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TECHNICAL REFERENCE

PREFACE

The Technical Reference Manual contains detailed information on ‘the
design and function of the Texas Instruments Professional Computer and
is intended for use by software and hardware designers  and ,other
technical persons. : :

This manual is divided into six major sections:

Section 1. Introduction - Provides a general description‘ofnTﬁé Texas

Instruments Professional Computer and identifies its ~ various
configurations, options, and accessories. This section also 1ncludea

tables listing environmentdl requirements for the system O e

Section 2. System Hardware - Provides a detailed descripiion of 'each

component of the system including specifications and interface
information. This section also includes hardware programming data such

as coding tables, registers, and signal pin-outs.

Section 3. Hardware Options - Provides a detailed description of the
options available for the system. This section contains
specifications, interface information, and hardware programming data
such as coding tables, registers, and signal pin-outs.

Section 4. Device Service Routines - Describes the ROM, gives
interrupt vector lists, and a keyboard scan coding .table. .

Section §S. Assembly Drawings and Lists of Materials - Inclﬁdé%

detailed drawings for all field replaceable assemb$1&s and optiondgxh “A°
List of Materials, identifying all components:’

piece parts,
accompanies each assembly drawing. . = %
Section 6. Schematics and Logic Drawings - Prov1de """"" ’lmglc dzagrams and
schematics for each component and field replaceable assembly of the
Texas Instruments Professional Computer.

The appendixes provide reference information, such &s definitions of
all 1/0 addresses, and a complete memory map (covering the motherboard,
all memory connected to the expansion bus, and the memory expansion
bus). Also included are complete information on the character sets
furnished with the computer and a breakdown of the power alidcation
between the various options and printed wiring boards. ‘

1i1/1v







TECHNICAL REFERENCE

Table of Contents

Section Title

Preface

1 INTRODUCTION

1.1 SYSTEM COMPONENTS

1.1.1 Keyboard.

1.1.2 System Unit.

1.1.3 Display Unit

1.2 OPTIONAL COMPONENTS.

1.2.1 Diskette Drive S.

1.2.2 Winchester Disk Drive

1.2.3 Expansion Memory Boards.

1.2.4 " Synchronous-Asynchronous
Communications Board

1.2.58 Internal Modem Boards .

1.2.86 Graphics Video Controller Board

1.2.7 : Color Display Unit

1.3

ENVIRONMENTAL CONDITIONS

[

SYSTEM HARDWARE

INTRODUCTION
KEYBOARD
Encoding Keystrokes
Transmission
.3 Receiving and Respondlnq to System
Unit Commands . .
Implementing a Software- Swltchable
Repeat-Action Function
.S Performing n-Key Rollover
.6 Locking/Unlocking the Keyboard
.7 Performing a Self-Test
SYSTEM UNIT BOARD
SYSTEM SUPPORT
Keyboard Port
System CPU . . . .
Optional Numerlc Coprocessor
CPU Clock Generator
CPU Bus Buffering
CPU Bus Controller.
Reset Detection Circuit
Motherboard Input/Output System
I1/0 Decoding. .
Parallel Printer Port.
Timers.
Speaker Amp11f1er
Motherboard Interrupt System
Motherboard Memory System
L1 Motherboard Memory Addressing

NN NN
N

NNV DOMN e
[

N
N
IS

N s WN

P N N N O N N N N N AR S
pPWN R

N OO BRDRODNOMBODPRDNMNNMNNODNOMNNMODONNOMNOMON

N eWWWwWwwhdDNODMDNNDNDR

CONTENTS

Page

iii

[
!
[y

O W S SN Sy
i 1ot
WWWNRN R R

1

O
]
& & A Ww

SIS I N
[ |
W w Wk

V)
i
F-N

BMRONNNRORNOMRONRODONNMRONRBDN
[}
R R BN 00

0BV NNEFEKFERFEROO



TECHNICAL REFERENCE

Section

OB pWN unasrwN

NN OMBOBDOVMENOMNOMNDMNMMNNNMNMOMDODODNDND
bR ELEPEDDERDDEEDLEDDENLESN
@O NNNNATAATINTHAATAAITOODOANWNGO O WM

MNVMNNMRNRNMDNMNNNVMBDRORN
PRI R R UG S SN
PuNE DODO®®®

LR

w
bW N

W wwwwww
NN R R -
NN e
Do

w w
w
o
N

Wwwww
wwww
AWM K

oW P w N

b

Title

Memory Control Logic

CAS and Address Multiplexer Sw1tch
Parity Generation and Checking.
Memory Control State Machine

Floppy Disk Controller

Floppy Disk Controller IC
Sector Buffer . .

Write Precompensation CerUIt
Data Separator .
Diskette Drive Interface
Diskette Drive

CRT Controller Board.

Display Characteraistics
Character Attributes
Character Sets

Cursor.._

Scrolling.

Video Connector.

CRT Controller IC.

CRT Screen/CPU Arbztrat;on Loglc
Subsystem

CRT Address Decode Loglc .

Character Set and Attribute Log1c

Generating a Character ROM

Attribute Interaction.

Attribute Hardware.

CRT Interrupt Logic Subsystem

Diagnostic Loopback

EXPANSION BUS. . . . . . .
Expansion Bus Signal Descriptions
Loading and Driving Requirements.
Memory Timing
I1/0 Timing

HARDWARE OPTIONS

INTRODUCTION . . . . ..

EXPANSION MEMORY, S12/768 K BYTES
Addressing the Expansion Memory
Expansion Memory Control Logic.

Expansion Memory Refresh Logic

CAS and Address MUX Switch Generat:on

Expansion Memory Parity Generation
and Checking

Expansion Memory Control State Machlne
SYNCHRONOUS-ASYNCHRONOUS COMMUNICATIONS
BOARD.
System, Interface
Baud Rate Generation.
Addressing
Programming.

_Vi..

CONTENTS

Page

2-21
2-22
2 22

wwwww
]

T K

(-]



'TECHNICAL REFERENCE

Section Title

3.4 INTERNAL MODEMS

3.4.1 Architecture

3.4.2 Zilog 8530—-Modem S1gnala

3.4.3 Modem Initialization.

3.4.4 Command Mode Operation

3.4.5 Dialing Procedure.

3.4.6 Time-Outs

3.4.6.1 Terminal or Software Tlme Outs
3.4.6.2 Modem Time-Outs

3.4.7 Modem Software.

3.5 GRAPHICS VIDEO CONTROLLER BOARD

3.5.1 Pixel Addressing

3.5.2 Color Selectiong

3.5.3 Timing and Synchron1zatlon

3.5.4 Graphics Logic Array Program

3.6 WINCHESTER DBISK DRIVE AND CONTROLLER OPTION
3.6.1 Winchester Hardware Theory of Operation
3.6.1.1 On-Board EPROM/ROM.

3.6.1.2 Commands and Command Testlng
3.6.1.3 Explanation of Bytes in the Device

Control Block.
Control Field Detalled Descrlptlon
Command Completion Status Byte.
Logical Address (HIGH, MIDDLE and LOW)
Sector Interleaving
Register Assignments.
Data Input Port.
Data Output Port
Controller Status Reglster
Reset Port
Interrupt Mask
Error Status Byte .
Bit Definitions for Reg1sters and Ports
Controller Status Bit Combinations
Normal Command Sequence Operation
Detailed Description of Commands.
TEST DRIVE READY Command.
RECALIBRATE DRIVE Command . . .
REQUEST SENSE STATUS Command . . .
FORMAT DRIVE Command .
CHECK TRACK FORMAT Command
FORMAT TRACK Command .
FORMAT BAD TRACK Command.
READ Command.
.8 WRITE Command
.10 SEEK Command.
.11 INITIALIZE DRIVE CHARACTERISTICS Command
.12 READ ECC BURST ERROR LENGTH Command
.13 FORMAT ALTERNATE TRACK Command.
Alternate Track Assignment.
Alternate Address Protocol.
WRITE SECTOR BUFFER Command
READ SECTOR BUFFER Command.
RAM DIAGNOSTICS Command.

[ ) IV I STV SR NGO U s

WWwwwwwwwwwwwwwewwwwwwwywwwwwwwwwww
®NOWUPp WU R

D DH OO OGO OO OO
HF O ®ODNOOOOO OGO OO OOOOWUEWNNDMNMNNNDNNDRERERR

= O

-vii-

CONTENTS

Page

3-14
3-15
3-15
3-18
3-18

-19
3-20
3-21
3-21
3-22
3-24
3-26
3-27
3-31
3-33
3-34
3-34
3-34
3-35

3-35
3-36
3-37
3-37
3-37
3-38
3-38
3-39
3-38
3-38
3-40
3-40
3-40
3-42

3-43

3-44
3-44
3-44
3-44
3-51 ¢
3-52
3-53
3-54
3-55
3-55
3-56
3-57
3-59
3-60
3-61
3-62
3-64
3-64
3-65



TECHNICAL REFERENCE

Section
3.6.12
3.6.13
3.6.14
23.6.15
3.6.16
3.6.17
3.6.18
3.6.19
3.6.20
4

4.1
4.2

I R O T T I I R N I O T T S N R N N N N N

N NNNNODODOOOODO WU SEDEDLAEWDWUWWNRNNNOMNNNMODMNMOMNMNMONON

NN NMDMNNNPRFER R

W N -

- n s wn ke

w N

~ W=

LTV ST o

wN e

® NV EWN -

Title

DRIVE DIAGNOSTICS Command

CONTROLLER INTERNAL DIAGNOSTICS Command
READ LONG Command.

