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TECHNICAL REFERENCE PREFACE

PREFACE

The Technical Reference Manusl is designed to provide the software and
hardware designer, and other technical persons with detailed
information as to how the Texacs Instruments Professional Computer 1is
designed and how it functions.

This manual is divided into five major sections:

Section 1. Introduction - Provides a general description of the Texas
Instruments Professional Computer, and identifies various
configurations, options, and accessories.

Section 2. Hardware - Provides a detailed description of each
component of the suystem, including options. This section also contains
specifications for power and interface information. It provides

hardware programming data such as coding tables, registers and signal
pin—-outs.

Section 3. Systems - Describes the ROM BIDS, interrupt vector lists.
keyboard scan coding table, and a complete memory map.

Section 4. Assembly Drawings and Lists of Materials - Provide:
detailed drawings for all field replaceable assemblies and options.
List of Materials is provided with each assembly drawing fo-
identification of all components and piece parts.

Section S. Schematics - Provides logic diagrams and schematics fo-
each component and field replaceable assembly of the Texas Instrumen!' s
Professional Computer.

The Glossary contains a definition of technical ¢terms wused in this
manual.

Index
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Technical Reference INTRODUCTION

Section 1
INTRODUCT IGON

The Texas Instruments Frofessional Computer system consists of three
ma jor units: the system unit, the keyboard, and the display wunit. A
number of options are available, such as 320-kbyte diskette drives.
expansion memory to expand the system memory in é4-kbyte increments wup
to a total of 256 kbytes, a synchronous—asynchronous communications
board, a Winchester disk drive option, an 1internal 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 the computer. In its basic
configuration it contains the central processing unit (CPU) circuitry,
floppy disk controller <circuitry, a parallel printer port, power
supply, @ diskette drive, read-only memory (ROM), and 64 kbytes of
dynamic random—~access memory (RAM). A cathode-ray tube (CRT?
controller board is standard equipment.

The system wunit board is a large 361.95 x 215. 9 mm (14.25 x 8.5 in
printed wiring board mounted horizontally on the bottom of the systenm
unit chassis. The system wunit board houses the microprocessor and
control circuitry. It provides five sockets on an expansion bus for
option boards plus an additional socket for a memory expansion option
The system memory can be expanded in 64-kbyte increments to a total of
256 kbytes.

The S 1/4-in diskette drive is a mass storage device for reading orv
writing data to a removable diskette. The standard diskette drive
stores approximately 320-kbytes of data. The system unit provides
space for the installation aof a second diskette drive or a Winchester
disk drive. The Winchester disk drive and controller option is
available in 5=, 10-, or 1S5-megabyte capacities. The Texas Instruments
Professional Computer uses double—density, modified frequency
modulation (MFM) recording format.

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

The system unit power supply is a switching-type 160-watt (W) unit with
three output levels. The supply is rated to support a system equipped
with any combination of optians.

Texas Instruments 1-1 Preliminary -~ Jan 21, 1983
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The 1low-profile keyboard 1is designed for the operator’s ease of uce
The large, sculptured, typewriter-like, keyboard keys are used to eni
alphanumeric data. The smaller numeric keypad <can be used as a
calculator. Between these two groups of keys is a cluster of five keys
that controls the display cursor movement. Acrnss the top of the
kegboard are the twelve programmable function keys, wnich are arrangec
in three groups of four keys each. The featur~s of the keyboars
include: :

# A sculptured: low-profile keyboard. which complies with the
European 30-mm home row height requirements.

# An infinitely adjustable +full-length ¢tilt-bar, which has a
range of positions from 5 degrees to 15 degrees to suit an
individual user’s preference.

# Tactile designed F and J 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 keyboard
diagnostics are conducted on every power-—up.

The display unit may be either a monochrome or color unit, dependi:
upon the system configuration. The standard CRT controller boarwu
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 a 60 hertz (Hz) system and a resolution
of 720 horizontal by 350 vertical pixels for a S50 H:z system.

The synchronous-asynchronous communications (sync-async comm) board
option provides both synchronous and asynchronous communications wusing
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
300/1200-baud board providing Bell 212A-compatible communications.

Texas Instruments 1-2 Preliminary - Jan 21, 19835



TECHNICAL REFERENCE HARDWARE

Section 2

HARDWARE

2.1 INTRODUCTION

This section describes the design and functions of the hardware for
the Texas Instruments Professional Computer system. A block diagram
of the system is shown in Figure 2-1.

Controlier 8oard (Optioni

— e

intermal Modem Board ]
(Qpuoni 212 or 103 ]
| 220K - |
Diskette 320K
Drve Diskette
Orve
Clock and Ansiog interface 1Qpnon)
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Figure 2-1 System Block Diagram
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2.2 SYSTEM UNIT BOARD

The system unit board (contained within the system unit) is the heart
of the computer. A block diagram of its operating parts is shown 1in
Figure 2-2. The system unit board (also called the "motherboard®)

contains the following.

* System CPU
# b4 kbytes of RAM memory
#+ Memory control logic

# Input/Output (I/0) to the keyboard unit, printer port, and
diskette drives ‘

# Timing services

# Expansion bus for the CRT controller and options. Refer to
Section 5, drawing 2223005, for logic diagrams.

2.3 SYSTEM CPU  Dwg ¥2223005 Sik.S

The system CPU consists of one major component - an Intel 8088
central processor - and an optional Intel 8087 numeric coprocessor.
Also included in the system CPU are the processor clock circuits, bus
buffers and latches, and CPU status decoding and control line
generation.

Because the B0O88 and 8087 preocessors are designed to work together in
such @ way that they appear to attached components to be a single
chip, it is easy to upgrade the system with an 8087 processor at a
later time. From this point, the term CPU refers to both devices.

Texas Instruments 2-2 Preliminary - Jan 21, 1983
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2.3.1 CPU Bus Buffering

The CPU 1is designed to operate in the so—-called “"maximum”" mode fon
this integrated circuit. (For additional information, see the Intel
literature on the 8088 and B0OB7.) The CPU uses a multiplexed sddress
and data bus in order to reduce the number of pins required on the
processor™ chip. For this reason, and to provide adequate buffering
for the address and data lines on the expansion bus, a set of address
latches (US, Ué, U7) and a data bus buffer (UB) are provided as part
of the CPU. ’

2.3.2 CPU Clock Generator

The CPU clock generator consists of an Intel-designed 8284 integrated
circuit, a crystal and some discrete components. The «crystal
frequency 1is 15.0 megahertz (MHz) +/-0.01 percent. The B284 (U4)
divides the crystal frequency by 3 to obtain the CPU clock frequency,
of 5.0 MHz. The B82B4 also contains synchronizing logic for the WAIT-
line +from the expansion bus and memory subsystem and the RESET- line
from the power—-good circuit.

2.3.3 CPU Bus Controller

The CPU bus controller chip (U3 8288) takes the status information
from the processor and converts it into the lines MRDC- (memory
read), AMWC- (advanced memory write), IORC- (I/0 read), AIDWC-
(advanced I/0 write), INTA (interrupt acknowledge), DEN (data buffer
enable), and DT/R (data buffer direction contrel). The DEN signal ic
qualified with the DMA (direct memory access) signal before it 1is
used to prevent premature activation of the system bus buffers during
a DMA operation.

A simple open-loop signature analysis (SA) arrangement is provided to
check out the CPU. Connecting E17 and EI18 with a jumper and
resetting the system (power up) causes the processor to execute a
OBFH opcode. The jumper disables the system data bus buffer UB, and
the pullup resistors in Ubé pull the bus up to @ high state. The
transistor Qi pulls down data line AD6 to provide the "O" bit in the
opcode. The processor then cycles through addresses FFFFOH to FFFFFH
and OODOOH to OFFFOH during the SA loop due to the segmented
architec ture.

NOTE

The symbol "H" and the term “hex" denote a
hexadecimal address or valvue.

Texas Instruments 2-4 Preliminary - Jan 21, 1983
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2.3.4 Reset Circuit

The power—good or reset detzction <circuit 1is designed to detect
conditions where ¢the power on the motherboard is not sufficient to
provide reliable operation. This circuit monitors the 12-V power.
This condition causes automatic restart in the event of a power
dropout severe enough to affect the power supply but not enaough to
completely shut it down. A resistor/capacitor having a discharg=
transistor combination is used to ensure that any power-up or dropout
causes the RESET line to be true for at least 3 milliseconds (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 socket provided, the special ESCape instructions in
the instruction stream are decoded by both the 8088 and the 8087.
The 8088 does any memory access computations required and accesses
the first byte of memory according to the instruction. The 8087,
after decoding the instruction, "catches" the address generated by
the 8088 for the memory access and requests the bus from the 8088 ¢to
finish accessing the memory as required. When the coprocessor i:
finished with the bus, it releases it to the 8088 which ther
continues with the next instruction. The hardware implements the
WAIT instruction of the BOB8 to allow synchronization with the 8087
when required.

2.4 SYSTEM UNIT INPUT/QUTPUT (1/0) SUBSYSTEM Duwoq *2223605 Sh.3

The input/output (I1/0) subsystem on the system unit board decodes the
I1/0 addresses for all of the devices on the board. The various
output latches and the input buffer are also components of the 1I1/0
subsystem.

In order to simplify the address decoding of the various I/0 devices.
only 10 of the available 16 bits of I/0 address are decoded faor all
1/0 devices. This means that a maximum of 1024 bytes of I/0 are

available. The system wunit board uses 48 bytes of this space
beginning at address OOOH, which leaves 976 bytes available for the
expansion bus. The system unit board devices that are decoded and

their addresses within the CPU (central processor unit) I/0 space are
listed in Table 2-1.

Texas Instruments 2-5 Preliminary - Jan 2i. 1983
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Table 2-1 5System Unit Board I/0 Map

ADDRESS DEVICE BIT/USE .

MAIN BOARD:

00000 U47 Latch Speaker timer enable

Timer 1 interrupt enable

Timer 2 interrupt enable

Single-density (FM) enable

Track greater than 1/2
(TG43)

Diskette side one enable
(FSID-)

Diskette mode control (M1)

Diskette mode control (MO)

v

00001 U4B Input buffer Option jumper EI1-EZ2
Option jumper E3-E4
Option jumper ES-E&
Parity interrupt pending
Printer port BUSY
Printer port paper out
Printer port printer
selected
Printer port NO fault

N CUOULUN-O NG O ADN=O

00002 - U49 Latch

?
~

Printer port data
outputs

LED I OFF

LED 2 OFF

LED 3 OFF

00003 USO0 Latch

Parity interrupt enable =

Printer port not auto feed

Printer port not strobe

Printer port net
initialized

NP WN=-O

Diskette Drive SELECT
Diskette Drive SELECT
Diskette Drive SELECT
Diskette Drive SELECT
Diskette Drive MOTOR
Diskette Drive MOTOR
Diskette Drive MOTOR
Diskette Drive MOTOR

00004 US1 Latch

NOrabdbWUN=O
PWUN- WY -

Texas Instruments 2-6 Freliminary - Jan 21, 1983



TECHNICAL REFERENCE

HARDWARE

Table 2-1 System uUrit Board I/0 Map (continued)

ADDRESS

DEVICE BIT/USE

MAIN BOARD (Continued):

00005-0000F Reserved
00010 U44 8251 USART Data Register
00011 U44 8251 USART Caoantrol Register
00012-00013 Reserved
00014 U4S 8253 Timer Counter O
00015 U4S5 8253 Timer Counter 1
00016 U4S 8253 Timer Counter 2
00017 U45 8253 Timer Control register
00018 U4s 8259A Interrupt
controller

00019 U446 B259A Interrupt

controller
00020 FDC Command register

or RAM
00021 FDC Track register
00022 FDC Sector register

or RAM reset
00023 FDC Data register
00024 -0002F Reserved

WINCHESTER CONTROLLER BOARD:
00030 Winchester I/0 port
INPUT:

0-7 Don’t care. Data is
held for each
handshake cycle.

OUTPUT:

0-7 Don‘t care. Data is

latched til"
updated.
00C31 Winchester reset register

Texas Instruments

READ:
0 Data request
1 Input/Output
2 Command/Data
32 Interrupt pending
(Level &)
WRITE:
0-7 Don‘t care (Any
write will do a RESET)
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Table 2-1 System Unit Board I/0 Map (continued)
ADDRESS DEVICE BIT/USE
WINCHESTER CONTROLLER BOARD (Continued):

00032 Not used
00033 Interrupt Mask
0 Status interrupt
enable
1 Data interrupt
disable
FUTURE OPTIONS:
0006 34-0003B Reserved
0003C-0003F Local Area Net 1/0
00040~-000BF Reserved

CLOCK AND ANALOG INTERFACE:

000CO Clock/Analog
Interface

o

End of conversion
(EQC)(Active HIGH)

Not used (tied LOW)

Lightpen interrupt latch ON

Battery low

Switch

Switch

Switch

Switch

Nouswumn e~
=Wk

000C1 Do not allow light
pen interrupt
{tri—-state signal)

000C2 Allow light pen
interrupt (Pass
interrupt signal)

000C8 Joystick port Xi
(Current sense)
000Co Joystick port Vi1
(Current sense)
000CA Joystick port X2
(Current sense)
000CB Joystick port Ye
(Current sense)
000CC Analog input 4
(SW4) (Voltage sense)
000CD Analog input 3
(SW3) (Voltage sense)
000CE Analog input 2
(SW2) {(Voltage sense)
OO0OCF Analog input 1

(SWi) (Voltage sense)
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Table 2-1

ADDRESS

HARDWARE

System Unit Board 1/0 Map (continued)

DEVICE

CLOCK AND ANALOG INTERFACE (Continued):

000DO

000D1-000D7
oo0D8

000D9-000DF

BIT/USE

CLOCK CONTROL

SYNC-ASYNC COMM BOARD:

000OEO-O0OE3
000E4
O0OCES
OOOES
OQCE7

000EB-000EB
000EC
00QED
OOCEE
OOCEF

000OFO0-000F3
000F4
OOOF3
O00F &6
OO00F7

000FB-000FB
Q0O0FC
OOOFD
O0O0FE
OOOFF

00100-003FF

Texas Instruments

COMM Port 1 IRl

COMM Port 2 IR2

COMM Port 3 IR3

COMM Port 4 IR4

NoruaubdbWO~O

Address Bit O MSMS832
Address Bit 1 MSMSB32
Address Bit 2 MSMSB32
Address Bit 3 MSMS832
HOLD
WRITE
READ
+ or - 30 sec adjust
Reserved
Clock data

(low nibble only)
Reserved

Interrupt Acknowledge
CHB Command
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

Interrupt Acknowledge
CHB Command
CHB Data
CHA Command
CHA Data

Available for
future products

Freliminary - Jan <1,
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Table 2-3 Printer Port Pinout

+ + —— -+ —_— -
{SIGNAL IRETURN! SIGNAL NAME ! SOURCE i FUNCTION :
+ + + + + -+
H 1 | 19 IDATA STROBE- | System i Data to be sampled when |
! } H ! ! signal is LOW '
+ —t + + + -+
! 2 | i DATA 1 ! System ! Data output bit !
+ + + + + -—
! 3 120(21)! DATA 2 i System ! ;
+ + + + + —
: 4 | i DATA 3 i ,System ' :
+ + + +li—— + -+
! 5 121(23)! DATA 4 { System H '
+ + + + + —_—
: & i { DATA S i System ' '
+ + + + + —
! 7 122(2%5)1 DATA &6 ! System : !
+ + + + + —
' 8 | i DATA 7 i System ' :
+ + + + <+ -+
H 9@ 123(27)! DATA B { System ! '
+ + + + + —
i 10 ! {ACKNOWLEDGE—- ! Printer | Indicates that another '
H i H ' { char can be received :
+ + + + + -
{11 124(29)1 BUSY { Printer | Indicates no data can be |
H ! i H i sent when HIGH H
+ + + + + . —
V12 i i PAGE END { Printer | Indicates paper is out i
! ! ! ' | when HIGH '
+ + + + + -
! 13 |} i SLCT ! Printer | Indicates printer is on~- |
H b ! (DN LINE) : ! line when HIGH !
+ - + + + +
{14 i AUTD FEED- | System ! Indicates printer is to !
H t H b { linefeed on CR when LOW |
+ ——— + + + +
115(32) 1 ! FAULT- i Printer | Indicates fault when LDW !
+ ——,— +— + + -
116(31)125(30)1 INIT- ! System { Resets printer when LOW !
+ e + + + —
117(36)118(33)! SELECTION- | System i Always LOW !
+ + + + + —_—
Texas Instruments a2-12 Preliminary - Jan 21, 1983
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& so
2.4.3 HKeyboard Port SW¥> Dwg 2223008

The keyboard port is implemented as a wuniversal asynchronous
receiver—transmitter (UART) for serial data transmission between the
system wunit and the keyboard. Data received by the UART will always
generate an interrupt to the interrupt controller. The transmit
ready line will not generate an interrupt unless the transmitter in
the UART is enabled. Note that the keyboard port interrupt 1is ORed
with the "interrupt request 7" line from the numeric coprocessor.

The receive data signal is conditioned with a SN7518%9A line receiver
with a8 slowdown capacitor so that the signal 1is more immune to
transients. This receiver also has a hysteresis of approximately 1 V
centered around 1.4 V., which improves the noise immunity. The
transmit data line is buffered by a SN75189A buffer to provide a good
voltage swing and drive to the keyboard cable. This buffer consists
internally of an output transistor with a 2-kilo ohms (kohms) pull-up
resistor.

In order to allow improved diagnostics, the device service routine
(DSR) 1line on the wuniversal synchronous/asynchronous receiver
transmitter (USART) is connected to the keyboard connector through a
SN7S189A buffer. The transmit data line is connected to the DSR line
at the keyboard to allow detection of a disconnected or defective
keyboard.

The input <clock to the transmit section is 19 531i. 25 Hz, which when

divided by 64 is suitable for a baud rate of 30S5. The input <clock
for the receiver is 156 250 Hz, which when divided by 64 is suitable
for a baud rate of 2441. These baud rates are close enough to the

standard 300- and 2400-baud rates to allow system test equipment to
simulate a keyboard having standard equipment.

2.4.4 Timers W QI,&@{V"Z ’Dw9&2f7/230°§ .
The 8253-5 counter/timer IC provides three, separate timing units.
In this system, one is used as a programmable speaker oscillator, and
the other two are programmable interval timers.

The speaker timer is clocked by a square wave of 1.25 MHz. With the
ability to divide by uyp to &5 536, the output frequency can go as
low as 19 Hz. The high input frequency causes the output tones to be
more musically accurate. The speaker timer clock is internally gated
with the speaker enable (SFKEN) signaler enable) which is an ocutput
of latch ¥ 45 This signal allows the interruption of tones without a
reprogramming of the timer.

The second timer (Timer A) is uvsed in system—timing applications an4
as a real-time clock. It generates an interrupt on the rising edge
of the timer output if the enable line (address O bit 1) is set to s
HIGH. Toggling this line LOW resets the interrupt: holding this line
low disables the interrupt completely. The level of the interrupt 1is

Texas Instruments 2-13 Preliminary - Jan 2i. 1583
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Table 2-5 Motherboard Memory Map

ADDRESS DEVICES
DYNAMIC RAM:
00000-0OF FFF é4—-kbytes motherboard RAM
10000-1FFFF 64~-kbytes expansion RAM board Bank 1
20000-2FFFF 64-kbytes expansion RAM board Bank 2
30000-3FFFF b4-kbytes expansion RAM board Bank 3
40000-BFFFF Expansion bus memory
CRT CONTROLLER:
COO00-C7FFF Graphics RAM Bank A
C8000-CFFFF Graphics RAM Bank B
DOOOO-D7FFF Graphics RAM Bank C
DB000O-DDFFF Reserved
DEOOO-DE7FF Active character memory
DESBOO~-DEFFF Phantom character memory
DFO00

Bit O Misc input buffer,
BLUE feedback, read only
Bit 1 Misc input buffer,
RED feedback, read only
Bit 2 Misc input bu#ffer,
CGREEN feedback: read only
Bit 3 Misc input buffer,
interrupt pending: read only

DFO001-DF OOF Misc input buffer
DFO10-DFO1F Graphics RED palette
latch, write only
DF020-DF O2F Graphics GRN palette
latch, write only
DFO30-DF O3F Craphics BLU palette

latch, write only
DFO040-DF 7FF Reserved
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TEXAS INSTRUMENTS PROFESSIONAL COMPILNIER

HARDWARE

TABLE 2-5 MOTHORBOARD MEMOIRY MAP
+ + ————————————— —————————— e
: ADDRESS ! DEVICES
i 00000 => OFFFF | 64-KBYTES MQTHORBOARD RAM
! 10000 => 1FFFF | &64-KBYTES EXPANSION RAM BOARD BANK 1
i 20000 => 2FFFF | 64-KBYTE3S EXPANSION RAM BOARD BANK 2
i 30000 => 3FFFF | &4-KBYTES EXPANSION RAM BDARID! BANK =
: - H - 256-KBYTES =—==——-
{ 40000 =2 &rFFF | &4—-KRBYTES EXPANSION RAM
i 50000 => SFFFF | 64-KBYTES EXPANSION RAM
i 60000 =2 TFFFF | 64-KRYTES EXPANSION RAM
i 70000 =2 7FFFF | 64-KBYTES EXPANSION RAM
' ' - S12-KRYTES —-—-=—
i 80000 => SFFFF | 64-KBYTES EXPANSION RAM
i 90000 => AFFF | &64-KBYTES EXPANSION RAM
{ AODOO = AFFrF | L4-KBYTES EXPANSION RAM
{ BOQOO => BFFFF | &64-KBYTES EXPANSION RAM
' : - —— 768—-KBYTES —=———
i COO00 => C/HFF | 32-KBYTES GRAPHICS RAM BANK A
{ C800Q0 =2 CFFFF | 32-KBYTES GRAPHICS RAM BANK B .
i D8000 => D7FFF | 22-KBYTES GRAPHICS RAM BANK C
{ D3000 =2 DBFFF™! 16-kKBYTES RESERVED
! DCOOO = DOVFF | 2—-KBYTES REZERVED
i DEOOO => DE7FF | 2-KBYTES CHARACTER MEMORY
{ DEBOO => IEFFF | 2-KRYTES CHARACTER ATTRUBUTE MEMORY
{ DFOQ0 =2 DFOOF | 16— BYTES MISC INPUT BUFFEK
{ DFO10 => DOFOLF | 16— BYTES RED PALIZETTE LATCH
¢! DFO20 => DFO2F | 16— BYTES GREEN PALLETIE LATCH
i DFO30 => DFO3F | 16— BYTES BLUE PALLETTE LATCH
i DFO40 => DF3FF | 940-BYTES RESERVED
! IF400 => DF7FF | 1-KBYTES RESERVED
i DF200 => DFS0F | 14- BYTES ATIRIBUTE LATCH
{ DFg10 => DF8IF | 16— BYTES CRT CONTROLLER REGISTERS
{ DFS820 => DF82F | 16— BYTES MISC OUTMPUT LATCH
i DF330 => DF&3F | 16— BYTES
i DF340 => DFBFF | 9&60-BYTES RESERVED
{ DFCO0O => DFFFF | 1-KBYTES RESERVED
{ EOO0Q0O => EIFFF | 16-KBYTES RESERVED FOR SPEECH STORAGE
i E4000 => E7FFF | 1&6-KBY1ES RESERVED FOR SPEECH STORAGE
i EB000 => EBFFF | 146—-KBYTES RESERVELD
i ECO00 => EFFFF | 1&-KBYTES RESERVED
{ FOOO00 => F3FFF~! 14-KBYTES RESERVED
1 F4000 => FSFFF | 8-KBYTES ROM SPACE ( CLOCK/ANALQG INTERFACE )
{ F6OOO => F7FFF | 2-KBYTES ROM SPACE ( LOCAL AREA NET OPTION BOARD )
i Fe8000 => F9FFF | 8-KBYTES ROM SPACE ( WINCHESTER CONTROLER )
i FAQOO =2 FBFFF | 8-KBYTES ROM SPACE
i FCOOO => FDFFF | §&-KEY1ES ROM SPACE
i FEQOOQ => FFFFF | S-KBYTES SYE1EM ROM
TEXAS INSTRUMENTS 2-1¢&
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Table 2-5 Motherboard Memory Map continued

ADDRESS

DFB800-DF 80F
DF810 :

DF811
DFB12
DF813
DF814-DF81F
DF820

Bit 6

OTHER PERIPHERALS:

DFB21-DFFFF
EQOQOO-E7FFF

ESB000-F3FFF
ROM USAGE:

F4000-FSFFF

F&000-F7FFF

FBO0O-F9FFF

FAOOO-FBFFF

FCOOO~-FDFFF
FEOOO-FFFFF

Texas Instruments

DEVICES

Attribute latch

CRT controller address register,
write only

CRT Controller status register,
read only

CRT Controller address register,
write only

CRT Controller address register.
write only

Reserved

Bit 7 Misc output latch,
interrupt enable
Misc output latch,

alphanumerics screen enable

Reserved
Reserved for speech storage RAM

Reserved

8K ROM space(Clock/Analog
Interface)

8K ROM space(Local Area Net
Option Board)

8K ROM space(Winchester Controller)

8K ROM space(Reserved)
8K ROM space, 1 wait state (XUé2)
BK system ROM, 1| wait state (U&3)

2-17 Preliminary - Jan 21,
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2.6.2 Memory Control Logic Sh#l 4S5a*2

The motherboard expansion memory is separated from the main system
data bus by & bidirectional buffer (U&1l) 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 memory hard array
logic (HAL) <chip HAL16R4 (U2B) and the 74LS139 decoder (US3).
Becauvse ROMs and EPROMs (erasable programmable read-only memories)
are generally slow devices, a wait state is added to all accesses to
these devices.

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

Table 2-6 ROM Access Times

TIME REQUIRED

FUNCTION (In Nanoseconds)
CS- ROM access 410
ROM address access 577

2.6.2.1 I1/0 Wait States. The HAL chip also contains the logic to
add a wait state to all I/0 accesses made by the CPU. The wait state
is necessary because many of the I/0 devices operate too slowly when
the system buffer and setup and decode times are included. With the
wait state, the control lines are active approximately 600
nanoseconds (ns).

2.6. 2.2 Memory Refresh Logic. The RAM refresh logic is designed to
operate synchronously with the accesses to the RAM memory. Refresh
cycles are begun only when a RAM memory cycle is not in progress.
This implies that the RAM refresh can occur at the same time as
accesses to other system memory (ROMs) or I/0 space. Each time a
refresh cycle begins, a refresh timer (one-shot U2%) starts. When it
times out: it provides the signal to begin another refresh cuycle.
This timer is set to 15 us maximum to allow for the worst-case
refresh—request latency. 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 wus).
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. It a RAM access cycle is started
before the refresh cycle is completed. the HAL state machine will put
the CPU into @ wait state until the refresh operation is completed.
In the worst case, this delay could mean extending the normal memory
access time by four wait states, or 800 ns.
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Assuming a refresh timer alue of 14 us and an average 4600-ns
slowdown of the CPU, the refresh overhead is about 4.3 percent
average or 5.7 percent worst case.

2.6.2.3 CAS and Address Multiplexer Switch. The address multiplexer
control (SWM) is produced by a delay line off of the row address
strobe input (RASI-) line. This SWM ensures an adequate Tow address
hold time (40 ns) and still cperates the RAM quickly enocugh to finish
the access within the system cycle time.

The column address strobe input (CASI-) timing depends on whether the
cycle is a read or a uwrite. If the cycle is a read. the CASI- signal
is taken off of the delay line 20 ns after the SWM signal (ACAS-).
This delay provides an adequate column address setup time to the RAM
and still gives fast RAM access. If the cycle is a write, then the
CASI- signal is taken from the falling edge of ¢the system <clock.
which is about 150 ns after the occurrence of RASI-. This delay
allows time for the data from the processor to propagate through the
data buffers and the parity generator chip (U31 74LS280).

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

2.6.2.4 Parity Generation and Checking. The parity
generator/checker chip (74LS280) generates a "1" to the parity RAM
bit whenever there is an even number of "1"s in the data byte being
written. This is done by using a separate data bus on the parity RANM
chip and using a pullup resistor to provide a high on its output
whenever it is not driving the output line (as in a write cycle).
The parity data is then taken from the “odd sum" output of the parity
generator and used to write to the RAM.

By using this method of parity checking, an attempt to read from non-
existent RAM memory does not result in a parity error. This method
is preferable because system software sometimes "feels” for memory
nat present in order to determine the size of system memory.

When the RAM is read, all of the data bits and the parity bit are
presented to the generator /checker and the parity output 1s sampled
at the end of the read cycle. I¢f the parity is bad, flip-flop U333 is
set to interrupt the CPU if enabled. Note that once set, this flip-
flop must be reset by software before additional interrupts can be
given. If the enable bit (adar 3 bit 37 is held low, then no parity
interrupts(PINT) are generated. In order to distinguish the parity
interrupt from other NMIs, the PINT line is fed to U48 (address 1 bit
3) to allow testing by software.
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2.6.2.5 Memory Control State Machine. The memory control is driven
by an array logic device which is set up as a state machine (HAL1&R4
U28). The memory control state machine logic is given in Table 2Z-7.
This device has ¢four outputs equipped with a set of clocked flip-
flops and four outputs, which are direct combinations of 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
directly, on those outputs without registers, or after the clock on
those outputs with registers.
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Table 2-7 Memory Control State Machine Logic - HAL146R4

INPUTS
MRD- XA18 RASI~ RFSH-
MWR- RMX- XWAIT- RRAS-
RFRG IORC- MDEN- SY-
Outputs XAL19 AIOWC- RMSEL- SX-
T Ly WouT (U U P ST QR e S Y S -
RASI- L . . L L. H . H. MEMORY READ
or . L . L L. H . H . MEMORY WRITE
or . .. L L. REFRESH
or . e e e . L L. all other OR terms
T e o e T S A e e S s £
XWAIT- L . L. L . . . REFRESH+READ RFi{,2 3
or L . L. . . L . REFRESH+READ RF3, 4
or . L . L . L. . REFRESH+WRITE RF1,2. 3
or . L . L . . . .. L . REFRESH+WRITE RF3.4
or . HHL . . L. H ROM READ/WRITE
or . L. H 1,/0 READ
or . . . . . . L .. H I/0 WRITE
B e o s S o
MDEN- .o L. 4. H. RAM READ/WRITE
or L. . HHL . ROM READ
or . L. HHL . . ROM WRITE
or . . . L L .. all other OR terms
B e T e b s T
RMSEL- L . HHL. ROM READ
or . L. HHL . . ROM WRITE
or . L L all other OR terms

—--——--+-+-+—+-+—+—+—+—-—+—+-;—;—;—+—+ +
THE FOLLOWING FOUR GUTPUTS HAVE FLIP-FLOPS
e s e o e e e e e e e e e e e e e e e e

RFSH- HHH . . H . RFSH RFi NO MEM CYC
or . HH. . . H. RFSH RF1 NO RAM C¥YC
or . L . H. REFRESH RF2.3
or . e e e .o L. H. all other OR terms

B e e S e A et s S s ms s

RRAS- L. REFRESH RF2., 3,4
orT . coe e e e S all other OR terms

B T A s e e A s =

sY- . L L. REFRESH RF3. 4
oT . . . . . . . . . L L. all other OR terms

B e S s s T s s Tt o S S

SX- L. . HHL . ROM READ WAIT CUTOFF
or . L. HHL . . ROM WRITE WAIT CUTOFF
or . L. I/0 READ WATIT CUTOFF
or L 170 WRITE WAIT CUTOFF
or . T . . . . . . . . all other OR terms

B R s e sk st 2t 2 SRR R -
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The signal RASI- activates RAS- out of the AM2964B RAM address
multiplexer. The signal XWAIT- puts the processor into a wait state.
The signal MDEN- asctivates the motrnerboard memory system data buffer.
The signal RMSEL- selects access to the ROMs. The signal RFSH-
controls the AM2964B address multiplexer to put the refresh address
out. The signal RRAS- indicates that a refresh RAS is in progress.
The signal S5Y- is used internally to the HAL to indicate refresh
states. The signal SX- is used internally to the HAL to cut off the
wait state to the CPU after one cycle.

