that 
occurs, TMO- ( 11 D-9) is asserted. This causes 
LOCRDY+ to !Je asserted as described. If a com­
mand is active when the timeout occurs, TO+ will 
be asserted. TO+ forces MEMRDY+ true in the DMA 
logic. TO+ is also used on the I/O Memory board 
to conditionally cause non-maskable interrupts 
(NMI) depending on the setting of the IOCR (port 
56 on the I/O Memory board). 

The 8086 Microprocessor 

The 8086 and its associated logic are resident on 
the processor board and are primarily on page one 
of the schematics. The associated logic consists 
of instruction decode, reset, and clock genera­
tion logic. 

Chip 16D (p1) is the 8086 itself. Because pin 33 
is strapped low, the chip is in the maximum 
mode. The maximum mode is used so that the 8288 
and 8087 can be used with the 8086. 

Inverter 15B-10 (p1zB7) and CR5 are a driver and 
LED that lights when a Non-Maskable Interrupt is 
present. 

Pin 22 of the 8086 is connected through jumper B­
C to flip-flop 15C-9, which is used to synch­
ronize the READY+ line to the 8086. If the 8284 
clock generator chip is changed to generate a 
synchronized READY+, jumper B-C can be removed 
and jumper A-C installed to use READY+ directly 
from the 8284 (p1). 

The 8284 provides clock generation and reset 
synchronization logic. Pins 16 and 17 connect to 
the 15 MHz or optional 24 MHz crystal. This 
clock is divided by three to generate a 33% duty 
cycle processor clock ( PCLK+). Optionally, for 
debug, switch 1 bit 4 (bit 4 is connected by pins 
4 and 5 of switch 1) can be opened to use the 10 
MHz MEMCLK+ as the time base for the processor 
clock. This results in a 3.3 MHz processor 
operation that is synchronous with the memory 
clock. The 8284 also generates and synchronizes 
the READY+ line for the 8086. READY+ is formed 
by ORing two sources, Multibus and the local 
bus. READY+ is generated by the local bus 
(LOCRDY+) when LOCMASTER+ is true and by Multibus 
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(XACK-) when MASTER- is active. The logic within 
the 8284 is READY+=(LOCMASTER+ * 
LOCRDY+)+(MASTER+ * XACK+). The 8284 also synch­
ronizes READY+ to PCLK+ and the flip-flop 15C-9 
provides protection from delays produced by a 
metastable condition of the 8284 logic. Finally 
the 8284 also generates power-up clear (PUPCLR+) 
from RC combination R24 and C14. 

Flip-flop 15C-5 (p1zC6) is called the COLD flip­
flop. It is set by the power-up RC circuit just 
described and any other resets will clear it. It 
can be sensed by software by reading port 54. 

PUPCLR+ is buffered by 15B-4 (p1zD6) which drives 
the Multi bus INIT- pin. All other sources for 
reset drive the INIT- signal low (it is open 
collector). The !NIT- signal is received and 
buffered by 11 B-13 and 11 B-1 O to generate the 
system RESET+ and RESET- signals. 

Latch 10E (p1zB5) contains the status signals 
from the 8086 (SO, S 1 , S2) and the high order 
address lines (ADLF+ - .ADL13+) latched at ALE+ 
time. The output of the latch is used by the 
Multibus Master decode logic. This latch is 
always enabled so that the decode logic can work 
even if the DMA logic has the local bus. 

The 8288 ( p1) is used to decode the 8086 status 
into the command lines for the local bus and for 
other bus control functions. Primarily it gener­
ates the following important signals: 

PMR­
MW­
IO R­
I OW­
INTA-

Memory Read 
Memory Write 
IIO Read 
I/O Write 
Interrupt Acknowledge 

PMR- is inverted (15A-6) and driven by an open­
collector driver (15B-2) to make the system 
memory read signal, MR-. These five signals are 
the five command 1 ines for the local bus. In 
addition to these, the 8288 generates ALE+ to 
indicate when the 8086 multiplexed address/data 
lines (ADO+ - AD13+) contain status and address 
information as opposed to data. The DEN+ 1 ine 
from the 8288 indicates that the AD+ bus has data 
on it. The DT+ signal indicates that the data is 
going from the 8086 to I/O or memory. The PWAIT­
signal going into the 8288 causes it to tri-state 
the system command lines (described above). 
PWAIT- is activated when the 8086 does not have 



control over the local bus by gate 8B-6. PWAIT­
goes active when HLDA is active (indicating DMA 
activity) or when MBPNDG- is active (indicating 
that the 8086 is waiting to get on Multibus). 

The IDLE+ signal is used to determine when the 
8086 is doing internal cycles and not using the 
local-bus. The SO- and S1- lines are both high 
when the 8086 is halted or doing internal cycles 
(passive). 8B-8 (p1zC4) indicates this con­
dition. The pair of flip-flops at 16B are used 
to delay the status at least one PCLK+ to insure 
that the last active cycle has completed. The 
output of the flip-flop delay is the signal 
IDLE+. IDLE+ is cleared asynchronously at 16B-13 
if the status ever goes to one of the active 
combinations. It is also synchronously cleared 
at 16B-1 (plus one PCLK+) by the signal PLOCK­
from the 8086. This signal indicates that a Lock 
cycle, a non-idle state, is in progress. 

Various cycles are also decoded by the logic of 
page 1. 8E-3 (p1zC2) is IOCYC-; when active it 
indicates that an I/O cycle is in progress. 8E-8 
is active when a Multibus cycle is requested and 
during Locked cycles. MBREQ+ at 8E-6 (p1zB2) 
includes INTA- to combine all reasons for making 
Multibus Requests. INTA- uses the Multibus to do 
interrupt acknowledges in case there are slave 
8259As on the Multibus. LOCK, 8E9 (p1zB2), 
acquires the Multibus so that mutually exclusive 
access can be made to shared memory. 

The timing of the MR- signal is critical because 
it dete~mines the speed required of the RAM 
chips. Since the 8288 is slow in generating MR-, 
the MR optimizer circuit (p1zB3) works in paral­
lel with the 8288 to make MR- as early as pos­
sible. The MR optimizer output and the 8288 MR­
are wire-ORed by open collector inverters 15B-12 
and 15B-2 (p1zB2). Flip-flop 8D-5 is set by ALE+ 
during the second half of 8086 state T1 and the 
first half of T2. 7D-8 combines this timing 
signal (T1.5+) with the 8086 status line combin­
ation that indicates a memory-read cycle and, at 
the next falling PCLK+, flip-flop 8D-8 causes the 
signal OPTIM+ to become active. This causes 
open-collector driver 15B-12 to assert MR-. At 
the next falling PCLK+, OPT IM+ will go inactive 
but the 8288 by then has asserted MR- through 
driver 15B-2. 
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The 8087 
The 8087 (p 1) connects almost directly in paral­
lel with the 80860 One difference is that the 
interrupt pin is an output on the 8087. It is 
asserted when the 8087 wishes to interrupt the 
8086. It is tied, through an inverting open­
collector driver at 15B-6 (p6zB7), to the level-4 
interrupt input of the 8259A interrupt control­
ler. The other difference is that the TEST­
input pin of the 8086 (16D-23) corresponds to the 
BUSY- ( 16F-23) output of the 8087). They are 
used to synchronize the two processors. The 8087 
uses the other resources of the CPU board in the 
same way as the 8086. 

The RAM Controller 

This logic block generates the control signals 
for the RAM chips and some timing signals for the 
8086 and DMA chip. 

Crystal Y1 and inverters 15A-8 and 15A-10 and R9, 
R10, C3, C7, and C8 (p3zD7) constitute a 20 MHz 
oscillator. This is the source for the memory 
and DMA clocks. Counters 12A and 13A (p3) are 
cascaded to give the two memory clocks, MEMCLK­
( 10 MHz) and 78KHZ+. 78KHZ+ is used primarily to 
start refresh cycles. MEMCLK- is inverted at 
15A-2 to give MEMCLK+ and buffered at 14C-3 
( p3zD2) to give BMEMCLK+. BMEMCLK+ is used on 
the video and I/0 boards as a general purpose 10 
MHz clock. 

Refresh is started when a falling transition of 
78KHZ+ causes flip-flop 14B-5 (p3zC6) to set. 
This can be inhibited for test purposes by 
grounding test point 4. The refresh request at 
13B-5 is then synchronized to the DMA chip clock 
at 13B-5. This generates RFPNDG- which is used 
in the DMA logic (to be described later) to cause 
wait states if the 8086 uses memory during re­
fresh. The complement of RFPNDG- at 14B-5 
(p3zB6) is clocked into 14B-12 at the next 
MEMCLK+ to generate RFTIME- ast 14B-8. This is 
done to allow RFPNDG- to take effect before 
RFTIME- inhibits new memory accesses at 9C-1 
(p3zC5). When RFTIME- is asserted and no memory 
cycle is in progress the signal at 1 OB-13 goes 
high and at the next MEMCLK+ flip-flop 10A-9 
( p3zC2) goes active. At the following MEMCLK+ 
the RFGO+ (refresh going) flip-flop 11A-9 (p3zB2~ 
is set. RFGO- is buffered at 14C-7 to go to the 
memory arrays on the I/O Memory and RAM Expansion 
boards. RFGO- causes ANYCYC+ to go active at 7C-
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11 (p3zA7). This signal propagates through delay 
lines BA and 9A. 40 nanoseconds later (allowing 
the memory arrays to use RFGO- to switch the RAM 
address lines to the refresh address) the gate at 
7B-13 (p3zA2) causes RFRAS+ to go active. Next, 
the gate at 7B-1 causes RARAS- to go active. 
RARAS- goes to the two RAM arrays and becomes the 
RAS- (Row Address Strobe) for the RAM chips. 220 
nanoseconds after RARAS- goes active the signal 
ENDCYC+ at delay line pin BA-4 goes active. This 
in turn causes gate BB-3 to go high. At the next 
MEMCLK+ the RFDONE+ flip-flop at 11 A-5 ( p3zB4) 
becomes set. RFDONE- is buffered at 14C-5 to go 
to the RAM arrays to increment the refresh ad­
dress for the next refresh cycle. RFDONE+ causes 
the RFGO+ flip-flop to be cleared at the next 
MEMCLK+. RFDONE- also clears the three refresh 
flip-flops already described (14B1, 14B13, and 
13B-15). 

Memory Read Cycles 

Memory Reads are started by the activation of MR­
' which causes CYCLREQ+ to go active at 7C-3 
(p3zC7). When CYCLEREQ+ is active, no refresh is 
in progress (RFTIME- inactive), the local bus 
address points to present RAM (PRESELECT+ 
activ~), and the logic is not in the ending phase 
of the previous cycle (ENDCYC- inactive), gate 
9C-6 (p3zC5) asserts START-. R20, R21, and C12 
guarantee that START- is of sufficient duration 
to set Schmitt trigger flip-flop 8C-B (p3zC4), 
ENMCYC+. ENMCYC+ through gate 9B-3 causes 
CYCINPROG+ to go active. CYCINPROG+, at 10B-11 
( p3zC3) prevents a refresh cycle from starting 
when a read or write is in progress. At 1 B-B 
(p3zC2), CYCINPROG+ is stretched by a signal from 
the delay line to make INPROG+. INPROG+ is used 
by the DMA logic to determine when its memory 
cycles are complete. ENMCYC+ is buffered at 2C-
10 to make BENMCYC+. This signal is used on the 
I/O Memory board for communications DMA. ENMCYC+ 
is also used in the DMA wait state logic and in 
the READY timing logic. ENMCYC+ also activates 
RARAS- at 7B-1 (p3zA3) which goes to the RAM 
arrays to make the RAS signals for the RAM 
chips. The inverse of ENMCYC+, ENMCYC-, gen­
erates ANYCYC+ at 7C-11. This signal propagates 
through the delay lines BA and 9A to make the 
various RAM timing and control signals. 20 
nanoseconds after ANYCYC+ the buffer at 145C-9 
(p3zA5) activates COLMPX- to switch the RAM chip 
address lines from row address to column 
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address. 60 nanoseconds later, CASTIME- at 9A-6 
causes the decoder at 11G (p7zC3) to generate the 
CAS- (Column Address Strobe) for the particular 
bank of RAMs selected by the address bus. 80 
nanoseconds after CASTIME- comes PRACKTIME-. 
PRACKTIME- is ANDed with ENMCYC to make PR ACK 
(Predicted RAM Acknowledge), which indicates to 
the READY timing logic that the RAM cycle is 
about to complete. 240 nanoseconds after 
ANYCYC+, ENDCYC+ is asserted. It is used to 
terminate refreshes and normal memory accesses at 
11A-2 and 9B-4, respectively. 9B-6 which resets 
the ENMCYC+ flip-flop, 8C-8 (p3zC4), is activated 
when ENDCYC+ is active and there is no longer a 
CYCLEREQ+ from 7C-3. ENDCYC+ is also used at 9B-
1 (p3zC3) to prevent a refresh from starting 
while an old cycle is still in progress. Gate 
7B-4 (p3zB1) combines ENDCYC- and a sig~al (NORF­
) that indicates that a refresh cycle is not in 
progress to generate ENEND+ (Enabled end). 
ENEND+ is used in DMA wait state timing logic. 
100 nanoseconds after ENDCYC+, RACK+ becomes 
active. It is used to form XACK- (Transfer 
Acknowledge) in the Multibus interface logic. 

Memory Write 

Memory Write (MW-) operate in the same way as 
memory read except for the following differ­
ences: MW- can be inhibited at gate 6D-11 
(p3zC8) for memory protection (MWINH+ active) or 
delayed at 2B-5 by WRDLY-. WRDLY- comes from the 
DMA logic to delay the MW- signal during 
communications DMA. The write enable signals 
RALOWE- (RAM array low-bank write enable) and 
RAHIWE- (high-bank write enable) are generated by 
gates 10C-6 and 10C-3 (p7zD6), respectively. 
RALOWE- is active for non-read (write) memory 
cycles when the low-order address bit (LAO+) is 
low. RAHIWE- is active for non-read cycles when 
LAO+ is high (pointing to an odd, or high bank) 
or during 16-bit accesses, indicated by LBHEN+ 
active (local bus high enable). Note that the 
RAM chip write enable pins are only significant 
when CAS- is active. 

Column Address Strobe (CAS) Generation 

The 8 CAS- lines for the 8 possible RAM banks are 
generated by decoder 11G (p7zD3) at CASTIME-, as 
described above, during ENMCYC- (Enabled memory 
cycles; that is, non-refresh cycles). The selec­
tion of which bank to activate is made by PROM 
12G based on the high-order 5 bi ts of the local 
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Parity Logic 

address bus and the settings of three switches, 
SW4 bits 2, 3, and 4. 

Details on the decode PROM and resultant 
addressing are given below under "References". 

The parity logic is used to constantly check the 
reliability of the memory. Each byte in the 
memory array has an extra memory bit (the parity 
bit) associated with it. Whenever a byte is 
written, the ninth bit is written such that the 
total number of 1 bits is even. When the byte is 
read, if the total number of 1 bits in the 9-bit 
"byte" is no longer even, an error is flagged. 
This is the normal case. For testing purposes, a 
bit in the IOCR (port 56 on the I/O memory board) 
can be set to change the parity system to odd 
instead of even. When a parity error is detec­
ted, the error address and some status in forma­
t ion is saved in a register for software reading 
and a non-maskable interrupt will be generated if 
enabled by the IOCR. 

Parity Writing, Odd Byte (Even Byte in Brackets) 

Because MR- is inactive, 11C-8 (p2zC7) causes 
CHECKP- to be inactive. When CHECKP- is inac­
tive, 10C-8 (10C-11) forces 13F-1 (13G-4) to 1. 
The other 8 input bits of the parity generator at 
13F (13G) are MEM8+ - MEMF+ (MEMO+ - MEM7+). 
Thus the odd sum output, 13F-6 (13G-6), is high 
if MEMS+ - MEMF + (MEMO+ - MEM7 +) have an even 
number of 1 bits). The parity bit written in 
this case should be a 0 (to maintain an even 
number of 1 bits). If the odd parity bit of the 
!OCR is set, the ODDP+ line will be active. In 
that case, the output of the parity generator 
will be complemented by gate 12B-8 (12B-6). 
Again, because CHECKP- is inactive, the inverting 
tri-state buffer at 12C-16 (12C-18) inverts the 
parity information from 12B-8 (12B-6) and drives 
HIP+ (LOP+), the signal that connects to the data 
pins of all the odd (high) (even, low) byte 
parity RAM chips. This bit is written into the 
parity RAM chips in the same fa sh ion as the 8 
data bits are written to the appropriate data 
chips. 

Parity reading and checking, odd byte (even byte) 

When MR+ (Memory Read) is active, PRESELECT+ (RAM 
is present and selected) is active, and PROMCS+ 
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(PROM chip select) is inactive, 11 C-8, CHECKP­
( Check Parity), goes active. Since it is active, 
the HIP+ (LOP+) signal carrying the parity bit 
from the selected RAM parity chip and the 8 data 
bits being read (on MEM8+ - MEMF+ (MEMO+ 
MEM7+)) are summed by parity generator 13F 
(13G). The signal at 13F-6 (13G-6) is low if the 
sum is even (normally correct). Again, if the 
odd parity bit of the !OCR is set (ODDP+ is 
active), the gate at 12B-8 (12B-6) will invert 
the sum. At the end of the read, when MR+ goes 
inactive, the sum bit from 12B-8 (12B-6) will be 
clocked into parity error flip-flop 13C-9 (13C-
5). If the sum bit was 1 (wrong), the parity 
error flip-flop will be set. 

When either parity error flip-flop is set, 9D-6 
(p2zB6) causes PERINT+ to go active. When it 
goes active the registers at 12D, 12E, and 11F 
( p2) trap the current address on LAO+ - LA 13+ 
(local address bus) and the status of the LBHEN+, 
HLDA+, and SLAVE+ signals. These bits and the 
status of the high and low parity error flip­
flops can be read through ports 52 and 54. 

Interrupt Control Logic 

The interrupt control logic is based on the 8259A 
programmable interrupt controller (p6). It takes 
8 input interrupt signals from devices or other 
8259As and with masking provides an interrupt 
signal and interrupt vectors to the 8086. 

The 8259A is programmed by passing information 
between it and the 8086 on the I/O bus, IOBO+ -
IOB7+. The I/O Memory board decodes the I/O 
address of the 8259A and asserts PICCS- (Program­
mable Interrupt Controller Chip Select). It is 
used with LA1+ to specify which register within 
the 8259A is being referenced. The IOR- ( I/O 
read) and IOW- (I/O write) strobes are used to 
enable the transfer of information during prog­
ramming. 

The eight interrupt signals, INTRO- - INTR7-, 
after buffering, go into the 8259A. When an 
active interrupt level is enabled by programming, 
the 8259A will assert INTR+ to interrupt the 
8086. If the interrupt is enabled within the 
8086, the 8086 will go into an Interrupt Acknow­
ledge sequence. In Interrupt Acknowledge, two 
INTA- pulses are issued by the 8086/8288. The 
first one is used with in the 8259A to dee ide 
which is the highest priority interrupt. The 
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second one is used to send the vector to the 
8086. 

The 8259A on the processor board is called the 
"master" 8259A. For large interrupt systems, 
"slave" 8259 As can be used in Multi bus cards. A 
"slave" 8259A can drive one of the INTR lines on 
the Multibus backplane with its INTR pin, and can 
thereby expand one of INTR lines of the master 
8259A into eight individual interrupt lines. 

All 8259As must receive all INTA- pulses for 
their internal priority logic to work. Thus, in 
case there are slave 8259As, Multibus must always 
be acquired. If a slave 8259A has generated an 
interrupt to the master 8259A, the interrupt 
vector comes from the slave 8259A. The second 
INTA- must cause the interrupt vector to come 
from the master 8259A if there is not a slave 
8259A on the interrupting level, and from the 
slave 8259A if there is. When a slave 8259A is 
to respond, the master 8259A puts the binary 
number that corresponds to its INTRn- that is 
causing the interrupt on its cascade lines. This 
is used to address the proper slave 8259A. The 
slave 8259A is programmed with its cascade number 
at initialization and then recognizes its address 
when the master 8259A puts it on its cascade 
1 ine3. The cascade number is passed from the 
master 8259A to slave 8259As on Multibus address 
lines ADR8- - ADRA-. 

The eight interrupt signals, INTRO- - INTR7-, are 
buffered by the inverting buffer at 3F (p6zB7). 
Notice that the 8087 numeric data processor can 
interrupt by asserting INTR4-. After buffering, 
the eight interrupt signals go into the 8259A at 
5F. When that interrupt level is enabled by 
programming, the 8259A will assert INTR+ to 
interrupt the 8086. If interrupts are enabled 
within the 8086, the 8086/8288 (p1) combination 
will issue the two INTA- pulses. 

In order to get consecutive Multibus cycles, the 
8086 asserts PLOCK- (processor lock) just prior 
to the first INTA- and makes it inactive just 
prior to the second INTA-. This causes the 8289 
(p4) to not release the Multibus until the second 
INTA- is complete. 

In addition, the 8288 issues an MCE+ (master 
cascade enable) just prior to each INTA- pulse. 
The second MCE+ pulse indicates the time that the 
cascade lines of the master 8259A are valid. 
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Gate 6E-3 {p6zC7) ANDs MCE+ and LOCK+ to isolate 
the second MCE+ pulse, giving MCE2-. The AND of 
INTA+ and LOCK+ isolate the first INTA- pulse at 
6E-11 (p6zC7). 

Through logic described in the Multibus Master 
mode section, INTA- causes the 8289 to acquire 
control of the Multibus. When it is acquired, 
signal MBAEN- is asserted by the 8289. This 
causes 6D-8 ( p6zA7) to go active, issuing and 
interrupt acknowledge strobe to the 8259A at pin 
5F-26. Next, the 8259A causes its cascade out­
puts (CASO+ - CAS2+) to be asserted with the 
number corresponding to the slave 8259A, if a 
slave 8259A is generating the highest priority 
interrupt. 

During MCE2-, driver 3E-7, 5, and 3 (p6zA5) 
causes the cascade number from the 8259A to be 
driven onto the 8086 AD bus signals, AD8+, AD9+, 
and ADA+. Simultaneously, the 8288 generates an 
ALE+ into the 8086 address latch/driver, 15D 
( p7zB6), and onto the local address bus (LA8+ -
LAA+). The Multibus address driver, 7G, drives 
the cascade number from the local bus to the 
Multibus address bits ADR8-, ADR9-, and ADRA-. 
The slave 8259As get the cascade number from 
those Multibus lines. 

Whenever the 8259A wants to output on the I/O bus 
(IOBO+ - IOB7+), it asserts its DEN59- output, 
5F-16. The processor board uses DEN59- to gener­
ate the signal INTADEN+ at 4D-10 (p6zA6) to 
indicate that the vector is being sent from the 
master 8259A at 5F. As described in the Multibus 
Master mode section, DEN59- is used at 4E-11 
(p5zB3) to make. MBINTA+ (Multibus interrupt 
acknowledge) and enable the Multi bus drivers to 
carry the vector from the Multibus (and slave 
8259A) to the local (MEM) bus. INTADEN+ is used 
at 4D-13 (p5zB2) to cause the I/O bus (IOBO+ -
IOB7+) to drive the MEM bus with the vector when 
it comes from the master 8259A. 

The gate 7D-12 (MASACK+) (p6zC5) generates XACK­
(transfer acknowledge) for the INTA pulses. The 
first INTA- pulse causes 6E-11 and 7D-2 (p6zB5) 
to go active, issuing an immediate XACK-. The 
second INTA, if it does not pertain to a slave 
8259A, causes INTADEN+ at 4D-10 (p6zA6) to go 
active. 300 nanoseconds after the INTA starts, 
the signal 300NS+ goes active, causing 6C-6 and 
7D-1 (p6zB5) to go active, allowing for a 300 
nanosecond access time before generating XACK-. 
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Direct Memory Access (DMA) 

The DMA logic centers around the 8237 DMA con­
troller chip. The DMA chip has 4 channels to 
support 4 different requestors; Multibus Slave 
mode, communications, disk, and video. The 
channels are assigned as follows: 

Channel Priorit;y Device 

0 highest Multibus Slave mode 
1 2nd highest Communications 
2 3rd highest Disk 
3 lowest Video 

Each channel has a unique request pin and acknow-
ledge pin. 

The 8237 is programmed by the 8086 with memory 
addresses, transfer length and mode informa­
tion. When the DMA logic is not transferring 
(HLDA+ inactive), the 8237 can be programmed by 
the 8086. Information is passed between the 8237 
and the 8086 on the I/O bus, IOBO+ - !OB?+. The 
register that the 8086 is addressing within the 
8237 is specified on the bidirectional address 
lines of the 8237, DMAAO+ - DMAA3+. The DMA chip 
select signal from the I/O Memory board indicates 
that the current I/O address on the local bus 
refers to an 8237 register~ When DMACS- is 
active it causes the !OR- ( I/O read) and IOW­
( I/O write) signals of the local bus to be driven 
to the 8237 pins 1 and 2 by asserting the driver 
enable at 8F-19 (p5zC4). 

DMCLK+ is generated from the output of the 20 MHz 
oscillator by counter 14A ( p3zD6). The counter 
divides by 4, giving a 5 MHz square wave if 
switch 1 bit 1 (p3zD5) is open. If the switch is 
closed, the counter divdes by 5, giving a 4 MHz 
DMCLK+. 

When a request pin is asserted and that channel 
is programmed in the 8237 to be enabled, a DMA 
cycle starts. The 8237 first asserts its hold 
request (HRQ+) pin at 6F-10 (p5). This causes 
flip-flop 5B-5 to be set after a one-clock delay 
(required by the 8237). When 5B-5 is asserted 
and BUSAVAIL+ (local bus available) is asserted 
by 4B-8 and the bus is not locked (LOCKED- inac­
tive) then 5C-6 goes active setting the Hold 
Acknowledge (HLDA+) flip-flop, 8C-3 (p5zA4). 

4 - 18 



LOCKED- is active during instructions with LOCK 
prefixes and inhibits DMA starting during "lock­
ed" instructions. BUSAVAIL+ is active if the 
8086 is waiting for Multibus master status 
( MBPNDG-) or if the 8086 is not using the bus. 
When the 8086 is not using the bus, the signal at 
1OB-10 goes low. Th is is determined by IDLE+ 
active, indicating that the 8086 is doing 
internal cycles. 

The RC combination R18, R19, and C11 and the 
Schmitt trigger inputs of BC insure that the 
HLDA+ flip-flop ( p5zA4) will not go temporarily 
active (non-bistable operation). 

Once HLDA+ is active, gate 8B-6 (p1zA6) causes 
8086 commands to be inhibited by driving the 8288 
pin at 9E-6 (p1zA4) high. This holds off the 
8086 until the DMA cycle is completed. Further­
more, HLDA+ causes 5C-12 (p5zA4), LOCMASTER-, to 
go inactive so that the 8284 won't give the 8086 
a READY signal. 

HLDA+ is latched if a parity error occurs by the 
parity error latch (port 54) at 11F-7 (p2zA6). 
This is used to determine if the parity error 
happened during a DMA transfer. 

HLDA+ is used at 3A-6 (p4zB5) to inhibit going 
into Master mode during a DMA transfer. 

PROM access is inhibited during DMA transfers by 
gate 7B-10 (p4zB7). 

The open-collector gate at 4A-11 (p5zD4) causes 
the memory protect circuitry to be overriden by 
pulling down MW'INH+ (Memory Write inhibit) uncon­
ditionally. 

The gate 7C-6 ( p5zA3) inhibits . 8086 I/O address 
decoding by insuring IOCS- is inactive during DMA 
transfers. 

At 3B-9 (p5zA5), HLDA- inhibits the 8086 AD bus 
from driving the MEM bus during DMA by forcing 
ADTOMEM- inactive. 

The three tri-state latches at 11E, 15D, and 15E 
(p7) that normally drive the local address bus 
(LAO+ - LA13+) with the address from the 8086 are 
disabled during DMA by HLDA+. 

Finally as long as the HLDA+ flip-flop is set and 
the delayed hold (DHOLD-) flip-flop is set at 5B-

4 - 19 



5 (p5zB7), the gate at 3G-13 (p5zD6) gives a Hold 
Acknowledge to the 8237 at 6F-7. 

When 6F-7 goes active, the 8237 takes control of 
the local bus. First, if the high-order eight 
bits of DMA address are different from those of 
the p~eceding cycle, it will drive the new eight 
address bits on IOBO+ IOB7+ and pulse its 
ADSTB+ (address strobe) output (6F-8). This 
causes the address to be latched into chip 5G 
( p7zC7). Next it asserts its naddress enable" 
pin 6F-9. If the DMA cycle is not for Multibus 
Slave mode then DMAEN- (Direct Memory address 
enable) will go active at 6E-6. DMAEN- also 
enables the DMA command drivers at 8F-1 (p5zC4) 
so that the memory read and write and I/O read 
and write commands from the 8237 drive IOR-, 
IOW-, MR-, and MW-. If the DMA cycle is for 
Multi bus Slave mode, then the address and com­
mands come from Multibus as already described. 

The 8237 is designed to generate only 16 bits of 
address and the local bus has a 20-b it address 
space. The following is done for each channel to 
provide the extra 4 bits. 

Channel Device LAO+, LA11+ - LA13+ 
0 Multibus Driven from the Multibus 

Interface 

1 Communications All O, driven by 2E-3 
(p7zD7), 5, 7, and 9 

2 Disk LAO+ is 0 and LA11+-
LA13+ come from the 
Extended Address 
Register (EAR), driven 
by 2E-12, 14, 16, 18 

3 Video All O~ driven by 2E-3, 
5, 7 9 and 9 o 

This means that DMA transfer for communications, 
disk, and video must be on even boundaries, and 
transfers to and from communications and video 
must be in the first 128K of RAM. 

The Extended Address Register (EAR) is a 3-bi t 
counter provided so that the disk can access any 
address in the 1-megabyte address space. The 
EAR, at 2D (p8zC5), is loaded by an active-low 
strobe coming from 6D-6 when software issues an 
Output instruction (IOW-) to I/O address 68 
(DMACTCS-). The bit correspondence is as 
follows: 
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Bit from 8086 Local 
register AX MEM bus bit EAR bit Address bit 

0 0 DMCTO+ LA11+ 
1 1 DMCT1+ LA12+ 
2 2 DMCT2+ LA13+ 

Hardware causes the EAR to increment when a 128K 
boundary is crossed during disk DMA. QBOUND- is 
asserted by 98B-8 (p8zB7) if LA1+ - LA10+ are all 
1 : Th is enables the EAR to increment when gate 
11C-12 (p8zC7) goes high, indicating that the 
read portion (INCMD+) of a disk DMA (DISKACK+) 
cycle is completed. 

The DISKACK-, VIDACK-, SIOACK-, and SLAVE+ sig­
nals indicate that the 8237 is acknowledging 
disk, video, communications, and Multibus chan­
nels, respectively. These are used to enable 
address buffers as just described and they go to 
the individual logic blocks for controlling those 
devices to indicate DMA is in progress. If the 
count register is expired for the channel being 
acknowledged, the signal EOP- (End of Process) is 
asserted at 6F-36. 

Multibus Slave RE.ADY Generation 

For Multibus Slave operation, the remainder of 
DMA cycle is controlled by the Multibus inter­
face. The Slave operation DMA cycle is termin­
ated (as are all DMA cycles ) by the RDY (ready) 
input to the 8237 ( 6F-6) going active. RDY is 
generated at 4C-8 ( p5zC6) when MEMRDY+ (Memory 
ready) and IORDY+ ( I/O ready) are both active. 
For Slave operation, 3G-8 (p5zC7) is active, 
forcing MEMRDY+ unconditionally asserted. IORDY+ 
comes from the shift register at 3C-12 (p5zC1). 
Since it is not a communications DMA cycle 
(SIOASCK- not asserted), gate 3G-12 puts register 
3C in the parallel enable mode. As long as 
SLAVERQ+ (see the Multibus Slave mode section) is 
asserted, 1D-11 will continue to assert SLAVE+. 
This causes the D input to 3C to be low at 1 C-
10. As soon as SLAVERQ+ terminates, SLAVE+ drops 
at 1 D-11 causing 3C-7 to go high. At the next 
DMCLK+, IORDY+ goes active causing the DMA RDY 
signal to go active at 6F-6. This causes the DMA 
cycle to terminate. 
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Non-Multibus READY Generation 

DMA cycles terminate when the DMA ready signal 
from gate 4C-8 goes active. 4C-8 ANDs the two 
conditions for DMA ready (RDY), IORDY+ and 
MEMRDY+. MEMRDY+ goes inactive when a refresh 
cycle (RDPNDG-) is pending or in progress and a 
non-refresh memory cycle (ENMCYC+) is not already 
going, causing 10A-4 (p5zC7) to preset the 
MEMRDY- flip-flop. At the end of the DMA memory 
cycle, ENEND+ will be asserted by the RAM control 
clearing the MEMRDY- flip-flop by causing 3A-1 to 
go low. This causes MEMRDY+ to go active. In 
case the address programmed into the DMA chip did 
not point to present memory, the timeout (TO+) 
signal will go active causing gate 3G-10 (p5zC7) 
to force MEMRDY+ active. 

IORDY+ is generated by the shift register at 3C 
(p5zC1). 

The shift register is put in the shift mode by 
driving 3C-9 to a high state. 

This is done (by gate 3G) only during communica­
tions DMA acknowledges (SIOACK-) that are doing 
memory ready and I/O write ( IOW-) commands. In 
that case, IORDY+ goes true four DMCLK+ cycles 
after ENMCYC+ (non-refresh memory cycle) goes 
active, indicating that the memory cycle is in 
progress. This is done because the SIO I/O write 
can't begin until the data is available from 
memory. 

For all other cases, shift register 3C is in the 
parallel enable mode ( 3C-9 is low). 1 C-1 goes 
high, causing IORDY+ to go inactive when 1D-8 
goes low in a communications DMA cycle (SIOACK-) 
or when WAIT- is asserted. WAIT- is used by the 
video control board to cause one DMA wait state 
for some of its accesses. As soon as the write 
part of the DMA cycle starts (MW- or IOW­
acti ve), 3d-11 goes high, causing 1C-1 to go 
low. One DMA clock after 1C-1 goes low (causing 
3C-7 to go high), IORDY+ is asserted at 3C-12. 
This causes the DMA Ready pin to be asserted by 
gate 4C-8 (as long as MEMRDY+ is active). Note 
that since neither SIOACK- nor WAIT- goes active 
during disk cycles, 3C-7 never goes low and 
IORDY+ is asserted throughout the cycle. 

Gate 2B-8 causes memory write to be delayed when. 
IORDY- is not active. This is done so that the 
data can come from the I/O device and get to the 
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memory before the memory write occurs. 2B-9 
inhibits this delay during Multibus slave oper­
ation. 

The Hold Acknowledge flip-flop (HLDA+) (p5zA4) is 
reset by by gate 1 B when no cycle in progress 
(INPROG+ inactive) and the Hold Request (HRQ+) 
signal from the 8237 is no longer active. 

Multibus Interface 

The Multibus interface works in three entirely 
separate modes; Independent, Master, and Slave. 
In the Independent mode, the. interface separates 
Multibus from the local bus (CT bus) and the two 
operate entirely independently and asychron­
ously. In the Master mode, the local bus con­
trols Multibus, driving its command and address 
lines. In the Slave mode, Multibus controls the 
local bus and Multibus drives the command and 
address lines of the local bus. The control 
logic for Master and Slave modes are entirely 
separate. 

Multibus Master Mode 

The Multibus Master mode centers around the 
Multibus arbiter chip, the 8289. It is respon­
sible for acquiring Multibus when the local logic 
requires it. There are two times when the Multi­
bus interface goes into the Master mode: (1) for 
explicit accesses by the 8086 to memory or I/O 
devices not on the local bus, or (2) for inter­
rupt acknowledge. Interrupt Acknowledge goes to 
the Multibus in case there are slave 8259As in 
Multibus hardware. Furthermore, for any 
instruction with a LOCK prefix, the Multibus is 
acquired, although it does not necessarily go 
into Master mode. This is done to be sure that 
if another Multibus master has locked the 
Multi bus to get consecutive eye les in the local 
RAM, the 8086 instruction with the LOCK prefix 
won't begin until the other master unlocks 
Multibus. This is used for passing semaphores 
between different Multibus masters. 

8289/Hultibus Handshake 

The details of Multibus handshakes can be found 
in the Multibus specification, IEEE 796. Here is 
a brief description of each handshake signal: 
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Signal 
BREQ-

CBRQ-

BPRN-

BPRO-

BUSY-

BCLK-

CCLK-

Meanit.IB. 
Bus Request, one per Multibus slot 
(output). Indicates that a particular 
Multibus slot wants Multibus Master 
status. 

Common Bus Request, one per system 
(bidirectional). Indicates that some 
Multibus slot that is not Multibus 
Master wants to be Master. 

Bus Priority In, one per Multibus slot 
(input). Indicates that the Multibus 
slot has priority and can acquire 
Master status at the next BCLK-. 

Bus Priority Out, one per Multibus slot 
(output). Indicates that the BPRN­
s ignal of the Multi bus slot is active 
and the slot does not want Multibus 
Master status. 

Bus Busy, one per system (bidirec­
tional). Indicates that some board is 
Multibus Master and is using the bus. 

The lock used for bus priority transi­
tions (output on one Multibus slot, 
input on all slots). 

A general purpose clock (output on one 
Multibus slot, input on all slots). 

The 8289 does the following to get Multibus 
Master status: 

1) Asserts CBRQ- and BREQ-, and makes BRPO-' 
inactive, indicating it wants to be Master. 

2) At the next BCLK-, if BUSY- is inactive and 
BPRN- is active, the 8289 has acquired Master 
status. It asserts BUSY- and inactivates CBREQ-. 

3) When the 8289 is done with the bus, it stops 
asserting BUSY-, and will no longer force BPRO­
inacti ve. If BPRN- is active, BPRO- will go 
active. 

Acquiring Multibus 

The SO - S2 ( 16D-26, 27, 28) signals from the 
8086 are monitored by the 8289 (p4zB3). When 
they indicate a bus cycle (Memory, I/O or Inter­
rupt Acknowledge) and pin 3 of the 8289 is ac-
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tive, the 8289 will go through a Multibus arbi­
tration handshake to acquire control of Multibus 
(become Multibus master). When it does, it 
asserts pin 13, AEN89-. 

As just noted, pin 3 of the 8289, the signal 
ADORLOCK+ (Multibus addressed or Lock prefix), 
must be active for the 8289 to acquire Multi­
bus. It is caused to go active at 1B-11 (p4zA5) 
by one of two reasons: (1) SLOCK+ at 1B-12 
(synchronized Lock) is indicating that a LOCK 
prefix or locked Interrupt Acknowledge cycle is 
in progress, or (2) MBADR- is activei indicating 
that the present address from the 80tl6 refers to 
Multibus memory or I/O. MBADR- is formed at gate 
3D-6 (p4zA5) by ANDing the conditions local 
memory not addressed (LOCMEM-) and local I/0 not 
addressed (LOCIO-). 

LOCIO- is generated at gate 4D (p4zA6) by ANDing 
IOCYC- (I/O cycle active) and the proper address 
range. The proper address range is determined 
normally (jumper 1-2 in place) by address bit F 
(ADLF+) from the 8086 low. That is, addresses 0-
7FFF refer to LOCAL I/O devices and addresses 
8000-FFFF refer to Multibus I/O devices. 

A factory jumper option can be made by removing 
jumper 1-2 and installing jumper 3-2 (p4zA6). 
This causes an I/0 address to be considered local 
if the MBIO bit of the !OCR (port 56 bit C on the 
I/O Memory board) is inactive or if address bit F 
is high. In other words, with this option, in 
order to address Multi bus for I/O, it is neces­
sary to set the MBIO bit in the !OCR and to 
address in the range 0-7FFF, and when MBIO is set 
referring to local I/O devices requires an add­
ress in the range 8000-FFFF. For instance, the 
printer is addressed as port 8050 ( hexidec imal) 
instead of the normal 50. Note that with this 
option set the software can always refer to local 
ports as 80xx so that the setting of the MBIO bit 
becomes inconsequential for referring to local 
ports. 

LOCMEM- (local memory addressed) is generated at 
gate 9D-8 (p4zA5) by ANDing the latched S2 status 
line from the 8086 (S2L-), indicating a memory 
cycle is in progress and the signal MEMWINDO­
ind ica ting that the current address from the 8086 
refers to local bus memory. MEMWINDO+ is gener­
ated by ORing several conditions with gate 10D-8 
( p4zA6). 
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Conditions causing MEMWINDO+ active (local bus 
access for memory) are: 

1) 

2) 

3) 

4) 

~) 

Switch 6 bit 3 (pins 3 and 6) closed (all 
~emory accesses are to local bus), or 

ADL13+ low (all memory accesses in the first 
512K of the addressing range, 0-7FFFF, refer 
to local memory), or 

Switch 4 bit 1 closed and ADL12+ low (all 
memory accesses in the first 768K of the 
addressing range, 0-BFFFF, refer to local 
memory, or 

Switch 6 bit 1 closed and LOCPROM- active 
(Bootstrap PROM addressed), or 

Switch 6 bit 2 closed and address on ADLF+ -
ADL13+ in the top 160K of the address 
range. Th is reserves space for the ROM 
expansion board and the Bootstrap PROM. 

When ADORLOCK+ is active and AEN89- is not, 
MBPNDG- (Multibus Pending) is asserted at 4B-11 
( p5zA7) indicating that the 8289 is in the pro­
cess of acquiring Multibus but has not fin­
ished. This causes the 8288 to disable its 
command lines (at 9E-6) and thereby not assert 
them until Multibus is acquired. 

Multibus Master Mode Operation 

The MASTER+ flip-flop indicates that the Multibus 
interface is in Master mode. In Master mode, the 
local bus address and command lines drive the 
Multibus. After Multibus has been acquired, the 
signal AEN89- is asserted by the 8289. If the 
8086 is addressing Multibus, MBADR- will be 
active, causing MBAEN- (Multibus Address Enable) 
to go active at 1B-3 (p4zA3). MBAEN- will cause 
flip-flop 2A-5 ( p4zB6) to be set at the next 
MEMCLK+. If no HLDA- is present (not doing DMA) 
then at the next MEMCLK+ the MASTER+ flip-flop, 
2A-9 ( p4zB5), will be set. This pair of flip­
flops allows the Multibus address to be driven 
from the local bus (by MBAEN-) before the board 
goes into Master mode. The gate at 3A-4 insures 
that we will not go into Master mode if the DMA 
has control of the local bus. Note that if a 
LOCK instruction is used that does not address a 
Multibus device or memory, MBADR- will not be 
active and will inhibit MBAEN-. When MBAEN- goes 
inactive, that is if the 8289 loses control of 
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the Multibus, the MASTER+ flip-flop will be 
cleared at 2A-13 (p4zB5). AEN89- is also used in 
the DMA logic to determine when the 8086 is 
waiting for the Multibus, and therefore the local 
bus is free. MBAEN- is used in the interrupt 
logic to determine that the local bus is the 
Multibus master and an Interrupt Acknowledge can 
complete. 

Command, Address and Data bus control during 
Master Mode 

MASTER+ causes the command transeiver 
(p4zC4) to be enabled by gate 3A-10. The 
tion of the transfer having already been 
lished by the flip-flop at 2A (p4zB6). 
allows the commands on the local bus to be 
onto the Multibus command lines. 

at 2G 
direc­
estab-

This 
driven 

MASTER- causes ONBUS- to be asserted by enabling 
the tri-state inverter at 2F-16 (p4zD6). ONBUS­
then enables the Multibus address drivers, 7G, 
8G, and 4G (p7). Multibus address lines AD12-
and AD13- are driven by the same tri-state inver­
ter as ONBUS- at 2F. Since the input to the tri­
state inverter for AD13- is grounded at 2F-2, all 
Multibus addresses coming from the local bus are 
in the low 512K of the Multibus address range. 
Note that AD13- is completely independent of 
the corresponding local address bus bit LA13-

For AD12- there are two switch selectable 
choices for Multibus address range. If switch 3 
bit 1 is closed then AD12- is driven from LA12+ 
through the tri-state inverter 2F-12. If switch 
3 bit 2 is closed, then all Multibus addresses 
coming from the local bus are in the low 256K, 
independent of local address bus bit LA12+. 

ONBUS- causes BUSEN+ to be asserted by gate 1C-13 
(p8zC6) (the INHIBIT+ signal is described in the 
Multibus Slave Mode section). This causes the 
proper data bus drivers to be enabled depending 
on whether a byte-swap access has to occur. If 
LAO+ is asserted (an odd byte is being addres­
sed), the Multibus slave addressed will place its 
data on the low-order 8 bi ts of the Multi bus 
(DATO- - DAT7-). The 8086 expects the data to be 
placed on its high-order 8 bi ts (ADS+ - ADF+). 
Therefore, a byte swap must occur. If LAO+ is 
not asserted then the addressed byte or word must 
not be swapped. Furthermore, during Interrupt 
Acknowledge, the byte must not be swapped inde­
pendent of what is on the local address bus. The 
signal SWAP- is asserted whenever BUSEN+ is 
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active and LAO+ is asserted (odd byte addressed) 
and INTA- is not active. This causes the inver­
ting transceiver at 10F to be enabled which 
connects the Multibus DATO- - DAT7- lines to be 
connected to MEM8+ to MEMF+. Whenever BUSEN+ is 
active and SWAP- is not, NO SWAP- is asserted at 
2B-3 (p8zC4). This enables transceivers 9G and 
10G (p8) to connect the Multibus data bus to the 
MEM bus without swapping. 

The direction of the data transfer is established 
by the signal MEMTOMB+, which, when active, 
indicates that the MEM bus will drive the Multi­
bus data bus (DATO- to DATF-). MEMTOMB+ is 
generated by gate 3B-6 (p5zB2) and is determined 
by gate 3B-3 for Slave mode (to be described) and 
3B-11 for Master mode. 3B-11 is asserted low, 
causing MEMTOMB+ to be asserted, when MASTER+ is 
active and MBINTA+ is inactive (not an Interrupt 
Acknowledge cycle) and INCMD+ is inactive (the 
command on the local bus is not an input com­
mand). INCMD+ is generated by gate 3D-8 (p5zB3) 
and is the OR of IOR- asserted or MR- asserted. 
MBINTA+ is asserted by 4E-11 (p5zB3) when INTA+ 
is active (Interrupt Acknowledge) and the signal 
DEN59- from the 8259A interrupt controller is 
inactive, indicating that it is not generating 
the vector and some slave 8259A on Multibus 
should. 