WRITE LONG Command .

Execution Order of Remaining D1agnost1cs
Error Correction Philosophy

Sector Field Description

Specifications - Controller Board
Electrical Interface.

DEVICE SERVICE ROUTINES

ROM INTERFACE INFORMATION.
WRITING SOFTWARE FOR COMPATIBILITY NITH
FUTURE PRODUCTS
Compatibility Levels. .
Operating System . . . .
System ROM Interface
Hardware Interface.

Areas of Hardware Compatzb;llty
Alphanumeric CRT
Graphics CRT.
Disk Subsystem
Keyboard System.
Interrupt Controller
System Timers and Speaker
Parallel Printer Port.
Serial Communications.

SYSTEM ROM INTERRUPT VECTOR USAGE
Hardware Interrupt Service Routines.
Common Interrupt Exit Vector
Timer Interrupts

ROM STRUCTURE.

ROM Usage

ROM Format .

Option ROM Interrupt Vector Usage
RAM Usage by Option ROM.
Initializing the Option ROM

BOOTING UP THE SYSTEM
Boot Seguence
Loading and Calling the Boot Code
Booting From an Option DBevice. .

SYSTEM CONFIGURATION FUNCTION CALLS
System Configuration Function.

Extra System Configuration Function.
Get Pointer to System Configuration.

Get Pointer to Extra System Configuration.

GENERAL-PURPOSE ROM FUNCTIONS
Delay.
CRC Calculatlon
Print ROM Message.
Display System Error Code

-viii

CONTENTS

Page

3-65
3-66
3-66
3-67
3-68
3-68
3-69 -
-71
3-72

»
1
[

[N D R A R R R I |

P Hh P DD EDEPLDAEADDPAEDLDDPDEDRELEDLLDL
[ R D A R R e B |
H = O M0O0OOMNNONOHLHEWWWWWWWNNDMNNNNEREPR

i



TECHNICAL REFERENCE

Section

O wwYwaoowaonowoaon wm

AL P PLEEPDLEAEDPLEDEDLDLEPLPN
0

»

n s wn -

N =

.10.

4.10.

4.10.

4.10.
4.10.

4.10.

»

.11

IO O U O N O O N O O N S O NS

.10.

.10.
.10.
.10.

.11,
.11,
.11,
.11,
.11,
.11,
.11,
.11,
.11,
J A R
.11,
.11,
.11,
.11.

()] 0neewne=

o]

i0

11
12

('}

Title

SPEAKER DSR . . . .
Sound the Speaker - AH = 0. .
Get Speaker Status - AH = 1.

Set Speaker Frequency - AH = 2.
Speaker CN - AH = 3
Speaker OFF - AH = 4
TIME OF DAY CLOCK DSR
Set the Date - AH = 0.
Set the Time - AH = 1. . . .
Get the Date and Time - AH = 2.
CRT DSR.

Set Cursor Type - AH = OlH. .
Set Cursor Position - AH = O0O2H
Read Cursor Position - AH = O0O3H
Scroll Text Block - AH = 06H and 0O7H
Read Character/Attribute at Cursor
Position - AH = 0OS8H
Write Character/Attribute at Cursor
Position - AH = OSH
Write Character at Cursor
Position - AH = OAH . .
Write ASCII Teletype - AH = OEH
Write Bléck of Characters at Cursor
With Attribute - AH=1C0H

Write Block of Characters Only at Cursor

Position - AH = 11H .
Change Screen Attribute(s) - AH
Clear Text Screen and Home the

Cursor - AH = 13H . . . .
Clear Graphics Screen(s) - AH = 14H.
Set TTY Status Region Beginning -

AH = 1S5H . . . .

Set Attribute(s) - AH = 16H

Get Physical Display-Begin Pointer
AH = 17H . . . .

Print TTY String - AH = 18H

CRT TTY Mode Behavior

Custom Encoding of the CRT

DISK DSR . .
Reset Disk bystem - OOCH.
Return Status Code - Ol1H

Read Sectors - 02H

Write Sectors -03H . .

Verify Sector CRCs -~ O04H

Null Operation - OS5H. '

Veri1fy Data - O6H.

Return Retry Status - O7H .
Set Standard Disk Interface Table -
Set DIT Address for Drive - 0O9H
Return DIT Address for Drive - OAH
Turn Off All Diskette Drives - OBH
Status Codes

Bisk Interface Tables (DITs)

-i1x-

12H

CONTENTS

Page

4-18
4-18
4-18
4-19
4-19
4-18
4-20
4-20 -
4-20
4-21
4-21
4-23
4-24
4-24
4-2S5

4-29
4-30

4-30
4-30
4-30
4-31

' 4-33

4-33
4-33
4-34
4-3S
4-35
4-36
4-36
4-37
4-37
4-38
4-38
4-38
4-38
4-39
4-40
4-40
4-40
4-41



TECHNICAL REFERENCE

Section Title
4.12 KEYBOARD DSR . .
4.12.1 Initialization Logic.
4.12.2 Read Keyboard Input - AH = 0 .
4.12.3 Read Keyboard Status - AH = 1
4.,12.4 Read Keyboard Mode - AH = 2. .
4.12.5 Flush Keyboard Buffer - AH = 3.
4.12.6 Keyboard Output - AH = 4. . .
4.12.7 Put Character Into Keyboard Buffer -
AH = S, .
4.12.8 General Keyboard Layout
4.12.9 Character Codes
4.12.10 Extended Codes.
4.12.11 Keyboard Modes.
4.12.12 Type-Ahead Buffer.
4.12.13 = Repeat-Action Feature
4.12.14 Special Handlzng .
4.12.15 User-Available Interrupts
4.12.15.1 Keyboard Marpping
4.12.15,2 Program Pause
4,12.15.3 Program Break
4.12.15.4 Print Screen.
4.12.15.5 " Keyboard Queueing
4.12.16 Custom Encoding .
4.12.17 Keyboard Interface Protocol
4.13 PARALLEL PRINTER PORT DSR.
4.13.1 Output Character to Printer -
AH = 0, DL = O
4.13.2 Initialize Printer -
AH = 1, DL = 0 .
4.13.3 Return Printer Status -
AH = 2, DL = 0 . .
4.13.4 Use Under an Operating System
4.14 WINCHESTER ROM
4.14.1 Limitations.
4.14.2 System Interface
4.14.3 System RAM Usage
4.14.4 Power-up Testing N
4.14.5 Booting from the N1nche'ter
4.14.6 Error Recovery.
4.14.7 Error Reporting
4.14.8 Hardware Interface Routlnee .
4.14.8.1 Initialize Winchester Disk System
4.14.8.2 Check Winchester ROM Version
4.14.8.3 Request Controller Error Sense.
4.14.8.4 Send Winchester Controller Command .
4.14.8.5 Get Data From the Winchester Controller.
4.14.8.6 Write Data to the Winchester Controller.
4.14.8.7 Get Status From Winchester Controller
4.14.8.8 Get and Compare DBata From the
Winchester Controller .
4.14.8.9 Enable Data and Status Interrupt

from Controller

CONTENTS

Page

4-44
4-44

4-44
4-45
4-45
4-46
4-46

4-47
4-48
4-49
4-52
4-53
4-53
4-54
4-54
4-55
4-55
4-55
4-56
4-56
4-56
4-56
4-57
4-60

4-60
4-62
4~-63
4-63
4~-64
4-64

4-6S

4-66
4-66
4-67
4-69
4-70
4-70
4-71
4-71
4-71
4-72
4-72



TECHNICAL REFERENCE

IO N NN

Section ' Title
4.14.8.10 Enable Status Interrupt From Controller.
4.14.8.11 Disable Data and Status Interrupt From
Controller. .
.14.8.12 Poll for Controller Request
.14.8.13 Format a Track
.14.8.14 Format an Alternate Track
.14.8.15 Format a Track as Bad.
.14.8.186 Check the Track Format
.14.8.17 Format a Winchester Drive
5 . ASSEMBLY DRAWINGS AND LISTS OF MATERIALS
6 SCHEMATICS AND LOGIC DRAWINGS
APPENDIXES
A System 1/0 Map.
8 System Memory Map.
c ‘Character set
D Current Reqguirements.
E Asynchronous Commun1cat10ns Sample

Program .
Modem Sample Routlnes

F
G Boot Routine and Sample Assembly Code
H Sample Interrupt Service Routine.

