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1.2

SECTION 1
INTRODUCTION

GENERAL

The TM 990/189 is a self-contained, single-board microcomputer system. It is intended for use as a
learning aid in the instruction of microcomputer fundamentals, machine and assembly language
programming, and microcomputer interfacing. It also demonstrates TMS 9900 family applications
and advantages. Figure 1-1 shows the principal TM 990/189 components. The system’s features
include:

e TMS 9980A (MP9529) microprocessor

® 1024 bytes of random access memory (RAM) expandable on board to 2048 bytes (each byte
contains 8 bits of data)

® 4096 bytes of read only memory (ROM) expandable on board to 6144 bytes

® 2 MHzcrystal controlled clock

®  Audio cassette interface

® 16 bit programmable I/0 port and interrupt monitor (TMS 9901)

®  45-key alphanumeric keyboard

® Ten-digit, seven-segment L.E.D. type alphanumeric display

@ Visual and acoustic indicators

® Resident system monitor and assembler

® Single step instruction execution

In addition to onboard memory expansion, two other system expansion options are available:

® A TMS 9902 asynchronous communications controller, and accompanying interface
circuits for either RS-232-C or 20 mA current loop terminals can be added.

¢ The bus can be expanded by use of the Bus Interface.

Figure 1-2 shows the system architecture along with the user options.

MANUAL ORGANIZATION

This manual is organized as follows:

® Section 1 covers board specifications and characteristics. A glossary in paragraph 1.4
explains terms used throughout the manual.

® Section 2 shows how to install, power up, and operate the TM 990/189 microcomputer.

1-1
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Figure 1-2. System Block Diagram
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®  Section 3 explains the UNIBUG monitor. UNIBUG commands, XOPs and error indicators
are topics included.

® Section 4 is an introduction to the Symbolic Assembler used in the TV 990/189.

] Section b covers the instruction set used with the TM 990/189. Instruction formats and
addressing modes are explained in detail.

®  Section 6 covers assembler directives.

® Section 7 presents the fundamental concepts involved in /O programming. The
Communications Register Unit (CRU} and two interface adaptors (TMS 9901 and
TMS 9902) are described along with their programming techniques.

®  Section 8 covers theory of operation including memory and 1/0 mapping, block diagram,
and circuit descriptions.

®  Section 9 provides the necessary information to utilize the available options and modify the
system.

®  Section 10 provides a very useful troubleshooting checklist and debugging hints. Both
static and dynamic checks are given.

GENERAL SPECIFICATIONS
Power consumption (Typical}:
+5V +12V 12V
1024 bytes RAM, 4096 bytes ROM 8535 mA 76 mA 5.6 mA
2048 bytes RAM, 5120 bytes ROM 701 mA 121 mA 36 mA
2048 bytes RAM, 6144 bytes ROM 696 mA 102 mA 16 mA
Clock rate: 2 MHz

Baud rates (set by UNIBUG monitor): 110 baud and 300 baud

Memory size:
RAM (TMS 4014), 1024 bytes expandable on-board to 2048 bytes. (Equivalent RAM is TMS 4045.)
ROM {TMS 4732), 4096 bytes expandable on-board to 6144 bytes.

Board dimensions: 8.15 by 11 inches (20.7 by 27.9cm)

GLOSSARY ‘

The following are definitions of terms used with the TM 990/189,

Absolute address: The actual memory address in quantity of bytes. Memory addressing is usually
represented in hexadecimal from 00001 to 3FFFqg for the TM 990/189.
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Alphanumeric character: Letters, numbers, and associated symbols.
ASCIi Code: A seven-bit code used to represent alphanumeric characters and control.
Assembler: Program that interprets assembly language source statement into object code.

Assembly Language: Mnemonics which can be interpreted by an assembler and translated into an
object program. '

Bit: The smallest part of a word; it has a value of eithera 1 or 0.

Breakpoint: Memory address where a program is intentionally halted. This is a program debugging
tool. -

Byte: Eight bits or half a word.

Carry: A carry occurs when the most-significant bit is carried out in an arithmetic operation (i.e.,
resultant cannot be contained in only 16 bits).

Central Processing Unit (CPU): The “heart” of the computer: responsibilities include instruction
access and interpretation, arithmetic functions, I/0 memory access. The TMS 9980A (MP9529) is
the CPU of the TM 990/189.

Command Scanner: A given set of instructions in the UNIBUG monitor which takes the user’s input
from the terminal and searches a table for the proper code to execute.

Context Switch: Change in program execution environment, includes new program counter (PC)
value and new workspace area.

CRU (Communications Register Unit): The TMS 9980A’s general purpose, command-driven
input/output interface. The CRU provides up to 2048 directly addressabie input and output bits.

Effective Address: Memory address resulting from interpretation of an instruction, required for
execution of that instruction.

EPROM: See Read Only Memory.
Hexadecimal: Numerical notation in the base 16.

Immediate Addressing: An immediate or absolute value (16-bits) is part of the instruction (second
word of instruction).

indexed Addressing: The effective address is the sum of the contents of an index register and an
absolute {or symbolic) address.

Indirect Addressing: The effective address is the contents of a register.

Interrupt: Context switch in which new workspace pointer (WP} and program counter (PC) values are
obtained from one of 4 interrupt traps in memory addresses 000015 to 001216.

1/0: The input/output lines are the signals which connect an external device to the data lines of the
TMS 9980A.
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Least Significant Bit (LSB): Bit having the smallest value in a byte or word (smallest power of base 2);
represented by the right-most bit.

Link: The process by which two or more object code modules are combined into one, with cross-
referenced label address locations being resolved.

Loader: Program that places one or more absolute or relocatable object programs into memory.
Machine Language: Binary code that can be interpreted by the CPU.

Monitor: A program that assists in the real-time aspects of program execution such as operator
command interpretation and supervisor call execution. Sometimes called supervisor.

Most Significant Bit (MSB): Bit having the most value in a byte or word; the left-most bit representing
the highest power of base 2. This bit is sometimes used to show sign with a 1 indicating negative
and a 0 indicating positive.

Object Program: The hexadecimal interpretations of source code output by an assembler program.
This is the code executed when loaded into memory.

One's Complernent: Binary representation of a number in which the negative of the number is the
complement or inverse of the positive number (all ones become zeroes, vice versa). The MSB is
one for negative numbers and zero for positive. Two representations exist for zero: all ones or all
zeroes.

Op Code: Binary operation code interpreted by the CPU to execute an instruction.

Overflow: An overflow occurs when the result of an arithmetic operation cannot be represented in
two's complement {i.e., in 15 bits plus sign bit).

Parity: Means for checking validity of a series of bits, usually a byte. Odd parity means an odd
number of one bits; even parity means an even number of one bits. A parity bit is set to make all
bytes conform to the selected parity. if the parity is not as anticipated, an error flag can be set by
software. The parity jump instruction can be used to determine parity.

Program Counter (PC}: Hardware register that points to the next instruction to be executed or next
word to be interpreted.

PROM: See Read Only Memory.

Random Access Memory (RAM)}: Memory that can be written to as well as read from (vs. ROM).

Read Only Memory (ROM): Memory that can only be read from (can’t change contents). Some can be
programmed (PROM) using a PROM Programmer. Some PROM'’s can be erased (EPROM's) by

exposure to ultraviolet light.

Source Program: Programs written in mnemonics that can be translated into machine language (by
an assembler).

Status Register {ST): Hardware register that reflects the outcome of a previous instruction and the
current interrupt mask.
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Supervisor: See Monitor.

Utilities: A unique set of instructions used by different parts of the program to perform the same
function. In the case of UNIBUG, the utilities are the /0 XOP’s.

Word: Sixteen bits or two bytes.

Workspace Register Area: Sixteen words, designated registers 0 to 15, located in RAM for use by the
executing program.,

Workspace Pointer (WP): Hardware register that contains the memory address of the beginning
(register 0) of the workspace area.

APPLICABLE DOCUMENTS

The following is a list of documents that provide supplementary information for the TM 990/189
user.

e TMS 9901 Programmable Systems Interface Data Manual
e TMS 9902 Asynchronous Communication Controlier (Data Manual)
e TMS 9980A/TMS 9981 Microprocessor Data Manual

® TMS 9900 Family System Development Manual
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SECTION 2

INSTALLATION AND OPERATION
2.1 GENERAL
This section covers power supply requirements, power up procedure, operation (keyboard and
display), and use of the audio cassette interface.
2.2 REQUIRED EQUIPMENT
e TM 990/189 University Board
®  Suitable power supply such as TM 990/519
An equivalent power supply capable of meeting the requirements given in Table 2-1 may be used.
TABLE 2-1. POWER SUPPLY REQUIREMENTS
Voltage Regulation CURRENT
45V +/-5% 1.787A
+12V +/-5% 0.214A
-12V +/-5% 0.155 A
23 POWER UP PROCEDURE

Figure 2-1 shows how to connect voitage to the TM 990/189 board. A cable is supplied which directly
facilitates connection of the TM 990/189 to a TM 990/519 power supply. The connections on each end
are positively keyed and prohibit misconnection of the power supply. Also, since the connectors are
identical and this cable is wired “one for one,"” either end may be connected to the TM 990/189 or the
TM 930/519.

//

TEXAS INSTRUMENTS

0000

+12 ~ 12 +5 TGN

EB1

L] % Texas INSTRUMENTS

[=d
O,

DW Ds2
E59
R28 )
F 52
Q10 l

Figure 2-1. Power Supply Hook Up
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25.1

252

When using a power supply other than the TM 990/519, the user should remove one connector from
the cable and attach the proper connector or plugs for the power supply to be used. The power cable
conductors are color coded as follows:

+5V -Red
+12V - White
—-12V-Green
Ground - Black

NOTE
it is advisable to check the connections from the TM 990/189 to the power
supply output terminals with an ohmmeter before applying power.

CAUTIONS
1. Avoid applying incorrect voltage levels to the TM 990/189. Texas
Instruments assumes no responsibility for damage caused by improper
wiring or voltage application by the user.

2. Do not operate the TM 990/189 board on metal or other conductive
surfaces without use of a protective insulator between the two.

OPERATION
1. Verify that all wiring has been correctly connected.
2. Apply power to board.

3. The TM 990/189 has a power up load feature. The system initialization routine performs a
self-check operation on the major system components and indicates a successful self-check
compiletion by displaying “CPU READY" in the display.

KEYBOARD
KEYBOARD DESCRIPTION

The keyboard consists of 45 keys. Figure 2-2 and Figure 2-3 show the unshifted and shifted key code
designations respectively. Keys are shifted when the SHIFT key is depressed; while in this mode, the
shift L.E.D. will illuminate. The keyboard becomes unshifted as soon as any key is pressed with the
exception of DISPLAY RIGHT (—D) or DISPLAY LEFT («D).

KEYBOARD USE

The keyboard is used to enter commands and data to the microprocessor. The TM 990/189 will
energize in a power up LOAD state and the display will show CPU READY. At this point the
microprocessor will wait for one character to be input. If the character is P, the TM 990/189 will be
configured to receive data from a terminal {(assuming that the User 1/0 and Interrupt Port modifica-
tions have been made as described in Section 4). If the RETURN (Ret) key is pressed, the micro-
processor is configured to accept data from the keyboard. The display will show a question mark
indicating that the command scanner is available to interpret keyboard inputs. A flowchart covering
power up initialization is given in Figure 2-4.
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BOARD AND

DISPLAY
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SELF
CHECK
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WAIT FOR
CHARACTER FROM
KEYBOARD
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NO

“ERR"
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SOFTWARE FOR

EXT. TERMINAL
AT 300 BAUD

GO TO
UNIBUG
MONITOR

Fig. 2-4. Power Up Initialization Flow Chart
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2531

2532

2533

2534

SPECIAL KEYS DESCRIPTION
Shift

The SHIFT key carries out the same function as that carried out by the shift key on a typewriter: it
invokes a secondary definition for each key on the keyboard. The shift indicator L.E.D. (shown in
Figure 1-1) will be activated to indicate that the shift mode has been entered. The shift mode may be
exited by pressing any key except DISPLAY RIGHT or DISPLAY LEFT.

Display Left (<D)

The Display LEFT key shifts the field of view of the display to the left six character positions in the
display buffer. This key does not change the contents of the display buffer. Figure 2-5 illustrates the
operation of this key.

D)
r———" 1
SHIFTED DISPLAY —————| X X X X X XICPU [ READY _J<—|N|T|AL DISPLAY
LA 3

PREVIOUS CONTENTS

Figure 2-5. Display Left Operation

Display Right (—D)

The DISPLAY RIGHT key shifts the field of view of the display to the right six character positions in the
display buffer. This key does not change the contents of the display buffer. Figure 2-6 illustrates the
operation of this key.

——————— |
INITIAL DISPLAY cPu READY | x x x x x x 14—30';;535
— _ i_ —

PREVIOUS CONTENTS

Figure 2-6. Display Right Operation

External Terminal Use.

The receipt of an alphabetic or numeric character when “CPU READY" is displayed will cause the
TM 990/189 to be configured for communication with the optional TMS 9902 Serial Communica-
tions Controller and transfers control to the remainder of the system monitor (see Figure 2-4.)

EXAMPLE: Using the TM 990/189 with an External Terminal*

*See Section 8 for an explanation detailing the installation of the serial communications port and interface
circuitry.
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Procedure:

1. Plugin the cable from the terminal to connector P3 on the TM 830/188 (See Figure 2-7).

2. Connect the power supply cable from the TM 990/189 power pins to the TM 990/519 power
supply.

POWER PINS
LA RNl

“ POWER
SUPPLY

CONNECTOR P3

KB

TM990/189

Figure 2-7. External Terminal Hook Up

3. Apply power to the system.
®  Turn terminal power on.
e  Place terminal ON LINE.
®  Turn power supply on.

4. The TM 990/189 will energize in a power up LOAD state and the display will show CPU
READY.

5. Forcommunications at 110 baud (10 characters per second) press a numeric key (0 through
9) on the TM 990/189. for communications at 300 baud (30 char/sec) press an alphabetic key
(A through Z).

6. UNIBUG prints a2 “'?" prompt. The terminal is now ready for use.

2535 LOAD Switch.

The LOAD switch (S1) activates circuitry on the board which generates a non-maskable load
interrupt to the processor. Activating the load switch causes the processor to discontinue execution
of the current program and pass control to the UNIBUG monitor. Load switch activation does not
alter the contents of user memory.

Since the processor cannot ignore the load stimulus, the load switch provides the user with ultimate
control over processor actions. Should program control ever be lost {e.g., if the processor gets
caught in an infinite loop) pressing LOAD forces control back to UNIBUG where the user can enter
commands and direct system operation.
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TABLE 2-2. DISPLAY CHARACTER FONT

ASCl DISPLAY SEGMENTS ASCII DISPLAY SEGMENTS
CHARACTER CHARACTER  ILLUMINATED CHARACTER CHARACTER ILLUMINATED
A H a,b,c,e,f 6 El a,c,d,e,f,g
B - c,d,e,f.g 7 | a,b,c
c L a,d,e,f 8 ] a,b,c.d,e,f.g
D ol b,c,d,e,g 9 H a,b,c,d,f,g
£ E a,d,e,f,g 0 U a,b,c,d,e,f
F !: a,e,f,g SPACE - N (none)
G }_1 a,c,d,e,f @ :i;l a,b,d,e,f,g
H - b,c,e,f,g $ E_J. a,c,d,f,p
I | o * —{o b,c.g,p
J l_} b,c,d,e ' ' b
K - b,e,f,g > | a,b
L L d.e,f + 2 b,c,g
M 1 a,C,e,g - o g
N M C,e,g { - d,e,g
0 ] c,d,e,g ) 2 c,d,g
P E a,b,e,f,g % . b,e,g,p
Q H a,b,c,f,g / ! b,e,qg
R l|: e,g = % d,g
S l_l a,c,d,f ~ _ a,b,f
T C d,e,f.q < - a,f,g
U U a,c,d,e,f s — e d,p
v - b.d.f.g : . p
W U a,c,d,e ) de c,d,p
X — a,d,g : __' ® c,p
Y . b,c,d,f,g ? -, a,b,€,9,p
Z L a,b,d,e ! {, b,c,p
] i b,c _ _ d
2 c a,b,d,e,g " H b,f
3 . a,b,c,d,g # . b,c,d,g
4 H b,c,F,g
5 i:' a,c,d,f,g
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2.7

L.E.D. DISPLAY

The display is a ten-digit, seven-segment L.E.D. type. it is used to display data, instructions, and error
messages. The display segment designation is given in Figure 2-8. Table 2-2 shows display character
font. The font gives the ASCil character, the display character, and the segments illuminated.

L4 ®p
d

Figure 2-8. Display Segment Designation

USING AUDIO CASSETTE INTERFACE (ACI)

An audio cassette recorder can be used as a storage medium for programs used with the
TM 990/189. The TM 990/189 provides audio cassette interface circuitry and optional user installed
recorder control circuitry. The ACI theory of operation is covered in Section 8.

The TM 990/189 monitor provides two commands for use with a recorder. These commands are the
L (load memory from cassette) and D (dump memory to cassette}). Following entry of the L com-
mand, software will activate the motor control bit and begin looking for data from the audio cassette
interface. Software will synchronize with the data, convert the data into proper digital format, and
deposit the data in memory. After the data is loaded, the motor control bit is deactivated and the
module identifier displayed. After entry of the D command and the parameters, the monitor will
respond with READY and wait fora "Y'’ (yes) input from the keyboard. Upon receipt of the “’Y" ready
acknowledgement, the motor control bit is activated and an appropriate time allowed for the
cassette deck to reach operating speed. Memory will be dumped from the start address to the stop
address in 990 object record format. Following completion of the memory jump, the motor control
bit will be deactivated. The syntax and description for these commands is given in Section 3.

Figure 2-9 shows the location of the pins for audio in, audio out, and motor control.
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6 ® e 3

5 e e 2 P2-1 MOTORB(T)

4001 P2.2 AUD!O OUTPUT GROUND (=)

/ DISPLAY P2-3 AUDIO INPUT GROUND (=)
.. P24 MOTOR A
P2-5 AUDIO QUTPUT
K8 P26 AUDIO INPUT
COMPONENT

SIDE

Figure 2-9. AC! Connector Pins
271 RECORDER CONSIDERATIONS

In order to use the audio cassette efficiently several other aspects relevant to the recorder need
further comment. These topics include:

® Cable hook up
® Volume and tone control positions
®  Tape position

® Digital tape counter.

CAUTION
The TM 990/ 189 audio cassette interface is not compatible with certain models
of audio cassette decks. Reliable operation is only warranted with the
following audio cassette models:

General Electric 3-5121B
Panasonic RQ-413 AS

Realistic CTR-40

Realistic CTR-41

Sears Model No. 799-21683700
Sharp RD610.

A Panasonic Model RQ-413AS tape recorder will be used for illustrative purposes, Table 2-3
provides a listing of the connections that are needed between the TM 990/189 and the recorder.

TABLE 2-3. RECORDER AND ACI CONNECTIONS

Recorder P2 Connections
Auxiliary Input P2-5 {Audio Qutput) and P2-2 (Ground)
Earphone Qutput P2-6 {Audio Input} and P2-3 (Ground])

The volume control should be set to approximately 80 percent of maximum and the tone control to
mid-point.

The tape should be turned to the desired place on the tape where the recording is to be made and the
initial value of the digital tape counter noted. After a “"dump operation” is compieted, the final
reading of the digital tape counter should also be recorded. In this manner a number of programs
may be stored and located on a single tape.
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272 EXAMPLE OPERATION

This example will provide a step-by-step approach to using the audio cassette interface. it is assumed
that the optional cassette control relay has not been installed.

NOTE
If the relay circuitry is instalied, a cable will be required between the remote
input on the recorder to P2-4 {Motor A) and P2-1 (Motor B). This will allow the
processor to start and stop the recorder. t should be noted at this time that this
cable woutd have to be unplugged from the remote input for rewind opera-
tions.

Procedure:
1. Initial Set Up

a. Makethe necessary connections between the recorder and P2 as givenin Table 2-3. Do
not make any connections to the remote input on the recorder.

b. Apply power to the TM 990/189 and the recorder.

¢. Enter the example program given in Section 3.3 into memory. Examine memory to
ensure that the program has been accurately entered.

d. After inserting the cassette, position the tape to the desired starting place for the
recording. If the desired starting place is the beginning of the tape, reset the digital
tape counter to 000 prior to recording.

e. Setthe volume and tone controls to 80 percent and 50 percent respectively.
2.  Dump Routine

The D command will be used to dump memory from the “start address’ to the “‘stop
address.” The “entry address’” is the address in memory where it is desired to begin
program execution. in this case the proper syntax (See Section 3.3.6) for the D command is
as follows:

D200 <T2>20E<T2>200<T2>IDT = EXAMPLE < T1> READY? <Y >

After entering the D command, the monitor will respond with READY and wait for a Y (yes}
keyboard entry indicating that the receiving device is ready. This allows the user to check
recorder controls, tape position and the like before proceeding with the dump. If the
recorder is set up correctly, press the RECORD button and then enter a Y on the keyboard to
execute the D command. An apprapriate time is allowed fot the recorder to reach operating
speed as indicated by a count down on the sound disc and LEDs CRO-CR3. In a similar
fashion, the sound disc and the LEDs will signal when the dump has been completed.

If the user wants to expedite the dump sequence, two asterisks can be used following the

iIDT tag. Exampie: DT = **EXAMPL could be inserted in the syntax above to reduce dump
time.
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Load Routine

a.

e.

in order to verify that the program can be properly loaded back into memory, change
the contents of M.A. 0200 to 020E to zeros.

Rewind the tape to the dump starting position as indicated by the digital tape counter
— in this case reading 000.

Enter the L command on the TM 890/189 keyboard. CR6 (FWD LED) will light indicating
that the processor is now ready for the recorder to be turned on.

Depress the PLAY button on the recorder. The SHIFT LED will go on and off while data
transfer is occurring. LEDs CR0O-CR3 and the sound disc will signal the end of the load
routine. ‘

When the FWD indicator extinguishes, stop the recordexr.

Check Out Routine

a.

The display on the TM 990/189 shouid display the name identifying the program. in
this case, EXAMPLE should be displayed.

Use the M command to inspect memory locations M.A. 0200 to M.A. 020E and verify
that the contents are correct.

The program counter has been loaded with the starting address of the program: the
program is now ready to be executed.
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3.1

3.2

SECTION 3
UNIBUG MONITOR
GENERAL

A monitor is a program that implements the UNIBUG commands and subroutines. A command
specifes the operation that is to be performed (example: Memory Inspect/Change). A subroutineis a
program that carries out a specific task (example: typewriter program configures the TM 990/189 so
that the keyboard acts as a typewriter keyboard). The monitor used in the TM 990/189 provides
sixteen commands and seven subroutines.

The commands and subroutines available in the TM 990/189 reside in a TMS 4732 ROM (board

socket U 33). This section provides a description of the commands and subroutines available in the
monitor.

UNIBUG COMMANDS

The 16 UNIBUG commands are given in Table 3-1. The following paragraphs will give the syntax and
description for each command along with examples involving most of the commands. Conventions
used to define command syntax are listed in Table 3-2.

TABLE 3-1. UNIBUG COMMANDS

Input Resuits Paragraph
A Assembier Execute 333
B Assembler Execute With Current Symbol Table 3.34
C CRU Inspect/Change 3.35
D Dump Memory to Cassette 3.36
E Execute to Breakpoint 3.3.7
F Status Register Inspect/Change 3.3.8
J Jump to EPROM 339
L Loéd Memory from Cassette 3.3.10
M Memory Inspect/Change 33.2
P Program Counter Inspect/Change 331
R Workspace Register Inspect/Change 3.3.12
S Single Step 3313
T “Typewriter’’ Program 3.31
w Workspace Pointer Inspect/Change 3.3.14

Ret New Line Request 3315
$ Terminal Load/Dump Option 3.3.16




3.3

PROGRAM EXAMPLE

a.

TABLE 3-2. COMMAND SYNTAX CONVENTIONS

Convention
Explanation
Symbol
< > Required items to be supplied by the user
[ 1 Optional items to be supplied by the user
(Ret) Return
T Space
T2 Space or comma
T3 Space, comma, or return
LF Line Feed
RorRn Register (n = 010 15)
WP Current User Workspace Pointer contents
PC Current User Program Counter contents
ST Current User Status Register contents

Except where indicated otherwise, no space is necessary between the parts of
these commands. All numeric input is assumed to be hexadecimal; the last
four digits input will be the value used. Thus a mistaken numerical input can be
corrected by merely making the last four digits the correct value. If fewer than

NOTE

four digits are input, they are right justified with leading zeros.

Prior to discussing the aforementioned commands, an example program will
be given. The example program serves as an aid to developing an under-

standing of command operations.

Problem:

Write a program that will add 331 and 1510 and display the answer.

Program Solution:

LWPI >0300
LI 0,33
Ll 1,15
A 1,0
XOP 0,10
XOopP 1,13
Program

LWPI >300
Li 0,33
LI 1,15
A 1,0
XOP 0,10
XO0P 1,13

Load immediate to workspace pointer.
Load RO with first number (3310)
Load R1 with second number {151()
Add, answer in RO {memory address 30016}
Display contents of RO
Turn display on
Address Hex Contents

0200 02EQ

0202 0300

0204 0200

0206 0021

0208 0201

020A O00F

020C A001

020E 2E80

0210 2Fa1
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d. To enter the previous program:
1.  Apply power to the TM 990/189

2. The TM 990/189 will energize in a power up LOAD state and the display will show CPU

READY.
DISPLAY ENTER COMMENTS
CPU READY_
{Ret)
?_ UNIBUG commands can be entered now
M Memory Inspect/Change
M_
200 M.A. 0200
?M 200_
{Ret}
0200 = XXXX_ Current Contents M.A. 0200
02E0 Enter New Contents
XXXX 02E0_
(Sp) Advance to Next M.A.
0202 = XXX Current Contents M.A. 0202
0300 Enter New Contents
0202 0300_
(Sp)
0204 = XXXX_
0200
XXXX 0200
(Sp)
0206 = X0
oo
XXXX 0021_
(Sp)
0208 = XXXX_
0201
XXXX 0201_
(Sp)
020A = XXXX_
000F
XXXX 000F_
(Sp)
020C = XXX
A001
XXXX A001_
(Sp}
020E = XXXX
2E80
XXXX 2E80
(Sp)
0210 = XXXX
2F41 The entire program has been entered
XXXX 2F41 at this point
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e. Nowthatthe example program has been entered, it will be examined for errors prior to executing
it. To examine the previous program:

DISPLAY ENTER COMMENTS
{Ret)
7
M Memory Inspect/Change
™M_
200 Program Starting M.A.
M 200_
{Ret)
0200=02E0_ Data is Correct (DIC)
(Sp}
0202=0300 DIC
(Sp)
0204=0200_ DIC
(Sp)
0206=0021_ DIC
(Sp)
0208=0201.. DIC
(Sp)
020A=000F_ DIC
(Sp)
020C=A001 DIC
(Sp}
020E=2ES80 DIC
(Sp)
0210=2F41 DIC

Note: If an error is found at any
M.A., simply enter the correct
data and proceed to the next
M.A.

Now that the sample program has been presented and the proper method for entering and
examining a program given,the method for executing the previous program will be given.

f. Toexecute the previous program:

1. Setthe program counter using the Pcommand to the starting address of the program {0200
in this case).

2. Usethe E command without breakpoint to execute the program.

DISPLAY ENTER COMMENTS
(Ret)
?
P
P=XXXX Current PC value
0200 Set PC to 0200
XXXX 0200
{Ret)
?_
E
YE_
{Ret) Execute program
0030_ The answer is displayed
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3.3.1

3.3.2

TYPEWRITER PROGRAM (T)

Syntax

T

Description

Each time the T command is entered, a subroutine called the “Typewriter”’ program is called up. This
program aliows the user to use the keyboard as a typewriter and insert a string of characters in the

display buffer. This program is quite useful in familiarizing the user with the characters produced at
the display (see Tabie 2-1).

EXAMPLE:
DISPLAY ENTER COMMENTS
(LOAD) Initialize System
CPUREADY_
(Ret) Provides entry into command
scanner
_
T Call “Typewriter’’ program
T
A
TA_ Character A displayed
B
TAB_ Character B is added to display
MEMORY INSPECT/CHANGE (M)
Syntax
M [address] < T3 >
Description

Memory inspect/change “opens’’ the memory location specified, displays it, and gives the option of
changing the data in the location. If a memory location is not specified, the default of 00001g is used.
The termination character causes the following:

® [f areturn, control is returned to the command scanner.

¢ [f a space, the next memory location is opened and displayed.

@ If a minus sign, the previous memory location is opened and displayed.
If a hexadecimal value is entered before the termination character, the displayed memory location is
updated to the value entered. The last four digits input will be the value used; thus a mistaken
numerical input can be corrected by merely making the last four digits the correct value. If fewer than

four digits are input, they are right justified. The following example checks memory for the program
loaded in paragraph 3.3(d).
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DISPLAY ENTER COMMENTS
(LOAD) Initialize System
CPUREADY_
{Ret) Provides entry into Command
Monitor
7_
M Memory Inspect/Change Command
M
200 Memory address {M.A.) 0200
entered
?M 200..
(Ret)
0200=02E0_ Contents of M.A. 0200
(Sp)
0202=0300_
(Sp)
0204=0200_ Contents of M.A. 0204
- Minus entered
0202=0300_ Contents of M.A. 0202
(Sp)
0204=0200_ Contents of M.A. 0204
1234 Enter new contents (M.A. 0204)
0200 1234_
(Sp)
0206=0021_. Contents of M.A. 0206
- Minus entered
0204=1234 New contents in M.A. 0204
3.33 ASSEMBLER EXECUTE (A)
Syntax
A [address] < T3>
Description
After entry of the “A” command, the monitor passes program control to the resident Symbolic
Assembler. The assembler’s symbol table is cleared. The Symbolic Assembler is covered in Section
4,
3.34 ASSEMBLER EXECUTE WITH CURRENT SYMBOL TABLE (B)
Syntax
B [address] < T3 >
Description

Example:

After entry of the “B"” command, the monitor passes program control to the Symbolic Assembiler.
The previous symbol table is kept, allowing the user to resume assembly of a program after exiting
the assembler. The Symbolic Assembler is covered in Section 4.
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CRU INSPECT/CHANGE (C)
Syntax

C [CRU R12 address) < T2 > [No. of CRU bits] < T3 >

Definition

The CRU inspect/change monitor command is used to inspect/change the contents of the Communi-
cation Register Unit (CRU). The CRU inspect/change monitor command displays from 1 to 16 CRU
bits, right justified. The command syntax includes the CRU base address and the number of CRU bits
to be displayed. The CRU base address is the 16-bit contents of R12. The user must use 2 x CRU bit
address desired to obtain data about CRU bits. As an example, assume that seven CRU bits
beginning with CRU bit 801 are requested. If either the CRU R12 address or the number of CRU bits

" is not specified, the default values of 00001g and 16 bits are used respectively.

/{NOTE: 2 x 801 = 10016}

C 100,7
0100 = 007F VALUE DISPLAYED
oflr|2]3]a|s]e|7]8]9 |1o|11j12[13114|15/
>007F
[ ~— J
la—— 7BI
ZERO FILLED RE;SEEED 80 CRU BIT
81
82
83
84
85
86
Figure 3-1. CRU Bits Inspected By C Command
Examples:

1. Examine eight CRU input bits. CRU base address is 201¢.

DISPLAY ENTER COMMENTS
{LOAD)
CPU READY_
(Ret)
7_
C
C_
20,8
7C20,8_
(Ret)
0020=00F0 Eight CRU bits = FO
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2. Setvalue of eight CRU output bits at CRU base address 201g; new value is 0216.

DISPLAY ENTER COMMENTS
?_
Cc
C_
20,8
?2C 20,8
{Ret)
0020=00F0_ Previous value = FO
2 Enter new value
20=00F0 2_
{Ret)
?7_
C Check to see if new value
entered
C_
20,8
?C20,8_
{Ret)
0020=0002_ New value = 02

DUMP MEMORY TO CASSETTE (D)

Syntax MONITOR PROMPTS 7

D <start address> <T2>> <stop address> <T2><entry addres > <T2> IDT = <name> <T1>> READY <Y>

Description

The D command allows a program to be stored on Audio Cassette Tape. Memory is dumped from
“start address"’ to ‘‘stop address."” “Entry address” is the address in memory where it is desired to
begin program execution. After entering a space or comma following the entry address, the monitor
responds with an “IDT=" prompt asking for an input of up to eight characters that will identify the
program. After entering the D command, the monitor will respond with “READY" and waitfora Y
keyboard entry indicating the receiving device is ready. This allows the user to verify switch
settings, etc., before proceeding with the dump. Upon receipt of the ready acknowledge {Y input), the
motor control bit is activated, the FWD light is illuminated, and an appropriate time is allowed for the
cassette deck to reach operating speed. Memory is dumped from the start address to the stop
address in absolute 990 object record format. Following completion of the memory dump, the motor
control bit is deactivated and the FWD light extinguished.

As an example, assume that the starting address of the program to be dumped is M.A. 0200 and the
stop address is M.A, 0210: the entry address in this example will be the same as the starting address,
The correct syntax would be as follows:

D200<T2>210<T2>200<T2>IDT=EXAMPLE <T1>READY <Y >

The use of a double asterisk following the IDT tag will aliow for a faster dump sequence. The correct
syntax would be as follows:

D200<T2>210<T2>200<T2> IDT = ** EXAMPL < T1 > READY <Y >

A detailed step-by-step example illustrating the use of this command is given in Section 2.7.
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EXECUTE TO BREAKPOINT (E)
Syntax

E [breakpoint address] < T3 >
Description

The Ecommand can be used for two purposes: it can be used to execute an entire program, and it can
be used to execute a program up to a specified address {breakpoint address) where it is desired to
halt the program. This feature allows lfonger programs to be broken into smaller sections for
debugging.

Program execution begins at the values of PC, WP, and ST previously established. An optional
breakpoint address can be specified; if given, execution continues to breakpoint address at which
time control returns to the monitor and the contents of the PC will be displayed. If no breakpoint
address is specified, then execution begins with no hait point specified.

To illustrate one use of this command the sample program given in paragraph 3.3 was previously
entered into memory. To execute the sample program, the E command is used (without breakpoint).

Example:
DISPLAY ENTER COMMENTS
7
P
P=XXXX 0200 Starting address of program to be
executed

XXXX 0200

(Ret} PC set to 0200
7 E
7E_

(Ret) Execute program
0030_ Sotution
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STATUS REGISTER INSPECT/CHANGE (F)
Syntax

F

Description

This command is used to inspect or change the contents of the Status Register.

Example:
DISPLAY ENYTER COMMENTS

7_

F
?2F = XXXX_ Contents of Status Register

a4 Enter new contents
=XXXX 44._.
{Ret)

2.

F Check status register contents
?F = 0044_ New contents

JUMP TO START OF EXPANSION EPROM (J)

Syntax

J[VALUE 1} < T2 > [VALUE 2] < T2 > [VALUE3] < T3>
Description

The J command causes a branch to memory address 08001, the beginning address of the onboard
expansion EPROM at socket U32. The user program at that address will define its own workspace
and return-to-program procedure (return vectors are not transferred as in a BLWP instruction). The
command format allows the insertion of three parameters that will be stored in three contiguous
memory locations beginning at address >801g. The first parameter following the insertion of the J
key will be stored in the first address, the second parameter in the next address and the third
parameter in the last address. The parameters will be delimited by commas; if a parameter is not
entered in a field, its corresponding memory address will be all zeroes.

Example:

DISPLAY ENTER COMMENTS

_
J
N
4142,4344 Parameters to be stored in
memory addresses
J 00801 and 00821¢
4142,4344
(Ret) Program at 08001g executes
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3.3.10 LOAD MEMORY FROM CASSETTE {L)

3.3.11

Syntax
L
Description

The L command is used to load a program into memory from tape on an audio cassette recorder/
player. After loading the cassette into the cassette recorder, position the tape at the start of the
program that is to be read into memory. Following entry of the L command, the UNIBUG monitor
activates the motor control bit, illuminates the FWD indicator, and begins iooking for data from the
audio cassette interface. The data will be synchronized, interpreted and deposited in memory. After
the data is loaded, the motor control bit is deactivated, the FWD light extinguished, and the name of
the program as recorded on the object program is displayed. A detailed step-by-step example
illustrating the use of this command is given in Section 2.7.

PROGRAM COUNTER INSPECT/CHANGE(P)

Syntax

P [new PC] < (Ret) >

Description

This command is used to inspect or change the contents of the program counter. As an example,

assume that a program starting at M.A. 0200 is to be executed. The program counter would firsthave
to be set to the starting address of the program prior to executing it.

Example:
DISPLAY ENTER COMMENTS
_
P N
P=XXXX _ PC is at this address
200 Enter new address
=XXXX 200_
(Ret) PC contains address 0200
[
P Check PC address
?P=0200 PC address = 0200
{Ret) Return to UNIBUG
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3.3.12

WORKSPACE REGISTER INSPECT/CHANGE (R)
Syntax

R [Workspace Register number] < T3 >
Description

The R command is used to display the contents of any workspace register and allows the user to
change the register contents. The workspace begins at the address given by the Workspace Pointer.

The R command followed by an optional register number in hexadecimal and a return causes the
display of the specified register’s contents. The user may then enter a new value into the register by
entering a hexadecimal value. If a Workspace Register number is not specified, register zero is the
default value. The following are termination characters whether or not a new value is entered:

® A space causes display of the next register (next memory word).

® A minus sign causes display of the previous register (previous memory word).

o A return returns control to the command scanner.

The workspace pointer (W) must be set to the user RAM before attempting to change register
contents. M.A. 0200 will be used in the following example.

Example:
DISPLAY ENTER COMMENTS
?_ w Inspect workspace pointer address
PW=XXXX Workspace pointer address
200 Input hew contents
=XXXX 200
{Ret) New WP address = 0200
?_
R
7R
0
?RO_
(Ret)
RO=XXXX Contents of RO
222 Enter new contents
=XXXX 222_
(Ret)
7 Check to see new RO contents
R
?R_
0
?RO_
{Ret)
R0=0222_ RO has new contents
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3.3.13

3.3.14

SINGLE STEP(S)
Syntax

S < (Ret) >

Description

The S command is used to execute one instruction at a time in a program, Each time the S command
is entered, a single instruction is executed starting at the address in the Program Counter. After the
command is executed, the contents of the workspace pointer, status register on any other workspace
register can be examined. The program given in paragraph 3.3 was entered prior to running this
example.

Example:
DISPLAY ENTER COMMENTS
?_
P Examine PC
7P = XXXX
200 Enter starting address of program
=XXXX 200
(Ret)
7.
S Execute 1st step of program (further S key
75 0204_ entries execute successive steps)
(Ret)
7_ _
w Examine workspace pointer
W = 0300_ Woaorkspace pointer contents

WORKSPACE POINTER INSPECT/CHANGE (W)
Syntax

W<T3>

Description

This command allows the user to inspect or change the workspace pointer which is the memory
address of register zero.