LOCK access to Multibus 

As mentioned under "Multibus Master Mode", for 
the use of semaphores in multiprocessing it is 
necessary for the LOCK pref ix in 8086 instruc­
tions to acquire the Multibus. The signal PLOCK­
(processor lock) from 8086 pin 29 is inverted at 
7E-2 (p6zC7) to make LOCK+. LOCK+ is latched 
into 11E-9 (p7zC6) by ALE+ to synchronize to the 
instruction stream. 11 E-9 goes tri-sta te during 
DMA (by enabling 11E-1). The signal at 11E-9 is 
called SLOCKHA+ (synchronized Lock or Hold Ack­
nowledge) and will go active during Hold Acknow­
ledge (DMA), since the driver is in tri-state, or 
during non-DMA times when a synchronized Lock 
signal is present. The fact that SLOCKHA+ goes 
tri-state and possibly float high during DMA is 
an undesired side effect (hence no pull up) and 
that condition is gated off at 4E-6 (p4zA4), 
making the signal SLOCK+ (synchronized Lock). As 
already described, the signal SLOCK+ causes 
ADORLOCK+ to go active at 1B-11 (p4zA5) and is 
one of the conditions that causes Multibus to be 
acquired. When ADORLOCK+ is active and AEN89- is 
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not, MBPNDG~ (Multibus Pending) is asserted at 
4B-11 (p5zA7) indicating that the 8289 is acquir­
ing Multibus but has not done so. This causes 
the 8288 to disable its command lines (at 9E-6) 
and thereby not assert any command lines until 
Multibus is acquired. Once the bus is acquired 
and AEN89- causes MBPNDG- (Multibus Pending) to 
go inactive at 4B-11, the signal LOCKED- is 
asserted by gate 4B-3. LOCKED- is used in the 
DMA logic (to be described) to determine that the 
local bus is locked and DMA cycles into local 
memory should be inhibited. 

Slave Mode 

Slave Mode is entered when the Multibus makes use 
of RAM on the iocal bus. It is controlled prim­
arily by the 8237 chip. Although the 8237 is 
used for arbitration of Slave Mode, addresses and 
commands come from Multibus rather than the DMA 
logic. For all other DMA channels the address 
and command come from the DMA logic during DMA 
transfers. 

A slave request (SLAVERQ+) is generated by gate 
1C-4 (p4zC2) when a Memory Read or Memory Write 
Command (MRDC- or MWTC-) is on Multibus at the 
same time as an address that refers to the local 
bus is on Multibus. The Multibus commands are 
ORed at 1D-3. The Slave addressing conditions 
are ORed at 1D-6. The gate at 1F-8 (p4zC3) 
causes recognition of a slave address if the 
Multibus address is in the range from 32K to 48K-
1 and switch 2 bit 4 is open. The other 
addressing condition at 1D-4 is active if switch 
2 bit 1 is closed and the Multibus address is in 
the upper 512K (AD13- on Multibus is active). 

SLAVERQ+ is connected to the DMA chip request pin 
for channel 0 at 6F-19 (p5zD6). If the DMA chip 
has been programmed with channel 0 enabled, then 
the ·channel 0 acknowledge pin (25) will go ac­
tive. As long as the acknowledge pin and 
SLAVERQ+ are active, SLAVE+ is asserted by 1D-11, 
indicating that the Multibus interface is in 
Slave mode. Slave Mode affects DMA ready logic 
at 1C-9 and 3G-B as described in the DMA section. 

SLAVE- enables the tri-state inverter at 2F-19 
(p4zD6), causing ONBUS- to go active at 2F-5. 
ONBUS- causes address transceivers 4G, 7G, and 8G 
(p7) to be enabled. The direction of the drivers 
are established by MASTER+ being inactive such 
that the Multibus address drives the local bus 
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address. The same tri-state inverter that gener­
ates ONBUS- drives LA12+ and LA13+ at outputs 2F-
7 and 2F-9 ( p5zD6). LA 12+ goes directly to the 
input of the LA 12+ driver at 2F-11 . The input 
flor the LA13+ driver is pulled high so that for 
all Slave mode operations, LA12+ is always low 
(0) and therefore Slave mode memory accesses are 
always in the first 512K bytes o:fl RAM, regardless 
of the setting of the corresponding Multibus 
address bit (AD13-). 

BUSEN- is asserted at 1C-13 (p8zC6) when ONBUS­
is active and the local bus Slave mode is not 
being inhibited by the Multibus inhibit lines 
CrNH1- and INH2-). This causes the proper data 
bus drivers to be enabled depending on whether a 
byte-swap access has to occur. If LAO+ is asser­
ted (that is, an odd byte is being addressed) 
then the Multibus slave addressed is required to 
place its data on the low-order 8 bi ts of the 
Multibus (DATO- - DAT7-). The RAM data for odd 
bytes is always placed on the high-order part of 
the bus (MEMB+ - MEMF+). Therefore, a byte swap 
must occur. IF LAO+ is not asserted then the 
addressed byte or word must not be swapped. The 
signal SWAP- is asserted whenever BUSEN+ is 
active and LAO+ is asserted (odd byte addressed) 
and INTA- is not active (INTA- is never active 
Slave mode, since the local 8259A cannot be a 
slave). This causes the inverting transceiver at 
10F to be enabled which connects the Multibus 
DATO- - DAT7- lines to be connected to MEMS+ to 
MEMF+. Whenever BUSEN+ is active and SWAP- is 
not, NOSWAP- is asserted at 2B-3. This enables 
transceivers 9G and 10G (p8) to connect the 
Multibus·data bus to the MEM bus without swap­
ping. 

The direction of the data transfer is established 
by the signal MEMTOMB+ which, when active, indi­
cates that the MEM bus will drive the Multibus 
data bus (DATO- to DATF-). MEMTOMB+ is generated 
by gate 3B-6 (p5zB2) and is determined by gate 
3B-11 for Master mode (as described above) and 
3B-3 for Slave mode. 3B-3 goes active (low) 
causing MEMTOMB+ to go active when SLAVE+ is 
active and INCMD+ is active (the command on the 
local bus is an input command). INCMD+ is gener­
ated by gate 3D-8 and is the OR of IOR- asserted 
or MR- asserted. For Slave mode it goes active 
for memory reads (MR-) only since Slave mode is 
not used for I/O. 
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Boot PROHs 

SLAVE+ is an input to the parity error reporting 
latch (port 54) at 11F-13 (p2zA6), so if a parity 
error occurs it is possible to detect that it was 
on a Slave mode memory read. 

The flip-flops at 1A (p4zB7) cause at least a 100 
nanosecond delay after SLAVE+ goes active before 
the gate at 3A-10 causes the command transceiver 
at 2G ( p4zC4) to be enabled. The direction of 
the transceiver is established by the Master mode 
flip-flop at 2A-5 (p4zB6). This causes the 
memory read command (MRDC-) and the memory write 
command (MWTC-) to be driven onto the local bus 
MR- and MW- lines respectively. 

Multibus Slave Transfer Acknowledge (XACK-) Logic 

Each command (MRDC-, MWTC-, IORDC-, IOWTC, or 
INTA-) on the Multibus is completed by the XACK­
signal going active. It is the responsibility of 
the slave device in a Multibus transaction to 
assert XACK-. When the local bus RAM is the 
slave, the XACK- must be generated by CT logic. 
This is done by gate 4A-6 (p5zB3). 4A-6 goes 
active when SLAVE+ is active, XACKTIME- is active 
and INHIBIT+ is inactive. INHIBIT+ is the OR of 
the two signals, INH1- and INH2-, from Multibus, 
which indicate that RAM slaves should not respond 
to the current cycle. XACKTIME- is the OR of 
many conditions, however, for Slave mode opera­
tion, only inputs 1, 11, 12, and 13 of 6A (p5zB5) 
are used. SLAVE+ indicates the Multibus inter­
face is in Slave mode. ENMCYC+ indicates that a 
RAM cycle is in progress, and XACKWINDOW+ and 
RACK+ indicate together that the RAM cycle is 
complete. 

The NAND gate 12F (p2zB6) decodes local bus 
Memory Reads in the top 32K of memory and gener­
ates LOCPROM- to select the 2 "boot" PROMS. The 
boot PROMS consist of 2 chips, the high (or odd) 
byte at 14F and the even (low) byte at 15F. The 
sockets at 14F and 15F are designed to accomodate 
several different PROM types as follows: 

chip type 
2316 
2716 
2332 
2732 
2364 
2764 

organization 
2K x B 
2K x B 
4K x B 
4K x B 
BK x B 
BK x B 
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number of pins 
24 
24 
24 
24 
2B 
2B 

ROM/EPROM 
ROM 
EPROM 
ROM 
EPROM 
ROM 
EPROM 



In order to accomodate both size chips the board 
has 28-pin sockets. When 24-pin devices are 
used, they are installed justified toward the 
connectors J2 and J3. 

Note that the schematic is numbered according to 
the sockets (28 pin numbering). Therefore when 
24-pin devices are installed, the chip pin num­
bers will not match the pin numbers on the sche­
ma tic. The relationship is as follows: 

Schematic 24-pin chip Schematic 24 pin chip 
Qin number Qin number Qin number Qin number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 

not used 28 not used 
not used 27 not used 

1 26 24 
2 25 23 
3 24 22 
4 23 21 
5 22 20 
6 21 19 
7 20 18 
8 19 17 
9 18 16 

10 17 15 
1 1 16 14 
12 15 13 

On pin 23 of the socket, the 2316 and 2716 
require +5 volts and all other chip types require 
address bit C. Th is select ion is made with bi ts 
1 and 2 of switch 5. Bit 1 is closed to connect 
the address bit and bit 2 is closed to connect 
+5. 
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REFERENCES 

Edge-Connector Pin List 

Connector J2 

Pin Si~nal 
1 MR-
2 VIDRQ+ 
3 BDZRAM-
4 BD 1 RAM-
5 GND 
6 COLMPX-
7 RARAS-
8 PROMEXDC-
9 RFGO-

10 RFDONE-
1 1 RAH I WE-
12 RALOWE-
13 78KHZ+ 
14 CAS7-
15 
16 CAS6-
17 CASS-
18 CAS4-
19 CAS3-
20 CAS2-
21 CAS1-
22 CASO-
23 HIP+ 
24 LOP+ 
25 
26 MEMF+ 
27 MEME+ 
28 MEMD+ 
29 MEMC+ 
30 MEMB+ 
31 MEMA+ 
32 MEM9+ 
33 MEM8+ 
34 MEM7+ 
35 
36 MEM6+ 
37 MEM5+ 
38 MEM4+ 
39 MEM3+ 
40 MEM2+ 
41 MEM1+ 
42 MEMO+ 
43 LA13+ 
44 LA12+ 
45 
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Pin Signal 
lib LA11+ 

47 LA10+ 
48 LAF+ 
49 LAE+ 
50 LAD+ 
51 LAC+ 
52 LAB+ 
53 LAA+ 
54 LA9+ 
55 
56 LA8+ 
57 LA?+ 
58 LA6+ 
59 LA5+ 
60 LA4+ 
61 LA3+ 
62 LA2+ 
63 LA1+ 
64 LAO+ 
65 
66 
67 +12V 
68 +12V 
69 +12V 
70 +12V 
71 
72 
73 
74 
75 
76 
77 +5V 
78 +5V 
79 +5V 
80 +5V 

Con.nee tor J3 

Pin Signal -,- +5V 
2 +5V 
3 +5V 
4 +5V 
5 -12V 
6 -12V 
7 GND 
8 
9 BCLK-

10 IiUT-
1 1 BPRINO-
12 Not Used 
13 BUSY-
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Pin Sisnal 
14 BREQO-

15 
16 MRDC-
17 MWTC-
18 IORC-
19 IOWC-
20 XACK-
21 INH1-
22 RESERVED 
23 INHZ-
24 BHEN-
25 
26 AD10-
27 CBRQ-
28 AD11-
29 CCLK-
30 AD12-
31 INTA-
32 AD13-
33 INT7B-
34 INT6-
35 
36 INT5-
37 INT4B-
38 INT3-
39 INTZ-
40 INT1B-
41 INTO-
42 SIOACK-
43 SIORQ+ 
44 RDHIPEA-
45 
46 LBHEN+ 
47 RD LO PEA-
48 MW-
49 DISK ACK-
50 DISKRQ+ 
51 ODDP+ 
52 WAIT-
53 IOBCS+ 
54 IOR-
55 
56 DCIRDY+ 
57 FASTIO+ 
58 DMACTICS-
59 DMACS-
60 IOB7+ 
61 IOB6+ 
62 IOB5+ 
63 IOB4+ 
64 IOB3+ 
65 
66 IOB2+ 
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Pin Signal 
bf IOB1+ 

68 IOBO+ 
69 
70 IOCS-
71 NMI+ 
72 PICCS .. 
73 MEMCLK+ 
74 TEST 
75 
76 IOW-
77 EOP-
78 VIDACK-
79 PER INT+ 
80 MW I NH-
81 TO+ 
82 MBIO-
83 RESET-
84 PAREN+ 
85 
86 ADRF-
87 ADRE-
88 ADRD-
89 ADRC-
90 ADRB-
91 ADRA-
92 ADR9-
93 ADRB-
94 ADR7-
95 
96 ADR6-
97 ADR5-
98 ADR4-
99 ADR3-

100 ADR2-
101 ADR1-
102 ADRO-
103 DATF-
104 DATE-
105 
106 DATD-
107 DATC-
108 DATB-
109 DATA-
110 DAT9-
1 1 1 DAT8-
112 DAT7-
1 1 3 DAT6-
114 DAT5-
115 
116 DAT4-
117 DAT3-
118 DAT2-
119 DAT1-
120 DATO-
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Jumpers 

Switches 

Name Function 
A-C Asynchronous READY 
B-C Synchronous READY 

Switch 
1 
1 

1 

2 

2 

3 

3 

3 

3 

4 

4 

5 

5 

6 
6 
6 

6 

Bit 
1 
2 

4 

1 

4 

1 

2 

3 

4 

1 

2-4 

1 

2 

1 
2 
3 

4 

Function 
Close for 4 Megahertz DMA. 
Open for slow memory access 
(for debugging only). 
Open for synchronous CPU and 
memory (for debugging only). 
Close for Multibus slave 
region at greater than 512K. 
Open for 32K to 48K multibus 
slave region. 
Close for 512K multi bus 
master boundary. 
Close for 768K multibus 
master boundary. 
Close if mainframe generates 
Multibus CCLK. 
Close if mainframe generates 
Multibus BCLK. 
Close if multibus master 
boundary is 768K. 
Memory configuration (See 
below). 
Close for 2364 and 2764 ROM 
types. 
Close for 2316 and 2716 ROM 
types. 
Close for no ROM expansion. 
Open for no ROM expansion. 
Close for no Multibus master 
memory access. 
Close to always 
Multibus CBRQ. 

assert 

The Memory Addressing Decode PROM 

The CPU board has a 256 x 4 PROM on it that 
determines what rows of RAMs to enable when, and 
that tells the memory controller how much memory 
there is. The PROM determines this information 
based on the setting of three dipswitches on the 
board. This table lists the standard set of 
addressing and RAM configuration choices. Other 
PROMS can be programmed for other than the 
standard set. 
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Switch setting 
SW 4 bit-2 3 4 

c c c 
c 0 c 
c c 0 
c 0 0 
0 c c 
0 0 c 
0 c 0 
0 0 0 

c = closed (on) 
0 = open 

LED Indicators 

Test Points 

Configuration Memory I/O Expansion Total 64K chips 
number 

LED 
CR1 
CR2 
CR3 
CR5 
CR6 

Point 
TP 1 
TP 2 
TP 3 

TP 4 
TP 5 

0 
1 
2 
3 
4 
5 
6 
7 

RAM RAM RAM on Ex2ansion 

128K OK 
128K 32K 
128K 64K 
128K 96K 
128K 128K 
128K 256K 
128K 384K 
128K 512K 

Meaning 
Bus inactive 
DMA active 
Multibus active 
Non-maskable interrupt 
Interrupt 

Meaning 
High during bus timeouts. 

128K 
160K 
192K 
224K 
256K 
384K 
512K 
640K 

Low when a DMA cycle is in progress. 
High a refresh is in progress. 
Normally oscillates at 12.8 khz. 
Ground to prevent refresh. 
High when a non-refresh memory cycle 
is in progress. 

no 
no 
no 
no 
no 

yes 
yes 
yes 

I/0-Port Address vs. Functions 

address losic write reg. read reg. 
0 DMA reserved reserved 
2 DMA reserved reserved 
4 DMA Comm. address Comm. 

address 
6 DMA Comm. count Comm. count 
8 DMA Disk address Disk 

(low 16 bits) address 
A DMA Disk count Disk count 
c DMA Video address Video 

address 
E DMA Video count Video count 
10 DMA Command Status 
12 DMA Request 
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14 DMA Set/Reset Mask 
16 DMA Mode 
18 DMA Clear flip-flop 
1A DMA Clear 
1C DMA Mask 
20 8259A ICW1, OCW2, OCW3 IRR, ISR, 

INT Level 
22 8259A OCW1, ICW2, ICW3 Mask 

ICW4 

Device Pin Functions 

The following several pages 
functions of the complex !Cs 
board. 

describe the pin 
on the processor 

Device Pin Functions: 8086 HMOS MICROPROCESSOR 

The Intel 8086 is a new generation, high perfor­
mance microprocessor implemented in N-channel 
depletion load, silicon gate technology (HMOS), 
and packaged in a LIO-pin CerDIP package. The 
processor has attributes of both 8- and 16-bit 
microprocessors. It addresses memory as a se­
quence of 8-bit bytes, but has a 16-bit wide 
physical path to memory for high performance. 
8086 features include the following: 

o Direct addressing capability to 1 
MByte of memory 

o Assembly language compatible with 
8080/8085 

o 14 word, by 16 bit register set with 
symmetrical operations 

o 24 operand addressing modes 
o Bit, byte, word, and block operations 
o 8- and 16-bit signed and unsigned 

arithmetic in binary or decimal, 
including multiply and divide 

o 5 MHz clock rate (8 MHz for 8086-2 
(4MHz for 8086-4) 

o Multibus system compatibility 

Pin functions tabulated below assume that the 
8086 has been configured in its MAXIMUM mode, 
that is, the MN pin has been strapped to ground. 
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Signal 
Name 

ADO 
to 
ADF+ 

AD10+ 
to 

AD13+ 

BHEN+ 

Pin 
Name 

vcc 

GND 

BHE!,S7 

I/O Function 

I/O 

0 

0 

+5V supply 

Ground. Both GND pins must be 
strapped together. 

These lines constitute the time 
multiplexed memory/IO address (T1) 
and data (T2 , T3.., T_w, Tu) bus. A0 is 
analogous to BHE/ ror the lower oyte 
of the data bus, pins D7.-DO. It is 
LOW during T 1 when a byte is to be 
transferred on the lower port ion of 
the bus in memory or I/O operations. 
Eight-bit oriented devices tied to the 
lower half would normally use Ao to 
condition chip select functions. 
These lines are active HIGH and float 
to 3 state OFF during interrupt 
acknowledge and local bus "bold 
acknowledge". 

Caution: Intel pin names do not use 
hexadecimal numbers. 

During T1, these are the four most 
significant address lines for memory 
operations. During I/O operations 
these lines are LOW. During memory 
and I/O operations, status information 
is available on these lines during T2 , 
T , Tw, and T4 • The status of tfie 
iJterrupt enable FLAG bit (S~) is 
updated at the beginning of eac:rh CLK 
cycle. A171s4 and A161s indicate 
which relocation register i~ presently 
being used for data accessing. These 
lines float to 3-state OFF during 
local bus "hold acknowledge". 

During T1 the bus high enable signal 
(BHE/) should be used to enable data 
onto the most significant half of the 
data bus, pins D 1 ~-D8. Eight-bit 
oriented devices tred to the upper 
half of the bus would normally use 
(BHE/) to condition chip select func-
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RD/ 

READYSYNC+ READY 

INTR+ INTR 

TEST- TEST/ 

NMI+ NMI 

0 

I 

I 

I 

I 

t ions. ( BHE/) is LOW during T for 
read, write and interrupt acknow\edge 
cycles when a byte is to transferred 
on the high portion of the bus. The 
s1 status information is available 
during T2 , T~, and T4. The signal is 
active LOW, a.nd floats to 3-state OFF 
in "hold". It is LOW during T1 for 
the first interrupt acknowledge cycle. 

Read strobe indicates that the proces­
sor is performing a memory or I/O red 
cycle, depending on the state of the 
s2 pin. This signal is used to read 
devices which reside on the 8086 local 
bus. RD/ is active LOW during T2 , T~, 
and Tw of any read cycle, and is gua~­
anteea to remain HIGH in T2 until the 
8086 local bus has floated. 

This signal floats to 3-state OFF in 
"hold acknowledge" 

READY is the acknowledgement from the 
addressed memory or I/O device that it 
will complete the data transfer. The 
RDY signal from memory/IO is synchron­
ized by the 8284 Clock Generator to 
form READY. This signal is active 
HIGH. 

Interrupt request is a level triggered 
input which is sampled during the last 
clock cycle of each instruction to 
determine if the processor should 
enter into an interrupt acknowledge 
operation. A subroutine is vectored 
to via an interrupt vector lookup 
table located in system memory. It 
can be internally masked by software 
resetting the interrupt enable bit. 
INTR is internally synchronized. This 
signal is active HIGH. 

The TEST I inupu t is examined by the 
"Wait" instruction. If the TEST/ 
input is LOW execution continues, 
otherwise the processor waits in an 
"Idle" state. This input is synchron­
ized internally during each clock 
cycle on the leading edge of CLK. 

Non-maskable interrupt is an edge 
triggered input which causes a type 2 
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RESET+ 

PC LOCK+ 

SO­
S 1 -
S2-

RQ/, 
RQ/, 

RESET 

CLK 

so 
S1/ 
S2/ 

I 

I 

0 

I/0 

interrupt. A subroutine is vectored 
to via an interrupt vector lookup 
table located in system memory. NMI 
is not maskable internally by soft­
ware. A transition from a LOW to HIGH 
initiates the interrupt at the end of 
the current instruction. This input 
is internally synchronized. 

RESET causes the processor to immedi­
ately terminate its present 
activity. The signal must be active 
HIGH for at least four clock cycles. 
It restarts execution, as described in 
the Instruction Set description, when 
RESET returns LOW. RESET is internal­
ly synchronized. 

The clock provides the basic timing 
for the processor and bus controller. 
It is asymmetric with a 33% duty cycle 
to provide optimized internal timing. 

These status lines are encoded as 
follows: 

(0,0,0) Interrupt Acknowledge 
(0,0,1) Read I/O Port 
(0,1,0) Write I/O Port 
( 0 , 1 , 1 ) Ha 1 t 
(1,0,0) Code Access 
(1,0,1) Read Memory 
(1,1,0) Write Memory 
(1,1,1) Passive 
Notation: (0,0,1) means s01, s1/ are 
LOW and s2/ is HIGH. Status is active 
during T4, T1 , and T2 and is returned 
to the passive state l1,1,1) during T3 
or during Tw when READY is HIGH. This 
status is used by the 8288 Bus 
Controller to generate all memory and 
I/O access control signals. Any 
change by s2_m s1 , or s0 during T4 is 
used to ind1.cate the Beginning of a 
bus cycle, and the return to the 
pass! ve state in T~~ or Tw is used to 
indicate the end or-a bus cycle. 
These signals float to 3-state OFF in 
"hold acknowledge". 

The request/grant pins are used by 
other processor bus masters to force 
the processor to release the processor 
bus at the end of the processor's 
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LOCK- LOCK/ 0 

0 

current bus cycle. Each pin is bi­
directional with RQ/, GT I having 
higher priority than RQ/, 8T 1/, RQ/, 
GT I has an internal pull-up res is tor 
so may be left unconnected. The 
request/grant sequence is as follows: 
1. A pulse of 1 CLK wide from 

another processor bus master 
indicates a local bus request 
("hold") to the 8086 (pulse 1). 

2. During the CPU~s next T4 or T1 a 
pulse 1 CLK wide from the 8086 to 
the requesting master (pulse 2), 
indicates that the 8086 has 
allowed the local bus to float 
and that it will enter the "hold 
acknowledge" state at the next 
CLK. The CPU 9s bus interface 
unit is disconnected logically 
from the processor bus during 
"hold acknowledgen. 

3. A pulse 1 CLK wide from the re­
questing master indicates to the 
8086 (pulse 3) that the "hold" 
request is about to end and that 
the 8086 can reclaim the proces­
sor bus at the next CLK. 

Each master-master exchange of the 
processor bus is a sequence of 3 
pulses. There must be one dead CLK 
cycle after each bus exchange. Pulses 
are actlve LOW. 

The LOCK/ output indicates that other 
system bus masters are not to gain 
control of the system bus while LOCK/ 
is active LOW. The LOCK/ signal is 
activated by the "LOCK" prefix in­
struct ion and remains active until the 
completion of the next instruction. 
This signal is active LOW~ and floats 
to 3-state OFF in "hold acknowledge". 

Qs 1 and QS0 provide 
status to allow external tracking of 
the interal 8086 instruction queue. 
QS1 QSO 
0 0 
0 1 

No Operation 
First Byte of Op Code from 
Queue 

1 0 Empty the Queue 
1 
The 

1 Subsequent Byte from Queue 
queue status is valid during the 
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MN I 

CLK cycle after which the queue opera­
tion is performed. 

The purpose of the pin is to allow the 
8086 to perform in either of two 
modes: MINIMUM or MAXIMUM. Several 
pins assume totally different func­
tions when the mode changes. The pin 
descriptions given above are valid 
only in MAXIMUM mode. 
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Figure 4-2 8086 CPU Chip 
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Device Pin Functions: 8284 CLOCK DRIVER 

Signal 
Name 

MASTER­

LOCKMASTER-

XACK+ 

LOCRDY+ 

READY SYNC 

The 8284 is a bipolar clock generator/driver 
designed to provide clock signals for the 8086 
and peripherals. It also contains READY logic 
for operation with two MULTIBUS systems and 
provides the processors required READY 
synchronization and timing. Reset logic with 
hysteresis and synchronization is also provided. 

Pin 
Name 

vcc 

GND 

AEN1/ 

AEN2/ 

RDY1 

RDY2 

READY 

I/O Function 

+5V supply 

I 

I 

0 

Ground 

ADDRESS ENABLE. AEN/ is an 
active 
LOW signal. AEN1/ serves to 
qualify its respect! ve Bus Ready 
Signal (RDY1 or RDY2). AEN1/ 
validates RDY1 while AEN2/ 
validates RDY2. Two AEN signal 
inputs are useful in system 
configurations which permit the 
processor to access two Multi­
Master System Busses. In non 
Multi-Master configurations the 
AEN/ signal inputs are tied true 
(LOW). 

BUS READY (Transfer Complete). 
RDY 
is an active HIGH signal which is 
an indication from a device 
located n the system data bus 
that data has been received, or 
is available. RDY1 is qualified 
by AEN1/ while RDY2 is qualified 
by AEN2/. 

READY. READY is an active HIGH 
signal which is the synchronized 
RDY signal input. Since RDY 
occurs asynchronously with 
respect to the clock (CLK) it may 
be necessary for them to be 
synchronized before being 
presented to the 8284. READY is 
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X1 

X2 
TNK 

F 

I 

I 

cleared after the guaranteed hold 
time to the processor has been 
met. 

CRYSTAL IN. X1 and X2 are the 
pins to 
which a crystal is attached 
TNK (TNK) serving as the overtone 
input. The crystal frequency is 
3 times the desired processor 
clock frequency. 

FREQUENCY/CRYSTAL SELECT. F is a 
strapping option. When strapped 
LOW, F permits the processor's 
clock to be generated by the 
crystal. When F is strapped 
HIGH, CLK is generated from the 
EFI input. 
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MEMCLK+ EFI 

PC LOCK+ CLK 

PCLK 

osc 

RES/ 

PU PC LR+ RESET 

CSYNC 

I 

0 

0 

0 

I 

0 

I 

EXTERNAL FREQUENCY IN. When F is 
strapped HIGH, CLK is generated 
from the input frequency 
appearing on this pin. The input 
signal is a square wave 3 times 
the frequency of the desired CLK 
output. 

PROCESSOR CLOCK. CLK is the 
clock output by the processor and 
all devices which directly 
connect to the processor's local 
bus (i.e., the bipolar support 
chips and other MOS devices). 
CLK has an output freqency which 
is 1/3 of the crystal or EFI 
input frequency and a 1/3 duty 
cycle. An output HIGH of 4. 5 
volts (V c=5V) is provided on 
this pin €0 drive MOS devices. 

PERIPHERAL CLOCK. PCLK is a TTL 
level peripheral clock signal 
whose output frequency is 1/2 
that of CLK and has a 50% duty 
cycle. 

OSCILLATOR OUTPUT. OSC is the 
TTL level output of the internal 
oscillator circuitry. Its 
frequency is equal to that of the 
crystal. 

RESET IN. RES/ is an active LOW 
signal which is used to generate 
RESET. The 8284 provides a 
Schmitt trigger input so that an 
RC connection can be used to 
establish the power-up reset of 
proper duration. 

RESET. Reset is an active HIGH 
signal which is used to reset the 
8086 family processors. Its 
timing characteristics are 
determined by RES/. 

CLOCK SYNCHRONIZATION. CSYNC is 
an active HIGH signal which 
allows multiple 8284's to be 
synchronized to provide clocks 
that are in phase. When CSYNC is 
HIGH the internal counters are 
reset. When CSNYC goes LOW the 
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internal counters are allowed to 
resume counting. CSYNC needs to 
be externally synchronized to 
EFI. When using the internal 
oscillator CSYNC should be 
hardwired to ground. 
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Device Pin Functions: 8289 BOS ARBITER 

Signal 
Name 

PC LOCK+ 

PLOCK-

The 8289 Bus Arbiter, a 20-pin bipolar component 
for use in medium to large 8086 
multimaster/multiprocessing systems, provides bus 
arbitration as well as bipolar buffering and 
drive capability. 

Pin 
Name 

Vee 

GND 

SOI 

S1/ 
S2/ 

CLK 

LOCK/ 

CRQLCK/ 

RESB 

I/O Function 

I 

I 

I 

I 

I 

+5V supply :t: 10% 

Ground 

STATUS INPUT PINS: These pins 
are the 
status input pins from an 8086 
processor. The 8289 decodes 
these pins to initiate bus 
request and surrender actions. 

CLOCK: Th is is the clock from 
the 8284 clock chip and serves to 
establish when bus arbiter 
actions are initiated. 

LOCK: LOCK/ is a processor­
generated signal which when 
activated (low) serves to prevent 
the arbiter from surrendering the 
multi-master system bus to any 
other bus arbiter, regardless of 
its priority. 

COMMON REQUEST LOCK: CRQLCK/ is 
an active low signal which serves 
to prevent the arbiter from 
surrendering the multi-master 
system bus to any other bus 
arbiter requesting the bus 
through the CBRQ/ input pin. 

RESIDENT BUS is a strapping 
option to configure the arbiter 
to operate in systems having both 
a multi-master system bus and a 
Resident Bus. When it is 
strapped high the multi-master 
system bus is requested or 
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ANYRQST I 

IOB/ I 

AEN/ 0 

SYSB I 

surrendered as a function of the 
SYSB input pin. When it is 
strapped low the SYSB input is 
ignored. 

ANYRQST is a strapping option 
which permits the multi-master 
system bus to be surrendered to a 
lower priority arbiter as though 
it were an arbiter of higher 
priority (i.e., when a lower 
priority arbiter requests the use 
of the multi-master system bus, 
the bus is surrendered as soon as 
it is possible). Strapping CBRQ/ 
low and ANYRQST high forces the 
8289 arbiter to surrender the 
multi-master system bus after 
each transfer cycle. Note that 
when surrender occurs BREQ is 
driven false (high). 

IO BUS: IOB/ is a strapping 
option which configures the 8289 
Arbiter to operate in systems 
having both an IO Bus (Peripheral 
Bus) and a multi-master system 
bus. The arbiter requests and 
surrenders the use of the multi­
master system bus as a function 
of the status line, S2/. The 
multi-master system bus is 
permitted to be surrendered while 
the processor is performing IO 
commands and is requested 
whenever the processor performs a 
memory command. Interrupt cycles 
are assumed as coming from the 
peripheral bus and are treated as 
would be an IO command. 

ADDRESS ENABLE. AEN/ is the 
output of the 8289 Arbiter to the 
processor's address latches, to 
the 8288 Bus Controller and 8284 
Clock Generator. AEN/ serves to 
instruct the Bus Controller and 
address latches when to tri-state 
their output drivers. 

SYSTEM BUS, NOT RESIDENT BUS. 
SYSB is an input signal when the 
arbiter is configured in the S.R. 
Mode (RESB is strapped high) 
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CBRQ- CBRQ/ 

which serves to determine when 
the multi-master system bus 
surrendering is permitted. The 
signal is intended to originate 
from some form of address mapping 
circuitry such as a decoder or 
PROM attached to the resident 
address bus. Signal transit ions 
and glitches are permitted on 
this pin from 01 of T4 to 01 to 
T2 of the processor cycle. 
During the period from 01 of T2 
to 01 of T4 only clean 
transitions are permitted on this 
pin (no glitches). If a glitch 
does occur the arbiter may 
capture or miss it and the multi­
master system bus maybe requested 
or surrendered~ depending upon 
the state of the glitch. The 
arbiter requests the multi-master 
system bus in the S.R. Mode when 
the state of the SYSB pin is high 
and permits the bus to be surren­
dered when this pin is low. 

I/0 COMMON BUS REQUEST. CBRQ/ is an 
input signal which serves to 
instruct the arbiter if there are 
any other arbiters of lower 
priority requesting the use of 
the multi-master system bus. The 
CBRQ/ pins (open-collector 
output) of all the 8289 Bus 
Arbiters which are to surrender 
the multi-master system bus upon 
request are connected together. 
The Bus Arbiter running the 
current transfer cycle will not 
itself pull the CBRQ/ line low. 
Any other arbiter connected to 
the CBRQ/ line can request the 
multi-master system bus. The 
arbiter presently running the 
current transfer cycle drops its 
BREQ/ signal and surrenders the 
bus whenever the proper surrender 
conditions exist. Strapping 
CBRQ/ low and ANYRQST high allows 
the multi-master system bus to be 
surrendered after each transfer 
cycle. See the pin definition of 
ANYRQST. 
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RESET- !NIT/ 

BCLf<..,. BCLK/ 

BREQ- BREQ/ 

BPRN- BPRN/ 

BPRO- BPRO/ 

BUSY- BUSY/ 

I INITIALIZE: !NIT/ is an active 
low multi-master system bus input 
signal which is used to reset all 
the bus arbiters on the multi­
master system bus. After 
initialization, no arbiters have 
the use of the multi-master 
system bus. 

I BUS CLOCK: BCLK/ is the multi­
master system bus clock to which 
all multi-master system bus 
interface signals are 
synchronized. 

0 BUS REQUEST: BREQ/ is an active 
low output signal in the parallel 
Priority Resolving Scheme which 
the arbiter activates to request 
the use of the multi-master 
system bus. 

I BUS PRIORITY IN: BRPN/ is the 
active low signal returned to the 
arbiter to instruct it that it 
may acquire the multi-master 
system bus on the next falling 
edge of BCLK. BPRN/ indicates to 
the arbiter that it is the 
highest priority requesting 
arbiter presently on the bus. 
The loss of BPRN/ instructs the 
arbiter that it has loss priority 
to a higher priority arbiter. 

0 BUS PRIORITY OUT: BPRO/ is an 
active low output signal which is 
used in the serial priority 
resolving scheme where BPRO/ is 
daisy chained to BPRN/ of the 
next lower priority arbiter. 

I/O BUSY/ is an active low open 
collector multi-master system bus 
interface signal which is used to 
instruct all the arbiters on the 
bus when the multi-master system 
bus is available. When the 
multi-master system bus is 
available the highest requesting 
arbiter (determined by BPRN/ 
seizes the bus and pulls BUSY/ 
low to keep other arbiters off of 
the bus. When the arbiter is 
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done with the bus it releases the 
BUSY/ signal permitting it to go 
high and thereby allowing another 
arbiter to acquire the mulit­
master system bus. 
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Device Pin Functions: 8288 BUS CONTROLLER 

~ignal 
Name 

SO­

S 1-

S2-

PC LOCK+ 

ALE+ 

DEN+ 

DT+ 

The Intel 8288 Bus Controller is a 20-pin bipolar' 
component for use with medium-to-large 8086 
systems. The bus controller provides command and 
control timing generation as well as bipolar bus 
drive capability while optimizing system perfor­
mance. 

Pin 
Name I/O Function 

vcc 

GND 

SOI 

S1/ 

S2/ 

CLK 

ALE 

DEN 

DT 

I 

I 

0 

0 

0 

+5V supply. 

Ground. 

STATUS INPUT PINS: These pins are 
the 
status input pins from the 8086, 
8088 
or 8089 processors. The 8288 
decodes these inputs to generate 
command and control signals at the 
appropriate time. When these pins 
are not in use (passive) they are 
all HIGH. 

CLOCK: This is a clock signal from 
the 8284 clock generator and serves 
to establish when command and 
control signals are generated. 

ADDRESS LATCH ENABLE: This signal 
serves to strobe an address into the 
address latches. This signal is ac­
tive HIGH and latching occurs on the 
falling (HIGH to LOW) transition. 
ALE is intended for use with 
transparent D type latches. 

DATA ENABLE: This signal serves to 
enable data transceivers onto either 
the local or system data bus. This 
signal is active HIGH. 

DATA TRANSMIT/RECEIVE: This signal 
establishes the direction of data 
flow through the transceivers. A 
HIGH on this line indicates Transmit 
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AEN/ I 

I 

!OB I 

IOW- IOWC/ 0 

!OR- IORC/ 0 

MW- MWTC/ 0 

MR- MRDC/ 0 

LINT A- INTA/ 0 

(write to I/O or memory) and a LOW 
indicates Receive (Read). 

ADDRESS ENABLE: AEN/ enables 
command outputs of the 8288 Bus 
Controller at least 105 ns after it 
becomes active (LOW). AEN/ going 
inactive immediately 3-states the 
command output drivers. AEN/ does 
not affect the I/O command lines if 
the 8288 ls in the I/O Bus mode (!OB 
tied HIGH). 

COMMAND ENABLE: When this signal is 
LOW all 8288 command outputs and the 
DEN and PDEN/ control outputs are 
forced to their inactive state. 
When this signal is HIGH, these same 
outputs are enabled. 

INPUT/OUTPUT BUS MODE: When the !OB 
is strapped HIGH the 8288 functions 
in the I/O Bus mode. When it is 
strapped LOW, the 8288 functions in 
the System Bus mode. 

I/O WRITE COMMAND: This command 
line instructs an I/O device to read 
the data on the data bus. This 
signal is active LOW. 

I/O READ COMMAND: This 
instructs an I/O device 
data onto the data bus. 
is active LOW. 

command line 
to drive its 
This signal 

MEMORY WRITE COMMAND: This command 
line instructs the memory to record 
the data present on the data bus. 
This signal is active LOW. 

MEMORY READ COMMAND: This command 
line instructs the memory to drive 
its data onto the data bus. This 
signal ls active LOW. 

INTERRUPT ACKNOWLEDGE: This command 
line tells an interrupting device 
that its interrupt has been 
acknowledged and that it should 
drive vectoring information onto the 
data bus. This signal is active 
LOW. 
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MCE+ MCE 
or 

PDEN/ 

AMWC/ 

AIOWC/ 

0 

0 

0 

This is a dual function pin. 

MCE (IOB is tied LOW): Master 
Cascade Enable occurs during an 
interrupt sequence and serves to 
read a Cascade Address from a master 
PIC (Priority Interrupt Controller) 
onto the data bus. The MCE signal 
is active HIGH. 

PDEN/ (IOB is tied HIGH): 
Peripheral Data Enable enables the 
data bus transceiver for the I/0 bus 
during I/O instructions. It 
performs the same function for the 
I/O bus that DEN performs for the 
system bus. PDEN/ is active LOW. 

ADVANCED MEMORY WRITE COMMAND: The 
AMWC/ issues a memory write command 
earlier in the machine cycle to give 
memory devices an early indication 
of a write instruction. Its timing 
is the same as a read command 
signal. AMWC/ is active LOW. 

ADVANCED I/0 WRITE COMMAND: The 
AIOWC/ issues an I/O Write Command 
earlier in the machine cycle to give 
I/0 devices an early indication of a 
write instruction. Its timing is 
the same as a read command signal. 
AIOWC/ is active LOW. 
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Device Pin Functions: 8237-2 DMA CONTROLLER 

Signal 
Name 

DMCLK+ 

DMAC-

The 8237-2 Mulimode Direct Memory Access (DMA) 
Controller is a peripheral interface circuit for 
microprocessor systems. It is designed to im­
prove system performance by allowing external 
devices to directly transfer information to or 
from the system memory. The 8237-2 offers a wide 
variety of programmable control features to 
enhance data throughout and system optimization 
and to allow dynamic reconfiguration under 
program control. 

The 8237-2 is designed to be used in conjunction 
with an external 8-bit address register such as 
the 8282. It con ta ins four independent channels 
and may be expanded to any number of channels by 
cascading additional controller chips. The three 
basic transfer modes allow programmability of 
types of DMA service by the user. Each channe 1 
can be individually programmed to Autoinitiale to 
its original condition following an End of Pro­
cess (EOP). 

Each channe 1 has a full 16 bit address and word 
count capability. 

The 8237-2 is a 5 MHz selected version of the 
standard 3 MHz 8237. 

Pin 
Name 

vcc 

GND 

CLK 

CS/ 

I/O Function 

I 

I 

+5 volt supply 

Ground 

CLOCK controls the internal 
operations of the 8237 and its 
rate of data transfers. The 
input may be driven at up to 3 
MHz for the standard 8237 and up 
to 5 MHz for the 8237-2. 

CHIP SELECT is an active low 
input used to select the 8237 as 
an I/0 device during the idle 
cycle. This allows CPU 
communication on the data bus. 
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RESET+ 

SLAVERQ+ 
SJ;ORQ+ 

DISKRQ+ 

VIDRQ+ 

IOBO+ 

IOB7+ 

RESE'r 

READY 

HLDA 

DREQO 
DREQ1 

DREQ2 

DREQ3 

DBO 

DB7 

I 

I 

I 

RESET is an asynchronous active 
high input which clears the 
Command, Status, Request and 
Temporary registers. It also 
clears the first/last flip/flop 
and sets the Mask register. 
Following a Reset the device is 
in the Idle cycle. 

READY is an input used to extend 
the memory read and write pulses 
from the 8237 to accommodate slow 
memories or I/O peripheral 
devices. 

HOLD ACKNOWLEDGE indicates that 
control of the system buses has 
been relinquished. 

I DMA REQUEST lines are individual 
asynchronous channel request 
inputs 
used by peripheral circuits to 
obtain 
DMA service. In Fixed Priority, 
DREQO has the highest priority 
and DREQ3 has the lowest 
priority. A request is generated 
by activating the DREQ line of a 
channel. DACK will acknowledge 
the recognition of DREQ signal. 
Polarity of DREQ is program­
mable. Reset initializes these 
lines to active high. DREQ must 
be maintained until the 
corresponding DACK goes active. 

IIO DATA BUS lines are bidirectional 
three-state signals connected to 
the 
system data bus. The outputs are 
enabled in the Program Condition 
during the I/O Read to output the 
contents of an Address register, 
a Status register, the Temporary 
register or a Word Count register 
to the CPU. The outputs are 
disabled and the inputs are read 
during an I/O Write cycle when 
the CPU is programming the 8237 
control registers. During DMA 
cycles the most significant 8 
bits of the address are output 
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EOP-

onto the data bus to be strobed 
into an external latch by ADSTB. 

IOR/ I/O I/O READ is a bidirectional 
active low three-state line. In 
the Idle cycle, it is an input 
control signal used by the CPU to 
read the control registers. In 
the Active cycle, it is an output 
control signal used by the 8237 
to access data from a peripheral 
during a DMA Write transfer. 

IOW/ I/O I/O WRITE is a bidirectional 

EOP/ 

active low three-state line. In 
the Idle cycle, it is an input 
control signal used by the CPU to 
load information into the 8237. 
In the Active cycle, it is an 
output control signal used by the 
8237 to load data to the per i­
pheral during a DMA Read 
transfer. 

I/O END OF PROCESS is an active low 
bidirectional signal. 
Information concerning the 
completion of DMA services is 
available at the bidirectional 
EOP I pin. The 8237 allows an 
external signal to terminate an 
active DMA service. This is 
accomplished by pulling the EOP/ 
input low with an external EOP I 
signal. the 8237 also generates 
a pulse when the terminal count 
(TC) for any channel is 
reached. This generates an EOP/ 
signal which is output through 
the EOP/ Line. The reception of 
EOP/, either internal or 
external, will cause the 8237 to 
terminate the service, reset the 
request, and, if Autoinitialize 
is enabled, to write the base 
registers to the current 
registers of that channel. The 
mask bit and TC bit in the status 
word will be set for the 
currently active channel by EOP/ 
unless the channel is programmed 
for Autoinitialize. In that 
case, the mask bit remains 
clear. EOP/ should be tied high 

4 - 74 



DMAAO . . . 
DMAA3 

DMAA4 ... 
DMAA7 

SLAVE-

DISKACK­
VIDACK-

ADSTB+ 

AO 

A3 

A4 . .. 
A7 

HRQ 

DACKO 
DACK1 
DACK2 
DACK3 

AEN 

ADSTB 

with a pull-up resistor if it is 
not used to prevent erroneous end 
of process inputs. 

I/O AO-A3, the four LEAST SIGNIFICANT 
ADDRESS LINES, are bidirectional 
three-state ports. In the Idle 
cycle they are inputs and are 
used by the 8237 to address the 
control register to be loaded or 
read. In the Active cycle they 
are outputs and provide the lower 
4 bits of the output address. 

0 A4-A7, the four MOST SIGNIFICANT 
ADDRESS LINES, are three-state 
outputs 

0 

0 

0 

0 

and provide 4 bi ts of address. 
These lines are enabled only 
during the DMA service. 

HOLD REQUEST to the CPU is used 
to request control of the system 
bus. If the corresponding mask 
bit is clear, the presence of any 
valid DREQ causes the 8237 to 
issue the HRQ. After HRQ goes 
active at least one clock cycle 
(TCY) must occur before HLDA goes 
active. 