-X1i-

CONTENTS

Page
4-73

4-74
4-74
4-74
4-7S
4-73
4-76
4-76

0 Om>»
] ]
o b e

T Q@ mm
v
ke e e



TECHNICAL REFERENCE ILLUSTRATIONS

List of Illustrations

Figure Title Page

4
o

System Block Diagram. 2-2
Motherboard Block Diagram . . . . . . . 2-9
Memory System Timing Diagram . . . . . . . . 2-2
2-2
2-3

2-1

2-2

2-3 S
2-4 Floppy Disk Timing Diagrams . -28
2-5 Alphanumeric CRT Controller Board Block Dlagram -38
2-6 Alphanumerics State Machine Timing Diagram . . . 2-40
2-7 Sample Character Font Definition. . . . . . . 2-53
2-8 Encoding Examples. . . . 2-54
2-9 -Expansion Bus Memory Interface Tlmlng Dlagram . . 2-60
2-10 Expansion Bus I/0 Interface Timing Diagram . . . 2-61

Expansion Memory Timing Diagram . . . . . 3-7
Sync-Async Comm Board Block Diagram, . . . . . 3-8
3-1
3-1

3-1
3-2
3-3 Modem Hardware Interface -1
2-4 Zilog B8530--Modem Interface Szgnals . . . -16
3-5 Graphics Video Controller Board Block D1agram . . 3-25
3-6 Color Latch Byte . . . . . . . 3=-29
3-7 Graphics Video Controller T1m1ng Dlagram . . . . 3-32
3-8 Controller Operational Flowchart. . . . 3-42
3-9 Control and Data Cabling for the Nlnchester D1sk

Drive. . . . . . . . . . . . . . . . 3-72
4-1 Register AL Drive Byte . . . . . . . . 4-186
4-2 Byte Definition - Set Cursor Type . . . . . 4-23
4-3 Byte Definition - Set Attr1bute(s)'. A . . . 4-32
4-4 DIT Structure . . . . . . . . 4-42
4-5 Byte Definition - Keyboard Hodes . P . 4-45
4-6 General Keyboard Layout Showing Scan Codes . . . 4-48
4-7 Byte Definition - Keycode . . . . . . . 4-5¢
4-8 Byte Definition - Return Printer Status . . . . 4-62

-xii-



TECHNICAL REFERENCE

Table

[ S P
1
S, WN -

NDODNRDMOMNDDNOMDDODNODND
L]
H - OONOONA_AON R

i
O ONOOUMEWLND

w
]

SR

A WN KO

wwwwwwwwww
i

w w
[ ]

3-15S5
3-16
3-17

List of Tables

Title

Storage Conditions, Standard System.
Operating Conditions, Standard System

Storage Conditions, System with Winchester Dzsk
Operating Conditions, System with Winchester
Disk

Keyboard Commands and Responses .
Map of the Motherboard I1/0 Addresses

_Input/Output Signals - HAL12LS6 Integrated C1rcu1t

Printer Port Pin-Out.

Interrupt Level Assignments

Motherboard Memory Map

ROM Access Times . . . . .
Memory Control State Mach1ne Loglc - HAL16R4.
Programming for the HAL1OLS8 Device .
Internal Diskette Drive Connector Pin-out.
External Diskette Drive Connector Pin-Out.
Diskette Drive Specifications.

VIDEO AC PARAMETERS

Color Video Connector Pin- Out

CRTC Programming Values.

Alphanumerics State Machine PAL

CRT System Memory Map’

Alphanumeric Decoding PAL

Color Map .

Expansion Bus Pin- Outs

Expansion Memory Control State Machine Logic -
HAL16R4 . . .

Sync-Async Comm Board Baud Rate

Sync-Async Comm Board Port Addresses

Channel B Pin-out for Z8530 .
Channel B Pin-out for Z8530 Interrupt Enable.
RS-232-C Connector Signals.

Modem Default Parameters

Types and Durations of Dlsconnects

Commands from the Software to the Modem
Response from the Modem to the Software
Diagnostic Status Indicators

Color Combinations

Bit Correlations

Default Values of Color Latches

Programming for the Graphics State Machlne HAL
Device Control Block Bit Diagram.

Command Descriptor Byte.

-xiii-

TABLES

‘0
']
le}
o

(-
]
IS

[
]
()]

3-S5

3-10
3-12
3-13
3-13
3-14
3-18
3-21
3-23
3-24
3-24
3-2¢
3-28
3-30
3-33
2-35
3-36



TECHNICAL REFERENCE

Table
No.

| I |

AP BDEDLLEDLERLEBEDSL
]

O ONOOUAMWNDR

o

E NI
v
o
W N e

4-14

Title

Winchester Controller I/0 Port Assignment.
Bit Definitions for Controller Registers and
Ports

Valld Bit Comblnatlonf for Controller Status.

Type O Error Codes, Winchester Disk.

Type 1 Error Codes, Controller Board

Types 2 and 2 Error Codes, Command and
Miscellaneous

Error Code Summary

Sector Field Format

S12-Bytes-Per-Sector Format . .
Winchester Controller Board Spec1f1cat10ns

System Interrupt Vector Usage.

ROM Addresses and Suggested Uses.
Pointer addresses and Descriptions
System Canzguratxon Word-Bit Definition
Extra System Configuration Word 1 (BX).
CRT DSR Opcodes and Functions.

Disk DSR Opcodes and Functions

Error Codes.

Keyboard Commands. .
Standard-Keyboard Character Codea
Extended Function Codes.

RAM Segment Pointers. .

Winchester DSR Error Codes.

Displayed Error Codes

-Xiv-

TABLES

Page
3-38

3-41
3-42
3-46
3-47



TECHNICAL REFERENCE ' _ INTRODUCTION

Section 1

INTRODUCTION

1.1 SYSTEM COMPONENTS

The basic Texas Instruments Professional Computer system consists of

three major parts: the keyboard, the system unit (including the
diskette drive), and a monochrome display unit. A general
description of each is given in this section. The available options
are also -briefly described in this section. For more detailed
information, refer to Section 2, "System Hardware"”, and to Section 3,

"Hardware Options."

1.1.1 Keyboard

The low-profile keyboard is easy to wuse. The large, sculptured,
typewriter-like keys grouped on the main keyboard are used to enter
alphanumeric data. The smaller numeric keypad on the right side of
the keyboard can be used as a calculator. A five-key cluster between
these two groups controls the display cursor movement. Twelve
programmable function keys are arranged in three groups of four keys
each across the top of the keyboard.

Other keyboard features include:

* A full-length tilt-bar, adjustable from S degrees to 15
degrees.

* The sculptured, low-profile keys, which comply with the
European 30-millimeter (mm) home row height requirements.

* Tactile-designed F and J keys, which help to locate the
"home"” position on the alphanumeric keys.’

* A raised dot on the numeric keypad S, indicating the center
key.

* A keyboard microprocessor, which converts keystrokes into
character information and conducts keyboard diagnostics on
every power-up. '
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1.1.2 System Unit

The system unit is the heart of the computer. The Dbasic
configuration includes the central processing unit (CPU), the floppy
disk controller (FDC), a parallel printer port, a power supply, a
read-only memory (ROM), and 64K bytes (K = 1024) dynamic random-
access memory (RAM). A cathode-ray tube (CRT) controller board is
standard equipment.

The system unit board is a 361.95 x 215.9-millimeter (mm) (14.25 x
8.5-inch (in)) printed wiring board (PWB) mounted horizontally on the

bottom of the system unit chassis. This board houses the
microprocessor and control logic. It also supports an expansion bus
with five card-edge connectors for option boards and another

connector for a memory expansion option.

The system unit power supply is a switching-type, 110-watt (W) unit
with three output levels. It will sustain a system equipped with
every combination of options.

The S 1/4-in diskette drive is a mass storage device for reading or
writing data to a removable diskette. The Texas Instruments
Professional Computer uses a double-density, modified frequency
modulation (MFM) recording format. This format requires certified
double-sided, dual-density, soft-sectored S 1/4-in diskettes. The
data separation logic uses a phase-lock loop technique for:
reliability. The computer is equipped with one diskette drive, which
can store approximately 320K bytes of data.

1.1.3 Display Unit

The display unit furnished with the Texas Instruments Professional
Computer is a high-resolution (720 x 300 pixels), composite video,
green phosphor monochrome unit. The standard CRT controller
contained in the system unit supports eight intensity levels for the
display. The display presents information-in a 2S-line-x 80-column
alphanumeric format, which works well with the bit-mapped graphics
option. The display unit is specially adapted to accomodate the
horizontal scan rate of 19 200 lines per second

1.2 OPTIONAL COMPONENTS

There are several options available for the Texas Instruments
Professional Computer. These options include additional 320K-byte
diskette drives, a Winchester disk drive, expansion memory boards
(which can expand the system memory to 768K bytes), a synchronous-
asynchronous communications board, internal modem boards, a graphics
video controller board, and a high-resolution color display unit. A
general description of each of these options is given in the
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following paragraphs. If more detailed information is needed, refer
to Section 3, Hardware Options.

1.2.1 Diskette Drive

one internal diskette drive is ' standard egquipment for The Texas

Instruments Professional Computer. Enough internal space is
available to install either a second diskette drive or a Winchester
disk drive. You can also install two external drives.

Diskettes used with the Texas Instruments Professional Computer must
be certified double-sided, dual-density, soft-sectored, S 1/4-in
diskettes.