Example:
DISPLAY ENTER COMMENTS
7.
w
W = XXXX_ Workspace pointer address
44 Input new contents
=XXXX 44_
(Ret)
?_
W Check new address
W =0044_ New workspace pointer address
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33.15

3.3.16

3.4

NEW LINE REQUEST (RET)

Syntax

(Ret)

Description

Receipt of a New Line Request command causes the monitor to respond with a carriage return, line

feed, and new line request if a terminal is used. If the keyboard is used, the previous dispiay will be
blanked and a prompt (7_) displayed.

Exampie:
DISPLAY ENTER
(LOAD)
CPU READY_
{Ret)
7_

TERMINAL LOAD/DUMP OPTION ($)
Syntax

$ (Ret)

Description

When using an external data terminal, entry of the $ command causes all subsequent load and dump
memory operations to input from and output to the terminal instead of the audio cassette, Therefore
programs could be stored on digital cassette or paper tape by use of the appropriate data terminal,
When loading from the terminal, the monitor automatically sends the appropriate control characters
(DC1 for playback on and DC3 for playback off) to the terminal to control playback/reader operation.
Likewise when dumping to the terminal, the monitor sends controt characters (DC2 for record on and
DC4 for record off) to initiate record/punch operations. Users should examine the capabilities of their
terminals to determine if they are equipped to respond to the playback and record control characters
automatically. In cases where terminals are not so equipped, users will be required to initiate the
appropriate playback and record operations manually based on the status of the FWD indicator as in
the case of the audio cassette.

USER ACCESSIBLE UTILITIES

UNIBUG contains seven utifity subroutines that perform 1/0 functions as listed in Table 3-3. These
subroutines are called through the XOP {extended operation) assembly language instruction.

TABLE 3-3. USER ACCESSIBLE UTILITIES

XOP Function Paragraph

8 Write 1 Hexadecimal Character to Terminal 34.1

9 Read Hexadecimal Word from Terminat 34.2

10 Write 4 Hexadecimal Characters to Terminal 343

1 Echo Character 344

12 Write 1 Character to Terminal 345

13 Read 1 Character from Terminal 3.4.6
14 Write Message to Terminal 347
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NOTES

1. Ali characters are in ASCll code.

2. Mostofthe XOP format examples herein use a register for the source address,
however, all XOP’s can also use a symbolic memory address or any of the
addressing forms available for the XOP instruction.

The XOP instruction uses Format 3. The machine language format is given below.

0 1 2 3 4 -] 6 ? 8 9 10 1 12 13 14 18

General Format: | 0 0 1 0 1 1 D (XOP NUMBER) Ts SR

Bits 6-9 contain the desired XOP number. Bits 10, 11 indicate the source register address mode (Ts}
and bits 12-15 indicate the source register number (SR). An example will best illustrate the use of this
format.

Example:

Assume that XOP 8is to be used to write one hexadecimal character from register five to the display.

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15

c ot 0 ¥ 111 0 ©¢ 0{0 O} O

10 1
e Cote & e \‘ !
\,\ \ REGISTER 5
\ - DIRECT REGISTER

XOP 8

0 { 5

XOPs 8, 10, and 12 can be used with the display provided that XOP 13 (needed to turn the display on)
is added to the program following the required XOP. To illustrate the use of XOP 8 in conjunction
with the display, the following example program will be used.

PROGRAM ADDRESS HEX CONTENTS
LWPI > 300 0200 020
0202 0300
t10,3 0204 0200
0206 0003
L1,2 0208 0201
020A 0002
A0 020C AQ01
XOP0,8 020E 2E00
X0P 1,13 0210 2F41

This program adds two numbers (3 and 2} and places their sum in register 0. XOP 8 is used to display
the answer and XOP 13 is used to turn the display on. This XOP could be used to display answers in
the range of 0 to F (hexadecimal).
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3.4.1

34.2

WRITE ONE HEXADECIMAL CHARACTER TO TERMINAL {XOP 8)

Format: XOP Rn,8

The least significant four bits of user register Rn are converted to their ASCIl coded hexadecimal
equivalent (0 to F) and output on the terminal or display. Control returns to the instruction following
the extended operation.

Exampie:

Assume user register 5 contains 203C16. The assembly language (A.L.) and machine tanguage (M.L.)

values are shown below.

AL. XOP R5.8 SEND 4 LSB'S OF R5 TO TERMINAL

o 1 2 3 4 5 6 7 8 9 10 13 12 1314 15
M.L.IO o 1 0 1 1[1 o o o|o o]o 1 o0 1| > 2E05

Terminal Qutput: C

READ HEXADECIMAL WORD FROM TERMINAL (XOP 9)

Format: XOP Rn,9
DATA NULL ADDRESS OF CONTINUED EXECUTION IF
NULL iS ENTERED
DATA ERROR ADDRESS OF CONTINUED EXECUTION IF
NON-HEX NO. ENTERED
(NEXT INSTRUCTION) EXECUTION CONTINUED HERE IF VALID HEX

NUMBER AND TERMINATOR ENTERED
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343

Binary representation of the last four hexadecimal digits input from the terminal is accumulated in
user register Rn. The termination character is returned in register Rn+1. Valid termination characters
are space, minus, comma, and a carriage return. Return to the calling task is as follows:

® If avalid termination character is the only input, return is to the memory address contained
in the next word following the XOP instruction (NULL above).

® |[f a non-hexadecimal character or an invalid termination character is input, control returns
to the memory address contained in the second word following the XOP instruction
(ERROR above).

® If a hexadecimal string followed by a valid termination character is input, control returns to
the word following the DATA ERROR statement above.

Example:

XopP R6,9 READ HEXADECIMAL WORD INTO R6

DATA > 3F80 RETURN ADDRESS. IF NO NUMBER

DATA > 3F86 RETURN ADDRESS, IF ERROR

0 1 2 3 4 5 6 7 8 9 10 1112 13 14 15
3F00[0 0 1 0 1 T 11 0 0 177 © 0] o 1 1 0 > 2E46
3F02|0 1] 1 1 1 1 1 1 1 0 ] i 0 0 0} 0 > 3F80
3F040 0 1 1 1 1 1 1 1 0 0 o 0 1 1 1§ > 3F86

If the valid hexadecimal character string 12C is input from the terminal followed by a carriage return,
control returns to memory address (M.A.) FFB61g with register 6 containing 012C1¢ and register 7
containing 000D1g.

If the hexadecimal character string 12C is input from the terminal followed by an ASCll plus (+} sign,
control returns to location FFC61¢. Registers 6 and 7 are returned to the calling program without
being altered. ’+" is an invalid termination character.

If the only input from the terminal is a carriage return, register 6 is returned unaltered while register
7 contains 000D 6. Control is returned to address FFCO14g.

WRITE FOUR HEXADECIMAL CHARACTERS TO TERMINAL (XOP 10)
Format: XOP Rn,10

The four-digit hexadecimal representation of the contents of user register Rn is output to the
terminal or display. Control returns to the instruction following the XOP call.

Example:

Assume register 1 contains 2C461¢.

AL, XOP R1,76 WRITE HEX NUMBER

¢ + 2 3 4 S5 6 7 8 9 10 11 12 13 14 15
ML o 0 1 0 1 1| 1 0 1 o] o o] o o o 1] >zes

Terminal Output: 2C46
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345

346

ECHO CHARACTER (XOP 11)

This is a combination of XOP’'s 13 (read character) and 12 (write character). A character in ASCIll code
is read from the keyboard placed in the left byte of Rn, then written (echoed back) to the display.
Control returns to the instruction following the XOP after a character is read and written. By using a
code to determine a character string termination, a series of characters can be echoed and stored ata
particular address. The typewriter program uses this XOP.

Example:

The keyboard will generate a character that will be stored in R10, then written (echoed back) to the
display.

01 2 3 4 58 6 7 8 9 10 11 12 113 14 15

o 0t 0 1 t]1 0 1 110 0|1

“—— REGISTER 10

DIRECT REGISTER

XOP 11

¢ 01 01 1|1 0:1 1}0 O

> 2

1 t 1
: | :
| 1 t
s :‘ s
1 ] 1

The following program (Typewriter program) uses XOP 11. The JMP $—-2 instruction allows the
program to be continually repeated.

PROGRAM ADDRESS HEX CONTENTS
LWPi > 220 0200 02E0
0202 0220
XOPR10,11 0204 2ECA
JMP $-2 0206 10FE

WRITE ONE CHARACTER TO TERMINAL (XOP 12)
Format: XOP Rn,12

The ASCII character in the left byte of user register Rn is output to the terminal. The right byte of Rnis
ignored. Control is returned to the instruction following the call.

READ ONE CHARACTER FROM TERMINAL (XOP 13)
Format: XOP Rn,13
The ASCIl representation of the character input from the terminal is placed in the left byte of user

register Rn. The right byte of register Rn is zeroed. When this utility is called, control is returned to the
instruction following the call only after a character is input.
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3.4.7

35

WRITE MESSAGE TO TERMINAL (XOP 14)

Format: XOP @MESSAGE, 14

UNIBUG ERROR MESSAGE

If an error is detected due to incorrect operation, the message “ERR" will be displayed. The following
errors can be detected:

1. Invalid command entered.
2. Invalid termination character detected.

Error 1 is the result of entering an invalid command. As an example, assume that the N key was

pressed instead of the M key. An error would be indicated by the display and further entry of the
data inhibited. To clear the error, press Ret.

Error 2 is the result of entering an invalid termination character. In the event of error 2, the command

is terminated. Clear the error using the Ret key then reissue the command and parameters with a
valid termination character.
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4.1

4.2

421

422

423

SECTION 4
SYMBOLIC ASSEMBLER
GENERAL

An assembler is a program that interprets assembly language source statements into object code.
The TM 990/189 Symbolic Assembler assembles the 69 instructions of the TMS 9980 as well as:

® The pseudo instruction NOP which assembles as the instruction JMP $+2 (i.e., actsas a “no
operation” or “’go to next instruction’’)

® The following assembler directives (Directives used with the assembler are explained in
Section 6): .

— AORG: Absolute origin of statement (absolute start location)
— BSS: Block of memory reserved with starting symbol

— DATA: Sixteen-bits of immediate value

— END: End of program, exit to monitor, load program counter
— EQU: Symbol equated to value in operand

— TEXT: String of ASCll coded characters

Comments and labels (two characters maximum) can be used with this assembler. The assembler
program is contained in a TMS 4732 ROM located at board socket U33.

Two UNIBUG commands can be used to cali the assembler (A and B). If the A command is used, the
previous symbol table will be cleared. If the B command is used, the previous symbol table is kept.

LABELS AND COMMENTS

LABELS

Labels may consist of one or two characters. The first character must be alphabetic and a second
character must be alphanumeric. Labels may be used either as resolved (defined in label field of
previous instruction} or unresolved (to be defined in label field of upcoming instructions) references.
Labels may be used in the label field only once in a program.

COMMENTS

Comments can be a part of the source statement. The comment field may include any printable
character and is concluded by a return.

USE DOLLAR SIGN TO INDICATE “AT THIS LOCATION"
Use the dollar ($) sign to indicate a current value of the location counter (the location counter

contains the next address at which object will be loaded). If the location counter contains a value of
020018, then the following comments apply as shown in these statements:
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425

426

4.3

D1 EQU $ D1 VALUE = LOCATION COUNTER VALUE = HEX 200

E1 EQU $+4 E1 VALUE = LOC COUNTER + 4 = 204
F1 EQU D1 F1 AND D1 HAVE SAME VALUE = HEX 200
LI R7.$ HEX 200 TO R?
LI R8,D1 HEX 200 TO R8
LI R9,$+2 HEX 20A TO R9 (LOC COUNTER NOW AT HEX 208)
LI R10,E1 HEX 204 TO R10
NOTE

In EQU (equate) directives, labels must be equated to either absolute values or
defined labels.

EXPRESSIONS

Expressions can be used containing addition or subtraction functions. For example, if the location
counter (contains the next memory address at which object will be loaded) contains 020016, then the
following comments apply as shown in these statements:

Al EQU $ A1VALUE = LOCATION COUNTER VALUE = HEX 200
B1 EQU $+8 B1 = LOCATION COUNTER + 8 = HEX 208
c1 EQU A1 - C1=A1VALUE = HEX 200

Ll RO,A1 HEX 200 TO RO

LI R1,A1+4 HEX 204 TOR1

LI R2,A1+C1 HEX 400 TO R2

Ll R3,A1+B1+C1 HEX 608 TO R3

LI R4,A1-B1 HEXFFF8 TO R4

CANCEL SOURCE STATEMENT BEING INPUT

If it is desired to cancel a source statement in the middle of entering it from the keyboard, press the
SHIFT key followed by the letter X key. The current location counter contents will be displayed,
waiting for new input. This must be executed prior to entering a return after the source statement.
The SHIFT X key is the ASCII cancel function. When using an external terminal, the CANCEL function
is generated by holding the CONTROL key while pressing X. ASClI coding is explained in Appendix C.

TRANSLATE CHARACTERS INTO ASCIi CODE USING SINGLE QUOTES
If it is desired to translate alphabetical or numerical keyboard values in ASCIl code, enclose the

characters in single quotes. This is the normal procedure for the TEXT assembler directive {Section
6); however, it can also apply in other situations. For example:

A EQU ‘AB’ ASCII FOR AB = HEX 4142
Ll R1,A LOAD HEX 4142 IN R1
LI R1,’AB’ LOAD HEX 4142 IN R1
A1 DATA ‘AB’ ASSEMBLE HEX 4142 HERE
ASSEMBLER ACTION

The Symbolic Assembler accepts assembly language inputs from the keyboard. As each instruction
is input, the assembler interprets it, places the resulting machine code in an absolute address, and
prints the machine code (in hexadecimal) next to its absolute address.
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4.4

44.1

442

45

MEMORY ADDRESSES

Example:

DISPLAY

INSTRUCTION — LWPI1>220_

MNEMONIC (LWPI1)

OF ASSEMBLED —

MACHINE CODE L » 0202 0220_

OPERATION

CALLING THE ASSEMBLER

— 0200 02€E0_

ENTER
«—— (QPERAND (220)
{Ret)
P —
(Ret) | MACHINE {OBJECT) CODEV
ASSEMBLED BY ASSEMBLER
4——

@ Call up the monitor by pressing the LOAD switch and the Ret key.

® Presseitherthe AorBkey. (if the Acommand is used, the previous symbol table will be cleared).

¢ Enter the hexadecimal address at which the program is to be assembled.

® Press Ret and entry to the assembier will occur.

Enter the END directive and two returns to cause an exit from the assembler and return control to the

Example:
DISPLAY ENTER
{LOAD)
CPU READY_
{Ret)
7
A
A
0200
?A 0200~
(Ret)
0200_
EXITING TO THE MONITOR
monitor.
ENTERING INSTRUCTIONS

Any of the 69 instructions applicable to the TM 990/189 microcomputer can be interpreted by the
Symbolic Assembler. An instruction generally consists of four fields: Label, Opcode, Operand(s),
and Comment. The Label field is optional and its omission is indicated by a space. The Label field
may be followed by one or more spaces. There should be a single space between the mnemonic and
the operand(s). In the case of multiple operands, a single comma should be used between the two.
The operand(s) can be followed by a Comment field. The operand should be followed by a space if

COMMENTS

Monitor Entry Gained
Assembler Call

Starting Assembly Address

Assembler Entry Gained
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the Comment field is desired or a return, if not. The Comment field may include any printable
character and is conctuded by a return. Up to the return ending either the Operand field or the
Comment field, the instruction may be cancelled by use of the Cancel command explained in
paragraph 4.2.5.

Examples:
1. LWPI >220
X
2. Ll 0,33
| S
3. N1,DATA 10
LU
4. DISPLAY
0200
00
LWPI >220
5. INSTRUCTION
LWPI > 200
6.

Single space between mnemonic and operand

Single comma between multiple operands

Space after [abel and opcade fields

ENTER COMMENTS
(Sp) Omit label field
LWPI >220 Enter instruction
TERMINATOR

A. Return (ret) - comment field omitted
B. Space - comment field to be used

The following example illustrates these functions:

A. Calling the assembler (paragraph 4.4.1)

B. Enterinstruction one {paragraph 4.5)
C. Enter instruction two {paragraph 4.5)
D

Exiting to the monitor (paragraph 4.4.2)

DISPLAY

CPU READY_
7
PA_

7A 0200.-
0200 _
00 _

LWPI >220_

ENTER
(LOAD)
(Ret)
A
0200
(Ret)
(Sp)
LWPI >220

{Ret)

4-4

COMMENTS

Monitor entry gained
Assembiler call

Starting assembly address
Assembler entry gained
Omit labeil field

Enter first instruction



0200 02E0_ «+— Addresses and machine

(Ret) code for first
0202 0220_ -« instruction
(Ret)
0204 _
(Sp) Omit
04 _
110,33 Enter second instruction
L10,33_
(Ret)
0204 0200_ Addresses and machine
(Ret) :___| code for second
0206 0021_ instruction
{Ret)
0208 _
{Sp) <— Exiting to the
08 _ monitor
END
END_
{Ret)
ND 0000_
(Ret)
7 —

The following additional concepts apply to instruction entry:

1.

Register numbers are in decimal or hexadecimal. Only decimal register numbers can be
predefined (preceded by an R).

LI R13,33
L >D, 33

Jump instruction operand can be $, $+n, $—n, or M where n is a decimal or hexadecimal
value of bytes {+256 = n = —254) and M is a memory address in decimal or hexadecimal.

JMP  $+0
JMP  $-2
JMP  $+2
JMP >210

Absolute numerical values can be decimal or hexadecimal. Decimal values have no prefix in
an operand. Hexadecimal values are preceded by the greater-than sign ( > ).

LI R13,>33
LI R13,51

Where an address can be either a register or symbolic memory location, the symbolic
address is preceded by an at sign (@) to differentiate a numerical memory address from a
register number. These alphanumeric labels must be preceded by an @ sign; numerical
values preceded by an @ sign will be assembled as an absolute address.
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MOV @ ST, R1 Move ST Contents to R1
A @SM, @ > FEOO Move SM Contents to M.A. > FEQO

NOTE
Jump and immediate operand instructions do not use the at sign before a symbol.

4.6 ERRORS

Syntax errors are indicated by an ‘ERR’ message. A displacement range error (such as with jump
instructions and single-bit CRU instructions) will be flagged with an RERR message.

1.  Syntax error. The instruction syntax was incorrect:

DISPLAY ENTER COMMENTS
0200
' {Sp}
00
LDA
LDAERR_ Error message (ERR)
(Ret) Use (Ret) and enter proper mnemonic

2. Range error. The operand is out of range for its field.

DISPLAY ENTER COMMENTS
0200
{Sp)
00
LIR44
LIR44_
(Ret)
LI R44ERR_ Error message (ERR)
(Ret) Cancel
0200
(Sp)
00
LI R4, 200 Enter proper data
LI R4,200_
(Ret)
0200 0204_ -
_ (Ret) Properly assembled code
0202 00C8 -

3. Displacement Error. The jump instruction destination is more than +256 or —254 bytes
away.
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DISPLAY ENTER COMMENTS

0200
(Sp)
00
JNC $+300
JNC $+300_
(Ret)
$+300RERR Error message (RERR}
{Ret) Cancel and enter proper

jump displacement
4.7 PSEUDO-INSTRUCTION

The assembler also interprets one pseudo-instruction. This pseudo-instruction is not an additional
instruction but actuaily is an additional mnemonic that conveniently represents a member of the
instruction set. The NOP mnemonic can be used in place of a JMP $+2 instruction which is
essentially a no-op (no operation). This can be used to replace an existing instruction in memory, or it
can be included in code to force additional execution time in a routine. Both NOP and JMP $+2
assemble to the machine code 10001¢.

DISPLAY ENTER COMMENTS
0200
(Sp)
00
JMP$+2
JMP$+2_
(Ret)
0200 1000_ ——
0200 Both JMP $+2
{Sp) and NOP assemble
00 |~ to the machine
NOP code 100016
NOP_
{Ret)
0200 1000 —

4.8 TM 990/189 SYMBOLIC ASSEMBLER LISTING

4.8.1 LISTING FORMAT

Figure 4-1 identifies the different fields of the listing.
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4.8.1.1

48.1.2

48.13

48.1.4

48.15

4816

LOCATION COUNTER (HEXADECIMAL)

ASSEMBLED OBJECT CODE (HEXADECIMAL)

LABEL FIELD

OPERAND FIELD

/// OP CODE FIELD
COMMENT FIELD
e

FE>4 Z2F20 EC O @LF.12 e LINE-FEELD. ©R
FEZ&6 FFz24
FEZB Q401 CLR Rt CLEAR ACCUMMULATOR
FE2A ZELC3 XOF Rz 11 ECHD CHAR.., PLACE IT IN RZ
FE2ZC 0&C3 SWFE RZ FPLACE VALUE IN RIGHT BYTE
# WAS SPACE., CR, ESCAPE OR CONTROL-H PRESSEDT
FEZE OzZ=23 CI Rz, 20020 SPACE BAR PRESSEDT
FE2O 0020
FEZ2 1311 JEQ OO YE3S. COMFARE VALLUES
FEZ4 0223 CI '3, 0000 CARRIAGE RET. PRESSEDT
FE3& 000D
Figure 4-1. Listing and Source Statement Flelds
Location Counter

This is the hexadecimal number showing the location of assembled object code. This location is
relative to the beginning of the program; thus it should begin with location 000015. One exception is
where an absolute origin assembler directive (AORG} is used.

Essentially, the location counter number is the location in memory of the corresponding object code
after a program has been loaded into memory. For example, the object code in Figure 4-1 at M.A.
FE241¢ is 2F2016, at M.A. FE261¢ it is FF341¢, etc.

Assembled Object Code

This column contains the resulting object code in hexadecimal after the source statement has been
assembled.

Label Field
This two-character field contains an alphanumeric label that identifies the location of the source
statement.

Op Code Field

This four-character field contains assembly language operation code mnemonics. It is separated
from the label field and operand field by at least one space.

Operand Field

This field contains the operands of the instruction. This field is separated from the op code and
comment fields by at least one space.

Comment Field

The comments ih this field are abbreviated auxiliary data to help further understand the instruction
or the data flow.
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5.1

5.2

SECTIONS
INSTRUCTION SET FOR THE TM 990/189
GENERAL

This section covers the instruction set used with the TM 990/189 including assembly language and
machine language. This instruction set is compatible with other members of the 990 family.

Other topics include:
® User Memory (paragraph 5.2)
® Hardware and software registers (paragraphs 5.3 and 5.4)
® Instruction forms and addressing modes (paragraph 5.5)

The TM 990/189 microcomputer is designed for use by a variety of users with varying technical
backgrounds and available support equipment. Because a TM 930/189 user has the capability of
writing his programs in rhachine language and entering them into memory using the UNIBUG
monitor, emphasis is on binary/hexadecimal representations of assembly language statements.
The assembly langauge described herein can be assembled on a 390 family assembler such as the
TM 990/189 Symbolic Assembler explained in Section 4. If an assembler is used, this section
assumes that the user will be aware of all prerequisites for using the particular assembler including
assembler directives.

Itis also presumed that all users learning this instruction set have a working knowledge in:
® ASCIl coded character set (described in Appendix C).

® Decimal/hexadecimal, binary number system {described in Appendix D).

USER MEMORY

The memory provided in the TM 930/189 microcomputer consists of RAM (read/write memory) and
ROM (read only memory}. The RAM is used for user programs while the ROM contains the monitor
and assembler programs. The monitor program provides keyboard commands, I/0 programs, and
other user utilities. The memory address (M.A.) value is the number of bytes beginning at 00001g;
thus all word addresses are even values from 000016 to 3FFE1g.

Figure 5-1 shows the memory map for the TM 990/1889. Interrupt and XOP vectors extend from
M.A. 000016 to M.A. 007F16. UNIBUG Monitor workspaces extend from M.A. 00801gto M.A. 0147 1.
If the assembler is used, the symbol table begins at M.A. 01461g. Four bytes are used for each label;
the number of labels that are used will determine the beginning address for user RAM (Y). As an
example, if 50 labels are used, 200 bytes will be needed for the label table. The end of the label table
will be 014616 + C81g = 20E16 (note that 2001 = C81g)- Therefore the start of the permissable user
RAM would be M.A. 21016 in this case.
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53

53.1

532

00004¢
INTERRUPT AND XOP VECTORS
007F16
00804g
UNIBUG MONITOR WORKSPACES
01461g 014516
ASSEMBLER SYMBOL TABLE
IN RAM
_____________ {(xX)
Y}
USER RAM
03FF
040014 16
EXPANSION RAM
07FF
080044 16
EXPANSION ROM
100016 0FFF16
UNDEFINED
30004 2FFF16
OPERATING SYSTEM ROM
3FFF15
Figure 5-1. Memory Map
HARDWARE REGISTERS

Figure 5-2 shows the architecture of the TMS 9980A (MP 9529) microprocessor with affiliated RAM
and ROM memory. The TM 990/189 uses three major hardware registers in executing the instruction
set: Program Counter (PC), Workspace Pointer (WP), and Status Register (ST). These registers reside
in the microprocessor and are controlled by the programmer.

PROGRAM COUNTER (PC}

This register contains the memory address of the next instruction to be executed. After an instruction
image is read in for interpretation by the processor, the PC is incremented by two so that it “points”
to the next sequential 16-bit memory word.

WORKSPACE POINTER (WP)
This register contains the memory address of the beginning of the register file currently being used
by the program under execution. This workspace consists of 16 contiguous memory words

designated registers 0 to 15. The WP points to register 0. Paragraph 5.4 explains a workspace in
detail.
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533

53.3.1

5.3.32

5333

5334

STATUS REGISTER (ST)

The Status Register contains relevant information on preceding instructions and current interrupt
level. Included are: :

® Results of logical and two's complement comparisons {many instructions automatically
compare the results to zero).

®  Carry and overflow.
¢  Odd parity found (byte instructions only).
®  XOP being executed.
® Lowest priority interrupt level that will be currently recognized by the processor.
The status register is shown in Figure 5-3.
Logical Greater Than
This bit contains the result of a comparison of words or bytes as unsigned binary numbers. In this
case, the most significant bit (MSB) does not indicate a positive or negative sign. The MSB of words

being logically compared represents 215 (32,768), and the MSB of bytes being logically compared
represents 27 (128).

0 . 1 2 3 4 5 6 7 8 9 12 13 14 15

10 1
AP A Y T ¥
tL>la>|ea | c jovior | x \ pesenve\o\\\\ INTERRUPT MASK

[N
L> LOGICALLY GREATER THAN oV OVERFLOW
A> ARITHMETICALLY GREATER THAN | OP ODD PARITY
EQ . EQUAL X XOP BEING EXECUTED
c CARRY

Figure 5-3. Status Register

Arithmetic Greater Than
The arithmetic greater than bit contains the result of a comparison of words or bytes as two’s

complement numbers. In this comparison, the MSB of words or bytes being compared represents
the sign of the number, zero for positive, or one for negative.

Equal

The equal bit is set when the words or bytes being compared are equal.

Carry

The carry bit is set by a carry out of the MSB of a word or byte (sign bit) during arithmetic operations.

The carry bit is used by the shift operation to store the value of the last bit shifted out of.the
workspace register being shifted.
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5335

53.3.6

5.3.3.7

5338

5.4

Overflow

The overflow bit is set when the result of an arithmetic operation is too large or too small to be
correctly represented in two’s complement (arithmetic) representation. In addition operations,
overflow is set when the MSB's of the operands are equal and the MSB of the result is not equal to the
MSB of the destination operand. In subtraction operations, the overflow bit is set when the MSB’s of
the operands are not equal, and the MSB of the result is not equal to the MSB of the destination
operand. For a divide operation, the overflow bit is set when the most significant sixteen bits of the
dividend (a 32-bit value) are greater than or equal to the divisor. For an arithmetic left shift, the
overflow bit is set if the MSB of the workspace register being shifted changes value. For the absolute
value and negate instructions, the overflow bit is set when the source operand is the maximum
negative value, 80001¢.

Odd Parity

The odd parity bit is set in byte operations when the parity of the result is odd, and is reset when the
parity is even. The parity of a byte is odd when the number of bits having a value of one is odd; when
the number of bits having a value of one is even, the parity of the byte is even.

Extended Operation

The extended operation bit of the Status Register is set to one when a software implemented
extended operation {(XOP)} is initiated.

Status Bit Summary
Table 5-1 lists the instruction set and the status bits affected by each instruction.

SOFTWARE REGISTERS

Registers used by programs are contained in memory. This speeds up context-switch time because
the content of only one register (WP hardware register} needs to be saved instead of the entire
register file. The WP, PC, and ST register contents are saved in a context switch.

A workspace is a contiguous 16 word area; its memory location can be designated by placing a value
in the WP register through software or a keyboard monitor command. A program can use one or
several workspace areas, depending upon register requirements.

More than three-fourths of the instructions can address the workspace register file; all shift
instructions and most immediate operand instructions use workspace registers exclusively.

Figure 54 is an example of a workspace file in high-order memory (RAM). A workspace in ROM

would be ineffective since it could not be written into. Note that several registers are used by
particular instructions.
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TABLE 5-1. STATUS BITS AFFECTED BY INSTRUCTIONS

MNEMONIC{ L>|A> | EQ | € | OV | OP X MNEMONIC | L> | A> | EQ cCjov|op X
A X X X X X - - LDCR X X X - - i -
AB X X X X X X - LI X X X - - - -
ABS X X X X X - - LIMI - - - - - - -
Al X X X X X - - LREX - - - - - - -
AND! X X X - - - - LWP| - - - - - - -
B - - - - - - - MOV X X X - — - -
8L - - — - - - - MOVB X X X - X -
BLWP - - - - - - - MPY — - - - - - -
c X X X - - - - NEG X X X X X - -
cB X X X - - X - ORI X X X - - - -
cl X X X - - - - RSET - - - - - - -
CLR - — - - - - - RTWP X X X X X X X
coc - - X - - - - S X b X X X - -
czc - - X - - - - SB X X X X X X -
DEC X X X X X - - $BO - - - - - -
DECT X X X X X - - SBZ - - - - - - -
DIV - - - - X - - SETO - - - - - - -
IOLE - - - - - - - SLA X X X X X - -
INC X X X X X - - soC X X X - - - -
INCT X X X X X - - socs X X X - - X -
INV X X X - - - - SRA X X X X - - -
JEQ - - - - - - SRC X X X X - - -
JGT - - - - - - - SRL X X X X — - —
JH - - - - - - - STCR X X X - - 1 -
JHE - - - - - - - STST - - - - - - -
JL - - - - - - - STWP - - - - - -
JLE - - - - - - - SWPB - - - - - - -
JLT - - - - - - - szc X X X - - - -
Jmp - - - - - - - sSZCB X X X - - X -
JNC - - - - - - - TB - - X - - - -
JNE - - - - - - - X 2 2 2 2 2 2 2
JNO - - - - - - - xop 2 2 2 2 2 2 2
Joc - - - - - - - XOR X X X - -~ - -
Jop - - - - - - -

NOTES

1. When an LDCR or STCR instruction transfers eight bits or less, the OP bit is set or reset as in byte instructions. Otherwise these
instructions do not affect the OP bit.

2. The X instruction does not affect any status bit; the instruction executed by the X instruction sets status bits normally for that
instruction. When an XOP instruction is implemented by software, the XOP bit is set, and the subroutine sets status bits normalily.
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MEMORY

_ ADDRESS
WP REGISTER {HEXADECIMAL)
12 15
- SHIFT BITS 12-15 USED BY
3F00 > 3F00 COUNT RO SHIFT INSTRUCTIONS
3F02 /1
3F04 R2
3F06 R3
3F08 R4
3F0A RS
3FOC R6
3FOE R7
3F10 RS
3F12 RO
3Ft4 R 10
USED BY XOP'S AND
3F16 R1 } BRANCH RETURN
3F18 R 12 } USED IN CRU ADDRESSING
3F1A R 13
USED IN CONTEXT
3F1c R14 SWITCHING (XOP,
BLWP, RTWP)
3F1E R 15
Figure 5-4. Workspace Example
55 INSTRUCTION FORMATS AND ADDRESSING MODES

Instructions designate the operations for a computer to perform. The TM 990/189 microcomputer
can execute 69 instructions. To implement this instruction set, nine instruction formats are used.
Figure 5-5 shows the TM 990/189 instruction formats.

In order to construct instructions in machine language, the programmer must have a knowledge of
the fields and formats of the instructions. This knowledge is often very important in debugging
operations because it allows the programmer to change bits within an instruction in order to solve an
execution problem.

Each 16 bit word is broken down into fields. As an example, Format 1 consists of six different fields.
These fields are Op Code, B, Tp, DR, Tg and SR. Examination of other formats in Figure 5-5 will yield
three more fields: these fields are Signed Displacement, C, and R. These nine fields can be divided
into five groups. A brief description of each field group follows:

1. Op Code — purpose of instruction (op codes are listed alphabetically in Table 5-2 and by
format number in Table 5-3).

2. TporTg—Type of Addressing Mode used for destination or source registers or if symbolic
addressing is used.
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FORMAT

W o~ Ud WN =

0 1 2 3

10 1

12 13 14 15

oprcobE | 8 [ T1p | OR | SR
OP CODE | SIGNED DISPLACEMENT
OP CODE WR Ts SR
OP CODE c Ts SR
OP CODE | c R
OP CODE | Ts SR
OP CODE NOT USED
OP CODE N R
OP CODE [ DR [ Tg SR
KEY
B  BYTEINDICATOR (1=BYTE)
Tp DESTINATION ADDRESS TYPE*
DR DESTINATION REGISTER
Ts SOURCE ADDRESS TYPE*
SR SOURCE REGISTER
C  CRU TRANSFER COUNT OR SHIFT COUNT
R REGISTER
N  NOT USED
*TgOR Tg ADDRESS MODE TYPE
00 DIRECT REGISTER

01

1

IND!IRECT REGISTER
SYMBOLIC MEMORY ADDRESSING, NOT INDEXED {SR OR DR = 0)
10 SYMBOLIC MEMORY ADDRESSING, INDEXED {SR OR DR >0)

INDIRECT REGISTER, AUTOINCREMENT REGISTER

Figure 5-5. TM 990/189M Instruction Formats

GENERAL USE

ARITHMETIC
JUMP
LOGICAL

CRU

SHIFT
PROGRAM
CONTROL
IMMEDIATE
MPY, DIV, XOP

3. R, DR, SR — register fields, R (one register involved), DR (destination register), and SR
(source register).

4. Signed Displacement— a signed word (not byte) count to be added to the program counter
in jump instructions or a signed value to be added to the CRU base address in single-bit CRU
instructions.

5. C-— number of bits to be transferred or shifted, For C = 1to C = 15, 1 to 15 bits will be
transferred or shifted. If C = 0, 16 bits will be transferred or the shift count will be inthe LSB’s
of register 0.
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TABLE 5-2. OP CODES (ALPHABETICAL)

. Op Code (Binary Value} Op Code
Mnemonic 012345678910 (Hex Value}* Format*
A 1010 A 1
AB 1011 B 1
ABS 0000011101 074 6
Al 00000010001 022 8
ANDI 00000010010 024 8
B 0000010001 044 6
BL 0000011010 068 6
BLWP 0000010000 040 6
c 1000 8 1
cB 1001 9 1
ci 00000010100 028 8
CKOF 00000011110 03C 7
CKON 00000011101 03A 7
CLR 0000010011 04C 6
coc 001000 20 3
czc 001001 24 3
DEC 0000011000 060 6
DECT 0000011001 064 6
DIV 001111 ac 3
1DLE 00000011010 034 7
INC 0000010110 058 6
INCT 0000010111 05C 6
INV 0000010101 054 6
JEQ 00010011 13 2
JGT 00010101 15 2
JH 00011011 18 2
JHE 00010100 14 2
Ji 00011010 1A 2
JLE 00010010 12 2
JT 00010001 1 2
JMP 00010000 10 2
JNC 00010111 17 2
JNE 00010110 16 2
JNO 00011001 19 2
JoC 00011000 18 2
JoP 00011100 1C 2
LDCR 001100 30 4
LI 00000010000 020 8
LIMI 00000011000 030 8
LREX 00000011111 03E. 7
LWPI 00000010111 02E 8
MOV 1100 c 1
MOVB 1101 D 1
MPY 001110 38 3
NEG 0000010100 050 6
ORI 00000010011 026 8
RSET 00000011071 036 7
RTWP 00000011100 038 7
s 0110 6 1
SB 0111 7 1
SBO 00011101 1D 2
SBZ 00011110 1E 2
SETO 0000011100 070 6
SLA 00001010 0A 5
SOC 1110 E 1
SOCB 1111 F 1
SRA 00001000 08 5




TABLE 5-2. OP CODES (ALPHABETICAL) (Concluded)

" Op Cod (Binary Value) Op Code
Mnemonic 012345678910 (Hex Value)* Format*
SRC 00001011 0B 5
SRL 00001001 09 5
STCR 001101 34 4
STST 00000010110 02c 8
STWP 00000010101 02A 8
SWPB 0000011011 06C 6
szc 0100 4 1
SZCB 0101 5 1
T8 00011111 1F 2
X 0000010010 048 6
XOP 001011 2c 9
XOR 001010 28 3

*NOTES
1. The op code value for Format 1 instructions was obtained by combining the 3-bit op code and the 1-bit byte fieid.

2. To obtain the op code (hex value) for a particular instruction, divide the op cade bits into groups of four starting at the left and convert each group into its hex
equivalent (supply zeroes to complete any incomplete block of four).

Example:
Instruction Op Code Op Code Grouped Op Code {(Hex Value)
DIV 001111 00111100 3C
Supplied Zeros
TABLE 5-3. OP CODES BY FORMAT
. Op Code Op Code
Format No. Mnemonic 012345678910 B {Hex Value}*
1 A 101 0 A
1 AB 101 1 B
1 c 100 0 8
1 CB 100 1 9
1 MOV 110 0 c
1 MOVB 110 1 D
1 s 01 0 6
1 SB on 1 7
1 sSOC m 0 E
1 SOCB m 1 F
1 SZC 010 (] 4
1 SZCB 010 1 5
2 JEQ 00010011 13
2 JGT 00010101 15
2 JH 00011011 1B
2 JHE 00010100 14
2 JL 00011010 1A
2 JLE 00010010 12
2 JLT 00010001 1
2 JMP 00010000 10
2 JNC 00010111 17
2 JNE 00010110 16
2 JNO 00011001 19
2 Joc 00011000 18
2 JOP 00011100 1c
2 SBO 00011101 1D
2 SBZ 00011110 1E
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TABLE 5-3. OP CODES BY FORMAT (Concluded)

] Op Code Op Code
Format No. Mnemonic 012345678910 B {Hex Value)*

2 TB 00011111 1F

3 coc 001000 20

3 cz¢ 001001 : 24

3 XOR 001010 28

3 MPY 001110 g

3 DIV 001111 36

a LDCR 001100 30

4 STCR 001101 34

5 SLA 00001010 0A

5 SRA 00001000 08

5 SRC 00001011 0B

5 SRL 00001001 09

6 B 0000010001 044
6 BL 0000011010 068
6 BLWP 0000010000 040
6 CLR 0000010011 04C
6 SETO 0000011100 070
6 INV 0000010101 054
6 NEG 0000010100 050
6 ABS 0000011101 074
6 SWPB 0000011011 06C
6 INC 0000010110 058
6 INCT 0000010111 05C
6 DEC 0000011000 060
6 DECT 0000011001 064
6 X 0000010010 048
7 IDLE 00000011010 034
7 RSET 00000011011 036
7 CKOF 00000011110 03C
7 CKON 00000011101 03A
7 LREX 00000011111 03E
7 RTWP 00000011100 038
8 Al 00000010001 022
8 ANDI 00000010010 024
8 a 00000010100 028
8 u 00000010000 020
8 ORI 00000010011 026
8 LWPI 00000010111 02E
8 LIMI 00000011000 030
8 STST 00000010110 02C
8 STWP 00000010107 02A
9 XOP 001011 2C

*NOTES
1. The op code value for Format 1 instructions was cbtained by combining the 3-bit op code and the 1-bit byte field.