A timing diagram of the memory system, shown in Figure 2-3, indicates
the major operations of the memory system.
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%« o7
2.7 EXPANSION BUS S #(| Duy 222732

The expansion interface bus allows the addition to the system of
standard and option devices. Five expansion bus connectors are
provided. The expansion bus pin-outs are given in Table 2-8B.

The expansion interface bus allows memory—mapped or I/0O-mapped
devices to be added to the system in @ straightforward way. The bus
supports devices requiring interrupts for efficient operation. The
system does not provide Direct Memory Access (DMA) hardware, because
devices that require direct memory access have their own special-
purpose hardware.

Table 2-8 Expansion Bus Pin-outs

PIN SIGNAL PIN SIGNAL

AO1 NMI- BO1 GROUND

AO2 DATA 7 BO2 RESET

AQ03 DATA é BO3 +5 V power

AD4 DATA S BO4 IRO {interrupt 0O)
A0S DATA 4 BOS No connection (bussed)
AObL DATA 3 BO6 No connection (bussed)
AO7 DATA 2 BO7 -12 V power

AOB DATA 1 BO8 DMA~- (CPU enable)
A0S DATA O B0O9 +12 V power

A10 WAIT- B10O GROUND

All LOGIC GROUND B11 AMWC- (memory write)
Al2 ADDRESS 19 (MSB) B12 MRDC~- (memory read)
Al3 ADDRESS 18 B13 AIOWC- (I/0 write)

Al4 ADDRESS 17 Bi4 IORC~ (I/0 read)

A1S ADDRESS 16 B15, No connection (bussed)
Alé ADDRESS 15 Bié No connection (bussed)
Al7 ADDRESS 14 Bi7 No connection (bussed)
AlB ADDRESS 13 B18 No connection (bussed)
AlG ADDRESS 12 B1? No connection (bussed)
A20 ADDRESS 11 B20 PCLK (5-MHz clock)
A21 ADDRESS 10 B21 IRé (interrupt 6)
A2 ADDRESS 9 B22 IRS (interrupt 5)
A23 ADDRESS 8 B23 IR4 (interrupt 4)
A24 ADDRESS 7 B24 IR2 (Interrupt 2)
A25 ADDRESS 6 B25S IR{ (interrupt 1)
A2b6 ADDRESS 5 Bz é No connection (bussed)
A27 ADDRESS 4 B27 RFSH (refreshing)

A28 ADDRESS 3 BE28 ALE (address latch)
A2%9 ADDRESS 2 B2% +5 V power

A30 ADDRESS i B30 0S¢ (iS5-MHz clock)
A3l ADDRESS 0O (LSB) B31 GROUND
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2.7.1 Expansion Bus Signal Descriptions

# NMI-. The non—-maskable interrupt signal is driven by one of
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 0O-7. These bidirectional signals carry the data
between the processar, memary, I1/0, and the &expansion
interface. These 1lines are active high. They can be tri-
stated by use of the DMA—- line.

# WAIT-. This signal indicates when a device in the system or
expansion bus is to hold or is holding the system processor
in order ¢to extend the length of a memory refresh or 1/0
cycle. When a slow device is addressed on the expansion
bus. the signal can assert this line low in order to extend
the time to complete a cycle. An expansion beard, which
takes over the bus, must monitor this line when accessing
memory or I/0 devices within the system. (This line should
never be held 1low longer than 10 processor clock cycles.)
This line is pulled low by an open collector. LSI device
when driven by an expansion board.

# ADDRESS 0-19. These lines are normally driven by the system
processor to address memory and I/0 devices within the
system. They can be tri-stated by use of 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
XA0 - XA? are used for I/0 addressing.

% RESET. This line resets or initializes system logic on
power—up or during a power failure. This signal is active
high. RESET is generated by a power supply monitoring
device. During power brownouts or other times that the {2-V
line drops below 11.1 V, the RESET 1line 1is activated
immediately and returns low 3 ms after regulation has
resumed. This will allow for unattended restarts.

# INTERRUPT O0-4. These lines signal the processor that an I1/0
device requires attention. In the event of several devices
requiring service at the same time, the device asserting the
lowest-numbered line gets serviced first. These lines are
active high.

# DMA- (CPU enable). This 1line, when asserted low by an
expansion board, causes the processor to give up the system
busses and enter a wait state. This allows an expansion
board to implement DMA or another processor. When asserting
this line, the expansion board must wait wuntil the system
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busses are inactive <{(i.e., when MWRITE, MREAD, IDWRITE,
IOREAD are all inactive!. When deasserting CPU enable., the
expansion board must first wait until the bus has been
inactive for two processor clock cycles, assert the WAIT-
line. deassert the CPU enable line. and continue to hold the
WAIT- line for one additional clock cycle. This will allow
the system processor to correctly execute its next bus
cycle.

*# AMUWC- or MWRITE- The memory write signal is normally driven
by the system processor. It indicates that the information
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 of the DMA- line. This signal can
be driven by an expansion bus board after ¢the CPU enable
line is asserted.

# 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
signal is active low. It can be tri-stated by wuse of the
DMA- line. This signal can be driven by an expansion bus
board after the CPU enable line is asserted.

# AJOWC- or IDWRITE- The I/0 write signal is normally driven
by the system processor. It indicates that the 1/0 device
addressed by the address bus should accept the data on the
data bus. This signal is active low. 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.

# IDRC- or IOREAD- The 1/0 read line is normally driven by the
system processor. It indicates that the 1/0 device
addressed by the address bus should place its data on the
data bus. This signal is active low. It can be tri-stated
by use of the DMA- line.

# PCLK - processor clock. This is the system clock. It is a
one—third division of the 0SC clock and has a period of 200
ns (5.0 MHz). The clock has a duty cycle of 37.&6& percent
(+/-3.0 percent).

# RFSH or refreshing. This 1line indicates that a memory
refresh cycle is taking place. It is positive ¢true. When
this signal 1is asserted all expansion bus activity is
ignored.

# ALE - address latch. This line indicatee when the processor
is placing @ valid address on the address bus. The address
is valid on the falling edge of this signal. This signal

cannot be tri-stated, and it should not be wused by any
device accessed by an expansion bus DMA controller.

# 08C (clock). This signal describes a high-speed clock with
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a &6.7-ns period (150 MHz). It has a SO-percent duty
cycle.

2.7.2 Expansion Bus Loading and Driving Requirements

The expansion bus is designed to drive five expansion boards. Each
board may have no more than two LSI/TTL input loads on any one line
of the bus. Open collector 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 0.5 V and source 3 mA at 2.4 V and 15 mA at 2.0 V. Drivers
for the interrupt lines IRO-IR& should be able to source 1 mA at 3.5
V and sink 1 mA at 0.5 V. Drivers for the address and control bus in
a DMA application should be able to sink 20 mA at 0.5 V and source 5
mA at 2. 4 V.

2.7.3 Memory Timing on Expansion Bus

The memory bus cycles can be lengthenmed in integral multiples of the
CLK cycle time (200 ns) by the use of the WAIT- line. Figure 2-4
provides the timing relationships of the expansion bus memory
interface.

2.7.4 Direct Memory Access from Expansion Bus

The expansion bus interface has the minimum facility required to
implement a form of direct memory access (DMA). This section
describes some of the design requirements of an expansion board that
would use 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 memory or
1/0 devices interfaced through the expansion bus. The DMA facility
can not be used to access I/0 devices located on the motherboard.

A board that implements DMA must simulate the processor with respect
to the timing of input and output signals in order for the proper
operation of the system. This implies specific phase relationships
with the processor clock (PCLK) and the ability to recognize WAIT-
signals from the memory or other peripherals.

The following discussion relates to the DMA timing diagram shown in
Figure 2-5.

# PCLK: The 5.0-MHz processor clock has a 37 b6-percent duty
cycle. All signals are synchronous to this clock.

# CMDi-: Command input to the DMA controller. This signal 1is

the 1logical "OR" of tne expansion bus signals MRDC-, AMWC-,
IDRC-, and AIQWC-.
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# CMDo-: Command output from the DMA controller. This can be
any one of the command sigriais to the expsnsion bus (MRDC-,
AMWC-, I0ORC-, AIOWC=-).

*» 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 tus 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-, 1IO0RC-, AIOWC-), the address lines (A0-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 sequence. 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 geoes 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 after the DMA- line goes active in order to prevent bus
collisions. In Figure 2-5 this sequence is shown in states 1 and 2.

For proper operation of memory and other devices, a minimum of ¢two
clock cycles must separate commands on the bus. Therefore, the DMA
controller should not activate a command output until <the second
falling edge of PCLK after DMA- is made active. Figure 2-5 shows
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 line for a possible wait state. This line
should be latched on the falling edge of PCLK during CMDo- active.
I# it is inactive (high), the end of the command cycle is indicated

I# it is active (low), then the <cycle should be extended by an
additional PCLK period and the WAIT- should be monitored again.
There is no hardware in the system that limits the number of wait
states which could occur, but no peripheral or memory device is
expected to insert more than ten wait states in any command <cycle

Two DMA cycles are shown in Figure 2-5. One cycle contains a wait
state (t4, t5, té6&) and one does not (t9. t10).* Note that the
successive cycles are two PCLK cycles apart.

When the DMA controller is ready tc give up the bus, it should assert
the WAIT- 1line itself on the falling edge of FCLK after the last
command cycle. On the next rising edge of PCLK, the DMA- line should
be made inactive and the control and address 1lines +from the DMa
controller should be tristated. The tristate action should occur
within 30 ns after the DMA- line is made inactive. The WAIT- line
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should be made inactive on fhe second falling edge of PCLK after it
is made active. This will ensure that the first command cycle of the
CPU is at least two full PCLK cycles long. Figure 2-5 shows this
sequence in states 11 to 14

Memory refresh occurs transparently through a controller that meets
the above requirements. The number of consecutive DMA command cycles
which can be run is not 1limited except by the system software
requirements.

It may be desirable for a DMA controller to provide 4 7-kohm pull-up
resistors on the bus command lines if the tristate action does not
overlap in order to prevent glitches on those lines. Pull-ups should
not be required on the address or data lines. as these do not affect
logic states without the command lines. Note that the address and
data setup and hold times for the controller should meet or exceed
the specifications for the expansion bus trunning under the processor
even if the DMA sequence must be padded with extra clock cycles tc
accomplish this.

2.7.5 1/0 Timing On Expansion Bus
The following information is provided ¢to show the expansion bus=
timing for standard I/0 cycles. Note that this timing includes the

one wait state that the motherboard always includes on I/0 cycles
The system bus I/0 timing relationships are shown in Figure 2-6.
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2.8 FLOPPY DISK CONTROLLER SUBSYSTEM Sh¥# Dug #2223-0¢

The floppy disk controller subsystem consists of a floppy disk
controller IC (FD1793-02), a floppy disk support logic IC <(WD1691),
and a pulse delay IC (WD2143), all of which are made by Western .
Digital. It also has a voltage—-controlled oscilliator (VCO), one-hal¥F
of a 74L.5221 one-shot, two 2114 static RAMs used as a sector buffer’
and addressed by a CMOS 4040 counter, a programmable array logic
(PAL) IC used for decoding and control operations, and miscellaneous
logic used for the timing and buffering of signals.

The subsystem consists of several sub-subsections, including:
# The disk controller IC
# The sector buffer
# The data write precompensation circuit
‘# The data separator

# The floppy drive (or diskette drive) cable interface.

2.8.1 Floppy Disk Controller

The floppy disk controller (FDC) is the FD1793-02 chip. This IC is
responsible for serial/parallel data conversion, locating sectors on
the disk, seeking the diskette drive, and other high—level functions.
A complete description of the FD1793-02 chip can be found in the
literature available from Western Digital. The input <clock ¢to ¢the
controller is at 1.0 MHz ¢to provide the <carrect data rate for
standard 5-1/4-in diskettes. Since the clock is divided down from
15.0 MHz in U220, the duty cycle is 467 ns low, 533 ns high.

2.8.2 Sector Buffer .

Data transmitted from 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 allow proper
operation of the diskette drive while other processor operations are
occuring, a sector buffer that can operate independently of the
processor for the duration of a sector read or write is implemented
This buffer consists of a 1 kbyte x B8 static RAM (2 x 2114), a
counter to address the RAM sequentially., and control logic and a bus
buffer to allow the CPU and the FDC to access the buffer.
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2.8. 2.1 Sector Buffer Modes. The buffer has four basic operating
modes controlled by two bits (MO, M1i) in the latch U47. These modes

are as follows:

LATCH U47 BITS

M1 MO MODE OR FUNCTION

1 1 FDC reads RAM and writes data to diskette.
i 0 FDC reads diskette and writes data to RAM.
0 0 CPU reads or writes RAM sequentially.

0 1 CPU reads or writes the FDC directly.

The counter that addresses the buffer is avtomatically incremented
after each access of the RAM by either the CPU or FDC. The CPU can
reset the address counter to set up a fixed starting address within
the RAM by writing to the FDC sector register while the Mi, MG bits
are set to 0,0. This does not affect the FDC itself, because the FDC
can be accessed by the CPU only in mode O,1. .

The control logic for the sector buffer is provided by the PAL and by
a flip-flop, which is used to provide a@a 1-us FDC <clock-synchronized
signal derived from the FDC data request (DRG) line. This signal is
used by the PAL to generate the read or write command #for the FDC
when the sector buffer is in modes 1,1 or 1,0. The DRG line from the
FDC is made active by the FDC whenever a byte is required in a sector
write or when a byte is ready during a sector read.

Other signals to control the RAM and the counter are derived from
this logic and the CPU signals as given in Table 2-9. The timing
diagram shown in Figure 2-7 defines the usage of these signals. Note
that the outputs go low (L) when the AND of terms on @ line and the
OR of the terms on a second line are true.
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Table 2-9 Programming for the HAL10LB Device
IORG- M1 IORC~
XA1 MO AIOWC- DEN-
Output: XAO DRQD FLCS COMMENT
——————t D s S s +
YAQ . . L L H . L CPU <{——-> FDC MODE 0.1
o . . . . L L . . unused
—————— e ——t o —b——+ et +
YA1L . Lo L H . L CPU {—-> FDC MODE O, 1
or . . . .. L L . unused
e I . A A A S S =t +
FRD- L H . L . L . CPU < FDC MODE O. 1
ar . H L H .. . FDC —> RAM MODE 1.0
— +— s et ——t +
FWR- . L H . . L L CPU —> FDC MODE O, 1
or . . . H H H e . FDC <— RAM MODE 1.1
— o ——p o e —— +
RWE- . L. L L . L L . CPU —> RAM MODE Q.0
or . . . H L H .. . FDC —> RAM MODE 1,0
e e b =t +
RCS- L L . L L . L CPU <{——> RAM MODE 0.0
oar . . . H . H ... . FDC <—> RAM MODE 1. X
—————— e =t b=t b ——tp +
RRST- . H L L L . L bk . RESET COUNTER MODE 0.0
or . . . . L L . . unused
——— e ey e e =t e +
FDEN- L L L L L . CPU <--> RAM MAODE O, O
or L H L L CPU <-=> FDC MODE O, 1
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2.8.3 Floppy Disk Controller Write Precompensation

Disk write precampensation is required when writing double-density
data using modified frequency modulation (MFM) in order to reduce tha
“hbit shift", which results when certain data patterns are written on
the magnetic media. Unless the bit shift is compensated for, it
moves the read data transitions outside of the range where the read
circuitry can properly detect them. The bit shift problem gets
progressively worse as data bits are stored closer together an the
disk (as track length gets shorter toward the center of the disk).
The ideal situvation is to adjust the write hardware gradually to
compensate for the bit shift as the track number increases. However,
a compromise solution provides results that are nearly as good. The
method used is to leave all compensation turned off while the head is
over the outer half of the disk. When the head is over the inner
half of the disk, a compromise precompensation is turned on. As the
number of tracks on a disk drive could be either 40 or 80, the choice
of the halfway point is left up to software (which checks for the
type of drive installed). This is why the TG43 signal is controlled
by U47, not the FDC. (TG43 - Track Greater than 43 - is historically
the halfway point for an 8-in diskette drive.)

The amount of precompensating bit shift is controlled by the
adjustment of R19, which controls the write pulsewidth through U135,
the WD2143 IC. The precompensation should be set at about 200 n-
while monitoring pin 1 of the WD2143 IC during a write operation.

The direction of bit shift is controlled by the FDC signals EARLY and
LATE. These signals cause the WD14691 to select the tap along the
WD2143 (adjustable delay 1line), which 1is appropriate for the bit
pattern being written. I¢# precompensation is not needed on outer
tracks, the TGA3 signal inhibits the precompensation process.

Because single-density frequency modulation (FM) encoded data does
not require precompensation, the FD1691 also disables the
precompensation when the double density signal (DDEN-) is inactive
(high).

2.8. 4 Data Separator

The data separator is comprised of two parts: clock recovery and
separation of the data from the clock. The actual separation of data
and clock signals takes place in the FD1793-03 FDC. The 1691
contains the digital circuits necessary to implement a phase-locked
loop (PLL) with the 74LS628 chip providing the VD and the external
components providing the loop filter. The one-shot U29 is wused to
shorten and stabilize the pulsewidth of the incoming read pulses so
that the PLL and data recovery operations operate properly during the
lockup interval.
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The purpose of the FLL is to provide a continuous clock locked in a
specific phase relationship with transitions in the incoming data.
For this system the falling edge of the RDDATA- signal should be
nearly centered on the high or low pulse of the RCLK signal.

When the adjustments are made correctly the PLL should be able to
lock up to an incoming pulse train with a range of frequencies €rom
217 kHz to 294 kH: (+/-15 percent) within 150 us. The pulses should
be low going (2 us maximum applied to the RDDATA- input - P9 pin 30)
and the DDEN- line must be low.

Because of the analog nature of the PLL circuits, the power supply
voltage to the VCO and the loop filter is regulated with a linear
regulator. The regulator prevents any digital noise present on the
S=V supply from interfering with the operation of the PLL.

Note that the data separator is capable of working with either
single—-density (FM) or double-density (MFM) data. and the choice is
controlled by the DDEN- line.

2.8.5 Floppy Disk Controller Alignment

To.adJust the write precompensation and data separator circuits,
perform the following steps.

NOTE

Alignment of the floppy disk controller requires
access to potentiometers and locations on the
system unit board normally located underneath the
left diskette drive and, therefore, inaccessible
without partial disassembly of the system wunit.
Before attempting ¢to align this circuitry, the
system unit board must be either partially or
completely rtemoved from the system unit chassis.
Extreme caution must be wused to prevent the
system unit board #from contacting the chassis
during alignment.

1. Insert a diagnostics diskette in the left drive and close
the door.

2. Place the system unit ON/OFF switch in the ON position.
Following the power—-up self-test, the diagnostics menu is

displayed.

3. Monitor the RDDATA- line at pin 11 of Ui4 to make certain
it is inactive (high). If the diskette drive read logic is
permitting noise, or extraneous low level on the RDDATA-
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line, it may be necessary to disconnect the plug attached
to J? (the diskette drive control/data connector cable) on
the system unit board (motherboard). With RDDATA- high,
the PU and PD- outputs #¢rom the WD1691 are forced to a
tristate condition.

4. The voltage on the PUMF line must be checked and adjusted
to 1.4 Vdc. Attach a digital VOM with a high (greater than
S megohms) input impedance to pin 13 or 14 (they are tied
together) of Ul4 (WD1691). Adjyjust R17 for 1.4 Udec, +/- 5
percent (between 1.33 and 1.47 Vdc)

S. The VCO line must now be checked for accuracy. Attach a
30-mHz (or higher) oscilloscope ta pin 16 of Ui4 (WD16%1).
Use a 10X probe, internal trigger, 0. 2-Vdc/Div. vertical,
0. 1-us/Div. timebase. Ad Jjust R18 +for a square wave of
2. 0-mHz +/- 5 percent (between 1. 90 and 2. 10 mHz).

6. Recheck the 1.4-Vdc reading at pin 13 or 14 to make certain
that adjustment of R18 did not cause a change. Readjust if
necessary.

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

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

FLOTST TEST=ALIGN DRIVE=(enter 1,2.3, or 4)

9. Remove the diagnostics diskette and insert a blank, or
"scratch", diskette into the appropriate diskette drive.

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

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

r\\

12. Attach a 10X oscilloscope probe to Ul4 pin S. Trigger
positive slope, 0. 2-Vdc/Div. vertical, 0. 1-us/Div.
timebase. The waveform is visible only when the computer
is writing data to a diskette. Ad just R19 for a positive
pulsewidth of 750 ns. This adjustment results in a write
pulsewidth of 187.5 ns.

NOTE

If R19 is set to near its maximum value, the
write pulsewidth will be very long (the length of
an entire sector write). Adjustment oFf R19 must
only be made when appropriate test equipment is
monitoring the pulsewidth.
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2.8.6 Diskette Drive Intertface

The diskette drives are interfaced through a series of buffers and
receivers that allow ¢the use of low-impedance ribbon cables to
connect the signals from controller to drive. This system implements
two connectors for the drives. All signals driven by the controller
except for the SIDi- signal have separate drivers for each connector.
The receivers with their terminating pull-up resistors are shared
between the two connectors.

The connector P? is designed to interface to a 34-conductor Tribbonr
cable that has two, 34-pin, card-edge connectors, one for each of two
diskette drives mounted inside the system unit chassis. Since there
is always one diskette drive installed in the system wunit, it is
normally mounted on the left side (as viewed by a user). This drive
should be strapped for SELECT on pin 10 (drive O). The select line
and all common lines except 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 only the select line terminated. When two
drives are installed, @ terminating resistor must be installed on the
right-hand drive (drive 1) only.

NOTE

The #loppy 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 system). The
diagnostics diskette vuses a different convention:
DRIVE 1, DRIVE 2, DRIVE 3, and DRIVE 4 for a
four—drive system. Operating systems may use yet
another 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 main printed wiring board (PWB) P13 is
designed to interface to a 40-wire ribbon cable terminated with a 37-
pin, D—type connector (which may be installed by the user) mounted on
the back panel of the chassis. All lines used must be terminated in
the external diskette drives.

If additional diskette drives are planned, all diskette drives must
be of the same type. That is, all must be either 320-kbyte drives
(double—-sided, 48 ¢t¢tracks per inch (tpi)) or all must be 640-kbyte
drives (double-sided, 96 tpi). A jumper on El to E2 selects 320-
kbyte drives. No jumper selects 160-kbyte drives. A jumper on E3 to
E4 selects 640-kbyte drives. A Jumper may be on either EI1-E2 or E3-
E4, but not both.
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The drives should all be strapped for head load with motor an if they
are equipped with head load solenoids. Head load solenoids are not
needed for proper operation of the diskette drives.

The signals STEP, DIRC, WG, and WDOUT are buffered by the 74L5S244 in
order to drive the two standard 7416 loads. This buffer is necessary
because the 1793 and 1491 are capable of driving only one TTL load.
The input signals WRITEPROT-, INDEX-, TRKOO-, and RDDATA- are
buffered by the 74L5244 to provide a small amount of hysteresis and
more static protection than the MOS-device inputs provide.

The pin—-outs for the internal and external diskette drive connectors
on the motherboard are given in Table 2-10 and Table- 2-11,
respectively.
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Table 2-10 Internal Diskette Drive Connector Pin-out

+— + + ——— —_— —
ISIGNALIRETURN! SIGNAL NAME | SOURCE ! FUNCTION H
+- + + -+ — +
: 2 | ) . I NC# ! !
- + + ——e + —
! 4 | 3 | ! NC H i
+- ——— + + —— —
: & 5 | ! NC ! !
- + + ——r— + —
! 8 | 7 | INDEX- { DRIVE | Indicates index hole :
- + + ——— + +
i 10 ¢ @ | SELECT 1~ { SYSTEM | Drive select 1 !
+- + — —_—— + —
1 12 1+ 11 | SELECT 2- { SYSTEM | Drive select 2 !
- + + —t + —
' 14 V13 | 1 NC H H
+— + + ——— + +
i 16 t L5 | MOTOR ON- ! SYSTEM ! Drive motors ON H
+ + + — + —_
i 18 ' 17 | DIRECTION- | SYSTEM ! Step IN/OUT direction !
+— + + —t + -+
i1 20 | 19 | STEP- ! SYSTEM | Step IN/OUT command '
+— ——— + — + —
i 22 1t 21 | WRITE DATA- | SYSTEM | Serial data to drive H
+- + + + + +
i 24 1 23 | WRITE GATE- | SYSTEM ! Enables writing to H
! ! ! | i drive when low !
- + + — + +
i 26 | 25 | TRACK 00~ { DRIVE | Indicates head is over |
H H H 1 ! track 00 when low i
+— + + - + + —_
i 28 1 27 | WRITE PROT- | DRIVE | Indicates diskette !
: i H H ! is write-protected !
- + + + + —
i 30 | 29 | READ DATA- | DRIVE | GSerial data from drive |
- + + + + —
i 32 1+ 31 | SIDE i1~ ! SYSTEM | Side select (0.1 = !
: ! H b i High, Low) :
+— -+ + ——— + —
i1 34 | 33 i NC ! !
<+~ + + ——— + - e

# NC means not connected

Texas Instruments 2-42 Preliminary - Jan 21, 1983



S~

(.

TECHNICAL REFERENCE HARDWARE

To connect external diskette drives, a short cable assembly with a
40-pin connector 1links J13 on the system wunit baard - with a
(recommended) 37-pin d-type connector on the back panel of the system
unit. Table 2-11 gives the 40-pin Ji3 signals. D-type connector pin
numbers are in parentheses ( ).

Table 2-11 External Diskette Drive Connector Pinout

o —m—— + + —_— ——
ISIGNAL !RETURN! SIGNAL NAME | SOURCE { FUNCTION '
- + + + + J—
P2 (1)l 12001 ! NC#= H !
—————— + + + R,
! 4 (2)! 3(21)1 ! NC H !
i &6 (3)! S(&22) 1 ! NC : {
. + + —t + —
i 8 (4)! 7(23)1 P NC ! !
110 (5)! 9(24) ! ! NC H i
+ + + + + —
112 (6)111(25) ! INDEX- ! DRIVE | Indicates index hole !
o e e + + + +
114 (73113(26)F MOTOR 3- ! SYSTEM ! Drive motor 3 enable i
- + + + + —
116 (8)!15(27)! SELECT 4~ { SYSTEM ! Drive select 4 ]
———— e + + + -
118 (9)!117(28)! SELECT 3- ! SYSTEM ! Drive select 3 !
+ + + -+ + ——
120(10) 119(29){ MOTOR 4~ } SYSTEM ! Drive motar 4 enable i
+ + + + + ——t
122(11)121(30)! DIRECTION- | SYSTEM {| Step IN/OUT direction !
124(12):!23(31)! STEP- | SYSTEM | Step IN/OUT command !
- + + + + -
126(13)125(32)! WRITE DATA- | SYSTEM | Serial data to drive !
*= + + + + -
128(14) 127(33)! WRITE GATE- | SYSTEM ! Enables write when low |
+ + + + + —
130(15)1292(34)! TRACK 00— { DRIVE | Indicates head is over |
H : : H ! ¢track 00 when low H
= + + + + —
132(16)131(35)! WRITE PRGT- ! DRIVE | Indicates diskette H
H H H ' { is write-praotected '
+ +— + + + -t
134(17)133(36)! READ DATA- | DRIVE ! 8Serial data from drive |
+— + + + + -
136(18)!35(37)! SIDE 1~ ! SYSTEM ! Side select (0 = High) !
- + —— —_— — —
138(19) 37 H ! NC ! :
+— + + + + -
140 139 H ! NC } !
+= + + + — - —-—

# NC means not connected

Texas Instruments 2-43 Preliminary - Jan 21, 1983



P1(KEYBOARD) The keyboard is a fairly simple subassembly. The
keyboard electronics functions include:

# Scanning the key mdtrix

# Decoding new keys depressed by the operator

# Transmitting data to the system unit

* ReceiQing commands from the system unit

# Performing N-key rollover

# Implementing @ software switchable repeat—-action function
# Locking/unlocking the keyboard

# Performing a set of self-diagnostics

2.8.7 Encoding Keustiokes

The encoder detects valid keyswitch state changes, 1looks up the
proper key code: and transmits the keycode as an 11-bit stream to the
system wunit. Each key causes either one or two bytes ¢to be
transmitted, based on the status of the SHIFT., ALT, CAPS LOCK, and
CTRL keys. For specific details on the byte definitions, refer to
Section 3, subsection 3.1, "Keyboard DSR."

2.8.8 Transmission
Transmission from the keyboard to the system unit is done at a rate
of 2440 baud +/- 1.50 percent. The keyboard transmits when one of
two conditions is met.

# When a valid key depression has been detected, or

*#* When a system command is understood and acted upon
In the case of a key depression,, the proper keycode byte or bytes are
sent across the keyboard <transmit 1line in response to the wuser
depression of a key. (Refer to Section 3. subsection 3.1, "Keyboard

DSR, " for details on keycodes.) In some cases repeat-action
transmissions may also be required following key depression.
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In ¢the case of response to a system unit command, the keyboard
transmits the proper response code to the system wunit to indicate
that the action required has been taken. System unit commands ang
keyboard responses are given in Table 2-12

Table 2-12 HKeyboard Commands and Respanses

SYSTEM UNIT KEYBOARD RESPONSE
COMMAND CODE CODE MEANING
(HEX) (HEX )

Perform a power—up
self-test and install

default parameters 00* 70 Self-Test OK
71 Keyboard ROM error
72 Keyboard RAM error
Turn typamatic ON O1l» 70
Turn typamatic OFF 02 70
Lock keyboard 03 70
Unlock keyboard 04» 70
Keyclick ON OS5#» _ 70
Keyclick OFF Ob## 70
Reset (same as 00) 07 70 Self-Test OK

71 Keyboard ROM error
72 Keyboard RAM error
Return Version 08 70,73 (two-byte code)

# Indicates default parameters
#+# Keyclick requires hardware modification.
It is not presently supported.

NOTE

In Table 2-12, the Code column gives the codes
entered on the keyboard. The Keyboard Response
Code column gives the code sent by the keyboard
microprocessor. The keyboard responds to every
valid command. Typically, the self—-test "OK"
code 70 is returned to the system unit (except in
the case of a failure during self-test). I# the
system unit command is ignored (for reasons such
as parity error, unknown command, start bit
error, or other errtor), a response code 1is not
returned. In such a case, the system wunit
retries the command.
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2 8 9 Power

The keyboard connection includes a 12-Vdc line. This line is locally
regulated on the keyboard to S Vdc (to prevent voltage drops and
electrostatic discharge (ESD) problems).