1.2.2 Winchester Disk Drive

The Winchester disk drive and controller option is available in S- or
l10-megabyte capacities. You can install the Winchester disk drive in
the space set aside for the second diskette drive.

1.2.3 Expansion Hémorylaoards

The system unit board contains 64K bytes of dynamic RAM. Adding
expansion RAM Dboards can increase the system memory to a total of
768K bytes. First, use the expansion RAM option boards that plug
into the memory connector on the motherboard. These boards are
available in 64K-, 128K-, or 192K-byte capacities. After adding the
192K-byte board (bringing the total to 256K bytes), further expansion
requires that you add a 256K-byte board that plugs into the expansion
bus. To reach the 768K-byte total, another 256K-byte board attaches
(piggyback style) to the board on the expansion bus.

1.2.4 Synchronous-Asynchronous Communications Board

The synchronous-asynchronous communications (sync-async comm) board
option allows either synchronous or asynchronous communications
through an RS-232-C interface. The sync-async comm board supports
asynchronous data rates from SO bits per second (bps) to 19 200 bps.

1.2.5 Internal Modem Boards

Two versions of the internal modem board option are available: a
300-bps board providing Bell 103-compatible communication, and a
300/1200-bps board providing Bell 212A-compatible communications.
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1.2.6 Graphics Video Controller Board

The graphics video controller board option is available in either one
or three planes. It provides a resolution of 720 horizontal by 300
vertical picture elements (pixels).

1.2.7 Color Display Unit

The 13-in color display unit permits the display of high-resolution
(720 x 300 pixels) colors. The standard CRT controller 1located on
the system wunit board supports eight <colors for the unit, which
presents information in a 25-line x 80-column format. Used with the
graphics video controller board option, the <color display unit
produces high-quality raster and character graphics.

1.3 ENVIRONMENTAL CONDITIONS

The next four tables list environmental conditions for the Texas

Instruments Professional Computer. Table 1-1 1lists the storage
conditions for a standard system. (Storage assumes that the system
is enclosed in the shipping container.) Table 1-2 1lists the
operating conditions for a standard system. Table 1-3 1lists the

storage conditions for a system that includes a Winchester disk.
Table 1-4 lists the operating conditions for a system that includes a
Winchester disk.

Table 1-1 Storage Conditions, Standard System

Temperature -30 C to +70°C
(SO C maximum for diskette)

Relative humidity . 10% to 90%, no condensation

Shock 30 G6s, half-sinusoidal pulse with
30 ms duration along X and Y axes.
20 Gs, half-sinusocoidal pulse with
30 ms duration along 2 axis.

Vibration Sinusoidal, S to 250 Hz linear
sweep at 1 octave/minute with
0.50 input. Dwell 1S minutes at
resonant points (2X input level.)

Altitude 45 000 feet maximum
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Table 1-2 Operating Conditions, Standard System

Temperature +10 C to +40 C with gradient
less than 10 C per hour

Relative humidity 20% to 80%, no condensation

Shock S 6s, half-sinusoidal pulse with
10 ms duration along any of the
three perpendicular axes.

Vibration 0.5 Gs peak accelleration in the
range of S to 250 Hz, linear swveep
at 1 octave/minute.

Altitude 10 000 feet maximum

NOTE

Derate the upper limit of the operating
temperature by 1 C for every 1000 feet above the
first S00 feet.

-

Table 1-3 Storage Conditions, System with Winchester Disk

Temperature -30 C to +60 C with gradient
less than 10 C per hour
Relative humidity 20% to 80%, no condensation
Shock 30 6s, half-sinusoidal pulse with

11 ms duration.

Vibration 20 Gs, half-sinusoidal pulse with
11 ms duration.

Altitude 30 000 feet maximum
10 000 feet unpressurized
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Table 1-4 Operating Conditions, System with Winchester Disk

Temperature | +10 C to +40 C with gradient
less than 10 C per hour

Relative humidity 20% to 80%, no condensation

Shock 5 Gs, half-sinusoidal pulse with
10 ms duration along any of the
three perpendicular axes.

Vibration 0.5 Gs peak acceleration in the
range of S to 2SO0 Hz, linear sweep
at 1 octave/minute.

Altitude : 10 000 feet maximum

NOTE

Derate the  upper limit of the operating
temperature by 1 C for every 1000 feet above the
first 500 feet.
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Section 2

SYSTEM HARDWARE

2.1 INTRODUCTION

This section describes the design and functions of the hardware in
the standard Texas Instruments Professional Computer system.
Hardware described in this section includes the keyboard, the system
unit board and its two_logical subdivisions, and the display unit.
Figure 2-1 is a block diagram of the system showing the separate
hardware components, including some options. The option hardware is
described in Section 3, "Hardware Options."
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2.2 KEYBOARD
The electronic functions of the keyboard include:

* Scanning the key matrix and encoding keys depressed "by the
operator

* Transmitting data to the system unit
* Receiving and responding to commands from the system unit

* Implementing a software-switchable repeat-action function

* Performing n-key rollover
* Locking/unlocking the keyboard

* Performing a self-test

2.2.1 Encoding Keystrokes

The encoder scans the keyswitch matrix, detects valid keyswitch state
changes, 1looks up the proper key code, and transmits the keycode as

part of an 11-bit stream to the system unit. Each key causes either
1 or 2 bytes to be transmitted, based on the status of the SHIFT,
ALT, CAPS LOCK, and CTRL keys. For specific details on byte

definitions, refer to subsection 4.12.

Some user-programming of the function keys is possible at the
application level. See the paragraph in Section 2 entitled, "Custom
Encoding."”

2.2.2 Transmission

The keyboard transmits data to the system unit at 2440 baud + 1.S0

percent. The keyboard transmits when one of the following conditions
is met: '

* When a valid key depression has been detected
* When a system command is understood and acted upon

When the user presses a key, the keyboard responds by sending the
proper keycode byte . or bytes across the keyboard transmit line.
Keycodes are explained in detail in subsection 4.12 entitled
"Keyboard DSR." Pressing some keys can signal repeat-action
transmissions.
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2.2.3 Receiving and Responding to System Unit Commands

The system unit transmits to the keyboard at 305 baud + 1.S50 percent.

To respond to a system unit command, the keyboard transmits a
response code to the system unit, indicating that the required action
has been taken. The keyboard responds to every valid command. For

certain conditions, such as parity errors, unknown commands, and
start bit errors, the keyboard ingores the system unit commands and
sends no response. If this happens, the system unit retries the
command.

System unit commands and keyboard responses are 1listed, in
hexadecimal form, in Table 2-1. In this table, the "Command Code”
column lists the codes sent to the keyboard. The "Keyboard Response”
column 1lists the code returned by the keyboard microprocessor.
Typically, the microprocessor returns Self-test OK (code 70) to the
system unit (except in the case of a failure during self-test).

NOTE

Throughout this manual, the symbol H denotes a
hexadecimal address or value.
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Table 2-1 Keyboard Commands and Responses

Command
System Unit Code
Command (H)
Perform a power-up
self-test and install
default parameters 00*
Turn repeat action ON 1%
Turn repeat action QOFF 02
Lock keyboard 03
Unlock keyboard O4%x
Turn keyclick ON o 0S**
Turn keyclick OFF O6**
Reset (same as 00) o7
Return version cs

(of keyboard ROM).

* Indicates default values.

Keyboard
Response Response
(H) Meaning
70 Self-test OK
71 Keyboard ROM error
72 Keyboard RAM error
70 Self-test OK
70 Self-test OK
70 Self-test OK
70 Self-test OK
70 Self-test OK
70 Self-test OK
70 Self-test OK
71 Keyboard ROM error
72 Keyboard RAM error
70,73 (2-byte code)

** Keyclick reguires a hardware modification.

It is not presently supported.
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2.2.4 Implementing a Software-Switchable Repeat-Action Function
A repeat-action key is one that automatically repeats when depressed
for one-half second (s) or longer. As long as the key is held down,

repeat-action transmissions from the keyboard to the system wunit
continue at a rate of 15 per second.

2.2.5 Performing n-Key Rollover

Repeat-action interacts with n-key rollover in the following manner.
Pressing more than one nonmode key does not cause repeat-action.
Instead, the most recent key pressed transmits to the system unit.
When repeat-action is enabled and one key is pressed, that key is
acted upon by the repeat-action function. The following examples

clarify the relationship between rollover, repeat-action, and mode
byte changes.

Example 1:
Assume that the following sequence of events occurs:

1. No mode bits are on.

2. The a key is depressed and held down for more than one-half
second. ' : '

3. The b key is depressed.

4. The SHIFT key is depressed. (The SHIFT key can be held or
released without altering the characters transmitted to the
system unit.)

S. The b key is released.

6. The a key has not yet been released.

The result transmitted to the system unit and displayed is:

aaaaaaaaaaaaaabaaaaaaaaaaa...
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Example 2:
Assume that the following sequence of events occurs:

1. No mode bits are on.

2. The a key is depressed and held down for more than one-half
second.

3. The SHIFT key is depressed and held.

4, The b key is depressed. (At this point, the SHIFT key can
be held or released without altering the characters
transmitted to the system unit.)

