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TECHNICAL REFERENCE PREFACE 

PREFACE 

The Technical Re~erence Ma~ is designed to provide the so~tware and 
hardware designer, and other technical persons 
in~ormation as to how the Texas Instruments Pro~es5ional 

designed and how it ~unctions. 

This manual is divided into ~ive maJor sections: 

with detailed 
Computer is 

Section 1. Introduction - Provides a general description o~ the Texas 
Instruments Pro~essioniilll Computer. and identi~ies various 
con~igu-rations. options. and accesso-ries. 

Section 2. Ha-rdwa-re Provides a detailed description o~ each 
component o~ the 5~stem. including options. This section .lso contains 
speci~ications ~or power and inter~ace in~o-rmation. It provides 
hardware prog-ramming data such as coding tab les. reg isters and signa 1 
pin-outs. 

Section 3. Systems - Describes the ROM BIOS. interrupt vector list5} 
keyboard scan coding table. and a complete memory map. 

Section 4. Assembly Drawings and Lists o~ Materials - Provid~, 
detiilliled drawi'ngs ~o-r all ~ield replaceable assemblies and options. " 
List of Materials is provided with each assembly drawing ~or 
identi4=ication o~ all components and piece pa,.ts. 

Section 5. Schematics - Provides logic diagrams and schematics ~(I' 
each component and ~ield replaceable assembly of the Texas Instrumen l ~ 
p,. o~es 5 iona I C ompu tel'. 

The Glossary contains a de4=inition of technical terms used in this 
manuiilll. 

Index 
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Technical Re~erence INTRODUCTION 

Section 1 

I NTRODUCT ION 

The Texas Instruments Professional Computer s~stem consists o~ three 
maJor units: the system unit, the keyboard, and the display unit. A 
number o-fl options are available. such as 320-kbyte diskette drives, 
expansion memory to expand the 5~~tem memor~ in 64-kbyte increments up 
to a total o-fl 256 kbytes. a synchronous-asynchronous communications 
board. a Winchester disk drive option. an internal modem board, a 
graphics controller board. a clock and analog interface. and a high
resolution color display unit. 

The system unit is the heart of 
con~iguration it contains the central 
~loppy disk controller circuitry. a 
su pp ly. a dis ket te dri ve, read -anI y 
dynami c random-ac cess memory (RAM>' 
controller board is standard equipment. 

the computer. In its basic 
processing unit (CPU) circuitry. 
parallel printer part. power 

memory (ROM), and 04 kbytes oOP 
A cathode-ray tube (CRT) 

The system unit board is a large 361.95 I 215.9 mm (14.25 x 8.5 in) 
printed wiring board mounted horizontally on the bottom o-F the system 
unit chassis. The system unit board houses the microprocessor and 
control circuitry. It provides -Five sackets an an expansion bus -Fo~ 
option boards plus an additional socket ~o! a memory expansion option 
The system memory can be expanded in 64-kbyte increments to a total of 
256 kbytes. 

The 5 1/4-in diskette drive is a mass storage device for reading or 
writing data to a removable diskette. The standard diskette drive 
stores approximately 320-kbytes o-fl data. The system unit provides 
space -flor the installation o-F a second diskette drive or a Winchester 
disk drive. The Winchester disk drive and controller option is 
available in 5-. 10-. 01' 15-megabyte capacities. The Texas Instruments 
Professional Computer uses double-density, modified frequency 
modul.tion (MFM) recording -Format. 

Diskettes used with the Texas Instruments Professional Computer must be 
certiof1ied double-sided. dual-density. so-flt-sectored. 5 1/4-in 
diskettes. 

The system unit power supply is a switching-type 160-watt (W) 
three output levels. The supply is rated to support a system 
wit han y comb ina t ion 0 ~ 0 p t i un s. 

un i t wi t ii 
equipped 
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The low-profile keyboard is designed fo~ the operato~/s ease of us
The la~ge, sculptured, typewri ter-like, keyboard keys are used to eni. 
alphanumeric data. The smaller numeric Iceypad can· De used as i:I 

calculator. aetween these two groups of keys is a cluster of five keys 
that controls the display cu~sor movement. Across the top of the 
keyboard are the twelve programmable function keys. wnlcn are arranged 
in three groups of four keys each. The featui'.=·S of tne keyboaro 
include: 

* A sculptured, low-profile keyboard, which compIles with the 
European 3O-mm home row height requirements. 

* An infinitely adJustable full-length 
range of positions from 5 degrees to 15 
individual user's preference. 

tilt-bar. which has a 
degrees to suit an 

* Tactile designed F and ~ keys, which let your fingers find the 
"home" position on the home row. A raised dot on the numeric 
keyboard number 5 indicates the center key on the pad and 
provides reassurance to the operator. 

* A separate microprocessor on the keyboard, which converts 
keystrokes into character information. Separate ke\lboard 
diagnostics are conducted on every power-up. 

The display unit mav b. either a monochrome or color unit. dependil 
upon the system configuration. The standard CRT controller boar\> 
furnished with the system unit supports either a color or monochrome 
display. 

The graphics controller option is available in either one or three 
planes. It provides a resolution of 720 horizontal by 300 vertical 
picture elements (pixels) for .. 60 hertz (Hz) system and a resolution 
of 720 horizontal by 350 vertical pixels for a 50 Hz system. 

The svnchronous-asynchronous communications (sync-async comm) board 
option provides both synchronous and asynchronous communications using 
an RS-232-C interface. It supports asynchronous data rates from 50 
bits per second to as high as 19 200 bits per second. 

The internal modem board option is available in two versions, either a 
300-baud board providing Bell 103-compatible communication. or a 
300/120o-baud board providing Bell 212A-compatible communications. 
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Section 2 

HARDWARE 

2. 1 INTRODUCTION 

This section d.sc~ibes the design and ~unctions o~ the hardware for 
the Texas Inst,.uments. Pro~e55ional Computer system. A block diagram 
o~ the system is shown in Figure 2-1. 
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2.2 SYSTEM UNIT BOARD 

The system unit boa~d (contained within the system unit) is the hea~t 
of the compute~. A block diag~am of its operating pa~ts is shown in 
Figure 2-2. The system unit boa~d 'also called the "mothe~boa~d~) 
contains the ~ollowing. 

* Sldstem CPU 

* 64 kbytes o~ RAM m.mo~y 

* Memory control logic 

* Input/Output (lID) to the keyboard unit. p~int.r port. and 
dis k e t ted rive s 

* Timing services 

* Expansion 
Section 5, 

2. 3 SYSTEM CPU 

bus for the CRT controlle~ and options. 
drawing 2223005. fo~ logic diag~ams. 

Re fer to 

The system CPU consists of one maJo~ component an Intel 8088 
cent~al p~ocesso~ - and an optional Intel 8087 numeric cop~ocesso~. 
Also included in the system CPU a~e the processor clock circuits, bus 
buffers and latches, and CPU status decoding and control line 
generati on. 

Because the 8088 and 8087 processors are designed to work together in 
such it way that they appea~ to attached components to be a single 
Chip. it is easy to upgrade the system with an 8087 proc.sso~ at a 
later time. From th is point, the term CPU refers to both devices. 
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2.3.1 CPU Bus BUTTering 

The CPU i5 designed to operate in the so-calleo "maximum" mode .fo,:, 
this integrated circuit. (For additional inTormation, see the Int,d 
literature on the BOB8 and 8087.) The CPU uses Ii multiplexed <1r1d-res~ 
and data bus in order to reduce the number OT pins required on the 
processor chip. For this reason, and to provide adequate buffe-ring 
'01' the add-ress and data lines on the expansion bus, a set of add-ress 
latches (U5. U6, U7) and a data bus bu"er (U8) are provided as part 
oT the CPU. 

2.3.2 CPU Clock Qenerator 

The CPU clock generator consists OT an Intel-designed 8294 integrated 
circuit, a crvstal and some discrete components. The crystai 
Trequenc~ is 15.0 megahertz (tt-fz) +1-0.01 percent. The 8284 (U4) 
divides the crystal Trequenc~ bV 3 to obtain the CPU clock Trequency. 0' 5. 0 MHz. Th e 8284 al so c ont. ins sync hron i z in g log ic Tor the WAIT
line 'rom the expansion bus and memory subsystem and the RESET- line 
Tram the power-good circuit. 

2.3.3 CPU Bus Controller 

The CPU bus controller chip (U3 9299) takes the status inTormation 
Trom the processor and converts it into the lines MRDC- (memory 
,-ead), AMWC- (advanced memo,-v write), IORC- (1/0 ,-ead), AIOWC
(advanced 1/0 w,-ite), INTA (inte,-rupt acknowledge), DEN (data bu.f!f:eTo 
enable), and DT/R (dat. bUTTer direction control>. The DEN signal is 
qualified with the DMA (di,-ect memorv access) signal beTe,-e it is 
used to prevent premature activation aT the s~stem bus bUTTers during 
a DMA ep erat ion. 

A simple open-loep signature anal~sis (SA) arrangement is provided to 
check out the CPU. Connecting E17 and E18 with a Jumper and 
resetting the s~stem (po~er up) causes the processor to execute a 
OBFH opcede. The Jumper disables the svstem data bus bUTfer UB, and 
the pullup resistors in U06 pull the bus up to a high state. The 
transistor 01 pulls down data line AD6 to provide the "0" bit in the 
opcede. The processer then cycles through addresses FFFFOH to FFFFFH 
and OOOOOH to OFFFOH during the SA loop due to the segmented 
arc hi tec tu,-e. 

NOTE 

The symbol "HI! and the te,-m "hex" denote a 
hex ad e c i ma 1 add res s 0 r va 1 u e. 
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2.3.4 Reget Circuit 

The power-good or reset detection circuit is designed to detect 
condition9 where the power on the motherboard is nat sufficient to 
provide reliable operation. This circuit monitors the 12-V power. 
This condition causes automatic restart in the event o~ a power 
dropout savere enough to affect the power suppl~ but not enough to 
completely shut it dawn. A resistor/capacitor having a discharg~ 
transistor combination is used to en9ure that an~ power-up or dropout 
causes the RESET line to be true for at least 3 milligeconds (ms). 

2.3.5 Optional Numeric Coprocessor 

The system unit board is designed to allow the addition of an 8087 
numeric coprocessor integrated circuit (IC)' Once the 8087 is 
inserted into the 90cket provided, the special ESCape instructions in 
the instruction stream are decoded by both the 8088 and the 8087. 
The SOBS doe9 any memory access computation9 required and accesses 
the firs t b., ta 0# memory ac cord i ng tot h e i nstruc t i on. Tn e 8087, 
after decoding the· instruction. IIcatche9" the address generated by 
the SOBS for the memor., access and re~uests the bus #rom the 8088 to 
#inish accessing the memory as re~uired. Whe-n the coprocessor i;. 
#inished with the bus. it releases it to the 8OS8 which theT. 
continues with the next instruction. The hardware implements the
WAIT instruction of the SOS8 to allow synchronization with the 8087 
",han required. 

2.4 SYSTEM UNIT INPUTIOUTPUT (1/0) SUBSYSTEM Dw'l ~2-4230o~ ~h.3 

The input/output (I/O) subsystem on the system unit board decodes the 
I/O addresses #or all of the devices an the board. The various 
output latches and the input bufTer are also components aT the 1/0 
subsystem. 

In ordar to simpli#y the address decoding o~ the various 1/0 devices. 
onlV 10 0# the available 1b bits of 1/0 address are decoded Tor all 
I/O devices. This means that a maximum o~ 1024 bytes aT IIO are 
available. Th. sljstem unit boaT'd uses 48 bCAte9 of this space 
beginning at address OOOH, which leaves 976 bytes available ~or the 
expansion bus. The sljstem unit boaT'd devices that are decoded and 
their addresses within the CPU (cantral processor unit) IIO space are 
listed in Table 2-1. 
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Table 2-1 System Unit Board lID Map 

ADDRESS 

MAIN BOARD: 

, 
\.> 

00000 

00001 

00002 

00003 

00004 

Texas Instruments 

DEVICE 

U48 Input bu~fer 

U49 Latch 

USO Latch 

US1 Latch 

BIT IUSE. 

o Speaker timer enable 
1 Timer 1 interrupt enable 
2 Timer 2 interrupt enable 
3 Single-densitu (FM) enable 
4 Track greater than 1/2 

(TG43) 
S Diskette side one enable 

(FSID-) 
6 Diskette mode control (M1) 
7 Diskette mode control <MO) 

o 
1 
2 
3 
4 
S 
6 

7 

.0-7 

o 
1 
2 
3 
4 
S 
6 
7 

Option Jumper E1-E2 
Option Jumper E3-E4 
Option Jumper E5-E6 
Paritu interrupt pending 
Printer part BUSY 
Printer port paper aut 
Printer part printe~ 

selected 
Printer part NO ~ault 

Printer por~ data 
outp uts 

LED 1 OFF 
LED 2 OFF 
LED 3 OFF 

Paritu interrupt enable • 

Printer port not auto feed 
Printer port not strobe 
Printer part not 

initialized 

o Diskette Drive SELECT 1 
1 Diskette Drive SELECT 2 
2 Diskette Drive SELECT 3 
3 Diskette Drive SELECT 4 
4 Diskette Drive MOTOR 1 
S Diskette Drive MOTOR 2 
6 Diskette Drive MOTOR 3 
7 Diskette Drive MOTOR 4 
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Table 2-1 System unit Board I/O Map (continued) 

ADDRESS DEVICE BIT/USE 

MAIN BOARD (Continued): 

00005-0000F 

00010 
00011 

00012-00013 

00014 
00015 
00016 
00017 
00018 

00019 

00020 

00021 
00022 

00023 
00024-0002F 

Re served 

U44 8251 USART 
U44 8251 USART 

Rese1'ved 

U45 8253 Timer 
U45 8253 Timer 
U45 8253 Timer 
U45 8253 Timer 
U40 825qA In tarr upt 

contra l1er 
U4b 825qA In terrupt 

c ont,. 011 e,. 
FDC Command reg i ster 

or RAM 
FDC Track registe,. 
FDe Sec t 01' l' eg is te,. 

or RAM reset 
FDC Data register 

Data Register 
Control Register 

Coun tel' 0 
Coun te1' 1 
Count.,. :2 
Control reg i ster 

Reserved 

WINCHESTER CONTROLLER BOARD: 

00030 

00031 

Texas Instruments 

Winchester I/O port 

INPUT: 
0-7 Don1t care. Data is 

held 4lor each 
handshake cycle. 

OUTPUT: 
0-7 Do n 't car e . Da t a i s 

latched til· 
upda ted. 

Winchester reset register 

2-7 

READ: 
o Data request 
1 Input/Output 
2 Command/Data 
3 Interrupt pending 

<Level 6) 
WRITE: 
0-7 Don't care (Any 

write will do a RESET) 
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Table 2-1 Svst~m Unit Boa~d 110 Map (contlnu~d) 

ADDRESS DEVICE BITIUSE 

WINCHESTER CONTROLLER BOARD (Continu~d): 

00032 
00033 

FUTURE OPTIONS: 
oo034-0003B 
0003C-0003F 
0004o-000BF 

CLOCK AND ANALOG INTERFACE: 

oooeo 

OOOCl 

OOOC2 

oooee 
00OC9 

OOOCA 

OOOCB 

oooee 
OOOCD 

OOOCE 

OOOCF 

Clock/Analog 
Interface 

2-8 

Not us~d 
Interrupt Mask 

o Status interrupt 
enable 

1 Data interrupt 
d i sab le 

R~s~rv~d 
Local Area Net I/O 
Reserved 

o End of conve~sion 
(EOC)(Active HIGH) 

1 Not used (tied LOW) 
2 Lightpen inte~~upt latch ON 
3 Battery low 
4 Switch 4 
5 Switch 3 
6 Switch 2 
7 Switch 1 

Do not allow 1 i 51 ht 
pen i nterrup t 

(tri-state si gnal) 
Allow light pen 

interrupt CPa 55 

interrupt signal) 
JOI::j 5 tic k port Xl 

( Current liens e) 
JOl::jstic k port VI 

C CUT'r ent sens e) 
JOI::j 5 tic k por t X2 

( Current sens e) 
Joystick POT't V2 

( Current sens e) 
Anal09 input 4 

(SW4) (Vo 1 tag e sense) 
Analog input 3 

( SW3) <Voltage sense) 
Analog input 2 

( SW2) (Voltage sense) 
Anal09 input 1 

(SWi) (Voltage sense) 
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Table 2-1 S~stem Unit Board 1/0 Map (continued) 

ADDRESS DEVICE BIT/USE 

CLOCK AND ANALOO INTERFACE (Continued): 

00000 

000D1-oo0D7 
OOODS 

o OODQ-OOODF 

SYNC-ASYNC COM" BOARD: 

000£0-OOOE3 COM" Port 1 rRl 
000£4 
000£5 
000E6 
000£7 

000£9-000£1 COM" Por t 2 I R~ 
OOOEC 
OOOED 
OOOEE 
OOOEF 

o OOFO-OOOF3 CDMM Port 3 IR3 
00OF4 
OOOF5 
OOOF6 
OO0F7 

OOOFB-OOOFB COM" Port 4 IR4 
OOOFC 
OOOFD 
OOOFE 
OOOFF 

00100-oo3FF 

CLOCK 
o 

CONTROL 
Address Bit 0 MSM5832 
Address Bit 1 MSM5832 
Address Bit 2 MSM5832 
Address Bit 3 MSM5832 
HOLD 

1 
2 
3 
4 
5 
6 
7 

WRITE 
READ 
+ or - 30 sec adJust 
Reserved 
Cloc k data 

(low nibble onlv> 
Reserved . 

Interrupt Acknowledge 
CHB Command 
CHB Data 
CHA Command 
CHA Data 

Interrupt Acknowledge 
CHB Comman d 
CHB Data 
CHA Command 
CHA Data 

Interrupt Acknowledge 
CHB Command 
CHB Data 
CHA Command 
CHA Data 

Interrupt Acknowledge 
CHB Command' 
CHB Data 
CHA Command 
CHA Data 

Available ~or 

4!uture prod ucts 

clock 
cloci< 
c I DCi< 

c I oele 
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Table 2-3 P~inte~ Po~t Pinout 

+------+------+-------------+-----------+--------------------------+ 
ISIGNALIRETURNI SIGNAL NAME / SOURCE FUNCTION 
+------+------+-------------+-----------+--------------------------+ 

1 19 IDATA STROBE-: Svstem : Data to be s.mpled when 
: signal is LOW 

+------+------+-------------+-----------+--------------------------+ 
2 I DATA 1 1 System : Data output bit 

+------+------+-------------+~----------+--------------------------+ 
3 /20(21)/ DATA 2 System 

+------+------+-------------+-----------+--------------------------+ 
4 : DATA 3 : • Sy stem 

+------+------+-------------+-~~--------+--------------------------+ 
5 121(23): DATA 4 System 

+------+----~-+-------------+-----------+--------------------------+ 
6 / DATA 5 

+------+------+-------------+-----------+--------------------------+ 
7 /22(25): DATA 6 Sv stem 

+------+------+-------------+-----------+--------------------------+ 
8 / DATA 7 System 

+------+------+--~----------+-----------+--------------------------+ 
9 /23(27): DATA 8 System 

+------+------+-------------+-----------+--------------------------+ 
10 IACKNOWLEDGE- / Printer : Indicates that another 

/ char can b. ~eceived 
+------+------+-------------+-----------+--------------------------+ 

11 : 24 (29): B USV Printe~ 1 Indicates no d.t. can be : 
I sent when HIQH 

+------+------+-------------+-----------+-------------------~------+ 
12 / PAGE END Printer : Indicates paper is out 

: IIIhen HIGH 
+------+------+-------------+-----------+--------------------------+ 

13 1 SLCT 
I (ON LII'£) 

Printer I Indicates p~inter is on- 1 
1 line wh en HIGH 

+------+------+-~-----------+-----------+--------------------------+ 
14 I AUTO FEED- System : Indicates printe~ is to 

1 linefeed on CR when LOW 
+------+------+-------------+-----------+--------------------------+ 
: 15(32) 1 1 FAULT- Printer : Indicates fault when LOW: 
+------+------+-------------+-----------+--------------------------+ 
116(31) 125(30) 1 INIT- Sv stem / Resets printer when LOW 
+------+------+-------------+-----------+--------------------------+ 
117(36) /18(33) 1 SELECTION- System 1 Always LOW 
+------+------+-------------+-----------+--------------------------+ 
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Th. ke~boa~d po~t is implemented as a universal asynchronou~ 
~eceive~-tTansmitte~ (UART) ro~ se~ial data t~ansmission between the 
s~stem unit and the keyboa~d. Data received by the UART will always 
generate an inte~~upt to the inte~rupt cont,.oller. The transmit 
~eady line ~ill not geneTate an inte,.rupt unless the transmitt.,. in 
the UART is enabled. Note that the ke'dboa~d po~t int.~,.upt is ORed 
with the "inte,.~upt ~ectuest 7 11 line from the numeric cop~ocessor. 

Th. ~eceive data signal is conditioned with a SN75199A line receiver 
with a slollldollm capacito~ so that the lignal is mo~e immune to 
t,..nsient5. This ~eceive.~ also has a hyste,.esis of app,.oximately 1 V 
centeTed a,.ound 1.4 V, which imp,.oves the noise immunity. The 
t,.ansmit data line is buffe~ed by a SN75199A buf~e~ to p~ovide a good 
voltage sliling and d,.ive to the keyboa~d cable. This buffe,. consists 
int.,.nallv of an output t,.ansisto,. with a 2-kilo ohms (kohms) pull-up 
~esi st01'. 

In o~d.~ to allow imp~oved diagnostics, ~he device se~vice routine 
<DSR) line on the unive~sal Iynch~onous/asynch,.onous ~eceiver 
tTansmitte,. (USART) is connected to the keyboa~d connecto~ through a 
SN7S189A buffe~. Th. tTansmit data line il connected to the OSR line 
at the k.yboa,.d to allolll detection of a disconnected 0,. defective 
k e'lb oaTd. 

The input clack to the t~an~mit section is 19 531.25 Hz, which when 
divided by 64 is suitable fo~ a baud ~ate of 305. The input clock 
fOT the ~eceive~ is 156 250 Hz, !alhich !alhen divided by 64 is suitable 
fa,. a baud 1'ate of 2441. Th ese baud rat es are close enough to th e 
standaTd 300- and 2400-b~ud ,.ates to allow s'lstem test equipment to 
simulate a keyboa~d having standard equipment. 

2.4.4 Time,.s \J..~ ~~t,f'~ Dw~$-)")·J3.:>oS" 
The 9253-5 c ounte,./t ime~ IC p~ov ides thr ee, sep ara t e 
In this system, one is used as a p~ogrammable speaker 
the oth.~ tlilO a,. e p" og~ammab 1 e i nte1"val timers. 

t i mi n gun its. 
oscillator, and 

The speake~ time~ is clacked b~ a square wave 041 1. 25 MHz. With the 
ability to divide by uyp to 65 536, the output frequency can go as 
10111 as 19 Hz. Th. high input f~ectuency causes the output tones to be 
mo,.. mUlicalll:l accu,.ate. The speaker time,. cloc k is inte1"nally gated 
~ith the sp.ake~ enable (SPKEN) signale~ enable} !alhich is an output 
of latch ~~~This lignal allolils the inte1""uption of tones !alithout a 
rep,. og,.ammi n 9 of th e time~. 

The second time1" (Timer A) is used in system-timing applications and 
as a real-time clock. It generates an interT'upt on the rising edge 
041 the timer output i~ the enable line (address 0 bit 1) is set to a 
HIGH. Toggling this line LOW resets the inteT'rupt. holding this line 
10111 disables the inte~,.upt completely. The level o~ the interT'upt is 
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Table 2-5 Motherboard Memory Map 

ADDRESS DEVICES 

DYNAMIC RAM: 

0000 O-oF FFF 
l0000-lFFFF 
20000-2FFFF 
30000-3FFFF 

40000-BFFFF 

CRT CONTROLLER: 

COOOO-C7FFF 
CSOOO-CFFFF 
DOOOO-D7FFF 
DSOOO-DDFFF 

DEOOO-DE7FF 
DEBOO-DEFFF 

DFOOO 

b4-kb~tes motherboard RAM 
64-kb~tes expansion RAM board Bank 1 
64-kb~tes expansion RAM board Bank ~ 
b4-kbytes expansion RAM board Bank 3 

Expansion bus memor~ 

Qraphics RAM Bank A 
Qraphics RAM Bank B 
'Qraphics RAM Bank C 
Reserved 

Active character memory 
Phantom character memorv 

Bit 0 Mise input buffer. 
BLUE feedback, read only 

Bit 1 Mise input buffer, 
RED feedback, read onl~ 

Bit 2 Mise input buffer. 
GREEN feedback. read onl~ 

Bit 3 Mise input buffer. 
interrupt pending. read onl~ 

DF001-DFOOF Mise input buffer 
DF010-DF01F Qraphics RED palette 

latch. ~rite onl~ 
DF020-DF02F Qraphics GRN palette 

latch. ~rit. only 
DF030-DF03F Qraphics BLU palette 

latch. ~rite only 
DF040-DF7FF Reserved 
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TEXAS INSTRUMENTS PROFESSIONAL COMPeTi ER 

TABLE 2-~ MOTHORBOARD MEMORY MAP 

+----------------+-------------------------------------------------------+ 
ADDRESS DEVICES 

----------------:-------------------------------------------------------, 
00000 =:> OFFFF 
10000 =:> 1 FFFF 
20000 => 2FFFF 
30000 =:> 3FFFF 

64-KBYTl:.S MOTHIJR80ARD RAM 
64-KBVTES EXPANE;ION RAM BOARD BANK 1 
64-KBYTI:.~; EXPANSION RAM BOARD BANK 2 
64-KBVTES EXPANSION RAM BOARI) BANI< 3 

---------------- -------------------------------------- 256-KBYT~S -----
• 40000 =:> 4l- FFF 

50000 => SFFFF 
60000 =)- o.T='FFF 
70000 =) 7Ff-FF 

64-KBYTES EXPANSION RAM 
64-KBYTI:.!5 EXPANSION RAM 
64-KBYTES EXPANSION RAM 
64-KBYTES EXPANSION RAM 

---------------- -------------------------------------- 512-KBVTES -----
80000 =:> SFFFF 
90000 => 9rFFF 
AOOOO => AFF-H"'
BOOOO =)- BFFFF 

64-KBVTI:.S EXPANSION RAM 
64-KBYTES EXPANSION RAM 
64-KBYTES EXPANSION RAM 
64-KBYTES EXPANSION RAM 

---------------- -------------------------------------- 768-KBY1ES -----
COOOO => ~FF 
C8000 =:> CFFFF • 
D8000 =)- D7FFF 
08000 => D8FF-f-
DCOOO => [lOt- FF 
DEOOO =:> DE7FF'" 
DEBOO => DErFF 
DFOOO => DFOOF 
DF010 =:> DF01F 
DF020 => DF02F 
DF030 =)- DF03F 
DF040 =:> DF3FF 
DF 400 =:> DF7FF t 

DF800 =:> DFSOF 
DF810 => DF81F 
DFS20 =:> DF82F 
DF830 =:> DF83F 
DF840 => DFBFF 
DFCOO => DFFFF 

EOOO(. => E3FFF 
E4000 => E7f'Fr 
~8000 => EBFFF 
ECOOO => EFFFF 

FOOOO => F3FFF
F4000 => F5FFF 
F 6000 =:> F7F-FF 

• F8000 => F9FFF 
FAOOO => FBFFF 
FCOOCl => FDFFF 
FEOOO => FFFFF 

32-KBVTES GRAPHICS RAM BANK A 
32-KBYTES GRAPHICS RAM BANK B 
32-ft..."BVTES GRAPHl CS RAM BANI< C 
16-I<BYTES RESEt"NED 
2-KBYTES RESERVED 
2-KBVTI:.S CHARACTI:.H MEMORV 
2-KBYTES CHARACTER ATrRUBUTE MEMORY 

16- BYTES MISC INPUT BUFFI:.H 
16- BYTES RED PALL~TTE LATCH 
16- BYTI:.S GREEN PALLET1~ LATCH 
16- BYTES BLUE PAL~~rTE LATCH 
960-BYTI:.S RESERVED 

l-ft..."BYTES RESERVED 
16- BYTES ATHHBUTE LATCH 
16- BYTES CRT CONTROLLER REGISTERS 
16- BYTES MISC OUTPUT LATCH 
16- BYTES 
960-BVTES RESERVED 

l-KBYTES RESERVED 

16-KBYTES RESERVED FOR SPEECH STORAGE 
16-KE:lY1ES RESERVED FOR SPEECH STORAGE 
16-KBYTES RESERVED 
16-KBVTI:.S RESE~VED 

16-KBYTES RESERVED 
8-KBYTES ROM SPACE ( CLOCK/ANALOG INTERFACE ) 
S-KBY1ES ROM SPACE ( LOCAL AREA NET OPTION BOARD) 
8-KBYTES ROM SPACE ( WIN"CHESrER CONTROLER ) 
8-KBVTI:.S ROM SPACE 
8-KBVl ES ROM SPACE 
S-KBYTES SYE', EM ROM 

+----------------+-------------------------------------------------------+ 
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Table 2-5 

ADDRESS 

DFSOO-DFSOF 
DFB10 • 

DFS11 

DFS12 

DFS13 

DFS14-DFS1F 

DFS20 

Bit 6 

OTHER PERIPHERALS: 

ROM USAGE: 

DFS21-DFFFF 
EOOOO-E7FFF 

EBOOO-F3FFF 

F4000-F'FFF 

F6000-F7FFF 

FSOOO-F9FFF 
F AOOO-FB FFF 
FCOOO-FDFFF 
FEOOO-FFFFF 

Texas Instruments 

HARDWARE 

Motherboard Memory Map continued 

DEVICES 

Attribute latch 
CRT controller address register, 

write onllj 
CRT Controller status ~egister, 

read onllj 
CRT Controller address register, 

wr i t It on III 
CRT Controller address register. 

IIIr it It on III 
Reserved 

Bit 7 Misc output latch, 
interrupt enabla 

Mise output latch, 
alphanumerics screen enable 

Reserved 
Reserved ~or speech storage RAM 

Reserved 

8K ROM space(Clock/Analog 
Interface) 

SK ROM space(Local Are. Net 
Option Board) 

8K ROM spaca(Winchester Controller) 
8K ROM space(Reserved) 
81( ROM space, 1 wait state (XU62) 
8K s'dstam ROM, 1 lIIait state (U63) 
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2.6.2 Memorlj Control Logic >""'---,''' Sl\~l-
The motherboard expansion memory is separated from the main system 
data bus by a bidirectional bw~;er (U61) in order to provide 
sufficient drive and margin to the data transfers. Decoding and 
timing for the ROMs is done by a combination of the memorij hard array 
logic (HAL) chip HAL16R4 (U28) and the 74LS139 decoder (U53). 
Because ROMs and EPROMs (erasable programmable read-only memories) 
are generallv slow devices. a wait state is .dded to .11 accesses to 
these devices. 

The ROM access times are listed 'in Table 2-6. 

Table 2-6 ROM Access Times 

FUNCTION 

cs- ROM .ccess 

RDM address access 

THE REGU IRED 
(In Nanoseconds> 

410 

577 

2. b. 2.1 I/O Wait States. The HAL chip also contains the logic to 
add a wait state to ill I/O accesses made by the CPU. The wait state 
is necessary because manV of the I/O devices operate too slowly when 
the system buffer and setup and decode times are included. With the 
wait state, the cont,.ol lines are active approximately 600 
nanoseconds (ns>. 

2.6.2.2 Melllory Refresh Log ic. The RAM refresh log ic is designed to 
operate synchronously with the accesses to the RAM memorv. Refresh 
cycles are begun only when a RAM memory cycle is not in proDress. 
This implies that the RAM refresh can occur at the same time as 
accesses to other system memory (ROMs) or I/O space. Each time a 
refresh cycle begins, a re~resh timer (one-shot U29) starts. When it 
times out, it provides the signal to begin another refresh cycle, 
This timer is set to 15 us maximum to allow for the worst-case 
refresh-request laten.cy. To maintain the contents of the RAM under 
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. If a RAM access cycle is started 
before the refresh cycle is comp leted, the HAL state machine wi i 1 put 
the CPU into a wait state until the refresh operation is completed 
In the w 0 l' 5 t cas e. t his del a y c 0 u 1 d mea n ext end i n 9 the norma 1 memo l' Y 
access time by four wait sta tes. or 800 ns. 
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Assuming a refresh time~ ~alue 
slowdown of the CPU, the ret:resh 
average or 5.7 percent worst case. 

HARDWARE 

of 14 us and an average oOO-ns 
overhead is about 4. 3 pe~cent 

2.0.2.3 CAS and Address Mul1:1plexer Switch. The address multiplexer 
control (SWM) is produced b'4 a delay line of~ of the row address 
strobe input (RASI-) line. This SwM ensures an adequate row address 
hold time (40 ns) and still operates the RAM quickly enough to ~inish 
the access within the s~stem cycle time. 

The column address strobe input (CASI-) timing depends on whether the 
e.,cle is a r.ad a ... a l&I1'ite. If the c~cle is a ... ead. the CASI- signal 
is taken off of the delay line 20 ns after the SWM signal (ACAS-). 
This dela., p ... ovid.s an ade~uate column address setup time to the RAM 
and still gives fast RAM acc.ss. If the cllcla is a write. then the 
CASI- signal is taken f ... om the falling .dge of the system clack, 
which is about 150 ns aft.r the occu ....... nc. of RASI-. This delay 
.llows time fa ... the data f ... om the p ... ocesso ... to p ... opagate th ... ough the 
data buff .... s and the pa ... ity generator chip CU31 74LS280). 

To cont ... ol the generation of the CASI- pulse. flip-flop U33 is timed 
with the system clock (CLK-), samples the delay line (ACAS-), and is 
reset by the memo ... y read (MRDC-) signal. Th. output of the flip-flap 
is th.n logically ANOed (U34) with the ACAS- signal to generate the 
actual CASI- signal. To prevent the generation of a CASI- puls€ 
du ... ing .... f .... sh, flip-flop U33 is held in the preset state during ~ 
refrltsh b., the r.fresh row address stroba (RRAS-) line. This forcec;. 
the output of OR gat. U34 (CASI-) to a high level. 

2.6.2.4 Pa ... ity Generation and Checking. The parity 
generator/checke ... chip C74LS280) generates a "1" to the parity RAM 
bit wheneve ... th .... e is an even numbe ... of "1"5 in the data byte being 
w ... itt.n. This is done by using a separate data bus on the parity RAM 
chip and using a pullup ... esistor to provide a hig~ on its output 
whenever it is not driving the output line (as in a write cycle). 
The paritg data is then taken from the "odd sum" output of the parity 
generator and used to w~ite to the RAM. 

By using this method of parity checking. an attempt to read from non
existent RAM memo ... y does not ~e5ult in a parity er~or. This method 
is p1"efe1"able because system softwa~e sometimes "feels" fo~ memory 
not present in orde,. to dete~mine the size of system memory. 

When the RAM is read., all of the data bits and the parity bit are 
presented to the gene~ato,,!checke,. and the parity output is sampled 
at the end of the read cycle If the pa,.ity is bad, flip-flop U33 is 
set to interrupt the CPU ir ~nabled. Note that once set, this flip
flop must be reset by sor~wa~e before additional interrupts can b@ 
given. If the enable bit <addr 3 bit 3j is held low, then no pa,.ity 
interrupts(PINT) a,.e gener:3ted. In orde,. to distinguish the parib~ 
inte1"rupt from othel" NMIs. the PINT line is red to U48 (address 1 bie 
3) to allow testing by software. 
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2.6.2.5 Memory Control State Machine. The memory control is driven 
bV an arrav logic device which is set up as a state machine <HAL16R4 
U28>. The memor~ control state machine logic is given in Table 2-7. 
This device has four outputs e~uipped with a set of clocked ~lip
flops and four outputs. which are direct combinations o~ the inputs. 
Note that 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 
directl". on those outputs without registers. or after the clock on 
those outputs with registers. 
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Table 2-7 Memo~y Control State Machine Logic - HAL16R4 

INPUTS 

MRD- XA18 RASI- RFSH-
MWR- RMX- XWAIT- RRAS-

RFRG IORC- MDEN- SY-
Outputs XA19 AIOWC- RMSEL- SX-
-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+----------------------
RASI- L L L . H H MEMORY READ 

a~ L L L H H MEMORY WRITE 
a~ L L REFRESH 
a~ L L all other OR te~ms 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+----------------------
XWAIT- L L L REFRESH+READ RF1,2,3 

a~ L L L REFRESH+READ RF3,4 
a~ L L L REFRESH+WRITE RF1,2.3 
a~ L L L REFRESH+WRITE RF3,4 
a~ H H L L H ROM READ I~ I TE 
a~ L H 1/0 READ 
a~ L H liD WRITE 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+----------------------
MDEN- L H H RAM READ IWR I TE 

a~ L H H L ROM READ 
a~ L H H L ROM WRITE 
a~ L L all ather OR te~ms 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+----------------------
RMSEL- L H H L . 

a~ . L . H H L .. 
a~ ...... L L 

ROM READ 
ROM WRITE 
all other OR terms 

-------+-+-+-+-+--+-+-+---+-+-+-+-+-+-+-+----------------------
THE FOLLOWING FOUR OUTPUTS HAVE FLIP-FLOPS 

-------+-+-+-+-+-+-+-+-~+-+-+-+-+-+-+~+----------------------

RFSH- H H H H RFSH RF 1 NO MEM eye 
o~ H H H RFSH RF1 NO RAM eye 
a~ L H REFR ESH RF2, 3 
a~ L H all other OR terms 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+----------------------
RRAS- . . . . . . . .. L .. REFRESH RF2,3,4 

o~ . . . . . . . . . L .. all other OR terms 
-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+----------------------
Sy- ........ . L L . REFRESH RF3, 4 

or . . . . . . .. .... L L . all other OR terms 
-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+----------------------
SX- L H H L ROM READ WAI T CUTOFF 

a~ . L H H L ROM WRITE WAIT CUTOFF 
a~ L I/O READ WA t T CUTOFF 
o~ L I/O WRITE WAIT CUTOFF 
a~ L all other OR terms 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+----------------------

Texas Instruments 2-21 Preliminary - Jan 21, 1983 



TECHNICAL REFERENCE HARDWARE 

The signal RASI- activates RAS- out of the AM2964B RAM add~ess 
multiplexe~. The signal XWAIT- puts the p~ocessor into a wait state. 
The signal MDEN- activates the lI"Iott.erboard memory system data buffer. 
The signal RMSEL- selects access to the ROMs. The signal RFSH
cont~ols the AM29b4B address multiplexe~ to put the ref~.sh add~ess 
out. The signal RRAS- indicates that a ~efresh RAS is in prog~ess. 
The signal S¥- is used internally to the HAL to indicate ~ef~esh 
states. The signal SX- is used inte~nally to the HAL to c·ut off the 
wait state to the CPU a4!ter one cycle. 

A ti ming dia g~am of the Iftelftory s IJ stem, shown in Fig ure 2-3, ind i cate s 
the maJor operations of the memory system . 

• 
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The expansion inte~f.ce bus allows the addition to the syst~m of 
standard and option devices. Five expansion bus connectoT's are 
p~ovided. The expansion bus pin-outs a~e given in T.ble 2-8. 

The expansion inte~f.ce bus allows memor~-mapped o~ lID-mapped 
devices to be added to the system in iI straightforward wa~. The bus 
supports devices ~e~ui~ing inte~~upts for efficient ope~ation. The 
svstem does not p~ovide Direct Memory Access (DMA) hardware, because 
devices that ~e~ui~e di~ect memo~y access have their own special
purpose ha~dwa~e. 

Table 2-8 Expansion Bus Pin-outs 

PIN 

AOl 
A02 
A03 
A04 
A05 
A06 
A07 
A08 
A09 
Al0 
AU 
A12 
A13 
A14 
A15 
Al6 
A17 
A18 
A19 
A20 
A21 
A22 
A23 
A24 
A25 
A26 
A27 
A28 
A29 
A30 
A31 

SIGNAL 

NMl
DATA 7 
DATA 6 
DATA 5 
DATA 4 
DATA 3 
DATA 2 
DATA 1 
DATA 0 
WAIT-
LOGIC QROUND 
ADDRESS 19 ( MSB ) 
ADDRESS 18 
ADDRESS 17 
ADDRESS 16 
ADDRESS 15 
ADDRESS 14 
ADDRESS 13 
ADDRESS 12 
ADDRESS 11 
ADDRESS 10 
ADDRESS 9 
ADDRESS 8 
ADDRESS 7 
ADDRESS 6 
ADDRESS 5 
ADDRESS 4 
ADDRESS 3 
ADDRESS 2 
ADDRESS 1 
ADDRESS 0 (LSB) 

Texas Instruments 

PIN 

BOl 
B02 
B03 
B04 
B05 
B06 
B07 
B08 
B09 
Bl0 
Bl1 
B12 
B13 
B14 
815 
B16 
B17 
B1B 
B19 
B20 
B21 
B22 
B23 
B24 
B25 
B26 
B27 
828 
B29 
B30 
B31 

2-24 

SIGNAL 

GROUND 
RESET 
+5 V powe~ 
IRO (inte~rupt 0) 
No connection (bussed) 
No connection (bussed) 
-12 V powe~ 
DMA- (CPU enable> 
+12 V powe~ 
OROUND 
AMWC- (m.mo~y write) 
MRDC- (memo~v ~ead) 
AIOWC- (I/O w~ite) 
IORC- (I/O ~ead) 
No connec~ion (bussed) 
No connection (bussed) 
No connection (bussed) 
No connection (bussed) 
No connection (bussed) 
PCLK (5-MHz clock) 
IR6 (inte~~upt 6) 
IRS ( in t e~ ~ up t 5 ) 
IR4 (inter~upt 4) 
IR2 (Inte~~upt 2) 
I R 1 ( in t e~ ~ up t 1) 
No ~onnection (bussed) 
RFSH (ref~eshing) 
ALE (add~ess liltcn) 
+5 V powe~ 
OSC (i 5-MHz c 1 0 c k) 
GROUND 
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2.7.1 Expansion Bus Signal Descriptions 

... NMI-. The non-maskable interrupt signal is driven by one o-t: 
the expansion boards to interrupt the system processor. Its 
normal use is to indicate a system parity error condition. 
This line is pulled low by an open collector large-scale 
integration (LSI) device when driven by an expansion board. 

... DATA 0-7. These bidirectional signals carry the data 
bet ... een the processor. memory, 1/0. and the expansion 
int.,...pace. These lines are active high. They can be tri
stated by use o.p the DMA- line . 

... WAIT-. This signal indicates when a device in the system or 
expansion bus is to hold or is holding the system p,..oc@ssor 
in or de,.. to extend the length o.p a memory re.presh 0,.. 110 
cljele. When a slow device is addressed on the expansion 
bus. the signal can assert th is 1 ine 10 ... in order to extend 
the time to complete a cycle. An expansion boaT-d, which 
takes over the bus, must monitor this line when accessing 
memory or 1/0 devices within the system. (This line should 
neve,.. be held 10 ... longer than 10 processor clock cycles. ) 
This line is pulled low by an open collecto,.., LSI device 
... hen driven by en expansion board . 

... ADDRESS 0-19. These lines a,..e normally driven by the system 
processor to address memory and 1/0 devices within the 
system. They can be tri-stated by use o.p the DMA- line. 
They can be driven by an expansion bus board by asserting 
the CPU ENABLE line low. These lines are active high. Only 
XAO - XA9 are used .par 1/0 addressing . 

... RESET. This line resets 0,.. initializes system logic an 
power-up or during a power .pailure. This signal is active 
high. RESET is generated by • power supply monitoring 
device. During po .... r bro ... nouts or other times that the 12-V 
line drops below 11. 1 V, the RESET line is activated 
immediately and returns 10111 3 ms a.pter regulation has 
resumed. This "'ill allolll .par unattended restarts . 

... INTERRUPT 0-6. These lines signal the p"'ocessor that an 110 
device req,uires attention. In the. event ot: several devices 
req,uiring service at the same time, the device asserting the 
1 o ... est-numb .1'e d 1 i ne gets serv iced .f!i'T" st. Th e se 1 ine s are 
active high . 

... DMA- (CPU enable>. This line, when asserted low by an 
expansion board, causes the processor to give up the system 
busses and enter a wait state. This alloUls an expansion 
board to implement OMA or another processor. When asserting 
this line, the expansion board must wait until the sl:jstem 
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busses are inactive (i. e., when MWRITE, MREAD, IOWRITE, 
IOREAD are all inactivea). When deasserting CPU enable, the 
expansion board must ~ir5t wait until the bus has been 
inactive ~or two processor clock cycles, assert the WAIT
line, de-assert the CPU enable line, and continue to hold the 
WAIT- line ~or one additional clock cycle. This will allow 
the system processor to correctl~ execute its next bus 
ev cle . 

* AMWC- or MWRITE- The memory write signal is normall~ driven 
by the system processor. It indicates that the in~ormation 
on the data bus should be written to memory at the address 
given on the address bus. This signal is active low. It 
can be tri-stated by use o~ the DMA- line. This signal can 
be driven by an expansion bus board a~ter the CPU enable 
1 i n e i s ass er ted. 

* MRDC- or MREAD- The memory read signal is normally driven by 
the system processor and indicates that the memory addressed 
by the address bus should be placed on the data bus. This 
sign~l is active lo~ It can be tri-stated by use of the 
DMA- line. This signal can be driven by an expansion bus 
board after the CPU enable line is asserted. 

* AIOWC- Dr IOWRlTE- The I/O write signal is normally driven 
by the system processor. It indicates that the I/O. device 
addressed by the address bus should accept the data on the 
data bus. This signal is active 10111. It can be tl"i-stated 
by use o~ the DMA- line. This signal can be driven bV an 
expansion bus board a~ter the CPU enable line is asserted. 

* IORC- Dr IOREAD- The 110 read line is normally driven by the 
system processor. It indicates that the I/O device 
addressed by the address bus should place its data on the 
data bus. This signal is active 10111. It can be tri-stated 
by use o~ the DMA- line. 

* PCLK - processor clock. This is the system clocle. It is a 
one-third division of the OSC clock and has a period o~ 200 
n s ( 5. 0 MH z >. Th eel 0 c k has a d u t y c y c 1 e 0 ~ 37.' per c e n t 
(+/-3.0 percent>. 

* RFSH Dr re~reshing. This line indicates 
It is positive 
expansion bus 

re~resh cycle is taking place. 
this signal is asserted all 
ignore d. 

that a memory 
tr ue. Wh en 
activity is 

* ALE - address latch. This line indicates when the processor 
is placing a valid addT'ess on the address bus. The address 
is valid on the ~alling edge o~ this signal. This signal 
cannot be tri-stated, and it should not be used by any 
device accessed by an expansion bus DMA controller. 

* OS C ( c 1 0 c k ) . This signal describes a high-speed clock with 
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a 66.7-ns pe~iod (15.0 MHz). 
cycle. 

It has a 50-pe~cent duty 

2.7.2 Expansion Bus Loading and D~iving Requirements 

The expansion bus is designed to drive ~ive expansion boards. Each 
board may have no more than two LSI/TTL input loads on anyone line 
o~ the bus. Open collecto~ outputs. which drive the bus. should be 
able to sink 12 mA at 0.5 V. Data bus drivers should be able to'sink 
24 mA at ~ 5 V and sou~ce 3 mA at 2.4 V and 15 mA at ~o V. Drivers 
~or the int.r~upt lines IRO-IR6 should be able to sou~ce 1 mA at 3.5 
V and sink 1 mA at 0.5 v. Drivers ~or the address and control bus in 
iI OMA application should be able to sink 20 mA at 0.5 V and SOUl'ce 5 
mA at 2. 4 V. 

2.7. 3 H.mor~ Timing on Expansion Bus 

The memor~ bus c~cles can be lengthened in integral multiples o~ the 
CLK cycle time <200 n5) by the use o~ the WAIT- line. Figul'e 2-4 
provides the timing relationships o~ the expansion bus memol'Y 
i nterfilc e. 

2.7.4 Direct Memory Access ~l'om Expansion Bus 

The expansion bus interface has the minimum facility re~uired to 
implement a ~ol'm of dil'ect memory access (OMA)' This section 
describes some of the design requil'ements of an expansion board that 
would usa this facility. 

The DMA designed into the system can be used to access memory on the 
motherboard or standard option RAM board and any additional memo~y or 
1/0 devices interfaced through the expansion bus. The DMA Facility 
can not be used to access 1/0 devices located on the mothe~board, 
• 

A board that implements OMA must simulate the processol' with respect 
to the timing of input and output signals in order ~or the prope~ 

.\ 

opel'ation of the system. This implies specific phase relationships 
with the processor clock (PCLK) and the ability to recognize WAlT
signals from the memol'Y or othel' peripherals. 

The ~oIIowing discussion relates to the OMA timing diagram shown in 
Figure 2-5. 

* PCLK: 
eye Ie. 

The 5.0-MHz processor clock has a 37.6-percent 
All signals are synchronous to this clock. 

du ty 

* CMDi-: Command input to the DMA controller. This signal is 
the log i cal II OR" 0 ~ t nee x pan s ion bus s i 9 n a 1 s MR D C -. AMWC -. 
lORC-. and AIOWC-. 
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Figure 2-4 Expansion Bus Memory Interlace Timing Diagram 
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* CMDo-: Command output from the DMA controller. This car. be 
anyone of the command ~igna15 to the expansion bus (MRDC-. 
AMwC-. IORC-. AIOWC-L 

• WAITi-: The expansion bus WAIT- signal, which is monitored 
by the DMA controller during DMA command cycles to determine 
when to lengthen the command cycle. 

* WAITo-: The expansion bus WAIT- signal as driven by the DMA 
controller at the end of a DMA sequence. 

* DMA-: This line causes the expansion bus control signals 
(MRDC-. AMWC-, IORC-. AIOWC-), the address lines (AO-A19), 
and the CPU data bus lines (DO-D7) to go to the tristate 
mode and the processor to be put into a "WAIT" state. 

To initiate a DMA se~uence, the controller must monitor the bus for 
an end to all activity. The signal that shows the bus activity is 
CMDi-. The CMDi- signal is monitored until it goes inactive (HIGH). 
The DMA- signal is then set active on the bus. The DMA- signal must 
be set active within the interval from 50 ns after the falling edge 
of PCLK to 20 ns after the rising edge of PCLK in order to prevent 
glitches on the expansion bus command lines. The command out lines 
may be driven to the high state immediately on the activation of DMA-

The address lines from the DMA controller should not be driven 
until 30 ns .fter the DMA- line goes active in order to prevent bus 
call i sions. In Figure 2-5 this seq,u ence is shown in sta tes 1 an d 2. 

a minimum of two 
Therefore, the DMA 
until the second 

Figure 2-5 shows 

For proper operation of memory and other devices. 
clock cycles must separate commands on the bus. 
controller should not activate a command output 
falling edge of PCUK after DMA- is made active. 
CMDo- going low after the falling edge of state 3. 

Once a command is begun from the DMA controller. the controller must 
monitor the WAIT- input 1 ine for a possib Ie wait state. This line 
should be latched on the falling edge of PCLK during CMDo- active. 
If it is inactive (high). the end of the command cycle is indicated 
If it is active (1ow), then the cycle should be extended by an 
additional PCLK period and the WAIT- should be monitored again. 
There is no hardlllare in the system that limits the number of wait 
states which could occur, but no peT'ipheral or memory device is 
expected to insert mOT'e than ten wait states in any command cycle 
Tlllo DMA c'lcles are shown in Figure 2-5. One cycle contains a wait 
state (t4, t5, t6) and one does not (t9. tlO).· Note that the 
successive cycles aT'e two PCLK cveles apart. 

When the DMA controller is ready to give up the bus. it should assert 
the WAIT- line itself on the ~alling edge of PCL~ after the last 
command cycle. On the next r-ising edge of PCLK, the DMA- line should 
be made inactive and the control and address lines from the DMA 
controller should be tristated. The tristate acticn should occur 
within 30 r,s after the DMA- line is made inactive. The WAIT- line 
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~ should b~ made inactive on the second 'ailing edge 0' PCLK a'ter it 
is made .ctive. This ""ill ensure that the ~irst command cycle o~ the 
CPU is at least two full peLK c~cles long. Figure 2-5 shows this 
seq,uence in st.tes 11 to 14. 

Memor~ refresh occu~s transparentl~ through a controller that meets 
the above requirements. The number o~ consecutive DMA command cycles 
""hich can be run is not limited except b~ the system so;tware 
req,uirements. 

It may be desirable for a DMA controller to provide 4. 7-kohm pull-up 
resistors on the bus comm.nd lines if the tristate .ction does not 
overlap in order to prevent glitches on those lines. Pull-ups should 
not be req,uired on the address or data lines. as these do not affect 
logic st.tes lIIithout the command lines. Note tha~ the address and 
data setup and hold times for the controller should Meet or exceed 
the specifications for the expansion bus running under the processol' 
even if the DMA .eq,uence must be padded lIIith extra clock cycles to 
accomplish this. 

2.7.5 1/0 Timing On Expansion Bus 

The following information is provided to sholll the expansion bu~ 
timing for standard 1/0 c~cles. Note that this timing includes thp 
one wait state that the motherboard al""a~s includes on 1/0 c~cles 
The s~st.m bus 1/0 timing relationships are shown in Figure 2-6. 
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2. B FLOPPY DISK CONTROLLER SUBSYSTEM SL-t ~J.f 

The floppy disk controller subsystem consists Or a floppy disK 
controll.~ IC (FD1793-o2), a rloppy disk suppo~t logic Ie (WD1691), 
and a pulse delay IC (WD2143), all of which are made by Western. 
Dig i t .. l. I t also has a vol tage-c ont~oll ed osc i llator (VeO), one-ha I f: 
of a 74LS221 one-shot, two 2114 static RAMs used as a sector bur'er' 
and add~es5.d bV a CMOS 4040 counte~, a p~og~ammable array logic 
(PAL) IC used fo~ decoding and control operations. and miscellaneous 
logic used for the timing and buffering of signals. 

The sUbsvstem consists of several sub-subsections, including: 

* The disk cont~oller IC 

* The sector buffer 

* The d .. t .. ~rit. precompensation circuit 

.* The data separator 

* The floPPV drive (01' diskette drive) cable interface. 

2.B.l Floppy Disk Controller 

The floPPV disk controlle~ (FDC) is the FD1793-02 chip. This IC is 
responsible .par se~ial/pa~allel data conversion, locating sectors on 
the disk, seeking the diskette d~ive. and othe~ high-level functions. 
A complete d.sc~iption of the FD1793-o2 chip can b. found in tne 
literature available .prom Weste~n Digital. The input clock to the 
controller is at 1.0 MHz to provide the correct data rate 'o~ 
standard 5-1/4-in diskettes. Since the clock is divided down from 
15.0 MHz in U20, the duty cycle is 467 ns 10111, 533 ns high. 

2.B.2 Sector Buffer 
,'\ , 

Data transmitted f~om or to the diskette drive during a read or write 
operation must occur as Fast as 23 us per byte or 32 us per byte 
nominal for double-density operation. In order to allolll proper 
operation of the diskette drive IIIhile other processor operations are 
occuring, a sector buffer that can operate independently Or the 
processor for the duration of a sector read or write is implemented 
This buffer consists of a 1 kbyte x 8 static RAM (2 x 2114), a 
counter to address the RAM se~uentially, and control logic and a bus 
buffer to allolll the CPU and the FDe to access the bur~er. 
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2. B. 2. 1 Sector Bu-F-Fer Modes. The buH:er has -Four basic operating 
modes controlled by two bits (1'10, 1'11> in the latch U47. These modes 
are as -Follows: 

LATCH U47 BITS 
I'll MO 

1 
1 
o 
o 

1 
o 
o 
1 

MODE OR FUNCTION 

FDe reads RAM and writes data to diskette. 
FDe reads diskette and writes data to RAM. 
CPU reads or writes RAM sequential IV. 
CPU reads or writes the FDC directly. 

The counter that addresses the bu-F'er is automaticaliv incremented 
a-Fter each access o-F the RAM bV either the CPU or FDC. The CPU can 
reset the address counter to set up a -Fixed starting address within 
the RAM by .lIIT'iting to the FDC sector register ",hile the I'll. 1'10 bits 
are set to 0,0. This does not a.p.pect the FDC itself, because the FDC 
can be accessed bV the CPU only in mode 0,1. 

The control logic '01' the sector bu,.per is provided bV the PAL and by 
a -Flip-.plop, which is used to provide a i-us FDC clock-sllnchronized 
signal derived 'rom the FDC data request <DRO) line. This signal is 
used by the PAL to generate the read 01' write command .pal' the FDC 
when the sector buffer is in modes 1,1 01' 1, O. The DRG line .prom the 
FDC is made active bV the FDC whenever a byte is required in a sector 
IIIrite or when a byte is ready during a sector read. 

Other signals to control' the RAM and the counter are derived .prom 
this logic and the CPU signals as given in Table 2-9. The timing 
diagram sholiln in Figure 2-7 de.pines the usage o-F these signals. Note 
that the outputs go 10111 (L) when the AND 0' terms on a line and the 
OR 0' the terms on a second line are true. 

• 
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Table 2-9 Pr.ogramming 'or the HALI0LB Device 

IORG- I'll IORC-
XAl MO AIOWC- DEN-

Output: XAO DRQD FLCS COMMENT 
-------+--+--+---+--+--+---+~+--+---+-------------------------
VAO L L H L CPU <---) FDC MODE 0, 1 

01' • L L unused 
-------+--+--+---+--+--+---+--+--+---+-------------------------
VAl L L H L CPU <---> FDe MODE 0. 1 

01' . L L unused 
-------+--+--+---+--+--+---+--+--+---+-------------------------
FRD- L H 

01' • H L H 
L L CPU <-- FOC 

FOe -) RAM 
MODE 0, 1 
MODE 1,0 

------+-+--+---+--+--+--+-+--+---+----------------
FWR- L H 

01' . H H H 
L L CPU -) FOC 

FOe <- RAM 
MODE 0, 1 
MODE 1, 1 

----+--+--+---+--+--+--+-+~--+--------------

RWE- L L L 
01' • H L H 

L L CPU -) RAM 
FOe -) RAM 

MODE 0, ° 
MODE 1,0 

-------+--+--+---+--+--+---+--+--+---+-------------------------
RCS- L L L L 

01' . H H 
L CPU <-) RAM 

FOe <--) RAM 
MODE 0.0 
MODE 1,X 

----+--+--+---+--+--+-+-+--+---+--------------
RRST- H L L L 

01' • 
L L 

L L 
RESET COUNTER MODE 0, ° 
unused 

------+--+--+---+--+--+--+--+--+---+-------------------------
FDEN- L L 

01' • 
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CONTROL.L.ER WRITING TO RAM 
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Figu~e 2-7 Floppy Disk Timing Diagrams 
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2.8.3 Flopp~ Disk Cont~oller Write Precompensation 

Disk write precompensAtion is re~uired ~hen ~riting double-density 
data using modified fre~uenc~ modulation (MFM) in orde~ to reduce the 
"bit shift", ~hich results when certain data patterns are written on 
the magnetic media. Unless the bit shift is compensated Tor, it 
moves the read data t~Ansitions outside of the rAnge ~here the read 
circuitr~ can p~aperlv detect them. The bit shift problem gets 
progr.s.ivel~ ~orse as data bits ara stored closer together an the 
disk (as track length gets shorter to~~d the center of the disk). 
Th. ideal situation is to Adjust the ~rit. hard~are graduall~ to 
compensate for the bit shift as the track number increase.. However, 
a compromise solution pravides results that are nearl" A5 goad. The 
m.thod used is to l.av. all compensation turned off ~hile the head is 
ov.r the auter hal' af the disk. When the head is over the inner 
half of the disk, a compramise precampensation is turned an. As the 
nu.ber af tracks an a disk drive could be eith.r 40 ar SO, the choice 
af the half~" point is left up to software (~hich checks far the 
t"pe of drive installed>' This is ~h" the TG43 signal is contralled 
b~ U47, nat the FDC. (TQ43 - Track Greater than 43 - is historically 
the halfwa" point for an 8-in diskette drive. ) 

Th. amount af precompensatlng bit shift is controlled b" th~ 
adJustment of R19, which controls the write pulse~idth through U1S .. 
the WD2143 IC. The precompensation should be set At about 200 n'·, 
~hile monitoring pin 1 af the WD2143 IC during a write operation. 

The di~ection of bit shift is contralled b" the FDC signals EARLY and 
LATE. These signals cause the WD1691 to select the tap along thc? 
WD2143 (adjustable dela" line), which is appropriate #01' the bi t 
pattern being ~itten. If precompensation is not needed an outel' 
trac ks, the TQ43 sig nal i nh i bits th e pre camp ensa t ion pro cess. 

Secause single-dens it" fre~uenc" modulation (FM) encoded data does 
not re~uire precampensation, the FD1691 also dis.bles the 
precompensation when the double density signal (DOEN-) is inactive 
(high>' 

The data separator is comprised o~ twa parts: clock recovery and 
sepa'ration o~ the d.ta from the clack. The actual separation o~ data 
and cloc k sign.l. tak e. p lac e in the FD1793-03 FOC. Th e 1691 
contains the digital ci~cuits necessary to implement A phase-locked 
loop (PLL) ~ith the 74lS628 chip providing the veo and the external 
component. providing the loop 'ilt.~. The one-shot U29 is used to 
shorten and stabilize the pulsewidth of the incoming read pulses so 
that the Pll and data recovery operations operate properly during the 
lac k up interval. 
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The purpose o~ the PLL is to pro~ide a continuous clock locked in a 
speci~ic phase relationship with transitions in the incoming data. 
Fer this system the ~alling edge of the RDDATA- signal should be 
nearly centered on the high or low pulse o~ the RCLK signal. 

When the adJustments are made correctl~ tne PLL should be able to 
lock up to an incoming pulse train with a range o~ ~requencies ~rom 
217 kHz to 294 kHz (+/-15 percent) within 150 us. The pulses should 
be low going (2 us m'aximum applied to the RDDATA- input - P9 pin 30) 
and the DDEN- line must be low. 

Because o~ 
voltage to 
regu lator. 
5-V supp ly 

the analog nature o~ the PLL circuits, the pOlller 
the veo and the loop ~ilter is regulated with a 

The regulator prevents an~ digital n~ise present 
~rom inter'ering with the operation o~ the PLL. 

s upp 1 V 
linear 
on th e 

Note that the data separator is capable 0' working with either 
single-densit" (FM) 0'1' double-densitv (t'FM) data, and the choice is 
controlled bV the DDEN- line. 

2.8.5 FloPPV Disk Controller Alignment 

To adjust the write precompensation and data se.parat0'1' ci'rcuits, 
pe'r'orm the 'ollowing steps. 

NOTE 

Alignment o~ the ~lopp~ disk controlle'r requires 
access to potentiometers and locations on the 
svstem unit board nO'rmallv located unde'rneath the 
le.f!t diskette drive and, the're~o're. inaccessible 
without pa'rtial disassemblv 0' the sVstem unit. 
Be'o're attempting to align this circuit'rY, the 
system unit boa'rd must be either partiall" 0'1' 
completely. removed ~rom the system unit chassis. 
Extreme caution must be used to prevent the 
system unit boa'rd ~rom contacting the chassis 
during alignment. 

1. Insert a diagnostics diskette in the le~t drive and close 
the door. 

2. PIa c e the s y stem un i t ON / OFF s wit chi n t neON p 0 sit ion. 
Following the power-up self-test. the diagnostics menu is 
c:iisplaved . 

3. Monito'r the RDDATA- line at pin 11 o~ U14 to make certain 
it is inactive (high). If the diskette drive read logic is 
peT'mitting noise, or extT'aneous low level on the RDDATA-

Texas InstT'uments . 2-38 PT'eliminary - Jan 2i. 1983 



( 

-. 

,-

TECHNICAL REFERENCE HARDWARE 

line, it may be necessary to disconnect till' plug attached 
to J9 (the diskette drive control/data connector cable) on 
the syst.m unit board (motherboard>. With RDDATA- high. 
the PU and PD- outputs 9rom the W01691 are 90rced to a 
tristate condition. 

4. The voltage on the PUMP line must be checked and adJusted 
to 1.4 Vdc. Attach a digital VOM with a high (greater than 
5 megohms) input impedance to pin 13 01' 14 (thelj are tied 
togethe,.) of U14 (W01691>. AdJust R17 for 1. 4 Vdc, +/- 5 
percent (between 1.33 and 1.47 Vdc) 

5. The veo line must now be checked fa... accu ... aclj. Attach a 
30-mHz (01' higher) oscilloscope to pin 16 o~ U14 (WD1691). 
Use a lOX p ... obe, internal trigger, O.2-Vdc/Div. v .... tical, 
O.1-us/Div. tim.base. AdJust Rla #01' a sCluare wave 0# 
2.G-mHz +/- 5 pe,.cent (between 1.90 and 2.10 mHz). 

6. Recheck the 1.4-Vdc reading at pin 13 01' 14 to make ce,.tain 
that adjustment of R18 did not cause a change. Re.dJust if 
necessa1'". 

7. Tne advanced diagnostics must be .ntered by pressing both 
the CTRL and A keys at the same time. 

8. The drive alignment test must performed by .electing 
KEYBOARD, then key in: 

FLOTST TEST=ALIGN ORIVE=Cente,. 1,2,3, 0,. 4) 

9. Remove the diagnostics diskette and insert a blank, 01' 
"scratch", diskette into the approp ... iate diskette drive. 

10. Turn on writ. data by keying in menu selection W. 

11. Turn on write precompensation by keying in menu selection 
P. 

12. Attach a lOX oscilloscope probe to U14 pin 5: Trigger 
positive slope. O.2-Vdc/Div. vertical. O.l-us/Div. 
timebase. The wavefor.l1 is visible only when the computer 
is writing data to a diskette. AdJust R19 for a positive 
puls.width of 750 ns. This adJustment results in a lAlT'ite 
pulsewidth o~ 187.5 ns. 

NOTE 

1ft R19 is set to near its maximum value, the 
write pulsewidth will be very long (the length of 
an entire sector write). Adjustment 0; R!9 must 
only be made when appropriate test equipment is 
monitoring the pulsewidth. 
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2.8.6 Diskette Drive Interface 

The diskette drives are inter~.ced through a series of buffers and 
receivers that allow the use of low-impedance ribbon cables to 
connect the signals fro. controller to drive. This su~te. implements 
two connectors for the drives. All signals driven bU the controller 
except for the SID1- signal have separate drivers for each connector. 
The receivers with their terminating pull-up resistors are shared 
between the two connectors. 