2.9 CRT CONTROLLER BOARD

The CRT controller board drives either a monochrome analog or a color
TTL display. As a stand-alone option, the controller provides one
page of high—-resolution (80 columns x 25 lines) alphanumeric display.
This board also provides the signals required by the addition of an
optional., graphics video controller piggyback board. The addition of
the board makes the Texas Instruments Professional Computer a
complete alphanumerics and raster graphics system. No physical
distinction exists between color and monochrome; the board provides
both eight-level gray scale and eight-color RGB (Red, Green, Blue)
cutputs. Color is determined by the monitor used. Figure 2-B shows
a block diagram of the alphanumeric CRT controller board. Refer ¢to
Section 5, drawing 2223011, for logic diagrams.

2.9.1 Display Characteristics
The display characteristics are as follouws;
*+ A7 x 9 character in a 2 x 12 cell

# Twenty—-five lines of 80 characters

* A resolution of 720 pixels horizontally x 300 pixels
vertically

* A horizontal scan rate of 1?2 200 lines per second
# A vertical scan rate of &0 (50 frames per second)

# A dot rate of 18. 0000 MH:
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2.9.2 Attributes
The controller’s video memory is organized as 2 kbytes x 16 bits.
The first eight bits convey character information. The second eight
bits select the following attributes on a character basis:

# Bit O, Intensity Level 1 (BLUE)

# Bit i, Intensity Level 2 (RED)

# Bit 2, Intensity Level 4 (CREEN)

#+ Bit 3, Character Enable

# Bit 4, Reverse

# Bit 5, Underline

* Bit 6, Blink

# Bit 7, Alternate character set

NOTE

The three intensity bits (bit O through bit 2)
determine the gray scale intensity level and the
RGB outputs for color. Thus, hi/norm video in
monochrome is handled by @ one—-of-eight intensity
select instead of a high-intensity bit.

To access the attributes, the software writes an attribute latch with
the value of the attribute for all characters subsequently written to
the screen as long as no screen read is done.

When any character on the screen is read, its attributes are copied
to the attribute latch where they are read by a subsequent latch read
operation.

This method of handling the attributes allows the software to do

"block moves" of screen data from one screen area to another with the
attributes of each character moving with the character.
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2.9.3 Character Sets

The video <controller contains a 4K character generator ROM, which
provides for 256 characters. A socket is provided to allow +#for
optional 2K or 4K ROM/EPROM., which can expand the character set to a
maximum of 912 characters. Attribute bit 7 selects the expanded
character set.

2.9.4 Cursor

The cursor can be programmed to be blinking or non-blinking, reverse-
video block or underlined. The display of the cursor is handled by
the hardware through a special set of registers in the <controller.
These registers allow the software to position the cursor anywhere on
the screen (or off the screen if no visible cursor is desired).

2.9.5 Scrolling

The hardware supports character line scrolling in four directions by
maintaining a "screen start” register. When the software determines
@a need #for a scroll, it changes the value of this register by one
line, cauvsing the screen to appear to Jump by one line. The
scrolling operation always affects all of the screen, that is, it is
not possible to scroll one region without affecting another.

Since the controller is equipped with only 2 kbytes of screen memory:
scrolling results in a “"wrap" of the original top 1line of screen
contents to the bottom of the screen. Therefore, the software i
required to clear the top line of the screen (or bottom) before ¢the
scroll-up (or —-down) gperation. To simplify programming of the line
clear operation, the 2 kbytes of memory is phantomed over a 4-kbyte
address space.

When a status line is implemented, it must be done in software. That
is, during scroll operations, the status line must be moved to its
new position in memory before the screen-to-memory correspondence 1is
changed by writing the “screen start" register.
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2.9.6 Video Connector : .

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

Table 2-13 Color Video Connector Pin-out

PIN FUNCTION

Ground

Logic ground

RED video

GREEN video

BLUE video

Logic €round

NC (no connection)

Horizontal drive (NEGATIVE TRUE)
Vertical drive (POSITIVE TRUE)

VONOCURWON -

The alphanumeric—CRT controller board contains the +following
subsystems.

# CRT controller (CRTC) IC

*# Memory/screen arbitration logic

# Memory address decode logic

# Character sets and attribute logic

# Processor interrupt logic

2.9.7 CRT Controller IC (6545A-1)

The CRTC IC(46545A-1) provides the logic to generate ¢the horizontal
and vertical synchronizing signals:. display blanking during retrace.
screen memory addressing during screen refresh, cursor coincidence
logic, and start of screen display registers for use in scrolling.
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2.9 7.1 CRTC Programming. The CRTC contains seventeen registers
that must be set up appropriately before operation of the board can
begin. To access these registers., the CPU must first write the
address of the register to be accessed into the CRTC address
register. When writing to or reading (where appropriate) the data
register, the information 1is accessed according to the address
latched in the address register.

The values given in Table 2-14 assume a character rate (SWM-=) of 2.0
mHz, 12 lines per character block, 25 rows on the screen, 24
character times of horizontal blanking (12.0 us), 20 line times of
vertical blanking (1.04 ms) for a 60-Hz refresh rate. When a S50-Hz
refresh rate is used, the second set of values apply.

Table 2-14 CRTC Programming Values

CS- RS R/W- ADD RECISTER NAME VALUE
‘60 Hz SO Hz

H X X X Not selected

L L L X Address register

L L H X Status register

L H L 0 Horizontal total chars-i 103 103
L H L i Horizontal displayed chars 80 80
L H L 2 Horizontal sync poasition 84 84
L H L 3 VESYNC width, HSYNC width 39H 39H
L H L 4 Vertical total rows-i 24 25
L H L S Vertical adjust lines 20 20
L [ L & Vertical displayed rows 25 25
L - L 7 Vertical sync position 25 25
L H L 8 Mode control OOH OOH
L M L Q Scan lines per row-1 i1 13
L H L 10 Cursor start line and BLINK 40H 40H
L H L 11 Cursor end line 11 13
L H L 12 Display start address HIGH O0OH OOH
L M L 13 Display start address LOW OOH OOH
L H X 14 Cursor position address HIGH OOH OOH
L H X 1S5 Cursor position address LOW OOH OOH
L H H 14 Light pen position add HIGH

L H H 17 VLight pen position add LOW
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2.9.8 CRT Screen/CPU Arbitration

The CRT controller arbitration logic 1is designed to allow the
programmer to have free access to the CRT screen with little overhead
time caused by arbitration conflicts. To achieve this end, the
refresh memory and its control logic are designed to allow for two
complete memory cycles between each character displayed on the
screen. One cycle accesses the character for display, the other is
available to the CPU for read or write operations. In this way, the
CPU must wait at most 1less ¢than two display character times for
access to the memory. Since a character time is 500.B ns and the CPU
clock is 200 ns, a synchronization delay may also occur. The total
time +for a worst-case CPU access would be 1.0 us with the usval
access time being 600 ns (3 to O wait states).

The logic that generates this arbitration scheme is implemented with
a counter (which alsoc counts the 9 dots per character) and a
programmable array logic (PAL) having internal registers and feedback
from the outputs. These parts are used to implement & small
alphanumerics state machine that provides the control outputs for the
RAM and buffer control and the wait state control for the CPU. The
counter identifies the state within the display cycle of the state
machine by inputs ¢to the PAL. The internal PAL registers define
other states used during the CPU read and write cycles. The other
inputs ¢to ¢the PAL are RD-, WR~-, CSEL-(character select). ATSEL-
(attribute select). These inputs define what type of cycle- the CPU
is executing. .

The outputs from the PAL are COE- and CWE-~, the RAM output enable and
write enable control; AEN-, the attribute bus buffer enable; ADE-,
the attribute latch output enable; ACK-, the attribute latch clock:
MIE-, <the character bus input buffer enable; SWM-, the signal that
switches the RAM address multiplexer from the CRTC to the CPU; and
WAIT-, the CPU wait control line.

The states that the counter goes through are 8,9,10,11,12,13, 14, 15,0,
and repeat.

The window, when read data from the video RAM is available, is rather
short. Therefore, a latch(Ui10) is included to capture and hold the
data for the CPU until the end of the CPU read cycle. This latch 1is
clocked when read data is available from the RAM by the ACK line
which also clocks the attribute latch. The output is enabled onto
the local bus by a combination of CSEL~- and RD-.

2.9.8.1 CRT Arbitration PAL. The CRT arbitration PAL programming is

given in Table 2-15. In the comment column, the states that are
generated by the AND of inputs are listed according to the counter
state number. Note that the outputs go LOW when the AND of all the

listed conditions on a@ line are true OR if ¢the same 1s ¢truve on
another line.

n
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N The ¢timing produced by the alphanumerics state machine for typical
cycles is shown in Figure 2-9. '

—

Table 2-15 Alphanumerics State Machine PAL

X1 RD- SWMU X AEN-
X2 WR- MIE- ACK-
X4 CSEL- CWe- ACE-
Output: LD- ATSEL- COE- WAIT- Comment
-_— et S e e el e e e e -
SWMUX . . L. . . .. .. .. . . . . 88,9 10,11, 12 X4 DELAYED
o . . L. .. .. .. .. . . . . all other terms
e e = e bbb b b b= -
MIE- LLLH.LL. .. .. . . LL S? RAM WRITE BEGINS
o*r . . . . . . . ... b o0 .. 810,11,12 RAM WRITE CONT.
o*r . . . . .. .. ... L. .. . . all other terms
e D e e e e e e e e s -
CWE- LLLH.LL. .. .. .. LL S? RAM WRITE BEGINS
er HLLH. LL. . . L. . . . . 810 RAM WRITE CONTINUES
or LHLH . LL. .. L. . . . . Si1 RAM WRITE CONTINUES
or . . HL . . . . . . . . . . . . all other terms inactive
—— e b e e b o b o -
COe- . . H. . . . . .. .. . . . . 513,14,15,0 SCREEN REFRESH
or . LLHL. L. .. .. . H. L S9 10 RAM READ
. or . . . . L. L. .. .. L. .. S10,11,12 RAM READ CONT.
~ or . . HL . . . . . . . . . . . . all other terms inactive
e e e o e o e e e e o b -
AEN- L LLH.LL. .. .. .. LL S9 RAM WRITE BEGIN
or . . . . . . . . . oL .. .. 810,11,12 RAM WRITE CONT.
or . LLHL. L. .. .. . H. L 8910 RAM READ
or . HLHL. L. .. . . L. . . S11,12 RAM READ
or . . HL : . . . . . ... all other terms inactive
 amamt e D e e e e e e s s -
ACK- HHLHL. L. .. .. L. . . S12 RAM READ
or L . . L. L. . . . . . . . WRITE ATTRIBUTE LATCH.
or . . HL . . . . . . . . . . . . all other terms inactive
e p o o b peom o b mcp = e b b — -
ADE- LLLL.LL. .. .. . . HL S8 RAM WRITE
or . LL. .. .. .. L. 89 till NOT WRITE.
e . . . . L. . L. . . . . . . . READ ATTRIBUTE LATCH.
or . . . . L. L. .. .. . L. . 813 til not read
or . . . . L. L. .. .. .. L. 513 til not read
————— e e e L e s a S S S -
Wwalt- . . . . . LL. .. .. .. H. RAM WRITE BEFORE S9
or . . . . L. L. .. .. HH . . RAM READ BEFORE S9
or . . HL . . . . . . . . all other terms inactive

LT SRR P SO A VORI W WY SIPY W WRNGE I TR S W -
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2.9.9 CRT Address Decode

The address decode for the CRT subsystem, both alphanumerics and
graphics, 1is handled by the CRT controller board. All of the screen
data is mapped into the processor memory address space including the
assorted latches and I/0 ports.

The decoding is done within three ICs: a HALI1OLB PAL, one-half of a
74,820, and a 74LS1355 decoder. The PAL produces ¢the following
signals:

# RD=-, a decoded and buffered read control.

# WR-, a buffered and decoded write control.

# ZBEN-, the master expansion bus buffer enable.
# XBEN-, the secondary bus buffer enable.

#+ CSEL-, the alphanumerics screen memory select.
# GSEL-, the graphics screen memory select.

# CR/AT-, a control signal <t¢that selects the half of the
74L.S155 that decodes the CRTC and the attribute latch.

# XSEL-, a control signal that selects the half of the 74L5155
that decodes the graphics latches and miscellameous input
buffer.

The XBEN- signal also develops an enable <clock for the CRTC by
inverting and delaying the signal to provide the required setup time
for the 6545a-1 CRTC (90 ns). The CRTE (CRT enable) signal has sa
pulsewidth of 2266 ns, thus satisfying the requirement of the CRTC.
The other setup and hold times are easily met.

The 74LS155 1is wused to decode the following signals: ATSEL-, the
attribute latch select; CRTSEL-, the CRTC chip select; LAT-, a signal
which when combined with WR- clocks the interrupt enable and screen
enable latches. The other half of the 74LE155 decodes the three
graphics board latches and the buffer enable for miscellaneous
inputs. The address space that each of these devices occupies is
shown in Table 2-16.
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ADDRESS

CO000~C7FFF
CB8000~CFFFF
DOOOO-D7FFF
DB0O0O0-DDFFF

DEOOO-DE7FF
DEBOO-DEFFF

"DFOOO bit O
DFOOO bit 1
DFOO0O bit 2
DFOO0 bit 3

DF010
DF020
DFO030
DFB00

DFB810
DF811
DFB12
DFB813

DFB20 bit 7
DF820 bit 6

Texas Instruments

HARDWARE

Table 2-16 CRT System Memory Map

DEVICE

Graphics RAM Bank A
Graphics RAM Bank B
Graphics RAM Bank C
Unusable

Active character memory
Phantom character memory

Misc
Misc
Misc
Misc

input buffer, BLUE feedback, read only
input buffer, RED feedback., read only
input buffer, GREEN feedback, read only
input buffer, interrupt pending, read only

Graphics RED palette latch, write only
Craphics GRN palette latch, write only
Craphics BLU palette latch:, write only
Attribute latch

CRTC
CRTC
CRTC
CRTC

Misc
Misc

address register, write only
status register, read only
registers write access, write only
registers read access, read only

output latch, interrupt enable
output latch, alphanumerics screen enable
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PAL coding is given in Table 2-17. Note that the output is LOW when
the AND of all the <conditions on a 1line 1is true OR when the
conditions on a second line are true.

Table 2-17 Alphanumeric Decoding PAL

MRDC-  A1514~ AlLS Al4 Al2
Output: AMWRC- A19 Al7 A13 All COMMENT
ZBEN- L . H H L CRT SPACE READ
or . L . H H L . . . CRT SPACE WRITE
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 . . . . . inactive term
WR-~ . L H H L CRT SPACE WRITE
or L L . inactive term
GSEL- . H H H L GRAPHIC ACCESS
or L L . . . . inactive term
- + + + + + = e = +
CSEL- . L H H L H H L CHARACTER ACCESS
or L L . . . inactive term
CR/AT- . L H H L H H H H CRTC/ATT ACCESS
or L L . inactive term
XSEL- . L L H H L H H H L EXTRA I/O WRITE
or L L H H L H H H L EXTRA I/0 READ

2.9. 10 Character Set and Attribute Logic

The output of the RAM (both character and attribute) is latched up at
the end of each screen refresh access cycle by a pair of 74L5374s
(U114, U1S). This allows a full character cycle time (500.8 ns) to
access the character ROM and EPROM and set up to the dot shift
Tegister. The required ROM access time is 452. 8 ns. In order to
allow the character set to include the ability for block graphics.
bit 7 out of ¢the ROMs is used to indicate that the leftmost and
rightmost character dots are to be copied to the left and right
character cell border daots. The character ROMs should be programmed
with active low data, that is, i# a dot is to appear, it should be
programmed to a zero. '
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Figure =2-10 shows some sample characters. Note that the reverse
video block and the cursor affect the entire 9 x 12 character cell,
and that the wunderline appears on row 11. In order teo allow a

reasonable appearing underline, cursor, and Teverse video, the
lowercase letters with descenders should only drop one dot line below
the level of the other characters.

COPIED WHEN BIT 7 IS LOW

-+ i -t e
] 1 ] [} (] ] : =
165 432101 16543210
RC e
R1 X X X XX . .
R2 X . X . .. .o
R3 X . X X . XX X. X.
R4 X X. X. X X X .
RS X . X X . X X .
Ré6 X . X. X . X .. X .
R7 X X . X . X X X X .
RB D S .. X .
RQ DL XXX XX .. . X X .

R10 XX XX
R11 UNDERLINE X X X X X X X X X

Figure 2-10 Sample Character Font Definition

2.9.10.1 Attribute Interaction. The attributes available for use
with the character display can be used in any of the 128 possible
combinations. The #following paragraphs explain what happens when
several attributes are active at once.

The attributes have a priority in their effects, and the highest
priority attributes affect all attributes having a lower priority.
The order of priority is as follows.

Highest Color attributes — RED, BLUE, GREEN
Reverse video and cursor
Character enable
Blink

Lowest Underline

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 or underline or blinking activity 1is
present. When the reverse video is set with blink, the character
goes on and off with the background lighted and the foreground dark
blinking. When the character enable is set to disable and reverse
video is set, the entire cell is 1it (accoerding to the color
attributes).
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The color attributes define the <characteristics of the "light"
portion of the character, that is, either the color (when a color
menitor is wused) or the intensity (when a monochrome moniter is
used).

When the graphics board is used with the alpha board, the graphics
screen “shows through" the "dark" portion of the alphanumeric
character display.

2.9.10.2 Attribute Hardware. The attribute logic design is of the
"pipeline” type because the activity of the attributes must occur
with 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 by two 74S8175s (Ulé, UL7). This
latching allows for the one character delay through the character ROM
and provides tightly 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 (Ui8).

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
lagic (MUX UR20), they are latched again for presentation to the video
ouvtputs (U39 74S5174).

Texas Instruments 2-59 Preliminary - Jan 21, 1983



TECHNICAL REFERENIE HARDWARE

The red, blue, and green outputs are buffered by a 74L5244 before
being sent to the 9-pin connector. The color outputs and composite
sync are buffered by a 74500, which has an isolated power supply. and
are combined by a resistor network and buffered by a transistor ¢to
make uvp 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 MAGENTA 1.07
100 GREEN 1.18
101 CYAN 1.28
110 BROWN 1.37
111 WHITE 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 Interrupt

The CRT controller board contains logic that allows it to generate an
interrupt during the vertical interval. This interrupt is wused by
the processor when doing scrolls with a status 1line or other
operations that need to be done during the vertical blanking
interval. The interrupt is enabled by setting the interrupt enable
bit in the miscellaneous latch to a high. When vertical 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 interrupt enable bit must be set
low.

2. 9. 12 Diagnostic Loopback

To assist in a low level of diagnostic capability, the three color
outputs are looped back to the miscellaneous input buffer to allouw
them to be read by the CPU. By the use of programming involving
careful timing from the vertical interval, ¢the CPU can <check the
action of the attribute bits and graphic board palette circuits.
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2. 10 GRAPHICS VIDED CONTROLLER BOARD

The graphics video controller board is designed to operate with the
CRT controller board. It 1is physically mounted in a piggyback
fashion on the CRT controller board and all its connections are to
the CRT controller board. A block diagram of the graphics video
controller board is shown in Figure 2-11. Refer to Section 5.
drawing 2223063, for logic diagrams.

cPy
il oo M o= |
Aefrash Adcress Bus
l I ] Reg Pingy To
Procemsor Address Bus Blue Pizel £ CRT
/ Groon Pixst | 2 Soard
4- 1 Mux 4= 1 Mux -1 Mux 4- 1 Mux
ORAM Acaress Sus 5 8- s-1 8-1
5 [ Max [ Mux
Pinel Atbute A r‘ =
Piugt Artnbute 8
Pixm Arerbute

Shift Reg Shift Aeg [ Shift Reg Shitt Reg I Shitt an Shitt Reg z

L H =

3 8 3

H 2 =

WK IOK lu lCK £ 3 3

: : 3

8 DRAM L} DRAM ] DHAM 8 DRAM ] DHAM 8 DRAM
* *[ | | - | [?%] e wer | [
To CPU Data Buu
t
Palatte Latches
Latech
Reed-Data
Hoid Latch Tirming and
* Control
Loge

Figure 2-11 Graphics Video Controller Board Block Diagram
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The graphics video controller board implements 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 (labeled A, B. and C), which are converted by &
palette lookup table te three colors ~ red, blue, and green.

2.10.1 Graphics Falette

The palette for the graphics video controller board is designed to
map the pixel attribute bits to the three color cutputs. Three B8-bit
latches contain the mapping information for the attributes. The
three latches correspond to the three colors, as shown in Figure 2-
iz ‘v

B plane value 11110000
C plane value 11001100
A plane value 10101010
Latch bit addressed 7 65 43210

BLUE latch value =————=—+
RED latech value ——
GREEN latch value -+

MONOCHR OME
COLOR INTENSITY

111 White 7 max
110 Yellow é
101 Cyan S
100 Green 4
011 Magenta 3
0190 Red 2
001 Blue 1 min
00O Black 0 OFF

Figure 2-12 Color Palette

Figure 2-13 shows the latch wvalues to be programmed if the three
attributes A, B, and C map directly to green, red, and blue.
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Example ATTRIBUTE COLOR
e ——————— 1114 White
| p—————— 110 Yellow
R et bty 101 Cyan
Vol e 100 Green
lm—————— 011 Magenta
il ————e 010 Red
il 001 Blue
HHERR R EE Lt 000 Black

GREEN latch 10101010

RED latch 11110000

BLUE latch 11001100

ABC I
1 1 ] ===+l
11 0 ===t}
101 ——mmmet} i}
100 —=————em—est|
01l | ===+ | | I
01 0 ==——=+ | |
00 1 —————et |
00 0 ~————e——e—st
Example 2 . (G00D FOR FLAGS)
Background is black
Flag background is blue (A plane)
RED has priority over blue (B plane)
WHITE has top priority (C plane)
ATTRIBUTE COLOR
r———————— 111 White
R 110 Red
{ ] e 101 Blue
L B e 100 Black
I p———————— 011 Black
i l——_————e 010 Black
il 001 Black
R 000 Black

GREEN latch 11001100

RED latch 11111160

BLUE latch 11001110

ABC R ERE N
1 1 1 =ittt
1 1 0 e}t
1 0§ —c——mmes i 1}
100 —————ee—eat|
01 | ===+ 1} | !
01l 0 ———me=se | |}
001 ~————eesp |
00 0 ——~———e—e—ue

Figure 2-13 Palette FProgramming
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2.10.2 Pixel Addressing

The pixels are mapped into the processor ‘s memory space such that =z
group of 16 adjacent pixels of a single attribute bit are cortained
within a single word. The words of pixels are mapped 1nto =
continvous string of 45 words for every row. One unused word occurs
at the logical end of each rouw. The entire screen takes up a block
of 32 768 memory locations of which 27 600 are actually used (which
corresponds to 736 x 300/8). The three attribute sections are
located in ¢three, adjacent, 32-kbyte blocks of memory. Note that
when a 50 Hz screen refresh rate is used, (350 displayed lines) then
32 200 bytes of the block are used. Figure 2-14 shows examples o¥
pixel addressing.

Example: Pixel in top left corner of screen.

ADDRESS BIT 0123456789ABCDEF

Attribute A; 0COOO0H 0 S
Attribute B; 0C8000H 0 Xo oo
Attribute C; ODOOOOH 0o X oo

Example: Second line down, 123 from left margin.

((2 x 736) + 123) / 16 = 99 remainder 11
99 x 2 = 198 = OC&H

ADDRESS BIT 01234567B9ABCDEF

Attribute A; O0COOC6H b X....
Attribute B; 0CB0C&H D X. .
Attribute C; 0DOOC &H 11 o X. .

Figure 2-14 Examples of Pixel Addressing

2.10.3 Timing and Synchronization

The graphics video controller board uses the same dot clock wuvsed by
the CRT controller board to generate its other internal timing. To
synchronize the pixel outputs from the two boards, the display enable
(DE) signal from the CRT controller board is monitored. I¢+ <the DE
signal has been low +for a long period of time, the graphic boargc
assumes that the scan is in the vertical interval and rTesets 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 the
vertical interval when DE is low for a 1long periocd of time, the
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counters are restarted after a time-out to continually refresh the
dynamic RAM.

The graphics video board is designed to allow the CPU essentially
free access to screen memory. During a single screen display cycle.
the hardware can access the refresh memory two times — once to read
the data ¢for screen display, and once for the CPU to read or write
data if needed. To allow sufficient time for this access, a display
cycle accesses 16 adjacent pixels of three attribute bits each

These are read in parallel and loaded into three 1&6~bit shift

registers for display. After the memory has been read for screen
display, the CPU access cycle is started when a read or write <cycle
is requested. The memory accessed is broken up into one of six

separate bytes by properly decoding the enabling of bus buffers and
write enable signals to the memory.

Dynamic memory is used on the graphics video board because of the
large amount of memory required. The memory chips are organized into
16k x 4 bits and are packaged in an 1{B-pin, dual inline package
(DIP). The B8 address lines are multiplexed into 256 row addresses
and 64 column addresses to get to the 146-k locatiaons in the memory.
The addresses to the RAM also need to be multiplexed between the CFii
and the refresh counter. This four—-way multiplexing is done by four:
745153 dval 4-to-1 multiplexers (U33 through U34}.

The timing for the graphics board is shown in Figure 2-15 The
timing is generated by a 4-bit counter (U39 type 74LSE3) and a logic
array (U411 type HAL16RBA-1). The refresh counter start or stop logic
and rTeset logic are provided by a counter (connected as a one—-shot’
and two gating circuits (U400 74LS1463, U44 74LS00., U4S 74L504).
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Figure 2-15 Graphics Video Controller Timing Diagram
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2. 10.4 Graphics Logic Array Program

Programming for the logic array is given in Table 2-19. Note that
the output goes LOW when the AND of all the terms on a line OR the
AND of all the terms on some other line is true.

Table 2-19 Programming for the Graphics State Machine HAL

RD- X1 LATEN- BUFEN-
WR- X2 LATOE- SRLD-
GSEL~ ROW- RAS- SWAIT-

Output: DE GRCLK CAS- DED- Comment
e B O s s s aat T R N ST TS —-—
LATEN- L . L . . . HL . .. L. . . . . READ 85.,6,7.8

or . LL . . . . L . . . . L. . . HWRITE S3

or . L L . . . . . L. . . . . . . WRITE S4 till not write

or L L. . . . .. .« . . . . . . all other ORs inactive
e S e s s LT S P AT S —-—
LATOE- L . L . HHHL . . L. . . . . READ S8

er L . L. . . . . . L. . . . . . READ S9 till not read

or L L. . . . .. . - . . . . . . all other ORs inactive
s s e T S s o e s St ' -
RAS- . . . . LHLH .« . . . . . . REFRESH SCREEN 6§11

or . LL .. . LL . . . . L. . . WRITE S3

or L . L. LHLL . H. . . . . . READ 83

or . . . HHL . L. . . . . CPUBS4, REF S12

or . LH L. . . . . CPUSS,6 REF S13,14

er . . . . L HH . L . CPU §7, REF S15

o L L. . . . . . e e e e e inactive term
e e e o e e o e e e o o e —_—
CAS" . . . . . . H . . . L . . . . . 8135 14: 15. 0: 50 61 70 8

ot . . . . . . K. ... L. . . . . all other ORs.
e S S T e =t S -
BWEN' L. . L . . . . L . . L . N . . . READ 340 5; 6: 7: B

or . L L . HLLL - WRITE S2

or S R R .. AR B .. WRITE S83.4.5,46,7,8

eor L L. . . . . . e e e all other ORs inactive
T s o e I R e O s | —-—
SRLD- . . . . LHHH e S15

or L L. . . . .. .« .+« . . . . all other ORs inactive
———— e e b e b e e o e cep e -
GWAIT- L . L . . . . . HHd . . . . . . READ

er . L L . . . . . H. . . . . . . WRITE

o L L. ., . . . e e e e all other ORs inactive
i s s s e S 2 -—
DED- A & T e e e e DELAYED DE

or . . . H. . . . . . . . . . . . all other ORs.

s s e S T L L Wi i WEE Y -
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2.

This subsection describes the functions and theory
the

i1

SYNCHRONOUS-ASYNCHRONOUS COMMUNICATIDNS BOARD

of

operation
synchronous—asynchronous communications (sync-async comm) board

HARDWARE

of

Figure 2-16 is a block diagram of the sync-async comm board. Refer
to Section 5, drawing 2223096, for logic diagrams.
interrupt *
Acknowiedge INTACK .
Logic
Clock
VAN
Select Select
ACK 10
Address I 3::::‘ Chip Selector
Logic Yy v
lg‘.’:'c’:‘ nOBur —> Communications
. Controlier
Select Input Oata Bus :
Input/Output !
Cycle
‘ i i RS-232-C
Select Output Select _L$ rf{nmerface
|
System Receivers *—#
Uni
B:G‘fd @ V 1 :
| External
< Data Bus $ D;t:ﬁBQ:Js K [ | Devices
|
| A Transminters -—H
J
- interrupt In::::::pt
Figure 2-16 Sync—-Async Comm Board Block Diagram
The sgnc-asqné comm board is designed around the Zilog Z8530 Serial
Communications Controller (SCC). This device avtomatically handles
async protocols as well as most sync " protocols, including bit-
oriented protocols such as synchronous data link control (SDLC) and
high-level data 1link control (HDLC). Cyclic redundancy check (CRC?

is an avtomatic function and can be

For detailed information,

Texas Instruments

included

in

any

refer to the Zilog data manual.
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2.11.1 Sync—-Async Comm Board System Interface

Most of the components on the board are involved in handling the
interface between the system bus and the 28530. Of special note 1is
the logic used to generate the interrupt acknowledge (INTACK) signal

required by the ZBS30 in response to an interrupt request. The
INTACK~ signal is generated with the help of software rather than
being related to the system interrupt acknowledge signal. This

condition 1is due to the setup time required by the part and the fact
that the system expansion bus does not provide for expanding the
number of interrupt levels.

To generate the INTACK- signal, the software does a AIOWC- (write) to
the I/0 address for interrupt acknowledge and then does a IORC-
(read) from the same address. The data received on this read is the
interrupt vector from the Z8530.

The AIOWC- signal clears USB causing the INTACK- signal to the 28530
to become active. When the IORC- occurs the vector from the 8530 is
gated onto the data bus. The rising edge of IDRC- clocks USB to the
inactive state to release the INTACK-.

The address selection logic is composed of the U3 (74LS139) decoder
and several additional gates to qualify the address. This logic i«
designed to allow the board to be selected at four different address
locations (see Figure 2-17), allowing multiple communications board«
in the system. As with other ]I/0 devices for this bus, only 10 of
the address lines are decoded. U3 provides two decoded outputs:
INTCS— and SCCCS—-, for use on the board. These signals are wused t:
activate the INTACK logic and 28530 respectively. They are "OR"e:
together to provide the board select (BDCS) signal, which i:
combination with the "AND" of IORC- and AIOWC- (IDRQ) is used t .
enable the bus buffer U7. :

The other logic on the system side of the board is used to delay the
read and write commands to the SCC in order to meet the address and
data setup and the hold time requirements of the opart. The signal
IORG 1is connected ¢to ¢the input of USA (74L8S74 +lip—-flop) and the
clock input is connected to the system CLK line. The rising edge of
the clock occurs 133 ns after the IDRC- or AIDWC~- signal occurs. The
output of USa is gated with IORC- and AIOWC- to delay. the start of
the SCCRD~ and SCCWR- signals. The clear input to USa is connected
to BDCS to allow the SCCRD- and SCCWR- signals to occur only when the
board is selected.