S. The b key is released.

6. The a key has not yet been released.

The result transmitted to the system unit and displayed is:

aaaaaaaaaaaaaaBAAAAAAAAAAA. ..

2.2.6 Locking/Unlocking the Keyboard
At certain times dﬁring system operation, the keyboard locks. During
these times, all normal functions of the keyboard are suspended.
That is, the keyboard does not scan, encode, or transmit data to the
system unit. The keyboard locks if:

* The self-test is in progress.

* The self-test fails.

* The keyboard receives the LOCK KEYBOARD command.
The keyboard remains locked until oner of the following conditions
occurs:

* The self-test sucdessfully completes.

* The keyboard receives the UNLOCK KEYBOARD command.

2.2.7 Performing a Self-Test

The keyboard performs a self-test when it receives code 00 from the
system unit, interrupting any keyboard operation in progress. The
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self-test completely checks the keyboard system RAM and ROM, then
transmits the results to the system unit using a code explained in
paragraph 2.2.3, entitled "Receiving and Responding to System Unit
Commands."

2.3 SYSTEM UNIT BOARD

The system unit board, or motherboard, is the heart of the computer.

It is mounted on the bottom of the system unit chassis. The
motherboard is divided into two 1logical function areas, one for
system support and one for the expansion bus. Refer to Section S5,

drawing 2223005, for logic diagrams of the system unit board. Figure
2-2 is a block diagram of the separate subsystems of the motherboard.
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2.4 SYSTEM SUPPORT
That section of the motherboard dedicated to system support contains
hardware and logic for the:

* Keyboard port

* System CPU (including microprocessors, clocks, bus
controllers, and buffers)

* Motherboard input/output (I/O) system
* Motherboard interrupt system
* Motherboard memory system

* FDC subsystem (including buffers, write precompensation, and
diskette drive interface)

* CRT controller

2.4.1 Keyboard Port

The Intel 8251A, a universal asynchronous receiver-transmitter
(UART), is the port for serial data transmission between the
motherboard and the keyboard. Data received by the UART always
generates an interrupt to the interrupt controller. The transmit

ready line does not generate an interrupt unless the transmitter in
the UART is enabled. The keyboard port interrupt is ORed with the
"interrupt request 7" line from the numeric coprocessor.

An SN7S189A line receiver with a slowdown capacitor conditions the
receive data signal to protect the signal from transients. The
receiver hysteresis is approximately 1 V centered around 1.4 V, which
improves the noise immunity. Another SN75188A buffers the transmit
data line, providing a good voltage swing and drive to the keyboard
cable. This buffer consists internally of an output transistor with
a 2-kilo ohms (kohms) pullup resistor.

To improve diagnostics, the data set ready (DSR) line on the
universal synchronous/asynchronous receiver transmitter (USART)
connects to the keyboard connector through a SN75189A buffer. The
transmit data line connects to the DSR line at the keyboard, which
allows detection of a disconnected or defective keyboard.

The input clock to the transmit section is 19 5$31.25 Hz. The 82S1
divides this frequency by 64 to generate a baud rate of 30S. The
input clock for the receiver is 156 250 Hz. This frequency is
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divided by 64 to generate a baud rate of 2441. Because these baud
rates are close to the standard 300- and 2400-baud rates, system test
instruments can simulate a keyboard with standard equipment.

2.4.2 System CPU

The system CPU consists of an Intel 8088 16-bit microprocessor, the
CPU clock circuits, several CPU bus buffers and latches, a CPU Dbus
controller, and the reset circuit. A special socket on the
motherboard makes it easy to add the optional Intel 8087 numeric data
processor (also called a numeric coprocessor).

The Intel microprocessors work together and, to attached components,
appear to be a single chip. Therefore, the term CPU (as used in this
manual) refers to both devices.

2.4.2.1 oOptional Numeric Coprocessor. The user can choose to add an
8087 numeric coprocessor to the system unit board at any time. Once
the 8087 is inserted into the socket provided, both the 8088 and the
8087 decode the special escape instructions. The 8088 does any
memory-access computations required and accesses the first byte of
memory according. to. the instruction. The 8087 decodes the
instruction, "catches” the memory address generated by the 8088,
requests the bus from the 8088, and completes the required memory
access. After finishing with the bus, the coprocessor releases it so
that the 8088 can continue with the next instruction. If necessary,
the 8088 sends a WAIT instruction to the 8087, ensuring their
synchronization. : ‘

2.4.2.2 CPU Clock Generator. The CPU clock generator cbnsists of an

Intel-designed 8284, a crystal, and some discrete components. To
generate the 5.0 MHz clock fregquency, the 8284 divides the crystal
frequency (15.0 MHz + 0.01 percent) by 3. The 8284 also contains

logic to synchronize the WAIT- line from the expansion bus and memory
subsystems with the RESET- line from the power-good circuit.
NOTE

Signal names followed by a dash, such as WAIT-,
are active low signals.

2.4.2.3 CPU Bus Buffering. The CPU operates in the so-called
"maximum"” mode of this integrated circuit. (For additional
information, see .the Intel 1literature on the 8088 and 8087

microprocessors.) The CPU uses a multiplexed address and data bus in
order to reduce the number of pins required on the processor chip.
For this reason, and to provide adequate buffering for the address
and data 1lines on the expansion bus, a set of address latches (US,
U6, U7) and a data bus buffer (U8) are an integral part of the CPU.
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2.4.2.4 CPU Bus Controller. The CPU bus controller chip (U3 8288)
receives the status information from the processor and converts it
into the lines MRDC- (memory read), AMWC- (advanced memory write),
IORC- (I/O read), AIOWC- (advanced 1I/0 write), INTA (interrupt
acknowledge), DEN (data buffer enable), and DTR (data buffer
direction control).

A simple open-loop signature analysis (SA) arrangement is provided to
check out the CPU. Connecting pins E17 and E18 (on the motherboard)
with a jumper and resetting the system (power up) causes the
processor to execute a OBFH opcode. The jumper disables the system
data bus buffer U8, and the pullup resistors in U66 pull the bus up
to a high state. Transistor Q1 pulls down data line AD6 to provide
the "0" bit in the opcode. The segmented architecture then causes
the processor to cycle from address FFFFOH through address FFFFFH and
from O0COOOH through OFFFOH during the SA loop.

NOTE

The symbol "H"” denotes a hexadecimal address or

value.
2.4.2.5 Reset Detection Circuit. The power-good (reset detection)
circuit discovers insufficient power conditions on the motherboard by
monitoring the 12-volt (V) power line. When the power drops, but
does not shut down completely, this <circuit causes an automatic
restart. If the voltage falls to approximately 11 Vde, a
resistor/capacitor combination and a voltage- comparator with

transistor inverter hold the RESET line true for at least 3
milliseconds (ms).

2.4.,3 Motherboard Input/Output System

The motherboard input/output (I/0) system decodes the I/0 addresses
for all the devices on the board. The input buffer and the various
cutput latches are also components of the I/0 system. Table 2-2
shows a map of the motherboard 1/0 addresses.

The various I/0 devices have available 16 I/0 address bits. Only 10
of these bits, a total of 1024 bytes, are decoded. Beginning at
address OOOH, the motherboard uses 48 bytes of this space. This
leaves 976 bytes available for the expansion bus.

Table 2-2 lists the motherboard devices that are decoded and their
addresses within the CPU I/0O space. Appendix A provides a complets
map of all system I/0 addresses.
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Table 2-2 Map of the Motherboard I/0 Addresses

Hex
Address Device Bit/Use

00000 U47 Latch Speaker timer enable

Timer 1 interrupt enable

Timer 2 interrupt enable
Single-density (FM) enable
Track greater than 1/2 (TG43)
Diskette side one enable (FSID-)
Diskette mode control (M1)

Diskette mode control (MO)

NOWUeEWONEO

00001 U498 Input buffer Option jumper Ei-E2

Option jumper E3-E4

Option jumper ES-E6

Parity interrupt pending
Printer port BUSY

Printer port paper out
Printer port printer selected

Printer port NO fault

NGNS WNEFO

N

Printer port data outputs
LED 1 OFF

LED 2 OFF

LED 3 OFF

Parity interrupt enable
Printer port not autofeed
Printer port not strobe
Printer port not initialize
Printer ACK interrupt enable

00002 U49 Latch _ 0
00003 USO Latch

NOUEWWNMOI

00004 US1 Latch Diskette drive SELECT
Diskette drive SELECT
Diskette drive SELECT
Diskette drive SELECT
Diskette drive MOTOR
Diskette drive MOTOR
Diskette drive MOTOR

Diskette drive MOTOR

L
oL

NG sWN+-O
&S WNKHEEONE
A}
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Table 2-2. Map of the Motherboard I/0 Addresses (Concluded)

Hex
Address Device Bit/Use

00005--0000F Reserved - -

00010 U44 8251 USART Data register
00011 U44 8251 USART Control register
00012--00013 Reserved . - -

o014 U4s 8253 timer Counter O

00015 U4S 8253 timer Counter 1

coo1le U4S 8253 timer Counter 2

00017 U4S B2S53 timer Control register
goo18 U46 825%A interrupt controller - -

0cco1s T U46 B258%A interrupt controller - -

00020 FDC command register or RAM - -

00021 FDC track register - =

00022 - FDC sector register or RAM reset - -

00023 FDC data register - -

00024~--0002F Reserved - -
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2.4.3.1 I1/0 Decoding. A combination of three integrated circuits
(I1C) does the I/0 decoding. The first IC is a hard-array-logic (HAL)
device HAL12Lé6. The second is a 74LsS138, which is a one-of-eight

decoder. The third is one-half of a dual 74LS139, which is a one-of-
four decoder.