2. To obtain the op code (hex value} for a particuler instruction, divide the op code bits into groups of four starting at the left and convert each group inte its hex
equivalent (supply zeroes to complete any incompiete block of four).



5.5.1

5.5.1.1

5.5.1.2

ADDRESSING MODES

The TM 990/189 microcomputer provides seven addressing modes. The addressing modes are as
follows:

1. Direct Register Addressing

2. Indirect Register Addressing

3. Indirect Register Autoincrement Addressing

4. Symbolic Memory Addressing, Not Indexed

5. Symbolic Memory Addressing, Indexed

6. Immediate Addressing

7. Program Counter Relative Addressing
These addressing modes are described in the following paragraphs.
Direct Register Addressing (T=002)

In direct register addressing, execution involves data contained within one of the 16 workspace
registers. In the first example in Figure 5-6, both the source and destination operands are registers
as noted in the assembly language example at the top of the figure. Both T fields contain 002 to
denote direct register addressing and their associated register fields contain the binary value of the
number of the register affected. The 1102 in the op code field identifies this instruction as a move
instruction. Since the B field contains a zero, the data moved will be the full 16 bits of the register (1
byte instruction addressing a register would address the left byte of the register). The instruction
specifies moving the contents of register 1 to register 4, thus changing the contents of register 4 to
the same value as in register 1. Note that the assembly language statement is constructed so that
the source register is the first item in the operand while the destination register is the second item in
the operand. This order is reversed in the machine language construction with the destination
register and its T field first and the source register and its T field second.

INDIRECT REGISTER ADDRESSING (T=012)

In indirect register addressing, the register does not contain the data to be affected by the
instruction; instead, the register contains the address within memory of where that data is stored.
For example, the instruction in Figure 5-7 specifies to move the contents of register 1 to the address
which is contained in register 4 {indirect register 4). (Note that an indirect register address is written
as a term preceded by an asterisk (*}.)

Instead of moving the value in register 1 to register 4 as was the case in Figure 5-6, the CPU must
first read in the 16-bit value in register 4 and use that value as a memory address at which location
the contents of register 1 will be stored. In the example, register 4 contains the value 3D004g. This
instruction stores the value in register 1 into memory address (M.A.) 3D001¢6.
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EXAMPLE ?

ASSEMBLY LANGUAGE:
Mov  R1,R4 MOVE THE CONTENTS OF R1 (SOURCE) TO R4 (DESTINATION)

P N
SOURCE OPERAND T CODE FOR
DESTINATION OPERAND DIRECT REGISTER

REGISTER 4 T CODE FOR
/ DIRECT REGISTER
REGISTER 1
MACHINE LANGUAGE:

\——\W ,—-—_—-—.

1 12 13 14 15

1 1 0 o 4] a 0 1 0 0 0 0 0 o 0 1 |>Cc1n

OP CODE -] Tp DR Tg SR
M.A.
3F00 RO
3F02 R1
3F04 R2 PLACE R1 BINARY
3F06 R3 IMAGE IN R4
3F08 R4
3FDA RS

EXAMPLE 2

ASSEMBLY LANGUAGE: :
A R4,R10 ADD THE CONTENTS OF R4 (SOURCE) AND R10 (DESTINATION)

MACHINE LANGUAGE:
) 1 2 3 4 5 ] 7 8 9 10 M1 12 13 14 15

1 0 1 0 0 0 1 0 1 0 o 0 0 1 0 0 > A284

OP CODE ;] To DR Ts SR

Figure 5-6. Direct Register Addressing Examples
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ASSEMBLY LANGUAGE:

MOV R1,=R4 MOVE THE CONTENTS OF RI (SOURCE) TO ADDRESS IN R4 (DESTINATION)

MACHINE LANGUAGE:

55.1.3

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

1 1 0 +] 0 1 0 1 0 0 0o 0 0 0 0 1 [>C501

OP CODE B To DR Ts SR
M.A.
3C00 RO
3c02  RI1 —
3c04 Rz
3C06 R3 PLACE R1 BINARY
3co8 R4 3000 IMAGE IN MA 3D00,
3C0A RS s

(INDIRECT R4}

3D00 -
3002

Figure 5-7. Indirect Register Addressing Example

In direct register addressing, the contents of a register are addressed. In indirect register
addressing, the CPU goes to the register to find out what memory location to address. This form of
addressing is especially suited for repeating an instruction while accessing successive memory
addresses. For example, if you wished to add a series of numbers in 100 consecutive memory
locations, you coulid place the address of the first number in a register, and execute and add indirect
through that register, causing the contents of the first memory address {source operand) to be
added to another register or memory address (destination operand). Then you could increment the
contents of the register containing the address of the number, loop back to the add instruction, and
repeat the add, only this time you will be adding the contents of the next memory address to the
accumulator (destination operand). This way a whole string of data can be summed using a
minimum of instructions. Of course, you would have to include control instructions that would
signal when the entire list of 100 addresses have been added, but there are obvious advantages in
speed of operation, better utilization of memory space, and ease in programming.

Indirect Register Autoincrement Addressing (T=112}

Indirect register autoincrement addressing is the same as indirect register addressing (paragraph
5.5.1.2) except for an additional feature — automatic incrementation of the register. This saves the
requirement of adding an increment (by one or two) instruction to increment the register being used
in the indirect mode. The increment will be a value of one for byte instructions {e.g., add byte or AB)
or a value of two for full word instructions (e.g., add word or A).
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in assembly language the register number is preceded by an asterisk (*) and followed by a plus sign
(+) as shown in Figure 5-8. Note in the figure that the contents of register 4 was incremented by two
since the instruction was a move word (vs. byte) instruction. If the example used a move byte
instruction, the contents of the register would be incremented by one so that successive bytes
would be addressed (the 16-bit word addresses in memory are always even numbers or multiples
of two since each contains two bytes). Bytes are also addressed by various instructions of the 990
instruction set.

Note that only a register can contain the indirect address.

ASSEMBLY LANGUAGE:
MOV R1,*R4+ MOVE THE CONTENTS OF RI TO ADDRESS CONTAINED IN R4,
INCREMENT ADDRESSBY 2

MACHINE LANGUAGE:
0 1 2 3 ) 5 6 7 8 8 10 M1 12 13 14 15

1 1 0 0 1 1 0 1 0 0 0 0 0 0 0 1 > CcDho1

OP CODE B TD DR Tg SR

BEFORE AFTER

M.A.

3E0Q RO

3E02 R1 0000 00060

3E04 R2

3E06 R3

3E08 R4 3F00 3F02

3F00 AAAA 0000

Figure 5-8. Indirect Register Autoincrement Addressing Example
5.5.1.4 Symbolic Memory Addressing, Not Indexed (T=102}

This mode does not use a register as an address or as a container of an address. Instead, the address
is a 16-bit value stored in the second or third word of the instruction. The SR or DR fields will be all
zeroes as shown for the destination register field in the first example of Figure 5-9. When the T field
contains 102, the CPU retrieves the contents of the memory location and uses these contents as the
effective address. In assembly language, a symbolic address is preceded by an at sign (@) to
differentiate a numerical memory address from a register number. All alphanumeric labels must be
preceded by an @ sign; numerical values preceded by an @ sign will be assembled as an absolute
address. '

In the second example in Figure 5-8, both the source and destination operands are symbolic memory

addresses. In this case, the source address is the first word following the instruction and the
destination is the second word following the instruction in machine language.
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EXAMPLE 1

ASSEMBLY LANGUAGE:
MOV R1,@>3FG0 MOVE THE CONTENTS OF R1TO ADDRESS > 3F00

NOTE
The > sign indicates hexidecimal representation,

MACHINE LANGUAGE:

OP CODE 8 To DR Ts SR
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
15t WORD 1 1 o | o 1 {0 o o o0/l o o{ 0 o0 0 1 > €801
2nd WORD 0 0 1 1 1 1 1 1 6 © o ©0o o0 0 © 0 > 3FQ0
M.A.
RO
R1 *r—
R2
X X PLACE R1 BINARY
IMAGE IN
3EFE MA >3F00
3F00 -]
EXAMPLE 2

ASSEMBLY LANGUAGE:
MOV~ @>3F0A@>3F08 MOVE THE CONTENTS OF > 3F0A TO > 3F08

MACHINE LANGUAGE:

OP CODE 8 To DR Ts SR
0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15
st WORD 1 1 o] o 1 of 0 0 o o 1 6 o o o o | >cs20
2nd WORD 0o o 1 1 1 1 1 1 6 0 o o0 1 0 1 0 | >3FOAISOURCE)
3rd WORD 0o o 1 1 1 1 1 1 6o o o o 1 0 O 0 | >3FO08(DESTINATION

BEFORE AFTER

M.A.
3F08 FFFF 0000
3F0A 0000 0000

Figure 5-9, Symbolic Memory Addressing Examples
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5.5.1.5 Symbolic Memory Addressing, Indexed (T=102)

Note that the T field for indexed as well as non-indexed symbolic addressing is the same (102). In
order to differentiate between the two different modes, the associated SR or DR field is
interrogated; if this field is all zeroes (00002), non-indexed addressing is specified; if the SR or DR
field is greater than zero, indexing is specified and the non-zero value is the index register number.

As a result, register 0 cannot be used as an index register.

In assembly language, the symbolic address is followed by the number of the index register in
parentheses. In the example in Figure 5-10, the source operand is non-indexed symbolic memory
addressing while the destination operand is indexed symbolic memory addressing. In this case,
the destination effective address is the sum of the 3F021¢g value in the source memory address
word plus the value in the index register (00041g}. The effective address in this case is 3F0616 as
shown by the addition in the left part of the figure.

Note that only symbolic addressing can be indexed.

ASSEMBLY LANGUAGE:
MOV @>3F00,@> 3F02(R1)

MACHINE LANGUAGE:

MOVE THE CONTENTS OF >3F00TO > 3F02+ RI CONTENTS

OP CODE B Tp DR Ts SR
0 1 3 4 7 8 9 10 11 12 13 14 15
1 1 0 1 o 0 1 1 0 0 0 0 0
0 0 1 1 1 0 0 0 1] 0 0 0 0
0 Q 1 1 1 0 0 0 0 o 0 1 1}
BEFORE AFTER
M.A
RO
R1 0004 0004
R2
> 3F02 (D) X
+ 0004
——L" 3F00 FFEE FFEE
> 3F06
3F02 0000 0000
3F04 0000 0000
3F06 0000 FFEE

Figure 5-10. Symbolic Memory Addressing, Indexed Example
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5.5.1.6

5.5.1.7

Immediate Addressing

This mode allows an absolute value to be specified as an operand; this value is used in connection
with a register contents or is loaded into the WP or the Status Register interrupt mask. Examples are
shown below:

LI R2, 100 LOAD 100 INTO REGISTER 2
Cl R8,> 100 COMPARE R8 CONTENTS TO > 100, RESULTS IN ST
LWPI > 3C00 SET WP TO MA > 3C00

Program Counter Relative Addressing

This mode allows a change in Program Counter contents, either an unconditional change or a
change conditional on Status Register contents. Examples are shown below:

JMP $+6 JUMP TO LOCATION, 6 BYTES FORWARD

JMP THERE JUMP TO LOCATION LABELLED THERE

JEQ $+4 IFSTEQBIT =1, JUMP4BYTES (MA + 4)

JMP > 3E26 JUMP TO M.A. > 3E26 (LINE-BY-LINE ASSEMBLER ONLY)

The dollar symbol ($) means ““from this address’’; thus, $+6 means ‘this address plus 6 bytes.”

5.6 INSTRUCTIONS
Table 5-4 lists terms used in describing the instructions of the TM 990/189. Table 5-5 is an alpha-
betical list of instructions. Table 5-6 is a numerical list of instructions by op code. Examples are
shown in both assembly language (A.L.) and machine language (M.L.). The greater-than sign {>>)
indicates hexadecimal.
TABLE 5-4. INSTRUCTION DESCRIPTION TERMS
TERM DEFINITION TERM DEFINITION
B Byte indicator {1 = byte, 0 : word) T Destination address modifier
C Bit count Tg Source address modifier
DR Dest:mati.on address register WR or R Workspace register
DA Destination address WRn or Rn Workspace register n
0P Immediate operand (n) Contents of n
LSB(n} Least significant {right most) bit of {n) a=b ais transferred to b
M.A. Memory Address {al —~b Contents of a are transferredto b
MSBI(n) Most significant (left most) bit of (n) n] Absolute value of n
N Don't care + Arithmetic addition
— Arithmetic subtraction
PC Program counter
Result Result of operation performed by instruction AND Logical AND
SR Source address register OR Logical OR
SA Source address @ Logical exclusive OR
ST Status register n Logical Qomplement of n
. . > Hexadecimal value
STn Bit n of status register
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TABLE 5-6. INSTRUCTION SET, NUMERICAL INDEX

MACHINE
LANGUAGE ASSEMBLY
OP CODE LANGUAGE STATUS BITS
(HEXADECIMAL) MNEMONIC INSTRUCTION FORMAT AFFECTED
0200 Ll Load lmmediate 8 0-2
0220 Al Add Immediate 8 0-4
Q240 ANDI And Immediate 8 0-2
0260 ORI Or Immediate 8 0-2
0280 Cl Compare Immediate 8 02
02A0 sTWP Store WP 8 -
02C0 STST Store ST 8 -
02EQ LwPi Load WP Immediate 8 -
0300 LimL Load Int. Mask 8 1215
0340 IDLE Idle 7 —
0360 RSET Reset AU 7 12-1%
0380 RTWP Return from Context Sw. 7 0-15
03A0 CKCN User Defined 7 -
03Co CKOF User Defined 7 -
03€e0 LREX Load & Execute 7 -
0400 BlLwWP Branch; New WP 6 -
0440 B Branch 6 -
0480 X Execute 6 —
04CO CLR Clear to Zeroes 6 -
0500 NEG Negate to Ones 6 0-2
0540 INV Invert 6 02
0880 INC Increment by 1 6 0-4
05C0 INCT Increment by 2 6 04
0600 DEC Decrement by 1 6 04
0640 DECT Decrement by 2 6 0-4
0680 BL Branch and Link [ -
06C0 swpre Swap Bytes 6 -
0700 SETO Set to Ones 6 -
0740 ABS Absolute Value 6 Q-2
0800 SRA Shift Right Arithmetic 5 03
03900 SRL Shift Right Logical 5 0-3
0A0Q0 SLA Shift Left Arithmetic 5 04
0BOO SRC Shift Right Circular 5 0-3
1000 JMP Unconditional Jump 2 -
1100 JLT Jump on Less Than 2 —
1200 JLE Jump on Less Than or Equal 2 -
1300 JEQ Jump on Equal 2 -
1400 JHE Jump on High or Equal 2 -
1500 JGT Jump on Greater Than 2 —
1600 JNE Jump on Not Eqgual 2 -
1700 JNC Jump on No Carry 2 -
1800 JocC Jump on Carry 2 -
1900 JNO Jump on No Overflow 2 —
1A00 JL Jump on Low 2 —
1B00 JH Jump on High 2 -
1C00 JOP Jump on Odd Parity 2 -
1D00 SBO Set CRU Bits to Ones 2 —
1EQ0 SBZ Set CRU Bits to Zeroes 2 -
1F00 TB Test CRU Bit 2 2
2000 cocC Compare Ones Corresponding 3 2
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TABLE 5-6. INSTRUCTION SET, NUMBERICAL INDEX (Conciuded)

MACHINE
LANGUAGE ASSEMBLY
OP CODE LANGUAGE STATUS BITS
{HEXADECIMAL MNEMONIC INSTRUCTION FORMAT AFFECTED
2400 CzC Compare Zeroes Corresponding 3 2
2800 XOR Exclusive Or 3 0-2
2C00 XOP Extended Operation 9
3000 LDCR Load CRU 4q 02,5
3400 STCR Store CRU 4 02,5
3800 MPY Multipty 9 -
3C00 DIV Divide 9 4
4000 sZc Set Zeroes Corresponding (Word) 1 0-2
5000 SZ2CB Set Zeroes Corresponding {Byte) 1 625
6000 S Subtract Word 1 04
7000 SB Subtract Byte 1 0-5
8000 C Compare Word 1 0-2
9000 cB Compare Byte 1 025
A000 A Add Word 1 04
8000 AB Add Byte 1 05
€000 MOV Move Word 1 0-2
D000 MOVB Move Byte 1 02,5
EO00C soC Set Ones Corresponding (Word) 1 02
FO00 socs Set Ones Corresponding (Byte) 1 0-2,5

5.6.1 FORMAT 1 INSTRUCTIONS

These are dual operand instructions with muitiple addressing modes for source and destination
operands.

GENERAL FORMAT:

o 1 2 3 4 5 6 7 8- 9 10 mn 12 13 14 15

OP CODE B To DR Ts SR

If B = 1, the operands are bytes and the operand addresses are byte addresses.
If B = 0, the operands are words and the operand addresses are word addresses.
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RESULT STATUS
OP CODE B
MNEMONIC 0 1 2 3 MEANING COMPARED BITS DESCRIPTION
TO0 AFFECTED
A 10110 Add Yes 04 {SA)+(DA) —~(DA)
AB 1 0 1 1 Add bytes Yes 0-5 (SAY+(DA) — {DA)}
c 100] 0 Compare No 0-2 Compare (SA) to IDA) and set
appropriate statys bits
CB 100 1 Compare bytes No 0-2,5 Compare (SA) to (DA} and set
appropriate status bits
MOV 110 0 Move Yes 0-2 (SA) = (DA)
MOVB 110 1 Move bytes Yes 0-2,5 (SA) = (DA)
S c 11 0 Subtract Yes © 04 (DA) — (SA) -~ (DA}
SB 0 1 1 1 Subtract bytes Yes 0.5 (DA) — (SA) —~{DA)
sOC 1 11 0 Set ones corresponding Yes 0-2 (DA) OR (SA) ~ (DA)
sSOCB 1 11 1 Set ones corresponding bytes Yes 02,5 (DA) OR {SA) ~ (DA}
szc 010 0 Set zeroes corresponding Yes 0.2 (DA) AND (SA) = (DA)
szce 010 1 Set zeroes corresponding bytes Yes 025 {DA) AND (SA) ~ (DA)
EXAMPLES

(1) ASSEMBLY LANGUAGE:
A @>100,R2 ADD CONTENTS OF MA >100 & R2, SUM IN R2

MACHINE LANGUAGE:

1 0 1 0 0 0 0 0 1 0 1 0 0 1} 0 0 >A0AQ

{2) ASSEMBLY LANGUAGE:
C8 R1,R2 COMPARE BYTE R1 TO R2, SET ST

MACHINE LANGUAGE:

1 0 0 1 0 0 0 0 1 0 0 0 L} 0 0 1 >8081

In byte instruction designating a register, the left byte is used. In the above
example, the left byte (8 MSB’s) of R1 is compared to the left byte of R2, and the
ST set to the resulits.
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5.6.2 FORMAT 2 INSTRUCTIONS
5.6.2.1 Jump Instructions

Jump instructions cause the PC to be loaded with the value PC+2 (signed displacement) if bits of the
Status Register are at specified values. Otherwise, no operation occurs and the next instruction is-
executed since the PC was incremented by two and now points to the next instruction. The signed
displacement field is a word (not byte) count to be added to PC. Thus, the jump instruction has a
range of —128 to 127 words (—256 to 254 bytes) from the memory address following the jump
instruction. No ST bits are affected by a jump instruction.

GENERAL FORMAT:

(] 2 3 a 5 6 7 9 10 11 12 13 14 15
OP CODE SIGNED DISPLACEMENT (WORDS)
MNEMONIC OP CODE MEANING ST CONDITION TO CHANGE PC
01234567

JEQ 0001 0O0 11 Jump equal §T2=1

JIGT 000610101 Jump greater than ST1 =1

JH 00011011 Jump high STO=1and §T2=0

JHE 000101100 Jump high or equal STO=10rST2=1

JL 00011010 Jump tow STO=0andST2=0

JLE 0001TO0OO0O1TO0 Jump low or equai STO0=0o0r8T2=1

JLT 0001 000O01 Jump less than ST1=0and 8T2=0

JMP 00010C0CO0CO Jump unconditional unconditional

JNC 00010 1 11 Jump no carry ST3=0

INE 00010110 Jump not equal S§T2=0

JNO 00011 0O0CA1 Jump no overflow ST4=0

JOC 00011000 Jump on carry §T3=1

JOP 0001117 00 Jump odd parity ST5 =1

In assembly language, $ in the operand indicates “at this instruction”. Essentially JMP $ causes an
unconditional loop to the same instruction location, and JMP $+2 is essentially a no-op ($+2 means
“here plus two bytes”). Note that the number following the $ is a byte count while displacement in
machine language is in words.
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EXAMPLES

(1) ASSEMBLY LANGUAGE:
JEQ  S$+4 IF EQ BIT SET, SKIP 1 INSTRUCTION

MACHINE LANGUAGE:

1 2 3 4 5 6 7 8 9 10 " 12 13 14 15

0
E 0 o 0 1 0 0 1 1 0 0 0 0 0 0 0 1 >1301

JEQ $+4 IF STATUS REGISTERBIT 2 =1
PC POINTS TO —™| D SKIP NEXT INSTRUCTION

The above instruction continues execution 4 bytes {2 words) from the instruction location or, in other
words, two bytes (one word) from the Program Counter value (incremented by 2 and now pointing to
next instruction while JEQ executes). Thus, the signed displacement of 1 word (2 bytes) is the vailue
to be added to the PC.

f2) ASSEMBLY LANGUAGE:
JMP § REMAIN AT THIS LOCATION

MACHINE LANGUAGE:

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 0 0 1 0 0 0 1} 1 1 1 1 1 1 1 1 1 >10FF

PC -1 WORD —f JMP $ CONTINUOUS LOOP
PC POINTS TO —»

TO JMP § (>FF =—1WORD}

This causes an unconditional loop back to one word less than the Program Counter value {PC + FF =
PC—1 word). The Status Register is not checked. A JMP $+2 means ““go to the next instruction’ and
has a displacement of zero (a no-op). No-ops can substitute for deleted codes or can be used for
timing purposes.
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5.6.2.2 CRU Single-Bit Instructions

These instructions test or set values at the Communications Register Unit (CRU). The CRU bit is
selected by the CRU address in bits 4 to 14 of register 12 plus the signed displacement value. The
selected bit is set to a one or zero, or it is tested and the bit value placed in equal bit (2) of the Status
Register. The signed displacement has a value of —128 to 127.

NOTE
CRU addressing is discussed in detail in Section 7.

] 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
General Format: OP CODE SIGNED DISPLACEMENT
STATUS
OP CODE
MNEMONIC MEANING BITS DESCRIPTION
012345 7
AFFECTED
SBO 00011101 Set bit 1o one - Set the selected CRU output bit to 1.
SBz 0001111 Set bit to zero Set the selected CRU output bit to 0.
T8 0001111 Test bit 2 If the selected CRU input bit - 1, set ST2.
EXAMPLE

SBO

R12,BITS47T0 14= > 100
ASSEMBLY LANGUAGE:

SET CRU ADDRESS >104 TO ONE

MACHINE LANGUAGE:

0 1 1 1 0 1 0 0 0 0 0 1 0 0 >1D04

56.3 FORMAT 3/9 INSTRUCTIONS

These are dual operand instructions with multiple addressing modes for the source operand, and
workspace register addressing for the destination. The MPY and DIV instructions are termed format
9 but both use the same format as format 3. The XOP instruction is covered in paragraph 5.6.9.

5-26




0 1 2 3 4 5 6 7 g 9 10 11 12 13 14 15

General Format: OP CODE DR (REGISTER ONLY) Ts SR 1
RESULT STATUS
OP CODE COMPARED BITS
MNEMONIC 0123456 MEANING TO O AFFECTED DESCRIPTION
cOcC 001000 |Compare ones No 2 Test (DR) to determine if O's are in each
corresponding bit position where 1's are in (SA}. If so,
set ST2.
cZC 001001 |Compare zeros No 2 Test (DR) to determine if O's are in each
corresponding bit position where 1's are in {SA}. if so,
set ST2.

XOR 001010 |Exclusive OR Yes 02 (DR) @ (SA) (DR}

MPY 001110 |Muttiply No Muttiply unsigned (DR} by unsigned
(SA) and place unsigned 32-bit product
in DR (most significant) and DR + 1
(least significant). If WR15 is DR, the
next word in memory after WR15 will
be used for the least significant haif of
the product.

DIV 001111 |Divide No 4 If unsigned (SA) is less than or egual to
unsigned (DR}, perform no operation
and set ST4. Otherwise divide unsigned
(DR) and (DR} by unsigned {SA).
Quotient = (DR}, remainder — (DR+1).
¥ DR-15, the next word in memory
after WR15 will be used for the
remainder.

Exclusive OR Logic - 10 =1
0®0 -0
1®1:=0
EXAMPLES
{1} ASSEMBLY LANGUAGE:
MPY RZ,R3 MULTIPLY CONTENTS OF R2 AND R3, RESULT IN R3 AND R4

MACHINE LANGUAGE:

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 0 1 1 1 11 1 0 1 1 o 0 0 0 1 U] >38C2

BEFORE AFTER
R2 0002 0002
R3 0003 0000 32-BIT
R4 N 0006 RESULT
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The destination operand is always a register, and the values multiplied are 16-bits, unsigned. The
32-bit result is placed in the destination register and destination register + 1, zero filled on the left.

(2] ASSEMBLY LANGUAGE:

Div  @>3E00, Rb DIVIDE CONTENTS OF R5 AND R6 BY VALUE AT M.A. > 3EO0

MACHINE LANGUAGE:

>3D60

>3E00

BEFQRE AFTER
M.A. - 3E00Q 0005 0005
R5 0000 0003

R6 0011 0002 |-w——— REMAINDER

The unsigned 32-bit value in the destination register and destination register +1 is divided by the
source operand value. The result is placed in the destination register. The remainder is placed in the
destination register +1.

{3) ASSEMBLY LANGUAGE:

COC  RI0,RN ONES IN R10 ALSO IN R117

MACHINE LANGUAGE:

>22CA

Locate all binary ones in the source operand. If the destination operand also has ones in these
positions, set the equal flag in the Status Register; otherwise, reset this flag. The following sets the
equal flag:

R10 1 0 1 0 1 o 1 o 0 0 o (1] 1 1 0 1] >AADC

RN 1 1 1 0 1 1 1 1 1 1 a 0o 1 1 0 1 >EFCD

Set EQ bit in Status Register to 1.
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5.64 FORMAT 4 (CRU MULTIBIT) INSTRUCTIONS

o 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

General Format: OP CODE o] Tg SR

The C field specifies the number of bits to be transferred. if C = 0, 16 bits will be transferred. The CRU
base register (WR 12, bits 4 through 14) defines the starting CRU bit address. The bits are transferred
serially and the CRU address is incremented with each bit transfer, although the contents of WR12
are not affected. Tg and SA provide multiple mode addressing capability for the source operand. If 8
or fewer bits are transferred (C = 1 through 8), the source address is a byte address. If 9 or more bits
are transferred {C = 0, 9 through 15), the source address is a word {even number) address. If the
source is addressed in the workspace register indirect autoincrement mode, the workspace register
is incremented by 1if C = 1 through 8, and is incremented by 2 otherwise.

RESULT STATUS
MNEMONIC o OP CODE MEANING COMPARED - BITS DESCRIPTION
12345 TO0 0 AFFECTED
LDCR 001 100 |Load communcation Yes 025" Beginning with LSB of (SA), transfer the
register specified number of bits from {SA) 1o
the CRU.
STCR 0-0 11 0 1 |Store communcation Yes 0-2,51 Beginning with LSB of (SA), transter the
register specified number of bits from the CRU 10
(SA}. Load unfilled bit positions with 0.
tST5 is affected only if 1 S<C<8.
EXAMPLE
ASSEMBLY LANGUAGE:
{DCR @>3E00,8 LOAD 8 BITS ON CRU FROM M.A. >3E00

MACHINE LANGUAGE:

0 0 1 1 0 0 1 0 0 0 1 0 o 0 4] 0 >3220

0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 >3E00

NOTE
CRU addressing is discussed in detail in Section 7.
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5.6.5 FORMAT 5 (SHIFT) INSTRUCTIONS
These instructions shift (left, right, or circular) the bit patterns in a workspace register. The last bit
value shifted out is placed in the carry bit {3) of the Status Register. If the SLA instruction causes a one
to be shifted into the sign bit, the ST overfiow bit (4) is set. The C field contains the number of bits to
shift.
o 1 2 3 4 5 €6 7 8 9 10 11 12 13 14 15
General Format: OP CODE Cc R
If C = 0, bits 12 through 15 of RO contain the shift count. If C = 0 and bits 12 through 15 of WR0 = 0, the
shift count is 16.
0P CODE RESULT STATUS
MNEMONIC [—————— MEANING COMPARED BITS DESCRIPTION
100 AFFECTED
SLA 0 000 1 0 1 0| Shittleftarithmetic Yes 04 Shift (R) left. Fill vacated bit
positions with 0.
SRA 0000 1 0 0 O | Shift right arithmetic Yes 0-3 Shift (R) right. Fill vacated bit
positions with original MSB of (R}.
SRC 0 00 0 1 0 1 1 | Shiftright circular Yes 0-3 Shift (R) right. Shift previous LSB
into MSB.
SRL 0 000 %t 0 0 1 | Shiftright logical Yes 0-3 Shift {R} right. Fill vacated bit
positions with 0's.
EXAMPLES

(1) ASSEMBLY LANGUAGE:
SRA  Rt1;2 SHIFT R1 RIGHT 2 POSITIONS, CARRY SiGN

MACHINE LANGUAGE:

o 1 2 3 4 5 6 7 8 9 10 mn 12 13 14 15

o 0 0 o 1 0 1] 0 0 0 1 ] L1} 0 0 1 >0841
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
LI T T
R1 BEFORE 1 1] 0 0 1 1 1 1 0 0 0 0 1 1 1 1 >8FOF
T~ ~ ~ <
\\\ \\L \\ ) ~ =
] T i
R1 AFTER 1 1 1 1] 0 1] 1 1 1 1 0 0 0 0 1 1 >E3C3
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2] ASSEMBLY LANGUAGE:
' SRC R54 CIRCULAR SHIFT R54 POSITIONS

MACHINE LANGUAGE:

0 1 2 3 4 S 6 7 8 9 10 1 12 13 14 15

0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 1 ] >0845

R5 BEFORE | 0 0 0 0 1 0 0 1 0 0 0 o 1 1 1 1 >090F

RS AFTER 1 1 1 1 0 0 0 0

(3) ASSEMBLY LANGUAGE:
SLA R1,0 SHIFT COUNT IN RO

SHIFT COUNT

o] ‘IZI3L‘J.5IH’!819U°I“ 12|13|14L15'

RO 1 1 0 0 1 1 o 1 1 0 1] 0 0 1 1 >CCC3
R1 {BEFORE) 1 1 1 1 v 1 1 1 1 ‘ 1 1 1 1 1 1 1 7 1
et l - T
R1 (AFTER) 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ' 1 ] 0 0

VACATED BITS ZERO FILLED

5.6.6 FORMAT 6 INSTRUCTIONS

These are single operand instructions.

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

General Format: OP CODE Ts SR

The Tg and S fields provide multiple mode addressing capability for the source operand.
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OP CODE RESULT STATUS
MNEMONIC 01234567809 MEANING COMPARED BITS DESCRIPTION
TOO0 AFFECTED

B 00000100G0CG 1 {Branch No - SA = (PC)

BL 0000011010 jBranchand ink No - {PC) = (R11}; SA > (PC}

BLWP 0000010000 |Branch and load No - {SA} —(WP); (SA+2) —»(PC);

wor kspace pointer (old WP) — (new WR13);

{old PC) — (new WR 14);
{old ST) — (new WR15);
the interrupt input {INTREQ)} 1s not
tested upon completion of the
BLWP instructian.

CLR 0000010011 |Clear operand No - 0000 — (SA}

SETO 0000011 100 |Set1oones No - FFFF1g - (SA)

INV 0000010101 ]Invert Yes 0.2 (SA) ~-ISA) {ONE'S complement}

NEG 00600010100 jNegate Yes 04 - {SA) = (SANTWO'S complement)

ABS 0000011 10 1 |Absolutevalue* No 04 [1SA)) = (SA)

SWPB 0000011011 |Swipbytes No - (SA), bits O thru 7 -~ {SA), bits
8 thru 15 {SA}, bits 8 thru 15+
{SA), bits O thru 7.

INC 0000010110 {Increment Yes 04 (SA) + 1 - {SA)

INCT 0000010 1T 11 {incrementhy two Yes 0-4 (sa} + 2 = (SA)

DEC 0000011000 | Decrement Yes 04 (SA) — 1 +(SA)

DECT DO0QO0O01T1TO0O0 11 |Decrement by two Yes 0-4 {SA) ~ 2 -(8A)

x1! Q0000010010 |Execute No - Execute the instruction at SA.

*Operand is compared 10 zero for setting the status bit {i.e., before execution).

tif additionat memory words for the execute instruction are required to define the operands of the instruction located at SA, these
words will be accessed from PC and the PC will be updated accordingly. The instruction acquisition signal (IAQ) will not be true
when the TMS 9900 accesses the instruction at SA. Status bits are affected in the normal manner for the instruction executed.

EXAMPLES

(1)

ASSEMBLY LANGUAGE:
*R2

BRANCH TO M.A. IN R2

MACHINE LANGUAGE:

>0442

0 1 2 3 4 5 6 7 8 9 10 12 13 14 15
0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
R2 3 b D O

8 *R2

M.A. >30DO | NEXT INSTR. |
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(2) ASSEMBLY LANGUAGE:
BL @ >3F00 BRANCHTO M.A. >3F00, SAVE OLD PC VALUE (AFTER EXECUTION) IN R11

MACHINE LANGUAGE:

0 0 ] 0 0 1 1 0 1 1] 1 0 0 o 0 0 >04A0

0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 >3F00

A1 3 E 0 4 «<———— OLD PC VALUE

M.A. >3E00 BL @ >3F00 " pc (AFTER)

> 3E02 3 F 0 ¢

> 3604
> 3F00 NEXT INSTR.
TO RETURN
EXECUTE
B*R11

B "R11

(3) ASSEMBLY LANGUAGE:
BLWP @ >3F00 BRANCH, GET NEW WORKSPACE AREA

MACHINE LANGUAGE:

4] 0 1 1 1 1 1 1 o 0 0 0 0 0 0 0 >3F00

This context switch provides a new workspace register file and stores return values in the new
workspace. See Figure 5-11. The operand (> 3F000 above) is the M.A. of a two-word transfer vector,
the first word the new WP value, the second word the new PC value.
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BLWP @ > 3D00 BRANCH WITH NEW WORKSPACE

M.A.>3C00 N RO 1
: CALLING PROGRAM
>3C80 [F BLWP @ >3D00 BEFORE BLWP OCCURS
/ 3co0| wp
TRANSFER ( >3D00 3F 00 (NEW WP) 3csa{ PC
VECTORS { \ 3F20 (NEWPC) | N ST
\AFTER BLWP
OCCURS
>3F00 RO <\ 3FO00 | WP
3F20 ] PC
N ST
RETURN 3C00 = {OLD WP) R13
VALUES 3c84 = {OLDPC) R14

OLD ST CONTENTS R15 >' NEW EXECUTION AREA

>3F20 NEXT INSTR.

RTWP

-
"\RTWP RETURNS EXECUTION TO CALLING

PROGRAM STARTING AT M.A. >3C84

Figure 5-11. BLWP Example

5.6.7 FORMAT 7 (RTWP, CONTROL) INSTRUCTIONS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

General Format: OP CODE N

External instructions cause the three address lines (A13, A0, A1) to be set to the levels described in
the table below and cause the CRUCLK line to be pulsed, allowing external control functions to be
interpreted during CRUCLK at A13, A0, and At. The RSET instruction resets the I/O lines on the
TMS 9901 to input lines; the TMS 9902 is not affected. RSET also clears the interrupt mask in the
Status Register. The LREX instruction causes a delayed load interrupt, delayed by two
IAQ cycles after LREX execution. The load operation gives control to the monitor.
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STATUS ADDRESS

MNEMONIC OP CODE MEANING 8ITS DESCRIPTION BuUs*
012345678910 AFFECTED A13 A0 Al
IDLE 00000011010 idle - Suspend TMS 9980 L HL

instruction execution until
an interrupt, LOAD, or

RESET occurs
RSET 00000011011 Reset IIO&SR' 12—-1i6 0—+8T12 thru 8ST15, RESET L HH
CKOF 00000011110 User defined —_— H H L
CKON 00000011101 User defined — HLH
LREX 00000011111 Load interrupt Control to UNIBUG HHH
RTWP 00000011100 Return from 0-15 1 (R13) = (WP}
Subroutine {R14) - (PC)
(R15) = (ST)

* This instruction causes the interrupt mask in the TMS 9980 to be zeroed, generates a signal to reset the 1/0O devices
{except 9802's), and also traps to location 00001¢ {causes a level 0 or RESET interrupt).

Essentially, the RTWP instruction is a return to the next instruction that follows the BLWP instruction
{i.e., RTWPis a return from a BLWP context switch, similar to the B *R11 return from a BL instruction).
BLWP provides the necessary values in registers 13, 14, and 15 (see Figure 5-11.)