The connector P9 is designed to interf.ce to a 34-conductor ribbon 
cable that has two. 34-pin. card-edge connectors. one for each of two 
diskette drives mounted inside the svste. unit chassis. Since there 
is alwa~s one diskette drive installed in the sustem unit. it is 
nor.all" mounted on the left side (as viewed bU a us.r). This drive 
should be strapped for SELECT on pin 10 (drive 0>' The select line 
and all common lines .xcept pin 32 (side select) should be terminated 
at this drive. 

The other drive in the box (if present) should be strapped for SELECT 
on pin 12 (drive 1) with onlv the select line terminated. When two 
drives are installed, a terminating resistor must be installed on the 
right-hand drive (drive 1) ani". 

NOTE 

The flopp" disk controller and individual 
diskette drive logic signals assign drives using 
the convention of: DRIVE ZERO. DRIVE 1. DRIVE 2, 
and DRIVE 3 (for a four-drive s"stem). The 
diagnostics diskette uses a different convention: 
DRIVE 1, DRIVE 2, DRIVE 3, and DRIVE 4 for a 
four-drive svstem. Operating systems mav use vet 
anothe~ convention, such as DRIVE A. DRIVE B, 
DRIVE C, and DRIVE D. Care must be used to avoid 
using the incorrect drive designator. 

The second connector on the .ain printed wlrlng board (PWB) P13 is 
designed to interface to .. 40-wire ribbon cable terminated with a 37-
pin, D-tuP& connector (which .. V be installed bU the user) mounted on 
the back panel of the chassis. All lines used .ust be terminated in 
the external diskette drives. 

If additional diskette drives are planned, all diskette drives must 
be of the same tupe. That is, all must be either 320-kbVte drives 
(double-sided, 48 tracks per inch (tpU) or all must be 640-kbyte 
drives (double-sided. 96 tpi). A Jumper on E1 to E2 i.elects 320-
kbVte drives. No Jump.no selects 160-kbvte drives. A Jumper on £3 to 
E4 selects 640-kbvte drives. A Jumper ma~ be on either E1-E2 Dr E3-
E4, but not both. 
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Th. d~iv.s should all be st~app.d fo~ head load with motor on if they 
a ..... Iluipp.d with head load solttnoids. Head load solenoids are not 
n •• ded fo~ p~op.~ optt~ation of the diskette drives. 

Th. signals STEP, DIRC. WQ. and WDOUT a~e buffered by the 74LS244 in 
o ... d.r to d~i v. the two stand al"d 7416 loa d s. Th i s bu ff.r is nee e s sal' y 
b.caus. the 1793 and 1691 a~e capable of driving only one TTL load. 
The inp ut sign.ls WRITEPROT-, INDEX-. TRKOO-. and RDDATA- ar e 
buff ..... d bV the 74LS244 to provide a small amount of hysteresis and 
mo .... static p~ot.ction than the MOS-device inputs provide. 

Th. pin-outs fa ... the int .... nal and .xt.rnal diskette drive connectors 
on the moth .... bo .... d a .... giv.n in Tabl. 2-10 and Table- 2-11, 
~esp.ctiv.l ... 
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Table 2-10 Inte~nal Diskette D~ive ConnectD~ Pin-out 

+------+------+-------------+--------+--------------------------+ 
I SIGNAL I RETURN I SIGNAL NAME I SOURCE I FUNCTION 
+------+------+-------------+--------+--------------------------+ 

1 
+------+------+-------------+--------+--------------------------+ 

4 3 ~ 

+-----+------+----~-----+------+---.----------------+ 
5 NC 

+------+------+-------------+--------+--------------------------+ 
8 7 I INDEX- : DRIVE Indicates index hole 

+------+------+-------------+--------+--------------------------+ 
10 9 : SELECT 1- I SYSTEM I ~ive select 1 

+------+-----+-------------+----"----+-------------------------+ 
11 I SELECT 2- I SYSTEM I D~ive select 2 

+------+------+-------------+--------+--------------------------+ 
14 13 NC 

+-----+----+------+0-------+--------------+ 
16 15 I MOTOR ON- I SYSTEM: ~ive moto~s ON 

+------+------+-------------+--------+--------------------------+ 
18 17 I DIRECTION- : SYSTEM I Step IN/OUT di~ection 

+------+------+-------------+--------+--------------------------+ 
20 19 I STEP- I SYSTEM I Step IN/OUT command 

+------+------+-------------+--------+--------------------------+ 
22 21 I WR ITE DATA- I SYSTEM r Se~ i.l dat. to d~ i ve 

+------+------+------~------+--------+--------------------------+ 
24 23: WRITE QATE- I SYSTEM: Enables w~iting to 

d~ive when low 
+------+------+-------------+--------+--------------------------+ 

26 25 I TR ACK 00- : DRIVE Indicates head is ove~ 
t~ack 00 when lo~ 

+------+------+-------------+--------+--------------------------+ 
28 27 : WRITE PROT- : DRIVE Indicates diskette 

is lII~ite-p~otected 
+------+------+-------------+--------+--------------------------+ 

30 29 I READ DATA- : DRIVE Se~i.l data f~om d~ive 
+------+------+-------------+--------+--------------------------+ 

32 31 : SIDE 1-- I SYSTEM: Side select (0.1 c 

H i g h • Low) 
+------+------+-------------+--------+--------------------------+ 
~ 33 : NC 

+------+------+-------------+--------+--------------------------+ * NC me.ns not connected 
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~ To connect exte,.nal diskette d,.ives, a sho,.t cable assembl" with a 
4o-pin connector links ..J13 on the sljstem unit board· ",ith a 
(recommended) 37-pin d-t"pe connector on the back panel o~ the system 
unit. Tabla 2-11 gives the 4o-pin J13 signals. D-tlJpe connector pin 
numbe,.s a,.. in parentheses ( >. 

"-. -

Table 2-11 External Diskette O,.ive Connector Pinout 

+------+------+-------------+--------+--------------------------+ 
ISIGNALIRETURNI SIGNAL NAME I SOURCE I FUNCTION 
+------+------+-------------+--------+--------------------------+ 
12 (1)11(20)1 
+------+------+-------------+--------+-----~------------------+ 
1 4 (2) 1 3 (21) 1 NC 
+-..----+----+----------+-----~-~--------------------+ 
16(3)15(22)1 NC 
+-----+-----+---------+----+-----------------+-
19 (4)17(23)1 NC 
+---+----+--------+-----+-------------------+ 
110 (5) 1 9(24) 1 NC 
+-----+-----+-------+-----+---------------+ 
112 (6) 111 (25) 1 INDEX- I DRIVE Indicates index hole 
+------+------+-----------+--------+-----------------~-------+ 
f 14 (7) 113(26) I MOTOR 3-
+-----+----+--------+--------+-----....-_-------------+ 
I 16 ( 9) 115 ( 27) I SELECT 4- 1 SYSTEM I D,.ive select 4 
+----+-----+---~-----+-----+-------------+ 
119 (9) 117(29) 1 SELECT 3- : SYSTEM I D,.ive .elect 3 
+------+-----+----------+----+------------------+ 
: 20( 10) :19 (29): MOTOR 4- I SYSTEM I Drive mat~r 4 enable 
+------+------+-------------+--------+--------------------------+ 
122(11)121(30) 1 DIRECTION- I SYSTEM: Step IN/OUT direction 
+------+------+-------------+--------+--------------------~---+ 
124(12) 123(31) I STEP- I SYSTEM I Step IN/OUT command 
+------+------+-------------+--------+--------------------------+ 
126(13)125(~) I WRITE OATA- I SYSTEM I Serial data to drive 
+------+------+-------------+--------+--------------------------+ 
'29(14)127(33) 1 WRITE QATE- I SYSTEM I Enables ~rite "'hen low 
+------+------+-------------+--------+--------------------------+ 
130(15) 129(34) I TRACK 00- I DRIVE Indicates head is over 

t,.ack 00 when low 
+------+------+-------------+--------+--------------------------+ 
132(16)131(35) 1 WRITE PROT- : DRIVE Indicates diskette 

is lII'rite-protected 
+------+------+-------------+--------+--------------------------+ 
134(17) /33(36): READ OATA- I DRIVE 
+------+------+-------------+--------+--------------------------+ 
136(19) /35(37) I SIDE 1- / SYSTEM: Side select (0 = High) 
+------+------+-------------+--------+--------------------------+ 
139(19) 137 NC 
+------+------+-------------+--------+--------------------------+ 
140 139 NC 
+------+------+-------------+--------+--------------------------+ * NC means not connected 
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Pl(KEYBOARD) The keyboard is a 'airlv simple subassembly. 
keyboard electronics functions include: 

* Scanning the keU .4trix 

* Decoding new kevs depressed by the operator 

• Transmitting data to the system unit 

* Receiving commands from the svstem unit 

• Performing N-key rollover 

* Implementing a soft~re switch6ble repeat-action function 

* Locking/unlocking the keyboard 

* Performing a set of self-diagnostics 

2.8.7 Encoding Keustrokes 

The 

The encod.r detects va-lid kevswitch state changes, looks up the 
proper key code, and transmits the keycode as an 1i-bit stream to the 
system unit. Each key causes either one or two bytes to be 
transmitted, based on the status of the SHIFT. ALT. CAPS LOCK. and 
CTRL kevs. For specific details on the byte definitions, refer to 
Section 3. subsection 3.1. "Keyboard DBR." 

2.8.8 Transmission 

Transmission from the keyboard to the system unit is done at a rate 0' 2440 baud +/- !.50 percent. The kevb~ard transmits ~hen one of 
two conditions is met. 

* When a valid leey depression has been detected, or 

* When a system command is understood and acted upon 

In the case of a key depression •. the proper keVcode byte or bytes are 
sent across the keyboard transmit line in response to the user 
depression of .. leev. (Re'er to Section 3, subsection 3.1, "Keyboard 
DSR, II for details on kevcodes.) In some cases repeat-action 
transmissions mav also be re~uired following keV depression. 
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In the case of response to a system unit command, 
transmits the proper response code to the system unit 
that the action req,uired has been taken. System unit 
ke~board responses are given in Table 2-1~ 

the keyboard 
to indicate 
command s an d 

Table 2-12 Keyboard Commands and Responses 

SYSTEM UNIT 
COt't1AND CODE 

(J-EX) 

Perform a power-up 
.el~-test and install 
default parameters 00* 

Turn typamatic ON 
Turn t,pa.atic OFF 
Lack keyboard 
Unlock ke,board 
K.,click ON 
K.,click OFF 
Re •• t (same as 00) 

01* 
02 
03 
04* 
05** 
06** 
07 

os 
* Indicates default parameters 

KEYBOARD RESPONSE 
CODE MEANINQ 

(i-EX) 

70 
71 
72 
70 
70 
70 
70 
70 
70 
70 
71 
72 
70.73 

Self-Test OK 
Keyboard ROM error 
Keyboard RAM error 

Self-Test OK 
Keyboard ROM error 
Keyboard RAM error 

(two-b yte code) 

** Keyclick req,uires hardware modification. 
It is not presently supported. 

• 

NOTE 

I~.Table 2-126 the Code column gives the codes 
entered on the keyboard. The Keyboard Response 
Code column gives the code sent·by the keyboard 
microprocesso,.. The keyboa,.d ,.asponds to every 
valid command. Typically, the self-test II OK II 
code 70 is returned to the system unit (except in 
the case of a failure during self-test>. If the 
s,stem unit command is ignored (for reasons such 
a. par i ty error, un known command, start bit 
error, or other error), a response code is not 
returned. In such a case, the system unit 
retries the command . 
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2 8. 9 P oilier 

The keyboard connection includes a 12-Vdc line. 
regulated on the keyb'o.rd to 5 Vdc (to prevent 
electrostatic discharge (ESD) problems). 

2.9 CRT CONTROLLER BOARD 

HAt< JJWAH I:. 

This line is locally 
voltage drops and 

The CRT controller board dri¥es either a monochrome .nalog or a color 
TTL display. As a stand-alone option, the controller provides one 
page of high-resolution (80 columns x 25 lines) .lph.numeric display. 
This board also provides the signals re~uired by the addition of an 
option.l, graphics video controller piggyback board. The addition of 
the board makes the Texas Instruments Professional Computer a 
complete alphanumerlcs and raster graphics system. No physical 
distinction exists bet~een color and monochrome; the board provides 
both eight-level gray scale and eight-color RQB (Red, Oreen, Blue) 
outputs. Color is determined bV the monitor used. Figure 2-8 shows 
a block diagram of the alphanumeric CRT controller board. Refer to 
Section 5, drallling 2223011, for logic diagrams. 

2.9.1 Display Characteristics 

* Twenty-five lines of 80 characters 

* A resolution of 720 pixels horizontally x 300 pixels 
vertic.lly 

* A horizont.l scan rate of 19 200 lines per second 

* A vertical sc.n rate of 60 (50 frames per second) 

* A dot r.te of 18.0000 MHz 

Texas Instruments 2-46 Preliminary - ~an 21. 1983 



-. 
ftI 

" II 
III 

"'0 
'1 
ftI .... .... 
3 ... 
:::I 
III 
..... 

c 

..... 

.lJ 
m 
W 

_ ~ ... Ikn -
"ddt ... 

MUll 
,112-, 

CRTC Solo" I---

.pltocs Cit 
C ORfWtct 

~Shun 5 
C 

1}= CRT 
Sv ... m 
Decodto 
logIC 

f-
~ 

1-

854Ii 

r---- CRT 

r--
Conllol Oo,R_oVIdMtsc 

I "'It~."h ....--
L- - -E. .. 

C~~I~ 
R"MSeIo<. 

I 

( l -.-

Rel,. "ddt ... , , 
I 2K.B II 2k18 I AIl,_ ChatK ... 

R"M RAM 

A1Ifllbul.OI •• 

CharK'II' 0. •• 

I 

G rilptltcs 
Conneu 

\ 

CitOj>llo<. 
001 Dala 

Oo.Row 

II I L Sync La.ehu ,......... .--- -~ t--
.-- fi~ fi t--
~ t-!. 

Allr.tkiUI 
logIC I--

-- .--- I-~ t---
g~ t t---
~ ..J.. 

L.--,......... ,....--- Chat '---

§ I---r-
(;en -:::;-
ROM -~ 

f- 41< .8 r-'-
G 
C 
,OJ>IIU 
on,!!"" 

~ 
(lIuIlO, I Il~h , ( I Butte. t I , '--

L...--

SM. 
Sac", '--- Roy .. _.0<1 if t I I I I Oo,R_ fooOplfon - CRI D.,. a ... CNt,Gen 

~ """'-U 
EPROM L-.. 

~--
~ ~h CRI DuI_Chat T-. 

....!!.. CPU CRT ",bit,."on 

S.,!)h'''' It.·h:h , IBull .. t 
C.,mlM:LI I lMItnolloc De, 00, • 

I Inl~lIupl T 
I loy.( I 

Figure 2-8 Alphanumeric CRT Controll.r Board Block Diagram 

VodIIo OUI 

IOf!a COllnl!C 

0 
0° CDim 
0° 

0 MOlloch,anlt: 

M OIU.ll:lullll~ CQfl"tlrler 

-
( ) 

-. 
111 
0 
Z 
Z .... 
0 
> r-
::u 
ITI ,.. 
~ 
ITI 
Z 
0 
P1 



2.9.2 AttT"i bute. 

The controlleT"'s video memory is oT"ganized as 2 kbvtes x 16 
The 
bits 

... 

... 

... 

... 

... 

* 
... 

* 

fiT"st eight bits convev characteT" i nformati on. The sec and 
select the following attrib utes on iI chilrilctel' basis: 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

0, Intensi tv Level 1 (BLUE) 

1, Intensi tv Level 2 (RED) 

2, Intensi tv Level 4 (OREEN) 

3, Chill'acteT" Enable 

4, ReveT"se 

S, Und eT"l i ne 

" Blink 

7, Al t "T"na t e ch.-racteT" set 

NOTE 

The thr.ee intensit~ bits (bit 0 through bit 2) 
deteT"mine the gT"ay scale intensitv level and the 
ROB outputs faT" caloT". Thus. hi/naT"m video in 
monachT"ame is handled by a one-of-eight intensitv 
select instead of .- high-intensitv bit. 

bits. 
eigh t 

To acce.s the attT"ibutes, the saft"''-T''e "'T"ites an attT"ibute latch ",ith 
the value of the attT"ibute foT" .11 chaT"ilcteT"s subse~uentlv written to 
the SCT"een as long as no SCT"een T"ead is dane. 

When any chaT"aC'teT" an the SCT"een is T"ead, its .-ttT"ibutes aT"e copied 
to the attT"ibute l.-tch wheT"e they aT"e T"ead bV a subse~uent latch T"ead 
aperiltion. 

This method of handling the attT"ibutes allolils the softwaT"e to do 
"block moves" of sC'reen d.ta fT"om Dne .c,.een .,.ea to anothel' with the 
att'ribute. of e.ch ch.T"ilcteT" moving with the character. 
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2.9.3 Characte~ Sets 

The video cont~oller contains a 4K character generator ROM, which 
provides for 256 characters. lit socket is provided to allow ~or 
optional 2K or 4K ROM/EPROM. which can expand the character set to a 
maximum of ~12 chAracters. Attribute bit 7 selects the expanded 
character set. 

2.9.4 Cursor 

The cursor can be programmed to be blinking or nan-blinking. reverse
video block or unde1'lined. The display of the cursor is handled by 
the ha~dware through a special set of registers in the controller. 
These registers allo~ the software to position the cursor anywhere on 
the scr •• n (01' off the screen if no visible cursor is desi~ed>' 

2.9.5 SC1'olling 

Th. hard.ar. supports cha1'acte~ lin. scrolling in fou~ di1'ections by 
main tai n ing a n sc~e.n start I. reg ister. When th e sof twar e determine s 
a need fo'r a sC'roll. it changes the value of this register by one
line. causing the sC'reen to appea~ to Jump b" one line. Th~ 
sC'rolling operation al..,ays a.f.fects all of the screen, that is. it is 

'- not possible to sC'rqll one region without affecting anothe'r. 

Since the cont1'olle'r is e~uipped ..,ith anI" 2 kb"tes of screen memory, 
sC1'olling 'results in a "~1'ap" of the original top line of screen 
content. to the bottom of the screen. Therefore, the software i~ 
re~ui1'ed to clea'r the top line of the screan (01' bottom) before the 
sC'roll-up (0,. -do~n) ape"ation. To simplif" programming of the line 
clear operation, the 2 kbytes of memor" is phantomed over a 4-kbyte 
add,.ess spac e. 

• 
When a status line is i.p lamented, it mu st b. done in so ftware. Tha t 
is. dU'ring sc,.oll operations. the status line must .be moved to its 
ne~ position in memo,." before the screen-to-memory cor,.espondence is 
changed bV w,.iting the ·sc1'een sta1't" register. 
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2.9.6 Video Connector • 

The video connector located on the rear edge o~ the printed circuit 
board is a standard, 9-pin, -4!emale, D-type connector. The signals 
available on this connector are given in Table 2-13. All signals are 
at standard TTL levels. 

Table ~-13 Color Video Connector Pin-out 

PIN FUNCTION 

1 OT-ound 
2 Logic ground 
3 RED video 
4 QREEN video 
5 BLUE video 
6 Logic Qround 
7 Nt (no connection) 
B Horizontal dT'ive (NEQATIVE TRUE) 
9 Vertical drive (POSITIVE TRUE) 

The alphanumeT'ic-CRT 
SUbsystems. 

can tro 11 eT' 

* CRT controlleT' (CRTC) IC 

* Memorv/scT'.en arbitration logic 

* MemoT'V addT'ess decode logic 

boaT'd contains the following 

* Character sets and attribute logic 

* PT'ocessor inteT'T'upt logic 

2.9.7 CRT ControlleT' IC (6545A-l) 

The CRTC IC(6545A-l) provides the logic to generate the horizontal 
and vertical svnchronizing signals, display blanking during retrace. 
screen memorv addressing during screen refresh, cursoT' coincidence 
logic, and start o~ screen display registeT's ~or use in scrolling. 
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2.9,7.1 CRTC P1'og1'amming. The CRTC contains seventeen 1'egiste1's 
that must be set up apP1'opriately be~ore ope1'ation o~ the board can 
begin. To access these T'egiste1's, the CPU must ~i1'st w1'ite the 
add1'ess o~ the ,.egiste1' to be accessed into the CRTC address 
1'egiste,.. When w1'iting to 01' 1'eading (whe,.'e apP1'op1'iate) the data 
registe1', the in#o1'mation is accessed acco~ding to the address 
latched in the add1'ess 1'egister. 

The values given in Table 2-14 assume a characte1' rate (SWM-) o~ 2.0 
mHz, 12 lines pe,. cha1'acter block. 25 ,.OW& on the screen. 24 
cha,.acte,. times 0# ho,.ilontal blanking (12.0 us). 20 line times o~ 
vertical blanking (1.04 ms) ~o" a 60-Hz re#,.esh rate. When a 50-Hz 
re#resh "at. is used, the second set 0# values appl~. 

Table 2-14 CRTC p,.og,.amming Values 

CS- RS R/W- ADD REO I STER NAME VALUE 
'60 Hz 50 Hz 

H X X X Not selected 
L L L X Add~.ss regist.,. 
L L H X Status registe,. 
L H L 0 H01'izontal total c ha,.s-1 103 103 
L H L 1 Horizontal displayed cha~s 80 80 
L H L 2 Ho,.izontal IV n cpo sit i on 84 84 
L H L :3 VSYNC width. HSVNC width 39H 39H 
L H L 4 Vertical total ,.0..,5-1 24 25 
L H L 5 Vertical adJust lines ~ 20 
L H L 6 Ve,.tical displayed ,.o..,s 25 25 
L H L 7 Ve,.tical sync position 25 25 
L H L 8 Mode cont,.ol OOH OOH 
L H L 9 Scan lines pel' 1'0..,-1 11 13 
L H L 10 CU,.so,. start line and BLIN~ 40H 40H 
L H L 11 Curso'r end line 11 13 
L H L 12 Displa~ sta,.t address HIGH OOH OOH 
L H L 13 Display sta,.t add,.ess LOW OOH OOH 
L H X 14 Cur so,. position add'ress HIGH OOH OOH 
L H X 15 CU'rso,. position add1'ss! LOW OOH OOH 
L H H 16' Light pen posi tion add HIGH 
L H H 17 Light pen position add LOW 
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2.9.8 CRT Sc~een/CPU Arbitration 

The CRT controller arbitration logic is designed to allo~ the 
p~ogrammer to have f~ee access to the CRT screen ~ith little overhead 
time caused bV a~bitr.tion conflicts. To achieve this end. the 
refresh memo~v and it. control logic are designed to allow ~or two 
complete memo~v cvcle. bet~een each character displaved on the 
sc~een. One cvcle accesses the characte,. far displa..,. the other is 
av.ilable to the CPU for ,.ead o~ write opeN.tions. In this ~.V' the 
CPU must' ~ait at mast less than t~o displa.., character times ~or 
access to the memor". Since a characte~ time is 500.8 ns and the CPU 
clock is 200 ns, a s..,nchronization dela.., may also occu,.. The total 
time fa,. a wo~st-case CPU access would be 1.0 us ~ith the usual 
access time being bOO ns (3 to ° ~it states). 

The logic that gene,.ates this .,.bitr.tion scheme is implemented with 
a counter (which also counts the 9 do~s pe,. character) and a 
p~ogr.mmable a~~a" logic (PAL) having inte~nal ,.egisters and feedback 
from the outputs. These parts a~e used to implement a small 
alphanumerics state machine that p,.ovides the control outputs for the 
RAM and buffer cont~ol and the wait state control for the CPU. The 
counter identifies the state ~ithin the displa" cycle of the state 
machine bV inputs to the PAL. The inte,.nal PAL ~egiste~s define 
other st.tes used during the CPU ,.e.d and ... r i te eve les. The other 
inputs to the PAL a~e RD-, WR-, CSEL-Ccha,.acte,. select), ATSEL
(attribute .eleet"L These inputs define ..,hat tvpe of cvcle, the CPU 
is executing. 

The outputs f,.om the PAL a~e COE- and CWE-, the RAM output enable and 
write enable cont,.ol; AEN-, the att"ribute bus bu~fer enable; ACE-, 
the att,.ibute latch output enable; ACK-, the attribute latch clocki 
MIE-, the cha~acter bus input buffe,. enable; SWM-, the signal that 
switches the RAM address multiplexer f~om the CRTC to the CPU; and 
WAIT-, the CPU ~ait cant~ol line. 

The state. that the counter goes through a~e 8,9,10,11,12,13,14.15,0, 
and repeat. 

The window. ~hen ~ead data f,.om the video RAM is available. is ,..ther 
sho~t. The~efo~e, a latchCU10) is included to capture and hold the 
data for the CPU until the end o~ the CPU ,.ead cvcle. This latch is 
clacked when ,.e.d data is available f,.om the RAM by the ACK line 
which also clacks the att~ibute latch. The output is enabled onto 
the local bus b.., a combination o~ CSEL- and RD-. 

2.9.8.1 CRT A,.bitration PAL. The CRT arbit,.ation PAL programming is 
given in Table 2-15. In the comment column. the states that are 
gener.ted by the AND of inputs aTe listed according to the counter 
~tate number. Note that the outputs go LOW ~hen the AND D~ all the 
listed conditions on a line are t,.ue OR il the same is true Dn 
another line. 
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( ~ The tiMing p1"aduced by the alphanumerics stat. machine ~Dr typi~ai 
c "C 1 • s i. s h DIIm in Fig u 1'.0 2-90 

Table 2-15 Alphanumerics State Machine PAL 

X1 RD- SWMUX AEN-
X2 WR- I'1IE- ACK-

CSEL- CWE-
Output: 

X4 
L.D- ATSEL- COE-

AOE
WAIT- Comment 

------+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--------------------------
SWt1UX . . L.. ~ . . . . . 0 0 0 • 0 • S8, 9, 10, 11. 12 X4 DELAYED 

a,. .. L.. . . . . . . . . . . . . Gill other terms 
------+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--------------------------
I'1IE- L. L. L H • L L. L. L. S9 RAM WRITE BEGINS 

01" . • . . . . . • o. . L.. • . . . S10, 11, 12 RAt1 WR ITE CONT. 
01" . . . . . . . . . . L.. . . . . .11 oth.r t. rms 

------+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--------------------------
CWE- L L. L. H • L. L. . L. L S9 RAM WR ITE BEG INS 

a1" H L. L. H . L. L. L S10 RAM WRITE CONTINUES 
01" L H L H . L. L.. . . L. . . . . Sll RAM WRITE CONTINUES 
01" . . H L. . . . . . . 0 • • • • 0 all other terMS inac tive 

------+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--------------------------
COE- H 813. 14. 15.0 SCREEN REFRESH 

01" L. L H L. L. H L S9, 10 RAM READ 
01" . . • . L.. L.. . . . . L.. . . S10, 11, 12 RAM READ CONT. 

'- 0,. .. H L .. . . . .. .. .. .. .. .. .. .. .11 ath.1' terms inac tive 
------+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--------------------------
AEN- L. L. L. H L. L. L L S9 RAM WRITE BEGIN 

01" L S10, 11.12 RAt1 WRITE CONT. 
01" . L. L. H L.. L.. . . . . . H . L S9, 10 RAM READ 
01" . H L. H L.. L.. . . . . L.. . . S11. 12 RAM READ 
01" . . H L. ; . . . . . . . . . . . .11 other terms inae tive 

----+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+------------------------
ACK- H H L. H L.. L.. . . . . L.. . . S12 RAM READ 

01" L.. . . . L. . L. . . . . . . . . WRITE ATTRIBUTE L.ATCH. 
01" . . H L. . . . . . . . . . . . . .11 oth er t.,.ms i n.e t ive 

------+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--------------------------
AOE-

01" 

01" 
01" 

01" 

L.L.LL. L. L. 
. L. L. • 
L L. 
L. L.. 
L. L. 

L 

H L. 
L 

L 

S8 RAM WRITE 
S9 till NOT WRITE. 
READ ATTRIBUTE LATCH. 
S13 til not read 
S13 til not ,.ead 

------+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--------------------------
WAIT- L. L. H RAM WRITE BEFORE S9 

0,. . . . . L.. L. . . . . H H . . RAM READ BEFORE S9 
01" .. H L. ............ Gill other terms inactive 

------+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--------------------------
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2.9.9 CRT Add~ess Decode 

The add~ess decode 90~ the CRT subsystem, both alphanume~ics and 
graphics, is handled by the CRT controller boa~d. All o~ the screen 
data is mapped into the processor memo~y add~ess space including the 
assorted latches and 110 ports. 

The decoding is done within three ICs: 
74LS20, and a 74LS1S5 decode~. The 

a HAL10LB PAL. one-hal~ o~ a 
PAL p~oduces the following 

signals: 

* RD-, a decoded and bu~gered read cont~ol. 

* WR-, a bu'fe~.d and decoded w~ite cont~ol. 

* ZBEN-, the .... st.~ Itxpansion bus b u ,~.,. enab 1 •. 

* XBEN-, the s.c onda~y bus b uffe~ enable. 

* CSEL-, the alphanume~ics screen memol"Y sel.ct. 

* OSEL-. the g,.aphics SCT'een memoT'Y select. 

* CR/AT-, .. cont~o I 5 i gna 1 that selects the half of the 
74LS155 that decodes the CRTC and the att~ibut. latch. 

* XSEL-, a cont~ol signal that selects the ha19 of the 74LS155 
that decodes the g~aphics latches and miscellaneous input 
buff.l". 

The XBEN- signal also develops an Itnable clock faT' the CRTC by 
inve~ting and delaying the signal to p~ovide the T'e~ui~.d setup time 
fo~ the 6545a-1 CRTC (90 ns). The CRTE (CRT enable) signal has a 
pulsewidth of >266 ns, thus satisfying the ~equi~ement of the CRTe. 
The othe~ setup ~nd hold times a~e easily met. 

The 74LS155 is used to decode the following signals: ATSEL-, the 
att~ ibute latch select; CRTSEL-. the CRTC ch ip selec ti LAT-. a signa 1 
which when combined with WR- clocks the inteT'~upt enable and SCT'een 
enable latches. The otheT' hal~ of the 74LS155 decodes the th~ee 
g~aphics boa~d latches and the buf~eT' enable faT' miscellaneous 
inputs. The address space that each of these devices occupies is 
shown in Tab Ie 2-16. 
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ADDRESS 

COOOO-C7FFF 
CBOOO-CFFFF 
DOOOO-D7FFF 
D8000-DDFFF 

DEOOO-DE7FF 
DE800-DEFFF 

\.DFOOO 
DFOOO 
DFOOO 
DFOOO 

DF010 
DF020 
DF030 
DF800 

DFB10 
DFBll 
DFB1:2 
DF813 

bit 0 
bit 1 
bit :2 
bit 3 

Table 2-16 CRT System Memorv Map 

DEVICE 

Qraphics RAM Bank A 
Qraphics RAM Bank B 
Qraphics RAM Sank C 
Unusable 

Active character memor~ 
Phantom character memorv 

Misc input bu"er, SLUE 'eedback, read only 
Misc input bu"er, RED 'e.dback, read only 
Misc input bu"er, QREEN 'eedtack, read onlv 
Misc input bu".", inte,.rupt pending, ,.ead onl~ 

Qraphics RED palette latch, ~ite onlv 
Qraphics ORN palette latch, write onlv 
Qraphics BLU palette latch, write anlv 
Attribute latch 

CRTC address registe,., write onlV 
CRTC status register, read onlv 
CRTC registers write access, write onlu 
CRTC r.gisters r •• d .cc.ss, r.ad on1U 

DFS20 bit 7 Mise output latch, interrupt enable 
DFS20 bit b Mise output latch, alphanumerics screen enable 
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PAL coding is given in Table 2-17. Nate that the output is" LOW when 
the AND of .all the conditiDns on a line is true OR when the 
conditions on a second line are true. 

Table 2-17 Alphanumeric Decoding PAL 

MRDC- A1516- A18 A14 A12 
Output: AMWRC- A19 A17 A13 All COMMENT 
-------+---+---+---+---+---+---+---+---+---+------------------
ZiEN- L 

or . L 
H 
H 

H 
H 

L 
L 

CRT SPACE READ 
CRT SPACE WR ITE 

-------+---+---+---+---+---+---+---+---+---+------------------
XBEN- L L H H L H H H H CRTC/ATT READ 

or . L L H H L H H H H CRTC/ATT WRITE 
-------+---+---+---+---+---+---+---+---+---+------------------
RD- L H H L CRT SPACE READ 

or L L inac tive term 
-------+---+---+---+---+---+---+---+---+---+------------------
WR-

or L 
L 
L 

H H L CRT SPACE WR 11£ 
i nac tive term 

-------+---+---+---+---+---+---+---+---+---+------------------
GSEL- H 

or L L 
H H L GRAPHIC ACCESS 

inac tive teT'm 
----+---+---+---+---+---+---+---+---~--+------------
CSEL- . 

. or L L 
L H H L H H L CHARACTER ACCESS 

inac tive teT'm 
-------+---+---+---+---+---+---+---+---+---+------------------
CR/AT- L H H L H H H H CRTC/ATT ACCESS 

or L L inac tive' teT'm 
-------+---+-~-+---+---+---~--+---+---+---+------------------
XSEL- L L H H L H H H L EXTRA I/O WR 11£ 

OT' L L H H L. H H H L EXTRA 1/0 READ 

:2.9.10 Character Set and Attribut. L.ogic 

The output of th., RAM (both character and attribute) is latched up at 
the end of .ach scr.,.,n r.,fT'esh access c~cle b~ a pair of 74LS374s 
(U14, U15). This .110ws a full characteT' c~c Ie time (500.8 ns) to 
acc.,ss the chaT'acteT' ROM and EPROM and set up to the dot shift 
r.,gist.r. Th., r.q,uir.d ROM access "time is 452.8 ns. In o,.de,. to 
allow the cha,.act.r set to include the abilit~ fa,. black g,.aphics, 
bit 7 aut of the ROMs is used to indicate that the leftmost and 
,.ightmost chaT'acter dots are to be copied to the left and right 
chaT'&1ct.r cell border dots. The cha,.acte,. ROMs should be programmed 
with active low data, that is. if a dot is to appea,.. it should be 
prog,.ammed to a zero. 
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Figure 2-10 shows some sample characters. Note that the reverse -; 
video block and the cursor a~fect the entire 9 x 12 character cell, 
and that the underline appears on row 11. In order to allow a 
reasonable appe.ring underline, cursor, and reverse video, the 
lowercase letters with descenders should only drop one dot line belDw 
the level D~ the other characters. 

RO 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
RB 
Rq 
RiO 
R 11 UNDERLINE 

COPIED WHEN BIT 7 IS LOW 
+++ +++ 

6 5 4 3 2 1 0 

• X X X X X 
X 
X 
X 
X X 
X X 
X X 
X 

X 
X X 

X X 
X 
X 
X 
X 

X X X X X 

X X X X X X X X X 

+++ +++ 

6543210 

X X X X 
X X X 
X X 
X X 

X X X X 
X 

X X 
X X X X 

Figure 2-10 Sample Character Font De~inition 

2. q. 10.1 Attribute Interaction. The attributes avai lable ~or use 
with the character display can be used in any o~ the 128 possible 
combinations. The ~ollowing paragraphs explain what happens when 
several attributes are active at once. 

The attributes have a priority in their .~~ects. and the highest 
priority a~tributes a~~ect all attributes having a lower priority. 
The order of priority is as follows. 

Highest 

Lowest 

Color attributes - RED. BLUE. QREEN 
~everse video and cursor 
Charac tel' enab Ie 
Blink 
Underl ine 

For example, when both the underline and blink attributes are set, 
both character and underline would blink. When the character enable 
is set to disable, no character Dr underline or blinking activity is 
pres ent. When the revers e video is set wi th b 1 ink. the char acter 
goes on and o~~ with the background lighted and the ~oreground dark 
blinking. When the character enable is set to di5able and reverse 
videa is set. the entire cell is lit (according to the calor 
attributes). 
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The, color 
port ion or 
monitor is 
used) , 

attributes derine the characteristic:s of the Ulight" 
the c:harac:ter. that is, either the color (~hen a color 

used) or the int.nsi ty (when a monochrome monitor is 

When the graphics board is used with the alpha 
screen ushows through" th~ "dark" portion 
c~aracter display. 

board, the graphics 
Or the alphanumeric 

2.9.10.2 Attribute Hardware, The attribute logic design is or the 
"pipeline" type because the activity of the attributes must occur 
~ith dot timing precision. which is within 55 ns. In order to get 
data from a latch through several levels of logic and setup into the 
next latch. some SCHOTTKY logic is used. The attribute data from the 
RAM latches is latched again bV two 74S175s (U16. U17>. This 
latching allows for the one character delay through the character ROM 
and provides tightlv timed outputs to the logic. The cursor (CUR) 
and display enable (DE) lines are also delayed twice to keep them 
synchronous with the other information (U1S). 

Propagation delay through the logic could cause timing skews greater 
than a dot time. so the outputs of the first level of logic are re
latched one dot time later. After going through the second level of' 
logic (MUX U20). they are latched again for presentation to the videC' 
outputs (U39 749174), 
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The red, blue, and green outputs are bUTfered bV a 74LS244 before 
being sent to the 9-pin connector. The color outputs and composite 
sync are buffered bV a 74900, which has an isolated power supply, and 
are combined bV a resistor network and bufTered by a transistor to 
make up the composite video output. The mapping of colors to 
intensity in the composite video output is shown in Table 2-18. 

Table 2-18 Color Map 

CODE COLOR COMPOSITE OUT 
(In Volts) 

COMPOSITE SYNC 0.47 
000 BLACK 0.78 
001 BLUE 0.88 
010 RED 0.97 
011 MAQENTA 1. 07 
100 GREEN 1. 18 
101 CYAN 1.28 
110 BROWN 1.37 
111 loI-HTE 1. 47 

The alphanumerics display can be blanked to black by setting the CRT 
ENABLE bit in the miscellaneous output latch to a low. The board 
enters this state on power-up. 

2.9. 11 CRT Interrup t 

The CRT controller board contains logic that allows it to generate an 
interrupt during the vertical interval. This interrupt is used by 
the processor when doing scrolls with a status line or other 
operations that need to be done during the vertical blanking 
inteT'val. The inteT'rupt is enabled bV setting the interT'upt enable 
bit in the miscellaneous latch to. high. When veT'tical blanking 
occurs. the CPU non-maskable interrupt is caused and the interrupt 
pending bit is set allowing it to be read from the miscellaneous 
buffer. To reset the interrupt. the interT'upt enable bit must be set 
low. 

2.9. 12 Diagnostic Loopback 

To assist in a low level OT diagnostic capability. the three color 
outputs are looped back to the miscellaneous input buffer to allow 
them to be read bV the CPU. By the use of programming involving 
careTul timing Tram the vertical interval. the CPU can check the 
action oT the attribute bits and graphic board palette circuits. 
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~. 10 QRAPHICS VIDEO CONTROLLER BOARD 

The g~.phics video cont~olle~ boa~d is designed to ope~ate with the 
CRT controlla~ bo.~d. It is phvsicallv mounted in a piggyback 
f •• hion on the CRT cont~oll.~ bDa~d and all its connections are to 
tha CRT cont~oller board. A block diag~am of the graphics video 
controllar bo.~d is sho ... n in Figu~e 2-11. Refe~ to Section 5. 
dr .... ing ~Z!3063, fo~ log ic d iagl'ams. 

CPU --

@]--• Conlflll 

L""" 

i 
~ 
~ 

c3 
! 
j ... 

j i 
~ !! 

i .. 
.! 

~ !! 

i j 
... .:! 

Figure ~-11 Q~.phic:s Video Cont~oller Board Block Diagram 
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The graphics video controller board impl.ments the same number of 
pixels (720 horizontal x 300 vertical) on the screen as does the 
alphanumerics board_ Each pixel can contain a maximum of three 
attribute bits Clabel.d A, B, and C), which are converted by a 
p a let tel 00 k up tab 1 e t e t h r e e color s - red, b 1 u e , and g r e en. 

2. 10. 1 Grap h ie s Pal ette 

The palette for the graphics video controller board is designed to 
map the pixel attribut~ bits to the thr •• color outputs. Three B-bit 
latches contain the mapping information for the attributes. The 
three latches correspond to the three colors, as sholiln in Figure 2-
12~ \.J 

B plane value 
C plane value 
A p lane va lue 

11110000 
1 1 0 0 1 100 
.10101010 

Latch bit addressed 76543210 

BLUE latch value -----+ 
RED latch value ---+ 
QREEN latch value -+ 

1 1 1 
1 1 0 
1 0 1 
1 0 0 
o 1 1 
010 
o 0 1 
o 0 0 

COLOR 

White 
Ve II 0111 

Clla n 
Green 
M.g .nta 
Red 
Blue 
Black 

MONOCHROME 
INTENSITY 

7 max 
6 
5 
4 
:3 
2 
1 min 
o OFF 

Figure 2-12 Color Palette 

Figure 2-13 sholils the latch values to be programmed if the three 
attributes A, B, and C map diT-eeily to green, red, and blue. 

Texas Instruments 2-62 Preliminary - Jan 21. 1983 



( ~ 

-j 
"'-'" ' 

TECHNICAL REFERENCE 

Example 1 ATTRIBUTE COLOR 
+---------- 111 Whit. 

+------- 110 Vel 10 ... 
I +------ 101 C~an I 

I , +---- 100 CT' een • • +--------- 011 Mag.nta 
: 1+------- 010 Red 
: : I :+----- 001 Blue 
: : : : : : +---- 000 Black 

CREEN latch 10101010 
RED latch 11110000 
BLUE latch 11001100 

A B C I I I I I I I 
• • • • • • I 

1 1 1 ---+: I:: I : 
1 1 o --+: I:: 
1 0 1 -------+1 I 
1 0 o ------+ 
0 1 1 ---+ I I • • 
0 1 0 -----+ I • 
00 1 -------+-
o 0 0 -----~--+ 

Example 2 (COOD FOR FLAGS) 

Backg,.ound is black 
Flag backg,.ound is b lu. (A 
RED has p,.io,.it1j ov.r blue (B 
WHITE has top p,. i 0,. i tlj (C 

ATTRIBUTE 

CREEN latch 
RED latch 
BLUE latch 

ABC 
1 1 1 
1 1 0 
1 0 1 
1 0 0 
011 
010 
o 0 1 
o 0 0 

+-------- 111 +--------- 110 
I .----- 101 
I I +---- 100 

+-------- 011 
11+------- 010 
: 111+------ 001 
: 1:1 11+---- 000 

11001100 
11111100 
11001110 
I I " • I I, 
•• I I •••• 

---+: : I : I : I 
----+J II:: 
-----+1: : 
-------+: ---+ I I I 
------+ I : 
------+ : --------+ 

plan. ) 
plan. ) 
plane) 

COLOR 
White 
Red 
Blue 
Black 
Black 
Black 
Black 
Black 

Figure 2-13 Palette Programming 

, 
HARDWARE 
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2.10.2 Pixel Add~.ssing 

The pixels a~e mapped into the p~ocesso~is memo~y space such that ~ 
group o~ 16 adJacent pixels o~ a single attribute bit are contained 
within a single wo~d. The wo~ds of: pixels are mapped lnto d 

continuous string o~ 4S words ~or every row. One unused word occurs 
at the logical end o~ each row. The entire screen takes up a block 
o~ 32 768 m.mo~v locations o~ which 27 600 are actually used (which 
corT'esponds to 736 I 300/8>' The three att~ibute sections are 
1 0 cat e din t h 1" e e. ad J ace n t • 32-k b y t e b lac k s 0 ~ memo l' y . Not e t hat 
when a 50 Hz screen re~resh rate is used, .(350 displayed lines) then 
32200 bytes of the block are used. Figure 2-14 shows examples of 
pixel addressing. 

Example: Pixel in top le~t COT'ner o~ screen. 

At tri b ute Ai 
Attribute Bi 
Attribute Ci 

ADDRESS 

OCOOOOH 
OC8000H 
o DOOOOH 

BIT 0123456789ABCDEF 

o 
o 
o 

x ....... , ...... . 
X ...••.. , ...... . 
X •.. , ....••••••• 

Example: Second line down, 123 from left margin. 

«~ x 736) + 1~3) I 16 = 99 
99 I 2 • 199 • OCbH 

Attribute Ai 
At tri b ute Bi 
At tri b ute Ci 
• 

ADDRESS 

OCOOC6H 
OCBOC6H 
ODOOC6H 

BIT 0123456789ABCDEF 

11 
11 
11 

........... x .... 

.•..•...•.. X •••. 

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

Figure 2-14 Examples of Pixel AddT'essing 

2.10.3 Timing and Synchronization 

The graphics video controller board uses the same dot clock used by 
the CRT controller board to generate its other inte~nal timing. To 
sIJnchronize the pixel outputs from the two boards, the display enable 
(DE) signal ~rom the CRT controller board is monito~ed. If: the DE 
signal has been low for a long period o~ time, the graphic board 
assumes that the scan is in the vertical interval and resets the 
graphic memory and scan counters to zero when DE goes high again. 
When the DE signal is low for short periods of time, as in horizontal 
retrace. the scan counters are stopped, thus making the last pixel on 
a line adJacent to the first pixel on the following line. During th~ 
vertical interval when DE is low ~or a long period o~ time, the 
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counters are restarted a~ter a time-out to continually re;resn the 
dynamic RAM. 

The graphics video board is designed to allow the CPU essentially 
~ree access to screen memory. During a single SCT'een display cycle, 
the hardware can access the re~resh memory two times - once to read 
the data 'or screen display. and once 4lor the CPU to read or wT'ite 
data i# needed. To allow su~~ici.nt time lor this access. a display 
cycle accesses 16 ·adJacent pixels o~ three attribute bits each 
These are read in parallel and loaded into three 16-bit Shl~t 
registers 'or display. A,tar the memory has been read "or screen 
display, the CPU access cycle is started when a read or write cycle 
is re~uestad. The memory accessed is broken up into one o~ six 
separate bytes bV properly decoding the enabling 0# bus bu'#ers and 
write enable signals to the memory. 

Dynamic memory is used on the graphics video board because 0# the 
large amount 0# .emory re~uired. The memorlJ chips are organized into 
16k 14 bits and are packaged in an lS-pin. dual inline package 
(DIP),· The e address lines are multiplexed into 256 row addl'esses 
and 64 column addresses to get to the 16-k locations in the memory. 
The addresses to the RAM also need to be multip lexed between the CPU 
and the refresh counter. This 'our-way multiplexing is done bid flour, 
74LS153 dual 4-to-l multiplexers (U33 through U36L 

The timing 'or the graphics board is shown in Figure 2-15. Th€ 
timing is g.nerated by a 4-bit counter(U3Q type 74LS63) and a logic 
array CU41 type HAL16RSA-l). Tha ra#rash counter start or stop logit 
and reset logic are provided by a count.r (connected as a one-shot) 
and two gating circuits (U40 74LS163. U44 74LSOO. U45 74LS04). 
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LAST SCAEEN; : C-U Ilt &05 ; 
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Graphics Video Controller Timing Diagram 
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2.10.4 Qraphies Log1c Arra~ Program 
Programming -ror the logic arra~ is given in Table 2-19. Note that 
the output goes LOW when the AND o~ all the terms on a line OR the 
ANO o-r all the terms on some other line is true. 

Table 2-19 Programming ~or the ~aphics State Machine HAL 

RD- Xl LATEN- BUFEN-
WR- XC! LATOE- SRLD-

GSEl- ROW- RA5- GWAIT-
Output: DE GRCLK CA5- OED- Commttnt 
-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+--------------------------
LATEN- L L H L L READ S5.6.7,8 

or L L L L WR ITE 53 
or L L L WRITE 54 till not IIIrite 
or L L . all other ORs inac tive 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+--------------------------
LATOE- L L H H H L L READ S8 

or L. L . . . L . . READ S9 ti 11 not read 
or L L . allot h er OR s ina e t i v e 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+--------------------------
RAS- L H L H REFRESH SCREEN Sll 

or L L L L L WRITE 93 
or L L L H L L H READ 93 
or H H L L CPU 94, REF S12 
or L H L CPU 95, ~h REF S13, 14 
or L H H L CPU S7, REF S15 
or L L inactive term 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+--------------------------
C AS- . H. .. L. 913. 14, 15, 0, 5, 6, 7, 8 

or . H. .. L. allot h er OR s . 
-------+-+-+-+-+-+-+-+--~+-+-+-+-+-+-+-+--------------------------
BUFEN- L L 

or L L 
or L L 
or L L . 

L 
H L L L 

L 
H 

L 

L 

READ 94,5.6,',8 
WRITE S2 
WRITE S3,4.5.·6.',8 
all othe,. ORs inactive 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+--------------------------
SRLD- . L H H H S 1 5 

or L L . all other ORs inactive 
-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+--------------------------
GWAIT- L L H H READ 

or . L L . . .. H . WRITE 
or L L. . , . . allot h er OR s ina c t i v e 

-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+--------------------------
DED- .. H. DELAYED DE 

or .. H. all other ORs. 
-------+-+-+-+-+-+-+-+---+-+-+-+-+-+-+-+--------------------------
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2.11 SYNCHRONOUS-ASYNCHRONOUS COMMUNICATIONS BOARD 

This subsection desc~ibes the ~unctions and theor~ of operaticn of 
the synch~onou5-asynch~onous communications (sync-as~nc comm) boa~d 
Figu~e 2-16 is a block diag~am o~ the sync-as~nc comm boa~d. Re~e~ 
to Section 5. d~awing 2223096. ~o~ logic diag~ams. 

Address 

Select Input 

Select Output 

svstemQ Unit 
Boerd 

.A. 

.... 

Select 
ACK 

Address 
Decode 
Logic 

Select 
Cornm 

Input/OutpUt -CVcle 
Select 

Data Bus ~ 
..I 

InterrUpt 

Interrupt , 
Acknowledge INT ACK ' . 

Logic 

r1 /). 
Select 

110 

Chip Selector 

+ ... 
IIOBus ) ... CommuniC8tions 

... Controller 
Oata BU$ ) 

r 

~ /~ 
r 

Receive" 

<III: ~ 

Oata Bus c... Buffer .... 

-=:> Transmine" 

Interrupt 
Logic 

Figu~e 2-16 Sync-Async Comm Boa~d Block Diag~am 

Clock I 

R S-232-C 
tarlace In 

rf 
if-t 

I I 

~ 
I I 

-t+ 
U 

ExterNl 
Devices 

The .~nc-asvnc comm board is designed a~ound the Zilog Z8530 Se~ial 
Communications Cont~olle~ (SCC)' This device automatically handles 
a.vnc p~otocol5 a5 well as most sljnc' p~otocols, including bit
o~i.nted protocols such as sljnch~onous data link cont~ol (SDLC) and 
high-level data link cont~ol (HDLC)' Cljclic ~edundancy check <CRC) 
is an automatic function and can be included in any transmission. 
Fo~ detailed in~ormation, refer to the Zilog data manual. 

Texas Instruments 2-68 Prel i minar~ - .Jan 21. 1983 

. " 

"" , 



TECHNICAL REFERENCE HARDWARE: 

2.11. 1 S~nc-As~nc Comm Board S~stem Interface 

Mast 0' the components an the board are involved 1n handling th~ 
i nterfac e between th e Slj stem bus and th e Z8530. Of spec i al nat e is 
the logic used to generate the interrupt ackno~ledge (INTACK) signal 
reQ.uired b~ the Z8530 in response to an interrupt req,uest. Tn e 
INTACK~ signal is generated with the help 09 so~tware rather than 
being related to the sljstem interrupt ackno..,ledge signal. This 
condition is due to the setup time required blj the part and the fact 
that the s~stem expansion bus does nat provide ~or expanding the 
number of interrupt levels. 

To gene,.ate the INTACK- signal, the s09t..,a,.e does a AIOWC- (write) to 
the 110 add,.ess for interrupt acknowledge and then does a IORC
(read) ,,.om the same address. The data received an this read is the 
interrupt vector f,.om the 28530. 

Th. AIOWC- signal clears USB causing the INTACK- signal to the Z8530 
to become active. When the IORC- occurs the vector from the 8530 is 
gated onto the data bus. The rising edge o-F IORC- clacks USB to the 
inactive stat. to ,..lease the INTACK-. 

The add,.ess selection logic is composed of the U3 (74LSl39) decoder 
and several additional gates to q,uali9y the address. This logic i~ 
designed to a110.., the board to be selected at -Four di9gerent addre~5 
locations (see Figure 2-17), allo..,ing multiple communications board~ 
in the .~stem. As with other 1/0 devices for this bus, onl~ 10 of' 
the add,.ess lines are decoded. U3 provides t..,o decoded outputs, 
INTeS- and seees-, for use on the board. These signals are used tL 
activate the INTACK logic and Z8530 respectively. They are "0R" 8 ;," 

together to provide the board select CBDCS> signal, which if 
combination with the "ANO II of IORC- and AIOWC- (lORG) is used t" 
enable the bus buffer U7. 

The othe,. logic an the s~stem side of the board is used to delay the 
re.d and write commands to the sec in order to meet the address and 
data setup and the hold time requirements of the pa,.t. The signal 
IORG is connected to the input of U5A C74LS74 ~lip-9Iap) and the 
clock input is connected to the system ClK line. The rising edge of 
the clack occurs 133 ns .fter the IORC- 0,. AIOWC- signal occurs. The 
output of U5a is gated with IORC- and AIOWC- to d.la~.the start a~ 
the SCCRD- and SCCWR- signals. The clear input to USa is connected 
to IDCS to allo~ the SCCRD- and SCCWR- signals to occur only when the 
b oa r dis s. lee t. d. 

In orde~ to reset the Z8530 sec, both the SCCRD- and SCCWR- lines 
must be held active together. This holding is p~ovided b~ Vbc and 
U6d ~hich II OR II in the RESET signal 4=ram the bus with the SeCRD- and 
SCCWR- 1 ines. 

The interrupt output 9ram the sec is inve~ted and buf~eTed by U4c and 
goes to a set 09 stake pins to determine the interrupt level at which 

,_ the board is operated. 
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2.11.2 Sync-Async Comm Board Baud Rate Generation 
The crystal oscill.tor on the board is operated at 4.9152 MHz and is 
divided by 2 to provlde ~ clock for the sces internal baud-rate 
generators. The value to program for the generation of a specific 
baud rate is shown in Table 2-20. 

Table 2-20 SVnc-Async Comm Board Baud R.t. 

BAUD 
RATE 

19 200 
9 600 
7 200 
4 800 
3 600 
2 400 
2 000 
1 800 
1 200 

600 
300 
200 
150 
134.5 
110 

75 
50 

Texas Instruments 

ASVNC PERCENTAGE 
VALUES OF ER RDR 

2 
6 
9 

14 
19 
30 
36 
41 
62 

126 
254 
382 
510 
569 
696 

1022 
1534 

0.000 
0.000 

-3.030 
0.000 
1.587 
0.000 
1. 053 

-0.775 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.026 
0.000 
0.000 

2-70 

SYNC 
VALUES 

62 
126 
169 
254 
339 
510 
612 
681 

1022 
2046 
4094 
6142 
8190 
9134 

11169 
16382 
24574 

PERCENTAGE 
OF ERROR 

O. 000 
O. 000 

-0. 196 
0.000 
0.098 
O. 000 
O. 065 

-0.049 
O. 000 
O. 000 
O. 000 
O. 000 
O. 000 
0.001 

-0.001 
O. 000 
O. 000 
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2.11. 3 Sync-As~nc Comm Boa~d Add~esses 
The boa~d add~esses ~o~ the ~our possible po~ts a~e given in Table 2-
21. 

Table 2-21 Sync-Async Comm Boa~d Po~t Add~esse5 

PORT ADDRESS FUNCTION 

PORT 1 00£0 Inte~~upt Acknowledge 
INTERRUPT IRO (PIN S) OOE4 CHB Command 

00£5 CHB Data 
00£6 CHA Command 
ooE7 CHA Data 

PORT 2 00£8 Interrupt Acknowledge 
INTERRUPT IR1 (PIN 48) OOEC CHB Command 

OOED CHI Data 
OOEE CHA Command . 
OOEF CHA Data 

PORT 3 OOFO Int.??upt Acknowledge 
INTERRUPT IR2 (PIN 50) OOF4 CHI Command 

OOF5 CHB Data 
OOF6 CHA Command 
OOF7 CHA Data 

PORT 4 OOF8 Inte?~upt Acknowledge 
INTERRUPT IR4 (PIN 46) OOFC CHB Command 

OOFD CHB Data 
OOFE CHA Command 
OOFF CHA Data 
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2.12 WINCHESTER DISK DRIVE AND CONTROLLER 

The Winchester disk drive and controller board option consists of a 
controller board. cable and hardlltare. and a 5-. 10-. or 15-megabyte 
Winchester drive. 

2.12.1 Register Assignments 

The register assignment for the Winchester controller is given in 
Table 2-22. 

Table 2-22 Winchester Controller lID Port Assignment 

+-------------+--------------------------------------------+ 
+ 

HEX 

ADDRESS 

FUNCTIONS 
+---------------------+----------------------+ 

IN OUT 
+-------------+---------------------+----------------------+ 

0030 n.ta OUT port 
+-------------+---------------------+----------------------+ 

0031 Status register RESET 
+-------------+---------------------+----------------------+ 

0032 Not used Not used 
+-------------+---------------------+----------------------+ 

0033 Not used 
+-------------+---------~---------+----------------------+ 

An IN function sets data from the Winchester controller board and 
drives it onto the computer's 110 expansion bus. Conversel~. an OUT 
function sets data from the computers 110 expansion bus onto the 
Winchester disk controller board. 

For bVte definitions of the registers. refer to the 110 memor~ map 
given in Table 2-1. 
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2.12.1.1 Data Input Port. r'isk read data and controller sense bytes 
are passed through this register to the compoter. The data is he11 
'01" each handshake cycle. The con~iguration is as f!ollollls: 

110 
Po.,.t 

Add,.ess 
0030 

MSB 
7 6 5 

aIr NUMBER 
4 :3 2 l 1 

LSB 
o 

+===-==+======+======+======+======+======+======+======+ 
IDATA 71DATA 6 I DATA 510ATA 4:0ATA 3:0ATA 2:DATA 1 I DATA 0: 

+-=-=-=+======+======+======+======+======+======+======+ 
2.12.1.2 Data Output Port. Command bytes and disk data are passed 
through this ,..gist • .,. to the cont,.oller. Data is latched until 
updated by the CPU. The bit ar.,.angement is as fo11ollls: 

110 
Po,.t 

Add,.ess 
0030 

(write) 

MSB BIT NUMBER LSD 
7 6 S 4 3 211 0 

+===-==+======+-=====+======+======+======+======+======+ 
IOATA 710ATA 61DATA 510ATA 4:0ATA 3lDATA 21DATA 1 I DATA 01 

+=-----+======+-=====+======+===-==+======+======+======+ 

2.12.1.3 Controlle.,. Status Registe.,.. Sto.,.es the controller status 
Enables the CPU to ,.ead the status of the controller and monitor it~ 
op.,.ation. The controller status byte is defined as follolds: 

110 
Po.,.t 

Add.,..ss 
0031 

('read) 

MSB 
7 5 

BIT NJMDER 
4 :3 2 1 

LSD 
o 

+====-=+-=-==-+--====+-=====+======+=======+======+=======+ 
IDon't IDon't IDon/t IDon't IDon't ICOMMANDIINPUT/I DATA 
lca're Ica,.e lca.,.e leare leare I/DATA lOUTPUT1REGUESTI 

I .. _aa._+ ____ =-+=sa===+_=====+======+=======+======+=======+ 

2.12.1.4 Reset Port. Resets the controller. Any write to port 0031 
does a reset. Reset must clear all error status. abort all 
op • .,.ations, and place the Winehestar cantrall • .,. in the command 
,.eceiv. mode. The byte definition is given as follollls: 

1/0 
Po.,.t 

Add'res5 
0031 

(ldrite) 

MSB 
7 5 

BIT NUMBER 
4 :3 

LSD 
2 I 1: 0 

+======+======+======+======+======+======+=====+======+ 
IDon't IDon't IDon't 100n't 100n't 100n't IDon'tIDon't 
lea.,.. leare leare leare leare leare leare leare 

+======+======+======+======+======+======+=====+======+ 
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2. 12. 1. 5 I nterrup t Ma s k. 
inter~upts to be serviced b~ 
definition follows: 

A two-bit 
the CPU. 

fi eld 
The 

which determines the 
interrupt mask byte 

110 
Port 

Address 
0033 

MSB BIT NUMBER LSB 
: 7 6: 5 4 :3 2: 1 0 
+======+======+======+======+======+======+=-====+=======+ 
IDon't :Don't IDon't :Don't IDon't :Don't IDATAt ISTATUS I 
leare leare leare leare leare leare IINTR. IINlR. I 

: ENAB LE I ENABLE I 
+======+-=====+======+======+======+======+-==--.. --=====+ 

2.12.1.6 Error StatuI Byte. This byte isa special cas. that is 
onl" available after a command has been completed. The controller 
indicates that this b"te is available b" setting the 1/0 and CID bits 
with ORG. A definition 0' the error statuI byte follows: 

110 
PD,.t 

Address 
0030 

(,..ad) 

MSB 
7 6 5 

BIT NUMBER 
4 3 2 t 

LSB 
1: 0 

+===--=+======+===-==+======+===-==+======+=====+======+ 
IDon't IDon't IDT"ive IDon't :Don't IDon't IEr,.or:DDn't 
Icare Ie.,.. INo. Ica,.e Ica,.e lea,.e I bit lea,.e 
I I I I 
+======+=--===+----==+==--=-+==-... +-===-=+= .. _-.. ---=-+ 

2.12.2 Bit DefinitiDn fDr Registe,.s and PDrts 

Table 2-23 p,.ovides definition of bits for the Winchest.,. cont,.olle,. 
,.egister. and pD,.tS. 
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Table 2-23 Bit De~initicn lor Controller Registers and Ports 

+-------+----------------c LOGI CAL STATE l--------------+ 
: DATA : Data true; data high I Data false; data low; 
: BIT I logical one >= 2.4 V I logical zero .(= 0.7 V 
+--------+============================+===========================+ 
IDATA 0-7 
I READ or 1 
I WRITE 

DA TAB I T = 01\£ DATA BIT = ZERO 

+---------+---------------------------+--------------------------+ 
I DATA Commands. status, or data No command, status, or 
: REGUEST I readlj to be transferred : data t,.ansfers to 0,. from I 

I to or from controller. I controller. 
+--------+----------------------------+--------------------------+ 
IINPUTI :Data or status is read 
I OUTPUT- Ilrom the controller by 
I I the CPU. 

I Data or commands are 
l~ritten TO the controller 
I b~ the CPU. 

+---------+---------------------------+---------------------------+ 
I COtt'1ANDI 

DATA-
When INPUT/OUTPUT- is high. 
STATUS is sent to the CPU. 

• Wh en INPUT IOUTPUT- is high, I 
I.DATA is sent to th e CPU. 

*********** **** ******** ***** I ****** ****.**** ******** ****,.. I When INPUT/OUTPUT- is lo~. lWhen INPUT/OUTPUT- is 10'-" 
COMMANDS are sent to the IDATA is sent to the 
controller Icantraller 

+---------+---------------~------------+-------------------------~{ 
I INTERRUPTI An int.r,.upt ( level 6 ) 
I PENDING lhas been sent to the CPU. No interrupt pending. 

+---------+----------------------------+--------------------------~~ 
lThis lets the controller 
linterrupt the CPU ~hen it 

I STATUS Ihas finished the current 
lINTERRUPTlcammand, and is ready to 
I ENABLE :return the status b~te. 

No status interrupt 
permitted. 

+---------+----------------------------+---------------------------+ 
I DATA IThis lets the controller 
: INTERRUPT: interrupt the CPU when 

ENABLE ldata needs to be read ~rom 
lor ~~itten to the con-
I tl'O ll.r. 

No data interrupt 
permitted. 

+---------+----------------------------+---------------------------+ 
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2.12. 3 Cont~olle~ Status Bi~ CombinatiDns 

Table 2-24 gives all valid controller status bit combinations. 

Table 2-24 Valid Bit Combinations for Cont~oller Status 

--------------------------------------------------------------------+ 
I I 
I I 

: COMMAND/: INPUT I I DATA :: MEANINQ OF PATTERN 
DATA I OUTPUTIREGUEST:: 

+========+====--=+=======++=========================================+ 
o o o 

I I 

• I 

• I I I 

I I 
r I 

+-====--=+======-+=======++=========================================+ 
o o 1 

A data bVte mav be sent FROM the CPU 
I: TO the Wincheste~ cont~olle~. The 
I: cont~olleT' waits fo~ data to be ",~itten. 

+===s==s=+====_=-+=======++=========================================+ 
o 1 I 0 : : Not Va li d 

I I : 
+========+-===-.. +-======++=======-===============--================+ 

o 1 1 
I I A data bVte mav be sent TO the CPU 
I I FROM the Winchester cont~olle~. Again, 
I I the cont~oller waits until read. 

+========+=====-=+=======++========================-================+ 
1 o o I I 

I I 

I I 
I I 

Not valid 

+========+====--=+=======++=====--=====-============================+ 
Command bVtes may be sent TO the 

1 o 1 : I Winch.ste~ cont~Dller FROM the CPU. 
• I 
• I +========+=======+=======++=========================================+ 

1 1 o 
• r I I 

• I 
• I 
I I 
I • 

Not valid 

+ __ =-====+_=-=_==+=a=====++=====_==================-================+ 
I 
I 

• I 1 1 1 I I 
I I 

I , 
I I 

A status byte mav be sent FROM the 
Wincheste~ cDnt~Dller TO the CPU . 

+========+=-==-==+=======++=========================================+ 

Texas Instruments 2-76 Preliminary - .Jan 21, 1983 



,.. .. 

-

,. 

TECHNICAL REFERENCE HARDWARE 

Figure 2-17 depicts the logical flow of the controller functions. 

. \ 
• 

*************** 
* START * 
*************** 

v 
+---------.-----+---------------+ 
I Reset the Winchester controller 

( . wr i te to part 31 ) 
+-------------------+-------------------+ WAITt 

--------------->: v 
+-------------------+-------------------+ 

Read status port (OO3t) 

+-------------------+-------------------+ 
v 
... 

... ... 
... Is ... 

... REGUEST 
* ACTIVE? 

... NO 
... -----) WAITl 

... * 

... 

... * 
* * ... YES 

V ... 
* ... 

... * * COMMAND 
MODE? 

* ( C/D=1, 
* 1/0=0)* ... ... 

* 
v 

<: OUTPUT ). 