Table 2-3 gives the array logic device programming. When the logical
AND of terms from one row is ORed with the AND of terms from another
row in the same section, the output goes active if the result is
true. Expressed in Boolean terms,

IORQ = (XS2 x XS1 x XSO x IORC) + (X82 x XS1 x XSO X AIONWC)

Table 2-3 Input/Output Signals - HAL12L6 Integrated Circuit

Xs2 XS0 - XAS9 - XA7? XAS IORC-

Output Xs1i DEN- XAS XA6 XA4 AIOHC- Comment
------- D L e e s ik i S R R e R R el
IEN- L L H L L L L L L . . . Read I/0

or L H L L L L L L L . . . Write 1/0

or L L L L . . . . . . . . Interrupt acknowledge

or . . . . . . . . . . L L Inactive term
-———— - - L Rl el i il il s il el ket ket
XCs- L L H . L L L L L H L . Read I/0 at 74LS139

or L H L . L L L L L H . L Write 1/0 at 74LS139
------- LR e e e e R R R
IORQ- L L H . . . . . . . L . Read I/O

or L H L . . . . . . . . L Write 1/0°
------- R R e i ek il el e s s fed ikttt
FLCS- L L H . L L L L H L . . Read diskette

or L H L . L L L L H L . . Write diskette
E R R R R TR R R TR R TR Rl R R R R R R R R R R
YCS - L L #H . L L L L L L L . Read 1/0 at 74LS138

or L H L . L L L L L L . L Write I/0 at 74LS138
------- LR R LR B R E E R e R R R R R R R R R R e R
XXXX- H . . . . . . . . . . . Halt

or . L .

or . L . . .

or L . . . .
------- LR ek R R R i b e e el R etttk
Legend

L = Low signal.

b >
"

High signal.
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2.4.3.2 Parallel Printer Port. Printers with Centronics-compatible .
interfaces wuse the parallel printer port. This port contains a 2S5-
pin female, D-type connector.

The basic signals are the output data lines from U44, the PTSTR-
signal that strobes the data into the printer, and the PBUSY and
PACK- lines, which indicate to the CPU the printer's readiness to
receive a character. In regular printer operation, the PBUSY line
goes high when the printer is not ready to receive a character and
low when the printer can accept a character. The PACK- line goes low
for a short time when the printer finishes with the current
character. The rising edge of this line generates an interrupt when
printer interrupts are enabled by the PTEN line. This interrupt is
ORed with the "interrupt request S" line on the expansion bus.

The pin-out of the port-is given in Table 2-4. Pin numbers for the
36-pin printer connector (at the printer end of the cable) are given
in parentheses. The extra lines are used for various control and

status functions associated with the printer port.
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Table 2-

------- A e ek e e R
{signal |Return | Signal Name
o —————— ——————-- P m—r— e - - ——-—-—-
| 1 | 19 | DATA STROBE-
| | |
P m————— rm—————— L et
| 2 | | DATA 1
o —— - - - ———— e e e
| 3 |]20(21)*| DATA 2
o ——— * - = - P ————
| 4 | | DATA 3
R - - = - - - — -
] 5 j]21(23) | DATA 4
bmmm———— bmmmcmm e ———————i=-
J 6 | | DATA S
e e ] -
| 7 |22(25) | DATA 6
o ———— - - ———— -
| 8 | | DATA 7
o ————— - o o - e e
] 9 123(27) | DATA 8
= - e D e e R
| 10 | | ACKNOWLEDGE -
| | }

------- B e L, K Y iy S -
, 11 |24(29) | BuUSY
| | |
P m———- P ———— - P ——— -
} 12 | | PAGE END
| | |
- - —- P e mc e e —---
] 13 } | sLcT
| | | (ON LINE)
L - - L e ]
| 14 | | AUTO FEED-
| | |
| | |
L P m e ——-- L
j15(32) | | FAULT-
J | |
- R P —————————-
ji16(31) |2S(30) | INIT-
J ) J
Pmmm———— Pmm————— R
}17(36) |18(33) | SELECTION-
P ——— - ——- P m e _c_ e —————

* The numbers in

parentheses

Centronics-type connector.

SYSTEM HARDWARE

4 Printer Port Pin-Out

P ————————— P m e e, e e e —— - —— - —— - +
| Source } Signal |
- e T e e i +
| System |] Data is sampled when |
| - | signal is low. |
R D e il +
] System | Data output bit. }
P —— e ————-— = e = = = = = - = = - +
| System } |
P ———————— R e e +
| System | }
R R e e R T +*
|] System } }
P m—— = ——— o - = = - = - - - +
|] System | |
e w - - - - e - e - - e e W on e WO R O W e W *
|] System | |
CPm e ——————-— R R e e +
] System } f
o - - L e R +*
| System | |
e —c————- o = - = - - +
| Printer | Another character |
} - | can be received. j
R = o e - = o = - - +*
| Printer | No data can be sent |
} | when signal is high. }
o - - ————————— +
|] Printer | Printer is out of paper |
} | when signal is high. |
L P c e, , e — — ——— - —————————— +

| Printer } Printer is online |
} | when signal is high. |

] System | Printer is to line feed |
| | on carriage return |
| | when signal is low. |

L L e e e +
| Printer | Indicates a fault |
} | when signal is low. i
P —c—————— e ha RN, +
| System | Resets printer when }
J |] signal is low. |
P — e ————- L +
| System | Always low. |
R ] e e, e c e e e cc e e — e ————— +

are the pin numbers for the 36-pin
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2.4,3.3 Timers. The 8253-5 counter/timer IC provides threevseparate,
timing wunits. In this system, one is used as a programmable speaker
oscillator, and the other two are programmable interval timers.

The speaker timer is clocked by a square wave of 1.25 MHz. Divisors
up to 6S 536 can generate output frequencies as low as 19 Hz. The
high input frequency creates output tones that are more musically
accurate. The speaker timer clock is internally gated with the
speaker enable (SPKEN), an output of latch U47. This signal allows
the interruption of tones without a reprogramming of the timer.

The second timer (Timer A) is used in system-timing applications and
as a real-time clock. It generates an interrupt signal on the rising
edge of the timer output when the enable line (address 0 bit 1) is
set high. Toggling this line low resets the interrupt; holding this
line low disables the interrupt completely. The interrupt 1level is
3. The input clock frequency to the timer is 625 kilohertz (kHz). &
divisor of 62 S00 generates a pulsewidth of 100 ms, while a divisor
of 15 625 generates a pulsewidth of 25 ms.

The third timer (Timer B) is wused for special-purpose timing
applications. It generates an interrupt on the rising edge of the
timer output when the enable line (address 0 bit 2) is set high.
Toggling this 1line low resets the interrupt; holding this line low
disables the interrupt completely. This 1line is shared with the
expansion interrupt 1line IR2. The interrupt level is 2. The input/
clock frequency to this timer is 625 kHz.

2.4.3.4 speaker Amplifier. The speaker timer output goes to an
amplifier (LM 386) that drives the 8-ohm speaker, providing
sufficient volume and allowing mixing of signals from external
sources (option expansion cards). To mix other signals with this
signal, connect any other signal source (such as the speech option
board) to P12, the summing input. -

2.4.4 Motherboard Interrupt System

The motherboard interrupt system can encode eight separate interrupts
and vector the central processor to eight separate interrupt
routines. A nonmaskable interrupt (NMI) (which produces the highest-
priority interrupts) is also available.

The majority of the interrupt logic is contained within the 1Intel
8259A interrupt controller chip. The 8253A is programmed for level-
sensitive input and is the master (only) interrupt controller.
During the INTA cycle, the decoding logic array always enables the
contents of the 1I1/0 data bus onto the system data Dbus. This
information is the vector from the 8923A chip, and the systenm,
therefore, requires only one controller.

The 82S9A chip assigns priority to the incoming interrupts, allows
masking of interrupts, and provides the vector to the CPU during the

2-18
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interrupt acknowledge (INTA) cycle. A series of OR gates and flip-
flops permit some interrupt levels to be shared, cause some inputs to
be edge-triggered, and cause others to be level-triggered.

The interrupts that come from the expansion bus are active high and
are, therefore, terminated with a 4.7-kohm pulldown resistor to
ground. All the pulled-down inputs are connectied to the 825%A chip,
either directly or through a CMOS OR gate. This connection prevents
the gate input current from raising the input voltage above the legal
"low" level through the pulldown resistor.