There is one DMA ACKNOWLEDGE out­
put for each of the four indepen­
independent DMA channels. This 
signal notifies the peripheral(s) 
on a given channel when a DMA 
cycle has been granted. The 
sense of these lines is program­
mable. Reset initializes them to 
active low. 

ADDRESS ENABLE: This 
enables the 8-bit 
containing the upper 8 
bits onto the system 
bus. AEN can also be 
disable other system bus 
during DMA transfers. 
active HIGH. 

output 
latch 

address 
address 

used to 
drivers 
AEN is 

ADDRESS STROBE facilitates exter­
nally latching the upper address 
byte. 
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MEMR/ 0 MEMORY READ is an active low 
three-state output used to access 
data from the selected memory 
location during a DMA Read. 
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/ 
I MEMW/ 0 MEMORY WRITE is an active low 

three-state output used to write 
data to the selected memory 
location during a DMA Write. 
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Device Pin Functions: 8259A INTERRUPT CONTROLLER 

Signal 
Name 

PICCS-

!OW-

!OR-

IOB7+ 

. . . 
IOBO+ 

Pin 
Name 

vcc 

GND 

CS/ 

WR/ 

RD/ 

D7 

DO 

The 8259A Programmable Interrupt Controller 
handles up to eight vectored priority interrupts 
for the CPU. It is cascadable for up to 64 vec­
tored priority interrupts without additional 
circuitry. It is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single +5V 
supply. Circuitry is static, requiring no clock 
input. 

The 8259A is designed to minimize the software 
and real time overhead in handling multi-level 
priority interrupts. It has several modes, per­
mitting optimization for a variety of system 
requirements. 

I/O Function 

+5 volt supply. 

Ground. 

I CHIP SELECT: A LOW on this input 
enables the 8259A. No reading or 
writing of the chip will occur 
unless the device is selected. 

I WRITE: A LOW on this input 
enables the CPU to write control 
words (ICWs and OCWs) to the 
8259A. 

I READ; A LOW on this input 
enables the 8259A to send the 
status of the Interrupt Request 
Register (IRR), In Service 
Register (ISR), the Interrupt 
Mask Register (!MR), or the 
Interrupt level onto the Data 
Bus. 

I/O DATA: A 3-state, bidirectional 
8-bit buffer is used to interface 
the 8259A to the system Data Bus. 
Control words and status informa­
tion are transferred through the 
Data Bus Buffer. 
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CAS2+ 

CAS1+ 

CASO+ 

DEN59-

LA1+ 

CAS2 

CAS1 

CASO 

SP/ 

INT 

IR7 

IRO 

INTA/ 

I/O COLUMN ADDRESS STROBE: These 
pins are 
outputs when the 8259A is used as 
a 
master and inputs when the 8259A 
is used as a slave. As a master, 
the 8259A sends the ID of the 
interrupting slave device onto 
the CAS0-2 lines. The slave thus 
selected will send its 
preprogrammed subroutine address 
onto the Data Bus during the next 
one or two consecutive INTA/ 
pulses. 

I/O 3LAVE PROGRAM or ENABLE is a dual 
function pin. When in the 
buffered mode this pin is ENABLE, 
which serves as an output 
suitable for the control input, 
of buffer transceivers. When not 
in the buffered mode, this pin 
functions as SLAVE PROGRAM an 
input used to designate a slave 
(LOW) or a master (HIGH). 

0 

I 

I 

I 

INTERRUPT goes directly to the 
CPU interrupt input. The VoH 
level on this line is designed to 
be compatible with the 8086. 

The interrupts at the IR input 
lines 
are handled by two registers in 
cascade, the Interrupt Request 
Register (IRR) and the In-Service 
(ISR). The IRR is used to store 
all the interrupt levels which 
are requesting service, and the 
ISR is used to store all the 
interrupt levels which are being 
serviced. 

INTERRUPT ACKNOWLEDGE pulses will 
cause the 8259A to release 
vectoring information onto the 
data bus. The format of this 
data depends on the system mode 
of the 8259A. 

This input 
conjuction 
signals to 
the various 

4 - so 

signal is used in 
with WR/ and RD/ 
write commands into 

command registers, as 



well as reading the various 
status registers of the chip. 
This line can be tied directly to 
one of the address lines. 
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OVERVIEW 

5. I/0-MEMORY BOARD 

The I/0-memory board is one of two mandatory 
boards which plug into the mainframe motherboard 
to implement the minimum-configuration 
mainframe. It contains main RAM plus control 
circuitry for all the I/O facilities except for 
the video logic and the mass storage subsystem. 

OPERATION BY LOGIC BLOCK 

Figure 5-1, shows how the major logic blocks 
relate to each other and how they participate in 
the flow of data on th is board. The primary 
reference, however, is the schematics at the end 
of this chapter. As in the previous chapter, 
frequent references are made to schematic page 
and zone numbers. 
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The RAM Array 

The 7 address lines of the RAM ICs are 
multiplexed, so that 14 address bits can be 
represented with 7 pins. The chip is organized 
as a square matrix of 128 rows x 128 columns. 
Each row/column combination gives the address of 
1 bit, or cell of memory. 

The RAS- (row address strobe) signal has two 
functions: it latches the row address on the 7 
address pins and it accesses the specified row of 
128 cells. the CAS- (column address strobe) 
signal also has two functions: it latches the 
column address, and performs the data operation, 
read or write, on the one cell specified by the 
column address of the 128 cells already accessed 
by RAS-. A write cycle is caused if the WE- pin 
is asserted at the leading edge of CAS-. The 
write data at the data input pin of the chip is 
latched by the leading edge of CAS-. A read 
cycle is caused if the WE- pin is inactive at the 
leading edge of CAS-. The read cycle causes the 
data from the selected cell to be driven on the 
chip's output pin. 

The memory chips used are dynamic RAMs. Data is 
stored in parasitic capacitance that must be re­
charged every 2 milliseconds to prevent leakage 
from destroying the contents of the memory. 

Each time RAS- is 
row corresponding 
pins is accessed. 
it is re-charged. 

asserted the entire 128-cell 
to the state of the address 
Whenever the cell is accessed 

In order to insure that all cells of the chip are 
refreshed (re-charged) every 2 milliseconds there 
is special refresh circuitry on the processor and 
IIO Memory boards. This circuitry works by 
issuing a RAS- every 12.8 microseconds and 
causing a counter to generate each different row 
address. CAS- is not issued during refresh, so 
no data is transferred. 

64K RAMs work similarly to the 16K RAMs, except 
that there are sixteen address bits (one of the 
power supply pins of the 16K RAM being used as 
the extra address pin required for the 64K part) 
and the array is 256 rows of 256 columns. 

The RAM array (p1) on the I/O Memory board is 
organized as 4 banks of 18 chips each. Each bank 
of 18 chips corresponds to a word. Because the 
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memory can be accessed a byte at a time, each 
byte has its own parity bit. So one word is 
represented as two 9-bit "bytes". ' 

All 72 chips in the array have the same RAS­
signal. Bank selection is done by asserting only 
one of the CAS- signals (CASO-, CAS1-, CAS2-, 
CAS3-,). the data-in and data-out pins of each 
chp are tied together, making a bidirectional 
data bus (RADO+ - RADF+). Each data bus bit is 
connected to 4 chips, consisting of the 
corresponding bit of each word in all 4 banks. 
The parity bits HIP+ (high-byte parity) and LOP+ 
(low-byte parity) are connected in the same 
fashion. The seven address pins (MAD1+ - MAD7+ 
are connected in parallel to all 72 chips. The 
signal MAD8+ is an address bit if 64K RAMS are 
used but is conneced to +5 at jumper E-F (p2zB6) 
for 16K chips. There are two write enable 
signals, RAHIWE- (high or odd byte write enable) 
and RALOWE- (low or even byte enable) which cause 
writing in either the low byte, the high byte, or 
both. Again, for writing, CAS- selects the 
particular bank written. Each write enable 
signal goes to 36 RAM chips. 

The RAS- and CAS- signals for read, write and 
refresh are generated in the memory control of 
the processor board. When they come on to the 
I/O Memory board they are called RARAS- (RAM 
array RAS) (p2zD8) and CASO- to CAS3- (p1z08), 
corresponding to banks 0 through 3. At 15H-11 
(p2zB5), RARAS- is gated so that only refreshes 
and accesses to the I/O Memory board (as opposed 
to the RAM expansion board) generate the signal 
BD1RAS-. BD1RAS- connects to the RAS- pins of 
the RAM IC 's. RFG- indicates a refresh is in 
progress and BD 1 RAM- (from the processor board) 
indicates the I/O Memory board RAM is being 
addressed. 

There are three sources for the address driven on 
the RAM chip address pins, the row address (15G 
( p2zA7)), the column address ( 14G ( p2zB7)) , and 
the refresh row (15F (p2zC7)). The selection of 
which address driver is enabled is made by the 
high speed decoder consisting of 14E-6, 8, 11, 
13H-11 and 14H-4 and 13 (p2zA7). The RFGO­
si~nal, when active, enables 15F and disables 14G 
and 15G. The COLMP- (column multiplex) signal 
causes the row driver (15G) to disable and the 
column driver (14G) to enable. COLMPX- and RFGO­
come from the RAM controller on the processor 
board. RFDONE- from the processor board 
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indicates that a refresh cycle has completed and 
causes the refresh address counters 13F and 14F 
(p2zC7) to increment. 

Data to and from the RAM array is bufferred from 
the MEM bus (MEMO+ - MEMF+) by the transceivers 
at 10E (p2zD4) and 11E (p2zC4). The direction of 
the transceivers is established by the signal 
READ- which is a bufferred MR- (memory read) 
signal. The enable for the high (odd) byte 
driver is HIEN- and for the low (even) byte is 
LOEN-. HIEN- is asserted when the I/0 Memory 
board RAM is addressed (BD1RAM- asserted at 13E-3 
(p1zA6)) and either a read is in progress (MR­
active) or the high-order byte write enable is 
active (RAHIWE- ). LOEN- is asseted when the I/O 
Memory board RAM is addressed and either a read 
is in progress or the low-order byte write enable 
is active (RALOWE-). 

Disk Control Interface (DCI) 

The disk control interface drives and receives 
the signals that interface the mainframe to the 
mass storage subsystem. 

During I/O write (IOW-) the latching drivers at 
9F and 9H (p3zB4) latch output data. This is 
done by the BIOW- (buffered IOW-) signal from 6H-
3, inverted at 5F-12 ( p3zC4). After a delay by 
R11, C6, and 5F-8, the buffer 6H-16 (p3zB4) makes 
WRSTB- (write strobe) which goes to the disk 
controls located in the mass storage subsystem. 
After another delay by R 10, R32, C5, and 5F-6 
(p3zC6), the data is driven to the disk controls 
by 9F and 9H (p3zB4) (BUSO+ - BUSF+). The delays 
ensure enough data hold and setup time on BUSO+ -
BUSF+ for the MOS floppy disk controller. 

IOR- is buffered at 6H-12 ( p3zB4) to make BIOR­
( buffered I/O read). The gate at 1 OG-6d ( p3zB5) 
enables the BUS to MEM drivers (8F and 8H 
(p3zC4)) and sends a RDSTB- (read strobe) to the 
disk controls. 10G-6 is asserted when BIOR- is 
present and one of the disk controls is addressed 
(DCI1- or DCI2- active) or disk DMA is active 
(DISKACK- active). The address decodes, DCI1-
and DCI2-, are ORed at 5H-11 (p3zA7) and then 
they are ORed with DISKACK+ at 4E-13. DISKACK­
comes from the DMA logic on the processor board. 

The BMR- (buffered memory read) signal at 13H-3 
(p3zA3) goes to the disk controls to synchronize 
their DMA requests. It is a buff erred copy of 
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MR-. 

The CNTRL- signal to the disk controls is used to 
address the control and status registers of the 
disk controls, rather than the data registers. 
It is asserted by gate 5H-8 (p3zA6) when DMA is 
not in progress (DISKACK- inactive) and local 
address bit LA1+ is high. 

The DREQ- (DMA request) signal from the disk 
controls is buffered at 5F-10 (p3zB5) to make 
DISKRQ+ which goes to the DMA logic of the CPU 
board. 

The INRQ- (interrupt request) signal from the 
disk controls causes a level-7 interrupt (INT7-) 
when gate 3C-4 (p3zB6) is asserted. 

The signal ACK- is a bidirectional acknowledge 
signal between the DCI and the disk controls. 
During DMA cycles, DISKACK- from the processor 
board causes gate 5H-3 ( p3zA6) to assert ACK-. 
The disk controls use this as their DMA 
acknowledge. During non-DMA activity, the disk 
controls assert ACK- whenever they are addressed 
(DCI1- or DCI2- active). If a disk control does 
uot assert ACK- when addressed, gate 5H-6 (p3zA6) 
will cause DCIRDY+ to go false. This causes a 
bus timeout in the ready logic of the processor 
board. 

The signal EOP- (end of process) from the DMA 
logic of the processor board indicates that a DMA 
block is complete. Th is is buffered at 6H-18 
(p3zB4) to generate BEOF- which goes to the disk 
controls. 

The two disk control I/O address decodes, DCI1-
and DCI2- are buffered at 6H-5, -7 ( p3zB4) to 
generate SELW- (select winchester) and SELF­
( select floppy) for the disk controls. 

Inputting from port 74, used for diagnostics, 
causes the most recent 16 bits of information 
outputted (IOW- active) to be echoed. This is 
used to check the BU80+ BUSF+ drivers and 
receivers. WRAPDCI+ is asserted at 13H-8 (p4zC3) 
when port 74 is read (IOR- active, DC12- active, 
LA2+ active). At 6H-19 ( p3zB4), WRAPDC 1 + causes 
the SELF- signal to be disabled to prevent the 
floppy control from driving BUSO+ - BUSF+ during 
the input from 74. In addition, 6H-19 causes 6H-
9 to be disabled, which in turn causes the DCI 
drivers 9F and 9H (p3zB4) to be enabled, driving 
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BUSO+ - BUSF+. Through the normal mechanism of 
reading the disk control ports, gate 10G-6 
( p3zB5) causes the data on BUSO+ - BUSF+ to be 
driven onto MEMO+ - MEMF+. 

When the power fail detect circuit has detected 
an error, the POWEROK- signal will go inactive. 
This causes driver IC-9 (p3zC2) to make the ENBL­
signal to the disk controls inactive, disabling 
the disk controls. 

I/O Address Decode 

The I/O address decode logic generates the 
signals shown in Figure 5-2. 12E-8 ( p4zB4) ORs 
several of the decodes to generate FASTIO+. 
FASTIO+ is used on the processor board to 
indicate that the addressed I/O device does not 
require wait states. For all other I/O device 
addresses, IOBCS+ goes active at 13G-6 ( p4zB3). 
This does two things on the processor board. It 
causes wait states for the I/O instructions that 
refer to those devices, and for input 
instructions it causes the data to come from the 
I/O bus (IOBO+ - IOB7+) instead of directly from 
the MEM bus. 

The I/O Control Register (!OCR) 

The !OCR and its associated logic control the 
several reasons for generating level-4 interrupts 
and non-maskable interrupts. The IOCR is also 
used to control parity, memory write protect, and 
Multibus I/O addressing. The !OCR consists of 
drivers 11F and 11H, latch 10H, and flip-flops 
9G-9, 9G-5, 8G-9, 7G-9 and 6F-9 (p5). The high­
order 8 bits of !OCR, corresponding to MEM8+ -
MEMF+ are control bits, and the low-order 8 bits 
corresponding to MEMO+ - MEM7+ are status bits. 
The control bits are loaded into register 10H 
from MEM8+ - MEMF+ when there is an output (!OW-) 
to the !OCR I/O address as described in the I/O 
address decode section. The register can be read 
back when ICTLRDC- goes active (!OR- and IOCR 
address) causing the driver at 11H to drive the 
IOCR contents onto MEM8+ - MEMF+. Simultaneously 
ICTLRDC- causes the IOCR status bits to be driven 
onto MEMO+ - MEM7+ through 11F. 
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Signal name Address Strobe Source Device Addressed 
PC I CS 3B-3F none 12G-7 (p4zB5) 8251A USART 
COMM IA- 30-37 none 12G-9 (p4zB5) SIO Interrupt 

TIMER CS- 28-2F none 12G-10 (p4zB5) 
Acknowledge 
8253 Programmable 
Timer 

PICCS- 20-27 none 12G-11 (p4zB5) 8259A Interrupt 
Controller 

DCI1 78-7F none 12F-7 (p4zA5) Hard disk control 
DCI2- 70-77 none 12F-9 (p4zA5) Floppy disk control 
DMACTCS- 68-6F none 12F-10 (p4zA5) DMA Extended Address 

Register 
COMMF- 60-67 none 12F-11 (p4zA5) Comm Extended Control 

Register 
GACCS- 58-5F none 12F-12 ( p4zA5) Video Global 

Attribute Register 
COMMS- 48-4F none 12F-14 ( p4zA5) SIO communication 

chip 
PPICS- 40-47 none 12F-15 (p4zA5) The LEDs/Speaker/and 

switches 
LPTRDC 50-51 IOR- 11 G-4 (p4zB3) Line printer status 
RD LO PEA- 52-53 IOR- 11 G-5 (p4zB3) Low order parity 

error address 
RDHIPEA- 54-55 IOR- 11 G-6 (p4zB3) High order parity 

error address 
ICTLRDC- 56-57 IOR- 11G-7 (p4zB3) !OCR reading 
DMACS- 00-1F none 6E-8 (p4zB3) 8237 DMA controller 
LPTWDC- 50-51 IOW- 11 G-12 (p5zB7) Line printer output 
ICTLWDC- 56-57 IOW- 11 G-9 (p5zB7) !OCR writing 
WRAPDCI+ 74-77 IOR- 13H-8 (p4zC3) DCI wraparound 

(diagnostics) 

Figure 5-2. I/O Address Decode Signals 
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Control Bits Of The IOCR (read/write at port 56) 

Bit F: PFEN+ Power failure interrupt 

Bit E: 

enable. This bit when 1 causes PFEN+ 
to be asserted. When PFEN+ is high, 
6F-13 (p5zA6) goes high, enabling flop­
flop 6F-9. If the power fail one-shot 
times -out,- It -w111 cTcfol<- -6F-::1-,- settrng 
6F-9 and causing PF INT- ( 6F-8) to go 
active. PFINT- then causes 8E-8 (NMI+) 
to be asserted, making a non-maskable 
interrupt. The power fail interrupt is 
removed by setting this bit to zero, 
thereby clearing 6F-9. 

FAREN+ - Parity interrupt enable. This 
bit, when 1, enables the parity 
checking circuitry on the processor 
board (see its description). If the 
parity checking circuitry detects an 
error, it will assert PERINT+. PERINT+ 
will then cause a non-maskable 
interrupt through inverter 7E-12 and 
gate 8E-8. PERINT+ is cleared by 
setting this bit (and FAREN+) to o. 
Note that parity generation is always 
enabled. 

Bit D: ODDP+ Odd parity generate and 

Bit C: 

check. This inverts the parity 
generated and checked by the processor 
board from the normal, even parity. 

MBIO+ - Multibus I/O enable. Normally 
this does nothing. If a special jumper 
configuration is used, it enables 
Multibus I/0 addressing. See the 
processor board Multibus Master mode 
description. 

Bit B: PRINTEN+ - Printer interrupt enable. 
This bit, when 1 allows the printer 
interrupt flip-flop LPTINT+ ( 9G-9) to 
be set when the BUFBUSY+ flip-flop in 
the printer interface is cleared by an 
acknowledge from the line printer. 
Setting LPTINT+ causes gate 8E-6 to 
assert INT4B-, making a level 4 
interrupt. The LPTINT+ flip-flop is 
cleared by setting this bit to O. 

Bit A: TIMEN+ Bus timeout interrupt 
enable. Th is bit when 1 allows the 
TIMINT+ flip-flop (g-5) to set if the 
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Bit 9: 

Bit 8: 

bus timeout logic of the processor 
board detects a timeout. Setting 
TIMINT+ causes 8E-8 to generate a non­
maskable interrupt (NMI+). The timeout 
interrupt is cleared by setting this 
bit to zero. 

RTCEN+ Real time clock interrupt 
enable. This bit, when 1 , allows the 
RTCINT+ flip-flop (8G-9) to set at the 
next RTC+ strobe (see RTC 
description). Setting RTCINT+ causes 
gate 8E-6 to generate a level 4 
interrupt (INT4B-). Setting this bit 
to 0 clears RTCINT+, clearing the Real 
Time Clock interrupt. 

WPEN+ - Write protect enable. This bit 
enables the memory write protection 
logic (see its description). If a 
memory write protection violation 
occurs, flip-flop 76-9, WP INT+ will be 
set. This causes a non-maskable 
interrupt (NMI+ at 8E-8). When this 
bit is zero it disablas the write 
protection cir~uitry and clears the 
WPINT+ flip-flop. 

Status Bits Of The !OCR (read only at port 56) 

Bit 7: PFINT+ (p5zA4) Power fail 
Interrupt. This bit indicates the 
status of the parity error detect line 
from the processor board, see bit F 
description. 

Bit 6: PERI NT+ ( p5zD8) Parity error 

Bit 5: 

Bit 4: 

interrupt. This bit indicates the 
status of the parity error detect line 
from the processor board, see bit E 
description. 

TMRINT+ (p5zC3) 
interrupt. This 
indicates that the 
(8253 timer O) is 
interrupt. 

Programmable timer 
bit, when one, 

programmable timer 
causing a level 4 

MBIO+ ( p5zB2) - Multi bus I/O enable. 
This bit just reflects the setting of 
bit c. 

Bit 3: LPTINT+ ( p5zD4) Line printer 
interrupt. This bit indicates the 
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status of the line printer interrupt 
flip-flop 9G-9. See bit B description. 

Bit 2: TIMINT+ (p5zD4) Bus timeout 
interrupt. This bit indicates the 
status of the Bus timeout interrupt 
flip-flop 9G-5, see bit A description. 

Bit 1 : RTCINT+ ( p5zD4) Real time clock 
interrupt. This bit indicates the 
status of the Real time clock interrupt 
flip-flop 8G-9. See bit 9 description. 

Bit 0: WP INT+ ( p5zD4) Write protection 

Speaker, LEDs and Switches 

interrupt. This bit indicates the 
status of the write protect interrupt 
flip-flop 7G-9. See bit 8 description. 

The resister at 7F (p4zB7) is loaded with the 
contents of MEMO+ - MEM7+ when an output ( IOW­
acti ve) is addressed to it (PPICS- active). The 
bits in the register corresponding to MEMO+ -
MEM5+, when 0 cause LEDs CR6 - CR1 to light. 
Bits 6 and 7 of the register affect the speaker 
as follows: 

Bit 7 Bit 6 Effect 

0 0 Speaker not energized 
0 1 Speaker oscillates at 625 

Hertz 
1 0 Speaker not energized 
1 1 Speaker energized 

The speaker is controlled by gates 10G-8 and 15H-
6 (p4zA6). Q1 is used to amplify the output of 
15H-6. The driver at 1 A ( p4zD2) is enabled when 
an input is done (IOR- active) and it is 
addressed (PPICS- asserted). It causes the 
setting of the 8 bit dip switch at 2A (p4zC7) to 
be read. 

Programmable Timer 

The chip at 2D ( p4zC5) is an 8253 programmable 
timer chip. It is programmed, via the I/O bus 
(IOBO+ - IOB7+) when its chip select pin is 
active ( 2D-21) and IOR- or IOW- is active. The 
local address bits LA1+ and LA2+ select the 
internal register to be read ( IOR-) or writ ten 
(IOW-). Counter 1 and 2 of the 8253 are used as 
programmable baud rate timers to divide the 
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1.23MHZ+ output of the communications oscillator 
and make C1CLK+ (counter one clock) for comm 
channel B and C2CLK+ (counter two clock) for comm 
channel A. The other counter, counter O, is used 
to generate interrupts on interrupt level 3 at a 
programmable rate. The input clock frequency for 
counter 0 is a 19.53 KHz+ clock. It is generated 
by dividing the 78KHz+ clock (from the processor 
board) by 4. The output of counter 0 also goes 
to the IOCR (see its description) to be read by 
software. 

The communications oscillator consists of 2.4576 
MHz crystal Y1, R22, C7, C19, C20, and gates 3A-
8, 6D-12, and 6E-2 (p4zD4). It is divided in 2 
by flip-flop 7G-5 to make the input clock for the 
baud rate genera tor counters in the 8253 (2D-18 
and 2D-25). 

Keyboard Interface 

The 8251A USART (Universal Synchronous 
Asynchronous Transmitter) at 1 D ( p4zD5) is used 
for communications with the keyboard 
microprocessor. It is programmed using the I/O 
bus (IOBO - IOB7+) when its chip select is active 
at 1D-11 and IOR• or IOW- is active. Local 
address bit LA 1 + is used to select among the 
registers within the chip. The baud rate source 
for both transmitting to and receiving from the 
keyboard is the 19. 53KHz+ clock from counter 3D 
(p4zC4). The gate 4E-1 asserts KBDINT- (keyboard 
interrupt) when the 8251A is ready to transmit 
(1D-15 high) or has received a character (1D-14 
high). The jumper G-H can be cut and H-I 
installed to prevent transmit interrupts. 
KBDINT- is used in the IOCR logic (see its 
description) to cause level 4 interrupts. Serial 
data to the keyboard is driven by 1C-7 and the 
data from the keyboard is received at 1C-15 
(p4zD4). 

Line Printer Interface 

As described in the address decode section, the 
signal LPTWDC- goes active when an output (IOW-) 
is done to the line printer I/O address. LPTWDC­
causes the 1 ine printer data to be loaded into 
the latch at 10F (p5zD5) from the MEM bus (MEMO+ 
- MEM7+). This drives the data lines to the 
printer. LPTWDC- also clears the counter at SE 
(p5zA6), starting the "STROBE- sequence". At 
least 800 nanoseconds after LPTWDC- ends, 5E-13 
goes active to assert the STROBE- signal to the 
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printer, causing it to accept the data from latch 
10F. STROBE- then stays active for 1.6 
microseconds before returning to the inactive 
state. The inverter 6E-6 holds it inactive until 
the next LPTWDC-. Besides strobing the printer, 
STROBE- causes the BUFBUSY+ (buff er busy) flip­
flop to set at 8G-5 (p5zA6). This indicates that 
data has been sent to the printer but has not 
been acknowledged. The line printer acknowledges 
receipt of the character by asserting LPTACK-. 
LPTACK- clears the BUFBUSY+ flip-flop at 8G-1. 
LPTRDC- goes active when an input (IOR-) is done 
from the line printer I/O address as described in 
the I/O address decode sect ion. LPTRDC- causes 
status information to be driven on MEM bus bits 
MEMO+ - MEM3+. The status includes BUFBUSY+, and 
three signals from the line printer, NOPAPER+, 
LPTSELECT+, and LPTBUSY+. NOPAPER+, although not 
supported on many printers, indicates that there 
is no paper in the printer. LPTSELECT+ indicates 
that the printer is online, and LPTBUSY+ when 
asserted means that the pr inter is doing 
something mechanical that will take several 
milliseconds. The complement of BUFBUSY+ is used 
in the IOCR logic (see its description) to 
generate level-4 interrupts. 

Real Time Clocks 

60HZ+ is a signal from the power supply that 
oscillates at the line frequency. C1, C2, R6, 
and gate 7E-8 (p5zC5) filter 60HZ+ to make RTC+ 
(real time clock). RTC+ goes to the IOCR logic 
(see its description) at 8G-11 to generate level 
4 interrupts and is also used in the power fail 
detect logic. 

Power Fail Detect 

Write Protection 

The one-shot at 6G-9 (p5zA6) is triggered on each 
positive or negative transition of RTC+, 120 Hz 
or 100 Hz depending on line frequency. If the 
one-shot times out it signals the IOCR logic (see 
its description) at 6F-11 (p5zA6) to cause a non­
maskable interrupt. Also the signal POWERLOK+ at 
6G-10 goes to the DCI to disable the disk 
controls. 

The memory write protection logic allows the 
first 32K bytes of RAM memory to be read-only. 
This is used to protect the operating system from 
being accidently written on. If bit 8 of the 
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Communications 

!OCR is one, and local address bits LAF+ - LA13+ 
are 0 (indicating an address in the first 32K of 
RAM) the signal MWINH+ (memory write exhibit) 
will go active at 12H-2 (p5zB4). The processor 
board pulls down MWINH+ (it is an open collector 
signal) during DMA (see the processor board DMA 
description), allowing DMA writes into the first 
32K. The MWINH+ signal when active prevents the 
memory control on the processor board from 
responding to memory write (MW-) commands. In 
addition to this, if MWINH+ is active and a 
memory write is attempted (MW- goes active), 
flip-flop 7G-9 (WPINT+) (p5zD4) in the !OCR will 
be set causing a non-maskable interrupt. 

The communications logic is based on the Z80A­
SI0/2. The "SIO" provides synchronous or 
asynchronous serial communications channels, 
channel A and channel B. In addition to the 
provision of the SIO, there is a register in the 
comm logic (the ECR, port 60) which is used to 
augment the SIO. Channel A can operate in DMA or 
programmed data transfer mode, channel B operates 
in programmed data transfer mode only. 

The details of the synchronous and asynchronous 
protocols and signals is discussed in the 
Software Interface sections of Chapter 2. The 
RS232 and RS422 standards and especially the 
technical manual for the Z80A-SIO may be 
consulted for information about the protocols. 

The flip-flop 2C-5 and 2C-9 and gates 4D-11 and 
4D-3 (p6zB6) generate a square 3.33 Megahertz 
clock by dividing MEMCLK+ from the processor 
board by 3. Th is is used as a general purpose 
clock by the SIO (4F-20) (p6zC6). 

The SIO transfers its data and 
information to memory and CPU via the 
(IOBO+ - IOB7+). 

control 
I/O bus 

Non-DMA Transfers Between The 8086 And The SIO 

When the SIO is not doing DMA, SIOACK- ( p6zC8) 
will be inactive. This allows local address bits 
LA1+ and LA2+ and chip select COMMS- to go 
directly to the SIO pins 33, 34, and 35 
respectively ( p6zD6). Pin 4F-35 selects the SIO 
to communicate over IOB and pins 33 and 34, 
corresponding to LA 1 + and LA2+ select the 
register and channel to transfer within the 
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chip. Registers are read and written within the 
IOR- and IOW- strobeso If either IOR- or IOW- is 
active gate 4C-8 will cause the IORQ- (I/O 
request) pin 4F-36 to go active. 4A-10 is always 
active when not doing DMA (SIOACK- inactive) 
passing IOW- through to 4C-9. 

A special case occurs when a program wishes to 
issue an M1- pulse (Z80A interrupt acknowledge) 
to the SIO. In that case, al though the program 
does an input from port 30 causing the chip 
select COMMIA- (p6zC8) to go active, the gate 4D-
8 (p6zC7) gates off the IOR- pulse. 

When the SIO wishes to interrupt the 8086, it 
does so by asserting its INT- pin !~F-5 ( p6zC6), 
asserting INT1B- and causing a level 1 interrupt. 

DMA Transfers Between Memory And The SIO 

The SIO requests a DMA cycle by pulling down its 
wait/ready pin 4F-10. This causes inverter 3E-10 
to make a DMA request (SIORQ+) to the DMA logic 
of the processor board for the SIO DMA channel. 
When the processor board asserts SIOACK- (SIO DMA 
Acknowledge) an SIO DMA cycle starts. Gates 4C-
3, 6, and 11 ( p6zD6) cause the chip select and 
addressing pins of the SIO to address the channel 
A data register. The DMA logic then pulses IOR­
to read data from the SIO onto IOBO+ - IOB7+, or 
pulses IOW- to write data from the bus into the 
SIO. The gate 4A-11 causes the !OW- to be 
delayed until the memory read cycle is going 
(ENMYCYC- from the memory control on the CPU 
asserted) so that the data will be on IOB when 
the SIO latches it. 

Programming The Extended Control Register (ECR) 

The Extended Control Register (ECR), 5G and 4H 
(p6zA6) is read and written at port 60 (96 
decimal). The low order 4 bits, corresponding to 
MEMO+ - MEM3+, are read/write control bits. 'I'he 
high order 8 bits are read only status bits. 

The low order 4 bits are set when an output 
(bufferred I/O write, BIOW-, active) is done to 
port 60 (96 decimal) (COMMF- active) causing gate 
4E-4 and inverter 1C-3 to load register 4H 
( p6zA6). These bi ts are readable by inputting 
(BIOR- active) from port 60 (96 decimal) (COMMF­
active) causing gate 4D-6 to enable driver 7H at 
pin 1 (p6zA5). At the same time the signal from 
4D-6 causes the high order 8 bits of MEM (MEM8+ -
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MEMF+) to be driven with the status bits from the 
interface by driver 5G ( p6zB6). The Extended 
Control Register bits are illustrated in Figure 
5-3. 

Multidrop Driver Control 

Bit 2 of the ECR is used to control RS422 drivers 
in a multidrop environment, such as the CT 
cluster. When it is 1, the XMIT+ signal goes 
active. The setting of XMIT+ causes the RS422 
drivers to be enabled at 1G-4. The XMIT+ signal 
can also be read through bit F. 

Multidrop Receive Clock Detect 

For channel A, the dip switches S3 bits 1 and 2 
(p6zB5) determine the source for Carrier 
Detect. If switch 2 is closed Carrier Detect 
comes from the RS232 receiver at 3F-8 (p6zB2). 

If switch 2 is open and switch 1 is closed it 
comes from the receiver clock detect circuit. 
The receive clock detect circuit is enabled when 
bit 3 of the ECR is 1. This allows the one-shot 
at 6G-7 (p6zB5) to trigger as long as a receive 
clock (RXCA-) is active. The output of the one­
shot goes through switch 3 to become Data Carrier 
Detect for channel A (DCDA-). This feature is 
used in multidrop software to rapidly determine 
that the line is unused. 

Baud Rate Clock Source Selection 

There are four different communication clocks 
used, a receive clock and transmit clock for each 
channel A and channel B. Each one of these 
clocks can be generated on-board, by the 8253 
(see the programmable timer description), or 
externally. The choice is made with 8 bit 
dipswitch S1 (p6zD5) as follows: 

Switch 1 bit fl closed Causes 
1 (pins 1 and 16) Channel A external transmit clock 
2 (pins 2 and 15) Channel A external receive clock 
3 (pins 3 and 14) Channel A internal transmit clock 
4 (pins 4 and 13) Channel A internal receive clock 

5 (pins 5 and 12) Channel B external transmit clock 
6 (pins 6 and 1 1 ) Channel B external receive clock 
7 (pins 7 and 10) Channel B internal transmit clock 
8 (pins 8 and 9) Channel B internal receive clock 
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Bit In2ut/Out2ut Signal Location Meaning 
-0 Input/Output STDB+ 4H-12 Secondary transmit data 

channel B 
1 Input/Output STDA+ 4H-15 Secondary transmit data 

channel A 
2 Input/Output 4H-16 RS422 driver enable 
3 Input/Output 4H-19 Clock detect enable 

8 Input SRDB+ 5G-13 Secondary Receive Data 
channel B 

9 Input DSRB- 5G-15 Data Set Ready channel B 
A Input RINGB- 5G-17 Ring indicator channel B 
B not used 
c Input SRDA+ 5G-8 Secondary Receive Data 

channel A 
D Input DSRA- 5G-6 Data Set Ready channel A 
E Input RING A- 5G-11 Ring indicator channel A 
F Input XMIT+ 5G-2 RS422 driver enabled 

Figure 5-3. The Extended Control Register Bits 
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See the section about the 8253 concerning the 
generation of internal baud rate clocks. 

Channel B Level Changers (Electrical interface) 

Channel B has an RS232 interface only. The 
receivers at 1H and 2H (p6zC4) convert RS232 
signals to TTL signals. RS232 uses a negative 
voltage to represent a 1 and a positive voltage 
to represent a O. The driver at 3H (p6zD5) 
converts TTL levels to RS232 levels. 

Channel A Level Changers 

Channel A has an RS232 or an RS422 interface. 
When jumper plugs JP1 and JP3 (p6zB3) are 
installed, the RS422 drivers ( 1 G) and the 
receivers ( 1 F) are used. When jumper plugs JP2 
and JP4 (p6zB2) are installed, the RS232 drivers 
( 3G) and the RS232 receivers ( 2E and 3F) are 
used. 
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AC CHARACTERISTICS 
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REFERENCES 

Edge-Connector Pin List 

Connector J4 

Pin Signal 

1 MR-
2 NO PAPER+ 
3 LPTBUSY+ 
4 BD1RAM-
5 GND 
6 COLMPX-
7 RARAS-
8 BEOP-
9 RFGO-

10 RFDONE-
1 1 RAH I WE-
12 RALOWE-
13 78KHZ+ 
14 60HZ+ 
15 
16 LPT SELECT+ 
17 AUDIO+ 
19 CAS3-
20 CAS2-
21 CAS1-
22 CASO 
23 HIP+ 
24 LOP+ 
25 
26 MEMF+ 
27 MEME+ 
28 MEMD+ 
29 MEMC+ 
30 MEMB+ 
31 MEMA+ 
32 MEM9+ 
33 MEMS+ 
34 MEM7+ 
35 
36 MEM6+ 
37 MEM5+ 
38 MEM4+ 
39 MEM3+ 
40 MEM2+ 
41 MEM1+ 
42 MEMO+ 
43 LA13+ 
44 LA12+ 
45 
46 LA11+ 
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47 LA10+ 
48 LAF+ 
49 LAE+ 
50 LAD+ 
51 LAC+ 
52 LAB+ 
53 LAA+ 
54 LA9+ 
55 
56 LAB+ 
57 LA7+ 
58 LA6+ 
59 LA5+ 
60 LA4+ 
61 LA3+ 
62 LA2+ 
63 LA1+ 
64 LAO+ 
65 
66 
67 +12V 
68 +12V 
69 +12V 
70 +12V 
71 
72 
73 -12V 
74 -12V 
75 
76 BMR-
77 +5V 
78 +5V 
79 +5V 
80 +5V 

Connector J5 
± 

Pin Signal 

1 +5V 
2 +5V 
3 +5V 
4 +5V 
5 -12V 
6 -12V 
7 GND 
8 
9 TCLK-

10 TCLK+ 
11 RXDA-
12 CTSA+ 
13 RXCA+ 
14 TXCA+ 
15 
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16 DSRA+ 
17 SRDA-
18 STDA-
19 TXDA-
20 RTSA+ 
21 DTRA+ 
22 DCDA+ 
23 RING A+ 
24 CTSB+ 
25 
26 RXDB-
27 TXCB+ 
28 RXCB+ 
29 DSRB+ 
30 SRDB-
31 DCDB+ 
32 RINGB+ 
33 DTRB+ 
34 INT7B-
35 
36 RTSB+ 
37 INT4B-
38 STDB-
39 TXDB-
40 INT1 B-
41 KBD1-
42 SIOACK-
43 SIORQ+ 
44 RDHIPEA-
45 
46 KBDO-
47 RD LO PEA-
48 MW-
49 DISKACK-
50 DISKRQ+ 
51 ODDP+ 
52 ENBL-
53 IOBCS+ 
54 IOR-
55 
56 DCIRDY+ 
57 FASTIC+ 
58 DMACTCS-
59 DMACS-
60 IOB7+ 
61 IOB6+ 
62 IOB5+ 
63 IOB4+ 
64 IOB3+ 
65 
66 IOB2+ 
67 IOB1+ 
68 IOBO+ 
69 DREQ-
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70 IOCS-
71 NMI+ 
72 PICCS-
73 MEMCLK+ 
74 LPTACK-
75 
76 IOW-
77 EOP-
78 STROBE-
79 PERINT+ 
80 MW I NH+ 
81 TO+ 
82 MBIO-
83 RESET-
84 PAREN+ 
85 
86 ACK-
88 CNTRL-
89 SELF-
90 SELW-
91 WRSTB-
92 INRQ-
93 RDSTB-
94 BUSO+ 
95 
96 BUS2+ 
97 BUS4+ 
98 BUS6+ 
99 BUS1+ 
100 BUS3+ 
101 BUS5+ 
102 BUS7+ 
103 BUSE+ 
104 BUSC+ 
105 
106 BUSA+ 
107 BUS8+ 
108 BUSF+ 
109 BUSD+ 
110 BUSB+ 
111 BUS9+ 
112 LPT1+ 
113 LPT3+ 
114 LPT5+ 
115 
116 LPT7+ 
117 LPTO+ 
118 LPT2+ 
119 LPT6+ 
120 LPT4+ 
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.i') 

Jumpers 

Switches 

Programmable LED 

Name Function 

D-E 64K memory chips 
E-F 16K memory chips 
G-I 8251 A Tx-buffer-empty inter­

rupt enabled 
G-H 8251 A Tx-buffer-empty inter­

rupt disabled 

JP1 
JP3 
JP2 
JP4 

(DIP 1-8)Channel 
(DIP 9-16) II 

(DIP 1-8)Channel 
(DIP 9-16) II 

A is RS-422 
II II 

A is RS-232 
II II 

Switch 1 bit !I Option when closed 

1 Channel A external transmit clock 
2 Channel A external receive clock 
3 Channel A internal receive clock 
4 Channel A internal transmit clock 
5 Channel B external transmit clock 
6 Channel B external receive clock 
7 Channel B internal transmit clock 
8 Channel B internal receive clock 

and Audio Outputs (I/O Port 44) 

Bit Function 

0 When 0 lights LED !I CR6 
1 When 0 lights LED !I CR5 
2 When 0 lights LED !I CR4 
3 When 0 lights LED fl CR3 
4 When 0 lights LED !I CR2 
5 When 0 lights LED fl CR1 

6 & 7 Bits 6 and 7 are used to­
gether to operate the 
speaker: 

0 0 

1 0 
0 1 
1 1 
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1.24 Kilohertz tone 
Speaker-in 
Speaker-out 



Test Points 

Point 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 

I/0-Port Addresses vs. Functions 

Port 

28 

2A 

2C 

2E 

30 

38 
3A 

44 

48 

4A 

Logic 

Timer 

Timer 

Timer 

Timer 

Comm 

Keyboard 
Keyboard 

LEDs, 
Audio 

Comm 

Comm 

Alternating between speaker­
in and speaker-out at the 
proper rate can be used to 
generate any frequency. 

Meaning 

-5 volt supply 
Comm channel A clock 
Comm channel B clock 
programmable timer clock 
1.23 Megahertz clock 
Realtime clock input 
Power fail timer (High when 
power file detected) 
Comm channel A transmit clock 
Comm channel A transmit clock 
timeout (low when timed out) 
SIO internal clock 

Write Register 

Programmable 
timer 
Comm channel B 

baud rate 
generator 
Comm channel A 

baud rate 
generator 
Mode 

Write Data 
Command 

Bit 0 to 5 
Bits 6 and 
speaker 

Channel A 

7, 

data 

Read Register 

Programmable 
timer 
Comm channel 
B 
baud rate 
generator 
Comm channel 
A 
baud rate 
generator 

Interrupt 
Acknowledge 
Register 

Read Data 
Status 

Switches on 
I/O Memory 
board 

Channel A 
data 

Channel A command Channel A 
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4C 

4E 

50 

52 

54 

Comm 

Comm 

Printer 

Parity 

Parity 

status 
Channel B data Channel B 

data 
Channel B command Channel B 

Command 

Data Status 

Low address 
bits 
High address 
bits, status 

56 !OCR Control Control, 
status 

58 Video Global Attribute Global Attri-
bute 

Register Register 

60 Comm Extended Control Extended 
Control 

Register Register 

68 DMA Extended Address Extended 
Address 

Register Register 

70 Floppy Data/Commands Data/Status 
72 Floppy Control Status 

78 Hard disk Data/Commands Data/Status 
7A Hard disk Control Status 

Device Pin Functions 

The following several pages describe the pin 
functions of the complex !Cs on the I/0-memory 
board. 

5 - 38 



Device Pin Functions: 8251A USART 

Signal 
Name 

IOBO 

IOB7 

Pin 
Name 

vcc 

GND 

The 8251A is the enhanced version of the industry 
standard 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART). The 8251A is used 
as a peripheral device and is programmed by the 
CPU to perate using virtually any serial data 
transmission technique presently in use (in­
cluding IBM "bi-sync"). The USART accepts data 
characters from the CPU in parallel format and 
then converts them into a continuous serial data 
stream for transmission. Simultaneously, it can 
receive serial data streams and convert them into 
parallel data characters for the CPU. The USART 
will signal the CPU whenever it can accept a new 
character for transmission or whenever it has 
received a character for the CPU. The CPU can 
read the complete status of the USART at any 
time. These include data transmission erros and 
control signals such as SYNDET, TxEMPTY. The 
chip is constructed using N-channel silicon gate 
technology. 

I/O 

I/O 

Function 

+5V supply. 

Ground. 

A 3-state, bidirectional, 8-bit buffer 
interfaces the 8251A to the system 
Data Bus. Data is transmitted or 
received by the buffer upon execution 
of INput or OUTput instructions of the 
CPU. Control words, Command words and 
Status information are also trans­
ferred through the Data Bus Buffer. 
The command status and data in, and 
data out are separate 8-bit registers 
to provide double buffering. The Data 
Bus Buffer accepts inputs from the 
system Control bus and generates con­
trol signals for overall device opera­
tion. It contains the Control Word 
Register and Command Word Register 
that store the various control formats 
for the device functional definition. 
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1.23MHZ+ CLK 

RESET 

BIOW- WR/ 

IOR- RD/ 

LA1+ c 

CS/ 

GND DSR/ 

DTR/ 

I 

I 

I 

I 

I 

I 

I 

0 

CLOCK: the CLK input is used to gener­
ate internal device timing. No exter­
nal inputs or outputs are referenced 
to CLK but the frequency of CLK must 
be greater than 30 times the Receiver 
or Transmitter data bit rates. 

A HIGH on this input forces the 8251A 
into an IDLE mode. The device will 
remain at IDLE until a new set of 
control words is written into the 
8251 A to program its functional de­
finition. Minimum RESET pulse width 
is 6 tcy (clock must be running). 

WRITE: A LOW on th is input informs 
the 8251A that the CPU is writing data 
or control words to the 8251A. 

READ: A LOW on this input informs the 
8251A that the CPU is reading data or 
status information from the 8251A. 

CONTROL/DATA: This input, in conjunc­
tion with the WR/ and RD/ inputs, 
informs the 8251A that the word on the 
Data Bus is either a data character, 
control word or status information. 
1 = CONTROL/STATUS 0 = DATA 

CHIP SELECT: A LOW on th is input se­
lects the 8251A. No reading or 
writing will occur unless the device 
is selected. When CS/ is high, the 
Data Bus in the float state and RD/ 
and WR/ will have no effect on the 
chip. 