EXAMPLE

ASSEMBLY LANGUAGE:
RTWP RETURN FROM CONTEXT SWITCH

MACHINE LANGUAGE:

RTWP RETURNTO PREVIOUS PC{R14), WP{R13), AND ST(R15) VALUES

R13 | 3C00
R14 3csa AFTER
R15 | STATUS 3co00 we
R X 3csa PC
: STATUS ST
M.A. >3F40 RTWP

EXECUTION BEGINS AT M.A. >3C8B4
WITH RO AT M.A. >3C00.
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5.6.8 FORMAT 8 (IMMEDIATE, INTERNAL REGISTER LOAD/STORE) INSTRUCTIONS
5.6.8.1 Immediate Register Instructions
1] 1 2 3 4 5 6 7 8 10 11 12 13 14 15
General format: OP CODE N { R
IOP
RESULT STATUS
OP CODE
MNEMONIC MEANING COMPARED BITS DESCRIPTION
0123456788910
TO O AFFECTED
Al 0000001000 1 Add immediate Yes 0-4 (R} + 1OP = (R}
ANDt 0000001001 0 AND immediate Yes 0-2 {R) AND I10OP = (R)
(o] 0000001010 GO0 Compare Yes 0-2 Compare (R} to I0P and set
: immediate appropriate status bits
Lt 0000001000 0 Load immediate Yes 0-2 1OP ~>(R)
ORI 0000001001 1 OR immediate Yes 0-2 (R} OR 10P —>{R)
AND Logic: 01,10=0 OR Logic: 0+1,1+0=1
0-0=0 0+0=0
11=1 1+1=1
5.6.8.2 Internal Register Load Immediate Instructions
1] 1 2 3 4 5 6 7 8 10 11 12 13 14 15
General format: OP CODE N
1OP
OP CODE
MNEMONIC MEANING DESCRIPTION
0123456 789 10
LWPH 0O00O0OO0O0O0OI1TO0OI1T v 1 Load workspace pointer immediate {OP — (WP}, no ST bits affected
LIMI O000CO0O0CTYT 1T OO O Load interrupt mask 10P, bits 12 thru 16 =ST12
thru §T15
5.6.8.3 Internal Register Store Instructions
0 1 2 3 4 5 6 7 8 10 1 12 13 14 15
General format: | OP CODE |~ R
No ST bits are affected.
opP CODE
MNEMONIC MEANING DESCRIPTION
012 3456 789 10
STST 0000001 O0CT1T 10 Store status register (ST} -~ (R}
STWP 0000001010 1 Store workspace pointer we) ~(R)
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EXAMPLES

(1) ASSEMBLY LANGUAGE:

Al R2>FF ADD >FF TO CONTENTS OF R2

MACHINE LANGUAGE:

o 1 2 3 4 s 6 7 8 9 10 1 12 13 14 15
o ¢ © 0 © © 1 ©o 6 6 1 o|{e o 1 o
o © o o0 0o e o o0 1 1 1 1 1 1 1 1

BEFORE AFTER
R2 000F 010E

{2} ASSEMBLY LANGUAGE:

Cl R2 >10E COMPARE R2 TO >10E
MACHINE LANGUAGE:

o 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15
o ¢ © © o o6 1 o 1 © o o|lo0o o 1 o
o o 0 ©o0'e ©6 0o 1 © o o0 0 1 1T 1 o

R2 contains “after” results { > 10E) of instruction in Example (1) above; thus the ST equal bit becomes set.

(3) ASSEMBLY LANGUAGE:

LWPI > 3E00 WP SET AT > 3E00 (M.A. OF RO}

MACHINE LANGUAGE:

0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15
0 0 Li] o 0 0 1 0 1 1 1 0 o 0 0 0
© o 1 1 1 1 1 o0'eo o o0 o0 o0 0o o o
This is used to define the workspace area in a task, usually placed at the beginning
of a task.
(4) ASSEMBLY LANGUAGE:
STWP R2 STORE WP CONTENTS IN R2
MACHINE LANGUAGE:
Q 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
] o (1} 0 1} 0 1 0 1 ] 1 0 L] 0 1 (4]

This places the M. A. of RO in a workspace register.
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5.6.9

FORMAT 9 (XOP) INSTRUCTION

Other format 9 instructions (MPY, DIV} are explained in paragraph 5.6.3 {format 3).

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

General Format: | 0 0 1 0 1 1 DR (XOP NUMBER) Tg SR

The Tg and SR fields provide multiple mode addressing capability for the source operand. When the
XOP is executed, ST6 is set and the following transfers occur:

(40,, + 4D) ~ {WP) First vector at 40, ,
(42, + 4D) > (PC} Each vector uses 4 bytes {2 words)
SA - (new R11)

(old WP) -~ {new WR13)
{old PC) = (new WR14)
(old ST) - {new WR15)

The TMS 9980 does not test interrupt request (INTREQ) upon completion of the XOP instruction, but
does test for RESET and LOAD.

An XOP is a means of calling one of 16 subtasks available for use by any executing task. The memory
area between M.A. 401¢ and 7E 1 is reserved for the transfer vectors of XOP's 0 to 15 (see Figure 5-1).
Each XOP vector consists of two words, the first a WP value, the second a PC value, defining the

workspace pointer and entry point for a new subtask. These values are placed in their respective
hardware registers when the XOP is executed.

The old WP, PC, and ST values (of the XOP calling task) are stored (like the BLWP instruction} in the
new workspace, registers 13, 14, and 15. Return to the calling routine is through the RTWP
instruction. Also stored, in the new R11, is the M.A. of the source operand. This aliows passing a
parameter to the new subtask, such as the memory address of a string of values to be processed by
the XOP-called routine. Figure 5-12 depicts calling an XOP to process a table of data; the data begins
at M.A. 3F001¢. ,

XOP’s 8 to 14 are used by the UNIBUG monitor, calling software routines (supervisor calls) as
requested by tasks. This user-accessible software performs tasks such as write to terminal, convert
binary to hex ASCII, etc. These monitor XOP's are discussed in Section 3.
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ASSEMBLY LANGUAGE:
@ > 3F00,4

Xop

MACHINE LANGUAGE:

o 1 2 3 4 § 6 7 8 1 11 12 13 14 15
6 o 1 © 1 1|lo 1 o 1 o|lo o o o |>02
T T
o 0o 1 1 1 1 1 1 ©o o o o o0 o |>3F00
MA.
(" >0040 XOP 0 wWp AFTER
>0042 XOP 0 PC 3coo wp
%oP \ : \ 3c2o0 PC
VECTORS 3 >0050 3coo0 N sT
>0052 3czo0
L>°°1E\ \
\

CALLING INSTR.

XOP 4

PROGRAM 'i

TABLE OF
VALUES TO
BE PROCESSED
BY XOP 4
PROGRAM

XOP @ >3F004

N

>3c00

\

>3c20

3FO00O
R12
OoLD wp R13
OLD PC R14
OLD ST R15
1ST INSTR.
\
RTWP

> 3F00

Figure 5-12. XOP Example
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5.7

COMPARISON OF JUMPS, BRANCHES AND XOPS

See Table 5-7.
TABLE 5-7. COMPARISON OF JUMPS, BRANCHES, XOP'S
Mnemonic Paragraph Definition Summary
JMP 56.2 One-word instruction, destination restricted to +127, —128 words from Program. Counter
value.
B 5.6.6 Two-word instruction, branch te any memory location.
BL 56.6 Same as B with PC return addressinR11.
BLWP 5.6.7 Same as B with new workspace; old WP, PC and ST contents (return vectors) are in new R13,
R14, R15.
XOP 5.6.9 Same as BLWP with address of parameter {source operand} in new R11. Sixteen XOP vectors
outside program in M.A. 404 to 7E1g; can be called by any program.

5-40




SECTION 6
ASSEMBLER DIRECTIVES
6.1 GENERAL

This section defines the following six assembler directives recognized by the Symbolic Assembler
(described in Section 4). These directives and corresponding paragraph number are:

®  AORG Absolute origin of statement (absolute location) 6.2.1
® BSS Block of memory starting with symbol 6.2.2
® DATA Sixteen-bit immediate value : 6.2.3
® END End of source code 6.2.4
e EQU Label equated to symbol or value 6.2.5
@  TEXT Code character string in ASCIl code 6.2.6

6.2 DIRECTIVE FORMATS
Syntax used in this subsection:
< > Required items to be supplied by the user
[ ]Optional items to be supplied by the user
T1 Space
T2 Space or comma
T3 Space, comma, or return
6.2.1 AORG DIRECTIVE
Format:
[label] < T1 > < AORG > <T1 > < location > <T1 > [comment]
The AORG directive places a value in the location counter and begins assembly at the location
specified. The location value must be in decimal or hexadecimal. By default, the location counter for
the assembler begins at 00001 and is incremented by two (bytes) for each word occupied by the
instruction. When a label is used with the AORG directive, it is assigned the value in the location
counter. Comment field is optional.
Examplie:

AORG =>200 Beginassembling source code at location counter value of > 200

AORG 200 Begin assembling source code at location counter value of > C8
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6.2.2

6.23

6.24

BSS DIRECTIVE
Format:

[label] < T1 > <BSS > < T1 > < number of bytes > < T1 > [comment]
The BSS (block with starting symbol) directive advances the location counter (which the assembler
uses to count the bytes of machine code) a quantity of bytes as specified in the directive. In essence, it
“reserves’’ a block of bytes starting at the location counter value; this block will be void of object
code. An optional label (in the label field) can be specified to identify the first location in the block.
The byte count can be in decimal or hexadecimai.
DATA DIRECTIVE
Format:

[label]l < T1 > < DATA > < T1 > < 1-16 bit value ,.., 1-16 bit value > < T1 > [comment]

This directive places 16 bit values into {successive) memory locations. Data is placed at even address
locations. Operand values can be chained (i.e., successive 1 to 16 bit values separated by commas).

Example:

DATA >FFFF,1764, >BB,0,444,'AB’

L Assembles as ASCIl code for AB (41421¢6)
Assemble as 00BB1g, 000016

END DIRECTIVE
Format:

flabel] < T1 > < END > < T1 > [entry point] < T1 > [comment]
This directive is mandatory for each program. It designates to the assembler that this is the final input
from the source program and causes a transfer of control back to the monitor. This is the last input to
the assembler, and the only means of direct transfer from the assembler to the monitor. When the
optional label is used, itis assigned the current value in the location counter. The optional load-point
operand field contains a symbol or absolute memory address specifying the entry point (execution
start) of the program. When the entry-point operand is used, the entry point address will be placed in
the Program Counter so that the program can be executed by the E command immediately after
being loaded. Example:

END ST

Location labelled ST is entry point for program,
place address in Program Counter
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6.25

6.2.6

EQU DIRECTIVE
Format:

< label > < T1> < EQU > < T1 > < value or expression > < T1 > [comment]
This directive assigns a value to a label for use during assembly. The expression field can contain an
absolute numeric value or expression. Expressions are further defined in paragraph 4.2.4, This
directive allows the user to substitute easily remembered mnemonics for absolute values in

program source lines. The optional label will be assigned the current value in the location counter.

Examples:

1. SM EQU 1 SUM ACCUMULATOR
allows using SM for register 1 such as
MOV @ >FC00,SM MOVE QTY TOR1

instead of
MOV @>FC00,1 MOVE QTY TOR1
2. IN EQU 9681 DIVISOR CONSTANT
allows this constant value to be used in subsequent source lines
LI R1,IN PLACE CONSTANT IN R1

instead of remembering the constant value.

3. IfIN has been previously defined as above, the following
MOV @IN+4,@0T
will result in moving the value located four bytes beyond location IN into location OT.

A label can be equated to a string of labels being added or subtracted (expression). For
example:

4. A EQU 5
B EQU 10
C EQU A+B EQUALS VALUE 15
NO DATA C+A EQUALS VALUE 20
would result in the value 20 in location NO.

TEXT DIRECTIVE

Format:
[label]l < T1 > < TEXT > < T1 > [-,] < ‘character string’ > < T1 > [comment]

This directive, like the DATA directive, is used to generate absolute data for program use. The DATA
statement operand is interpreted as a numerical value. The TEXT statement operand contains an
alphanumeric character string of keyboard inputs which are to be interpreted into ASCIl code.
Besides keyboard characters, the user can also input control characters {e.g., carriage return, line
feed, DC1, DC2) which are output in ASClI code via the keyboard. ASCIl code is defined in Appendix
C. Character string inputs in the operand field are enclosed in single quotes (SHIFT/Ret). The
assembler begins all character strings on an even boundary and places a zero byte after the last
character that can be used as a delimiter by the XOP I/0 commands.
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The optional label field will be assigned the value in the location counter; this value will identify the
location of the first character in the string.

Examples:
1. CM TEXT ‘LOADTAPE, HITCR__

Followed by carriage return
and line feed key inputs

2, CM TEXT °‘LOADTAPE, HITCR.
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71

SERIAL

ASYNCHRONOUS

INTERFACE

SECTION 7
170 PROGRAMMING USING THE CRU
GENERAL

The Communications Register Unit (CRU) is a separate |/O port, used only for data transfers to or
from external devices. It is the medium through which the microprocessor communicates with the
outside world. The CRU is an internal port of the TMS 9980A microprocessor.

An interface is a common boundary between automatic data-processing systems or parts of a single
system. In the TM 990/189, an interface will be needed between the microprocessor and an 1/O
device (e.g., terminal or keyboard). The TM 990/189 provides circuitry for two types of Texas
Instruments interface devices: two onboard TMS 9901 Programmable Systems Interfaces (PSl's)
and an optional TMS 9902 Asynchronous Communications Controller (ACC).

The TMS 9902 ACC can be used as an interface between the TMS 9980A and a terminal {(such as those
in Texas Instruments’ Silent 700 series). Figure 7-1 shows a system using the optional TMS 9902.

Figure 7-2 shows the TMS 9901 PSI used as an interface between the keyboard and the TMS 9980A.
An additional TMS 9901 is provided onboard as a user /O port.

< ADDRESS BUS A - A13

$p-Saf AB- A2

TMS 9880A

SHIFTERS ASYNCHRONOUS

CRUQUT
COMMURNICATIONS CRUGLK
CONTROLLER - CRUIN

INTERRUPT R ‘
LOGIC INTERRUPT INTERFACE

Figure 7-1. Typical Application TMS 9902 Asynchronous Communication Controller (ACC}

—]

— 9902
- CE | SELECT
LEVEL TMS 9902 LOGIC

©|
A

T

OSCILLATOR

Careful examination of Figures 7-1 and 7-2 will reveal three CRU control lines between the interface
and the microprocessor. These lines are used for serial data input (CRUIN), serial data output
(CRUOUT), and data timing strobes {CRUCLK). In order to transfer data in or out, CRU programming
must be understood. When CRU instructions are executed, data is written or read through the
CRUOUT or CRUIN pins respectively of the TMS 9980A. These signals come from or are sent to
designated devices selected by decode logic attached to the address bus of the microprocessor.
CRUOUT is also address line A13, it is not used to designate a CRU address.
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< ADDRESS BUSAD A13 (A13 - CRUOUT) >

~
7 DEDICATED So-S4 K A8 A12 <
10 PORTS ] TMS 998DA
cPU
PROGRAMMABLE i 9501 SYSTEM
LINES AS 1/0 OR <:> CE SELECT MEMORY
INTERRUPTS LOGIC
TMS 9901 A13
PSI CRUOUT
6 DEDICATED CRUCLK
INTERRUPT CRUIN
LINES < NTR j
INTERRUPT INTERFACE ), ; K DATA BUS 00-D7 >
ICg- 1Cy

Figure 7-2. Typical TMS 9901 Programmable System Interface (PSI) Application
Essentially, the CRU process foliows this sequence:
1. The CRU instruction is executed.

2. Bitaddress of the desired externai device is placed on the address bus.

3. Decode logic on the address bus enables an external device so that it can serially send or
receive using the CRU input or output lines and clock.

4. Bits are serially sent or received over the CRU lines.

The CRU address is loaded by software and maintained in register 12 of the workspace register area.
Only bits 4 through 14 of the register are interpreted by the CPU for the desired CRU address, and this
11-bit value is called the CRU base address or bit number.

As mentioned before, the TM 990/189 drives (via the CRU port) the onboard TMS 9901 parallel
interface and the optional TMS 9902 serial interface. These interfaces are accessed (enabled)
through the CRU addresses noted in Table 7-1. This table also lists the functions of the other CRU
addresses which can be used for on-card or off-card 1/0 use.

The TMS 9901 and the TMS 9902 interfaces can be used as interval timers, further detailed
information on these two devices can be obtained from their respective data manuals.

TABLE 7-1. CRU ADDRESS MAP

Contents of R12 CRU Base Address F .

{Bits 0 to 15} {R12, Bits 4 to 14)

0000 to 0O3E 0000 to 001F User TMS 9901 programmable inter-
face at U10 (uses port P5)

0400 to Q43E 0200 to 021F System TMS 9901 programmable
interface at U11

0800 to OB3E 0400 to C41F System TMS 9902 asynchronous
interface (EIA interface using port P3})

0C00 to OC3E 0600 to 061F User CRU addresses*

*Expandable to 512 bits, see Section 9.
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7.2

7.21

7.22

723

Paragraph 7-2 explains CRU addressing while timing is covered in paragraph 7.3.
Paragraph 7-4 describes the five CRU instructions.

CRU ADDRESSING

The CRU software base address is contained in the 16 bits of register 12. From the CRU softwgre base
address, the processor is able to determine the CRU hardware base address and the resulting CRU
bit address. These three CRU addressing forms are shown in Figure 7-3.

CRU SOFTWARE BASE ADDRESS (CONTENTS OF R12)

A
- ‘ ™ ADDRESS
Az A3 Aq A5 A6 A7 AB Ag A10 A1 1 A12 «— LINES
Ri2{0 0 0 0 © 0 O 0 1 0 0 0 0 O 0 O
[ I\ —
i Y
ZEROES IGNORE

CRU HARDWARE BASE ADDRESS

S1GN EXTENDED —— Q0 0 0 O 1 o0 0 1 0 0 O +DISPLACEMENTH#

0 0 0 0 0 0 0 1 1 0 0 1 o] 0 0
—— J ~ —
ALL ZBROES FOR CRU BIT ADDRESS

COMPENSATION
*The displacement added to the CRU hardware base address is a signed eight-bit
value, with sign extended, used only when executing one of the single-bit
instructions (TB, SBO, and SBZ). Shown above is an example displacement of

4815 (721p) added to an example hardware base address of 040qg (bd1g).
Figure 7-3. CRU Base and Bit Addresses
CRU BIT ADDRESS

The CRU bit address is the address that will be placed on the address bus at the beginning of a CRU
instruction. This is the address bus value that, when decoded by hardware attached to the address
bus, will enable the device so that it can be driven by the CRU control and clock lines. The CRU bit
address is the sum of the displacement value of the CRU instruction (displacement applies to
instructions TB, SBO, and SBZ only) and the CRU hardware base address in bits 4to 14 of register 12.
Note that the sign bit of the eight-bit value is extended to the left and added as part of the
displacement. The resulting CRU bit address will be placed on address lines A7 to A12; address lines
Ag and A1 always will be zeroes.

CRU HARDWARE BASE ADDRESS

The CRU hardware base address is the value in bits 4 to 14 of register 12, For instructions that do not
specify a displacement {the LCDR and STCR do not), the CRU hardware base address is the same as
the CRU bit address on address lines A2 to A12 as explained in paragraph 7.2.1. An important aspect
of the CRU hardware base address is that it does not use the least significant bit of register 12 (bit 15);
this bit is ignored in deriving the CRU bit address.

CRU SOFTWARE BASE ADDRESS
The CRU software base address is the entire 16-bit contents of register 12. In essence, this is the CRU

hardware base address divided by two. Bits 0, 1, 2, 3, and 15 of the CRU software base address are
ignored in deriving the CRU hardware base address and the CRU bit address.
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Because bit 15 of R12 is not used, some confusion can result in programming. instead of loading the
CRU base address in bits 0 to 15 of Register 12 {e.g., LI R12, 400 to address the TMS 9902 at CRU base
address 4001g), the programmer must shift the base address value one bit to the left so that it is in
bits 4 to 14 instead of in bits 5 to 15. Several programming methods can be used to ensure this correct
placernent. All of the following examples place the TMS 9902 base address of 4001g correctly in R12.

LI R12, >800 PLACES 400 INBITS3TO 14
or
LI R12, >400*2 MULTIPLY BASE ADDRESS BY 2 (NOT
RECOGNIZED BY THE TM 990/189 ASSEMBLER)
or
LI R12, >400 BASE ADDRESS INBITS4TO 15
SLA R121 SHIFT BASE ADDRESS ONE BIT TO THE LEFT

From a programming standpoint, it may be best to view addressing of the CRU through the entire 16
bits of R12. In this context, blocks of a maximum of 16 CRU bits can be addressed, and in order to
address an adjacent 16-bit block, a value of 002015, CRU bits 0 to F1g can be addressed. By adding
002016 to R12, CRU bits 1014 to 1F1g can be addressed, etc.

CRU TIMING

Timing during the execution of a CRU output instruction (e.g., LDCR) and a CRU input instruction
{e.g., STCR) is shown in Figure 7-4.

In a CRU output operation, the CRU base address in bits 4 to 14 of R12 is valid on the address bus
{lines A2 to A12) when signal ¢3 {inverted phase ¢3} is active. At the next phase ¢3, CRUCLK is active;
at this same time, the data at A13 {CRUOUT) is true. When ¢3 becomes active again, the next
consecutive CRU address (as in an LDCR operation) is active on address lines A2 to A12, and at the
next ¢3 phase, CRUCLK is active again. The cycle repeats itself until the designated number of CRU
bits are output {(made available) at At3.

Thus the output of data using the CRU involves making the desired CRU address available on
address lines A2 to Aq2, and sampling the logic level at A13 (during CRUCLK).

In a CRU input operation, the desired address is placed on address lines A2 to A12. The next time ¢3
becomes active, data will be sampled at the CRUIN line. Data should remain valid for two clock
phases beginning with ¢$3 becoming active.

CRU INSTRUCTIONS
The five instructions that program the CRU interface are:

® LDCR: Place the CRU base address on address lines A2 to A12. Load from memory a
pattern of 1to 16 bits and seriaily transmit this pattern through the CRUQUT pin of
the TMS 9980. Increment the address on A2 to A1z after each CRUCUT
transmission.

® STCR: Place the CRU base address on address lines A2 to A12. Store into memory a

pattern of 1 to 16 bits obtained serially at the CRUIN pin of the TMS 9880.
Increment the address on A2 to A12 after each CRUIN sampling.

® SBO: Place the CRU base address plus the instruction signed displacement on address
lins A2 to A12. Send a logical one through the CRUQUT pin of the TMS 9980.
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e SBZ: Place the CRU base address plus the instruction signed displacement on address
lines A2 to A12. Send a logical zero through the CRUOUT pin of the TMS 9980.

e TB: Place the CRU base address plus the instruction signed dispiacement on address
lines A2 to A12. Test the value at the CRUIN pin of the TMS 9980, and reflect the test
results in the equal bit of the Status Register {one or zero).

The LDCR and STCR instructions use a byte or word of memory depending respectively if 1 to 8 bits
or more than 8 bits are to be loaded or stored. In STCR instructions, the right bits of the memory area
are used for storage, and unused left-side bits are zero filled. Figure 7-4 depicts an LDCR instruction
using a byte of memory. Figure 7-6 depicts an STCR instruction using a word of memory.

o3 o ou ooy
I I
| I
I

L
|
|

I
C

AZ - A2 UNKNOWN X?:RU BIT ADDRESS n Xi CRU ADDRESS n + 1 : CRU ADDRESS m X.
I LU I
| | | |
| |
| | | |
CRUCLK l l I I I | _l L | I
I 'l Lt '
| | | | |
A13{CRUOCUT)} UNKNOWN M CRU DATA OUT n XICI RU DATAOUT n+ Xl i; UNKNOWN X I
L L1
|

T

-.v.v.v.v.v.v.'.v.v’-.'.v.v‘v‘h.v.;.;.

MO OO IO )
GRRIRCRAIAAEEHHANIER DON'T CARE RRIKEE

CRUIN

| | INPUT VALID
— v I ~ \ v ~  INPUTBITmM

CRU OUTPUT CRU INPUT

Figure 7-4. TMS 9980 CRU Interface Timing
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LI R12,>800 LOAD CRU BIT ADDRESS >>400BITS4 TG 14 OF R12
LDCR  R56 6 BITS TO CRU

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 o >020C

0 0 0 0 1 0 0 0 0 0 0 0 0 0 o 0 >0200

0 0 1 1 0 0 0 1 1 0 0 0 0 1 0 1 >3185

0 2 7 8 15

RS»| 1 1 0 1 0 1 1 0 1 0 0 1 1 1 1

. A —

IGNORE

— 0 «~CRU Address >400
—1

—2

—3

=4

L - 5 +~CRU Address >405
6

— 7

-8

—9

L— A

—B

—cC

b D

—€

—F

8 BITS OR LESS - BYTE ADDRESS —10

— 11

12

11 1Ye

Y

9 BITS OR MORE — WORD ADDRESS

Figure 7-5. LDCR Byte Instruction

The TB, SBO, and SBZ instructions use a maximum displacement of + 128 bits and — 128 bits from the
CRU bit designated in bits 4 to 14 of R12. Thus, if bit 4001g is designated in R12, bits 4 to 14, the
following assembly language instructions and comments would apply.

B >10 TESTCRUBIT> 410
SBO -1 SET CRU BIT > 3FF TO ONE
SBZ 16 SET BIT> 410 TO ZERO
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The LDCR and STCR instructions address the CRU using the value in R12; these instructions do not
have the advantage of specifying a displacement from the R12 value such as used by the CRU bit
instructions. If it is necessary to change the CRU address, itis important to understand that only bits 4
to 14 need be modified. For example, if it is desired to load (LDCR} successive groups of 16 CRU ports,
a value of 32 (not 16) must be added to the contents of R12 for each group in order to accurately
change the contents of R12 bits 4 to 14 {Al R12,32). An alternate method would be to load a new value

into R12 (LIR12, > 400; L1R12, > 420, etc.).

LI R12,>400*2 LOAD CRU BIT ADDRESS>200 INBITS4TO 14 OF R12

Figure 7-6. STCR Word Instruction

1-7

STCR R4,10 10 BITS FROM CRU TO R4
¢ 1 2 3 4 5 6 71 8 9 10 1 12 13 14 15
0 0 0 o o 0 1 0 0 o 0 o 1 1 o 0 >020C
T T
o o o © o t © ©0 © 0 ©6 © 0 © 0 0 | >0400
0 0 1 1 o 1 1 0 1 0 0 0 0 1 0 0 >3684
0 6 15
R4 0 0 0 0 0 0
ZERO FILL N ress
UNUSED LEFT-SIDE BITS . . . — -1
2
-3
- 4
-5
6
-7
- 8
-9 —CRU Address >409
~ A
NOTES: -8
8 BITS OR LESS - BYTE ADDRESS -c
9 BITS OR MORE - WORD ADDRESS .o
THE MULTIPLICATION IN THE DESTINATION OPERAND (>>400*2)
IS NOT RECOGNIZED 8Y THE TM 990/402 LINE-BY-LINE ASSEMBLER. — E
THIS MULTIPLICATION IS AN EXAMPLE OF THE RELATIONSHIP OF - F
THE CONTENTS OF THE CRU BASE ADDRESS TO THE CONTENTS
OF REGISTER 12. - 10



75 1/0 PROGRAMMING WITH THE TMS 9901

The following figures, 7-7 to 7-12 are examples of addressing the TMS 9901 through the CRU,
pointing out in graphic form:

® External I/0 in parallel (multibit) and serial (single bit) forms.

®  The relationship between the CRU bits addressed and the bits in the source operand of the
STCR instructions.

¢  Therelationship between the CRU bit addressed and the displacement in TB, SBO, and SBZ
instructions.

The user TMS 9901 at U10 occupies 32 bit positions of CRU space with the low 16 bits beginning at
CRU address 00001 and the high 16 bits beginning at CRU address 00201 (R12 contents). To access
the low 16 bits of the TMS 9901 through the CRU, load 00001 into register 12.

The high 16 bits starting at CRU address 00201g are the parallel I/0 bits, shown in the accompanying
figures. These may be set, reset, or read in any order or combination with length from 1 to 16 bits.
Since CRU operations are serial, data from the microprocessor (either serial or parallel) is trans-
mitted serially to the TMS 9901, which outputs it in parallel. Likewise, during input, data present at
the I/0 pins is shifted serially to the microprocessor using the CRU bus for programming. it is
necessary only to load register 12 with 00201 and use either the LDCR or STCR instructions, Bear in
mind that CRU operations of 1 to 8 bits affect the left byte {more significant half) of a word.

The lower 16 bits of the TMS 9901 starting at CRU address 00001¢ are used for control of interrupts
and the timer function, and to reset the /0 lines to the input mode with output buffers disabled and
floating. Interrupt requests are presented to the TMS 9901, each on its own line, and are compared
against an internal mask. If the internal interrupt mask allows, the particular interrupt request is
encoded onto ICO through IC3 of the TMS 9901 as explained on page 5 of the TMS 9901 data manual.
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1) ASSEMBLY LANGUAGE:

Ll R12, > 0020
LDCR RO, 15

2) SOURCE ADDRESS IN MEMORY:

RO: {1 0 1 1+ 1 0 O

IGNORED

(3) ADDRESSING:

(LSB OF RO)

ADDRESS LINES AT OPERATION START

!
R12: ]G 0 0 0 0 0 O

0

-
0

)

1

!
a

0

0 o0

0

i L

l

IGNORED

0 ¢ 0 ¢ o0

Ao——————-——

0

o

0

—— A

12

BIT 16
IGNORED

.

—

J

l

ADDRESS LINES

Figure 7-7. LDCR Word Execution to TMS 9901
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(1) ASSEMBLY LANGUAGE:

Li R12, >0030
tDCR R2,2

(2) SOURCE ADDRESS IN MEMORY:

7 8 11 12 15

R2: |1 0 1

LEFT BYTE USED

(3) ADDRESSING:

TWO BITS TRANSFERRED

T T T
rR1z10 0 o 0 0 0 0 06 0 0 1 1 0 0 0 0
IGNORED j—'L J
0 (0] 4] 0 [0} [¢] g 0O 1 1 0 0 0
AD_ - - - - - - - — = = A12
{ J|

ADDRESS LINES

-
BIT 15
IGNORED
=1 ADDRESS
ﬁ‘ SELECT
170
DECODE

PO
P1
P2
P3
P4
P5
P6
P7

P9
P10
P11
P12
P13
P14
P18

BREREREERREREREE

Figure 7-8. LDCR Byte Execution to TMS 9901
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{1) ASSEMBLY LANGUAGE:

LI R12, > 0020
STCR R3, 11

{2) SOURCE ADDRESS IN MEMORY:

15V

:

.

0 3 4 7 8 15

T T

ga: |1 o 1 1 0o 1 1 1 o0 1 0 0 1 [ BEFORE

( po

T T
p o 0 0 0 o 1 ©0 1 0 1 0 0] AFTER Pt
P2

L It
') P3
ZEROED
P4
- j/ Ps
P6
P7
{3) ADDRESSING: s
ADDRESS LINES AT OPERATION START Po
PtO
N
T T P11
R12:0 0 0 0 0 0 © 6 0 0 1 o 0 BIT 15 P12
IGNORED
L BTN | P13
P14
P15
IGNORED ADDRESS
r————- SELECT
/ 1o
ZEROES DECODE TMS 9901
9 ¢ 0 0 0 0 0 0 1 o —
1 4

ADDRESS LINES

Figure 7-9. STCR Word Execution to TMS 9901



(1) ASSEMBLY LANGUAGE:

Lt R12,> 020
STCR R1,6

2) SOURCE ADDRESS IN MEMCRY:

. [ PO
0 3 4 8 11 12 15

p1
Al al P2

R1l1 o 1+ 1 0 1 1 0 1 0 1 0 1 1 0| BeFORE 4
P3
g 0o 1 1 0 10 0 1 0 1 0 1t 1 0| AFTER P4
l_]_i L ! PS5
1 P6

ZEROED UNCHANGED
P7
P8
P9
P10
3) ADDRESSING: P11
P12
T T

Ri1zzlo o 0o o 0o 4o o 0 0 1 0 0 0 0 ol BiT15 P13
: m n IGNORED P14
GNORED ——7J ) P15

} {—————b ADDRESS

‘ j————b‘SELECT

{ 10
0 0 ¢ 0 0 ¢c 0 1 0 ¢C 0 0
DECODE TMS 9901

Ao

ADDRESS LINES

Figure 7-10. STCR Byte Execution to TMS 9901
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1)  ASSEMBLY LANGUAGE

FTTTTTTTI T i r

LI R12, > 040
T8 -3
PO
P
2) ADDRESSING P2
l | I BIT 15 P3
Ri2]/lo0 o o o 00 o 00O 1 0 0 D OGO O IS ™S pg
IGNORED 9901 P5
|GNORED—L———|
P6
T P7
1 11 1 1 11 0 1 3 DISPLACEMENT k8
b 1 ADDED TO ADDRESS P9
SIGN EXTENDED ——— | P10
l P11
ZEROES P12
P13
0o 00 DO 00O 1 1 10 1—— p14
P15
A A
9 12 — »l ADDRESS
T
ADDRESS LINES ‘———H SELECT
1/0
DECODE
(3) STATUS REGISTER:
BITNO. 0 3 15
1
EQUAL—/
BIT
NOTE

IF A JEQ (JUMP ON EQUAL) INSTRUCTION FOLLOWS A TB INSTRUCTION, A 1
FOUND WiLL CAUSE A JUMP, AND A 0 FOUND WILL NOT CAUSE A JUMP {1 =
EQUAL STATE).

Figure 7-11. Test CRU Bit at TMS 9901



(1)  ASSEMBLY LANGUAGE:

Li R12, > 0020

SBZ 7

2} ADDRESSING:

PO
P1
P2

P3
P4

P5
P6
= P7

R12: jO O 0

BIT 15

— IGNORED

L
GNORED __——T1T—

-
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ADDRESS
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Figure 7-12. Set CRU Bit at TMS 9901
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8.1

8.1.1

8.2

8.2.1

SECTION 8
THEORY OF OPERATION

INTRODUCTION

This section presents the theory of operation of the TM 990/189 Microcomputer. Information from
the following manuals may be used to supplement material in this section:

® TMS 9980 Microprocessor Data Manual

® TMS 9901 Programmable Systems Interface Data Manual

® TMS 9902 Asynchronous Communications Controller Data Manual

& TMS 2532 Programmable Read Only Memory Data Sheet

¢ TMS 2708/2716 Programmable Read Only Memory Data Sheet

® TMS 4014 Random Access Memory Data Sheet

® TMS 4732 Read Only Memory Data Sheet

®  TMS 9900 Family System Design Handbook

® The TTL Data Manual

SYSTEM ARCHITECTURE

Figure 8-1 shows the major function blocks of the TM 990/189 representing the processing, memory,
and 1/0 portions of the microcomputer. Also shown in the figure are the primary signal buses of the
system which are: the data bus, address bus, Communications Register Unit {CRU) bus, and the

control bus.

Throughout the remainder of this section, the operation of these buses and function blocks will be
discussed. The first topic is the buses, since they tie all the blocks together,

SYSTEM BUSES

DATA BUS

The data bus consists of eight bidirectionai lines, DO through D7, used to transfer information
between the processor and memory, either onboard or oftfboard through the bus expansion inter-
face. DO is the most significant bit and D7 is the least significant.

The direction of data transfer is controlled by the processor and indicated by the state of control bus

signal DBIN which is set to a logic one when the processor has disabled its data bus drivers and
entered an input mode.
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Figure 8-1. System Block Diagram

82



8.2.2

8.2.3

8.24

ADDRESS BUS

The address bus is composed of fourteen lines, A0 through A13 CRUOUT, which are normally driven
by the processor and are used to reference individual memory and CRU locations. Memory
references are distinguished from CRU operations by observing the state of control bus signal
MEMEN— which the processor sets to a logic zero during memory cycles. During memory
references A0 through A13 CRUQUT present the address of the byte being accessed, where AQ is the
most significant bit and A13 CRUOUT is the least significant bit of the address. During CRU cycles, AQ
and A1 are set to zero and A2 through A12 contain the effective CRU bit address being referenced,
where A2 is the most significant bit and A12 is the least significant bit of the address. A13CRUOUT is
shared with the CRU bus during CRU operations and is discussed further below.

In addition, AQ, A1, and A13 CRUOUT are used during the execution of external instructions (CKON,
CKOF, RSET, IDLE, and LREX) to present the 3-bit code identifying each instructions.

CRUBUS

The CRU bus consists of four signals: A13 CRUOUT, CRUCLK, IOCLK, and CRUIN. During CRU output
intructions (SBZ, SBO, and LDCR), A13 CRUOUT contains the value of the bit being output. After a
delay to allow the CRU bit address (A2 through A12} and the output bit A13 CRUOUT) to stabilize, the
processor strobes CRUCLK to latch the output bit in the output device. IOCLK is a buffered derivative
of CRUCLK and is the actual strobing signal connected to the output devices. During CRU input
instructions (TB and STCR) the processor again sets up the CRU bit address on A2 through A12 and,
after a delay for settling, reads the input bit from CRUIN.

CONTROL BUS

The control bus consists of a number of timing, request, and status signals used by the processor and
support circuitry. Included in this group are DBIN and MEMEN—, which were mentioned above,
along with WE—, READY, DRE—, INT 0 through INT 2, HOLD—, HOLDA, IAQ, and ¢$3—. A brief
description of each signal is given in Table 8-1.

TABLE 8-1. CONTROL BUS FUNCTIONS

SIGNAL

ACTIVE STATE

PURPOSE

READY

DRE—

INTO
INT 1
INT 2

HOLD—

HOLDA

IAQ

LOW

HIGH

LOW

HIGH

LOW

HIGH

HIGH

Low

Strobe to memory devices for writing data to memory.

indicates to the processor that the memory is ready to be accessed. Wait states are
generated by pulling this line low.

Deiays RAM chip selects during write operations to avoid bus conflicts. See para-
graph 8.5.1.

Encoded interrupt request lines to processor. See paragraph 8.4.

Requests processor to give up control of address, data buses, MEMEN—, WE—, and
DBIN.

Acknowledges that processor has given up signhals mentioned above, and has
suspended activity.

Indicates that an instruction acquisition is under way.

Clock signal generated by the processor for synchronization of external devices.
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8.3.1

8.3.2

PROCESSOR

The processor function block in Figure 8-1 consists of a MP9529 microprocessor which is functionally
equivalent to the TMS 9980A. The factors which distinguish the two are: {1) the MP9529 requires a
VDD supply of +9.3 volts typical, (2) has a maximum external clock frequency of 8.08 MHz,
and (3) has a maximum free air operating temperature of 50°C. They are otherwise identical.

The processor is perhaps the most important part of the system since within it resides the capacity to
make decisions and take different courses of action based on those decisions. Processor decisions
may resuit not only through the execution of program instructions involving the processor’s
STATUS REGISTER (see Figure 8-2) but also as a resuit of interrupt signal inputs to the processor (see
Figure 8-3).

In addition to decision making, the processor is responsible for:
® |nstruction acquisition and interpretation
® Timing of most control signals and data transfers
® Data, Address, and CRU bus control.