In order to reset the ZBS530 SCC, both the SCCRD- and SCCWR- lines
must be held active together. This holding is provided by Uébc and
Ued which “OR" in the RESET signal from the bus with the SCCRD- and
SCCWR- lines.

The interrupt output from the SCC is inverted and buffered by U4c and

goes to a set of 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 oscillator on the board is operated at 4. 9152 MHz and is
divided by 2 ¢to provide 3 <clock for the SCCs internal baud-rate
generators. The value to progrsm for the generation of a specific
baud rate is shown in Table &-20.

Table 2-20 Sync-Async Comm Board Baud Rate

BAUD ASYNC PERCENTAGE SYNC PERCENTAGE

RATE VALUES OF ERROR VALUES OF ERROR
19 200 2 0. 000 b2 0. 000
@ 600 é 0. 000 126 0. 000
7 200 9 =3.030 169 =0. 196
4 800 14 G. 000 254 0. 000
3 600 19 1.587 339 0. 098
2 400 30 0. 000 510 0. 000
2 000 36 1. 053 612 0. 065
1 800 41 =0.775 481 =0. 049
1 200 62 0. 000 1022 0. 000
600 126 0. 000 2046 0. 000
300 254 0.000 4094 0. 000
200 382 0.000 6142 0. 000
150 510 0.000 8190 0. 000
134. 5 269 0.001 @134 0. 001
110 : 696 0. 026 11169 =0. 001
75 1022 0.000 16382 0. 000
S0 1534 0.000 24574 0. 000

n
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2.11.3 Sync—-Async Comm Board Addresses
The board addresses for the four possible ports are given in Table 2-
21.

Table 2-21 Sync-Async Comm Board Port Addresses

PORT ADDRESS FUNCTION
PORT 1 00EOQ Interrupt Acknowledge
INTERRUPT IRO (PIN 8) 00E4 CHB Command

O0ES CHB Data

O0ES CHA Command

COE7 CHA Data
PORT 2 O0OES8 Interrupt Acknowledge
INTERRUPT IRi{ (PIN 48) 00EC CHB Command

00ED CHB Data

OOEE CHA Command

OOEF CHA Data
PORT 3 00F O Interrupt Acknowl edge
INTERRUPT IR2 (PIN 50) OOF 4 CHB Command

O0F 5 CHB Data

O0F 6 CHA Command

00F7 CHA Data
PORT 4 O0F 8 Interrupt Acknowledge
INTERRUPT IR4 (PIN 46) 00FC CHB Command

OOFD CHB Data

QOFE CHA Command

OOFF. CHA Data
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2.12 WINCHESTER DISK DRIVE AND CONTROLLER

The MWinchester disk drive and controller board option consists of a
controller board, cable and hardware, 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 I/0 Port Assignment

+ + +
H HEX ' FUNCTIONS :
+ ——— + +
! ADDRESS : IN ' ouT '
—— + — +
: 0030 : Data IN port H Data OUT port !
—— + —r—— +
i 0031 : Status register : RESET '
— + + +
: 0032 H Not used : Not used '
+ + + +
! 0033 ! Not vused ! Interrupt mask !
+ + + +

An IN function sets data from the Winchester controller board and
drives it onto the computer’s 1/D expansion bus. Conversely, an OUT
function sets data from the computers 1I/0 expansion bus onto the
Winchester disk controller board.

For byte definitions of the registers, refer to the I1/0 memory map
given in Table 2-1.
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2.12.1.1 Data Input Port. [Disk read data and controller sense bytes
are passed through this regicter to the computer. The data is hel:s
for each handshake cycle. The configuration is as follows:
MSB BIT NUMBER LSB
1/0 HH 7 i 6 | S 4 3 2 | 1 o !
Port R T PRt R et AN PR R e P S R L T T
Addressi! H b ' ! ! ! : !
0030 {IDATA 7!DATA &!DATA S!DATA 4!DATA 3iDATA 2!DATA 1!DATA 0!
11 ] . 1 ] (] 1] ] 1 i
[ | ] L} ] ] [] ] 1 ‘
2 e - -~ P51 -+ T+ ¥+ -+ 1t T "+ T+ Pt ¥+ ¥+ %+ —+ &1 T8
2.12.1. 2 Data Output Port. Command bytes and disk data are passed
through this register to the controller. Data is latched wuntil
updated by the CPU. The bit arrangement is as follows:
MSB BIT NUMBER LSB
1/0 HH 7 | & | S 1 : H 2 1 1 | o
Port o s P T S S S S S eSS S =SS nEms s S e
Address!! ! : i ! ! ! ! !
0030 | IDATA 7.DATA &iDATA S5!DATA 4.:DATA 3!DATA 2:DATA 1!DATA O!
(write)!! : : ' H H ! : :
{ RN R R R I I N R TG SRS eSS SN RN R S m g
2.12.1. 3 Controller Status Register. Stores tnhe controller status
Enables the CPU to read the status of the controller and monitor it~
operation. The controller status byte is defined as follows:
MSB BIT NUMBER LSB
I/0 i 7 | 6 | S | 4 | 3 | 2 | i H o |
Port | P Eas e TR I ST+ R S S R4S TS 4SS ST ST SN TS =SS
Address i {Don’t (Don‘t !Don’t iDon’‘t (Don’t |COMMAND!INPUT/! DATA |
0031 l!lcare Icare l!care Iicare Icare |/DATA IOUTPUT!REQUEST!
(read) || H H ! ! H ! ! H
} +RBAVDER BT ERC4 SIS e SN R o RS RO EmmSmENT pEmmT ST
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
operations, and place the Winchester controller in the command
receive mode. The byte definition is given as follows:
MSB BIT NUMBER LSB
I/0 i 7 i 6 | S | 4 | 3 i 2 ! 1 o !
Port e eas s s s s S s S S ST ¢SS SN S ST S === 4
Address!iDon’t iDon’t !Don‘’t iDon’t !Don‘t iDon‘t iDon’tiDon‘t !
00531 llcare licare l|care Icare Icare Icare I|care icare |
(write) ! ! ! ! H : ! ! : '
s s b= S s S =T+ S ST+ SRS S HSS === 4
\;
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2.12.1.95 Interrupt Mask. A two-bit field which determines the
interrupts to be serviced bu the CPU. The interrupt mask byte
definition follows:

MSB BIT NUMBER LSB
I1/0 HH 7 | & | 5 i 4 | 3 2 | b 0 '
P oTr t { T TS R e e T S S d T ST e e ST ST s S SR S e
Address !!Don’t !Don‘t {Don’t iDon‘t iDon’t i{Don‘t !DATAt ISTATUS !
0033 l!icare licare !care icare icare !icare |INTR. !INTR. '
L] : ' H { H | ENABLE |ENABLE !

2.12. 1. 6 Error Status Byte. This byte is a special case that is
only available after a command has been completed. The controller
indicates that this byte is available by setting the I1/0 and C/D bits
with DRG. A definition of the error status byte follows:

MSB BIT NUMBER LSB
1/0 HH 7 | & | 5 1 4 3 | 2 ! 1 o |
Port ¢ e b s e e s e SdSE S SN T SEE S ST SRS
Address ! iDon‘t iDon‘’t !Drive iDon’t (Don‘’t iDon’t (ErroriDon’‘t !
0030 licare icare INo. icare icare licare | bit lcare |
(read) 11| : : ' ' : ' H :
e e R e+ S S S SRS B4 CE RSN 4 ITE RSN+ EESE E4EE DT 4

2.12.2 Bit Definition for Registers and Ports

Table 2-23 provides definition of bits for the Winchester controller
registers and ports.
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Table 2-

23 Bit Definiticn for Controller Registers and Ports

+- + - LOGICAL STATE 1- -
i DATA i Data true ; data high ! Data false i data low ; '
{ BIT ! logical one = 2. 4 V ¢ logical zero <= 0.7 V :
o e - —— Lt -+t + -+ ¥ 3 T ¢+ + 1 + t -+ ¥ -+ F 5 ¢+ ¢ T $+ 31—+ 5+ + "+ 3+ L F 1T L P
{DATA 0-7 | ! '
! READ or ! DATA BIT = OME : DATA BIT = ZERQO :
{ WRITE : : H
- -_— + - - ——— - e
iDATA { Commands, status, or data | No command, status, or '
! REQUEST ! ready to be transferred i data transfers to or from !
: i to or from controller. | controller. '
e e ——— ——— +— -
VINPUT/ tData or status is read i Data or commands are !
i QUTPUT- !from the controller by twritten TO the controller !
o {the CPU. itby the CPU. i
- + +— -
{COMMAND/ !When INPUT/QUTPUT- is high, ,When INPUT/OQUTPUT- is high, !
{ DATA- {ISTATUS is sent to the CPU. IDATA is sent to the CPU. !
H 1 6 6 I 3 3 3 HE I I I IR I | I I I I I 6 I S I e
! iWhen INPUT/OUTPUT- is low iWhen INPUT/OUTPUT- is low,
! {COMMANDS are sent to the IDATA is sent to the
! icontroller " i{controller
- + : ——— -
VINTERRUPT! An interrupt ( level 6 ) H
i PENDING ihas been sent to the CPU. i No interrupt pending.
] ) [)
! iThis lets the controller !
! iinterrupt the CPU when it ' !
{STATUS thas finished the current : H
{ INTERRUPT icommand, and is ready to i WNo status interrupt i
{ ENABLE Ireturn the status byte. ! permitted. :
o + + -
{DATA {This lets the controller ' ‘
INTERRUPT | interrupt the CPU when i !
i ENABLE I!data needs to be read from | !
: ior written to the con-—- ! No data interrupt H
' itroller. ! permitted. '
+— + - + - -+
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2.12.3 Controller Status Bit Combinations

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

Table 2-24 Valid Bit Combinations for Controller Status

- - -
1 ' ] 1 }
iCOMMAND/ | INPUT/ | DATA ! MEANING OF PATTERN :
i DATA | OUTPUT I/ REGUEST! ! H
R Y R AR e S S G T S T S e E S T S T S ST ST S SETE N T
: : ! ‘i i
H o) } 0o H o) HH Not valid !
: : H i H
pl-t+—— 2 L3+ -3 2+ L} -+ TR+ §+ - ¥+ + —+t 3 T F 5+ 3+ 3§+ ==-0'-
! : ! {1 A data byte may be sent FROM the CPU i
! 0 ! 0 ! i i1 TD the Winchester controller. The '
H H ! i! controller waits for data to be written. !
R R R N 4 S S S T T ST T ST S ST RS ST
] 1 1 [ [
' 1 1 [ 3] )
: o ¢ 1 i+ o0 i Not Valid '
1 1 1 [ .
Y + 1 1 T T F— 13 s”-:- f 22—+ ===-;- 11 1 F 31— 3+t T+ PP P 3o 1 -3t T F 1 1 £ ] 23
: H H i{ A data byte may be sent TO the CPU :
H o) ' i H b {{ FROM the Winchester controller. Again. H
! t H i{ the controller waits until read. H
P T R R+ e S S s P o N S e T S S T S S SRS SEEE S EE S R
] ] ] 11 i
[ 1 4 [ }
H b { 0 : 0 Vi Not valid !
i ! b H '
P Y N G S T T N N T T T T N TS ST ST S T
: : ! i1 Command bytes may be sent TD the i
! b : 0 H i il Winchester controller FROM the CPU. i
[l [l [l [ 1
+=======+=====s=-:-=====—_—++== P T - 3 3t 1 5 % 1 2 F 1 7
(] [} [) I | 1
$ ] [ P ]
H 1 H 1 ' 0 HH Not valid :
! H H I !
PR e R R R Nt S S R N T T S SRS RS ST =S
i ' : i A status byte may be sent FROM the '
! i : i ! 1 ! Winchester controller TO the CPU. :
] ) 1 [ ) :
e 1t + 1+ Tt P Ff 1 FPN I+ PN+ F -t 31 _ + 31 -+ + + 1 F -t P R+ &t —+ F -+ P B 1
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2.12. 4 Normal Command Sequence Operation

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

4 3 o963 35 0 N2 ¥

* START .

3 36 36 36 34 3638 I HE I %

v

e

+ ——
Reset the Winchester controller !
( write to port 31 ) :

4 -~ 4

+ D
WAITL ! -
=>!
v
+- -+ -t
' Read status port (0031) !
[} ]
+— + -
v
%
» »
* Is %
# REGUEST # NO
* ACTIVE?  #———==2> WAITI
* *
L J *
» *
# YES
[]
v
%
* *
% *
" » COMMAND # NO < HARDWARE
' * MODE 7 pm——mm——————3 < FAULT
* ( C/D=1, *
* 1/0=0)%
* *

*
i
v
< QUTPUT >

Figure 2-17 Controller Operational Flowchart
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< OUTPUT >

v

+~— - + -
! OUTPUT COMMAND BYTES TO CONTROLLER |

! ({ write to port 0030 )
>—

i
}

N

L I LRI

* #
# DATA =«
*# MODE? * NO
# ( C/D=0) e
] L
* *
*  *

#omemem e}

<%

WRITE OR READ CONTROLLER DATA
( read/write to port 0030 )

ATy
> oo e &

<

® C - -

* *
#* STATUSH
* OUTPUT ™
* MODE?
% (I/0=1, *
# C/D=1)%
» *

= e e wm oo &

1
|
| 8
|
4

+<C--=

READ STATUS FROM PORT 0030

4 -t
} R,

=1

< END LOOP >

Figure 2-17 Controller Operational Flowchart, Continued
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< END LOOP >

# AN ERROR # NO
» OCCUR? #==—> < WAITI >

$ -

(L)

DO REQUEST STATUS COMMAND AND
DECODE ERROR

-1+
| Q|

-+

W36 I %
# END +«
% %63 %

Figure 2-17 Controller Operational Flowchart, Concluded
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2.12.5 Winchester Hardware Theory of Operation

The Winchester controller is addressed by the BOBS as a block of four
I1/0 ports: Hex 0030 to 0033. I1/0 reads are indicated by the bus
signal IORC, and I/0 writes are indicated by the bus signal AIOWC-

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

# When data is ready to be read from or written to the
controller.

# When the operation is completed, and the controller is
requesting a status read (C/D-=1, 1/0=1).

Both of the interrupt conditions can be individually disabled. When
the interrupt is active, the computers interrupt line & is held highn
until it is cleared by a read to the controller status register.

2.12.5.1 On Board EPROM/ROM. The <controller has a 4Kk x B bit
EPROM/ROM. This device 1is addressed in memory space at addresc
OFBOOOH and contains the driver routines for the controller. The
output of the EPROM/ROM drives the data bus through a tri-state
buffer when addressed. Access times on either the EPROM or the ROM
are not greater than 350 ns.
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2.12.5. 2 Commands and Command Testing. The computer sends a six-
byte block to the controller to specify the operation. This block is
the device control block (DCB). Table 2-25 defines the DCB.

Table 2-25 Device Control Block Bit Diagram

B
y+ +— +—=B I T NUMDBER -+ - +
{ 7 H é ! S ' 4 H 3 : 2 ! 1 '
+ o+ EEREEEEEHEETIERE R+SESERTI S4TSR ITI R SoT NSNS | T mmm ==

i COMMAND CLASS OPCODE

+ --

il
[}
-+ -+ 4

[

s + + + + + -+ -

{11! LOGICAL UNIT NUMBER ! HIGH ADDRESS ( note 1 )!
+=+ + + + + + + —t———————
‘2! MIDDLE ADDRESS ( note 1 )i
=t — + + + + + + -
13! LOW ADDRESS ( note 1 )i
* + + + + + +— +— -
141 INTERLEAVE OR NUMBER OF BLOCKS ( note 2 )!
=t + -+ + -+ + + + .
191 CONTROL FIELD !
& + -t -+ Lt + S e =
NOTES:

1. Refer to subparagraph 2 12.5 4, "Logical Address”.
2. Interleave factor for FORMAT, CHECK TRACK., and READ ID comman:

2. 12.5.3 Explanation of Bytes in the Device Control Block. The si:
bytes which comprise the device control block are defined as follows

BYTE DEF INITION

0o Bits 7, 6 and S identify the class of the command. Bits
4 through O contain the opcode of the command.

1 Bits 7, 6 and 9 identify the logical unit number (LUN).
Bits 4 through O contain logical disk address 2.

Bits 7 through O contain logical disk address 1.
Bits 7 through O contain logical disk address O (LSB).

Bits 7 through O specify the interleave or block count.

o & WO N

Bits 7 through O contain the control field.
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2.12.5. 4 Control Field Detailed Description. The control field,
byte 5. of 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 O through 3 as follows: ‘

DESCRIPTION BIT

Default 3-ms step rate
Seagate ST506 (MLC2)
Tandon fast step

Texas Instrument fast step
200-us buffered step

70~us buffered step

30-us buffered step

15-us buéfered step
Olivetti 2 ms/step (561)
Olivetti (562) fast step (1.1 ms typical)
Spare (for future use)

== 00000000 W
OO r~~0000N

~OOMHMOOM=OO~

Refer to the drive manufacturer’s manual in configuring the drive for
fast-, or buffer—step options. In cases where the drive is hardware-
configured for fast step, all commands which require seek option
selection must use the fast-step option for that drive.

NOTE
The step opfion bits (3 through O) are mutually

exclusive and only one option should be selected
in any given configuration.

Bits 4~5 are reserved for future use.

I+ bit & is @a 1, during a read sector command, the failing sector is
not re-read on the next revolution before attempting correction.
This bit should be set to O for normal operation.

Bit 7 disables the four retries by the controller on all disk- access

command. Set this bit only during the evaluation of the performance
of @ disk drive. This bit should be set to O for normal operation.
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2.12.5.5 Command Completion Status Byte. At the end of a command.
the <controller returns ONE completion status byte to the computer to
indicate if an error occurred during command execution. The REGUEST
SENSE STATUS COMMAND must be issued if the error bit is set to
determine the cause of the error. The format of the completion
status byte is : :

MSB BIT NUMBER LSB
1/0 i 7 i 5 | 5> | 4 | 3 | 2 | 1| 0o !
Address ! !Don‘t !Don’t !Drive !Don’t (Don’t Don’t !ErroriDon‘t !
0030 !icare lcare |No. lcare !care icare | bit lcare |
(read) ! H ! H H : ! ! :
} P R e s P T e s S e e s

2.12.5. 6 Logical Address (HIGH, MIDDLE AND LOW). The logical
address of the drive is computed by using the following equation.

Logical Address = (CYADR x HDCYL + HDADR) x SETRK + SEADR

Where: CYADR = Cylinder address
HDADR = Head address
SEADR = Sector address
HDCYL = Number of heads per cylinder
SETRK = Number of sectors per track
2.12.5.7 Sector Interleaving. Variable sector interleaving i:

supported by the disk controller. When any format command is issuec
any interleave value up to the number of sectors—-per—track minus
may be passed in the ' device control block (DCB byte 4). Th:
interleave factor may be adjusted for maximum system performance when
transferring multiple sectors of data. Interleaving allows logical
continuvous sectors of data on a given track to be mapped onto
nonad jacent physical sectors. An interleave factor of S5, for
instance, means that every fifth physical sector 1is ¢transferred as
the next continuous 1lcgical sector aof data. It does not mean that
tive sectors of data are Yransferred on one revolution. I¢ the CPU
cannot transfer the full sector of data during the sector interleave
time available, then the controller has to wait a full revolution
before the next 1logical sector can be read from the disk. I+ this
happens, the interleave factor is too low and should be increased
vntil an increase in operating system speed is noticed.

In order ¢to take full advantage of the interleaving feature of the
controller, the operating system should perform multiple-sector dats
transfers. I# single-sector transfers are employed, the differencs=
in speed with various interleave factors may not be noticeable.
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2.12. 6 Detailed Description of Commands

The commands fall into eight classes. O through 7, only classes 0O and
7 are used. Class O commands are data. non-data transfer, and status

commands. Classes 1 through & are reserved. Class 7 commands:
perform diagnostics. Each command is described in the following
paragraphs. The command description includes <class, opcode, an:i
format. "Dont care” bits are shown as "unused".

2.12. 6.1 TEST DRIVE READY Command. This command selects
particular drive and verifies that the drive is ready. The followin
diagram shows the format of the device control block for thi
command:

[LO) = 1 (]

B

Yy

t + BIT NUMBER-- +

e | 7 + Bit 6! Bit 5! Bit 4! Bit 3! Bit 2! Bit 1! Bit O!
= e s s e S e P S S T RS s ¢ ST S =TS ST == ¢
1 0| 0o ! O | © 1 0 1 0 ' 0 i1 0 i 0 !
+ + + + + + + ——— ————————
S S o ! O | DRIVE!unusediunused!unusediunused!unused!
+ + + + + + + —t ———————
! 2 lunusediunusediunusediunused !unused!unusediunused!unused !
+ + + + + + + ——— —t—————
{ 3 lunused!unusediunusediunused lunused!unusediunusediunused!
+ + + -+ + + + ——— + +
{ 4 lunusediunusediunusediunused !unused!unused!unused!unused!
+ + + + + + + + —————
{ 5 lunused!unusediunusediunused lunused ! unused!unused!unused !

o < & b - b -
-+ mal - - - g st +

The TEST DRIVE READY command can be used with overlapped seeks to
determine when a drive has completed seeking before issuving the next
command. If the drive is still seeking, the status byte at the end
of the command indicates an error, and the sense status indicates
“drive still seeking” (type O error, code B). A sequence of TEST
DRIVE READY commands can thus be used to determine when the drive 1is
ready for the next command.
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2.12. 6.2 RECALIBRATE DRIVE Command. This command positions theo
read/write (R/W) arm to track 000. Bit definitions for this command
are ‘as follows:

B

y + -BIT NUMBER- - —

t ! 7- | Bit &} Bit 5! Bit 4! Bit 3! Bit 2! Bit 1i Bit O!
P AR BEI ST IS BT E RS S ST =SS =SS SRS SN STES =SS SR =4
t 0| o | 0 ¢+ O i 0 10 10 it 0 ! i H
e + -+ ——— + + — —————
V1 o i O | DRIVE!unused!unused!unused!unusediunused:
———t + + —t + + —— ——t——————
{ 2 lunusediunused!unusediunused!unused iunused!unusediunused!
———p + -+ — + + + + —+
i 3 lunusediunused!unused!unused!unused lunused!unused!unused!
+ + + + —— - + + . —.
! 4 lunusediunused!unused!unused!unused !unused!unused!unused!
+ + + + — + + ——+ + -
! 5 IRETRY?! 0o | o | Q0 ISTEP J3!STEP 2!STEP {ISTEP 0!
+ + + + + + + — - -

“*

2.12.6. 3 REQUEST SENSE STATUS Command. The computer must send this

command immediately after it detects an error. The command causes
the Controller ¢to return four bytes of drive and controller status.
the formats of these four bytes are shown after the DCB. When an

eTTOT ocCccurs on a multiple-sector data transfer (read or write), the
REQUEST SENSE STATUS command returns the logical address of ¢the
failing sector in bytes 1, 2 and 3. I# the REQUEST SENSE STATUS
command is issued after any of the Format commands or the CHECK TRACK
FORMAT command, the logical address returned by the controller points
to one sector beyond the last track formatted or checked if there was
no eTTOT. I+ there was an error, the logical address returned points
to the track in error. Table 2-26, Table 2-27, Table 2—-28.and Table
2-29 list the error codes. Definitions of these bytes follow:

= BIT NUMBER-
Bit 4! Bit 3! B

t 2 1! Bit
P P 1 = = =
[]

=====
HE |

o
-+ -+

OB ¢
~
w
(VS
o
(1
]
e
o
()

i i Bi
] ‘===
o L |

]
)
L -

Al T *

DRIVE!unusediunused !unused!unusediunused.

+ + + —— — —

—r——
2 lunused!unused

e A
-+

unused lunused ! unusediunusediunused !unused | unusediunused!

r
'

1]

b & & e . e -l <
* -+

[ ]

[]

E QIR

unused!unusediunused !unused | unusediunused!
+ —— + —_— —— -

+ + + + — -

unused !unused | unusediunusediunused lunused ! unusediunused:

+ 4 -+ o e e 10 e o e i e o e e e e o e e o ey

lunused !unused |unusediunusediunused lunusediunusedivunused:
+ + + ——— + + + + -

1

S N G U G,
I(ﬂ #'!hl T

A

Texas Instruments -85 Preliminary - Jan 21, 1983



TECHNICAL REFERENCE HARDWARE

Sense Bytes Returned. The adcress 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 @ 1; otherwise
it is set to O. For instance, if a RECALIBRATE command is followed
immediately by a REQUEST SENSE STATUS command, the address valid bit
could be returned as O since the command does not require a logical
block address to be passed in its DCB. The format for the sense
bytes returned are as follows:

y +—— -BIT NUMBER- —— <t
-t 7 ' é ' S H 4 ' 3 : 2 : 1 : 0o !
Pl e T R Rt E S R R TR S E TR S S EE RS E SESE R+ E EEIR EE4 R RESE ==
i & 'ADDRESS?! O ! ERROR TYPE : ERROR CODE |
———t + + — —— + —+ + +
LI (o} i 0 {DRIVE | HIGH ADDRESS (see note)!
e et + — -t + + + + -—
P2 1 MIDDLE ADDRESS (see note)!
+ + + + — + + + —— e e e
13! LOW ADDRESS (see note)!
———t + —t ——— + + + + +
NOTE: Refer to paragraph 2.12. 5.6, "Logical Address".
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Table 2-26 Type O Error Codes, Winchester Disk

HE X
CODE DEFINITION
0 The controller detected no error during the execution
of the previous operation.
i The controller did not detect an index signal from the
drive.
2 The controller did not get a SEEK COMPLETE signal from
the drive after seek operation.
3 The controller detected a write fault from drive during
last operation.
4 After the controller selected the drive, the drive did
not respond with READY signal.
S Not used.
& After stepping maximum number of cylinders, controller

did not receive track 00 signal from the drive.
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HEX
CODE

Table 2-27 Type 1 Error Codes, Controlier Board

DEFINITION

ID Read Error: The controller detected an ECC error in
the target ID field on the disk.

Data Error: The controller detected an uncorrectable

- ECC error in the target sector during @ read operation.

Address Mark: The controller did not detect the target
address mark (AM) on the disk.

Not used.

Sector Not Found: The controller found the correct
cylinder and head, but not the target sector.

Seek Error: The controller detected an incorrect
cylinder or track, or both.

Not vsed.
Not used.

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

Bad Track: The controller detected the bad track flag
during the last operation.

Format Error: During a check—-track command. the con-
troller detected one of the following:

1) track not formatted

2) wrong interleave

3) 1ID ECC error on at least one (1) sector
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Table 2-28 Types 2 and 3 Error Codes, Command and Miscellaneous

HE X
CODE TYPE
0 2

1 2

o 3

1 3

2 3

Texas Instruments

DEFINITION

Invalid Command: The controller has received
an invalid command from the hot

Illegal Disk Address: The controller de-
tected an address that is beyond the maximum
range.

RAM Error: The controller detected a data
error during the RAM sector buffer
diagnostic.

Program Memory Checksum Error: During its
internal diagnostic, the controller detected
a program-memory checksum error.

ECC Polynominal Error: During the con-

trollers internal diagnostic, the hardware
ECC generator failed its test.
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2.12.7 Error Codes

HARDWARE

The following is a summary cof the error codes rTeturned as the tesult
of the REQUEST SENSE STATUS commang.

NOTE: The ADDRESS VALID bit (bit 7) may or may not be set and is not

included here.

Table 2-29 Error Code Summary

ROR CODE MEANING
(HEX)
00 No error detected (command completed ok).
01 No index detected from disk drive.
02 No seek complete from disk drive.
03 Write fault from disk drive. )
04 Drive not read; after it was selected. )
05 Not used.
06 Track 00 not found.
07-0OF Not used.
10 ID field read error.
11 Uncorrectable data error.
12 Address mark not found.
_ng Not used. )
14 Target sector not found.
15 Seek error.
16-17 Not used.
18 Correctable data error.
19 Bad track flag detected.
1A Format error. )
iB Not used. )
iC ) i

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

ERROR CODE (HEX) MEANING

iD On a FORMAT ALTERNATE TRACK command, the track
is already assigned. or is flagged as bad track.

iE : When the controller attempted to access an
alternate track from a spared track, the
alternate track was not flagged as an alternate.

iF On a FORMAT ALTERNATE TRACK command, the

bad track equaled the alternate track.
- 20 Invalid command. B
o 21 : Illegal disk address. B
o 22-2F Nat used. B
o 30 Ram diagnostic failure. )
o 31 Program memory checksum error. -
o 32 ECC diagnostic failure. B
- 33-3F Not used. B
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2.12.8 FORMAT DRIVE Command

This command formats all sectors with ID and date fields according to
the selected interleave factor, and writes 6C hex into data fields.
The controller formats from the starting address, which is passed in
the command, to the end of the disk.

If bit 5 of control byte 5 of the command block 1s set on the format
command (OPCODE O4), the sector buffer is used as the data pattern
written on the disk data fields).

The WRITE SECTOR BUFFER command can be issued before ¢the format
command ¢to initialize <the sector buffer. Byte definitions are as
follows:
B
y+ + +-B I T N UMBER -+ + + +
t! 7 H é { S5 H 4 H 3 ! 2 H 1 H 0 {
P RS SRS SRS EESE PSS SN S SSd SRS SSRs EESE ST ESEESEmSs TEES =4
101 o | 0 ! 0 H 0 H 0 ' 1 H 0 ! 0 H
+— + + + + + e + +
i1 0 ! 0 {DRIVE ! HIGH ADDRESS ( note 1 )i
e + + + + + + + +
12! MIDDLE ADDRESS { note { )!
-t + + + + + + + +
131 LOW ADDRESS ( note 1 )i
— + + + + + + + +
14! o) H 0 H 0 H INTERLEAVE FACTOR ( note 2 )!
— —_—— ——— + + + + - + +
!1S! RETRY?! o) H 0 : 0 ! STEP 3! STEP 2! STEP 1! STEP 0!
—t + + + + + + + +
NOTES:
1. Refer to paragraph 2.12.5 6, "Logical Address".