DATA SE~ READY: The DSR/ input signal 
is a general purpose, 1-bit inverting 
input port. Its condition can be 
tested by the CPU using a Status Read 
operation. The DSR/ input is normally 
used to test Modem conditions such as 
Data Set Ready. 

DATA TERMINAL READY: The DTR/ output 
signal is a general purpose, 1-bit 
inverting output port. It can be set 
"low" by programming the appropriate 
bit in the Command Instruction word. 
The DTR/ output signal is normally 
used for Modem control such as Data 
Terminal Ready or Rate Select. 
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RTS/ 0 

GND CTS/ I 

TxRDY 0 

TxD 0 

REQUEST TO SEND: The RTS/ output 
signal is a general purpose, 1-bit 
inverting output port. It can be set 
LOW by programming the appropriate bit 
in the Command Instruction word. The 
RTS/ output signal is normally used 
for Modem control such as Request to 
Send. 

CLEAR TO SEND: A LOW on this input 
enables the 8251 A to transmit serial 
data if the Tx Enable bit in the Com­
mand byte is set to a "one." If 
either a Tx Enable off or CTS off 
condition occurs while the Tx is in 
operation, the Tx will transmit all 
the data in the USART, written prior 
to Tx Disable command before shutting 
down. On the 8251A/ S2657/ if CTS off 
or Tx Enable off condition occurs 
before the last character written 
appears in the serial bit stream, that 
character will be transmitted again 
upon CTS on or Tx Enable on condition. 

TRANSMITTER READY: This output 
signals the CPU that the transmitter 
is ready to accept a data character. 
The TXRDY output pin can be used as an 
interrupt to the system, since it is 
masked by Tx Disabled, or, for Polled 
operation, the CPU can check TxRDY 
using a Status Read operation. TxRDY 
is automatically reset by the leading 
edge of WR/ when a data character is 
loaded from the CPU. 

Note that when using the Polled opera­
tion, the TxRDY status bit is not 
masked by Tx Enabled, but will only 
indicate the Empty/Full Status of the 
Tx Data Input Register. 

TRANSMITTER DATA: The Transmitter 
Buffer accepts parallel data from the 
Data Bus Buffer, converts it to a 
serial bit stream, inserts the appro­
priate characters or bits (based on 
the communication technique) and out­
puts a composite serial stream of data 
on the TxD output pin on the falling 
edge of TxC/. The transmitter will 
begin transmission upon being enabled 
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TxEMPTY 0 

19.53KHZ+ TxC/ I 

19.53KHZ+ RxC/ I 

if CTS/ = O. The TxD line will be 
held in the marking state immediately 
upon a master Reset or when neither Tx 
Enable nor CTS/ is active or when the 
transmitter is empty. 

When the 8251A has no chacters to 
transmit, the TxEMPTY output will go 
"high." It resets automatically upon 
receiving a character from the CPU if 
the transmitter is enabled. TxEMPTY 
can be used to indicate the end of a 
transmission mode, so that the CPU 
"knows" when to "turn the line around" 
in the half-duplexed operational mode. 

In SYNChronous mode, a "high" on this 
output indicates that a character has 
not been loaded and the SYNC character 
or characters are about to be or are 
being transmitted automatically as 
"fillers." TxEMPTY does not go low 
when the SYNC characters are being 
shifted out. 

TRANSMITTER CLOCK controls the rate at 
which the character is to be trans­
mitted. In the Synchronous transmis­
sion mode, the Baud Rate (1x) is equal 
to the TxC/ frequency. In Asynchron­
ous transmission mode the baudrate is 
a fraction of the actual TxC fre­
quency. A portion of the mode 
instruction selects this factor; it 
can be 1, 1/16 or 1/64 the TxC/. The 
falling edge of TxC/ shifts the serial 
data out of the 8251A. 

RECEIVER CLOCK controls the rate at 
which the character is to be 
received. In Synchronous Mode, the 
Baud Rate (1x) is equal to the actual 
frequency of RxC/. In Asynchronous 
Mode, the Baud Rate is a fraction of 
the actual RxC/ frequency. A portion 
of the mode instruction selects this 
factor; 1, 1/16 or 1/64 the RxC/. 
Data is sampled into the 8251A on the 
rising edge of RxC/. 

NOTE: In most communications systems, 
the 8251A will be handling both the 
transmission and reception operations 
of a single link. Consequently, the 
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RxRDY 0 

RxD I 

SYNDET/ I/O 
BD 

Receive and Tr-ans mi t Baud Rates will 
be the same. Both TxC/ and RxC/ will 
r-equire identical frequencies for- this 
operation and can be tied together and 
connected to a single fr-equency source 
(Baud Rate Generator) to simplify the 
interface. 

RECEIVER READY: This output indicates 
that the 8251A contains a character 
that is ready to be input to the 
CPU. RxRDY can be connected to the 
interrupt structure of the CPU or, for 
Polled operation, the CPU can check 
the condition of RxRDY using a Status 
Read operation. 

Rx Enable off both masks and holds 
RxRDY in the Reset Condition. For 
Asynchronous mode, to set RxRDY, the 
Receiver must be Enabled to sense a 
Start Bit and complete character must 
be assembled and transferred to the 
Data Output Register. For Synchronous 
mode, to set RxRDY, the Receiver must 
be enabled and a character must finish 
assembly and be transferred to the 
Data Output Register. 

Failure to read the received character 
from the Rx Data Output Register prior 
to the assembly of the next Rx Data 
character will set overrun condition 
error and the previous character will 
be written over and lost. If the Rx 
Data is being read by the CPU when the 
internal transfer is occurring, over­
run error will be set and the old 
character will be lost. 

RECEIVE DATA: The Receiver accepts 
serial data, converts this serial 
input to parallel format, checks for 
bits or characters that are unique to 
the communication technique and sends 
an assembled character to the CPU. 
Serial data is input to RxD pin, and 
is clocked in on the rising edge of 
RxC/. 

SYNC DETECT/BREAK DETECT: This pin is 
used as either input or output, pro­
grammable through the Control Word. 
It is reset to output mode low upon 
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RESET. When used as an output (in­
ternal Sync model), the SYNDET pin 
will go HIGH to indicate that the 
8251 A has located the SYNC character 
in the Receive mode. If the 8251 A is 
programmed to use double SYNC char­
acters ( bisync), then SYNDET will go 
HIGH in the middle of the last bit of 
the second SYNC character. SYNDET is 
automatically reset upon a Status Read 
operation. When used as an input 
(external SYNC detect mode), a posi­
tive going signal will cause the 8251A 
to start assembling data characters on 
the rising edge of the next RxC/. 
Once in SYNC, the HIGH input signal 
can be removed. When External SYNC 
Detect is programmed, the Internal 
SYNC Detect is disabled. 

In the asynchronous mode, this pin 
functions as follows: 

This output will go high whenever the 
receiver remains low through two con­
secutive stop bit sequences (including 
the start bits, data bits, and parity 
bits). Break Detect may also be read 
as a Status bit. It is reset only 
upon a master chip Reset or Rx Data 
returning to a "one" state. 
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Device Pin Functions: 8253 PROGRAMMABLE TIMER 

Signal 
Name 

IOBO 

IOB7 

LA1+ 

Pin 
Name 

vcc 

GND 

DO 

D7 

AO 

The8253 programmable interval timer/counter func­
tions as a general purpose, multi-timing element 
that can be treated as an array of I/O ports in 
the system software. It is organized as 3 in­
dependent 16-bit counters, each with a count rate 
of up to 2 MHz. All modes of operation are soft­
ware programmable. 

The 8253 solves one of the most common problems 
in any microcomputer system, the generation of 
accurate time delays under software control. 
Instead of setting up timing loops in systems 
software, the programmer configures the 8253 to 
match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, 
then upon command the 8253 will count out the 
delay and interrupt the CPU when it has completed 
its tasks. It is easy to see that the software 
overhead is minimal and that multiple delays can 
easily be maintained by assignment of priority 
levels. 

Other counter/timer functions that are non-delay 
in nature but also common to most microcomputers 
can be implemented with the 8253. 

o Programmable Rate Generator 
o Event Counter 
o Binary Rate Multiplier 
o Realtime Clock 
o Digital One-Shot 
o Complex Motor Controller 

I/O 

I/O 

I 

Function 

+5V supply. 

Ground. 

DATA BUS: A 3-state, bi-directional, 
8-bit buffer interfaces the 8253 to 
the system data bus. Data is trans­
mitted or received by the buffer upon 
execution of INput or OUTput CPU in­
structions. The Data Bus Buffer has 
three basic functions. 

1. Programming the MODES of the 
8253. 

2. Loading the count registers. 
3. Reading the count values. 

AO, A1: These inputs are normally 
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LA2+ 

TMR1CS-

IOR-

BIOW-

19.53KHZ+ 
1.23MHZ+ 
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TMRINT+ 
C1CLK+ 
C2CLK+ 

A1 

CS/ 

RD/ 

WR/ 

CLKO 
CLK1 
CLK2 

GATEO 
GATE1 
GATE2 

OUTO 
OUT1 
OUT2 

I 

I 

I 

I 

I 

0 

connected to the address bus. Their 
function is to select one of the three 
counters to be operated on and to 
address the control word register for 
mode selection. 

CHIP SELECT enables the 8253. No 
reading or writing will occur unless 
the device is selected. The CS/ input 
has no effect upon the actual opera­
tion of the counters. 

READ informs the 8253 that the CPU is 
inputting data in the form of a 
counters value. 

WRITE informs the 8253 that the CPU is 
outputting data in the form of mode 
information or loading counters. 

COUNTER CLOCK INPUTS provide the time 
base for the three independent 
interval counters. 

COUNTER GATE INPUTS can be used to 
enable, trigger, or disable counters. 

COUNTER OUTPUTS: In mode O, these 
lines go HIGH when the programmed 
interval has elapsed. In mode 3, they 
toggle at the rate which has been 
programmed. 
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Device Pin Functions: Z80A SI0/2 COMMUNICATIONS CONTROLLER 

Signal 
Name 

Pin 
Name 

+5V 

The Z-80 SIO Serial Input/Output Controller is a 
dual-channel data communication interface. Its 
basic functions as a serial-to-parallel, 
parallel-to-serial converter/controller can be 
programmed by a CPU for a broad range of serial 
communication applications. The device supports 
all common asynchronous and synchronous proto­
cols, byte- or bit-oriented, and performs all of 
the functions traditionally done by UARTs, USARTs 
and synchronous communication controllers com­
bined, plus additional functions traditionally 
performed by the CPU. Some of its features are 
as follows: 

o Two independent full-duplex channels, 
with separate control and status lines 
for modems or other devices. 

o Data rates of 0 to 500K bits/second in 
the xl clock mode with a 2. 5 MHz clock 
(Z-80 SIO), or 0 to BOOK bits/second with 
a 4.0 MHz clock (Z-80A SIO). 

o Everything necessary for complete 
messages in 5, 6, 7 or 8 
bits/character. Includes variable stop 
bits and several clock-rate multipliers; 
breg,k generation and detection; parity; 
overrun and framing error detection. 

o Synchronous protocols: everything 
necessary for complete bit- or byte­
oriented messages in 5, 6, 7 or 8 
bits/character, including IBM Bisync, 
SDLC, HDLC, CCITT-X.25 and others. Auto­
matic CRC generation/checking, sync 
character and zero insertion/deletion, 
abort generation/detection and flag in­
sertion. 

o Receiver 
buffered, 
buffered. 

data registers quadruply 
transmitter registers doubly 

I/O Function 

+5 Volt Supply. 
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3.33MHZ+ 

CTSA­
C TSB-

IOBO 

IOB7 

GND 

B 

c 

CE/ 

CLK 

CTSA/ 
CTSB/ 

I 

I 

I 

I 

I 

I/O 

GROUND. 

CHANNEL A OR B SELECT (input, High 
selects Channel B). This input de­
fines which channel is accessed during 
a data transfer between the CPU and 
the SIO. Address bit Ao from the CPU 
is often used for the selection func­
tion. 

CONTROL OR DATA SELECT (input, High 
selects Control). This input defines 
the type of information transfer per­
formed between the CPU and the SIO. A 
High at this input during a CPU write 
to the SIO causes the information on 
the data bus to be interpreted as a 
command for the channel selected by 
B. A Low at C means that the informa­
tion on the data bus is data. Address 
bit A1 is often used for th is fun c­
t ion. 

CHIP ENABLE (Input, active Low). A 
Low level at this input enables the 
SIO to accept command or data input 
from the CPU during a write cycle, or 
to transmit data to the CPU during a 
ready cycle. 

SYSTEM CLOCK (input). The SIO uses 
the standard Z-80 System Clock to 
synchronize internal signals. This is 
a single-phase clock. 

CLEAR TO SEND (inputs, active Low). 
When programmed as Auto Enables, a Low 
on these inputs enables the respective 
transmitter. If not programmed as 
Auto Enables, these inputs may be 
programmed as general-purpose 
inputs. both inputs are Schmitt-
trigger buffered to accommodate slow­
risetime signals. The SIO detects 
pulses on these inputs and interrupts 
the CPU on both logic level trans i­
t ions. The Schmitt-trigger buffering 
does not guarantee a specified noise­
level margin. 

SYSTEM DATA BUS (bidirectional, 3-
state). The system data bus transfers 
data and commands between the CPU and 
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DTRA­
DTRB-

DCDA/ 
DCDB/ 

DTRA/ 
DTRB/ 

IEI 

IEO 

INT/ 

IORQ/ 

I 

0 

I 

0 

0 

I 

the Z-80 SIO. 
ficant bit. 

D0 is the least signi-

DATA CARRIER DETECT (inputs, active 
Low). These pins function as receiver 
enables if the SIO is programmed for 
Auto Enables; otherwise they may be 
used as general-purpose input pins. 
Both pins are Schmitt-trigger buffered 
to accommodate slow-rise time 
signals. The SIO detects pulses on 
these pins and interrupts the CPU on 
both logic level transitions. 
Schmitt-trigger buffering does not 
guarantee a specific noise-level 
margin. 

DATA TERMINAL READY (outputs, active 
Low). These outputs follow the state 
programmed into Z-80 SIO. They can 
also be programmed as general-purpose 
outputs. 

INTERRUPTS ENABLE IN (input, active 
High). This signal is used with IEO 
to form a priority daisy chain when 
there is more than one interrupt­
dr i ven device. A High on this line 
indicates that no other device of 
higher priority is being serviced by a 
CPU interrupt service routine. 

INTERRUPT ENABLE OUT (output, active 
High). IEO is High only if IEI is 
High and the CPU is not servicing an 
interrupt from this SIO. Thus, this 
signal blocks lower priority devices 
from interrupting while a higher 
priority device is being serviced by 
its CPU interrupt service routine. 

INTERRUPT REQUEST (output, open drain, 
active Low). When the SIO is re­
questing an interupt, it pulls INT I 
Low. 

INPUT/OUTPUT REQUEST (output, open 
drain, active Low). IORQ/ is used in 
conjunction with B, C, CE/ and RD/ to 
transfer commands and data between the 
CPU and the SIO" When CE/, and RD/ 
are all active, the channel selected 
by B/ A transfers data to the CPU (a 
read operation). When Ce/ and IORQ/ 
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are active, but RD/ is inactive,the 
channel selected by B is written to by 
the CPU with either data or control 
information as specified by C. As 
mentioned previously, if IORQ/ and M1/ 
are active simultaneously, the CPU is 
acknowledging an interrupt and the SIO 
automatically places its interrupt 
vector on the CPU data bus if it is 
the highest priority device requesting 
an interrupt. 

MACHINE CYCLE (input from Z-80 CPU, 
active Low). M1/ is active and RD/ is 
also active, the Z-80 CPU is fetching 
an instruct ion from memory; when M1 I 
is active while IORQ/ is active, the 
SIO accepts R1/ and IORQ/ as an inter­
rupt acknowledge if the SIO is the 
highest priority device that has in­
terrupted the Z-80 CPU. 

RECEIVER CLOCKS (inputs). Receive 
data is sampled on the rising edge of 
RxC/. The Receive Clocks may be ~ , 
16, 32 or 64 times the data rate in 
asynchronous modes. These clocks may 
be driven by the Z-80 CTC Counter 
Timer Circuit for programmable baud 
rate generation. Both inputs are 
Schmitt-trigger buffered (no noise 
level margin is specified). 

HEAD CYCLE STATUS (input from CPU, 
active Low). If RD/ is active, a 
memory or I/O read operation is in 
progress. RD/ is used with B, CE/ and 
IORQ/ to transfer data from the SIO to 
the CPU. 

RECEIVE DATA (inputs, active High). 
Serial data at TTL levels. 

Reset (input, active Low). A Low 
RESET/ disables both receivers and 
transmitters, forces TxDA and TxDB 
marking, forces the modem controls 
High and disables all interrupts. The 
control registers must be rewritten 
after the SIO is reset and before data 
is transmitted or received. 

REQUEST TO SEND (outputs, active 
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RTSB-

SYNCA­
SYNCB-

RTSB/ 

SYNC A/ 
SYN CB/ 

Low). When the RTS bit in Write Reg­
ister 5 (Figure 14) is set, the RTS/ 
output goes Low. When the RTS bit is 
reset in the Asynchronous mode, the 
output goes High after the transmitter 
is empty. In Synchronous modes, the 
RTS/ pin strictly follows the state of 
the RTS bit. Both pins can be used as 
general-purpose outputs. 

I/O SYNCHRONIZATION (inputs/outputs, 
active Low). These pins can act 
either as inputs or outputs. In the 
asynchronous receive mode, they are 
inputs similar to CTS/ and DCD/. In 
this mode, the transitions on these 
lines affect the state of the 
Sync/Hunt status bits in Read Register 
0 (Figure 13), but have no other func­
tion. In the External Sync mode, 
these lines also act as inputs. When 
external synchron iza ti on is achieved, 
SYNC/ must be driven Low on the second 
rising edge of RxC/ after that rising 
edge of RxC/ on which the last bit of 
the sync character was received. In 
other words, after the sync pattern is 
detected, the external logic must wait 
for two full Receive Clock cycles to 
activate the SYNC/ input. Once SYNC/ 
is forced Low, it should be kept Low 
until the CPU informs the external 
synchronization detect logic that 
snchronization has been lost or a new 
message is about to start. Character 
assembly begins on the rising edge of 
RxC/ that immediately precedes the 
falling edge of SYNC/ in the External 
Sync mode. 

In the internal synchronization mode 
(Monosync and Bi sync), these pins act 
as outputs that are active during the 
part of the receive clock cycle in 
which sync characters are 
recognized. The sync condition is not 
latched, so these outputs are active 
each time a sync pattern is recog­
nized, regardless of character bound­
aries. 

In the Z-80 SI0/2 bonding option, 
SYNCB/ is omitted. 
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TXDB+ 

TxCA/ 
TxCB/ 

TxDA 
TxDB 

WRDYA/ 
WRDYB/ 

I 

0 

0 

TRANSMITTER CLOCKS (inputs). TxD 
changes from the falling edge of 
TxC. In asynchronous modes, the 
Transmitter Clocks may be 1, 16, 32 or 
64 times the data rate; however, the 
clock multiplier for the transmitter 
and the receiver must be the same. 
The Transmit Clock inputs are Schmitt­
trigger buffered for relaxed rise- and 
fall-time requirements (no noise level 
margin is specified). Transmitter 
Clocks may be driven by the Z-80 CTC 
Counter Timer Circuit for programmable 
baud rate generation. 

In the Z-80 SIO/O bonding option. 
TxCB/ is bonded together with TxCB/. 

TRANSMIT DATA (outputs, active High). 
Serial data at TTL levels. 

WAIT/READY A, WAIT/READY B (outputs, 
open drain, when programmed for Wait 
function; driven High and Low when 
programmed for Ready function). These 
dual-purpose outputs may be programmed 
as Ready lines for a DMA controller or 
as Wait lines that synchronize the CPU 
to the SIO data rate. The reset state 
is open drain. 
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OVERVIEW 

6. RAM EXPAMSION BOARD 

The RAM Expansion board contains the second set 
of banks of RAM of a CT system. The board may 
contain 1, 2, 3, or 4 banks of 18 single-bit RAM 
I Cs. For 16K bit devices th is is equivalent to 
32K, 64K, 96K and 128K respectively. For 64K bit 
devices th is is equivalent to 128K, 256K, 384K, 
and 512K respectively. 

OPERATION BY LOGIC BLOCK 

The RAM Array 

The 7 address lines of the chips are multiplexed 
so that 14 address bits can be represented with 7 
pins. The chip is organized as a square matrix 
of 128 rows x 128 columns. Each row/column 
combination gives the address of 1 bit, or cell 
of memory. 

The RAS- (row address strobe) signal has two 
functions: it latches the row address on the 7 
address pins and it accesses the specified row of 
128 cells. The CAS- (column address strobe) 
signal also has two functions: it latches the 
column address, and performs the data operation, 
read or write, on the one cell specified by the 
column address of the 128 cells already accessed 
by RAS-. A write cycle is caused if the WE- pin 
is asserted at the leading edge of CAS-. The 
write data at the data input pin of the chip is 
latched by the leading edge of C AS-. A read 
cycle is caused if the WE- pin is inactive at the 
leading edge of CAS-. The read cycle causes the 
data from the selected cell to be driven on the 
chip's data output pin. 
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The memory chips used are dynamic RAMs. Data is 
stored in parasitic capacitance that needs to be 
re-charged every 2 milliseconds to prevent leak­
age from destroying the contents of the memory. 

Each time RAS- is asserted the entire 128-cell 
row corresponding to the state of the address 
pins is accessed. Whenever the cell is accessed 
it is re-charged. 

In order to insure that all cells of the chip are 
refreshed (re-charged) every 2 milliseconds there 
is special refresh circuitry on the processor and 
RAM Expansion boards. This circuitry works by 
issuing a RAS- every 12.8 microseconds and caus­
ing a counter to generate each different row 
address. No CAS- is issued during refresh, so no 
data is transferring. 

64K RAMs work similarly to the 64K RAMs, except 
that there are six teen address bi ts (one of the 
power supply pins of the 16K RAM being used as 
the extra address pin required for the 64K parts) 
and the array is 256 rows of 256 columns can be 
accessed a byte at a time, each byte has its own 
parity bit. So one word is represented as two 9 
bit "bytes". 

All 72 chips in the array have the same RAS­
signal. Bank selection is done by asserting only 
one of the CAS4- - CAS7- signals. Therefore, 
each CAS- signal goes to 18 chips and the RAS­
signal goes to 72 chips. The data-in and data­
out pins of the chips and the RAS- signal goes to 
72 chips. The data-in and data-out pins of the 
chips are tied together making a bidirectional 
data bus (RADO+ - RADF+) (p2zD2). Each data bus 
bit goes to 4 chips, consisting of the corres­
ponding bit of each word in all 4 banks. The 
parity bits HIP+ (high-byte parity) and LOP+ 
(low-byte parity) are connected in the same 
fa sh ion. The seven address pins RAAO+ - RAA6+ 
(p2zp8) are connected in parallel to all 72 
chips. The signal RA5A7 + is an address bit if 
64K RAMS are used but is connected to +5 at 
jumper A-C for 16K chips. There are two write 
enable signals, RAHIWE- (high or odd byte write 
enable) and RALOWE- (low or even byte enable) 
which cause writing in either the low byte, the 
high byte, or both. Again, for writing, CAS­
selects the particular bank written. Each write 
enable signal goes to 36 RAM chips. 
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The RAS- and CAS- signals for read, write and 
refresh are generated in the memory control of 
the processor board. When they come on to RAM 
Expansion board they are called RAS- (Row Address 
Strobe) (p2zA7) and CAS4- -CAS7- (p2zB8), corres­
ponding to banks 4 through 7. At 10F-11 (p2zA6), 
RAS- is gated so that only refreshes and accesses 
to the RAM Expansion board (as opposed to the I/O 
Memory board) generate the signal BRAS-. BRAS­
connects to the RAS- pins of the RAM !C's. RFGO­
ind ica tes a refresh is in progress and BD2RAM­
( from the processor board) indicates the RAM 
expansion board memory is being addressed. 

There are three sources for the address driven on 
the RAM chip address pins, the l"OW address ( 6K 
(p1zB6)), the column address (5K (p1zC6)), and 
the refl"esh row (3K (p1zD6)). The selection of 
which address driver is enabled is made by the 
high speed decoder consisting of 10J-3, 6, 8, and 
11, and 10H-1 and 4 (p1zC6). The RFGO- signal, 
when active enables 3K and disables 5K and 6K. 
The COLMPX- (column multiplex) signal causes the 
row dl"iver (6K) to disable and the column driver 
(5K) to enable. COLMPX- and RFGO- come fl"om the 
RAM controller on the processor board. RFDONE­
from the processor board indicates that a refresh 
cycle has completed and causes the refl"esh ad­
dress counters 1K and 2K (p1zD6) to increment. 

Data to and from the RAM al"ray is buffered from 
the MEM bus (MEMO+ - MEMF+) by the transceivers 
at 9F and 9H (p1zC3). The direction of the 
tl"ansceivel"s is established by the signal READ­
which is a buffered MR- (memory read) signal. 
The enable for the high (odd) byte drivel" is 
HIEN- and for the low (even) byte is LOEN-. 
HIEN- is asserted when the RAM Expansion RAM is 
addressed (BD2RAM- asserted at 10E-9 (p2zA9)) and 
either a read is in progress (MR- active) or the 
high-order byte write signal is active 
(RAHIWE-). LOEN- is asserted when the RAM expan­
sion memory is addressed and either a read is in 
progress of the low-order byte write enable is 
active (RALOWE-). 

Buffering For ROM Expansion Board 

When a RAM Expansion board and a ROM Expansion 
board are both used on a motherboard, the ROM 
Expansion board plugs into the P1 connector of 
the RAM Expansion board. The address lines (LA1+ 
- LA10+) from the motherboard connector, J1, are 
bufferred by chips 9A and 10A (p1zB7) to become 
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BLA1+ - BLA10+ (buffered local address) and go to 
P 1. The data lines from the ROM expansion board 
( BMEMO+ - BMEMF+) are buffered by 9C and 1 OC 
(p1zB2) and driven onto the MEM bus (MEMO+ -
MEMF+) at the J 1 connector. Buffers 9C and 1 OC 
are enabled by the ROM expansion board decode 
signal from the processor board (PROMEXDC-). 
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AC CHARACTERISTICS 

Refer to AC Characteristics in Chapter 4 
(Processor Board) 
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DC CHARACTERISTICS 

Refer to DC Characteristics in Chapter 4 
(Processor Board) 
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REFERENCES 

Edge-Connector Pin Li$t 

Connector J1 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 

1~ 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Signal 

+5V 
+5V 
+5V 
+5V 
-12V 
-12V 
GND 

BD2RAM­
MR­
PROMEXDC­
CO LMPX­
RFDONE-
R AR AS-

RFGO-
R ALOWE­
RAHIWE­
CAS7-
CAS6-
CAS5-
CAS4-
HIP+ 
LOP+ 

MEMF+ 
MEME+ 
MEMD+ 
MEMC+ 
MEMB+ 
MEMA+ 
MEM9+ 
MEMS+ 
MEM7+ 

MEM6+ 
MEM5+ 
MEM4+ 
MEM3+ 
MEM2+ 
MEM1+ 
MEMO+ 
LA13+ 
LA12+ 
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!ill Signal 

46 LA11+ 
47 LA10+ 
48 LAF+ 
49 LAE+ 
50 LAD+ 
51 LAC+ 
52 LAB+ 
53 LAA+ 
54 LA9+ 
55 
56 LAB+ 
57 LA7+ 
58 LA6+ 
59 LA5+ 
60 LA4+ 
61 LA3+ 
62 LA2+ 
63 LA1+ 
64 LAO+ 
65 
66 
g~ +12V 

+12V 
69 +12V 
70 +12V 
71 
72 
73 -12V 
74 -12V 
75 
76 
77 +5V 
78 +5V 
79 +5V 
80 +5V 

Jumpers 

Name Function 

A-C 16K RAM 
B-C 64K RAM 
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OVERVIEW 

1. ROM EXPANSION BOARD 

The ROM expansion board provides additional ROM 
and PROM capability to a CT system. It provides 
16 chip sockets for an additional up to 12BK 
bytes of read-only memory capability. 

OPERATION BY LOGIC BLOCK 

The sockets at 1 A - BA and 1 B - BB are designed 
to accomoda te several different PROM types as 
follows: 

chi~ t~pe organization number of Qins ROM/EPROM 
231 2K x 8 24 ROM 
2716 2K x 8 24 EPROM 
2332 4K x 8 24 ROM 
2732 4K x 8 24 EPROM 
2364 BK x 8 28 ROM 
2764 8K x 8 28 EPROM 

All chips on the board must be of the same type. 

In order to accomodate both size chips the board 
has 28-pin sockets. When 24-pin devices are 
used, they are installed justified toward the 
connectors ( J1). 

Note that the schematic is numbered according to 
the sockets ( 28 pin numbering). Therefore when 
24-pin devices are installed, the chip pin num­
bers will not match the pin numbers on the sche­
ma tic. The relationship is as follows: 

Schematic 
pin number 

1 

24-pin chip 
Qin number 
not used 
not used 

Schematic 
Qin number 

28 

24 pin chip 
pin number 
not used 
not used 2 27 
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PROM/ROM 
chi~ used 
231 /2716 
2332/2732 
2364/2764 
NOTE: 1 = 

0 = 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

1 26 24 
2 25 23 
3 24 22 
4 23 21 
5 22 20 
6 21 19 
7 20 1B 
B 19 17 
9 18 16 

10 17 15 
1 1 16 14 
12 15 13 

On pin 23 of the socket, the 2316 and 2716 re­
quire +5 volts and all other qhip types require 
address bit C. This selection is made with bits 
6 and 7 of the dip switch on the board. Bit 6 is 
closed to connect the address bit and bit 7 is 
closed to connect +5. 

The array is organized as B two-chip banks with 
each two chips representing one 16-bit word. The 
"A-ROW" ch i~s ( 1 A-BA) are the high order or odd 
~B!Row~i~Yii <§0 r{ti-IlfW}di§.\6e t~h~E~~t -oJ4cfeMl+Jt e~~g 
byte chips corresponding to MEMO+ - MEM7+). 

The address organization of the array depends 
upon the type of chip used and the corresponding 
setting of the decode switches. This chart gives 
that correspondance. The setting of the switches 
determines what local address 1 ines are used to 
decode the proper bank. 

Switch setting 
1 2 3 4 5 
0 0 1 1 0 
1 0 0 0 1 
0 1 0 0 1 

Maximum 
Memory 

32K 
64K 

12BK 

Address 
high 
LAE+ 
LAE+ 
LAE+ 

Lines Decoded 
medium low 

LAD+ LAC+ 
LAF+ LAD+ 
LAF+ LA10+ 

on 
off 

Address-range to bank-number correspondence: 

2316/2716 

Bank number 
BA AND BB 
7 A AND 7B 
6A AND 6B 
5A AND 5B 
4A AND 4B 
3A AND 3B 
2A AND 2B 
1 A AND 1 B 

7 - 2 

Address Range 
FOOOO-FOFFF 
F1000-F1FFF 
F2000-F2FFF 
F3000-F3FFF 
F4000-F4FFF 
F5000-F5FFF 
F6000-F6FFF 
F7000-F7FFF 



2332/2732 

2364/2764 

Ba::ik number 
BA AND BB 
6A AND 6B 
4A AND 4B 
2A AND 2B 
7A AND 7B 
5A AND 5B 
3A AND 3B 
1 A AND 1 B 

Bank number 
8A AND 8B 
4A AND 4B 
6A AND 6B 
2A AND 2B 
7A AND 7B 
3A AND 3B 
5A AND 5B 
1 A AND 1 B 

Address Range 
E8000-E9FFF 
EAOOO-EBFFF 
ECOOO-EDFFF 
EEOOO-EFFFF 
FOOOO-F1FFF 
F2000-F3FFF 
F4000-F5FFF 
F6000-F7FFF 

Address Range 
D8000-DBFFF 
DCOOO-DFFFF 
EOOOO-E3FFF 
E4000-E7FFF 
E8000-EBFFF 
ECOOO-EFFFF 
FOOOO-F3FFF 
F4000-F7FFF 

The decoder at 10A does the actual bank selection 
when PROMEXDC- from the CPU address logic is 
active. PROMEXDC- is buffered at 12B-9. 

Chips 11B and 12B are local address bus buf­
fers. Chips 9B and 1 OB buffer the data from the 
ROMs onto the MEM (MEMO+ - MEMF+) bus. The data 
buffers are enabled by the address decode 1 ine 
PROMEXDC- from the processor board. 
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AC CHARACTERISTICS 

Refer to AC Characteristics in Chapter 4 
(Processor Board) 
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DC CHARACTERISTICS 

Refer to DC Characteristics in Chapter 4 
(Processor Board) 
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REFERENCES 

Edge-Connector Pin List 

Connector J1 

Pin Signal 

1 +5V 
2 +5V 
3 +5V 
4 ~5V 
5 -12V 
6 -12V 
7 GND 
8 
9 BD2RAM-
10 MR-
11 PROMEXDC-
12 COLMPX-
13 RF DONE-
14 RARAS-
15 
16 RFGO-
11 RALOWE-
18 RAHIWE-
19 CAS7-
20 CAS6-
21 CAS5-
22 CAS4-
23 HIP+ 
24 LOP+ 
25 
26 MEMF+ 
27 MEME+ 
28 MEMD+ 
29 MEMC+ 
30 MEMB+ 
31 MEMA+ 
32 MEM9+ 
33 MEM8+ 
34 MEM7+ 
35 
36 MEM6+ 
37 MEM5+ 
38 MEM4+ 
39 MEM3+ 
40 MEM2+ 
41 MEM1+ 
42 MEMO+ 
43 LA13+ 
44 LA12+ 
45 
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Pin Signal 

46 LA11+ 
47 LA10+ 
48 LAF+ 
49 LAE+ 
50 LAD+ 
51 LAC+ 
52 LAB+ 
53 LAA+ 
54 LA9+ 
55 
56 LA8+ 
57 LA7+ 
58 LA6+ 
59 LA5+ 
60 LA4+ 
61 LA3+ 
62 LA2+ 
63 LA1+ 
64 LAO+ 
65 
66 

g~ +12V 
+12V 

69 +12V 
70 +12V 
71 
72 
73 -12V 
74 -12V 
75 
76 
77 +5V 
78 +5V 
79 +5V 
80 +5V 

Switches 

See te~t of thi~ chapter. 
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8. VIDEO CONTROL BOARD 

FUNCTIONAL DESCRIPTION AND SOFTWARE INTERFACES 

The video control board is the interface between 
the local bus and a high-resolution memory­
refreshed CRT monitor. Its primary function is 
to receive symbolic data over the local data 
(MEM) bus and to translate this data into a video 
signal according to the font pattern, $tored in 
its on-board RAM. 

Display Characteristics 

A single custom-designed 15-inch CRT monitor 
attaches to the video control board via a 
shielded cable. The 525-line non-interlaced 
raster scan image on this CRT is driven by 
digital (ECL) video signals at the following data 
rates, depending on the number of characters in 
the display: 

34 rows of 132 characters: 51.975 Mbits/sec. 
34 rows of 80 characters: 31.185 Mbits/sec. 

Character and symbols are contained within a 10 x 
15 dot matrix. The typical size of an upper case 
character is 8 x 1 O dots. However, through the 
use of a look-up table called the Font RAM, the 
hardware capability of the Video Control Board 
supports the arbitrary definition of symbols 
withikn the 10 x 15 cell. 
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Character Map 

The video display system refreshes data on the 
screen by a direct DMA transfer from the system 
memory to the CRT monitor. The area in memory 
reserved for this purpose is called a character 
map. 

A character map contains: 

0 8-bit character codes for each character 
to be displayed 

0 4-bit visual attributes for each char-
acter (unless character attributes are 
disabled) 

0 Cursor location for each line 

Both the size and location of the character map 
may differ for different application systems. 
The character map must be located within the 
first 128K bytes of system memory, above the 
operating system data area. 

Video Control Logic 

The video control logic resides on the video 
control board. Its basic function, among others, 
is to manage the transfer and translation of data 
from the character map in mainframe memory to the 
CRT screen. It does this one character-row 
(i.e., one row of characters on the CRT screen) 
at a time. 

There are three principal elements in the video 
logic that handle this function, as shown in 
Figure 8-1.: 

o Row buffers: Two buffers are used. One 
buffer receives a character row from the 
character map in memory while the other 
buffer reads data out to the Symbol RAM 
and the Attribute Logic. 

o Font RAM: This RAM on the video control 
board translates the symbols from the row 
buffers into an output data stream 
according to a font description. 

o Attribute logic: This combinatorial 
logic generates command signals to modify 
the output of the symbol RAM on a char­
acter-by-character basis before it is 
sent in a video stream to the CRT. 
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Roe Buffers 

There are two row buffers. During screen re­
fresh, one row of characters is transferred from 
the character map. in memory to one of the row 
buffers. Simultaneously, the contents of the 
other row buffer is read out to the Font RAM 
where it is translated to a dot pattern carried 
by the video stream to the CRT. 

This process continues through all of the char­
acter rows to be displayed on the screen. Then 
it automatically repeats itself beginning with 
the top row of characters again. While one row 
buffer is being written into, the other row buf­
fer is being read out of. 

In the DMA transfers from mainframe memory for a 
given row, all character data is first transfer­
red and then all attribute data (if programmed 
for use) is transferred. Each of the two row 
buffers can store 256 x 8 bits of character data 
and 256 x 4 bits of attribute data. Only 132 
bytes are typically used. The first word of data 
for each character row is reserved for a cursor 
address, in the event that the cursor is on that 
row. 
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The row buffers contain their own addressing 
logic for use in conjunction with the DMA trans­
fers. This logic is initialized whenever the 
read/write functions of the two buffers are in­
terchanged. 

Font RAM 

The Font RAM is a 4K-by-10-bit array in which 256 
characters can be represented as 16 10-bit words 
of font (dot pattern) data. One of these words 
is not used in the font information, leaving 15 
10-bit words to represent the 15-x 10 dot matrix 
of each character. 

The array is accessed for screen refresh and 
written into with the font data. It can also be 
accessed for reading of font data for verifica­
tion purposes. 

Refresh Cycles: During video refresh cycles, the 
character contents of one row buffer are read out 
to provide the high-order 8 bits of a 12-bit 
address to the Font RAM, as depicted in Figure 8-
1. The low-order 4 bits are provided by a scan­
line counter from a timing chain on the video 
control board. 

The scan-line counter counts from 1 to 15, out­
putting its count on the four low-order address 
lines. The 15 counts provide the address for the 
15 horizontal lines in the character matrix. 
This process is illustrated in the "Software 
Interface" section, below. 

The output of the Font RAM is a 10-bit-wide par­
allel data stream that is shifted serially 
through the output logic to the CRT. 

Writing and Reading: The Font RAM is written 
into from mainframe memory, typically by the 
operating system during system initialization. 
Reading of Font RAM data to the mainframe memory 
can also be done when verification of the array's 
contents is desired for diagnostic purposes. 

The software interface for the Font RAM is des­
cribed in a separate subsection, below, and is 
illustrated in Figure 8-5. 
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DMA Transfers 

Attribute Logic 

While character data is being read out of the row 
buffer to address the Font RAM, the associated 
attribute data is read out of the same row buffer 
into the attribute logic. Here, the attributes 
for each character are compared with screen 
attributes specified in the programmable Screen 
Attribute Register (SAR) to determine how to 
modify the outgoing video stream for a given 
character. 

Attribute modification, if applicable, is done in 
the output logic to produce characters which are 
in reverse video, blinking, underline or half­
bright. 

Screen Attribute Register (SAR) 

All refresh and Font-RAM transfers are controlled 
by the DMA logic. The only type of video-related 
transfer that is not controlled by the DMA logic 
is the control-status transfer between the CPU 
and the Screen Attribute Register, port 58. 

The Screen Attribute Register controls all video­
logic activity, as well as global screen attri­
butes such as blanking (clearing), reverse video, 
number of characters per row, half-bright and 
enabling of character attributes. The software 
interface for the SAR is described in a separate 
subsection, below, and is illustrated in Figure 
8-2. 

Transfer Control 

Video DMA transfers have the following character­
istics: 

8237 Block 
Function Mode Length 

Font RAM Demand 4K words 
(Read or Write) 

Refresh Demand 3 words* 

* Except first transfer for each char­
acter row, which is 4 words. 
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DMA transfers to or from Font RAM involve a 
single, continuous block transfer of 4K words 
between mainframe memory and the Font RAM. 

At the first initialization of the refresh func­
tion, the normal mode of operation, the DMA logic 
begins to continuously transfer the contents of 
the character map in 3-word blocks; i.e., the DMA 
takes the bus, transfers 3 words, releases the 
bus, then takes the bus again some time later for 
the next 3 words until all characters and attri­
butes for the row are transferred. With the 
exception of the first transfer in each character 
row, which contains 4 words, the character map 
length must be evenly divisible by 3 words, even 
if padding words are required. 

In both cases, the transfer block lengths are 
enforced by a ROM-based state machine on the 
video control board. This control logic holds 
the DMA chip's video-request line active for the 
appropriate block length, then releases it, then 
reasserts it for the next block of data. 

In refresh transfers the state machine causes the 
DMA logic to quickly fill up one row buffer in 
blocks of 3 words, then pause and wait for the 
other row buffer to be completely translated 
through the Font RAM. When this is finished, the 
DMA channel is switched by the state machine to 
fill up the just-read row buffer. When all char­
acter rows on the screen are transferred, the DMA 
autoini tial izes without CPU intervention to the 
first row and repeats the transfers for the 
entire screen. 

Bus Utilization 

Local address (LA) and data (MEM) bus utilization 
from video-refresh activity typically accounts 
for 10% to 15% of the total available bus time. 

The video requirement can be lessened signifi­
cantly by eliminating the use of attributes, 
which then do not need to be transferred from 
mainframe memory to the row buffers. This is 
accomplished by programming bit 2 of the Screen 
Attribute Register. 
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Software Interface 

The operating system and standard object modules 
permit initializing and controlling all hardware 
elements and display options of the video inter­
face. These system routines make use of the 
interfaces explained below. 

Screen Attribute Register (SAR) 

The 16-bit Screen Attribute Register, port 58, is 
used to control and monitor video activity. It 
accepts control information on its lower byte and 
provides status information on both lower and 
upper bytes. 

The bit assignments for the register, illustrated 
in Figure 8-2, are as follows: 

Bit 

F-A 

9 

8 

Function 

STATUS 

STATUS 

STATUS 

Meaning 

Not used. Normally 1. 

Screen refresh rate, as 
selected by a video-board 
jumper 
(0=50 Hz, 1=60 Hz). 

Not used. Normally 0. 

7 CONTROL/STATUS Screen half-bright 
(O=normal, 1=half-bright) 

6 CONTROL/STATUS DMA control (see Figure 
8-2). 

5 CONTROL/STATUS DMA control (see Figure 
8-2). 

4 CONTROL/STATUS DMA control (see Figure 
8-2). 

3 CONTROL/ STATUS Selects number of char-
acters per row 
(0=132, 1=80) 

2 CONTROL/STATUS Attribute enable (0) and 
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disable (1). When attri­
butes are disabled, they 
are not transferred to 
the video logic; this 
improves bus availability 
for other transfers. 



1 CONTROL/STATUS Screen reverse video 

0 CONTROL/STATUS 

(O=normal, 1=reverse 
video). This affects the 
entire screen. 

Screen 
play 
entire 
disable 
fers. 

blanking (1=dis~ 
images, O:turn 
screen off and 

refresh trans-

All control functions within the SAR are reset to 
zero by the system Reset function. 
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SCREEN BLANK (O=BLANK, l=DISPLAY)-----------­
SCREEN REVERSE VIDEO (O=NORMAL, !=REVERSE) 
CHARACTER ATTRIBUTES (O=ENABLE, !=DISABLE) 
CHARACTERS/ROW (0=132, 1=80) ----------. 

PORT 53 

OF DA 09 08 D7 06 05 04 D3 02 01 DO 
x x x x x x x Ix I I I I I I I J 

"------- ____ l 

"" 
COMTROL AND STATUS 

NOT USED, NORMALLY! 
NOT USED, NORMALLY 0 

,__ __ SCREEN REFRESH-RATE STATUS 
( O= 50Hz, 1 =60Hz) 

Figure 8-2. Screen Attribute Register (SAR) 
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Character-Map 

The character map includes the 8-bit symbols for 
all characters to be displayed on the screen. It 
may also include 4 bits of attribute data for 
each character. Bit 2 of the Screen Attribute 
Register specifies whether or not the attributes 
are present. 

The symbols for a given row of 80 to 132 char­
acters are followed immediately by the corres­
ponding at tributes. There are 34 rows on the 
standard CRT screen. 

The first word of the character map for each row 
is reserved for a cursor address, in the event 
that a cursor is located on that row. If there 
is no cursor on that row, its address is zero. 
All DMA transfers except the first one for each 
row are done in blocks of three words; the first 
transfer for the row (i.e., the transfer which 
includes the extra word for the cursor address ) 
is done in a block of four words. 

Padding of the character map is necessary if the 
total number of words to be transferred for each 
row (character plus attributes), after subtract­
ing the cursor word at the begining, is not 
evenly divisible by three. Figure 8-3 illu­
strates the necessary arrangement of the char­
a~ter map for 132 characters per row when 
attributes are included. Figure 8-4 shows the 
format for 80 characters per row. In both 
figures, the lowest memory address of the map 
represents the top-most character row on the CRT 
screen. Character and attribute numbering in 
these figures corresponds to column numbering on 
the CRT screen. 

Maximum memory space requirements for 34-row 
character maps, including cursor word and padding 
for both characters and attributes, are as 
follows: 

characters 
per row 

132 
80 

stored words/row 
symbol attrib 

66 
42 

33 
21 

full-screen 
memory space 

6800 bytes 
4352 bytes 

A symbol-address counter on the video board con­
trols all addressing of the row buffers when the 
row information is being sent from the mainframe 
memory. 
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LOW ADDRESS 

F 

HIGHER ADDRESS 

8 7 

(RESERVED) CURSOR ADDRESS* 
CHARACTER 2 CHARACTER 1 

CHARACTER 132 
ATTR. 4 ATTR. 3 

ATTR. 132 ATTR. 131 ATTR. 130 

(RESERVED) CURSOR ADDRESS* 
CHARACTER 2 CHARACTER 1 

CHARACTER 132 

ATTR. 4 ATTR. 3 ATTR. 