* NO <: HARDWARE > 
*------------) < FAULT 

* 

Figure 2-17 Controller Operational Flowchart 
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< OUTPUT) 

v 
+-------------------+-------------------+ 

OUTPUT COMMAND BYTES TO CONTROLLER 
( "1' i te to port 0030 ) 

+-------------------+-------------------+ 

* 
* ( 

* 

: <----------------+ 

* 

v 
* 

* DATA 
* 

MODE?' 
C/D=O 

* 
) 

* * 
* * 

* 
v 

* NO 
*-----)--+ 

* 

+--------~~----------+-
WRITE 'OR READ CONTROU.ER DATA 

( r.ad/..,rite to port. 0030 ) 
+-----._------+------------+-

: <--------------+ v 
* * * * STATUS-

* OUTPUT • Nl 
* MODE? *-----+ 

* (I 10-1, * 
• C/D-l >* 

* * 
* 
v 

+--~--------------+-~--------------+-
READ STATUS FROM PORT 0030 

+-------------------+~------------------+-

v 
< END LOOP ) 

HARDWARE 

• 

Figul'e 2-17 Controller Ope1'ational Flo..,ch.rt, Continued 
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< END LOOP > 

V 

* 
* * 

* DID * * AN ERROR * NO 

* OCCUR? ..--> < WAIT1 > 
* * 

* * 
* * 

* 

V 

+-------------------+---------~------+ 
DO REGUEST STATUS CCI1MAND AND 

DECODE ERROR 
+-------------------+-------------------+ 

******** * END * 
******** 

HARDWARE 

Figu,.. 2-17 Cont,.oU.,. Ope,.ational Flolilchart, Concluded 
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2.12.5 Winchester Hardware Theory of Operation 

The Winchester controller is addressed by the B08S "s a block of four 
I/O ports: Hex 0030 to 0033. I/O reads are indicated by the bus 
signal 10RC, and I/O writes are indicated by the bus signal AIOWC-

The controller can generate an interrupt to the host under the 
fallowing conditions . 

... When data is read,{ to be' read from or written to the 
controller. 

... When the operation is camp leted, and the controller is 
re ques t ing a statu s read (C/D-=l, 1/0= 1 >. 

Bath of the interrupt condit'ions can be individually disabled. When 
the interrupt is active, the computers interrupt line b is held high 
until it is cle.red by • read to the controller status register. 

2.12.5.1 On Board EPROM/ROM. The controller has a 4K x 8 bit 
EPROM/ROM. This device is addressed in memory space at address 
OFBOOOH and contains the driver routines for the controller. The 
output of the EPROM/ROM drives the data bus through a tri-state 
buffer IaIhen addressed. Access times on either the EPROM or the ROM \ 
are nat greate,. than 350 ns. 
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2.1:2.5.:2 Commands and Command Testing. The computeT' sends a six
b"te block to the cont ... oll.,. to speci~lI the op .... ation. This block is 
the device cont ... ol block (DCB). Table 2-25 de~ine5 the DCB. 

Table :i2-:i25 Deviea Control Block Bit DiagT'am 

B 
1j+-----+-----+-8 1 T N U M B E R -+-------+-------+-------+ 
t I 7 6 5 4 3 :2 I 1 0 

+e+--.... =+--... _=+=-= .. _=+=====·_+===-===+=======+=======+=======+ 
10: CO .... AND CLASS lOP COD E 
+-+-------+-------+-------+-------+-------+---------+-----+-------+ 
111 LOQICAL. UNIT NJPtSER HIGH ADDRESS (note 1 )1 

+-+----+----+----+-----+----+----+-----+-----+ 
I :2 : MIDDLE ADDRESS ( note 1 ): 
+-+----+-----+-----+----+-----+-----+------+-----+ 
r 31 LOW ADDRESS ( not e 1 ): 
+-+-----+------+------~-----+---~--+-------+------+------+ 

14 : INTERLEAVE OR NUMBER OF BLOCKS ( not e :2 ) I 
+-+------+------+------+------~----+------+------+-----+ 

CONTROL FIE L D 
+-+--___ _+_----+-----+------_+_-----+----+-----_+_-----=- ~ 

NOTES: 
1. Re.f.,. to subp.,.ag,.aph 2. 12.5.6, "Logical Add,.ess". 
2. Int.,.l.ilv. facto,. 410,. FORMAT. CHECK TRACK, and READ ID com .... 'l() 

2.12.5.3 Explanation 01 S"tes in the Device Cont,.ol Black. The si l 

b"tes which camp ... i •• the device cant ... al black are de~in.d a5 follow9 

BYTE DEFINITION 

0 Bits 7, 6 and 5 idanti~" the class o~ the cammand. Bits 
4 th ... ough o cantain the apcada af the command. 

1 Bit. 7, 6 and 5 i dent i~V the log i cal unit numb ar (LUN) . 
Bits 4 th ... ough 0 cantain lag i cal disk address :2. 

2 Bits 7 th,.aug h 0 cantain lagical disk address 1. 

3 Bits 7 throug h 0 cantain logical disk address 0 (LSB) . 

4 Bits 7 th ... ough 0 spec i~" the inte~leave a~ black caunt. 

5 Bits 7 th ... augh 0 cantain the control fiel d. 
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2.12.5.4 Control· Field Detai led Description. The control rield, 
byte 5. Or the DCB allows the user to select options for several 
different types and makes of disk drives. The following listing 
defines the bits of the control byte. The step options are encoded 
in control byte 5 of the command descriptor. The encoding is done 
with bits 0 through 3 as folluws: . 

DESCRIPTION 

Default 3-ms step rate 
Seagate ST506 (MLC2) 
landon fast step 
Texas Instrument fast step 
200-us buffered step 
70-us buffered step 
30-us buffered step 
1S-us buffered step 
Olivetti 2 ms/step (561) 
Olivetti (562) fast step (1. 1 ms typ ical) 
Spare (for future use) 

3 
o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 

2 
o 
o 
o 
o 
1 
1 
1 
1 
o 
o 
1 

BIT 

1 
o 
o 
1 
1 
o 
o 
1 
1 
o 
o 
1 

for Refer to the drive manufacturer's manual in configuring the drive 
fast-, Dr buffer-step options. In cases where the drive is hardware
conrigured for fast stePI all commands which re~uire seek option 
selection must use the fast-step option for that drive. 

NOTE 

The Itep option bits (3 through 0) are mutually 
elclusive and only one option should be selected 
in an~ given configuration. 

Bits 4-5 are reserved for future US8. 

If bit 6 is a 1, during a read sector command. the failing sector is 
not re-read an the next revolution before attempting correction. 
This bit should be set to 0 for normal operation. 

Bit 7 dis.bles the four retries by the controller an all disk- access 
command. Set this bit only during the evaluation of the performance 
of a disk drive. This bit should be set to 0 for normal operation. 
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2.12.5.5 Command Com~letion Status Byte. At the end 0# a command, 
the cont~olle~ returns ONE completion status byte to the computer to 
indicate if an er~ar occurred during command execution. The REGUEST 
SENSE STATUS COMMAND must be issued if the erro~ bit is set to 
determine the cause 0# the er~o~. The ¥o~mat o~ the completion 
status byte is 

1/0 
Port 

Address 
0030 

(Y-ead) 

MSB 
7 6 5 

BIT NUMBER 
4 3 2 I 1 

LSB 
o· 

+==--==+-=====+======+======+======+======+=====+======+ 
IDon't IDon/t IDriv. IDon't IDon/t IOon/t IErrorlDon't 
Icare Icar. INo. Icar. lear. lear. : bit leare 

+======+======+======+======+======+======+=====+======+ 

2.12.5.6 Logical Address (HIGH, MIDDLE AND LOW)' The logical 
address of the drive is computed b~ using the fallowing e~uatian. 

Logical Address • CCYADR x HDCYL + HDADR) x SETRK + SEADR 

Where: CYADR • C"linder address 
HDADR = Head addl'ess 
SEADR • Sector address 
HDCYL -Numb.,. of heads pe,. c~linder 
SETRK • Number of sectors per t~ack 

2.12.5.7 Sector Interleaving. Va~iable sector interleaving i: 
supported by the disk eontl'oller. When an~ format command is issue6' 
an~ interleave value up to the number 0# sectors-per-track minus 
ma" be passed in the' device control black (DCB b"te 4>. Th: 
interleave factor may be adJusted for maximum system performance ~hen 
transferring multiple sectors of data. Intel'leaving allows logical 
continuous sectors of data on a given track to be mapped onto 
nonadJacent physical sactors. An interleave factor of 5, Tor 
instance, means that every fifth physical sector is transferred as 
the next continuous l(',gical sector of data. It does not mean that 
five sectors of data are ~ransfer,.ed an one revaluti on. If the CPU 
cannot trans'e,. the full sector of data during the secto,. interleave 
time availab Ie, then the cant~aller has to ~ait a full revol ution 
before the next logical sector can be read from the disk. IT this 
happens, the interleave -flactar is too law and should be increased 
until an incl'.ase in operating system speed is noticed. 

In order to take full advantage of the interleaving feature a~ the 
controller, the operating system should perform multiple-sector data 
transfers. If single-sector trans~e,.s are employed, the difference 
in speed with val'ious interleave facto~s ma~ not be noticeable. 
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2.12.6 Detailed Desc~iption of Commands 

The commands fall into eight classes, 0 th~ough 7) only classes 0 and 
7 a~ e us ed. Cliil 5S 0 command 5 a~ e da ta, non-data transfer. and Ii tatu ~ 
commands. Classes 1 through 6 a~e ~ese~ved, Class 7 command~ 
pe~'o~m diagnostics. Each command is desc~ibed in the ~ollowin9 
paTagraphs. The command description includes class. optod!!, an'J 
format. IIDont eare ll bits are shown as "unused ll , 

2.12.6.1 TEST DRIVE READY Command. This command selec ts a 
particular drive and ve~ifies'that the drive is read~. The following 
diagram shows the fOTmat of the device control block for this 
command: 

B 
~ 
t +-----------------------BIT NUMBER----------------------+ 
e 1 7 1 Bit 61 Sit SI Bit 41 Bit 31 Bit 21 Bit 11 Bit 0: 

+-V-+======+-=====+==--==+======+======+======+======+======+ 
1010 0 0 0 0 0 0 0 
+---+------+------+------+------+------+------+------+------+ 
I 1 I o o I DRIVElunusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 2 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunused: 
+---+-------+-------+------+------+------+------+------+------+ 
I 3 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunused: 
+---+------+-------+------+------+--------+------+------+------+ 
I 4 lunusedlunusedlunusedlunusedlunused:unusedlunusedlunusedl 
+---+-------+------+------+------+------+------+------+------+ 
I S lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunused: 
+---+------+------+------+------+------+------+------+------+ 

The TEST DRIVE READY command can be used with overlapped seeks to 
determine when a dTive has completed seeking before issuing the next 
command. If the drive is still seeking. the status bVte at the end 
of the command indicates iiln eTro~. and the sense status indicates 
"drive still seekingl' Ctvpe 0 eTTO~, code B>' /It se'luence of TEST 
DRIVE READY comm.nds can thus be used to determine when the d~ive is 
re.dv for the next comm.nd. 

• 
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2.12.6.2 RECALIBRATE DRIVE Command. This command positions th~ 
read /1111' i te (R/W) arm to t,.ac k 000. Bit d e-P i nit i ons ~or th is co mman d 
are 'as fallo..,s: 

B 
~ +-----------------------BIT NUMBER------------~---------+ 
t 7· I Bit 61 Bit 51 Bit 4: Bit 31 Bit 2: Bit 1i Bit 0: 

+-.-+-= ____ +a.a=~+-====-+======+======+======+======+======+ 
1010 0 a 0 a 010 1 
+---+------+------+------+------+------+------+------+------+ 
I 1 I o o I DRIVElunusedlunusedlunusedlunusedlunusedi 
+---+------+------+------+------+------+------+------+------+ 
I 2 lunusedlunusedlunusedlunusedlunusedlunusedlunused:unused: 
+---+- +------+------+------+------+------+------+------+ 
13 lunusedlunusedlunusedlunusedlunused lunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 4 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 5 IRETRV?I 0 0 I 0 ISTEP 3:STEP 21STEP llSTEP 0: 
+---+------+------+------+------+------+------+------+------+ 

2.12.6.3 REGUEST SENSE STATUS Command. The computer must send this 
command immediatelCj after it detects an e,.ro,.. The command cause~, 

the ContT"olle1" to T"etu1"n fouT" bejtes of drive and cont,.olle,. status: 
the formats of these flour bCJtes a,.e shown afte,. the DCB. When an 
e""o" OCCUl"S an • multiple-sectol" data tl"ans4le,. (,.ead 0,. ",,.ite). the 
REQUEST SENSE STATUS command l"etul"ns the logical address 041 ~he 
flailing sectol" in bCJtes 1, 2 and 3. I-P the REQUEST SENSE STATUS 
command is issued afte,. anCJ o~ the Format commands 0,. the CHECK TRAC~ 
FORMAT command, the logical addT"ess T'etuT'ned bej the controller points 
to one secto,. beejond the last tT"ack fOl"matted 0,. checked i-P the,.e was 
no errol". I~ thel"e was an erl"Ol". the logical address returned points 
to the track in e,.,.or. Table 2-26. Table 2-27. Table 2-28. and Table 
2-29 list the .1"1"01" codes. De~initions aT these bytes -Pollow: 

B 
ej +-----------------------BIT NUMBER----------------------+ 
t 7 I Bit 61 Bit 51 Bit 41 Bit 3: Bit 21 Bit 11 Bit 01 

+-e-+-=-===+--==a=+-====-+======+======+======+======+======+ 
1010 0 a 0 0 0 1 1 
+---+---~-+-------+------+------+------+------+------+------+ 
1 1 I o o I ORIVElunus&dlunusedlunusedlunusedlunused: 
+---+------+------+------+-----+------+------+------+------+ 
I 2 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunused: 
+---+-~----+------+------+------+------+------+------+------+ 
1 3 lunused:unused:unused:unu5e~lunused:unused:unused:unused: 

+---+------+------+------+------+------+------+------+------+ 
: 4 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunused: 
+---+------+-----+------+------+--... ---+----+------+------+ 
1 5 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunused: 
+---+------+------+------+------+------+------+------+------+ 
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S.ns. Bytes R.turned. The ad=ress valid bit (bit 7) in the error code 
byte is relevant only when the previous command required a logical 
block address; in this case it is always returned as a 1; otherwise 
it is set to O. For instance, i~ a RECALIBRATE com .... nd is ~ollCMlled 
immediately bV a REGUEST SENSE STATUS com .... nd, the address valid bit 
could be returned as 0 since the command does not require a logical 
block address to be passed in its DCB. The ~or .... t ~Dr the sense 
bytes returned are as ~ollows: 

B 
y +---------------------------BIT NUMBER------------------------· ---+ 

·t I 7 6 5 4 I 3 I 2 1 0 
+-e-+=c=-===_+==~==_+======-+===-===+===__==+.-s==-=+.----.=+-. ___ ==+ 
: 0 I ADDRESS? I 0 ERROR TYPE ERROR CODE 
+---+--------+-------+-------+-------+-------+-------+-------+-------+ 
: 1 I o o IDRIVE HIGH ADDRESS (see note) I 
+---+------~-+-------+-------+-------+-------+-------+-------+-------+ 
: 2 I MIDD~ ADDRESS (see note) I 
+---+--------+-------+-------+-------+-------+-------+-------+-------+ 
I 3 I LCIol ADDR ESS (see note): 
+---+--------+-------+-------+-------+----~--+-------+-------+-------+ 
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HEX 
CODE 

o 

1 

Table 2-26 T~pe a Error Codes, Winchester Disk 

DEFINITION 

The controller detected no error during the execution 
of the previous operation. 

The controller did not detect an index signal ~rom the 
drive. 

The controller did not get a SEEK COMPLETE signal ~rom 
the drive after seek operation. 

HARDWARE 

3 The controller detected a write fault from drive during 
last operation. 

4 After the controller selected the drive, the drive did 
not respond ~ith READY signal. 

-' , After stepping maximum number of c~linders, controller 
did not receive track 00 signal from the drive. 
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Table 2-27 Tvpe 1 Error Cades,' Controller Board 

HEX 
CODE DEFINITION 

HARDWARE 

o ID Re~d Error: The controller detected an ECC error in 
the tilrget ID 4=ield on the disk. 

1 

2 

3 

4 

5 

Data Erro~: The controller detected an uncorrectable 
ECC error in the target sector during a read operation. 

Address Mark: The controller did not detect the target 
ad dress ma~k (AM) on the disk. 

Not used. 

Se~tor Not Found: The controller 4=ound the correct 
cylinder and head, but not the target sector. 

Seek Error: The controller detected an incorrect 
c,linder or trilck, or both. 

6 Not used. 

7 Not used. 

e Correctable Data Error: The controller detected a 
correctable ECC error in the target data field. 

Sad Track: The controller detected the bad track 4=lag 
during the last operation. 

A Formilt Error: During II check-track command, the con
troller detected one of the 4=ollowing: 
1) track not 4=ormatted 
2) wrong interleave 
3) ID ECC error on at least one (1) sector 
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Table 2-28 TVp.~ 2 and 3 Error Code~. Command and Miscellaneous 

HEX 
CODE 

o 

1 

o 

1 

TYPE 

3 

3 

3 

Texas Instruments 

DEFINITION 

Invalid Command: The controller has received 
an invalid command ~rom the hat 

IllegAl Disk Address: The cont-roller de
tected an address that is beyond the maximum 
,..nga. 

RAM Erro,.: The cont,.oller detected a d.ta 
a,.,.or during the RAM sactor bu~fer 
diAgnostic. 

Prog,.am Memorv Chacksum Error: During its 
intern.l diagnostic, the ~ontroller detected 
.. program-memory checksum er,.or. 

ECC Polvnomin.l E,.,.o,.: During the con-
t ... ollars int .... n.l diagnostic, the ha,.dware 
ECC gane,.ato,. '.iled its test. 
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2. 12.7 Error Codes 

The following is a summar~ of the er~or cod.es returned as the Tesult 
of the REQUEST SENSE STATUS ~ommana. 

NOTE: The ADDRESS VALID bit (bit 7) ma~ or ma~ not be set and is not 
included here. 

ERROR CODE 
<I-EX) 

00 

01 

02 

03 

04 

05 

06 

07-OF 

10 

11 

12 

Table 2-29 Error Code Summary 

MEANING 

No error detected <command completed ok), 

No index d~tected from disk drive. 

No seek complete from disk drive. 

Write fault from disk drive. 

Drive not ready after it ",as selected. 

Not used. 

Track 00 not found. 

Not us ed. 

ID field read error. 

Uncorrectable data error. 

Address mark not found. ----.-.---------------------------------------------
13 Not used. 

14 Target sector not found. 

15 Seek error. 
--------------------------------------------------

16-17 Not used. 

18 Correctable data error. 

19 Bad track flag detected. 

lA Format error. 
-------------------------------------------,------------------

1B Not used. 
----------_._---------------------------------------

1C Illegal (direct) access to an alternate track. 
-----------------------------------------------------------------
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TABLE 2-29 ERROR CODE SUMMARY <continued 

ERROR CODE' (HEX) 

10 

IE 

iF 

21 

22-2F 

30 

31 

MEANING 

On a FORMAT ALTERNATE TRACK command, ~he track 
is alreadlj. assigned. or is ~lagged .as bad tl'ack. 

When the cont1'oller attempted to access an 
alternate track ~rom a spared t1'ack. the 
.lte1'nate t1'ack ~as not flagged as an alte1'nate. 

On a FORMAT ALTERNATE TRACK command, the 
bad t1'tlck eq,ualed the alte1'nate t1'ack. 

Invalid command. 

Nat used. 

Program memorv checksum e1'ror. 
~ ------------------------------------------

32 ECC diagnostic failure. 

33-31=' Nat used. 
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~. 12.8 FORHAT DRIVE Command 

This command fo~mats all sectors ~ith ID and data fields accQ~ding to 
the selected interleave facto~1 and ~~ites bC hex into data fields. 
The cont~olle~ formats f~om the starting address, which is passed in 
the command, to the end of the disk. 

If bit 5 of cont~ol b~t. 5 of the command blDck lS set on the fo~mat 
command (OPCODE 04), the secto~ buffe~ is us.d as the data pattern 
w~itten on the disk data fields). 

The WRITE SECTOR BUFFER command can be issued before the fo~m.t 
command to initialize the sector buffe~. Bute definitions are as 
follows: 

V+-------+-------+-B I T N U M B E R -+----+-----+---+ 
t.: 7 6 1 5 431 2 1 I 0 

+e+-==-===+==--=--+--==-==+======s+==-====+-======+=======+-====--+ 
101 O· 0 0 0 0 1 0 0 
+-+-------+-----~+-------+~---+-------+---------+-----+----~+ 

111 o o : DRIVE HIOH ADDRESS (note 1 )1 
,.-+--~-+-----+---.. --+~--+----+----+~--+------+ 
/21 MIDDLE ADDRESS ( note 1 ) 1 
+-+-------+-----~+------+~------+-------+-------+-------+-------+ 

13/ LOW ADDRESS ( not. 1 ) I 
+--+-----+-----+-----+-----+-----+-----+-----+-----+ 
/41 o o o INTERLEAVE FACTOR ( not. 2 ) I 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
15: RETRY?/ o o o I STEP 31 STEP 2/ STEP II STEP 01 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 

NOTES: 
1. Refe~ to p.~.graph 2. 12.~b, "Logical Add~ess". 
2. Facto~1 .~. 1 to 31 fo~ 256-bvte s.cto~ 

and 1 to 16 fo~ 512-bVte secto~. 
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2.12.9 CHECK TRACK FORMAT Command 
• 

This comm.nd checks the format on the specified tr.ck for correct 10 
lind inte"leave. The command does nat read the data field. The byte 
configuration is liS fallows: 

B 
\I+----+-----+-8 I T N U M B E R -+------+------+-----+ 

43210 t: 7 6 ·5 
+e+-a~·-+_-=--=·+=_·-===+=_=====+==-===·+=-=====+=======+==-====+ 
: 0: o o o o o 1 o 1 
+-'+-----'+-----.--+-------+------+-------+------+----+------+ 

o o IDR lVE HIGH ADDRESS (note 1 II 

+-+-~-----+-------+---~-+-------+-------+-------+-------+-------+ 
MIDDLE ADDRESS ( not. 1 ) I 

+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
f 31 LOW ADDRESS ( nat., 1 ) I 

+-+-------+-------+-------+-------+-------+-------+-------+-------+ o o o INTERLEAVE FACTOR ( nat., 2 ): 

+~+-------+-------+-------+-------+-------+-------+-------+-------+ 
: 5: RETRY?: o o o I STEP 3: STEP 2: STEP 11 STEP 0: 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 

NOTES: 
1. Refe,. to subp.,..g,..ph 2.12.5.6. "Logicill Add,. •• s". 
2. F.cto,.s .,.. 1 to 31 for 256-byte sector 

lind 1 to ,. fo,. 512-b\lt •• ecto,.. 
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2. i2. 10 FORMAT THACK Command 

The FORMAT TRACK Command ,..ef:ormats the track. eliminating all 
ref:erences to bad and alternate tracks. Also. if: bit 5 of control 
byte 5 of: the command block is set. then the sec tOT buff:er is used as 
the data patte.rn in the data fields. otherwise the command writes bC 
hex in the data fields. The bvte definitions are as follows: 

B 
y+------+------+-B I T N U M B E R -+------+-----+------+ 

43210 t: 7 /:, 5 
+e+=======+-======+=======+=======+===-===+=-====-+=======+=======+ 
10: 0 0 0 0 0 1. 1 0 
+-+-------+-------+-------+-------+-------+---------+-----+-------+ 
:11 o o :DRIVE HIGH ADDRESS (note 1 ): 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 

MIDDLE ADDRESS ( note 1 ): 

+-+--~--+-------+-------+-------+------~+-------+-------+-------+ 
: 3: LOW ADDRESS ( not e 1 ): 

+-+-------+-------+-------+------+-----~-+-------+-------+-------+ 
141 o o o INTERLEAVE FACTOR ( note 2 ): 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
15: RETRV?: o o o : STEP 3: STEP ~: STEP 1: STEP 0: 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 

NOTES: 
1. Refer to paragraph ~. 12.5.6. "L.ogic.! Address". 
2. F.cto~1 are 1 to 31 fo~ 256-bVte sector 

.nd 1 to l' for 512-bvte sector. 
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2. 12. 11 FORMAT BAD TRACK Command 

This command .Formats a speciFied track, setting the bad sector Flag 
in the ID flields. No data flil!lds are IAIritten. The bljt. deflinitions 
are as fo1lo1115: 

B 
y+------+------+-B I T N U M D E R -+----~-+------+------+ 
tl 7 I 6 5 4 3 ~ 1 0 

+.+===a:==+=====_=+=======+===-===+=======+=_=====+=======+=== __ ==+ 
101 0 0 0 0 0 1 1 1 
+-+-------+-------+---~-+-------+-------+-~-------+-----+-------+ 
111 o o IDRlVE HIQH ADDRESS (not. 1 )1 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
12: MIDDLE ADDRESS ( not. 1 ) I 
+-+-------+-------+-------+--~-+-------+-------+-------+-------+ 

LOW ADDRESS ( not. 1 ) I 
+-+------+------+--~-+------+----+------+------+------+ 

141 o o o INTERLEAVE FACTOR C not. 2 ) I 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
15: RETRY?: o o o : STEP 31 STEP 2: STEP 11 STEP 01 
+-+-------+--~----+-------+-------+-------+-------+-------+-------~ 

NOTES: 
1. ReF.,. to paragraph 2. 12.5.6. "Log ical Address ". 
2. Factor •• ,.e 1 to 31 fa,. 256-b~te secto,. 

and 1 to 16 for ~12-b~t. sector. 
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2. 12. 12 READ COMMAND 

Sta~ting ~ith the secto~ add~ess given in 
cont~olle~ reads a specified numbe~ of sectors. 
.,.. as follo~s: 

B 

HARDWARE 

th is command. th e 
The bute definitions 

,,+-----+-----+-8 1 T 
tl 7 6 S 

N U M B E R -+------+------+------+ 
43210 

+e+=======+_====m=+=_=-===+=======+=======+=======+=======+=======+ 
IOJ 0 0 0 0 1 0 0 0 
+-+------~+-------+-------+-------+-------+---------+-----+-------+ 
111 o o IDRIVE HIOH ADDRESS (note 1 )1 

+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
121 flIDDLE ADDRESS ( not e 1 ) I 
+-+------+-----+-----+----+-------+-------+-------+------+ 
: 31 LOW ADDRESS ( note 1 )1 

+-+-------+------~+-------+-------+-------+-------+-------+-------+ 
141 BLOCK COlNr 
+-+-----~-~-+------+-----+-----+------+------+-----+ 
lSI RETRY?' not. 21 o o I STEP 3: STEP 21 STEP 11 STEP 0: 
+-+---~-+-------+---~-+-------+-------+-------+-------+-------+ 

NOTES: 
1. R.fe~ to paragraph 2. 12.S.6, "Logical Address". ""'\ 
2. If an ECC .,.~o,. is found ~h.n this bit i. set in the READ comman~ 

,.et,.u th. co •• and. 

2.12. 13 IIIRITE COlNMnd 

This command writes the spec,ified number of secto,.s, st.,.ting ~ith 
the initial sector add,.ess contained in the DCB. Each I.ctor of data 
can b. .i the,. 256 0,. S12 b "te. long. The secto,. size is J umpe~ 
.electable. Bvte definitions a,.e as follo~.: 

B 
V+------+-----+-8 I T N U M B E R -+--------+-------+---------+ 
t: 7 r 6 5 432 1,· 0 

+e+··· ... • ... -----.. =----· ... =--=-+=======+c=-====+=-====-+===--==+ 
: 01 0 ·0 0 0 1 0 1 0 
+-+--~--+-------+-------+-------+-------+---------+-----+-------+ 
111 o o :DRIVE HIQH ADDRESS (see note): 
+-+--~-+-------+--~--+-------+-------+-------+-------+-------+ 
121 MIDDLE ADDRESS (see note): 
+-+-------+-------+-~-----+-------+-------+-------+-------+-------+ 
: 31 LOW ADDRESS (see note) I 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
141 BLOCK COUNT 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
1 SI RETRY? 1 o o I 

I o I STEP 3 I STEP 2: STEP 1: STEP 0: 
+-+-------+-------+--------+--------+-------+-------+--------+--------+ 

NOTE: Refer to paragraph 2.12. 5. ~h "Logical Address". 
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2. 12. 14 SEEK Command 

This command initiates a seek to the t,.ack speci-Pied in the DCB. The 
drive must be ~ormatted. The byte de~initions are illS ~ollo",s: 

B 
~+-------+-------+-B I T 

5' 
N U M B E R -+-------+-------+-------+ 
43210 tl 7 I 6 I 

+e+-==a===+==-=a=-+~====+======-+=-=====+===_===+=======+=======+ 

101 o o o o 1 o 1 1 
+-+-------+-------+-------+-------+-------+---------+-----+-------+ 
: 1 I o o 1 DRIVE HIQH ADDRESS (see note>: 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 

MIDDLE ADDRESS (see note] I 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
13: LOW ADDRESS (see note): 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
:41 UNUSED 
+-+-------+-----~+-------+-------+-------+-------+-------+-------+ 
:5: RETRY?: o o o I STEP 3: STEP 2: STEP 1: STEP 0: 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 

) 2.12.14.1 Ov.,.lap Seeks with Buffe,.ed St.p Drives. For d,.ive5 
.mplo~ing buffe,..d s.eks, SEEK" commands can be overlapped. After thE 
cont,.oll.r issu.s ill SEEK to the d,.ive. it retu,.ns ill completion 
status, not l&Iaiting '0,. the drive to complete the SEEK. I~ th€.' 
,.etu,.n status sho ... s '('0 e,.ro,., then the SEEK l&Ias issued co,.,.ectly. It 
the,.. is an erro,., than the SEEK l&Ias not issued. A~ter transflerino;,; 
the status, anoth.,. command can be issued to eithe,. drive. If a new 
command is ,.eceived ito,. a drive l&Iith an outstanding SEEK. then the 
cont,.olle,. waits .... ith BUSV active. for the SEEK to complete be';ore 
executing the n .... comm.nd (except the TEST DRIVE READY command), 
Th.,.e is no time-out condition in the cont,.oller, l&I.iting for the 
buffered-step SEEKS to complete. 
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2. 12. 15 INITIALIZE DRIVE CHARACTERISTICS Command 

This command enables the user to configure the ,ontroller to work 
with drives that have diffe~ent capacities and cha~acteristics. 
Howeve~, both Winchester drives must be of the same manufacturer Cir,d 
model number. 

After the computer sends the command (DCB) to the controller. it then 
sends an eight-byte block of data that contains the d~ive parameters 
Some of the paT'amete~s occupy two b\jtesi all two-byte paT'amete~s aT'e 
transfer~ed with the most signi-Picant byte (MSB) first. The eigh t 
bytes are listed below. 

C = Maximum number of cylinders (2 by tes) 
H = Maximum number of heads ( 1 b \lte) 
W = Starting reduced write curren t cylinder (2 bytes) 
p = Starting write precompensation cylinder (2 b"tes) 
E = M.u imum ECC data burst length (1 byte) 

When the controller is powered up or reset, the default values 
listed below are set. 

Maximum number of cylinders = 153 
Maximum number of heads = 4 
Starting reduced write current cylinder • 129 
Starting write precompensation cylinder =64 
Maximum ECC data burst length = 11 bits 

The parameter for the maximum ECC burst length defines the length of 
a burst error in the data field that the controller is to correct. 
The burst length is defined as the number of bits from the first 
error bit to the last error bit. For example, if the controller 
detects as-bit ECC error and the erroneous data appears as C5 (liOO 
0101) before correction, it could appear as D4 (1101 ·0100) after the 
correction. However, if the CPU has set the max imum ECC burst length 
at 4 bits, the controller might flag this data .s uncarrectable. 
This is a type 1. code 1 error. 

Texas Instruments 2-98 Preliminary - .Jan 21, 1983 



-, 

-. 

'-_ .. 

TECHNICAL REFERENCE HARDWARE 

Byte de'initions 'O~ the INITIALIZE URIVE CHARACTERISTICS command a~e 
as '0110"s: 

B 
IJ 

• 

t +-----------------------91T NUM9ER----------------------+ 
e I 7 : Bit 61 Bit 5: Bit 4: Bit 3: Bit~: Bit 1: Bit 0: 

+-V-+======+======+======+======+======+======+======+======+ 
: 0 I o o o o 1 1 o o 
+---+------+------+------+------+------+------+------+------+ 

+---+------+------+------+-~---+------+------+------+------+ 
: 2 lunusedlunusedlunused:unusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
: 3 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunused: 
+---+------+--~+------+------+------+------+------+------+ 

I 4 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 5 lunusedlunused lunusedlunusedlunusedlunused 1 unused I unus edl 
+---+------+------+------+------+------+------+------+------+ 

2. 12. 15. 1 D,.i ve P aramete,. BIJ tes. 
cont~oller a~te,. the INITIALIZE DRIVE 
been issued: 

These bytes a,.e passed to the 
CHARACTERISTICS command has 

B 
y+-----+------+-8 I T N U M B E R -+-------+------+-------~ 

43210 t: 7 6 I 5 
+e+===-===+-======+==--===+=======+=======+=======+=======+=======1 
101 MAXIMUM NUMBER OF CYLINDERS: MSB 
+-+-------+-------+-------+-------+-------+-------+-------+-------~ 
I 11 MAXIMUM NUMBER OF CYLINDERS: LSB 
+--+-------+-------+-------+-------+-------+-------+-------+-------+ 
I~I 0 I 0 0 0: MAXIMUM NUMBER OF HEADS 
+-+-------+-~-----+-------+-------+-------+-------+-------+-------+ 
: 31 STARTING REDUCED wRITE CURRENT CYLINDER: MSB 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 

STARTINO REDUCED WRITE CURRENT CYLINDER: LSD 
+~+--------+-------+-------+-------+-------+-------+-------+-------+ 
lSI STARTING WRITE PRECOMPENSATION CYLINDER: MSB 
+-+--------+-------+-------+-------+-------+-------+-------+-------+ 
161 STARTING WRITE PRECOMPENSATION CYLINDER: LSB 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
17: 0 0 I 0 0: MAXIMUM ECC DATA BURST LENGTH : 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
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• 2. 12. 16 READ ECC BURST ERROR LENGTH Command 

This command t1'.ns'ers ane byte to the CPU. This byte contains the 
value of the ECC bU1'st length that the cont1'oller detected during ~~e 
last Read command. This byte is valid onl" after a correct.ble ECC 
data .1'1'01'. type 1. code B .. Byte definitions are as follows: 

B 

" t +-----------------------BIT NUMBER-------------------~--+ 
e 1 7 1 Bit 61'Bit SI Bit 41 Bit 31 Bit 2: Bit 11 Bit 0: 

+-v-+==---·+==-=-=+======+======+======+~===-=+======+-===-=+ 
I 0 I o o o o 1 1 o 1 
+~--+------+------+--~---+------+------+------+------+------+ 
I 1 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedt 
+---+------+--~---+------+------+------+------+------+------+ 
I 2 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunused; 
+---+------+------+------+------+------+------+------+------+ 
I 3 lunused:unusedlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 4 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedt 
+---+------+------+------+------+------+------+------+------+ 
: 5 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedt 
+---+------+------+------+------+------+------+------+------+ 
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2. 12. 17 FORMAT ALTERNATE TRACK Command 

F~MAT ALTERNATE TRACK fa,. mat s th e hea d.,. f i el d 5 of th e .. bad t ,.ac k " 
with the alt.,.nat. t,..ack info,..mation (assigned by the CPU>' The 
alt.1"nate t,..ack is fo,.matt.d to identify it as an alte1"nate. The 
command byte da9initions for FORMAT ALTERNATE TRACK a,.. as follows: 

B 
,,+------+----+-8 I T N U 1'1 B E R -+------+------+-----~ 
tt 7 I 6 I 5 I 4 I 3 I 2 1 0 

+e+--·---·+-------... ----=+=-a..--+-==---=+=-=---=+-=~==+====-==+ 
lor 0 0 0 0 1 1 1 0 
+~---+------+---~-+-----.-.-----+-----+----+------+ 
1 11 o o :DRIVE HIQH ADDRESS (not. 1 ): 
+-+------~-----+-------+-------+-------+-------+-------+-------~ 

MIDDLE ADDRESS ( not e 1 ): 
+~-----+-------+--~-+-------+-------+-------+-------~------+ 

131 LOW ADDRESS ( note 1 ): 
+-+---~-+------+-------+-------+-------+-------+-------+------+ 

o o o , , INTERLEAVE FACTOR ( not. 2 ): 
+~-----+-------+-------+-------+-------+-------+-------+-------~ 
: 5: RETRY?: o 1 (Note 3) o I STEP 31 STEP 2: STEP 1: STEP 0, 
+-+__----_+_-----~-----+__-----+_------+_------+__-----+_------i 

NOTES: 
1. R.fe,.. to pa,.ag,.ap h 2. 12. 5. II. "Logical Add,.ass". 

~ Int.,.le.v. 9acto,.. is 1 to 31 90,. 256 byte secto,..s 
and 1 to 16 90,. 512 bvta sacto,.s. 

3. 19 this bit is set, the data in the existing sector buffer 
is used to fill the data field. 19 this bit is cl.a,..ed, 
the data 9i.ld is w,..itten with 6C hex. 

• 
The inte,..l •• v. b"te (4) is prog,.Ammed the same AS in the FORMAT 
command, and is us.d on the alte,.nat. t,.ack. If bit 5 of control 
b"t. (,) i ••• t, the data in the existing secto,. buffe'" is used to 
fill the data 9i.ld. If nat set, the data field is w,.itten with aC 
h.l. Aft.,. issuing the command, the cont,.olle,. asks fo,. the 
90110wing 3 bytes. These bytes point to the CPU-assigned alte,.nate 
logical add~.ss. Again the seeto,. add,..s. is igno,..ed. 
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2.12.17.1 Assigned Alternate Address Data 
definitions are as follows: 

B 

HARDWARE 

Block. The 

V+-------+-------+-B I T N U M B E R -+-------+-------+-------+ t: 7 6 5 4 :3 1 o 
+e+=======+--=====+··=====+=======+-======~=·-====+==-====+==-====+ 

101 0 0 0 HIGH ADDRESS (see note): 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
111 MIDDLE ADDRESS . (see note) I 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 

LOW ADDRESS (see note): 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 

NOTE: Re~.r t-o paragraph 2.12.5.6, "L.ogical Address". 

2.12.17.2 Alternate Track Assignment. The assignllent o~ alternate 
tracks and the lockout o~ bad tracks has to be done bV the computer. 
Bad ar.as on the disk are labeled de~.ctive on a track basis bV 
issuing .. FORMAT BAD TRACK command (Command code 07). One pro·cedure 
~or assignment and handling of alternate tracks is as follows: 

1. The entire disk drive is formatted bV issuing a FORMAT DISK 
command CCommand code 04) starting at logical t,.ack 000. 
If an 1'''1'0,. occurs during formatting, then a REGUEST SENSE 
STATUS co_and should be issued. I~ a format error is 
indicated, bVtes 1, 2, and :3 of the returned status gives 
the address of the bad track and a FORMAT BAD TRACK command 
(command code 07) should be issued to the track. A new 
FORMAT command is then issued to ~ormat the ,.est of the 
disk starting at one track bevond the bad t,.ack. I.f an" 
other errors occur during the subse~uent formatting, the 
above process should be repeated until the enti,.e disk is 
forma tted. 

2. A RECAL.IBRATE command is issued (Command code 01) to 
position the heads over track 000. 

3. All sectors on the disk are ,.ead to see whether an" 
uncorrectable ECC error. have occurred in the data. The 
FORMAT command places a 6C hex pattern in the data fields 
of all sectors and the computer program can optionall~ 
verify this data pattern after the data is read into 
memory. However, verifying the data bvte-for-bvte is not 
normallv necessa,.v since the error detection and correction 
circuitrv flags .11 uncorrectable errors. I~. la,.ge block 
of host memory is available. multiple sector reads can be 
issued to speed up the verify process. 
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4. When .n unco,.,.ectabl", ~,.,.o,. is round, a FORMAT BAD TRACK 
command (Command cod@ 07) is issued to the ~ailing t,.ack 
which writes a bad t,.ack ~lag into .11 identi'ie,. ~ields. 
Wheneve,. this t,.ack is sub5e~uently accessed, an e,.,.o,. 
,.esults and the sense status which ~ollows indicat@s ~n .,.,.0,. code 19 hex. 

Wheneve,. a use,. p,.og,.am accesses the disk, ~t should not b@ allowed 
by the ope,..ting svstem to issue a READ 0,. WRITE command to the 
.lte,.n .. t. t,.acks. The disk cont,.oll.,. h.s no wav o~ knowing wn@n .n 
.1t.,.nate t,.ack is being ,.ead. The alte,.nate t,.acks a,.e sometimes 
assigned at the end of the disk (highest t,.ack numbe,.s) but they may 
be assigned to .nv t,..cks so lang •• the t,..ck label is maint.ined by 
the compute,.. In gene,..l, i~ fau,. t,.acks .,.. ,.8se,.ved as .lte,.nates, 
thev should b •• de~u.te ~o,. all disk d,.ive. cu,.,.ently av.ilable given 
the .""01" correction c.p.bilitv of the cant,.all.,.; however, it is 
recommended that the sv.tem p,.og,.amm.,. consult the disk d,.ive manual 
for t h.. h.,. d de f • c t s p. c i f i cat ian s. 

2.12.17.3 Alternate Add"e.s p,.otocol. Afte,. receiving the com .... nd 
.nd the .ssigned .lte,.nate, the cont,.oll.r does the fallowing. 

1. Se.ks to "alternate assigned track" .nd verifi.s it is not 
el,.e.dv an assigned alternate t,..ck, a,. flagged bad tT'ack. 
If the t,.ack h.s .1T'eady b.en assigned .s.n alte,.nate a,. 
is flagged "SAD", then 8rT'0" code 10 h.x is given and the 
ea ..... nd is .bo,.ted. This usually impli.s that the compute,. 
is attempting to assign two (:2) bad t,..cks to the same 
a 1 t.T' nitte t,.a c k. 

2. Fo,.mats the track as an assigned alte,.nate t,.ack. 

3. Seeks to the ubH tT'ack" and ~oT'mats the heade-r as a spa,.. 
t,.ack pointing to the assigned alte-rnate. 

NOTE 

Data fields an both the bad t,.ack and alte-rnate 
t,.ack aT'. dest-roy@d. 

Using the FORMAT ALTERNATE TRACK Command 

1. The cont,.alle-r must be initialized to includ@ the alteT'nate 
t-rac k s cy 1 ind eT' and head ,.ang e9 . 
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2. Note that. with alternate t,.acks. the entire disk is not 
.vailable to the .vste~ Gene,.a11v the disk space is fixed 
in the svstem software, which can be assigned as alternates 
when need ed. 

The number of spare tracks is dependent on d,.ive size and 
number of defects allowed bV the drive manufacturer. 
Generallv this is 1 spar. track for each 50 to 100 tracks . 

• Assign each media defect an alternate track. 

* Assign alte,.nate t,.acks for drive manufacturer'. 
list of. defects. 

4. In svstem operation, the alternate tracks ar, invisible to 
the host. The cont,.oller automaticilll" seeles to the 
.ssigned alternate track when an access is made to a 
flagged defective track. "Consecutive" accesses to a flag 
track does not ,.esult in reseeking to the alte,.nat. track. 
The cont,.olle,. .. intains position ~n the alt.rnate track. 

5. Direct acce.s (seeking to, or attempted data transfer) to 
an alternate t,..ck results in an error code IC hex, and no 
data transfer tak es place. 

• 
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2. 12. 1S WRITE SECTOR BUFFER Command 

This command is used to ~ill the sector bu~~er with a host given data 
pattern. No t'rans~e,. of data takes place between the d,.ive and the 
cont,.olle,. The command accepts 256 01' 512 bytes (depending on sector 
size Jumpe'r) o~ data. and sto,.es" it in the sector buffer. The byt~ 
definitions are as follo~s: 

B 
~ 
t +-----------------------BIT NUMBER----------------------+ 
• 1 7 I Bit 61 Bit 51 Bit 41 Sit 31 Bit 21 Sit 11 Sit 01 

+-V-+--==--+=----=+===-==+-=====+===--=+=-====+======+=====-+ 
1010 0 0 0 1 1 1 1 
+---+------+------+------+------+------+------+------+------+ 
I 1 lunu.edlunusedlunusedlunu.edlunusedlunusedlunusedlunusedl 
+---+------+----+-------+0---+----+----+--........ ----+ 
I 2 lunusedlunu.edlunu.edlunusedlunusedlunusedlunusedlunused: 
+---+-----+----+---+----+---+------+-----+------+ 
1 3 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+-----+----+-----+-----~----+---+--- ........ ----+ 
I 4 lunusedlunusedlunus.dlunusedlunusedlunusedlunusedlunusedl 
+---+---+---+-----+-----+----+------+----+----+ 
I 5 lunusedlunu.edlunu •• dlunus.dlunusedlunusedlunusedlunusedl 

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

2. 12. 19 READ SECTOR BUFFER Command 

This command .ends 256 0,. 512 bVtes of data (depending on secto,. siz~ 
Jumpe'r) to the CPU from the secto,. buff.,.. "The byte definitions a,.e 
AS follo~s: 

B 
V 
t +---------------------BIT NUMBER----------------------+ 
e I 7 I Bit 61 Bit 51 Bit 41 Bit 31 Bit 21 Bit 11 Bit 0: 

+-V-+-~+=-----+----==+-==-==+======+======+======+==-===+ 
1010 0 0 1 0 0 0 0 
+---+------+------+---~--+------+------+------+------+------+ 
I 1 lunusedlunu.edlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+------+~---+------+------+------+------+------+------+ 

I 2 lunusedlunusedlunusedlunu.edlunusedlunusedlunusedlunused: 
+---+------+------+------+------+------+------+------+------+ 
I 3 lunusedlunusedlunu.edlunusedlunusedlunusedlunusedlunused: 
+---+------+------+------+------+------+------+------+------+ 
I 4 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunused: 
+---+------+------+------+------+------+------+------+------+ 
I 5 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
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• 
2. 12. 20 RAM DIAGNOSTICS Command 

This command performs a data pattern test on the RAM bUffer. The 
b~te definitions are as follows: 

B 
~ 
t +-----------------------BIT NUMBER----------------------+ 
e 7 I Bit 61 Bit 51 Bit 41 Bit 31 Bit 21 Bit 11 Bit 01 

+-V~+-=====+======+======+======+======+======+======+======+ 
1011 1 1 0 0 O' 0 0 
+---+------+------+------+------+------+------+------+------+ 
I 1 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 2 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 3 lunusedlunusedlunusedlunused:unusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 4 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedt 
+---+------+------+------+------+------+------+------+------+ 
I 5 lunusedlunused:unusedlunusedlunusedlunusedlunusedlunusedt 
+---+------+------+------+------+------+------+------+------+ 

2.12.21 DRIVE DIAGNOSTICS Command 

This command tests both the drive and the drive-to-controller 
interface. The controller sends recalibrate and seek commands to the 
selected drive and verifies sector 0 of all the tracks on the disk. 
The controller does not perform any write operations during the 
command; it is assumed that the disk has been previousl~ formatted. 
The bVte definitions for the command are as follows: 

B 
IJ 
t +-----------------------BIT NUMBER----------------------+ 
e I 7 I Bit 61 Bit 51 Bit 4: Bit 31 Bit 21 Bit 11 Bit 01 

+-v-+=--===+-==-==+======+======+======+====--+======+======+ 
101111 1 0 0 0 1 1 
+---+------+------+------+------+------+------+------+------+ 
I 1 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedt 
+---+------+------+------+------+------+------+------+------+ 
1 2 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 3 lunusedlunusedlunusedlunusedlunusedlunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
14 lunusedlunusedlunusedlunusedlunused lunusedlunusedlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 5 I RETRY? I 0 0 0 ISTEP 31STEP 21STEP 11STEP 01 
+---+------+------+------+------+------+------+------+------+ 
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2. 12. 22 CONTROLLER INTERNAL DIAGNOSTICS Command 

This command causes the .:ontroller to per90rm a sel~-test. The 
controller checks its inte~nal processor, data bu~fters, ECC 
circuitrl:l' and the checksum oft the p~og~am memor~. The controller 
does not access the disk drive. The b~te de~initions are as ftollows: 

B 

" t +-----------------·-31T NUMBER-----------------+ 
.: 7 I Bit 61 Bit 51 Bit 41 Bit 3: Bit 21 Bit 11 Bit 01 

+-V-+--=~+=-=-~+=---==+====-=+======+=-=---+-====-+=====-+ 
: 0 : 1 1 1 o o 1 o o 
+---+------+---~--+------+------+------+------+------+------+ 

I 1 lunusedlunusedlunusedlunus.dlunusedlunus.dlunusedlunusedl 
+---+---~-+------+------+------+------+~---+------+------+ 

I 2 lunusedlunusedlunusedlunus.dlunusedlunusedlunus.dlunusedl 
+---+------+------+------+------+------+------+------+------+ 
I 3 lunusedlunus.dlunusedlunusedlunusedlunusedlunusedlunusedt 
+---+------+------+------+------+------+------+------+------+ 
I 4 lunusedlunusedlunusedlunus.dlunusedlunusedlunus.dlunusedl 
+---+---+--+---+----+-----+---+---+----+ 
I 5 lunus.dlunus.dlunu •• dlunus.dlunus.dlunus.dlunu •• dlunusedl 
+---+------+------+~--+------+------+------+-~---+------+ 

2.12.23 READ LONQ Comm.nd 

This command transgers the target sector and ~our b"tes o~ data ECC 
to the CPU. 1~ an ECC e,.ror occurs during the read, the cont1'"olie~ 
does nat attempt to c01'"rect the data ftield.· This com ..... nd is useful 
in ~.cov.1'"ing d.ta 'rom a .ecto1'" that contains an unco1'"1'"ectable ECC 
.1'"ror. It is .lso useful during di.gnostic operations. The b"te 
de'initions .re •• ~ollows: 

B 
y+-----+-----+-B I T N U M B E R -+------+------+------+ 
tl 7 I 6 I 5 4 3 2 1 0 

+e+-·~--+-=---==+---=-==+=-=-===+=====-=+=======+=======+=======+ 
: 0: 1 1 1 o o 1 o 1 
+-+-------+-------+-------+------~+-------+---------+-----+-------+ 
111 o o IDRIVE HIGH ADDRESS (see note)1 
+-+-------+-------+-------+-------+-------+-------+-------+-------+ 
t 21 MIDDLE ADDRESS (see note) I 
+-+------+------+--------+------+------+------+------+------+ 
: 3: LOW ADDRESS (see nate): 
+-+-------+-------+------+-------+-------+-------+-------+-------+ 
: 41 BLOCK COUNT (see nate): 
+-+-------+-------+-------+-------+-------+-------+-------+------+ 
:51 RETRY?: 0 0 0: STEP 3: STEP 2: STEP 1: STEP 0: 
+-+-------+------+-------~-------+-------+-------+-------+-------+ 

NOTE: Re-P.1'" to pal'ag1'"aph ~_ 12.5. o. "Logical Address". 
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2. 1~,24 WRITE LONe Command 

This command t~ansfe~s a secto~ of data and fou~ appended ECC bytes 
to th e dis k d~ i ve. Du~i n 9 this wri t,. op.~ilti on, the c:emp uter 
supplies the fou~ ECC b~tes instead of the usual nardware- generated 
ECC bytes. This c:ommand is useful only for diilgnestic:. operations. 
The but. definitions .~. as follows: 

B 
V+----+---+-B I T N U M B E R -+------+----+-----+ 

43210 tl 7 b 5 

: 0: 1 1 1 o o 1 1 o 
+-+-------+-------+-------+------+-------+---------+-----+-------+ 
11: o o IDRlVE HIGH ADDRESS (see note): 
+-+------+-----+-----+------+-----+-------+----~----+ 

121 MIDDL.E ADDRESS (see note) I 
+-+-----+-~-+-----+------+------+----+-----+----+ 

131 LOW ADDRESS (see note) I 
+-+-----+----+---+----+-----+-----+-----+-----+ 
141 BLoet( COLNr 
+-+-------+----+-----+----+------+-----+------+-----+ 
151 RETRY? I o o o : STEP 3: STEP 2: STEP 11 STEP 0 I 
+-+-------+---+-----+---+-----+-----+------+-------+ 
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2.12.25.1 Execution 041 Diagnostics. Since all of the diagnostics 
al"e nat executed b~ the computer on power-up, it is suggested that 
the~ be called b~ the CPU in the 4Iollowing order: 

1. CONTROLLER INTERNAL DIAGNOSTICS (Command code E4>' This 
diagnostic tests all the logical and decision-making 
capabilitv of the controller as well a. the program memor~ 
checksum and the errol" detection and correction circuits 
(ECC). Execution of this diagnostic ensures that the 
contl"olle1" cen communicate ~ith the computel". 

2. RAM DIAONOSTICS (Command code EO). This command veri4lies 
that th ••• ctOl" buffer i. opel"ational bV writing, l"eading, 
and vel"il~ing various data pattel"ns to and fl"om all 
1 ocetions. 

3. If the pal"ametel"s of the connected drives al"e different 
than the default pal"amete1"s, the ne.., configul"ation must be 
.ent to the controller using the INITIALIZE DRIVE 
CHARACTERISTICS (Command code eC) befol"e the DRIVE 
DlAONOSTIC co--.nd is executed. 

4. aelol"e the DRIVE DIAGI\I]STICS is executed, the computel" 
should continuously issue a TEST DRIVE READY command 
(Command code 00) to the controller with the appl"opl"iate 
tj .. -out until the d1"iva becomes l"ead~. 

5. DRIVE DIAONlSTIC (Command coda E3>' This diagnostic issuas 
a RECALIBRATE to the di'sk d1"ive and tl1.n steps though all 
tracks va1"ifving the ECC on the identi4lie1" fields of the 
fi,.st seetol" of each tl-aclt. If this diagnostic passes, it 
impli •• that th. disk has bean fOl"m.tted and that the fil"st 
ID field of each tl"ac It is good. 

" • 
2.12.25.2 El"l"ol" COl"l"ection Philosoph..,. Since the t'lpical el"1"Ol"
cOl"l"ection time of the cont1"011el" is approximatel.., SO ms and g1" •• te1" 
than the time fol" one l"evalution of the disk, the .ecto1" in el"r01" is 
option.IIv l"e-read (if bit 6 i. not set in byte 5 of the READ command 
DeS) on the next 'revolution dU'ring a Read command. In most cases, 
the e'rl"Ol" is soft and does not l"eappeal" on the 're-read. This initial 
1"e-'read of the failing secto,. is ove,. and above the ,..1:1"'1 count 
pas.ed in the DCB (bit 7, byte 5). 

The 'retl"'1 count on e1""o'rs is p,.e.et to 4 blJ the (ont1"oller each time 
a sector has been read successfully. On a multiple-sector trans~e1" 
if an uncG'rrect.ble .~~o~ was detscted but subs.qu.ntl~ ~ound to be 
cOl"rectable an a r.tr~, the retr~ count is reset to 4 befo1"e the next 

\. sector is read '~om the disk, 
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2.12.25.3 SectoT' Field De;cription. The format of the sector' 
configuration is given and the information fields in those sectors 
~re identiFied in the follo~ing listing: 

NUMBER OF FIELD 
FIELD BYTES DESCRIPTION 

AM 4 Address mark 
QAP1 9 Zero bvt e gap 
SYNC 1 ID svnc bVte 
OAP2 2 1D Zel"D bVte gap 
COM 1 ID tompaT'e bvte 
CVLH 1 Cvlinder high (MSB) 
CVll 1 C"lindeT' lo~ (lSa) 
I€AD 1 Head numbel" 
SEC 1 Sector numbel" 
FLAO 1 Flag bvte 
ZER 1 ZeT'o bVte 
ECC 4 ID ECC bVte. 
OAP3 16 ZeT'o bvte gap 
SVNC2 1 Data field svnc bV te 
OAP4 2 Data field zel"O bV te gilp 
DATA 512 D.ta field 
ECC2 4 Data field ECC bVte. 
QAP5 43 Inter-record ze,.o gap 

The tl"ack lavout faT' the 512 b~tes/sector, 17 sectors/t,.ack is given 
in Table 2-30. 
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Table 2-30 512-Bytes-Per-Sector Format 

MSB LSD 
+------------------BIT NUMBER-------------------+ 

B VTE 7 6 5 4 3 2 1 0 
========+=====+=====+=====+=====+=====+=====+=====+=====+ 

1-4 ADDRESS MARK 
--------+-----+-----+-----+-----+-----+-----+-----+-----+ 

5-13 o o o o o o o o 
--------+-----+-----+-----+-----+-----+-----+-----+-----+ 

14 ID SYNC BYTE 
--------+-----+-----+-----+-----+-----+-----+-----+-----+ 

15-16 0 0 0 0 0 I 0 0 0 
--------+----+-----+---_.+-----+-----+----+----+----+ 

17 ID COMPARE BYTE I 
I 

--------+-----+----+-----+-----+----+-----+-----+-----+ 
1S CYLINDER NUMBER ( MSB ) 

-------+-----+-----+----+----+-----+-----+----+-----+ 
19 CYLINDER NUMBER ( LSD ) 

----+--+-----+---+----+---+----+-----+-----+ 
20 HEAD NUMBER 

-------+-----+-----+----+----+-----+-----+-----+-----+ 
21 SECTOR NUMBER 

--------+-----+-----+-----+-----+----~+-----+----+-----+ 
FLAG BVTE 

--------+-----+-----+-----+-----+-----+-----+-----+-----+ 
23 o o o o o o o o 

--------+-----+-----+-----+-----+-----+----+-----+-----+ 
24-27 I ID ERROR CORRECTION CODE BYTES 

--------+-----+-----+-----+-----+-----+-----+-----+-----+ 
28-43 I 0 0 I 0 0 I 0 0 0 0 

--------+-----+-----+-----+-----+-----+-----+-----+-----+ 
44 DATA FIELD SYNC BYTE 

--------+-----+-----+-----+-----+-----+-----+-----+-----+ 
45-46 I 0 o o o o o o o 

--------+-----+-----+-----+-----+-----+-----+----+-----+ 
47-558 I 512 BYTES DATA 

--------+-----+-----+-----+-----+-----+-----+-----+-----+ 
559-562 I . DATA FIELD ERROR CORRECTION CODE BYTES 
--------+-----+-----+-----+-----+-----+-----+-----+-----+ 
563-605 I 0 o o o o o o o 
--------+-----+-----+-----+-----+-----+-----+-----+-----+ 
Track Capacit~ = 10416 

10285 = 17 sectors o~ 605 bytes/sector 
+131 = Speed tolerance gap 

10416 

605 bytes/sector including 1D and overhead 

HARDWARE 
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2.12.26 Specifications - Cont~oller Board 

The Wincheste~ controller board specifications are given in Table 2-
31 

Tabl. 2-31 Winchester Controller Board Specifications 

DPERATINO STDRAOE 

o 0 0 0 o 0 0 0 
TemperatUT"e 10 CC32 F) to 40 CC131 F) -10 CC-40 F) to 60 C(167 F) 

Relative Humidit~ 
o 

(@ 40 F 
wet bul b t.mp., 

no c ondenut ion) 

Altitude 

Va...TACE 

+5.0 Vdc 

-12.0 Vdc 

Texas Inst~uments 

lOX to 90% 10% to 90% 

Me.n sea level to 
10 000 f.et 

Mean sea level to 
45 000 feet 

RANCE 

4.75 to 5.25 Vdc 

-10.B to -13.2 Vdc 

2-112 

CURRENT 

2.5 A maximum 
2.0 A tvpical 

66. 0 mA max imum 
48. 0 mA tvp ical 
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Thi. pa~ag~aph .pecifies the elect~ical inte~face requirements for 
the 5 1/4-inch Wincheste~ disk d~iv •. 

All Winchest_~ controller boa~ds shall use header assemblies 
inte~changable ~ith the AMP type 87~15-7 ~o~ the 20-pin connectors ( 
to J2/P2 ), and t,pe 1-87215-7 for the 34-pin connector ( to JI/Pl ). 
The connector l • .,out is sho.n in Figure 2-18. 

---------------+ WINCHESTER 
CONTROLLER 

BOARD 

--..-.---' 
AMP heade,. [ 
a •• emb 1'1 [ 
t,pe 87215-7 C 
or eq,u ivalent [ 

C 
[ 

C 

[ 
AMP he.de~ C 
••• emb 1'1 C 
tlj pe 1-87215-7 C 
or _q,uivalent t 

C 
C 
C 
C 

+--+ 
Ribbon cable to 

Winchester drive 

AMP * * AMP 
receptacl_ * * ribbon 
c onnec tor * * connector 
tljpe * * tvp .. 
98377-4 * * 88373-6 
or eq,u i v. * * o~ equiv. 

+--+ 

P:! 

-=--==---* ••• =-_ ...... 
+--+ 

+--+ 

Rib bon cab Ie to 
Winchester drive 

AMP * * AMP 
receptacle * * ribbon 
connec tor • * connector 
t,pe * * t,pe 
88377-6 * * 88373-3 
or equiv. • * or eq,uiv. 

34-pin ribbon cable 

+--+ 

+--+ 

P1 

+--+ 

+---------

+-+ 

+-+ 

Wine hest.~ 
disle drive 

J2 

- J1 

+-+ 

----------------+ +-----------
Figure 2-18 Control and Data Cabling 
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2. 13 CLOCK AND ANALOG INTERFACE BOARD 

This subsection d.sc~ib.s the operations of the clack and analog 
interface boa~d. This board contains logic for inteT'facing a light 
pen to the compute~ s~stem and a ROM, which is p~ogrammed with the 
driver routines faT' the boa~d. 

2. 13. i Desc~iption 

The board is composed of thT'ee separate and distinct sections: Tha 
analog input section, the real-time clack section. and the light pen 
section. The sijstem black diagram is sho"," in Figure 2-19. and the 
timing diagram in Figu~. 2-20. 
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1~~HNl~AL H~~CHENCE HARDWARE 

2.13.2 Analog Input 

The analog input converter section is basically designed as a game 
controller. Allowable game controller conliguratlons include one or 
tldO JOl:lsticks. up to lour paddle controllers, and up to .pour 
switches. The slditches SW1-SW4 are semi-debounced by the simpl~ 
resistance-capacitance (Re) circuit consisting o.p a O.047-uF 
capacitor to ground and a l-kohm ~esistor to +5 V. The switch signal 
is 9ad into the status latch along with an end 09 conversion CEOC) 
signal from th'e analog to digital converter (ADC) and the low battery 
signal from the clack section. The outputs ail the status latch U8 
are tri-stable. The (tri-stated) outputs are allowed to .pollow the 
inputs until the latch is selected by an access to location COH. The 
latches a~e continued in a high-impedance state until the 1/0 read 
signal is asserted. This prevents the contents oOP the latch .pram 
being gated onto the bus during a memory cycle. The latch also 
contains a bit indicating the state of the light pen inta~rupt signal 
and a bit indicating the state of the tip switch an the light pen. 

The ADC used is an eight input channel ADCOeOe. This part can 
multiplex eight analog input signals into one selected digital output 
signal. The analog channel is sele'cted by a ~ite into location C9H
CFH. This write .lso generates the timing req,uired to run the 
ADCoeoe. First, the inverted falling edge o.p the AIOWC- signal (near 
the start of the c~cle) clocks the state of the ADCSEL- signal to the 
Q- output of I.17A. The~efo~e, the ADCSEL- signal goes high onll. 
du ... ing a write to a location in the ADCSE.- address space. Thi s 
.ignal is used to g.n .... at. ALE to the ADC0808. This sign.l is als( 
tied ta the D input af U7B. This is clacked through abaut 100 m!> 
lat.r an the nert falling .dge af PCLs( from the slJstem bus. Th:::' 
signal g.nerated by U7B is the START signal for the ADC080a Both 
U7A and U7B are s.t ta a laid output on the ~irst high clack a~te' 
AIOWC- ga.s inactive. 

From this point an, the conve ... sian is automatic. It takes less than 
70 us to camplet. the conve ... sion, at which time the EOC signal is 
raised. The state af this signal can be monitored by reading the 
status latch ·US. 

NOTE 

The EOC signal should not be conside~ed valid 
until 4 us .,t .... the write to the ADC0809. The 
EOe signal is narmally high, an~ does not go low 
until that length af time after receiving the 
canvert cammand. Once the convers ian is ind eed 
complet., the data can be read from locati an C8H. 

To initialire the analog to digital conversion from the four analog 
inputs, write ta the locations indicated .par the cor~esponding analoQ 
inpu t c h anne 1. 
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Channel 0 (X 1). Wri te to C8H 
Ch~nnel 1 (Yi): Write to C9H. 
Channel 2 (X2): Write to CAH. 
Channel :3 (Y2): Write to CBH. 

For extTa flexibility, the switch inputs ~re also connected to the 
inputs . of the ADC. This means anothe,.. fou,.. analog channels are 
~vailable to the user if the switches are not present. (Although the 
switch state can be read by converting the proper channel, this 
techni'lue takes much longer than ,..eading the status latch.) The 
conversion addresses for the switch input lines a,..e as follows: 

I.' 

Channel 4 (S,",4) : Write to CCH. 
Channel 5 (8W:3) : Write to CDH. 
Channel 0 (8'"'2) : Write to CEH. 
Channel 7 (8'"'1) : WT'i te to CFH. 

The ADC is used for two different tvpes of conversion. Channels O. 
1, 2, and 3 are used as current-sensing converters. U25 converts a 
current input level to a voltage output, which is fed to the inputs 
of the ADC. Channel s 4, 5, 0, and 7 are use d as straigh t va 1 tag e ') 
inputs. Therefore, the user has a choice of analog cUTrent inputs or 
analog voltage inputs. Host Joysticks are set up as current-
controlling devices. Switches are both voltage- and current-
controll ing devices. 

2.13.3 Clock 

The most complex section is that used to control the clock, Ul4. Due 
to speed limitations. this part must be set up in a series of steps. 
The parameters used to set up the clock are stored in latch UlO. U10 
is located at 1/0 space DOH. Data to be written to the clock is 
stored in latch U1i. U11 is located at liD space DBH. The following 
examples help explain the operations involved. 