2. Factors are 1 to 31 for

256-byte sector

and 1 to 16 for S512-byte sector.
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2.12.9 CHECK TRACK FORMAT Command

This command checks the format on the specified track for correct 1ID
and interleave. The command does not read the data field. The byte

configuration is as follows:

B

y+———————pe——————p=R I T NUMBER -+ + + -+

t! 7 ! é ' -5 : 4 ! 3 ! 2 ' 1 ! o} !
EX L. = — D P Lt bt D D B A s R
101 0o H 0 H 0o H 0 H 0 ' 1 i 0 : 1 '
>t + + -—t—— + -+ —_— + -
H 0 ' 0 iDRIVE | HIGH ADDRESS ( note 1 i
S ea—— — —— + + + ——— + -
- MIDDLE ADDRESS ( note 1 )!
+=—+ + + + + + 4 + -
13 LOW ADDRESS ( note 1 )!
= + + + o + + + -
141 ) H o) H o) ! INTERLEAVE FACTOR ( note 2 )
-t +— + + b— B + + -
1S! RETRY?! 0 H 0 ! 0 | STEP 3! STEP 2! STEP 1! STEP 0!
s + — + + + + -
NOTES:

1. Refer to subparagraph 2 12.5. 6, "Logical Address".

2. Factors are {1 to 31 for 256~-byte sector

and 1 to 16 for 512-byte sector.
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2.12. 10 FORMAT TRACK Command

The

references to bad

FORMAT TRACK Command

Treformats
and alternate tracks.

byte 5 of the command block iz set,

HARDWARE

the track, eliminating all
Also., if bit 5 of control

then the sector buffer is used acs

the data pattern in the data fields, otherwise the command writes 6C
hex in the data fields. The byte definitions are as follows:
B
y+—— ——— +-B I T NUMBER —+ + + -+
! 7 ' é H 5 ! 4 : 3 H 2 H 1 : 0 :

o sy R s e S s SR SR S R s =T ¢
101 0 : 0 : o} H 0 : 0 : ) 1 H 0 :
S + +— + + + + ———————
111 0 H 0 {DRIVE ! HIGH ADDRESS ( note 1 )i
+*—+ + + A +4 + + + -+
121 MIDDLE ADDRESS ( note 1 )|
+ + +— +— + -4 o+ + -
134 LOW ADDRESS ( note 1 )i
+ = ——— + +— + + +— + -
{4 o) H o] H o) ! INTERLEAVE FACTOR ({ note 2 )i
+—+ + + - + +— +— + +
{55! RETRY?! 0 : 0 i 0 { STEP 3! STEP 2! STEP 1! STEP 0!
- — + + —— + + + + -
NOTES:

1. Refer to paragraph 2. 12. 5.6, "Logical Address".

2. Factors are 1 to 31 for 25é6-byte sector
and 1 to 16 for 512-byte 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 fields. No data fields are written. The byte definitions
are as follows:
B
| + -+~—B I T NUMBER -+ + ——— -
! 7 H é ' S H 4 H ! < : 1 ' o} :
e+ P T R T s T A R S T S AR SIS eSS =S =4
101 0 : o H s) : 0o : H 1 : 1 ' 1 4
+—+ + + —t—— + + + + -
111 0 H 0 {DRIVE | HIGH ADDRESS ( note 1 )!
+—+ ——— + + —r—— +— + + -+
12! MIDDLE ADDRESS ( note 1 )!
+—+ + b + + + + e -
134 LOW ADDRESS ( note 1 )!
+ =t + +— b + + + + -
14 0 H 0 H 0 : INTERLEAVE FACTOR ( note 2 )!
+ =+ + + + + + + +— -
{15! RETRY?! o] ! (o) H o) ! STEP 3! STEP 2! STEP 1! STEP 0!
+—+ + + + — +— + + -
NOTES:
1. Refer to paragraph 2 12 5.6, "Logical Address”.
2. Factors are 1 to 31 far 256-byte sector
and 1 to 16 for 512-byte sector.
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2.12. 12 READ COMMAND
Starting with the sector address given in this command, the

controller reads a specified number of sectors.
are as follows:

The byte definitions

B

y+— ——— -+—B I T NUMBER -+ + + -+

t: 7 i é6 H 5 H 4 H 3 ' 2 H i H 0 H
S AP R Y R N E I N P S T ¢ S T SR TS S ST E S E S TS = mm s
10} 0 ' 0 ! (o) ' o) ! 1 ' 0 ' 0 ! 0 !

+ + + - — + + —r— -

113 0 H 0 iDRIVE | HIGH ADDRESS ( note 1 )i
——— + + — + + + + -
128 MIDDLE ADDRESS ( note 1 )|
= + + — + + + + —
13! LOW ADDRESS ( note 1 )i
= + + + + + + - -
141 BLOCK COUNT !
+-— + + + —— —t— + + -
15! RETRY?! note 2! (o] H 0 { STEP 3! STEP 2! STEP 1! STEP 0!
+—+ + + + + + —_—— + Y
NOTES:

1. Refer to paragraph 2. 12.5. 6, "“"Logical Address".

2. I1¢# an ECC error is found when this bit is set in the READ commanc

retry the command.
2.12.13 WRITE Command

This command uwrites the specified number of
the initial sector address contained in the DCB.

sec tors,

starting with
Each sector of data

can be either 256 or 512 bytes long. The sector size is jumper
selectable. Byte definitions are as follows:
B
y+ + -+=B I T NUMBER =+ + + -+
t! 7 H & ! 5 ! 4 ! 3 ! e ! i ' 0 i
+ P EREE B SREEREREE SR B e S B¢ ST SN ST S SeEE =T B ==Y
10! 0 L ¢ H 0 H 0 ! 1 ' 0 ! 1 H 0 !
- + + + -+ + + + -
R & 0 ! 0 IDRIVE | HIGH ADDRESS (see note)!
+ - + + + + ——— + + -
{12! MIDDLE ADDRESS (see note)!
+ —— + + + —— + ——— - -
131 LOW ADDRESS (see note)!
+—t + + + + + + + -
14! BLOCK COUNT !
+—— + + + —t— + + + —
15! RETRY?! o) ! 0 ! 0 | STEP 3! STEP 2! STEP 1! STEP O
+— + + + + + + + -
NOTE: Refer to paragraph 2. 12. 5. 6, "Logical Address".
Texas Instruments 2-96 Preliminary - Jan 21, 1983
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2.12. 14 SEEK Command

This command initiates a seek to the track specified in the DCB. The
drive must be formatted. The byte definitions are as follows:

. +-B I T NUMBER -+ + + +

7 : 6 ' 5 H 4 b 3 ! 2 : b H 0 :

Ty T A e T F F o P P P e T T =P,

0 H 0 : 0 ! 0 ! i i 0 i i { 1 }

+ + + —_— + + + +

o) ! 0 {DRIVE | HIGH ADDRESS (see note)!

—_— + + + + + + +

MIDDLE ADDRESS (see notel!

LOW ADDRESS (see note)!

UNUSED !

+ + + + + -—— + +

RETRY?! 0 ! 0 H 0 ! STEP 3! STEP 2! STEP 1! STEP 0!
TE: Refer to paragraph 2. 13.5.6, "Logical Address".

2.12.14. 1 OQOverlap Seeks with Buffered Step Drives. For drives
employing buffered seeks, SEEK commands can be overlapped. After the
cantroller issues a SEEK to the drive, it returns a completion

status, not waiting for the drive to complete the SEEK I the
return status shows no error, then the SEEK was issued correctly. I+
there is an error, then the SEEK was not issued. After transfering
the status, another command can be issued to either drive. I# a neuw

command is received for a drive with an outstanding SEEK. then the
controller waits, with BUSY active, for the SEEK to complete before
executing the new command (except the TEST DRIVE READY command).
There is no time~out condition in the controller, waiting for the
buffered-step SEEKS to complete.

r
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2.12.15 INITIALIZE DRIVE CHARACTERISTICS Command

This command enables the wuser to configure the controller to work
with drives ¢that have different capacities and characteristice.
However, both Winchester drives must be of the same manufacturer and
model number. '

After the computer sends the command (DCB) to the controller, it then
sends an eight—~byte block of data that contains the drive parameters
Some of the parameters occupy two bytes; all two-byte parameters are
transferred with the most significant byte (MSB) first. The eight
bytes are listed below.

C = Maximum number of cylinders (2 bytes)

H = Maximum number of heads ( 1 byte)

W = Starting reduced write current cylinder (2 bytes)
P = Starting write precompensation cylinder (2 bytes)
E = Maximum 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 = 128
Starting write precompensation cylinder =64
Maximum ECC data burst length = 11 bits

The parameter for the maximum ECC burst length defines the length of
@ 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 a S-bit ECC error and the erroneous data appears as C5 (1i00
0101) before correction, it could appear as D4 (1101 -0100) after the
correction. However, if the CPU has set the maximum ECC burst length
at 4 bits, the controller might flag this data as uncorrectable.
This is a type 1, code 1 error.
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Byte definitions for the INITIALIZE DRIVE CHARACTERISTICS command are

as follows:

B

Yy

t +-me —BIT NUMBER —

e | 7 | Bit 6! Bit S! Bit 4! Bit 3! Bit 2! Bit 1! Bit 0!
o V—+======+===== e+ P Tt 1+ P ¥ -+ F Pt R ¥ F 2% F - F ¥§ ¥
v 0 o o 0 I 0 IS | L | t 0 i 0 :
b e e + -+ + + +— + —

! 1 tunusediunused lunused! unused!unusediunused lunused! unused!

e + + —— + —— + + +
! 2 lunusediunused!unusediunusediunusediunused 'unused! unused!
e b + — -+ +— + + —
{ 3 lunusediunused!unused!unusediunusediunused !unused ) unused!
———t + + + + +— + + -
! 4 lunusedivnused!unused!unused!unusediunused lunused!unused!
——t + + + + + + + +
{ 5 lunusediunused!unused!unused!unusedivnused !unused! unused!
+ + o + —— + + + +

nal " - -

-

2.12.15. 1 Drive Parameter Bytes. These bytes are passed to the

controller after the INITIALIZE DRIVE CHARACTERISTICS command has
been issved:
B

y+— - -—B I T NUMBER -+ - + -
: 7 ' & H S ! 4 ' 3 ! 2 ! 1 H 0 ;
EX-E2 £33 12+t -t F PSS 3 -~ F Pt 3 ¥t §+ _tF I T F P -t F P T T3

10! MAXIMUM NUMBER DF CYLINDERS MSB !
—— —t——— + —— + —
HB MAXIMUM NUMBER DF CYLINDERS LSB :
=t + + - ——— ———— — -
2! 0 H 0 H 0 : o) ' MAXIMUM NUMBER QF HEADS :
+—t -+ +— + +— ——— +— -+
13 STARTING REDUCED URITE CURRENT CYLINDER: MSB !
-t + - ——— -
141 STARTING REDUCED NRITE CURRENT CYLINDER: LSB :
i + —— ——— ———— -+
-] STARTING NRITE PRECDMPENSATION CYLINDER: MSB !
=t + ——— ——— ——— —— —— —_
161 STARTING WRITE PRECOMPENSATIDN CYLINDER: LSB !
+ -t + + + ——— ——— ——— e ~+
171 0 ! 0 i o) i o] ! MAXIMUM ECC DATA BURST LENGTH
S me + + + + +— ——— ———— -
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2.12.16 READ ECC BURST ERROR LENGTH Command

This command ¢transfers one byte to the CPU. This byte contains the
value of the ECC burst length that the controlier detected during the
last Read command. This byte is valid only after a correctable ECC
data error. type 1, code 8 Byte definitions are as follows:

B

U -

t +———o ~—-BIT NUMBER -+

e | 7 1 Bit 6i-Bit 5! Bit 4! Bit 3! Bit 2! Bit 1! Bit Oi
e e e Rl R G e S e A SRS = S BTSSRt
1 0} o | o {+ O U ¢ [ | . | 10 S | !
——t + + + + + + + —
! 1 {unusediunused lunused!unused!unusediunused !unused ! unused!
——— + + + + -—— + + —
! 2 lunusediunused iunused!unused!unusediunused !unused!unused!
—— + + + + + + + —
! 3 lunusediunusediunused!unused!unusediunused lunused!unused!
——ap e + + + + + + + —
{ 4 lunusediunused lunused!unused!unusediunused lunusediunused:
s + + + + + + + —
! S lunusediunused lunused!unusedlunusediunused lunused ! unused!

. _y o < e Y < " b b
r - - « * T ™ - -
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2.12. 17 FORMAT ALTERNATE TRACK Command

FORMAT ALTERNATE TRACK formats the header fields of the "bad track"”
with the alternate track information (assigned by the CPU). The
alternate track is formatted to identify it as an alternate. The
command byte definitions for FORMAT ALTERNATE TRACK are as follows:

B .
y+— + -—=B IT NUMBER ~+——mee—o + -
t! 7 ! é ! -] : 4 : 3 i 2 ! 1 H 0 '

+otuEESEEERNIENRNBEIW B4+ BV BEID SHERBIETUABSTTESDRRSSNS SR PR DR T WSS ==

10! 0 : 0 H o : 0 ! 1 i i ! 1 ' 0 '

>t + + - + +— + —f—— -+ -t

i1 o H 0 ‘DRIVE ! HIGH ADDRESS ( note 1 )!

=t g + + + + 4+ + e

121 MIDDLE ADDRESS ( note 1 )1

) + -+ + + + + b -—

131 LOW ADDRESS ( note 1 )i

= -+ -+ -+ -+ + —fem + -t

141 o} : 0 { (o} i INTERLEAVE FACTOR ( note 2 !

+ =t + + + ——— - = + . -t

{S5! RETRY?! 0o i(Note 3) 0 i STEP 3! STEP 2! STEP 1! STEP 0.

L Al -+ + = b +— + +— -
NOTES:

1. Refer to paragraph 2. 12 5.6, "Logical Address™.

2. Interleave factor is 1 to 31 for 2546 byte sectors
and 1 to 16 for 512 byte sectors.

3. I# this bit is set, the data in the existing sector buffer
is used to $£#ill the data field. If this bit is cleared,
the data field is written with &C hex.

The interleave byte (4) is programmed the same as in the FORMAT
command, and is vuvsed on the alternate track. If bit S of control
byte (5) is set. the data in the existing sector buffer is wused ¢to
fill the data field. if not set, the data field is written with 4C
hex. After issuing the command, the controller asks for the
following 3 bytes. These bytes point to the CPU~assigned alternate
" logical address. Again the sector address is ignored.
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2.12.17. 1 Assigned Alternate Address Data Block. The byte
definitions are as follows:
B
y+—- +——- -+-B I T NUMBER -+ —— + -+
t! 7 H & ! S i 4 ) 3 : b ' i ! 0 '
L 222 T 3 T2 £ 3 2 1t L2 F 2 -3 323 F 1 - F L3 T X 2o {232+ 3 L33 31
10! 0 ! 0 H 0 H HIGH ADDRESS (see note)!
- =t ——— + + + + + + -
i1 MIDDLE ADDRESS "(see note)!
N + ——— + + + e + -
12! LOW ADDRESS {(see note)!
+ =< + + + + + + + -

NOTE: Refer to paragraph 2 12. 5.6, "Logical Address"”.

2.12.17.2 Alternate Track Assignment. The assignment of alternate
tracks and the lockout of bad tracks has to be done by the computer.
Bad areas on the disk are labeled defective on a track basis by
issuing @8 FORMAT BAD TRACK command (Command code 07). One procedure
for assignment and handling of alternate tracks is as follows:

1. The entire disk drive is formatted by issuing a FORMAT DISK
command (Command code O04) starting at logical track 000.
If an error occurs during formatting, then a REGUEST SENSE
STATUS command should be issued. I# a format error is
indicated, bytes 1, 2, and 3 of the returned status gives
the address of the bad track and a FORMAT BAD TRACK command
(command code O7) should be issved to the track. A new
FORMAT command is then issued to format the rest of ¢the
disk starting at one track beyond the bad track. If any
other errors occur during the subsequent formatting, the
above process should be repeated until the entire disk is
formatted.

2. A RECALIBRATE command is issuved (Command code 01) ¢to
position the heads over track 000.

3. All sectors on the disk are read to see whether any
uncorrectable ECC errors 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 optionally
verify this data pattern after the data is read into

memory. However, verifying the data byte—for-byte is not
normally necessary since the error detection and correction
circvitry flags all uncorrectable errors. If a large block

of host memory is available, multiple sector reads can be
issuved to speed up thes verify process.

Texas Instruments 2-102 Preliminary - Jan 21, 1983



TECHNICAL REFERENCE ' HARDWARE

4. When an uncorrectable arror is found, a FORMAT BAD TRACK
comnand (Command code O7) is issued to the failing track
which writes a bad track flag into all identifier fields.
Whenever this ¢track is subsequently accessed, an error
results and the sense status which follows indicates an
error code 19 hex.

Whenever a wuser program accesses the disk, it should not be allowed
by the operating system to issue @a READ or WRITE command to the
alternate tracks. The disk controller has no way of knowing when an
alternate track is being read. The alternate tracks are sometimes
asgigned at the end of the disk (highest track numbers) but they may
be assigned to any tracks so long as the track label is maintained by
the computer. In general, if four tracks are reserved as alternates.
they should be adequate for all disk drives currently available given
the error correction capability of the contraoller; however, 1t 1is
recommended that the system programmer consult the disk drive manual
for the hard defect specifications. )

2.12.17.3 Alternate Address Protocol. After receiving the command
and the assigned alternate, the controller does the following.

1. Seeks to "alternate assigned track”" and verifies it is not
already an assigned alternate track, or flagged bad track.
I# the track has already been assigned as an alternate or
is +Fflagged "BAD", then error code ID hex is given and the
command is aborted. This usuvally implies that the computer
is attempting to assign two (2) bad ¢tracks to the same
alternate track.

2. Formats the track as an assigned alternate track.

3. Seeks to the "bad track" and formats the header as a spare
track pointing to the assigned alternate.

NOTE

Data fields on both the bad track and alternate
track are destroyed.

Using the FORMAT ALTERNATE TRACK Command

1. The controller must be initialized to include the alternate
tracks cylinder and head ranges.
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"~

Note that, with alternate tracks, the entire disk is not
available to the system. Generally the disk space is fixed
in the system software, which can be assigned as alternates
when needed.

The number of spare tracks is dependent on drive size and
number of defects allowed by the drive manufacturer.
Cenerally this is 1 spare track for each 50 to 100 tracks.

3. Procedure for use is to:
# Format the entire disk, including spare tracks
% Verify the disk. '
# Assign each media defect an alternate track.

* Assign alternate tracks for drive manufac turer’s
list of. defects. :

4. In system operation. the alternate tracks are invisible to
the host. The controller automatically seeks to the
assigned alternate track when an access is made ¢to a
flagged defective track. “Consecutive" accesses to a flag
track does not result in reseeking to the alternate track.
The controller maintains position on the alternate track.

S. Direct access (seeking to, or attempted data transfer) ¢to

an alternate track results in an error code IC hex, and no
data transfer takes place.
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2. 18 WRITE SECTOR BUFFER Command

This command is used to £#ill the sector buffer with a host given data

the

byts

pattern. No transfer of data takes place between the drive and
controller The command accepts 256 or 512 bytes (depending on sector
size jumper) of data, and stores it in the sectar buffer. The
definitions are as follows:

B

Yy

t + BIT NUMBER- +

e ! 7 1| Bit 6! Bit S! Bit 4! Bit 3! Bit 2! Bit 1! Bit 0!
)T IR $EET RS SN S ESE S S ISTNR SRS = nmmsESmmE S

o ! o | o I © i 0 S | S | D | S | i

o + + -+ + + + + -

1 lunused!unused!unused!unused!unused lunused!unused!unused!

e - e - & e e &

— * n — - -* “-*r > o
1
]

unused lunusediunused!unusediunused lunused ! unusediunused

- o e < b b
*r v * - - v n -l

vnused !vnused ! unused!unusediunused lunused ! unusediunused!

A e o b - & b -

]
]
4
L
[}
[}

- > - -* g aat ™

lunused lunused!unusediunusediunused !unused!unused!unused!

i — Y e ' d e b

e
- - - -~ - v - -+
1
[}

unused lunused ! unused!unused lunused lunused | unused!unused

e e e . . ok A
+ + + + + + + -

& e 4

2.1

2. 19 READ SECTOR BUFFER Command

This command sends 256 or 512 bytes of data (depending on sector size
Jumper) to the CPU from the sector buffer. The byte definitions are

as follows:
B
'}
t +— BIT NUMBER-~ +
e ! 7 | Bit &} Bit 5! Bit 4! Bit 3! Bit 2! Bit 1! Bit 0!
+—V IR RIEIRE -SRI BRI, RIEN N X S TR RS e EEE e TSRS
i1 0 1 o 0 ! O } b i 0 ! O N o) i 0 }
——— + + + + + + + -
! 1 funused!unused!unused!unusedi!unused !unused!unusediunused!
+ + + + + ——— + + + -
! 2 lunused!unused!unused!unused!unused iunused i unusediunused:
+ + + + + + + + + .
i 3 lunusediuvnused!unused!unused!unused unused!unused!unused!
——— + + + + + + —+ —
! 4 lunusediunused!unused!unused!unused lunused!unusediunused!
e + + + +— + + -+ -
{ 5 lunused lunused! unused!unused!unused!unusedi!unusediunused!
+ + + + + - + + + + -+
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\
2.12. 20 RAM DIAGNOSTICS Command
This command performs a data pattern test on the RAM buffer. The
byte definitions are as follows:
B
Y
t +—- -BIT NUMBER- -
e | 7 | Bit 6! it 5! Bit 4! Bit 3! Bit 2! Bit 1! Bit 0!
+—V ——Em e s Y ==== I F -+ 2§+ Pt F + 1%+ -+ & F Lo F 1+ § 20
t O ¢ 1 { 1 1 i 0 L ¢ !0 i 0 i 0 H
——— + + — + +— + + -
{ 1 lunusediunused!unusediunusediunused !unused!unused!unused!
———te e e + o + + + —— -
! 2 lunused!unused!unusediunusediunused lunused!unusediunused!
———t + + + + + + + -
{ 3 iunusediunusediunusediunusediunused lunused! unused!unused!
S S S + +—— + + + e
! 4 lunused!unused!unusediunusediunused lunused!unused!unused!
B, o W + + + + + -+ -
{ 5 lunusediunusediunusediunusediunused |unused!unusediunused:
———— —— + + + + + + +
\

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 O 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 previously Fformatted.
The byte definitions for the command are as follows:

B

y

t + -BIT NUMBER- -+

e | 7 | Bit 6! Bit 5! Bit 4! Bit 3! Bit 2! Bit 1! Bit 0!
+—V —_— e R R Y N S e T Y e e SN S s =
i O | i H i1 1 ! 0 V10 HI o} ! i ' i !
+ + + + ——— + —— + ——— e ———— -
! 1 lunusediunused!unusediunused!unused !unusediunusediunused!
————— + + ———— + + + + -
{ 2 lunused!unused!unused!unused!unused !unused!unusediunused:
—— - ——— e ——— + + +— + + + -
! 3 lunusediunused!unusedivnusediunused {unused! unused!unused!
——— + + S —— + + + —— e ———
{ 4 lunused!unused!unused!unused!unused !unused!unused!unused!
——t + + ———— + —————y + -

5 IRETRY?! 0O + © : 0 {STEP R I!STEFP 2!STEP {!STEF 0!

)
-+ —— —— + + -— .
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2.12. 22 CONTROLLER INTERNAL DIAGNOSTICS Command

This command causes the ccntroller to perform a self-test. The
controller checks its internal processor, data buffers, ECC
circuitry, and the <checksum of the program memory. The controller
does not access the disk drive. The byte definitions are as follows:

B

Yy .

t +—- ~BIT NUMBER- -

e ! 7 ! Bit 6! Bit 5! Bit 4! Bit 3! Bit 2! Bit 1! Bit O!
e B R e SR RS SRR e S TSR PSS SEES SRS XSRS ASTES S =S E==
HE o B » S 1T 1 i 0 LI ¢} S § i 0 i 0 H
+ + + + + + + + + R
! 1 tunusediunused!unused!unused!unused |unused!unusediunused!
+ + + -+ + + + + + -
! 2 lunused'!unused!unusediunused!unused lunused!unused!unused!
+ + + + + + + —— + -
! 3 iunusediunused!unusediunusediunused !unused!unusediunused!
+ + + + + + + + + -
! 4 lunused!unused!unusediunusediunusediunusediunusediunused!
+ + + + -+ o+ + + + -
! 5 lunused!unused!unusediunused!unused lunused!unused!unused!
———t + + e + + + + -

2.12. 23 READ LONG Command

This command transfers the target sector and four bytes of data ECC
to the CPU. 1If an ECC error occurs during the read. the controller
does not attempt to correct the data field. This command is wuseful
in recovering data from a sector that contains an uncorrectable ECC
eTror. It is also useful during diagnostic operations. The byte
definitions are as follows:

B

y+—- + ~+—B I T NUMB ER -+ + ——— -+

ti 7 \ é ! S H 4 ; 3 H 2 : 1 : 0 !
P R R RS R R S R R T4 R R S SN S SRR S RS E S fEESETS eSS === $
L S O T R O -
o <+ -+ + —t= + + -+ —
B (o} ! (o} ‘DRIVE | HIGH ADDRESS (see note)!
- -+ + - <+ + + -+ ——
12! MIDDLE ADDRESS (see note) !
- <+ -+ —p—— - — + -+ o -
13! LOW ADDRESS (see note)!
+—t <+ - — - - <+ <+ - — -
141 BLOCK COUNT (see note)!
+ —t + -+ —_—t—— —— ——— ——— + —
15! RETRY?! (o) ! 0 ] o ! STEP 3! STEP 2! STEP 1! STEP O!
+ =t + - - -+ ——— o —fe e - ————

NOTE: Refer to paragraph Z. 12.5.6. "Logical Address".
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2.12. 24 WRITE LONG Command

This command transfers a sector of data and four appended ECC bytes
to the disk drive. During ¢this write operation, the computer
supplies the four ECC bytes instead of the vsval hardware- generated
ECC bytes. This command is useful only for diagnostic operations.
The byte definitions are as follows:

B

y+ + +—B I T NUMBER -+ + + —+
t! 7 ! b ! 5 ! 4 ! 3 ! 2 ) | ! 0 !
et T E R I R M R R R R RS R S RS S RS eSS R
101 1 ! 1 ! i ! 0 ' 0 ! 1 H 1 ! 0 !
——— + — + +— + + + -
i1 0 H 0 'DRIVE ! HIGH ADDRESS (see note)!
+— + + + +— + + ——— -+
‘12! MIDDLE ADDRESS (see note)!
*— + + + + + + + -
131 LOW ADDRESS {see note)!
-— + + + + + + + -
14!} BLOCK COUNT !
= + — + + + + + -
15! RETRY?! 0 H 0 : 0 ! STEP 3! STEP 2! STEP 1! STEP 0!
— + + + + o+ + + Y

NOTE: Refer to parigraph 212.5. 6 "Logical Address”.
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2.12.25 Diagnostics and Error Correction

2.12.25. 1 Execution of Diagnostics. Since all of the diagnastics
are not executed by the computer on power—up, it is suggested that
they be called by the CPU in the following order:

1. CONTROLLER INTERNAL DIAGNOSTICS (Command code E4). This
diagnostic tests all the 1logical and decision—-making
capability of the controller as well as the program memory
checksum and the error detection and correction circuits
(ECC). Execution of ¢this diagnostic ensures that the
controller can communicate with the computer.

2. RAM DIAGNOSTICS (Command code EO). This command verifies
that the sector buffer is operational by writing, reading,
and verifying various data patterns ¢to and from all
locations.

3. If the parameters of the connected drives are different
than the default parameters, the new configuration must be
sent to the controller wusing the INITIALIZE DRIVE
CHARACTERISTICS (Command code 0OC) before the DRIVE
DIAGNOSTIC command is executed.

4. Before the DRIVE DIAGNOSTICS is executed, the computer
should continuously issue @ TEST DRIVE READY command
(Command code 00) to the controller with the appropriate
time—out until the drive becomes ready.

S. DRIVE DIAGNOSTIC (Command code E3). This diagnostic issuves
a RECALIBRATE to the disk drive and then steps though all
tracks verifying the ECC on the identifier fields of the
first sector of each track. I+ this diagnostic passes, it
implies that the disk has been formatted and that the first
ID field of each track is good.

s}

2.12.25.2 Error Correction Philosophy. Since the typical error-
correction time of the controller is approximately SO ms and greater
than the time for one revolution of the disk, the sector in error is
optionally re-read (if bit 6 is not set in byte S5 of the READ command
DCB) on the next revalution during a Read command. In most cases,
the error is soft and does not reappear on the re-read. This initial
re-read of the failing sector is over and above the retry count
passed in the DCB (bit 7, byte S5).

The rtetry count on errors is preset to 4 by the controller each time
a sector has been read successfully. On a multiple-sector transfer
if an wuncorrectable error was detected but subsequently found to be
correctable on a retry, the retry count is reset to 4 before the next
sector is read from the disk.

Texas Instruments 2-109 Preliminary - Jan 21, 1983



TECHNICAL REFERENCE HAR DWARE

2.12.25.3 Sector Field Description. The format of the sector
configuration is given and the information fields in those sectors
are identified in the following listing:

NUMBER OF FIELD

FIELD BYTES DESCRIPTION

AM 4 Address mark

GAP 1 Q9 Zero byte gap

SYNC 1 ID sync byte

CAP2 2 ID zero byte gap

CcOM 1 ID compare byte

CYLH 1 Cylinder high (MSB)
CYLL 1 Cylinder low (LSB)
HEAD | Head number

SEC b Sector number

FLAG i Flag byte

ZER 1 Zero byte

ECC 4 ID ECC bytes

CAP3 16 Zero byte gap

SYNC2 i Data field sync byte
CAP4 2 Data field zero byte gap
DATA 512 Data field

ECC2 4 Data field ECC bytes
CAPS 43 Inter-record zero gap

The track layout for the 512 bytes/sector, 17 sectors/track is given
in Table 2-30.
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Table 2-30 5i2-Bytes—-Fer-Sector Format
MSB LSB
+ --BIT NUMBER +
BYTE V7 v &6 VS5 4 4 4 3 & 2 + 1 v 0
S T e R S R, RS TS T HEE ST S SRS RS EER eSS NT R ===
1-4 : ADDRESS MARK !
- + + + —— - + + —— +
=13 + 0 + O + O ¢+ O ¢+ O {+ O + O + 0
- + e e e e g +— +
14 b iD SYNC BYTE '
15-16 ¢+ O ¢+ O ¢ O ¢+ O ¢+ O + O ¢+ O + O 1
- + ——— + B i et S + + +
17 : ID COMFARE BYTE :
18 H CYLINDER NUMBER ( MSB ) !
+ —r—— + + + ——— + + +
19 ' CYLINDER NUMBER ( LSB ) !
20 ! HEAD NUHBER i
- + + + —— ——— + o+ +
21 H SECTDR NUMBER !
22 ! FLAG BYTE '
+ - + ——r—— + + + +— +
23 i 0 1 0 t+ 0 : o+ 0 ¢+ 06 + O { o0 !
+ + + + + + ——— +
24-27 | ID ERROR CDRRECTI ON CODE BYTES !
+ —_—r—— + —— + ——— + —-——— +
2cs-43{ 0 + 0 ¢+ 0 + O ¢+ O ¢+ O + O I O
- + + + ——— + -+ + -+ +
44 H DATA FIELD SYNC BYTE :
+ + + — + - + ——— +
45-46 ; O + O ¢+ O } O ¢+ O + O ¢+ O V+ O i
- + + + ——— + + + ————
47-558 | 512 BYTES DATA !
+ + + ——t—— + + -+ +
959-562 | DATA FIELD ERROR CORRECTION CODE BYTES !
- + + + e e e e + +
S563-605:{ O ¢+ o ¢+ o0 ¢+ O ¢+ O + O + O + O
- + -+ + + + ——— + + +
Track Capacity = 10416
10285 = 17 sectors of &05 bytes/sector
+131 = Speed tolerance gap
10416

605 bytes/sector including ID and overhead
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2.12.26 Specifications - Controller Board . '
The Winchester controller board specifications are given in Table 2-
31
Table 2-31 Winchester Controller Board Specifications
Environmental Parameters:
OPERATING STORAGE
° o o ° o o o o

Temperature 10 C(32 F) to 40 C(131 F) -10 C(-40 F) to 60 C(167 F)
Relative Humidity

o

(@ 40 F

wet bulb temp..,

no condensation) 10% to 90% 104 to Q0%

Altitude Mean sea level to . Mean sea level to

10 000 feet 45 000 feet

Power Requirements:

VOLTAGE RANGE CURRENT

+5.0 Vdc 4.75 to 5.25 Vdc 2.5 A maximum

2.0 A typical

-12. 0 Vdc -10.8 to -13.2 Vdc 6b. 0 mA maximum
48. 0 mA typical

Texas Instruments 2-112 Preliminary - Jan 21, 1983



AM
as
ty
or

AM
as
ty
or

TECHNICAL REFERENCE HARDWARE

2. 12.27 Electrical Interface

This paragraph specifies the electrical interface requirements for
the 5 1/4~-inch Winchester disk drive.