* ENTER ZERO IF THERE IS 
NO CURSOR ON THE ROW. 

0 

1 

FIRST 
CHARACTER 
ROW 

SECOND 
CHARACTER 

ROW 

Figure 8-3. Character Map Format for 132 Characters/Row 
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LOW ADDRESS 

F 

,..t, 

HIGHER ADDRESS 

Figure 8-4. 

8 7 

(RESERVE"D) I CURSOR ADDRESS* 
PAD WORD 
PAD WORD 

CHARACTER 2 I CHARACTER 1 

,..L 

CHARACTER 80 CHARACTER 79 

PAD WORD 
ATTR. 3 ATTR. l 

ATTR. 79 

{RESERVED) CURSOR ADDRESS* 
PAD WORD 
PAD WORD 

CHARACTER 2 CHARACTER 1 

CHARACTER 80 CHARACTER 79 

PAD WORD 

* ENTER ZERO IF THERE 
IS NO CURSOR ON THE 
ROW. 

77 

0 

A 

FIRST 
CHARACTER 
ROW 

SECOND 
CHARACTER 
ROW 

Character Map Format for 80 Characters/Row 
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Font-RAM 

The Font RAM translates eight-bit codes into 
video data according to the data in the Font RAM. 
The RAM is normally written into during system 
initialization. 

There is space in the Font RAM for 256 symbols. 
Each symbol has its font data encoded in 16 10-
b it words, one of which is not used. This 
corresponds to the 15 x 10 dot pattern of each 
character. 

The entire block of font data must be word-align­
ed, starting on a 4K-word (8-kilobyte) bound­
ary. Furthermore, the addresses in mainframe 
memory must correspond, in their low-order 13 
bits (bit 0 is always O), to the 12-bit addresses 
required for the Font RAM. Figure 8-5 illu­
strates the format of this addressing scheme. 

The top of Figure 8-5 illustrates the contents of 
the two mainframe buses during downloading of the 
character "E". The address on the local address 
(LA) bus is shifted one bit to the left so as to 
address only words. This shifting, which is 
performed transparently by the standard operating 
system and the hardware, is described in the "DMA 
Transfers" section of Chapter 2, under the sub­
section entitled "Address Generation". It is 
illustrated in more detail in Figure 2-11. 

The bottom of Figure 8-5 illustrates the addres­
ses generated by video logic for the Font RAM 
during a refresh cycle. The scan-line count is 
held constant until all characters in the row (80 
or 132) have been incremented to access the dot 
pattern for the next scan line over the entire 
row. The characters in the row buffers are 
therefore read out 15 separate times during the 
display of a single row of 80 or 132 characters. 
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F C B 
[xrx I xix I 

lA BUS 

5 4 1 0 ------ -- - ------:- -- ---T.fl 

0 1 0 0 0 1 0 1 0 0 0 0 
0 1 0 0 0 1 0 1 0 0 0 1 
0 1 0 0 0 1 0 1 0 0 1 0 
0 1 0 0 0 1 0 1 0 0 1 1 
0 1 0 0 0 1 0 1 0 1 0 0 
010001010101 
0 1 0 0 0 1 0 1 0 1 1 0 
010001010111 
0 1 0 0 0 1 0 1 1 0 0 0 
0 1 0 0 0 1 0 1 1 0 0 1 
0 1 0 0 0 1 0 1 1 0 1 0 
0 1 0 0 0 1 0 1 1 0 1 1 
0 1 0 0 0 1 0 1 1 1 0 0 
0 1 0 0 0 1 0 1 1 1 0 1 
0 1 0 0 0 1 0 1 1 1 1 0 
010001011111 

------- _4e----Ji 

ASCII 
Code 

Scan 
Line 

MfN BUS 

IJEDI CATED PARALLEL 
DATA LINES TO ·nm 
Sllll-T HEGJSTER 

Figure 8-5. Font-RAM Addressing and Data 
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OPERATION BY LOGIC BLOCK 

Bus Interface 

This section describes the hardware architectures 
of the video subsystem. A block diagram of the 
video control board is given in Figure 8-6. 

Concisely, the architecture supports local stor­
age of successive rows of character and attribute 
information. Each row is loaded through a DMA 
transfer from the system memory. The video board 
has access to the system's local data (MEM) bus 
and local address (LA) bus. 

The DMA transfers are synchronised to the CRT 
horizontal and vertical scanning rates. 

The character rows are double-buffered to allow 
for simultaneous screen refresh while loading the 
buffer for the next row. 

Output from the character row buffers is pipe­
lined to the Font RAM and forms the RAM address. 

The RAM output contains the actual character data 
and is converted to a serial form and combined 
with attribute control lines to form the video 
stream for the CRT monitor. 

All data, status and instruction transfers to the 
video board occur over the local data bus. Under 
DMA-logic control, data is clocked into a 16-bit 
holding register whose outputs can be multiplexed 
onto the lower 8 bi ts of the D-bus, as shown in 
Figure 8-7. The D-Bus is used for loading the 
Font RAM, row buffers and cursor-position holding 
register. When the Font RAM is read to mainframe 
memory, data is transferred from the Symbol Bus 
to the lower 10 bits of the MEM bus. The Screen 
Attribute Register is loaded and read directly 
from the MEM bus under programmed I/O control. 
See the schematics at the end of this chapter. 

D-flip-flop 6H, clocked by VERBLANK+, synchron­
izes the output from bit 0 of the Screen 
Attribute Register (GBLANK-). Thus, unblanking 
of the screen begins only at the start of screen 
refresh cycles. 

8-16 



MEM-Bi.t 

~- f!.i.is - -c;0-..:.. oq---- - -- -·- --· ------ -· ... -··-.. ---··----·-··------· ------·-····· - ·--
- . - ':) 

--~ 'iib .. 1 ~R¥2 A A"i.C.,&1A:i'. i:..A Ft-'" w;. A 
'I 

0 (\) - I 

I cue=-...£:£ €a:;. I>. 
I 

::!:_,,_ fA I I 

il [ -'>j_A i 
r---i 

d· Qfll 
.... cc: [)O :----- Ct' ~J P1PE"t...•NE. 

1) ~c; ~ ts:; 1$ "Tl: .c: 
_,.._ f---1 LJ 141 

~-~/ b ~ f---, 
..... ' A---nt. e.1.Ari:: !>ts - Iii l!!.S.DG: -1!> _)I D ~ 4 Art0-A..-o3 --

.______.. 
L.-..--J 

s ..----. O-f!,1AS D<l>- C>'7 Bst>-£!,i.4~ E°..,AIW,£ .c..,,ibolt 

r---1 ,I 
M£M9'-~~ f--J 

....----. 
~I 

~I -
~ dt 

ll»D"'1, ;7 ")I 0 ~ ~ v < > ..... ~ 1 
'V \L 

~1l 
_V_ v t>~ 

.......___. 

r;O 
D% Oo - DI a1J 

A ~ l=otV"T A~1BuTE cu~ l:?EQB. 
..--- "'SA-SIAS 12) A RAM Loc. ic. 

_,.., ~ Co11111!cn_ 
RON Su Fft'2 e, A~ &J.F~Ei.. B.. 

J -~SAR "' - 11 ....---
Jo....,A ~{b"TUS .,,,) 

...___ ....... cu~-&.-s,... Do 1 A·B .D ~ r---1 
A~A l\b.Dl2e5.5 M~. A~ A r,::::> e, 

r--- l ~ 
IO S'f'M-bts [s 

.A. K'" 
l~ ~] ~ 1 v ~ -<} I\ _{} ____i1_ OOMPAeAToe -- TTL - ECL ~SL.Al?:>~ 

Jh .____.. 

iI s 10 

I _.,.,,,,,,. v ft>· ~ ~ Ri:a1~T£R.. 
SVMi!oL-1 

~ 
A 

.------, ADoCZ.E:SS 

sv!c.w:: 
10-1!.rr SH•Fl~ 

~. .A. s 

I I LA-Bus 
r ~[) ct iZ Syr.ic.u:.. Plcc:u: O<.\.~"T 

'V" 

I 
t..oe.1c 

Wlr.i!) 5'1M121- 5Yr-1"'1 
...___ 

- 1"1'r-E.2FACE 
i 

BUNl::Cu2. ~lHl) 

r 
_L ~Nl:ATT I Hi) 

CorJC>1nOoJ -~i.ECL. 
VIDEO ~ 2EF-e6SH €CAil-LiN~ RoN - 732/7b4 J[ CL.CCI:: ~ -:- 10 AD.c:l2.E:S.5 1--- AI:>De;:;:ss !-------< COU"'1£~ I--

~~ ! l 
---""'.I ~ A 

~OM 
- Do 

ZS'-.,.. '2...o 

A Do 

MA11\l Cor.Jl'Qo L 

rm... s- z.o - so 

MtC.\.t. 

SYM<:\.IC.. 

J, 
'11 

ffo~ 

w;~ -
/:It! (31 .. 5 t~:s) 
/)I(, ( E>D~~) 



MEM-BUS 

1 

MEM8+ 
MEM9+ D Q 

MSB 
2 Q 

16 

Q 

LSB 

D 

CL 
RESET- _ _. 

.~-<J-
E 

( GACCS. IOR) 

09+ } TD SYMBOL RAM 
08+ 

D-BUS 

SCREEN ATTRIBUTE REGISTER 

SCREEN ATTRIBUTES 
& <;ONTROL 

STATUS I CONFIGURATION 

SYMBOL-BUS 

Figure 8-7. Bus Interface 

8-18 



Row Buff ~rs 

The two sets of row buffers (character and attri­
bute) are shown in Figure 8-8. A character row 
buffer contains 256 bytes and an attribute row 
buffer con ta ins 256 4-b it nibbles. Each char­
acter occupies 1 byte and each attribute occupies 
1 nibble. During screen refresh, one set of 
buffers is written into while the other set is 
read out of. This process continues through all 
of the character rows to be displayed on the 
screen. The process repeats itself beginning 
with the top row of characters again. The signal 
to switch roles of the row buffers comes from the 
video timing chain just as horizontal blanking 
begins at the end of a character row. Flip-flop 
H6 converts this signal (ROWCLK-) to control 
lines SELA- and SELB-. 

Loading the Rov Buffers 

Transfers of data into the row buffers proceeds 
as follows: 

o The state machine (see "Main Control," 
below) loads the symbol address counters 
3C and 4C with a starting address and 
issues a DMA transfer request. 

o In response to a DMA acknowledgement, the 
bus control logic splits incoming words 
into successive bytes and writes them to 
the D-Bus. 

o The state machine provides write signals 
which store these character bytes in the 
charater row buffers and increment the 
symbol address counters. Each three-word 
burst in a DMA transfer contains six 
characters. 

Character data always precedes attribute data for 
any given row, and at tribute data may be sup­
pressed in order to reduce bus utilization. If 
attributes have been suppressed (NOATTR - assser­
ted), the transfer is terminated after characters 
have been loaded. Otherwise, the symbol address 
counter is again set to its starting address and 
data transfer continues as before except that 
words are broken into nibbles and written into 
the attribute buffer (9C or 9D). 
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Attribute Logic 

Reading out the Row Buffers 

The symbol refresh counter in the video timing 
chain provides column addresses for reading out 
the row buffers. The output is a twelve-bit data 
stream (BSDO ••• B+) composed of the character and 
attribute to be displayed during the subsequent 
period of the symbol clock. In order to allow 
for RAM access time, data carried by BASO ••• B+ is 
pipelined. Register 11D is used to pipeline 
BSD8-BSDB+ (the 4 attribute bits) and 11E is used 
to pipeline BSDO-BSD7, the 8 bit character 
code. The output of this latter pipeline 
register becomes the higher-order 8 bi ts ( SA4-
SAB) of the symbol address bus. (See Fig. 8-8) 

The attribute logic is responsible for the gener­
ation of control signals used to alter the output 
video stream. These signals are generated in 
response to inputs from the attribute bus (from 
the row-buffers) and also from the Screen 
Attribute Register. They are used to turn the 
video stream on, off inverted, or intensified, 
depending on the logic sense of these signals. 

In addition, timing signals are also input to 
this logic: horizontal and vertical blanking, 
EOP and both a 2-H3 and 1-H~ clock signal for 
cursor and blinking, respectiv~ly. 

The output control signals function as follows: 

EINTENSIFY+ 

ER EV ID+ 

EC UR SOR-

E(BLINK + 
UNDERLINE) + 
and EBLINK 
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Used to alter the intensity 
of the video drive (becomes 
VIDEO B). 

Used to invert the 
(except 

Thus 

video 
for 

yielding 
stream 
blanking). 
reverse video. 

Used to turn on the cursor 
(exclusive OR'd with video). 

Both are used in conjunction 
to turn the video either on 
(for underline) or on and off 
(for blink). 



Video Generator 

When both the cursor and the underline are used, 
each uses the decoding of scan line 13. 

Correspondence between the four character attri­
butes and the attribute bus is as follows: 

Cursor control 

ATTO-Half bright 
ATT1-Underline 
ATT2-Reverse video 
ATT3-Blink 

Cursor registers 14F and 15F provide double-buf• 
fering of cursor-position information. While one 
of these is being used for cursor control within 
the present row, the other is being loaded with 
cursor data pertinent to the next row. ENCUR­
(Enable Cursor) is active whenever the column 
bus, COLO ••• 7 +, po in ts to the address stored in 
the cursor register being used for the present 
row. Generation of COL0 ••• 7+ is discussed below 
in "Video Timing Chain." ECURSOR- (Display Cur­
sor) is asserted whenever all of the following 
conditions obtain: 

ENCUR- is active 
BLINKCUR is high 
LIN0 ••• 3+ points to scan line 13 

BLINKCUR is a 1.9Hz square wave generated by the 
video timing chain. 

Figure 8-9 is a block diagram of the video gen­
erator. 

The Font RAM is the 4K-word by 10-bit lookup 
table described in "Software Interface" above 
(see Figure 8-5). During refresh operation, 
address inputs for the Font RAM come from pipe­
line register 11E and 11D. These registers com­
bine the line-count bus (LINE0 ••. 3+) with part of 
the buffered-symbol-data bus ( BSDO ••• 7+) to form 
the symbol address bus (SADO ••• B+), which addres­
ses the Font RAM. Data outputs of this RAM com­
prise the Symbol Bus (SYMO ••• 9+), which trans­
lated through 6G and 8G into ECL signals. These 
signals are loaded by ESYMCLK- (synchronous with 
EPXCLK-) into registers 4G, 5G and 7G, which 
perform parallel-to-serial conversion of the data 
stream. ESYMVIDEO+, the serial output, is 
synchronous with the pixel clock (EPXCLK+). 
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Gates 2G and 3G transform the video data stream 
as necessary to implement reverse video and blink 
attributes as well as cursor display. The attri­
bute holding register (1E and 2E) is designed to 
assert attribute signals synchronously with the 
corresponding bits of ESYMVIDEO+ from register 4G 
pin 2. Propagation delays involving these sig­
nals are carefully matched. 

There are two outputs from the video generator: 
EVIDEOA drives the cathode of the CRT, and 
EVIDEOB controls the level of drive and thus the 
intensity of the electron beam. 
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D-BUS 
ATTRIBUTE BUS 

DI UNDERLINE 
SA-BUS CURSOR ENABLE 

GB LANK 
FONT REV ID 
RAM LINK 

INTENSIFY 
LA-BUS 

DO 

SYMBOL-BUS 
TO BUS INTERFACE 

PXCLK OUTPUT VIDEO A (NORMAL) 
SYMCLK LOGIC VIDEO B (I NT ENS IFI ED) 

Figure 8-9. Font RAM, Attribute Logic and Video Output 
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Main Control 
I 

The main control logic consists of a 
microprogrammed state machine, as shown in 
Figure 8-10. There are 128 states and the 
output word size is 20 bits. 

7 bits are used for next address generation, 
4 bits are used for selection of input 
qualifiers. The remaining 9 bits are used 
for output controls. 

The functions performed by the control logic 
are listed below: 

(i) Decode WRENO-WREN2 and generate 
requests. Respond 
request/acknowledge handshake 
EOP. 

DMA 
to 

and 

Synchronise DMA transfers with 
horizontal and vertical sync. 

(ii) Generate appropriate read and write 
strobes for: 

Write to character row buffers 
(AROWWR, BROWWR) 

Write to attribute ROW buffers 
(AATWR, BATTWR) 

Write to Font RAM (OSYMWR) 

:Read Font RAM 

Increment 
counter. 

and load symbol address 
(INC+, LOAD A) 

Figure 8-11 is a simplified flow diagram 
that shows how the controller synchronizes 
DMA transfers and generates timing signals 
for most data transfers involving registers 
on the video board. 

Figure 8-12 lists the states and associated 
functions of the WRENO-WREN2 control lines 
that are used to generate DMA requests. 

The microprogram is contained in ROM chips 
A11 through A15. Definitions of the signals 
which serve as inputs are presented in 
"Input Qualifiers," below, and a detailed 
state d iagl'am is appended to th is chapter, 
as Figures 8-17 through 8-19. 
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INPUT 
QUALIFIERS 

MUX 

CONDITION 
CODE 

CLOCK- lOMHz 

~-J........~ ROW BUFFER Q ~ STROBES & 
CONTROL 

~/REN 
C:2 AUXILLIARY 

Q WRITE STROBES 

Q-2========:> DATA PATH CONTROL 
Q -~2 ~ RSW BUFFER ADDRESS 
O C NTROL 
. 4--i---i I 

Q OMA REQUEST 

NEXT ADDRESS 

Figure 8-10. Block Diagram of Main Control Section 
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WREN2+ WREN1+ WR ENO+ 

0 0 0 NORMAL DMA refresh if not GBLANK 
0 0 1 OSYMRD DMA read from Font RAM 
0 1 0 (Reserved) 
0 1 1 (Reserved) 
1 0 0 OSYMWR DMA write to Font ~AM 
1 0 1 (Reserved) 
1 1 0 (Reserved) 
1 1 1 (Reserved) 

Figure 8-12. DHA Request Control Lines 

8-28 



The Microcode Word 

Figure 8-13 describes the 20-bit microcode word, 
which is composed of seven sections: 

1. Row Buffer Strobes and Control: The 3 
bits decode to generate write strobes 
for the row and attribute buffers to 
load the cursor address. In addition, 
strobes can be generated to set the DMA 
WAIT flag, to stop DMA transfers and to 
flag the error recovery state, 'ERROR'. 

2. Data Path Control: These 2 bits are 
decoded to select higher and lower order 
bytes of the MEM-BUS for row-buffer 
loading and associated higher and lower 
order 4-bit nibbles for attribute 
loading. 

3. Aux ill iary Write: This bit is used in 
conjunction with WRITE-enable bits WREN1 
and WRENO to generate write strobes for 
the Font RAM. 

4. Row-Buffer Address Control: The 2 bits 
are decoded to allow clearing, 
preloading and incrementing of the row­
buffer address counter. This is used 
during DMA transfers to the row buffer 
and attribute buffer. 

5. Condit ion Code: The condition code is 
used in conditional jump instructions 
and is used to select one of 13 input 
qualifiers. 

6. DMA Request: This line is asserted when 
the controller wishes to initiate a DMA 
transfer to or from the video sub­
system. The DMA REQUEST line sets the 
VIDEO REQUEST FLAG. This flag is reset 
at the end of a DMA transfer (provided 
DMA REQUEST is not still asserted) or by 
issuing the STOPDMA command from the 
state machine. 
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MSB 

l 7 4 

.__ OMA REQUEST 

.___ ___ NEXT ADDRESS 

LSB 

......_ ROW-BUFFER STROBES & CONTROL 

000 ROW WRITE 
001 ATTRIBUTE WRITE 
010 LINE ATTRIBUTE WRITE 
100 SET \~AIT (FOR OMA) 
101 STOP OMA 
110 ERROR FLAG (DURING OMA RECOVERY) 
111 NOOP. 
DATA CONTROL PATH 
00 MSB, MSf:.l 
01 MSB, LSN 
10 LSB, MSN 
11 LSB, LSN 
AUXILLIARY WRITE (FONT RAM etc.) 

ROW-BUFFER ADDRESS CONTROL 

00 CLEAR ADDRESS COUNTER 
01 LOAD ADDRESS COUNTER 
10 INCREMENT ADDRESS 
11 NOOP. 

CONDITION CODE 
0000 OMA READY 
0001 ROW ADDRESS FULL 
0010 ROW ADDRESS HALF FULL 
0011 END OF ROW 
0100 END OF FRAME 
0101 EOP (OMA) 
0110 BLANK 
0111 CONTINUE (UNCONDITIONAL) 
1000 AUX! LLIARY 
1001 WREN2 
1010 WRENl 
1011 WREN0 
1100 NO ATTRIBUTES 

Figure 8-13. Microcode Word 
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1. Next Address: These 7-bits are used 
to select the next address for the 
state machine. The least significant 
bit of the next address is selected 
according to the state of the input 
qualifier selected by the value of 
the condition code. 

Input Qualifiers 

The twelve input qualifiers which serve as inputs 
to the controller are described below. Six of 
these signals come directly from the control word 
which the CPU writes to the Screen Attribute 
Register (NOATTR, BLANK, WRENO-WREN2, AUX); two 
signals come indirectly from the 8237-2 DMA chip 
on the processor board (EOP,DMARDY); and the 
other four signals inform the controller when key 
events take place on the video board 
(FULL,HFULL,ROWEND,FRAMEND). Because some of the 
input qualifiers are derived from signals which 
are not synchronous with MEMCLK+, the main 
control section D-registers B10, D15 and part of 
A10 are used for synchronization. 

Definitions of the input qualifiers are as fol­
lows: 

NOATTR- (No Attribute): This signal corresponds 
to bit 2 of the Screen Attribute Register (See 
Figure 8-2). Assertion of this signal causes the 
controllers to omit the DMA transfer of character 
attributes to the attribute row buffers. The 
screen attributes are not affected by this 
signal. 

BLANK- (BLANK): This signal corresponds to bit 0 
of the Screen Attribute Register. Assertion of 
the signal causes the controller to stop all DMA 
transfers. While GBLANK is asserted, the 
controller is able to write and read the Font RAM 
but it cannot perform DMA transfers to the 
character or attribute row buffers. 

BEOP- (Buffered End Of Process): This signal, 
generated from the DMA control, is asserted after 
the last word has been transferred from the 
character map for each frame. Following BEOP, 
the screen is blanked and the controller waits 
until the end of the frame (FRAMEND) before 
initiating transfers for the next frame. BEOP 
should occur after a 3-word burst at the end of a 
row. If it occurs at any other time, an error is 
flagged (ERROR FLAG) and the state machine 
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l"esynchl"onizes 
FRAMEEND. 

to the next EOP following 

WREJN!O+e .... 2+ (Write Enable) g These lines cor­
respond to bits 4 through 6 of the Screen Attri­
bute Register. See Figure 8-12. 

AUX- (Auxiliary) g An "auxiliary" function, such 
as reading reading or writing the Font RAM, 
corresponds to any of WRENO+ ••. 2+ being active. 
The function is inactive when WREN0+ ••. 2+ are all 
zero. 

DMARDY+ (DMA Ready) i This line indicates that 
the DMA chip has acknowledged a request for data 
transfer (issued by the video board) and has 
transferred a word of information. 

FR.AMEND+ (Frame End)g The low-to-high transition 
of this video timing signal indicates that the 
last row has just been displayed. This transi­
tion coincides with the start of the vertical 
blanking time. 

ROWEMD- (Row End): This timing signal goes high 
at the end of each character row. 

FOLL+ (Full): The symbol address counter asserts 
this signal when DMA transfers have loaded all of 
the characters in a row into the row buffers. 

DATALD- (Data Load) g DATALD is effectively the 
logical AND of VIDACK (from the 8237 DMA chip) 
and IOW. Thus the trailing edge signifies the 
completion of a data transfer from system memory 
to the video control board. DATALD is 
synchronized in B10 to produce DMARDY (B10-8) 

Controller Operation 

The following discussion is a description of the 
state machine programs to load and read the Font 
RAM and to load the character and attribute row 
buffer. See Figure 8-11 for a simplified flow 
chart and Figures 8-16, 8-17 and 8-18 for a 
state-by-state flow chart. 

While GBLANK is asserted, the screen will be 
blanked and no DMA transfer to the new buffer can 
take place. If the AUX qualifier is asserted, 
however~ a read or write to the Font RAM can take 
place (determined by the state of WREN2). 

In either case, latches G14 and G13 are enabled 
in order to allow the symbol address (SA-bus) to 
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be generated from the local address (LA) bus. 

To write to the Font RAM a DMA request is 
generated (DMAREQ) by the video controller. This 
request remains asserted during the total 
transfer of Font data. The logical AND of VIDACK 
and IOW (from the DMA chip) gives DATALD, which 
is used to clock data from the MEM-bus to 
registers F11, F12 (and thus on to the D-bus) and 
also to latch address data into latches G14 and 
G13. 

DATALD is synchronised to the controller clock to 
yield DMARDY. Receipt of this signal causes the 
controller to generate the write strobe, AUXWR 
(OSYMWR), to the Font RAM. The process repeats 
until EOP is received from the DMA chip 
signalling the end of Font data. 

At this point, the controller clears the DMA 
request flag (STOPDMA) and waits for the AUX 
command to be cleared before returning to the 
start of the program. 

In order to read the Font RAM, DMAREQ is again 
asserted. The receipt of an acknowledge from the 
DMA chip causes the address latches G14 and G13 
to be made transparent by the command line SYMRD. 

The logical AND of SYMRD- and IOR- given SYMEN-, 
which is used to enable buffers G11, G12 to 
present data out of the Font RAM (SYM-bus) to the 
MEM-bus. The DMAREQ remains asserted until EOP 
is received, signifying that all data has been 
transferred. 

Again, the DMA request flag is cleared and the 
controller waits for the AUX command to be 
cleared before returning to the start of the 
program. 

In order to write data to the row buffer, GBLANK 
is de-asserted. Clocking of D-reg i st er H-6 by 
vertical blank ensures that the assertion of 
GBLANK occurs only at the beginning of vertical 
blanking. The symbol address counter is 
initialized to the row buffer starting address 
(LOADA) and a DMAREQ is issued. This request is 
maintained while the cursor data (LATWR) is 
loaded and also the character-row-buffer data is 
loaded (ROWWR). In the case of the row-buffer 
data the request is asserted for 2 words of a 3-
word transfer; on the third transfer the request 
is removed, resulting in the release of the DMA 
logic from video transfer at the end of the third 
row buffer data word. 
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Timing chain 

At the end of a 3-word transfer, the controller 
checks to see if the row buffer is full (FULL). 
If not, another 3-word transfer is initiated and 
the process repeats (except for the loading of 
the cursor) until FULL is asserted, thereby 
signaling completion of character data transfer 
for the first row. At this point the controller 
checks the NOATTR line to determine if attributes 
are to be transferred. If this is de-asserted 
(attribute to be transferred) the controller 
initiates a series of 3-word transfer for 
attribute data and on each transfer generates the 
write strobe, ATTWR, for each 4-bit nibble of 
each word. As in transfers of character row­
buffer information, the request is removed at the 
end of the second transfer, releasing the DMA 
logic to service other DMA channels. 

When the attribute row-buffer is FULL (or if 
NOATTR is asserted) the controller has completed 
all data transfers for the row and waits for the 
end of row qualifier (ROWEND) to make a low-to­
high transition. 

At this point a check is made of both end of 
frame (FRAMEND) and EOP. In the former case, the 
controller returns to the start of the program 
and begins transfer for the next frame. In the 
latter case, the presence of EOP causes the 
screen to be blanked until FR AMEND is asserted, 
causing the controller to return to the start of 
the program. If neither is asserted the state 
machine returns to the start of the program for 
the next row of data. 

A check is made for EOP at the end of each DMA 
transfer. EOP should always occur at the end of 
a character row when all character and attribute 
data has been loaded. If EOP occurs at any other 
time, this signals that an error has occurred in 
the transfer and that the controller has lost 
synchronism with the CRT timing as defined by 
ROWEND and FRAMEND. Under these circumstances a 
series of single-word transfers are initiated 
until a subsequent EOP is detected. At this 
point, the controller stops all transfers and 
waits for ROWEND and FR AMEND before jumping to 
the start of the program and continuing row­
buffer transfers. 

The timing chain generates the 
used to drive the display and 
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video control board operations. Figure 8-6 
includes a block diagram of the timing chain and 
Figure 8-15 summarizes timing parameters. 

Crystals Y1 (31.185 MHz) and Y2 (51.975 MHz) 
control the frequency of a switchable dual os­
cillator. The input to gate F4 (pin 13) comes 
from the MODE A/B output of the SAR and enables 
either the Y1 oscillator or the Y2 oscillator in 
order to generate the video clock corresponding 
to the current mode (A or B). 

This clock is an ECL signal called EPXCLK+ (gate 
F4 pin 2). The period of EPXCLK+ corresponds to 
the time which elapses while the CRT displays a 
single pixel. ESYMCLK-, the symbol clock, is 
obtained by dividing EPXCLK+ by ten. Since each 
character is ten pixels wide, SYMCLK repeats on a 
character-by-character basis for each scan 
line. Transistors Q1 and Q2 are used in an 
emitter-coupled configuration to translate this 
clock to produce the TTL clock SYMCLK-, which is 
used in the video generator and drives the rest 
of the timing chain. 

Chips B2 and B4 form the divide-by-N symbol coun­
ter whose outputs form the column bus 
(COLO .•. 7+). A7 is the line counter, which gen­
erates LINE0 •.• 3+ as the video logic produces the 
fifteen lines that form a row of characters. The 
row counter, B7 and B8, divides by 35 or 42 when 
the raster display rate is 60 or 50 Hz, respec­
tively. 

PROM B1 generates horizontal blanking and hori­
zontal drive signals as a function of 
COLO ••• 7+. PROM B9 generates vertical blanking 
and vertical drive signals as a function of the 
row counter outputs, and it also configures the 
row counter as required for 50 or 60 Hz op­
tions. Latch B6 synchronizes blanking and drive 
signals with respect to the symbol clock 
( SYMCLK). 

PROM B3 sets the preload for the counters B2 and 
B4, depending on the sense of the MODEA/B line 
(either 132 or 80 characters per row). Thus, the 
divide ratio is altered depending on the mode 
such that HORDR remains constant at 31.5kHz. 

Differential line driver H3 transforms the TTL 
signals VERDR+ and HORDR+ into balanced 
differenctial signals which are sent to the video 
displayo These signals, LHORDR and LVERDR, 
provide horizontal and vertical synchronization, 
respectively. 
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Mode 
Parameter 

Frame refresh rate (Hz) 
Horizontal scan rate (KHz) 
Video rate (Mbits/sec) 

Total scan lines/frame (60Hz) 
Total character rows 
Visible character rows 
Total horizontal dots 
Total horizontal characters 
Blanking characters 33 

80 

50/60 
31.500 
51 • 975 

525 
35 
34 

1650 
165 

19 

Horizontal blanking time (uSec) 6.35 
Vert. blank time (uSec, 60Hz) 476.19 
Vert. blank time (mSec, 50Hz) 3.81 

50/60 
31.500 
31 • 185 

525 
35 
34 

990 
99 

6.09 
476. 19 

3.81 

All frequencies are crystal controlled to within 
.01%. 

Figure 8-14. Video Timing Parameters 
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REFERENCES 

Edge Connector Pin List 

Edge-Connector J6 

Pin Signal 

1 +5V 
2 +5V 
3 +5V 
4 +5V 
5 -12V 
6 -12V 
7 GND 
8 
9 MEMCLK+ 

10 MR-
1 1 EOP-
12 GACCS-
13 RESET-
14 !OW-
15 
16 VIDRQ+ 
17 VIDACK-
18 
19 
20 
21 
22 
23 
24 
25 
26 MEMF+ 
27 MEME+ 
28 MEMD+ 
29 MEMC+ 
30 MEMB+ 
31 MEMA+ 
32 MEM9+ 
33 MEM8+ 
34 MEM7+ 
35 
36 MEM6+ 
37 MEM5+ 
38 MEM4+ 
39 MEM3+ 
40 MEM2+ 
41 MEM1+ 
42 MEMO+ 
43 
44 WAIT-
45 
46 IOR-
48 LAF+ 
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Pin Signal 

49 LAE+ 
50 LAD+ 
51 LAC+ 
52 LAB+ 
53 LAA+ 
54 LA9+ 
55 
56 LA8+ 
57 LA7+ 
58 LA6+ 
59 LA5+ 
60 LA4+ 
61 LA3+ 
62 LA2+ 
63 LA1+ 
64 LAO+ 
65 
66 
67 +12V 
68 +12V 
69 +12V 
70 +12V 
71 
72 
73 
74 
75 not used 
76 not used 
77 +5V 
78 +5V 
79 +5V 
80 +5V 

Video-Connector P3 

Pin Signal 

1 EVIDEOA+ 
2 GND 
3 EVIDEOA-
4 EVIDEOB-
5 GND 
6 EVIDEOB+ 
7 NC 
8 NC 
9 GND 

10 GND 
11 LHORDR+ 
12 LVERDR+ 
13 LHORDR-
14 LVERDR-
15 GND 
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Pin Signal 
~ j 

16 CRT OK 
17 
18 GND 
19 
20 

Jumper 

OQtion D-E 

601iz open 
50Hz closed 

Test points 

I/O Port Address 

The screen attribute register is po~t 58. 

8-54 





,-'I' 
I 

~------'( 

(W~rTE) 

y 

y 

1 

w--, 

Lo.A.DA 

N 

y 

L1NE A~tBv.TE 'DMA ~ 

Av"x 1 : ... u AQ y ~ 'J c.T)Or¥: 



~r.J-Bi.tffio~ 'DMA '§ 

E2.'2oe. C.ONDmON.S 

y 

..... 

y 

N 

,,_ 

Y-------- -----

~ tx:./DD 

ERR.i::~ 
9mPDMA 

® 
I 



3 

'{ 

N ... 

... 

.. 

D& 

FLoN CHAe..T 



D 

c 

B 

A 

8 7 I 5 4 3 

14G 
74LS373 J11 

JE.-"3 D ~~~: :~ D \I Q !-:-~+---~-:-~-: ".-
J&-GZ......, D Q l--+---5-A_2._•_"-. 
Jl>-l>I ~ LA3• I.+ 0 Q 1-l.:...5+----'-"-'---

~~L~A~4..:__• __________________________________________ ~13:-t 0 o1-l~Z+-__ S_A_3_•_"-

JE.-W::::: LA5+ 3 l SA4• "-. 
Jfi-.59 LA6+ 4 o o 5 SAS•"- II 
J6-5B ::::: LA7+ 7 ~ : 6 SA6+". SA4+ 5 a " o 4 8500)1 
JE.-57 ::::: LAB+ B 0 Q g SA?•"- V SAS+ 2. Q 0 3 BSDl'/1 
J&-56 ::'.' LA9 + ". V SA6+ 6 0 D 7 6502~ 
JE>-54....., LAA+ -y1 V SA7• 9 a 8 B503JI 
J&·!>3 ~LAB.:...------------------------------------------. 11 VSA8• IZ a ~ l:i BS04y 

J6-5Z ::::. LAC• v 5A9• 15 Q D 14 asosy 
J6-51 ...... r11 V,SAA• 16 a 0 ~D~y 

,J6-'IZ <:.>-~[~?: J11 ~ } ~ V: ~~---~t~ ~-~~H·~-,-~~'-a--.~o_. 1 ~---t1~~2' 
J6 - 41 <- MEMZ• "1"'----...,3:-10 v Q'-2. ___ o_o_• 4 5 ~AA·~ 74L5314 
Jb-4D<<:::=>-M__:;Ec;cM.;;:3:..+ _____________________ -...."! f'- 4 D Q '-S"'--__ D_I•_"'\ L---+.--3-1u a 2. SAB•~ 

J6-39 <-. MEM4 + '\,,I'.. 7 0 0 1-6 ___ D_2.A_ D O "'\ 

SYMCLK- ~ 
.A 

B50•BUS 

1C BC 

c 

J6·.38 <-. MEMS+ "-. !'\.. 8 D a i.:9:___00.:...34_:"--.. ~ 12. 11 13G ~ SA• BUS • 6 

Jb·J7 ..._.. MEM6+ '\I'-. IS D 0'-19----'' -:»7,-H ___ __.74L5373L-- ~=====::!::=======~:oc .;c 
J6·36 < '\. I'-. 11 D Q 16 05•"""- 74504 Jb-34C~M=EM;:.:_:_7_• ____________________ ~....._" "- 14 

0 
Q 15 06•"""-

'I'\. O•BUS 
!'\.. 13 D Q 12. 07~;:::::!=======================::!=::!=::=::===::===================~~ 

'--~--' 12.F 11 74L5374 LSB-
L--L--------------+-4-----------__.~---~ 5 • '--------1 10 OB 

Jl>-33 <:.._..'"">...;M.:c.E=.M:.:.:..=9_+ ---------------------..--.._ II SV MEMS• f 1fi 
' T7 8H R2.I j' ~:~~~ MEMA+ '- t--. _____ IB_, D v Q 1

1: DOOi •\ 74LS74 _,.I~"''- IOG 

• 5V l '-----C-c> Pi - IB 

DATALD- s 
8C 

MEMB ". I'\ 17 D Q u ~ 'Vvv 7 00 + Q '-l-'-5-~0-.,•-"' 10 . . . 4L5 J6-30~·"'.:::..-------------"'-----------.."'\ f\- 14 D "-' ' 

J6-Z9<- ~~~~: '\ t\ 13 0 12 030- __ i.;.12:::.io S Q~ D9•1471 

~ R6 
~ IK 

PULL UP• rs71 
~---4------------~ 

J6 lB~ 3 Q ., 04+' ~ ~ 
J,,:.,1 ::. MEME+ '\f\-'---+--+---iD Q 5" OS~ ..-Y, .-+--2-i~f-s _______ A_u_x_·~ 506 

D ' - MEMF+ " I'. 4 D ~ 
Jo-26 <<=~=~---------------------...,', ~..... 7 D Q 6 060 l3 

)', 6 D Q 9 07;" 4 

~M==·=B=US======~ GI llF """ ~D SQ~ 
3....... - 6 

r-y c:. Qh AUX- 5 
~150~-------~ 

JG-14 

5 
8< 

I"-.'\ t- '--jV---'74L5374 3i..._ f~ 
I " J\-SYMO• 17 ~ MEMO• 1 1 -1 '-=-y c. 

OUT- l'\..SYMI• 15 5 MEMI• "> I 8H ~ 
l'\..5YM2.• 13 1 MEMF""'\ 111 l 14LS74 ~ M~B- 4 5 

l'\..5YM3• 11 9 ME_~ MEMO• 3 V 2 13E '------------4----+------------41>---- es ,, 
"'5YM4• Z --tr- 18 MEM4• " V MEMI+ 4 D G ~ 74LS273 llC SYMRD-
"'-5YMS• 4 16 MEMS•". V MEMZ• 7 o Q ~- 74LSl39 '----;_~>>Pl-IS 

'--+----' 74LS74 CP• 5 . z 

~D ac 

12.....---.. 
r- 13J \.J.!_ 

130 .r,c 
74L52.44 74LS32. 

"'SYM6• 6 14 MEMG+ "'\! V MEM3• 8 D a~ 
"'5YM7• 8 12 MEM7• "! V MEM4+ 18 o a 19 z 

130 126 ·~ V MEMS• 17 ~ ~ ,_16_,__..._~-----3-'~ 

74LS2.44 74L5Z44 Lil9 V MEM6• 14 D GI 1-154-+-1--4-+-4---l.<Jr:. 

4 ESAD- f671 
YO 1>5--S~----9----------+-·9---------~~ 
YI 6 4°1 6 8 I IO~-- IOC ~ 

7 IOG IOG 13F 

J6-13 ,_. - ~ V D 0 
RESET 11~ J VMEM7• 13 ll 

_i!._19 

yz ~ 10 ? )1>-3-+--"~-<:L..-./~ 74LS3Z. 

Y3~ 74L500 74LSOO 74L53l 
'-----' 

SYMEN-

ACK- f571 
16!1 

l--R_E_S_ET_---11-------' l'\..SYMB+ 17 __r-.-.___ 3 MEM8• L Ji 
SA "-5YM9+ 15 --V-- 5 MEM9•"'\ GINTEfll~ 

IN-

JEJ-l2. D GACS-

3 CT/ALT 
IC 

50/60 
IA 

4 ALTCHSET-
•Ar 

6-:::' ECUHRAM-
Bo 

6 
ec 

STYLE-

llG "'\I\ MEMO• 3 17 GBLAN~ fS7f'7l 
IQ "'\. 8 74L5244 ~'- MEMI• 5 15 GREVID• __ ~_JT?] ee~ iD 

9 IC Ii 119 I'. MEMZ• 7 1.3 NO ATTR~ ~--1571671 
74LS32. a l2. MEMB+ t'-. MEM3• 9 ,_1_1 __ _.,_..._._,__._ _ __,,__.'------+----'---~~JT/f371 ~~ 

6 14 MEM9+ '\ '-MEM4• 18 -<]- 2 WRE.NQ+1L~£1_1571 
4 lb MEMA• "- ~~t.'1-~ 4 WfH:NI+ __l5/l ~ 
l -{>- 18 MEM~ ~~~'B t WllFN?~.---l(isJ l'/1 

_J..----11-------1-11 9 MEMC•'- l'-.MEM7+ 12 tl ------Ii----<~-----------·-··· ·-~ 

l 

V ... L.f~'fi; CTHfl-llllf!Sf !.PfC•FlfCI 
OU•EN!.10JoS AA[ lllol lNCl'IES 
TOL.fl'IAt.oCES AAE 

~---~-----IFAACTIOHS °'ittUJ.I AHGlEI .... 130J 96 "' .___Ji_1__.i~Csz44 ~~ ~ 
74Ls• 4 74L5244 !---··----+------- llllATf;fUAl 

1 

....... 
IX ENS. PR0TO 

,___..._:.._._::._o_+_o_CXL._CJ_, -------~-·;_,_,-:..~-~ ~~ ·( ?:.t. 

Pl-9,10 r::.-------­
PZ.-7 

Pl-17,IZ.,16,19,lB r':>------~-~ 
·' P2-l,15,19,40 

Jl3-l,5,9,10,15,19 

J6-l,Z,3,4,77, .C>--~ I ,. '•5V 
78,79,so _;_,/:a,c 9 J_ ·::;~J ~;..,Rt,1 ct.'3 

J& - 1,c.1s.25.~5 D--
45,55,65,66,11.12 

_,... • - I ..,_ · f" ! ..... -t ,(,, 

co~ .. JEPr::=:'.,_T ~~cr~.'JLCGIES 

l#PPIOVALS DATf 
~-----.---{....---~--------r··-------1 

:: c-' ct/.:..-:-::' ':: ,.;.. _: ~' ;... : : . 

J6-46 ,_.r>-r_o_R_-____ 1s-c:1N.::»-s_. ________________________________ -J s &H ~4 rll~ Q~ 
1--~-------iCttf.Cll.E.0 

-----lflNISH >---"~"-·~..._- ·:--~ . .'-•"" 

· .. ~ -C'.J 
1571 VER BLANK+ 10 7~?±_ __ JZ71 
~~!-----------------------------~--------------------' --~ ~-"-"_'•_ .. _'-~-~-•_•_o•-~------·~-t--~---·-- D 

-----···------· __________ ___, 
'i.:!r f;.::u 1<::. ~w.::. "~ · , 

'. 1S.SvED ... 
I , 
l " 

APPLICATION DO NOT SCALE DRAWING I CF6 

D 

c 

B 

A 



I) 

c 

B 

A 

8 7 6 5 4 3 owo"" 

i; SELB-
811 

~-------------------------,,--------~ _["l 
5C -~19 17 

n 
17 17 

s l-A_R_o_w_w_R_-___________________ 7_4_L_S_Z4_4_~--------i-------+--+--2.-<!0 WE cs cs ~WE 

ID 18 DE ~7 OE ~_;..i7B OE 

cs cs G5 

- J,_9 

17 3 7 • 
n f--- A 1--:-'G A 

~----~-15~ 5 ______ __.,..__+--+--------+-+--~A 7C ~A SC t---'.:-- 9C 
934H 

I 0 D 2 i_:_I __ __,.l_·S_N_· 
7452.40 ii~----,---« ?H ~-

5 
ID 

A DORO- 13 7 5 9342Z 5 93422. 5 A 
~-----1-11 g ? I A f--1 A ~ A 

IB T4S0:4 

~--------+--!--;-+--------+-+- A ~ A ~ A 
-·---2.-1 -{:>- IS i I I 

10 

1 
.3C 

~--~--,..__74_LS_l~bl 
I,[_!£-,---- } t;o--

' : ~:~:====::::~~~~=~=1~=~========--::~:~==-;'-1: : ; : ; : 
r---s 12 4 A ~A f-J;A 

6 

17 

,-- -------+--+--- -- '"oo 00 DO DO 01 DI 01 o; f--- ADO 00 DO DO DI 01 DI 01 f--- "oo DO DO DO DI DI DI 01 
'15 

FSl 
1 3 EP ET 14 

01 l-l--1---4-1: GlA~ 
T10112 14 16 9 II 13 15' 10 12!14 16 9 II 13 15 10 12 14 lb 9 II 13 15 

'---- ~ 
L---~ 191 

OZ. 3 5 C QB IZ. 
03 4 6 ~~~l-:--+---+-+---41 

PRELD0 
l ,__ __ 10_, Ao 

4A 

PRHOI 
04 ,___.__,:<:_S_, ~D CLR~ 

17 

5 
II 

3 BDl----1-12 !11 '-'T-'2.-~J-'15 
7 

15 
13 

5 
IC 

5 
IC 

'j3" A1 

~Al 
.._... A4 

-= 

.--+----< Z. 7 10 4C II 9 
5 3 VEPET 14 74L51bl -··-t--t--+-+-2-<--[>- 18 

Q~ ~6--+--+-4-iA QA~l-34------+---+---+---+--44 ~~16--1-4-4--f.--f---f---+---+--+----~ 

Of> 7 :i B QB 12. 6 14 

E ~: 9 L.~ ~D c~~~;:r SD B ~-l-2.-+--+--+--+--+--+-+--+--+---• 
2C 'fi5 ~ ,.,..-- 74L5244 

6331 4- 15 

CP• 

LOAD A· 

FULL+ 

HFULL+ 

- 17 3 
~---------< ~--11--1--1--1--1--1---1---1 

~------1_.5 1---5-1--+-+--+--+--i-....J 
13 
II 

2 --[>-
,.----4-i 

6 
r--a .-

7 

9 
18 

.16 
14 
~~ 
t- 6C 

'---~-' 11'9 74L5244 

. COL• BUS _.., 

J! 119 

-+---~ 

'-----1--1--1--1--1-+-+-~o__,,o~~ 

,,.__._ ___ _.__.__._-+--+--+--+--+------------+--+-1--+--+--1---.r=o'-1-,-?, j :1· E :.:s 
,,._+-+----1---11---11---11---1--+-+-+------------+--~--!--4--4----~D_2_~/ I 

.i.-+-+-+-----1--1--1--1--1--1--1--1------------+-+--1--+--4---D·3 + /. 
04:_, 

D~!/ &---l----+-+-+---1--l-~--+--+-----+--+-+--+--+--+--+--+------------l-ll--4>-------~0~6~ ~SD•E0S 
_________ /, J ~ 

O?:j' d ' 3 s 6--+--+--+----+-+--+-+--+--+-+--+-----+-+-+--+--+--+-_,11--,1--------------+-----------c-B-S-,--Do+·,{ ( 1 

·e.so1+') 
t- -~-+-+--+-----+--4--+-+-j+;-+-+-+1---------------~---_-_-_--__ =~~~~l 

:~~~i-.) 
--+-+--+-+-+-+-+----+-+-+--+--+--+--+i--+------------------.-::--Bl>Ot>j 

e---+-+-+-+--+-+----+--+-+--+-+--+--+-+-----+--+--+--+-++++---------~-------- -~ -~,r I 
6---l--l-+-+--l-+-+----+--+--+--+--+---+--+--+-----+---+--+--+-++-++--------------~-~-?D7-+,,1 

._+---+--+--+------------+--------B'J-08+., 
4>--+--l-+-+-+------------<l'--t>---------~5_~J_Y" 

I I BSDA~/ 
.---1----1--+--+-+--+--~---------~,-'-,-----ss~~, 

i i-.... :i-<1>----=--
101214 lb9 111315 10 12 14 16 9 11 13 15 10 12 14 lb 9 11 13 15 

7 DO DO DO DO 01 01 DI 
~A 

1',,___c_o_L_0_• _______ -9--+-+-+-+--t--t--t-'-7~ ~-3--------1---1--1--1--1--1--+--l--l--<1>-~7 DODO DO DODI DI DI DI 
~ COLI+ 15 5 6 A 

DI 7 DO DO DO 00 DI DI DI DI 
~A r--si A 

: \ I I D PZ.-11 

i I L ----C> PZ.-1Z 
0 5 A 

r--..._ C L 2 + 13 ~-7-------+--+-+-t---+--+--+----+.:-t A 
~ COL3+ II 9 21 
~ COL4-+ 2 -[>- 18 I A 

2 A 
~ COLS+ 4 i..:l~b-------+---+-+-+-+-------1--'-I 
~ cous. 6 14 3 " 

4 A 
"- COL7+ 8 i..:'=2------+-+-+--------+18-,--1 A 

bD ~OE 
74L52.44 ~------~-<lWE 

+5V 

SELA+ 

Pl·I~ J 
~!------' 

t5V 

t 3 4 
e------<-vir; H ..AAA 5EL A-

< R23 
~ 330 .... 