Figure 8-4 shows the processor signals grouped by function along with the clock oscillator circuit.

CLOCK OSCILLATOR

The clock oscillator, composed of two inverters from U14, R9, R10, C6 and Y1, generates the 8 MHz
signal INTCLK which is then buffered and routed to the processor as CKIN. From CKIN, the processor
internally generates four mutually exclusive clock signals (¢1 through ¢4) which it uses to synchro-
nize its operations. In addition, the processor inverts and buffers one of its internal clocks to provide
¢3— which is used externally by processor support and CRU circuitry.

EXTERNAL INSTRUCTION DECODING

Recall that the address bus is used not only to reference memory and CRU locations but also to
identify external instructions. These instructions are CKON, CKOF, IDLE, LREX, and RSET. They allow
user-defined external functions to be initiated under program control. When any of these five
instructions are executed by the TMS 9980A, a unique three-bit code appears on AQ, A1, and
A13CRUOUT along with a CRUCLK pulse. IDLE also causes the TMS 9980A to enter the idle state and
remain until an interrupt, RESET, or LOAD occurs. While in this state, the code and CRUCLK pulses
occur repeatedly until the idle state is terminated.

Also recall that the CRU instructions SBZ, SBO, and LDCR also cause CRUCLK to strobe, but that AQ
and A1 were always low (logic 0) for CRU operations. To prevent external instruction CRUCLK pulses
from affecting CRU devices, the signal IOCLK is decoded by Network U5 from CRUCLK, A0, A1, and
A13CRUOUT and is routed to the strobe inputs of CRU devices. U5 also decodes the external
instruction codes into mutually exclusive signals for implementation as shown in Figure 8-5. The
result of executing external instructions on the TM 990/189 is tabulated in Table 8-2.
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TABLE 8-2. EXTERNAL INSTRUCTION RESULTS

lNSTRUé"ﬂON EXECUTION RESULTS
CKON liluminates FWD indicator, activates DECK CONTROL— signal to audio cassette interface.
CKOF Extinguishes FWD indicator, deactivates DECK CONTROL— signat.
IDLE Places TMS 9980A in idle state, illuminates IDLE indicator.
LREX Causes TMS 9980A to execute a LOAD operation.
RSET Not implemented. Available for user definition.

Control of the FWD indicator is accomplished through flip-flop U4. The decoded signals
corresponding to the CKON and CKOF codes are wire-ORed and used to clock U4, which sets or
resets depending on the external instruction code.

Network U9 is used to “'stretch’” the decoded IDLE— pulses to fully illuminate the IDLE indicator.

INTERRUPTS

Observe that the TMS 9980A has no separate lines for RESET and LOAD signals. Instead, those
functions are decoded from the state of interrupt inputs to the microprocessor INTO, 1, and 2 as
shown in Table 8-3. Receipt of an active interrupt code causes the processor to respond as illustrated
in the CPU Flow Chart, Figure 8-3. Note that the inputs on INTO to INT2 for interrupt levels 1to 4 are a
binary 3to 6 (0112to 1102).

TABLE 8-3. TMS 9380A INTERRUPT DECODING

INTERRUPT CODE VECTOR

INTOINT2 FUNCTION ADDRESS
000 RESET 0000
co1 RESET 0000
010 LOAD 3FFC
011 INTERRUPT 1 0004
100 INTERRUPT 2 0008
101 INTERRUPT 3 000C
110 ‘ INTERRUPT 4 0010
m —

Encoding of the interrupt code signals is performed by the interrupt section of the USER I/0 PORT
and the LOAD INTERRUPT GENERATOR. interrupt signal flow is diagrammed in Figure 8-6. The
interrupt code is normally generated by the TMS 9901 (U10) in the USER I/0 PORT which receives
interrupt requests from the SYSTEM I/O PORT and from external sources through connector P5.
Interrupt sources are tabulated in Table 8-4.
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INTERRUPT
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~
INT 0,1.2
LOAD
SWITCH ! i
u19
PROCESSOR
Figure 8-6. interrupt Signal Flow
TABLE 84, INTERRUPT SOURCES
SIGNAL U10 INTERNAL
CPU FUNCTION INTERRUPT SOURCE* NAME SIGNAL NAME
RESET POWER-UP RESET CIRCUIT, P§ RESET— RST1—
P5 USER INT 1— INT 1—
Ps, 10 USER P14 INT8—/P14
P5, U10 USER P13 INT9—/P13
LOAD P5S USER INT 2— INT2—
P5, U10 USER P12 INT 10— /P12
INTERRUPT 1 PS USER INT 3— INT 3—
Ps, U10 USER P11 INT 11—/P11
INTERRUPT 2 PS5 USER INT 4— INT 4—
PS, U10 USER P10 INT 12—/P10
INTERRUPT 3 PS USER INT 5— INT 5
Ps, U10 USER P9 INT 13—/P9
INTERRUPT 4 SYSTEM /0 PORT KBINT INT 6—
P5, U10 USER P8 INT 14—/P8
— PS, U10 USER P15 INT 7—/P15
Ps, U0 USER P? INT 15—/P7

*p5 — Connector P5; U10 = User TMS 9901
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Two features of the TMS 9901 should be understood before proceeding. First, observe in the
TMS 9901 Data Manual that interrupt signals INT7— through INT15— share device pins with
input-output signals P15 through P7 respectively. The TMS 9901 automatically disables interrupts
from shared pins when that pin is programmed as an output. Without this protection, unwanted
interrupts might be generated merely by writing a zero to an I/O bit which shares a device pin with an
interrupt input signal.

Second, observe in Table 8-3 that INT7— and INT15— generate no interrupt codes usable to the
processor in this system. However, they do affect the TMS 9901. For instance, if enabled, pulling the
INT15—/P7 pin (signal USERP7) low will cause the TMS 9901 to set its internal INTREQ— bit low,
which could then be polled by the processor. Likewise, pulling the INT7—/P15 pin low will cause the
same result with the following added action: since the TMS 9901 prioritizes interrupt requests,
INT7— being active effectively disables INT8— through INT14— which do cause processor action in
this system. INT 15— would also be disabled.

From the USER PORT, the interrupt code is routed to the LOAD INTERRUPT GENERATOR which may
pass the code on to the processor or interpose its own code depending on the state of POWERGOOD
and LOADREQ—.

POWERGOOD is generated by the POWER-UP RESET circuit composed of R29, R31, C11, CR8, Q11,
U1, U14 and U36 shown in Figure 8-7. At the instant power is applied, C11 begins charging through
R31.Q11 and R29 form a voltage follower to buffer the relatively low input impedance of the Schmitt
trigger (U36) from the RC network. After approximately one second, the voltage at the emitter of Q11
will have risen to the upper threshold voltage of the Schmitt trigger and its output will go low. That
signal is inverted by U14 and becomes POWERGOOD which is fed to a section of U2, a quad two
input multiplexer and edge triggered flip-flop. Since POWERGOOD is connected to both D multi-
plexer inputs, the signal is latched in the flip-flop regardless of the state of the multiplexer select
input. The fatching operation synchronizes changes in POWERGOOD with ¢3— and produces PG
SYNC. Also notice that while POWERGQOD is fow, RESET— is also low, thereby driving the /0 ports
(U10 and U11} to known states. PG SYNC is then fed back into U2 to generate the interposing reset
and load codes, and to U3in the load delay circuit. Power-up sequence timing is shown in Figure 8-8.

LOADREQ— is generated by the external instruction decoder U5 during an LREX instruction (see
Section 8.3.2) or by the load switch $1 and its debounce circuitry U6 and U7 shown in Figure 8-7. The
falling edge of LOADREQ— clocks U4, which allows the timing sequence to proceed even if
LOADREQ— stays low for an extended period as is possible during actuation of S1. The output of U4
is then clocked by IAQSYNC through two delaying stages in U3 before activating the LOAD— signal.
This two-instruction delay is utilized by the UNIBUG monitor when executing a SINGLE STEP
command. The timing sequence initiated by a single step execution is shown in Figure 8-9. The
timing for a LOAD sequence due to S$1 actuation is similar except that LOADREQ— may stay low for
an extended time, and the instructions executed before and after LOAD code recognition may differ
from those described.

The reader may wonder how a single LOAD vector fixed in EPROM could correctly direct the
processor through both power-up and LREX sequences, where obviously different actions are
performed. To accomplish this, the UNIBUG monitor keeps a flag in memory to tell it if a single step
command is currently being performed. Based on the contents of this flag, the processor branches
either to the completion of the single step routine or to the power-up routine as appropriate.
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PGSYNC _i [__I

IAQSYNC L 1 I 1 I 1
JJ
LOAD— I ]
JS
tg 13 t2 t3 4

TIME INTERRUPT CODE ACTION

o UNSTABLE POWER APPLIED

toty 000 U3 PRESET, LOAD - =0
PROCESSOR WAITS FOR RESET CODE TO
BECOME INACT!VE

t CHANGING PGSYNC FOLLOWS POWERGOOD HIGH

tytp oto PROCESSOR GETS RESET WP AND PC,
STORES PREVIOUS WP, PC, AND ST IN
NEW WORKSPACE, SETS INTERRUPT PRIORITY
=0, RECOGNIZES LOAD CODE, GETS LOAD
WP AND PC, STORES RESET WP, PC, AND ST
IN NEW WORKSPACE, SETS INTERRUPT
PRIORITY =0.

t) CHANGING IAQ PULSE CLOCKS U3, LOAD - GOES HIGH

tytg IC1,1C2, IC3 PROCESSOR FETCHES FIRST INSTRUCTION IN
POWER-UP ROUTINE

3 PROCESSOR COMPLETES FETCH.

t3t4 IC1, 1C2, IC3 PROCESSOR EXECUTES FIRST INSTRUCTION.

Figure 8-8. Power-Up Sequence Timing
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LOADREQ-

Q1

IAQSYNC

Q2

LOAD—

TIME

to

oty

11

11412
t2

t2-t3

13

1314
:

tgtg

tg and beyond

| |

tg 1 2 3y g

ACTION

EXECUTION OF LREX INSTRUCTION CAUSES LOADREQ- PULSE,
U4 SETS, Qt GOES HIGH.

PROCESSOR COMPLETES LREX INSTRUCTION,INCREMENTS PC FOR
NEXT INSTRUCTION.

PROCESSOR STARTS INSTRUCTION ACQUISITION CYCLE. IAQSYNC
PULSE CLOCKS U3, Q2 FOLLOWS Q1 HIGH.

PROCESSOR ACQUIRES AN RTWP INSTRUCTION.

INSTRUCTION ACQUISITION COMPLETE.

PROCESSOR EXECUTES RTWP; LOADS INTERNAL WP, PC, AND ST
FROM MONITOR WORKSPACE REGISTERS 13, 14, AND 15, WHICH
THE UNIBUG MONITOR HAS PREVICUSLY LOADED.

PROCESSOR BEGINS TO ACQUIRE INSTRUCTION FROM USER
PROGRAM. IAQSYNC CLOCKS Q2 INTO SECOND HALF OF U3,
LOAD—- GOES LOW, LOAD INTERRUPT CODE GENERATED BY U2,
FED TO PROCESSOR. U4 CLEARS, Q1 GOES LOW.

PROCESSOR ACQUIRES INSTRUCTION FROM USER PROGRAM.
INSTRUCTION ACQUISITION COMPLETE,

PROCESSOR EXECUTES USER PROGRAM INSTRUCTION,INCRE-
MENTS PC, RECOGNIZES LOAD CODE, GETS LOAD VECTOR,
STORES WP, PC, AND ST IN MONITOR WORKSPACE.

NOW BACK UNDER UNIBUG CONTROL, PROCESSOR DISPLAYS PC

OF NEXT USER PROGRAM INSTRUCTION AND WAITS FOR NEXT
COMMAND.

Figure 8-9. Load Timing
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8.5.1

85.2

MEMORY

With fourteen address lines, the TMS 9980A can address up to 16,384 eight-bit memory locations. In
this system, a total of 8192 locations are dedicated to onboard devices and the remaining iocations
are reserved for offboard functions. The system memory map, Figure 8-10 shows the organization of
the memory space.

MEMORY ADDRESS DECODING

The memory address decoding circuit is shown in Figure 8-11. Chip enables for the various onboard
memory devices are generated by the coincidence of certain control signals discussed below.

Address decoding is performed by U34 which divides the address space into four 4096 byte sectors
identified by the controi signals LOMEMENA— (low memory enable), DECODE 1, DECODE 2, and
HIMEMENA— {high memory enable) as shown in Figure 8-12. As seen from the diagram, the 4K byte
system ROM (U33} is enabled by ROMCE— whenever HHIMEMENA— is low (300016 < ADDRESS <
3FFF1g) and DBIN is high (read cycle in progress).

In addition U34 subdivides each sector into 1024 byte blocks, identified by BLOCK 0— through
BLOCK 3—. Thus system RAM (U20 and U22) is enabled by RAMCE— whenever LOMEMENA— is
low (0000 < ADDRESS = OFFF), BLOCK 0— is low {X000 < ADDRESS = X400), and DRE— is low.

DRE— (delayed RAM enable) is derived from DBIN and WE— and is used to prevent data bus
conflicts. The RAM devices used in this system normally enable their data output buffers in response
to a chip enable unless WE— goes low first. If the data buffers were enabled while the processor was
outputting write data on the same lines, erroneous data may be written into the memory. DRE—
avoids this probiem by delaying RAM chip enables during write operations until WE— has gone low.
RAM read and write cycle timing is shown in Figure 8-13 and 8-14.

In a similar manner, onboard expansion RAM (U21 and U23) is enabled by EXPRAMCE— under the
true conditions of LOMEMENA—, BLOCK 1—, and DRE—. The expansion ROM {U32) is enabled by
EPROMCE— when LOMEMENA—, DBIN—, and BLOCK 2— are all low. A jumper option allows
BLOCK 3— to be OR’ed with BLOCK 2— to increase the EPROM memory space to 2K bytes for a
TMS 2716.

MEMORY EXPANSION

Offboard memory expansion capability is provided through the Bus Expansion Interface which
generates buffered signals corresponding to A0 through A13 CRUOUT, DO through D7, MEMEN—,
WE—, DBIN, and HOLDA. READY and HOLD— inputs to the processor are also provided.

The direction of the expansion data bus buffers is controlled by the DIN— signal which is generated
as shown in Figure 8-15. The buffers are directed inward whenever DECODE 1— or DECODE 2— is
low (100016 = ADDRESS < 2FFF1g) and DBIN is high (read cycle in progress) to allow offboard
memory data to be read by the processor. At all other times, the data buffers are directed outward, as
are the address and control buffers.

With one exception, all expansion buffer outputs go to a passive high impedance state in response to
the HOLDA signal from the processor. The exception is EXPHOLDA {expansion hold acknowledge)
which always drives outward to inform offboard circuitry that the system has relinquished control of
the expansion buses.
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ADDRESS PHYSICAL DEVICE

3FFF
ONBOARD
ROM
UNIBUG
3000
2FFE
RESERVED
FOR
OFFBOARD
MEMORY
EXPANSION
1000
OFFF | EXTENDED ONBOARD
EPROM EXPANSION *
0c00 | _ . _ A
OBFF | ONBOARD EPROM
EXPANSION
0800
07FF ONBOARD RAM
EXPANSION
0400
03FF
ONBOARD RAM
0000

* USER STRAPPABLE OPTION (SEE SECTION 9

Figure 8-10. System Memory Map
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Figure 8-11. Memory Address Decoding

3FFF OFFF
HIMEMENA— BLOCK 3—

3000 0C00
DECODE 2— BLOCK 2—

2000 | . 0800
DECODE 1— BLOCK 1—

1000 0400
LOMEMENA— BLOCK 0—

0000 0000

Figure 8-12. Memory Partitioning Signals
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Figure 8-13. RAM Read Cycle Timing
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] Figure 8-14. RAM Write Cycle Timing
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8.6.1

DECODE 1-

- ué -
DECODE 2 j—D—— 013 DIN

DBIN I—

Figure 8-15. Expansion Data Bus Control Logic

INPUT-OUTPUT

Input-output operations are performed via the Communications Register Unit (CRU). The
TMS 9980A CRU addresses a total of 2048 input-output bits effecting data transfers of from one to
sixteen bits.

NOTE
In this write-up, reference is made to R12 CRU address and to CRU base
address. CRU base address is the actual bit being addressed and is the value
on address lines A2 to A2 during a CRU operation, as explained in Section 7.
The R12 CRU address is the contents of register 12 during a CRU operation and
is used by the processor to determine the address bus contents during the
CRU operation. The CRU base address is the R12 CRU address multiplied by
two (or the R12 CRU base address shifted left one bit) as described in Section 7.

Onboard I/0 for the TM 990/ 189 is defined as four blocks of 32 bits as shown in the System CRU Map,
Figure 8-16. Each block (or port) is enabled by a separate signal (USERIOCE—, KBIOCE—,
COMIOCE—, or EXTCRUENA) decoded from the address bus as shown in Figure 8-17. CRUENA—
insures that each 32-bit block is unique (i.e., appears only once in the CRU map) by requiring that
address lines A4 through A7 be low for CRU operations. A8 through A12 route to the individual CRU
devices to select the individual bit being referenced while A2 and A3 are decoded to BLOCK 0—
through BLOCK 3— and gated with CRUENA~—-to generate the four enable signals.,

USER I/0 PORT

The User I/0 Port extends from R12 CRU address 0001 to 03E16 and consists of a TMS 9901 (U10)
which provides 16 bidirectional signal lines available to the user through connector P5. The low
order four bits (R12 CRU addresses 020 through 026) are also connected to the drivers for light
emitting diodes CR1 through CR4 which illuminate in response to a logic one input. The individual bit
assignments of the User Port are shown in Table 8-5.
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R12 CRU CRU BASE
ADDRESS ADDRESS
FFE IFF
EXTERNAL /0
EXPANSION
ca0 620
C3E BIF
EXTERNAL 1/O-P4
coo 600
BFE 5FF
NOT
DEFINED
840 420
41F
83E | COMMUNICATION 1/0.p3
TMS 5902
800 { 902) 200
7FE 3FF
NOT
DEFINED
440 200
43E 21F
SYSTEM 1/0
(TMS 9901 AT U11)
400 200
3FE 1FF
NOT
DEFINED
040 020
03E 01F
USER 1/0-P5
{TMS 9901 AT U10}
000 000
Figure 8-16. System CRU Map
a4 U24 — SN7425
— u28 — 74L8S04
A5 a Uzs U35 — 741832
o
A7 o
CREUENA—
[
"—j )._ USERIOCE—
BLOCK 0~ u3s
[
’_j ) KBIOCE—
BLOCK 1— u3s
L
COMIOCE—
BLOCK 2- @
E52
E51
BLOCK 3—
> P EXTCRUENA
u24
. i/
A._q

Figure 8-17. CRU Address Decoding Logic
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TABLE 8-5. USER PORT I70 MAP

R12 CRU BIT TS 2901 FILASSIGHMENT SIGNAL LINE AFFECTED
ADDRESS ADDRESSED INPUT OUTPUT

000 0 CONTROL BIT CONTROL BIT

002 1 INT1—, CLK 1 MASK 1, CLK 1 UINT 1—

004 2 INT2—, CLK 2 MASK 2, CLK 2 UINT 2—

006 3 INT3—,CLK 3 MASK 3, CLK 3 UINT 3—

008 4 INT4—,CLK 4 MASK 4, CLK 4 UINT 4—

00A 5 INT5—,CLK 5 MASK 5, CLK 5 UINT5—

00C 6 INT6—, CLK 6 MASK 6, CLK 6 KBINT—

00E 7 INT7—, CLK 7 MASK 7,CLK 7 USER P15

010 8 INT8—, CLK 8 MASK 8, CLK 8 USER P14

012 9 INTS—, CLK 9 MASK 9, CLK 9 USER P13

014 10 INT10—, CLK 10 MASK 10, CLK 10 USER P12

016 1 INT11—, CLK 1 MASK 11, CLK 11 USER P11

018 12 INT12—, CLK 12 MASK 12, CLK 12 USER P10

01A 13 INT13—, CLK 13 MASK 13, CLK 13 USER P9

01C 14 INT14—, CLK 14 MASK 14, CLK 14 USER P8

01E 15 INT15—, INTREQ— MASK 15, RST 2— USER P7

020 16 PO INPUT PO QUTPUT USER PO

022 17 P1INPUT P1 OUTPUT USER P1

024 18 P2 INPUT P2 OUTPUT USER P2

026 19 P3 INPUT P3 QUTPUT USER P3

028 20 P4 INPUT P4 OUTPUT USER P4

02A 21 P5 INPUT P5 OUTPUT USER P5

02C 22 P6 INPUT P6 OUTPUT USER P

02E 23 P7 INPUT P7 OUTPUT USER P7

030 24 P8 INPUT P8 OUTPUT USER P8

032 25 P9 INPUT P9 OUTPUT USER P9

034 26 P10 INPUT P10 OUTPUT USER P10

036 27 P11INPUT P11 QUTPUT USER P11

038 28 P12 INPUT P12 QUTPUT USER P12

03A 29 P13INPUT P13 OUTPUT USER P13

03C 30 P14 INPUT P14 OUTPUT USER P14

03E 3 P15 INPUT P15 OUTPUT USER P15

8.6.2 SYSTEM I/0 PORT
The System /0 Port occupies CRU addresses 4001g through 43Et1g and consists of another
TMS 9901 (U11) dedicated to onboard devices such as the keyboard, display, sound disc, and the
audio cassette interface. Individual bit assignments for the system port are shown in Table 8-6.
8.6.2.1 Keyboard and Display Interface

Signal flow between the TMS 9901 and keyboard and display is diagrammed in Figure 8-18. UNIBUG
software routines scan both the keyboard and display thereby minimizing the hardware required to

drive the 80 display segments and read the 45 keyswitches.

The display is a twelve digit common cathode seven segment L.E.D. type of which the middle ten
digits are used. Used digits are numbered left to right from 1 to 10. Segments within a digit are

designated as shown in Figure 8-19.
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TIMER
u29
DISPLAYENA—
A
DSPLYTRIGR—
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DISPLAY
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DIGITSEL A THRU DIGITSEL D
DIGIT
DRIVER
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DIGIT 10~
KEYBOARD
KB1— THRU KB5— 52

Figure 8-18. Keyboard and Display Interface Block Diagram
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c

I
D .

Figure 8-19. Display Segment Designation
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TABLE 8-6. SYSTEM PORT {/0 MAP

f12 CRY BIT TS 9901 BT ASSIGRNENT SIGNAL LINE AFFECTED

ADDRESS ADDRESSED INPUT OUTPUT
400 0 CONTROLBIT CONTROL BIT
402 1 INT1—, CLK 1 MASK 1, CLK 1 KB1—
404 2 INT2—, CLK 2 MASK 2, CLK 2 KB2—
406 3 INT3—, CLK 3 MASK 3, CLK 3 KB3—
408 4 INT4—, CLK 4 MASK 4, CLK 4 KB4—
40A 5 ‘INTS—, CLK 5 MASK 5, CLK 5 KBS—
40C 6 INT&~, CLK 6 MASK 6, CLK 6 RDATA
40E 7 INT7—, CLK 7 MASK 7, CLK 7
410 8 INT8—~, CLK 8 MASK 8, CLK 8
412 9 INT9—, CLK 9 MASK 9, CLK 9
414 10 INT10~—, CLK 10 MASK 10, CLK 10
416 1 INT11—, CLK 11 MASK 11, CLK 11
418 12 INT12—, CLK 12 MASK 12, CLK 12
41A 13 INT13—, CLK 13 MASK 13, CLK 13
a1c 14 INT14—, CLK 14 MASK 14, CLK 14
41E 15 INT15—, INTREQ— MASK 15, RST 2—
420 16 PO INPUT PO OUTPUT DIGITSEL A
422 17 P1INUT P10OUTPUT DIGITSEL B
424 18 P2 INPUT P2 OUTPUT DIGITSEL C
426 19 P3INPUT P3 QUTPUT DIGITSEL D
428 20 P4 INPUT P4 QUTPUT SEGMENT A—
42A 21 PS5 INPUT PS5 OUTPUT SEGMENT B—
42C 22 P6 INPUT P& QUTPUT SEGMENT C—
42E 23 P7 INPUT P7 OUTPUT SEGMENT D—
430 24 P8 INPUT P8 OUTPUT SEGMENT E—
432 25 P9 INPUT P9 QUTPUT SEGMENT F—
434 26 P10 INPUT P10 OUTPUT SEGMENT G—
436 27 P11 INPUT P11 0UTPUT SEGMENT P—
438 28 P12 INPUT P12 OUTPUT DSPLYTRIGR—
43A 29 P13 INPUT P13 OUTPUT SHIFTLIGHT
43C 30 P14 INPUT P14 OUTPUT SPKRDRIVE
43E 31 P15 INPUT P15 OUTPUT WDATA

Display segment and digit driver circuits are shown in Figure 8-20. Current is sourced to all A
segment anodes by pulling SEGMENT A— low, provided DISPLAYENA— is also low. Current is sunk
from all digit 1 cathodes by pulling DIGIT 1— low, which is accomplished through U8 (a 74LS 145, one
of ten decoder) by placing an all zero code on DIGITSEL A through DIGITSEL B. The remaining
segments and digits are driven in a similar manner. All L.E.D.’s between sourced anode connections
and sunk cathode connections will be illuminated.

While scanning the display does reduce the amount of display drive circuitry needed, it also reduces
each segment’s duty cycle, and hence, its apparent brightness. To counteract this effect, the segment
currents are set much higher than normally required for continuous operation. The resulting
high-intensity pulse is perceived by the eye to be of normal brightness. The increased segment
current does not harm the display because the average power dissipated in each segment is still
within normal limits. However, should normal program control ever be lost, it is possible that
segments could remain illuminated for extended periods resulting in display damage. The fail-safe
timer (U29) guards against that possibility by requiring constant reassurance from the scan routine
that program control is being maintained. That reassurance is provided by periodic puising of the
DSPLYTRIGR— line. Loss of that drive signal allows the timer to expire and drives DISPLAYENA—
high disabling the entire display.
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— I DISPLAYENA —
+5 V P—_‘
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an ANODE A
SEGMENT A—
r—f,y—'w\.— ANCDEB
E _
SEGMENT B AA-
Q4 ANODE C
SEGMENT C— AAA
as ANODE D
SEGMENT D— AA, DISPLAY
W ANODEE  DS2
SEGMENT E— AA—
a7 ANODE F
SEGMENT F— A
as ANODE G
SEGMENT G— AA-
-ng[—'vw‘ ANODE P
SEGMENT P— A e oo
I I I XTI TXTrIT T xr I
EFEFEFEFEFERERE
IR a I I~ v R S !
QO 0000 00O U Q0
ob- DIGIT 1
DIGITSEL A A 1P DIGIT 2—
26 DIGIT 3—
DIGITSEL B B 3F> DIGIT 4—
us  4p DIGIT 5—
DIGITSEL C c 5fo— DIGIT 6
sb- DIGIT 7—
DIGITSEL D b 7k DIGIT 8-
8b- DIGIT 9—
ob- DIGIT 10—
US - 74L5145
U15 - 74L508

Y29 - 74L5123
Q1-Q% - A5T2222

Figure 8-20. Display Driver Circuitry
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The keyboard is composed of 45 normally open switches connected in a matrix between 9rows and 5
columns as shown in Figure 8-21, Keyboard scanning is normally performed in conjunction with the
display scan. As mentioned above, digits are enabled by outputting a four bit select code on
DIGITSEL A through DIGITSEL D which is decoded to ten active low enable lines. Nine of those lines
(DIGIT 1-— through DIGIT 9—) are routed to the keyboard row lines. Once a display digit is selected
and the corresponding keyboard row line enabled, key closures on that row are detected by reading
the state of the keyboard column lines KB1— through KB5—. Since the column lines have pull-up
resistors and therefore normally float at a logic one, a low level on a column line indicates a key
closure to the enabled row line.

The column lines KB1— through KB5— are read through U11 using another unique feature of the
TMS 9901. Since the device contains an interrupt mask register, activity on the interrupt inputs may
be prevented from causing interrupt code generation. However, the actual state of the interrupt input
lines may still be read using the TB and STCR instructions. Therefore, with interrupts masked, the
dedicated interrupt request pins (INT 1— through INT 6—) may be used as ordinary input pins for
reading data. The state of the keyboard column lines is then read by interrogating the INT 1—
through INT 5— bits in U11.

TMS 9901 +5V
u11
INT 1- KB1-
INT 2- KB2- P
INT 3- KB3- PY
INT 4- KB4~ -
INT 5- KBS~ $
WY
DIGIT 9- (L
R l\ [ [
DIGIT 8- \
L
DIGIT 7- AN
[ < [ W e
FROM DIGIT 6~ MMM
DIGIT DIGIT 5- l‘ﬂ \. \
DECODER DIGIT 4- ME W
us —
DIGIT 3- {
v .
DIGIT 2- L0
DIGIT 1- NN
KEYBOARD
s2

Figure 8-21. Keyboard Interface
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8.6.2.2 Audio Cassette Interface

The Audio Cassette Interface allows the user to read and write digital data on a voice-quality cassette
or reel recorder. The purpose of the interface is to translate the TTL level data signals to recorder-
compatible signal levels, and vice versa. The actual generation and interpretation of the data streams
is done by the processor under software control.

The UNIBUG monitor encodes data on tape using a frequency-shift keying (FSK) technique where a
logic zero is represented by two complete cycles at 1200 Hz and a logic one is represented by two
cycles at 2400 Hz. UNIBUG computes the required signal frequency based on the data bit to be
written and outputs an approximate square wave of that frequency on WDATA (P15 of U11).

The WDATA signal is then shifted to tape-compatible levels by the write circuit shown in Figure 8-22.
Buffered by open-collector gate U7, the signal is then attenuated by the voltage divider composed of
R45 and R46 to approximatety 500 millivolts peak to peak. A low pass filter consisting of R47 and C10
then removes the higher frequency components and presents the rounded square wave signal to the
recorder. Notice that the logical inversion of the signal by U7 is unimportant since the information is
contained in the frequency of the signal and not its magnitude.

+5V

WDATA AUDIOOQUT N\

P2-5

7
P2-2
R46 c10 l :
U7-7416 I =

Figure 8-22. Cassette Write Circuit

Playback signals from the recorder are conditioned by the read circuit shown in Figure 8-23. Resistor
R42 places a light load on the AUDIOIN signal line to reduce effects from induced noise while C9
blocks any DC component of the audio signal. A magnitude limiting stage composed of R43, U38,
CR10, and CR11 then clips the signal to a peak level of one diode drop, or approximately 600
millivolts. It is then amplified by a gain stage consisting of the remainder of U38, R40, and R41 and
squared by Schmitt trigger U36 to produce RDATA which is read by U11. R30 is used to slightly
modify the normal threshold voltages of the device to center its hysteresis characteristics more about
zero volts.

Observe that due to the double inversion of the signal, once by the limiter and again by the Schmitt
trigger, RDATA has the same voltage polarity as AUDICIN. R50 is used to supply a small amount of
positive feedback to the input of the limiter and give the entire circuit the characteristics of a Schmitt
trigger. R51, together with R50, sets the overall circuit’s threshold voltages and determines its
hysteresis.
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R50

‘ |‘CR11 RS1
CR10
-12V

co
AUDIOIN R43

P2-6
R42 RDATA
P2-3
U36 — 75189A
U38 — RC4558

Figure 8-23. Cassette Read Circuit

8.6.2.3 Sound Disc

The Sound Disc (DS1) is a piezoelectric crystal which flexes when an electric potential is applied
across it. The SPKRDRIVE signal (P14 of U11) is amplified by Q10 and applied to the disc which
generates a tone of frequency equal to the SPKRDRIVE signal.

863 SERIAL COMMUNICATIONS PORT

The Serial Communications Port occupies CRU addresses 8001g through 83E16 and consists of a
TMS 9902 Asynchronous Communications Controller and interface devices for conversion of signals
to RS-232-C and 20 milliampere current loop levels. The TMS 9902 receives data from the CR4 and
generates the timing and handshaking signals necessary to send the data to a dataterminal suchas a
printer or video display. In addition, the TMS 9902 receives data from the terminal and buffers it for
presentation to the CRU. The bit assignments of the Serial Communications Port are shown in Table
8-7. These signals can be brought out to an optional 25-pin EIA connector installed by the user at P3.
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TABLE 8-7. COMMUNICATIONS 1/0 MAP

TMS 9901 BIT ASSIGNMENT
R12 CRU BIT

ADDRESS ADDRESSED INPUT OUTPUT SIGNAL LINE AFFECTED
800 0 RBRO *
802 1 RBR 1 *
804 2 RBR 2 *
806 3 RBR 3 *
808 4 RBR 4 *
80A 5 RBR5 *
80C 6 RBR6 *
80E 7 RBR7 *
810 8 0 *
812 9 RCVERR *
814 10 RPER *
816 1 ROVER LXDR
818 12 RFER LRDR
81A 13 RFBD LDIR
81C 14 RSBD LDCTRL
81E 15 RIN TSTMD RCVDATA
820 16 RBINT RTSON RST—
822 17 XBINT BRKON XMTDATA
824 18 0 RIENB
826 19 TIMINT XRIENB
828 20 DSCINT TIMENB
82A 21 RBRL DSCENB
82C 22 XBRE
82E 23 XSRE
830 24 TIMERR
832 25 TIMELP
834 26 RTS RTS—
836 27 DSR DSR—
838 28 CcTS RTS—
83A 29 DSCH
83C 30 FLAG
83E 31 INT RESET

*Control, Interval, Receive Data Rate, Transmit Data Rate, and Transmit Buffer Registers depending on Register Load Control Flags (bits 14-11). See TMS 9902
Data Manual in Appendix F.

864  EXTERNAL /O PORT

The External 1/0 Port allows the user to expand his input-output capability offboard. Signals
provided through the Bus Expansion Interface include the address lines, A13 CRUOUT, CRUIN,
I0CLK, and EXPCRUENA and are available at connector P4. Signal ¢3— is alos provided to facilitate
I/0 expansion using TMS 9900 family 1/0 devices. P inputs from external CR4 devices are enabled by
EXPCRUENA (see Figure 8-24) at R12 CRU addresses C0016. A jumper option is provided to allow
expansion of external I/0 to R12 CRU addresses C0016 through FFE16.

Outputs to external CRU devices are determined by decode logic constructed by the user, typically
being a function of EXPCRUENA and address lines A8 through A12.

The external CRU bus outputs, like the address and data bus lines, enter a high impedance state in
response to the HOLDA signal from the processor.
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Figure 8-24. External I/0 Port



9.1

9.2

9.21

9.2.2

9.23

SECTION S

USER OPTIONS
INTRODUCTION
Users wishing to expand the capability of their TM 990/189 are encouraged to make use of the
numerous user options already provided on the board. This section describes those options and
details procedures for their incorporation. Figure 9-1 shows the layout of the TM 990/183 board.
MEMORY OPTIONS
ON-BOARD RAM EXPANSION
On-board RAM may be expanded to 2048 bytes by installing memory devices as shown below, User
RAM will then extend from memory addresses - 0000to - 07FF.

aTty DESCRIPTION INSTALL AT

p) TMS 4014 OR EQUIVALENT (TMS 4045) * uz1,uU23

ON-BOARD EPROM, 1K BYTES

1024 bytes of EPROM may be added to the board by installing the device listed below. Circuitry is
already provided to map the EPROM at memory addresses >>0800 to =>0BFF.

aty DESCRIPTION INSTALL AT
1 TMS 2708 u3s2
ON-BOARD EPROM, 2K BYTES
2048 bytes of EPROM may be added 1o the board by modifying the board per the procedure below
and installing the device below. Following the modification, the EPROM will be mapped at memory
addresses >0800 to >0FFF.
arty DESCRIPTION INSTALL AT
1 TMS 2716 u32
Modification Procedure:
a. Cutthe conductor trace between E38 and E39.
b. Cutthe trace between E40 and E41.
c. Addajumperwire between E39 and E40.

d. Add ajumper between E41 and E42.

e. Add ajumper between E49 and E50.

*The TMS 4045 RAM (which can tolerate up to 10 percent power supply noise) can be substituted

for the TMS 4014 RAM (which can tolerate up to 5 percent power supply noise).
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924 ON-BOARD EPROM, 4K BYTES
4096 bytes of EPROM may be substituted for the system ROM by removing the device at U33 and
replacing it with EPROM listed below:
Qry DESCRIPTION INSTALLAT
1 TMS 2532 U33
While sacrificing the use of the UNIBUG monitor and assembler, this substitution provides the
capability for instailing resident user programs of up to 4096 bytes on the board. This capability may
be expanded to 6144 bytes by installing an additional 2K byte EPROM per Section 9.1.3. Typical
applications of this option include user-written operating systems and applications programs. The
4K byte EPROM is mapped at memory addresses >3000to >3FFF.
9.25 OFF-BOARD MEMORY EXPANSION
Up to 8192 bytes of user-defined off-board memory or memory-mapped I/Q may be used, in addition
to the on-board memory described above, by instaiiing the Bus Expansion Interface components per
Table 9.1. Signals provided through the interface include the address bus, data bus, and memory
control signals. These signals are available at connector port P4 as shown on sheet 11 of the
schematics in Appendix A,
TABLE 9-1. LIST OF MATERIALS, OFFBOARD MEMORY EXPANSION
iTEM arty DESCRIPTION INSTALLAT
1 1 74L5126 U30
2 2 74L5244 u18, u26
3 1 74LS245 u27
4 1 RES, 10K, 5%, 0.25W R34
9.3 INPUT-OUTPUT OPTIONS
9.3.1 ASYNCHRONOUS COMMUNICATIONS, EIA
The capability to perform asynchronous serial communications with devices meeting the require-
ments of RS-232-C may be added to the board by installing Serial Communication Interface com-
ponents per Table 9-2. The interface occupies CRU base addresses >0800 through >083E. When
installed, signals are available at 25-pin connector P3 as shown in sheet 10 of the schematics
{Appendix A). This sheet also shows the interconnection of the components in Table 9-2.
TABLE 9-2. LIST OF MATERIAL, EIA OPTION
ITEM ary DESCRIPTION INSTALL AT
1 1 TMS 9902 us1
2 1 75188 us?7
3 1 RES, 10KQ), 10%, 0.25W R34
4 2 RES, 3.3K(),10%, 0.25W R35, R36
5 1 Connector, AMP 206584-2 or CANNON DBP-255-AA P3 J
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93.2 ASYNCHRONOUS COMMUNICATIONS, TTY

The capability to perform asynchronous serial communications with devices having a2 20 mA current
loop interface may be added by madifying the board as described below and installing Serial
Communications Interface components per Table 9-3. When installed, signals will be available at
25-pin connector P3 as shown on sheet 10 of the schematics in Appendix A. This sheet also shows the
components in Table 9-3. The serial interface occupies R12 CRU base addresses >0800 through
>083E.

Modification Procedure:
Add a jumper wire between E25 and E26.