All Winchester controller boards shall use header assemblies
interchangable with the AMP type 87215-~7 for the 20-pin connectors ¢
to J2/P2 ), and type 1-87215-7 for the 34-pin connector ( to J1/Pi ).
The connector layout is shown in Figure 2-18. .

+ +-
WINCHESTER H ! Winchester
CONTROLLER ! { disk drive
BOARD H Ribbon cable to '
H ——t Winchester drive ——t !
——— e H axazs=c==m§ #===zsz=sST==2T==) ! e
P header Li=-— 1 | AMP %* ®» AMP | | -
sembly [i=-= ! ireceptacle # * ribbon ! | -
pe 87215-7 Ci== ! lconnector # # connector (P2! I- J2
equivalent ([i-=- | ltype * = type ! I I-
(i-=- { 188377-4 * # 88373-6 ! | -
(i-=- 1! lor equiv. # # or equiv. | | |-
(T Izmczsz==mmsm=# Isa=maz=mw==! H ot
—— | +—— 20-pin ribbon cable +—— :
: i
: '
1 (]
2 i
H Ribbon cable to !
H Winchester drive +—=e+ !
— e | tomizmcIEo o= 2 $E=mSsSm=cc=s=meme== ) ' e
Ci==t 1 L
P header fi=-=- 1 | AMP * # AMP | | -
sembly Ci== ! lireceptacle # + ribbon ! | I-
pe 1-87215-7 [i-- ! iconnector # # connector (P1! - Jl
equivalent ([i-=- | itype * » type ! + I-
Li-=- 1 188377-6 * # 88373-3 { | i-
[i== ! lor equiv. * # or equiv. I | -
Ci== 1 I I
(!== ! +ERm=sEm—o=mmE=é $2$E==—=Sc====m==x! H —
———— ot 34~pin ribbon cable ==+

1
)
)
t
———— — e e

+ -

Figure 2-18 Control and Data Cabling
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2.13 CLOCK AND ANALOG INTERFACE BOARD

This - subsection describes the operations of the clock and analog
interface board. This board contains logic for interfacing a light
pen to the computer system and a ROM, which is programmed with the
driver routines for the board.

2.13.1 Description

The board is composed of three separate and distinct sections: The
analog input section, the real-time clock section, and the light pen
section. The system block diagram is shown in Figure 2-~19 and the
timing diagram in Figure 2-20.
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2 13.2 Analog Input

The analog input converter section is basically designed as a game
controller. Allowable game controller configurations include one or
two Joysticks, up to four paddle contrallers, and up to four
switches. The switches SW1-SW4 are semi—-debounced by the simplse
resistance-capacitance (RC)H circuit consisting of a O0.047-uF
capacitor to ground and a 1-kohm resistor to +3 V. The switch signal
is fed into the status latch along with an end of conversion (EOC)
signal from the analog to digital converter (ADC) and the low battery
signal from the clock section. The outputs of the status latch US
are tri-stable. The (tri-stated) outputs are allowed ta +follow the
inputs until the latch is selected by an access to location COHM. The
latches are continued in a high—impedance state until the I/0 reac
signal is asserted. This prevents the contents of the latch from
being gated onto the bus during a memory cycle. The latch also
contains a bit indicating the state of the light pen intertrupt signal
and a bit indicating the state of the tip switch on the light pen.

The ADC used is an eight input channel ADCO808. This part can
multiplex eight analog input signals into one selected digital output
signal. The analog channel is selected by a write into location CBH-
CFH. This write also generates the timing required to Tun the
ADCO808. First, the inverted falling edge of the AIDWC- signal (near
the start of the cycle) clocks the state of the ADCSEL- signal to the
G- output of U’/A. Therefore, the ADCSEL- signal goes high onlg
during @ write to a location in the ADCSEL- address space. This
signal is used to generate ALE to the ADC0OB08. This signal is als:
tied to the D input of U7B. This is clocked through about 100 me
later on the next #falling edge of PCLK ¢from the system bus. Th =
signal generated by U7B is the START signal for the ADCO808. Botnh
U7A and U7B are set to a low output on the first high «clock afte-
AIOWC- goes inactive.

From ¢this point on, the conversion is automatic. It takes less than
70 us to complete the conversion, at which time the EDC signal 1is
raised. The state of this signal can be monitored by reading ths=

status latch UB.

NOTE

The EDC signal should not be considered valid
until 4 us after the write to the ADCOB0?. The
EOC signal is normally high., and does not go low
until that 1length of time after receiving the
convert command. UOnce the conversion is indeed
complete, the data can be read from location C8H.

To initialize the analog to digital conversion from the four analog
inputs, write to the locations indicated for the corresponding analog
input channel.
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Channel O (X1:. Write to CBH.
Channel 1 (Y1): Write to C9H.
Channel 2 (X2): Write to CAH.
Channel 3 (Y2): Write to CBH.

For extra flexibility, the switch inputs are also connected to the
inputs of the ADC. This means another four analog channels are
available to the user if the switches are not present. (Although the
switch state can be read by converting ¢the proper channel, ¢this
technique takes much longer <than reading the status latch.) The
conversion addresses for the switch input lines are as follows:

A
v

Channel 4 (8W4): Write to CCH.
Channel S (SW3): Write to CDH.
Channel & (SW2): Write to CEH.
Channel 7 (SW1): Write to CFH.

The ADC 1s used for two different types of conversion. Channels O.
1, 2, and 3 are used as current-sensing converters. U255 converts a
current input level to a voltage output, which is fed to the inputs

of the ADC. Channels 4, 5 &, and 7 are used as straight voltage
inputs. Therefore, the user has a choice of analog current inputs or
analog voltage inputs. Most Joysticks are set up as current-
contrelling devices. Switches are both voltage- and current-

controlling devices.

2.13.3 Clock

The most complex section is that used to control the clock, Ui4. Due
to speed limitations, this part must be set up in a series of steps.
The parameters uvsed to set up the clock are stored in latch U10. Uio
is located at 1I/0 space DOH. Data to be written to the clock is
stored in latch Ull. Uil is located at 1/0 space DBH. The following
examples help explain the operations involved.

2.13.3. 1 OQOperation. To write data to any one of the «clock’s
internal registers:

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
address 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 Register " Meaning
xO S1 Units of seconds
xi S10 Tens of seconds
x2 Mil Units of Minutes
x3 Mii0 Tens of minutes
x4 H1 Units of hours
xS H10 Tens of hours

d2=1 for PM, d2=0 for AM
d3=1 for 24 hr format
d3=0 for 12 hr format

16 W Week )
x7 D1 Units of days
28 D10 Tens of days

d2=1 for 29 days in month 2
d2=0 for 28 days in menth 2

19 Moi Units of months
xA MoiO Tens of months
xB Yi Units of years
xC Yi0 Tens of years

2. Write the data for the data registers in the <clock ¢to
location D8H.

3. Wait for at least 150 us. This is the MINIMUM allowed set-

up time. To be safe, wait for from 200 to 250 vus (to
correct any hidden timing problems in the software wait
loops).

4. Write the byte 3X to location DOH. Note that this X is the
same as that in step 1. This byte continues the state of
the address lines and the HOLD line, while raising the
WRITE line to the clock.

5. Wait for at least 1 us (about two instruction cycles - ¢try
using two NOPs (NO OFERATION - assembly language steps) in
the code after step 4).

6. Write the byte 1X to location DOH. This lowers the WRITE
line, but keeps all other lines in the same state.

7. For another write, wait for 1| us (2 NOPs), write 1Y ¢to
location DOH (where Y is the new address), uwrite the new
data to port D8H, wait for 0.5 un (1 NOP cycle), and return
to step 4. I# this was the last write, go to step B.

8. Write the byte 00 to location DOH. This lowers the HOLD
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line and completes the cycle.

Dnce set, the «clock should not require resetting more than once or
twice a year.

To adjust time by 30 seconds:

1. Write BOH to location DOH.
2. Wait for 32 ms.

3. Write 00 to location DOH.
Refer to the MSM5832 data sheets for details on this feature.
To read any register on the clock:

1. Write 11X to location DOH. This raises the HOLD line. X
indicates the address to be read. Refer to Table 2-33.

2. Wait at least 150 us.

3. Write 5X to location DOH. This maintains the HOLD 1line,
and raises the READ line. This is the same X as that in
step 1.

4. Wait for at least 6 us.

S. Read from location D8B8H. The valid data is in the bottom
four bits of the byte returned.

6. To perform another read, pick the new address for X and go
to step 3. I# this was the last read. write 00 to location
DOH.

It can readily be seen that the read is much easier than the write.
This is good. because a read is performed at least once during every
system power-up.

2.13.3.2 Battery Backup. The clock is @ CMOS device and has battery
backup. The CS input on the clock is connected to Vcec. The function
of this pin is to put the clock into the powerdown mode. When the
power supply voltage goes down. the CS pin 1is grounded. This forces
the clock into the powerdown state, at which time it draws power from
the battery BTI1. This 3-V lithium battery is rated at 170
milliampere-hours (mAH). At the low current 1levels and the givenr
typical system on-times, it should provide backup power for several
years. The battery is a GE 2320 or equivalent. This battery +fits
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into a battery holder on the clock and analog interface board
Replacement batteries of this type are available at many retail
electronics oautlets. The GE battery is UL listed.

NOTE

Care wmust be taken to ensure that the operating
conditions specifi=d by the battery manufacturer
are met. Read and #follow the instructions
furnished with the battery.

The diode Di is a low-voltage-drop diode used to isolate the battery
from the system during power—-up. The circuit G1-G2 isolates the rest
of the system #from the battery during periods of powerdown. This
set-up prevents the battery from being back-biased during power-up
and prevents i1t ¢from +¢trying ¢to power the entire system during
powerdown times.

The comparator changes state from high output to low output when the
battery voltage drops below 2. 6 V during power—up. The low battery
signal is latched into the status 1latch and should be checkecd
occasionally so that the operator can be flagged during low-battery-
~ valtage operation.

For the safety of factory personnel and the end wuser, the 1lithium
battery is not connected until after the board has been tested
sufficiently to assure that no defects exist in the battery switching
circuitry. Once the tests are completed. a jumper 1is installed
connecting E8 to E9. This adds the battery to the rest of the board.
and makes the board ready for use.

2.13.4 Light Pen

The 1light pen section is by far the simplest, consisting only of a
single NOR gate and an interrupt latch. When the tip of the pen 1is
depressed, the signal TIPSW- goes low. When the light detector in
the tip of the light pen is activated by the CRT beam, the signal
HIT- goes low. These signals are applied to the inputs of NOR gate
UdA. The output of U4A is the INT signal. This signal 1is active
only when the TIPSW- and the HIT- signals are both active (low). The
INT signal is positive—true. The rising edge of INT is used to clock
4 TRUE signal to the output of #lip-flop UI7A. This signal (INTFF)

is used to interrupt ¢the processor. The interrupt is software
switchable to be either tri-stated or active oan INTS. The interrupt
is tri-stated by a read from I/0 location CIiH. The interrupt is

turned on (allowed) by a read from I/0 location C2H. The access to
location CiH clears #lip-flop U17B. Accesses to location C2H set the
flip—flop., The output of this flip—flop is tied to the control input
of tri~ state buffer U21A. Note that allowing the interrupt does not

&y
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necessarily mean making the interrupt line high. Aleo, the status of
the interrupt latch may be polled by an access to the status latch
The interrupt +#lip-flop 1is cleared by a processor access to I/0
location COH.© This INT signal (clock for Ul17A) is also cabled to the
connector provided on the CRT controller board for light pen signals
by header pins E1 and E2. Both pins provide the INT signal.

2.13.5 Connectors
On the back of the board are two connectors, a 9-pin .and @ 15-pin, D-
type subminiature connector. The P-pin connector connects the light

pen and the 15-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 Fin—out - Analog Interface

1. 15-pin, D-type subminiature connector Ji

Pin Signal ! Pin Signal
1 +5 vV ! 9 +5 V
2 SWi : 10 SW3
3 ANA1L : 11 ANA3
4 GND H 12 GND
S eND : 13 ANA4
b6 ANA2 : 14 S
7 SW2 : 15 +5 V
8 +5 Vv H

2. 9-pin, D-type subminiature connector J2

1 GND : 2 GND

3 HIT=- i 4 TIPSW-
S CHASSIS GND ! 6 GND

7 +5 V : a8 +12 V
9 NC = i

# Not connected

2.13.6 ROM

This board contains a 2K x 8-bit ROM, which is programmed with all of
the necessary driver routines. The ROM can be accessed by the system
controller and provides ‘the software necessary to drive the clock and
analog input devices. This device can be rTeplaced with a 4K or 8K
device by cutting and jumpering on the printed wiring board. The ROM
is located at F4000H.
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Section 3

DEVICE SERVICE ROUTINES

3.1 ROM INTERFACE INFORMATION

This section provides the hardware and software designer with
information on writing software for compatibility with future products
and on interfacing with the hardware of the Texas Instruments
Professional Computer. .The interface information includes interrupt
vectors, system memory maps, and ROM usage. The system ROM contains
instructions +for hardware device control of the principal I/0 devices
in the system unit.

The functions described are implemented with code in the system ROM.
and thus are available to all users of the system regardless of which
disk operating system (DOS) is in use. The vuser must be careful.
however, to avoid causing any conflicts with the operating system’s usc
of these same functions.

These functions are typically accessed through the use of the BOu:
software interrupt mechanism. Each major device service routine (DSR)
such as keyboard, display, and disk, has its own wunique vector
Individuval functions of a DSR are accessed by placing an “"opcode” 1.
register AH and executing an INT (interrupt) instruction of ¢tne
applicable type. This scheme allows easy replacement of all or part «:
any of the DSRs by simply patching the interrupt vector to point to k=
user-written code. An example of this is the manner in which MS-DOS
adds support for a serial printer

3.2 WRITING SOFTWARE FOR COMPATIBILITY WITH FUTURE PRODUCTS

The software you develop for this product wundoubtedly represents a
large investment of your time and money. Making changes and releasing
new versions of software is usually difficult and expensive, and should
be avoided. This guide is provided to help you in creating software
that can be used with future hardware products of Texas Instruments.

3.2.1 Compatibility Levels
In order +for the software to waork on more than one hardware product.

there must be compatibility "at certain levels. The following are
compatibility levels:
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3.2.1.1 Operating System. Software that interfaces at the operating
system level is compatible only with products of other wmanufacturercs
using the same operating system. These products may include those o¥
other manufacturers.

3.2. 1.2 8System ROM Interface. Software that interfaces with the Texacs
Instruments-supplied system ROMe through the interface wvectors 1is

compatible with hardware products having the same functional
characteristics. These products may differ in physical or electrical
characteristics from the standard Texas Instruments product. Programs

compatible at this level or at the DUOS level are more 1likely 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 1likely
to be usable in another Texas Instruments Professional Computer system.

3.2.2 Areas of Hardware Compatibility

Texas Instruments recognizes that the system ROM interface is not

sufficient for all applications. Products using the advanced
capabilities of the hardware cannot be restricted to usage of this
interface. The following subsections describe the harduware

compatibility that can be expected in future subsystems or subsystems
accessed from ROM only.

3.2.2. 1 Alphanumeric CRT. The alphanumeric CRT is well 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 windows
or horizontal scrolling. Direct screen access to the alphanumeric CRT
screen should be restricted to the "attribute latch" and to the actual
memory buffer for the screen located at hexadecimal address ODEOOOH
(the "H" represents hexadecimal). Before using the screen directly .
these programs should issve a Clear Screen function call to ensure that
the hardware is set up for direct access.

No program, while 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 vse the ROM interface calls. This

will ensure that possible redesigning of the cursor logic does not
prevent the program from running.
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3.2.2. 2 Graphics CRT. The graphics screen is not supported by the
system ROM; therefare, all graphics screen functions must go directly
to the hardware. Note that this graphics screen size depends on the

setting of the 50-Hz/60-Hz jumzer on the system board. With the jumper
set to &0 Hz, the resolution is 720 x 300; when the jumper is set to 5C
Hz, the resolution is 720 x 350.

To simplify moadification, all routines that access the graphics
hardwuare should be arranged in a modular fashion, and hardware-specific
constants should be given symbolic names.

Texas Instruments will endeavor to keep future graphics hardware fully
compatible, or as a superset of the current harduare.

3.2.2.3 Disk Subsystem. The disk subsystem is fully supported in the
system ROM, with the exception of the ability to FORMAT flaoppy disks.
For normal operations, direct access to any of the disk hardware should
not be necessary. Texas Instruments will supply qualified software
vendors with an object module that can be used to provide the format
function.

3.2.2. 4 HKeyboard System. The keyboard system is fully supported in
the system ROM. Direct access to the keyboard interface should not be
necessary for any normal operations. Future keyboard scan codes an-
their translations will maintain such compatibility.

3.2.2.5 Interrupt Controller. The interrupt controller system is use:
by the system ROM but is not supported in a fashion usable by software
writers. In future products, Texas Instruments will attempt ¢to kee;
the same interrupt levels, usage, and hardware addresses for accessing
the device. However, the constants used to access this hardware should
be symbolic to facilitate modification.

3.2.2.6 System Timers and Speaker. The system ROMs contain vectors to
allow interception of the 25-ms timer interrupts by other software.
The extra timer cannot be set up and used because it is reserved for
use by Texas Instruments software products.

The speaker or bell is well-supported by the system ROM and should not
be accessed directly .

3.2.2.7 Parallel Printer Port. The parallel printer port system is
fully supported in the system ROM. Direct access is available during
normal operations.

3228 Serial Communications. The serial communications hardware is
not directly supported by the system ROM. To ensure future
compatibility, Texas Instruments does not intend to <change this
hardware.

3.2.2.9 Analog Interface. The anslog interface adapter 1is supported

by its ROM. Direct access to the adapter interface hardware should not
be necessary for normal operations.
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3.3 SYSTEM ROM INTERRUPT VECTOR USAGE

The system ROM uses several interrupt vector locations in the first 1
kbyte of memory. These vector locations are used for harduware
interrupts, interfaces ¢to the ROM functions, and other usage as given
in Table 3-{. The vectors marked with an asterisk (%) are actually
used by the ROM. The other vector locations cause a "WILD"” interrupt
if vectored to, and the uvsual display will be "#x GSYSTEM ERROR *» -
1042, Any of these vectors can be changed by the disk operating
system (DOS) or by applications software. Table 3-1 gives vector usage
in terms of "interrupt type," which is the number wused 1in an INT
instruction. The actual absolute address of the vector can be
calculated by multiplying the interrupt type by 4. For example, the
keyboard print screen interrupt vector (type SEH) would be a doudble
word at 0O: 0178H.

NOTE

The symbol "H" denotes a hexadecimal valve.
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Table 3-1 System Interrupt Vector Usage

VECTOR DESCRIPTION REFERENCE FOR DETAILS:
00 Divide—-by—-zero trap 8088 documentation
01 Single—-step trap 8088 documentation
02+ Non-maskable interrupt 8088 documentation
03 Break (single-byte) software interrupt BO8B8 documentation
04 Overflow trap 8088 documentation
0S-1F (Reserved by Intel) 8088 documentation
20-3F (Reserved by Microsoft for MS-DAS) MS-D3S documentation
40 8259 interrupt O
41 8259 interrupt 1
42 8259 interrupt 2
43% 8259 interrupt 3 (Timer 1)

44 8259 intervupt 4
45 8259 interrupt S
446% 8259 interrupt & (Disk controller)
47» 8259 interrupt 7 (Keyboard USART)
48% Speaker DSR interface Subsection 3.5
49+ CRT DSR interface Subsection 3. 7
4A% Keyboard DSR interface Subsection 3.9
4B#» Parallel port DSR interface Subsection 3. 10
4C Clock and analog interface board
4D#» Disk DSR interface Subsection 3.8
4E* Time—of—-day clock DSR interface
4F» System configuration call Subsection 3.1
SO% Fatal software error trap (%#)
Six Restart timing event ()
o2» Cancel timing event (»)
© 53w SVC interface subroutine (%)
S4% Activate task subroutine ()
55-56 (Reserved for future use) (#*#*)
o7 CRT mapping vector Subsection 3.7
S8% System timing, 25 ms (time slicing) Subsection 3.3.2
So= Common interrupt exit vector (ROM) Subsection 3.3. 1.
Sa» System timing, 100 ms (timing serv.) Subsection 3. 3.2
SB# Keyboard mapping vector Subsection 3.11.15
SC# Keyboard program pause key vector Subsection 3.11.15
SD# Keyboard program break key vector Subsection 3.11.15
SE» Keyboard print screen vector Subsection 3.11.15
SF# Keyboard queueing vector Subsection 3.11.15

# Vector actually used by ROM.
#% Texas Instruments only.
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Table 3-1 System Interrupt Vector Usage (Continued)

VECTOR DESCRIPTION REFERENCE FOR DETAILS.
60 System ROM DS Pointer (180H) Subsection 3. 4
(F400: A0ODO) DS Size (igzH) Subsection 3.4
61 Factory ROM DS Pointer (184H) Subsection 3. 4
(F400: 0000) DS Size (186H) Subsection 3. 4
62 Option ROM DS Pointer (188H) Subsection 3. 4
(F400: 2000) DS Size (18AH) " Subsection 3. 4
63 Option ROM DS Pointer (18CH) Subsection 3. 4
(FA00: 4000) DS Size (18EH) Subsection 3. 4
64 Option ROM DS Pointer (190H) Subsection 3. 4,
(F400: 6000) DS Size (192H) Subsection 3. 4"
65 Option ROM DS Pointer (194H) Subsection 3. 4
(F400: 8000) DS Size (196H) Subsection 3. 4
b6 Memory size (in paragraphs) Subsection 3.5. 1
ODutstanding interrupt count
(in paragraphs) Subsection 3.5. 1
Installed drive types (byte) Subsection 3.5.1
67 Extra system configuration
(config. word 1) ’ Subsection 3.5. 2
# Extra system configuration
(config. word 2) Subsection 3.5.2

EQO-E3### (Reserved by Digital
Research for CP/M) CP/M documentation

* VYector actually vused by ROM.
#%##% CP/M is a trademark of Digital Research Incorporated.

NOTE: The data segment (DS) pointers associated with the system
interrupt vectors are explained in subsection 3. 4,
"System ROM Usage of RAM. "

3.3.1 Common Interrupt Exit Vector

All interrupt service routines in the ROM and Texas Instruments
Applications programs use this common exit by executing a long Jjump
(LONG JMP) to the routine pointed to by ¢this wvector. This routine
restores the stack and commonly wused registers, decrements the
outstanding interrupt counter, sends the EOI command to the interrupt
controller, and returns to the interrupted code with an IRET. This
rovutine is normally in ROM, but a real-time operating system (0S) can
patch it so that all interrupt service routines exit through the
operating system. Since the interrupt structure is complex (due to
interaction between the shared interrupts and the requirement for a
common exit point), the potential user should contact Texas Instrument:s
prior to installing an interrupt service routine.
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. Since all interrupt service rautines (ISR) have limited internal

stacks, no ISR is allowed to use more than four levels (8 bytes) of
stack. Three levels are tequired by the interrupt itself, which pushes
the CS, IP, and Flags. The fourth allowed level is used to push the
users DS, after which 85.:8P is changed to an internal stack. For this
reason, any limited—-size stacks must always leave at least four levels
free (if interrupts are enabled) to accommodate a possible interrupt.

3.3.2 Timer Interrupts

The system timer "ticks" every 25 ms. The ISR for this timer is
located in the ROM, and it processes events such as disk motor time-
outs and date/time-keeping. At two points during this interrupt

service routine. software interrupts are performed to allow the user to
access the timing services. One interrupt occurs every count (every 25
ms), and the other occurs every four counts (100-ms intervals).
Normally, <these interrupt vectors point to an IRET instruction in the
ROM. The user can patch one or both of the vectors to paoint to his own
routines. These routines are free to wuse the AX, BX, DI, and ES
registers, but they must preserve any other registers used. The stack
used is the internal stack of the timer interrupt service routine and
it is limited in depth. If the user does not re—-enable interrupts (the
INT instruction disabled them), there are eight levels (16 bytes) o“
stack available. If the interrupts are re—-enabled. the user has onl:
four levels (B bytes) available. I# more stack size is required, the
user can switch to an internal stack of the required size (plus eight
bytes to allow for higher priority interrupts).

It must be remembered that any routines installed in this manner are
executing at the interrupt level, and interrupts must not be disablec
for any length of time. Any unnecessary time spent in these routines
will directly affect system efficiency. Further, the wuser must
comprehend the case in which some other mechanism (such as a timing
event in the handler or "routine” in the operating system) has patched
the timing vectors and installed its own routines. Instead of ending
the routine with an IRET instruction, a long jump should be made to the
original vector address (the original vector must be saved when the
user routine is installed.)

3.4 SYSTEM ROM USAGE OF RAM

The ¢two (8K) ROM sockets on the system unit board are addressed at
absolute addresses FCOOOH (option) and FEOOOH (main). Because the ROM
code is linked such that its code segment is F400H, the first location
of the system ROM can be described 1in segment:offset notation as
F400: AOOOH. This code segment was chosen so that other ROMs can be
addressed with the same code segment as the system ROM. and thus, they
can access the ROM routines as NEAR instead of FAR. This feature would
typically be used only by an option ROM program that uses more than one

ROM. It should not be wused to access system ROM routines, sinc=

possible version <changes in the ROMs «could cause incompatibility
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problems. The ROM code defines a total of six possible ROM locations
on 8~-kbyte boundaries, which are given in Table 3-2. The last two are
the system wunit board sockets; the others are on option boards For
example, the Winchester disk controller has its own ROM.

Table 3-2 ROM Locations

ABSOLUTE CODE

ADDRESS SEGMENT COMMENTS

F4000H F400: OO00H Reserved for factory use

F6000H F400: 2000H

FBOOOH F400: 4000H

FAOOOH F400: 6000H

FCOOOH F400: 8000H Option ROM socket on system unit board
FEOOOH F400: AOOOH System ROM socket on system unit board

Each ROM has a separate RAM data area assigned to it. These data areas
"float" and may be accessed by the pointers/sizes located in the
interrupt vector area (the +first 1 kbytes of memory described
previously). Therefore, the ROM does not need a dedicated area in RAM.
The data area can be moved by copying a data area and vupdating the
pointer. The ROM never sees the change, since each ROM accesses its
data areas according to the pointers. Becauvse the pointers and data
areas are initialized at boot time by the ROMs themselves, in a base
system only the system ROM data area pointer is used. Most application
programs do not require this information, which is primarily wused buy
the operating system. Contact Texas Instruments for additional
information if you need to use a ROM or move the ROMs’ data areas.

In the current implementation, the system ROM data area 1is about 400
bytes located at 40:0000H. This is moved at MS-DOS boot time to its
final location at 120: OOOOH.

3.5 SYSTEM CONFIGURATION FUNCTION CALLS

This subsection describes the system configuration function calls.
There are two separate types of configuration information.

The first type is easily accessed and returns most of the information
required for most applications programs. The second type is additional
information usable for systems programs and routines. There are two
methods for accessing each type of information. :

# Function calls that return the information in a register.
* Function calls that return ¢the address of the information.

This method is intended for wuvse at the system 1level for
changing the configuration of devices set by software.
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3.5.1 System Configuration Function

This function is used to determine the installation status of certain
system options. It is invoked by executing an INT 4FH instruction.

Upon return, register BX contains the size of contiguous RAM (starting
at OOOCOH) in paragraphs (1é—-byte blacks). A iZB-kbyte system, for
example, would return 2000H in BX.
Register AX contains the system configuration word, which reflects ¢the
installation status of various system options, The bits of the worc
are defined as given in Table 3-3.

Table 3-3 System Configuration Word-Bit Definition

BIT DEFINITION

Diskette drive O (internal) installed

Diskette drive 1 (internal) installed

Diskette drive 2 (external) installed

Diskette drive 3 (external) installed

E1-E2 jumper (indicates Drive A is double-sided)
E3-E4 jumper (indicates Drive A has 96 tpi)
ES-E4 jumper (indicates a 50-Hz system)
Winchester disk controller installed

O=

1

2

3

4

5

é

7

8 Serial Port | installed

9 Serial Port 2 installed .

10 Serial Port 3 installed

11 Serial Port 4 installed

12 @raphics RAM bank A installed
13 Graphics RAM bank B installed
14 Craphics RAM bank C installed
1S Clock/analog board installed

# Bit O is the least-significant bit, and a statément
is true if its corresponding bit is a 1.

3.5.2 Extra System Configuration Function

This function is used to determine the installation status of system
options not covered in the standard system configuration call. Whereas
the standard system configuration call returns a word containing the
information necessary for most applications, the extra system
configuration function is vused primarily for systems programming
applications.

The extra system configuration function is invoked by placing a OBH 1in
register AH and executing an INTerrupt 484 Upon return, register AL
contains the drive type byte (AH is wundefined). BX contaims extra
system configuration word 1, and CX contains extra system configuration
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word 2. The bits of extra system configuration word 1 are defined in
Table 3-4.

Table 3-4 Extra System Configuration Word 1 (BX)

BIT DEFINITION
O#% 8087 Numeric Coprocessor is installed
| \

2 :

3 !

4 > RESERVED
S !

6 !

7 /

8

9 !

10 H

11 !

12 > RESERVED

13 H

14 H

15 /

* Bit O is the least-significant bit, and a statement
. is true if its corresponding bit is a 1.

Word 2 (in CX) is currently wundefined, but is reserved for later
expansion.
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The drive-type byte defines the types of the installed diskette drives.
This information, combined with the "installed drive" vector in the
standard system configuration word, yields complete information about
the drives in the system. At power—-up, the drive A definition jumpers
(E1 - E2 and E3 - E4) are Tead. This information is returned as a two-
bit value. Register AL contains the two-bit configuration code for ail
four of the diskette drives. The drive byte (in AL) looks like this:

e

1 ¢ 0

"
-

7 V6

o
i ad
]
)

4 1+ 3 1 &2

n

Drive D Drive C | Drive B Drive A

t -+ --4+
+ -+ --4
-i-

+ -4+ -+
+ -+ -4

Each two-bit field is defined as fallows:

- Single-sided 40 track
- Double-sided 40 track
- Single-sided 80 track
- Daouble~sided 80 track

- 00
- 0Or 0

The operating system uses this drive byte to properly format. copy., anc
use diskette files. It is possible to mix drive types in one systen
(for example, one single-sided and one double-sided drive) by settin.
the drive—-type byte with the pertinent information; but, this is NO"
recommended. Mixed—-drive type systems are confusing to work with, and
usaers frequently find the wrong diskettes inserted, often with dat-:

lost.