74L504 

rt7 I r-4- s 
~ L!.D Qt---!--' 
~1--_R_o_w_c_L_K_-_________ -+--3-n-"" Q~~-e1------s-1 6 

IL_,1:1~or * 6H ""J.,P7H 5EL B-
__J' 74574 74L504 

BROWWR· 5 
ID 

7 ·6 5 

7D 
93422. 

cs cs 
17 

~A 
~A 
1-----:..l-1 A 

!------zi II 

f--3 A 

~A 
~A 
~OE 

~WE 

4 

8D 
9342.2 

cs 
IS 

GS 

17 

~A 
f-----t1 A 

!------zi A 

1--31 A 
t---1 A 

~A 
HOE 

90 
93422 

cs GS 

19 17 

UNLESS OTH£RW1S£ SP!C~ll.D 
CU.tE"SIOHS ARE 1H IMC"U 
TOL£1U.~£S AIU 

~---~-----!FRACTIONS ~C116Al.I ANGUS 

.XU· 

.WE 

i '----------0 PZ.-3 
'-----------i:J P2-i"-

BflTTWr?- G/'1 
,.------<-I---~ 

d TPI 

SRDSB- i 

ot: --·~~ ~ -
~; • : " . :_,__.-='"""'----------< 

PARTS LIS1' 

CONVER<:,EN'T T£CH"10L061ES 

1---........ -0-vAUO--J~.-.,.-L----S-C-H--EMATIC OIAG RAM 

oo•w~-~ 1i!·-jf;.. i --:[i,/ ee VI DF 0 

1-,~,.,-:-c.,.,----------1°~~°'."'_,, '·- ~-i/-r:.- ROW 8UfFER 
1----------+---------1 ' _/ --~-- ~-----~.-~,--,,-SC-.-.0-----.,.-t..lfO:. NO ~------.,-.-<. 

APPLICATION 

1----"-""_•5_" _ _.__ ... _
0 °" __ 1----------+-------~---1 D ·. A-43 00004-C '.) : A 

L~ \:~.n-.·~·...-. . ! ·('- f.~-~ ~~:::-~-------~~· ;:. .. ff' z :;: 6 DO NOT SCALE ORAWIWO 

3 2 

D 

c 

B 

A 



D 

c 

B 

--

A 

8 7 8 5 4 3 DWCl.fltO. A.£•, 1 

- ... 
SEE ~I-IT. 1 

m EPXCLK• 
1 IC IOI-

~~=-========================~w1c=:~~====~~;=~~~~=~~~~~,.--~~~~?l§-~g~~4=========~~~Er:r~ ~ E5YMCLK-
10 •<J COL-+8US I~ 
~PRELDI _J 

-l-----:::--;::-------~;-;~~~-11 .L COL3-_/• 

PR EL DO 

I ~A 

I 

+ 5V 
l 

~ Rl3 
~ 160.A 15 14 

74lS"O CO .. • I : 

r- B •SV (4PLC.) 

3 l 1 f COL_!:_/·• 

6331 ~ 3 A 2B I --===t===+=l==-========~C~~'. I 01 l..!1------r-----.4~ 14~--+-+-+-H I COi. 7 • ,/ 

:.'i ~3;u__...,...._-1';r'""--l 10 2 8 QA~3 ==±====++===========~==~!= EP~LK·C>"Z-1& .L_--~,.,:"'I Y"'""' 14 f-t-- AO 0213'~-----r-;5;10 QO'iz ' - - k 

.. ~ C" .~RP3 03L: 6 QC ~--+--T--• ' esvu:_,,_06 

---..r---i:--""'---' 3F ..I.. ~ ~· 111 'I I •4':_----r----~o " ~ 6 
"T" 30,1 ~ 470.... TP& '--- ,. L z L.....:--__,-..., 

lij~ 
~ Rl4~.l' '°'4F 

27o ... -=' MC10105 

MCIOl02. "] ,;:, _ ot °" 5 I> 00 " - /. T ~ ~RP2. 1~ I \!r- r;:-13 AZ 05 6 l I ~I "' ''h P/AL ·~:.v: ?'70...~ C4 LI °' o '· .o 

I c> R6 ~" 1 
>--+-< '• ' J __,_JAO OI ~2 h . ,---.. Pl-14 

---'_,i.,:._ ,:?6.2.K .... 130pf l,.H -: 14 07 ~ 6 .__.. 

0 ._ .. 9 1]10 I Al •5V I i 
r l ~ ' ••n ~ '"' f (o)m ;..,. ....... ,_ "71 --1----;--l!!~'on;r'•"L ~ ~- - ~ ' 4 " " " ~ ' , , __ ---·./aol 

Ic1 JJ l ~02~?:~ -Mtiooo5 '---1 ...... _ L ! :c.4BQQ:oQ:·~~:i===±============t=fTiifil321 :: v~~90J t:~A u'1~ •so::- L~~:;~Jl~~-13 I
.oo

4 

cs u .JJ I s l .. , · • 

•5V SF 

GMCIOl37 
-14 

St QA r:-:---1 
9 rs• 

•• * - - 6 
0 °' r.1:!':1L-~--------'~111 o4~ Q ~ 15 I"'> 14 ____ LHO_R_ __ R.<>J13-ll ~ ls.BA I oo~ 0

•" - '1> ••'j, L ______ --:-;:_-1,4 Ae ·cs ~~ Q~- • . v----T,- _L_\fE.~~-~"'.::>Jl3-14 
...___.__.i..,__ _9=-i...-_LD GO 1-+--i 

1 
p ~ 13 ~--l~J __ J",,_IO-- ll/ERT ~R -, Jl3-IZ 

rj" 6306·0 ,,i," r-i' 0 Q ' : c> , - ---~ 
---< ~ cp T +f5V £ ~ ,-'-0 1'i Q,_, 3".L , _: YFOl BLA"''JT/~ ~2.--~W,---------- T' 00 ~ ..2 j_•O/•O"' T• """ 1' ,------- L:'.1!_'.~ 

"' l " ~ ,:i;,,, I -== ; SYMCLK__:'_,%1 

3F 
MCIOIOl 

I, ---...,-1rn---..... I __ .,3 
~ yz C! ~RP.3 

5 
2. 

5 
<,>RP3 
~470.A 

Jt I 

7451~ J ~L9--.-I-----,. IKA. L_ ______ r----_J ~ .. -~-- ~ 
"" 74"'4- L - __ -__ vE.R'r Bl:._~IJ~cN-::, P2-& 

T ',... l " '" -, r 7A """"~~'21 ..._~-=--=:::f: 74LS1bl ...__~,__1--..,~-! ~ 7BQA :~ MMl6306-I ~ :~ 01 ~--'-r--'--+--- •:V 3 :4L5161114 Llt.IEO;~--//--''·' 
...___._---t--"-' c II l s c OB 12 7 Aa 4 e 0> r13 - LINEi. 1: ...._~+-:6:-1 o QD ~ l._1---<...---::-f----------:6~ 0 ac l.!1~1 l-i-----1----:441 A3 oz. r! 1 - --+-t--;;;~:-,c oe t ,? ~--LINET')·· 
_[ ~~ ...__.___2_,l':>i.....- QO ~ ~ A4 03 , l()t-' .1..__i----<IC----;~;-, D QC.,;~ --=11~fi-:1 "' ~"' s G •" co~ .<.., ~ '1> oo • 

TTP& ' ' - c r I ' A& .:!:- __j--i----: _,9" _Y,,... c. o ~ : 
-------1~J·L--------1--~' •ov - ' T ,, H--'< ' '• ' '" - I r '" .J ' ! •51/ R4 . 

' 7 00 '4504 . T ' ~" "~ 7''304 4-'<' I i • OK-• ""'°""c. ,,_, 12. ~'--_,__....,. JLJ_----4._1_J+_1o __ J ~As c-s ,.lf)o4 L P r i i :.!"v\1-.--.----

51.975MHZ f 30pl ~ 
1
470.A. 

l ~ ---- -

I >RP! ~ ~~'.. ---4---t----<r--~ 1-:_ 11 J.oo • I s~ : 12 ". [ z ~] ~470.. • r J l u.+--l--HH--r-11r~ ._13 _r_j_:_ __ H:~=t==~~-iJJ' I '""~~~~·~ 'MZ 

' ~ ' •• " l "~ °'"' .... ~ 4 • Q• o3 J ~ 1 .. ~~ '"'' - 4 
13b G0~~3_. __ ~l~Ut--~6~--r-~ ~c.1 QDJt- i 4 ~o K l 

QI 
2N4403 

I '---- J'RP4 9 - I 
-:::!:- ~470..... 4F 

-::- -= 
~~ 3GA 4403 ~ ~ J ~ ~ ~Q~~:152!__1 --l-_-_-_____ __._Jt-J _____________ =======s=o=,'6=0---=~=SA::!-:-,1 -BLI~~ 

11,_ • 1-- --.,, . . -c. :. "" , "-'-" 
'o.f'v >- '-!\"' co~ I _ -- ~-·-·~~. ~r «"/I 74LS74~13 L...!c cP r I ===========~-------------~------- (S4HZ~~ 

-=' ~I -MC,IOIOS l _ _j~----~1---
6 5 

~K-

Pl·Z.1 0 ] 

1 
• RP.S ' RPZ. 
~470 .... ,)470 ....... 

¥ * ~.._,_ .... 10__. ... _1~... 12. 

l l 7 ~o - ----=.:-T..,.;ror------;:,.~.,o~•;:::::::::rr=====~;;ff.~~~·,;-r~y--;:~.~~~'=-=-=--=----=--~--~-... ~t,:•;-.~""-----r----, 5 ~ - r T&•T'""• ·""""~ _,,, . ., --·'"'>"LOSoEs IQJ ~6 J ll----~-=--=--=--=--=--=--=--=--=--=--=-========J t-- tONTRACT"" CO~JVERGE•~T . - ~ . ~ 
.-- --

1 """"g,:~~~~·~~~~~"· L ____ -r-::---t---,~:H'E___ t:?AM ~.;_~~~•m•••, • -LI• I SCHEMATJC. DIA6 ----,------,_··-~-~-·~·l~c'.____...,_ ____ -f;r;;;;;;~.....,.,,-:~...,~~,----~::-;"- VIDEO 

J 6A L---+---1••"""' ... _.w__'._~__".~:_·-!!_Jl;~/.-=.;J;..~--:--'-'----'-'1~!':1 TlM\~6 CHAIN "" L--- 74L574 "-·,.· '·-'--- ' . -- '" 00 I A 

,,. ::....- •7_-_.,, ·~··•S.CM•O ,,., A-4'?..-~~~- ~ 
- ~--·-·-..--·· - . I ~ ~"~" ":: :;- E ~~~:=!~-~D~ .. ~~----;~;-;~;-;~~t·~·~2,===· [1 l~J=-'~f~o !>-C.ALf. > ,I,." ' I "'" .... DO NOT SCALE DAAWIHG '..11 \-, ." 

2 

(~A 'V9A I 
< Rl2. 74504 14.so4 
>100.A 

~ 
L------

-
,l,.SH 

•SSuEO 

APPLICATION 

5 4 3 7 6 

D 

c 

B 

A 



D 

c 

A 

8 1 6 5 4 3 

Bl 
PZ-ZOC>-~---~--~--~-----------------~-----~------------------, I · C4TE 

!---+-+------------- "-1 -t-----t 

~-------------------------------------~------------------, 
I DB• 4G 

48 D• BUS MCl0141 r4 
1 Jc!====:;"-..~"- 15 v 14 

l 5EE SHT 1 

! 
07• ' ------------------1;-;;-12 QO~ 

p 1-l6 - D6• " IT DO 51 1-7----"--1----.J ' 
Pl-Z.4 ;:: DS• "~ 9 Cl sa z qyM~ 
Pl-ZZ - 04, "-,f',.'-------------------------------------------, ~oz aa~ I • 
~:~~~ ;:.__,._0_3-.------" t'-.'--------------------------------, .-- 03 DL DR ' I I I 

DZ• "- "'~--------------------------. •SV ] 13 . i i i· 
Pl-l5 ~L>-D-,-. ----,," t'-,.._ ____________________ -. BG J L___ I I l· 
Pl-Z.3 ~DO• "~------------------------, 916TllO 1,16 .----+-+-+-' -i I 
Pl-2.1 - "~'--------~ 10 7 j4 i, 

Pl-37C>~AA: ' II 18 II 18 11_.l!s II 18 11J1s II 18 II 18 II 18 II.'.!?.. .-" 18 ~:===========~1134_, ,...34 ___ ,9,,I DI s11 1~i ! I '111~,: 
[Z}~:·:us ~ •15V •J5V •t +J5V ·r ·1SV J•SV ·15V ·1SV 'd•SV ~-------:z_,' r 12 DO v oo( I : i : j: 

Pt-35 [>--sAS• '-.J~ I DI I 01 I DI I DI I DI I DI I DI I ,DI I DI I DI 02- 52 
Pl-39 l>-;A~---~ ['\. A f--z1 A t--z' A t---z A i--z A ~A t--"£ A t--z1 A i---y A 1---z- A .------.,.-:15:-1 l 6 5 T ' i I I ·i 

Pl-40C>·5:;;;7~-~"" ~ A bE 1---3 A ?E f----31 : BE ~ : 9E ~: IOE ~: 6F r2.: 7F ~: BF ~: 9F t---2; IOF -...,..,.-_:--7G__, 03 DTL GR Tl. '1' 11 1:, II:: i 
Pl-~6 D-$Af,~-3"" 4 A 1-2141 ~ Al-2141 ~ l-Zl41 ~ 1 ·2.141 1 4' 1-2.141 4 1-2.141 4 !-2.141 4 l-Zl41 4 1-2.141 4 l-2141 ~ MCIOl41 13 f 

Pl-35 C>-SAS• t'\. 5 : I-"!: ~65 : ; s6 ~ : s6 : ~ ~ ~ ~ ~65 : I 65 ~ ~6 : ,-SV '---- 1 ~ ,iEP;ICCll(• r?i_._.11 
Pl-34 C>------- f"- 6 "' 6 A ~A t--:-:;-1 A j--;-:; A ~A l , 1 f .c 
P!-33 c:>--ss~A43: '' ~ 17 " h71 A r--ir" r-i7 A r--;J A t-i1 17 17 17 17 I &G j r-...,....4,.-...., I i ~· 
Pl- 3 2. C>-S~~ ":;:: IG A rr-6' A t--;6 A t---;f;" f\ ~A ~A t---if; A ~A ~A ~A 316Tll0 1,16 V QO 14 I j J ~.--Es_!_· 
P1-31 e>s~---·" I'-.. is A ~A t--i5 A ~: t-i5 A f--;s A t--i5" ~A ~A t--i5 A r-___ 12_, ,...s,....... __ ,_,z Do 1 ! I ' u P2.-3B 
Pl-30 C>-"·A--O-.-~ f"- 14 A ~A ~ A t"/4 ~A ~AA ~A ~A ~ A t----i4 A ~--13_, 4 11 DI SI !0 ..i , I ~ 
Pl-2.S e>-'=' "' °' 13 A 1----:c:-13 1 A t----:-::-13 A t---:::-13 A ~ A ~ ~A 1--J3 A t-"jJ1 A ~A 14 3 3 7 I I • 

1
1, f!" 

' I '- "' A !---'.-::-1 A ~5 6 I !)Z S2. 1--5 i-,-c 
" 12 A t----;21 A r-12 A t--;l A ~ A ~ A r--;z A r---ir A r--ir 12. .- l '...i 03 ~RH i ! 
'--·---_,A t--::-1 A t---.:;- A t--;:;- A' r---s A ~ A t---e A ~A t--e1 A f---e;1 A 56 DL i i ~"'~'° L,...,. ;R.7 

f5J'1_0s_v_M_w_R_-_____ -:-:8,q wE ~ wE H wE t---4 w< f---i3: wE ~ wE ~ wE ~ wE 1---;~ wE ~ wE I Mc 10141 113 1 l j ?"-"""""< 
~ ~ cs r--!S: cs ~ cs r-19: cs ~ cs ~ cs ~ cs p cs p cs ~ cs ~-I , ~4!.° ~I 4!_? ~"l_O 

DO 00 00 00 DO DO DO DO DO DO - ~ i _L _ _ . 

SYM + BU5 17 7 7 7 7 7 7 7 7 1 - 1
1 

- ' -= -
5VM'6· I'\ svM0• J_ _SYM~ ;.;z-z3 

~ SY.M~~l•---l---------<1~-----l------+-----+------+------+-------t-------+-----1------t--t--t--t--t--t--t--t------------------r-------·- ~::>~-29 1~- I SYM2• t'\. S YM2+ ~---~-- :-:--:-e> ::> l-30 
5 M3 _L SYM3• I'\ v • . S'f'M~ "2-3! 

~:_Y_M_4_•---+--------·--------------------...._-------+-----+-------r------.---·-----+-----l--l--l--l--t-<------------------+i _______ ._S'("1S-;-:>"l-32. 
['--. SYMS• --~-SYM&~-0 r-z.-.:;:: 
['--. SYM6• cz..;4 
~ SYM7• i I SYM1· c:;>PZ.-'.:.S 

_l SYMB· f'.'-.__::S~Y~M~8~·--+----------------------------------~-·------~------·-+----~~-------------------1-t-------·-syµ9.u~z-~~ 
"- SYM9• ·---rr-'-UPZ.-37 -:5v 

<,RIB 
?.330.ll 

4 3G 

SJ )_z 15 13 
.-----·-------t---L...--0---<~--~,4~\ 

TP7 

0 
4 3 llJ '? I 

PZ·lS .__,._A_LT_C_H_.S_ET_-..,, 6 3G 

7 . )..3 2.G 
MC10107 

3 
~RP7 

I ;>470_,.._ 
,-IL_..,;{ r IO~_L-4--6=---------------------------------'"t'---,-"--~C-_,_,l J0·3 

Mc10101 2 r 1G : I 
-SZlG~,~--g9f---....:..-:---------------------------~--.... .,.-T __ _t(+~l C>J!3-I 

Jl3-7 
Jl3-B 

PZ.·2.1 

I ~---e-~3~~ 
~ ~ 
~ ECURSOR- 74LS04 

~ 
EREVID+ 

E(BLINK• 

UNERLINE)+ 

C VIDEO-

AUX VIDEO B 
AUX VIDEO A 

INTENSIFY+ 

BZ. 

5 6 6 5 4 
RPS RPS RP5 RPS RP9 
470.11. 470.11. 470A 470.JI. 470.11. 

I 

1 

..J:-10 3G 

11 14 

-=12.3G9 

13 

MCIOI02. •4 

RPS 
470.A 

6 

z 3 3 6 
RPS RPS RP9 
470,._ 470.tL 470° 

I I I 

-=-
9 

RP7 
470.JL 

RP7 MCIOI05 4 13 15 1 i H ~ 13 _4 
I 470_,._ ~--4---.... -..:.s,,-{0L-_-...2...s..::3_j+--.....--l-=-2.-L-~.2_i-14_-t----.----.------~:_ ----;;:+!._. ~-- ~~13-6 

-=- I. RP7 4 z. 3 T 6 5 · 
10 - 4/0ll IG IG .RP6 RP6 < RPS ~ SIPS -= MCIOI05 -= RPb MCIOIOS 470. 0 TP!i < ' ,, " 

5 4 G 
RP7 RPS RP6 
4 70.A. 470~ 470 ..... 

I 

5 4 

470_,._ 470_,._ - < 470.•. >47u_,, 
I I i t I 

VHLlSS OTM[A,.•5-f SP.lC1F1lO 
Olll(H!.10HS AFlf WINC"U 
TOLlftAMCf.S AAf 

~---~------< FAACTIOfrliS ~C'.*'-1 MClLLI 

MATERIAL 

CONTRACT MO 

.. ,. CONVERGENT TECMNOLOGIES 

'SCHEMATIC DIAGRAM 
VIDEO 

GENER!\ TOR t:,cc.,,,,,,.,--------t~~~~ '-~·-' 'l- - ~ 
!------f-----1 ~ ..... ~.D~'-'-'"-=-..,...,.~~r..~,,.~,.~,.~.~O--~O~~G~.7,---------,r.:;-.,--I 

l---•-u_ .. _ .. _ __,___"_"_o_o•_-+--------1--~---+--~ DI ' A.43-00004-00 
APPLICATION DO NOT SCALE DRAWING ') :~/'.-:_,_J . J-'·f;1-sc-.~ ... -•• -.:::,7:JC:,,---~----~...,:-...... --~----:;:;-=i:-c:o'-· ___, 

3 2 1 

D 

c 

B 



D 

c 

z 

ll 
8 

8 

• 

3 
Ill 

7 

HFULL• 

SEL B• 

~ 
ROWCLK- IZ D S Q ~ 

6 SYMCLK- 11 I> 
ID C 

~ !------+--~--' 13 156 
' 11 74LS74 

E. 
10 

DROWCLK-
150 

74LS74 

~ 
I NO ATTR• 12 .,. 9 
••1------------+-tD QI-+-

I PULL UP+ 
)C 

DATALD-

OUT-

I ACK-
31 

13D 

~ c 

~ 

+5V 

5 ? RI 
12C 

G 74504 ~ IK ..... 

10 
13---. 11 12. ~ 
12] -+--+--;D 

IOC 11 h.. - 8 
74L53l '--y c Q !---' 

~IOB 
74574 

74LSZ.44 ~. 3 
0 ....... 4 16 w y-t>------+--~ 

J&-1 ~EMRD- IOC 

s 
48 

BLANK- 74LS32. 

AUX+ 
4 

5 
6 

IOC 
74LS32. 4 

z. ---t- 5 
2 '-- D Q I----+-• 

E OP- 3 1-1---3--1[>1 ~ Q~ 
j6-l I D--------o....-/../14 D ~ 

74LS02. I IOB 

LEOP+ 
ID 

L >-M_E_M_C_Lk_•_B-i >-IZ __ ll~O Jc-9 ~ 
llG I 12C 

74 L52.44 -=- 74504 

I RESET-
88 

74574 

5 
6 A 

7 A 
~------<A 

4 
3 A 

.------1 A 

~: 
.---l--t--t--t--+--+--+--l 4c-1 A 

.--1--1--+--+--+--+--+-~ A 

5 4 3 
RE. s..QkS. 

I SE<. 5HT. 1 

•SV 
15 A~OWWR- T,71 

I YO 14 BROWWR'- T:;· ~ 
'----+-2-<: VI P-::13--------------+-+-----------------~-A-T-. T_W_R ____ L.11! "A/'. 

3 :~ 12 -;-BAT-TW~:.. -;2 ?~~ 
~:al 1d:3B74 rl-~ ~2 V4 :~ !---------------------··---~.~~~m~=~--;f>':-~ 

00 ... 1_z _______ 1.,,-ia 0 0 ,_1_s_-+--+--+--+--<1 l !~ vs 9 • _ LSN_:':_~ &~ UJ 
17 16 n pt- 13B '• ! M'SS· Ji'7. ~ 

01 r.-1
------:-;-i ~ ~ >-:-~--+--+--+--+--+--. ~-~-v_,7~ 745139 fl AUXWR- i?~,, l, LSB- .:.18 ~ 

O! ~ 3 D 2. 74304 , ---c> PJ-6 
4 Q r.:5:----1-1-1-1-1-1-1---------------~ I llC ~--------b· Pi-B 

.----i D Q 7+L5!39 
7 0 Q 6 ~, ADDA::» ~ 
~ 9 14 A v• 13-..J _______ __;,~ao/ 

r--1 D '),_ Q ~ B v-. __ 11 ___ 1:9~_~:-,_,'vi 

9 
03 1----~ 

~ -v. j I .. 10 •a ...-:•~ 
-+--+--+--+---..l:-13 _____ +-+-+-+---+l_l_,J I '------------+--+--4·-iDO ~S ~Z ~-~~~_-:t;~; 

14 12. ~DI 15C , ~1-. .,_14.jO INCR• ~~ 
14A A YOP-----, ~DZ. 745151 

5 
-+-+-+-+-+--+r6 " 

--+--+--+--+--+----< A 
.._,__.,___.---+-7-< A 

4 A 
:~ A 

~A 8A 
15 

--+--+-+--+--+--+--+--+-·- A 

9-+-+--+-+-+--r-rJ~ A 

12. 6301 ..------__,r--l--t~ ~+-----1_3-<!I YI 11 .---------~ D3 -::- l 7L.L502 Ii?! 
00 1-----~ 14c I V2. ~ 15 04 TP3 ~ 

~1>--13_+--+--+--7~4 ... s_o_o_~_z--L.-/ 3 ~ 15 E v3 ~ .------'4-i 05 6(!) l 
r 12.C'f '---,3-C--' r-----:~-i Do w ;_l_ 9 t I 

74504 745139 .-----iD7 Jn°l ~-
EA 8 C ~4C 

II 
O! >-------~ 

10 
02. 1---------' 

12B J7 11 10 9 745GO 
745374 ,.-----~ 9 

03 1--------~ 
18 

~--------+---<D 
19 

Ql-----+--+--+-----+------+--+--+--+--+--+------+--+------4 

-r13 
-+-+--+--t--+-+-+-___J 13A 

17 D 

14 D 

13 0 

16 
Ql-----+--+--+-----+------t--+--t--+--t--+------+--+-----f---4 

15 
Ql-----+--+--+-----+-------+--+--+--+--+·-+-------+--+-------i--1~ 

D Q 2 12C 7 11 !(\ 9 
6301 

8 12. 9 

5 .-------+-4--l a 5 74504 4 I 
6 A 12. .-------+--c-1 D Q 1-----+--+--+----...,_--·----+--t---+--+--+--+--+-~ e: A B C 

--+--+--+--+-··-A 00 f-- 7 6 ~----?--<, vO 6 TP4 
,._+-+--+-+-7_1 A 8 D Q cg- ~---401 W P----;

1

---< .. --<!) l.OC 

4 11 nl--1 D" Qt----, ~-_A __ N_K_--+--t--t--e r~--2.-;02 74155· IB5! 74:,:.39 R-. -.?J ~ : 01 ~- .L}. ~~ , 

1 
rn-1 . .! -~y~~----;,(...:.:J 

-+--+---+-+-+--+t---1-+~-:~-:_~ __ :_:: ... ~~o~~~~~-~ 111 'l ,~N_o_A_r_r_R_2.-+--+-·-+-+--+-+-+---+-+-+-+'_···-c-:-_~-':·1-i ~ LLI u :· ~:::f¥i~~~ :::: 
-+-1-->---<f--<r--1--+~--~Jk3 12A ' ~ ~~~I ~1--<--+--+-+-~-<~ ~ ~~ ~--------...--+-----·--·---:-:-~-~¥-=-~-f-:C ~ 

ls .-,,,--6-.301 r-· 5 r----. 8 ~ ~ 9 -------~-=-~~~-N~?_~==--~ ~ 
6 12. r-· 67: oo1-l_2.+----'----+l-:-:-l-l4-;o a 15 AUX- ~·',.,../ .. · ...,...,,, . 

.1 A 00 f-- 13 D Q 12 -----VE~lfi.:Ai;;~: -~ I/! 

1 ,. ~-~.__ _____ 4' A 11w~---1--17--1 0 16 ---GBLANI<-=-- ;;'-;~ ~ 

,.__,:: .... t-~T:~-3-::: :~~ .... :-~---~ ~:=,==-~--==--=~-i1--1: :~1-7_0-i-+--~ ~ j., ~ "] ~i~~l• r l 10~-.~-----~-z-,.;--7~~;_\_~_:_C> Jo-44 

ii: s I~: o3 ,_9--+--~ IOA - z ,-- s ,Ls I 4 s i '2~'7" ----~-~1_0~~~ 

.......... --+--+--+--~-T ...... i ....... 4 ._A~_oo_:---~ JI 1~~A~1-3 ~ ~1745374 -- j ft r=J ~o ~ ~ ~m~-'_;'~ ;,:f = ';~~ V<DRoo "' 

~+-+---+--+--+--l .... _ __.}...._13 ____ --+--+-+---+- !-· t-.,._l· _, Ir=: I-GD-6 l~-l_f~-r - l' 

I 
~----------+-+-·+--+--1--t-_l ________ + --- r4 c 74s~oo 

-=I L~------------- gjTf----~= ...... ==·---~---.~---------_-_-_-_-_-_-_-_i,_,_ ____ ~ J 1 
,-· ___ J }.'rci0I'~:S:~~~;rc"°::I------..;:;rr¥d~~sL..::~=~==~=- 2~"'"~<:~. -:1:--j 

UNLESS OTH;;;R\\'IS( $Pf.Cl11[.[) CONTJ\6.Cl ""° ~--~-----~~~--._...__,.,...,..._,.,,,.,_,...,, I 
~o~~~~;::::!t'l<t<:~u COtJVERG£,NT iTf.CH,NOLO(ltES 

~---~------<FRACTIONS Of:Cl~S AHCOUt 

j :;; 1---~ .. " ! ""' SCHEMATiC. oiAGRt~------~l 
-------------·-- Y,ii.T(Ji1Al 

---·------------------------------·--·----------+----~ 

'------·----- -·--------------··-----------~---------···--------~ 
"" .. ''=';.,. ·?'..-.!~ ! :. 1..-,-. VIDEO ~· 

1-1---=---=---=---=-.,.-+=---=---=---=--_:_: . ..,. ... ~ ... ----------~· ~., i,.,_ ,,. :· - M A_!,N _so~~q~------~"' '------------------------------------·--·-----------------! NEITASSY US£00Cil l~S.UEO l s~u·r~:~!.10 ,; .. ::. ,.,::; 

---------------· ·----------·-----------------' >------~--------1 . --~---____ ___j ____ D. ! A-4:i 000040C> 'A I 
..,..,. _____ ....,. _______ ,..... _____________ -.---------------.,-----~----~~---.-----------"----""-.PL-•c_A_T'°-" ___ .......,_oo_NO_r_sc_"'-_•_o_A_•w_1NG,_ ;~l~ i-'-t~ ~~----= · ~=~~ 5~ 1 
'!ll~'l:' .. ~'::,. .. J:,,,h •• , a 1 s s i 4 I 3 ---.., 2 1 

D 

c 

B 



r 

D 

c 

Pl-Z 
P2.-Z7 
P2-4 

PZ-10 

Pl-II 

13F ., 
74LS32 

~~~--IL!£J _____ --101 

I LSB-
3< 

157i ALATWR­
~ 

SELA-
1e_1-------~ 

~ 5ELB-

7f 

P2.-5 ~T_l_·---------------·----~ 
Pl- 3 ~_RSOR- ·--------· 
P2.-S ATTl-

r.-71 GREVIO+ 
~ -----· 
f37l BLINKCUR 

~ 

7 

5 

6 5 

+5V 
5E 

74L574 

3 

•5V 

IK.JL 

1 

ZONE r. 

SEE 5HT. l 
' 

,___.____..__ ___________ ~---~-'-----I 

~--<----<>----+------------------------S~TO~Pp_"'.:l~/,j 
DROWCLK- 5~ ..:..= 

40 13 
4 74LSIO r---------< 

5-~ 12 14 

4 

3 

2E 
MC10141 

l2. DO 
13 

DL 
5 

_____ -=_-=_--Lf.0?-:; ~ _::~21 
~_:_. 

~4---+---~------EPXS1:3~ 
QOrl4__,_'----~ /NTEH~~ 

3 -,;; ~I, 

I n·3 4D ----<>--12--~--- ·- 74LSlO 
..------r- 11 11 

131 ~----< 
1--.._J 3D I 

•5V I 74L500 'l ----1 i 

~~~ I i 

-~~-~[-~~- I 
74L586 

iO 

3E 
316TllO 

IE 
MC10141 DR 

51 52 

~'o.......,~7---..-----~SYMCLK~ 

I 
!10 t 
<t--V\1\,-C--

' RPI 

571 
~j 

b---:c---------iC1'1[C,.:£D 
1------+-----fflHISH '·L« .-.'. ..,._, 

1---"-""'_•_'_"--~-"-"_00_·--~----------4-•ssu_•_0 ______ ---l D A- •0-00~04-00 i ;;: 
APPLICATK.>N DO NOT SC.Alf DRAWtl'tG U G-.-·::....· >--------'--------~-----~' 

li('.rL('i sCAi.£~.::•.;:: , i~"'tn f :.;-c 

4 3 2 1 

D 

c 

B 

A 



• 

D 

c 

• 

7 

f'.OTES: 
I. FOR A COMPLE.TE... LIST OF MAT£RJAL'S 

SEE A-coo -0000 4 -00. 

• 

2. 5CHENIAflC REFE.R.E.NCE.: A-43-00004-00 

& M"-RK ASSEMBLY F\E.V1S10N L.ETiE.R, 

& v-,"I\ .L\~·PR,J"'R1ATE ENGINEERING 
c,..~ ,::, '.::-CC: c..o::.E ·.~ARE.A ShO'M~. 

7 

* 

/ 
I 

&-I 

L 3 "" ... "i· 

F.f.-.:.>Qi'o'S -... OtlC .. f9'.)ll. " 
.. ,. I .....,..,, 

D 

c 

I._ 

B 



9. KEYBOARD 

FUNCTIONAL DESCRIPTION AND SOFTWARE INTERFACE 

The keyboard is housed in a separate enclosure 
which con ta ins the keys, a firmware-programmed 
8048 microcomputer with related logic and eight 
LED's. The 8048 scans the keyboard, controls the 
LED's, and functions as an asynchronou;:3 serial 
port. The mainframe communicates with the key­
board via a TTL level bidirectional serial link. 

Figure 9-1, List of Keys, and Figure 9-2, Map of 
Keyboard, show the correlation between the eight­
bit codes sent by the 8048 to the mainframe and 
the 102 keys physically present in the keyboard. 

When any key is depressed or released, the key­
board sends an eight bit byte for each of the 
keys which are currently depressed. Mainframe 
software translates these eight bit codes into 
ASCII characters and special codes for CT-defined 
functions. Several keys can be depressed simul­
taneously to make up a single command. The 8048 
in the keyboard sets the MSB only when sending 
the last of the 8-bit codes corresponding to keys 
currently depressed. 

Figure 9-3 illustrates the format in which key­
board output is sent by the 8048 to the 8251 A. 
If no keys are depre.ssed a null code, CO ( 192), 
is sent. 

Writing to the Keyboard 

The mainframe can send the following commands to 
the keyboard: 

9-1 



Keyboard Code 

00 
01 

·02 
03 
04 
OS 
06 
07 
08 
09 
QA 
OB 
oc 
OD 
OE 
OF 

10 
1J 
12 
13 
14 
lS 
16 
17 
18 
19 
lA 
lB 
lC 
lD 
lE 
lF 
20 
21 
22 
23 
24 
2S 
26 

Keystation 

HELP 
up arrow 
MARK 
BOUND 
FINISH 
PREV PAGE 
1/2 
CANCEL 
BACKSPACE 
TAB 
RETURN 
down arrow 
NEXT PAGE 
NEXT 
left arrow 
right arrow 

(SH-LI) 
SCROLL UP 
MOVE 
SCROLL DOWN 
COPY 
Fl 
F2 
F3 
F4 
FS 
F6 
GO 
F7 
F8 
F9 
FlO 
space 
num 9 
(SH-RI) 
(0 ') 
(NEXT I) 
unused code 
unused code 

Keyboard Code 

27 
28 
29 
2A 
2B 
2C 
2D 
2F 
30 ••• 3 9 
3A 
3B 
3C 
3D 
3E 
3F 
40 

41 
42 
43 
44 
4S 
46 
47 
48 
49 
4A 
4B 
4C 
4D 
4E ... SA 
SB 
SC 
SD 
SE 
SF 
60 
61 ... 7A 
7B 
7C 
7D 
7E 
7F 

Figure 9-1. List of Keys 

9-2 

Keystation 

' (single quote) 
unused code 
unused code 
unused code 
= 
, (comma) 
- (hyphen) 
I 
0 .•• 9 
unused code 
, 
unused code 
unused code 
unused code 
unused code 
indicates the last 
key released; al­
ways has high bit 
on (that is, OCOh) 
num 6 
num -
ACTION 
OVERTYPE 
LOCK 
num 2 
num 3 
left SHIFT 
right SHIFT 
num 0 
num 
left CODE 
right CODE 
unused code 

num 7 

(carat) 
unused code 
num 1 
a ••• z 
num 4 
num 8 
num S 
unused code 
DELETE 
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7 0 

'Iii 1 lo lo lo lo lo lo.J_L 
NO KEYS DEPRESSED 

7 0 

-rr1!xlxjxjxj xi xix! 
ONE KEY DEPRESSED 

7 0 7 0 

111IXJX-lx Pc!x Ix lxlJl ol xi xf xi xi xliJi]J_ 
TWO KEYS DEPRESSED 

7 0 7 0 7 0 

1 111 x 1 x 1 x 1 x 1 x 1 x 1 x 1 r1 o 1 x 1 x 1 x 1 x 1 x 1 x 1 x 1 1 1 o 1 x 1 x 1 x 1 x 1 x 1 x 1 x 1 , 
/I\. 
I . THREE KEYS DEPRESSED 
A ONE IN THE MOST 
SIGNIFICANT BIT POSITION 
INDICATES THE LAST BYTE 
IN THE KEY SEQUENCE. 

Figure 9-3. Data Format for Keyboard Output 
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COMMAND HEX CODE 

Reset 92 (146) 
Check ROM 8C (140) 
Echo 9E (158) 
LED03 AX (160+X) 
LED47 BX (176+X) 

"Reset" cancels the Echo mode (if enabled) turns 
off all the LEDs, waits for any bytes in the 
keyboard buffer to be sent out and then initiates 
a new scan. 

"CheckROM" computes a checksum of the 8048 ROM 
and sends it to the processor. 

"Echo" causes the 8048 to send back the subse­
quent 256 input bytes verbatim unless one of 
those bytes is 92 (146) or 80 (128), which are 
interpreted as Reset or CheckROM commands. 

"LED03" and LED47" write the bit pattern speci­
fied by 'X' to LEDs 0-3 and 4-7 respectively. 
'X' is the bottom nibble of the command byte. 
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OPERATION 

The 8048 scans the keyboard by generating a 
series of row address (pins 21-24) and monitoring 
the state of the column lines (pins 27-34). Chip 
IC6 demultiplexes the row addresses and drives 
the corresponding row 1 ines in the keyboard ar­
ray. 

Crystal Y36 and the number of program steps in­
volved in the 8048 's UART operations determine 
~he baud rate, which is 1221 baud, the same as 
that of the 8251A USART in the mainframe. 

DATA IN is buffered by a Schmitt trigger inver­
ter, whose hysteresis helps ensure good noise 
immunity. DATA OUT comes from an open-collector 
TTL gate, which has an external 1K pullup resis­
tor. 
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DC CHARACTERISTICS 

AC-DC CHARACTERISTICS 

PARAMETER CONDITIONS MIN TYP MAX UNIT 

~E"~f- _}_!:ii Vi-=- .~v 2.S1-f ..-- ..... 

Q.c;tr-..l. Ii~ Vi~ '1.~V t;!) ,.,._""' 

~TA"l:t-1-..l J:il \) i ":. . $"\I It.{,, """"- ..... 

'\:>k-~~., - ..L l: i"' Vi -:..2,rv 0 ~o... 

l)A TMl(}T - r .. 1 Va: .EV l./l ~ ,.,.,.._ 0.. 

/ - . ·, . -
'b""Thavr- '.tot. V~ = "J. .t;V :z..s- """-0.... 

°'PoVJo11...- S~I~ Cvrr~,. V+ :: +s-.ov 700 ,.,..,.._ 
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REFERENCES 

Connector Pin List 

LED Indicators 

Test Points 

Assignment of pins in the D-type AMP connector is 
as follows: 

Pin Function 

1 Data out 
2' 4, 8, 9 Ground 
6, 7 +5 volts 
5 Reset 
3 Data in 

LED indicators are built into eight of the keys, 
as follows: 

LED Station ~ 

LEDO 17 f10 
LED1 16 f 9 
LED2 15 f 8 
LED3 10 f 3 
LED4 9 f 2 
LED5 8 f 1 
LED6 63 LOCK 
LED7 62 OVERTYPE 

Eight pins of the 8048 microprocessor are brought 
out to test points: 

Point 8048 pin Function 

TP1 19 DB7 
TP2 18 DB6 
TP3 17 DB5 
TP4 16 DB4 
TP5 15 DB3 
TP6 14 DB2 
TP7 13 DB1 
TP8 12 DBO 
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LEFT BLANK INTENTIONALLY 

Figure 9-5. Keyboard Assembly Drawing 
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10. VIDEO MONITOR (CRT) 

FUNCTIONAL DESCRIPTION 

The video monitor contains a 15" CRT with 110-
degree deflection. Maximum picture size is 10.4" 
x 7. 75". Circuitry within the video monitor 
transforms four digital signals from the video 
control board into drive signals for the CRT. 
Deflection is by raster scan at 50- or 60 Hz, 
non-interlaced. 

OPERATION BY CIRCUIT BLOCK 

Figure 10-1 shows a block diagram of the video 
monitor. The following sections describe each of 
the blocks outlined in the diagram. 

Horizontal Deflection 

The horizontal deflection circuitry, in conjunc­
tion with the horizontal section of the deflec­
tion yoke, is responsible for generating the 
horizontal (or fast) portion of the raster 
scan. The horizontal scanning rate is 31.5 KHz. 

The horizontal drive section is responsible for 
generating a linear current waveform in the yoke 
that repeats at the horizontal rate. The peak 
amplitude of the current is adjusted to cause the 
CRT electron beam to traverse the full width of 
the screen (typically 4A peak). 

The input signal to the horizontal drive is gen­
erated in the horizontal phase locked loop. This 
circuit is responsible for the phase-synchroniza­
tion of the input drive signal, LHORDR (from the 
video control board) with the retrace signal from 
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the horizontair deflection inductor. Such a syn­
chronization ensures consistent centering of the 
CRT raster over a wide range of component 
tolerances and environmental extremes. 

Horizontal Regulator 

This circuit controls the amplitude of the hori­
zontal deflection signal, which corresponds to 
the width of the raster scan. A potentiometer 
adjustment controls this width. 

Vertical Deflection 
' 

The vertical deflection circuitry, in conjunction 
with the vertical section of the deflection yoke, 
is responsible for the vertical (or slow) portion 
of the raster scan. The vertical deflection rate 
is 50 or 60 Hz, determined by the frequency of 
the input drive signal, LVERDR (from the video 
control board). 

Similar to the horizontal deflection, a linear 
current waveform is generated, rep ea ting at the 
vertical rate and with peak amplitude sufficient 
to cause the electron beam to scan the total 
height of the screen. This current waveform is 
generated by the vertical deflection amplifier in 
response to a linear voltage waveform applied to 
its input from the vertical ramp generator. The 
ramp generator produces a linear ramp voltage, 
synchronized to LVERDR and with independently 
adjustable amplitude (height) and linearity. 

Bias Supply and Dynamic Focus 

The CRT has three grids which are biased with 
respect to the cathode by the amounts given 
below. 