2. 13.3. 1 Op erat ion. 
internal registers: 

To write data to anyone of the clock's 

1. Write the byte 1X to location DOH. This raises the HOLD 
line and leaves the rest of the control lines low. The 
bottom four bits of this control word contain the specific 
add,..ess within the clock. The clock set-up addresses are 
given in Table 2-32. 
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Table 2-32 Clock Set-Up Addresses 

Address 

10 
xi 
12 
13 
14 
15 

16 
17 
IS 

19 
xA 
IS 
IC 

Reg i s t@r 

51 
S10 
Mil 
MilO 
H1 
Hl0 

W 
01 
010 

Mol 
1'1010 
V1 
V10 

Meolning 

Units o~ seconds 
Tens o~ seconds 
Units o~ Minutes 
Tens o~ minu tes 
Units o~ haul's 
Tens o~ haul' s 

d2=1 for PM, d2=O ~01' AM 
d3=1 ~01' 24 hl' fOl'mat 
d3=0 '01' 12 hr format 

Week . 
Units of days 
Tens o~ day s 

d2=1 '01' 29 days in month 2 
d2=O fo1' 28 days in month 2 

Uni t s 0' man ths 
Tens of mont h 5 

Units of veal'S 
Tens o~ V ea ... s 

2. W ... it. the data fa ... the data regist .... s in the clock to 
1 ocat i on DSH. 

3. Wait fol' a t I. 01 S t 150 us. T his i s t h.. MIN I MU M '01 1 1 owed set-
up time. 
C01' .... ct any 
loops). 

To ba safe, wait fo ... 'rom 200 to 250 us (to 
hidden timing p ... oblems in the so~twa ... e wait 

4. Wl'ite the' byte 3X to location DOH. Note that this X is the 
s.me as that in step 1. This byte continues the st.te of 
the address lines and the HOLD line, while l'aising the 
WRITE line to the c 10 c k. 

5. Wait fol' .t least 1 us (about twa inst1'uction cycles - try 
using two NOPs (NO OPERATION - assembly language steps) in 
the code after step 4). 

6. Write the byte 1X to location DOH. This lowers the ~ITE 
line, but keeps all other lines in the same state. 

7. Fa ... anothel' w1'ite, wait fol' 1 us (2 NaPs), lIIT'ite 1V to 
location DOH (where V is the new address), lIIT'ite the new 
data to port D8H, wait for 0.5 un (1 NOP cycle), and return 
to step 4. If this was the last write, go to step 8. 

8. Wl'ite the byte 00 to location DOH. This lowers the HOLD 
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line and completes the cv~le. 

Once set, the clock should not require resetting more than once OT' 

tllli c e a V eaT'. 

To adJust time b~ 30 seconds: 

1. Write SOH to location DOH. 

2. Wa i t foT' 32 ms. 

3. WT'ite 00 to location DOH. 

Refer to the MSMS832 data sheets for details on this feature. 

To T'ead anV T'egisteT' on the clock: 

1. WT'ite lX to location DOH. This T'aises the HOLD line. X 
indicates the addT'ess to be T'ead. RefeT' to Table 2-33. 

2. Wait at le.st 150 us. 

3. WT'ite 5X to location DOH. This maintains the HOLD line. 
and T'aises the READ line. This is the same X as that in 
I tep 1. 

S. Raad fT'om location DBH. The valid data is in the bottom 
fouT' bits of the bute T'etuT'ned. 

6. To peT'foT'm anotheT' T'ead, pick the nelll addT'ess foT' X and go 
to step 3. If this lIIas the last T'ead. lIIT'ite 00 to location 
DOH. 

It can T'eadilv be leen that the T'ead is much easieT' than the IIIrite. 
This is good. because a T'ead is peT"oT'med at least once during every 
svstem poweT'-up. 

2.13.3.2 BatteT'Y Backup. The clock is a CMOS device and has battery 
backup. The CS input on the clock is connected to Vee. The function 0' this pin is to put the clock into the powerdown mode. When th~ 
pOllleT' supply voltage goes dOllln, the CS pin is gT'ounded. This forces 
the clock into the pOllleT'down state, at which time it drallls pOlller from 
the batteT'Y BTL This 3-V lithium batteT'Y is rated at 170 
milliampeT'e-hourl CmAHL At the 10111 current levels and the given 
tvpical svstem on-times. it should provide backup power for several 
vears. The battery is a GE 2320 or equivalent. This battery fits 
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into a batte~~ holde~ on the clock and analog inte~~ace board 
Replacement batta~ies o~ this type are avail.ble at many retail 
electronics outlets. The QE batte~y is UL listed. 

NOTE 

Ca~e must be taken to ensure that the operating 
conditions speci~i~d by the battery manuracturer 
a~e lIet. Read and ~ollow the instructions 
fu~nished with the battery. 

The diode D1 is a law-voltage-drop diode used to isolate the battery 
frail the system during power-up. The circuit Gl-~ isolates the rest 
o~ the sy s tam f~oll the battery d u~i n g per iod s o~ pOlalerd own. Th is 
set-up prevents the batte~~ from being back-biased du~ing powe~-up 
and prevents it from trying to power the enti~. s~stem du~ing 
pOlilerdoliln times. 

The comparator changes state ~~om high output to low output when the 
battery voltage d~ops below 2./:' V du~ing power-up. The low batte~y 
signal is latched into the status latch and should be checked 
occasionall~ so that the operator can be flagged during low-batter~
voltage ope~ation. 

For the safety of factory pe~sonnel ilnd the end user. the lithium 
battery is not connected until afte~ the boa~d has been tested 
sufficiently to .ssu~e that no defects exist in the battery switching 
ci~cuit,.y. Once the tests are completed, a Jumpe~ is installed 
connecting ES to E9. This adds the batte~y to the ~est of the board, 
and make. the board reildy for use. 

2. 1~.4 Light Pen 

The light pen section is by far the simplest, consisting only of a 
single NOR gate and an inte~rupt latch. When the tip of the pen is 
depressed, the signal TIPSIr goes 10111. When the light detector in 
the tip of the light pen is activated by the CRT beam, the signal 
HIT- goes 10111. These signals a~e appl ied to the inputs of NOR gate 
U4A. The output of U4A is the INT signal. This signal is active 
onllj when the TIPSW- ilnd the HIT- signals aT'e bath active <low>. The 
INT signal is positive-true. The rising edge of INT is used to cloc k 
a TRUE sign.l to the output of flip-';lop U17A. This signal <INTFF) 
is used to inte~~upt t·he processo~. The interrupt is software 
slIIitchable to ba eitheT' t~i-5tated 01' active on INTS. The interrupt 
is t~i-stated bV • T'ead from I/O location C1H. The interrupt is 
turned on (allollled) blj a read from 110 location C2H. The access to 
location C1H clears 9lip-flop U17B. Accesses to location C2H set the 
flip-flop .• The output or this flip-~lop is tied to the control input. 
0# t~i- state buffer U21A. Note that allowing the inter~upt does not 

~ 
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necessarily melln making the interrupt line high. Also. the status of 
the interrupt latch may be polled by an IIcceS5 to the status latch 
The interrupt flip-flop is cleared bV a processor access to I/O 
location COH." This INT signal <clock ~o,. U17A) is also cabled to the 
connector provided on the CRT controller board for light pen signals 
by hellder pins E1 and E2. Both pins provide the INT signal. 

2. 13. 5 Connecto,.s 

On the back of the boa,.d are two connectors. a 9-pin .and .. lS-pin, D
type subminiature connector. The 9-pin connector connects the light 
pen and the is-pin connects the analog/button inputs. A pin-out of 
each connector -is given in Table 2-33 
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Table 2-33 Pin-out - Ana log InteT'~ae e 

1. 1 S-p i n. D-tl:lpe subminiature e anne c tOT' J1 

Pin Signal Pin Signa I 
------------------+------------------

1 +S V 9 +5 V 
2 SWl 10 SW3 
3 ANAl 11 ANA3 
4 QND 12 GND 
5 QND 13 ANA4 
6 ANA2 14 SW4 
7 SW2 15 +5 V 
a +5 V 

2: 9-pin. D-tl:lpe sub mini atu-r e conn.cta-r '-'2 

---~---------~-+------------------
1 OND 2 OND 
3 HIT- 4 TIPSW-
5 CHASSIS QND tJ OND 
7 +5 V B +12 V 
9 NC * 

* Not connected 

2.13.6 RCI1 

This bo.-rd cont.ins a 2K x a-bit ROM. which is pT'ag-rammed with all of 
the necessa-r .. d-rive-r -routines. The ROM can be accessed b .. the sljstem 
cont-rolle,- and p -rovi des 'the softwa,-e nee essa-r .. to d-r iva the c lac k an d 
analog input devices. This device can be replaced with a 410\ or 8IA. 
device btl cutting" and JumpeTing on the printed wiring board. The ROM 
is loc.ted at F4000H. 
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Section 3 

DEVICE SERVICE ROUTINES 

3. 1 ROM INTERFACE INFORMATION 

This section p~ovid.s the ha~dwa~e and so~twdre designer with 
information on writing sa~tware ~or compatibility with ~uture products 
and on inte~facing with the hardware 01 the Texas Instruments 
Professional Computer. The interface information includes interrupt 
vectors, s~stem memor~ m.ps, and ROM usage. The system ROM contains 
instructions for hardware device control of the principal 1/0 devices 
in the sqstem unit. 

The functions described are implemented with code in the system ROM. 
and thus are available ta all users a~ the system regardless o~ which 
disk operating .~stem (DOS) is in use. The user must be caT'e~ul, 
hawever, ta avaid causing anq con~licts with the operating sqstem's uSP 
af these same functions. 

These functions a ... e t~pically accessed thraugh the use af the 8OL;(
software interrupt .echanism. Each maJor device service routine (DSRl 
such as ke~baa ... d, displa~, and disk, has its own unique vectol 
Individual functions of a DSR are accessed by placing an "opcode" 1. 

register AH and executing an INT (inter~upt) instruction o~ the 
applicable tqpe. Thi5 scheme allows easq replacement of all or part c,; 

an" of the DBRs b~ 5impl" patching the interrupt vector to point to th '? 

us er-wri tten c ode. An e xamp Ie of this is the manner in wh i c h MS-DOS 
adds support. fa ... a serial p ... inte .... 

3.2 WRITING SOFTWARE FOR COMPATIBILITV WITH FUTURE PRODUCTS 

The software "au develap far this praduct undaubtedl" represents a 
large investment af your time and maney. Making changes and releasing 
new versions of so~tware is usually difficult and expensive, and should 
be avoided. This guide is provided ta help you in creating software 
that can be used with future hardware products of Texas Instruments. 

3.2.1 Campatibility Levels 

In order far the software to wark on mare than one hardware product, 
there must be compatibility at certain levels. The following are 
campatibility levels: 
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3.2: 1. 1 Operating System. So~twaT'e that inter4laces at the operating 
s~stem level is compatible only with products 04l other manufacturers 
using the same operating system. These products may include those of 
other manufacturers. 

3.2.1.2 System ROM Interface. Software that interfaces with the Texas 
Instruments-supplied system ROMs through the interface vectors is 
compatible with hardware products having the same 4lunctional 
characteristics. These products may differ in physical or electT'ical 
characteristics from the standard .Texas Instruments product. Programs 
compatible at this level or at the DOS level are more likely to be 
compatible with future products. 

3.2.1.3 Hardware Interface. Programs that use the hardware directly 
(for example, input or output to hardware addresses), are least likely 
to be usable in another Texas Instruments Professional Computer s~stem. 

3.2.2 Areas of Hardware Compatibility 

Texas Instruments recognizes that the system ROM interface is not 
sufficient ~or all applications. Products using the advanced 
capabilities of the hardware cannot be restricted to usage of this 
interface. The ~ollowing subsections describe the hard~re 
compatibility that can be expected in future SUbsystems or subs\lstems",) 
accessed from ROM anI". 

3.2.2.1 Alphanumeric CRT. The alphanumeric CRT is lIIell supported by 
the system ROM. It may be desirable to have the program access the 
screen directly in order to speed processing or to implement lIIindows 
or horizontal scrolling. Direct screen access to the alphanumeric CRT 
screen should be restricted to the "attribute latch" and to the actual 
memory bu~~er for' the screen located at hexadecimal address ODEOOOH 
(the "Htl represents hexadecimal>. Before using the screen directly, 
these programs should issue a Clear Screen function call to ensure that 
the hardware is set up for direct access, 

No program. IIIhile using the screen, directly, should use the ROM 
functions to put any data on the screen. Undesirable hardware 
functions can occur. 

All operations on the CUrSor should use the ROM interface calls, This 
will ensure that possible redesigning of the cursor logic does not 
prevent the program ~rom running. 
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3. ~.2. 2 Qraphics CRT. The graphics screen is not supported by the 
svstem ROMi therefore, all graphics screen runctions must go directly 
to the hardware. Note that this graphics screen size depends on the 
setting of the 50-HzlbO-Hz Jum;:;er on the system board. With the Jumper 
set to bO Hz. the resolution is 720 x 300. when the Jumper is set to 5(0 
Hz. the resolution is 720 x 350. 

To simplify modification. all routines that 
hardware should be arranged in a modular fashion, 
constants should be given symbolic names. 

access the graphics 
and hardware-specific 

Texas Instruments will endeavor to keep future graphics hardware fully 
compatible, or as a superset oil the cur1'ent ha1'dwa1'e. 

3. 2.2. 3 Di sk Subs ystem. The disk sub syst em is fu lly supp orte din th e 
system ROM, with the exception of the ability to FORMAT floppy disks. 
For nor .... l operations, direct access, to any of the disk hardware should 
not be necessarlJ. Texas Instruments will supply q,ualified softldare 
vendors with an obJect module that can be used to provide the rormat 
functi on. 

3.2.2.4 Keyboard Syste~ The keyboard system is fully Suppo1'ted in 
the system ROM. Direct access to the keyboard interface should not be
necessary for any normal operations. Future keyboard scan cades an,· 

r their translations will maintain such compatibility. 

3.2.2.5 Interrupt Controller. The interrupt controller system is use" 
by. the system ROM but is nat supported in a fashion usable by softwarl'
w1"ite1"s. In futu1"e p1"aducts, Texas Instruments will attempt to kee,' 
the same inte1"1"upt levels, usage, and hardware add1"esses f01" accessing 
the device. HOClfeve1", the constants used to access thi s hardware shaul d 
be symbolic to facilitate modification. 

3.2.2. b SIj.tem Time1"s and Speaker. The system ROMs contain vecto1's to 
alloCif inte1"ception oT the 25-ms time1" interrupts by other so~t~are. 
The ext1"a 'timeT' can nat be set up and used because it is reserved ,,"or 
use by Texas Instruments software products. 

The speake1" 01" bell is ClfeI1-suppo1"ted by the system ROM and should not 
be accessed di1"ectly . 

3. 2.2. 7 Pa1"a llel Pr inte1" Port. 
i1ully Suppo1"ted in the s~stem Rct1. 
nor .... 1 operations. 

The parallel printer port system is 
Direct access is available during 

3.2.2.8 Se1"ial Communications. The serial communications hardware is 
not directly supported by the system ROM. To ensure ~uture 
compatibility. Texas Instruments does not intend to change this 
hardware. 

3.2.2. q Analog Inter~ace. The analog inter-Pace adapter is supported 
by its ROM. Direct access to the adapter interrace hardwa1'e shoula not 
be necessary i10r normal operations. 
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3. 3 SYSTEM ROM INTERRUPT VECTOR USAQE 

The system ROM uses s.ve~.l inte~~upt vecto~ locations in the fi~st 1 
kbVte o~ memo~y. These vecto~ locations a~e used fo~ ha~dware 
inte~~uptsl inte~Iaces to the ROM f~nctionsl and ot~e~ usage .s given 
in Tabla 3-1. The vecta~s marked with an a5te~isk <*> a~e actually 
used by the ROM. The athe~ vecto~ locations cause a IIWIl.D" inte~~upt 
il vecto~ed to, ilnd the usual displilY ... ill be 11** SYSTEM ERROR ** 
1042D • Any of these vecta~s can be changed bV the disk operating 
sy stem (DOS) a~ by ap pi ic. t ion 5 so ft",are. Tab 1 e 3-1 gives vee to~ usag e 
in te~ms o~ "inte~~upt type, n ... hich is :the numbe,. used in iln INT 
in.t~uetion. The ae tual ab solute add~e5s o~ the ve cto~ can be 
calculated bV multiply-ing the inte~~upt tvpe bV 4. Fo~ example, the 
kevbo .. ~d p,.int sc~.en inte~~upt vecto~ (type 5EH) would be • doubl~ 
... o~d .. t 0: 017BH. 

NOTE 

The _"mbol .1104 11 denotes a hexadecimal value. 
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Table 3-1 System Interrupt Vector Usage 

VECTOR DESCRIPTION REFERENCE FOR DETAILS: 

00 
01 
02* 
03 
04 
05-1F 
20-3F 
40 
41 
42 
43* 
44 
45 
46* 
47* 
48* 
49* 
41\* 
49* 
4C 
4D* 
4E* 
4F* 
50* 
51* 
52* 
53* 
54* 
55-56 
57* 
58* 
59* 
5A* 
58* 
5C* 
5D* 
5E* 
5F* 

Divide-b~-zero trap 
Single-step t~ap 
Non-maskable interrupt 
B~eak (5ingle-b~te) 50~t~are interrupt 
Ove1'flo ... t,.ap 
(Reserved b~ Intel) 
(Reserved boy Micr oso~ t .par MS-DOS) 
8259 interrupt 0 
8259 inter,.upt 1 
8259 inter1'upt 2 
8259 inter~upt 3 (Timer 1) 
8259 inte,.rupt 4 
8259 inter"upt 5 
8259 inter1'upt 6 (Disk controller) 
8259 inte1'1'upt 7 (Ke~board USART) 
Speaker DSR inte~.pace 
CRT DSR inte~face 
Ke~boa1'd DSR inte,.face 
Parallel po,.t DSR interface 
Clack and analog interface board 
Disk DSR inte1'face 
Time-of-day clock DSR inte,.face 
System configuration call 
Fatal software e~~or t~ap (**> 
Restart timing event ( .. ) 
Cancel timing event c**) 
sve inte1'face subroutine C**) 
Activate task sub~outine C**) 
(Reserved for .putu~e use) (**) 
CRT mapping vector 
System timing, 25 ms (time slicing) 
Common interrupt exit vector (ROM) 
S~ stem timing, 100 ms (t i ming serv.) 
Keyboard mapping vettor 
Keyboard program pause key vector 
K.~board p,.ogram break ke~ vector 
Ke~board print screen vector 
Keyboard ~u.ueing vecto~ 

* Vecto~ actually used by ROM. 
** Texas Instruments only . 

Texas Instruments 3-5 

B089 documentation 
9089 documentation 
8088 documentation 
8088 documentation 
8088 documentation 
8088 documentation 
MS-DOS documentation 

Subsec tion 3. 5 
Sub sec tion 3.7 
Subsection 3.9 
Sub sec tion 3. 10 

Subsec tion 3.8 

Subsec tion 3. 1 

Sub sec t ian 3. 7 
Subsection 3.3.2 
Subsection 3.3.1· 
Subsection 3.3.2 
Su b se c t i on 3. 11. 15 
Subsection 3.11.15 
Subsection 3.11.15 
Su b se c t i an 3. 11. 15 
SUbsection 3.11.15 
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Table 3-1 S~stem Inte~~upt ~ector Usage (Continued) 

VECTOR DESCRIPTION 

60 System ROM DS Pointer (lSOH) 
(F400: AOOO) DS Si ze (i82H) 

61 Factorv ROM OS Pointer (184H) 
(F400: 0000) OS Si ze (186H) 

62 Option ROM OS Pointer (188H) 
(F400: 2000) OS Si ze (18AH) 

63 Option ROM DS Pointer (18CH) 
( F 400: 4000) DS S i z e ( 18EH) 

64 Option ROM DS Pointer (190H) 
(F400:6000) DS Size (192H) 

65 Option ROM DS Pointer (194H) 
(F400:8oo0) DS Size (196H) 

66 Memorv size (in paragraphs) 
Outstanding interrupt count 

(in paragraphs) 
Installed drive tvpes (bVte) 

67 Extra svstem con9iguration 
(con9ig. &&lord 1) 

* Extra system con9iguration 
(c on9ig. &IIord 2) 

EO-E3*** (Reserved by Digital 
Research for CPtM) 

* Vector ac tu.lly used bV ROM. 

REFERENCE FOR DETAILS. 

Subsec tion 3.4 
Subsection 3.4 
Subsec tion 3.4 
Subsection 3.4 
Subsection 3.4 
Sub sec tion 3.4 
Subsection 3.4 
Subsection 3.4 
Subsec tion 3. 4, 
Subsec tion 3.4 " 
Su b sec tion 3.4 
Subsec tion 3.4 
Subsection 3.5.1 

Subsec tion 3.5. 1 
Subsection 3.5.1 

Subsection 3.5.2 

Subsection 3.5.2 

CPtM documentation 

*** CPtM is a trademark 09 Digital Research Incorporated. 

NOTE: The data segment CDS) pointers associated &&lith the system 
interrupt vectors are explained in subsection 3.4, 
"Svstem ROM Usage of RAM. II 

3.3.1 Common Interrupt Exit·Vector 

All interrupt service routines in the ROM and Texas Instruments 
Applications programs u.. this common exit bV executing a long Jump 
(LONG .JMP) to the rout i ne pointed to blJ thi 5 ve ctor. Th i s ro utin e 
restores the stack and commonly used registers, decrements the 
outstanding interrupt counter, sends the EOI command to the interrupt 
controller, and returns to the interrupted code &&lith an IRE~ Thi$ 
routine is normaliv in ROM, but a real-time ope~ating system (OS) can 
patCh it 50 that all interrupt 5e~vice routines exit through the 
operating system. Since the interrupt st~ucture is complex (due to 
interaction betlileen the shared interrupts and the requirement for a 
common exit point), the potential user should contact Texas Instruments 
prior to installing an interrupt service routine. 
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Since all interrupt service routines (ISR) have limited internai 
stacks, no ISR is allowed to use more than ~our levels (8 bytes) of 
stack. Three levels are required b~ the interrupt itsel'. which pushes 
th e CS, IP, an d Fl ags. Th e ~o urth allowed level is us ed to push th E' 

users OS. after which 95: SF is changed to an internal stack. For this 
reason, any limited-size stacks must always leave at least ~our levels 
~ree (i~ interrupts are enabled> to accommodate a possible interrupt. 

3.3.2 Timer Interrupts 

The s'lstem timer IlticksU ever" 25 185. The ISR for this timer is 
located in the ROM, and it processes events such as disk motor time
outs and d.te/time-Iceeping. At t'-lO points during this interrupt 
service routine. solt'-lare interrupts are performed to allow the user to 
access the timing services. One interrupt occurs every count (ever~ 25 
Ifts). and the other occurs every lour counts (100-ms intervals). 
NorllWllly, these interrupt vectors point to an IRET instruction in the 
ROM. The user can patch one or both of the vectors to point to his own 
routines. Thesa routines ilre Iree to use the AX, BX, OJ, and ES 
re 9 isters, bu t th e" must pres el"ve iln" oth eor reg i s tel'S use d. The stac k 
used is the internal stack o~ the timer interrupt service routine and 
it is .limit,ed in depth. If the user does not l".-enable interl"upts (the 
INT instruction disabled them), there are eight levels (16 b'Jtes) o~· 
stack aVililable. II the interrupts are re-enabled, the user has onlt) 
lour levels (8 bytes) available. I~ more stack size is req,uired. th!:' 
user can switch to an internal sta,ck of the req,uired size (plus eight 
bytes to .llow for higher pr~orit" interrupts). 

It must be remembered that an" routines installed in this mannel" are 
executing ilt the interrupt level, and interrupts must not be disabled 
for an'J leng th of time. An" unneces silr" time sp ent in these rou tine s 
will directly affect 5'Jstem efficiency. Further, the user must 
comprehend the cilse in which some other mechanism (such as a timing 
avant in the handler or "routine" in the operating system) has patched 
the timing vactors and installed its own routines. Instead o~ ending 
the routine with an IRET instruction, a long Jump should be made to the 
o~iginal vector add~ess (the o~iginal vecto~ must be saved when the 
user ~outine is install"d. ) 

3. 4 SYSTEM ROM USAGE OF RAM 

The two (8K) ROM sockets on the s~stem unit board are addressed at 
absolute addresses FCOOOH (aptian) and FEOOOH (main). Because tne ROM 
code is linked such that its code segment is F400H, the ~irst location 
of the s'Jstem ROM can be described in segment:o~~set notation as 
F400:AOOOH. This code segment was chosen so that othel" ROMs can be 
addressed with the same code segment as the s'Jstem ROM. and thus, the I,! 
can access the ROM routines as /\EAR instead of FAR. This feature Uloul d 
t~picall~ be used onl~ by an option ROM program that uses more than one 
ROM. It should not be used to access system ROM routines, since 
possible version changes in the ROMs could cause incompatibilitu 
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p~oblems. The ROM code defines a total o~ six possible ROM locations -; 
an e-kbyte bounda~ie5, ... hich aT-e given in Table 3-2. The last two ar~ 
the sldstem unit boa~d 50cketsi the otheT"s aT"e- on option boaT'ds F'OT 

example, the Wincheste~ disk cont~oller has its own ROM. 

Table 3-2 ROM Locations 

ABSOLUTE 
ADDRESS 

F4000H 
F6000H 
FBOOOH 
FAOOOH 
FCOOOH 
FEOOOH 

CODE 
SEQMENT 

F400:0000H 
F400:2000H 
F400:4000H 
F400:6000H 
F400:8000H 
F400: AOOOH 

COMMENTS 

Reserved fo~ factorv use 

Option ROM socket on svstem unit boa~d 
Svstem ROM s~cket on svstem unit board 

Each ROM has • sepa~ate RAM data a~ea assi gned to it. These data a~eas 
"float" and ma" be accessed bid the ~ointe~s/sizes located in the 
inte~~upt vecto~ a~ea (the fi~st 1 kbvtes of memory described 
p~eviouslV >. The~efo~e, the ROM does not need 41 dedicated area in RAM. 
The data area can be moved bV copving a data area and updating the 
pointe~. The ROM neve~ sees the change, since each ROM accesses its 
data a~ea5 acco~ding to the pointe,.s. Because the pointe~s and data 
a,.eas a,.e initialized at boot time bV the ROM5 them5elves, in a base "\ 
."ste", ani" the .vste", ROM data area pointe~ is used. Most application 
p~og~ams do not ,.equire this info~mation, ... hich is prima,.ilv used by 
the ope~ating svstem. Contact Texas Instruments fo~ additional 
info~mation if \IOU need to use a ROM or move the ROMs' data areas. 

In the cu,.rent implementation, 
bvtes located at 40:0000H. 
final location at 120:0000H. 

the svstem ROM data a~ea is about 400 
This is moved at MS-DOS boot time to its 

3. 5 SYSTEM CONFIQURATION FUNCTION CALLS 

This SUbsection d.sc~ibes the system configu~ation function calls. 
The,.e a~e t ... o .epa~ate tvpes of con~igu~ation in~o~mation. 

The first t"pe is .asily accessed and ,.eturns most of the in~ormation 
~equi~ed for ",ost appl ications programs. The second type is addit iona 1 
info~mation usable fo~ svstems p~ogra",s and routines. The~e .re two 
methods for accessing each type of information. 

* Function calls that retu~n the in~ormation in a ,.egister. 

* Function cal15 that ~etu~n the add~ess of the information. 
This method is intended for use at the system level for 
changing the configuration of devices set by soft ... are. 
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~~ 3.5. 1 S~stem Configu~~tion Function 

r~ 

This 'unction 
sv_tem options. 

is used to dete~mine the installation status of certain 
It is invoked by executing an INT 4FH instTuction. 

Upon ~etu~n, ~egiste~ BX contains the size of contiguous RAM (starting 
~t OOOOOH) in pa~agTaphs (16-byte blocks). A 128-icbyt~ syst~m, f:or 
example. would ~etu~n 2000H in BX. 

Regist.~ AX contains the svstem configu~ation wOTd. which reflects the 
installation status of va~ious system options. The bits o~ the WOT!: 

a~e defined as given in Table 3-3. 

Table 3-3 System Configuration Word-Bit Definition 

ill 

0-
1 
2 
3 
4 
5 
6 
1 

e 
9 

10 
11 

.12 
13 
14 
15 

DEFINITI(J\f 

Diskette d~ive 0 (inte~nal) installed 
Diskette d~ive 1 (inte~nal) installed 
Diskette d~ive 2 (exteTnal) installed 
Diskette d~ive 3 (ext.~nal) installed 
E1-£2 Jumper <indicates Drive A is double-sided> 
£3-E4 Jumper (indicates Drive A has 96 tpi) 
E5-£6 Jumper Cindicates a 50-Hz s~stem) 
Wincheste~ disk cont~olle~ installed 

Serial Port 1 installed 
Se~ial Po~t 2 installed 
Se~ial Po~t 3 installed 
Se~ial Po~t 4 installed 
Qraphics RAM bank A installed 
Qraphics RAM bank B installed 
Qraphics RAM bank C installed 
Clock/analog board installed 

* Bit 0 is the least-significant bit, and a statement 
is t~ue if its co~~esponding bit is a 1. 

3.5.2 Extra System Configu~ation Function 

This function is used to determine the installation status of system 
'options not covered in the standa~d system con'iguration call. Whereas 
the standard svstem con'iguration call returns a word containing the 
information necessar" for most applications, the extra sl,Istem 
configuration function is used primarily for systems pTogTamming 
ap p lications. 

The extra system configuration function is invoked by placing ~ OBH in 
register AH and executing an INTerrupt 48H. Upon return, register AL 
contains the d~ive ~pe b.,te (AH is unde'ined>. BX contai-ns extra 
system canfigu~ation word 1, and CX contains extra system configuration 
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wo~d 2. The bit5 of extra s~stem configuration wo~d 1 are defined in ~ 
Table 3-4. 

Table 3-4 Extra S~stem Con~iguration Word 1 <BX) 

BIT PEFINITION 

0* 
1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 

8087 Nume~ic Cop~ocesso~ is installed 
\ 

> RESERVED 

I 

> RESERVED 

I 

* Bit 0 is the least-signi~icant bit, and a .tatement 
is t~ue i~ its corresponding bit is a 1. 

Word 2 (in eX) is currently unde~ined# but i. reserved 'or later 
ex pan5 ion. 

• 

• 
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The d~ive-t~pe byte de~ines the types of the installed diskette drives 
This in"ormation, combined with the "installed drive ll vector in the 
standard system configuration word, yields complete i~~ormation about 
th e drives in the sys tem. At pOllle~-u p, the drive A d efin i ti on Jumper s 
(El - E2 and E3 - E4) are read, This in~o~mation is returned as a two
bit value. Register AL contail's the two-b it con~iguration code ;01" all 
"our o~ the diskette d~ives, The drive byte (in AL) looks like this: 

+-----+-----+-----+-----+-----+-----+-----+-----+ 
7654321 0 

+--------+---"------+--------+--------+ 
D~ive D D~ive C 

+----------+---------+-----------+-----------+ 
Each tlilo-bit ~ield is defined as ~ollollls: 

o 
o 
1 
1 

o 
1 
o 
1 

Sing 1 e-s i d ed 
Doub 1 e-si ded 
Sing 1 e-s i d ed 
Doub 1 e-si ded 

40 trac k 
40 t~ac k 
80 trac k 
SO t~ac k 

Th e op e~at ing 5IJstem uses th i s d~ i ve byte to p ~operly fo~mat. cop y, an '.: 
use diskette 'iles. It is possible to mix d~ive t~pes in one systen, 
('o~ example, one single-sided and one double-sided drive) by settinj 
the d~ive-type bllte lIIith the pertinent info~lI.tion; but, this is NO "1 

recommended. I'tiled-d~ive type slJstems are con'using to ..,o~k with, an~i 
us.~s 'r.~uently find the w~ong diskettes insert.d, often lIIith dat.~ 
lost. 

3.5.3 Get Pointe~ to System Con'iguration 

This 4Iunction is invoked by placing a 09H in' register AH and executing 
an INTerrupt 48H. On return, ES contains the segment, and ax contair,~' 
the offset of the standard system configuration lIIord (herea;ter, the 
notation for this is ES:BXL This 'unction is intended to be used by 
system soft..,a~e, IIIhich has a need to change the configuration 
information. Although an application prog~am may access the 
info~mation in this manner, the con~iguration must not be changed. 
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3.5.4 Get Pointer to Extra Svstem Configuration 

This function is invoked bU placing a OAH in ~egi5te~ AH and executing 
an INTerrupt 4SH. On return, ES: BX p Dints to the ext~a system 
configuration information, formatted as rollows: 

ES: [BX-3J-Cword) Size of memorv in 16 byte-blocks 
ES:[BX+OJ-CbVte) Drive-tvpe byte 
ES: [BX+1J-(word) Extra system configu~ation word 1 
ES: [BX+3J-(word) Extra system configu~ation word 2 

This function is intended to be used by system software that has a need 
to change the configuration information. Although the an applicatiDn 
program can access the information in this manner. the configuT'ation 
must not be changed. 

3. 6 GENERAL-PURPOSE ROM FUNCTIONS 

The following paragT'aphs describe the use of some general-pu~pose 
functions, summarize the ROM interface interrupts, and explain ROM's 
usage of RAM. 

3.6.1 Del a.., 

This function causes a delav, in milliseconds, of the value placed in 
register CX. To invoke the function. place the delal:! value in CS. 05H 
in AH. and execute an INT 48H. The delay is onllJ approximate and may 
be used wheT'ever a rough softwaT'e delau is T'equiT'ed. All registe~s 
except CX are preserved. 

3.6.2 CRC Calculation 

This function calculates the cvclic redundanc.., check (CRC-16) value for 
a specified block of memorv_ It is invoked bV placing the address of 
the memor" block in ES:BX. the size Or the block in BP. and the value 
06H in AH. then executing an INT 48H. On return. OX contains the CRe 
value; if DX-OOOO. the Z-flag 'is set. For memoT'Y blocks that folloUJ 
the convention of the CRC being the last word in the block. this 
routine allows easy CRC checking. First. the CRC' of the memory bloc i< 
is calculated. with the size of the block set to 2 less th4ln the actual 
size. The CRC ... o~d is then written to the last word of the block, 
Subsequently. the CRC of this block may be checked by calling this 
function with the actual size of the memory block (including the 
previously c4llculated CRC>' BV definition, the CRC result of this 
block is zero (if the CRC matches the data> and the Z-flag is set; 
otherwise, the CRC fails and the Z-flag is reset. All registers a~e 
used except DI, S1. and OS (ES remains unchanged. ) 
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(- 3. 6.3 P~int ROM Message 

r 

This ~unction is used to display a ROM CS-relative message. It i; 
invoked by placing the o~~set o~ the zero-te~minated message in SI, 07H 

• in AH, and executing an INT 48H. This ~unction is used by the option 
ROMs, since all the ROMs share a common CS. It is not a genera1-
purpos e routine. 

3.6.4 Display System Error Code 

This 'unction is used to display a system error in the standard ;ormat 

It is invok.d by placing 
displa~.d mess.g. above> 
executing an INT 4SH. 

the 
in 

e~,.o~ cod e 
ax, placing 

3. 7 SPEAKER DEVICE SERVICE ROUTINE 

xxxx value in the 
value OSH in AH, and 

This subsection describes the speake,. device service routine (DSR) anci 

the 'unctions it p~ovides to the sfjstem o~ application p~og,.ams tha'! 
use it. The ~unctions ar.: 

• Sound the sp •• ke,. 

• Qet spe. ke,. status 

• Set spea ke,. fr.quency 

• Speake,. ON 

• Spea k e~ OFF 

The speake~ DSR 'unctions a,.e located in the system ROM and are 
accessed th~ough the software inte~~upt mechanism o~ the 8088 
mic~oprocesso,.. The desi~.d ~unct·ion is chos.n by placing an opcode in 
regist.~ AH and executing an INT 4BH instruction. All r.gisters a~e 
prese,.ved except AX. 

3.7.1 Sound the Spe.ke~ - AH • 0 

This ~unction turns the sp.ake~ on <at the cu~rent fre~uency) ~or the 
length of time specified in ,.egiste~ AL. Time is measured in 25-ms 
inc~ements. Fa,. example. a value of 40 in AL causes the speak e ... to 
sound ~o~ 1 second. Timing is handled in the ROM with the result that 
the ,.e~uest tu~ns on the speake~, sta ... ts the timer, and immediately 
returns to the use,.. The sound continues unti 1 timed out by the RQi"i 
code. I~ th ..... is need to synchronize with the sound 0 ... simply to know 
wh en sound is turned 04t4t, use the Qet Spea keT' Status (AH=1) 4tuncti on. 
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3.7.2 Get Speaker Status AH = 1 

This function returns the stat~s of the speaker in the Z-flag. If the 
speaker is currently enabled (sound). the Z-flag is O. If the speaker 
is currentl" disabled (no sound), the Z-flag is 1. "This function can 
be used to find out ~hen a sound re~uested ~ith the Sound the Speaker 
(AH=O) function has been completed. 

3.7.3 Set Speaker Fre~uency AH = 2 

This function sets the fre~uency of the speaker. Normall" this 
function should be called onl" when the speaker is disabled. The value 
in CX is used to set the fre~uenc" of the timer that drives the 
speaker. The input fre~uenc" of the timer is 1.25 MHz. and the value 
in CX is used as a divider for this frequency. For example, the system 
beep routine (BOO Hz) uses a value of 15b3 Hz (1 250 000 Hz i BOO Hz = 
1563 Hz >. 

3.7.4 Speaker ON AH • 3 

This .f!unction is used to enable the speaker (turn on the sound>. The 
speaker remains on until it is turned off bV either (1) the Speaker OFF 
(AH=4) function or (2) by the ROM timing routine. as a result of either 
the Sound the Speaker (AH=O) function or a normal sustem beep. 

3.7.5 Speaker OFF AH • 4 

This function performs the reverse o.f! the speaker ON (AH=3> function by 
disabling the speaker (turning off the sound). 

3. 8 TlME-OF-DAY CLOCK DSR 

This subsection describes the time-of-da" clock DSR and the functions 
it provides to the sIJstem ·01' application programs that use it. The 
functions are: (1) set the date. (2) set the time. and (3) get the 
date and time. 

The clock DSR consists of routines to set and read the time of day and 
date information kept b" the timing services of the svstem ROM. At 
po~er-up. the time is set to 00:00:00.00, and the date is set to 0000. 
These can be reset by sljstem or user programs. Once set with a valio 
time, the clock keeps the correct time with a 1/10-sec resolution. The 
time is kept in 24-hr format and the date is simply a cumulative count 
of days since the clock was started. As a matter of convenience (for 
MS-DOS). the date is specified as the number of days since .January L 
1980. For example, the date value for September 10. 1982, is 983. 

The three clock functions 
accessed through the 

Texas Instruments 

are located in the system 
software interrupt mechanism 

ROM and 
of the 
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r micl'opl'ocessol'. The desil'ed f!unction is chosen by placing an opcode in 
registel' AH and executing an INT 4EH inst1'uction. All 1'egiste1's al'e 
preserved except AX and any other registe1's in which inTormation 15 
returned. 

-. 

3. 9. 1 Set the Date AH = 0 

This function sets the date to the value in the BX registel'. The date 
is simply a count of days since the clock was started. The count is 
incl'emented ~h.n the hou,.. 1'0115 over Tram 23 to 00. 

3.9.2 Set the Ti.e AH = 1 

This function sets the time as follows: 

CH • Haul'S (00 - 23) 
CL • Minutes (00 59) 
DH • Seconds COO 59) 
DL = Hund ... edths of seconds (00 - 99) 

It is the use1' 's l'esponsib ility to mak.e SU1'e the values passed art" 
~ithin the ranges specified. These values al'e not range checked and 
may be set to ,.epl'esent a meaningless time. The time eventually counts 
into the no~mal •• ,uence, howeve,... 

AH = 2 

This function retu ... ns the cU"'1'ent date in l'egiste1' AX and the cu,.. ... ent 
time in ,.egistel's CX/DX in the fOl'mats desc,..ibed p1'eviously. 
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3.9 CRT DSR 

This sUbsection describes the CRT DSR and the functions it provides to 
the s~stem or application programs that use it. The maJor function~ 
are (1) videa made control, and (2) character handling. 

The CRT DSR functions are located in the system ROM and are accessed 
through the use of the BOSS software interrupt mechanism (essentially 
an address-independent subroutine callL The typical user of this DSR 
would be the OS-dependent BIOS, which resides an a particular OS disk 
and is loaded into RAM during disk boot. The desired function is 
chosen by placing an opcode in register AH. The CRT opcodes and 
functiorts are given iri Table 3-5. Various CRT functions re~uire 
parameters to be passed in specific registers in addition to AH. Once 
register AH and the parameter registers are set up, the user can 
execute an INT 49H and the specified function is performed. During 
this interrupt, all registers are preserved except AX, CX, and DX. 

OPCODE 

OOH 
01H 
021-4 
03H 
O~ 

OSH 
061-1 
07H 
OSH 
09H 
OAH 
OBH 
OCH 
ODH 
OEH 
OFH 
lOH 
l1H 
12H 
131-4 
1~ 
1SH 
161-1 
17H 
1BH 

Table 3-5 CRT DSR Opcode. and Functions 

FUNCTION 

(Null function) 
Set cursor tvpe 
Set cursor position 
Read cursor position 

(Null function) 
(Null function) 

Scroll text black 
Scroll text black 
Read character and attribute at current cursor position 
Write character and attribute at current cursor position 
Write character only at current cursor position 

(Null function) 
(Null function) 
(Null function) 

Write ASCII teletype 
(Null function) 

Writ. block of ctoaracters at current cursor with attribute 
Write block of characters only at current cursor 
Set entire screen to specified attribute(s) 
Clear text screen and home the cursor 
Clear graphics screen 
Set TTY status line beginning 
Set attribute latch to specified attribute(s) 
Read physical display begin pointer 
Print TTY string 
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3. 9. 1 Set Cursor Tvpe - AH = 01H 

This ~unction allows an application to define the starting and ending 
scan line for the cursor and its characteristics (either blinking or no 
cursor), Required input for this tlunction is described in Figure 3-1. 

+-------------------------------+ 
CH • I 7 I 0 I 5 : 4 I 3 : 2 I 1 I 0 : B~te 1 

+-------------------------------+ 
not usad<-+ +---) bits 4 through o start scan line of cur sor 

+---+----) bits 6 and 5 indicate the cursor type: 
00 = no b I ink 
01 = no cursor 
10 = ~ast blink 
11 = sIalY blink 

+--~-----------+ 
CL • I 7 I 0 I 5 I 4 I 3 I 2 I 1 I 0 I B~t. 2 

+-------------------+ 

+---) bits 4 through 0 and scan line of curso~ 

+--+---+------) bits 7 through 5 nat used 

(Valid values for scan line are 0 through ~1 decimal) 

Figure 3-1 B~te O.~inition - Set Cursor T~pe 
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3.9.2 Set Cursor Position - AH = 02H 

NOTE 

The user should be aware that screen cDordinates 
are based upon the 0,0 coordinate being located at 
the upper left-hand carner of the display. All 
routines that r.~uire a coordinate parameter U5e 
this convention. The screenlilill look to the user 
as if he were lIIorking lIIith the absolute value of 
fourth ~uadrant coordinates of • two-dimensional 
coordinate system. 

This function causes the cursor (of the current tvpe) to be set at the 
specified x,y (column/raw) coordinate of the display. 

Re~uired input for this function is as follollls: 

DH = X (columns) coordinate <valid values are 0 through 79 decimal) 

DL s V (rows) coordinate (valid values are 0 through 24 decimal) 

3.9.3 Read Cursor Position - AH - 03H 

This function returns the current position and type of the cursor as 
shown in the output displayed. Note that, due to the "phantom" Slst 
column position of the cursor (see Mode Behavior, paragraph 3.7.9.10. 
"CRT TTV Mode Behavior"), there exists a special case of reading the 
cursor position. This is the case when a character has been written in 
the last column of the screen with a TTV write. At this moment. the 
cursor position can be read (it is in the Slst column of the last line, 
which is not visible until another character is written because the 
screen has not scrolled vet) and lIIill be returned as column 0 and row 
25. which is invalid input to the Set Cursor Position (AH=02H> routine. 
Output from the Read Cursor Position routine is as fallows: 

DH, DL. x. V (column/row) location of the cursor 

CH, CL. current cursor type (see paragraph 3.9. 1. 
ASet Cursor Type - AH=OlH" for values) 
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3. q 4 Sc~oll Text Block - AH = 06H and 07H 

The ROM contains only ·one gene~t11 pu~pose "scroll" routine. which 
handles both upward and downwa~d sc~olls. When the destination 
coordinates a~e less than the source coo-rdinates, the sc~oll is up and 
to the le~t; when the destination coordinates are g~eatar than the 
source coordinates. the sc·~oll is down and to the right. 

The sc~olling function$ allow an application program to spaci~1j a block 
of text and cause it to be moved or copied to another location on the 
sc~een. Speci41ving a scroll with blanking causes the sou~ce text to be 
blanked as it is moved. The user should note that during this process 
the source charl1ct.~ is read to II temporarv register lind its location 
is blanked. Then th e c hara cter is rewri t ten to its de sti nati on 
location. This provides 'o~ a nondestructive move in the event that 
the source and destinl1tion locations are the same and blanking is 
specified. This implementation comes from the idea that in scrolling 
the user is concerned with the end result, IIIhich is that the data being 
moved or copied is preserved in its destination location. Re~uired 
input 'or this 'unction is liS 'allows: 

AL :III 

AL 
o (Slank out source text) This would be a move block. 

.. >0 (Don/t blank source text) This would be a copv block. 

(DH,DL) .. Source begin column/row location 

(SH.BL) - Destination begin column/~ow location 

CH = Column length of block (Valid values are 1 through 80 decima, 

CL = Line length of block (Valid values are 1 through 25 decimal) 

The source text block boundaries in (x,y) coordinates are as follollls: 

Upper 
Upper 
Lower 
Lower 

le,t - (DH,DL) 
ri ght .. ('DH + CH • 
left - CDH, DL + 
right .. CDH + CH , 

Texas Instruments 

DL) 
CL) 
Dl. + CL) 
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The following items further d~scribe the scrolling routines and explain ~ 
the sequence of operation. 

* The smallest logical block of text is considered to be a 
sentence. Therefore, with this scrolling capabilit~, the user 
could specif!y a block to be a sentence. This malJ (or mal:J not) 
wrap to a new line and "unwrap" as it is moved (or copied) to 
its destination (that is, the column length parameter would 
bypass line boundaries and pick up characters f!rom the next 
line>. The user should note that this is quite ef!f!ective when 
the line length is equal to 1 but might cause unwanted block 
movement ~hen the line length is greater than 1. 

* Boundary checking for the scrolling routine is done on a 
ch.racter basis as the characters are being moved. When a 
scroll down is in progress. the SC1'oll copies the last 
character in the source block to the last character position 
in the destination block. The p1'ocessing is backllh1rds through 
the blocks ~hil. checking cha1'acter positions for out-of-bound 
cha1'acters. This means that in the scroll-down action, no 
scroll takes place if any destination position lies beyond the 
end of the screen. As"mmetr icall", ~hen a scroll up is in 
p1'ogress. the scroll copies the first cha1'acter in the source 
block to the fi1'st cha1'acte1' position in the destination 
block. The scroll proceeds for~ard, through the blocks. while 
checking character positions for out-of-bound characters. In 
the scroll-up action, the scroll takes place until it reaches 
a source character position that lies beyond the end of the 
5 cre en. 

* When scrolling ~ith blanking is requested blJ the user, the 
state of the attribute latch is preserved ~ith the same state 
as on entr". The attributes of the chaT'acter follow the 
characteT' a. it is moved on the se1'een. and the blanked araa 
is ~itten ~ith the def!ault attT'ibutes (th.t is, high 
intensity for monochrome monitoT'. and ~hite faT' coloT' 
moni tar). 

* When scrolling without blanking is requested blJ the useT', the 
state of the attribute latch is set to the attT'ibute of the 
last cha1'acter that was .cT'olled (that is, the .ttribute of! 
the first cha1'acter of the SOU1'ce black if st1'olling dawn, or 
the .tt1'ibute of the last character of the source block if! 
s C1' 0 lli n 9 up >. 
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3.9.5 Read Cha~acte~/Att~ibute at Cu~sor Position - AH = OSH 

Thi. function retu~n. a cha~acte~ and its associated att~ibute from the 
cur~ent cursor position on the screen as follows. See (paragraph 
3.9.9.7) "Set Attribute AH = 1.!aH". for a description of th€c' 
att~ibutes suppo~ted, and attribute values. 

AH • Attribute value 

NOTE 

The att~ibute latch is left set to the attribute 
that is ~.tu~ned. 

3.9.6 Write Character/Attribute at Cursor Position - AH - 09H 

Thi. function enables the lII~iting of· • cha~acte~ lIIith the give~, 
att~ibute at the cur~ent cu~.o~ position. (The attribute latch is left 
•• t to the attribute .pecified in ~egi.te~ BL.) The u.e~ can spec ify ic' 

count and cause the characte~ to be lII~itten a given number of time, 
starting at the cur.o~'s cu~"ent position. This function does nat 
increment the cursor automaticallv, and the cu,..sor ,..emains at it~. 
cu,..,.ent position _hila the cha,.acte~s a,.. written in succession fro~k 
that location. If an application uses this method of writing 
characte,..s, it is assumed that the application is a~so handling Cursal' 
positioning and, thus, no cursor movement is implemented. The user 
sh oul d no te that c ont,..ol characters (CR, LF, etc.) ar e no t ex ecut ed as 
such when using this function and thei~ s~mbols are printed an the 
display. The r.q,uired input for this function is as follollls: 

AL • Character to write 

BL • Att,.ibute of cha,..acte~(s) 
(See pa,..agraph 19.9.7 "Set Att~ibute - AH=16H") 

ex = Numb.~ of times to w~ite it 
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3.9.7 Write Character at Cursor Position - AH = OAH 

This ~unctian is similar to the preceeding ~unction except that the 
character being written takes on the attributes o~ the attribute latch 
wh ich is left over from the last CR,T call. See paragraph 3.9.6, "Write 
Character/Attribute at Cursor Position AH=09H" for the function 
behavior The re~uired input ~or this function is as follo~s: 

CX = Number of times to write it 

3.9.8 Write ASCII Telet~pe - AH & OEH 

This function allows for TTY output to the screen from application 
programs. Writing begins at the current cursor position. and the 
cursor is advanced automatically to its next position on the screen 
(See CRT TTY Mode Behavior, paragraph 3.9.9.10. for further details>. 
The screen is scrolled automatically if need be (that is. ~riting past 
the end o~ the screen). and the control characters CR. LF, BS, and BEL '\ 
are executed instead of written. (NOTE: If .. status region is 
currently being implemented, a scroll occurs on the line previous to 
the start of the status region as if that line were the end o~ the 
screen.) The characters IIIritten lIIith this ~unction lIIi!1 take on the 
attributes of the previously IIIritten character, since the attribute 
latch contents remain unchanged. The re~uired input for this function 
is as follows: 

AL = Character to IIIrite 

3.9.9 Additional Functions 

The following is a set o~ "extra" functions. which have been provided 
to give the user added screen liD capability. 
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3.9.9.1 Write Block of Chal'actel's at Cursor With Attribute - AH = 
10H. This function allows the user the ability to ufrite a given block 
of data to the screen starting at the current cursor position. This 
abilit~ will allow for less screen I/O overhead in the event an 
application program has a "known" contiguous block of data that is to 
be lII1'itten to the SCl'een. "J.(.nol,Un" is taken to mean the block is in a 
given contiguous area ot: memory with a given length. As with the 
Wl' i te/ChaT'acter AttT'i b ute at C Ul'SOl' P 05i t i on (AH=09H) f unc t ion. th e 
cut"sot" is not automatically incremented. The t".q,uired input for this 
function i. as follows: 

AL .. AttT'ibute(s) of chal'actet"s 
(S •• paragraph 3.9. 9.7. "Set AttT'ibute (AH=l hH) II 

function fol' valu •• >* 

DX = Segment location of characteT' bloc k 

BX • Offset location of chaT'acter block 

CX -Block length ** 

3.9.9.2 WT'ite Block of Charactet"s Onl~ at CUrSOT' Position- AH = 11H. 
This function is similaT' to the preceeding fun~tion except that tho r- attT'ibute paT'ameter is nat specified. The characters take on thl 

,attT'ibuta'.) of the att,.ibute latch left avet" ft"om the last CRT call 
- . The req,ui,..d input fo,. this function, !&lith the exception of the

attT'ibute (Al, :. Don't care) parameteT'. is as follows: 

AL. Attribute(s) of chal'actel's (See paT'agT'aph 3.9.9.7, 
"Set Attribute (AH=16H)" function for values)* 

DX = Segment location of characteT' block 

BX • Offset location of chal'acter block 

ex • Block length ** 

* The attT'ibute(s) specified is in effect fol' the 
enti,.e block and the attT'ibute latch is left set 
to the attribute specified in registeT' AL 

** This routine "clips" any charaeteT's that do not 
fit on the screen C i. e., charae tel's are lII1'i tten 
until the end of screen is reached and all other 
characters are lost/not lII1'i tten). In 
order nat to lase charactel's, the user should make 
SUl'. that the CUl'sar is located in a position such 
that the numbeT' of character positions from the 
C:UT'SOT' to the end of screen is gl'eater than OT' e'tua 1 
to the block length. 
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3.9.9.3 Change Screen AttributeCs) - AH = 12H. This function allows 
the user to specify attribute(s} that affect all of the characters on 
the .display. This routine does not change .the position of any 
characters on the screen. Examples are to blink the entire screen or 
reverse video the entire sc"een. The required input for this function 
is as follows: 

AL - Attribute(s) to use (See paragraph 3.9.9.7, 
"Set Att,.ibute (AH=16H)" function) 

NOTE: The attribute latch is set to the attribute specified 
in register AL on ex it. 

3.9.9.4 Cle.,. Text Screen and Home the Cu~sor AH = 13H. This 
routirie allo..,s the user to clear the text screen and home the cursor 
(that is, send the cursor to 0,0 coordinates>. This function "erases" 
anu data contained in the status region but leaves the status region 
implementation in effect. 

The required input for this function is as follows: 

No input required other than AH - 13H (function number) 

3.9.9.5 Cle.r OT-aphics Screen (s) - AH • 14H. This function al10llls the '\ 
user to cle.r the graphics screen. Required input for this function is 
as fo 11 ows : 

No input ,.equired other than AH • 14H (function number) 

3.9.9.6 Set TTY Status Region Beginning - AH - 1SH. This function 
allows the user to specify the beginning line on the screen, which is 
to be considered as the status region. This is useful in defining a 
st.tus reg ion of one or more 1 ine s. Thi s reg ion rema ins in e ffec t 
until it is clear.d or reset. During TTY writes and subsequent 
sc,.olls, this .r.a remains intact and everything above this line 
scrolls as nec·essa,.". In order to write to this area, the user should 
r •• d .nd save the current cursor position, locate the cursor within the 
status region, use one of the ..,rite character functions (not the TTY 
lIJ1'ite) , and then restore the cursor to its origin.l position. Required 
input for this function is as follows: 

CH • 0 (must alw."s be zero) 

CL - St.rt line of status ,.egion (Valid values are 0 through 24) * 
A value of zero (0) for the start line will reset 
the status region implementation. 

* If an attempt is made to set a status region b.ginning line 
that does not occur ilfter the current line of the cursor, no 
status line is implemented. The text from the start line 
(specif~ed in CL) to the end o~ the screen is considered to be 
the status region. 

Texas Instruments 3-24 PRELIMINARY-Jan 21, 1983 



r 

TECHNICAL REFEHENCE DEVICE SERVICE ROUTINES 

3.9.9.7 Set Att,.ibute(s) - AH = 16H. This function allow. the user an 
alte,.nate method with which to control the following att,.ibute(s) . 

• 

* Intensity levels 1.' 2. and 3 (Blue. Red. and Go""een) 

* Cha,.act.,. enable/disable 

* Unde,.line 

* Blink 

This function sets the att,.ibut. latch with the specified att,.ibute(s) 
and subsequent cha,.act.,.s .,.itten to the sc,.een take an this 
att,.ibute(s>' Note that th.is function. in combination with a W,.ite 
Cha,.act.,. Ceithe,. block a,. single> at CU,.so,. Position (AH=OAH) function 
has the same effect as the W'rite Cha,.acte,./Att,.ibute (eithe,. black or 
single) at CU1"'01" Position (AH=09H) function. Nate also that the 
att,.ibute latch 'remains set to the att,.ibute specified in ,.egister BL. 
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The required input for this 9unction is shown in Figure 3-2. 

BL • Attribute(s) ~o set 

CBl is used in order to distinguish to the user 
the difference between this lunction and the 
Change Screen Attriblltes (AH=l2H) function) 

7654321 0 

I I I I I I I I _'_'_1_1_'_1_1_' 
• • • • 

I I +-) Intensit~ level 1 (Blue) 
I +---) Intensit~ level 2 (Red) 
+-----> Intensitv level 3 (Oreen) 

+-------) Character enable (2nd dominant) * 
+---------) Reverse video (1st dominant) * 

+-----------) Underline 
+---------) Blink 

+---------~---) Alternate character set 

* The user should realize that although more than one attribute 
can be specified, certain combinations do not make sense 
(i.e .• if Character Enable Attribute is set to a zero. then 
the character will not appear nOr will an~ of the other 
attributes except for reverse video). In this manner, for 
example. the user could have a reversed video, underlined. 
blinking. red character. Also, b" mlxlng the intensit" 
(color) bits the user can get various levels of intensitv (or 
colors) lor a given character. 

Figure 3-2 Byte definition - Set Attributes 
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3.9.9.8 Qet Phvsical Displa~ Begin PointeT' AH =- 17H. This 
function is used to return the phvsical display-begin pointeT' to an 
application. Logicaillj' tne d isplalj-begin is always at 0,0, but there 
is a physical addT'ess (o~~set) associated with the beginning of the 
display that changes from time to time as the screen is scrolled. 
clear.d, or otherwise changed. This routine returns that of~set 
addr.ss relative to the CRT memorv area whose segment address is DEOOH. 
Th. screen memory is a ~OOO-byte contiguous black of RAM. Once the 
staT'ting location of this block is known to the application. any 
chaT'acter an the sc,. •• n can b. accessed. For example, the last 
c ha,.ac teT' an the sc r •• n is 1 oca ted at (DEOOH: d isp lav- beg in +2000) 
and the 80th chaT'acte", an the sc.ree·n (top lina. last characteT' on the 
line>is located at CDEOOH:displav-begin + 80), This retuT'ns the 
displav bagin point.r as fallows: 

Exampla: DX. 0 implies that the first characta,. an the 
displalj residas in memory location DEOO:OOOOH 

DX • 150H implies that the first character on the 
display resides in memory location DEOO:015OH 

3.9.9.9 Print TTY St,.ing - AH =- 18H. This function allows the user to r have a contiguous st'ring of characta,.s, of a given length, located in a 
-' co de s egmant to be p,.i nted in a TTV-fa shi on s t.,.t ing at th. c UT'ren t 
cu,.sor position. As with the wT'ite TTV function, this routine executes 
the cont,.ol cha,.act.,.s CR, LF, BS, and BEL and scrolls the scr •• n i~ 
necassaT'y. Requi,...d input fa,. this function is as follows: 

WheT'e: (IX) byte 0 = length 01 the string 
(IX) byte 1 = first characte,.. 01 the string 

* The use,.'s code segment addT'ess is obtained from the stack 
and theT'.fora doe. nat ne.d to be passed as a paT'ameter. 
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3. q. q. 10 CRT TTY, Mode Behavior. The ~oll owing is a brie-r descri ptiOT 
of the behavior of the CRT when used in the TTY mode as well as its 
behavior when being used in "mixed" modes. The user should read this 
information carefullv, especiallv if the user mixes non-TTY functions 
with TTY functions. 

Internallv, the CRT DSR implements a "phantom" 81st column on each line 
which in realit.., is the first column of the following line. This 
"phantom" column occurs when a cha,.acter is w,.itten in the 80th column 
of the cu,.rent line with a TTY blT"ite. At this point, if a carriage 
return «CR» command is issued, the cursor moves ,,.om the 81st column 
of the current line back to the fi,.&t column o~ the current line. 
However, if the cursor is in the 81st column and the user reads the 
cu,.sor position, it is returned as (current line plus 1 line and column 
0), not (cur,.ent line and column 81" The user must be aw.re of this 
if he is attempting to ,.esto,.e a cursor position which logicall.., came 
from the 81st column. At this point the TTY mode is distu,.bed and the 
cu,.sor will be resto,.ed logicall.., to the first column of the next (a 

logicallv new) line. The "Set CU,.so,. Position (AH=02H)" function has 
no concept of an 81st column. Although the first column position has 
anI.., one physical location, it can be inte,.p,.eted as two di~ferent 
logical locations, depending on the current CRT action (modeL 

3.9.9.11 Custom Encoding of the CRT. The user may ..,ish to do same 
custom encoding of the cha,.act.,.. being displaved to the CRT. For this 
reason, a CRT "mapping" capability has been provided to allow 
applications to intercept cha,..cte,.s and CRT actions (if need be) and 
to encode them as desi,.ed. 
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Upon .nt ... " to the CRT DSR a so.ptware interrupt is eXIHuted, t'lpically 
used to re-m .. p characters to the screen, wh ich points to an IRET 
inst ... uction. An application program can reprogram this vector to 
int.,.cept c .. lls to the CRT DSR, tnereblj "taking ave ..... the CRT. This 
cap .. bilitV typically is us.d to scan through some table which might .pOl' 
instance conv.rt English characters to German characters. However .. 
this capabilitlj can also be used to intercept ".punction calls" (that 
is, scrolL attribute h .. ndling. etc.) and allow an application to 
encode custom CRT .punctions. The user should be car • .pul IIIhen using 
this capability however, because it might di"sturb the data structures 
o.p the CRT OSR. 

, , 
I 

NOTE 

When using this capability, it is imperative that 
the us.,. .... sto .... the v.cto ... to its original v .. lu. 
upon compl.tion of us. 0... the sljstem could "go 
.. ~" u. 

Onc. the u ..... '. m"pping ... autine has b.en enter.d, 
h. c .. n us. all ... egisters except ES, OS, and BP 
unless h. saves them and restores them upon .xit. 
When using this mapping .p.atur., the us .... must 
.pirst look at the opcode in ... egister AH to 
d.t .... min. if it is in .pact a ", ... it. cha ... act.r 
.... qu.st. I.p so. he must also p .... se ... v. regist.r AH 
and the .... gist .... s associated ",ith that .punction 
which contain c.,.tain pa ... aftlet .... s. For .xamp 1., i.p 
the u..... ",ish.d to map all "s" symbols to the 
int .... nation.l cu ....... nclJ sljmbo1, his routine ",auld 
manito... "'.gist.... AH an each call to the CRT DSR. 
r.p it contained. ",rite characte ... opcode he ",ould 
then loa k at ... eg i st .... AL. I.p reg ist e ... AL contai n.d 
II 24H (ASCII code .po... a "S" symbol), he ",auld 
change that .... gist .... to an A7H (ASCII code .po... the 
int .... nation.l cu ...... enc" s"mbol>' All registers a ... e 
p ......... v.a, but .... giste... AL has been changed as 
d.sc ... ibed. 
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3. 10 DISK DSR 

Table 3-6 describes the functions supported by the Texas Instruments 
Professional Computer disk device service routines. Detailed 
descriptions ~or each function are given. 

CODE 
OOH 
01H 
02H 
03H 
04H 
OSH 
06H*-
07H* 
08H*-
09H*
OAH*
OSH*-

Table 3-6 Disk DSR Opcodes and Functions 

DESCRIPTION 
Reset disk system 
Return status code (for last operation) 
Read sectol's 
Write sectors 
Veri~y sector CRCs 
Null operation (format track> 
Verify data 
Return retry status 
Set standard Disk Inter~ace Table (DIT>~or unit 
Set DIT address ~or unit 
Retul'n DIT address for unit 
Turn o~f diskette dl'ive motol's. 

* These ~unctions al'e primarily for the use of system-level 
soft~re and utilities 

3. 10.1 Reset Disk System - OOH 

Input: AH - OOH 

Output: AH = OOH 

This function causes the disk system to restore itself to a known 
state. What this function does for each type of device supported 
varies with the l'equirements of the device and the device-dependent 
softwaT'e. In geneT'aL the ~unction causes the disk controller (s> to be 
re-initialized pT'ior to their next use. 

3.10.2 Return Sta tus Code - 01H 

Input: AH = 01H 

Output: AH = OOH 
AL = Status code ~OT' last disk 110 opeT'ation 
CF = 0 (No change) 
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Not all disk DSR functions are 
A status is returned in AH for 
last I/O re~uest is al~ays 
9unction). if desired. 

I/O operations (this one, for instance). 
eac h runcti on, but the s.t.tus o~ th e 
retained ror later access (via this 

:3. 10.:3 Read Sectors - 02H 

Input: AH • 02H 
AL = Number of sec tars to tran sfer 
CH • Cy linder number 
Cl • Sector number 
DH • T,.ack Ci. e. , su,.face a,. side> number 
DL • O,.ive numb.,. 
ES;BX - Segment: offset of buffer 

Output: AH • 1/0 status code (se. pa,.agraph 3.10.12, "Status Cades") 
AL • Numbe,. of unp,.acessed sacta,.s 
ES:8X - Seg.ant:offset of tha last s8CtO,. p,.ocessed 

This function reads data from the disk. ANY NUMBER of sectors can be 
transfe,.ed subJect to memory boundary limit.tions (The segment/s 64K 
boundary and disk bounda,.ies cannot be c,.ossad. ) 

-last secta,. p,.ocessed" means exactly that. 
ar,.o,., the data is t,.ansfer,.ed to memory. 

3-31 

Even if the ,.ead ~as ih 
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• 

3.10.4 Write Sectors -03H • 

Input: AH III 03H 
AL = Number of sectors to tran s fer 
CH = C" Ii n d er number 
CL = Sector number 
DH = Track (i. e. , surface or side> numbe~ 

DL = D,.ive number 
ES:BX • Segment:o~~set o~ bu~~er 

Output: AH .: 1/0 status code (see paragraph 3.10.12, "Status Code5 11 ) 

AL = Numb.r of unp,.ocessed sectors' 
ES:BX • segment:o~~set o~ the last sector processed 

This function ",rites data to the disk. ~V NUMBER o~ sectors can be 
transfered subJect to memor~ boundary limitations. (The segment's 64K 
boundary and disk bound.ries cannot be c,.ossed. ) 

IILast sector processed" means exactl" that. I~ the ..,,.ite is in error, 
ES:BX point to the data which the DSR is attempting to t,.ans~er. 

3.10.5 Vel' if" Sec tor CRC. - 04H 

Input: AH -04H 
AL • Number of sec tor. to tran sfer 
CH • Cylinder numbe,. 
CL :III: Sector number 
DH -T,.ack (i. e., su,.face 0'1" side) number 
DL • Drive number 
ES:BX • Segment: offset of buffer 

Output: AH - 110 status code (see paragraph 3.10.12, "Status Codes") 
AL • Number of unprocessed sectol'. 
ES:BX • Segment: offset of the last sector processed 

This function verifies the CRCs of the specified secto,.s. Because this 
~unction is handled like an 1/0 function, ES:BX must be set as though a 
transfer is to take place although no data is actuall~ transferred. 
ANV NUMBER of sectors ma" be processed subJect to memor~ boundary 
limitations. (The segment's 64K boundar~ and disk boundaries cannot be 
crossed. ) 

ttLast sector processed" has little meaning in this case as this 
function does not actuall" transfer data. 
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3. 10.6 Veri'~ Data - OOH 

Input: AH = 06H 
AL = Numb.,. of sec tOTS to pTOC ess 
CH a CIj 1 inde,. numbeT 
CL = Sacto,. numbe,. 
DH = T,.aclr H. e. , sUTface a,. side) numbe1" 
DL = D1"ive numbe,. 
ES:BX a Segment: offset of buff.,. 