3.5.3 Get Pointer to System Configuration

This function is invoked by placing a O9H in register AH and executing
an INTerrupt 484 On return, ES contains the segment., and BX contain=«
the offset of the standard system configuration word (hereafter., the

notation for this is ES:BX). This function is intended to be wused by
system software, which has @ need to change the configuration
information. Although an application program may access the

information in this manner., the configuration must not be changed.
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3.5.4 Get Pointer to Extra System Configuration

This function is invoked by placing a OAH in register AH and executing
an INTerrupt 48H. On return, ES:BX points to the extra system
configuration information, formatted as follows:

ES: [BX-3)=(word) Size of memory in 16 byte-blocks
ES: [BX+0l=(byte) Drive—-type byte

ES: [BX+1J)=(word) Extra system configuration word 1
ES: [BX+31=(word) Extra system configuration word 2

This function is intended to be used by system software that has a need
to change the configuration information. Although the an application
program can access the information in this manner. the <configuration
must not be changed.

3. 6 CENERAL-PURPOSE ROM FUNCTIONS

The #following paragraphs describe the wuse of some general-purpose
functions, summarize the ROM interface interrupts, and explain ROM‘s
usage of RAM.

3.6.1 Delay

This #function cavuses a delay, in milliseconds, of the value placed in
register CX. To invoke the function, place the delay value in CS, O5H
in AH, and execute an INT 48H. The delay is only approximate and may
be used wherever a rough software delay is required. All registers
except CX are preserved.

3.6.2 CRC Calculation

This function calculates the cyclic redundancy check (CRC-16) value for
a specified block of memory. It is invoked by placing the address of
the memory block in ES.BX, the size of the block in BP, and the value
O6H in AH, then executing an INT 48H. On return, DX contains the CRC
valve; if DX=0000, the Z-flag is set. For memory blocks that follow
the convention of the CRC being the last word in the block, this
routine allows easy CRC checking. First, the CRC of the memory block
is calculated, with the size of the block set to 2 less than the actual
size. The CRC word 1is 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 calculated CRC). By definition, the CRC result of ¢this
block 1is 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 are
used except DI, S8I, and DS (ES remains unchanged. )
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3.6.3 Print ROM Message

This function is wuvsed to display a ROM CS-relative message. It is
invoked by placing the offset of the zero-terminated message in S5I, O7H
in AH, and executing an INT 48H. This function is vsed by the option
ROMs, since all the ROMs share a common CS. It is not a general-
purpose tToutine.

3.6.4 Display System Error Code
This function is used to display a system error in the standard format
#% System Error#+ - xxxx

It is invoked by placing the error code (the =xxxx value in the
displayed message above) in BX, placing the value O8H in AH, and
executing an INT 48H.

3. 7 SPEAKER DEVICE SERVICE ROUTINE

This subsection describes the speaker device service routine (DSR) and
the +functions it provides to the system or application pragrams the®
use it. The functions are:

# Sound the speaker

# Get speaker status

# Set speaker frequency
*# Speaker ON

# Speaker OFF

The speaker DSR functions are located in the system ROM and are
accessed through the software interrupt mechanism of the 808&
microprocessor. The desired function is chosen by placing an opcode in
register AH and executing an INT 48H instruction. All registers are
presgrved except AX.

3.7.1 Saund the Speaker - AH =0

This functian turns the speaker on (at the current frequency) for the
length of time specified in register AL. Time 1is measured in 25-ms
increments. For example, a value of 40 in AL causes the speaker tc
sound for |1 second. Timing is handled in the ROM with the result that
the request ¢turns on the speaker, starts the timer, and immediately
returns to the vuser. The sound continues until timed out by the ROM
code. I¢# there is need to synchronize with the sound or simply to know
when sound is turned off, use the Get Speaker Status (AH=1) function.
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3.7.2 Get Speaker Status - AH =1

This function returns the status of the speaker i1n the Z-flag. If the
speaker is currently enabled (sound), the Z-flag is O. I¢# the speaker
is currently disabled (no sound), the Z-flag is 1. °This function can
be used to find out when a sound requested with the Sound the Speaker
(AH=0) function has been completed.

3.7.3 Set Speaker Frequency - AH = 2

This function sets the frequency of the speaker. Normally this
function should be called only when the speaker is disabled. The value
in CX is used to set the frequency of the <timer that drives the
speaker. The input frequency 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 (800 Hz) uses a value of 1563 Hz (1 250 000 Hz /7 800 Hz: =
15463 Hz).

3.7.4 Speaker ON - AH = 3

This function is used to enable the speaker (turn on the sound). The
speaker remains on until it is turned off by 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=0) function or a normal system beep.

3.7.5 GSpeaker OFF - AH = 4

This function performs the reverse of the speaker ON (AH=3) function by
disabling the speaker (turning off the sound).

3.8 TIME-OF-DAY CLOCK DSR

This subsection describes the time-of-day clock DSR and the functions
it provides to the system or 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 by the timing services of the system ROM. At
power-up, the time is set to 00:00:00. 00, and the date is set to 0000.
These can be reset by system or user programs. Once set with a wvalig
time, the clock keeps the correct time with a 1/10-sec resolution. The
time 1is 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 1,
1980. For example, the date value for September 10, 1982, is 983.

The three clock functions are located in the system ROM and are
accessed through the software interrupt mechanism of the 8088
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microprocessor. The desired function is chosen by placing an opcode in
register AH and executing an INT 4EH instruction. All registers are
preserved except AX and any other registers in which information 1s

returned.

3.8.1 Set the Date - AH =0

This function sets the date to the value in the BX register. The date
is simply a count of days since the clock was started. The count is
incremented when the haour rolls over from 23 to 00.

3.8.2 Set the Time - AH =1
This function sets the time as follows:

CH Hours (00 - 23)

CL = Minutes (00 - 59)

DH = Seconds (00 - 59)

DL = Hundredths of seconds (00 - 99)

It is the user’s responsibility to make sure the values passed are
within the ranges specified. These values are not range checked and
may be set to represent a meaningless time. The time eventually counts
into the normal sequence, however.

3.8.3 Get the Date and Time - AH = 2

This function returns the current date in register AX and the current
time in registers CX/DX in the formats described previously.
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3.9 CRT DSR

This subsection describes the CRT DSR and the functions it provides to
the system or application programs that use it. The major functionc
are (1) video mode control, and (2) character handling.

The CRT DSR functions are located in the system ROM and are accessed
through the use of the B0OBB software interrupt mechanism (essentialiy
an address—-independent subroutine call). The typical user of this DSR
would be the OS-dependent BIDS, which resides on a particular 0SS 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
functions are given in Table 3-5. Various CRT functions require
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.

Table 3-5 CRT DSR Opcodes and Functions

OPCODE FUNCTION
O0H (Null function)
O1H Set cursor type
o2+ Set cursor position
O3H Read cursor position
04+ (Null function)
OSH (Null function)
O6H Scroll text block
O7H Scroll text block
OB8H Read character and attribute at current cursor position
O9H Write character and attribute at current cursor position
OAH Write character only at current cursor position
OBH (Null function)
OCH (Null function)
ODH (Null function)
OEH Write ASCI] teletype
OFH (Null function)
10H Write block of characters at current cursor with attribute
11H Write block of characters only at current cursor
i2H Set entire screen to specified attribute(s)
13H Clear text screen and home the cursor
14H Clear graphics screen
15H Set TTY status line beginning
16H Set attribute latch to specified attribute(s)
17H Read physical display begin pointer
18H Print TTY string
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3.9.1 Set Cursor Type - AH = O1H

This +function 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 function is described in Figure 3-i.
<+ —
CH= 17 {6 {5 14! 31211101 Byte 1
FE —

not used<{—+ through O start scan line of cursor

4 o= cn an
4 == ae aa

and 5 indicate the cursar type:

00 no blink
01 no cursorT
10 fast blink

v

o

[

[, 4

"]
ninonno »

slow blink

CL = Byte 2

171
|

~
R
"
N
o
o
-
o
+--+

+—==> bits 4 through O end scan line of cursor

& v on an
o+ en cm o=

-

> bits 7 through S not used

(Valid values for scan line are O through 11 decimal)

Figure 3-1 Byte Definition - Set Cursor Type
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3.9.2 Set Cursor Position - AH = 02H

NOTE

The user should be aware that screen coordinates
are based upon the 0,0 coordinate being located at
the upper left—-hand corner of the display. All
routines that require a coordinate parameter vuse
this convention. The screen will look to the wuser
as if he were working with the absolute value of
fourth quadrant coordinates of a two-dimensional
coordinate system.

This function causes the cursor (of the current type) to be set at the
specified x,y (column/row) coordinate of the display.

Required input for this function is as follouws:

DH = X (columns) coordinate (valid values are O through 79 decimal)’
N

DL = Y (rows) coordinate (valid values are O through 24 decimal)

3.9.3 Read Cursor Position — AH = 0O3H

This function returns the current position and type of the cursor as
shown in the output displayed. Note that, due to the "phantom" Bist
column position of the cursor (see Mode Behavior, paragraph 3.7.9 10,
"CRT TTY 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 TTY write. At <this moment, the
cursor position can be read (it is in the 8list column of the last line,
which is not visible until another character is written because the
screen has not scrolled yet) and will 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 follows:

DH, DL = x, y (column/row) location of the cursor

CH, CL = current cursor type (see paragraph 3.9. 1,
"Set Cursor Type - AH=01H" for values)
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3.9 4 Scroll Text Block - AH = 06H and O7H

The ROM contains only ‘ocne general purpose "scroll” routine, which
handles both vupward and downward scrolls. When the destinatiegn
coordinates are less than the source coordinates, the scroll is up and
to the left; when the destination <coordinates are greater than the
source coordinates, the scroll is down and to the right.

The scrolling functions allow an application program to specify a block
of text and cause it to be moved or copied to another lacation on the
screen. Specifying a scroll with blanking causes the source text to be

blanked as it is moved. The user should note that during this process
the source character is read to a temporary register and its location
is blanked. Then the character is rewritten ¢to its destination
location. This provides for @ nondestructive move in the event that
the source and destination locations are the <same and blanking 1is
specified. This implementation comes from the idea that in scrolling
the user is concerned with the end result, which is that the data being
moved or copied is preserved in its destination location. Required

input for this function is as follows:
AL = O (Blank out source text) This would be a move block.
el AL = 20 (Don’t blank source text) This wauld be a copy block.
- (DH. DL) = Source begin column/row location
(BH, BL) = Destination begin column/row 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 follouws:
Upper left = (DH,DL)
Upper right = (DH + CH , DL)

Lower left = (DH , DL + CL)
Lower right = (DH + CH , DL + CL)
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The following items further describe the scrolling routines and explain )
the sequence of operation.

# The smallest logical block of text 1is considered to be a
sentence. Therefore, with this scrolling capability, the user
tould specify a block to be a sentence. This may (or mau not)
wrap to @ 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 from the next
line). The user should note that this is quite effective when
the line length is equal to 1 but might cause unwanted block
movement when the line length is greater than 1.

#+ Boundary checking for the scrolling routine is done on a
character basis as the characters are being moved. When a
scroll down is in progress. the scroll <copies the last
character in ¢the source block to the last character position
in the destination block. The processing is backwards through
the blocks while checking character positions for out-of-bound
characters. This means that in <¢he scroll-down action, no
scroll takes place if any destination position lies beyond the
end of the screen. Asymmetrically, when a scroll up is in
progress. the scroll copies the first character in the source
block to the first character position in the destination
block. The scroll proceeds forward, throuvgh 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
screen.

# When scrolling with blanking is requested by the user, the
state of the attribute latch is preserved with the same state
as on entry. The attributes of the character follow the
character as it is moved on the screen, and the blanked area
is written with the defauvlt attributes (that 1is, high
intensity for monochrome monitor, and white for color
monitor).

# When scrolling without blanking is requested by the user, the
state of the attribute latch is set to the attribute of the
last character that was scrolled (that is, the attribute of
the first character of the source block if scrolling down, or
the attribute of the last character of the source block if
scrolling up).
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3.9.5 Read Character/Attribute at Cursor Position - AH = 08H

This function returns @ character and its associated attribute from the
current cursor position on the screen as follows. See (paragraph
3.9.9.7) Y"Set Attribute - AH = 14H", for a description of th=
attributes supported, and attribute valvues.

AH = Attribute value

AL = Character read

NOTE

The.attributc latch is left set ¢to the attribute
that is returned.

3.9.6 Write Character/Attribute at Cursor Position - AH = O9H

This function enables the writing of a character with the give:
attribute at the current cursor position. (The attribute latch is left
set to the attribute specified in register BL.) The user can specify -
count and cause the character to be written a given number of time:
starting at the cursor’s current poasition. This function dces no*
increment the cursor automatically, and the cursor remains at it-
current position while the characters are written in succession from

that 1location. I+ an application wuses this method of writing
characters, it is assumed that the application is also handling cursanr
positioning and, thus, no cursor movement is implemented. The wuser

should note that control characters (CR,LF, etc.) are not executed as
such when using this function and their symbols are printed on the
display. The required input for this function is as follows:

AL = Character to write

BL = Attribute of character(s) .
(See paragraph 3.9.9.7 "Set Attribute - AH=16H")
CX = Number of times to write it
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3.9.7 UWrite Character at Cursor Position - AH = OAH

This function is similar ¢to the preceeding function except that the
character being written takes on the attributes of the attribute 1latch
which is left over from the last CRT call. See paragraph 3.9 &, "HUrite
Character/Attribute at Cursor Position - AH=09H" for the function
behavior The required input for this function is as follows:

AL Character to write

cX

Number of times to write 1t

3.9.8 Write ASCII Teletype - 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 auvtomatically if need be (that is, writing past
the end of the screen)* and the control characters CR, LF. BS., and BEL
are executed instead of written. (NOTE: I+ a 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 of ¢the
screen. ) The characters written with this function will take on the
attributes of the previously written character, since the attribute
latch contents remain unchanged. The required input for this function
is as follows:

AL = Character to write

3.9.9 Additional Functions

The following is a set of "extra" functions, which have been provided
to give the user added screen I/0 capability.
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3.9.9.1 Write Block of Characters at Cursor With Attribute - AH =
10H. This function allows the user the ability to write a given block
of data to the screen starting at the current cursor position. This
ability will allow for 1less screen I/0 overhead 1in the eéevent an
application program has a "known" contiguous block of data that is to
be written to the screen. "Mncown" is taken to mean the block is in a
given contiguous area of memory with a given length. As with the
Write/Character Attribute at Cursor Position (AH=09H) +function. the
cursor 1is not avtomatically incremented. The required input for this
function is as follows:

AL = Attribute(s) of characters
(See paragraph 3.9. 9.7, "Set Attribute (AH=16H)"
function for values)#

DX Segment location of character block

BX = Offset location of character block

CX = Block length #x
3.9.9.2 Write Block of Characters Only at Cursor Position—- AH = 11H.
This function is similar to the preceeding function except that th:
attribute parameter is not specified. The characters take on th.
attributel(s) of <the attribute latch left over from the last CRT call
. The required input for this +Ffunction, with the exception of the
attribute (AL = Don’t care) parameter, is as follows:

AL = Attribute(s) of characters (See paragraph 3.9. 9.7,
"Set Attribute (AH=16H)" function for values)#

DX = Segment location of character block
BX = Offset location of character block
CX = Black length »#*
* The attribute(s) specified is in effect for the
entire block and the attribute latch is left set

to the attribute specified in register AL.

*% This routine "clips" any characters that do not

¢it on the screen (i.e., characters are written
until the end of screen is reached and all other
characters are lost/not written). In

order not to lose characters, the user should make
sure that the cursor is located in a position such
that the number of character positions from the
cursor to the end of screen is greater than or equal
to the block length.
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3.9.9.3 Change Screen Attribute(s) - 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 screen. The required input for this function
is as follows:

AL = Attribute(s) to use (See paragraph 3.9.9. 7,
"Set Attribute (AH=16H)" function)

NOTE: The attribute latch is set to the attribute specified
in register AL on exit.

3.9.9.4 (Clear Text Screen and Home the Cursor - AH = 13H. This
routine allows the user to clear the text screen and home the cursor
(that is, send the cursor to 0.0 coordinates). This function "erases”

any data contained in the status region but leaves the status rTegion
implementation in effect.

The required input for this function is as follows:

No input required other than AH = I3H (function number)

3.92.9.5 Clear Craphics Screen(s) — AH = 14H. This function allows the
user to clear the graphics screen. Required input for this function ic
as follows:

No input required other than AH = 14H (function number)

3.9.9.6 Set TTY Status Region Beginning — AH = 15H. This function
allows the wuser to specify the beginning line on the screen., which is
to be considered as the status region. This is useful in defining a
status region of one or more lines. This region remains in effect

until it is cleared or reset. During TTY writes and subsequent
scrolls, this area rTemains intact and everything above this line
scrolls as necessary. In order to write to this area, the user should

read and save the current cursor position, locate the cursor within the
status region, use one of the write character functions (not the TTY
write), and then restore the cursor to its original position. Required
input for this function is as follows:

CH = O (must always be zero)

CL = Start line of status region (Valid values are O 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 beginning line
that does not occur after the current line of the cursor, no
status line is implemented. The text from the start line
(specified in CL) to the end of the screen is considered to be
the status region.
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(F\ 3.9.9.7 Set Attribute(s) — AH = 16H. This function allows the user an
alternate method with which to control the following attribute(s).

# Intensity levels 1, 2, and 3 (Blue, Red. and Green)

# Character enable/disable

# ‘Reverse/normal video

# Underline

# Blink

% Alternate character set
This function sets the attribute latch with the specified attribute(s)
and subsequent characters written to the screen take aon this
attribute(s). Note that this function, in combination with a Write
Character (either block or single) at Cursor Position (AH=0AH) function
has the same effect as the Write Character/Attribute (either block or

single) at Cursor Position (AH=09H) function. Note alsa that the
attribute latch remains set to the attribute specified in register BL.
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The required input for this function is shown in Figure 3-2.

BL = Attribute(s) to set

(BL is used in order to distinguish to the user
the difference between this function and the
Change Screen Attributes (AH=12H) function)

76543210

i + +> Intensity level 1 (Blue)

{ +=—> Intensity level 2 (Red)

! #===—>3 Intensity level 3 (Green)

+=———=—=—>3 Lharacter enable (2nd dominant) #
$———————— Reverse video (lst dominant) #%

————————3 Underline

> Blink

> Alternate character set

# == o= em ae ee we

fom

L

# 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 any 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, by mixing the intensity

(color) bits the user can get various levels of intensity (or
colors) for a given character.

Figure 3-2 Byte definition - Set Attributes

W
!
n
o~
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3.9.9.8 Get Physical Display - Begin Pointer - AH = 1{7H This
function 1is wused to return the physical display-begin pointer to an
application. Logically, the display-begin is always at 0,0, but there
is a@ physical address (offset) associated with the beginning of the
display that changes from time to time as the screen 1is scrolled.
cleared, or otherwise changed. This routine rteturns that offset
address relative to the CRT memory area whose segment address is DEOOH.
The screen memory is a 2000-byte contiguous block of RAM. Once the
starting location of this block is known to the application, any
character on the screen can be accessed. For example. the last
character on the screen is located at (DEOOH: display—- begin +2000)
and the 80th character on the screen (top line., last character on the
line)is located at (DEOOH:display-begin + 80). This returns the
display begin pointer as follows:

DX = 146-bit display—begin pointer (offset)

Example: DX = O implies that the first character on the
display resides in memory location DEOO: OQOOH

DX = 1SOH implies that the first character on the
display resides in memory location DEQO:0Q150H

3.9.9.9 Print TTY String - AH = 18H This function allows the user to
have a contiguous string of characters, of a given length, located in a

.code segment to be printed in a TTY-fashion starting at the current

" cursor position. As with the write TTY function, this routine executes

*

the control characters CR, LF, BS, and BEL and scrolls the screen i+f
necessary. Required input for this function is as follows:

BX = Address (offset) of the string#

Where: (BX) byte O = length of the string
(BX) byte 1 = first character of the string

The user’s code segment address is obtained from the stack
and therefore does not need to be passed as a parameter.
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3.9.9.10 CRT TTY. Mode Behavior. The following is a brief descriptior
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 carefully, especially if the user mixes non-TTY functions
with TTY functions.

Internally, the CRT DSR implements a "phantom" Bist column on each line
which in reality is the first column of the +following line. This
"phantom” column occurs when a character is written in the 80th column
of the current line with a TTY write. At this point, if a carriage
return (<CR>) command is issuved, the cursor moves from the Bist column
of the current line back to the first column of the current line.
However, if ¢the cursor is in the 81st column and the user reads the
cursor position, it is returned as (current line plus 1 line and column
0), not (current line and column 81). The user must be aware of ¢this
if he is attempting to restore a cursor poasition which logically came
from the Blst column. At this point the TTY mode is disturbed and ¢the
cursor will be restored logically to the first column of the next (a
logically new) line. The "Set Cursor Position (AH=02H)" function has
no concept of an Bist column. Although the first column position has
only one physical location. it can be interpreted as ¢two different
logical locations:, depending on the current CRT action (mode).

3.9.9.11 Custom Encoding of the CRT. The user may wish to do some
custom encoding of the characters being displayed to the CRT. For this
reason, a CRT "mapping" capability has been provided to allow
applications to intercept characters and CRT actions (if need be) and
to encode them as desired.
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Upon entry to the CRT DSR a software interrupt is executed, typically
used to re—-map characters to the screen, which points to an IRET
instruction. An application program can reprogram this wvector to
intercept calls to the CRT DSR, thereby "“taking over" the CRT. This
capability typically is used to scan through some table which might for
instance convert English characters to German characters. However .
this capability can also be used to intercept "function calls" (that
is, scroll,attribute handling, etc.) and allow an application to
encode custom CRT functions. The user should be careful when using
this capability however, because it might disturb the data structures
of the CRT DSR. :

NOTE

When wusing this capability, it is imperative that
the user restore the vector to its original valve
upon completion of use or the system could "go
away'.

Once the user’s mapping routine has been entered,
he can vuse all registers except ES, DS, and BP
unless he saves them and restores them upon exit.
When using this mapping feature, the user must
first loak at the opcode in register AH to
determine if it is in fact a write character
request. I¢ so, he must also preserve register AH
and the registers associated with that function
which contain certain parameters. For example, if
the vuser wished to map all "$" symbols to the
international currency symbol, his routine would
monitor register AH on each call to the CRT DSR.
I# it contained a write character opcode he would
then look at register AL. If register AL contained
a 24H (ASCII code for a "$" symbol), he would
change that register to an A7H (ASCII code for the
international currency symbol). All registers are
preserved, but register AL has been changed as
described.
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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 for each function are given.

Table 3-6 Disk DSR Opcodes and Functions

CODE DESCRIPTION

OOH Reset disk system

O1H Return status code (for last operation)
O2H Read sectors

O3H Write sectors

04H Verify sector CRCs

OSH Null operation (format track)

O&6H* Verify data

O7hH% Return retry status

O B8H* Set standard Disk Interface Table (DIT)for unit
O9H* Set DIT address for unit

OAH® Return DIT address for unit

OBH* Turn off diskette drive motors.

# These functions are primarily for the use of system—-level
software and vutilities

3.10.1 Reset Disk System — OOH

Input: AH = OOH

ODutput: AH = OOH

This function causes the disk sgstém to restore itself to a known
state. What this function does for each type of device supported
varies with the requirements of the device and the device-dependent

softuware, In general, the function causes the disk controller(s) to be
re—initialized prior to their next use.

3.10.2 Return Status Code - O1H

Input: AH = 0OiH

Dutput: AH = OOH
AL = Status code for last disk 1/0 operation
CF = 0 (No change)
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Not all disk DSR functions are I/0 operations (this one, for instance).
A status is returned in AH for 2ach function, but the status of ¢the
last I1/0 request 1is always retained for later access (via this
function), if desirved.

3.10.3 Read Sectors - O2H

Input: AH = O2H
AL = Number of sectors to transfer
CH = Cylinder number
CL = Sector number
DH = Track (i.e., surface or side) number
DL = Drive number
ES.:BX = Segment: offset of buffer

Output: AH = 1/0 status code (see paragraph 3. 10. 12, "Status Codes")
AL = Number of unprocessed sectors
ES:BX = Segment:offset of the last sector processed

This function reads data from the disk. ANY NUMBER of sectors can be
transfered subject to memory boundary limitations (The segment’s 64K
boundary and disk boundaries camnnot be crossed.)

“Last sector processed"” means exactly that. Even if the read was in
error, the data is transferred to memory.
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3.10.4 Write Sectors —-0O3H .

Input: AH = O3H
AL = Number of sectors to transfer
CH = Cylinder number

CL = Sector number

DH = Track (i.e., surface or side) number
DL = Drive number

ES:BX = Segment:offset of buffer

Output: AH = I/0 status code (csee paragraph 3. 10. 12, "Status Codec")

AL = Number of unprocessed sectors’

ES:BX = segment:offset of the last sector processed
This function writes data to the disk. ANY NUMBER of sectors can be
transfered sub ject to memory boundary limitations. (The segment’s &4K
boundary and disk boundaries cannot be crossed. )

"Last sector processed"” means exactly that. If the write is in error.
ES:BX point to the data which the DSR is attempting to transfer.

3.10.5 Verify Sector CRCs - 04H
Input: AH = O4H

AL = Number of sectors to transfer

CH = Cylinder number

CL = Sector number

DH = Track (i.e., surface or side) number
DL = Drive number

ES:BX = Segment:offset of buffer

Output: AH = I/0 status code (see paragraph 3. 10. 12, "Status Codes")
AL = Number of unprocessed sectors
ES:BX = Segment:offset of the last sector processed

This function verifies the CRCs of the specified sectors. Because this
function is handled like an I/0 function, ES:BX must be set as though a
transfer is to take place although no data is actually <¢ransferred.
ANY NUMBER of sectors may be processed subject to memory boundary
limitations. (The segment’s 64K boundary and disk boundaries cannot be
crossed. )

"Last sector processed” has little meaning in this case as this
function does not actually trancsfer data.
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3.10.&6 Verify Data — O&H

Input: AH = 06H
AL = Number of sectors to process
CH = Cylinder number
CL = Sector number
DH = Track (i.e., surface or side) number
DL = Drive number
ES:BX = Segment:offset of buffer

Output: AH = /0 status code (see paragraph 3. 10. 12, "Status Codes")
AL = Number of unprocessed sectors
ES:BX = On error, segment: offset of WORD in error

This function verifies disk data against data in memory. ANY NUMBER of
sectors can be processed subject to memory boundary limitations (The
segment’s 44K boundary and the disk boundaries cannot be crossed. )
3.10.7 Return Retry Status - O7H

Input: AH = O7H

Qutput: AH = OOH
AL = Soft error status of last I/0 operation

This function is similar to the Return Status Code (O1H) function. J
returns the "soft” error status of the last operation. Soft erro:
Trefers to an error that did not recur when the last operation wa:
retried.
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3. 10.8 Set Standard Disk Interface Table - OBH

Input: AH = 08H

AL = Standard DIT number (Valid values are O through 3)

DL = Diskette drive number (Valid values are O through 3)
Output: AH = Error status (see paragraph 3.10. 12, "Status Codes")
(NOTE: This function is provided for the use of operating system

software. )

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 one to set up a diskette drive to one of four
standard configurations by setting that drive’s DIT. The standard DIT
numbers are defined as follows:

NUMBER DESCRIPTION

sectors/track, S5i2-byte sectors
sectors/track, 512-byte sectors
sectors/track, 512-byte sectors
sectors/track, S5i2-byte sectors

0 Single side, 48 tpi,
1 Single side, 96 tpi,
2 Double side, 4B tpi,
3 Double side, 96 tpi,

oMo

3.10.9 Set DIT Address for Drive - 0O9H

Input: AH = O9H
DL = Disk drive number (Valid value is O through 7)
ES:BX = Segment:offset of DIT for drive

Output: AH = Error status (see paragraph 3.10. 12, "Status Codes")

(NOTE: This function is provided +Ffor the use of operating system
software. )

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 one to set any disk to a configuration other than
the four standard configurations. This is the mechanism by which
dynamic linking of disk drives to the system is accomplished.
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3.10.10 Return DIT Address for Drive - OAH

Input: AH = OAH
DL = Disk drive number (Valid value is O through 7)

Output: AH = Error status (see paragraph 2.13. 5, "Error Codes")
ES:BX = Segment:offset of DIT for drive

(NOTE: This function is provided for the use of operating system
software. )

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 purposes.

3.10. 11 Turn OFF All Digkette Drives - OBH
Input: AH = OBH
Output: AH = 0

(NOTE: This function is provided for the use of operatinb systen
software. )

Under normal operation the diskette drive motors are left ON for =&
period of time following a read or write operation to save time waiting
for the motor to come up to speed. Some applications, notably
diagnostics, require a function to ensure that the motors are not
running.

3.10.12 Status Codes

All functions return a status code in register AH and an error flag 1in
CF. I# the carry condition is set (CF = 1), then an error has occurred
and AH contains the errar caode. I# the no-carry condition is set (CF =
0), no error has occurred and AH always contains a zero (0). The error
codes are given in Table 3-7.
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Table 3-7 Error Codes

VALUE DESCRIPTION

OOH No error

80H Timeout - drive not ready or hardware failed
40H Seek failed - track not found

20H Controller harduware failed

10H CRC error

OBH Data request error - controller failure
O4H Record (sector) not found

O2H No data - bad disk format

O1H Command error ~ bad opcode or parameter
O3H Disk write protected

OSH Data did not verify

O%H I1/0 transfer crosses &64—-kbyte boundary

3. 11 KEYBOARD DSR

This subsection describes the keyboard DSR and the functions it
provides to the system or application programs that use it. It also
shows the various codes returned by ¢the DSR for ¢the standard
configuration of the keyboard.

.The keyboard DSR functions are located in the system ROM and are
accessed through the BOBB software interrupt mechanism (essentially an
address—independent subroutine call). The typical vser of the keyboard
DSR is ¢the operating system—dependent BIOS, which resides on a
particular operating system diskette and which 1is loaded into RAM
during disk boot.

The functions 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
service routine. All discussions of keyboard mapping vectors refer to
actions occurring during the servicing of the keyboard hardware (not
software) interrupt.

The desired function is chosen by 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 ot
reboot and is not directly available to the wuser. It performs

diagnostics on ¢the keyboard hardware, sends to it <the required
initialization sequences, and initializes the DSR internal data areas.
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3.11.2 Read Keyboard Input — AH = O

This function reads and removes the current character (if any) from the
keyboard buffer. The character value is returned in register AX. I+
there is no character ready, the DSR will wait until one is received
before it returns to the caller. This character has already been fully
encoded (refer to Table 3-8B). Normally, the encoded ASCII character is
returned in register AL, and register AH contains 0O0. I#¢ AL = 0, then
the coded value in AH corresponds to one of the various function keys
(Refer to Table 3-9.