TABLE 9-3. LIST OF MATERIALS, TTY OPTION

ITEM QTY DESCRIPTION INSTALL AT
1 1 TMS 9902 U3l
2 1 75188 u37
3 1 2N2905 Q12
4 1 1Ng148 CR9
5 1 RES, 33K{2, 10%, 0.25W R32
6 1 RES, 3.3K{2 10%, 0.25W R33
7 1 RES, 10K, 10%, 0.25W R34
8 1 RES, 3301, 10%, 0.5W R37
9 1 RES, 56012, 10%. 0.5W R38
10 1 RES, 2.7K2 10%, 0.25W R39
1 1 CONNECTOR, AMF 20€584-2 or CANNON DBP-255-AA P3

9.3.3 ON-BOARD CASSETTE RELAY

Control of the cassette deck motors may be performed by the TM 990/189 through the installation of
a on-board relay and transient protection diode as listed below, and connection of P2 pins 1and 4to
the deck’s "REMOTE" jack.

ITEM QTyY DESCRIPTION INSTALL AT
1 1 1N914B CR12
2 1 RELAY, COSAR 1112-12-1A* K1

*Cosar, 3121 Benton St., Garland, Texas 75042

CAUTION
Operation with cassette models other than those listed in paragraph 2.7.1 may
not yield reliable data transfers and certain models of recorders can damage
the TM 990/189 control relay due to excessive inrush currents.

9.34 OFF-BOARD CASSETTE RELAY

!f the user wishes to control the cassette motors by a means other than the on-board relay described
in Section 9.3.3, jumper options make available the open-collector drive signal DECKCONTROL——
along with connections to + 12 volts, +5 volts, and GROUND., Refer to page 12 of the logic diagram in
Appendix A for connection details. Care should be exercised to avoid exceeding the maximum

oquut voltage and current ratings of the 7416 which drives the DECKCONTROL— signal. Those
ratings are +25V and 40 mA respectively.
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9.35

936

OFF-BOARD CRU EXPANSION

In addition to the three on-board devices comprising the User I/Q Port, keyboard 1/0 Port, and Serial
Communications interface, CRU devices may be expanded off-board through the Bus Expansion
Interface by installing the components listed below,

ITEM Qry DESCRIPTION INSTALL AT
1 1 74L5126 u30
2 2 74L5244 U18,U26

This CRU expansion uses the buffered outputs of address lines A2 through A12 and the A13CRUQUT
line with a 74LS5244 installed in U18 and U26. This is shown in sheet 11 of the schematics in
Appendix A. g

CRU output operations may be performed at any CRU base (bit) address from >0001g through
XEFF1g (R12 CRU address 0001g through FFE1g) by externally decoding address bus lines A2 to A2
and writing the data present on the EXPA13CRUOUT line at that location. The user should be aware
that output operations to offboard devices at R12 CRU address >000 through 03E, >400 through
>43E, and >800 through >83E will also cause transfers to the onboard devices at those same
locations which may result in unexpected actions being taken. Figure 8-12 is a map of the CRU
addressing scheme.

CRU input operations from off-board devices are controlled by the EXPCRUENA signal which
defines a block of 32 bits extending from R12 CRU address>C00 through>C3E. Derivation of this
signal is shown on sheets 2 and 11 of the schematics,

Capability to input from off-board devices may be expanded to a block of 512 bits extending from R12
CRU address >C00 through >FFE. Expansion is accomplished by performing the modification
procedure below,

Modification Procedure for expanding off-board CRU input capability to 512 bits:
a. Cutthe conductor trace between E51 and E52.
b. Addajumper wire between E51 and E65.
After installation, data bus, address bus, and control signals are available at port P4 as shown on

sheet 11 of the schematics in Appendix A.
ON-BOARD LED DISCONNECTION

Each TM 990/189 is supplied with LED indicators CR1 through CR4 driven by a 7416 open-collector
inverter connected to signals USERP3 through USERPO respectively, the least significant four bits of
the User I/0 Port. Thus, each signal USERP3 through USERPO already drives one TTL load. This is
shown on sheet 7 of the schematics, Appendix A.

To avoid exceeding the output drive capability of U10 (TMS 9901) when connecting the User 1/0 Port

to offboard circuitry, the user may find it necessary to disconnect the one TTL load established by the

LED driver. Disconnection is accomplished by performing the modifications described in Table 9-4.
TABLE 9-4. LED DISCONNECTION MODIFICATION

TOREMOVE LOAD ON CUT TRACE BETWEEN
User PO E27,E28
User P1 E31,E32
User P2 E33,E34
User P2 E33,E34
User P3 £29,E30
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9.4

9.4.1

94.2

PROCESSOR OPTIONS
COMMUNICATIONS INTERRUPTS

Provision is made to allow the user to connect the interrupt request signal from the TMS 9902
communications controller (COMINT—) to one of five interrupt inputs to the TMS 9901 system
interrupt port (INT1— to INT5—). This connection allows the user to utilize the TMS 9902's interrupt
in various applications including interrupt-driven 1/0 routines. Connection is made by performing
the modification procedure described in Table 9-5. Interconnections are shown on sheet 7 of the
schematics in Appendix A.

TABLE 9-5. COMMUNICATIONS INTERRUPT MODIFICATION

TO CONNECT SIGNALS COMINT— AND ADD JUMPER BETWEEN E16 AND
INT1— E23
INT 2— E24
INT3— E22
INT 4— £19
INT5— E18
SYSTEM CLOCK FREQUENCY

Some users may wish to increase the system clock frequency above 2.0 MHz to increase processor
throughput. This may be accomplished by removing the MP9529 processor (U19) and oscillator
crystal (Y1) and installing the components listed in Table 9-6. The replacement crystal should be a
series resonant fundamental-mode type with a frequency four times that of the desired new system
frequency. Interconnections are shown on sheet 2 of the schematics in Appendix A. The user should
be reminded that timing for the keyboard, display, and communications routines is dependent on
the system frequency and may require madification for use at the new frequency.

TABLE 9-6. LIST OF MATERIALS, SYSTEM FREQUENCY MODIFICATION

ITEM aTty DESCRIPTION INSTALL AT
1 1 TMS 9980A u19
2 1 CRYSTAL, SEE TEXT Y1
3 1 RES, 101, 10%, 0.25W R49
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10.1

10.2

10.2.1

10.2.2

SECTION 10
TROUBLESHOOTING SUGGESTIONS

INTRODUCTION

This section outlines a suggested procedure for troubleshooting malfunctioning boards. It is
assumed that the user has access to the following test equipment:

®  Oscilloscope, preferably dual-trace, triggered sweep
® 10X oscilloscope probes
e VOM

Additional equipment which the user may find helpful includes:
® Logic probe
® logicanalyzer
®  Magnifying glass

It is suggested that the user review the theory of operation of the board in Section 8 before
proceeding with the troubleshooting procedures.

TROUBLESHOOTING PROCEDURE

VISUAL CHECKS

Probably the greatest source of board problems is shorts between signals caused by foreign objects
and solder bridges between adjacent solder joints. Inspect both sides of the board carefully and
remove any shorts observed. Also, brush both sides of the board with a soft dry brush, such as a
drafting brush, to sweep away any loose objects which were not spotted in the visual inspection.

STATIC CHECKS

With power applied to the board, measure the three primary supply voltages and compare the
measured values to the operational limits listed in Table10-1. A convenient place to access those
voltages is at the power supply bypass capacitors (C3, C4 and C5) near P2 (see Table 10-1).

If the primary supplies are within their specified limits, then check the secondary supplies, —5V and
VDD, which are derived onboard from the primary supply voltages. See note 8 on sheet 1 of the logic
diagram for comments regarding the VDD supply. Operational limits for the secondary supplies are
also listed in Table 10-1.
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TABLE 10-1. SUPPLY VOLTAGE OPERATIONAL LIMITS

SUPPLY LIMITS CHECKX AT COMMENTS
MIN MAX
+5V 4.75 5.25 +end, C5
+12V 11.4 12.6 +end, C3
—12v -114 126 —end, C4
-5V -475 -—5.26 U19pin 21
vDD 8.75 9.95 U128 pin 36 SeeNocte8, Logic Diagram, Page 1

1023 DYNAMIC CHECKS

If the visual and static checks have not revealed the source of the problem, then proceed with the
dynamic checks below. Figures 10-2 through 10-10 show various signal waveforms present on the
board under normal conditions. Many waveforms show clock phase ¢3— at the top of the photo to
provide a relative timing reference. The user should keep in mind that the waveforms shown are
typical and may vary slightly from board to board due to component variations and instructions
being executed at that time. Figure 10-1 provides information to be used in the interpretation of the
photographs. The following procedure may be followed to help guide the user’s investigation.

VERTICAL GAIN

TOP TRACE — | F HORIZONTAL SCALE
(V/DIVISION) ¥ (TIME/DIVISION)

1 DIVISION

1

VERTICAL GAIN ¥
BOTTOM TRACE I TRIGGER DELAY
(V/DIVISION) 1 OPTIONAL (TIME)

— = 1DIVISION

Figure 10-1. Photo Interpretation Guide

a. Refertosheet 12 of the logic diagrams. Observe the waveform of the voltage across C11in
the power-up reset circuit at application and immediately following application of power
to the board. Also observe the waveform of the RESET— and POWERGOQOD signals and
compare with Figure 10-2. POWERGOOD is not shown in the figure but should follow
RESET— high 400 to 1400 milliseconds after power is applied.
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Ve

RESET—

Figure 10-2. Vg11 vs. RESET—

b. Refertosheet2 ofthe logic diagram. Observe the waveforms of CKIN and clock phase ¢3—
at the microprocessor and compare with Figure 10-3.

NOTE

When making high frequency measurements such as above, use the shortest
possible scope probe ground lead. The increased inductance and stray
capacitance associated with longer ground leads can introduce resonant
stages in the equivalent circuit of the scope probe which are not negligible at
the signal frequencies being observed. The effect will be observed as severe
waveform ringing following signal transitions, and greatly degrades the
quality of the information obtainable from the waveform.

c. Refer to sheet 2 of the logic diagrams. Observe the waveforms of MEMEN—, DBIN, IAQ,
WE—, and CRUCLK at the microprocessor. Compare with Figures 10-4 through 10-8.

d. For problems associated with the audio cassette interface, refer to sheets 8 and 12 of the
logic diagrams. Observe the waveforms of AUDIOIN, RDATA, WDATA, and AUDIOOUT
with the recorder connected and operating in the appropriate playback or record mode.

10.3 TECHNICAL ASSISTANCE

Users experiencing difficulty with the operation or debug of their board may refer their questions to
the Microprocessor Customer Support Line at (713) 776-6632 or address them to:

Texas Instruments Incorporated
8600 Commerce Park Drive
Suite 700, M/S 6404

Houston, Texas 77036
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Figure 10-4. Clock Phase $3— vs, MEMEN—



DBIN

Figure 10-5. Clock Phase ¢$3— vs. DBIN

1AQ

0TS

Figure 10-6. Clock Phase ¢3— vs. IAQ



$3—

WE-

Figure 10-7. Clock Phase ¢3— vs. WE—

$3—

CRUCLK

Figure 10-8. Clock Phase ¢3— vs. CRUCLK



AUDIOIN

RDATA

Figure 10-9. AUDIOIN vs. RDATA

WDATA

AUDIO OUT

Figure 10-10. WDATA vs. AUDIO OUT



APPENDIX A
SCHEMATICS
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APPENDIX B
MEMORY DATA SHEETS

TMS 2516 and TMS 2532

TMS 4732

TMS 2708

TMS 4045
TMS 4014



MOS TMS 2516 JL AND TMS 2532 JL
LSI 16K AND 32K EPROMs

APRIL1978
e QOrganization: TMS 2518
24PIN CERAMIC
—TMS 2516...2K X 8 DUAL-IN-LINE PACKAGE
—TMS2632...4K X8 {TOP VIEW)
+ Single +5 V Power Supply A7 1 ./ 26 vee
e Pin Compatible with Existing ROMs and A8 2 13 As
EPROMs (8 K, 16 K, 32 K, and 64 K)
. AS 3 122 A9
e JEDEC Standard Pinouts
e All Inputs/Outputs Fully TTL Compatible as 4 2 vee
e Static Operation (No Clocks, No Refresh) A3 5 20 Cs*
e Max Access/Min Cycle Time . .. 450 ns A2 6 i lhﬂ A10
» 8-Bit Output for Use in Microprocessor- Al 7 )18 Po/PGM*
Based System? A s P" s
e N-Channel Silicon-Gate Technology ;
e 3.State Qutput Buffers al 9 Jhe a7
e Low Power Qz 10 15 a6
— Active: a3 18] 4 Os
TMS 2516 . . . 285 mW Typical Vs 12 13 o
TMS 25632 . .. 400 mW Typical
— Standby . . . 50 mW Typical F?,m? 25:"”
¢ Guaranteed dc Noise Immunity with PIN 20. ... PD/PGM
Standard TTL Loads
] ired PIN NOMENCLATURE
& No Puli-Up Resistors Requir 0 pyme—
cs Chip Select
PD/PGM PD/PGM Power Down/Program
Q(N) Input/Qutput
Vee +5 V Power Supply
Vpp +25 V Power Supply
Vss 0V Ground

description

The TMS 2516 JL and TMS 2532 JL are 16,384-bit and 32,768-bit, ultraviolet light erasable, electrically program-
mable read-only memories. These devices are fabricated using N-channel silicon-gate technology for high speed and
simple interface with MOS and Bipolar circuits. All inputs {including program data inputs) can be driven by Series 74
TTL circuits without the use of external pull-up resistors, and each output can drive one Series 74 TTL circuit with-
out external resistors. The data outputs are three-state for OR-tying multiple devices on a common bus. The TMS 2516
is upward pin-compatible with the TMS 2532 and the TMS 2532 is plug-in compatible with the TMS 4732 32K ROM,

Since these EPROMs operate from a single +5 \ supply {in the read mode}, they are ideal for use in microprocessor
systems. One other (+25 V) supply is needed for programming but all programming signals are TTL level, requiring
a single 50 ms pulse. For programming outside of the system, existing EPROM programmers can be used. Locations
may be programmed singly, in blocks, or at random. Total programming time for all bits for the TMS 2516 is 100
seconds; 200 seconds for the TMS 2532.

PRELIMINARY DATA SHEET:
Supplemertay e wil be TEXASmlclgnsp;l; RUMENTS

POST OFFICE BOX 5012 + DALLAS, TEXAS 78222

B-1



TMS 2516 JL AND TMS 2532 JL
16K AND 32K EPROMs

operation
DEVICE ' MODE
FUNCTION Resd Output Power Down Start . lnhlhit. Pr.o.gnu.n
(PINS) Disable Programming Programming Verification
T™MS TMS TMS | TMS T™S T™S TMS T™MS T™S TMS ™S TMS TMS
2516 2532 2516 | 2532 2516 | 2532 (2516 | 2632 2516 2632 2516 2532 2516
PD/PGM PD/PGM ViL ViL " Don’t | Vi ViH Vi Pulsed Vi Pulsed Vi |ViL ViH ViL
(18) (20} Care to Viy to Vi
s Use PD/PGM |V | N/A ViH [N/A [Dont] N/A | ViH N/A ViH N/A Vi
{20) as chip select Care
Vpp Vpp +5 +5 +5 +5 +6 +5 +25 +25 +25 +25 +26
121) (21) (or +5)
Vee vee +5 +5 +5 H +5 +5 +5 +5 +5 +5 +§
{24) {24}
Q. Q Q Q HI-Z2 HI-Z Hi-Z HI-Z D D HiI-Z HI-Z2 Q
{9t 11, {9t 11,
13t017) 13t0 17)

read/output disable

When the outputs of two or more TMS 2516's .ind/or TMS 2632°s are commoned on the same bus, the output of any
particular device in the circuit can be read with no interference from the competing outputs of the other devices. If
the device whose output is to be read is a TMS 2516, it shouid have a low-level TTL signal applied to the CS and
PD/PGM pins. if it is a TMS 2532, the low-level signal is applied ta the PD/PGM pin. All other devices in the circuit
should have their outputs disabied by applying o high-level signal to these same pins. (PD/PGM on the TMS 2516, can
be left low, but it may be advantageous to powar down the device during output disable.}) Qutput data is accessed at
pins Q1 to Q8. Data can be accessed in 450 ns - ta(A}. (On the TMS 2516 access time from CS is 150 ns = 15(TS),
once the addresses are stable.)

power down

Active power dissipation can be cut by 80% by applying a high TTL signal to the PD/PGM (PD/PGM for the TMS
2532) pin. In this mode all outputs are in a high-impedance state.

erasure

Before programming, the TMS 2516 or TMS 25632 is erased by exposing the chip through the transparent lid to high
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (= UV intensity
X exposure time} is fifteen watt-seconds per square centimeter. A typical 12 milliwatt per square centimeter, filter-
less UV lamp will erase the device in about 21 minutes. The lamp should be located about 2.5 centimeters above the
chip during erasure. After erasure, all bits are in the "1’ state,

start programming

After erasure {all bits in logic ‘1" state)}, logic "'0’'s” are programmed into the desired locations. A ""0’" can be erased
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V and CS (for TMS 2516 only} is at
V- Data is presented in paraliel (8 bits} on pins Q1 to Q8. Once addresses and data are stable, a 50 millisecond high
TTL pulse {low for the TMS 2532} should be applied to the PGM pin at each address location to be programmed.
Maximum pulse width is 55 milliseconds. Locations can be programmed in any order. More than one TMS 2516 or
TMS 2532 can be programmed when the devices are connected in parallel.

TEXAS INSTRUDM ENTS

INCORPORATE
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222




TMS 2516 JL AND TMS 2532 JL
16K AND 32K EPROMs

.inhibit programming

When two or more devices leither TMS 2516 or TMS 2532, or a combination of both) are connected in paraliel, data
can be programmed into all devices or only chosen devices. TMS 2516's not intended 10 be programmed (i.e., inhibited}
should have a low level applied to the PD/PGM pin and a high-ievel applied to the CS pin. TMS 2632's not intended
to be programmed should have a high level applied to PD/PGM.

program verification

A verify is done to see if the device was programmed correctly. A verify can be done at any time. i1 can be done on
each location immediately after that location ia programmed. To do a verify on the TMS 2516 Vpp may be kept at
+ 25 V. (Verify on the TMS 2532 is the read operation.)

absolute maximum ratings over operating free-air temperature range {unless otherwise noted}*

Supply voltage, Ve (see Note 1) . .. L. L. L L i e -0.3t06V
Supply voltage, VPP (S8 NOte 1) . . . . ... i it it ittt et e ta e —-03t028V
Allinput voltages (see Note 1) . .. ... ... ... ... ..ttt ittt —03t06V
Output voltage (operating withrespectto VES) .. .. .. .. ... i i i i e i —03tobV
Operating free-air temperaturerange . .. ... ... .. ...ttt ite ittt eensenns 0°C to 70°C
STOrage TEMPEFATUIE TANGE . . . . . . o v v et e it et e e e e et et e e e ene e ieneae s —55°C to 125°C

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgg (substrate).

*Stresses beyond those listed under ‘Absolure Maximum fRatings” may cause permanent damage to the device. This is a stress rating only and
tunctionsl operation of the device at these or any other conditions bayond thoss indicated in the “Recommended Operating Conditions™
section of this specification is not Impiied. Exposure 1o absolute-maximum-rated congitions for sxtended periods may atfect device reliabllity.

functienal block diagram

- Vgc
Ver
- - Vg
DATA QUTPUTS (PROGRAM INPUTS:
a-os

DEHN UYL

-

[ -
T | GHIP SELECT. POWER DOWN, AND PROGRAM ux'-n:JL ) OUTPUT BUFFERS
L] T l T {INPUY BUFFERS) 71
'
1 44

¥ % ¥ GATING
AD—AT ADDRESS 4 ¥ DECODE t—-
BUFFER
ACDRESS INPUTS

| t * [F) 2048 X B MEMORY MATRIX
L TRV N1 ) ADDRESS I- 7 X DECODE - L
AGATY) BUFFER | @) [

&

[ 1
§ !
. e e m e e e
|
READ MODE \
— — — — PROGRAM MODE PROGRAM

NOTE lhiems in parentheses refer 10 TMS 2532

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 3012 « DALLAS. TEXAS 78222
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TMS 2516 JL AND TMS 2532 JL

16K AND 32K EPROMs

recommended operating conditions

PARAMETER bl 25?6 TS 2532 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, V¢ (see Note 2) 4.75 5 5.26 4.75 5 5.26 \%
Supply voltage, Vpp (see Note 3} Voo 06 Vee Vegt06fvee 0.6 Voo Vect08 v
Supply voltage, Vgg o] 0 v
High-level input voltage, Vi 2.0 Veet! 2.2 Voot v
Low-level input voltage, V| -0 08 —01 0.65 v
Read cycle time, to(rq) 450 450 ns
Operating free-air temperature, Ta o] 70 0 70 °c

NQOTES: 2.

inserted intc or removed from the board when Vpp is applied so that the device is not damaged

3. Vpp can be connected to Ve directly (except in the program model. Vo supbly current in this case would be ige »

Ve must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not he

tpp. Tol

erance of +.6 volts enables the Vpp pin 1o be switched from Ve (read) te 25 volts (programming) using a drive circuit. During

programming, Vpp must be maintainegd at 25V (1 1v)

electrical characteristics over full ranges of recommended operating conditions

PARAMETER TEST CONDITIONS TMS 2516 TMS 2532 UNIT
MIN TYPT MAX | MIN TYP! MAX
VoY  High-level cutput voltage loH < -400 uA 24 2.4 \
Vo  Low-ievel sutput voltage lgL = 2.1 mA 0.45 0.45; VvV
1y Input current (feakage) V| - 525V 10 107 kA
o Output current {leakage) Vp 7525V 10 10) A
s v i . TMS 2516 Vpp = 585V. PD PGM - v 6 12 A
SU curren m
PP1 VPP supRly cu TMS 2532 Vpp - 585V,  PD.ZGM - ViL
\ | t TMS 2516 PD/PGM : V
Ipp2 pp.supp y curren IH 30 30] mA
{during program pulse}| TMS 2532 PD/PGM = V|
v st I rrent TMS 2516 PD/PGM - V
ce €C supely curren 1 10 25 10 25| mA
{standby) TMS 2532 © PD/PGM - Vil
Ve supply current | TMS 2516 CS - PD.PGM - V
lcgp | ce PRy ey BLA-AACL R ATS 57 100 80 160 ma
lactive) TM™MS 2532 PD/PGM = VL
*Typucal values are at T a = 25°C and nominal voltages
capacitance over recommended supply voltage and operating free-air temperature range
f=1 MHz
PARAMETER TEST CONDITIONS TYP! MAX|UNIT
C; Input capacitance V=0V, f=1MHz 4 6] pF
Co Output capacitance Vo=0V, f=1MH2 8 121 pF

T Al typical values are T4 = 25°C and nominal voltage
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TMS 2516 JL AND TMS 2532 JL
16K AND 32K EPROMs

switching characteristics aver full ranges of recommended operating conditions, (unless otherwise noted)

TEST CONDITIONS

PARAMETER {SEE NOTES 4 AND §) MIN TYPT MAX|UNIT
ta(a) Access time from address 280 450| ns
1a(c3) Access me from chip select {TNEEHG only) CL = 100 oF 120} ns
ta(PR) Access tme fr?m PD/PGM (PD.PGM for TMS 2532) 1 Series 74 TTL load, 280 450) ns
tpyyx  OQutput not valid from address change g ns

- - ty <20 ns,
tpx 7z Output disable time from chip deselect during read only 4 <20 ns 0 1001 ns
tpxz Output disable time from chip deselect during program and program verify 120| ms
tpxz CQutput disable time from PD/PGM (PD/PGM for TMS 2532} during standby 0 100 ns
TAIl typical values are at T 5~ 257C and nominal voltages.
recommended timing requirements for programming Ta = 25°C (see Note 4)

PARAMETER MIN TYPT MAX|UNIT
twiPR) Pulse width, program pulse 45 50 551 ms
tr(PR) Rise time, program pulse 5 ns
H({PR) Fall ime, program pulse 5 ns
Tsu(A) Address setup time 2 HS
154{CS) Chip-select setup time 2 us
tsu(D) Data setup time 2 HS
tsu(Vpp) Setup time from Vpp 0 ns
th{A) Address hold time 2 us
th{CS) Chip-select hold time (TMS 2516 only) 2 us
thiD} Data hold time 2 us
th{PR) Program pulse hold time (TMS 2532 only) 0 ns
th(Vpp) Vpp hold time (TMS 2532 only) 0 ns

'Tvpical values are at nominal voltages.

NOTES: 4. For all switching characteristics and timing measurements, input pulse fevels are 0.65 V to 2.2 V and Vpp = 256 V ¥ 1 V during
programming,
5. Common test conditions apply for tpxz except during programming. For t3 a3, ta(C3). and tpx 2. PD/PGM = CS = VL for the
TMS 2516 and PD/FGM = V| tor the TMS 2532,
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TMS 2516 JL AND TMS 2532 JL

16K AND 32K EPROMs

read cycle timing

| {
Vi ! \ [T
$0.9.990009¢.
pooreses " W O
1
v { i 1 "’V(‘r__r'_
_ H i | ! |
cs | ! [
ViL I | I
. ! , (I
PD/PGM tH | | | i
{PD/PGM, TMS 3532) [ ! L1
It [ __,"T‘_) f— — i-—tpxz
. _ b
aroe VoH -z m J.L— VALID }——
VoL * |

NCTE: There is no chip select pin on the TMS 2532.

The chip-sel ect functian is incorporated in the power-down mode.

standby mode

I
Viy
ADDRESSES ADDRESS N ADDRESS N + m
ViL
|
! :
PD/PGM ViH { |
(PD/PGM, TMS 2532) ! STANDBY ACTIVE
M ! [ |
X2 | taiPR)* !

VoH
Q108 VALID k HI-2 J‘- VALID

F %

NOTE: CS {TMS 2516) must be in low state during Active Mode, “Don't Care’’ otherwise.
't,(pm referenced to PD/PGM (POD/PGM for TMS 25632) or the address, whichever occurs last.

VoL

TEXAS INSTRUMENTS
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TMS 2516 JL AND TMS 2532 JL
16K AND 32K EPROMs

program cycle timing

ADDRESSES

cs
{TMS 2616 ONLY)

PD/PGM
(TMS 2616 ONLY)

Vep
{TMS 2516 ONLY)

Q1-Qs8

PD/PGM
(TMS 2532 ONLY)

Vep
(TMS 2532 ONLY)

PROGRAM
l}-———— PROGRAM _ic VERIEY ——1
Vi } I 4 !
X ADORESS N | —Xl “2"’“:33
\
ViL I
| [ |
r—tsum —~>| |<— thia) ——
tpxz —{ e— | {"(Es—"‘ﬂ b l«—'sz
VIH I—L ' l
ViL I I I |-t (Pﬁl"i | ‘ |
| | [
M i ——] ' ~por | |
tsu(D) _ levies o] f
Viy | | | thiC )4—' l
| | PN I
viL ; -+ | = .
I teer) —i le— [ [ 0
' ! | |
| I

VOH/VIH
DATA OUT* DATA IN
Vou/ViL

t(D) -» [ i
I
-] tulvep) |le—0 | |
I | hD) 3 e

ViL | | |

|
tr(PR) —»- Iq— I

§
-] l'n—-tfcpm

+26V |
W N e en
! |
wivenr = <\, |
5V A

NOTE: There is no chip select pin on the TMS 2532. Chip select is incOrporated in the power down mode.
CS {TMS 2516) is in “don‘t care’’ state.
*HI-Z for the TMS 2532.
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TMS 2516 JL AND TMS 2532 JL
16K AND 32K EPROMs

typical device characteristics (read mode)

Icc(mA)

T™S 2616
Icc CURRENT
Vs,
TEMPERATURE
70 140
[ 120
"-1-_.__
50 100
Iccz ACTIVE CURRENT
40 PD\/IPGht= Vi -i- 80
cCc = 8V E
30 S e
20 lcc1 STANDBY CURRENT, a0
PD/PGM = Vi
10 Voo =5V 20
1] 0
0 0 20 30 40 50 60 70
TEMPERATURE (°C}
TMS 2616 and TMS 2632
ACCESS TIME
Vs,
TEMPERATURE
700
600
500
Voo = 5V
i 400
e}
= I
X 300 et
e
200
100
[+}

0 10 20 0 40 50 60 70

TEMPERATURE (°C)

TMS 2532
lcc CURRENT
vs.
TEMPERATURE

lcca ACTIVE CURRENT
PD/PGM = V)
Vgoe =5V

""a\

Icc1 STANDBY CURRENT]
PD/FGM = ViR
Voo =5V
1 i
| 1

0 1 20 30 40 50 60 70

TEMPERATURE (°C}
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MOS TMS 4732 JL, N\
LIS 4096-WORD BY 8-BIT READ-ONLY MEMORY

MAY 1971
* 4096 x 8 Organization 2 OUALIN-LINE PACKAGES
¢ All Inputs and Qutputs TTL-Compatible {TOP VIEW)
i T
o Fully Static (No Clocks, No Refresh) A7 ; [ U ] 2 Ve
e Single 5-V Power Supply AB 2 E ] 23 AB
e  Maximum Access Time . .. 450 ns AS 3 [ ] 22 A9
¢  Minimum Cycle Time .., 450 ns A4 a E j 21 CS2o0rCS2
* Typical Power Dissipation . . . 580 mW A3 5[] 20 CSrercst
s 3-State Outputs for OR-Ties Az 8 E J19 a0
e  Pin-Compatible with TMS 4700, TMS 2708 ar 7] Je an
znd Intel 83168 a0 8 [] []17 s
s Two Output Enable Controls for Chip Select a1 9] e a7
Flexibility a2 10 ] 115 as
¢ N-Channel Silicon-Gate Technology a n {: ] “ Qs
vgg 12 E [j13 aa

description

The TMS 4732 is a 32,768-bit read-only memory organized as 4096 words of 8-bit length. This makes the TMS 4732
ideal for microprocessor based systems. The device is fabricated using N-channel silicon-gate technology for high speed
and simple interface with bipolar circuits.

All inputs can be driven directly by Series 74 TTL circuits without the use of any external pull-up resistor. Each output
can drive one Series 74 or 745 load without external resistors. The data outputs are three-state for OR-tieing multiple
devices on a common bus. Two chip select controls allow data to be read. These controls are programmable, providing
additional system decode flexibility. The data is aiways available; it is not dependent on external CE clocking.

The TMS 4732 is designed for high-density fixed-memory applications such as logic function generation and
microprogramming. Systems utilizing the TMS 4700 1024 x 8-bit ROM or the TMS 2708 1024 x 8-bit EPROM can
expand to the 4096 x 8-bit TMS 4732 with changes only to pins 18, 19, and 21. To upgrade from the 83168, simply
replace CS2 with A11 on pin 18,

This ROM is supplied in 24-pin dual-in-line plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion in
mounting-hald rows on 600-mil centers. The device is designed for operation from 0°C to 70°C.

operation
address (A0—A11)

The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded on-chip to
select one of 4096 words of B-bit length in the memory array. AQ is the least-significant bit and A11 the most-signifi-
cant bit of the word address.

chip select (CS1 and CS2)
Each chip select control can be programmed during mask fabrication to be active with either a high or a low level input.

When both chip select signals are active, all eight outputs are enabled and the eight-bit addressed word can be read.
When either chip select is not active; all eight outputs are in a high-impeuuace state.

A TEXAS INSTRUMENTS
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TMS 4732 JL, NL
4096-WORD BY 8-BIT READ-ONLY MEMORY

data out (Q1-Q8)

The eight outputs must be enabled by both chip select controls before the output word can be read. Data will remain
valid untii the address is changed or the outputs are disabled (chip deselected). When disabled, the three-state outputs
are in a high-impedance state. Q1 is cansidered the ieast-significant bit, 08 the most-significant bit.

The outputs will drive TTL circuits without external components.

functional block diagram
*—1Vee

-.—-—Vss

DATA QUTPUTS
a1-08

cs‘—"—D—{ CHIP SELECT LOGIC
€82 ] OUTPUT BUFFERS

M [ =2
ADDRESS 5 Y DECODE | Y GATING
BUFFER

L

ADORESS INPUTS
X 128
ApoRress | 7 X DECODE 4096 X 8 MEMORY MATRIX
BUFFER
absolute maxiraum ratings
Supply voitage to ground potential (see NOWE 1) . ... . ittt e e -05t07V
Applied output voltage (see NOTE T} ... .. . .ttt e e e e e -05t07V
Applied input voltage {see NOTe 1} ... .. . . e e e e, -05t07V
POwer dissiDation . ... 1w
Ambient OPerating teMPErature . . .. ... ... .. ...ttt it e e 0°Cto 180°C
TOT8GR TEMPBIATUTR . . L. L i ettt e it e e e e e e e e —-55°C 10 150°C

Note 1: wvoltage valuss are with respect to Vgs-

recommended operating conditions

PARAMETER MIN NOM MAX |UNIT
Supply voltage, Vo 4.75% 5 525 \'
High-level input voltage, Vi 2 24 Vee | V
Low-level input voltage, V| Vgs 05 0.65 v
Read cycle time, te,rg) 450 ns
Operating tree-air temperature, T 0 70| °C

TeExas IN STRUMENTS
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TMS 4732 JL, NL

4096-WORD BY 8-BIT READ-ONLY MEMORY

electrical characteristics, TA = 0°C to 70°C, VDD = 5 V +5% (unless otherwise noted)

PARAMETER TEST CONDITIONS MmN Max [uUNIT
VoM High-level output voltage Vee 475V, 1o —200 uA 24 Vegl| Vv
VoL Low-level output voltage Ve =475V, IgL = 2mA 04 Vv
T 1nput current vee - 5.25 Vv, oOVEVINSS525V 10 | pA
02 Qu'but leakage current Vo ~04VieV.., Outputs disabled 10| pa
lgc  Supply current from Voo Vee =520 v, V1 =V output not icaded 150 | mA

- Ta = 25°C,
() Input capacitance ‘:01 &:I A 7] pF
‘ Vo -0V, Ta = 25°C,
C Qutput capacitan 10 F
o utput capacitance f =1 MHE p
switching characteristics, TA = 0°C to 70°C, Vg =5 V +5%, 1 series 74 TTL load, CL = 100 pF
PARAMETER MIN  MAX JUNIT
ta(ad) Access time from address 4590 ns
1a1CS) Access time from chip sefect 200 ns
tpyx  Previous output data valid after address change 450 ns
tpxz Output disable time fromchip select 200 ns
read cycle timing
r et b teird? na
1
Viu
ADDRESSES ADDRESSES VALID ADDRESSES VALID
vii, )
1
| ‘
ViM T .
T, : i
Vit | :
1
b X2
VoH
ail-as HI-Z Hi-Z
Vou

TEXAS INSTRUMENTS
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TMS 4732 JL, NL
4096-WORD BY 8-BIT READ-ONLY MEMORY

PROGRAMMING DATA

PROGRAMMING REQUIREMENTS: The TMS4732JL, NL is a fixed program memory in which the programming is
performed by T! at the factory during manufacturing cycle to the specific customer inputs suppiied in the format below. The
device is organized as 4096 8 bit words with address tocations numbered 0 to 4095. The 8-bit words ¢an be coded as a 2-digit
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadecimal
numbers. In coding ail binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least
significant bit and Q8 the most significant bit. For addresses, AQ is least significant bit and A11 is the most significant bit.

Every card should include the Ti Custom Device Number in the form ZAXXXX {4 digit number to be assigned by TI) in
columns 75 through 80.

PROGRAMMABLE CHIP SELECTS: The chip select inputs sha!l be programmed according to the data punched in columns
73 and 74. Every card should include in column 73 a 1 if the output is to be enabled with a high level at CS2 or a 0 {zero) to
enable the output with a low level at CS2. The column 74 entry is the same for programming C51.

PROGRAMMED DATA FORMAT: The format for the cards to be supplied to Tl to specify the data to be programmed is
provided below. The card deck for each device consists of 128 cards with each card containing data for 32 memory locations.

CARD COLUMN HEXADECIMAL FORMAT
1w 3 Hexadecimal address of first word on the card
4 Blank
5to0 68 Data. Each 8-bit memory byte is represented by two ASCII characters to represent a hexadecimal

value of ‘00" to 'FF’,

69, 70 Checksum. The checksum is the negative of the sum of ail 8-bit bytes in the record from columns 1 to
68, evaluate moduio 256 {carry from high order bit ignored). {For purposes of calculating the
checksum, the value of Column 4 is defined to be zero}. Adding together, modulo 2586, all 8-bit bytes
from Column 1 to 68 (Coiumn 4 = 0), then adding the checksum, resuits in zero.

71,72 Blank
73 One (1) or zero (0) for CS2
74 One (1) or zero (0) for CS1
75, 76 ZA
77 0 80 XX XX {4 digit number assigned by T1)

PRINIED 1E U S A
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TMS 2708 JL, TMS 27008 AND TMS 2716 JL

Ms?s 8K AND 16K ERASABLE
L PROGRAMMABLE READ-ONLY MEMORIES
OCTOBER 1977
24.PIN CERAMIC
e 2708 JL and 27008 JL. - 1024 X 8 DUAL-IN-LINE PACKAGE
Organization (TOP ViEW)
* 2716 JL 2048 X 8 Organization ar ade NS D28 vece
o All Inputs and Outputs Fully A6 2 ! 123 As
TTL-Compatible |
. . AS 3] I 122 Ae
e Static Operation (No Clocks, No Refresh) ! n v
¢ Maximum Access Time ... 450 ns Ad i _BB .
® Minimum Cycle Time . .. 450 ns A3 j20  csiPe)
¢ 3-State Outputs for OR-Ties A2 112 Voo
¢ N-Channel Silicon-Gate Technology Al (18 Progm*
¢ B-Bit Output for Use ir Microprocessor-Based AD 17 oa
Systems -
at 116 Q7
* {ow Power ]
TMS 27008 . . . 245 mW (Typical) ez 0] 15 o6
TMS 2716. .. 315 mW {Typical) a3 1] 14 o5
& 10% Power Supply Tolerance (TMS 27L08 vss 12 (13 od
Only}
¢ PlugCompatible Pin-Outs Allowing Inter- *For 2716 JL Only:  Pin:
changeability/Upgrade to 16K With Minimum 18 TS (Program)

20 A10

Board Change 28 vee (PE)

description

The TMS 2708 JL, TMS 27L08 JL. and TMS 2716 JL are ultra-violet light-erasable, electricaliy programmabie read
onty memories. The TMS 2708 JL and TMS 27008 JL have 8,192 bits organized as 1024 words of 8-bit fength. The
TMS 2716 JL has 16,384 bits organized as 2048 words of 8-bit length. The devices are fabricated using N-channel
silicon-gate technology for high speed and simple interface with MOS and bipolar circuits. All inputs {including program
data inputs} can be driven by Series 74 TTL circuits withcut the use of external pull-up resisters and each output can
drive one Series 74 TTL circuit without external resistors. The TMS 27108 guarantees 200 mV dc noise immunity in
the high state and 250 mV in the low state. It will also directly drive one Series 74, 745, or 74LS TTL circuit.
TMS 2716 also guarantees 250 mV dc noise immunity in the low state. The datz outputs for all three circuits are
three-state for OR-tying multiple devices on a common bus. The TMS 2716 is plug-in compatible with the TMS 2708
and the TMS 27L08. Pin compatible mask programmed ROMs are available for iarge volume requirements.