Output: AH - 110 status code (se. pa1"ag,.aph '3.10.12. "Status Codes") 
AL a Numbe,. of unprocessed sec tOTS 
ES:BX • On e,.ror, .egment: offset of WORD in er"01" 

This function verifies disk data against data in memo,.v. ANY NUMBER o~ 
secto,.s can b. proces.ed subJect to m.m01"1j boundaTY limitations (Th~ 
segment's 6410( boundarlj and the disk boundaries cannot be c1"ossed.) 

3.10.7 R.tu,.n Retrv Status - 07H 

Input: AH - 07H 

Output: AH - OOH 
AL - So't .1',.01" status a' last 110 op.ration 

This 'unction i. simi!a,. to tha R.tu~n Status Coda (OlH) function. It 
retu1"ns the "soft" .rror status a' the last opeTation. Soft erT01 
Te'e1"s to an e1"ror that did nat recur ~han the last operation ~a~ 
re t1"ie d. 
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3. 10. S Set Standard Disk Interface Table - OSH 

Input: AH = OSH 
AL = Standard OIT number (Valid values are 0 through 3) 
DL = Diskette drive number (Valid values are 0 through 3) 

Output: AH = Error status (see paragraph 3.10.12, "Status Codes"> 

(NOTE: This ~unction is provided ~or the use o~ operating s~stem 
so~tlllare. ) 

Disk inter~ace tables (DITs> are data structures that contain the 
in~ormation used by the device-independent part o~ the DSR to inter~ace 
with the device-dependent code ~or a speci~ic disk device. 

This ~unction .1101115 one to set up a diskette drive to one o~ ~our 
standard con~igurations by setting that drive'. OIT. The standard DIT 
numbers are de~ined as ~o110Ills: 

NUMBER DESCRIPTION 
---------------

0 Single si de, 48 tp i, S sectors/track. 512-byte sectors 
1 Single si de, 96 t pi. S sectors/track, 512-byte sectors 
2 Doub 1 e si de, 48 tp i, S sectors/track, 512-byte sectors 
3 Double • ide, 96 tp i, 8 se c tor s/trac k I 512-byt e sectors 

3.10.9 Set DIT Address ~or Drive - 09H 

Input: AH ~ 09H 
DL - Disk drive number (Valid value is 0 through 7) 
ES:BX = Segment:o~~set o~ DIT ~or drive 

Output: AH = Error status (see paragraph 3.10.12, "Status Codes") 

(NOTE: This ~unction is provided #or the use 0' operating system 
50 ~tware. ) 

Disk inter~ace tables (OITs) are data structures that contain the 
information used by the device-independent part o~ the DSR to inter~ace 
with the device-dependent code ~or a 5peci~ic disk device. 

This function allows one to set any disk to a con~iguration other than 
the four standard configurations. This is the mechanism bV which 
dynamic linking o~ dis.k drives to the system is accomplished. 
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3.10.10 Return DIT Address ~oT' Drive - OAH 

Input: AH = OAH 
DL = Disk drive number (Valid value is 0 through 7) 

Output: AH = Errol' status (see paragraph 2.13. S. IIEr1"o1" Codes ll ) 

ES:BX = Segment:o~rset of DIT ror d1"ive 

(NOTE: This runction is provided ror the use Or operating s~stem 
so ftblare. ) 

Disk interface tables (DITs) are data structures that contain the 
information used by the device-independent part of the DSR to interface 
with the device-dependent code for a specific disk device. 

This function allows the user to access a drive's DIT for information 
and verification pUTposes. 

3. 10. 11 Turn OFF All Disk ette Dri ves - OBH 

Input: AH - OBH 

~ Output: AH - 0 

--

-

(NOTE: This function is provided 
so ftw.re. ) 

for use of operating 

Un d er normal 
period of time 
for the motor 
diagnostic S, 

running. 

oper&ti on 
following 
to come 

req,uire a 

the diskette drive motors are l.ft ON ror ~ 
a read or write operation to save time waiting 

up to speed. Some applications. notably 
function to ensure that the motors are not 

• 

All functions return a status c·~de in register AH and an ert-or flag in 
CF. Ir the cart-y condition is set (CF = 1), then an error has occurred 
and AH contains the error code. If the no-carry condition is set (CF = 
0), no Ift-ror bas occurred and AH always contains a zero (0). The e1"1"01" 
codes are.given in Table 3-7. 
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VALUE 

OOH 
80H 
40H 
20H 
10H 
08H 
04H 
02H 
01H 
03H 
OSH 
09H 

3. 11 KEYBOARD DSR 

Table 3-7 Error Codes 

DESCRIPTION 

No error 
Timeout - drive not ready Dr hardware failed 
Seek failed - track not found 
Controller hard~are failed 
CR C er ,. 0,. 

Data request error - controller ~ailure 
Reco,.d (sector) not found 
No data - bad disk format 
Comm.nd error - bad opcod~ Dr paramet.r 
Disk ~rite protected 
Data did not verif~ 
110 transfer crosses 64-kb~te boundar~ 

This subsection describes the keyboard DSR and the functions it 
provides to the svstem 0,. .pplication programs that use it. It also 
shows the various codes returned b~ the DSR for the standard 
configuration of the keyboard. ~ 

.The keyboard DSR functions are located in the system ROM and are 
accessed th,.ough the SOSS software inte,.rupt mechanism (essentiall~ an 
ad d,.ess-independent subroutine call>. The typ ical user of the key board 
DSR is the operating system-dependent BIOS, which resides on a 
particular operating system diskette and which is loaded into RAM 
during disk boot. 

The functiDns described herein access a buffer that is controlled by 
the keyboard .interrupt service routine. All encoding and any special 
handling (described in subsequent paragraphs) occurs in the interrupt 
servic e routi ne. All di scuss ions of keVb oard map ping vec tors re;er to 
actions occurring during the servicing of the keyboard hard~are (not 
.oftware) interrupt. 

The desired function is chosen bV placing an opcode in register AH and 
executing an INT 4AH. All registers except AX are preserved. The 
following functions are included in the keyboard DSR. 

3.11.1 Initialization Logic 

The code for this function is automatically executed during power-up Dr 
reboot and is not directly available to the user. It performs 
diagnostics on the keyboard hardware, sends to it the required 
initialization sequences, and initializes the DSR intern.l data ~reas. 
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3.11.2 Read Kevboa~d Input - AH a 0 

This ~un~tion ~eads and ~emoves the cu~rent cha~acte~ (i~ any) from the 
keyboa~d bu~~e~. The cha~ac te ... value is retu ... ned in ~eg iste ... AX. If 
there is no characte~ ready, the DSR will wait until one is received 
be~o~. it ~.tu ... ns to the calle~. This character has al~eady been fully 
encoded (re~e~ to Table 3-8>' No~mally, the encoded ASCII character is 
... etu~ned in ~egiste,. AL, and register AH contains 00. If AL. = 0, then 
the coded value in AH CO,. .... sponds to on. o~ the various function kevs 
(R.~.~ to Table 3-9. 

AH =: 1 

This function data~minas wh.th.~ a cha ... act.~ is ~eady at the k.yboa~d 
'-lithaut having to actually ~aad it. If no cha~acte ... is ...aiting, it 
retu ... ns '-lith tha Z-.,lag sat (-0. If the Z-~lag is ~eset (=0), a 
cha ... act .... is availabla to ba ~.ad. Th. cha~acta ... value is ~.turned in 
AX, but is not ~amov.d f~om the k.yboa~d buf"e~. 

AH - 2 

This "unction d.t .... min.s the currant mode of the keljboa~d. The moe,_ 
value is ~.tu ... n.d in ~.gilt.,. AL in tha ~ormat shown in Figure 3-3 
Th. definition of the byta is as follo'-ls. 

I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I <--- Reg AL 

1 - Cont ... ol key depressed 

------- 1 = Alternate key depressed 

----------- 1 =: Shift kay depressed 

--------------------------- 0000 ( a 1 ilia y s z e r 0 ) 

------------------------------- 1 = Caps lock key depressed 

Figu .... 3-3 BVte De~inition - Keyboa ... d Mode~ 
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Because the IImod ell applies to the la st character typed and not 
necessarily to the one at the front of the q,ue ue, this function re turn 5 

va 1 id information only if the iceyboard bUrrel' conta i n50 one Dr les s 
charae ters. In order to uSe this runction, t.he key s h ou 1 d be read 
normally, then a status eh ec k made to make sur' e th e bUrrel' is empty. 
If the buffer is empty at this point, the mode may be read. 

3.11. 5 Flush Keyboard Burfer AH z 3 

This runction is used to "rlush" (empty) the keyboard type-ahead 
buffer. It simply resets the q,ueue pointe'rs, which efrectively empties 
the bUrrel'. 

3.11. 6 Keyboard Output AH = 4 

This runction sends the keyboard command in AL directly to the 
keyboa'rd, with appropriate handshaking. Upon return, the Z-flag has 
the 5 tat us 0 r the 0 per a t ion. I r the Z -r lag ( ZF ) i 5 set ( -1) , the 
c omman d was p err orme d c orree t ly; oth erwi 5e (ZF=O), an error was mad e. 
The keyboard commands sent by the CPU are given in Table 3-8 

AL 

00 

.01* 
02 
03 
04* 
05 
06* 

Table 3-8 Keyboard Commands 

FUNCTION PERFORMED 

Perfo'rm a powerup 'reset and 
install derault parameters 

Turn repeat-action reature ON 
Turn repeat-action reature OFF 
Lock the keyboa'rd 
Unlock the keyboard 
Turn keyclick ON** 
Turn keyclick OFF** 

* lnd icates the derault parameters. 
** Keyclick req,uires hardware modirication. It is not 

p'resently supported. 
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3.11. 7 Put Character Into Keyboard Buffer - AH = 5 

This function places the 16-bit value in BX directly into the keyboard 
buf.f!e1'. On 1'eturn, if the Z-flag is reset (=0), the character \alas 
placed in the buffer (this is the normal case), If' the Z-flag is set 
(=1), the buffe1' \alas full, and the character \alas not placed in the 
buffe1' (it is still in BX). A subsequent Read Keyboard Input (AH=O) 
function call retrieves this characte1' (assuming the buffer \alas empty 
to start lAIith, and no keys have been typed on the keyboard.) Any 16-
bit value can be placed into the buf.f!er, but unless the user has some 
explicit application that understands "strange" characters from the 
keyboard, it is recommended that only standard characte1'S gene1'ated by 
the keyboard be used. The format for the characters is the same as 
that given in the Read Keyboa1'd Input function. 

To place a normal ASCII character into the buff.r, the function call 
should be made lAIith the character value in BL and zero in BH. To ,place 
function keys into the buffer, the function call should be made lIIith 
the extended function value in BH, and zero in BL. (Refer to Table 3-9 
a., d Tab Ie 3-10 >. 

This function can be useful in situations IIIhere a program needs to make 
characters that appear to have been typed in at the keldboard. TI&H'i r · x amp I e s 0 f t hi. folIo IAI. 

j 

* An application can ensure that the op.rating system printer 
necholl feature is disabled by ins.rting a CTRL N into the 
buffer during initialization. The operating system sees this 
as Just another key and tUrns off the echo. 

* Many op erati ng 5 y stems lac Ie a cha i nin g feature, and th is 
function may be used to provide one. Immediately before a 
program terminates, characters can be placed into the keyboard 
buffer (a flush operation is recommended first> to simulate a 
comm.nd being typed at the keyboard. When the program 
terminates, the op.rating system takes aver, reads the 
keyboard buffer, and performs that command (lilhich could invoke 
a .econd program, effectively IIchaining" programs). 

3. 11. e Q.n.ra1 Kevboard L~yout 

The outline of the keyboard .lind the ke~ position numbers associated 
~ith each key ~re sho~n in Figure 3-4. These are the scan codes sent 
f1'om the keyboa1'd and a1'e used internally by the keyboard DSR to encode 
the key. Note that the kevs marked lIIith "***" (mode keys) are not in 
the actual matrix and do not generate a scan code. 
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J. 11.9 Character Codes 

Table 3-9 lists the character and extended function codes returned by 
the keyboard DSR. The modes are handled internalllj to the keljboaT"d DSR 
and the returned code reflects the mapping shawn in this table. 

General nates to Table 3-9: 

1. Key .. is shown in Figure 3-4. 

:l. In each column, bath the "gT'aphic" and the hex value 
of the characteT' are given in the farm: QQQ HH. 

3. EntT'i.s consisting of 11_- __ II indicate that the 
combination i. suppressed within the keyboard DSR. 

4. EntT'i.s conSisting of II XXX **11 indicate special 
handling in the farm of diT'ect action by the keyboard 
DSR. (For details, see paT'agraph 3.11. 14, nSpecial 
Handling") 

e. Normal (ASCII) characters aT'e T'etuT'ned in T'egisteT' AL 
lili th the Key • in AH. 

6. Ent,.ies consisting of "xxx yy*1I are retu,.ned ... ith AL-O 
and the indicated value (yy) in AH. 
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"'\ 

Table 3-9 Standard Keyboa~d Character Codes 

------------------------------------------------
I KEY *1 NORM SHIFT I CO\ITROL I ALT COMMENTS I I I 

------------------------------------------------
01 4!5 3F* .'5 58* c4!5 b2* af5 bC* F5 
02 fb 40* sfb 59* cfb b3* a'b bO* Fb 
03 f7 41* sf7 5A* cf7 64* af7 bE* F7 
04 f8 42* s'8 5B* c '8 65* af8 6F* F8 
05 f9 43* 5'9 ·5C* c '9 66* a'9 70* F9 
Ob flO 44* sf10 50* c '10 b7* afl0 71* FlO 
07 '11 45* sfl1 08* c'l1 CA* .'11 OC* F11 
08 f12 46* sf12 09* cf12 OB* a'12 00* F12 
09 1 31 21 altl 78* 
10 2 32 @ 40 Fnul 03* aIt2 79* 
11 3 33 .. 23 alt3 7A* 
12 4 34 • 24 alt4 78* 
13 5 35 X 25 aI t5 7C* 
14 b ~ A. 5E RS lE alt6 70* 
15 7 37 &c 2b .. 1 t7 7E* 
16 8 3S * 2A al t8 7F* 
17 9 39 ( 28 al t9 80* 
18 0 30 ) 29 -- altO 81* 
19 2D SF US lF alt- 82* 
20 - 3D + 2B alt- 83* 
21 BS OS BS 08 DEL 7F BACK SPACE 
22 , 60 '" 7E 
23 = 3D .. 3D .. 3D pfl Be* NUM .. 
24 + 2B + 2B + 2B pf2 80* NUM + 
25 SP 20 SP 20 SP 20 pf3 BE* NUM SPACE 
26 HT 09 Bktab OF* HT 09 p'4 SF* NUM TAB 
27 1 31 1 31 1 31 --- NUM t 
28 (unused) 
29 0 30 0 30 0 30 NUM 0 
30 CR 00 CR 00 CR 00 NlJ'1 ENTER 
31 4 34 4 34 4 34 NlJ'1 4 
32 5 35 5 35 5 35 NUM 5 
33 9 39 9 39 9 39 NUM 9 
34 2D 2D 2D NlJ'1 -
35 2 32 2 32 r 2 32 NUM 2 I 

-----------------------------------------------
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r Tab 1 e 3-9, Stan da1'd Keyboard Character Codes (Continued) 

---------------------------------------------------, 
KEY *' NORM SHIFT I CONTROL , ALT . COMMENTS I I I 

-------------------------------------------------
36 (unused) 
37 (unu sed) 
38 (unused) 
39 7 37 7 37 7 37 NUM 7 
40 8 38 8 38 8 38 NUM 8 
41 6 36 I 6 36 6 36 NUM 6 
42 2C 2C 2C NUM 
43 3 33 3 33 3 33 NUM 3 
44 ~ 2£ ~ NUM 
45 Ptogl 72* *** ** (PRINT) 
46 C-rt 4D* sC-1't 8A*: cC-rt 74* .C-1't 4E* RIGHT ARROW 
47 Ins 52* sIns 28*= eIns 29* alns 2A* INSERT 
48 Del 53* sDel 3S*' cDe1 39* aDel 3A* DELETE 
49 HT 09 Bktab OF*' HT 09 TAB 
50 It 71 G 51 DC1 11 altO 10* 
51 ... 77 W 57 ETB 17 I altW 11* 
52 e 65 E 45 ENG 05 altE 12* 
53 l' 72 R S2 OC2 12 al tR 13* 
54 t 74 T 54 DC4 14 altT 14* 
55 II 79 V 59 EM 19 altV 15* 

(' 56 u 75 U 55 NAK 15 altU 16* 
57 i 69 I 49 HT 09 altI 17* 
58 0 6F 0 4F SI OF altO lS* 
59 p 70 P SO OLE 10 altP 19* 
60 [ 58 ( 78 ESC 18 
61 ] 5D ) 7D QS 1D 
62 LF OA LF OA eLF 75* aLF 4F* LINE FEED 
63 Ppau ** Pb1'k ** (BREAK/PAUSE) 
64 C-up 48* sC-up 88* cC-up 84* aC-up 49* UP ARROW 
65 ESC 18 ESC 18 ESC 18 ESC 
66 a 61 A 41 SOH 01 altA 1E* 
67 s 73 S S3 DC3 13 altS 1F* 
6S d 64 D 44 EOT 04 altD 20* 
69 f 66 F 46 ACK 06 altF 21* 
70 9 67 G 47 BEL 07 altQ 22* 

--------------------------------------------------
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Table 3-9. Standard Kevboa~d Cha~acteT Codes (Concluded; 

---------------------------------------------------
I KEY.: NORM SHIFT I CCt-.lTROL I .o.LT COMMENTS .. 
I I I I 

--------------------------------------------------
71 h 68 H 48 BS 08 al tH 23* 
72 J 6A J 4.0. LF OA a1 tJ 24* 
73 k bB K 48 VT 08 altK 25* 
74 I ~ L 4C FF OC altL 26* 
75 3S 3.0. 
76 I 27 II 22 
77 CR 00 CR 00 CR OD RETURN 
78 \ 5C 7C FS 1C 
79 C-If 4B* sC-I,p SS* cC-lf 73* aC-If 4C* LEFT ARROW 
SO Home 47* sHame 86* cHome 77* aHome 85* HOME 
SI \, SP 20 SP 20 SP 20 SP 20 SPACE baT' 
82 z 7.0. Z 5.0. SUB 1.0. altZ 2C* 
83 I 78 X 58 CAN 18 altX 2D* 
84 c 03 C 43 ETX 03 altC 2E* 
85 v 76 V 56 SVN 16 altV 2F* 
86 b 62 B 42 STX 02 altB 30* 
87 n 6E N 4E SO DE altN 31* 
88 m CD M 40 CR 00 illtM 32* 
89 2C < 3C 
90 Ptogl 72* *** ** PRINT 
91 2E > 3E 
92 / 2F ? 3F 'I 

93 (unused) ) 

94 Del 53* sDel 38. cOeI 39* aD.I 3.0.* (DELETE) 
95 Ins 52* sIns 2S* eIns 29* aln. 2.0.* ( INSERT) 
96 C-dn 50* sC-dn 89* eC-dn 76* aC-dn 51* DOWN ARROW 
97 (·unu sed) 
98 - I --- (uniJ sed) 
99 (unused) 

100 Ppau ** Pbrk *. BREAK/PAUSE 
101 ,pI 38* sf1 54* e ,p1 5E* afl 68* Ft 
102 f!2 3C* sf!2 55* e ,p2 SF* a,p2 69* F2 
103 f3 3D* sf!3 56* c +'3 60* iI+'3 6.0.* F3 
104 f4 3E* sf!4 57* cf4 61* af4 6B* F4 --------------------------------------------
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3.11.10 Extended Codes 

Th e II extended II codas (non-ASC I I codes) repres ent spec ial ~unc tio" key s 
on the keyboard. They are distinguished by register AL being 00 upon 
returning ~rom a Read Keyboard (AH=),i, or 2) -Punction calL in which 
case the extended code is in register AH. They are in a range o~ codes 
(OOH-FFH) that includes normal ASC.II and they are given in Table 3-10. 

T~ble 3-10 Extended Function Codes 

MSD 
LSD 
o 
1 
2 
3 
4 
~ 

• 7 
e 
9 
/it 
B 
C 
D 
E 
F 

o 

Fnul 

1 

~ltQ 

altW 
~ltE 
altR 
~ltT 
~ltY 
~ltU 
~ltI 
altO 
~ltP 

altD 
altF 
altO 
altH 
alt~ 
altK 
altL 

sIns 
elns 
alns 

sfl1 
54112 
cfl1 
cl12 
.-P11 
.112 :altX 

altA :altC 
Bktab altS laltV 

Texas Instruments 

3 

sDel 
eDel 
aDel 

11 
f2 
f3 
14 
fS 

4 

f. 
f7 
418 
f9 
flO 
fll 
4112 
Home 
C-up 

~C-up 

C-lf 
.C-lf 
C-rt 

.C-rt 
.LF 

S 

C-dn 
aC-dn 

Ins 
Del 
sfl 
sf2 
sf3 
sf4 
sfS 
sf6 
sf7 
sfS 
sf9 
5fl0 
cfl 
cl2 

3-45 

e-P3 
c -P4 
c-PS 
c -P6 
cl7 
c -P8 
c ~9 
c~10 
.fl 
.-P2 .,3 
.f4 
.fS 
.f6 
.f7 
afS 

7 

af9 
afl0 
Ptog 1 
cC-If 
cC-rt 

eLF 
cC-dn 
cHoma 
alt1 
alt2 
alt3 
alt4 
alt5 
alt' 
alt7 
alt8 

8 

alt9 
altO 
alt
~lt· 
cC-up 
aHoma 
sHome 

sC-up 
sC-dn 
sC-l"t 
sC-ll 

p fl 
pf2 
pf3 
pf4 
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3.11. 11 Keyboard Modes 

In the standard kevboard. the mode keys have the e~fect shown in Table 
3-9. The latching <push-push) CAPS LOCK key a~fects the alphabetic 
keys <50-59. 66-74. and 82-88 on the standard kevbosrd) by forcing the 
SHIFT mode. Normally the alphabetic keys produce lowercase characters, 
and the SHIFT keV temporarily causes them to be uppercase. When the 
CAPS LOCK mode is invoked <CAPS LOCK key latched down), the alphabetic 
keys produce uppercase and the SHIFT key has no ~urther e~~ect (on the 
alphabetic kevs). 

In the standard encoding, there is no valid combination o~ mode 
except ~or CTRL/ALT/DEL, IIIhich is used for system reset. I~ more 
one mode key is pressed at once, only one will be recognized. 
precedence is as ~ollows: Highest is ALT, then CTRL, then SHIFT 
CAPS LOCK). 

Simultaneously depressing the CTRL, ALT. and DEL keys results in the 
keyboard DSR initiating the equivalent o~ a system power-up reboot. It 
is handled internallv to the DSR and does not return a code. This 
function is "hardwired" and cannot be disabled. 

."'\ 

The ALT kev has a special use, which allows the user to enter anv 
character code (OOH-OFFH) ~rom the kevboard. I~ the ALT key is held 
down. and the decimal value o~ the desired character is typed on the , 
NUMERIC KEVPAD _ith three keystrokes, the value is returned directly 
through the Read Keyboard Input (AH=O) function to the application as a 
normal character. If less than three digits are tvped, the next non-
ALT kev struck forces the currently accumulated ALT/NUM value (due to 
the first 1 or 2 keystrokes) to be sent. Note that if the ~irst 1 or 2 
keystrokes were the zero keV' the next kev struck sends its normal 
character, since the zero adds nothing to the ALT/NUM value, but is 
Just a "place-keeper". I~ more than three kevs are struck, the 
accumulated value is sent and a new three-keystroke sequence is 
started. 

3.11.12 Tvpe-Ahead Buffer 

The DSR implements a circular type-ahead queue. which is capable of 
buffering up to 15 kevstrokes (each kevstroke is 2 bytes>. If the 
queue is ~illed, anv further characters entered at the kevboard cause 
the system beeper to sound. The Flush Kevboard Buffer (AHc 3) function 
causes the Q.ueue pointel's to be reset, which ef~ectively empties the 
b u f'er. 

3.11. 13 Repeat-Action Feature 

If! the repeat-action f!eature (the def!ault)is enabled, .11 keys are 
repeat action at a 15-cps rate after an initial delay of 1/2 second. 
Repeat-action characters are ignored if the queue currently contains 
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more than one pend ing character The result o~ th is is that th e 
, application does not have to worry about the repeat-action "c oas ting " 
problem; that is, i~ the application doe s not or cannot read th e 
ke~board input 9aster than the repeat-act ion rate, ihe unde sired 
l' e p eat-ac t ion characters are not q,ueued and th e ke'dboard does not get 
ah ead 04! the application. 

3. 11.14 Special Handl ing 

This section deals with 4!unctions handled by the ke'dboard DSR itsel~. 
The~e are 5eve~al eases in ~hich immediate reaction is ~equired (~or 
example, pausing the output routine so a flast-scrolling screen can be 
read>. Most 0' these 9unctions are implemented ~ith the so~tware 
inte~~upt 'acility 0' the 8088. 

Each 0' the de'ined inter~upt vecto~s points to some de'ault piece 0' 
code that eithe~ does nothing (a single IRET inst~uction) o~ pe~flo~ms 
some system function. An application p~og~am may change these 
inte~~upt vecto~s in o~de~ to gain di~ect access to a 'unction. but the 
application is responsible 'or p~ese~ving the o~iginal contents 0' the 
vector and restoring it befo~e te~minating and retu~ning to the system. 
Note that the application routine, i~ used, must end with an IRET (or 
the equivalent "RET 2", ~hich allows flags to be passe~). 

The stack used is the internal stack 09 the keyboard interrupt service 
routine and only 10 levels (20 bytes) 0' stack are available to the 
use~'s ~outine. Note that inte~rupts are disabled when the user 
routine is entered (due to the INT inst~uction). They should be ~e
enabled immediatelv unless it is necessary for them to be disabled. 
Registe~s AX, ax. ex, 01, and ES may be used (in'o~mation is passed in 
AX); antj Dthe~s must be p~ese~ved. I' the available stack is not large 
enough, then the routine should switch to an inte~nal stack of 
su'ficient size (plus eight bytes 90~ possible interrupts>. Also, the 
routine is executed as a part 09 the keyboard interrupt service 
routine, ~hich means that no othe~ keystrokes are accepted until the 
use,. ,.outine 'inishes and ,.etu,.ns. The no,.mal .... '1 to communicate with 
the outside wo~ld (outside the se~vice ~outine) is to set a 9lag, and 
to watch fo,. the flag in the application. For example, this is ho~ the 
BREAK function is implemented in MS-DOS. For these ~easons, control 
should not be retained b'J the use,.'s routine unless a complete s'dstem 
initi.lization is to be pe,.formed . 

• 
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3.11.15 User-Available Interrupts 

The following is a summar" of the software interrupts performed D~ the 
ke~board DSR that may be used by application programs. The interrupts 
are presented in the order that they are executed. The number ir, 
parentheses, the "interrupt type ll , is used in an INTerrupt instruction 
The abs'olute address of the corresponding vector is the interrupt type 
times 4. As an example, the address of the keyboard mapping vector is 
SBH Ie 4 = 1bCH. Note that any of the special Ic." interT'upt functions 
can be bypassed b" T'e-encoding the key code as described in paragraph 
3.11.21, "Custom Encodingll. The keyboaT'd DSR interrupts "are: 

1. Keyboard Mapping Interrupt C5BH) 

2. Program Pause Interrupt (5CH) * 
3. Program areak Interrupt (SDH) * 
4. Print Screen Interrupt (SEH) * 
5. Keuboard Queueing Interrupt CSFH) 

* These Interrupts occur after internal encoding. 

3.11.15.1 Keyboard Mapping. This interrupt i. per'ormed each time a 
ke" is pressed, but befo,.e it is encoded, IIIhich a 11 OlliS the use,. to 
encode th e key. When the user encodes th e keu, the DSR places th eke" 
code in the queue and performs Keyboard Queuing (SFH) Interrupti 
otherlilise, the DSR encodes the key. checks for the special keys, and 
then queues the Ice" code, causing the Keyboard Queuing Interrupt. Use 0' this Inte,.,.upt in ,.e-mapping the keyboa,.d is described in pa,.ag,.aph 
3.11.21, "Custom Encoding". 

3.11.15.2 p,.agram Pause. Pressing the (unshifted) BRK/PAUS keU causes 
a software inte,.,.upt and allolils the user to pe,.fo,.m an action 0,. return 
a IceU code. It will ,.etu,.n an extended code (see Table 3-0) to the 
calle,. if desi,..d. At system power-up, the vector is set up such that 
the PAUS keV sequence causes a screen hold, which stops a fast
sc,.olling screen. An .pplication program can change the interrupt 
vector in order to suppo,.t a pause function 0' its allin, but the program 
is responsible '0,. ,.emembering the original vector and restoring it 
befo,.e terminating. The Carr" 'lag determines the action 0' the 
keyboard DSR upon retu,.n from the software interrupt. If the Carr~ 
flag is' set, the DSR does nothing else And simplu exits. I' the .Carry 
flag is reset, then the character value in AX is placed into the queue. 
Before the sa,tlllare inte,.rupt is executed, the Carr" 'lag is reset and 
the extended code '0,. the p,.ogram Pause 'unction is placed in AX. 
Therefore, if an IRET instruction is used to return instead 0' the 
de'ault ROM pause routine. the DSR returns the Program Pause 'unction 
code to the application. Note that sin'ce the Carr" flag is used to 
pass in'ormation, the IRET instruction must be simulated with "RET 2" 
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(The IRET 

'3.11. 15.3 P~ag~am B~ealr. P~essing the (shifted) BRK/PAUS ketJ causes a 
.oftwa~e inte~~upt and allows the use~ to pe~~a~m an action o~ ~etu~n a 
ke~ code. It can be set to ~etUl'n an extended code (see Table 3-9) to 
the calle~. if desi~ed. Du~ing powe~-up initialization, this inte~~upt 
vectal' is set up to paint to an IRET inst~uctian 50 that the BRK key 
sequence is ignal'ed athe~ than ~etul'ning the bl'eak code. An 
application pl'ag~a. can change the intel'~upt vecto~ in arde~ to suppo~t 
a break ~unctian of its awn. Ho",eve~, the program is ~espansible fo~ 
pl'ese~ving the o~iginal contents a~ the vectal' and ~estoring it be~ore 
tel'minating. The encad ing Isof twar a-in t.~~ upt tec h n iqu e is th e same as 
that descl'ibed in pa~ag~aph 3.11. 15.~. "P~ag~am Pause". 

3.11.15. 4 P~int Sc~een. P~essing the SHIFT and PRNT keys causes yet 
anothe~ .oftwa~e inte~~upt~ The use~ can pe~form an action o~ l'etu~n a 
Ire" code. This no~mall" vectol"s to an IRET instl"uction lIIithin the ROM. 
The DSR checks the c.~~" 'lag upon ~etul"n, ·as desc~ibed in the P~ogl"am 
Pause and P~og~am B~ealr inte~~upt5 (pal"ag~aph5 3. 11. 15.2 and 3. 11. 15.3. 
l"espectively). Befol". the inte~l"upt is executed, the Cal'l"Y ~lag is .et, 
so if the l'autine consists ani" of an IRET, the ke., is effectively 
igno~ed. This can be (and is, by MS-DOS BIOS) patched to vecto~ to an 
actual P~int Sc~een l'autine. This ~autine executes as a part of th~ 
keyboal"d inte~~upt se",vice l"outine and. thus. cannot be inte"'l"upted b~ 
anothel" keyst",oke. 

3.11.15.:5 Ke"ba.,.d Queueing. This 50ftwa",e inter~upt accu~s evel'\: 
time a characte"" IIIhethe~ encoded by the DSR Dar by the usel", is plac.i~ 
in the t"pe-ahead buffe~. Its intended use is to enable a l'eal-time OS 
ta sk to know IIIh en th e~e is a eh al"ac ter to be read. The user ha 5 th I': 
option of not having a keycode q,ueued (ignoring the keljL S.~ 
paragl"aph 3.11.15. 1, nKe"baa~d Mapping" fal" Ke"baard Queuing interl"upt 
conditions. 

3.11.16 Custom Encodilag 

Facilities a~e available to allow an application p~ogl"am to encode the 
keyboard fa", itself, if nece5sa",,,. Eve~" time a ke" is pressed on the 
keyboa~d, ana or twa Ice" cades are sent f~om the kayboal"d ta the DSR. 
(Fo~ details see paragraph 3.11. 17Keyboard Interface Protocol). Each 
time a ke~ code (not including the made ke~ codes. ",hich a~e handled 
inte~nally) is l'eceived, a soft ... are inte'l'1'upt is per~ormed. No-rmally 
the inte",~upt vecto~ points to an IRET inst~uetian, but an application 
pl"ag"'am can rep'l'agram the vector to intercept these key codes. i~ 
neCe5Sa1'". Since eve~"thing comes th'l'ough this vector. the application 
can completel~ take ove~ (except fo~ the s~stem 'reset combination 
CTRL/ALT/DEL>' The 1"0utine that inte'rcepts the key codes typicallll 
scans through same tables to encode its special keys and execute an 
IJRET ~ .. inst~uction ",hen done. Note that in this situation it is 
especiall~ critical that the application 'resto'l'es the vector to its 
original value aftel" completion Dr the 5ystem "'ill c'rash "'hen the 
special encoding 'routine is w'I'itten ove'r. 
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When the sortwa~e inte~~upt is pe~rormed (r~om the k@yboa~d inte~~upt .~ 
service routine), the keubaard scan code is in AL, the made byte is in 
AH <see Figu~e 3-3 fo~ modes), and the Ca~~" flag is set (=1). If, 
upon return f~om the inte~rupt, the Ca~~y flag is ~eset (=0), then the 
no~mal encoding of the key code is bypassed and the values in AL and AH 
a~e placed directly into the type-ahead buff@r. This is useful fo~ 
changing the standard encoding of the keyboa~d. If the C.r~y flag is 
set, and the value of AL is ~etu~ned as OFFH, the keyst~oke is ignored 
entirely, and nothing is placed in the buffe~. This is useful in 
5 i tuat ions where the Spec isl Hand 1 i ng ~out ine (paragraph 3. 11. 14) 
pe~forms some function di~ectly and does not need to send a cha~acte~. 
No te that sine e th is is a software int erru p t, the IRET ins true t ion mus t 
be simulated with "RET 2 1• in orde~ to pass flags back . 

• IJ 

3.11. 17 Keyboard Interface Protocol 

Each time a Icey is pressed on the keyboard, a byte representing the key 
position is sent to the keyboard DSR. If the state of the mode keys 
(the SHIFT, ALT, CAPS LOCK, and CTRL keys) has changed since the last 
keystroke, the key position byte is p'T'eceded bU a byte showing the 
current status of the made keys. 

The first by te (mad e b ute) is sent only if it has changed since th e 
last transmiss ion. It is never sent with out being followed by the 
second byte. Also. since the mod e is not allowed to change d u~ing the 
rep ea t -a c t i an key func tion, the mode byte is never sent during a 
re peat-act ion ke" t.,.an smi s sian. 

• 
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r Note that the second byte contains a repeat-action ke'l bit. This bit 
is set to 1 during a repeat-action key transmission, and reset to 0 
during a non-repeat-action transmission. If the key is still pressed 
ailter a 1/2-sec:ond delay, the code is sent again, this time with bit 7 
= 1. This bit is used by the keyboard to suppress the repeat-action 
key function when necessary. All communication with the keyboard is 
asynchronous, serial. 8-data-bit, 1 stop-bit, even parity. The 
keyboard transmits its data at 2440 bps and receives its commands at 
300 bp s. 

Although the t~o bytes have similar formats. a5 sho~n in Figure 3-5. 
they may be distinguished by the 9.ct that the mode key status byte has 
all ONEs in bits 3-6. 

I 8 I 7 I 6 I 5 I 4 : 3 I 2 I 1 I 0 I FIRST BYTE 
------------------------------------- (Not al~ays sent) 

-----) C ontr 0 1 

---------) Alternate 

-------------) Shift 

------------------) • 1111 (denotes 1st b~;,~) 

-------------------------------) Caps lack (Uppercase> 

------------------------------------> Parity 

18: 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 

I 
I 

I . 

SECOND BYTE 

---------------------------) Scan Code 

------------------------------> Repeated Character 
(Repeat-action keys) 

------------------------------------> Parity 

'Figure 3-5 Byte Oe9inition - Keycode 
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The keyboard understands s.veral commands ~hich 
Keyboard Output (AH=4) funct ion, and the 

are detailed in the 
Iceyboard (normallv) 

ackno~ledges each command. 

The codes sent bV the keyboard are given in Table 3-9 through scan code 
104 (68 hexL The scan codes ~rom 69H through 6FH are spares and may 
be assigned in the 'uture. although the size o~ the standard encoding 
tables does not comprehend thi s. Codes 70H through 72H are status 
codes returned by the keyboard in response to commands: 70H is normal 
command ackno~ledge status. 71H indicates internal RAM 'ailure. and 72H 
indicates internal ROM f.ilure. Codes 73H-77H are unused and codes 
7SH-7FH are taken up bV the encoding 'or the mode key status byte. 

3. 12 PARALLEL PRINTER PORT DSR 

This subsection d.scrib.. the parallel printer 
functions it provid.s to the system or application 
it. 

port 
programs 

DSR and th e 
that use 

The print.r DSR provides routin.s ~ith ~hich to implement a 
I'Centronics-compatibl. I' parallel port interface. .It enables the us.r 
to output characters. g.t p ... inter status •• nd ini tial ize the printe .... 
It is c.pable of int .... '.cing to most printer s ~ith a Centronics
compat ible inter'.ce. 

The p ... int.... DSR 'unctions .re located in the system ROM and are 
acc.ssed th ... ough the .of.t~are interT'upt m.chanism 0' the 8088 
micT'oprocessor. The desir.d 'unction is chos.n by placing .n opcode in 
.... gist.r AH, zeros in register DL (see explanation of ... egister DL in 
paT'agT'aph 3. 12. 4. "Use Und er .n Op erat i n9 Syst .m") and exe cut i ng an INT 
4BH instruction. All registers are preserved except AH. t1Jhich always 
r.turns lIIith the printeT' status (see pa,.ag,.aph 3. 12.3, "R.turn Pr inter 
Status - AH=2, Dl=O.'1 The 'allowing functions a .... available: 

3. 1~ 1 Output Cha ... acter To p,.inte ... AH • 0, DL = 0 

This function sends the character in AL to the printer port. The BUSY 
signal from the printer is checked b.'ore sending the cha ... act.r. If 
the printer is still busy .,ter about 0.33 sec, the DSR sets the time
out bit in the status byte (in AH) and returns; otherlllise, it returns 
~ith the time-out bit .... set. Any abnormal conditions on the status 
signals 'rom the p ... int.r c.us.s the printer to go BUSY and time-out 
occurs i' the print.r s.ts FAULT. PAPER OUT, or NOT SELECT. It also 
sets BUSY, c.using a time-out to occur. 

In gene,.a1, it is not desirable to rely on the time-out 0' the printer 
output ... outine 'or normal use. It is a so,tware loop and causes the 
application to Uhang" during the time-out period. The preoferable 
method is to have the application watch the BUSY signal through the 
printer status call and implement its ollln time-out (i' desired) under 
its own control. This is especially important ~hen using the DSR ~,.om 
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the p~int.~ task o~ a ~.al-time as. 
p~int a cha~act.~ is: 

There~o~e, the no~mal se~uence to 

REPEAT 
INT.~rupt 4BH ~ith AH z 2 and DL = 0 (see paragraph 3.10.3, 
"R.tu~n p,.inte~ Status"Cparagraph 3.10.33), 

UNTIL 
STATUS • NDT BUSY 

END 

INT.rrupt 4BH with AH = 0, DL = 0 and AL = (character) 
IF STATUS • (tim.-out) 
TJ-EN 

<handle the .~,.a,.> (FAULT 01' PAPER OUT 01' (NOT SELECTED» 
END 

(R.ft,. to Figur. 3-6 ~ar b~te de~initian of Return p,.inter Status. ) 

3. 12.; Initializ. Printer AHzl, OL-O 

This function activat.s the INIT signal on the inter~ace causing the 
p,.int.,. to p.~fa,.m the .~uiva1ent a~ a po~e"-up res.t. The speci~i,: 
action tak.n is print.r-dependent (,.e~.,. to the app,.ap,.iate printe: 
manual>' The S'J stem soft ... a~e aet i vates this si 9 na1 anI tj one e, a '-
actual s~st.m pa .... ~-up (nat CTRL/ALT/DEL re •• t). 

AH - 2. DL = 0 

This function r.ads the print.~ status po~t and ~etUl'ns the infa,.matioi' 
in ,.egist.~ AH. This is the same info~mation as that ~etu~ned a~tel 
th. Output C ha~a C't.~ to P~ inter (AH=O, DL=O) and I ni ti a li z e p,. intel' 
(AH-l. DL-O) ~unctians. Th. bits a~ AH a~e encoded as sha~n in Figu,.e 
3-6. 

I 7 I 6 I ~ I 4 I 3 I ; : 1 l 0 : 

I • 
I . ' ------- TIME OUT (on bustj) 
I 
I 

--------------- (not used) 

----------------------- BUSY 

-------------------------- PAPER OUT 

------------------------------- SELECTED (ON LINE) 

----------------------------------- FAULT • 

Figu,.e 3-6 Btjte De~inition - Retu~n p,.inte,. Status 
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3. 12.4 Use Under an Operating System 

One o-f the -features o-f using· the software intprrupt techniq,ue to 
interface with the ROM routines is that a DSR can be enhanced or 
replaced by patching its interface interrupt vector. Under MS-OOS, for 
example, the serial printer support emulates the ROM's parallel printer 
func-tions. The printer interface is implemented by patching a small 
routine "in front of" the printer interrupt vector. This 'routine looks 
at register DL to determine the desired printer. If DLczero, then • 
Jump to the ROM routine is made, and the u'ser is unaware of the patch. 
If Dl.=1. however. then AH is decoded to perform the appropriate 
function on the serial printer. Since the serial support emulates the 
status returned bV the ROM's parallel routines, again the user is not 
.ware of the operation. ex cep t for th e fa ct t hat he s.t DL. Note tha t 
some operating svstem. mav not require reg ister DL to be anvth ing. In 
the MS-DOS case, ho~.ver. the DSR was extended in a manner that DL must 
be specified. As this is not necessaril~ the case ~ith other operating 
systems, refer to the appropriate documentation for the operating 
system used. 
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3. 13 WINCHESTER DSR 

The ~egiste~ assignment ~o~ the Winchester cont~oller is given in Table 
3-11. 

Table 3-11 Winchester Controlle~ 1/0 Port Assignment 

+-------------+---------------------+----------------------+ 
: t-EX ADDRESS : IN FUNCTION OUT FUNCTION 
+-------------+---------------------+----------------------+ 

0030 IMta IN po~t Data OUT port 
+-------~-----+---------------------+----------------------+ 

0031 Status ~egi.t.~ RESET 
+-------+----.....--------+------------+-

0032 Not used Not used 

+-------------+---------------------+---------------------~ 
0033 Not used 

+-------------+---------------------+----------------------+ 
An IN function .ets data f~om the Wincheste~ cont,.olle~ boa,.d an~: 
d~iv.s it onto the computers lID expansion bus. Conve~sely, an OU1 
function sets data ~~om the comput.~s lID expansion bus onto th~ 
Winchest.~ disk cont,.olle~ board. 

3.13.1 Byte Definitions 

The following a~e byte definitions 'Dr the Wincheste~ cont~olle~ 
~egiste,.s and po~ts. (Additional inforflliltion /Ralj be found if! 
subsection 2.13, "Wincheste,. Disk D,.ive and Cont,.oll.,.. II) 

3.13.1.1 Cont~oile,. Status Regist.,.. This byte stores the controller 
status. It enables the compu~er to read the status o~ the controller 
and manito,. its op.,.ation. Bits o~ the cont~oller status byte a~e 
defin.d as ~ollows. 

I 7 : 6 I 5 I 4 I 3 : 2 : 1 : 0 I (--- 1/0 Port address 0031H (READ) 

1 = Data Request 

1 = Inp u t/ou tput 
0 = Outp ut 
1 = Command, 
0 = Data 
1 = Pend ing interrupt 

---------------------- Don't care 
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3.13.1.2 Reset Pa,.t. This bvte T'esets the contT'oller. An~ WRITE to '"",. 
POT't 0031H T'esets the controlleT'. Bits of the reset part b~te are I 
defined as fallows. 

: 7 : 6 : 5 : 4 : 3 : 2 : 1 I 0: (--- I/O POT't addT'ess 0031H (WRITE> 

Texas InstT'uments 3-56 
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3. 13.1. 3 Interrupt Mask. 
in·t.,.,.upt to b. serviced. 
as fo11allls. 

A two-bit field in this byte determines the 
Bits of the interrupt mask byte are definea 

------------------------I 7 I 6 I 5 I 4 I 3 I ~ : 1 : 0 I <----- I/O Port address 0033H (READ) 

3.13.1.4 Er,.o,. Status B~te. 
available .fte~ a command has 
that this bVte is available 
Bits of the e,.ror status bVte 

1 = Status inte~~upt enable 

1 = Data inter~upt enable 

Don't care 

This bVte is a special case that is only 
been completed. The controller indicates 
by setting the 110 and CID bits with DRG. 
are defined as fa1101115. 

I 7 I 6 I 5 I 4 I 3 : 2 : 1 I 0 I <--- 1/0 Po~t add,.ess 0030H CREAD) 

------- 1 = E,.ra,. bit 

----------- Don I t car. 

----------------------- 1 = Drive number 

--------------- Don't care 

3.13.2 WINCHESTER ROM 

The Winch.st.,. ROM is designed to interface to the system ROM softillare, 
speci'ica1lv, the system disk DSR. It is located on the Winchester 
c ant,.o lIe,. board, bu tis ad dre ssed b II th. sy stem pro cess or. It IS 

ad dress, as determined bg the hardlilare, is OF8000H. Th e convention 
locates the ROM at the address (as seen by the software) a~ 
OF400: 4000H. 

The ROM contains softillare to interface to the system ROM disk DSR and 
to drive the Winchester controller. It also contains additional 
softillare to a1lalll booting the system f,.om the Winchester disk, 
formatting the disk, and running diagnostics (powe,.-up and advanced) an 
the controller and disk. 
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3.13.2.1 Limitations. The DSR and other utilities provided bV the "". 
system ROM limit t~e types of Winchester drives which can be used by ) 
the svstem. The limits are as follows; 

* X x Y cvlinders per drive. where 1 < X ~ 256 and 1 ( Y < 15. 

* 16 surfaces per drive. 

* 17 sectors per track. 

* 512 bytes per sector. 

* 255 error retries 

* I1-bits error burst length 

Most of the routines within the ROM are driven by data structures which 
describe the type of drive compieteiv. The svstem is powered up 
assuming the following drive parameters; 

153 c Vi in d er s 
4 surfaces 

125 first track of reduced write current 
64 first track of write precompensation 

1 error retrv 
11-bit error burst length 
3-millisecond step option ) 

If the default parameters are not correct for the tvpe of drive in use. 
the Initialize Winchester disk svstem option call must be done to setup 
the correct parameters. Note that the svstem can always boot the first 
sector with the default parameters. 

3.13.3 System Interface 

The ROM is initialized to the system when it is called after power-up 
test by the sv.tem ROM. The svstem ROM will have tested the Winchester 
disk controller ROM to guarantee that it is functioning properly before 
calling it. To allow the svstem ROM to test and call it. the 
Winchester disk controller ROM contains a header defining the size of 
the ROM, the ROM's entry point. a version number, and an identification 
message preceded bV the message length. 

The entrv point called by the system ROM is re~uired to do any device 
dependent initializ.ation and, optionally. to boot the system from the 
device which the called ROM serves. For the Winchest.r disk. the 
operations are as follows. 

* Setup the ROM's RAM area 1n the svstem and set the device 
installed bit in the system configuration word. 

* If the caller has passed the lido not boot" flag (OFFFFH in 
register DX), return control to the caller. Otherwise, (0 in 
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register OX) continue. 

* If the user has entered an IIESCII character from the ke\jboard, 
return control to the system ROM (boot from the diskette>. 

* Otherwise, display the Winchester disk controller ROM signon 
message and execute the controllers powerup tests. 

* Test all ROMs with a lo~er priority than the Winchester disk 
controller ROM and then call them with the "do not boot" flag 
set <OX = OFFFFH) to allow them to do any initialization of 
associated hardware. 

* Read in the boot sector from the disk, check it for usability, 
and Jump to the code in the boot sec tor. 

* If anv errors occur in the above area, control is returned to 
the syst em RO .... 

3.13.3.1 System RAM usage. The Winchester disk ROM uses 30 kbytes of 
RAM in the s~st.m RAM area. This RAM is allocated after RAM used by 
other previously called ROMs in a single data block pointed to b~ a 
word in the svstem vector area. Th. data structure of this vector area 
is given in Table 3-12 

AD·DRESS 

0000:0180 
0000:0182 
0000:0184 
0000:0196 
0000: 0198 
OOOO:OlSA 

0000:019C 
0000:018£ 

0000:0194 
0000:0196 
0000:0184 
0000:0196 

USER 

SYSTEM ROM U63 
SYS TEM ROM U63 
F400: 0000 ROM 
F400: 0000 ROM 
F400: 2000 ROM 
F400: 2000 ROM 

WINDISK ROM 
WINDISK ROM 

F400: 6000 ROM 
F400: 6000 ROM 
OPTION ROM U62 
OPTION ROM U62 

VALUE 

RAM SEGMENT ADDRESS FOR ROM I F400:AOOO 
LENGTH OF RAM SEGMENT IN BYTES 
RAM SEGMENT ADDRESS FOR ROM I F400:0000 
LENGTH OF RAM SEGMENT IN BYTES 
RAM SEGMENT ADDRESS FOR ROM @ F400:2000 
LENGTH OF RAM SEGMENT IN BYTES 

RAM SEGMENT ADDRESS FOR ROM @ F400:00oo 
LENGTH OF RAM SEGMENT IN BYTES (3OH) 

RAM SEGMENT ADDRESS FOR ROM @ F400:60oo 
LENGTH OF RAM SEG~NT IN BYTES 
RAM SEGMENT ADDRESS FOR ROM @ F400: 8000 
LENGTH OF RAM SEGMENT IN BVTES 

All accesse~ to the Winchester disk controller RAM area are through the 
segment pointer at OOOO:018CH. Notlt that since the Winchester disk 
controll.,. ROM is located at in segment OF40QH, that the segment 
painter location can also be reached from the code segment at address 
OF400: C18CH. 
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Th e segment poi n teT' allows the Wi nc h esteT' dis k C ontT' 0 lleT' RAM ar ea to", 
be located anvwheT'e. but care must be taken if the aT'ea is moved after ) 
the system is initialized. If this is done, the WinchesteT' disk system 
must be reinitialized with the Winchester disk option call "0;' 
(Initialize System) after the RAM aT'ea is moved and the vectoT's aT'e set 
to the nelll value,. This can be accomplished bV passing the nelll segment 
addT'ess in OS and OOOCH as the pointeT' to the initialization data (see 
paragT'aph a 13.6.1, "Initialize ~inchesteT' Disk System"). 

3. 13. 4 POllleT'-up Testi ng 

The WinchesteT' disk cont1'oller is tested to deteT'mine if it is working 
propeT'ly by using it's own inte1'nal diagnostics, the contT'olleT' 
diagnostic. and the RAM diagnos tic. Fa i lures are repoT'ted as system 
eT'1'OT'S 1111 whe1'e XI indicates the e1'T'OT' T'eceived. If an eT'roT' OCCUT'S. 
contT'ol is T'etu1'ned to the system ROM. 

3.13.4.1 Booting f1'om the WinchesteT'. The next step afte1' pOllle1'-Up 
testing of the cont1'olleT' is to go thT'ough the Winchester Baot 
sequence. Only dT'ive" 4 (E: for MSDOS) can be booted. If drive 5 is 
connected to the controlle1'. it can be used for data only. 

The first thing the boot procedu1'e does is to poll the dT'ive for the 
H1'eadv" condition. If the dT'ive is not 1'eady (as 1IJ0uld be true after 
pOllleT' on) the ROM 1'Outine5 lIJill wait about 30 seconds foT' the T'eady 
condition. If the user presses the "ESC" keV at an,=, time during this ) 
wait, control will be retuT'ned to the system ROM. 

3.13.4.2 Er1'o1' Recove1'Y. The eT'1'01' 1'ecovery p1'oceduT'es depend on th! 
e1'1'or. Far haT'dllJa1'e contT'oller eT'1'01'5 (time-outs), the contT'olleT' is 
1'eset and no 1'etries a1'e attempted. A ha1'dllJa1'e e1'ro1' code will be 
returned f1'om the disk DSR. 

Fo1' disk d1'ive er1'01'S (seek incomplete. lIJ1'ite fault etc), no 1'etT'ies 
.1'e reported and the disk DSR will 1'etu1'n the ha1'dwa1'e e1'1'01' code. 

FDr 1'.ad data op.1'ations, if the data is C01'1'.ctable, it is corrected 
and no e1'T'or is 1'epo1'ted di1'ect1v. A DSR "Read Soft Ret1'V Status" lIIi11 
1'epo1't this e,.,.o1'. 

Fo1' unco1'1'ectable e1'1'01'S, ret1'ies a1'e done with a restore befo1'e each 
retrv. If the 1'et1'V does not succeed, the data buffe1' is filled with 
"CCH" when the data cannot be read at all, OT' the unc orrec ted data if 
it can be 1'ead but contains an ECC e1'ro1'. 

Fo1' other ope1'ation erro1's. retries are done with a restor"e before each 
1'e t1'Y. 

• 

Texas Instruments 3-60 PRELIMINARY-~an 21, 1983 



r 

TECHNICAL REFERENCE DEVICE SERVICE ROUTINES 

3. 13. 5 Error R.porting 

The disk DSR is c~pable of reporting only a .felll errors. The pOllleT'-up 
boot c~n r.po",t mar. but not all. Table 3-13 is a listing of er"'or5 
reported by the disk controller and the codes reported by the OSR. 

Tabl. 3-13 Winchester DSR E,.ror Codes 

REPORTED ERROR CONTROLLER ERROR 

20H 
20H 
20H 
20H 
20H 
10H 
10H 
02H 
04H 
40H 
OOH 
10H 
01H 
O:2H 
01H 

* 01H 
02H 

* 01H 
.. 01H 
* 01H 
* 20H 
* 20H 
* 20H 

Hard.ar. 'ailur. 01H 
Hard.ar. 'ailure 02H 
H~rd",ar. failure 03H 
Hard",ar. failu,.. 04H 
Hard.ar. 'ailu,.. 06H 
CRC .,.ro,. 10H 
CRC .1",.0,. I1H 
Disk 'ar.at .1",.01" 1~ 
R.ca,.d not 'ound 14H 
S •• k .""0" 1SH 
No .1",.01" (an RETURN) 1SH 
CRe .,.,.0,. (soft stat)18H 
Command .1",.0,. 19H 
Disk fo,.mat .,.,.0,. lAH 
Co .. and .""0,. lCH 
Command ."1"0" IDH 
Disk fo,..at .,.,.0,. lEH 
Command .""0" lFH 
Command .,.,.0,. '2OH 
Command .""0" 21H 
H~rd",ar. f.ilu,.. 30H 
Ha,.dwa,.. 'ailu,.. 31H 
H.rd",.,.. failu,.. 3~ 

No index detect.d 
No se.k compl.te 
W,.ite fault 
DRIVE NOT READV during oper~tion 
T,.ack 00 not found 
ID fi.ld ,..ad e",,.o,. 
Unco,.rectable data e,.,.or 
Address ma,.k not 90und 
Record not found 
Seek Error 
Corr.ctable data .1"1"01" 
Correctable data e",ro", 
Sad track flag detected 
Fo,.m~t er",or 
Illegal access to ~lte"'nate track 
Ill.g~l t"ack for format .l't. usage 
Expected alte",nate track, isn't 
Altern~te track = b~d track 
Invalid Command 
Illegal disk address 
RAM diagnostic failure 
Progr~m ~emor~ checksum e,.ror 
ECC diagnostic failure 

* Th.se .1"1"01". should NEVER be encount.r.d b~ the DSR. 
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The errors which could be reported during booting are the controller -, 
errors shown in Table 3-13 and Table 3-14. All errors reported by boot 
have the format "SVSTEM ERROR - 11 XXi', where II IX" is the error code. 

Table 3-14 Displayed Errol' Codes 

All errors will have the following message displaved: 

** SYSTEM ERROR - 1111 ** 
Where the xx is the EXTENDED ERROR, listed belo~. 

EXTENDED ERROR EXPLANATION 

33H Status error on REGUEST SENSE STATUS command 
40H Time-out rx while waiting for WRITE DATA mode 
41H READ MODE rX while waiting for WRITE DATA mode 
42H COMMAND MODE rx while waiting for WRITE DATA mode 
43H STATUS MODE 1'1 while waiting for WRITE DATA mode 
44H WRITE MODE rx while waiting for READ DATA mode 
45H Time-out rx while waiting for READ DATA mode 
46H COMMAND MODE rx while waiting for READ DATA mode 
47H STATUS MODE rx while waiting for READ DATA mode 
48H WRITE MODE 1"1 while waiting for COMMAND mode 
49H READ MODE 1'1 while waiting for COMMAND mode 
4AH Time-out 1'1 while waiting for COMMAND mode 
4BH STATUS MODE 1"1 while waiting for COMMAND mode 
4CH WRITE MODE 1'1 while waiting for STATUS mode 
4DH READ MODE rx while waiting for STATUS mode 
4EH COMMAND MODE 1'1 while waiting for STATUS mode 
4FH Time-out 1'1 while waiting for STATUS mode 
51H Disk not readv 
S2H CRe error 
SSH Seek error 
54H Sector-not-found error 
55H Disk (unknown) error (controller failure) 
56H Not. Tl svstem disk 
57H Disk format errOl' 
58H Bad boot sector eRC or bad controller 
S9H SYSTEM ROM version doesn't support Winchester 

Texas Instruments 3-62 PRELIMI NARV-Jan 21, 1983 



r 
• 

...... 

TECHNICAL REFERENCE DEVICE SERVICE ROUTINES 

3. 13. b Hardware Inter fac. Rou tine s 

This interface to the Winchester disk system is provided to allow 
additional functions to be implemented in a straightforward u.ay. The 
calls are meant to provide a method of interfacing with the hardware in 
• manner that is more or less hardware independent. 

This interface is used bV doing a long Hcall" through the first double 
word in the Winchester disk controller ROM's RAM area. The opcode for 
the operation should be in register AH. Other registers' usage is 
explained with each operation. A useful method of doing this many 
times is snoliln bela .... 

WINROM DD 

PUSH 
XOR 
HOV 
MOV 
LES 
MOV 
MOV 
POP 

00000000 

ES 
AX, AX 
ES,AX 
ES,ES:WORD PTR 18CH 
AX,ES:DWORD PTR 0000 
WORD PTR WINROM+~iES 
WORD PTR WINRQM,AX 
ES 

MOV AH,OPCODE 
CAU. WINROM 

iLOCAL PLACE TO STORE VECTOR 
; TO ROM. 

;THIS CODE IS RUN FIRST 

;QET WINCH RAM SEGMENT INTO ES 
.OET VECTOR FOR WINCH ROM 
iSAVE IN OUR DATA AREA 

.SET OPCODE INTO AH 
;00 DO THE OPERATION 

The operations available fram this entry paint are explained in the 
following paragraphs . 
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3.13.6.1 Initi~lize Winch.ster Disk System. 

OPCODE: AH • OOH 
ENTRY: DS:SI • POINTER TO DATA BLOCK 

OFFSET VALUE/USE 

EXIT: 
USED: 

OOH (WORD) SECTOR SIZE IN BYTES 
02H (BYTE) TRACK SIZE IN SECTORS 
03H (BYTE) NUMBER OF SURFACES 
04H (BYTE) NUMBER OF CYLINDERS ON DISK 
OSH (BYTE) NUMBER OF ERROR RETRIES 
06H (WORD) REDUCED WRITE CURRENT CYLINDER 
OBH (WORD) WRITE PRECOMP START CYLINDER 
OAH (BYTE) STEP OPTION 
OBH (BYTE) ERROR BURST CORRECTED LENQTH 

At.. • ERROR CODE 
AX, BX 

This ope~ation tells the disk subsystem what tvpe 0' Wincheste~ d~ive 
is being us.d. It sets up the ha~d .... ~e ~nd 50'twa~e data 5tructu~es so 
that A use~ can Just call the DSR to use the d~ive. 

3. 13. 6.2 Chee k Wi ncheste~ ROM Ve~sion. 

OPCODE: 
ENTRY: 
EXIT: 
USED: 

AH c 01H 
NONE 
AX • BCD ROM VERSION NUMBER 
AX 

EXAMPLE: IF ROI1 IS V1.23 THEN AX WILL RETURN 0123H 

This ope~Ation retu~ns the Wineheste~ ROM ve~sion numbe~. 
often useful fo~ soft~ar. compatibilitv checks. 

This is 
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(' 3.13.6.3 Req,uest Controller Error Sense. 

,/ 

..... 

OPCDDE: 
ENTRY: 
EXIT: 

USED: 

Ali • 02H 
08: SI • ADDRESS OF SIX BYTE DATA BLOCK 
Ai.. • ERROR CODE 
Z • SET IF NO ERROR 
DATA BLOCK CONTAINS WHAT CONTROLLER RETURNED. 
AX, ex, SI. DI 

This operation gets error info~mation from the controller and returns 
an .rro" cod.. If the cantrall.,. hard",a,.., is b,.oken, app,.op,.iat •• ,.,.o~ 
codes are return.d. 

3.13.6.4 Send Winche.t.r Controller Command. 

DPCDDE: 
ENTRV: 

EXIT: 

USED: 

Not • 03H • 
08: SI • ADDRESS OF SIX BYTE DATA BLOCK eQ\lTAININQ 
eOMMAND AND OTHER DATA (SEE HARDWARE SPEC) 
Ai.. • ERROR CODE IF e FLAQ IS SET 
Z • SET, C =- RESET IF NO ERROR 
Z • SET. C - SET IF TIMEOUT 
Z - RESET, C. SET IF IMPROPER e~TRCLLER MODE, 
AX,CX,SI 

This op.ration .end. a co ...... nd to the cantrolleT. It does not .... it fo't 
a resp an ••. 

3.13.6.5 Qet Data FTom the Wincheste,. ContTolle,.. 

OPCODE: 
ENTRY: 

EXIT: 

USED: 

Not • 04H 
ES: DI .• ADDRESS OF SUFFER TO RECEIVE DATA 
CX • NUMBER OF BYTES OF DA T A TO GET 
AL. • ERROR CODE IF e FLAQ IS SET 
Z • SET, C = RESET IF NO ERROR 
Z • SET, e = SET IF TIMEOUT 
Z • RESET. C. SET IF IMPROPER C~TRCLLER MODE 
AX, ex, DI 

This op.ration .aits for the contTolle,. to provide data and then puts 
it in to the useTS buffer. It lIIil1 .... it about 1 second beTore 
retuTning a time-out eTror. If the contToller is in the COI1'1AND 0" 

STATUS .tate, an appropriate error code is returned . 
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3,13,6.6 Write Data to the Winchester Controller. 

OPCODE: 
ENTRV: 

EXIT: 

USED: 

AH -= 05H 
ES: DI • ADDRESS OF DATA BUFFER TO TRANSMIT 
ex = NUMBER CF BYTES OF DATA TO PUT 
Al = ERROR CODE IF C FLAG IS SET 
Z • SET. C = RESET IF NO ERROR 
Z - SET, C -= SET IF TIMEOUT 
Z • RESET, C - SET IF IMPROPER CONTRCLLER MODE 
Ax,eX,DI 

This operation .. its for the cDntroller to ask for data and then writes 
from the users buffer to the controller. It will wait about 1 second 
before returning a time-out error. If the controller is in the com ..... nd 
Dr status state, an appropriate error code i. returned. 

3. 13.6.7 Oet Status from Wine:: hester Controller .. 

OPCODE: 
ENTRY: 
EXIT: 

USED: 

AH - 06H 
N:)NE 
AL lIZ ERROR CODE IF C FLAG IS SET 
Z = SET, C = RESET IF NO ERROR 
Z • SET, C • SET IF TIMEOUT 
Z = RESET, C. SET IF CONTROLLER MODE IS NOT STATUS 
Z • RESET, C· RESET IF STATUS INDICATES CONTROLlER 
HAS N!I ERROR. 
AX,CX 

This operation waits for the status return from the contT"olleT". It 
lIIi 11 lIIait &b'out 1 ... cond b.fore retuT"ning a time-out erT"or. If the 
cont~oll.T" is in the COMMAND aT" d.t. transfer .tate, an .ppropT"iate 
errOT" code is r.turned. 
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r 3. 13.6. a Qet and Compare Data From the Winchester Control Ie,.. 

r 

OPCODE: 
ENTRY: 

EXIT: 

OSED: 

AH = 07H 
ES: DI = ADDRESS OF BUFFER TO RECEIVE DATA 
CX = NUMBER OF BYTES OF DATA TO QET 
AL = ERROR CODE IF C FLAG IS SET 
Z - SET, C = RESET IF NO ERROR 
Z - SET, C = SET IF TIMEOUT 
Z • RESET, C = SET IF I MPROPER CoNTROLLER MODE 
Z • RESET, C = RESET IF DATA DOES NOT COMPARE 
IF NO COMPARE, DI TO THE MISCOMPARED DATA 
AX, CX, DI 

This ap.,.atian ~its fa,. the cant1"alle" to p1"ovide data and then 
campar.s it Idth the dilt'a in the use,.'s buffe.,.. If the data does not 
campil.,.e, the dilta pointe,. (09:DI) i ••• t to point to the data add.,..ss 
that do.s not campa,... Aft.,. a lMit of about 1 s.cand the cant,.alle,. 
,.atu.,.ns a time-out e,.,.o,.. If the cont1"011.,. is in tha COMMAND 0,. 
STATUS st.t., an apP1"op,.iat. e1"1"O'" code is ,.eturned. 