Grid Number 
1 
2 
4 

Name 
bias electrode 
brightness electrode 
focus electrode 

voltage 
-70 
300-1,000 
0-500 

A bias supply powered from the horizontal drive 
circuit provides these voltages. In addition, an 
external brightness pot is included which alters 
the voltage on grid number. 1. 
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Video amplifier 

Power 

The dynamic focus circuit is used to alter the 
focus voltage as a function of the position of 
the electron beam on the CRT face. In this way, 
optimum focus can be maintained resulting in 
maximum resolution. The dynamic focus waveform 
is a composite of two parabolic waveforms. One 
waveform repeats at the horizontal rate 
(HORIZ.PARABOLA) and the other repeats at the 
vertical rate (VER.PARABOLA). This waveform, 
when summed with the D. C. focus electrode bias 
(adjustable by the C.FOCUS control) yields a 
waveform that offers maximum focus correction at 
the corners of the CRT raster. 

EVIDEOA and EVIDEOB, the ECL signals for video 
display data, are converted to VIDEO, the signal 
which drives the cathode. The level-shifting 
amplifier is an emitter-coupled configuration 
with common-base output stage. The amplitude is 
25 volts for normal data and 20 volts for half­
bright data (controlled by EVIDEOB). 

Anode voltage for the CRT is generated by a 16-kV 
supply which operates from a 24 volt regulated 
power source. This power source is derived from 
+32V, and it is enabled only when horizontal 
drive is functioning. 

Another regulator provides 6.3 volts for the 
heater and 5 volts for the video amplifier. 
Power for this second regulator comes from +12V. 

10-4 



ADJUSTMENT PROCEDURE 
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REFERENCES 

Connector Pin List 

Video Connector J14 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Potentiometers 

Name 

BRIGHTNESS 

VERT.SIZE 

VERT.LIN 

CTR.FOCUS 

WIDTH 

G2 

Signal 

-32 
+32 
GND 
LHORDR(-) 
LHORDR(+) 
GND 
N.C. 
GND 
VIDEOA(-) 
VIDEOA(+) 
GND 
VIDEOB(+) 
VIDEOB(-) 
N.C.(PLUG) 
GND 
LVERDR(+) 
LVERDR(-) 
CR TOK 
GND 
+12 

Part II Location and Function 

An externally accessible 
thumbwheel on bottom of 
display used for bright­
ness control. 

Adjusts the height of the 
raster. 

Adjusts the vertical lin­
earity, that is, the sep­
aration between horizontal 
lines. 

Adjusts the focus at the 
center of the screen. 

Adjusts the width of the 
raster. 

Adjusts brightness and 
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H.HOLD 

10-7 

should be set with the 
"BRIGHTNESS" thumbwheel at 
maximum to cause back­
ground video to be just 
visible (used to set max~ 
imum brightness level). 

Adjusts the center fre­
quency of the horizontal 
phase-locked loop. Adjust 
to ensure reliable locking 
of LHORDR. 
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FUNCTION 

11. CONSOLE SWITCHES 

The console switch set includes power-on and 
reset switches, the power-on LED, ~nd fuses. The 
primary function of the console is to allow the 
operator to turn on and manually reset the sys­
tem. 

The only front~panel control is the power switch, 
which has a built-in LED. The reset switch and 
the fuses are accessible from the rear panel. 
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Figure 11-1. Switch and Fuse Locations 
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REFERENCES 

Connectors 

LED Indicator 

Reset switch: terminated with a 2-pin Molex 
connector that p~ugs into the motherboard. 

Power-on switch: Soldered to the wiring harness 

The power-on LED is mqunted with in the power-on 
switch. 
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Refer to Power Supply Schematic 
(Chapter 12) 

Figure 11-2. Console Schematic 
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12. POWER SUPPLY 

FUNCTIONAL DESCRIPTION 

The workstation power supply is a 20 KHz switch­
ing regulator that generates the following vol­
tages: 

+5V :t:1% 
+12V :1% 
-12V :t:1% 
+32V -0% 

+10% 
-32V -0% 

+10% 

All voltages except ±32V are independently ad­
justable. The total output power available in 
190W. The minimum power available to the 
Multibus section of the workstation is as 
follows: 

+5V 
+12V 
-12V 

' 

6.4A Max. 
0.6A Max. 
0.5A Max. 

Both over-voltage and over-current protection is 
provided on +5V and :t:12V. In particular, the 5V 
supply is "crow-barred" to guard against failure 
due to externally applied voltages. The ±32V 
outputs are independently fused. The power sup­
ply is protected against excessive loads with an 
overall power-limit capability. Further, the 
supply is protected against excessive heat rise 
with a thermal switch that turns off primary 
power if the heat-sink temperature exceeds 
8o0 c. The overall efficiency of the supply ex­
ceeds 70%. 
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The supply also generates the SFO signal, a 
square wave derived from the power line. This 
signal serves to generate the reai-time clock and 
the power-fail detect signals in the mainframe. 
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AC CHARACTERISTICS 
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DC OU'rPUT PARAMETERS 

I'rEM LIMITS OUTPUT OVE HALL REG , RIPPLE I-MIN I MAX TYPICAL DEL IV- PROTEC- COMMENTS 

! % Linear /Yn,.V· ADC ADC LOAD ERED 'rION 
Post Re_g VAR. PWR-W oc ov 

I 1 REQD. +SVDC '±1 No, 50 - ·15 20 - -25% "_lllili ~ * y FB loop cl:.osed 

I I 
FB OR this output. 

var. 

I 

2 REQD +12 ±1 Yes 50 1. 5 2.5 +32 . 3C· y y 
. 

-63 .. 

3 REQD -12 ±1 Yes . so 0. ~ 0.5 +20 6 y y 

DESIGN 

I +lo 
. 

* Power for 
4 REQD +32 No 250 0.8 1.00 +20 40 integrat-

- 0 - 0 . - ed CRT Video DESIGN 
Monitor. 

* Regulated in 

I 5 REQD -32 l +10 No 250 • 4 0.5 +20 - 16 monitor circuit 
DESIGN ]_ 0 - 0 assemblies, 

l I 
J j 

REQD 
192 

! 

* Bulk current sensing on the primary. 



DC CHARACTERISTICS 
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\ DC OUTPUT PARAMETERS \ 

!ITEM LIMITS ' 0 OTP UT i OVERALL i1 EG , RIPPLE I- MIN I MAX TYPICAL DE LIV- P ROTE C- COMMEN'rS 
I % Linear ffn_V · AOC ADC LOAO EREO 'f!ON 

Post Reg! I VAR. PWR-W OC OV 

1 REQD. +5VDC H No' 1_:__ -·15 20 - -25% ioll' ~ • y FB loop cl.:.osed 
FB on this output. 

var. 

I I 

I ! 

2 REQD +12 ±1 Yes 50 1. 5 2.5 +32 3 C· y y 
-63 

t-----

I 
,_ --

3 REQD -12 ±1 Yes .so 0. 2. 0.5 +20 6 y y 

DESIGN 

\ 

~ 
=r 

! 
I 

l * Power for 
REQD +32 '+10 No 250 0.8 1.00 +20 40 integrat-!- 0 I - 0 

. -
ed CRT Video 

I DESIGN 
I Monitor. 

I 
l 

* Regulated in 

I s 
I · monitor circuit REQD -32 ! +l 0 No 250 . 4 0.5 +20 16 L__) DESIGN l - 0 - 0 assemblies. l 

-·-·- ·-
! 192 l 

* BulK current sensing on the primary. 



REFERENCES, 

Connectors 

Jumper 

J1 ... AC input 
J2 - fan connector 
J3 - DC output 

There is one jumper for selecting 110 or 220 V 
operation. 
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GLOSSARY 

Auto-re~ta,rt: An automatic system Reset after 
power1 up. This h~ppens whenever the power switch 
is turned on. The COLD latch on the processor 
board records the cause of the last Reset, 
whether manual via the Reset switch (warm start) 
or automatic via the Auto-restart function (coid 
start). , 

Bit numb~ring: Bits in an 8-bit byte, 16-bit 
word or 20-bit address are numbered from right to 
left, beginning with zero as the least signifi­
cant bit and counting in hexidecimal. Thus, the 
bits in a byte are numbered 0 to 7, bits in a 
word are 0 to F (with bits 8 to F being the high 
or most significant byte), and bits in a 20-bit 
address are 0 to 13. 

Board: One of several types of boards manufac­
tured by CT. The set of boards includes: pro­
cessor, I/0-memory, video control, mainframe 
motherboard, ROM expansion, RAM expansion, disk 
motherb~ar.d, floppy disk control and Winchester 
disk control. None of the boards has the Multi­
bus form factor, although the motherboard accepts 
only standard Multibus boards in the user slots. 

Buffer: An amplifying signal driver, not neces­
sarily implying storage capability. Storage 
buffers are properly called "storage buffers." 

Bus: A collection of signal lines used by more 
than one device. In general, three types of 
buses comprise a bus set (which is also referred 
to as a bus): the address bus, data bus and 
control bus. There are two bus sets in the main­
frame: the local bus, of which the processor bus 
is a part, and the Multibus. See Figure 1-1. 

Bus master: See "master." 

Byte: 8 bits. 
byte." 

See also "high byte" and "low 

Clear: To write a logical zero or series of 
zeroes to a register. See also "reset." 

Cluster configuration: A hardware configuration 
in which workstations can be connected to one 
common Shared Resource Station (SRS). 
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Communications control: The hardware logic on 
the TIO-memory board that is comprised principal­
ly of the Z80A-SIO and its associated RS~232 and 
RS-422 interface circuits. 

Consoles The power switch, power-on LED, and 
reset switch available to the operator. The 
console is located on the mainframe enclosure and 
does not include the keyboard or the CRT monitor. 

CPO: The 8086 chip located on the processor 
board. 

CT: Convergent Technologies, the manufacturer of 
this sytem. 

Disk: Hard (Winchester) disk or floppy disk. 

Disk interface: The buffering and cable connec­
tor on the I/0-memory board that provides the 
interface between the local data (MEM) bus and 
the disk control boards located in Mass Storage 
Stations. 

DHA: Usually, a direct-memory-access transfer 
utilizing the local address and local data (LA 
and MEM) buses, or the 8237 DMA chip located on 
the processor board (also called the local 
DMA). Direct memory access always involves mem­
ory at one (and only one) end of the transfer 
path. The local DMA cannot control transfers 
involving Multibus devices (only the local CPU 
can do this), but Multibus DMAs can control byte­
at-a-time or word-at-a-time transfers involving 
local memory. Multibus-controlled DMA can only 
involve local memory; it cannot involve I/O 
devices on the local bus. 

Driver: See "buffer." 

ECR: See "extended control register." 

Even byte: See "low byte." 

Expansion ROH or RAH: ROM on the ROM expansion 
board, or RAM on the RAM expansion board. 

Extended control register (ECR): A 16-bit con­
trol/status register, port 60, on the I/0-memory 
board used to augment the communication functions 
of the SIO chip. 

FCR: See "floppy control register." 
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FDC: Floppy disk control or the board associated 
with this function. 

Floppy control register: An 8-bit writable (not 
readable) register, port 72, used in floppy disk 
control. 

Font RAH: A RAM array located on the video con­
trol board that is used to define character fonts 
associated with ASCII codes. The screen attri­
bute register (SAR) controls the loading of this 
RAM. 

Global attribute register: See "screen attribute 
register." 

High byte: The most significant byte in a word 
(bits 8 to F), also called the odd byte since it 
always has an odd address in memory. 

!AR: See "interrupt acknowledge register." 

Integrated workstation (IVS): A hardware con­
figuration in which the mainframe, keyboard and 
CRT monitor are all placed on top of the opera­
tor's desk. 

Interrupt acknowledge register (IAR): An 8-bit 
register, port 30, on the I/0-memory board used 
by the CPU to acknowledge interrupts from the 
SIO. 

Interrupt control: The hardware logic on the 
processor board that consists principally of the 
8259A interrupt controller chip. 

I/O circuit: An integrated circuit (chip) used 
for various I/O functions in the context of the 
CPU. 

I/O control register (!OCR): A 16-bit register, 
port 56, on the I/0-memory board used for control 
and status information about power-fa !lure de­
tect, parity detect, Multibus I/O, line-printer 
interrupts, bus timeouts, realtime clock and 
memory write protection. 

IOB bus: The local I/O bus, an 8-bit bus con­
sisting of signal lines IOBO to IOB7. This bus 
has MOS-type buffering. 

!OCR: See "I/O control register." 
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Keyboard interface: The hardware logic on the 
I/0-memory board that contains, among other 
things, the 8251A serial I/O chip. 

LA bus: See "local address bus." 

Local address bus: A 20-bit bus on the processor 
and I/0-memory boards consisting of signal lines 
LAO to LA13 (hex). 

Local bus: The set of mainframe buses that 
serves all hardware resources provided by Conver­
gent Technologies, as distinguished from the 
empty Multibus slots provided on the mainframe. 
On one side of the local bus interface the set 
consists of the LA (local address) bus, the MEM 
(local data) bus, and the IOB (local I/O) bus. 
On the other side of the local bus interface it 
consists of the processor bus, which serves the 
8086 and 8087. The dividing line between the 
local bus and the outside world is the Multibus 
interface. 

Local bus interface: A collection of hardware 
logic on the processor and I/0-memory boards that 
includes processor address decode, local bus 
control (8288 plus other logic), local I/O ad­
dress decode and buffers. It provides interfac­
ing between the processor and local resources. 

Local data bus: A 16-bit bus on the processor 
and I/0-memory boards consisting of signal lines 
MEMO to MEMF, hex. 

Local DHA: The 8237 DMA located on the processor 
board. 

Local I/O bus: An 8-bit bus on the processor and 
I/O boards consisting of signal lines IOBO to 
IOB7. 

Lov byte: The least significant byte in a word 
(bits 0 to 7), also called the even byte since it 
always has an even address in memory. 

Mainframe: A set of hardware boards consisting 
of one processor board, one I/0-memory board, and 
one motherboard, plus one console (power switch, 
power-on LED and reset switch), one power supply 
and one fan. In addition, the mainframe may 
optionally contain one ROM expansion board, one 
RAM expansion board, and one video control 
board. All required and optional boards in the 
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mainframe are contained in a single physical 
enclosure, although different types of enclosures 
are used in the various mainframe configurations. 
All mainframe boards are interconnected via edge 
connectors mating to the mainframe motherboard. 
See also, "system." 

Mainframe motherboard: A backplane board which 
serves the primary function of interconnecting 
all other boards in the mainframe. 

Main ROM or RAM: ROM on the processor board or 
RAM on the I/0-memory board. See also "expansion 
ROM or RAM." 

Mass Storage Station (MSS): An enclosure which 
contains various combinations of disk drives, the 
associated control boards, a power supply, and 
Multibus slots for user expansion. It is con­
nected to a workstation via a cable. 

Master: A device or board that can ob ta in con­
trol over the local bus or the Multibus. The set 
of local-bus device masters consists of the CPU, 
NDP and DMA; their bus-access priorities are 
described in the chapter on "Bus Organization." 
The set of Multibus device and board masters is 
user-defined. On Mu 1 ti bus, any board that can 
control the Multibus is regarded as a Multibus 
master although the board can itself contain 
several device masters. 

MB: See "Multibus." 

MEM bus: See "local data bus." 

Motherboard: There are motherboards for each 
enclosure. Try "mainframe motherboard." 

Multibus: The IEEE 796 Microcomputer System Bus 
Standard. It is derived from the Intel standard 
and the term "Multibus" is an Intel trademark. 
It contains 20 address lines, 16 data lines and 
several control and power lines for a total of 86 
lines at an edge connector designated P1. 

Multibus interface: A collection of hardware 
logic on the processor board that includes the 
multibus control logic, Multibus address decode, 
8289 bus arbiter chip and buffers. It provides 
asynchronous electrical separation between the 
local bus and the Multibus and is under the con­
trol of the local 8237 DMA which can prevent 
Multibus access tothe local bus. 
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Multibus Master Access: A local-bus master ac­
cess of a slave resource on the Multibus. 

Multibus Slave Access: A Multibus master access 
of a slave resource on the local bus. 

NDP: The optional 8087 numeric data processor 
chip. 

NIBBLE: Four bits. 

Operator: Any person who operates a system using 
the keyboard. 

OS: Operating system. 

Parity error register (PER): A 24-bit register, 
ports 52 and 54, on the processor board that 
latches the address at which a RAM parity error 
occurred and indicates whether the data was a 
word or byte, which byte in a word caused the 
error, and whether the last system Reset was 
manual or power-up. 

Peripheral device: An electromechanical unit 
such as a keyboard, CRT, disk drive or printer. 
See also "I/O circuit." 

PER: See "parity error register." 

Port: Any chip or collection of chips address­
able by the CPU as an I/O port. 

Printer interface: The hardware logic on the 
I/0-memory board that generates and receives· 
Centronics-compatible parallel signals for an 
external printer. 

Printer status register (PSR): A 4-bit register, 
port 50, on the I/0-memory board that can in­
dicate when the printer is selected, when its 
buffer is full, when it is busy printing and when 
it is out of paper. · 

Processor bus: The set of signal lines connec­
ting the 8086 CPU and the 8087 with the local bus 
interface. It includes a multiplexed address/da­
ta/status bus with 20 signal lines named ADO and 
AD13, plus several control lines. Demultiplexing 
of the bus takes place in the local bus inter­
face. The processor bus is part of the local 
bus. 

A - 6 



PSR: See "printer status register." 

Reset: A system Reset, as defined by the reset 
pin functions of the various chips connected to 
the system Reset function; or a software register 
reset, equivalent to "clear." 

ROM: Either ROM or PROM. 

RT: Realtime, as in the 50/60 Hz realtime clock. 

SAR: See "screen attribute register." 

Screen attribute register (SAR): 
mand and status register, port 58, 
mine CRT screen attributes and to 
related DMA activity. 

A 16-bit com­
used to deter­
control video-

Set: To write a logical one or series of ones to 
a register. 

SIO: The Z80A Serial I/O chip on the I/0-memory 
board. It controls all communication through the 
RS-232 and RS-422 ports. It is the only program­
mable chip that is not initialized by the opera­
ting system; normally, it is initialized by a 
user's application program. 

Shared Resource Station (SRS): An enclosure used 
in cluster configurations to control access to 
shared resources. It contains a mainframe with a 
special version of the operating system. 

Slave: A device or set of devices controlled by a 
master. All devices on the local bus can be 
slaves to certain local bus masters, but only the 
local ROM and RAM can be a slave to Multibus 
masters. 

SRS: Shared Resource Station. 

Standalone configuration: A hardware configura­
tion in which a single workstation is attached to 
a Mass Storage Station (MSS) via a 15-foot cable. 

System: A configuration with at least one main­
frame. 

Storage buffer: A buffer with storage, such as a 
flip-flop, latch or register. 
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User: An OEM person who may configure hardware 
on the Multibus. 

Video control: The video control board which 
plugs into the mainframe motherboard. 

WCR: See "Winchester control :register." 
WDC: See "Winchester disk control." 

Winchester: A hard-disk drive, either the 8-inch 
or the 14-inch variety. The drives can have 
multiple heads. 

Winchester control register: An 8-bit writable 
(not readable) register, port 7 A, used in hard 
disk control. 

Winchester disk control: Hard-disk control, o:r 
the board that performs this functions. 

Word: 16 bits. A word consists of a high byte 
(odd address) and a low byte (even address). 
Word boundaries fall on even addresses. 
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IEEE Microcomputer System Bu St.andard (796 Bua) 

1.1 Scope. One of the most important elements in a computer system is the bus struc­

ture that supplies the interface for all the hardware components. This bus structure 

contains the necessary signals to allow the various system components to interact with 

each other. It aµows memory and IJO data transfers. direct memory accesses. genera· 

tion of interrupts, etc. This document provides a detailed description of all the elements 

and features that make up the IEEE 796 Bus. 

The bus supports two independent address spaces: memory and I/O. During 

memory cycles, the bus allows direct addres•ability of up to 16 megabytes using 24-

bit addressing. During I/O bus cycles. the bus allows addressing of up to 64K I/O 

ports using 16-bit addressing. Both memory and I/O cycles can support 8-bit or 16-

bit data transfers. 

The bus structure is built upon the master-slave concept where the master device in 

the system takes control of the bus li!1d the slave device. upon decoding its address, 

acts upon the command provided by the master. This handshake (master-slave relation· 

shipl between. the master and slave devices allows modules of different speeds to be 

interfaced via the bus. It also allows data rates up to five million transfers per second 

(bytes or wordsl to take place across the bus. 

Another important feature of the bus is the ability to connect multiple master 

modules for multiprocessing configurations. The bus provides control signals for con· 

necting multiple masters in either a aerial or parallel priority fashion. With either of 

these two arrangements. more than one master may share bus resources. 

This document has been prepared for those users who intend to evaluate or design 

products that will be compatible with the IEEE 796 syst.em bus structure. To this end. 

the necessary signal definitions and timing and electrical specifications have been 

. covered in detail 

This standard deals only with the interface characteristics of microcomputer 

devices: not with design specifications, perf~ requirements, and safety 

requirements of modules. 



Throughout this standard. the term "system" denotes the byte or word interface 

system that. in general. includes all the circuits. CODDectors, and control protocol to 

effect unambiguous data transfer between devices. The term "device" or "module" 

denotes any product connected to the interface system that communicates information 

via the bus, and that conforms to the interface system definition. 

1.2 Object. This standard is intended: 

(1) To define a general purpose microcomputer system bus. 

(2) To specify the device-independent electrical and functional interface 

requirements that a module shall meet in order to interconnect and communicate 

unambiguously via the system. 

(3) To specify the terminology and definitions related to the system. 

(4) To enable the interconnection of independently manufactured devices into a 

single functional system. 

(5) To permit products with a wide range of capabilities to be interconnected to the 

system simultaneously. 

(61 To define a system with a minimum of restrictions on the performance 

characteristics of devices connected to the system. 

1.3 Definitione. The following general definitions apply throughout this standard. 

More detailed definitions can be found in the appropriate section. 

1.3.l GeMral System Terms 

Compatibility. The degree to which devices may be interconnected and used 

without modification, when designed as defined in Sections 2 and 3 of this 

standard. Section 5 introduces the notion of levels of compliance and the 

corresponding notation. 

Bua cycl& The proc888 whereby digital signals effect the transfer of data bytes or 

word acroas the interface by means of an interlocked seq~ence of control signals. 

Interlocked denotes a med sequence of events in which one event must occur before 

the next event can occur. 

lntB(ac& A shared boundary between two systems, or between parts of systems, 

through which information is conveyed. 

lnt#lrface system. The device-dependent elec:trical and functional interface 

elements necessary for communication betweeAJ. devices. Typical elements are: driver 

and receiver circuits. signal line descriptions, timing and control conventions, and func· 

tional logic circuits. 



Systnn. A set of interconnected elements which achieve a given objective through 

the periormance of a specified fum:ticm. 

1.3.2 Signals and path.a 

Bru. A signal line or a set of lines used by an interface system to connect a number 

of devices, and to transfer information. 

Byt& A group of eight adjacent bits operat.ed on as a unit. 

Word. Two bytes or sixteen bits operated on as a unit. 

High state. The more positive voltage level used to represent one of two logical 

binary states. 

Low state. The more negative voltage level used to represent one of two logical 

binary stat.es. 

Sipal. The physical representation of data. 

Signal kueL The relative magnitude of a signal when compared to an arbitrary 

reference. Signal levels in this standard are specified in volts. 

Signal liM. One of a set of signal conductors in an interface system used to 

transfer messages among interconnected devices. 

Signal partUMW. That element of an electrical quantity whose values or sequence 

of values convey information. 



2. Functional Description 

This section provides an overall understanding of how the 796 Bus functions, and 

describes the elements that connect to the bus, the signals that provide the interface 

t.o the bus, and the different types of operations performed on the bus. 

In this section, as well u throughout th.e specification, a clear and consistent 

notation for signals has been used. The Memory Write Command (MWTC) will be 

used to explain this notation. The terms one::i:ero and true:false can be ambiguous, so 

their use will be avoided. In their place, we will use the terms electrical High and Low 

(Hand L). A nathan (asterisk) following the signal name (MWTC•) indicates that 

the signal is active low u shown: 

MWTC• =Asserted at 0 volts 

The signal (MWTC•) driven 'ty a three state driver will be pulled up to V cc when not 

asserted. The following is used to further explain the notation used in this specifi· 

cation. 

Definition 
Function Electrical .Logic State 

MWTC H 1 True Active, Asserted 
L O False 

MWTC• L l True Active, Asserted 
H 0 False 

2.1 796 Bus Elements. Tb.is 8ubsectfon describes the elements (masters and 

elavee) that interface to the bus and the Multibus signal lines that comprise this 

int.erface. 

2-1 



2.1.1 Masters. A master is any module having the ability to control the bus. The 

master exercises this control by acquiring the bus through bus exchange logic and 

then generating command signals, address signals, and memory or 110 addresses. 

To perform these tasks, the master is equipped with either a central processing unit 

or logic dedicated to transferring data over to the bus to and from other destinations. 

Fig. 1 depicts a system that includes a master and two slave models. 

The 796 Bus architecture can support more than one master in the same system, 

but in order to do this, there must be a means for each master to gain control of the 

bus. This is accomplished through the bus exchange logic (see 2.4). 

Masters may operate in one of two modes of operation. However, a particular 

con.figuration should have either all mode 1 masters or all mode 2 masters. Modes 1 

and 2 are defined as follows: 

Mode 1: Masters are limited to single bus transfers per bus connect. System 

timing is rendered deterministic by compliance with a maximum bus busy 

period. That period is limited by the paramater tevso max. (see 3.2.5). 

Mode 2: Masters are unlimited in the bus control. They may invoke bus override. 

Bus timeouts are allowed. Compliance with the maximum busy period is not 

reqWred. 

The last classification is included to allow for a very broad class of operations, giving 

users maximum flexibility in meetUig these applications' needs. The first mode of 

operation is defined to allow systems designers to predict the overall performance of 

their systems without concern for uncontrolled timing parameters such as bes 

timeout. 

2.1.2 Slaves. Another type of module that can interface to the bus is the slave. 

Slave modules decode the address lines and act upon the command signals from the 

masters. The slaves are not capable of controlling the bus. Some eu.mples of bus 

slaves are shown in Fig. 1. 

2.1.3 796 Bus Signals. Signals transferred over the bus can be grouped into 

MVeral classes based on the functions they perform. The classes are: 

(1) Control Lines 

(2) Address and Inhibit Lines 

(3) Data Lines 
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(4) Interrupt Lines 

(5) Bus Exchange Lines 

The follo\l\ing subsections explain the different classes of 796 Bus signals. 

2.1.3.1 Control Linea. The following signals are classified as control lines: 

Class Function Si pal 

Clocks Comtant Clock CCLX• 
Bus Clock BCLK• 

Commands Memory Write MWTC• 
Memory Read MRDC• 
I/O Write IOWC• 
I/ORead IORC• 

Acknowledge Transfer Acknowledge XACK• 

Initialize INIT• 

2.1.3.1.l Clock Lina. 

(1) Bu C1ock (BCLK• ). A periodic signal used to synchronize the bus contention 

logic; it may be slowed, stopped. or single stepped. The Bus Clock shall be generated 

by one and only one source within the system. Thia means that each standalone 

. bus master must have the capability of generating an acceptable clock that can 

. optionally be connected to, or diaconnected from, the bus. In a multimaster system, 

only one of the masters shall have its clock connected to the bus. 

(2) Conatant C1ock (CCLX•). A periodic signal of constant frequency, which 

may be used by masters or slaves as a master clock. The Constant Clock shall be 

generated by one and only one source within the system. This means that each bus 

master must have the capability of generating an acceptable clock that can 

optionally be connected to, or disconnected from, the bua. In a multimaster system. 

only one of the masters shall have its clock connected to the bus. 

2.1.3.1.2 Command Linea (MWTC•, MRDC•, IOWC•, IORC•J. The 

command lines are elements of a communieation link between the muters and 

•laves. There are two command lines for memory and two command lines for 110.An 



active command line indicates to the slave that the address lines are carrying a valid 

address, and that the slave is to perform the specified operation. In a data write cycle, 

the active command line (MWTC• or IOWC•) additionally indicates that the data is 

valid on the bus. In a data read cycl~ the transition of the command (MRDC• or 

IORC•) from active to inactive indicates that the master has received the data from 

the slave. 

2.1.3.1.3 Tra.nsfer Acknowledge Line (X.ACK•). Thia line is used by the 

slaves to acknowledge commands from the master. XACK• indicates to the master 

that the request.d action is complete, and that data has been placed on, or accepted 

from, the data lines. 

2.1.3.1.4 Initialize (!NIT•). The !NIT• signal is generated to reset the 

entire system to a known internal state. This signal is usually generated prior to 

starting any operations on the system. INIT• may be generated by any or all of the 

bus masters or by an external source such as a buffered and debounced front panel 

switch. 

2.1.3.2 Address and Inhibit Lines. The address and inhibit lines are used for 

the following signals: 

Function 

Address Lines 

Byte High Enable 

Inhibit Lines 

Si pal 

ADRO•-ADR17• 
(0-9, A-F, 10-17 in hexadecim&l) 

BHEN• 
INHl• and INH2• 

2.1.3.2.l Address Lines (24 line~).· These lines, which specify the address 

of the referenced memory location or I/O device. allow a maximum of 16 megabytes 

(16,777,216 bytes) of memory to be accesaed. When addressing an I/O device, a 

maximum of 16 address lines (ADRO•·ADRF•) are used, thus allowing the 
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addressing of a maximum of 64K devices. An I/O module must also be able to be 

configured to decode only 8 address lines (ADRO•-ADR7•) and ignore the upper 8 

lines (see 2.2.2.3). 

2.1.3.2.2 Byte High Enable Line (BHEN*). This byte control line is used 

to enable the upper byte (bits 8-F) of a 16-word bit word to drive the bus. The signal is 

used only on systems that incorporate 16-bit memory modules. 

2.1.3.2.3 Inhibit Lines (!NHl• a.n.d INH2•). The inhibit lines can be 

invoked for any memory read or memory write operation (MRDC• or MWTC•). An 

inhibit line is asserted by a slave to inhibit another slave's bus activity during a 

memory read or write operation. The inhibit signal generated by the inhibiting slave 

is derived from decoding the memory address lines. The inhibiting slave can decode 

a single address, a block of addresses, or any combination of single and block 

addresses. 

When it detects the specific address during an actual command (MRDC * or 

MWTC• ), the inhibiting slave generates an inhibit signal, which is sensed by the 

inhibited slave. When so inhibited. this slave module disables its drivers from aU 

data. address, and acknowledge bus lines, although it may actually perform internal 

operations. (All modules that may be inhibited must have completed internal 

operations within 1.5 microseconds from the start of the command line. This interval 

[1.5 microseconds] is also the minimum acknowledge timing for modules issuing 

inhibits. Thia guarantees that inhibited modules have enough time to return to their 

normal state before the current bua command is completed.) 

2.1.3.3 Data Lines (DATD*-DATF•). These 16 bidirectional data lines 

transmit and receive information to and from a memory location or an I/O port. 

(DA TF• is the most-significant bit and DATO• is the least-significant bit). In 8-bit 

systems, only lines DATO•-DAT7• are valid . 

.2.1.3.4 Interrupt Lines. The interrupt lines consist of the following signals: 



Function 

InteITUpt Requests 

Interrupt Acknowledge 

2.1.3.4.l Interrupt Request Lines (!NTO•·INT7•). Interrupts are 

requested by activating one of the eight interrupt request lines. INTO• has the 

highest priority and INT7• has the le.west priority. 

2.1.3.4.2 Interrupt Acknowledge fINTA•). In response to an lnteITUpt 

Request signal. an Interrupt Acknowledge signal can be generated by a bus master 

with bus vectored interrupt capability. The Interrupt Acknowledge signal is used to 

freeze the interrupt status and request the placement of the inteITUpt vector address 

on the bua data lines. 

2.1.3.5 Bus Exchange Lines. The bus exchange lines are used by the 

following signals: 

Function 

Bus Clock 

Bus Request 

Bus Priority 

Bus Busy 

Common Bus Request 

Signal 

BCLK• 
BREQ• 
BPRN•, BPRO• 

BUSY• 
CBRQ• 

A~ muter gains control of the bus through the manipulation of these signals. 

2..1.3.5.1 Bus Request (BREQ•). A signal used by the bus masters in a 

priority resolution circuit to indicate a request for control of the bus. 

2-7 



2.1.3.5.2 Bus Priority (BPRN• and BPRO•J. The priority functions allow 

masters to break deadlocks that occur when more than one master concmrently 

requests the bus. The Bus Priority In (BPRN •) signal indicates to a particular 

master that no higher priority master is requesting use of the bus. The Bus Priority 

Out (BPRO•) signal is used in serial (daisy chain) bus priority resolution schemes. In 

such a scheme, BPRO• is passed by one master to the BPRN• ·input of the master 

with the next lower bus priority; when active, the BPRO• signal indicates that the 

higher priority master does not require control of the bus. 

2.1.3.5.3 Bus Busy (IJUSY•). A signal activated by the master in control 

of the bus to indicate that the bus is in use. This prevents other masters from gaining 

control of the bus. 

2.1.3.5.4 Common Bus Request (CBRQ•). A signal that maximizes a 

master's data transferrate to the bus by sensing the absence of other bus requests. 

The CBRQ• signal does this by serVlng two functions. It indicates to the master 

controlling the bus whether or not another master needs to gain control of the bus. To 

the other masters, it is a means of notifying the controlling bus master that it must 

relinquish control of the bus if a higher priority request is pending. 

2.2 Data Trans( er Operation. The primary function of the 796 Bus architecture 

is to provide a path for the transfer of data between modules on the bus. The follow­

ing subsections describe the different types of data transfers and the means by 

which they are implemented using the signals previously described. Fig. 2 can be 

nferenc:ed during the following discuuion. 

The diacuuion of the data transfer operation of the bus is covered in three part.a: 

(1) An overview of the operation 

(2) A detailed description of the signals used in the transfer 

(3) A di:scuasion of the specifics pertaining to the different transfers 

It is aaaumed in thi.a diacuasion that there is only one master on the bus, and 

therefore no bus contention exists. (The bus exchange logic is discuaaed in 2.4). 
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796 Bus Interface Lines 

2.2.1 Data Trans{ er Overview. A data transfer is accomplished as follows. First 

the bus master places the memory address or IIO port address on the address lines. 

af the operation is a write, the data would also be placed on the data lines at this 

time.) The bus muter then generates a command a10 read or write, or memory read 

or write), which activates the appropriate bu111 slave. The slave accepts the data ifit is 

a write operation, or places the data on the data lines if it is a read operation. A 

Transfer Acknowledge signal ill then &10nt to the bus master by the bus slave, 

allowing the bus master to complete it.3 cycle by removing the command from the 

command line and then clearing the addremi and data lines. Fig. 3 and Fig. 4 show 

the basic timing for a read and write data trarus:fer operation. 
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796 Bus Write Operation 

2.2.2 Signal Descriptions. Thia subsection provides a detailed description of the 

796 Bus signals. Included are timing, signal origination, and other information 

pertaining to the specific function thd.t each signal performs in the data transfer 

operation. 

2.2.2.l Initialize (!NIT•). Prior to any operation of the bus, all system 

modules should be reset to a known internal 1tate. Thia can be accomplished by an 

INIT• signal initiated by one of three sources: 

(1) A power-on clear circuit (RC network), which holds INIT• low until the power 

nppliea reach their specific voltage outputs 

(2) A reset button, which is eometimes provided on the system front panel for 

operator use. Note that this button must be debounced 

(3) A software command that can be implemented to pull down the INIT• line. 

The INIT1" line is driven by open-collector gates and requires signal conditioning 

to meet the electrical spec:ificatiom of the bu. 



2.2.2.2 Constant Clock (CCLX•). The Constant Clock signal, which is 

driven by only one source, provides a timing source for any or all modules on the bus. 

CCLK• is a periodic signal with a specified frequency and is driven by a clock driver 

circuit. 

2.2.2.3 Address Lines (ADRO*-ADR17•). The address lines are used to 

specify the address of the memory location or the I/O device that is being referenced 

by the command. There are 24 address lines, binary coded, to allow up to 16, m ,216 

bytes of memory to be ntferenced. These lines are driven by three-state drivers and 

are always controlled by the mast.er using the bus. 

For I/O bus cycles, master modules have the option of generating 8 bit or 16 bit 

addresses. Because of this, all I/O slaves must be capable of being configured to 

decode 8 address bits (ADRO•-ADR7111) and ignore the upper address bits or to decode 

all 16 bita of address (ADRO•·ADRF•). Note that in a system using 8 bit I/O 

addresses,. the value of the upper 16 bits of address is unknown. A master generating -only 8 bit address may set the uppei.16 address bits to any arbitrary value. 

Refer to Fig. 5 for an example of &ddress line usage. 

2.2.2.4 Data Lines (DATO•-DATF•). These are 16 bidirectional data lines 

used to transmit and receive information to and from a memory location or I/O port. 

The 16 lines are driven by the master on write operations and by the addressed slave 

(memory or I/0) on read operations. Both 16·bit and 8-bit transfers can be 

accomplished by using only lines DATO•·DAT7• (with DATO• being the least­

signi:ticant bit). 

TJiee are three types of transfers that take place accroaa the bus: 

(1) Transfer of low (even) byte on DATO•·DAT7• 

(2) Transfer of high (odd) byte on DATO•·DAT7• (using swap byte function) 

(3) Transfer of a 16-bit word 

Fig. 6 shows the data lines, and the eontenta of these lines for the three types of 

transfers mentioned. 
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796 Bus Data Line Usage 

Two signals control the data transfers. Byte High Enable (BHEN•) active 

indicates that the bus is operating in the 16-bit mode. and the address bit O(ADRO•) 

defines an even-byte or odd·byte transfer. 

_'For an even byte transfer, BHEN• and ADRO• are inactive. indicating the 

transfer of an even byte. The transfer takes place acrou data lines DAT0•-DAT7•. 

For an odd·bytetranafer, BHEN• iainactiveandADRO• iaac:tive,indicatingthe 

transfer of an odd byte. On this type of tranaf er, the odd (high) byte is transferred 

through the Swap Byte Buff er to DATO•-DA '1'7•. The high (odd) byte is transferred 

accroea on DATO•-DAT7• to make 8-bit and 16-bit systems compatible. 
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For a 16-bit transfer, BHEN• is active and ADRO• is inactive. On this type of 

transfer, thelow(even)byteistransferredonDATO•·DAT7• andthehigh(odd)byte 

is transferred across the bus on DATS•-DATF•. 

The 796 Bus data lines are always driven by three-state drivers. 

2.2.2.5 796 Bus Commands. In thU subsection we will discuas the command 

lines and how they work in conjunction with other lines to accomplish a read or a 

write operation. There are f9ur command lines: 

Function 

M~ory Read Command 

I/O Read Command 

Memory Write Command 

I/O Write Command 

Line 

MRDC• 

IORC• 

MWTC• 

IOWC• 

The command lines, which ~e ~Ven by three-state drivers on the h1u mUUr, 

indicate to the slave the action that is being requested. 

2.2.2.5.l Read Operation. The two read commands (MRDC• and IORC•) 

initiate the same basic type of operation. The only difference is that MRDC* 

indicates that the _memory address is valid on the address lines, whereas IORC• 

indicates that the I/O port address is valid on the address lines. TIU. addreas 

(memory or 1/0 port) must be valid on the bus 50 nanoseconds prior to the read 

· command being generated. When the read command is generated, the slave module 

(memory or 1/0 port) places the data on the data lines and returns a Transfer 

Acknowledge (XACK•) signal, indicating that the data ia on the bua. When the bus 

master receives the acknowledge, it strobes in the data and removes the command 

(MRDC• or IORC•) from the bus. The slave address (memory or I/O port) remains 

valid on the bus a minimum of 50 uanoseconds after the read command ia removed. 

XACK• must be removed from the bus within 65 nanoseconds after the command is 

removed to allow for the next bus cycle. Fig. 7 shows the timingforthe Memory Read 

or I/O Read command. 
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Memory or I/O Read Timing 

.2..2..2J5.2 Write Operation. The write commands (MWTC• and IOWC*) 

initiate the same basic type of operation. MWTC* indicates that the memory address 

is valid on the address lines, whereu IOWC• indicates that the VO port address is 

valid on the address lines. The address (memory or I/0) and data must be valid on 

the bus 50· nanoseconds prior to the write command being generated. This 

n!Quirement allows data to be latc-.hed on either the leading or trailing edge of the 

command. When the write command (MWTC• or IOWC•) is asserted. the data on 

the data lines is stable and can be accepted by the slave. The slave indicates 

acceptance of the data by returning a Transfer Aclmowledge(XACK•), allowing the 

bua master to remove the command, address, and data from the bus, XACK* must be 

removed from the bus within 65 nanoseconds to allow for the next bus cycle. Fig. 8 

shows the timing for the Memory Write or I/O Write command. 

.2.2 • .2.8 Transfer Acknowledge (XACK•). The Transfer Acknowledge 

(XACK •)signal is the response from the bus slave (memory or I/0) indicating that 

the commanded read or write operation is complete and that the data has been plaCed 

on. or accepted from, the data lines. In effect, this signal (XACK•) allows the bus 

master to complete the current bwai cycle. 
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If a bus muter addresses a non~tent or malfunctioning memory or I/O 

module, an acknowledge will not be returned to. the master. If this should occur, the 

bua muter would normally wait indefinitely for an acknowledge and would 

therefore never relinquish contTol of the 796 Bus. To avoid this possibility, a bus 

timeout function can optionally be implemented on a bUB master to terminate a bus 

cycle after a preset intsval, even if no acknowledge ha.s been received. A bus timeout 

can therefore be defined as any data transfer cycle terminated by the master before 

the Transfer Acknowledge {XACK•) signal is received. The minimum allowable bus 

timeout interval is 1.0 m.iJ.lisecond. 

2.2.2.7 lnhi.bit (!NHl* and1NH2•). The inhibit lines can beinvokedforany 

memory read or memory write operation (MRDC* or MWTC•). An inhibit line is 

asserted by a slave to inhibit another slave's bus activity during a memory read or 

write operation. The inhibit signal generated by the inhibiting slave is derived from 

decOciing the memory address lines (trn = 100 nanoseconds maximum). The 

inhibiting slave can decode a single address, a block of addresses, or any combina­

tion of single and block addresses. 

When it detects the specific address during the actual command (MRDC• or 

MWTC• ), the inhibiting slave generates an inhibit signal. which is sensed by the 

inhibited slave. When so inhibited, t.."Ua slave module cm.ables its drivers from all 



data. address, and acknowledge bus lines, although it may actually perform internal 

operations. (All modules that may be inhibited must have completed internal 

operations with 1.5 microseconds from the start of the command line. This interval 

[1.5 microseconds] is also the minimum acknowledge (tAcd timing for modules 

issuing inhibits. This guaranteeS inhibited modules enough time to return to their 

normal state before the current bus command is completed.) 

The slaves involved in the inhibit operation fall into three inhibit classes: top 

(inhibit) priority, middle priority, and bottom priority. In reference to the above 

paragraphs, a higher priority slave module would be the inhibiting slave and a lower 

priority slave would be the inhibited slave. INHl* is asserted (during the appro­

priate address) by a middle priority slave (such as a read-only memory module or 

memory-mapped I/O module) to inhibit the bus activity of a bottom priority slave 

(such as a read/write RAM module). INH2• is asserted (at the appropriate address) 

by a top priority slave (such as an auxiliary or a bootstrap ROM module) to inhibit 

the bus activity of a middle priority slave. The top priority slave shall also assert 

INHl • so that a bottom priority slave will also be inhibited. The inhibit lines shall be 

asserted low by open collector (or equivalent) drivers. When both a middle and a top 

priority inhibiting slave are activated, INHl• will be asserted by drivers on both 

modules. 

The use of the inhibit signals during memory reads (MRDC•) shall not cause any 

adverse effects within the inhibited slave module. That is, data in the inhibited slave 

shall not be altered and its status register, if any, shall not be affected. 

The use of the inhibit signals during memory writes (MWTC•) shall be allowed., 

and might or might not affect the data within the inhibited slave. If the data is 

affected. it shall be only within the one byte (or word) that is being addressed. (No 

other data within the inhibited. slave shall be altered.) 

The inhibit signals, when issued, shall be generated. with 100 nanoseconds (tto) 

after the addreu is stable. (See Fig. 9.) A command may be generated as early as 50 

nanoseconds (tAs) after the address is stable. This timing can cause the inhibit to 

occur after the command has been received by the inhibited module. To prevent false 

acknowledges, modules that can be inhibited. must not generate an acknowledge 

until the inhibit signals have had time to become valid (50 nanoseconds after the 

command). 
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Fig. 9 shows the timing for an inhibit operation. In this example, both PROM and 

RAM have the same memory addresses; therefore, the PROM inhibits the RAM. 

Although inhibit signals may be generated during IORC•, IOWC•, or INTA• 

operations, these signals are ignored by other slaves (including the slave that should 

respond to the INTA•, IORC•, or IOWC• ). 

2.3 Interrupt Operations. The following subsections explain the 796 Bus signal 

lines used in the interrupt operation, and the two different types of interrupt imple­

mentation. Refer to Section 5.1.4 for information on levels of compliance with 

respect tc> interrupt attributes. 

2.3.1 Interrupt Signal Lina. 

2.3.1.l Interrupt Request Lines (1NTO•·INT7•). A set of interrupt request 

lines <INTO•·INT7•) is provided on the bus. An interrupt is generated by activating 

one of the eight interrupt request lines with an open-collector driver. All interrupts 

are level-triggered, rather than edg~ggered. Requiring no edge to trigger an inter­

rupt allows several sources to be attached to each line. The interrupt request lines are 

prioritiz~ with INTO• having the highest priority and INT7• having the lowest 

priority. 

2.3.1.2 Inte"upt Acknowledge (INTA•). An interrupt acknowledge line 

(INTA• ), driven by the bus master, requests the transfer of interrupt information on 

the bus. The specific information timed onto the bus depends on the implementation 

of the interrupt scheme. In general, the leading edge of INT A• indicates that the 

address bus is active; the trailing edge indicates that data is present on the data 

linea. 

2.3.2 Classes of Interrupt Implementation. There are two types of interrupt 

implementation schemes: Non-Bus Vectored (NBV) and Bus Vectored(BV). Thetwo 

tchemee are explained in the following subaectiona. 
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2.3.2.1 Non-Bus Vectored Interrupts. Non-Bus Vectored (NBV) interrupts 

are those interrupts handled on the bus master that do not require tha 796 Bus for 

transfer of the interrupt vector address. The interrupt vector address is generated by 

the interrupt controller on the master and transferred to the processor over the local 

bus. The slave modules generating the interrupts can reside on the master module or 

on other bus modules, in which case they use the 796 Bus interrupt request lines 

(1NTO•-.INT7•) to generate their interrupt requests to the bus master. When an 

interrupt request line is activated, the bus master performs its own interrupt opera· 

tion and processes the interrupt. Fig. 10 shows an example of NBV interrupt imple­

mentation. 