These EPROMs are designed for high-density fixed-memory applications where fast turn arounds and/or program
changes are required. They are supplied in a 24-pin dual-in-tine ceramic {JL suffix) packages designed for insertion in
mounting-hole rows on 600-mil centers. They are designed for operation from 0°C to 70°C.

operation (read mode)}

address (A0-AS/A10)

The address-valid interval determines the device cycle time. The 10-bit {11 bit TMS 27168) positive-logic address is
decoded on-chip to select one of 1024 words {2048 words TMS 2716) of B-bit fength in the memory array. AQ is the
least-significant bit and A9 {A10 TMS 2716) mest-significant bit of the word address.

chip select, program ensble [CS (PE}) and chip select, program [CS {Program))
When the chip setect is low, all eight nutputs are enabled and the eight-bit addressed word can be read. When the chip
select is high, all eight outputs are in . nigh-impedance state.

oot s Eo: TEXAS INSTRUMENTS
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TMS 2708 JL, TMS 27108 AND TMS 2716 JL
BK AND 16K ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

TMS 2708, TMS 271L.08

When the chip select program enable is brought to Vpp, the outputs become inputs and the EPROM is ready for
programming.

TMS 2716

In the program maode, the chip select feature does not function as pin 18 inputs only the program _pulse. The program
mode is seiected by the Vec(PE) pin. Either 0 V or +12 V on this pin will cause the TMS 2716 to assume program
cycle.

data out {Q1-Q8)

The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The outputs
will drive TTL circuits without external components.

TMS 2708, TMS 27L08
The program pin must be held below Vg in the read mode.

operation (program mode)

erase

Before programming, the TMS 2708, TMS 27L08 and TMS 2716 are erased by expasing the chip through the
transparent lid to high-intensity ultraviolet light {wavelength 2537 angstroms). The recommended exposure is ten
watt-seconds per square centimeter. This can be obtained by, for instance, 20 to 30 minutes exposure of a filterless
Mode} $52 short wave UV lamp about 2.5 centimeters above the EPROM. After erasure all bits are in the high state.

programming

Programming consists of successively depositing a small amount of charge to a selected memory cell that is to be
changed from the erased high state to the low state. A low can be changed to a high only by erasure. Programming is
normatly accomplished on a PROM or EPROM Programrmer, an example of which is T1’s Universal PROM Programming
Module in conjunction with the 990 prototyping system. Programming must be done at room temperature (25°C) only.

to start programming {see program cycle timing diagram on page 148)

First bring the CS {PE} pin {for the TMS 2708, TMS 27L08) to +12 V or the VCIPE) (for the TMS 2716) 10 +12 V or
0 V 10 disable the outputs and convert them to inputs. This pin is heid high for the duration of the programming
sequence. The first word to be programmed is addressed (it is customary to begin with the “0" address} and the data to
be stored is placed on the Q1-Q8 program inputs. Then a +26-V program pulse is applied 1o the program pin, After 0.1
1o 1.0 mitliseconds the program pin is brought back to O V. After at least one microsecond the word address is
sequentially changed to the next location, the new data is set up and the program pulise is applied.

Programming continues in this manner until al! words have been programmed. This constitutes one of N program loops.
The entire sequence is then repeated N times with N x tw(PR) # 100 ms. Thus, if ty(pR) = 1 ms; then N =100, the
minimum number of program loops required to program the EPROM.

to stop programming

After cycling through the N program loops. the last program pulse is brought to O V, then for the TMS 2708 and
TMS 27L08, Program Enable [CS(PE}] is brought to Vi (for the TMS 2716 Program Enabie [VCC(PE)] is brought
back to *5 volts) which takes the device qut of tha program mode. The data supplied by the programmer must be
removed before the address is changed since the program inputs are now data outputs and a change of address could
cause a voltage conflict on the output buffer. Q1.Q8 outputs are invalid up to 10 microseconds after the pregram
enable pin is brought from VK (PE) to ViL [VIL{PE) on TMS 2716].

TEXAS |NSTRU£~AENTS

INCORPORATE
POST OFFICE BOX 5017 + DALLAS. YEXAB 75222

B-14



TMS 2708 JL, TMS 27L08 AND TMS 2716 JL

8K AND 16K ERASABLE

PROGRAMMABLE READ-ONLY MEMORIES

Po — Power Dissipstion — mw

VoL — Static Output Voltage — Vi
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TYPICAL TMS 27L08 JL CHARACTERISTICS
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TMS 2708 JL, TMS 27008 AND TMS 2716 JL

8K AND

16K ERASABLE

PROGRAMMABLE READ-ONLY MEMORIES

capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz

PARAMETER TYPT MAX |uNiT
[ Input capacitance {except CS [Program) for the TMS 2716 4 6 | pF
..93252) TS (Program} input capacitance for TMS 2716 oniy 20 30 pF
Co - Output capacitance 8 12 pf

TAIl typlcsl velues sre at-T 4 = 26°C and nominal voliages.

switching characteristics over recommended supply voltage range and operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX [UNIT
tpiad) Access ti.me from address €L = 100 pF 450 | ns
{(CS) Access time from T8 120 | ns
PV X Output invalid from address change ! Series 74 TTL Load 0 ns
tpPXZ Output disable time tHICS). ttad) = 20 ns 0 120 | ns
Y(rd) Read Cycle tima 450 ny
TA = 25°C program characteristics over recommended supply voltage range

PARAMETER MIN MAX JUNIT
twiPR} Pulse width, program pulse 01 1 ms
t1 Transition times {except program pulse} 20| ns
tT(PR) Transition times, program pulse 50 2000 | ns
tsu{ad) Address setup tims 10 us
tsuida) Data setup time 10 us
tsylPE) Program enable setup time 10 us
th{ad} Address hold time 1000 ns
thiad,da R)  Address hold tima after program input data stopped 0 ns
thi{da) Data hold time 1000 ns
th(PE) Program enabie hold time 500 ns
tCL,adX Oelay time, E5(Program) low to address change 0 ns
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TMS 2708 JL, TMS 27008 AND TMS 2716 JL
8K AND 16K ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions

TMS 2708, TMS 2716 TMS 27L08
PARAMETER - uniT

MIN NOM MAX |MIN NOM MAX
Supply voltage, Vg —-47% -5 -52%1-45 5§ -55] V
Supply voltage, Vo 4.75 5 526 | 46 5 5.5
Supply voltage, Vpp 114 12 126 108 12 13.2] V
Supply voltage, Vgg [s] Q v
High-level input voltage, V|4 {except program and program enzblel 2.4 Veerl | 2.2 Vectl] Vv
High-leve! program enable input voitage, ViH(PE) 11.4 12 126 108 12 13.2] V
High-level program input voltage, Viy(pR) 25 26 27 25 26 271 Vv
Low-level input voltage, V| (except program) Vss 0.65 | Vgg 065] V
Low~fevel program lnr;ut voitage, Vi (PR} Vss 1| vs il v
Note: Vy((pRr) max & V(pR) =25 V
High-ievel program pulse input current [sinkl, hj(PR) 40 40{ mA
Low-level program pulse input current (sourcel, || (PR} 3 3} mA
Operating free-air temperature, Tz 0 70 0 70} °C

electrical characteristics over full ranges of recommended operating conditions
(unless otherwise noted)

TMS 2708 TMS 270L08 T™MS 2716
PARAMETER TEST CONDITIONS UNITS
MIN TYPT MAX [MIN TYPY MAX | MIN TYPT MAX
Hrahlevel e - 100 kA 3.7 a7 3.7
VoH  output OH L - - - v
101 = —1mA 24 24 24
voltage
Low-level
VoL output lgL = 1.6 mA 0.45 0.40 0.45 1
voltage
input current
M V):0V10526V 1 10 1 10 1 10| WA
{leakage)
Output
N CSIPE) =5V TMS 2708, 27L08
o current 1 10 1 10 1 Ul wA
T3 (Program} =5V  TMS 2716
{leakage!}
Supply
8B current from AH inputs high 30 45 9 18 10 20| mA
Ves
Suppl
peTY TSPE) =BV TMS 2708, 27L08
lce current from | o 33 10 8 6 3 8| mA
CS (Program) = 5V TMS 2716
Vee
S i
i e from | For 1pp MAX Ta=0°C 50 65 20 34 26 45 mA
t from s
oo current I °r ‘ol {worst case}
Vop
Supply
Ipg current from | Vpg = Vpp TMS 2716 only 2 4] mA
PEanVccPin
Power Ta=70°C 800 350 540
Polav) . . T pse mw
Dissipation {Tp * 0°C &5 =0V 245 475 315 595
Ta = 0°C T5 = +5v 230 580 375 720

Tay typical values are at T = 25°C and nominal voltages.

TExAs INSTRUMENTS
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TMS 2708 JL, TMS 27008 AND TMS 2715 JL
8K AND 16K ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)*

Supply voltage, Vi (see Note 1) e R R LY
Supply voltage, Vpp {(see Note 1) S - o oo s s .. —D3w 20y
Supply voltage, Vgg {see Note 1) e e S (B LY
All input voltage (except program) (see Note 1) e o oo e s =032V
Program Input (seeNote 1) . . . . . . . . . . . . . . . . . . . . . . . . -03te3V
Output voitage (operating, withrespecttoVgs) . . . . . . . . . . . . . . . . . . =2tV
Operating free-air temperature range Y i o T 1
Storage temperature range C e e e e e oo, —BR%C015%¢

NOTE 1: Under absolute maximum ratings, voitage values are with respect to the most-negative supply voltage, Vgg (substrate}l, unlem
otherwisa noted. Throughout the ramaincer of this dats sheet, volitage values sre with respect 1o Vsg-

*Stresses beyond those listed under '"Absolute Maximum Ratings'* may causs psrmansnt damage to the device. This is a stress rating only and

functions! operation of the device st thase or any other conditions beyond those indicatad in the “"Racommaended Operating Conditiom”
ssction of this tpecification is not implisd. Fxposure to absolute-maximum.rated conditions for ex tended periods may affect device reliability

functional block diagram

.- —— Vpg
- - —— Ve
-- VDD
- Vg5

DATA QUTPUTS (PROGRAM INPUTS!)
Q1-Q8

BLOL BTN

& —
HIP T P )
{PE} .~ — — ol CTHIP SELEC (AND (PROGRAM ENABLE) LOGIC - o OUTPUT BUFFERS 3
T {INPUT BUFFERS) -7
|
Y g
.
¥ 16 Y GATING [
AQ-Ad ADDRESS 4 Y DECODE
BUFFER {
ADDRESS INPUTS !
- 3 |
eZ 22 |
X . o4 128 Y X | %X 1024 X 8 MEMORY MATRIX
A4-a9{a10) ADORESS 8 (7 X DECODE g ;§ 12048 X 8} |
BUFFER z -~ |
|
1
T 1 :
| i
e e e e e e e e . e e e - — — e o
|
READ MODE \
- — — — PROGRAM MODE {PROGRAM PULSE!

NOTE: Numbaers in parentheses refer 1o TMS 2716

TEXAS INSTRUMENTS
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TMS 2708 JL, TMS 27L08 AND TMS 2716 JL
8K AND 16K ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

read cycle timing

telred) e (et ————

[
Vin { |
ADDRESSES m ADDRESSES VALID N ADDRESSES VALID M
viL T |
|
!
1
!
t
|
|
!

H
I
Vin t
— . 11
CS(PE) Ll
|
viL i |
[ tafes) | i"“——"‘ahdl““"“""{ 1
! —= Pz
v talad} 1 tpyx =1 "'— i r_
OH f
Q1--08 HI-2 \ VALLD NOT VALID K VALID H-Z —
VoL

* TS (Program] TMS 2716

program cycle timing

1OF N* PROGRAM LOOPS

-l
1
S|
tsu(PE) th{PE} L

'VCC' }-»- 1CL, ad X

|__1

ADDRESS O ADDRESS 1...1022 ADDRESS 1023
ADDRESSES M x i2046) }{ {zomﬂ

1su(ac:!).i b thiad) I —-H_ }Q'su(ad) h‘ad).] —ﬂ'— Su(ad) '
|

1

4

[ F

VIH(PE)

Ts tpe)"*
|Vcc(PEH

tw(PR) b twtpr) —ad b twiR) —o |

VIH(PR)

cs {Program)
:rohg.um t
¢ VILIPR)

ViH [ i
a1 -08
PROGRAM  OUTPUT INPUT INPUT INPUT QUTPUT
INPUTS viL

8sCS (PE) isat +12 V for the TMS 2708 and 27L08 and Ve (PE)isatOvVors12 Vv for thea TMS 2716 through N program loous
whers N 3 100 ms/tw {PR).

NOTE: 01-Q8 cutputs are invalid up 1o 10 Lsec after prograrmming |CS{PE} (Ve c(PE) for TMS 2716) goes low!
NOTE: Items in parenthaeses refer to TMS 2716.

TEXAS ]NSTRUM ENTS

INCORPORAT L
POST OFFICE BOX 9012 « OALLAS TEX '3 71%232

B-19



TMS 2708 JL, TMS 27008 AND TMS 2716 JL
8K AND 16K ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

APPLICATIONS INFORMATION

Ease of Conversion From TMS 2708 To TMS 2716

A. The TMS 2716 and TMS 2708 have compatible timing, voltage and current parameters in both modes.

B. The TMS 2716 requires less power than the TMS 2708.

C. The pinouts are compatible, {See beiow.)

TMS 2708 TMS 2716
A7 1 (| / h2a  vee * a7 1)@ =/ 24 VcglpE)®
as 2 | 123 A8 as 2] 123 a8
AS 3 ] 22 A9 as 3 22 A9
A e TMS 2708 # \_’SB s 4l ™S 2716 3 Ves
A3 5 ] )20 csipE} * A3 5] 120 Aqg *
A2 g 119 Voo Az 8] 18 Vpp
Al 7 [18  Program ¥ Al i 18 T (Program) *
A0 g | (17 a8 a0 8 117 o8
Q1 9 | pe  ar ar 9o fjl 16 a7
Q2 10 | 15 a6 ez 10 D15 os
a3 11 j1e Q5 a3 11 j14 o5
Vgs 12 | 13 Q4 ves 12 13 o4

As can be seen from the above diagrams, only three pins* are modified in going from TMS 2708 to TMS
2716:

1.  The additional address pin required for the 16K EPROM is located on pin 20 which displaces the
CS/PE functions on the TMS 2708.

2. Since V(g is not required during programming, the PE function shares pin 24 with VCC on the
TMS 2718.

3. The CS function and program function are mutually exclusive during normal read mode {and are
self-actuated complementary during the program/verity mode) and share pin 18 on the TMS 2716.

The diagrams below show how these three pins are actually utilized in the read mode and in the program
mode. Only pins 18, 20, and 24 need to be shown, as all other pin connections are identical.

TEXAS' INST RUMENTS

NCORPORA
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TMS 2708 JL, TMS 27L08 AND TMS 2716 JL
8K AND 16K ERASABLE
PROGRAMMABLE READ-ONLY MEMORIES

Read Mode
e rive g 2718
{0 N~ M vee* e N e e *
/.a-\.\ ® oo //’T\T o Mo
/ A i
! I: | S i |> w o
- -
Program (Write) Mode
™S T80 . ™I
ile Ny M vee L] W/ * re
q ™ e * '/t\}\\ o a0 v
E 10 Nagen \l ‘ T

TMS 2716 — Easy Programmability On Existing 2708 Programmers

Existing EPROM Programmers — Upgrading To The TMS 2716

Most of the EPROM manufacturers have implemented field upgrade modifications to allow TMS 2716
programming on current EPROM programmers, This is greatly simplified because the TMS 2716 and the
TMS 2708 are programmed in an identical manner. A slight modification to the socket card, an additional
1K x 8 of RAM, and an extra address signal (A10) are all that is required. All timing and voltage parameters
are identical, so the upgrade is easily accomplished, Programmer manufacturers contacted to date on the
TMS 2716 include: Data 1/0, PRO LOG, Texas instruments, Technico, CramerKit, Shepardson Micro
Systems, Cromenco, MicroPro, Ramtek, Oliver Audio, Inc., etc. Ultraviolet Erasure lights and fixtures are
available from Ultraviolet Products, Turner Designs, and others.

NOTE: Infarmation on EPROM programmers and erssurers sre provided only for user convenlience and do notindicate any preference by TI.

PRINTED IN USA
TI tonnet ovume any respansibility for eny circuits shwwn

TEXAS IN STRUM ENTS ot represent thol they are five from patent inlningement

INCORPORATED
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MOS TMS 4045 JL, JDL, NL; TMS 40L45 JL, JDL, NL;
LSt TMS 4047 JL, JDL, NL; TMS 40L47 JL, JDL, NL
1024-WORD BY 4-BIT STATIC RAMs

18-PIN CERAMIC AND PLASTIC
® 1024 X 4 Organization DUAH::;'FNE PACKAGES
¢ Single +5 V Supply (+10% Tolerance)
® High Density 300-mil (7.62 mm} 18- and Ag 1 [} 18 vee
20-Pin Packages As 2 i 17 A7
¢ Fully Static Operation (No Clocks, No Re- Ag 3 16 g
fresh, No Timing Strobe) . N
A
®  4Performance Ranges: 3 4 15 A9
ACCESS READ OR WRITE Ap § 3] 14 DOy
TIME CYCLE Ar B 13 ba
(MAX) (MIN) ! U 2
TMS 4045/L45-45, TMS 4047/L47-45 450 ns 450 ns Az 7 4 12 beg
TMS 4045/1 45-25, TMS 4047/L47-25 250 ns 250 ns 5 8 [ 11 pog
TMS 4045/1L45-20, TMS 4047/L47-20 200 ns 200 ns -
TMS 4045-15, TMS 4047-15 150 ns 150 ns Vss 9 g 0 W
& 400 mV Guaranteed DC Noise Immunity
with Standard TTL Loads — No Pull-Up TMS 4047/TMS 40L47
Resistors 20-PIN CERAMIC AND PLASTIC
Required DUAL-IN-LINE PACKAGES
TOP VIEW
® Commonl/Q ‘ !
®  3-State Outputs and Chip Select Control g[8 2 veer
for OR-Tie Capability As 2 [ 3 19 vee
o Fan-Out to 2 Series 74, 1 Series 74S, or 8 As 3 ff ) 8 A
Series 74LS TTL Loads ?
®  Low Power Dissipation faall e
MAX MAX Az 5 i i 16 Ag
(OPERATING) {STANDBY) ag & [ 3 1 DOy
TMS 4045 550 mwW 170 mW Ay 7 a
TMS 40L45 330 MW 110 mW 17 [ i 14 pag
TMS 4047 850 mW 13mwW Az 8 [ W 13 pag
TMS 40L47 330 mW 13mW 59 E El 12 Dae
description vss 10 [i W W
This series of static random-access memories
is organized as 1024 words of 4 bits each. Static
design results in reducing overhead costs by PIN NAMES
etimination of refresh-clocking circuitry and by
simplification of timing requirements. Be- Ag-Ag Addresses
cause this series is fully static, chip select may 0a Data In/Data Out
be tied low to further simplify system timing. ki Chip Selact
Output data is always available during a read VCC (TMS 4045/L45) ¥6VSupply
cle.
o Vet (TMS 4047/L47) +5V Supply
Alt inputs and full ibl oo on)
inputs and outputs are fully compatible 5V Suppl
with Series 74, 74S or 74LS TTL. No pull-up Vec2 (TMS 4047/L47) (perigheny only)
resistors are required. This 4K Static RAM Vss Ground
series is manufactured using T!'s reliable N- W Write Enable

channel silicon-gate technology to optimize
the cost/performance relationship. All ver-
sions are characterized to retain data at V¢ =
2.4V to reduce power dissipation.

;:ELFMINA?Y D:'I;A SHIEEJQ
Sobrhed at s Tt data TEXAS INSTRUMENTS
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TMS 4045 JL, JDL, NL; TMS 40L45 JL, JDL, NL;
TMS 4047 JL, JDL, NL; TMS 40L47 JL, JDL, NL
1024-WORD BY 4-BIT STATIC RAMs

Furthermore, for applications such as battery back-up, the TMS 4047 and TMS 40L47 have separate VcC
pins for the array and periphery, and data will be retained if power to the array alone is maintained.

The TMS 4045/40L45 series and the TMS 4047/40L 47 series are offered respectively in 18-pin and 20-pin
duat-in-ine cerdip (JL suffix), sidebraze {JDL suffix), and plastic (NL suffix) packages designed for
insertion in mounting-hole rows on 300-mil {7.62 mm) centers. The series is guaranteed for operation
from 0°C to 70°C. -

operation

addresses (A0-A11}

The ten address inputs select one of the 1024 4-bit words in the RAM. The address inputs must be stable
for the duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL
with no externat pull-up resistors.

output enable (OE)

The output enable terminal, which can be driven directly from standard TTL circuits, affects only the
data-in/data-cut terminals. When output enable is at a logic high level, the DQ terminals are disabled to
the high-impedance state. Output enable provides greater output controi flexibility, simplifying data bus
design.

chip select (S}

The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and
data-out terminals. When chip select is at a logic low level, both terminals are enabled. When chip select
is high, data-in is inhibited and data-out is in the floating or high-impedance state.

write enable (W)

The read or write mode is selected through the write enable terminal. A logic high selects the read mode;
a logic low selects the write mode. W or S must be high when changing addresses to prevent erroneously
writing data into a memory location. The W input can be driven directly from standard TTL circuits.

data-in/data-out (DQ1-DQ4)

Data can be written into a selected device when the write enable input is low. The DQ terminal can be
driven directly from standard TTL circuits. The three-state output buffer provides direct TTL compati-
bility with a fan-out of two Series 74 TTL gates, one Series 74S TTL gate, or eight Series 74LS TTL gates.
The DQ terminals are in the high impedance state when chip select (S) is high or whenever a write
operation is being performed. Data-out is the same polarity as data-in.

standby operation

There are two basic standby modes available to retain data when operating the TMS 4045/40L45/4047/
40L 47 series:

1. ReducetheVccsupplyto24V
2.  Supply power to the array only (TMS 4047 and TMS 40L47 only).

Combining modes 1 and 2 on the TMS 4047 or TMS 40L47 will produce the lowest possible standby
power while retaining data.

DEVICE SUPPLY OPERATING STANDBY
TMS 4045, TMS 40L45 Vee +5V +24V
TMS 4047, TMS 40L47 Veer +5V +5V +24V
Voez +8V ov oV

{nominal supply values}

TEXAS INSTRUMENTS
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TMS 4045 JL, JDL, NL; TMS 40L45 JL, JDL, NL;
TMS 4047 JL, JDL, NL; TMS 40L47 JL, JDL, NL
1024-WORD BY 4-BIT STATIC RAMs

During standby operation, data can not be read or written into the memeory. When resuming normal
operation, five cycle times must be allowed after normal supplies are returned for the memory to resume

steady state operating conditions.

absolute maximum ratings over operating free-air temperature (unless otherwise noted)*

Supply voltage, VoC (seeNote 1) ... e -05to7V
Input voltage (any input) (seenote 1) ... ... i s -1to7V
Continuous power dissipation ............ ... i e L TW
Operating free-air temperature range ..............oirivrinen e, 0°Cto 70°C
Storage temperature range .................oeeneiieninnmne it —85°C to 150°C

*Stresses beyond those liated under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions beyord those indicated in the “Recommended Operating Conditions™ section of this specification is
notimplied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Voltage values are with respeact to the ground matarial.

o .
functional block diagram
Mo — Vi
—e VegiVeez
(IS e Ve IARRAY OMLYF
o —% 1ol 64 MEMORY ARRAY w] s Toe | 00, B3,
ROW 4 ROWS BY i % x_| VALID DATA WRITE
™ — > sELECT £ COLUMNS W] L |oaTaouTeuT| READ
x| nix "z DEVICE DISABLED
o [ wlilw] Wz OUTPUT DISABLED]
Mo s
I o - S coLUMN DA GKT, |— T
oy sweut [ Rre ) T
DATA -
conthot cOLUMN sELECT - '
-7 {)._.
1104 {ﬁ-ﬁ
A2 ! ——e

A7

a9

P
—D" T
® 1
PR g
" T
recommended operating conditions
PARAMETER MIN NOM MAX |UNIT
Supply voitage. Ve (TMS 4045, TMS 40L45) Operating a5 5 SSE
Pty voitage. Ve . Standby 24 5 55
) Operating 45 5 55
Supply voitage (array only), Vo1 (TMS 4047, TMS 40L47) Standby 24 5 55 v
) . Operating 45 5 55
&
Supply voitage (periphery only), V2 (TMS 4047, TMS 40L47) Standby 0 0 55 \
Supply voltage, vss 0 \
High-level input voltage, V|4 2.0 65| V
Low-igvel input voitage, Vi ~1.0 08| Vv
Operating free-air temperature, T 0 0| °C

TEXAS INSTRUMENTS
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TMS 4045 JL, JDL, NL; TMS 40L45 JL, JDL, NL;
TMS 4047 JL, JDL, NL; TMS 40L47 JL, JDL, NL
1024-WORD BY 4-BIT STATIC RAMs

electrical characteristics over recommended operating free-air temperature ranges (unless

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt MAX |UNIT
VOH High level voltage loq = —1.0mA Voo =45V 2.4 \
VoL Low level voltage loL = 3.2mA Ve =45V 04! Vv
0] Input current Vi=0Vias5V 10| uA
Sat2Vor
oz Off-state output current Wat0aV, Vo=0Vtoh5sV -10 10} pA
TMS 4045 Vee =55V 90 100
{ Supply current from V, lo=0mA, Ve =24V 60 0] A
cC PRl cc Ta, = 0°C {worst case} Vcc =556V 50 60
TMS 40L45
Vog = 24V 38 45
I Supply current from Ve lg=0mA, Vee =55V 5 1" A
CCl  (array only} (TMS 4047/L47 only) | T = 70°C {worst case) Voo = 24V 25 55|
Supply currem from lg=0mA, TMS 4047 90 ag
lcc2 Vo2 {periphery only) Voo =55V, TMS a0La7 50 = mA
(TMS 4047/L47 only) Ta = 0°C (worst case)
. V=0V,
Cj Input capacitance f= 1 MHz 8§ pF
N Vo =0V,
Co Output capacitance £ =1 MHz 8] pF

TAll typical values are at Ve = 6V, T = 25°C.

timing requirements over recommended supply voltage range, TA = 0°C to 70°C 1 Series 74 TTL

load CL = 100 pF
TMS 4045-15 | TMS 4045/L45-20 | TMS 4045/L45-25 | TMS 4045/L45-45
PARAMETER TMS 4047-15 | TMS 4047/1L47-20 | TMS 4047/L47-25 | TMS 4047/L4745 | UNIT
MIN_  MAX | MIN MAX | MIN MAX| MIN MAX
tc{rd)  Readcycletime 150 200 250 450 ns
tciwr)  Write cycle time 150 200 250 450 ns
tw({Ww)  Write pulse width 80 100 100 200 ns
tsu(A) Address setuptime 0 1] 0 0 ns
tsu(S)  Chip select set up time 80 100 100 200 ns
tsy{D) Datasetuptime 80 100 100 200 ns
thip) Datahold time 4 0 0 0 ns
thiA) Address hoid time 0 0 0 0 ns

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS TEXAS 75265

B-25




TMS 4045 JL, JDL, NL; TMS 40L45 JL, JDL, NL;
TMS 4047 JL, JDL, NL; TMS 40L47 JL, JDL, NL
1024-WORD BY 4-BIT STATIC RAMs

switching characteristics over recommended voltage range, ta = 0°C to 70°C, 1 Series 74 TTL load,
CL=100pF

[TMS 4045-15 | TMS 4045/L45-20 | TMS 4045/L45-25 | TMS 4045/L45-45
PARAMETER [TMS 4047-15 | TMS 4047/1.47-20 | TMS 4047/L47-25 | TMS 4047-L4745 | UNIT
MIN  MAX | MIN MAX | MIN MAX | MIN MAX
ta(A) _ Accesstime from address 150 200 250 450 | ns
Access time from chip select
7 85 1
'a(S) {or output enable) low 0 00 120} ns
tafw}  Access time from write enable high 70 85 100 120 | ns
tPVX Output data valid after address change 20 20 20 20 ns
R Qutput disable time after chip select 50 60 60 100 | ns
PVZS {or output enable) high :
tpyzw Output disable time after write enable low 50 60 60 100 | ns
read cycle timing** teted -
Vin —
ADDRESS, A ADDRESS VALID
Vi r
Vin . —
CHIP SELECT, S wvzs
ViL i
— tais) Pyx
Vi
7 R

OUTPUT DATA, O HI-2Z 3 | ?— HI-Z—

Vit

e t2( A} ]
All timing reference points are 0.8 V and 2.0V on inputs and 0.6 V and 2.2 V on outputs (90% points). Input rise and fali times equal 10

nanoseconds.
**Write enable s high for a read cycle.

TEXAS INSTRUMENTS
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TMS 4045 JL, JDL, NL; TMS 40L45 JL, JDL, NL;
TMS 4047 JL, JDL, NL; TMS 40L47 JL, JDL, NL
1024-WORD BY 4-BIT STATIC RAMSs

early write cycle timing

telwr)

ViH - -
viL

pty, (A;ut “"h(‘“"
Vin

twiw) ————
WRITE ENABLE, W l\ ‘ - /F
ViL

ViH

- o {8} ——m——————
CHIP SELECT, § \ b /
ViL

1111 D 1)1

Vou

-
ouTPUT. O

read-write cycle timing

Vi

ADDRESS, A X X
Vi .

l——  uiA} - thiA)
ViH i

WRITE ENABLE, W \
X

ViL

Tciwr)

- (W) i
Vin

tsu(S) ——— }
CHIP SELECT,S /1
ViL '

tsulD) "D}

ViK 1
INPUT DATA, D m VALID . —M
vViL |
tais) —1——— e tpvz W ta(W) "_—.1—_ PV2S
VoH

OUTPUT, Q ——-»-—-———m—z——< VALID ) HI-2
Vou  ——

applications data - nr =]

A

VALID }—— HI-Z——

Early write cycle avoids DQ confiicts by controlling the write time with S.0nthe diagram above, the write
operation will be controlled by the leading edge of S, not W. Data can only be written when both SandW
are low. Either S or W being high inhibits the write operation. To prevent erroneous data being written
into the array, the addresses must be stable during the write cycle as defined by tsu(A). tw{w), and th(A).

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 226012 ® DALLAS, TEXAS 75265

B-27



TMS 4014 JDL, NL
1024 WORD BY 4-BIT STATIC RAM

FEBRUARY 1979

® 1024 X 4 Organization
@ Single 5% Tolerance +5 V Supply
® High Density, 300-mil (7,62 mm}, 18-Pin
Package 18-PiN CE nr:ns:c‘?:r:o PLASTIC
@ Fully Static Operation {No Clocks, no refresh, DUAL.IN-LINE PACKAGES
no timing strobe) (TOP VIEW)
® Maximum Access Time . .. 450 ns
® Minimum Cycle (Read or Write) Time . . . A6 ¥
450 ns A5 2
® 400 mV Guaranteed dc Noise Immunity With Ad 3
Standard TTL Loads — No Pull-Up Resistors Al 4
Required A0 S
@ Common i/0 With Three-State Qutputs and
Chip Select Control for OR-Tie Capability A1 ®
® Fan-Out to 1 Series 74 or 74S TTL Load — Az 7
No Pull-Up Resistors Required 58
@ Low Power Dissipation Vss 9
330 mW Typical
525 mW Maximum
description

The TMS 4014 static random-access memory is
organized as 1024 words of 4 bits. Static design
results in reduced overhead costs by elimination of
refresh-clocking circuitry and by simplification of
timing requirements. Because this series is fully
static, chip select may be tied low to further simplify
system timing. Output data is always available during

a read cycle.

PIN NAMES
All inputs and outputs are fully compatible with Series AQ-AS Addresses
74 or 74S TTL. No pull-up resistors are required. The 1/01-1/04  Data input/output
TMS 4014 is manufactured using Ti's reliable OE Output Enable
N-channel silicon-gate technology to optimize the 5 Chip Select
cost/performance relationship. The TMS 4014 is Vee +5 V Supply
characterized to retain data at VCC = 2.4 V to reduce Vss Ground
power dissipation. The TMS 4014 is offered in 18-pin w Write Enable

dual-in-line sidebraze (JDL suffix) and plastic (NL
suffix) packages designed for insertion in mounting-
hole rows on 300-mil - (7,62-mm} centers. The
TMS 4014 is designed for operation from 0°C to
70°C.

PRELIMINARY DATA SHEET:
Supplementary data will be TEXAS l NSTRUMENTS
published at a later date. INCORPORATED

POST OFFICE BOX 226012 & DALLAS, TEXAS 75265
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TMS 4014 JDL, NL
1024 WORD BY 4-BIT STATIC RAM

operation

addresses (AQ-A9)

The ten address inputs select one of the 1024 four-bit words stored in the RAM. The address-inputs must be stable for

the duration of a write cycle. The address inputs ¢an be driven directiy from standard Series 54/74 TTL with no external
pull-up resistors.

chip select (S)

The chip-select terminal, which can be driven directly from standard TTL circuits, affects only the data-in/data-out
terminals. When chip select and output enable are a logic low, thel /0 terminals are enabled. When chip seiect is alogic
high, the |/0 terminals are in the floating or high-impedance state and the input is inhibited.

write enable (W)
The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low

selects the write mode. W must be a logic high when changing addresses to prevent erroneously writing data into a
memory location. The W input can be driven directly from standard TTL circuits.

data-in/data-out {I/01-1/04)

DOata can be written into a selected device when the write enable input is a logic low. The |0 terminal can be driven
directly from standard TTL circuits, The three-state output buffer provides direct TTL compatibility with a fan-out ofone
Series 74 TTL gate or one Series 74S TTL gate. The 1 /Q terminals are inthe high-impedance state when chip select(S)is
high or whenever a write operation is being performed. Data-out is the same polarity as data-in.

standby operation

The standby mode, available to retain data while operating the TMS 4014, is attained by reducing V¢C from 5V to
2.4 V. Before, during, and immediately after standbv,-S_and W must be in the high state. During standby operation, data
cannot be read or written into the memory. When resuming normal operation, five cycle times must be allowed after
normal power is restored for the memory to resume steady-state operating conditions.

functional block diagram

A6 - Vss

*—VCC
as———

wls |1/0O1-1/04
Ad ———-l 3: 10f64 MEMORY ARRAY L 1L |VALID DATA WRITE
ROW 64 ROWS BY GATA DUTPUT READ
A3 ————-h: SELECT §4 COLUMNS L
X | n HiZ DEVICE DISABLED
Al D WL HIZ OUTPUT DISABLED

s o

(83

77— COLUMN 1/0 CKT
Toins Tl 16
w2 INPUT COLUMN SELECT
DATA

1/03 >—.comao‘.
Vo8 M

A2 A7 A8 A8

m,

wl Z)

Sy |

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75266
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TMS 4014 JDL, NL
1024 WORD BY 4-BIT STATIC RAM

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)*

NOTE 1

Supply voltage, Vec (s€e Note 1) . . L L L e e e e e —05to7V
Input voltage (any input) (see Note 1} . . .. .. ... . . . . i e e e -05t07V
Continuous power diSSIPatiON . . . . .. ... ... e e e e e e e e 1w
Operating free-air temperature range . . . ... ... ... . ... . e 0°C 10 70°C
Storage temperature TaNGE . . . ..« v v i vttt e e e e —55°C to 150°C

Voltage values are with respect 10 the ground terminal

*Stirasses beyond these hsted under ~“Absolule Maximum Ratings ' may cause permaneni damage to the device Thisis a stress rating only and funcuonal operanon of the device at thase or
any other conditions beyond those mndicated in the "Recommended Operating Condiions ™ section of this speciticatien is nol ymphed. E elaab: ated for
extended periods may affect device reliabiiy

recommended operating conditions

PARAMETER MIN NOM MAX |UNIT
Operating 4.75 5 6526
Supply voltage. Ve Standby 245 528) "
Supply voitage, Vgg o] v
High-level input voltage, V|H 2.0 525] Vv
Low-level input voltage, V| -0.3 08| v
Operating free-air temperature, Ta 0 70| °C
electrical characteristics over recommended operating free-air temperature range
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT Max|{unIT
VoH  High-level voltage loH = —200 uA, Vee =475V 2.4 v
VoL  Low-level voltage loL = 2mA, Vec =475V 04| V
[N Input current Vi=0t05.25V 10 uA
loz Off-state output current %?‘%\‘8’ "\);' Vo=0to525V $10] uwA
lp=0mA, Vec=526V 90 100 mA
lcc Supply current from Vec Ta = 0°C (worst case) Vec =24V 60  70] mA
Cj Input capacitance Vi=0V, f=1MHz 8] pF
Co Qutput capacitance Vg=0V, f=1MHz 121 pF

TAll typical values are at Voo = 5 V, T = 26°C.

TEXAsS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 & DALLAS TEXAS 75265
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TMS 4014 JOL, NL
1024 WORD BY 4-BIT STATIC RAM

timing requirements over recommended supply voltage range and operating free-air temperature

range
PARAMETER MIN MAX | UNIT
telrd) Read cycle time 450 ns
telwr) Write cycle time 450 ns
Ty (W) Write puise width 200 ns
u(A) Address set up time —a ns
tsu(S) Chip select set up time - 200 ns
tsu(D) Data set up time 200 ns
th(D) Data hold time 0 ns
th{A) Address hold time 20 ns
TT{A) Address transition time 5 200]| ns

switching characteristics over recommended voitage range, Tp = 0°C to 70°C,
1 series 74 TTL load, CL = 100 pF

PARAMETER MIN NOM MAX | UNIT
ta(A) Access time from address 450 | ns
Access time from chip
ta(s) select (or output 120} ns
enable) jow
tajw) Access time from 120 | ns

write enable high

Qutput data valid after

tPvX 10 ns
v address change

Qutput disable time after

Pvz,s chip select {or output 100! ns
enable) high
Output disable time after

tPYZW ks 1001 ns

write enable high

TEXAS INSTRUMENTS

INCORPORATED
POST OFFCE BOX 225012 ® DALLAS, TEXAS 75265
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TMS 4014 JDL, NL
1024 WORD BY 4-BIT STATIC RAM

read cycle timing™**

nd teird) v |
ViM Y
ADDRESS, A ADDRESS  VALID
Vit =
ViH H A
CHIP SELECT, S - / PVZs
viL ‘
- 13(S) wVX
ViH
OUTPUT DATA, Q HI-2Z 7 | HI-Z—
vio
po———— taid} ——m|
All timing reference points are 0.8 V and 2,0V on inputs and 0.6 V and 2.2 V on outputs {90% points). Input rise and fal times equal 10

nanoseconds,
¢ *Write enable Is high for a read cycie.

early write cycle timing

b teiwr) >
Vin
ADDRESS, A M ADDRESS VALID
viL

'f"‘““"i f—-wm-—i

WRITE ENABLE, W " %\4 Tl W) _________/
CHIP SELECT, § o \"—————-- tou(S) /_____
. [0 - (D)
e D
OUTPUT, Q \:2: 2

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TMS 4014 JDL, NL
1024 WORD BY 4-BIT STATIC RAM

read-write cycle timing

(rwW) —-
VI
ADDRESS, A
viL < {
!
lo———  sulA} - thia) —
L s
WRITE ENABLE, W V
ViL I
1 i [
twiW)  ———]
ViH - GSul§) —— j
CHIP SELECT, S \ /f
K .
ViL
' 1
| : fsulD) hiDI
ViH 1—
INPUT DATA, D VALID .
vy J
L .