OPCODE: 
ENTRY: 
EXIT: 
USED: 

AH - 08H 
NONE 
NONE 
AX 

This operation enabl.. the Winchest.,. cant1"al1.,. inter,.upts to the 
svstam bus. Note thilt this ope,.ation doe. nat enable the system 
inte,..,.upts '1"om the inte.,..,.upt controlle.,. or the processo,. inte,.rupt. 

3. 13.6. 10 Enab 1. StiituS Inte,.,.upt f,.om Contra lIe,.. 

OPCODE: 
ENTRY: 
EXIT: 
USED: 

AH - 09H 
NONE 
NONE 
AX 

This operation enables the Wincheste,. cont1"oll.,. inter,.upts to the 
system bus. Note that this ope,.ation does not enable the system 
inte.,..,.upts ,,.0. the int • .,..,.upt control1e1" 01" the p,.ocesso,. inte1"1"upt. 
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3.13. 0.11 Disable Data and Status Interrupt from ContTolleT. 

OPCODE: 
ENTRY: 
EXIT: 
USED: 

AH .: OAH 
NJNE 
t.DNE 
AX 

This operation disables the Winchester contTolleT inteTTupts to the 
svstem bus. Note that this opeTation does not disable the svstem 
inteTrupts fTom the interrupt contToller or the pTocessor interrupt. 

3.13.0.12 Poll for ContToller Relluest. 

OPCODE: 
ENTRY: 

AH • OBH 
NlNE 

EXIT: 

USED: 

Z • SET IF REOUEST IS NOT ACTIVE 
Z • RESET IF REOUEST IS ACTIVE 
AX 

This operation can be used to deteTmine ~hen the contTolleT is Teadv 
for "COtt1AND·, -STATUS II, -DATA IN I • 01" llDATA ~UTil. 

OPCODE: AH. OCH 
ENTRY: DL • DR IVE Nl.t1BER (4, 5) 

DH .: INTERLEAVE FACTCR 
CX - LOQICAL TRACK NUMBER TO FORMAT 

The dT'ive paTame teTs mus t have been set using OP O. 
EXIT: Al.. • ERR~ CODE, 0 IF OK. . 

ex - TRACK NUMBER OF ERRCR IF THERE IS AN ERROR 
USED: AX,BX,eX,DX,SI,DI 

This operation can be used by formatting routines to fOTmat a track on 
the Winchester disk. The drive paTameteTs must have been set up' bV a 
call to opeTation "0". The logical tTack numbeT can be found bV 
multiplving the cu1·inder numbeT bV the number of sUTfaces and adding in 
the surface numbeT. The interleave factoT is typically 12 or 13 faT" 
optimum use of the DSR to Tead seiluentiAl sectoTs. The eTrOT code 
Tetu1"ned is the controller e1"T01" code with extentions faT suc~ 
conditions as time-outs. Note th.t this opeTation alwa"s does a 
RESTORE 'ope1"A tion before th e trac k format, so it i 5 51 o~ to format a 
disk. 
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TECHNICAL REFERENCE DEVICE SERVICE ROUTINES 

3. 13. 6. 14 Format an Alternate Tra c k. 

OPCODE: AIi-• ODH 
ENTRY: DL -DRIVE NUMBER (4,S) 

DH- INTERLEAVE FACTOR 
CX • LOGICAL TRACK NUMBER TO FORMAT 
IX III LOgICAL TRACK NUMBER of ALTERNATE 

The d,.iva parameters must have been set using OP o. 
EXIT: AL- ERROR CODE, o IF OK. 

·CX - TRACK NlJ'1BER OF ERROR IF THERE IS AN ERROR 
USED: AX,BX,CX,DX,SI,DI 

This ope,.ation can be used b~ formatting routines to map a bad t,.ack to 
an alte,.nate t,.ack. The d,.ive pa,.amete,.s must have been sat up bV a 
call to ope,.ation .0 11 • The logical t,.ack numb.,. can be found by 
.ultipl,ing the c,linde,. numb.,. bV the numbe,. of su,.faces and adding in 
the su,.face numbe,.. The inte,.1eave factor is t,picall~ 12 0,. 13 for 
optimum use of the DBR to read sequential secto,.s. Th • • rror code 
,.etu,.ned is the cont,.oll.r er,.o,. code with extensions fo,. such 
conditions as time-outs. 

OPCODE: AH - OEH 
ENTRY: DL- DRIVE NL.t1BER (4, S) 

DH- INTERLEAVE FACTOR 
CX - LOgICAL TRACK NU1BER TO FORMAT 

The d,.ive paramete,.s must have b .an s.t using OP O. 
EXIT: AL.- ERROR CODE, o IF OK. 

CX - TRACK NlA'IBER OF ERRCR IF THERE IS AN ERROR 
USED: AX. BX.CX,DX,SI, DI 

This operation can be used bV formatting ,.outines to format a track 
that has a defect so that read operations will not miss the defect. 
The driva paramete,.. must have bean set up by a call to operation "0". 
The logical t,.ack numbe,. can be found by multiplying. tha cylindar 
numbe,. by the numbe,. of surfaces and adding in the surface numbe,.. The 
inte,.leave facta,. is tvpicallv 12 0,. 13 fa,. optimum use of the DSR to 
,.ead sequential •• cto,... The error code retu,.ned is the· controller 
error code with axtentions for such conditions as time-outs. Note that 
this ope,.ation .lwavs doe. a restore operation before the track format. 
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3.13.6.16 Check the Troacle Format. 

OPCODE: 
ENTRY: 

AH = OFH 
DL = DRIVE NUMBER (4,5) 
DH = INTERLEAVE FACTOR 
CX = LOGICAL TRACK NUMBER TO CHECK 

The dri ve parame tel's mus t have been set using OP O. 
EX IT: AL. = ERROR CODE, 0 IF OK. 

CX • TRACK NUMBER OF ERR~ IF THERE IS AN ERROR 
USED: AX, ax, ex, OX, 51, Dl 

This operation can be used b~ ~ormatting routines to check a track for 
proper -Pormat. This routine does not r.port errors -Par tracks which 
have been -Pormatted as bad tracks or alternate tracks unless the ID 
fields are incorrect. The drive parameters must have been set up bV a 
call to oper.tion .0". The logical track number can be found by 
multiplving the cvlinder number bV the number of sur-Paces and adding in 
the sur-Pace number. The interleave factor is tvpicallv 12 or 13 for 
optimum use of the DSR to read sequential sectors. Th. error code 
r.turned is the controller error code ~ith ertentions for such 
conditions as time-outs. 

3. 13.6. 17 Format a Winchester Drive. 

OPCODE.: AH = 10H 
ENTRY: DL = DRIVE NUMBER (4,5) 

DH = INTERLEAVE FAeT~ 
ex = LOGICAL TRACK NUMBER TO BEGIN FORMAT 

The drive parameters must have been set using OP O. 
EXIT: AL.- ERROR CODE, o IF OK. 

ex - TRACK NUMBER OF ERROR IF THERE IS AN ERROR 
USED: AX,BX,eX,DX,SI,DI 

This oper.tion can be used bV formatting routines to format a 
lIIinchester drive. Th. drive parameters must have been set up bV a call 
to operation "Oil. Th. log ical track numb.r can be found bV mu ltip Iving 
the cvlinder numb.r b~ the number of surfaces and adding in the surface 
number. The interleave -P.ctor is typicallv 12 or 13 for optimum use of 
the DSR to read sequential sectors. The error code r.turned is the 
controller error code ~ith extentions for such conditions as time-outs. 
If an error occurs during the drive -Pormatting operation, register CX 
~ill return the track in error. If the formatting oper.tion must be 
completed, increment the track number and call the routine again. This 
might be necessaru if • drive de-Pect fell directly on an address mark 
or ID fie I d. 
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3.13.6.18 Dump Oat. F;'om the Wincheste,. Cont,.olle,.. 

OPCODE: 
ENTRY: 
EXIT: 

USED: 

AH • xxH 
CX =- NUMBER OF BYTES OF DATA TO READ 
AL = ERROR CODE IF C FLAG IS SET 
Z == SET, C = RESET IF NO ERROR 
Z = SET, C = SET IF TIMEOUT 
Z a RESET, C = SET IF IMPROPER CONTROLLER MODE 
AX.CX 

This ope,..tion waits '0,. the cont,.oller to provide data and then reads 
and igno,.e. it. It \IIill wait about 1 second be'o,.e returning a time
out ."1'01'. If the controller is in the COMMAND 0,. STATUS stat.. an 
appropriate .,.ror cod. is returned. 
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Sec tion 4 

ASSEMBLY DRAWINGS AND LISTS OF MATERIALS 

This section contains assembl~ d~awings and lists o~ 
applicable to the Texas Inst~uments P~ofessional Compute~. 

TITLE TI DRAWING 

Motherboa~d Assembly 2223003 
Alph anumeri c CRT Con t~o 11 er Boa~d 2223009 
Option RAM Board 2;:;:3015 
Power Supply Assemb 1 y 2223037 
Main Ene losu~e 2223038 
System Asslj,Domestic 2223050 
System Asslj, International 2223051 
Q~aphic:s Video Cont~olle1' 2223061 
Elecrtical Pin Configuration 2223082 
Sync-Async Comm Bboa~d 2223094 
Cabl.,Pa~all.1 P~inter 2223106 
Cab 1., Video Monochrome 2223105 
~oy 5 tic: k Board 2223085 
Option Kit, RAM Chip $ 2223099 
Keyb oard, Low P~ ofi 1 e 2230528 

Drawings not available in time for printing: 

Color Display Unit 
Winehest.~ Disk Controller 
Parallel Test Plug Assembly 
PWB,Parallel Test Plug 
Configu~ation,Diskette D~ive 
Power Cord AC 
Communications Loopb~ck Plug 

2223219 
2223220 
2223276 
2223277 
2223279 
0996289 
2207985 

PAGE 

4-3 
4-12 
4-18 
4-23 
4-27 
4-31 
4-37 
4-43 
4-48 
4-52 
4-55 
4-58 
4-b2 
4-63 
4-64 

mate l' ia Is 

NO. 
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1117.4/82 

PIlRT NU"'OER "FV 
2223001-0001 F 

~ESCRlrTTrN ••••••••••••••••••••••••••••• 
MOTHERnOAr.n - PEGASUS 

ITFH. 

0002 

0004 

0004A 

000'l 

OOO'lA 

0013 

0013A 

OOltt 

0014A 

0024 

0024A 

Don 

0026A 

00]7. 

0032A 

003t; 

0035A 

0041 

004iA 

0042 

0042A 

0043 

0043A 

0044 

0044A 

00~4 

00'54A 

00511 

0058A 

005'M 

0060 

QUANT tTV. COMPONENT •• OESCPTPTTON ••••••••••••••••••••••••••••• UM 

nOOOI.OOO 2223005-0001 

~0002.000 2210198-0018 

nO~CI.r.OO 7.2108~5-0010 

0000'5.000 2211347-0016 

00001.000 09Q6166-0005 

00001.000 2210104-0001 

00001.000 2210ZQ3-000J 

00001.000 7211342-001'5 

00002.000 2210188-0016 

COOOI.OOO OQQ6151-0005 

00001.000 oqq~151-0008 

oe004.000 22111411-0002 

ceOOl.000 22204Q5-0001 

oeOOl.000 727.04811-0003 

0COC'lI.000 0'l72'537-000J 

01 Ar.IUI',lnr.T C. "'InTffFRnnAp.o FA 

SOCKFT.OtP,40-PINS.lOW PRnrllF FA 
S~~ T -I DRAWING 
XUl.XU2 
SEE T -I ORAWING 
CRVSTAl.lS.00 ~HZ,~(-18/U ~oO CASE FA 
SEE TT - onAM 'PIle; 
Yl 
SEE Tt- DRAWING 
CONN.CARD-FOGE,]I nuAl POS.NO EAPS fA 
SEF Tl- ORAWING 
Jl.J2.J:1.J4.J5 
SEE Tt- DRAWING 
HEADFR,SntKET.SHORT SOLDER T 6 CIRCUITS EA 
AMP - 350827-1 
P6 
AMP - 350821-1 
IC,LS280.9-8fT Don/EVEN PARITY GfN/CHK FA 
V-LIST-lS280 8URN-IN 
U31 
V-lTST-lS280 BURN-IN 
"ElAV MODUlF. TAPPED, 3NS RISE TTME ~AX FA 
SeE Tt- DRAWIPIIG 
U30 
SH Tt- DRAWING 
Cf'NN,CARD-EOGE,27. OUAl POS,''" FAilS fA 
SF.F TT - DRAWING 
JI0 
SEe TI- ~AWIPIIG 
SOCK FT, Of P, 74-P H',l OW PIlOf' I l E EA 
SFE T -I OPAWING 
XU61,XU63 
sre T -I ORAWTNG 
HfADfR.l1 PfNS PFR POW,STRAtr.I'T,nfll POW FA 
5 0 '3 '5 -OeJO O-OC 0 
P'l, 
51)35-0900-000 
HfAOER,20 I'HIS.STPAtr.HT,N1l"'l( "OW 
22~26--65611-140 
P13 
22576--6'5611-140 
H(AOER,prH,3 PINS. ST~. onURlr ROW 
022526-65611-106 
El-E6 
022~26-6~611-106 
H(AOER,l-ROW 7.-1'05,100 CfNTEIl r.Oln 
SfE TI- mUwlNG 
E17-Fl8. ElQ-EZO, Jl1-JI2 
SFE TI- DrAWING 
IC, +5 VOLT REGUlATOR,BURN-IN 
S~f TT- nRAWfNG 
U2? 
SFf TI- ORAWING 
cn'm,PCFI-MTG.5 FFMAlF cmlTACTS,PT ANr.lF 
SF!" Tt - nRAW I PIIG 
J8 
SH TI- DRAWING 
CONNECTOR,RFCfPTAClF,PCB.l'5-PTNS 
SH Tt- DRAWING 
J7 
SEE Tl- Oil AW ING 
DIOOF,lEO REO "T APIIGtE 
072619-550-1)40" 

FA 

fA 

FA 

EA 

~A 

FA 
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11/24/82 

PART ~ur'SER P. EV nrSC~lrTtnN ••••••••••••••••••••••••••••• 
2223003-0001 F "OTHERnOArn - PFGASUS 

1 TEM. 

0060A 

001S 

0018A 

007<) 

007<)11 

0080 

oonOA 

0011" 

00/l3A 

0089A 

00<)0 

00<10A 

0093 

00')3A 

001l0; 

010e 

0101 

0103 

0103A 

0104 

0104A 

0110 

0111 

0113 

0114 

OUA"ITt TV. cnMPnNFNT •• nFSCRTPT,n~ ••••••••••••••••••••••••••••• U~ 

00001.000 0~72227-0013 

00001.000 0~72227-0001l 

00001.000 0972163-0021 

00001.000 2211700-0002 

00002.000 2211ll7R-0002 

00002.000. OSJ234R-0401 

00002.000 0')7244~-0013 

00001.000 2223036-0001 

OC004.000 0<)124117-0001 

OODOl.OCO OQQ4396-0001 

OOJOl.OOO 02"S12R-OIZo; 

orOOl.oeo 01l12537-0004 

00001.000 097?S37-D002 

REr 2223210-0001 

nooel.OOO 0411100-0070 

AR 0411435-0408 

AR 041SR04-0000; 

00001.0no 2221003-5001 

CIU 
07261 1l-550-0406 
PFSISTOR, lOOK VARJA~LE-CFP.MFT FLEMFNT FA 
032991-32Q2W-I-I04 
"17 
037<JQ1-32')2W-I-I04 
RF.S IST"R, 50000· OHM, 22-TUflN Tn TMMER EA 
SrF n - DRAWING 
R 18 
SEF TT - OR AN HIG 
RES,VAR, 5000 OUMStll2 WATT, CFRMH FA 
032<)Q1-n<)ZW-l- 0;02 
"'1<) 
03?QIl7-32<)?W-I-502 
CAPAcrTOR,82PF 500V 5~ FIX,MJCA O'EI ECTR FA 
MIL -CNR05E820-JOO 
C5 
HIt -CMR05f820-JOO 
CAP.,rJXEO,AXIAl tEAD •• 041 UF •• AO~,-ZO~ FA 
163Z-0000-000 
Cll 
1632-0000-000 
CAP, 220UF. 6. 3V. 20~ Ell 
SEE TI- DRAWING 
C12 
SH TI- DRAWING 
TRANS,NPS6602,NPN,COMPlFNfNTRY DR'VFR r-A 
SFE TI- DRAWHIG 
Ol,Q2 
SEE TT- ORAWJ~G 

STun, EXTENSJON-CRF.S EA 

RJVFT,.116 OIA 5/16 lG DnMf HO Al~ 
-000 

rtATF,KFYSOAR~ rlUG 
1"78-3016-00<) 
JUMPER PlUG.CONNFCTnR RlACK 
5<)35-0<)00-01)0 
PROC •• SITE/D~TE CODe AND SERIALIZATION 

TAO TTN Pl 8R5 STUD OIA.130X.037. THK 
AMY' -42822-2 
lEO,YEllOW,RT ANG PC~ MTG.2.1V,s.nvn 
SEE TI- DR AW ING 
CP.2 
SH TI- DRAWING 
OtODE,LEn GRfFN RT ANr~f 
07261~-5';C-0206 

CR3 
07261 <)-550-020(, 
SPfCIFICATION,UNIT TEST-MOTUERSOARn 

lOCKWASHER'4 INTfRNAl TOnTH CRFS 
QPl - ~S3~3'3-70 
TAPF,INSUlATION.ElECT.1/4 IN 
I'1nM - 56-1/4 
SEALING COMrOUNO,ANAFROBIC-Rlur r,RAnF C 

MOTHERBOARO - PEGASUS - AtlTO 'NSFRT 
1254-3004-000; 
COST, SHPINKAGE 

fA 

FA 

EA 

EA 

fA 

FA 

FA 

RL 

OT 

FA 

FII 
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PART ~lIIMBER RF=V o£sr.RIrTInN ••••••••••••••••••••••••••••• 
2121003-5001 F MOTHERBOARD - PEGASUS - AUTO rNSFf'T 

ITEM. 

0001 

0003 

0003A 

00C5 

0005A 

0006 

0006A 

0007 

0007A 

0008 

0008A 

0010 

0010A 

0011 

OOllA 

0012 

001ZA 

0015 

0015A 

0016 

0016A 

0017 

0017A 

0018 

0018A 

0019 

001?A 

0020 

0020A 

0021 

002lA 

0022 

QUANTITY. COMPONF=NT.. nESCPJPT10N ••••••••••••••••••••••••••••• UM 

oe001.000 227.3004-0001 

00001.000 2220419-0001 

00001.000 2220474-0001 

00001.000 2220414-0001 

00003.000 2210120-0001 

00004.000 2210702-0001 

00001.000 2220435-0001 

00001.000 2220412-0001 

COOOl.000 2220626-0001 

OC001.000 1710~53-0001 

00001.000 2210654-0001 

00001.000 222305Z-0002 

OOOOO.QOO 2211~~4-0007 

oeOOl.000 21.11102-0001 

00002.000 0977141-0051 

00001.0CO 2220445-0001 

00001.000 2723053-0001 

PW!\ '10THERBOARn 1'0 A 
166"- -000 
IC, MICROf'Rf1CESS(1R ,CPU FA 
SFf TI- DRAWING 
Ul 
SEF TI- DRAWING 
Ic,MICRnr~OCESSOP AUS tONTROll~R ~A 
SEF TT - DRAWING 
U3 
Sri: TJ- DRAWING 
IC,TTL,ClOCK GENERATOP AND DRrVFP EA 
SEF TI- DRAWING 
U4 
SEE TI- DRAWING 
IC,LS313,otTAl D-TVP£ LATr.HF S FA 
V-LIST-lS313 BURN- IN 
U5,U6,U1 
V-ltST-lS311 "URN-IN 
IC,lS213,Or,TAl,O-FLIP-FlOP W/CO'" ClnCK EA 
V-lJST-lS213 9URN-IN 
U41,U49,U50,U51 
V-l I ST-l S211 8URN- IN 
It,PROCRAMMAALE INTERRUPT CONTROll ER EA 
SFE n - DRAWING 
U46 
SfE 11- DRAWrNG 
IC,USART,PROG.COMMUNICATION tNTFRFfRfNCF FA 
"FF Tt- DRAWING 
U4It 
SEF TI- DRAWING 
IC,MOS, 16-IHT PPGMtlL HITFRVAl TtMFR FA 
SfF TJ- DRAWING 
U45 
SEE Tl- nRAWING 
rC,lS13A,3-TO-8 LINE nECODFR FA 
V-l IST-lS138 IlI1~N-tN 

U55 
V-lTST-lS138 nURN-TN 
IC, l ')13Q,"UAl 7.-TO-4 tINE oeCOIlFR FA 
V-lIST-l,)13Q BURN-IN 
ua;=, 
V-lIST-lSllQ ~URN-tN 
ROM, SYSTEM DECOOF liA1l2l6 FA 

US4 

IC,OMPAlIZl6NC 
SEF Tt- IlRAWING 
*U~4,AlTERNATE FOR TT~M 11 
SFF Tt - ORAlil NG 
It, F4011SPCOR ,QUAO, 2- INPUT ,4011-RURN-l N 
SEe TI-ORAWtNG 
11'58 
SFF. TI-oRAWING 
NFTWORK,RfS. 4.1 K nH~ Z ~ 14 ~tN DIP 
Il~C - 8Qq-l-R4.7K 
U60,1166 
BEC - 899-1-R4.7K 
rC,OYNA"'TC MEMORY cnNTRotlFR 
SEF Tt - DRAWING 
UZ1 
SEE TI- DRAWING 
ROM,I~EMORY tONTRnt. HAl16R4A 
166Q- -000 

FA 

fA 

fA 

FA 

FA 
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...... -----------lIST OF MATERIALS ----------...... 

4-8 

ll1Z4/fl2 

~ART ~u"'nrR RFV 
22230J3-5001 f 

nESCnJrTTnH ••••••••••••••••••••••••••••• 
MnTHrRnnARO - PFGASU5 - AUTO INSfr.T 

ITF'" • 

0072A 

0023 

0023A 

0025 

0025A 

002'1 

0027 II 

002R 

002M 

0030 

0030A 

0031 

0(13111 

00'31" 

0033 

oo:nA 

003 /• 

0034A 

0036 

0036A 

0037 

OI)~HA 

0038 

0030A 

003Q 

003QA 

0040 

004011 

0045 

0045A 

QUANTI TV. cn'1rOlllFNT.. flESfP, IPTION ••••••••••••••••••••••••••••• If'" 

oonoo.ooo 2211~84-0011 

00001.00C 271060R-0001 

00001.000 2210614-0001 

ooorl.OOO 7.210671-0001 

OOOOQ.ooo 221111~-000~ 

00004.000 2210~q5-0001 

COOOl.OOO 2223064-0001 

OO~Ol.0no 2220415-0001 

·oeOOl.OOO 22~0421-00nl 

00001.000 222041R-000I 

00001.000 2223054-0002 

00000.000 7211~R4-0006 

00001.000 2211771-0001 

U2f1 
IMq- -000 
IC,nHPAll"P4NC EA 
SrE Tf- DIUWING 
-U2R.AlTFflNAH rop rTF'" 22 
5rF TI- DRAWING 
IC.lS221.0UAl nNE-SHOT ~A 
V-lIST-lS221 8unN-TN 
U~q 

V-l r ST-l 5221 RuPN- IN 
It.lSl0,TnJPlF,3-INPUT NA~n FA 
V-lIST-lSIO AUflN-IN 
Uq 
V-lIST-lSIO RURN-IN 
JC,lS20.flUAl,4-INPUT NANn FA 
V-lJST-lS20 AURN-IN 
U32 
V-ll5T-lS20 AURN-IN 
It, 1 532, CUArl. 2- INPUT Of:! E A 
V-lIST-lS32. RURN-IN 
1))4 

V-ltST-lS32 "URN-IN 
It,LS74,DUAl 0 fLTf>-FlOr W/PSET & tlP FA 
V-LIST-lS14 RURN-IN 
U21,113', U65 
V-lIST-LS74 RURN-IN 
lC,64K X 1-8IT RAH,350 NSfC,PEAO tY TIME FA 

IC,lS245,OCTAl 8I1S,XtTVER,3ST.OIJTPl1T 
V-l I 5T-l S 245 RURN-I N 
U8,UI2,lI52,U61 
V-LTST-lS245 BURN-IN 
ROM. Syo;TEMS 
SFE TJ- nRAWING 
U63 
srF Tf- DRAWING 
It.FlOP~Y OJ5~ CONTROllER,PlASTTC 
SEF TI- DRAWING 
un 
SH TI - "RAWI ~~ 
IC,FlOPPY OISK ~uppnflT lor-rc 

-000 
U14 

-000 
lC,FOUR ~HASE Clnc~ r.FNF~ATOP, 

Sff Tl- DRAWING 
Ul'5 
SFE Tl- DRAWING 
ROM flOPPY SYSTEM cnNTROl 

fA 

FA 

fA 

FA 

FA 

JC,BLANK PROGRAM~A~lF ArR~Y OF GATFS EA 
SEE Tl- DRAWING 
-Ul<),AlTER fOR ITFM 3<) 
SEr Tt- DRAW ING 
rc, SN141 S62AN,EXTFRNAl, TfMPfPATUPF com' EA 
SFE TI- DRAWING 
U16 
SF!" Tt - rm AW JNG 
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.... -----------L1ST OF MATERIALS ----------...... 
11/241 ~7 

PART ':ll'~B ER P. rv nFsCRt~TTON ••••••••••••••••••••••••••••• 
7.2730~'-5001 F. MOTHFRonA~O - PEGASUS - AUTn T~~rnT 

ITFM. 

0046 

0046A 

0047 

0047A 

0048 

0048A 

0049 

004c)A 

0050 

00'50A 

OOCil 

OO~IA 

0052 

00'52A 

OOCil 

005H 

00'55 

OOCi'5A 

0056A 

0057 

OOCHA 

0061 

0061A 

0062 

0062A 

0061 

0063.\ 

0064 

01')64 A 

006'5 

00f>5A 

QlJ liNT TTY. eO~PONF"T.. orScRTPTTON ••••••••••••••••••••••••••••• UM 

OOOO?occ 2~11126-0001 

00001.000 Z7.10661-0001 

00007.000 OZ27222-7416 

00001.000 12110'5~-000l 

00001.000 2210604-0001 

00001.000 1210727-0001 

00001.000 02Z2Z2"i-2311 

00001.0CO Z21134c)-OOCl 

00003.000 0~1Z~46-00S;7 

00004.000 0C)1Zc)4 f>-OOf> 5 

re, lK l( 4 81 T STATTr. PAM 
-000 

111 7 , Ul1' 
-000 

NFTWI"'RK 4040 
-SEE TI ORAWING 

U11 
-SFF TI 

IC,LS163,SYNC 
V-lIST-l S163 
U20 

onAWTNG 
it-AfT AHIARY on, SYNC ctR 
RURN- IN 

V-lI~T-LS163 AURN-IN 
NETWORK SN7416N 

-SN7416N 
U23,IJ24 

-~N7416N 
IC , 7407NJ, HEX Isur IOVP, StlP. N- IN 
SFf' Tt- Or-AWING 
lJ26 
SF!: TY- OftAWTNr. 
IC,lS244,nr.TAL A1W/LINf nRTvrn/RFCETVER 
V-ll<;T-l~744 "!lPN-IN 
1125,U41\ 
V-ll ST-l S244 BURN- t N 
IC,L~04,IIEX INvrnn:RS 
V-LT ST -l S04 AUR N- HI 
U10 
V-LIST-lS04 R~N-TN 
IC, lS3fJ] ,OUAl,4-AIT fHNARY COUNTFR 
v-U 'iT-l ~3qJ AURN-TN 
U56 
V-lIST-lS3c)1 RURN-IN 
NETWORK lM311N,SN72311P 
sr,:; - TI ORAWINIj 
11f>4 
SEF - TI DRAWING 
IC,SN1518?AN3, QUA" LINE RECEIVERS 
SFf: Tt- DRAWING 
U51 
SH Tl- onAWING 
IC.LM186,AMPl,PWR,AunTO 

RES FIX 10K OHM 5~ .7.5 W r:AfHION FTU~ 
1640-Z 132-000 
RI0,Rtl,P.14,R6 
1640-Z13 2-000 
RES FIX 4.7K OHM 5 ~ .?~ w CARno~ FILM 
ROH - R-25 
P7,R8,R40,R41,P11 
RnH - R-25 
RF.·$ FTX 6.81( nHr, c; ~ .2'5 W C.'\f'~ON FTl~ 
RO" - R-2~ 
R;"6,nZ1,RZ8 
RnH - ~-2'5 
RFS FIX 410 OHM '5 • .?'5 W CARBnN FTlM 
r-OI~ - 1'-2'5 
R21,R24,R25 
RnH - R-7'5 
Rrs FIX 1.0K OHM '5'l .25 W f:ARSON Ftl~ 

ROH - R-Z5 
R4.RZl,R3A.R45 
ROH - R-ZS; 

FA 

FA 

EA 

fA 

FA 

FA 

FA 

FA 

FA 

FA 

FA 

FA 

4-9 



,...-----------L1ST OF MATERIALS ----------...... 

PAnT NU~fR PFV 
2223003-5001 F 

nfscRlrTl0N •••••••••••••••••••••••••••••• 
MIJTHFRl\OARO - PEr.AStJS - AUTO INSf'RT 

tTfM. 

00b1 

0061A 

0068 

0068A 

0069A 

0010 

0010A 

0011 

0011A 

0072 

0012A 

001Z13 

0073 

0013A 

0074 

0014A 

0015 

0075A 

0016 

0016A 

0017 

0017A 

0081 

00B1A 

00'l2 

0082A 

0084 

0084A 

0085 

0085A 

0086 

4-10 

QlIANTTTY. cnMPrHlfNT •• OESCRTI'TION ••••••••••••••••••••••••••••• liM 

ooonl.OOO OQ12946-0011 

00003.000 0972946-0072 

00001.000 0539370-0364 

00008. "00 OQ12'l46-004'5 

00002.000 091Z946-005R 

00001.000 091Z946-0049 

oeOOl.COO 0912934-0010 

00001.000 053Q110-0465 

00001.000 0'519310-0441 

00001.000 09121'51-001Q 

00001.000 0418156-Z353 

oe001.OOO 0972924-0071 

00001.000 0~72757-0043 

RES FIX 10.0 OHM 5 ~ .75 w.CA"~nN flt~ 
RnH - R-Z'5 
RZZ 
ROli - R-25 
PEo; FIX 47 K OHM 5 -,; .25 W CARf\ml FIL"1 
RnH - R-Z'5 
R13.RI4.RZO 
ROH - R-Z'5 
RF$ FIX 68.0 OHM '5 ~ .2'5 W.CAPRON Flt"1 
ROH - R-Z5 
Rl'5 
ROH - R-25 
rrs fIX Z.OK OHM '5 ~ .25 W CARRON FIl"1 
POH - R-Z5 
R5.R3.R39 
ROH - R-Z5 
RES FIX fILM b04 OHM 1" .Z'5 WATT 
COR. - t.lA5'5 
In? 
COR - NA55 
RFS FIX 150 OHM 5 ~ .25 W CARBON FfL~ 
SEE TT- ORAwING 
RZ9. R30. R3lt R12 
SH TI- IlP AW I~C 
R4hR41o>.R46,R41 
SEE Tl- nflAWING 
RE" FIX 510 OHM'S -,; .25 W CARBON Fll~ 
ROH - R-25 

- R-Z5 
FIX 220 

- R- 2'5 

Rl.RZ 
ROH 
PFS 
"OH 
R31 
ROH - R-25 

~ .75 W CARBON fll~ 

OlonE.IN155A 7.5 v 5~ $IL VOLT ItFr. 
OPt - tNT'S'SA 
CP.4 
OPL 
Rrs 
C~ 
R3'5 
COR 
RF.:S 
COR 
R36 

- IN755A 
f'IX FILM 6.81K nHM 1~ .25 WATT 

- NA'55 

- NA'55 
FIX fILM 3.83K OH~ 1: .7'5 WATT 

- NA55 

COR - NA5'S 
CAI'.rIXEO CER 3300Pf 10~ 'SOV 

C3 

CAP FIX 0.68 "1f 50V In~ TANTAl'~ SOltn 
QPl -M)9003fl-2351 
C4 
QPL -M)9003fl-235' 
CAr FTX CtR 470PF 10~ 50V 

CR 

FA 

fA 

FA 

FA 

fA 

FA 

EA 

[6 

FA 

FA 

E~ 

CAl' FIX TANT SOLID 1.0 MFn 10 ~ '50 VOLT EA 
OPL -M1~003fl-235h 

CZ 
OPL -M3q003f1-~)5b 
CAPACtTn~.1'51'r.l0~.~OWVOC.CfRA~lC r~ 
SH Tl- ORAMING 



.... -----------L/ST OF MATERIALS ----------..... 
11/2'01 R7 

PART NUMIH'R PFV 
27.23003 -5001 F 

ITEM. QUANTITY. 

n086A 

OFScRIPT·rnN ••••••••••••••••••••••••••••• 
MnTHFRRnAp.o - PEr.A$US - AUTO INSr-RT 

cnMpnNF'NT •• OF'SCrIPTtnN ••••••••••••••••••••••••••••• I./'" 

C1 
sr-r; Tt - o~ AW r~IG 

0087 00001.000 Oq77.76~-0013 CAr,rIXEO .010UF 50 VOLTS EA 
004222-MC105EI01l 

00n1A CQ 
004222-MCI05E1037. 

0088 00017.000 097216'\-0025 CAPACITOR,.lOlJf 50V F'X.r.ERAMIC nlEt FA 
COP CA-C03l5UI04Z050A 

0088A C1,CI0,C46,C47,C48,C49 
COR CA-C03Z5UI04Z050A 

00888 C50,C'51,C52,C53,C54,C~5 
COR CA-C037~UI04Z050A 

00'11 00027.000 0'172763-0001 CAPACITOR,.OOlUF 50V FX Ct=RAr1tC Ola FA 
COR C1-C02Z5UI07.1100A 

OOqlA C6,C13,C14,C15,C16,Cl1,CIA 
COR C!-COZl5tItOZl 100A 

0091B CI9,C20,C21,CZ2,C23,CZ4,C2~ 
COR CA-COZZ5UIOZZI00A 

OOqlC C26,C21,C2S,C29,C10,C'1,C"Z 
COR CA-C02Z~UIOZZI00A 

OQqln C33,C34,C35,C36,C31,C57 
COR CA-C02Z5UIOZZlOOA 

009Z COCOA.OOC 097ZQZ4-001A CAP FIX rANT snllD 6.n MFD 10 t '5 VOLT EA 
arl -M39003/1-Z304 

0092A C3A,C)9,C40,C41,C42, 
OPt -M39003/1-2304 

0092n C43,C44,C45 
OPl -M)9003/1-2304 

0102 OOOOl.OOC 2210600-0001 l(:,lSOO,OIJAn,Z-INPUT NANO FA 
V-l f ST -l 500 BURN- HI 

010ZA U61 
V-ll ST-l 0:;00 BtlR '+-1 N 

0105 00001.000 OQ7?')46-0035 PFS FTX 56.0 nHM '5 ": .2~ W.CAllfJnN Frl'" EA 
ROH - R-Z'5 

0105A R42 
RnH - R-Z5 

0106 00002.000 Oq127~?-OOOI CAP,FTXfD CERAMIC 100 PF 1~~ ~OV EA 
UC: -C51CI011( 

0106A C56.C58 
UC -C51CI011( 

0107 00001.000 OQ72Q46-00R1 nES rTX 5.61( OHM 5 ! .15 W CAP~n~ FILM FA 
RnH - R-25 

0101A R48 
ROH - R-25 

0108 00001.000 OQ72946-0041 R~S FIX 180 mfM 5 f .25 w CARRnN FTl~ FA 
RnH - R-25 

OIOllA Rl6 
POH - R-25 

010Q 00001.000 Oq77Q~4-0011 DIPOE.IN156A A.2 V S~ STl vnlT RFG fA 
OPl - 1 N15bA 

010~4 CR5 
OPl - IN756A 

0112 00001.000 Oq72~4b-00q3 RES FIX 151( OHM ~t .25 W CAP~nN Fll~ FA 
ROH - R-25 

01124 RQ 
RnH - R-2'5 

4-11 
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NOTES UNlESS OTHfRWtSE $P£C'IEO 

f/I MAXIMUM COMPONeNT U/fGUT AIJOfl£ 
'"- THE BOARD SHAl L Il£ 9." 
[!.I MAXIMUM lEAO (ENGm IJlLOW THE 

/JOARO SUAt.{ BE 2.~ 

iiI MAIne IJPPROPRIAT£ If(V/S/ON t£TTE~ 
IN 50AC£ INDICATED PEQ PROCE55 ~ 

(!I ~~!t~i~TfN D:I[tCECf:fD~C;~fo 5~::;'}TEM 
4d PARAGI:IAPH •. 0 AND PllOCE'55 J 

5. CAUTION THIS A5SE"MtJLV ~NO CeRTAIN 
COMPONENTS AQE 5U5CEPTl&l.l TO 
OAMAG£ FtlOM ELEC TROSTATIC OISCUIIRG€. 
OPERATOR ANO EQUIPMENT GROUND ANO 
PACKAGE IS RCQUIRED. STATIC SENSITive 
COMPON£TS ARE " VI TJ./RU U~q. VI AN() QI 

III :i~~JuP~~ 'J~:O A~A~KuJ::!M ~tJ t',;':,';;~ .. s It 

.. 0 b~ .~< ~ -NO ""'OCI •• ClAa.I.IC""O'" -... .... __ ~ ..... _·o ____ t»..:..o ..... ..... __ ,,.... 

e I 7 I 

6 

ffi AS $:"OLLOW!5; CEWOfll( &?ECUII1EO ~OR PM/8 
QEV "4- ANOUA" "NO .~. 

(7AJ ON COMPONENT 510E. CUT ETeN CON~ECTEO 
TO VI" PIN I 

(leI ON CONOUC TOil 5/0E. cur E Tell CONNECTe" 
TO UP7 PI/V I 

1'Je1 USING (ITEM 95) JUMPFR UI7 PIN' TO THE 
rEED TNflU lJELOW UZ1 4.5 SHOWN (COMP ~IOEJ 

nD) U51NG (ITfM 9~ JUMPER FROM ur7 PIN I 
TO U!!q PIN' (COMP SlOE; 

(1EJ P(ACE MVL~R TAPe (ITEM (6) ON /lOT TOM OF 
CONNECTOR (ITEM 41) AS INDICATEO 

(1r, M4R~ NUMIJER RZ· IN SPACE INDICATED PEII 
PROCESS, (CONO 51OE) 

"761 ADO o.IuAlPFR IT£M.' ~Oftl Ct TO J.' 
PIN!J 19 ANO eo A5 INOICAT£O (ClXVO !flOC) 

(IN) MAIt.- PN" A'11Y@ ON aJNOl/C1TJIf ,f1D£ Nerr", 
6LJA*O NuM"£~ 

3 I I' <??23009 I' I 1 I 

I - ---- - - ---- - - ---- - - -----' 

- .... "A~ ~ "'...,. ~ I 
6 I 

2Z2~Z 1-0001 • 
22U009-0001'~ r 

2ZZ 010-0001 '-IDl 
t2Z~O/l -0001 IA ~ 

5 t 

222;'0" 87" 
22!1O'0 87" .. n....... uIIDtH 

I/I.P"~tC"tIO'" 

.. 320 

117Z~OO.-5001 ALPNA CI1T CONrtWLLER AUTO IN5£11T 
I2ZZ~-oool AL ..... CR CONTROLLER 
IAORT _Mil OE5CIlIPTtON 

1-

----" ._-.... ....-. _. __ ... . --.. ... - .... 
.~----.-----.------.. -._-_._-.-----_. 
I 3 

" ll· 

'_L_ " ;:-- Jin· .... ,·· .. UM.· .. I,SI .f ..... RIC 
(~,EH I>-I-/It ~' '::':--:;: I' -.. L • 

"r McCOI?CH-/D 
~ I'O,-I(J.{' ALPf-lA CRT CONTROlLER 
Ai'" J CAPIIN',f)1 

mit N M11060J "">42 
I,no ~ ""'r"-, 01066681' 2223009 

I 2 ILM ICC 

) 

f,' 

o 

c 



) 

B 7 6 5 3 2223009 

o 

1 Rtf 

C 

~ A@rn #;"-
/ ~ ~A~ COtOJCTOR sa: 

~A~ 

/;/ A~ 

, 

. ,/ 10 

/ 
i 

f Z PLACE':> 

~'~ ? 
"'" 

B flU / 

/ / 
SAil @' 

\ 

~~ COMPONENT SVE VIEW A 
5111 (8-') 

A 

2223009 F 

B 7 6 4 



.... -----------LIST OF MATERIALS----------~ 

4-14 

11/241f12 

rAnT ~JU~OI:~ RJ:V nrsr.PlrTtON ••••• ~ ••••••••••••••••••••••• 
l223'OQ-OOOl F ALPHA CRT CONTnntLFR 

0002 

002e; 

0025A 

0027 

0027A 

C028 

0028A 

0038 

0038A 

0041 

0041A 

0043 

004)A 

0044 

0045 

0045A 

0046 

0053 

00'Sf> 

0057 

0095 

0096 

0098 

009«) 

0100 

0101 

0102 

0103 

OUANTITY. COMPONFNT.. orSCRlPT'ntII ••••••••••••••••••••••••••••• If" 

R FF 7273011-0001 LOGIC. DIAGRAM.AlrHA CRT tnNTROllFR fA 

00001.000 1210727-0001 IC.LS3CJ3.DUAL,4-nTT BTNARY CruNTFR fA 
V-LIST-LS3Q3 8lJ1!ff-IN 
U31! 
V-LTST-LS3CJ3 BURN-I" 

00001.000 2210835-0004 CRYSTAL.18 MHz.nC-18/tJ WITH (;fill) lFAI) FA 
SFF TI- DRAWING 
YI 
SFF TI- mtAWn~G 

00001.000 2211878-0002 TRANS.~PS6602.NPN.r."MPlf"FNTRY DRtVF~ FA 
SfF Tt- ORAWtNG 
Ql 
SeE TI- DRAWING 

00001.01)0 0418356-2305 CAPAC tTOR, TANTAlUM.6. atlF. 20T!. 35V FA 
SfF TI- ORAWING 
C2.C] 
SFe Tt - DRAWING 

OOOCl.OOO 22704""-0001 CONNECTOR.RECEPTACLe.I'tB,q-pTP'S FA 
SFF Tt- ORAWI~ 

J40 
SEF TT - ORAWJNG 

00001.000 2210CJ70-0005 COI'm. 21.-"OS •• PC 8n. SINGLI= ROW •• 100 CNT FA 
SEe TI- DRAWING 
J41 

. SFF Tt- DRAWING 
ReF 0994396-9901 pp.nCEnURE,SITE t DATE CODe SEPIAlIZATION fA 

00001.000 2211041-0002 CnNNECTOR,RECFPTAClE.2-ROw.l1-PnSTTt~N 
SFr- TI- ORAWING 
J42 
SEe Tt- DRAWING 

fA 

C0002.000 09'T;!446-oo12 RTVF.T,.116 OU 3/16 LG noME ''0 ALUM EA 
-75021-0406 

oeOOl.000 2273033-0003 PLATE,OPTION 8nARD.~-pnStTlnN FA 
1678-333'3-007 

00001.000 222062«)-0001 AUDIO JACK,,.ANEl ~NTNC.ROUNIl 845"' •• l85" EA 
IZ!'4- -000 

An Oq35172-3488 WIRE,UL 1430/)31T.?2AWG.GRA/YfL FT 
1650-0000-000 

An 0~q656~-OOOl wtnE.30AWG SOlIn,KYNAR,JHSUlATFn.R,nWN FT 
OT1124-8R21Z/I-30-

An 04114)5-0408 TApE,tNSULATtON.ELFCT.1/4 IN Rl 
"14M - 56-114 

00001.000 0411100-0074 LOCKWASHEP 1/4 INTERNAL TOOTH CRF.5 FA 
QPl - "S35333-74 

AR OQQ6069-0003 AnH,SOltO.THRMplSTC Z~' ~AC ANAFRnRIC EA 
PER SAl-911-6 302 

00001.000 2211540-0001 FnA~ •• 35X.50X.05.rnlY. AOHESTVE AACKEn ~A 
SF.F. TI - DR AW ING 

00002.000 0532348-0401 STUD, EXTENSION-CRES ~A 

00002.000 0411100-0070 LOCKWASHFR.4 INTERNAL TOOTH CRES EA 
OPl - "S35133-70 

REr 22?3271-0001 SPFCtFlCATtON.UNtT TEST-ALPHA C~T fA 

AR 0415804-0005 SF.ALING COMPOUNO.ANAF.RORtr.-~lUE GRAlle C OT 

ALPHA CRT CONTROLLER - AUTn INSFRT 
1254-3010-005 
COST, SHRINKAGE 

FA 

FA 
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...------------LIST OF MATERIALS ----------D15 
11124/87. 

PART ~UH8F.n REV 
222'3ooq -5()0 1 F 

nf SC RJ "TTnt~ ••••••••••••••••••••••••••••• 
ALPHA cnT CONTROllFR - AutO tNSFRT 

IrE"'. 

0001 

000'3 

0003A 

0004 

0004A 

0005 

OOO'5A 

0006 

0006A 

0"07 

0001A 

0008 

0008A 

0009 

0009A 

0010 

0010A 

0011 

OOllA 

0012 

0012A 

0013 

0013A 

0014 

0014A 

0010; 

0015A 

0016 

0016A 

0017 

0011A 

0016 

QUANTTTY. COMftnNENT.. OFSC R I PTlnPf......... •• •••••••••••••••••• U" 

00001.000 

0001)1.000 

00002.000 

00001.000 

00001.000 

00001.000 

0000",.100 

00004.000 

:)0003.000 

00007.000 

00001.000 

0000:3.000 

00001.000 

00001.000 

2223010-0001 

222044'-0002 

2223060-0001 

2223058-0001 

1210660-0001 

22106'1'5-0001 

221012 1-0001 

2210764-0001 

22106Q4-0001 

2210669-0001 

2210662-0001 

2710161-1)001 

2i!23065-0001 

00007..000 27.106'31-0001 

00001.000 2210649-0001 

00001.000 2210614-0001 

PWB,ALPHA CRT CflNT'RnllFR 
166q- -000 
IC.CRT CONTROllEP." ~H7 ClnCK RATF 
SEF Tt- I)RAWIN(,; 
Ul 
SFE TI
IC,2K X 
SF.F Tt
tl2, tl3 

DRAW ING 
S-BfT STATTC RAM.l~ONS,PlA~TTC 
DRAWING 

SEF. TT- DRAWING 
lOGIC ARRAY,HAl10L8 
1669- -000 
U4 
1669-
lOGIC 
1669-
U'5 

-000 
ARRAY, HAL 16P8 

-000 

1664- -000 
IC,LSI55,OUAl 2-llNf TO 4-lINF nfCOOER 
V-lIST-lSI55 SURN-TN 
U6 
V-l15T-lSl"!5 AURN- IN 
IC.lS245.0CTAl aUS,XCJVFP,3ST.01JTPUT 
V-ll~T-lS245 BURN-IN 
"7,U8,U9 
V-lIST-lS245 BURN-TN 
rc.lS374,OCTAl O-TYPE FLIP-FLOP 
V-lIST-lS174 BURN-IN 
UI0,Ull,UI4.,U1"5 
.V-lIST-lS314 BURN-IN 
IC,SI75,QUAn,F/F,nOUSlF RAIL OUTPUT 
V-lIST-SI75 AURN-TN 
U16,U17,U21 
V-lIST-S175 BURN-IN 
IC.lS244,OCTAl AUFIl TNF np'Vfp./"FCFTVF~ 
V-lIST-lS244 AURN-IN 
Ul2,un 
V-lTST-lS244 BURN-TN 
IC.lSI66,8-BtT PARAllFl/SFPIAl INPUT 
V-lIST-lSI66 AUPN-IN 
U1Q 
V-ll ST-l S166 
IC,LSI51,OUAO 
V-lIST-lS157 
U21,U22,U23 

BURPI- TH 
2-LINF. TO l-tINF ~ATA SFlE 
AURN-HI 

V-ll S7-l S157 "URN- IN 
Tr.,S163,SYNCHRONOUS 4-BIT CntmTEP 
V-ltS7-S163 BURN-tN 
U24 
Y.-lIST-SI63 BURN-IN 
RnM,CHARACTER GENERATOP 

-000 
U25 

-000 

FA 

EA 

FA 

F'A 

FA 

FA 

EA 

FA 

FA 

FA 

FA 

IC,lS7~,DUAl n FLIP-FLOP W/PSFT & ClR EA 
V-lIST-lS74 BURN-IN 
U2S,UZQ 
V-lIST-lS74 BURN-IN 
IC,lSIZ5,QUAO RU5 AtWF'ER W/'3-STATf 01JTPU FA 
V-lIST-lSI2'5 SURN-HI 
1130 
V-ltST-lSI25 [WRN-IN 
IC,lS7.0.0UAl,4-INPUT NANO FA 
V-l IST-lS20 AUPN-H~ 

4 -15 



po------------LlST OF MATERIALS ----------...... 

4-16 

l1/l4/112 

PART NII~AJ:R REV 
2223DOQ-C; ')01 F 

DfSCRTPTln~ •••• ~ •••••••••••••••••••••••• 
ALPHA CRT cnNTROllFR - AUTO tNSF~T 

I T£M. 

0018A 

001f) 

001QA 

0020 

'OZOA 

0021 

POZlA 
\.' 

0022 

00Z2A 

0073 

0023A 

0024 

0024/\ 

002<) 

0030 

0030A 

0031 

OOllA 

0032 

0032A 

0033 

0031A 

00)4 

0034A 

0010; 

0035A 

0036 

0036A 

0017 

0017A 

QUANTITY. COMPONENT.. nFScRIPTtoN ••••••••••••••••••••••••••••• '1M 

Ull 
V-LIST-lS20 8URN-IN 

')0001.000 721014Q-0001 IC,SR6,OUAO,2-fNrUT FXClUSIVE OR 
V-lIST-SII6 8URN-IN 
un 
V-lIST-S86 BURN-IN 

00001.000 2210740-0001 IC.Sl0,TRtPlE,3-INPUT pnSITIVE ANO 
V-lIST-SI0 8URN-IN 
U3'3 
V-l I ST-S10 BURN-IN 

0~001.~00 7.Z10621-0001 IC,LS'32,QUAO,Z-INPUT ~ 
V-lIST-lS'3Z BURN-TN 
U~1t 

V-LIST-LS'32 8UP.N-IN 
00001.000 Z210735-0001 rc. SOO,OUAD,2-INPUT Nitro 

V-L IST-SOO 8UPN-IN 
U15 
V-LIST-SOO BURN-TN 

00001.00C 2Z11)738-0001IC, SOIt,HEX INYERTr-RS 
V-lIST-SOIt BURN-IN 
U'36 
V-lIST-SOIt BURN-IN 

00001.0eo 2'10604-0001 rC.LSOIt.HEX INVERTERS 
V-lfST-lS04 BURN-IN 
U37 
V-LTST-LS04 RlIRN-It, 

OOON .000 OQ7ZQ46-0041 RES FIX 100 0"'" 0; ~ .75 W CAP-nn,.t ftLM 
RCJf - R-25 
Rl 
ROH - R-25 

00001.000 0f)12~46-0074 RES r-tx 2.4K OHM 5 t .25 W CAR80M Ffl'" 
ROH - R-25 
R2 

'ROH - R-25 
00002.000 0972Q4t.-0066 Rrs FIX 1.lr OHM ~ .ze; W CARBnN FILM 

RnH' - R-25 
R),RIO 
ROH - R-25 

00001.01)0 OQ12946-009L RES FIX 12 K OHM 5~ .25 W CAR8nM FILM 
RnH - R-25 
R4 
no.. - R-Z5 

00001.000 0912946-0076 RFS FIX '3.0K OHM 5 ~ .25 w r.ARAON FILM 
RnH - R-?5 
R5 
RnH - R-25 

00001.000 091?~46-00R4 RFS rlx 6.2K nHM c; ~ .25 y. CA~nnN FTlM 
ROH - R-25 
R6 
ROH - R-Z~ 

00006.000 0~7~~4(,-00RI RES PTX 4.7K OH~ ~ ~ .2~ W ~A~AOM FILM 
ROH - R-25 
R7,PB,R9.Rl1.Rllt.R16 
P'lH - R-25 

00002.000 Oq72Q4n-OC~7 Rrs FIX 470 OHM 5 ,. .25 W C:Am~ntl ntM 
RnH - R-Z5 
~l', R13 
POH - R-20; 

OOOOl.O~O 09721~7-000Q CAr FTX CER 470rF 10~ 50V 

00014.000 OQ7'763-0013 

Cl 

CAP,FtXED .Olour 50 VrtTS 
0047.22-MCI0~f.l037 

EA 

rA 

FA 

EA 

FA 

FA 

EA 

fA 

fA 

FA 

\, 
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.... -----------LlST OF MATERIALS ----------.... 
11/7,./112 

PART ~UH8EP PFV nfSCRtPT10N ••••••••••••••••••••••••••••• 
222JOO?-5001 F ALPHA CRT r.ONTRnllFR - AUTO INC;rRT 

I Tf'M. 

0"3?4 

003?~ 

0040 

0040A 

00408 

0041 

00474 

0041 

01)4') A 

OO'S~ 

n050A 

OUANTtTY • COMpn~IFNT. • Ol':S(,:P I PT rnN......... •• •••••••••••••••••• UM 

00010.000 0?72763-0025 

00002.000 2210763-0001 

00001.000 221075')-0001 

oeOOl.000 O~17?46-Q07q 

C4,C~,C7,C8,C?,CI0.Cll.CI2 
004Z22-MCI05EI03Z 
Cl'3.CI4,CI5,C16,CI7,Cl11 
00422?-MCI0~F.I037. 
CAPAcpnR .. l0ur C;OV Fx,CFRArHC nlEl FA 
COR CA-C03l5UI04l050A 
C21,C30,C~I.r.37,C3~,r.'4 
COR CA-C03Z5UI04l050A 
C3~,C38,C'W,C40 
CnR CA-C03Z5UI04l'50A 
Ie, S174,14EX,FltP-rlop,STNGlF nAIL OUTrUT f=A 
V-I. 15T-S114 8UR .. -tN 
1118, til" 
V-lIST-SIT4 BURN-IN 
IC,S157,QU"h2l1 lINF SElErT/"UlTtPlfXFlt fA 
V-l TST-Sl'" BURN-IN 
U20 
V-l 15T-S157 ~URN-TN 
R~S FIX 3.~W OH~ ~ ~ .25 w (APSnM FTl~ FA 
ROI-f - R-25 
1U5 
Rnn - R-25 

4-17 
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mm _s i~- :. -r-

lOS L 
u ; fit B o.~~ _010 

o_~ . OJ! .. - I PI I.s . or. 
1.1lJ .070 

l "_00 .7111 

,tttDIS· SdO.J OP/fIrSlltY 'AMfI7UIN7D-er 
II UOI f - !SDOI "'ANSII)N lAM "un AI1D I~ - ~lZ'"'' . $001 ~ll~M~ '"1:":"r,;t K} .tl'J! ~Ol6 - OOO.J 
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a-------------LIST OF MATERIALS ----------....... 
11"-4/82 

PAPT ~U"R~P. RfV 
2223015-0001 F 

DFSCPtPTION ••••• ~ ••••••••••••••••••••••• 
EXPANSTON RoAM 

ITEM. 

0002 

0004 

0004A 

0004C 

00040 

0006 

0006A 

0001 

0001A 

0008 

OOORA 

oooq 

0101 

1l/24/R2 

QIJArIT TTY. r.n~PON~NT.. OeSCRIPTION ••••••••••••••••••••••••••••• U~ 

~EF 2223011-0001 SClfEMATTC,cXPANStON RAM fA 

00018.000 22101AA-0012 S~CKET,Orp,16-PTNS.lnW PROFllF FA 
SF.E T -J nRAWING 
XUI0,XtJl1.XU12.JCU13,XU14 
SFE T -I nRAwt~G 
XUl ~. XU 16. XU 11, XIIUt. XUI 'J 
SFE T .. , DRAWHIG 
XU20.XU21.XU22,XU23.XU?4 
SEF T -I DRAWING 
XU2'5. JCU26 ,XU 2'1 
SF.E T -T DRAWING 

00001.000 OQ1216J-OOOI CAPACtTOR,.OOIUF 50V FX CFRA~T( DIFl EA 
COR CA-C02Z5UI01Z100A 
C5 
tOR Cl-C0215UI02Z100A 

oonOI.ooe 0971163-0025 CAPACtTOR •• 10lJF 'JOY Fx.cel'A~IC DIEl FA 
COP. CA-C031'5UI04Z050A 
C19 
C~ CA-C03Z5UI04Z050A 

00002.000 0~11~24-00lA CAP FTX TANT salTn 6.8 ~Fn 10 ~ 35 VOLT ~I\ 
QPl -M3Q001/1-2304 
C22,e23 
~Pl -M1Q003/1-2304 

REF OQQ4396-oo01 PROC., SITE/DATE eooF. AND SERIALIZATION FA 

00001.000 ?22101S-5001 EXPANSION RAM -AUTO INSERT 
12"'14-~016-006 

OOO~O.~OO 0239q<Jq..Qq'J'J (OST, SHRINKAGE 

FA 

F.A 

PAR T ~ur~8r:R P F!V 
2223015-0002 F. 

DFSCnTPTT~H ••••••••••••••••••••••••••••• 
FXPANSTnI" RAM (128K J 

ITEM. 

0002 

0003 

0003A 

0003B 

001)4 

0004A 

0004n 

0004C 

00040 

0006 

00064 

0001 

1)11 ANT (TV • cn~I'{1'fENT.. nFSCR IPTJf'N ••••••••••••••••••••••••••••• UM 

Ref 21.23011-0001 

OOOO~.OOO 2'11118-0004 

00018.000 2210188-0012 

00001.000 OQ72163-000t 

OOOOt.ooo OQ12763-0025 

SCHF·"AfTe,EXPANSIOH PAM 

JC.64K-StT O.,PfAMIC RAM.15nNS TAI~nw 
TMS416-4-15Nl 
UIO,ut1,Ut2.Ul1,Ul~.Ut~.U16 
TMS416-4-15Nl 
Ul1,U18 
TMS416-4-15Nl 
SOCI(~T.Ot P. 16-PHIS,lOW PROftlF 
SF.F T -I ORAWtHG 
XUIO,XtJl1,XUI2,XII13,XU14 
SfE T -I DRAWING 
XUI5,JCU16,JCU11.XUt8.XU1~ 
Sf!E T -I ORiWING 
X 112 0, XU21, XU22, XII2). XU24 
SF.E ToOt MAWING 
Xlf25,XU26,XU21 
see T -I DRAWHlG 
eAPACTTOl',.OOlUF SOV r-x CFRA~Tr. "lel 
COR CA-C02Z5UI02Z100A 
C5 
COR CA-C02Z5UI02Z100A 
CAPACITnR •• IOUF 50V FX,CFRAMIC OlFt 
COR CA-C03Z5UI04Z050A 

FA 

FA 

F.A 

4-19 



...-----------LlST OF MATERIALS ----------... 
11/24/82 

PART ~UMBF.R p.:v 
2223015-0002 f 

DFSeftIPTTON ••••••••••••••••••••••••••••• 
eXPANSION RAM IIZ8K) 

ITEM. 

0007A 

OOOA 

OOOAA 

0101 

11/2't/II2 

O'IAtU [TY. cn~rot~ENT.. nESeRIPTt~ ••••••••••••••••••••••••••••• UM 

RFF 09Q4396-0001 

elf) 
COP CA-C03Z5Ul~4Z050A 
CAP FIX TANT SOlTD 6.A ~Fn 10 ~ 3~ VOLT FA 
OPl -M3~003/1-2304 
C22.e23 
OPl -M39003/1-2304 
PROC •• SITE/DATE cone AND SFRIAlIZATTON FA 

00001.000 2223015-5002 ExrANSloN RAM I 12BK)-AUTO TNSFRT EA 

EA 
1254-3018-001 . 

00000.500 023~?99-qq~9 COST. SHRrNKAGf 

PART NU~ER REV 
ZZ2301~-o003 f. 

DESCRTPTION ••••••••••••••••••••••••••••• 
EXPANSION RAM (19ZK) 

ITEM. 

0002 

0003 

0003A 

0003R 

0003e 

0004 

0004A 

0004n 

000iot 

00040 

0006 

0006A 

0007 

0007A 

0008 

0001lA 

0009 

0101 

4-20 

QUANTITY. COMPONENT.. DESCRIPTtON ••••••••••••••••••••••••••••• UM 

REF 2223017-0001. SCHFMATtC.EXPANStON RAM FA 

00018.000 2211118-0004 lCt64K-8TT nVNAMIC RAM.150NS TA/ROW FA 
TMSlo16-4-15Nl 
UI0,Ul1.UI2,UI3.UI4,UI5.UI6 
TMSlo16-4-15Nl 
UI7.UI8,UI9,U20.U21.U22.U23 
TMS416-4,-15Nl 
UZ4. U25. 026 ,U27 
TMS416-4-15Nl 

OOOIB.OOO 221~188-0012 SnCKET.OIP.l6-PINS,LOW PROFILF FA 
SF!: T -I DRAWING . 
XUI0. XUll t XUI2. XU1), 1(014 
SEE T -t MAWING 
XUI5,XU16.XU17.XUI8.XU1~ 
SF!: T -I DRAWING 
XU20.XU21,XU22,XU23.XU24 
SEF T -1 DRAWING 
XUZ5,XU26 t XUZ7 
SF!: T -I DRAWING 

00001.~00 0972763-0001 CAPACtTOR •• OOIUF ~OV FX CfRAMIC DIFl FA 
CO~ CA-C02Z~UIOZZIOOA 
C5 
COR CA-COll5UI0Zl100A 

00001.000 0~72763-OOZ5 CAPAelTOR,.lOUF 50V FX.CE~A~te "IEl F.A 
COR CA-C03Z5UI04Z050A 
CI9 
COR CA-C 03Z5 III 04Z050A 

00002.000 097Z924-0018 CAr FIX TANT SOllO 6.8 Krn 10 ~,~ VOlT FA 
OPl -~3q003/1-Z304 

en.cn 
OPl -M3?003/1-Z10lo 

ReF OQQ4396-0001 PROC •• SITF/OATE conE AND SERt~ltZAT'O~ FA 

00001.000 2223015-~003 EXPANSION RAM (IQZK)-AUTO tNSFRT 
lZ~4-3no-00 1 
cnST. SH~TNKAGE 

FA 

FA 
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.... -----------LIST OF MATERIALS ----------.... 
11/24/~2 

,.ART ~m!'8FR ffFV 
2223015-5001 F 

"~SCPtPTInN ••• ~.~ ••••••••••••••••••••••• 
~'PAN~TON RAM -AUTO INSF~T 

ITFt1. 

0001 

0003 

0003A 

000t; 

0005A 

OOOf) 

0006A 

00e7 

0007A 

0001" 

11174/"2 

nUANTTTY. cn~POt~~NT.. Ilf'SCRtPTTON ••••••••••••••••••••••••••••• tiM 

00001.001) 2223016-0001 rWB.FxPANsrnN U', 
16ft9- -COO 

ooooq.OOO 22tll1"-0004 TC,64K-RtT nY~IAMTC QAM.150NS TA/RI1W 
TMS416-4-1"SNl 
Ul,U2,U3,U4.U5.U6.U7.U8.U~ 
TMS416-4-11j~ll 

00002.000 2220361)-001)2 fC,OCTAl "IUM nRTV(R, 3-STATrE flUTPIITS 
SF.I: rt-· n~AWtNr. 
U28.U2<J 
SEF. TT - or. AW tNt; 

ooooq.OOO 0912763-0001 CAPACtTOR,.OOIUf 50V rx CFPAMtC OIEl 
cnR CA-C0215UI02Z100A 
Cl,C2,C3,C4,C6,C7,C8,C9,CI0 
COR CA-C02Z5UI02Z100A 

oe011.000 0972763-0025 CAPACITnR •• I0UF"SOV FX,CERAMtC DTFl 
CnR CA-C03Z5UI04Z050A 
Cl1.CI2,CI3,CI4.CI5,CI6.CI7 
COR CA-C03l5UI04Z0~OA 
C18,.C20.C~1 
COR CA-C03l5UI04Z050A 

PART NU"'SfR Rrv 
2223015-OS002 E 

"rstRIPTIO" ••• ~ •••• ••••••••••••••••••••• 
FXPANS tOtl RAf~ (128K J-AUTO tNSFRT 

FA 

ra 

FA 

FA 

r Tt:". QUANTITY. COMPI1NENT.. OESCRIPTTON ••••••••••••••••••••••••••••• tiM 

0001 

0003 

0003A 

0005 

0005A 

0006 

0006A 

('001 

0007A 

00070 

00001.000 122~016-0001 

(,0009.t'OO 2111118-0004 

OO~02.000 17203hO-0002 

00009.000 OQ12763-0001 

00010.000 OQ72163-0025 

"W8,~XPANSTON RA~ 
166')- -000 
IC,641(-AIT DYNAMIC: RAM.150NS TA/ROW 
TMS416-4-15Nl 
Ul, U2, U3 ,U4, U5. 'J6 .U1. "8 ,'J(J 

1M5416-4-15Nl 
IC,nCTAl O~AM DRIVER. 3-STAT! nur~UTS 
SFI: TJ- !)RAWI"'G 
U28.U2<J 
S£f= Tt - Of! 4W INt; 
CAPACITOP •• OOIUF 50V FX CERAMTC n1Ft 
cnR CA-C02Z~UI02Z100A 
Cl.C2.C3,C4,.C6,C7,C~.Cq.C10 
COR CA-C02Z5UI02Z100A 
CAr At I TOR,. 10UF 50V F X.Cf=RAMT C nT Fl 
COR CA-C03Z5U104Z050A 
Cll.CI2,C13,CI4,Cl"S,CI6,Cl~ 
COR CA-r.03l5UI0~Z050A 
CI8.C20,C71 
C~ CA-C03Z~UI04Z050A 

FA 

FA 

FA 

FA 
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.... -----------L1ST OF MATERIALS ----------...... 
11/24/1)2 

PART NIJ'1!lt:R REV 
2223015-5003 E 

ITFM. QUANTITY • 

0001 00001.000 

0003 0000') .000 

OOOlA 

0005 00007..000 

0005A 

0006 OOOOq.OOO 

0006A 

0007 00010.000 

0007A 

00078 

4-22 

DESCRIPTION ••••••••••••••••••••••••••••• 
FXPANSInN RA'1 n92I()-~UTO tNS!=P'T 

Cn!'1f'ONFNT •• Of SCRIPT tON ••••••••••••••••••••••••••••• UM 

721.3016-0001 PWB,F.XPANST~N RAM FA 
1669- -000 

721111 A-0004 IC, 641<-B IT DYNAMIC RA"l,150NS TA/Rnw FA 
TMS416-4-15Nl 
Ul,U2,U3,UIt,U5,U6,U7,lJfhUf:J 
TMSltl6-4-15Nl 

221.0360-0002 It,OCTAL DRAM ORIVER, 3-STATF nUTPUTS FA 
SF.F T 1- "RAW TNG 
U2'hU2f:J 
S~E TI- ORAWING 

Oq"'l'Z763-0001 C~PACITOR,.OOlUF ~OV FX CEPA~TC run rA 
COR CA-COZZ~UIOZZIOOA 

, Cl,C:!,C'l,CIt,C6,C7,C8,C9,ClO 
\'COR CA-COZZ'iUlOHI00A 

OfJ72763-0025 CAPACtTOR •• I0UF 50V FX,CfRAMTC 01 F.l F.~ 
COR CA-COll5UI04Z050A 
Cl1,CI2,CI3.CI4,CI5,CI6,CI7 
COR CA-C03Z5UI0ltZ050A 
C18,C20,C21 
COR CA-CO~ZIjU104Z050A 
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.... -----------LIST OF MATERIALS ----------""'1 
U/24/A;! 