CAUTION
Even though the system is protected, programmers
_,and designers_ using interrupts on the expansion

Bus should be sure to "mask off"” unused interrupt
lines as a matter of good programming practice.

The NMI detects parity errors on the motherboard RAM system. To
generate this interrupt with software, set the DTR line on the 82SiA
USART. The RAM can then be tested without parity-error interruption.

The interrupt levels and their exbected uses are given in Table 2-S.

Table 2-S5 Interrupt Level Assignments

Interrupt Bus Line ' Use
NMI AC1 System parity error, CRT interrupt
IRO BO4 Communications port 1
IR1 B24 Communications port 2
IR2 B2S Communications port 3

System board timer 2
Local area net board buffer full/empty

IR3 na System board timer 1 (clock)
IR4 B23 Communications port 4

IRe6 B21 Diskette drive, Winchester disk
IR7 na . Keyboard, numeric coprocessor

na = Not applicable.
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2.4.5 Motherboard Memory System

The memory system on the motherboard consists of 64K bytes (K = 1024)
of dynamic RAM, up to 16K bytes of ROM, decoding logic to establish

the addresses, and timing and refresh logic to operate the system. A
connector and the necessary logic permit the addition of one of the
expansion RAM boards. These boards are available in 64K-, 128K-, and

192K-byte capacities. After adding the 192K-byte board (bringing the
total to 256K bytes), further expansion requires the addition of a
256K-byte board that plugs into the expansion bus. (This board and
another memory expansion board are fully described in Section 3.)

2.4.5.1 Motherboard Memory Addressing. The memory space of the

processor devices used by the motherboard is given in Table 2-6. The
balance of the system memory is given in Appendix B.

Table 2-6 Motherboard Memory Map

Addfess ' Device
Dynamic RAM:
OOOOO-OFFFF. 64K-bytes motherboard RAM
10000-1FFFF 64K-bytes expansion RAM board bank 1
20000-2FFFF 64K-bytes expansion RAM board bank 2
30000-3FFFF 64K-bytes expansion RAM board bank 3
ROM Usage: .
FCOOO-FDFFF 8K ROM space, one wait state (XU62)

FEOOO-FFFFF 8K system ROM, one wait state (U63)
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2.4.5.2 Memory Control Logic. A bidirectional buffer (U61)
separates the main system data bus from the motherboard expansion
memory, thereby providing sufficient drive and margin to the data
transfers. u2s, the memory hard array logic chip HAL16R4, in
combination with US3, the 74LS139 decoder, handles decoding and
timing for the ROMs. Because ROMs and EPROMs (erasable programmable
read-only memories) are generally slow devices, a wait state is added
to all accesses to these devices.

The ROM access times are listed in Table 2-7.

Table 2-7 ROM Access Times

Time Required

o Function (in Nanoseconds)
CS-ROM access 410
ROM address access 577

1/0 Wait States. The HAL chip also contains the logic to add a wait

state to all 1/0 accesses made by the CPU. The wait state is
necessary because many of the 1/0 devices operate too slowly when the
system buffer and setup and decode times are included. With the wait

state, the control lines are active for approximately 600 nanoseconds

(ns). .

Memory Refresh Logic. The RAM refresh logic operates synchronously
with the accesses to the RAM memory. Refresh cycles begin only when

a RAM memory cycle is not in progress. This implies that the RAM
refresh can occur at the same time as accesses to other system memory
(ROMs) or 1/0 space. Each time a refresh cycle begins, a refresh
timer (one-shot U28) starts. When it times out, it provides the
signal to begin another refresh cycle. This timer is set to 1S
microseconds (us) maximum, which allows for the worst-case refresh-
request latency. To maintain the contents of the RAM wunder worst-
case conditions, the refresh must occur at least 128 times within 2
ms . (The average refresh timing is once per 15.625 us). The worst-
case latency for a refresh request is about 600 ns.

Once a refresh cycle has begun, it must be completed (including the

precharge) before the next cycle begins. If a RAM access cycle
starts before the refresh cycle completes, the HAL state machine puts
the CPU into a wait state until the refresh operation completes. In

the worst case, this delay could extend the normal memory access time
- by four wait states, or 800 ns.

Assuming a refresh timer value of 14 us and an average 600-ns
slowdown of the CPU, the refresh overhead is approximately 4.3
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percent average or 5.7 percent worst case.

2.4.5.3 CAS and Address Multiplexer Switch. A delay line from the
RASI- (row address strobe input) line produces the SWM (the address
multiplexer control). SKWHM ensures an adequate row address hold time
(40 ns) and still operates the RAM guickly enough to finish the
access within the system cycle time.

The CASI- (column address strobe input) timing depends on whether the

cycle is a read or a write. If the cycle is a read, the CASI- signal
is taken from the delay line 20 ns after the SWM signal to produce
the ACAS- (advance column address strobe). ACAS- ensures an adeguate

column address setup time to the RAM and still gives fast RAM access.
If the cycle is a write, then the CASI- signal is taken from the
falling edge of the system clock, which is about 150 ns after the
occurrence of RASI-. This delay allows time for the data from the
processor—to propagate -through the data buffers and the parity
generator chip (U331 74LS280).

To control the generation of the CASI- pulse, flip-flop U33 is timed
with CLK- (the system clock), samples the delay line (ACAS-), and is
reset by MRDC- (the memory read signal). The output of the flip-flop
is then 1logically ANDed (U34) with the ACAS- signal to generate the
actual CASI- signal. To prevent the generation of a CASI- pulse
during refresh, the refresh row address strobe (RRAS-) line holds
flip-flop U333 in the preset state during a refresh. This forces the
output of OR gate U34 (CASI-) to a high level.

2.4.5.4 Parity Generation and Checking. The parity
generator/checker chip (74LS280) generates a "1" to the parity RAM
bit whenever there is an even number of 1's in the data byte being
written. The parity RAM chip has a separate data bus to drive the
output line. A pullup resistor holds this line high when it is not
driving the output (as in a write cycle). The parity data is then
taken from the "odd sum” output of the parity generator and used to
write to the RAM.

This method of parity checking does not cause a parity error when the
system attempts to read from nonexistent RANM. (To determine the size
of system memory, the system software sometimes "“feels" for memory
not present.)

When the RAM is read, all of the data bits and the parity bit are
presented to the generator/checker and the parity output is sampled
at the end of the read cycle. If parity checking is enabled and
discovers a parity error, flip-flop U33 is set to interrupt the CPU.
Once set, this flip-flop must be reset by software before additional
interrupts can be given. If the enable bit (address 3 bit 3) is held
low, then no parity interrupts (PINT) are generated. To distinguish
the parity interrupt from other NMIs, the PINT line is fed to U48
(address 1 bit 3) and can be tested by software.

N
]

22
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2.4.5.5 Memory Control State Machine. A hard array 1logic device
(HAL16R4 U28), set up as a state machine, drives the memory control.
This device has four outputs equipped with a set of «clocked £lip-
flops and four outputs that are direct combinations of the inputs.
The AND of the terms on a line ORed with the AND of terms on other
lines results in low-going outputs. This occurs either directly, on
those outputs without registers, or after the clock on those outputs
with registers.

The signal RASI- activates RAS- out of the AM2964B RAM address

multiplexer. The signal XWAIT- puts the processor into a wait state.
The signal MDEN- activates the motherboard memory system data buffer.
The signal RMSEL- selects access to the ROMs. The signal RFSH-

instructs the AM2964B address multiplexer to put out the refresh
address. The signal RRAS~- indicates that a refresh RAS is in
progress.  The signal SY- (used internally to the HAL) indicates
refresh states. The signal SX- (used internally to the HAL) cuts off
the wait state to the CPU after one cycle.

Table 2-8 gives the logic for the memory control state machine.

A timing diagram of the memory system, shewn in Figure 2-3, indicates
the major operations of the memory system.
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Table 2-8 Memory Control State Machine Logic ~ HAL16R4

Input
MRD- XA18 RASI- RFSH-
MWR - RMX- XWAIT- RRAS-
RFRQ IORC- ' MDEN- sY-

Output XA19 AIOWC- RMSEL- SX- Comment
------- LR R R R e R i R
RASI- L . . L L . . . . +. «+ . H . RH . Memory read

or L L L . H . H . Memory write

or . . . L L Refresh

or . e . . . L L . All other OR terms
------- L e e e R e L st e R S e e R e e
XWAIT- L L . . . T . o L ... Refresh+read RF1,2,3

or L . L . e+« s+ « « L . Refresh+read RF3,4

or . L . L . . . . .+« . o L e e Refresh+write RF1,2,3

er . L . L. .. . . . e o e o o« o L . Refresh+write RF3,4

or . . . HH L . . . . . L J . . H ROM read/write

or . . . . . . L . . + + « « . . H 1/0 read

or . . . . . . . L e e e s H 1/0 write
------- LR R R e e e e e R e e e e
MDEN- . . . . . . . . L. . .H.H. RAM read/write

or L HHL . . e e e e e e e s ROM read

or . L . HHL . . e e e 6 & e e e ROM write

or . . . . . . L L e e e e e e e All other OR terms
------- bm o mdomdmdmd oo adomd o md oo o o w0 o - - - - o
RMSEL- 1. . . HH L . . e e 4 e e e o ROM read

or . L . HHL . . o e e e e e e ROM write

or . . . . . . L L e e e e e e e All other OR terms
------- o e o oo oo o e o e o e e o e o o e o o e e o D O = = > = = e o o