2.3.2.2 Bus Vectored Interrupts. Bus Vectored (BV) interrupts are those 

interrupts that transfer the interrupt vector address over the 796 Bus from the slave 

to the bus master using the INTA• command signal. --When an interrupt request occma, the interrupt control logic on the bus master 

interrupts its processor. The processor on the bus master generates the INT A* com· 

mand, freezing the state of the interrupt logic for priority resolution. The bus master 

also locks (retains the bus between bus cycles) the 796 Bus to guarantee itself back·to­

back bus cycles. After the firstINTA• command, the bus master's interrupt control 

logic puts an interrupt code on the 796 Bus address lines. The interrupt code is the 

address of the highest priority active interrupt request line. At thi& point in the BV 

interrupt procedure, two different sequences can occur because the 796 Bus can 

support masters that generate either two or three INTA• commands. 

If the bus master generates two INTA* commands, one more INTA• command 

will be generated. This second INT A* causes the bus slave interrupt control logic to 

trBnsmit its interrupt vector address on the 796 Bus data lines. The address is used by 

the-t;us master to service the interrupt. 

If the bus master generates three INTA* commands, two more INTA* com· 

mands will be generated. These two INTA• commands allow the bus slave to put it.a 

2-byte interrupt vector address on the 796 Bus data lines (one byte for each INTA• ). 

The interrupt vector address ia used by the bus master to service the interrupt. 
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NOTE 

The 796 Bus can support only one type of Bus Vectored interrupt in a given 

system. However, the 796 Bus can support both Bus Vectored(BV)andNon­

Bus Vectored (NBV) interrupts within the same system. 

Fig. 11 depicts an example of BV interrupt implementation. 

2.4 798 Bus Exchange. The 796 Bus can accommodate several bus masters on 

the same system, each taking control of the bus as it needs to effect data transfers. 

The bus masten request bus control through a bus exchange sequence. 

The discussion of the 796 Bua exchange will be separated into three parts. The 

first part explains the signals involved, the second part discusses the bus exchange 

priority techniques (serial and parallel), and the third part explains the implemen­

tation of the exchange logic. 

2.4.1 796 Bus Exchange Signals. A set of six signals is uesd to implement the 

bus exchange operation. All bus exchange signals are synchronized by BCLK•. 

2.4.1.l Bus Clock (BCLK•). This periodic clock signal is used to synchronize 

the exchange logic. with synchronization occuring on the trailing (high-to-low) edge 

of the pulse. BCLK • has a duty cycle of approximately 50 percent, a maximum. 

frequency of 10 MHz. and can be slowed, stepped, or stopped as called for by system 

design. There is no requirement for synchronization between BCLK• and CCLK•, 

but they may be derived from the same source. The BCLK• line is driven by a TI'L 

clock driver. 

2.4.1.2 Bus Busy (BUSY•). This signal is driven by the master in control of 

the bus. All other masters monitor BUSY• to determine the state of the bus. This 

bidirectional signal, which is driven by an open-collector gate., is synchronized by 

BCLK•. 
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2.4.1.3 Bus Priority In (BPRN•). A non·bused signal that indicates to a 

master that no master of higher priority is requesting control of the bus. BPRN• i8 

aynchronized by BCLK• and driven by'ITL gates. In a serial resolution scheme, this 

is the master's input from the priority chain. In a parallel resolution scheme, this is 

the master's input from the parallel priority c:imUt. 

2.4.l.4 Bus Priority Out (BPRO•). Thia non-bused signal, when activated by 

a bus master, indicates to the bus master of the nm lower priority that it may gain 

control of the bus (i.e.. no higher priority request. are pending for control of the bus). 

This signal is used only in a daisy-chained aerial priority resolution scheme and 

should be connected to the Bus Priority In (BPRN •) input of the next lower priority 

bus maater. BPRO• is driven by '1TL gates and is synchronized by BCLK•. 

NOTE 
Each bus master must allow its BPRO• aignal to be disconnected from the 

BPRO• line on the 796 Bus so that, if desired. a parallel priority resolution 

scheme can be used. Thia capability is to allow some bus masters t.o have 

their BPRN• inputs driven by a central parallel resolution circuit instead of 

by the BPRO• of the nm higher priority muter. 

2.4.1.S Bu.a Request (BREQ•). The Bus Request (BREQ•) line is used with 

the parallel priority resolution scheme, and is a request of the master for 796 Bua. , 
control. The priorities of the BREQ• from each muter an resolved in a parallel 

'priority resolution circuit. The highest priority request enables the BPRN• input of 
. . 
: that master, allowing it to gain control of the bus. BREQ• is synchronized by 

BCLK• and is a '1TL output. 

2.4.1.8 Common Bua Requat (CBRQ•) (Optioncl). Any master that wants 

control of the 796 Bua but dos not control it, can activate CBRQ• with an open· 

collector gate. If CBRQ• is high. it indicates to the bus muter that no other muter is 

requesting the bus and therefore the present bu master can retain the bus. There an 

timee when this can eave the bus exchange overhead for the cmrent master. This is 



because quite often when a master is controlling the bua, there are no other masters 

that are requesting the bus. Without CBRQ*, only BPRN* indicates whether or not 

another muter is requesting the bus and, for BPRN •, only if the other master is of 

higher priority. Between the master's bus transfer cycles, in order to allow lower 

priority masters to take the bus if they need it. the master must give up the bus. At the 

start of the master's next transfer cycle. the bus must be regained. If no other master 

bu the bus, this can take approximately three BCLK• periods. To avoid this 

overhead of unnecessarily giving up and regaining the bus when no other masters 

need it. CBRQ• may be used. Any muterthat want.a but does not have the bus, must 

drive this line low (true). The master that hu the bus can, at the end of a transfer 

cycle, sense CBRQ•. If it is not low, then the bus does not have to be released, thereby 

eliminating the delay of regaining the bus at the start of the next cycle. (At any time 

before the master' a next cycle, any other mast.er desirir.g the bus will drive CBRQ • 

and cause the master to relinquish the bus at that time.) 

Mutem that use CBRQ• must be able to disablethst function such that they can 

be used with masters that do not generate the CBRQ• signal. 

2..4.2 BUil Exchange Priarity Techniqwes. Two bus exchange priority techniques 

are discussed: a serial technique and a pamllel technique. Fig. 12 and Fig. 13 

illustrate these two techniques. Note that the par&!lel and serial schemes are 

compatible and therefore can be combined and used together on the same bus. The 

bus exchange implementation discussed in 2.4.3 is the same for both techniques. 

2..4..2.1 Serial Priarity Technique. Serial priority resolution is accomplished 

with a daisy-chain technic;ue (see Fig. 12). With euch a scheme, the bus priority 

output (BPRO•) of each master is connected to the bW!I priority input (BPRN *)of the 

next lower priority master. The BPRN • of the highest priority master in the serial 

ch~ shall either be always active or connected to a central Bus Arbiter as described 

in ·2.4.2.2. The latter connection would be used if a parallel-serial priority structure 

were used. 

Serial priority resolution is accompliahed in the following manner. The BPRO• 

output for a particular mast.er is userted if and only ifits BPRN * input is active and 

that master is not requesting control of the bus. Thus, if a muter requests control of 

the bus, it shall set its BPRO• high, which in turn disables the BPRN• of all lower 
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priority masters. The number of masters that can be linked in a aerial chain ia limited 

by the fact that the BPRN• signal must propagate through the entire chain within 

one BCLK• cycle. If the muimum BCLK• of 10 MHz ia used, then the number of 

masters in a aerial chain ia limited to three. 



2.4.2.2 Parallel Arbitration Techniqu& ~ the plµ'allel technique, the bus 

allocation is determined by a BU8 Arbiter (see Fig.13). This may be a priority scheme. 
I 

which determines the next muter by a fixed priority structure or some other 

mechanilm for allocation (e.g., •eictu~tial). The BREQ• lines are used by the arbiter 

to signal the next maswi- on the appropriate BPRN• line. The BPRO• lines are not 

used in the parallel allocation BPRN• scheme. 
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3. Electrical Specificatiou 

This section presents the electrical specifications for the 796 Bus as follows: 

(1) General bus considerations of the state relationships, signal li.De characteris­

tics, and power supplies 

(2) Timing specifications for the bus signals 

(3) Specifications for the signal line drivers and receivers, as well as the electrical 

t.ermination requirements 

When electrical specifications indicate minimum or maximum values for the bus, 

they must be measurable at any point on the bus. 

Note that a particular implemented bus could have any a.mount of bus propagation 

delay and ringjng (before setup timea), as long as all bus parameters (e.g., setup, hold, 

and other times) are met at all points on the bus. However, to facilitate the design of a 

compatible set of modules (masters and slavesl that 11.98 the bus, the standard maxi· 

mum bus propagation delay will be specified as tPD (mu). 

3.1 General Bu Couideratiou. 

3.1.l LogU:td and EZ.Ctrlt:al Sta.UI R11'4tionahi.ps. The signal names indicate whether 

or not the signal lines on the 796 Bus are active high or active low. If the signal name 

ends with a nathan (" * ", a non-superscript asterisk), then the signal is active low and 

its logical-eJectrical state relationship for that signal is: 

Logical State Electrical Sipal Level At Receiver At Driver 

0 H•TTL high state 5.25V c::H c::2.0V 5.25V o:H :oi:2.4V 

1 Lz'ITL Low state .8Vc::LC!:-.5V .5Vc::Lci:OV 
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U the signal nmiie has no nathan (no " * "), then the signal is active high and its 

logical-electrical state relationship for that signal is: 

Logical State 

0 

1 

Electrical Sigual Level At Receiver 

. L='ITL low state .8V2::L0?:-.5V 

H•'ITL high state 5.25V <!:H 2::2.0V 

At Driver 

.5V 2:L2::0V 

5.25V 2::H 2:2.4V 

These specifications are based on TTL, where the power source is 5V ±5%, refer­

enced to logic ground (GND). 

When specified, current flow into a node has a positive sign and current flow out of a 

.Dode has a negative sign. 

3.1.2 Sipal Line Cha.ractemtics. The following subsections describe two types of 

requirements. The first includes the requirements on the signal line that are measured 

when the signal line is in use. The second type includes those that are measured under 

apecial test conditions. 

3.1.2.l In-Use Signal Line Requirements. During· normal use, the rise and fall 

times of the signals depend on which type of driver is used (see 3.3). Typical rise and fall 

times are: 

RiseTi.me 

Fall Time 

Open Collector 

10 DS 

Totem Pole 

lOns 

10 D8 

3-State 

10 DS 

10 D8 

The maximum signal propagation delay on the bus is tPD (max). This is measured 

from the edge of any one board plugged into the 796 Bus to any other board plugged 

·into the 796 Bus: 

Theae dynamic sig:na.l parameters can be teated by using 7 4520 gates as driven. 



NOTE 

For all boards plugged into the bus. the setup. hold. and any other times are 

measured at the edge of the ho.rd where it is plugged into the bus. This means 

that all bo.rd·intemal delays must be taken into account. while still providing 

for the setup. hold. and other times. 

After Power-Up, the following specifications apply: 

(1) Bus termination ?equired for each signal line (see 3.3). 

(2) Settling time for all command line signals (see 2.2.2.5) after a transition is zero. 

On these lines the ringing cannot go beyond the noise immunity levels-Le.. high. mini· 

mum; or low, maximnm, This also applies to the Transfer Acknowledge and Inhibit 

lines. 

For all address lines (see 2.2.2.31 the signals must be stable (settled) at least 50 

nanoseconds before any command line goes active (setup time). This settling require­

ment means there can be no ringing beyond the noise immunity levels (high. minimum; 

low, m.uimum). These requirements also apply to the data lines (see 2.2.2.4) during any 

write operations. 

For all data lines during readoperaeions. the setup time is zero before the Transfer 

Acknowledge (XACK * ) signal goes active; and the hold time is zero after the read· 

type cmnmand goes inactive. 

The setup. hold. and command ringing are summarized and graphically presented in 

Fig.17. 

3.1.2.2. BackpiaM Signal Trac. Claanrctmatic& Requirements for J.ine.to.line 

coupling characteristics are shown in Fig. 18. The apec:ific test conditions under which 

the apec:ifications are to be met are also shown. 

3.1.3 Po111er Supply Speci.(U:atiom. Table l provides all power supply specifications. 

All voltages not shown in Table l that may be required on a ho.rd plugging into the 

796 Bus should be derived from one of the standard voltages (+5V, +12V, -12V>, 
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Table 1 
796 Bue Power Supply Spedflcatiou 

Stuadard1 

Parameter Ground +6 +12 -12 

Mnemonic GND +5V +12V -12v 

Bua Pim Pl·l,2,11,1~. Pl-3,4,5,6, Pl·7,8 Pl-79,80 
76, 76,86,86 81,82,83, 

84 

Tolenmce Raf. :t:1% :t:1% ::!:1% 

Combined Line & Load Reg Raf. 0.1% 0.1% 0.1% 

Ripple (Peak to Peakl Ref. &OmV 50mV &OmV 

Tramient Respcmae 100,,. 100,,. 100,,. 
(:6Q% Load Chanpl 

1Paia& of--' ill at caanecUDD .,oint ~ moUmboanf lllld pow9' IQpply, Atay cud lldp _. 
-W a depadaUcm of 2"1t mu.lmum le.g. w!t.ap t.olsum ::U11tl lll allowed. 

3.1.4 Temperr.atun and Humidity. Bus specificatiODS should be met with tempera· 

tme and humidity within the following ranges: 

Temperature: 0-56 "C (32-~ °F); freemoving air acroea modulell and bus 

· Relative H1.,.midltr. 90% maximum (no CODdemationl 

Thia repruenta standard environment for the 796 Bua. It may be desirable to create 

more (or lessl MVere enviro:amental rest.rictiODS in ,.,me applicaticma. 

3.2 'nmiD1. Thia subeection describes all timing spec:ification.s on the 796 Bua. It does 

not prelleDt deacriptiom or functional relationships (which are given in Section 21; how· 

ever, this MCtion does imply the functionality when relating two sigDals. 

Table 2 summarizes the timing apecificaticms in this aection. For detailed descrip­

tiam. refer to the epecific mbMCticm(sl in the right-hand column. 

The timing diagrams ·shown in this oection wnWly show the minimum or maximum 

values required for each parametsr. Howaver, for clarity, tbe diqraml in this specifica· 

tion do not usually show both the minimum and muimum parameters. For this reuon. 
the bus timing specification (Tabla 2l should be refereuced for complete information. 

The timing diagrams show how all of the parameters are defined iD relation to the 

aigDala involved. 
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Table 2 
798 Bu 'nmlD1 Speeiflcatktm 8111111111817 

Ptlnlll4lte D.eripdoa Mmimam Muimam Ualu Refenace 

~AH Addnu Hold Time 50 118 3.2.1, 
3.2.2. 
3.2.f 

t.uz Addrea t.o Inhibit. Hllh . ·O 100 D8 3.2.3 
Delay 

tAS Address Setup Time 50 DS 3.2.1. 
(at slaw board.I 3.2.2. 

3.2..C 

tBCY BCLK * Period 100 • 118 3.2.5 

taPRNO BPRN * t.o BPRO * 0 30 Dll 3.2.5 

~PRNS BPRN * t.o IBCLK * 22 DS 3.2.5 
Setup'l'Jme 

taPRO IBCLK* t.o BPRO* 0 '° DS 3.2.5 

taREQH IBLCK * t.o BREQ * 0 35 118 3.2.5 
High Delay 

tsREQL IBCLX* t.oBREQ* 
LowDeJay 

0 35 ... 3.2.5 

tBSYo CBRQ *•BUSY* t.o 12 ,,. 3.2.5 
tBUSY 

tsuSY BUSY* delay from 0 70 Dll 3.2.5 
IBCLK* 

tauSYS BUSY* t.o IBCLK 25 ... 3.2.5 
Setup Time 

taw BCLK* Widtb 0.35tsCY 0.66tBCY 3.2.5 

tcsRO IBCLK* t.o CBRQ+ 0 60 ... 3.2.5 

tcsRQS CBRQ* t.o IBCLK* 35 DS 3.2.5 
Setup Time 

tcCY CCLK * Period 100 110 118 3.2.6 

tam C-nmmand PuJ.. Width 100 ~UT 118 3.2.1. 
3.2.2 

ta.PH C-nmmand Hold 'nm. 20 118 3.2.1. 
3.2.2 

tcPM Central Priority Module 0 tscrtauQ 3.2.5 
ReeolutiOD Delay -2tPD 
(para1Jel priority) -t&PRNB 

-tmmw 
tesEP C!ornmand Separatima 100 118 3.2..C, 

3.2.6 

tcw CCLK* Width 0.35tocY 0.65tcCY Dll 3.2.8 

too Read Data Hold Time 0 66 na 3.2.1, 
3.2 • .C 

to aw Write Data Hold TJme 50 na 3.2.2 

- tos Write Data Setup Time 50 na 3.2.2 



Table2 
796 Bu• Timing Spec:ificatiou Summary (Cont'd.) 

Parameter Descriptiol! Minimum Muimum ~ Refe"nce-

toXL Read Data Setup Time to 0 DS 3.2.l. 
XACK* 3.2.4 

tlAD XACK * Disable from 0 100 l'lS 2.3.2 
Inhibit (internal param- (arbitrary) 
eter ori an inhibited 
slave; used to det.ermine 
tXACKA min.) 

tm Inhibit Delay 0 100 l'lS 3.2.3 
(rerommer>d 

<100 nsl 

tlNIT INIT* Width 5 ms 3.~6. 
3.2.7 

tlNTA INTA* Width 250 DS 3.2.4 

l:otrr Timeout Delay 1 de (OD) ms 

tPD Standard Bus Propa· 3 D8 3.1.2. 
gation Delay 3.2.5 

tsKEW BCLK* Skew tPD 3.2.5 

tXAcx XACK* Time 0 8 3.2.l, 
(for slaves without 3.2.2. 
inhibit function) 3.2.4 

tXACKA XACK* Time of an t1AD 1500 DI 3.2.3 
Inhibited Slave +50ns 

tXACKB XACK * Time of m 1500 8000 DS 3.2.3 
Inhibiting Slave 

tXAH XACK* Hold Time 0 65 ns 3.2.l, 
3.2.2. 
3.2.4 

Serial See 3.2.5 
Priority 

3.2.1 Read Operations (1/0 and Memory). A read operation transfers data from 

memory or from I/O to the master that is controlling the bus (see 2.2.). The lines in· 

volved. and timing specifications for a read operation are shown in Fig. 19. See the 

special inhibit operation in 3.2.3. 

3.2.2 Write Operations {1/0 and Memory). A write operation transfers data from the 

muter controlling the bus to memory or I/O (see 2.2). Timing for a write operation is 

shown m Fig. 20. See 3.2.3 for inhibit operations. 
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3.2.3 Inhibit Operations. An inhibit operation may accompany any memory read or 

memory writ.e operation. The main effect is for one slave to inhibit anothe slave from 

driving the data lines and from returning (driving) an acknowledge (XACK * ). J/O 

addnsses cannot be inhibit.ed. Although inhibit signals may be generated during 

IORC * . IOWC * , or INTA * operations, these signals are ignored by other slaves 

(including the slave that should respond to the INTA * , IORC * , or IOWC * ). 
Inhibit timing is as illustrated in Fig. 21. Related subsections are: 

Sabeeetion 

Functional DescriptioDS 

Timing Specification Summary 

Read OperatioDB 

Write Operations 

Interrupt Implementations 

Number 

2.1.3.2.3 

3.2 

3.2.l 

3.2.2 

S.2.• 
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Fig. 21 
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3.2.4 Int.rrupt Impkm•nta"tioru. There are two types of interrupt implementation 

ac.bemes: Non-Bus Vectored INBV) and Bus Vectored (BV). 

3.2.4.l NBV lnt.rmpts. NBV interrupts are handled on.the bus muter and do 

not require the 796 Bus for transfer of an interrupt vector address. The slave modules 

generating the interrupts may reside on the master module or on other bus modules, in 

which cue they use the 796 Bus interrupt request lines (INTO* -INT7 * ) to gener­

ate interrupt requests to the bus mast.er. When an interrupt request line is activated. 

the bus muter performs its own intemal interrupt operations and then processes the 

interrupt. 

3.2.4.2 BV Interrupts. BV interrupts are those interrupts that transfer the inter­

rupt vector address along the 796 Bus from the slave to the bus muter in response to 

the INTA * command sigl'JaJ.. BV interrupt timing is shown in Fig. 22. 

ADDllU8 
UNll C\11111 
ONl.TADllA• • 

• ADM•, AOlll• 

-· 
Fig. 22 

Bas Veetcnd (BV) Interrupt AC TlmiDS 
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When an interrupt request occurs. the interrupt control logic on the bus master in· 

terrupts its processor. The processor on the bus mast.er generates an INTA* com· 

mand. which freezes the st.ate of the interrupt logic on the 796 Bus for priority resolu· 

tion.. The bus master also locks the 796 Bus (ret.aim the bus between bus cyclesl to 

guarantee itself back-to-back bus cycles. After the first INTA* command. the bus 

master's interrupt control logic puts an interrupt code onto the 796 Bus address lines. 

The interrupt code is the address of the highest priority active interrupt request line. 

At this point in the BV interrupt procedure, two different sequences could take place. 

The difference occurs because the 796 Bus can support masters that generate either 

two or three INT A* collUD.!.Ulds during the interrupt process. 

If the bus master generates two INTA * commands. one more INT A* command 

will be generated. This second INTA * causes the bus slave interrupt control logic to 

transmit its interrupt vector address on the 796 Bus data lines. The address is used by 

the bus muter to service the intemlpt. 

If the bus master generates three INTA* commands. two more INTA* com­

mands will be generated. Thase two INT A* commands allow the bus slave to put its 

2·byte interrupt vector address onto the data lines (one byte for each INTA * com· 

mand). The interrupt vector address is used by the bus master to service the interrupt. 

NOTE 

The 796 Bua can support only one type of BV interrupt in a given system. 

However, it can support both BV and NBV interrupts in the same system. 

Subsections related. to BV and NBV interrupts are: 

SabMC'tion 

Functional Descript:ioas 

Timing Specification Summary 

Number 

2.3.2.2 

3.2 

3.2.5 Bus Control Exchanges. A bus control exchange takes control of the bus (i.e.. 

the ability to do read. write. and interrupt acknowledge operational from one master 

and gives it to another master. See 2.4 for a functional description of this process. 

For a master that does not me the bus signal CBRQ * (Common Bus Request), the 

. timing specifications in Fig. 23 apply. 



For a system using CBRQ * (Common Bus Request), each master must also 

satisfy the ti.ming :req\Urements illustnted in Fig. 24. Note that before "releasing the 

bu.s" (i.e .. releasing BUSY* ), t.be bold times, etc.. of any ending cycle must still be 

met u described in the previous subMCticms oft.bis chapter. Likewise. after "ta.Iring 

the bus" (i.e.. driving BUSY* lowl, it is necessary to satisfy all applicable setup and 

other timing parameters for a cycle jWJt beginning. 

3.2.5..1 &rial Priority. For a system that uses a Klria1 priority scheme (i.e .. daisy· 

cbam BPRO* s to BPRN * sl (see 2.4), the timing specifications in Fig. 25 apply. 

- ICllRCI --i . \.-.0,.. MAI 

VJ ---'!==, 
.:.o""I ::~~~~: .. 

,2 •• MAii fOR 191.15 CONTROL 
(USl'! iioo, 8Ull 1'910fil O!LA\f, IM ALL S'fll. CAl.C'$) 
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3.2.5.2 Pa.raJJal Priority. For a syst.em that wies a parallel priority scheme (i.e.. a 

central priority resolver) (see 2.41. the following syst.em and CPM (Central Priority 

Modulel timing specifications of Fig. 26 apply. 

3.2.6 Muct1ll4Mowr '1'imin6o The timing diagrams in Figs. 27, 28, and 29, ahow the 

timing of Constant Clock (CCLK * ), ('.omm•nd Separation (tcsEpl, and Initialize 

<tJm· respectively. 

3.3 Receiven, Driven ad Termiutiou. Non-timing specifications unique to each 

signal line or to groups of signal lines are presented in Table 3. The requirements for the 

signal line receivers, driven. and bus terminations, md the locations of the receiver, 

driver, and t.ermmation for each signal are given. 
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Table 3 
Bua Driven, Receivers, ud Terminatfoaa 

DriverLS ReceiverZS Termination 
· Io& ___ -·co-- --iu:---im 

~. ' loL Ioit 
Baa Signals Location ~ MinmA" Min,.. Mu,.. Minpt Location MumA Mu,.. Mu,, Location Type R Onita - -- - - --
DATO*- Masters TRI 16 -2000 300 Masters -o.s 125 18 1 place ¥up 2~ KO 
DATF* &Slaves & Slaves 
(16 lines) 

ADRO* - Masters TRI 16 -2000 300 Slaves -0.8 125 18 1 place Pullup 2.2 KO 
ADR17*, 
BHEN* 

·(25 lines) 

MRDC*-, Masters TRI 32 -2000 300 Slaves -2 125 18 l place Pullup 1 KO 
MWTC* (Memory; 

Memory-
Mapped 
I/0) 

IORC*, Masters TRI 32 -2000 300 Slaves -2 125 18 1 place Pullup 1 KD 
IOWC* (1/0) 

XACK* Slaves TRI 32 -400 300 Muters -2 125 18- - 1- place- Pullup- 510··- 0 

INHl*, Inhi"bit· oc 16 -250 300 Inhibited -2 50 18 1 place Pullup 1 KD 
INH2* iDg Slaves 

Slaves (RAM, 
PROM. 
ROM. - Memory-
Mapped -- I/0) 

BCLK-*' 1 place T1'L 48 -3000 300 Muters -2 125 18 Mother- To 220 n 
(Masur board +5V 
asually) To 330 Q 

GND 

BREQ* Each T1'L 10 -200 60 Central -2 50 18 Central Pullup 1 KD 
Masur Priority Priority 

Module Module 
(Dot req) 

BPRO* Each T1'L 3.2 -200 60 Next -1.6 50 18 (not req) 
MutAr Masur iD 

Serial 
Priority 
Chain at 
its 
BPRN* 

BPRN* Par8Del: T1'L 16 -WO 300 Mutars .... 100 18 (DOt req) 
Central 
Priority 
Module 
Serial: 
Prev 
Mast.en 
BPRO* 



Table3 
Bui J;>riven, Aec:eiven, ed Termination• (ec.at'd.I 

DriverLI Reeeiv..U Termination 
IoL loH Ios Co 

Ba• Signale Location Type MiDmA ~ ~ Min2r Locatima 
lu. Ira C1 5 
~ Mu:,.. Mu:21 Location_ !!!!!, R Unit.a 

BUSY* • All OC 
CBRQ * Masters 

INIT* 

CCI.K* 

L~.A* 

Muter 

1 place 

oc 
'ITI. 

M..ws TRI 

INTO* - Slaves OC 
IN'T7* 
(E; line81 

20 

32 

48 

32 -2000 

16 

-250 

-250 

3(lO All 
Masters 

300 All 

300 Azi.y 

300 Slaves 
(lnt.er-­
rupting 
110• 

-~o soo Masters 

-2 

-2 

-2 

-1.6 

50 

50 

125 

125 

40 

18 1 place PuUup 1 Kn 

18 

18 

1 place 

),fot.her­
board 

Pullup 2.2 KO 

To 220 a 
+5V 
To 330 0 
GND 

18 1 pla~ Pullup 1 Kn 

18 1 place Pullup 1 KO 

===================================================================== 
l!lriwr~ 

Ioa • Higb Outpm CmNi& Drive 
Ioi. - Low Ouq,ut CIR'ftlllt Drive 
Co - Capmcit.uico Driw Capability 
TRI • 3-st.at.e Ori-
~ - ()pea Coil-=tar .Drtwr 
Tl'L • T~ Orivs 

;.._.~ 

I1a • Hlab laput Curnnt. Lolld 
111, •!Aw Input Cl!mmt Load 
C1 •Capacitive Lead 

3Far low Uld hich vol&ap speciJicatiou - 3.1.l. 
4:t:fi'llt, 14W RMia&an 

t,\ll termination raUtorll specified 118 .. 1 place" Are typicti}y located OD the motherboard. 
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4.0 Intndm:tion. This section descnl>es all the physical and mechanical specifications 

that a designer must concern hinµlelf with when designing a 796 Bua backplane or 

when de~ printed circuit boards that will plug µito the 796 Bus interface. 

4.1 &cllpl.me Considen.tiou. Th.is oection is a discwssion of the things that the de­

signer must consider when designing a 796 Bus backplane. 

The maximum length of t.lw backplane cmmacting modules is 18 iJ1ches. Extender 

boards used withm the system will not be supported by the bua unless the overall re­

sulting length of the l:Ns incluGing the extender card ill less than the 18-inch m.uim1,1JD.. 

ti.! Boord ta .Boord .&ltJ.tioMkipa. The following printed circuit board specifica· 

tiona muat ~ adhered to whim ~gff!ng 796 Bua compatible boards which are to 

operate in a 0.6-.inc.b. board to board spacing backplma. 

a. BOtmi. to Boa.rd Spacing {Le) ... cant.er to cent.er of boards when plugged into 

backp!ime must be at laut 0.6 iw:hee ±0.02. 

b. Bmud. T/W;kwtss fLTJ - the typical board thic::Jmesa is 0.062 ±0.005 inches. 

c. CompoMnt lAad Lmgth {Lr.) - the length of the component leads below the 

printed ~t boord emnot a.Cl!lllld 0.093 inches. 

d. Compount Height (LHJ - the fol.lc:nring equation is used to det.ermi.ne the 

muimum height of the components 11.bove the printed circuit board: 

La<Lc-Lr-LL 

La< 0.58 "-0.007"-0.093 .. 

La<0.420 inc.bes (including board ~I 

EJectrf(;JJy conductl;,; oomj,on;ftta req-uire-LH-t;; i:;-decreaaed to 0.40 inches. 

An example of a typical backplane Md the components neceasary to implement it 

are lllhmm in Fig. 32. 

+l 
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This section contains only the mech .. ical specificaticms for desisninc a 79i Bus ia· 

terface. The desiiJ1er must also take iate .... w.ratieu the electrical spec:ificaM ... ill 

Section 3. 

4.1.2 796 Bus Pin Aasignmenta. Printed circuit. boards which are desilJled ta 

interface to the 796 Bus have two connectors which pJu1 into the backplane. Pl (Pri. 

mary) and P2 (Auxiliary). Table 4 ahows the pin/si1J1al usirnment. for the Pl 

connector on the printed circuit boarclL Reserved signals on· the Pl connector muat 

be bussed as normal si1Dal lines on the backplane. Table 5 shows the pin/li1J1al 

aui1Dments for the P2 connector on the pmted circuit boardL If a backplane is ue8 

then the "Reserved and bussed" ai1Dala must be 9uaaed as normal ai1Dal lin•, md 

the "Reserved but not bussed" •il?lals ahall have no connectiona • 

.U 796 Baa Board Form Fac:tan. Certain 796 Bua c:Ju.ract.eristica must be takea into 

comideration when designin1 printed circuit boards that interface to it. The d•ill" .. 

will ensure him.self of 79i Bus c:om,.tiltility if the specifications discus• ia tlaia 

chapter are followed. 

ill Connector Narninw and Pin Nu.mO.rin.w StlllUl.tud& The c:mmec:tms • tJae 

printed circuit boards desiiDed for the 7H Bus int.face should adhent to the fellewillg 

staDdards (see Fig. 32). 

L The connectors on the bus aide of the board will be called Pl, P2. Pl ia the Ii pia 

main cmmec:tor, and P2 ia the 60 pia aui.liary couector. 

b. Mating cmmecton on the moth•boani (791 Bual backplane will be caW Jl, 

J2, etc. 

c. Pins should be numbered with odd numbs pias cm the component aide of the 

board, and iD ascending order when ioinc c1NDtercloc:kwise around the board (aHaOW1l 

inF~ 331. 

4.2.2 Stand4rd OudiM of Print«l W£rin6 BNl'fl& Figure 34 shows tlut ataadard 

outline for 796 Bua-compatible boards (Printed W'U"8 Boards and Printed CirCuit 

Boardsl. The non·bus edge of the board ia not restricted. The remainder of the board ill· 

eluding connectors Pl and P2 must adhere to the dimensions ahown in Fig. 34. 

Only the basic board'• atandarcl vertical hei1ht is cammtly specified. 
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Typical 196 Bus Backplane 

4.2.3 .Bus O:m1111c-ton. The 796 Bus baclcpl!me has cm:mectors that mate to the Pl 

(43/86 pi.DI board edge co:imector. The backplane uses 43/86 pin Oil 0.156 •centers COil· 

nectors. 

The P2 connector is a 30/60 pin board edge connector with 0.100" pin centers. 
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Poww 
Supplies 
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Controls 
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Controls 
and 
Addresa 

Int.errupts 

--
Address 

Data 

Power 
Supplies 

Table 4 
Pin Aaoipment or Bu Sigula OD 796 Bue Board Comaector (Pl) 

Plu 
(Component Side) 

Pin (Circuit S!c!el 
Mnemonic Descri__p_tiOll Mnemonic Description 

1 GND Si(p18! GND 2 GND Signal GND 
3 +5V +6Vdc 4 +6V +5Vdc 
5 +sv · +6Vdc 6 +5V +5Vdc ., +1:2V +12Vdc 8 +l2V +12Vdc 
9 Reserved, buaed 10 Reserved. bu~ 

11 GND SignalGND 12 GND Signal GND 

13 BCLK* Bwi Clock 14 INIT* Initialize 
15 BPRN* Bus Pri. In 16 BPRO* Bus Pri. Out 
17 BUSY* Bus Buay 18 BREQ* Bus Request 
19 MRDC* Mom Rad Cuid 20 .MWTCw Mem Write Cmd 
21 IORC* JJO Read Cmd 22 IOWC* 110 Write Cmd 
23 XACK* XFER Aclmowledp 24 INlil* Inhibit 1 (disable RAM> 

I 

25 Reeerved, buseed 26 INH.2* Inhibit 2 (disable PROM .- ROM) 
27 BHEN* Byte High Enable 28 ADlQ* 
29 CBRQ-1~ Common Bua Request 30 ADll* Address 
31 CCLI{* Constant Clk 32 AD12* Bua 
33 INTA* Intr Ac.JmowJedge 34 AD13* 

35 Il'IT6-i!- ParMlle.l 36 INT7* Parallel 
37 INT4* Int.emrpt 38 INT5* Interrupt 
39 INT2* Requasta 40 INT3* &quests 
41 INTO* 42 INTI* 

.. 

43 ADRE* 44 ADRF* 
45 ADRC* 46 ADRD* 
47 ADRA* Add.rasa 43 ADRB* Address 
49 ADRS* Bus 50 ADR9* Bus 
51 . ADR6* 52 ADR7* 
53 AOR.4* 54 ADR5* 
55 ADR2* 56 ADR3* 
57 ADRO* 58 ADRl* 

59 DATE* 60 DATF* 
61 DATC* 62 DATD* 
63 DATA* Data 64 DATB* Data 
65 DATS* Bus 66 DAT9* Bus 
61 DAT6* 68 DAT'T* 
69 DAT4* 70 DAT5* 
71 DAT2~1- 72 DAT3* 
73 DATO* 74 DATl* 

75 GND Signal GND 76 GND Signal GND 
77 Reserved. bU88ed 78 Reserved. b111t1ed 
79 -12V -l2Vdc 80 -12v -12Vdc 

- 81 +5V +5Vdc 82 +5V +5Vdc 
83 +6V +6Vdc 84 +5V +5Vdc 
85 GND Signitl GND 86 GND Signal GND 

. All Reaerved pine an ruerved for future use and should not be uaed if upwards 

1 compatibility ia deaired. 
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Table S 
Pin Assignment of Bus Signals on 796 Bus Board Connector (P2) 

Pin 
(Component Side) 

Pin 
(Circuit Side) 

Mnemonic Description Mnemonic Description 

l Reserved, Not Bussed 2 Reserved, Not Bussed 
3 Reserved. Not Bussed 4 Reserved, Not Bussed 
5 Reserved, Not Bussed 6 Reserved, Not Bussed 
7 Reserved. Not Bussed 8 Reserved. Not Bussed 
9 Reserved, Not Bussed 10 Reserved, Not Bussed 

11 Reserved. Not Bussed 12 Reserved, Not Bussed 
· r:r· Reserved, Not Bussed 14 Reserved, Not Bussed 

15 Reserved, Not Bussed 16 Reserved, Not Bussed 
17 Reserved, Not Bussed 18 Reserved, Not Bussed 
19 Reserved. Not Bussed 20 Reserved, Not Bussed 
21 Reserved, Not Busaed 22 Reserved. Not Bussed 
23 Reserved, Not Bussed 24 Reserved, Not Bussed 

. 25 Reserved, Not Bussed 26 Reserved, Not Bussed 
27 Reserved, Not Bussed 28 Reserved, Not Bussed 
29 Reserved, Not Bussed 30 Reserved, Not Bussed 
31 Reserved, Not Bussed 32 Reserved, Not Bussed 
33 Reserved. Not Bussed 34 Reserved. Not Bilased 
35 Reserved, Not Bussed 36 Raerved, Not Bussed 
37 Reserved, Not Bussed 38 Reserved. Not Bussed 
39, Reserved, Not Bussed 40 Reserved. Not Bussed 

41 Reserved, Bussed 42 Reserved, Bu&Hd 
43 Reserved, Bussed 44 Reserved, Bussed 
45 Reserved, Bussed 46 Reserved, Bussed 
47 Reserved, Bussed 48 Reserved, Bussed 
49 Reserved. Bussed 50 Reserved, Bussed 
51 Reserved, Bussed 52 Reserved, Bussed 
5::t Reserved, Bussed 54 Reserved, Bussed 

Address Si ADRlS- Addresa Bus 56 ADR17• Address Bua 
5· ADR14• 58 ADR15* 

5!1 Reserved, Bussed 60 Reserved, Bussed 

All Reaerved Pina are ruerved for future wie and should not be used if upwards compatibility is desired. 



S. Levels of Compliance 

This section presents the concept and notation of levels of compliance with the 

796 Bua Standard u follows: 

(1) Variable Element.a of capability composing the essence of 796 Bua standard 

compliance. 

(2) General discussion of compliance relationship for masters and for slaves. 

(3) Notation for describing level of compliance with the 796 Bus Standard. 

The notion of levels of compliance is introduced to facilitate the use of 796 Bus 

products of varying capability manufactured by diverse vendors. It bounds the 

variability allowed within the 796 Bus specification and provides a succinct and 

convenient notation for these variables. 

o.l V ariabl4lt Element& of Capability The 796 Bua is very versatile allowing 

systema to be constructed with board& of varying capability. The 796 bus allows for 

variations in data path width, I/O address path width, and interrupt attributes. In 

·addition it is recognized that some vendors products have differing memory 

. addresa path width. 

5.1.l Data Pa.th The 796 Bus allows for both 8 and 16 bit data path products. 

The 16 bit data path produc:ts uae the byte swapping technique described in 

·paragraph 2.2.2.4, thus allowing the 8 and 16 bit producta to work togeth~. 

_5.1.2 Memory Address Pa.th The 796 Bus standard designates a 24 bit address 

path. In many systems a 16 or 20 bit address path may be sufficient, though not 

fally 796 Bus compatible. 

5.1.3 110 Address Pa.th The 796 Bus allows for both 8 and 16 bit I/O address 

paths. The 16 bit path products must also be configurable to act as 8 bit path 

products. 

..l).l 
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5.1.4 Interrupt Attributes The 796 Bus (paragrnph 2.3) allows ior considerable 

variety in interrupt attributes. A product may support no interrupts, Non Bus 

Vectored (NBV) interrupts, two cycle bus vectored interrupts, and three cycle bus 

vectored interrupts. There are two methods of interrupt sensing: the preferred level­

triggered; and ior historical compatibility only, edge-level-triggered. 

Level-Triggered. The active level oi the request line indicates an active request. 

Requiring no edge to trigger an interrupt allows several sources to be attached 

to a single request line. Sources ior level triggered sense inputs should provide 

a programmatic means to clear the interrupt request. 

Edge-Level-Triggered. The tranaition from the inactive to the active level 

indicates an active request if and only if the active level is maintained at least 

until it has been recognized by the master. The requirement ior a transition 

precludes multiple su11rces on a request line. But, Edge-Level triggering 

removes the requirement that the 110urce have m programmatic means to clear 

the interrupt request. 

NOTE 
Edge-Level-Triggering iEl described only to allow ior historical compatibility. 

New designtl uhall use level-triggered interrupt sensing. 

A muter may support either or both oi the above interrupt sensing methods. It is 

necessary to configure the oystem nuch that the sources of the interrupt requests 

correspond to the interrupt sensing method of the master. Note that a source which 

is compatible with Level-Triggering is alao compatible with Edge-Level triggering. 

5.2 Masten and Slaves When constructing 796 Bus systems it is not necessary 

that all modules have identical capabilities. One may for instance have a master 

with an 8/16 bit data path and a slave with an B bit data path. The system is 

completely functional, though the application must restrict itself to 8 bit access to 

the slave. 

The key concept when constructing a 796 Bus system is that of required 

capability versus supplied capability. Each product will provide some set of 

capability. A transaction between two such products will be restricted to use that 

capability which io the inteniection of the oets of capability of the two products. In 

aome cases the intersection may be null implying fundamental incompatibility. It 

is the responsibility of the system designer to assure the viability oi this 

intersection. 



5.3 Compliance Level Notation A notation is introduced which allows a 

vendor to succinctly and accurately specify a product's level of compliance with the 

796 Bua standard. For boards which may act as either masters Of slaves, the 

compliance levels must be specified for both cases. Increasing levels of compliance 

subsume lesser levels for data path width, memory address path width and I/O 

address path width. Interrupt attributes are listed discreetly as they are 

independent of one another. The lack of an element (ie., nQ I/O address path) 

specification normally implies no capability for this element. An exception is that 

Level-Triggered interrupt sensing is to be assumed unless Edge-Level sensing~ 

specified. 

5.3.1 Data Path 

D8 represents an 8 bit data path 

D16 represents an 8/16 bit data path 

5.3.2 Memory Address Path 

M16 represents a 16 bit memory address path 

M20 represents a 20 bit men1'bry address path 

M24 represents a 24 bit memory address path 

5.3.3 110 Address Path 

IS represents an 8 bit I/O address path 

116 represents an 8 or 16 bit I/O address path 

5.3.4 Interrupt Attribut.es 

VO represents Non Bua Vectored interrupt requests 

V2 represents two cycle bus vectored interrupt requests 

V3 represents three cycle bus vectored interrupt requests 

E represents Edge-Level triggering only 

E+ represents Level or Edge-Level triggering 

The interrupt attributes notation can be concatenated to represent multiple 

capabilities. 



5.3.5 An Example A versatile combination I/O and memory slave board which 

supports an 8/16 bit data path, a 20 bit memory address, an Sor 16 bit I/O address, 

- NBV interrupt requests, two and three cycle bus vectored interrupt requests would 

be specified as follows: 

796 Bus Compliance: Slave 016 M20 116 V023 
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ENVIRONMENTAL CHARACTERISTICS 
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Appendix C 

MANUFACTURING SWITCH AND JUMPER SETTINGS 

STANDALONE SYSTEM 

1) Motherboard jumper plug not installed (non-cluster). 

2) RAM expansion jumper A-C installed (16K RAM' s). 

3) CPU board jumper TP6 to ground installed (no 8087). 

4) CPU Sl: bit 1 ON - 4 MHz DMA 
bit 2 ON - no waits for memory read 
bit 3 OFF- not used 
bit 4 ON - 5 MHz 8086 

5) CPU S2: bit 1 OFF- no Multibus to CT window at 512K 
bit 2 OFF- not used 
bit 3 OFF- not used 
bit 4 ON - no Multibus to CT window at 32K 

6) CPU S3: bit 1 ON - CT to Multibus window starts at 512K 
bit 2 OFF- CT to Multibus window starts at 512K 
bit 3 ON - CT generates CCLK-
bit 4 ON - CT generates BCLK-

7) CPU S4: bit 1 OFF- Up to 512K of CT RAM 
bit 2 ON - for 128K RAM, OFF for 256K RAM 
bit 3 ON - for 128K or 256K RAM 
bit 4 ON - for 128K or 256K RAM 

8) CPU SS: bit 1 OFF- 2716 PROMS 
bit 2 ON - 2716 PROMS 
bit 3 OFF- not used 
bit 4 OFF- not used 

9) CPU S6: bit 1 OFF- less than 840K of RAM 
bit 2 ON - less than 840K of RAM 
bit 3 OFF- Up to 512K of CT RAM 
bit 4 ON - CBRQ always asserted 

10) I/O Memory jumper E-F installed (16K RAMs) 

11) I/O Memory jumper plugs JP2 and JP4 installed, JPl and 
JP3 not installed. (Channel A - RS232) 

12) I/O Memory Sl: bit 1 OFF - Channel A internal clocking 
bit 2 OFF - Channel A internal clocking 
bit 3 ON - Channel A internal clocking 
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bit 4 ON - Channel A internal clocking 
bit 5 OFF- Channel B internal clocking 
blt: 6 OFF- Channel B internal clocking 
bit 7 ON - Channel B internal clocking 
bit 8 ON - Channel B internal clocking 

13) I/O Memory S2: all bits ON - port 44=0, not a workstation 

14) I/O Memory S3: bit 1 OFF - External Carrier Detect 
bit 2 ON - External Carrier Detect 
bit 3 OFF - not used 
bit 4 OFF - not used 
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1 USER'S COMMENT SHEET Workstation Hardware Manual 
EW-100 A-09-00016-01-B 

W~ welcome yo~r comments and suggestions. They help us improve 
our manuals. Please give specific page and paragraph references 
whenever possible. 

Does this manual provide the information you need? Is it at the 
right level? What other types of manuals are needed? 

Is this manual written clearly? What is unclear? 

Is the format of this manual convenient in arrangement, in size? 

Is this manual accurate? What is inaccurate? 

Name Date. ____________ _ 
Titl~e--------------------------------------------~P~h-o-ne:.__ ____________ __ 

1 Company Name/Department:_ __________________________________________ __ 

· Address.~----------------------........ --..------------------~~~~~------...-Ci ty ....... __________________________ State _________________ Z ip Code ________ _ 

.c:J Please check here if you'd like a reply. 

Thank you. 
All comments become the property of Convergent Technologies. 
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