PART NUMOER RfV 
Z22)m 1-0001 F 

nEscRlrTtoN ••••••••••••••••••••••••••••• 
pnWFR suprv ASSY-115V "O~ESTtC 

[T F.I1 • 

0001 

0002 

0001 

0004 

000'5 

0006 

0001 

0010 

0011 

0012 

001'3 

0014 

0018 

00;00 

0021 

0025 

0025A 

002'511 

0026 

0027 

0028 

002'l 

00)0 

0031 

0012 

0034 

QUANTI TV. cnMPONrNT.. OESCRIPTTON ••••••••••••••••••••••••••••• tJ~ 

00001.000 2223091-0001 

00001.000 272302~OOOl 

00001.000 222)02~-OOOI 

ry0001.O~0 7211Q4Q -OOOI 

00001.000 OQQ6760-0001 

OOOO! .000 722048'5-0001 

00000.~00 04111082-0001 

00004.000 OQ72A31-0004 

00004.000 OQ72~8A-0041 

OOOOl.noo OQ72969-0005 

00004.000 0411101-005Q 

00004.000 0416622-0024 

0000t.400 0~~t77-54A8 

000~1.400 OQ35172-'508R 

00000.000 2223000-0001 

OO~Ol.OOO ~2~308A-O~OI 

OC001.000 2220641-0001 

00001.000 27.1006b-0006 

00001.000 0072'l88-0030 

OOOO;!.OOO 0411077-0806 

00007.JOO 041111~-0064 

OOOC;!.OOO 0411101-00'58 

POWFR suprtv, prGASIIS 
SEE TI- muw ING 
CHASSIS,POWFR SUPPLY 
1618-1025-0n6 
COVFR,POWFR SUPPlV 
1678-3026-006 
SWITCH,POCKFR,np~T,10A.7'50V 

St=E TT- muwtNG 
RECF.PTAClE,3-P", Ae PWR 
seT -EAt-301 
RFCFPTAr.tE,AC POWER,r~MAIF,1 PIN 

-coo 
GROMMFT, PLASTIC. FnGING 

RtVET. 1/8X. :!7'5. TUFlULAR, STHl. 8UNn 
OP~'?38-1821-041 0 
SCR£W 8-')2 lC .250 PAN IfFA" CRES 

SCREW '6-20 lC 3/11 lG -rn" Itt Hex WASHFP 

lOCKW4SHER • 8 EXTERNAL TOOTH CP.FS 
QPl - ~S3531~-59 
WASHER .A FLAT 
OPl - ANQ60CAl 
WTRE .l9-STIUNO '20 GRN/VFllOW tn.-l't30 
SEE TI- DRAwtNG 
WtRE,Ul 1410/3317.1AAWG,r,PA/VEt 
1650-0000-000 
"IRE,Ul 1430/3317,18AWC.GPA/AlK 
16~O-oOOO-O·00 
POWE It stJPPt y, 115V 
lZ~4-100/)-OOo 
~AY BE USEO AS AN 
1Z0;4-1000-000 
-Al TERNATF TO tTF.~ 
17."14-1000-000 
lAREl.WARNtNG HIGH VOlTAGF 
12'4-1S"9-0C~ 
CARt F. AS SY. POWF~ RCPT TO "'wn -;uPPt'( ''0 
----------000 
f'!AN CORO ASSE"1f3l V,S HK':H,PVC 
SEF TI- DRAWING • 
LUG, It t Nti TONGUE. T APF MTO,'6. R",n. 22- t '" 
1)0071CJ- l- 3187CJ- 2 
SCRFW 6-32 lC .5eO PAN IfEAO CRFS 

WASHf.R,'6 FlAT,cneS,.1~6 x .37~ X .04Q 
OPl - MS1~79'5-A06 
NUT,PLAIN 6-32 tlNC-2R HFX CPFS 
QPl - MS3~64Q-Z64 
lOCKWASHfR'6 FXTFPNAl TnOTH eRfS 
QPl - M535335-SI1 

rA 

FA 

F/\ 

FA 

FA 

FA 

FA 

FA 

FT 

FT 

FA 

EA 

FA 

FA 

FA 

4-25 



.... -----------LIST OF MATERIALS ----------...... 

4-26 

11/24/A2 

P~RT tHlMOER REV 
2223031-0002 F 

OESCRIPTION ••••••••••••••••••••••••••••• 
POWER SUPPLY ~SSY,tNTFRNATTONAl 

ITFM. 

0001 

0002 

0003 

0004 

0000; 

0006 

0007 

0010 

0011 

0012 

0013 

0014 

0018 

0020 

0021 

0025 

0025A 

002'31\ 

0026 

0027 

0030 

00'31 

Don 

00:31 

0034 

OU~NT tTy. C ("" PI'lNE fIT •• OF SCR IPTION..... •••• ••••• • ••• ••• •••••••• tiM 

00001.000 22230Ql-0001 

00001.000 7223025-0001 

00001.000 2223026-0001 

00001.000 2120637-0001 

00001.000 09Q626o-000l 

00001.~00 22204~5-0001 

AR 0418082-0001 

00004.000 OQ72831-oo04 

00004.000 OQ72988-00~1 

0000'.000 0972~69-oo05 

00004.000 0411101-0059 

00004.000 0416612-0024 

00001.400 OQ35172-54RA 

00001.400 0~3511~-50R8 

00001.000 2207A6Q-OOOl 

00001.000 222308R-0001 

0000l.~00 7.?10066-0006 

00001.000 0972988-0030 

00002.000 0411027-0806 

00002.000 0411115-0064 

00001.000 222104A-000I 

00001.000 0411101-0058 

POWFR SUrPlY, PEGASUS 
SEE Tt- "RAWING 
C"~ SSt S, POWER SUPPl Y 
1618-3025-006 
COVFR,POWER SUPPLY 
167!!-3026-006 
ROCKER SWITCH FO" EUROPE~N ASSEMRLrFS 
SEE TT- DRAWING 
RECEPTAClE,3-PtN At PWR 
SCT -F.Ae-30t 
RF.CFPTAClF.,AC POWER,FFMAlE,'3 PlN 

-000 
GROMMF.T, PLASTIC, FOCING 

RIVET ,l/8X.275, TU8Ul Aft , STEfl ,8l tN" 
0197)8-1821-0410 

. SCREW 8-32 X .250 PAN HEAO CRES 

SCREW '6-20 X 3/8 lr. THO Pl H(X W~SHFR 

LOCKWASHFn • 8 FXTFRNAL TOOTH CRES 
OPl - "S35335-0;9 
WASH~ '8 FlAT 
orL - AN~6otBl 
WJRE,t9-STRANO .70 GRN/YFllOW tA.-1410 
Sff TJ- DRAWING 
WIRE,Ul 1430/3l17,lBAWC,GRA/Yfl 
1650-001')0- 000 
WIRE,Ul 1430/3l17,lAAWr.,CRA/BLK 
1650-0000-000 
POWFR SUPPlY-RPO 
1254-2000-000 
.~AY BE US~O AS AN 
1254- 2000-000 
.AlTF~NATE TO ITEM 
120;4-2000-000 
lARFl,WARN!NC HIGH VOL TACF 
1234-186~-OOO 
CAf\lE ASSY,POW'=R RCT'T TO PIo/I> StJPPl Y P.O 

--------000 
lUG,RING TONGUF,TAPF MTO,,~,PfD,21-1~ 
000T7~-2-3187~-2 
SCRFW 6-32 X .500 r~N HFAO Cl'rs 

WAStf~,'6 FlAT,CRES •• 1t;6 x .37") )( .04C1 
OPl - MS15195-806 
NUT,PLAJN 6-32 UNC-2R Hf)( eRFS 
OPl - MS35649-l64 
CARlF. ASSY,TNT'l FAN cnRO 
--------000 
LOCJ(WASHFR'6 EXTER~I~t TonTH CPf S 
OPt - ~S353l5-5B 

EA 

FA 

fA 

Fa 

EA 

FA 

EA 

fA 

FA 

EA 

fA 

FT 

FT 

FA 

EA 

fA 

F~ 

EA 

FA 

fA 
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........ -------....... ---L1ST O.F MATERIALS ----------...... 
11174/1\2 

4-28 

rAPT Nlmorp I)F.V 
7.223031\-0001 G 

DESCRT,..TTOH •••• ~ •••••••••••••••••••••••• 
HA IN FNCLO SlJ"f, SIJRA SSY 

TTFM. 

OO~)l 

0003 

0004 

0007 

0016 

0017 

0018 

0022 

0023 

0024 

0025 

0028 

002«1 

0010 

0031 

0032 

0033 

0034 

00~5 

0037 

003'1 

003'? 

0041 

0043 

0044 

nUANT ITY. COMPONENT.. OESCRIPTION ••••••••••••••••••••••••••••• UM 

00001.000 2223014-0001 

00~01.000 227.0632-0001 

~OOOl.000 2273003-0001 

CHASStS,TEPMI~Al 
1678-3024-008 
POWER SUPPY ASSY-115V OOMr:~TtC 
If>6Q-1037-o00 
FAN,lt5 VAC,29 CFM,13 W,TUBE1XTAl 
SFE Tt- DRAWlt~C 
MOTHERBOAno - PEGAStlS 

00003.000 2211907-0005 

00003.000 2220484-0001 

00007.000 2210487-0001 

121)4-3003-005 
SPACER,PC8,.31·8nnY.~YlON,HOlE/.6 SCRFW 
SFE Tt- DRAWING 
SUPPORT,PC 80ARO.SFlF-MOtmT 

-000 
SPEEO~VT.J-TYPE,WtTH T-NUT 

-000 
\. 

00004.000 OQ71684-001Z SCPEW 6-32 X 1/2 THO SLOT HFX WASHER HO 

n0002.000 OQ72Q6q-OOO~ 

00006.000 0«172684-0018 

00001.000 041111~-OC84 

000~1.000 0411104-0137 

00002.000 0411027-0807 

00001.000 0411100-0072 

00001.000 22230rq-000l 

00001.000 2223080-0001 

SCREW '6-20 X 3/8 lG THO Pl HrX WASHFR 

SCREW 19-32 X 3/8 Tnn FftM.StnT HX WSR HO 

SCRFW 8-32 X .500 PA~ HEAn r:nfS 

NUT .PlAtN 8-32 u~tC-2n ... EX CRFS 
Qpt - MS35649-2Q4 
WASHFR, lOCK-!;rRHC. HFlICAl •• 8 
Qrt - MS3"i3l8-137 
WASHFR.'8 FlAT,CRES •• IAIt X .375 X .049 
OPl - "'SI5795-807 
lOCKWASHER '8,tNTF.RNAl TonTH ~ES 
aPl - "'S35333-72 
CA8LE ASSFMnL Y,CROUNOtNG 
----------000 
rlATF,"1 A~K, EXTEP.~l flOPPY 
1678-3080-001) 
SC:PFW it-itO X .?50 PAN .. FAD CRf!; 

0~007.000 0411104-0130; WASIiFIt. LntK-SI"PtNG. HFlICAl • • 4 
QPL - ~S3~31~-135 

00002.000 0411077-0803 WAS.~R .125 X .2t;O x .021 FLAT CP~~ 
QPl - ~S157q~-803 

00001.000 222050;6-0001 srEAKERs,8 OHM 2 WATT 
Sf:E Tt- ORAwt~G 

O~OOl.OOO ~q7237)-0001 ~JARD FAN 
P.TN --476143 

00004.000 0972802-0014 FASTENFR,SPEEO NUT.STl,6-32 •• 1t1 L 
0785t;3-CI0132-632 

00001.000 1.223108-0001 CAAlE ASSY.SPEAKEP 
----------000 

00001.000 2223262-0001 CAPO cUlor LOWER 
---------000 

00003.000 2211QOQ-0002 pca SPACeR.NYlON,.)7"ROOY 
SEE Tt- nnAwtNG 

00005.0CO 2720850-0001 GUIOE,NYlON.2.50' lnNG.GPn"VE ~OUNTtNG 
SEE Tt- nRAW1Nr, 

fA 

F.A 

FA 

EA 

fA 

EA 

EA 

EA 

FA 

FA 

fA 

EA 

fA 

FA 

FA 

FA 

FA 

FA 

FA 

fA 

---



-. 

,....-----------L1ST OF MATERIALS ----------'""'t 

• 

11/24/82 

P4PT NUMBER p~V 

2223038-0002 G 
"~Sr."'PTtnN ••••••••••••••••••••••••••••• 
MAIN EtaClOSURF SU8ASSY-BPO 

ITEM. 

0001 

000'1 

0004 

0007 

0011> 

0011 

0018 

001? 

0023 

OOH 

OO;!5 

0028 

002<) 

0030 

0031 

0032 

00'33 

00';'4 

0035 

0031 

0038 

0041 

0042 

0043 

0044 

QUANTTTY • rOMPnNFNT •• OFSCRIPTTnN ••••••••••••••••••••••••••••• UM 

00001.000 222~024-000l 

OeOOl.OOO 222~0"-000' 

00001.000 2220563-0003 

00001.000 2223003-0001 

00001.000 2211')07-0005 

00003.000 7220484-0001 

noooz.ooo 7.220481-0001 

OC004.000 OQ12684-001Z 

CHlssrS.TER"ltNAl 
1678-3024-001'1 
pnWFR SUPPLY ~SSY.tNTFP"ATlnNAl 
166Q-2037-o00 
F~N,Z30VAr..50/60 Hl.1W,32r.FM,3.12xt.5" 
SEF TT- O~4wtNG 
I1OTHFRBO~RO - PEf;ASIJS 
12~4-300J-005 
SP4CER,Pr,S,.31-nOOY,NvtON,HnlF/'6 $CPEW 
SEt: TI- DRAWtNG 
StJPP~T, PC B04R O. SElF-m'1lmr 

-000 
SPEEDNtJT,J-TYPE,WfTH r-NUT 

-000 
SCI' FW 6-12 l( 1/2 THn SLOT Hf:: X VA SHt:R Hn 

SCREW "-32 X 1/" THO FRM, Sl ('1T HX WSI' "'" 

SCREW 8-32 X .500 PAtl HF4n CRFS 

00001.000 0411115-0084 ~fUT.PlAtN 8-32 UNC-'S HEX CRF,) 
QPt - ~S~564~-Zq4 

OOOJ1.000 0411104-0137 W4SHER. lotK-SPRtNG, HFLTCAt. '8 
oPt - MS35338-1" 

00007..000 0411021-0R01 WASHr:R •• 8 FtAT,C~ES •• 188 X .'175 X .04Q 
OPl - MSI51Q5-~01 

00001.000 0411100-0012 tOCKWASHFR '8.I~RNAL TOOTH CRFS 
Qpt - "S3~313-12 

00001.000 Z21301~-OOOI CABLE ASSEMBlY.GROUNntNG 
---------000 

oconl.000 222'O~0-Ooot rlATe,BlANK,FXTERNAl FtOP~Y 
1678-30flO-o0"5 

00002.000 ''''2''89-0013 SCREW 4-40 X .250 PAN IIrAn cpt:S 

ooonz.ooo 0411104-0115 

Ooooz.oon 041107.1-0803 

JOOOl.000 2Z20556-0001 

C0004.000 OQ12802-0014 

00001.000 222310R-OOOI 

~OOOI.000 Z2l'Z6Z-0001 

00003.')00 2211 "0"-0002 

oe005.000 Z2Z0R50-0001 

WASHER. lOCK-SP~ING. H~tICAl • • 4 
OPt - ~S3~33R-13~ 

WASHFR .175 X .25' X .OZ2 ~tAT CRF~ 
Qpt - MS15795-RO~ 
SPFAKERS.8 OH~ 7. WArT 
SF': TJ- ORAWING 
GIJAPD FAN 
'!PI --416143 
F4~TENep,SPFro NUT,STt.6-3' •• 41 l 
078~53-CI01'Z-637. 
CA~tE ASSY,SPEAKER 
--------000 
CAI?O Guyoe LQWFR 
--------000 
PCB SPACER,~YtON,.17"BnOY 
SF=F Tt- Ol'4WING 
~'TOE.NYtrN.2.50· L"HG,GRnnVf MnU~T'N~ 
seE Tt- nRAWTNr. 

FA 

FA 

EA 

FA 

EA 

rA 

FA 

FA 

fA 

FA 

FA 

FA 

FA 

FA 

F.A 
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.... -----------LIST OF MATERIALS ----------....... 

4-30 

11124/82 

rART ~"''''nEP RFV 
2223038-000J R 

ITf~. QIIANTTTY. 

oe sc Q:T PTJ ON ••••.••••••••••••••••••••••••• 
MAIN ENCLnSUPE sue ASSY-YnE 

COMPON~NT.. OESCRIPTION ••••••••••••••••••••••••••••• u~ 

0001 00001.000 2223024-0001 CHASSIS, TERMINAL ~A 
1678-3024-008 

0003 00001.000 2223037-0002 POWER suprlY ASSY,INTFRNATTONAl FA 
166«1-2037-000 

0004 00001.000 2220~61-0003 FAN,230VAt,50/60 HZ.9W,32CF~,3.12X1.5" FA 
-SEE TI- DRAWING 

0007 1)0001.000 2223003-0001 I4OTHfReOARO - PECASUS H 
1254-3003-005 

0016 00003.000 2211901-0005 SPAC~.PCB,.31"ROOY,NVLON,HOLF/.6 SCRFW FA 
SEF TJ- mawnfG 

0017 00003.000 221.0484-0001 SUPPORT,PC BOARO,SELF-MOUNT fA 
-000 

0018 00002.000 2220487-0001 S'PEEDNUT,J-TVPE,wtTH T-NUT EA 
-000 

001Q 00004.000 0972684-0012 SCRFW 6-32 X 1/2 THO SLOT HEX WAS~R Hn EA 

0023 00006.000 0972684-0018 SCRFW 8-32 X 318 THO FRM,SlOT HX WSR HO EA 

0024 00001.000 OQ72988-0045 SCPf,W 8-32 x .500 PAN HEAn CPES ~A 

0015 

OOZ8 

00.30 

0031 

0032 

00'31 

0034 

0035 

0037 

0038 

0041 

01)42 

0043 

0044 

00001.000 0411115-0084 NUT,PlAIN 8-32 UNC-2~ HF.X CRFS 
OPl - MS'35649-284 

00001.000 0411104-0137 WASHF.R, lrCK-SPP-ING, HALICAl, 'A 
opt - MS3~338-137 

000~2.000 0411027-0807 WASHER,.8 FlAT,tRES,.188 X .375 X .049 
OPl - I4S15795-807 

OOOOl.JOO 0411100-0072 LOCKWASHER .~,tNTERNAL TOOTH CRES 
OPl - MS35333-72 

00001.000 2223019-0001 CA~LE ASSEMBlY,GROUNDING 
------000 

00001.000 2223080-0001 PlATE,BLAN~,EXTE'~l FlOP~Y 
1618-'ORO-005 

OOO~'.OOO O«l72Q88-0013 scnFW 4-40 x .250 PAN HFAO crrs 

n0002.000 0411104-0135 WASH~~, lOCK-spnING. HF.Ur.Al, '4 
OPl - MS3~33A-135 

00002.000 041l021-0R03 WASHFR .125 X .250 X .0~Z FLAT CRFS 
OPl - M~15195-A03 

~OO~l.OOO 2220556-0001 SPFAK~RS,8 OHM 2 WATT 
SF.E TT- ORAWY",G 

00001.000 0972)13-0001 GUARD ~AN 
RT", -47614) 

00004.000 0972802-0014 FASTE~R,SPFEO NUT,STL,6-32 •• 41 l 
078~53-C10132-632 

00001.000 2223108-0001 CABLF. ASSY,SPFAKFR 
--------000 

00001.000 2223262-0001 CARO GUIOE LOWFR 
----------000 

00003.000 22119M-0002 PCR SPACER.tlVLON, .37·~ODY 
Sf::E TI- DRAWING 

00005.000 2220850-0001 GUIOE,NYlON,2.50· lONC,CROOVE MOUNTING 
SEE Tt- DRAWING 

FA 

F.A 

fA 

FA 

FA 

FA 

~A 

FA 

FA 

F.A 
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4-34 

111 24/~Z 

PART NUMBER REV 
7.2230~0-0001 F 

OFSCp.lrTION ••••••••••••••••••••••••••••• 
SYSTEM ASSY-STANOARO 

ITEM. 

0001 

0002 

0003 

0004 

0006 

0007 

0007A 

00071\ 

0009 

0010 

0011 

0013 

0014 

0017 

0020 

0012 

0025 

002'7 

0031 

0032 

0033 

0035 

0036 

0037 

0038 

0041 

0046 

0048 

OO~O 

QUANTTTY. COMrONFNT.. OESCRIPTlON ••••••••••••••••••••••••••••• U~ 

00001.~00 2223038-0001 

00001.000 222'07.9-0001 

00004.000 2223033-0001 

00001.000 7.2Z30'4-0001 

~0001.000 2213075-0001 

AR 0~~6~3-0001 

00001.000 ?211?IQ-0002 

00002.000 0972988-0043 

00007.000 Oq72~A4-o011 

C0001.000 2220446-0001 

00001.000 2223009-0001 

00003.000 2?100TI-000~ 

REF Z27.30n2-0001 

00001.000 0972632-0001 

00001.000 2223076-0001 

00001.000 2223070-0001 

oeOOl.000 2223090-0001 

00004.000 OQ7Z969-000'1 

00001.000 0972969-0008 

oe001.000 22111~4-0001 

00001.000 2269942-0001 

00001.000 2269q4~-0001 

00001.000 2223097-0001 

00001.000 2223201-0001 

RFf 2223279-0001 

HAIN ENClnSIIRF. SIIRASSV fl\ 
166Q-l038-000 
COVfRtTFR~tNAl fA 
1678-3029-006 
PLATE OPTION BOAPO fA 
1678-3133-009 
INSERT PLATE,flOPPY . EA 
1678-3134-008 
CORO SET,3-PJ" PWR-OOMFSTtC BLACK FA 
0801Z6-0-7R89-00a-GY 
cnRD SET.3-PIN PWP-DOMfSTIC Gr.AY W/ClIP F.A 
OR0126-0-7919-o0B-GY 
*MAY BF USF.O AS AN 
080 126-0-7919-008-GY 
-ALTERNATF TO ITfM 6. 
080126-0-7919-00B-GY 
lABEl,SERIAt-950 TERM,STANOAPD DOH FA 
1669-10"'5-000 
LABEL. SELF-DESTRUCT, .6'56 X .25 FA 
1652-1274-000 
PUJG.HOLE-l.'563 ntA fA 
SEF TI - DRAWl NG 
srRfW n-3Z X .375 PAN HEAn CRFS fA 

S~EW, THRF.AO FORMING, '6-32 
1282-5256-000 
DISK DRIVE ASSY,FlOPPY,5.25 Jr«:H 
1254- -000 
ALPHA CRT CONTROLLER 
1254- '009-00 5 
SCREW, 6-32 X 3/8. HEX liFA" 
seE TT- DRAWING 
1~ITEr.r.ONNFCT nUGRAM 

INSFRT SWITCH oreNJNr, 
1255-)51,)-002 
PAtlFL,FPONT 
1255-3521-002 
NAMFPLATF ,PROFf SSJOHAl COMPlITER 
-----000 
SCREW.6-Z0 X 7/B HEX WASHfP HFAD 
Sf.E Tl- DRAWING 
SCRE'W,6-Z0 ~ 3/4 HFX WASHFQ HEAn 

LAAF.L .. ~n4H, FCC ClASS A EOIHP""F.NT 
!OFF Tt- DRAWING 
lA8FL .UL 

CABLF. ASSY,MOTHERAOARO·TD flOPPY 
-------000 
MANUAl.JNF"nRMATfnN RrQUEST FOftM 
1215-9456-000 
MANUAL -GETTY HG ST ARTF." 
1261-'203-000 
CONFfGURATJON,FlnpPY "ISK OP.JVES 

FA 

FA 

FA 

fA 

FA 

EA 

FA 

fA 

EA 

fA 

FI\ 

FA 

FA 

fA 

FA 

FA 
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...... -----------LIST OF MATERIALS ----------..... 
11/24/"2 

PART NU~E~ RFV 
2223050-0002 ~ 

OF.SCRtPTtON ••••••••••••••••••••••••••••• 
SVSTFH ASSV-8ASIC 

ITFM. 

0001 

0002 

000) 

0004 

0006 

0007 

0001A 

00018 

0009 

0010 

001l 

0013 

0014 

002"! 

002Q 

0031 

0032 

0035 

00J6 

00J1 

0018 

0039 

0041 

0046 

0048 

QUANT lTV. COMPONENT.. DFSCRIPTtnN ••••••••••••••••••••••••••••• 11M 

00001.000 222 ",,1)3R-0001 "'AtN ENCtnSURF,SUnASSY FA 
161>9-10J,.-000 

00001.000 7.22J02q-0001 cnVFR.rERMINAt EA 
1678-)029-006 

0000"1.000 2223033-0001 PLATt: OPTtON SOARO FA 
1678-3113-1)09 

00002.1)00 2223034-0001 I~SERT PlATE,FtOPPV r-A 
1678-3134-008 

00001.000 OQ9628q-0001 CORO SET.)-PTN PWR-~OMfSTtr. BtACK FA 
080126-0-TBB9-00B-GV 

00000.000 09q~2"q-0002 COPO SET.3-PTN r~R-OnM~STTC GRAV W/CLIP EA 
080l26-0-79t9-009-GV 
./OIAV ~E USE" AS AN 
080 126-0-7919-o08-GV 
*Al TERI'4A rE TO ITEM 6. 
0801Z6-0-7919-00B-GY 

00'01.000 2223075-0002 tA~EL,SeRrAl-9'0 TERM1NAl,8ASrC onMESTTC FA 
166CJ- 2015-000 

AR 0996943-0001 LABEL. SetF-Of::S~tJtT •• 656 lC .25 t=A 
1652-1274-000 

00001.000 221191q-0002 Pt.!lr..HOl E-1. 56) DI A EA 
see Tt- DRAW tNG 

00001.000 097298A-0043 SCREW R-32 x .375 PaN HFAO CRES fA 

00007.000 0972684-0011 SCREW. THREAD FORMING. '6-32 fA 
1282-5256-000 

PEF 2223082-0001 J~ITFnCnMI'4F.CT DIAGRAM t=A 

00001.000 0972632-0001 

00001.000 2223076-0001 

00001.000 2223020-0001 

00001.000 22230QO-0001 

00004.000 OQ72969-000q 

OOO~I.000 0972969-0008 

00001.000 2211184-0001 

00001.000 2269942-0001 

~0001.000 2269941-0001 

00001.000 222J0fJ7-0001 

00001.000 2223203-0001 

STRAP.TtE DOWN.CARl~-NON-STD.0-1-1/4 n. 

INSERT SWITCH np!NING 
1255-3"51 Q-002 
PANEt,FRONT 
1255-3521-002 
I'4AMEPlATF.P~OFf.SStONAl COMPUTfP. 
---------000 
SCR~W.6-20 lC 7/8 H!l( WASHFP. HrAO 
Sf.F Tt- ~AwtNG 
SCR J:W. 6- 20 l( 1/4 HF lC WA SHFl' Hf An 

LA8Ft •• H4H. FCC CLASS A E(lUI"ME'~1T 
SEt TJ- n!UW'~C; 
lAREl,Ul 

lAAF.1..CSA 

CABLE ASSY.MOTHERAOARn TO rlO~pv 
----------000 
"'ANUAl,INFOP.MATtON RfQllrST Fn"M 
127.5-9456-000 
I1ANtJAt.-GETTt NG ST ARTEn 
1261-3203-000 

FA 

FA 

FA 

rA 

F.A 

J:A 

FA 

FA 
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PAPT NUMREP ~rv 
2Z230~0-OOO~ ~ 

nescRIPTTnN ••••••••••••••••••••••••••••• 
SYSTFM5 ASSY ~TANDARO-3Z0K 

ITFM. 

0001 

0002 

00C3 

0004 

0006 

0007 

0007A 

0007A 

OOOq 

0010 

0011 

0013 

0014 

0017 

0020 

0022 

OOlS 

0031 

0032 

0033 

0035 

0037 

0038 

003" 

0041 

0046 

0048 

000;0 

Oil ANn TY. cnMPCNE~IT.. OF5CRIPTION ••••••••••••••••••••••••••••• UM 

r.OOOl.~OO 212301R-0001 

00001.000 Z2Z302q-OOOl 

00004.000 'Z223033-0001 

00001.000 22230)4-0001 

00001.000 Oqq~28Q-0001 

noooo.oOO OQQ628a-0002 

O~OOl.~OO 222301~-OOOl 

00001.000 2Z11CJICJ-000Z 

00002.000 OCJ72QSII-0043 

~AHI E~ClOS~E, SIIRASSY 
166Q-l0)1I-000 
cnVFR,TFRMINAL 
167S-3029-006 
PLATE OPTTON snAIU' 
161A-31:n-ooCJ 
INSERT PLATE,FlOPPY 
1678-)1)4-008 
CORD SFT.3-PIN PWR-OO~STTC ALACK 
OS0126-0-1ASQ-OO'-CY 
CORD SET,3-PIN pWR-on~FSTtC enAY W/ClIP 
090126-0-1CJlq-008-GY 
*~AY BE USF~ AS AN 
08012~-0-7qlq-oO~-GY 
-Al TERNATE TO ITEM 6. 
0801Z6-0-7CJ19-00a-GY 
lABEl.SERIAL-Q 50 TER~.STANOARn OOM 
166Q-l075-000 
LABel. SELF-OFSTlHJCT •• 656 X .25 
16'.i2-1274-000 
PtIJG.HOLF-1.'S63 nfA 
SEE Tt- DRAWING 
SCRfW 11-32 X .375 PAN HEAO CRES 

00001.000 OCJ726A4-0011 SCREW. THREAO FORMINC, 16-32 
lZA'--'.iZ56-000 

00001.000 22?~446-000Z DISK OP.IVF ASSY,r-LOPPy,o;.7.'.iINCH-DUAl Hn 
SFE TI- ORAWING 

00001.000 ZZ23009-0001 ALPHA CRT CONTRnll~R 
1254-100CJ-OO'S 

00003.000 221007 1-000Q SCRfW, 6-32 X 11ft, HEX HFIO 
SFE TI- ORAWTNG 

It Ef' 2223081-0001 Itlnnr.nNNF.CT Of AGRAM 

00001.000 OQ7Zl,32-0001 STnA",TJE nnWN,CA!'LE-NON-ST1hO-1-1/4 o. 

00001.ClOO 2ZZ3076-0001 tN~~T SWITCH orENINC 
1255-3519-00Z 

00001.000 2223020-0001 "APIEL.FnONT 
1255-'521-002 

OOOOl.OClO 2Z23090-0001 tlA~F"LATE,PROFES!: toNAL cnMPUTFR 
-------000 

00004.000 OQT2q69-000~ SCRf:W,6-Z0 X 7/8 ~X WASHFP HFAO 
SF.E TI- ORAWING 

ooOcrl.OOO OQ77Q69-0008 ~CRFW,6-20 X 3/4 HFX WASHFR HFAn 

00001.000 2211184-0001 LABEl,.3'4H, t:CC CLASS A FOUTPMFNT 
SH Tt- DRAWtNC 

00001.0~0 Z26qCJ4'-~0~' LAAEL.Ul 

00001.000 27.6 QCJ41-0001 lA~F.l,CSA 

00001.000 2273091-0001 CAnl F. ASSY,MOTHEnnOARn TO nopp., 
---------000 

00001.000 OQq9456-~01 MANUAL,INFORMATTON RfQUEST FORM 
1225-9456-000 

OOOOl.OCO 722'20'-0001 MANUAL-GETTtNG STARTFO 
12f>1-3203-000 

PEr 22Z37.7Q- 0001 CONI" tG~AT tON,FlOPPY "T ~K OR t YES 

FA 

FA 

FA 

FA 

fA 

FA 

FA 

FA 

FA 

FA 

fA 

FA 

FA 

EA 

FA 

FA 

FA 

FA 

EA 
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.F COAlAlccrQRS PZI AND PZZ 
AilE Nor USED. SeCURE WI1H ITEM 29 
AS SHOWN 

LOCATION OF UCIELS (.rEIIt 0 AND 46) IS 
IS UOT CSt/TICAL 
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"'ROUNDING REQUIRED 
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PROVIDED, WHEN NOT IN USE 
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LIST OF MATERIALS 
11/24/~Z ~-.." 

PART NUMBFR r. !=V OESCPJPTION ••••••••••••••••••••••••••••• 
2223051-0001 n SYST£M AS~Y-tNT'L ~PO 

IT!=M. QUANTITY. c:nMP(lNEPn •• PESC~tPTrON ••••••••••••••••••••••••••••• 11"1 

0001 OOO'H .000 7.273038-0002 MAtN FNCLOSURF. SUI'\ASSY-8PO !=A 
166Q-2038-000 

00Q2 00 '''1 .000 7.273'2CJ-001)1 COVFP., TFRP1HIAL FA 
167R-3029-006 

0003 00005.000 2221033-0001 PLATE OPTtnN ROARn FA 
167R-'31:n-O:)t) 

0004 00002.000 2:!23031o-0001 INsr~T PlATF.,FlOPPY FA 
167!1-'H' ..... 008 

0006 00001.000 OQQr,6CJI)-0001 CABLE,POWER W/O PLUG (JNTl. ) !=A 
080126-107-2-0CJ3 

OOOq 00001.000 22l307t;.- 0001 LAR Fl, SER tAL-Q50 TrftM ,8ASTe epn FA 
166Q-'075-000 

0010 AR OQCJ6CJ43-0C'01 LABEL, SFlF-OESTRUCT, .656 X .2~ EA 
160;2-1174-000 

0011 0001)1.000 2211919-0002 PlUC,HOlF-l.563 011 FA 
Sf=F TT - DR AW TNG 

0013 00002.000 OQ72988-0043 SCREW 8-32 X .375 PAN HEAn eRfS FA 

0014 OOOM.ono OQQ6741-oo06 6-20 X V8 C)F.MS C:CRFW TYPF (\ EA 
S F.F TI - OR AW T NG 

0075 R Fr 22230fl2-0001 TNTFRcnNNFCT OtAGRAM !=A 

OO;oQ 00001.000 rQ726'i'-0001 ~Tlur, TT E DOWN, CARL E-"OPI-STO ,0-1- t/4 O. FA 

0031 00001.000 2223076-0001 INSERT SWITCH OPFNTNC FA 
1255-351'1-002 

0032 00001.000 222307.0-0001 PANFl,FROtlT FA 
12"'1)-3521-002 

"-
'\ 

0033 00001.000 2223090-0001 NAMEPlATE, PROFESS Tmlll. COMPUTER I"A 
--------000 

0035 00004.000 091ZQ6CJ-0009 SCRFW,6-20 X 118 HEX WASHFR "EAO EA 
SFF TJ - Ofl AW TNG 

0016 00001.000 0«)72Q69-000A SCRFW,6-20 X 3/4 HEX WA!;H~ HfAn FA 

0041 00001.000 nz "H)Cn-r)Oo1 r.A~le ASS~,~OTHF~~OARn Tn FLOPPY fA 
--------000 

0046 (l0001.000 09QQ456-f)70 1 MAI'fUAL,IN"OUIATtON R£OUEST FI""'" FA 
! 1220;-«)45(,-000 

0047 00001.'00 22220;74-0001 lAAFl.CAUTTON (BPn) FA 

OOIoR 00('01.000 212 3'-03-000 1 HArWAl-CETTT NG STAftT(:O J:A 
1261-1201-000 



, 
./ 
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.... -----------LIST OF MATERIALS ------------t 
PART NU~8FR RFV 
7223051-0007 0 

DFSCRrrTJUN ••••••••••••••••••••••••••••• 
SY~TEM9ASSY-H.T'l VOE 

0001 

0002 

0003 

0004 

0006 

000" 

0010 

0011 

0013 

0014 

0025 

0031 

0032 

0033 

0035 

0036 

0041 

0046 

0048 

• 
QUANTITY. COMPO"'F.NT.. OESCRIPTTOt •••••••••••••••••••••••••••••• UM 

00001.000 n2303"-0003 I1ATN ENCLOSURE SUR A')SY-VDF 
166'l-303"-000 

00001.000 222302"-0001 COVER. TERMINAL 
1678-302<J-i)06 

00005.000 7'23033-0001 PLATE OPTTON DOARn 
1619-3133-00'l 

00002.000 22~1034-0001 INSERT PlATE,FlOPPY 
1618-3134-008 

00001.000 0""62"0-0001 COROSET,POWR-WFST FORO-RT ANClF. PtUG 

00001.'00 2223015-0004 lAnEl.SERIAl-q~O TERM.8ASTC VOF 
166"-4075-000 

AR 0996'l43-0001 lADEl, SELF-DESTRUCT, .656 X .25 
1652-1274-000 

00001.000 2211"1"-0092 PlUG,HOlE-l.563 Of A 
SEE Tt- QnAWING 

00002.000 0"72"88-0043 SCREW 8-32 X .315 PAN HFAn CRES 

00009.000 0996741-0006 6-20 X 3/8 SEMS SCREW TYPE 8 
SEE Tl- DRAWING 

REF. 2223082-0001 INTERCONNFCT DIAGRAM 

00001.000 0"72632-0001 STPAP,TTF. OrnfN,CARlE-NON-STD,0-1-1/4 o. 

001)01.000 

00001.000 

('0001.000 

00004.01)0 

00001.000 

222307&:-0001 

222":\020-0001 

2221OCJO-0001 

OQT'-"6"-000" 

OOOOl.O~O 22230Q1-0001 

00001.000 0""Q456-Q701 

000C1.000 2221203-0001 

INSERT SWITCH OPENING 
·1255-351"-002 
PANEl.FRONT 
1255-3521-002 
NAMEPlATF.,PROFFSSIONAl COM~UTER 
---------000 
SCPEW,6-20 X'T/8 ~x WASHFR HEAO 
SF.F Tt- ORAWTNG 
SCRFW,6-Z0 X 3/4 H£X WASHI=P HEAn 

CAAlF. ASSy,~OTHFR8nAno TO rtorrv 
----------000 
MANUAL, INFORMATION RFOIIFST I=nv.M 
122'3-Q4'36-000 
P1AtWAl-GETTINr. STAnTFO 
1261-1201-000 

• 

I"A 

I"A 

FA 

EA 

I"A 

FA 

FA 

EA 

EA 

r-A 

EA 

FA 

I"A 

FA 
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LIST OF MATERIALS 
11/24/82 -"'" 

PART ~HJHnER ItFV OESCRlrTInN ••• ~ ••••••••••••••••••••••••• 
2223051-000:3 0 SYSTF.M AS$Y-t~T'l 115V 

ITF~. QUAm-rTY. r.OHPONFNT •• n~sc~TPTlnN ••••••••••••••••••••••••••••• 11M 

0001 00001.tlOO 2Z7.30H-000l IoIATN ENClOS'JRE.SUf'ASSV rA 
166"-1038-000 

0002 001)01 .000 222302Q-t:!OOl COVEn, TEJtMINAl EA 
167~-:302q-006 

0003 0000';.000 22Z;\03,,\- 001) 1 PLATE OPTION BOARD FA 
1679-3133-009 

0004 00007.000 22Z1034-0001 IN" EItT Pl ATE, FLOPPY F.A 
1618-3134-008 

0006 00001.000 09q6Z"~0001 CORO SFT.3-PIN PWR-nnMESTtC BLACr. FA 
08nI26-0-78~9-00"-GY 

00C7 00000.000 oqQ6ZAq-OOOZ COPO SET,3-PtN ~WR-OOMESTtC ~lY W/CltP H 
OS0126-o-7Q19-o08-GY 

0007A -MAY OF. USEO AS AN 
0801Z6-o-1919-o08-GY 

0007n .AlTF.~NATE TO ITEM 6. 
0801Z6-o-7919-008-GY 

0009 00001.000 1223015-0000; LARF.L.SERtAl-950 TF~MtNAl,BASIC FA 
1669-5075-000 

0010 Ait (,Q96943-0001 LABEL, SELF-DESTRUCT, .65() X .25 FA 
165Z-1214-000 

0011 00001.000 2Z1191~OO02 PlUG,HOLE-l.563 OlA FA 
SEF TI- DRAWING 

OOlJ 00002.0no 0912988-004:3 SCREW 8-32 x .370; PAN HEAO CRFS EA 

0014 oo~o<).OOO 0996741-0006 6-20 X 3/8 SFMS SCREW TYPF. R EA 
SEE TI- OftAWINC 

0025 'u~r 222308'-0001 ItlTFItCONNECT 01 AGRAM FA --... 

0029 00001.000 0972632-0001 STRAP,TIE DOWN,CABlE-NON-STn,O-1-1/4 n. fA 

0031 00001.000 2223076-0001 INSERT swt Tr.H nPFNtNC EA 
12r;r;-3r;19-002 

0032 00001.000 2223020-0001 PANEl.FR""T FA 
lZ';o;- '521-002 

00-'3 00001.C'00 2223oqo-OOOI 'lAMFPLATF, PROFESS InNAL cnMPIJTFR FA 
--------000 

0035 00004.000 OQ72f)6CJ-OOO? SCRFW,6-20 X 7/" ~X WASHFR HEAD EA 
SEE Tl- DRAW ING 

00'\6 00001.000 OQ17CJ69-000A SCRFW,6-20 X 1/4 HFX WASHFR HfAD EA 

0041 ('1('001.000 2223091-0001 CA~lE ASSY,MOTHERSOARO TO FLOPPY FA 
---------0t'0 

0046 00001.000 OQ9CJ456-fJ'10 1 MANUAl, tNFORMATlON PHIOF!l:T FOPM EA 
122'5-9456-000 

0048 DOO01.roo 2'21203-0001 HANUAl-GFTTING STARTF." FA 
1261-3203-000 
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8 I 7 I 6 I 5 4 I 3 I r 2223061 r I I 
NaltS LN.ISS01HEftINISf. 6Pf.ClfEO .. -'-' .... 

.." I --....0 

ill MAXIMUM COMPONeNT UElfiHT IUWvt TilE 
/SOARD SWILL aE S." 

III MAIIM..... LEAD LENG TH /Sn_ ao.aRO 
SUItt liE .!. J 

(j) M4111( APPROPRIATE lM5H NUAlIlER. AND 
REVISION LI'TTI'R IN SPAce INDICATED PElf 
PROCE5S , 

III 

I!J MARK 5/Tl PATE CooE AND 5ER''', N_lllII 
IN SPACE INOICATW PER HfM e" _a_ 
•. 0 ANU PIIOC155 J 

5. CAUTION TUIS ASSEMMY ANlJ CERTAIN 
COMPONENTS ARE SUSCEPTlB,E TO U_I 
FQ(JM ElECTIIOSTATIC P/6CWlRGI'. OPI'RATOII 
AND EQUIPMENT GROuND AND PACKA', 15 
RCQUIREP. STAlIC SEHSITIV' COMPONI'NT5 
~Rl' UI THllu u~. 

Ii) CDIlAPON£NT5 us. Ub. Ul. va. U"I. 
UIO. UI/. UI2 """ U5EU ON 

-000e: ONLY 

III I .... TAU ITEM Itl "Fre,. UIIIT T&5T 

IiiII"STAtL IUM III ... TM .. II "8-8' ""0 
(4·(3 ON -000/ "1o"1''''.U DilLY 

L Lrr-------------------------;;;=] 

7-------------------------~1 

/I I 'If 111'0"'£ 
• LM UPDATE 

~ CAl SIJZIIM /DJ 0L.d 

'" LM u'DA T£ 

I fLACfS 

'~J ~ ~~ l~, '~" l~ .. "~',~':'~":'~':'~':'~":'~ '~-~ 
.... " CJ CJ CJ CJ + + 

~ I/. e I1AX '/AI N~/OH' 

t "-".1. 

nuo.I·5DI/lI "'''PIli'S «r t'ClIVTlfOUEII . ~ PlANf AUTO 11150 
"'JOl.I·.DO, /iaPHICS CKr CDNTIlOLl£1t I!I.JTO ,NUrrEii' 
lllJ06l-000 (SRAP/JIC5 CRT CONTrolLER - J PLANE 
122J061-ooo, ~Il.4PU/c~ CRT CONTROl. IER 
.PART NUM8r_ OC5CRIPTION 

I 

6 I 7 I 6 I t 4 320 I 3 I 2 I LM/ CC 

1-

In .• 



.... ----------LIST OF MATERIALS ----------... 

4-44 

PART 'JUMBEP RFV 
2223061-0001 Ii 

DFSCntPTloN ••••••••••••••••••••••••••••• 
GRAPlne ~.r.RT eONTRDLLF.R 

0002 

0001 

ooou 

0011 

0021A 

0022 

0023 

0023A 

0024 

D021 

0028 

11/24/82 

QUANTlTY. cn~pnNeNT.. DEScRIPTlnN ••••••••••••••••••••••••••••• U~ 

REF 222~06~-OO:)1 OtAGnAM,LOGIC,r.~APtlTCS CRT enNTROLLJ:R 

00001.000 ?21n6~~-OOOl TC,LSI1A,1-Tn-8 llNF nEcnnFR 
V-llST-LSl38 RURN-HI 
UZ!> 
V-LT ST-L S1 '38 BURN-IN 

00001.000 2210188-0022 Ii~ADER, l-R(lW,?2 r.nNTAr.TS, .100" eF.NTl::RS 
S,:E T1- DRAWINr. 
P41 
SEr TJ- MAWING 

000'4.000 OQQ6341-0003 SPACER.rt ftOARo,ZYTFL,NATURAl cnL"' 

FA 

FA 

FA 

00001.000 2210057-0011 "F.AD~, STR. PtN, 22 PeS FA 
0017"1-87215-7 
P42 
007191--87215-1 
PROCEDURE,SIT! COATE r.OOF SEPIALIZATION FA 

REF ?213213-0001 SPfCtrrCATION,UNtT TEST-G~APHlr.~ CRT 

AR 0411400-0024 WIRF, 24AWG ELFCT'O TTN PlATEO cnpPFR 

00001.000 '22'061-5001 GRAPHICS.r.RT cnNTROllFR-AUTO rN~fRT 
1254-3061-002 

00001.000 0239QQq-'r)Qq enST. SttlttNKAGE 

FA 

FT 

FA 

FA 

PART HUMBER PEV 
2223061-0002 H 

OEsc~rpT'ON •• ~ •••••••••••••••••••••••••• 
GRAPHTCS.r.RT CntJrRnlLfR , PlANF 

tTFM. 

0002 

0007 

0007A 

0021 

OOllA 

0022 

0023 

0023A 

0024 

1>027 

QUANTITY. cnMpnI'JF~IT.. OESCRTPTION ••••••••••••••••••••••••••••• 11M 

RFr ?223063-0001 

0000l.0CO ZZl06~3-0001 

nrOCl.000 2710288-002Z 

00001.000 ?Z10057-QOLl 

nrr 2Z2327)-0001 

COOOl.OOO 2223061-5002 

000'1.000 023qqq~-qqqq 

IC.lS138,3-TO-8 LINE nr,cnnF.R 
V-lI~T-lSl'8 RURN-IN 
U26 
V-lTST-lS138 8URN-IN 
ttEADER,I-RDW,ZZ Cf)NTACTe; •• 100" tFNT£RS 
SEE TJ- DRAwtNr. 
P41 
SEE TI- "'AWHIG 
SPACER,PC ROAPO,ZYTEl.NATU9Al COLOR 

FA 

FA 

EA 

FA 

HF.A~ER, ST'. PtN, ~2 PnS FA 
OOTT~H--"T215-T 
P42 
OOnQI--87Z111t-7 
PRnCEDURE,srT£ C DATE CODE SEP.IALtZATION FA 

SPECIFtClTlnN,UtnT T-rsT-GPAPHtCS C,RT EA 

GRAPHICS,CRT cnNTROllF~ 3 PlA~~-AUTO "rNS FA 
1254-306 )-004 
COST, SHRTNKAr.E EA 

" ...... 



r-
'; ) 
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.... -----------L/ST OF MATERIALS ----------..... 
11124/A2 

PART tIIJ'18F.R Rr-V 
27.23%1-<;001 H 

~ESCR[rT'nN ••• ~ ••••••••••••••••••••••••• 
GRAPHICS.CRT cnNTROlLER-~UTO tNSEPT 

0001 

0003 

~OO:}A 

0004 

0004A 

000'5 

OOO'5A 

0006 

0006A 

0007 

0001A 

OOOS 

0008A 

OOOCJA 

0010 

OOlOA 

0011 

OOllA 

0012 

0012A 

0013 

OOllA 

0014 

0014A 

001t; 

0015A 

0016 

0016A 

0017 

0017A 

001S 

OIJ AtlT I TY • CriMPONF.NT •• nrSc:PIPTION ••••••••••••••••••••••••••••• tiM 

oreOI.OOO 7~21062-D001 PW8.CRAPHICS CRT cnNTPnlLfR r-A 
SEE' TT- nRAWING 

00004.000 2270511-0002 IC.16KX4~tT RA~.310~srr. RFAn CYCIF TIMF FA 
5EF TT- ORAWtNG 
1I1.tI:!,1J3,U4 
SF.F. TT- I)RAwtNG 

0('1006.000 ~Zln66CJ-OOOl tr:,LS166,8-P.TT PAIULLFt/SrRtAl I~IPUT FA 
V-lTST-lS166 AUR~-TN 
U13,U14,U15,U16,U17,U1A 
V-l T')T-l 5166 IlUP.N- W 

oe001.000 7221084-0001 r,RAPHrCS lO~Tr. APRAY FA 
1254- -000 
U41 
lZ~4- -000 

0000,.. 000 27.l06CJ'5-0001 IC.lS245 ,OCT Al BUS ,XC TVF.R ,3ST • OUT PUT FA 
V-l JST-l S245 BURN-IN 
utq,U20.U21,U22,U2~,U24 
V-ltST-lS245 AURN-I~ 

00001.0eo 22106'13-0001 tC,lSI3~,1-TO-S ltNF nrCOOFR FA 
V-l T5T-l S 1 'HI RUIHt- IN 
U25 
V-l t ST-l S l1A BUP-N- IN 

00003.0no 22106'58-00t'1 le,lS I'll, 1-{1F-8 nATA "HFr.TnR/~tJl TT PlFXf F~ 
V-lfST-LSlt;l AURN-IN 
tl27, UZ!hIJ2CJ 
V-l tST-lS151 BURN-IN 

'OOO~.OOO 7.210702-0001 rr..lSZ71,OCTAl,O-FlIP-r.lOP W/COM CLOCK FA 
V-l I ST-LS2 n 8URN- rr~ 
U30,U11,U32 
V-ltST-lSZ11 BUR~tN 

00(')04.000 2210"5Q-000I rC,LS153,DUAt 4-LINE m 1-1 "AU srl/"'I'X FA 
V-ltST-lSl~1 BURN-IN 
U33,lJ34.U3'1.U36 
V-L r ST-l S153 AUR N- IN 

00002.000 2710727-0001 If,lS3')1,DIIAl,4-I'ItT RtNARV rnUPHF~ FA 
V-l TST-lSJ93 QURN-TN 
u"n ,U3" 
V-lIST-lS'CJ~ RURN-tN 

00001.000 ~210720-0001 Tr..lS373,UCTAt ~-TYPF lATCHFS r-ft 
V-l IST-lS3 n BURN-IN 
U4:? 
V-ltST-lS17' 8URN-f~ 

00001 .000 2210763-0001 IC, S 174, HE X, F LT P-FlOP. S INl';l E P. Arl nUT PUT ,. A 
V-LIST-S174 BURN-IN 
U43 
Vel t ST-S 174 BIIR N- IN 

OOCOl.OOO 2210~67-0001 IC,LS163,SYNC 4-"IT 8TNARY fNT.SYNC ClR FA 
V-lIST-lS161 8URN-IN 
1I3Q,U40 
V-ll ST-l S163 IHI'H~- IN 

00001.000 2210115-0001 IC, 500,OllAO, z- nlPUT NAND FA 
V-lIST-SaO qUR~-IN 
U'.4 
V-lIST-SOO "URN-IN 

00001.000 2?10604-0001 IC,LS04,Hr-X rNVFRTFn~ rA 
V-ltST-lS04 RURN-IN 
U45 
V-lIST-LS04 BURM-IN 
RES FIX 4.7K OHM 5 ~ .25 W CARRON rIlM FA 
ROH - R-2'5 
R1,R2.R3,R4 
ROH - R-Z5 

00001.000 0,)7Z~24-001A CAP FIX TANT SOLID 6.A Mr-" 10 ~ 3~ VOLT ~A 
Qpt -M1'l0031l-Z)'4 
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.... -----------L1ST OF MATERIALS ----------...... 
11/24/ III 

PART tJUMO£:P nr:v 
27.230~1-'5001 II 

~rSC"JPTTnN ••••••••••••••••••••••••••••• 
GrAPHJcs,C~T CONT~nllFR-MITn J~S~PT 

ITEM. 

0018A 

0019 

DO 1 ~'11' 

001'lC 

0070 

0020A 

0020n 

OOZOC 

0020; 

0025A 

0026 

007" A 

0(,Z68 

11/'2.'.1 P,2 

OUANTITY. cn"lPO"F'NT.. n(SCRIPTION ••••••••••••••••••••••••••••• U'" 

Cl 
OPl -M39003/1-2'04 

OO(,lf).OOO 0972763-0013 CAI',FIXEI"I .010UF 50 VOLTS 
004222-M(105£1037 
C2,C3~C4,CS,C6,C7,CR,C?,CI0 
004222-MCI05£103l 
Cl1,CI2,Cl1,CI4,CI5,CI6,CI7 
004222-MCI0'5£1031. 
CIB,C19,C::!0 
004222-MCI05El~31. 

OC020.000 0972763-0025 CAPACtTOR,.10UF SOV FX.CF~AMIC 01Ft 
COR CA-C0315UI04Z050A 
C21,CZ2,C23,C24,r.25,C76.C27 
COR CA-C03Z5UI04Z050A 
C28,C29,C30,C11,C32.C31.C14 
COR CA-C03l5UI0410'50A 
C35.C36,C37,C38,C'9,C40 
COP CA-C03Z"iUI041050A 

00001.000 OQ77~46-00~7 RES rIX 27.0 OHM 0; • .2S W.r.AP.~ON FTl'" 
ROH - R-25 
R5 
nOH - R-tlS 

10000.000 2220'517-0001 tC,16K X 4-~TT,RhM,260NSFC R~AD CYClF T 
SFf TI- nnAWING 
*THIS ITEM MAY ~f USFn AS 
SEE Tl- onAWING 
.AN AlTERNATf TO ITFM 1. 
SF£ TT- mtAWI NG 

rA 

EA 

PART NUM~Fn Rrv 
2271061-5002 H 

OESCntrTTON ••••••••••••••••••••••••••••• 
GRAPIHCS,CRT CntITnOllFR 3 PlANF-AUTO HIS 

0001 

0001 

0001A 

0001n 

0004 

0004A 

OOOC; 

OOOo;A 

0006 

0006A 

0007 

0007A 

00011 

0008A 

OIJANTI TY. cnHPflNl"'NT.. nESCR rPTIOtl ••••••••••••••••••••••••••••• "'" 

00001.000 222306?-nOOI 

00012.000 7l20517-0002 

00006.000 22106"9-0001 

00001.000 Z~23084-0001 

00006.000 2210~q5-0001 

00001.000 7.210653-0001 

00003.000 7710"~8-0'01 

PWn,CRAI'HIr.S CRT fONTnOllER F.A 
SH Tl- DRAWtNr. 
TC.16KX4~IT nAM,330Hsrc nEAO CYClf TTMF r~ 
St:F Tt- ORAWING 
Ill, 112,U3.U4, 11t;, U6, U7, ua, Uo:t, 
SF'= TT- DRAWING • • 
UI0, IJll, Ul Z 
Sr-E Tl- [)flAWING 
TC,lS166,~-RlT I'ARAll rl. ISF" TAL HIPUT r~ 
V-lTST-lS166 8URN-IN 
U13 ,U 14, IJiS. U16. 'Jl7 ,1/1 8 
V-lTST-lS166 RURN-TN 
GRAPHICS lOGIC APRAY fa 
lZ54- -000 
Ultl 
lZ"i4- -~OO 
tC,lS24S,OCTAl ~US,Xc:TVFR,3ST.OUTPUT FA 
V-ltST-lS245 eURtl-IN 
Ul q, 1120, U21 ,U7.2 ,Ul3 ,Ul4 
V-l r ST-I. S24t; ~unN-IN 
IC,lSI38.'-Tn-8 LINE OFCn~FP FA 
V-ltST-LSI38 RURN-TN 
U25 
V-LIST-lS138 BURN-IN 
lC,lSIO;I,l-nF-A OATA SElFCTnp/~UlTIPlFxr FA 
V-lIST-LSl~1 BURN-IN 
U27 .tl28, uzq 
V-ltST-lSI51 aunN-IN 
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.... -----------LIST OF MATERIALS -----------.. 
11/24/82 

PART tttJMnE~ ~ EV 
2223061-5002 H 

tTFM. 
OOOC) 

0010 

0010A 

0011 

OOllA 

0012 

0012A 

0013 

0013A 

0014 

0014A 

0015 

0015A 

0016 

00164 

0017 

0017A 

0018 

0018A 

001? 

001'lA 

001'lR 

001'lC 

0020 

0020A 

0020n 

C020C 

0025 

0025A 

00<'6 

0026.4 

00268 

QU"NT lTV • 
00003.000 

00')04.000 

00002.000 

00001.000 

000('11.000 

r'l0002.000 

00001.000 

00001.000 

00004.000 

00001.COO 

0001«).000 

('I0020.0on 

00001.000 

00000.000 

OESCRIPTTON ••••••••••••••••••••••••••••• 
GRAPHICS ,CRT CONTROLLER "\ PLANE-AUTO t NS 

cnMroNFr-rr •• 
2210702- 0001 

7.210659-0001 

2210721-0001 

2210720-0001 

2210163-0001 

2210667-0001 

22107'35-0001 

2210604-0001 

O'l72'l24-001 " 

O'l72763-0013 

0')72763-0025 

0972«)46-0027 

2220511-0001 

neScRfPTTON ••••••••••••••••••••••••••••• U~ 
IC,lS273,OCTAl,n-FlTP-FlOP W/COH CLOCX r-~ 
V-lTST-LS271 BURN-IN 
U30,U31,U32 
V-ltsT-LS213 BURN-IN 
IC,lSI53,nUAl 4-tINE Tn 1-t nATA SEL/MPX ~A 

V-lTH-lS1~3 RtJRN-IN 
U33, U34, Ins, U36 
V-l TST-lS1'S3 8URN-IN 
Ie, LSJ93.0UAl ,1t-fltT AHIARY COUNTF.I' FA 
V-ll ST-l S3Q3 RURN-I N 
U37,tr\" 
V-L IST-lS3Q1 l\IJ~N-H' 
rC,lS373,OCTAL D-TYpr lATCHFS I=A 
V-LtST-LS373 BURN-IN 
U42 
V-LtST-lS37'3 BURN-IN 
IC, SI14,HF.X,Fur-FLOP,S'NGlE RAfL OUTPUT F.~ 
V-lIST-SI74 BURN-IN 
lI43 
V-L J ST-S174 IHJHt-IN 
IC.LS163.SYNC 4-BfT BINARY r.NT,SY~IC ClR EA 
V-LTST-lSI63 BURN-IN 
U3'l,IJ40 
V-LIST-tS163 BURN-IN 
IC.SOO,QUAD,Z-HIPUT NAND FA 
V-LIST-SOO BURN-IN 
U44 
V-LIST-SOO RURN-IN 
IC,LS04.HEX tNV(RTERS EA 
V-ll ST-l S04 BURN- IN 
U45 
V-lt~T-LS04 BURN-IN 
RFS FtX 4.7K OHM 5 ~ .1.5 W CARRON rTLM E~ 

Rr.J-! - R-Z'5 
Rl,R2,R3,R4 
ROH - R-25 
CAP FIX TANT SOLID 6." ~o 10 ~ 3'5 VOLT FA 
QPl -M3~003/1-Z304 
Cl 
QPL -M1Q003/1-Z304 
CA!",FlXEO .OlOIJF 50 VOLTS EA 
004222-MCI05EI03Z 
C2,C),C4,C5,C6.C7,C8,C?CI0 
004222-MCI05EI03Z 
C11,CI2,CI3,CI4,CI5.CI6,Cl1 
004Z2Z-MCI05EI03Z 
CIR,C19,C20 
004Z22-MCI05EI03Z 
CAPACITnR, .10U~ SOY FX,CEIIA'HC I)IH EA 
COR CA-C03Z'5UI04Z0~OA 
C21,C22,C23,C24,CZ~,C26,C27 
CDR CA-C01Z5UI04Z050A 
C28,CZ'l,C30,CJ1,r,32,C1),C14 
COR CA-C03l'5UI04Z0'50A 
CJ5,C36,C)1,C~~.C3Q,C40 
COR CA-C03Z~UI04Z050A 
RE5 rtx 27.0 OHM 5 ~ .Z5 W.CAR80N Fll~ E~ 
nn.. - 11-25 
itO; 
ROH - 11-25. 
1r.,16K x 4-~tT,nAM,260NSF.C REAn C¥elE T FA 
SEF. Tt - OlUW I W; 
*THIS ITEM MAY B~ usen AS 
SEF. TI- DRAWING 

ALTF.RNATE TO ITFM 3. 
T - nRJ\'14 N 
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NOlES ~SS Ol'*RWISE SPECfFIfO 

r EAPAN510N itA..,. 
flEE TAaLE If) 
51-14(lJ-~' 

,.. ItOM/EP.oM 

~O£"L/!"'O""'- ! / SEL I rJI TN"t/ JI 
~ ~ ~ / ! SEE '"aLE I ! CltPANSION IIUSS 
SEC TAaLE , ! 5,. , (C-7) / UE TAIILE 7 
EI( , (C-T) / / /tOM DliCf)DE .EtEC;T ! SI($(D-.J 

, SEE TAIILE " / 

TAa E' SNIiP-sl I / SUIlC-7) ! 

I~R~O~M~/~E~pkR~0~M~~5~E7L~/~-----'1 ~~"~-r=====J~'~O~~=='-I----------"---------//,-----r====~c:~==========;-~ 
I JUMPER OPTIONS" J~ .J 

EI'-EIO IU",':ROM I ~'IW.'" ' EII- E/~ tA5,. 4K EPROM Iir' /1 

• E' nI TAISLE' SNI (0-7) I. 
ROM/CPROM SEL ~ 

I o/t/MPCR OPTIONS 

1l48LE , 5N, (D-') 
/flO.. DECODE SEL e ~ 
JUMPER oprlON5 

I 
.. :. 
.. I;; 

MOTHERBOARD 
222.JOOJ 

.J' 

NOTE: (EIO-EII.E'-EII.IEI.-Ela' THESE AIlE 
CONNECTED tly EreH IIAID MU!JT fIE 
cur TO CUA_I! ",. SELECT 

8 

TAaLE" ISNI (A- .. ' 
OPTION seLECT 
..JUMPER OPTIONS 

C,- E' I'DOU"U 
E~-E4 ,vL.5E~V£D 
ES-EIO 50 HI 

rAtlLE. 51(' (C-E) 

I SPEAKER OUTPUT (JII) I 
~N NO. SIGA/AL 

I I SPEAkER I 
Z GROUND 

'AaLE a S,. I (a-It) 
01' TlON SOUND ",pur (JlI I 
PIN NO. !sIGNAl. I 

I I SOUND IAI I 
2 IOIlOUND 

I 7 

",,,.e .... $I( ,,,.,, 

6~ C'DNNCCTlO,", 1 
1'1" NtJ. SIGNAl .J 

I E" UJGIC &IDlJNO J 
E 10 CN4'''~ ,,""""'D 

) JIS 

/ }PJ!I:=I =.11 

CATE"NII, ,.,,,,,.y I' 
SEE TAtltE " 
tiN" (a-.) 

INrEJltNAL n~"Y 
SEE 'ilaLE II 
aN5 (a-II) 

-I_ ....... IM.JAJAI JIJ 01"...... .. , 2 3 4 
.... _. ~OOOo 

.~"LIC"'1,O'" 

I 6 I !5 T " 440 

I r 222J0821" I J , 

~ CN $016~" (D) OiJ,u 
(I) eN"'; I'U ENG ~COOIGA 

I 

'- IJAOUIIO mNNEcr'tJffJ CCC TAIJU .. _ 

rNIIA·", 

• "~~~ <CA .•• ~~~ ... " ELECTRICAL PIN 
CONFIGURATION .~ ... ··.1-.. 

1-

-... ',',. 
0!06668r 222J082 • "A., 
....... N N • ., 

I 2 I 

) 

2' a 

-

II 
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GRAPHICS BOARD Ill! em 
t:' 

2223061 
.. 

- f-

P.o. 
°ij'46 TAB,e IS IN I "'4' 

aMlM MArO mn CONr/J 
f'OItT. L(l ADO.f'C~S JUffl'Llf >JTCIlIfJPT 

OPTION' L#vrt 

c 
\ I ,U·,n IEI·CI.£NII , 

1 le,,',U C.aCJJ4-t:7 I 

C GRAPHICS ADDIfI:SS .... • "APHIC$ CQNrllQt. .J IIFI 'In E4-lS,IDt.J 1 
( 

SEE TABU! 10 flEE TABi.C :J ~ ,,.,, -".,. jL'.r·a.IIl·Dl 4 
SH:JtC'!I) ",.(c-.' 