The following four outputs have flip-flops:

------- D ki i e e e e e R K R e R
RFSH- HHH . . . . . O © Refresh RF1, no memory cycle

or . . HH . . . . P © Refresh RF1;, no RAM cycle

or . . . L . H . Refresh RF2,3

or . . . . . . . . . L . H . All other OR terms
------- Pobmbmbo o oo o mmd oo d om0 - - = = - ——— - - - =
RRAS - e v e e e e e e o o« o« L o . . Refresh RF2,3,4

or . . . . . . . . .« « o L . . . All other OR terms
------- e e I e R e e il sk ek ik T o S e kit
SY- . . L L . . Refresh RF3,4

or . . e e e e . . L L . All other OR terms
------- L R e R e i A e e R il A i ke
SX- L HHL . . « « « +« <« « « o+«  ROM read wait cutoff

or . L . HHL . . A ROM write wait cutoff

or . . . . . . L. e e e e e e e 1/0 read wait cutoff

or . . . . . . . L e e e e e e e I/0 write wait cutoff

or . . . . . . . L e e e e e e e . All other OR terms
------- L e it e e e R R R ekttt

L = Low signal.

b
]

High signal.
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Figure 2-3 Memory System Timing Diagram
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2.4.6 Floppy Disk Controller

The floppy disk controller (FDC) section contains a floppy disk
controller IC (FD1793-02), a floppy disk support logic IC (WD1l6S1l),
and a pulse delay IC (WD2143), all made by Western Digital. The FDC
also has a voltage-controlled oscillator (VCO) and one-half of a
741.S221 one-shot. Two 2114 static RAMs, addressed by a CMOS 4040,
act as a sector buffer, and a programmable array logic (PAL) IC
decodes and controls operations. Miscellaneous logic handles signal
timing and buffering.

The logic described in this section includes:
* Floppy disk controller IC

* Sector buffer

* Data write precompensation circuit
* Data separator

* Diskette drive interface

2.4.6.1 Floppy Disk Controller IC. The Western Digital FD1793-02
chip is the FDC IC. This IC does serial/parallel data conversion,
locates sectors on the disk, seeks the diskette drive, and performs
other high-level functions. A complete description of the FD17983-02.
chip can be found in the literature available from Western Digital.
The 1.0-MHz controller input clock provides the correct data rate for
standard S5 1/4-in diskettes. Because U20 divides the clock down from
15.0 MHz, the duty cycle is 467 ns low, S33 ns high.

2.4.6.2 ©Sector Buffer. During read or write operations, data must
be transmitted at a rate between 23 us per byte and 32 us per byte
nominal (for double-density operation). A sector buffer, operating
independently of the processor during a read or a write, ensures that
the diskette drive performs properly. This buffer consists of:

* A 1K x 8 static RAM device
* A counter (to address the RAM sequentially)

* Control logic and a bus buffer (so that the CPU and the FDC
can access the buffer)
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Two bits (MO, M1) in latch U47 control the basic operating modes of
the sector buffer. These four modes are as follows:

Latch U47 Bits

MO M1 Mode

1 1 FDC reads RAM and writes data to diskette.
o 1 FDC reads diskette and writes data to RAM.
o o CPU reads or writes RAM sequentially.

1 o CPU reads or writes the FDC directly.

The counter that addresses the buffer increments automatically each
time either the CPU or the FDC accesses the RAM. To set up a fixed
starting address within the RAM, the CPU writes to the FDC sector
register while the MO, M1 bits are set to 0, O. This resets the
address counter. The FDC is not affected because the CPU can access
the FDC only in mode MO, M1.

The PAL provides the control logic for the sector buffer, aided by a
flip-flop that provides a 1-us FDC clock-synchronized signal. The
PAL uses this signal, derived from the FDC data reguest (BRQ) line,
to generate the read or write command for the FDC when the sector
buffer is in modes 1, 1 or 1, O. The FDC activates the DRQ line when

a sector write requires a byte or when a byte is ready in a sector
read.

This control logic and the CPU generate other signals to control the
RAM and the counter. These signals are given  in_ Table 2-9. The
timing diagram' in Figure 2-4 defines the usage of these signals.
When the logical AND of terms from one row is ORed with the AND of
terms from another row, the output goes low when the result is true.
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Table 2-9 Programming for the HAL10LBS Device
Input
IORQ- M1 IORC-
XAl MO AIOWC~- DEN-
Cutput XAO DRQD FLCS Comment
------- L e R e el e e TR
YAO . . L L H . . . L . CPU <{~--=> FDC Mode 0,1
or . . . . . . L L . . (Unused)
------- L R e R i
YAl . L . L H o« . . . L . : CPU (--=-> FDC Mode 0,1
or . . . . . . L L . . (Unused)
------- L R R e e e
FRD- . . . L H . L . L . CPU <-- FDC Mode 0,1
or . . . H L H . . . . FDC --> RAM Mode 1,0
------- oo pommmpmmpmmpommmp o mdomdmefm mom o w w oowa w e m en on D W 9D an D o D
FWR~ . . . L H . . L L . CPU --> FDC Mode 0,1
or . . . H H H . . . . FDC <-- RAM Mode 1,1
------- LR L R R L DL L Rl L Dl kR R il
RWE- . L . L L . . L L . CPU --> RAM Mode 0,0
or . . . H L H . . . . FDC --> RAM Mode 1,0
------- L e R e el
RCS - L L . L L . . . L . CPU <=-=> RAM Mode 0,0
or . . . H . H . . . . FDC <~--> RAM Mode 1.,X
------- L ks s et k. A s Atk ekt ket
RRST- . H L L L . . L L . Reset counter Mode 0,0
or . . . . . . L L . . (Unused)
------- I A T S ek el ek bt R e e
FDEN- L L . L L . . . L . CPU <--=> RAM Mode 0,0
or . . . L H . . . L L CPU <--> FDC Mode 0,1

L = Low signal.
= High signal.
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CONTROLLER WRITING TO RAM

1 MHZCLK __/r___\_[———\___l S \
DRQ j

DRQD [ \ MO0 —LOW, M1—HIGH

FRD ,RWE ,RCS-

DATA /\ XVALID >——

READ FDC WRITEVRAM

CONTROLLER READING RAM

1—MHZ CLK __/’_\___/r_\___ﬁ | \
DRQ ‘ ﬁ \

DRQD : _ MO —HIGH, M1—HIGH

FWR, RCS

DATA ( )Q/ALID >———-——

READ RAM WRITE}FDC ) 2232164

Figure 2-4 Floppy Disk Timing Diagrams
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2.4.6.3 Write Precompensation Circuit. Using modified frequency

modulation (MFM) to write certain double-density data patterns on =

magnetic media causes a *bit shift"”, requiring disk write
precompensation. Compensating for the bit shift prevents the read
data transitions from moving outside the detection range of the read
circuitry. As track length shortens toward the center of the disk,
data bits are stored closer together, so the bit shift problem gets
worse. The ideal compensation gradually adjusts the write hardware
as the track number increases. However, a compromise solution
produces nearly the same results. The precompensation is turned off
while the head is over the outer half of the disk, then turned on
when the head is over the inner half of the disk. Disk drives can
have either 40 or 80 tracks, so the software checks the type of drive
installed, then determines the halfway point. For this reason, U47
(rather than the FDC) controls the TG43 signal. (Halfway point for
an 8-in diskette = TG43 - track number greater than 43.)

The write precompensation and data separator circuits are controlled
by Ul14, R17, R18, and R19 on the motherboard. When the RDDATA- line
(pin 11 of U14) is high, it forces the PU and PD- outputs from the
WD1651 to a tristate condition. R17 adjusts the PUMP line (pins
13/14 of Ul4) voltage to 1.4 vdc. R18 generates a square wave of 2.0
MHz + S5.0 percent from the VCO (pin 16 of Ul4). The pulsewidth
(monitored from pin S of Ul4) should be 750 ns, giving a write pulse
width of 187.5 ns. The waveform is visible only when the computer is
writing data to a diskette.

R19 <controls the write pulsewidth through U1lS (the WD2143 IC),
determining the amount of precompensating bit shift. The
precompensation pulsewidth (monitored from pin 1 of Ul1lS5 during a
write operation) should be set to approximately 200 ns.

The FDC signals EARLY and LATE control the direction of bit shift.
These signals cause WD1691 to select the appropriate tap along the
WD2143 (adjustable delay line) for the bit pattern being written. if
precompensation is not needed on outer tracks, the TG43 signal
inhibits the precompensation process.

Because single-density frequency modulation (FM) encoded data does
not regquire precompensation, the FD1681 also disables the
precompensation when the double-density enable signal (DDEN-) is
inactive (high). ‘

2.4.6.4 Data sSeparator. The data separator is composed of two
parts: clock recovery and separ