3.11.3 Read Keyboard Status - AH =1

This function determines whether a character is ready at the keyboard
without having to actually read it. If no character is waiting, it
returns with the 2Z-flag set (=1). I¢# the Z-flag is reset (=0), a
character is available to be read. The character value is returned in
AX, but is not removed from the keyboard buffer.

3.11.4 Read Keyboard Mode - AH = 2
This +function determines the current mode of the keyboard. The mod.

value is returned in register AL in the format shown in Figure 3-3
The definition of the byte is as follows.

1 716! 51413121 1! 0! <-—— Reg AL

]
H —= 1 = Control key depressed
H

—=——-= 1 = Alternate key depressed

on o o o= =

i1 = Shift key depressed

o mm wm an Mo ww w-
. we on o= G- e= =
e om e e = .= -
o ww oa on oo o= =

0000 (always zero)

1 = Caps lock key depressed

Figure 3-3 Byte Definition - Keyboard Modes
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Because the "mode" applies to the 1last character +typed and not
necessarily to the one at the front of the queuve, this function returns
valid information only if the keyboard buffer contains one or less
characters. In order to wuse this function, the key should be read
normally, then a status check made to make sure the buffer is empty.
If the buffer is empty at this point. the mode may be read.

3.11.5 Flush Keyboard Buffer - AH = 3

This +function is wvused ¢to "flush" (empty) the keyboard type—-ahead
buffer. It simply resets the queue pointers, which effectively empties
the buffer.

3.11. 6 Keyboard Output - AH = 4

This function sends the keyboard command in AL directly to the
keyboard, with appropriate handshaking. Upon return, the Z-flag has
the status of the operation. If# the 2Z-flag (ZF) is set (=1), the
command was performed correctly; otherwise (ZF=0), an error was made.
The keyboard commands sent by the CPU are given in Table 3-8

Table 3-8 Keyboard Commands

AL FUNCTION PERFORMED

00 Perform @ powerup reset and
install default parameters

.01% Turn repeat—-action feature ON

o2 Turn repeat—action feature OFF

03 Lock the keyboard

O4% Unlock the keyboard

05 Turn keyclick ON#=*

O6% Turn keyclick OFF#*#

* Indicates the default parameters.
*## Keyclick requires hardware modification. It is not
presently supported.
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3.11.7 Put Character Into Keyboard Buffer — AH = 5

This function places the 1é-bit value in BX directly 1into the keyboard
buffer. On return, if the Z-flag is reset (=0), the character was
placed in the buffer (this is the normal case). I+ the Z-flag is set
(=1), the buffer was full, and the character was not placed in ¢the
buffer (it 1is still in BX). A subsequent Read Keyboard Input (AH=0)
function call retrieves this character (assuming the buffer was empty
to start with, and no keys have been typed on the kayboard.) Any i16-
bit value can be placed into the buffer, but unless the user has some

explicit application that understands ‘“strange™" characters from the
keyboard, it is recommended that only standard characters generated by
the keyboard be wused. The format for the characters is the same as

that given in the Read Keyboard Input function.

To place a normal ASCII character into the buffer, the function call
should be made with the character value in BL and zero in BH To place
function keys into the buffer, the function call should be made with
the extended function valuve in BH, and zero in BL. (Refer to Table 3-9
and Table 3-10).

This function can be useful in situations where a program needs to make
characters that appear to have been typed in at the keyboard. Twc
examples of this follow.

# An application can ensure that the operating system printer
"echo" feature is disabled by inserting a CTRL N into the
buffer during initialization. The operating system sees this
as just another key and turns off the echo.

# Many operating systems lack a chaining feature, and this
function may be vused to provide one. Immediately before a
program terminates, characters can be placed into the keyboard
butfer (a flush operation is recommended first) to simulate a
command being ¢typed at the keyboard. When the program
terminates, the operating system takes over, reads the
keyboard buffer, and performs that command (which could invoke
a second program, effectively "chaining” programs).

3.11.8 General Keyboard Layout

The outline of the keyboard and the key position numbers associated
with each key are shown in Figure 3-4. These are the scan codes sent
from the keyboard and are used internally by the keyboard DSR to encode
the key. Note that the keys marked with "#»#" (mode keys) are not in
the actual matrix and do not generate a scan code.
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3.11.9 Character Codes

Table 3-2 lists the character and extended function codes returned by
the keyboard DSR. The modes are handled internally to the keyboard DSR
and the returned code reflects the mapping shown in this table.

General notes to Table 3-9:
1. Key # is shown in Figure 3-4.

2. In each column, both the "graphic" and the hex value
of the character are given in the form: GGG HH.

3. Entries consisting of "=—= —-=" indicate that the
combination is suppressed within the keyboard DSR.

4. Entries consisting of “xxx ##" indicate special
handling in the form of direct action by the keyboard
DSR. (For details, see paragraph 3.11. 14, "Special
Handling")

5. Normal (ASCII) characters are returned in register AL
with the Key # in AH.

6. Entries consisting of “xxx yy#" are returned with AL=0
and the indicated value (yy) in AH.

Texas Instruments 3-41 PRELIMINARY-Jan 21. 1983



DEVICE SERVICE ROUTINES

TECHNICAL REFERENCE

Table 3-9 Standard Keyboard Character Codes
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"COMMENTS

CONTROL !

Standard Keyboard Character Codes (Continued)
SHIFT

NORM

Table 3-9.
#!

KEY

TECHNICAL REFERENCE
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Table 3-9. Standard Keybcard Character Codes (Concluded)
! KEY #! NORM ! SHIFT | CONTROL ! ALT ! COMMENTS ‘
71 1V h &8 | H 48 | BS OB ! altH 23! !
P72 V) &A | J 4A V LF OA | altJ 24+#! H
V73 4V &k 6B ! K 4B | VT OB | altk 25#| !
74 1 6 '+ L 4C I FF OC | altL 26#! :
V75 3B | 3A | ~— — | == == H
V76 ! 27 + " 22 | —— == | === =] !
77 + CR OD:{! CR OD! CR OD | === == 1| RETURN '
i 78 0\ SC ! | 7C ¢ FS 10 | === ==} i
t 79 | C-1¢ 4B#isC~1f BB*!cC-1f 73%!aC~-1¢ 4Cx! LEFT ARROW !
{! B0 | Home 47# ! sHome 8é#%icHome 77#!aHome 85%! HOME :
it 81,V S 201 SP 20! S 20 ! SP 20 ! SPACE bar :
B2 Tz 7A | 2 SA | SUB 1A | altZ 2C#! H
{ 83 | «x 78 I X S8 | CAN 1B ! altX 2D#! !
i B4 | ¢ &3 1 ¢ 43 | ETX 03 ! altC 2E+! H
it 85 | v 76 IV 56 | SYN 16 | altVv 2F#i !
i 86 | b &2 | B 42 | STX 02 | altB 30#%! !
it 87 ' n &E ! N 4E | SO OE | altN 31+ !
i B8 ! m &D ' M 4D I\ CR OD ! altM 32+! !
T8 i, 2C ¢+ < 3C | —— == | m——— -- :
! 90 IPtogl 72%! #%% ##% } —— == | === == | PRINT :
5 U R 2 | > E | —— =— | ——— == !
P92 7/ 2F @+ ? F | =— =— | == -] :
i 93 | === o= | me= «w= | ee— = | === == | (unused) H
{ 94 | Del 53%! gsDel 384! cDel 39%! aDel 3A%! (DELETE) '
! 95 | Ins 5S2%! slns 28%! cIns 29%! alns 2A#! (INSERT) H
i 96 | C—dn S50%isC—-dn 89#%!cC-dn 76%!aC-dn Sixi DOWN ARROW '
! 97 | e o= | == e | m—= == | === == | (unused) !
i 98 | == = | == e | =— == | === == | (unused) '
I 99 | = = | === == | e~—= == | === == | (unused) :
! 100 | Ppau %+ ! Pbrk #%# | —— — | ~== == | BREAK/PAUSE |
i 101 | £1 3B#isfl S4%icfl SExiafl 68%] F1 !
{102 | f2 3Cxisf2 55%icf2 SF#!af2 69%! F2 '
{ 103 | 3 3D#*!s+3 S56#ic+3 &0%* | a+3 SAx! F3 :
! 104 | £4 3E=xists S7#ic £4 6ixats &B%! F4 :
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3.11.10 Extended Codes

The "extended" codes (non-ASCII codes) represent special function keys
on the keyboard. They are distinguished by register AL being OO0 upon
returning from a Read Keyboard (AH=),1,0or 2) function call, in which
case the extended code is in register AH. They are in a range of codes
(OOH-FFH) that includes normal ASCII and they are given in Table 3-10.

Table 3-10 Extended Function Codes

it MDE! O ¢+t V2V 3tV 4 V5 VvV &6 YV 7 t 8 |
t LSD i—

i O IPbrk 1altQ laltD (altB | #6 | C-dn! c$#3 | af? lalt9 !
{ 1 iPpau laltW laltF !altN ! €7 !aC-dn! cf4 !afl0 'altO !
P2 | taltE laltC (altM | #8 | Ins | c+#5 Ptoglialt- |
{i 3 IFnul (altR lalth | { £9 | Del | cfé lcC-1filalt= |
P4 1altT laltJy ! i #10 | sfl | c#7 icC-rticC-up!
i 5 i talty laltk | i #11 | sf2 | cf8 | cLF ‘laHome!
i &6 | taltU laltL ! 1 12 | sf3 | c£9 icC-dnisHome!
7 laltl | H ! Home! sf4 | cf10!cHome! '
i 8 Iisfil (alt0 isIns isDel | C-up! s#5 | afl laltl isC-up!
i 9 isei12 (altP lclns {cDel (aC-up! sfé& | af2 lalt2 (sC-dn!
i A icflt | ialns {aDel ! ! s#7 | a#3 (alt3 isC-rt!
i B icel2 ! H { #f1 | C-1¢f! sfB8 | af4 (altd isC-1¢f!
i C lafit ! laltZ ! #2 !aC-1lf! sf9 | afS 1alts | pfl |
i D iati2 | laltX ! #3 | C-rt! sf10! afé lalts | pf2 !
it B | laltA laltC | #4 laC-rt! cfl | af7 1alt7 | p#3 |
! F 1Bktabl!altS l1altV | £S5 | aLF | cf2 | a¢B lalt8 | pf4 |
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3.11.11 HKeyboard Mcdes

In the standard keyboard. the mode keys have the effect shown in Table
3-9. The latching (push-push) CAFS LOCK key affects the alphabetic
keys (50-5%, 66-74, and 82-B8 on the standard keyboard) by forcing the
SHIFT mode. Normally the alphabetic keys produce lowercase characters,
and the SHIFT key temporarily cavses 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 further effect (on the
alphabetic keys).

In the standard encoding, there is no valid combination of mode keys
except for CTRL/ALT/DEL, which is vuvsed for system reset. If more than
one mode key is pressed at once, only one will be recognized. The
precedence is as follows: Highest is ALT, then CTRL, then SHIFT (and
CAPS LOCK).

Simultaneously depressing the CTRL, ALT. and DEL keys results in the
keyboard DSR initiating the equivalent of a system power—up reboot. It
is handled internally ¢to the DSR and does not return a code. This
function is "hardwired" and cannot be disabled.

The ALT key has @ special use, which allows the vuser to enter any
character code (OOH-OFFH) #from the keyboard. If the ALT key is held
down, and the decimal value of the desired character is typed on the
NUMERIC KEYPAD with three keystrokes, the value is returned directly
through the Read Keyboard Input (AH=0) function to the application as a
normal character. I# less than three digits are typed. the next non-
ALT key struck forces the currently accumulated ALT/NUM value (due to
the first 1 or 2 keystrokes) to be sent. Note that if the first I or 2
keystrokes were the zero key, the next key 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 keys are struck, ¢the
accumulated value is sent and a new three-keystroke sequence is
started.

3.11.12 Type—Ahead Buffer

The DSR implements a circular type—-ahead queuve, which is capable of
buffering up to 15 keystrokes (each keystroke is 2 bytes). 1I¢# the
queve is filled, any further characters entered at the keyboard cause
the system beeper to sound. The Flush Keyboard Buffer (AH=3) function
cavses the queuve pointers to be reset, which effectively empties the
buffer.

3.11. 13 Repeat-Action Feature
I# the repeat-action feature (the default)is enabled, all keys are

repeat action at @ 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 pending character The result of ¢this is that ¢the
-application does not have to worry about the repeat—action "coasting”
problem; that is, if the application does not or cannot read the
keyboard input faster <than the repeat-action rate, the undesired
repeat—action characters are not queued and the keyboard does not get
ahead of the application.

3.11.14 Special Handling

This section deals with functions handled by the keyboard DSR itself.
There are several cases in which immediate reaction is required (for
example, pausing the output routine so a fast-scrolling screen can be
read). Most of these functions are implemented with the software
interrupt facility of the B8088.

Each of the defined interrupt vectors points to some default piece of
code that either does nothing (a single IRET instruction) or performs
some system function. An application program may change these
interrupt vectors in order to gain direct access to a function, but the
application is responsible for preserving the original contents of the
vector and restoring it before terminating and returning to the system.
Note that the application routine, if used, must end with an IRET (or
the equivalent "RET 2", which allows flags to be passed).

The stack used is the internal stack of the keyboard interrupt service
routine and only 10 levels (20 bytes) of stack are available to the
user’s routine. Note ¢that interrupts are disabled when the wuser
routine is entered (due to the INT instruction). They should be re-
enabled immediately unless it is necessary for them ¢to be disabled.
Registers AX, BX, CX, DI, and ES5 may be used (information is passed in
AX); any others must be preserved. If the available stack is not large
enough, then the routine should switch ¢o an internal stack of
sufficient size (plus eight bytes for possible interrupts). Also, the
routine is executed as a part of the keyboard interrupt service
routine, which means that no other keystrokes are accepted until the
user routine finishes and returns. The narmal way to communicate with
the outside world (outside the service routine) is to set a flag. and
to watch for the flag in the application. For example, this is how the
BREAK function is implemented in MS-DOS. For these reasons, control
should not be retained by the user’s routine unless a complete system
initialization is to be performed.
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3.11.15 User-Available Interrupts

The following is @ summary of the software interrupts performed by the
keyboard DSR that may be used by application programs. The interrupts
are presented in the order that they are executed. The number in
parentheses, the "interrupt type", is used in an INTerrupt instruction
The absolute address of the corresponding vector is the interrupt type
times 4. As an example, the address of the keyboard mapping vector is
SBH x 4 = 146CH. Note ¢that any of the special key interrupt functions
can be bypassed by re—encoding the key code as described in paragraph
3.11. 21, "Custom Encoding". The keyboard DSR interrupts are:

1. Keyboard Mapping Interrupt (SBH)
2. Program Pause Interrupt (SCH) %
3. Program Break Interrupt (SDH) =
4. Print Screen Interrupt (SEH) %

S. Keyboard Queueing Interrupt (S5FH)

# These Interrupts occur after internal encoding.

3.11.15.1 Keyboard Mapping. This interrupt is performed each time a
key is pressed, but before it is encoded, which allows the user ¢to
encode the key. When the user encodes the key, the DSR places the key
code in the queve and performs Keyboard GQueuing (SFH) Interrupt;
otherwise, the DSR encodes the key, checks for the special keys. and
then queues the key code, causing the Keyboard Queuing Interrupt. Use
of this Interrupt in re-mapping the keyboard is described in paragraph
3.11. 21, "Custom Encoding”.

3.11.15.2 Program Pause. Pressing the (unshifted) BRK/PAUS key causes
a software interrupt and allows the user to perform an action or return
a key code. It will return an extended code (see Table 3-0) ¢to the
caller if desired. At system power-up, the vector is set up such that
the PAUS key sequence causes a screen hold, which stops a fast-
scrolling screen. An application program can change the interrupt
vector in order to support a pause function of its own, but the program
is responsible for remembering the original vector and restoring it
before terminating. The Carry #flag determines the action of the
keyboard DSR upon return from the software interrupt. I# the Carry
flag is set, the DSR does nothing else and simply exits. I# the Carry
flag is reset, then the character value in AX is placed into the queue.
Before the software interrupt is executed, the Carry flag is reset and
the extended code +for the Program Pause function is placed in AX.
Therefore, if an IRET instruction is used to return instead of the
default ROM pause routine, the DSR returns the Program Pause function
code to the application. Note that since the Carry flag 1is wused to
pass information, the IRET instruction must be simulated with "RET 2*

Texas Instruments 3-48 PRELIMINARY-Jan 21, 1983



TECHNICAL REFERENCE DEVICE SERVICE ROUTINES

if the user needs to return with Carry set. (The IRET instruction
restores flags to their pre—-interrupt state.)

3.11.15.3 Program Break. Pressing the (shifted) BRK/PAUS key causes a

software interrupt and allows the user to perform an action or return a
key code. It can be set to return an extended code (see Table 3-9) to
the caller, if desired. During power—up initialization, this interrupt
vector is set up to point to an IRET instruction so that the BRK keuy
sequence is ignored other than returning the break code. An
application program can change the interrupt vector in order to support
@ break function of its own. However, the program is responsible ¢for
preserving the original contents of the vector and restoring it before
terminating. The encoding/software—-interrupt technique is the same as
that described in paragraph 3.11.15.2, "Program Pause".

3.11.15. 4 Print Screen. Pressing the SHIFT and PRNT keys causes yet
another software interrupt. The user can perform an action or return a
key code. This normally vectors to an IRET instruction within the ROM.

. The DSR checks the Carry flag upon return, as described in the Program

Pause and Program Break interrupts (paragraphs 3.11.15.2 and 3. 11. 15 3,
respectively). Before the interrupt is executed, the Carry flag is set.
s0o if the routine consists only of an IRET, the key 1is effectively
ignored. This can be (and is, by MS—-DOS BIOS) patched to vector to an
actual Print Screen routine. This routine executes as a part of ¢ther
keyboard interrupt service routine and, thus, cannot be interrupted by
another keystroke.

3.11.15.5 Keyboard Queueing. This software interrupt occurs ever:
time a character, whether encoded by the DSR oar by the user, is place
in the type—ahead bufter. Its intended use is to enable a real-time 0%
task to know when there is a character to be read. The user has the
option of not having @ keycode queued (ignoring the key). Se=
paragraph 3.11.15.1, "Keyboard Mapping" for Keyboard Queuing interrupt
conditions.

3.11. 16 Custom Encoding

Facilities are available to allow an application program to encode the
keyboard +for itself, if necessary. Every time a key is pressed on the
keyboard, one or two key codes are sent from the keyboard to the DSR.
(For details see paragraph 3. 11. 17hkeyboard Interface Protocol). Each
time @ key code (not including the mode key codes, which are handled
internally) is received, a software interrupt is performed. Normally
the interrupt vector points to an IRET instruction, but an application
program can reprogram the vector to intercept these key codes, if
necessary. Since everything comes through this vector, the application
can completely take over (except for the system reset combination

CTRL/ALT/DEL). The routine that intercepts the key codes typically
scans through some tables to encode its special keys and execute an
"RET 2" instruction when done. Note that in this situation it is

especially critical that the application restores the vector ¢to its
original value after completion or the system will crash when the
special encoding routine is written over.
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When the software interrupt is performed (from the keyboard interrupt
service Troutine), the keyboard scan code is in AL, the mode byte is in
AH (see Figure 3-3 for modes), and the Carry flag is set (=1). 1f,
upon return from the interrupt, the Carry flag is reset (=0), then the
normal encoding of the key code is bypassed and the values in AL and AH
are placed directly into the type—ahead buffer. This is useful for
changing the standard encoding of the keyboard. I# the Carry flag is
set, and the value of AL is returned as OFFH, the keystroke is ignored
entirely, and nothing is placed in the buffer. This is useful in
situations where the Special Handling routine (paragraph 3.11.14)
performs some function directly and does not need to send a character.
Note that since this is a software interrupt, the IRET instruction must
be simulated with "RET 2" in order to pass flags back.

4

v
3.11.17 MWeyboard Interface Protocol

Each time a key is pressed on the keyboard, a byte representing the key
position is sent to the keyboard DSR. I# 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 preceded by a byte showing the
current status of the mode keys.

The ¢irst byte (mode byte) is sent only if it has changed since the
last transmission. It is never sent without being followed by ¢the
second byte. Also, since the mode is not allowed to change during the
repeat—action key function, the mode byte is never sent during a
repeat—-action key transmission. ’
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Note that the second byte contains a repeat-action key bit. This bit
is set to 1| during a repeat—-action key transmission, and reset to O
during a non-repeat—action transmission. If the key is still pressed
after a 1/2-second 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 tommunication with the keyboard 1is
asynchronous. serial, B8-data-bit, 1 stop-bit, even parity. The
keyboard transmits its data at 2440 bps and receives 1its commands at
300 bps.

Al though the ¢two bytes have similar formats, as shown in Figure 3-5,
they may be distinguished by the fact that the mode key status byte has
all ONEs in bits 3-6.

817 16 15 14 13 1211101 FIRST BYTE
—_— (Not always sent)
' -=—-=> C(Control

-;--——--> Alternate

> Shift

| == cn o ce vc on we
m = e em e e -
n mm em B o= we ==
-m w- e e e oe e~

= 1111 (denotes 1st buy:s)

| == »= = o= o= me e om w.

>
> Caps lock (Uppercase)
>

Parity

181 7161 51 41 31211101 SECOND BYTE

-— -
o ea
- o
-
—— .-
e o
- o=

Scan Code

v

-> Repeated Character
(Repeat-action keys)

-n cm Gw Sm ww == an

-> Parity

"Figure 3-5 Byte Definition — Keycode
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The keyboard understands several commands which are detailed in the
Keyboard Output (AH=4) function, and the keyboard (normally)
acknowledges each command.

The codes sent by the keyboard are given in Table 3-9 through scan code
104 (468 hex). The scan codes from 69H through &6FH are spares and may
be assigned in the future, although the size of the standard encoding
tables does not comprehend this. Codes 70H ¢through 72H are status
codes returned by the keyboard in response to commands: 70H is normal
command acknowledge status, 71H indicates internal RAM failure, and 72H
indicates internal ROM failure. Codes 73H-77H are unused and codes
78H-7FH are taken up by the encoding for the mode key status byte.

3. 12 PARALLEL PRINTER PORT DSR

This subsection dJdescribes ¢the parallel printer port DSR and the
functions it provides to the system or application programs that wuse
it.

The printer DSR provides routines with which to implement a
“Centronics—compatible” parallel port interface. It enables the wuser
to output characters, get printer status, and initialize the printer .
It is capable of interfacing to most printer s with a Centronics-
compatible intertface.

The printer DSR functions are located in the system ROM and are
accessed through the software interrupt mechanism of the 8088
microprocessor. The desired function is chosen by placing an opcode in
register AH, zeros in register DL (see explanation of register DL in
paragraph 3.12.4, "Use Under an Operating System”) and executing an INT
4BH instruction. All registers are preserved except AH, which always
returns with the printer status (see paragraph 3. 12. 3, "Return Printer
Status - AH=2, DL=0." The following functions are available:

3.12.1 Output Character To Printer - AH =0, DL =0

This function sends the character in AL to the printer port. The BUSY
signal from the printer is checked before sending the character. I¢
the printer is still busy after about 0.33 sec. the DSR sets the time-
out bit in the status byte (in AH) and returns; otherwise, it returns
with the time-out bit reset. Any abnormal conditions on the status
signals +from the printer causes the printer to go BUSY and time-out
occurs if the printer sets FAULT, PAPER OUT, or NOT SELECT. It alseo
sets BUSY, causing a time-out to occur.

In general, it is not desirable to rely on the time-out of the printer

output routine for normal vuse. It is a software loop and causes the
application to "hang” during the time-out period. The preferable
method is to have the application watch the BUSY signal through the
printer status call and implement its own time-—out (if desired) wunder
its own control. This is especially important when using the DSR fram
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(‘\ the printer task of a real-time 0S. Therefore, the normal sequence to
print a character is:

REPEAT
INTerrupt 4BH with AH = 2 and DL = O (see paragraph 3.10. 3,
"Return Printer Status"[paragraph 3. 10. 31).

UNTIL
STATUS = NOT BUSY

END

INTerrupt 4BH with AH = O, DL = 0 and AL = <{character>
IF STATUS = (time-out)
THEN
<handle the error> (FAULT or PAPER OUT or (NOT SELECTED))
END

(Refer to Figure 3-46 for byte definition of Return Printer Status.)

3.12.2 Initialize Printer - AH =i, DL =0

This function activates the INIT signal on the interface causing ¢the
printer to perform the equivalent of a power—up reset. The specifi.:
action taken is printer—dependent (refer ¢to the appropriate printe:
e manual}. The system software activates this signal only once, a:
actual system power—up (nat CTRL/ALT/DEL reset). :

3.12.3 Return Printer Status - AH = 2, DL =0

This function reads the printer status port and returns the informatio:
in register AH. This is the same information as that returned afte:
the Qutput Character to Printer (AH=0, DL=0) and Initialize Printer
(AH=1, DL=0) functions. The bits of AH are encoded as shown in Figure
3-6.

:
;.:
:;
:
;.;
;
:
.°..

1 ==

-—=—== TIME OUT (on busy)

- e -
- ew oo
- e W

- - (not used)

- - BUSY

- PAPER OUT

——me S en ee == ew o= =

- - SELECTED (ON LINE)

- e me en Ge e ee Sa O® Be ae

- FAULT

Figure 3-6 Byte Definition - Return Printer Status
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3.12.4 Use Under an Operating System

One of the +features of wusing: the software interrupt technique to
interface with the ROM routines is that a DSR can be enhanced or
replaced by patching its interface interrupt vector. Under MS-DOS, for
example, the serial printer support emulates the ROM’'s parallel printer

functions. The printer interface is implemented by patching a small
routine "in front of" the printer interrupt vector. This Toutine looks
at register DL to determine the desired printer. I# DlL=zero, then a

Jump to the ROM routine is made, and the user is unaware of the patch.
I¢# DL=1, however, ¢then AH is decoded to perform the appropriate
function on the serial printer. Since the serial support emulates the
status returned by the ROM’s parallel routines, again the user is not
aware of the operation, except for the fact that he set DL. Note that
some operating systems may not require register DL to be anything. In
the MS-DOS case, however, the DSR was extended in a manner that DL must
be specified. As this is not necessarily the case with other operating
systems, refer to the appropriate documentation for the operating
system used.
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3. 13 WINCHESTER DSR

The register assignment for the Winchester controller is given in Table
3-11.

Table 3-11 Winchester Controller I/0 Port Assignment

+ +- —-— ——
{ HEX ADDRESS ! IN FUNCTION ! OUT FUNCTION :
+ + —— —
! 0030 H Data IN port : Data OUT port '
+— —r—— + +
! 0031 ! Status register ! RESET !
+ +— - + —
H 0032 : Not used ! Not used !
+ - + -
H 0033 ! Not used { Interrupt mask !
+ + + +

An IN function sets data from ¢the Winchester controller board ans
drives it onto the computers 1/0 expansion bus. Conversely, an OU!
function sets data from the <computers 1/0 expansion bus onto ¢the
Winchester disk controller board.

3.13.1 Byte Definitions

The +following are byte definitions for the Winchester controller
registers and ports. (Additional information may be found in
subsection 2. 13, "Winchester Disk Drive and Controller. ")

3.13. 1.1 Controller Status Register. This byte stores the controller
status. It enables the computer to read the status of the controller
and monitor its operation. Bits of the controller status byte are
defined as follows.

1 10}t L=—= 1/0 Port address O031H (READ)

-
-
-
-
.
.

1
-
[}

Data Request

Input/output
Cutput

Command.,

Data

Pending interrupt

- e Sw w= m-

| == o= e 2o ne o we

= OO r

Cr ww wm mn me e me . o=
- em e em wem ne ww e -
-—— me ww wn e e N o= o=

| == or on on oo o= an on o

- Don‘t care
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3.13.1.2 Reset Port. This byte resets the controller. Any WRITE ¢to ,_\
port OO31H resets ¢the controller. Bits of the reset port byte are
defined as follows.

V7 16 15

- _ Don’‘’t care

-
.
-
-
-

=== 1/D0 Port address O031H (WRITE)
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3.13.1.3 Interrupt Mask. A two-bit field in this byte determines <the
interrupt to be serviced. Bits of the interrupt mask byte are defined
as follows.

{-—= 1/0 Port address O033H (READ>

-
-
-
-
-
o
-
-

|
|
1
—
]

Status interrupt enable

-——=—== 1 = Data interrupt enable

| o= eu oe e oe

— Don’t care

3.13.1.4 Error Status Byte. This byte is a special case that is only
available after @ command has been completed. The controller indicates
that ¢this byte is available by setting the I1/0 and C/D bits with DRQ.
Bits of the error status byte are defined as follows.

1 7 {~~— 1/0 Port address 0030H (READ)

o
o
-
o
.
-
°

Don’t care

==——== 1 = Ervor bit

Don’t care

== 1 = Drive number

—— ee S® Om me e o= e oo
. A= on o0 o= oc *e e on

—_— Don’t care

3.13.2 WINCHESTER ROM

The Winchester ROM is designed to interface to the system ROM softuware,
specifically, the system disk DSR. It is located on the Winchester
controller board, but is addressed by the system processor. It’s
address. as determined by the hardware, is OFBOOOH. The convention
locates the ROM at the address (as seen by the software) of
OF 400: 4000H.

The ROM contains software to interface to the system ROM disk DSR and
to drive the Winchester controller. It also contains additional
software to allow booting the system from the Winchester disk,
formatting the disk, and running diagnostics (power-up and advanced) on
the controller and disk.
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3.13. 2.1 Limitations. The DSR and other utilities provided by the
system ROM limit the types of Winchester drives which can be wused by
the system. The limits are as follows;

# X x Y cylinders 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

# 11-bits error burst length

Most of the routines within the ROM are driven by data structures which
describe the <type of drive completely. The system is powered up
assuming the following drive parameters;

153 cylinders
4 surfaces
125 first track of reduced write current
64 £irst track of write precompensation
1 error retry
11-bit error burst length
3-millisecond step option

If the default parameters are not correct for the type of drive in use.,
the Initialize Winchester disk system option call must be done to setup
the correct parameters. Note that the system can always boot the first
sector with the defauvlt parameters.

3.13.3 System Interface

The ROM is initialized to the suystem when it is called after power-up
test by the system ROM. The system ROM will have tested the Winchester
disk controller ROM to guarantee that it is functioning properly before
calling it. To allow the system 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 by the message length.

The entry point called by the system ROM is required to do any device
dependent initialization and, optionally, to boot the system from ¢the
device which ¢the <called ROM serves. For the Winchester disk, the
operations are as follows.

# Setup the ROM’s RAM area in the system and set the device
installed bit in the system configuration word.

# I+ the caller has passed the "do not boot" flag (OFFFFH in
register DX), return control to the caller. Dtherwise, (0 in
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register DX) continue.

# If the user has entered an "ESC" character from the keyboard.
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 lower priority than the Winchester disk
controller ROM and then call them with the "do not boaot" flag
set (DX = 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 sector.

# If any errors occur in the above area, control is returned to
the system ROM.

3.13.3.1 System RAM usage. The Winchester disk ROM uses 30 kbytes of
RAM in the system RAM area. This RAM is allocated after RAM wused by
other previously called ROMs in a single data block pointed to by a
word in the 