-
-t I+-

COMM BOARD ,l 'Aal ~r Sit 0-.1# "'4 
e 2223094 

BAM SELF:; 

...- SEC 7AIILI I .. JuMPFN 0""01\' 
/ SH4IC'II' CI-ll T BUNK "ItAI'H"S I14NK 1 

.. JO 
£J.£<f ~UItI.( 6t''''~K'S #ANt' J I 

... " ~ , t ~ ... . ~ 
- f-

\ 
'-ADD~S ANO IA/T£16UPT N1rT 
aJN.cIIiU~A r ION 
seE TABLE 15 
SII k (C." 

A 

. 
I .~. ~~,,, 4 '~'42 q196214[ . 2223082 I; 

h ...... ~;!::: ~ ... I. J'---::-"'''' . .... ,,-.NON7 ~ .. .. 
B I 7 I 6 1 5 1 4 I 3 I 2 I I III 



8 I 7 I 6 I 5 + 4 I 3 I r·2223082 r ~ I 1 I 

TAl'LE 7 5HI (D-~) 

C¥PAAlSION BUSS CONN~CTOIl. ! 

PIN AID. SIGNAL PIN NO ,sltlNAL . ,. L/(JHT PEN 

I/AOI NM'- !lIN"&' $£t TAlltE II 

~/OOf OAID !!!/AI1 ,-./4 
, su~(C-r) 

~/AOZ <D1 34/011 
o If/bot i<€$ET ~51AIIJ XAI!J , 

D !!II'AO' rN !J611ntJ 

S~~ 6/tJO!J +$- ,}I'A" wAit ,. IUJI! VIOCO ovrPUr 
1/"0' '011 ;Jfj/"" VIDEO CONTROLLER BOARD / SEE TAlJU I' 
IUBO. IWO "'IAIt1 .iliA" I 5"!l (6· I) 
!tIAO", J({J4 .0/tJZO CLOCK 

2223009 Irvl!JO!J .//A21 IfAIO ~ COMPO$ITE rlDEO 
II1A06 J(11!l .2/"ZI IW6 .NO SEE ",tJLE IZ 
IVlJO'- "'IAtl UII / !JH!l (C·r) 
1!1/ .. 01 J(OI ... /aft IRS 

OJ·, - 1«/1101 -/Iv .,,/At, .... f-I$/AO. }(Ol 4'/8" ,,,. 
JOS 

16n1O. DWI- tll/AZ4 XAl ~I 

17/AO' J(DO 411/82. IWI II ~2' 
III/IJ09 IItv '~IAt' .A. \ ,',lAID WAIT- !Jo/et$ I,.r 

\ ORAPHICS CONTIro<. 
\ ftYtJlO 6AJO ~I/A" XA$ 

2vAli RFtiN ",Ie, .. \.ISRAPNIC. ADO/PES, 
6I'//J" AMWC- ~5/Ar7 XA" IIEI TA/ILI • lin TAlJLI 10 
",lAIr XAI. ~./IJ~1 aHS(C'!I) SHII(C'-S) 
ZoYlJIZ "'ROC- ~.5/A.t. "Aa TAlJ'~ • SN$tc·.l SH'(C-.) rAil" It> "!I(C·I) !!JHI(C-5J TAtJLE n SHS(D-I! C 
1"5/.,4" )<A/8 !5~/tJ~ AL~ tJRAPHICS CowrROL /"41 ORAPHICS ADf)R£SS "" LI6/o1, "'N 

c 

t6/e'.5 AIOWC- 61/An KAI PIN NO. SIGNAL 1"41"'01110. 
_ .... t. 

PI"'NO. 1$/""''' ,..,PINNO. $IIJNAI.. I PIAJ I StONAL 1!1/AI. )(A/7 ~tJ/t"·, I$V I N·C, I "<C. Ae) AO NO. 
261'&" IOlf.C- ~5/A'O .AI r OR,- I OGNt..- 1 AI I AI I I AI"", n/"/~ XA'-O :~::;: OSC • GR,- • tlROL- " AI 5 At I 01010 
~0/8/~ ""0 • ""S- a (JtJLL -

4 AS • A' 
!II/A'" XAI!I 61/lJ~1 liND • xD' • 07 S AA I AA 

• GRED- • OtltF:D- I A" • 4~ TAaL. fit al(!I(O-I) - TAtJ''; II SNI (A·" ·7 a 
, A6 , <16 

COMPOIII" VIDEO ~ .. _-_.--- "OGo 06 • A, • A1 IN 'ERNAL I'LO"PI' Je /I OtJLII- 7 oaLII- tI All e All PIN _NAL PIN NO. SUSNAL FLOPPY A PIN NtJ, FLOPPY II "MNO. • X05 ID 05 ID A' 10 .. I "00 rio"" I BND / I ID "eRN- • GfJRN-r , r II AID II - CENTER OUTPUT , "1010 , • II "04 It O. II "" II "" • • • ~ DCLI( II DCLI( I!I - I. A" • OAJD II • It VO!l If O!l If A" If ,,'!I 

; ; ; If RD- fS RO- t:I .... Ifj All 
TAIILE I!I !!IH$(O-" .. NO 15 XD' IS Dr " A/5 I, AIS /fBI! VIDEO ourpuT • INOt_- a a .. w.- 15 WR- " AI. 17 A .. B , BAJD a • I. N.C. I. N.C. PIN ND. "'IINAL 

If) SELI- 10 10 " /lJJ1 ,. 01 I ""'0 I. 05EI. " IISIL- fS *tlV " ~n 
01010 1/ BlVD II II 10 ,/Iv 10 ,sv I 

II SELI- II /I III .DO eo DO • VREO 
IS 6AJD I!I III to DM IfI DE 1/ fJAJO II lIND 

" vaRN 
If I. 14 II OWA,,.- It GWAfr- II tlNO rl aND • VllLII If GAJD " Ifj II ItEUr- ItI "5'- • "AJO ,. MOT- " " , MC. 

" liND " " 

a 

I. C"'~ECT III I. • NOltIV* 
III GAID " IS It VDRIIIE f-- 10 5TEP- 10 10 
~I BAlD II tl 
U wD4rA ,~ U It 
Z! (JAlO I! I! 
~4 WOArE - ~ to 
t~ 0'-0 t! IS 
U. TIIAK.- t. ,. 
t1 GND 17 11 
til wP'lOr- U b 

" BAlD .. If 
A ", RQATA- '" ", 

!I a"lo 51 'I 
at .'D'~ Jt Jf 
U "'NO " n 
!. M •• 

22230~1 
r I , ... ~.!"1~,~.... :z .~'ltrr .101962141 
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- TA"L E 14.N2(.-.) .. ~ ... • ......... 1 'AIJL£ t1 !!IN I ("-11) I-
.111' "-«.0 .... """C4TIOIIIS 1J0IJIf1J) 4DIJRE $$ crw~ljlrlf ~RRUPT LEVEL CONFIOURAr~ KEY80ARD (.1.; 

PIN NO. 616A1~L. V04~n J</4fP£R oprlO.~ LEVEL --- t-- .NUP£Il~!!I" PIN SIgNAL. KEY"O~RO catOA NO • PwB CONN 
I CHASSIS uNO ,FI#J( 

...... ~.EI7-Ero I I -IiWR-r III1V) Ee 6RAI 
/I TIIJ ~F2A 6.£J.Ii-<Ela.EIII-£I. 6 ~ 6 Rev DATA E!I RED 
!I fiXD '~.It EZ- IIS- Ela.EJ7-Et!JO 

~ Eli-lEI' • &1rr DArA C • aLI( • ItTS FF6)( £.-C::£I6- 6 ~;,:~=o £I!I-lEill 4 LDQPa.tCIr AlTA 1£5 4LU 
IS CT$ ".x If ~ fi,... ....... .. 6 thJD 1£' 'l'U JII • • , D5/1t 

~ 
EJ-E4.I!ltr.-IEI9.;;~ C ,. 516AJAL v,ND FF £I-~ •• Ee-E~ .£I7~E 

" DCO EI EI-E4 .CII- CIS. E!I-Eli 

c 

" ID _=#"",.,. .,..~~,~ IiJ t6 151i. ...... 
II seA/eN J6M''''''. -F "'Q1X,,, .. f 

II! $CF/CJ 

" TABL IE 110 IiNI (If-II) 14 TABLIE I. liNI (a-iiI T"'.LIE 110."1 (O-IS) 
15 nrc PARALL~L PORT (.n! err,."AlAL FLOPP>' CDNAIECTOR (.1U) IE .AWISION RAM COAIECTOR (.110) - 1£ PIN NO. BI5N~L PIN • 7~/N PIN 

liltiAlAL 
7 PIN PINAG SJG.U4L ""'AlO • S/6/IJAL l-n RMC NO. $J6AJAL o CONN NO. IDCONN I PTSTIf- I 1I!1 I. 

1/ POI I aWD 10. " aAiD MJ , 24 .... 4 

" • POI , I 61 DlItECT,. II !I 15 I/O orR .. PDS • aAiD II I. GAlD !II • ""D7 H ". 
III IS PD4 .. I ft~ WTI'PI- II II liND Zl 
It III II aAiD II ftlt OND :JZ 

4IA6 ~5 seA/eN It PD. • ,./)Ar~ • IiAJD III 
7 PD. • /lit I. 7 N P4 .8AtJDCt.IT/LU 7 GND ,. 

" IIAlD '" " PD' • AMNC- 50 PE 

" POll • 4 I" WItArtl- H - ~IS" SI CAS-e ID P4CI(- - GWD H I. 6ND ... 10 ~n JZ M04 
10 • .0 r.ee .... - IS 

TA"L~,?J SNI (A H 5) II P.U!J .. /I " MDZ 

II A/fPOUT 
1/ tiND IS ., 01010 .5 II! MAl :J4 MOl 

POWE'~ CONN (J6' g INDEA- It .Z W_T- '" 10 II' MD4 
PIN NO. :SIGNAL I. PJI!LECT 

" aWD III ,!IS OND :J6 H "05 56 MD, 
I fie .. 

14 P1AJ:- ,. MOT»- 7 !I' .lMTA- 17 It " fSV " PFAULT 

" "NO 11 liS liND 57 2 I. MAT !J8 .,/IS 
II uNO lit PTINIT-

14 5£(4- " ~ :1101- lit 11 '" • -IZ., 17 aND 
11 (iNO lit n 01010 lit - 40 "06 

S f'v I. 

" ".. " 
,. 41 f5v I-- " I. iEt,-

~ -rlNb-
I/O ,. GND n 
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aND 10 MAl 41/ 150 
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• «J MOT., - 10 40 II ., GND 
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U 
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PS GNO 

A 

, 

.j::>. , 
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NOTES IN.aSS OTHfAWISE BPECFIEO 

1 , I MAI/M" .. ('(}UI'O#EAlT N{11I#r IMtw£ TNC 6D.flfD 
- SHAll BL 19.0 

llJ "AAIMUM UAD UNGTH BctOW TNO IIOAItD 
SNALL III ~.J 

l!J r:rrcr::O::Jtll,::'~mD ~,g<,fJ~S1..v 
i!:; II,,*I~ SIFI DArt COD( IND Sllfllft WM6CIt 

11/ SP«E fNDICATED Nit fTIM~S AtItA,;ItA,." f.O 
AAID PltoCESS S 

CONYfIlSlON 0...," 

mm tNCH(S 

0.<'5 .010 
0.$ ·O~ 
I.S .0. 
~.. .09 
19.0 .7S 

15 

So <,,wTfDAJ TNIS ASUM6tY AND <'lKTAIAI (""IA
'''AllAlrs Altl SVSClPTI't£ TO DAMAGE 
FIIOH £lc<,rIlOSTATII.' DI$CNAIG£. OPUA,OIt 
AAiD ,,.f;iJIPMCNT &AOUAID AND PA('XA4C 
IS JUQI/IHCD. STATIC SI"AlSlrlVr C'DMN1tIIIIAlr 
liKe: UI THALl UII p YI 

l!J ~~~~V\o' A~~~H~~D 5~~~~:o'lIO" ITCM 2' 

ill APPl Y /Tn.I U TO 'T[N 2Z Anlll A~~' 

JII 

-yr 
"---L/Jj. 

~ .... ...-----

B I 
-CL ..... rlC .. fIO ... 

7 I 

/ 1lJ IL--_--' 

/ 
I 

Mo!MOD 

'\ T\ 
@!] 11'11[00 

lit DCI( , DlAllltA., - A A 111,· 
-I ...... ...;l~ I I 

-, 0/1 ... ,. r;..-rT'l 

I 15 

" 

4 I 3 

I!J 'NSTAll ITU1 Z( (arr l) I EAtH TO [1-l. 
AND r,- [! 

(!J 'NSTAlL ITC ... 2' '/10M CDNDl/tTOII SlOC 

lfr-~ 

II 

I r ·2223~ 1 I 
... YI.,O ..... 

Ifl tM UPDATE i 
FOIIMAL RELEASE 

.I!-I ~t ~1.t 7&~D~: It. I"l OUS! .~S/II I At IIlNt 

[£J f,f ft':'U,Jp/fJ,£ 111.00: -r 111411" •. IICNt 

~ tN 502"3 (01 LAMB I ........ I"'~ 
':]N~~ T~~~ATT~/~::f[~~TlC~~O~~RU 913/AOO 

~ eN urfDO rei <2...... iL..!'!:.'."'.':.n'-lw:,.",t..aI",'::<.._-I 
(II t~ I/I'M" 

11223094- 5001 kOH_ICATIOHI CARD-AUTO IH5[IIT 

I 
I 

222304c lli~ 
u 0_ 
...... LICA'IC .. 

122U094-00011C0"'MUHICATIOHS CAIID 

--. __ .. ......--.-.--..• 
~E:::~~ -- ---... ··""-n 1_-......... A E3 

t.~.-=~ .... ::::: v- -. .. -....... . .. .. -....... .. 

PAR T NO II~C A,PT/ON 

T J-
" - .~ ·A. I)~h ... ,w".u,,,w'OJ:S1 METRIC 

IIII<[ IIE~ !II'""" 'i'. ';:':- -::: 1:-

11110(;(" 
.... Jill IoIOOH • .1 .. til06888f 

r: 

c 

t • 320 3 I 2 
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..... -----------LIST OF MATERIALS ----------..... 
ll/Z4/8Z 

PART fWH8FR RFV 
ZZ230Q4-0001 ~ 

OF~CRlrT,nN ••••••••••••••••••••••••••••• 
CUMMUNICATI m~ CARD ASSFM8l Y • 

0002 

0010 

onOA 

001? 

OOlCU 

0020 

0020A 

0021 

002lA 

0022 

0023 

0024 

002'5 

0026 

0027 

0028 

0030 

0031 

QUANTITY. r.OMPONt=NT.. OFSCRtPTTON ••••••••••••••••••••••••••••• 11M 

REF 222JQfJ6-0001 

00001.000 2210519-0001 

00001.000 2210835-0003 

00002.000 2210288-0006 

00001.000 Z2204~~-0003 

00002.000 0~3234A-0401 

00002.000 0~T2446-0013 

REF 0~4nf)-qqOl 

00001.000 2223033-0002 

!l0002.000 0~12481-0001 

O~OOZ.OOO 0411100-0070 

AR 0415804-0005 

IC,USART,S~RIAl COM~tJNIC4TIONS cnNT FA 
1254- -!l00 
UR 
12"14- -000 
CRYSTAL QUARTZ, 4.Ql"12 ~', HC181U FA 
SEE TI - Dwe 
Y1 
SEE Tt- owe 
HEADeR, 6-PtNS .600 l, SNG ROW, STRT-POST FA 
SFE Tf - DRAW tNG 
El-e6,F1-H2 
SF.E TI- DRAWING 
CONNEC70',R~C~TACtF,~8,Z5-rtNS FA 
SEF. Tt - nuw t NG 
J6fJ 
SEE TT- DRAW ING 
STUD, EXTENSTON-CRES ~A 

RIVFT,.116 OTA 5/16 lG nOME HO ALUM FA 
-000 

PROCFDURF,STTE & DATE coDe senl4ttZATTON F.A 

PlATE,OPTION 80ARO,WITH CUT OUT 
1678-3223-007 
JUMPER PlUG,CONall:CTOR SLACK 
5'935-0'900-000 
lOCKWASHfR,4 tNTERNAL TOOTH CRFS 
OPl - ~S35333-70 
Sr:ALINC COMf'OUNO,ANAFROfHC-OlUF. GRAnF r: 

EA 

FA 

FA 

OT 

REF 27.232'74-0001 SPFCIFICATT~~hUNn TEST-C(J?ol~tJl'lICATt~NS 

An 041143"1-0408 TAPE, INSUlATlON,FlECT .1/4 TN 
MMM - "56-1/4 

00'01.000 Z22~0'94-5001 AUTo-INSEPT~O PARTS lIST Fn~ -0001 
1254-30<t5-003 

00001.000 0'3qqqq-9q~~ cnST, SHR1~KAGF 

Pt 

FA 

F4 

4-53 



.... -----------L1ST OF MATERIALS ----------..... 

4-54 

11/24/82 

PART NU'1f\FR REV 
2223094-5001 F 

nESCRIPTJON •••• ~ •••••••••••••••••••••••• 
AtJTO-TNSEnTFO PARTS LIST FOR -0001 

ITF.1'1. 

0001 

000) 

0003A 

0004 

0004A 

0005 

0005A 

0006 

0006A 

0007 

0007A 

OOOA 

0008A 

0009 

OOO'lA 

0011 

OOllA 

0012 

0012A 

0014 

0014A 

0015 

0015A 

0016 

0016A 

0017 

0017A 

0016 

001RA 

OUANT TTY. CflMPnNFNT.. DFSCRIPTION ••••••••••••••••••••••••••••• II'" 

00001.000 2723oq~-000l 

nODOI.OOO 2210621-0001 

000C1.000 2210608-0001 

00001.000 7210654-0001 

00001.000 2210600-0001 

00002.0~0 2210631-0001 

00001.000 2Z10607-0001 

00001.000 2210695-0001 

DOOOl.OCO 22111Rq-OOOl 

OCOJ2.000 221 1 34Q-000 1 

00001.000 OQ7Z~46-COR5 

OOOO~.OOO 0972~6-0065 

00001.000 2Z11247-00l? 

00001.000 2211247-0010 

PWB C~MUNICATIONS CARn FA 
1254- -000 
lC,lS32,QUAO,2-INPUT nR FA 
V-lIST-lS32 BURN-IN 
U1 
V-LrST-lS'32 BUPN-IN 
TC,lS10,TRIPlE,3-INPI1T NANn. F.A 
V-ltST-lSI0 BURN-IN 
U2 
V-lIST-lS10 BURN-IN 
IC,lS139,DUAl 2-T0-4 lTNE OECCOER FA 
V-lIST-LS139 BURN-IN 
U' 
V-lIST-lS139 BURN-IN 
IC,lSOO,QUAn,2-INPUT NAND FA 
V-lI5T-lSOO BURN-IN 
U4 
Y-l IST-l SOO BURN-IN 
IC,lS14.DUAl 0 FLIP-FLOP W/PSET & ClR EA 
Y-lIST-LS74 RURN-IN 
U5,U13 
V-lIST-lS74 BURN-IN 
IC,l S02, QUAn, 2- Hn'"UT NOR FA 
Y-LIST-lS02 BURN-IN 
Uft 
Y-lIST-lS02 BURN-IN 
TC.lS245.0CTAL BUS.XC'VFR,3ST.OUT~'T FA 
V-L 1 ST-l S245 BURN- I to! 
U1 
V-lTST-lS245 RURN-IN 
It,SN15188NP3,8URN-IN,QUAORUPlF lINF DRI FA 
SEF. Tt- DRAWING 
lJCJ,UIO 
SEF Tt- Dr-AWING 
IC,SN15189AN3. QUAD LIN!: RFr.EIVERS FA 
seE TI- fw.AWING 
U11,U12 
see T 1- DRAWING 
Res FIX 6.RK 0"1'1 5 ~ .25 W CARRON FTt'" FA 
POH - R-25 
R:I 
ROH - R-Z5 
RES FIX 1.0K OHM 5~ .25 W CARBnN ~IlM FA 
ROH - R-25 
Rl,R2.R4,R~,R6,RT 

ROH - R-25 
CAr,lOOO P~,10~,~ovnc,ceRA~IC EA 
SEF TI- DRAWING 
C1 
SFE TT- DRAWING 
CAP,IZ.0 rF, 5t,5OVOC,CF.RAMIC FA 
SEF TT - DR AW tNr. 
C2 
SH Tt- DRAWING 
CAP,FIXFO .OlOUF 50 VOLTS FA 
004222-MCIOSEI037. 
C),C4,C5,C6,C7,C8.CQ 
004222-MCIOSEIOJZ 
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NOTt.S l*«.IS60''-RINtSE SPfCFIfO 

I. CABlE CI.AHP S{lcw5 .. AID li£rAINC/it SCA£WS 
IA/(lI/OlD WUN 171M C 

r~ J IV DRAIN "'life 1000DCD UNDCR ('UM SHELLS 
- O~ CAIIU (,I.AI1P "'Ul1I1L ( 

[!J PI DRAIN Wllfl TO IJI T€AfilN,fr6D TO 
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11/24/82 

PAPT NU~RER Itc:V 
22<'310"-0001 " 

(TEll. QU ANTI TV. 

0001 -OCOI)I.000 

0002 00001.000 

0006 nOOOl.OOO 

0007 000')1.000 

0008 00001.000 

OOOq RFF 

0010 OOO~)1 .000 

0101 00001.000 

PART NUHnFR 'FV 
222310b-0002 A 

OF5(RTPTION ••••••••••••••••••••••••••••• 
CAnlE ASSE~Blv.PAPAllEl,PRtNTrR 

cn"4PONFNT •• OESCRtPTtDN ••••••••••••••••••••••••••••• U'" 

'2104·'1-0003 CONNECTnR,PlUG,1~x.20 AWC, SPIHNG 

72201AO-0008 CABLE CLAMP ASSY,.400 HI. OIA. CA8lF ACC 
SFr: TT- ORAWtNG 

0414127-0001 CONNFCTnR. Pl~lc;-)6 CONTACTe; 

2220'10;1)-0001 SOlOER lue, .4 SCREW 
12"'4- -000 

272':\ 107- 0001 WTPF It ST PT TO PT PRl PTR CAnlf ASSY 

2?6t; 070-0001 srFr., PRE-PR INTED CABLE MAItKEP. 

22201cH-0001 fFPRutE,CABlE CLAMP,SPLIT RINr. AllJl'llNUM 
SEF TI- DRAWING 

271110f,-5001 BULK CAAlE ASSY,PARALLFl,pltlNTEIt 
1650- -000 

ntSCntrTlcN ••••••••••••••••••••••••••••• 
CARL E ASSY,rAR ALLEl,rRINTFRISo;O 

nr:P'I. QUANT tTy. cn"'PONFNT.. OF.$CR I"TION .............................. 11M 

0001 

0001A 

0002 

0006 

OOOoA 

00C8 

000') 

0010 

0013 

0014 

0101 

11124/"2 

00001.000 2220767-0002 

00001 .000 272 0380-0008 

00001.000 2220674-0001 

REF 2211107-0001 

RF.F 7.265070-0001 

00001.000 22201Q7-0001 

OOOOO.~OO 0414127-0001 

00001.000 2220821-0003 

00001.000 2ll1106-500l 

cormrCTnr., Plue, 20; CONTACTS, 2-P.OW,22-2~1\C; 
SFF T' - ORAW INC 
P2 
SFF Tt - DRAWING 
CABLE CLAMP ASsy,.4~n TN. ~IA. CARlF Ace 
S~ TI- DRAWING 
CONNF.CTOR,RNO CA TO PANFt.PlUr.,STl SUrt.l 
SfF TI- OWG 
PI 
SFf Tt- OWG 
WIRE LIST PT Tn PT ~l PTR r.A8lF ASSY 

srFC, pRE-pRINTPn CA~lF MARKFR 

FF.PPIJtr.CA8LE CtAMI',SPltT PTNG AttJMTN"'" 
S{!f TI- onAWTNG 
CONNECTOR,PlUG-36 CONTACTS 

r: IJNNeCTOR, r.OVER ,CAP .nR 110m 
SEP TT- OPAWING 
CtlLK CAlllE ASSY pARAtlR. 
1620-8106-001 

PAnT "U~rFR REV 
2223106-~001 8 

DFSCRIPTJON ••••••••••••••••••••••••••••• 
RUlK CARLF ASSY,PARAllFL,PRINTEP 

FA 

J:A 

J"A 

FA 

FA 

EA 

F" 

FA 

FA 

FA 

EA 

fA 

EA 

FA 

, 
fA 

ITEM. 011 ANT lTY. c:nMrmIFNT •• nEsr.RfPTtON ••••••••••••••••••••••••••••• If .. 

0001 00075.000 0"1q4~o-OO03 CnNTAf:T ,PI~ 24-20AWr. • ,,, II TNSUt flf A rA 
A '4,. -205202-2 ST 

000'. OCOO? .000 2210317-~001 lARFL,BLANK,CABLE .. ARKER fA 
01l54~0-SLPF-l'))lq-4 

000'5 0001')".1)00 22101)0,,- 0007 cAaLF,SHInnED,Z" CONOtJCT~S rT 
SFF TT- mUWING 

0011 00000.130 OIlTZ 361-000 3 TA"r,FOAM,VJNYl,Sftr-AnH.7"'iTHK • C;OWI DE Rl 
012 624-V '548 
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PART ~UMRER RFV 
l223106-5002 ~ 

nrscRIPTION ••••••••••••••••••••••••••••• 
8UlK CAnLE ASSY PARALlFl 

I Tt"H. 

0004 

0005 

0007 

0011 

QI/A~ITJ TY. c.n"'PONF~rr •• OESC RJ PTlnN....... •• •• ••••••• ••••••••••• UM 

nOO~2.000 2210117-0001 

00001.'O~ 221050~-0001 

00001.000 2211~8q-OOOl 

OOOO~.130 Oq~236l~0003 

lABFl,RLANK.CADlF ~ARKFR 
085480-5LPF-lq3l~-4 

CARLE.$HIElOFo.25 cnNmlCTnp5 
sr-r: TI- DRAWING 
LUG, R rNG TONGIIP, Zo-ll>AWG 
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2223105 I SH
1 I -+ 1 I OWGNO 

APPLICATION REVISIONS 
NEXT ASSY USED ON 

REV I I I 2223046 8755 OESCFFTION DATE APPROVEO 

. 
21 

1.0 SCOPE: 

THIS SPECIFICATION COVERS THE REqUIREMENTS FOR A MONITOR CABLE. 

2.0 ~PPLI g,BLE DOCUMENT?: 
WHERE THIS SPECIFICATION REFERS TO ANOTHER DOCUMENT, THAT DOCUMENT 
IS OF THE ISSUE IN EFFECT ON THE DATE OF INVITATION TO BID OR 
REQUEST FOR PROPOSAL. REFERENCED DbcUMENT APPLY TO THE EXTENT 
SPECIFIED HEREIN. THIS SPECIFICATION GOVERNS WHEN A REFERENCED 
DOCUMENT CONFLICTS. 

--- ~ 
~s:_ ONV ERS ION CHART 

INCHES I O.i5~- .010 
0.5 I .02 
3.81 .150 

I 1219.2 i 48.00 
I - I 

• • 

SPECIFICATION CONTROL DRAWING 

REV 

SHEET 

REV STATUS REV 

OFSHEETS SHEET 1 2 3 4 1 
lJIIU:SS OWN DUNHAM 0AT£SI12/82 ~ TEXAS INSTRUMENTS SI-METRIC 0"rHEAWISE ~ 

CHKi~ .;z... . . () • JIIIIC()R f'C1R 4r E.I.> 
,\ t.A..)o-l ~. 10' ~2. 0IgII00I s_ Grcu> 

• OIMENSIONS /I#fE N 
I:N(lIq .' ,,', .'.1 ~ 

" 
.' ~. : 

• TOLERANCES. -'NGL.E ~ 1 •. 
, PI.ACE OECIMAI.S ., 0.5 . ..... ' ...... '~ j,. '<1 -
2 PI.ACE OECIMAI.S '" 0.25 1 . , INTERFACE CABLE, MONOCHROME MONITOR ·"'~NFOFOR 
~ONLY IO~., . -

i'HFIO ANGLE ~OJEC11ON APVOo~ • j. " f/ A 106668 OAAWNG NO 
". . '''''' ... 2223105 

~-E3 I~;~ ;, ,."/ tznffz 
SCALE NONE SHEET i OF 4 

'1'1.1."». 

t 100 ,..,. ,~ y"'''' '. :'.'. ;~~t~ .. 
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3.0 

,1.1 

3.1.1 

3.1.2 

3.1.3 

3.1.4 

PHYSICAL: SEE FIGURE 1 

CABLE MATERIAL: 
ONE CONDUCTOH #27 AWG CONSISTING OF 7 STRANDS OF #56 AWG 
BARE COPPER WIRE OR 7 STRANDS OF #35 BARE COPPER COVERED 
STEEL WIRE. SHELD CONSISTS OF 4 ENDS OF #36 AWG TINNED 
COPPER SPIRAL WRAPPED OR BRAIDED COPPER WIRE. INTERNAL 
INSULATION OF POLYETHYLENE WITH OUTER JACKET AND CONNECTOR 
MOLDING TO BE LIGHT TAN IN COLOR MATCHING TI COLOR NUMBER 
972939-2101. CABLE ASSEMBLY TO MEET THE REQUIREMENTS OF 
UL AND CSA. 

MARKINGS: 
PARTS OR WRAPPER SHALL BE MARKED WITH TEXAS INSTRUMENTS 
PART NUMBER 

IMPEDANCE: 
CABLE IMPEDANCE SHALL BE 75.n. NOMIMAL. 

CONNECTORS: 
BOTH ENDS OF THE SHIELDED CABLE SHALL BE TERMINATED EITHER 
WITH VICTOR PC-I03 PHONO PLUGS OR BELDEN STYLE PHG761 SHORT 
STRAIGHT HANDLE PHONO PLUGS. 

... ; ----------1219'. 2 ------~ 

I ;, 
c (:JJ]-----J) ~I----[rn=--:) 

CABLE DIA. 3.81 NOM 

FIGURE 1 

SHEET 
~.' TEXAS INSTRUMENTS 

,.' INCO .. ,.O,. ... TEO 
'/ OlG1TAI.. SVSTt:MS 0l\ll510N 

MOUSTON ~tx.s 

2223105 
A I----::-----i 

2 

t 
4-59 
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4.0 qUALITY ASSURANCE PROVISIONS: 

4.1 RESPONSIBILITY FOR INSPECTION: 
UNLESS OTHERWISE SPECIFIED IN THE CONTRACT OR PURCHASE ORDER, 
THE SUPPLIER SHALL BE RESPONSIBLE FOR PERFORMING INSPECTIONS 
THAT ARE SUFFICIENT TO ASSURE THAT THE PARTS SUPPLIED MEET 
THE REQUIREMENTS SPECIFIED HEREIN. 

5.0 PREPARATION FOR DELIVERY: 

5.1 

--------.-.~ ---

PACKAGING: 
PACKING AND WRAPPING SHALL BE SUFFICIENT TO PROTECT AGAINST 
DAMAGE OR LOSS DURING SHIPMENT FROM THE SUPPLIER TO THE 
DESTINATION SPECIFIED IN THE PURCHASE ORDER. 

5.2 MARKING: 
THE SHIPPING CONTAINER SHALL BE MARKED WITH THE TI PART 
NUMBER (SEE PART NUMBER BLOCK) AND THE COUNT CONTAINED. 
ADDITIONAL MARKING ARE PERMITTED. 

~TEXAS INSTRUMENTS 
IHCO",.OltATED 

OIGITAI.. ''''STEMS DIVISION 
MOUSTON TEXAs, 

2223105 ~EV 
A~=-_~_-l 

SHEET 3 

f 

.~ 



, -. ,. ,.. 

SUGGESTED SOURCE(S) OF SUPPLY: 

1. BELDEN CORPORATION 
P.O. BOX 1980 
RICHMOND, INDIANA 47374 

2. VICTOR ELECTRIC WIRE & CABLE CO. 
618 MAIN ST. 
WEST WARWICK,R.I. 02893 

MANUFACTURER'S PART NUMBERS TEXAS INSTRUMENTS 
PART NUMBER 

i---. ----

2223105-0001 

_ SOURC~~ ~-~ ~~_RC:! __ -=-- l _ SOURC~ ) . -

IF-4310 ~o 
,-. 

__ ~ ____________ ~ ______________ ~I_ I 

~ TEXAS INSTRUMENTS 
J( INC:O""O"ATEO 
'/ OIGITAI.. 5YST~MS OP"rSION 

2223105 
A 1------,---.1 

SHEET :1 "OUSTO"-l "EXA$ 

i 
4-61 
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11/24/82 

PART NUM6FR RFV 
2207')85-0001 C 

ITEM. QUAflT rTY. 
0001 00001.000 

0002 00001.000 

0002A 

0003 OOOl2.noo 

0004 00001.10)0 

DESCP.1PTTON ••••••••••••••••••••••••••••• 
TEST PLUG, FIA, COMMUNICATIONS 

COMrONENT •• neSr.RfPTION ••••••••••••••••••••••••••••• IJ'I 
0'539903-0001 Hooo,eONN 25 PIN WITH RETAINERS EA 

AMP - 206~18-'3 
053Q409-0005 CONNECTnR,PlUr. 25 PINS FA 

AMP -2057.08-1 
PI 

C'539430-0003 cnNTACT,PIN 21t-20AWG .06,. tNSUl OIA fA 
AMP -205202-2 ST 

2210012-1999 wtRF,F.lrCT,WHT,26 AWG,n X 38,U/l 1~29 rT 
09048/t-SH Tt OWG 



--... 
\ 
I 

..------------LIST OF MATERIALS -----------.. 
11124/82 

PART ~UM8FR RFV neSCRrpTtON •• ~ •••••••••••••••••••••••••• 
2223099-0001 a PART NUMBF.R NOT AN ASSEMRlY 

ITEM. OU4NTtTV. COMPnNF.tIT •• nEsCRTPTION •••••••••••• o •••••••••••••••• UM 

0001 0000').000 2? 1 11 1 A- (lO 04 Jr,64K-RJT OYNAMyr :U ... ,150N'\ TA/RO'" fA 
T"''S416-4- t 'HIl 

0002 00001.0nn nl11"'i7-MOl pt ASTlC FUG. ANTJ-STATIC ~A 
SEE Tl- (lR AWHIr: 

0003 AR 0c)10'l"'i0-O/)01 URFTHANF, c)Hr-F' EA 
SEE TT- ORAWTN!; 

0004 oooot.ooo 22 2-'U.CJ-1)00 t r:AUTTnt.t INSFRT.IU,", CHI P UT EA 

0005 ItFF oq~666n-nnot PFr.ASUS PACKAr.TNG ASSY INnFX FA 

" 
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LIST OF MATERIALS 
11124/1'12 

'""" PART NU"1O~R RFV DESC~l"T,nN ••••.••••••••••••••••••••••••• 
223052 '1-000 1 8 KEYBOARD,TltTING,tnw PRO~tLE 

IfF"'. OUAtlT lTv. cn"PONF.NT •• DfStRtPTlnN ••••••••••••••••••••••••••••• tiM 

0001 00001.0(10 Z2~015?~-0001 "AS F. ,KEV"nARD EA 
1Z55-7'300-001 

0002 00001.000 7.2301516-0001 tlOUSING.SHArT,RrCHT FA 
1 ZS Ii· 7504-00 1 

0003 00001.000 2230 1i34- 000 1 HOUSING.SHAFT,lEFT FA 
1255-7503-001 

0004 00002.000 2230532-0001 SHAn ,CllITCH SPR ING fA 
12~5-7502-001 

0005 00001.000 22301546-0001 SPit ItIG,CLUTCH,R tGHT F.A 

001)6 00001.000 2230546-0002 SPRING,CLUTr.H.lFFT FA 

0007 00001.000 2230547-0002 SPPING,RFTURN.RtGHT EA 

0008 00001.000 22'3054 7-0no 1 SPR rr~G,RF.TURN.LEFT F.l 

OOOq 00001.000 72'0540-0001 FOOT ,TIL T ADJUST"~ FEA 
120;'3-7506-001 

0010 00001.000 7.130527-0001 KEYROARO,lnw PROFtLE FA 

0011 00001.000 21'05'0-0001 cnVF.R.K EVBOARD EA. 
120;5-70;01-001 

0012 00002.000 22301538-0001 t'UTTON,RElFlSE FA 
1255-7505-001 

0013 00002.000 2Z30 '554-000 1 BPACKET,SPRING.RUTTON fA 
---------000 

0014 00002.000 223050;Z-000 1 CLIP,CLUTCH fA 
-------000 -', 

001'5 OOO~H .:>00 ZZ 3 0 54«)- 000 1 CARLE ASSY,KEYBnARD fA 

0016 ')0001.000 Z2)0551-000 1 UC Et. Sf' I AI. Me EA 
1661i-1553-o00 

0017 00002.000 0~7Z67q..00?,CJ SCR F.W FA 

OOle COOIZ.000 oq7Z67~-001" St:R FW , 6-1CJ X '3/8 .,l nTTF" mE x FA 

DOl" OOOIlZ.OOO OCJ7267CJ-001'i SCJtF.W '6-14J X 3/4 THO SLOTTEn Hn fA 

0020 ooooz.noo Z230555-0007 R ING,RETAINING f!A 

0021 00001.000 OCJCJ6CJ43-0001 LABEL, sa F-DF.STftUCT, .65" x .2'5 EA 
1652-1274-000 

0022 (10002.000 ZZ 10',;-;6-000 1 PAn ,NON5Kt 0, PIT fA 
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SCHEMATICS AND LOGIC DRAWINGS 

Sec tion 5 

SCHEMATICS AND LOGIC DRAWINGS 

This section contains schematic and logic d~awings applicable to the 
Texas Inst~uments P~oTessional Compute~. 

TITLE 

Moth.~boa~d, Logic 
Logic, Alphanum.~ic CRT Cont~olle~ 
Logicl Option RAM 
Logic Q~aphic. Video Boa~d 
Logicl Communications Boa~d 

Logic, ~olJstick 
Logic/Pa~allel T •• t Plug 

• 

TECHNICAL REFERENCE MANUAL ~-1 

TI DRAWING PAGE NO. 

~~3005 
~~3011 
C!~3017 
~223063 
C!~3096 

5-3 
5-8 
5-11 
5-14 
5-18 

P~elimina~y - -.Jan C2L 1983 
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.bort -- To end • program .nd return control to the operating 
svste., usuallv when a mistake or malfunction occurs. 

acknowledge 
charac ter 
a sender . 

character (ACK) A transmission control 
sent bV a receiver .s an aPfirmative response to 

• ddress -- A nUMber that represents a register, a memory 
location, or some other data source or destination. 

analog -- An obJect (or variable) that is represented by a 
phvsical ~uantitVI such as a continuousl~ var~ing voltage. 
The phvsical ~uantitv that represents the variable behaves 
a. some function of the variable. (Contrast ..,ith digital). 

AND -- A binary function which is "on" if and only if all oP 
its inputs are "on". 

arithm.tic and logic unit -- The part .op a computer ~hat does 
arithmetic, logic, and similar operations. 

array -- An arrangement oP elements (such as numbers> usually 
related in some fashion. 

ASCII -- (American Standard Code Por 
Interchange), an eight-level (7 bits + 
conSisting of control and graphic characters . 

InPormation 
parity) code 

• synchronous transmission-- Transmission in which information 
characters arrive at irregular intervals of time (usually 
bracketed by start elements and stop elements>. (Contrast 
with synchrongus transmission). 

audio Pre~uencies -- Fre~uencies which can be heard by the 
human ear (usually bet",een 15 cycles and 20 000 cycles pe~ 
second) . 

auto-call -- A feature that allows a terminal to 
call automatically over a switched (telephone) 

TeXaS Instruments· Gl ossa~y - 1 
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backup copy -- A copy or a rlle that is kept for reference in 
case the original rile is destroyed. 

BASIC (i2,eginner's AII-P,:,rposI! ~lJmb-o.lic Instruction ~ode) - a 
higher-level language,' similar in structure to FORTRAN but 
somewhat easier to learn because or a 'smaller command 
repetoire and simpler syntax. ~li was invented at 
Dartmouth College in 1963 and is probably the most popular 
language ror personal computera. 

batch processing - a technique ·or data procelsing in 
Jobs are collected and grouped before processing. 
thus are normally processed in a deferred mode. 

which 
Data 

baud, baud rilte -- a measure of data transrer rate, equal to 
the number of discrete conditions or signil1 events per 
second. (See bits per second). 

binary digit (bit) -- the smallest unit of inrormation in the 
binary 5.ystem Or notation. 

bit ...;..- the abbreviation for binary digi1. In the binary 
notation, • bit is either of the characters 0 or 1. 

bit transfer rat. the number Or bits transrerred per unit 
time, usually expressed in bits per second (bps). 

bootstrap (to "bootH) -- to get a system running from a 
,oldstart in a manner like "pulling oneself orf the ground 
by tugging on ones bootstraps". 

branch -- in programming, to make il selection from among 
alternative choices of instructions. 

break -- a long space on an asynchronous communications line 
that is intended to alert the receiving CPU. Minimum 
dur.1tion is one character time. 

buffer -- a device or area or memory which is used to hold 
something temporaril". For example, the screen bufrer 
contains graphic informiltion to be displayed on the video 
se reen. 

buffering -- <Disk Control) ~toring d~til 
operations. Data read rrom disk is 

between transfer 
burfered b erore 

be wr itt e n i s transrer to system memory and data to 
bufrered arter transfer from system memory. 

byte -- a binary element string Or 8 bits, 
upon as a unit. 

usually operated 

carrier -- a continuous rrequency capable Or being modulated 
or impressed with a signal. 

Texas Instruments Glossary - 2 Pre 1 imi nary 
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CClTT -- (Comite Consultati~ rnternatio~ale de Telegrapnie et 
relephonie), an internati':lnal consultative committee which 
sets communications standards. The CCITT V24 inter~ac e 
standard is similar to the ErA RS-232-C standard. 

COBOL -- (COmmon Business-o"'i~nted Lang 'J-3ge)- a programming 
language designed ~or business data applications 

code -- a system o~ symbols (bits) ~or representing data 
(c haracters >. 

compile -- to translate a computer program expressed in a 
numan-oriented language into a computer-oriented language. 

control character -- (1) A charcter whose occurrence in a 
particular context controls the handling o~ data. (~) In 
the ASCII code, any o~ the ~ characters in the ~irst till a 
columns o~ the standard code table. 

CPS -- characters per second. 

CPU (~entral ~rocessing ~nit) unit 01 a computer 
includes circuits controlling the interpretation 
execution o~ instructions. 

crosstalk the undesired trans~er o~ energy ~rom 
circuit to another. 

that 
and 

cursor -- a movable spot 01 light on the screen o~ a display 
device, usually indicating where the next character will be 
entered. 

cyclic redundancy check (CRC) -- a method o~ 
which matches CRC characters generated by 
receiving devices b.sed on the content 01 
th at I ocat ion. 

error detection 
transmi tting and 
the Iftessag eat 

(Disk Control) - Comparison o~ the checksum derived ~rom 
data as it .as originally written into disk storage \&lith 
the checksum derived ~rom the same data as it is being read 
out of storage. The first checksum is appended to the data 
as it is \&Iritten to the disk. Alter reading this data, the 
controller computes a nelll checksum ~rom it and compares the 
two. I~ the checksums match, the data is correct. A 
checksum error may indicate a damaged area on the disk, 
data that has changed 51nce it was written, or .rroneous 
reading o~ correct data where a retry may l.IIo:k. 

cylinder - in a 
same nomi nal 
pa c k rot. tes. 
repositioning 

disk pack, the set o~ all tracks with the 
distance ~~om the axis about which the disk 

These tracks can be accessed without 
the access mechanism. 

data -- a general term ~or any type o~ information. 

Texas ·Instruments Glossary - 3 Pre 1 imi nary 
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data communications -- the 
in~ormation by means 
sy stems. 

movement of computer-encoded 
of communications transmission 

debug -- to ~ind and delete mistakes in computer programs or 
in other so~tware. 

de~ault value -- the value chosen automatically by the 
computer when no explicit choice is made by the user. 

delimiter -- a character that 
elements of data. 

separa tes organizes 

diagnostic pertaining to the detection or a mal~unction. 

digital -- the representation or numerical quantities by 
means o~ discrete integer numb.r!. It is possible to 
express in digital ~orm all in~orm.tion stored, transrerred 
or processed bV a dual-state condition; •. g., ON/OFF, 
OPEN/CLOSED, or TRUE/FALSE. (Contrast with analog). 

direct memory access (DMA) -- direct data transrer between an 
I/O peripheral and memory, without computer intervention. 
(Disk Control) - The technique generally used to trans~er 
blacks of data b.tween a periph.ral and random-access 
memor..,. It is call.d direct b.cause the host does not 
handle the data during the transrer op.,....tion. 

directorv -- a 10gica11v organized data structure which holds 
pointers to access data sets by sequential number or name. 

displav -- a visual pr.sentation o~ information. 

double-precisian using twa computer wards instead o~ one 
to repr.sent a number. 

downtime -- the time interval during which a computer is 
inoperable due to a fault. 

ElA (~lectronic Industries ~ssociation) -- The EIA Standard 
RS-232-C derines interconnection inter~aces ~or terminals. 

emulate -- to imitate one system with another such that the 
imitating svstem accepts the same data and achieves the 
same results as the imitated system. 

EOF(end-0~-~i1e mark)·-- a code .which signiries that the last 
record o~ a ~ile has been read. 

equalization -- compensation fan the loss or signal in a 
1 i ne. 

FCC -- Federal Communications Commi ss ion -- a board or 

Texas Instruments Glossary - 4 PT'.liminaT'Y 
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commissionel's having the powel' to.regulate all interstate 
and 'ol'eign electl'ical communication systems originati'ng in 
th e Un i ted Sta tes . 

~ield -- .n al'e. in a recol'd (see recol'd) tl'eated as a unit. 

FIFO Fil'st-In Fil'st-Out memor~ bu~~er. 

'ile a gl'OUp 0' l'elated records ~andled as a unit. 

'il'mwal'e -- memol'Y chips with so'tware programs already built 
in. 

'lag -- a chal'actel' that lignals the occurl'ence or some 
condition, such as the end 0' a wOl'd. 

'ol'egl'ound pl'oces.ing -- high-pl'iol'ity pl'ocessing, usuall~ 
l'esulting 91'0111 1'.al-tim. entl'ies. given pl'ecedence by means 
0' int el'l'U pts. oV.l' 10wel' p-ri 01' i ty. Mba c kgl' ound" p-r oces sing. 

'ol'matting: (Disk Cont1'ol) The division o~ tl'acks into 
.ectol's to make it easiel' to ret1'ieve and update data. In 
each •• ctOl', the block 0' data is preceded by an 
identi9ying he.del'. Gaps al'e insel'ted bet",een sectol's and 
bet~en the headel' and data blocks ",ithin each seetol' to 
allow time ~01' cont1'ol logic 'unctions and speed 
'luctuations in the disk dl'ive .ssembly. 

FSK('l'equency-shi't keying) -- a means 0' tl'ansmitting data 
in which a "1" is l'ep,..esented as one 9requency and a "0" as 
anothel' '1'equency. 

Q -- giga; when 1'.'e-rl"ing to compute-r memo-ry it -represents 1 
073 741 924. Othe-r",ise it is 1,000,000,000. 

global -- in pl'og-ramming, it is something that is de~ined in 
one .ection 0' a p-rog-ram and used in at least one othel' 
sec ti on. 

gl'aphics -- symbols nOl'mally pl'oduced by handwriting, 
dl'aCiling, o-r p-rinting. Synonymous with gl'aphic symbol. 

gl'aphic chal'acte-r -- a eharacte-r, othe-r than at co'nt-rol 
chal'aetel', that i. nOl'mally -repl'esented by a g-raph-ic. 

hal' duplex channel -- a communications line capable o~ 
t1'ansmitting in both di-rections, but not at the same time. 

hal'dwal'e - phys ical equ ipment. as opp osed to 
pl'ogl'am 01' method 0' use, e. g., mechanical. 
magnetic, 01' elect-ronic devices. 

a computer 
electrical. 

hel'tz -- a unit Or '-requenc~ equal to one cycle per second. 
Ab b-rev iate d Hz. 

Texas Inst-ruments Glossary 5 Preliminary 
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hexadecimal -- pertaining to a selection, choic~, or 
condition that has 'sixt'!~n posslble values or states. 
These values Dr states usually contain 10 diglts and 6 
letters A through F. Hexadecimal digits are e~uivalent to 
a power of 16. 

host computer (Also Just "host") -- the primary or 
controlling computer to which the terminal is connected by 
cab 1 e for c omm un i cat ion s. 

identification characters -- characters sent by a station on 
a switched line to identify the station. 

input/output (I/O) -- something that can be in an input or 
output process, either simultaneously or s~peratelv. 

instruction -- in 
expression that 
task. 

a programming language, a meaningful 
tells the computer to execute a specific 

instruction set -- the set of the instruction of a computer 
or languag e. 

integrated circuit -- a 
elements inseperably 
sub strate. 

combination of interconnected circuit 
associated on or within a continuous 

integrated modem a modem that is an integral part of the 
device with which it operates. 

intelligent terminal -- a synonym for a terminal that is 
programmable and can do. some processing operations. . . 

interface -- interconnection between two pieces of e~uipment 
having different functions. 

interpreter -- a computer program that interprets programming 
languages. Synonymous with interpretive program. 

inte.rrupt -- ~he temporary stopping of some phase of computer 
operation caused by an event external to the operation. 

Job -- a task submitted for a computer to do. it usually 
contains all necessary instructions, files, and data to 
C omp 1 e te the task. 

Joystick -- a stick that is hand-held by the user and usually 
is used to position something on the screen. 

K -- an abbreviation for the prefi x kilo, i. e. I 1000 in 
decimal notation. In storage capacity, K -Frequently means 
two to the tenth power which is 1024 in decimal notation. 

Kb -- Ki lobyte. 
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KHz -- Kilohertz. a uni t of frequency equal to 1000 hertz. 

LED (L1ght Emitting Diode) -- a 
which emits light when a current 

small solid-state 
is applied. 

library -- a group o~ related files. 

d evi c e 

light pen - in computer graphics, a pen-like device that can 
sense light. When it is held up to a CRT it can be used to 
identif~ displa~ elements. 

line, communications -- describes cables, telephone lines, 
etc., ove,.. which data is transmitted to, and received ~,..om, 

the terminal. Also rePer,..ed to as the "line ll ). 

list -- to print or displa~ data. 

listing a printout. usually of a program. 

load -- to ent.", data into memo,..~ 0,.. into registers. 

machine language -- a language that is used as is b~ a 
machine. 

magnetic disk -- a ~lat circuIa,.. plate with a magnetizable 
sur~ac·e la~e,.. on !IIh ich dAtA CAn be stored by INgneti c 
recording. The disk .a~ be rigid 01" Plexible. 

mass sto,..age -- sto,..age having a ve,..~ large storage capacit~. 

message -- in datA communications, an amount o~ in~ormation 
that contains a p,...de~ined beginning and end. 

modem - (cont,..action o~ !!l.9.dulato,../demodulator). a device 
which mod~ates and demodulates signals t,..ansmitted over 
communicationbs facilities. The modulator is included ~or 
t,..ansmission and the demodulator ~o,.. reception. A modem is 
used to pe,..mit digital signals to be sent over analog 
lines. Also called a data set. 

modulation -- the process by which some characteristic o~ one 
wave is varied in accordance !IIith another wave or signal. 
This technique is used in modems to make computer signals 
compatible with communications facilities. 

mnemonic -- symbol or symbols 
more di~Picult to remember. 
til ree 1 ett ers. 

used instead of terminologl,l 
Usually a mnemonic has two or 

multiplexing -- using a tran~mission line to carry severa"! 
different signals at one time. 

NAND -- a logic operator. The NAND of any two statemen~s P 

Texas Instruments Olossary - 7 Preliminary 



Glo5stiry 

and Q is ;alse i; and only i; both P and G are t~ue. 

nanosecond -- one-thousand-millionth 0; a second 

noise -- undesirable disturbances in a communications system. 
Noise can gene~ate er~o~s in transmission. 

non-impact p~inte~s -- a printer in which printing is not the 
~esult 0; mechanical imp .. cts; e. g. thermal printers. 

obJect code -- output ;rom a compile~ or assembler which is 
itseI; execut .. ble m .. chine code or is suitable ;o~ 
p~ocessing to produce executable machine code. 

o;;line (local) -- describes the st .. te when equipment or 
devices are not connected to the communications line. 

online -- descri~es the state when equipment or devices a~e 
connected to the communications lines under control o~ a 
processor either directly or through a communication 
system. The phYSical connection can be accomplished by 
either multiwire cable or a communications line. 

open -- to prltpare a -Pile -POl' processing. It. g. ed i t i ng. 

operating svstem -- so-Ptware that controls the execution 0; 
computer programs and that -'v provide scheduling, 
debugging, input and output control, accounting, storage 
assignment, data •• nagement, and related service. 
Sometimes called Supervisor, Executive, Monitor, Master 
Control Program depending on the computer manu;acturer. 

parallel transmission -- method 0; data trans;er in which all 
bits o-P a character or byte are transmitted simultaneously 
either over separatlt communications lines or on di-P;erent 
carrier -Prequencilts on the same communication line. 

parameter -- a variable that is given a constant value ;01' a 
speci-Pic purpose or process. 

parity check -- addition o-P non-in-Pormation bits to data, 
making the number o-P ones in each grouping 0; bits either 
always odd -POl' odd p.ritv or always even -POl' even parity. 
A transmission error can then be detected by checking each 
group 0; bits received -Par ~orrect parity. 

password -- a word or string 0; characters that is 
recogniztilble by automatic means and that permits a user 
access to protected storage, ;iles, or input or output 
devices. 

program -- a 
problem. 
programs. 

series 
Al so, 
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protocol -- a for~l s.t of conventions or rules governing 
the format, timing, and error control to ~acilitat~ message 
.x~~nge bet~.en two communicating processes. 

p.,.otect.d fi.ld 
en te.,. datit. 

it field into wnicn the operator cannot 

queue -- it lin. formed by items in a system waiting to be 
p.,.oc.ssed . 

.,..cord -- it coll.ction of 'ields; the information .,.elating to 
on. IIr.a o-Il activitv in a data p.,.ocessing activity, e. g., 
1111 infor .. ation on on. inventory it.m. Sometimes called 
it .... 

.,.elational charact.r -- II ~~a.,.acter thllt expresses a 
r.lationship b.t .... n two operands. Common relational 
operators are> (greater than), < (less than), and- <equal 
toL 

retry -- (Disk Control) Repetition of search 0'" read/write 
operations to r.cov.r from "soft" (correctable) e.,.rors. 

run to proc.ss a task, e. g. a p.,.og .,.am, th .,.oug h 
comput.r. 

scratch file -- a file .. here tempora.,.y calculations and work 
is done. 

scrolling the continuous vertical or horizontal movement 
0# data IIcross the screen face. 

sellrch -- (Disk Control) Reading headers on the track passing 
under a read/write h.lld so as to locate the desir~d sector. 
The controller compar.s each identification <1D) read '.,.om 
the track with the 10 of the desired sector. 

se.1r -- CDi'slr Cont-.,.ol) Moving a set of .,.ead/l&Il'ite heads so 
that one of them is over the desi-.,.ed t.,.ack. 

serial t.,.ansmission -- a method of t.,.ansmission in which each 
bit of information is sent sequentiall~ on a single shannel 
.,.athe.,. than simultaneousl~ as in parallel transmission. 

simplex ci.,.cuit -- synonym for one-way circuit. 

Texas Instruments Qlossdry - 9 Preliminary 
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slave station -- a data stat:~n that is under the control of 
a ma s tel' s t ,; t ion. 

$ 0 f t wa l' e - a set 0 f com put e l' p"!" 0 9 l' ell m s , pro c e d u res, l' u 1 e san d 
associated documentation ~oncerned wIth the operation of 
network computers. e. 9.' compilers. monitors, editors, 
utility programs. (Compar.: .!l.!!..!!!!!.ll) 

space -- usu.l1y equivalent to a binary zePro condition. 

switched network -- a communications system where the 
physical path of the messages may be different with each 
use, such as the public telephone network. 

synchronous transmission -- tr.nsmission in which the data 
characters and bits are transmitted at a fixed rate with 
the transmitter and receiver synchronized. 

syntax -- the format, or rules, in which instructions must be 
presented to the data processing equipment. 

terminal -- a device or computer which may be co~nected to a 
local or remote host system. and for which the host system 
provides computational and d.ta access services. 

text -- a sequence of characters forming part of a 
transmission which is sent from the data source to the data 
sink, and contains the information to be conveyed. 

track -- th.t portion of a moving data medium which is 
accessible to a given reading he.d position. 

trap -- a Jump to a specific location caused by a hardware 
condi t ion. 

turnaround time in communications the time required for a 
device to switch from receiving to sending on a two-way 
illternate circuit, Time is required by line propogation 
effects, modem timing and computer reaction. 

TWX -- teletypewriter exchange service. 

video -- computer data shown or disp laved on a cathode ray 
tube monitor or display. 

write -- to record dilta on some storilge device. 
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An.ilog. input 
As~nchronous communic.tions 

13atterv 
BIOS 
Blink 
Boot 
BREAK keV 

~ 

Central processor 
Centronics-compatible 
Char.,ter codes 
Character set 
CHECK TRACK FORMAT comm.nd 
CIa, k sum 
Cl~ck and .nalog inter~.ce 
Color displaV unit 
Communications port 
Controller error 
CONTROLLER INTERNAL DIAGNOSTICS 
CRC 
CRT address decode 
CRT arbitr.tion PAL 
CRT i nterrup t 
CTRL kev 
Custom encoding o~ kevboard 

Date 
Device control block 
Diagnostics 
Diagnostics diskette 
Disk controller 
Diskette drives 
Diskettes 
DisplaV unit 
DIT (disk inter~.ce table> 
Double-density 
Double-sided diskettes 
DRIVE DIAGNOSTICS command 

TECHNICAL REFERENCE MANUAL 

~-e.~117 
1-~,~-13,~-63.3-~ 

~e,~-5e.~-97,~-1~0 
3-16,3-36,3-50 
~-49/~-51/~-5S,3-17.3-~4 
3-e.3-16,3-36,3-~ 
3-5.3-44.3-45.3-48 

~-~/~-5,~-14/~-5~,~-55/~-64 
3-53 
3-4~,3-43.3-44.3-45 
~-49.~-57,3-~5.3-47 
~-e5. ~-93 

INDEX 

~-e9, ~-91, 3-~ 
1-1,~-e,~-5e,~-59,2-114,~-121/3-5 
1-1,4-1 
~-15,~-65 
3-6~,3-66,3-69,3-70,3-71 

~-107 
~-11e,3-12,3-J6,3-62,3-63 
~-55 
~-5~ 
~-15, ~-65, ~-60 
~-39.~-45,3-39,3-47,3-50,3-54 
3-~e, 3-49, 3-~ 

3-7,3-14,3-15 
~-e1, ~-83, ~-84 
1-~,~13,2-38,2-84,3-35,3-58,3-61 

2-38 
1-1,~33,2-37,3-5,3-8,3-30, 3-56,~-1 
1-1,2-2,2-40,2-43,3-11 
1-1,~-33,2-e3,3-11 
1-1,1-2,4-1 
3-30,3-34,3-35 
1-1,2-33,2-37,2-38 
1-1,2-40,3-9,3-11 
2-106 

INDEX - 1 Preliminary - Jan 21, 198~ 



ECC (e~~o~ co~~ection code) 
E~ror ~epo~ting 

Error status byte 
Expansion bus 
Expansion RAM boa~d 

E 

FDC (~loppy disk cont~olle~) 

FLOTST (diskette d~ive test> 
FLUSH KEYBOARD comnwand 
FORMAT A TRACK comnwand 
FORMAT ALTERNATE TRACK command 
FORMAT BAD TRACK command 
FORMAT DRIVE command 
F o.rm.a tti n 9 

!:i 

1 

1/0 decoding 
I/O timing 
110 lII.it states 
Index/secto~ hole 
·Int.r~.cR p~otocol 
Intl'~~.ces 
Intl'rle.ve ~.cto~ 
Intl'rle .. ving 
Intern.l modem 
Intern.tion.l 
Inte~rupt mask 
Inter~upt system 
INITIATE DRIVE CHARACTERISTICS 

-.Joysticks 

Keyboard bu~~er 
K.ybo.~d diagnostics 
Kl'yboard DSR 
Keyboard inte~~.ce 
Keyboa~d m.pp ing 
K.ybo.~d po~t 

K.yb oard qul'u i ng 
Keyc 1 ick 
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J.naex 

~-90, ~-91, ~-9S 
3-62,3-64 
2-74,3-58 
1-1,2-2,~-11,~-24,2-55,3-56 
2-15,2-16 

2-7,2-33,2-37.~-57 
~-39 
3-38,3-47 
3-69,3-70 
~-101 
2-95 
2-92 
~-10~,3-58.3-69 

~-10 
~-31 
~-18 
~-42.2-137,3-62 
3-50,3-51 
2-11,3-2.3-4 
2-81,~-83.2-88,2-92.~101,3-69 
2-83 
1-1, 1-2 
3-29.4-1 
2-8,2-74.3-56.3-58 
2-14 
2-98 

2-117,2-118 

3-37,3-39,3-47 
1-2 
2-45,2-94,3-5.3-36,3-40,3-47 
3-3, 3-50,3-51 
3-5,3-36,3-49 
2-13 
3-49.3-50 
2-46,2-95,3-38 
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"'.ycod. 
b 

L i gh t p.n 
L.ithium b4itt.,.y 
Logical add,..ss 
Loopback 

Memo,.y add,..ssing 
Memo,.y c:ont,.ol 
M.mory c:ont,.ol st4it. mac:hin. 
Memory ,..~,..s" 
Memo,.y timing 
MFM (modi~i.d '''.qu.nc:y-modu1ationJ 
Moth.,.boa,.d •• mo"y 

Option kit 

e. 
PAL (p,.og,.4immabl. a,.,.ay logic) 
Palette 
Pa,..11.1 p,.int.".po,.t 
Pa,.a11.1 t.st plug 
Pix.l add,.essing 
Pix.l att,.ibut. 
Pi x.1s 
Pl4in. (g,.aphic:s) 
Pow.,.-good c:i,.cuit 
Pow.,.-up s.1~-t.st 
p,.ec:omp.nsation 
p,.int.,. int.,.~ac. 
p,. int.,. p o,.t 
p,.int.,. po,.t OSR 
p,.og,. am b ,..ale 
p,.og,.am pause 

Ii 

RAM DIAQNOSTICS command 
READ command 
READ ECC BURST LENQTH command 
Read-only memo,.y (ROM) 
READ LONG command 
READ SECTOR BUFFER command 

2-45, 3-50, 3-5~ 

2-8,2-15,2-51,2-121 
2-1120, 2-1~1 
~-81. 2-134 
3-1 

Index 

2-15,2-50 
2-2,2-19,2-20,2-52,2-69,2-70 
2-20,2-21 
2-19,2-25,2-26,2-31 
2-27 
1-1,2-37,2-39 
2-15,2-16,2-22 

4-1 

2-33,2-34,2-5~,2-57 
2-16,~-56,2-60.2-62,2-63 
1-1,2-11,3-3.3-53,3-55,4-1 
4-1, 5-1 
2-64 
2-6~ 
1-2,2-47,2-96,2-112,2-114,2-115 
2-6~,2-63 
2-4,2-5 
2-39,2-46 
2-33,2-37,2-38,2-39,2-99,3-59 
3-55 
2-2,2-6 
3-53 
3-5,3-49,3-50 
3-5,3-49,3-50 

2-106 
2-96 
2-100 
1-1. 2-19,2-69 
2-107 
2-105 
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~ECALIBRAT~ DRIVE command 
~egi5ter aS51gnment 
? eg is t ers 
~epeat-actlon keys 
REGUEST STATUS command 
R. ows 

S c r 0 lId 0 IIJn 
Scroll up 
Scrolling 
SOLC (synchronous data-link control) 
Sector bu~~er 
Sector bu~~er modes 
St?ctor not ~ound 
Sector interleaving 
Sectors per track 
SEEK c ommlilnd 
SeH-dililgnostics 
Self-test 
SENSE BYTES RETURNED 
Software-interrupt 
Sp ea k er 
Sync-liIsync comm board 
System unit board 
System timing 

I 

Tilt bar 
Time-of-day clock 
Type-ahead buffer 

UL listed (blilttery) 
USART (universal synchronous

I nde x 

2-85,2-86.2-102,2-106.2-109 
2-72,3- 5t-
2-20.2-49.2-bS,2-118.3-b.3-12 
2-45,2-94.3-38.3-47 
2-85 
2-51, 3-18 

3-20 
2-99.3-20 
2-50,2-99.3-2.3-19.3-49 
2-68 
2-33.2-139,2-151 
2-34 
3-63 
2-83 
2-133 
2-97 
2-45.2-94 
2-38,2-46,2-107 
2-86 
3-50 
2-6.2-13,3-3,3-14 
1-2.2-9.2-108,4-1 
1-1,2-2,2-8,2-38,2-43,3-7 
2-13 . 

1-2 
3-5,3-14 
3-38,3-47,3-50,3-51 

• 2-121 

asynchronous r.ceiver-trlilnsmitter) 2-7,2-13,2-15,3-5 

VCO (voltage oontrolled oscillator) 
Vectors 

2-33,2-37 
3-1,3-36.3-48,3-50,3-61 
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Wincheste~ cont~olle~ commands: 
CHECK TRACK FORMAT 
CONTROLLER INTERNAL DIAGNOSTICS 
DRIVE DIAGNOSTICS 
FORMAT ALTERNATE TRACK 
FORMAT BAD TRACK 
FORMAT DRIVE 
FORMAT TRACK 
INITIATE DRIVE CHARACTERISTICS 
RAM DIAGNOSTICS 
READ 
READ ECC BURST ERROR LENGTH 
READ LONQ 
READ SECTOR BUFFER 
RECALIBRATE DRIVE 
REGUEST STATUS 
SEEK 
SENSE BYTES RETURNED 
WRITE 
WRITE LONQ 
WRITE SECTOR BUFFER 

Wincheste~ DSR 
Wincheste~ ROM 
WRITE comm_nd 
WRITE LONG c:omm.nd 
W~ite-p~otected 
WRITE SECTOR BUFFER comm_nd 

,Z-flag 

:2-93 
2-107 
:2-106 
:2-101 
:2-95 
:2-9:2 
:2-94 
:2-99 
:2-106 
:2-96 
:2-100 
:2-107 
:2-10~ 
:2-8~ 
:2-8~ 
:2-97 
:2-86 
:2-96 
:2-109 
:2-105 
3-5~h 3-62 
3-58,3-65 
2-34,:2-9612-103 
:2-108 
2-4:2,:2-43 
:2-105 

Index 
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