.
| fa(S) e - tpyZ W talw) H———*——th.s

Vor ‘__—-K
QUTPUT, Q ——e ] HI—Z—< HI-2Z VALID }—Hl—z—

VALID r
l— talA) —->I

.

VoL

applications data

Eariy write cycle avoids 1/O conflicts by controlling the write time with S. In the diagram above the write operation
will be controlled by the leading edge of S, not W. Data can only be written when both S and W are logic low. Either §
or W being logic high inhibits the write operation, and data stored will not be affected by the address. To prevent
erroneous data from being written into the array, the addresses must be stable during the write cycle as defined by

tsu(A). tw(w). and th(A).

PEINTED IN USA 279
TEXAS INSTRUMENTS
INCORPORATED TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
POST OF FICE BOX 225012 ® DALLAS, TEXAS 75265 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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APPENDIX C
ASClH CODE

TABLE C-1. *ASCHl CONTROL CODES

BINARY HEXADECIMAL
CONTROL CODE CODE
NUL — Null 000 0000 00
SOH - Start of heading 000 0001 01
STX — Start of text 000 0010 02
ETX — End of text 000 0011 03
EQT - End of transmission 000 0100 - 04
ENQ - Enquiry 000 01 05
ACK - Acknowledge 000 0110 06
BEL — Bell 000 0111 o7
BS — Backspace 000 1000 08
HT  — Horizontal tabuiation 000 1001 09
LF — Line feed 000 1010 0A
VT - Vertical tab 000 1011 0B
FF — Form feed 000 1100 ocC
CR - Carriage return 000 110 oD
SO - Shift out 000 1110 CE
Si — Shift in 000 1111 OF
DLE - Data link escape 001 0000 10
DC1 - Device control 1 001 0001 : 11
DC2 - Device control 2 001 0010 12
DC3 - Device control 3 001 0011 13
DC4 - Device control 4 (stop) 001 0100 14
NAK — Negative acknowledge 001 0101 15
SYN - Synchronous idile 001 0110 16
ETB - End of transmission block 001 0111 17
CAN - Cancel 001 1000 18
EM - End of medium 001 1001 19
SUB - Substitute 001 1010 1A
ESC - Escape 001 1011 iB
FS — File separator 001 1100 1C
GS - Group separator 001 110 1D
RS - Record separator 001 1110 1€
US  — Unit separator 001 1111 1F
DEL. - Delete, rubout 111 1111 7F

*American Standards institute Publication X3 4-1968

NOTE
Hexadecimatl codes 01 to 1F can be generated using most keyboard devices
with the CONTROL (SHIFT) key pressed prior to pressing another keyboard
key. For example, hexadecimal codes 01 to 19 can be generated on the TM
990/189 using the SHIFT key and keys A through Y respectively with the
exception of keys V and X which have shift functions dedicated to display
right and cancel respectively.



TABLE C-2. *ASCIli CHARACTER CODE

CHARACTER BINARY HEXADECIMAL CHARACTER BINARY HEXADECIMAL
CODE CODE CODE CODE

Space 010 0000 20 P 101 0000 50
! 010 0001 21 Q 101 0001 51
" {dbl. quote) 010 0010 22 R 101 0010 52
# 010 0011 23 s 101 0011 53
s 010 0100 24 T 101 0100 54
% 010 0101 25 u 101 0101 55
& 010 0110 26 v 101 0110 56
' (sgl. quote} 010 0111 27 w 101 0111 57
( 010 1000 28 X 101 1000 58
) 010 1001 29 Y 101 1001 59
* (asterisk) 010 1010 2A 2z 101 1010 5A
+ 010 1011 28 [ 101 1011 ]
, ([comma) 010 1100 2C \ 101 1100 5C
- {minus) 010 1101 20 ] 101 1101 5D
. Iperiod) 010 1110 2E A 101 1110 5E
/ 010 1111 2F _ {underiine) 101 1111 5F
o 011 0000 30 110 0000 60
1 011 0001 31 a 110 0001 61
2 011 0010 32 b 110 0010 62
3 011 0011 33 c 110 0011 63
4 011 0100 34 d 110 0100 64
5 011 0101 35 e 110 0101 65
6 011 0110 36 f 110 0110 66
7 011 0111 37 g 110 0111 67
8 011 1000 38 h 110 1000 68
9 011 1001 39 i 110 1001 69
: 011 1010 3A i 110 1010 6A
; 011 1011 38 k 110 1011 6B
< 01t 1100 3C | 110 1100 6C

011 1101 ko) m 110 1101 6D
> 011 1110 3E n 110 1110 6E
? o1t 1111 3F 0 110 1111 6F
@ 100 0000 40 p 111 0000 70
A 100 0001 41 q 111 0001 71
B 100 0010 42 r 111 0010 72
C 100 0011 43 s 111 0011 73
D 100 0100 44 t 111 0100 74
E 100 0101 45 u 111 0101 75
F 100 0110 46 v 111 0110 76
G 100 0111 47 w 111 0111 77
H 100 1000 48 x 111 1000 78
i 100 1001 49 y 111 1001 79
J 100 1010 aa z 111 1010 7A
K 100 1011 48 { 111 1011 78
L 100 1100 4c ! 111 1100 7C
M 100 1101 4D } 111 1101 7D
N 100 1110 4E ~ 111 1110 7€
o] 100 1111 aF

*American Standards Institute Publication X3.4-1968
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APPENDIX D

BINARY, DECIMAL AND HEXADECIMAL NUMBERING

D-1 GENERAL
This appendix covers numbering systems to three bases (2, 10, and 16) which are used
throughout this manual.

D-2 POSITIVE NUMBERS
D-2.1 DECIMAL (BASE 10). When a numerical quantity is viewed from right to left, the right-
most digit represents the base number to the exponent 0. The next digit represents the base
number to the exponent 1, the next to the exponent 2, then exponent 3, etc. For example, using
the base 10 (decimal):
108 105 10% 103 102 10' 100
X X X X, X X X

or

1,000,000
i 100,000

10,000

¥ 1000 100 10 1
X, XXX , %X X X

For example, 75,264 can be broken down as follows:

75, 264
L4x10°=4x1 = 4
6x 10’-6 x 10 - 60
———2x10%-2x100 = 200
5x10°-6x1000 = 5000

7x10*-7x 10,000 = +70000
76264,

D-1



D-2.2 BINARY (BASE 2). As base 10 numbers use ten digits, base 2 numbers use onlyOand
1. When viewed from right to left, they each represent the number 2 tothe powers (0, 1, 2, etc.,
respectively as shown below:

215 26 25 24 23 22 o, 0
(32,768) eee (64} (32) (16) (8) ({4) (20 (1)
X ceoe X X X X X X X

For example, 11011, can be translated into base 10 as follows:

1 1 1
L1x20=1x1=1
1x2'=1x2= 2
0x22=0x4= 0
1x23=1x8= 8
1x 2% = 1x16=+16
2740

or 1101 12 equa's 2710.

Binary is the language of the digital computer. For example, to place the decimal quantity 23
(23,9 into a 16-bit memory cell, set the bits to the following:

Y 15
0 0 0 0 0 0 0 0 o 0 0 1 0 1 1 1

whichis 1+ 2 +4 + 1623,

D-2.3 HEXADECIMAL (BASE 16). Whereas binary uses two digits and decimal uses ten
digits, hexadecimal uses 16 (Oto 9, A, B, C, D, E, and F).

The letters A through F are used to represent the decimal numbers 10through 15 as shown on
the following page.

D-2



P4
[ry
[=]
2
—
=)}
P
[y
f=
2
(=)
o

0 C 8 8
1 1 9 9
2 2 10 A
3 3 11 B
4 4 12 C
5 5 13 D
6 6 14 E
7 7 15 F

When viewed from right to left, each digit in a hexadecimal number is a mutiplier of 16 to the
powers O, 1, 2, 3, etc., as shown below:

163 162 161 160
(4096) {256) (16) {1}
X X X X

For example, 7 B A 5, can be translated into base 10 as follows:

7 B A 5
l T_—-5x160= 5X1 = 5
10x16'=10x16 = 160
11X162=11 X266 = 2816
7X163= 7X4096 = 28672
3165349

or 7 B A 5;4equals 31,653,,.

Because it would be awkward to write out 16-digit binary numbers to show the contents of a
16-bit memory word, hexadecimal is used instead. Thus

003E, ; or > O03E ( > indicates hexadecimal)
is used instead of
0000 0000 0011 1110,

to represent 62;5as computed below:



BASE 2 BASE 10

j__ 1 JI‘ 1 1 02 6 210
l [;———o x 20 = 0 ‘ I;.___.z x 100 =

1x2! - 2 6 X100 = g0

1 X 22 = a4 .

1x 2 = 8 10

1 x 24 = 16

1x25 = 32 BASE 16

6249
3 Eqg
’ [;____.14 x 160 = 14
3x 16! = a8
6210

Note that separating the 16 binary bits into four-bit parts facilitates recognition and translation
into hexadecimal.

0000 0000 0011 1110, 7 B F16

& ¢ & ¢ o 11£o * ‘ ‘

0 0 3 Eig 0111 1011 11119

Table D-1 is a conversion chart for converting decimal to hexadecimal and vice versa. Table D-2
shows binary, decimal and hexadecimal equivalents for numbers Oto 15. Notethat Table D-1 is
divided into four parts, each part representing four of the 16-bits of a memory cell or word(bits
0 to 15)with bit O being the most significant bit (MSB) and bit 15 being the least significant bit
(LSB). Note thatthe MSB is on the left and represents the highest power of 2 and the LSB on the
right represents the O power of 2 (2°= 1). As explained later, the MSB can also be used to signify
number polarity (+ or —).

NOTE

To convert a binary number to decimal or hexadecimal, convert
the positive binary value as described in Section D-4.
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TABLE D-1 HEXADECIMAL/DECIMAL CONVERSION CHART

MSB LSB
163 162 161 16°
BITS |0 1 2 3|4 5 6 7 |8 7 8 11 12 13 14 15

HEX DEC HEX DEC HEX DEC HEX DEC
0 0|0 0 |0 o| o 0

1 4096 | 1 266 | 1 16| 1 1

2 8192 | 2 512 | 2 32| 2 2

3 12288 | 3 768 | 3 a8 | 3 3

4 16384 | 4 1024 | 4 64| 4 4

5 20480 5 1280 | 5 80| s 5

6 24576 | 6 15636 | 6 96 | 6 6

7 28672 | 7 1792 | 7 1121 7 7

8 32768 8 2048 | 8 128] 8 8

9 36864 | 9 2304 | 9 144 o 9

A 40960 | A 2560 | A 160 A 10

B 45056 | B 2816 | B 176 | B 11

C 49152 | C 3072 | C 192 ¢ 12

D 53248 | D 3328 | D 208] D 13

E 67344 | ¢ 3584 | E 2241 E 14

F 61440 | F 3840 | F 240 F 15

To cenvert a number from hexadecimal, add the decimal equivalents for each hexadecimal
digit. For example, 7A82;,would equal in decimal 28,672 + 2,560 + 128 + 2, To convert
hexadecima! te decimal, find the nearest decimal number in the above table tess than or equal
to the number being converted. Set down the hexadecimal equivalent then subtract this
number from the nearest decimal number. Using the remainder(s), repeat this process. For

example:

31,362... = 7000, ¢+ 2690, 7000

2,690.. = A0D;4 + 13010 AQO

130..=8016 + 210 80

2iu = 216 2
TAB2;4
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TABLE D-2. BINARY, DECIMAL, AND HEXADECIMAL EQUIVALENTS

BINARY DECIMAL HEXADECIMAL
{N,) (Nyph (Nq¢
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
o1 7 7
1000 8 8
1001 9 9
1010 10 A
1011 11 B
1100 12 C
1101 13 D
1110 14 E
1111 15 F
10000 16 10
10001 17 11
10010 18 12
10011 19 13
10100 20 14
10101 21 156
10110 22 16
10111 23 17
11000 24 18
11001 25 19
11010 26 1A
11011 27 1B
11100 28 1C
1110 29 1D
11110 30 iE
11111 31 iF

100000 32 20
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D-3 ADDING AND SUBTRACTING BINARY
Adding and subtracting in binary uses the same conventions for decimal: carrying over in
addition and borrowing in subtraction.

Basically,
0 1 10
+ 1 +1 -1
1 10 (the carry, 1, is carried to the left) 01 (1 is borrowed from
top left)
1 11
} =0 + carry 1
1 1
:_1 = 0 (from above}) + 1 = 1 + 1
1 101
carry carry 1 + 1 = 10
1
1 1000 0110
} =0 + 1 carry
1 -1 Borrow the % -1
1 0111 o111
} = 0 + 1 carry
+ 1

a—— —

0 \
_l:l—o +0=10
carry 1 + carry 1
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D-4 POSITIVE/NEGATIVE CONVERSION (BINARY). To compute the negative equivalent
of a positive binary or hexadecimal number, or interpret a binary or hexadecimal negative
number (determine its positive equivalent) use the two’'s complement of the binary number.

NOTE
To convertabinary number to decimal, convert the positive binary
value (not the negative binary value) and add the sign.

Two’'s complementing a binary number includes two simple steps:

a. Obtain one’s complement of the number (1’s become Q’s, O’'s becomes 1's) (invert
bits).

b. Add 1 to the one’s complement.

For example, with the MSB (left-most bit) being a sign bit:

010 ({+25) 111 (19 110 (-29) 101 {-39)
101  Invert 000 Invert 001 lnven 010 Invert
+1 Add 1 + 1 Add 1 + 1 Add 1 +1

110 (-29) 001 (+15) 010 ({+25) 011 {+39)

This can be expanded to 16-bit positive numbers:

(=39F645) 0011 1001 1111 0110  (39F64g
1100 0110 000G 1001 Invert

+1 Add 1

+14,838q)

it

(<C60A{g) 1100 0110 0000 1010 {(C60Aqg
SIGN BIT{-)

—-14,8380) Two's Complement

And to 16-bit negative numbers:

(<C60A1g) 1100 0110 0000 1010  (CBOAqg
0011 1001 1111 0101  Invert

+1  Add 1

—14,838,¢)

(=39F61¢) 0011 1001 1" 0110 (39F6 16

L}

+14,8381g) Two's Complement
SIGN BIT(+)
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INTRODUCTION

DESCRIPTION

The TMS 9901 Programmable Systems Interface (PSl) is a multifunctional component designed to provide
low cost interrupt and I/Q ports and an interval timer for TMS 9900-family microprocessor systems. The
TMS 9901 is fabricated using N-channel silicon-gate MOS technology. The TMS 9901 is TTL-compatible on
all inputs and outputs, including the power supply (+5 V) and single-phase clock.

KEY FEATURES

s LowCost

¢  9900-Family Peripheral

° Performs Interrupt and 1/0 interface functions:
— Six Dedicated Interrupt Lines

— Seven Dedicated 1/0 Lines

— Nine Programmable Lines as 1/0 or Interrupt
— Upto 15 interrupt Lines

— Upto 22 Input Lines

— Upto 16 Output Lines

Easily Cascaded for Expansion

Interval or Event Timer

Single 5 V Power Supply

All inputs and Outputs TTL-Compatible
Standard 40-Pin Plastic or Ceramic Package
N-Channel Silicon-Gate MOS Technology.

APPLICATION OVERVIEW

The foliowing example of a typical application may help infroduce the user to the TMS 9901 PSI. Figure 1isa
block diagram of a typical application. Each of the ideas presented below is described in more detail in later
sections of this manual.

The TMS 9901 PSl interfaces to the CPU through the Communications Register Unit (CRU) and the interrupt
control lines as shown in Figure 1. The TMS 9901 occupies 32 bits of CRU input and output space. The five
least significant bits of address bus are connected to the S lines of the PSl to address one of the 32 CRU bits of
the TMS 9901. The most significant bits of the address bus are decoded on CRU cycles to select the PSI by
taking its chip enable (CE) line active (LOW).

Interrupt inputs to the TMS 9901 PSI are synchronized with ¢, inverted, and then ANDed with the appropriate
mask bit. Once every ¢ clock time, the pricritizer looks at the 15 interrupt input AND gates and generates the
interrupt control code. The interrupt control code and the interrupt request line constitute the interrupt
interface to the CPU.

After reset all /0O ports are programmed as inputs. By writing to any 170 port, that port will be programmed as
an output port until another reset occurs, either software or hardware. Data at the input pins is buffered on to
the TMS 9901. Data to the output ports is latched and then buffered off-chip by the PS1's MOS-to-TTL buffers.

The interval timer on the TMS 9901 is accessed by writing a ONE to select bit zero {(control bit}, which puts the
PS1CRU interface in the clock mode. Once in the clock mode the 14-bit clock contents can be read or written.
Writing to the clock register will reinitialize the clock and cause it to start decrementing,. When the clock
counts to zero, it will cause an interrupt and reload to its initial value. Reading the clock contents permits the
user to see the decrementer contents at that point in time just before entering the clock mode. The clock read
register is not updated when the PSt is in the clock mode.
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FIGURE 1— TYPICAL TMS 9901 PROGRAMMABLE
SYSTEM INTERFACE (PSI) APPLICATION

ARCHITECTURE

The architecture of the TMS 9901 Programmable Systems Interface (PSI) is designed to provide the user
maximum flexibility when designating system [/0 ports and interrupts. The TMS 9901 can be divided into four
subsystems: CRU interface, interrupt interface, input/output interface, and interval timer. Figure 2 is a
general block diagram of the TMS 8301 internal architecture. Each of the subsystems of the PSl is discussed
in detail in subsequent paragraphs.

CRU interface

The CPU communicates with the TMS 9901 PSI via the CRU. The TMS 9901 occupies 32 bits in CRU read
space and 32 bits in CRU write space. Table 1 shows the mapping for CRU bit addresses to TMS 9901
functions,

The CRU interface consists of five address select lines (S0-S4)}, chip enable (C_E), and the three CRU lines
(CRUIN, CRUOUT, CRUCLK). The select lines (S0-S4) are connected to the five least significant bits of the
address bus; for a TMS 9900 system S0-S4 are connected to A10-A14, respectively. Chip enable (CE) is
generated by decoding the most significant bits of the address bus on CRU cycles; for a 9900 based system
address bits 0-9 would be decoded. When CE goes active (LOW), the five select lines point to the CRU bit
being accessed. When CE is inactive (HIGH), the PSI's CRU interface is disabled.

NOTE
When CE is inactive (HIGH) the 9901 sets its CRUIN pin to high impedance and’
disables CRUCLK from coming on chip. This means that CRUIN can be used as an

OR tied bus. When CE is high the 9901 will still see the select lines, but no command
action is taken.

in the case of a write operation, the TMS 9901 strobes data off the CRUOUT line with CRUCLK. For a read
operation, the data is sent to the CPU on the CRUIN line.
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FIGURE 2—TMS 9901 PSt BLOCK DIAGRAM

Several TMS 9901 devices may be cascaded to expand I/0 and interrupt handling capability simply by
connecting all CRU and address select lines in parallel and providing each device with a unique chip enable
signal: the chip enable (CE) is generated by decoding the high-order address bits (A0-A9) on CRU cycles.

For those unfamiliar with the CRU concept, the following is a discussion of how to build a CRU interface. The
CRU is a bit addressable (4096 bits), synchronous, serial interface over which a single instruction can transfer
between one and 16 bits serially. Each one of the 4096 bits of the CRU space has a unique address and can
be read and written to. During multi-bit CRU transfers, the CRU address is incremented at the beginning of
each CRU cycle to point to the next consecutive CRU bit.
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TABLE 1

CRU SELECT BIT ASSIGNMENTS
CRU Bit 5, 8, 8; 5,8, CRU Read Data CRU Write Data
0 00000 CONTROL BIT(T CONTRoOL BI17(1)
1 00001 iNT1/CLK {2 Mask 1/CLK1{3)
2 00010 INT2/CLK2 Mask 2/CLK2
3 000 11 INT3/CLK3 Mask 3/CLK3
4 00100 INT4/CLK4 Mask 4/CLK4
5 00101 INTS/CLKS Mask 5/CLKS
6 00110 INT6/CLK6 Mask 6/CLK&
7 00 1 1 1 INT7/CLK7 Mask 7/CLK7
8 01000 INT8/CLKS Mask 8/CLK8
9 01001 INT9/CLKO Mask 9/CLK9
10 01010 INT10/CLK 10 Mask 10/CLK10
11 010 11 INT11/CLK11 Mask 11/CLK11
12 01100 INT12/CLK12 Mask 12/CLK12
13 1 101 INT13/CLK13 Mask 13/CLK13
14 01110 INT14/CLK14 Mask 14/CLK 14
15 01 1 11 iNT15/NTREQ (7 Mask 15/R5T2(4)
16 1 0000 PO Input!S) PO Output!6)
17 Tt 0 001 Pt Input P1 Cutput
18 t 0010 P2 Input P2 Qutput
19 10011 P3 Input P3 Output
20 101 Q0 P4 Input P4 Output
21 1 0 1 0 1 PS5 Input PS5 Qutput
22 1 0t 10 P& Input P6 Output
23 101 11 P7 Input P7 Output
24 1t 1000 P8 tnput P8 Qutput
25 11 0 0 1 P9 Input P39 Qutput
26 11010 P10 Input P10 Output
27 1 1t 0 1 1 P11 Input P11 Qutput
28 11100 P12 Input P12 Output
29 111 01 P13 Input P13 Qutput
30 111 10 P14 Input P14 Output
N 1 1 1 1 1 P15 Input P15 Qutput
NOTES:

(1
(2}
{3)
(a)
(5)
(6)
7

0 = Interrupt Mode 1 = Clock Mode

Data present on INT input pin {or clock value) will be read regardless of mask value.

While in the Interrupt Mode (Control Bit = 0) writing a ‘1’ into mask will enable interrupt; 3 0" will disable.
Writing a zero to bit 15 while in the clock mode {Control Bit = 1) executes a software reset of the /0 pins.

Data present on the pin will be read. Output data can be read without affecting the data.
Writing data to the port will program the port 1o the output mode and gutput the data.

INTREQ is the inverted status of the INTREQ pin.
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When a 99XX CPU executes a CRU Instruction, the processor uses the contents of workspace register 12 as
a base address. (Refer to the 9900 Microprocessor Data Manual for a complete discussion on how CRU
addresses are derived.} The CRU address is brought out on the 15-bit address bus; this means that the least
significant bit of R12 is not brought out of the CPU. During CRU cycles, the memory control lines (MEMEN,
WE, and DBIN) are all inactive; MEMEN being inactive (HIGH) indicates the address is not a memory address
and therefore is a CRU address or external instruction code. Also, when MEMEN is inactive (HIGH) and a
valid address is present, address bits A0-A2 must all be zero to constitute a valid CRU address; if address bits
A0-A2 are other than all zeros, they are indicating an external instruction code. In summary, address bits
A3-A14 contain the CRU address tc be decoded, address bits A0-A2 must be zero and MEMEN must be
inactive (HIGH) to indicate a CRU cycle.

interrupt Interface

A block diagram of the interrupt control section is shown in Figure 3. The interrupt inputs (six dedicated,
INT1-INT6, and nine programmable) are sampied on the falling edge of ¢ and latched onto the chip for one ¢
time by the SYNC LATCH, each ¢ time. The output of the sync latch is inverted (interrupts are LOW active)
and ANDed with its respective mask bit (MASK = 1, INTERRUPT ENABLED). On the rising edge of ¢, the
prioritizer and encoder senses the masked interrupts and produces a four-bit encoding of the highest priority
interrupt present (see Tables 2 and 3). The four-bit prioritized code and INTREQ are latched off-chip with a
sync latch on the falling edge of the next ¢, which ensures proper synchronization to the processor.

Once an interrupt goes active (LOW), it should stay active untit the appropriate interrupt service routine
explicitly turns off the interrupt. If an interrupt is allowed to go inactive before the interrupt service routine is
enlered, an erroneous interrupt code could be sentto the processor. A total of five clock cycies occur between
the time the CPU samples the INTREQ lne and the time it samples the ICO-IC3 lines. For example, if an
interrupt is active and the CPU recognizes that an interrupt is pending, but before the CPU can sample the
interrupt control lines the interrupt goes inactive, the intemupt controt lines will contain an incorrect code.

The interrupt mask bits on the TMS 9901 PSI are individually set or reset under software control. Any unused
interrupt line should have its associated mask disabied to avoid false interrupts: To do this, the control bit
{CRU bit zero), is first set to a zero for interrupt mode operation. Writing to TMS 9801 CRU bits 1-15 will
enable or disable interrupts 1-15, respectively. Writing a one to an interrupt mask will enable that interrupt;
writing a zero will disable that interrupt. Upon application of RST1 (power-up reset), all mask bits are reset
(LOW), the interrupt code is forced to all zeros, and INTREQ is held HIGH. Reading TMS 9901 CRU bits 1-15
indicates the status of the respective interrupt inputs; thus, the designer can employ the unused (disabled)
interrupt input lines as data inputs (true data in).

Input/Output Interface

A block diagram of the TMS 9901 1/Q interface is shown in Figure 4. Up to 16 individually controlled, I/0 ports
are available (seven dedicated, PO-P8, and nine programmabie) and, as discussed above, the unused
dedicated interrupt lines aiso can be used as input lines {true data in). Thus the 9901 can be configured to
have more than 16 inputs. RST1 (power-up reset) will program alt 1/0 ports to input mode. Writing datato a
port wilt automatically switch that port to the output mode. Once programmed as an output, a port will remain
in output mode untit RST1 or RST2 (command bit) is executed. An output port can be read and indicates the
present state of the pin. A pin programmed to the cutput mode cannot be used as an input pin: Applying an
input current to an output pin may cause damage to the TMS 9901. The TMS 9901 outputs are latched and
buffered off-chip, and inputs are buffered onto the chip. The output buffers are MOS-to-TTL buffers and can
drive two standard TTL loads.
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TABLE 2

INTERRUPT CODE GENERATION

INTERRUPT/STATE PRIORITY Ico Ic1 Ic2 le3 iNTREQ
"7 = 0 0 0 ° !
INT 1 1 (HIGHEST) o 0 0 1 0
INT 2 2 0 0 1 0 0
INT 3/CLOCK 3 0 0 1 1 0
INT 4 4 0 1 0 0 0
INTS 5 0 1 0 1 0
INT 6 6 0 1 1 0 0
INT 7 7 0 1 1 1 0
INT 8 8 1 0 0 0 0
INT 9 ] 1 0 0 1 0
INT 10 10 1 0 1 0 0
INT 11 1" 1 0 1 1 0
INT 12 12 1 1 0 0 0
INT 13 13 1 1 0 1 0
INT 14 14 1 1 1 0 0
iNT 15 15 (LOWEST) 1 1 1 1 0
NO INTERRUPT - 1 1 1 1 1

TABLE 3
TMS 9980A OR TMS 9981 INTERRUPT LEVEL DATA
INTERRUPT VECTOR LOCATION INTERRUPT MASK VALUES
CODE FUNCTION (MEMORY ADDRESS DEVICE ASSIGNMENT TO ENABLE

_ico-ic2) IN HEX) (ST12 THROUGH 5T15)
1 10 Level 4 0010 External Device 4 Through F
101 Level 3 00 0C External Device 3 Through F
1 00 Level 2 00 08 External Device 2 Through F
011 Level 1 0 00 4 External Device 1 Through F
0 0 1 Reset 00 0C Reset Stimulus Don’t Care
01t 0 Load 3 FFC Load Stimulus Don’t Care
000 Reset 00 00 Reset Stimulus Don’t Care
T 1 1 No-Op | e e
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Programmabie Ports

A total of nine pins (INT7/P15-INT15/P7) on the TMS 9901 are user-programmabile as either |/O ports or
interrupts. These pins will assume all characteristics of the type pin they are programmed to be (as described
in Sections 2.2 and 2.3). Any pin which is not being used for interrupt shouid have the appropriate interrupt
mask disabled (mask = 0) to avoid erroneous interrupts to the CPU. To program one of the pins as an
interrupt, its interrupt mask simply is enabled and the line may be used as if it were one of the dedicated
interrupt lines. To program a pin as an I/O port, disable the interrupt mask and use that pin as if it were one of
the dedicated |/0 ports.

interval Timer

Figure 6 is a block diagram of the TMS 9901 interval timer section. The clock consists of a 14-bit counter that
decrements at a rate of f{¢)/64 (at 3 MHz this results in a maximum interval of 349 milliseconds with a
resolution of 21.3 microseconds). The clock can be used as either an interval timer or an event timer. To
access the clock, select bit zero (control bit) must be set to a one. The clock is enabled to cause interrupts by
writing a nonzero value to it and is then disabled from interrupting by writing zerotoitorby a RST1. The clock
starts operating at no more than two ¢ times after it is loaded. When the clock decrementer is running, it will
decrement down to zero and issue a level-3 interrupt. The decrementer, when it becomes zero, will also be
reloaded from the clock register and decrementing will start again. (The zero state is counted as any other
decrementer state.) The decrementer always runs, but it will not issue interrupts unless enabled; of course,
the contents of the unenabled clock read register are meaningless.

’:> CLOCK REGISTER

DEC=0 CLOCK
r — ™ INTERRUPT

CRU CLK
t OGIC CLOCK DECREMENTER 4

i

READ REGISTER

CLOCK MODE
@)
64

FIGURE 6—TMS 9901 INTERVAL TIMER SECTION

CLK
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The ciock is accessed by writing a one into the control bit (TMS 9901 CRU bit zero) to force CRU bits 1-151t0
clock mode. Writing a nonzero value into the clock register then enables the clock and sets its time period.
When the clock is enabled, it interrupts on level 3 and external level-3 interrupts are disabled. The mask for
level 3 in the PSI must be set to a one so that the processor will see the clock interrupt. When the clock
interrupt is active, the clock mask (mask bit 3) must be written into with either a one or zero to clear the
interrupt; writing a zero also disables further interrupts.

If a new clock value is required, a new 14-bit clock start value can be programmed by executing a CRU write
operation to the clock register. During programming, the decrementer is restarted with the current start value
after each start value bit is written. A timer restart is easily implemented by writing a single bit to any of the
clock bits. The clock is disabled by RST1 (power up reset) or by writing a zero value into the clock register;
RST2 does not affect the clock.

The clock read register is updated every time the decrementer decrements when the TMS 9901 is not in clock
mode. There are two methods to leave the clock mode : first, a zero is written to the control bit; or second, a
TMS 9901 select bit greater than15 is accessed. Note that when CE is inactive(HIGH), the PSI is not disabled
from seeing the select lines. As the CPU is addressing memory, A10-A14 could very easily have a value of 15
or greater — A10-A14 are connected to the select lines; therefore, the TMS 9901 interval timer section can
“think” it is out of clock mode and update the clock read register. Very simply, this means that a value cannot
be locked into the clock read register by writing a one to CRU select bit zero (the controi bit). The 9901 must
be out of clock mode for at least one timer period to ensure that the contents of the clock read register has
been updated. This means that to read the most recent contents of the decrementer, just before reading, the
TMS 9801 must not be in the clock mode. The only sure way to manipulate clock mode is to use the control
bit (select bit zero). When clock mode is reentered to access the clock read register, updating of the
read register will cease. This is done so that the contents of the clock read register will not change while it is
being accessed.

Power-Up Considerations

During hardware reset, RST1 must be active (LOW) for a minimum of two clock cycles to force the TMS 9901
into a known state. RST1 will disable all interrupts, disable the clock, program all 170 ports to the input mode,
and force ICO-IC3 to all zeros with INTREQ held HIGH. The system software must enable the appropriate
interrupts, program the clock, and configure the I/O ports as required. After initial power-up the TMS 9901 is
accessed only as needed to service the clock, enable (disable) interrupts, or read (write) data to the I/0 ports.
The 1/0 ports can be reconfigured by use of the RST2 software reset command bit.
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2.7 Pin Descriptions

Table 4 defines the TMS 9901 pin assignments and describes the function of each pin.

TABLE 4
TMS 9501 PIN ASSIGNMENTS AND FUNCTIONS
SIGNATURE| PIN 1O DESCRIPTION
INTREQ 11 OUT] INTERRUPT Request. When active (low)} ﬂ1 T -
JNTREQ indicates that an enabled interrupt RST1 1 L . 40 Ve
has been received. INTRED will stay active CRuouY 2 = 2 » S0
until all enabied interrupt inputs are re- CRUCLK 3 ] L3 PO
moved. CRUIN 4 L 7 P
1CO (MSB) 15 | OUT| iInterrupt Code fines. 1C0-IC3 output the _Ce s |- 3% S
1C1 14 OUT] binary code corresponding to the highest INTE 6 : %7’”5
IC2 13 OUT} priority enabled interrupt. It no enabled E_is 7 i TWTa/pia
1C3 (LSB) 12 | ouT| interrupts are active 1CO—1C3 = (1,1,1,1). INT4 8 'F;: ITﬁ:ma
T3 9 .
cE 5 | IN | Chip Enable. When active {low) data may be m % . & F o Wz
transterred through the CRU interface to NTREG M = F N
the CPU, C'E has no effect on the interrupt s 12 Ei * 20 iTr2m0
control section. ez 13 1] D2 139
50 39 | IN | Address select lines. The data bit being ot 1 ] F o mTame
51 36 N accessed by the CRU interface is specified €0 15 ; "% P2
s2 35 IN by the 5-bit code appearing on S0-S4, =
s3 25 | IN presing Vss 16 Tl
4 INTY 17 | i, 24 S4
s4 2 IN TN¥f2 18 ] | 23 iNT15/P7
CRUIN 4 OUT| CRU data in (to CPU), Data specified by P6 19 | [ 22 3
50-54 is transmitted to the CPU by CRUIN, o5 20 | D21 pa
When CE is not active CRUIN is in a high- A
impedance state.
CRUQUT 2 IN CRU data out {from CPU), When CE is active, data present on the CRUOUT input will be sampled during
CRUCLK and written into the command bit specified by S0-54.
CRUCLK 3 IN CRU Clock {from CPUY. CRUCLK specifies that valid data is present on the CRUQUT line.
RST1 1 IN Power Up Reset. When active {low) ST resets all interrupt masks to 0", resets ICO — IC3 = (C, 0, 0, 0),
INTERQ = 1, disables the clock, and programs all 1/O ports to inputs. RST1 has a Schmitt-triger input to
allow implementation with an RC circuit as shown in Figure 7.
Vee 40 Supply Voltage. +5 V nominal.
Vgg 16 Ground Reference
¢ 10 IN System clock ($3 in TMS 9900 system, CKOUT in TMS 9980 system).
TNT 17 IN -}
iNT2 18 IN Group 1, interrupt inputs.
INT3 9 IN When active {Low) the signal is ANDed with its corresponding
>
INT4 8 IN mask bit and if enabled sent to the interrupt control section.
INTS 7 N TNT1 has highest priority.
INTs 6 | IN
INT7/ P15 34 I{e}
INTB/ P14 13| 1o
iNT9/ P13 32 1O
INT10/P12 3 /O . o
m‘rn';Pn 30 /o | Group 2, programmable interrupt (active low)} or 1/0 pins {true logic). Each pin is individually programmable a:
INT12/P10 29 1/0 an interrupt, an input port, or an output port.
TNT13/P9 28 {/o
iNT14/P8 27 /O
INT15/P7 23 | YO
PO 38| vo
P1 37 | 10
P2 26 | /0 t
P3 22 /O |3 Group 3, 1/O ports (true logic). Each pin is individually programmable as an input port or an output port.
P4 21 O
P5 20 11O
P& 19 /O
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3.1

APPLICATIONS
Hardware interface

Figure 7 illustrates the use of a TMS 9901 PSI in a TMS 9900 system. The TIM 9904 clock generator/driver
syncs the RESET for both the TMS 9901 and the CPU. The RC circuit on the TIM 9904 provides the power-up
and pushbutton RESET input to the clock chip. Address lines A0-A9 are decoded on CRU cycles 10 select the
TMS 9901. Address lines A10-A14 are sent directly to PSI select lines S0-S4, respectively, to select which
TMS 9901 CRU bit is to be accessed.

Figure 8 illustrates the use of a TMS 9901 with a TMS 9981 CPU. No TIM 9904 is needed with the TMS 9981,
so the reset circuitry is connected directly to the system reset line. The clock (¢) then comes from the
TMS 9981. All other circuitry is identical to the TMS 9900 system.

|
TIM 9904 i
@ CLOCK GENERATOR I
—_—0

CRU ¢
d1 -0 AQ~ AQ DECODE » °F
TVS TMS
9900 9901
cPU (] SYSTEM
A10 s0 INTERRUPTS
At S1
AY2 s2
A3 s3 1'0 PORTS
aAl4 »{ 54
CRUOUT
CRUCLK
e —— e
CRUIN
RESET RSTY

FIGURE 7--TMS 9900/TMS 9901 INTERFACE
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3.2

‘ CRU
AD-AS8 DECODE CE
TMS TMS
9981 9901
PU
c Psi SYSTEM
a9 50 INTERRUPTS
A10 St
Atlt s2
. s <‘—_—;‘J>mpoms
A13 —-] <4
CRUOUT .
CRUCLK -
CRUIN -
') - ¢
RESET |- RET1

LT e

Nl

]

FIGURE 8- TMS 9981/TMS 9901 INTERFACE

Software Interface

Figure 9 lists the TMS 9900 code needed to control the TMS 9901 PSI. The code initializes the PSI to an
eight-bit input port, an eight-bit output port, and enables interrupt levels 1-6. The six dedicated interrupt pins
are all used for interrupts; their mask bits are set ON. The nine programmable pins are all used as 170 ports;
mask bits 7-15 remain reset. PO-P7 are programmed as an eight-bit output port, and P8-P15 are programmed
as an eight-bit input port. '

Some code is added to read the contents of the clock read-register. The SBZ instruction takes the TMS 9901
out of clock mode long enough for the clock read register to be updated with the most recent decrementer
value. When clock mode is reentered, the decrementer will cease updating the clock read-register so that the
contents of the register will not be changing during a read operation.

The second section of code is typical code found in a clock interrupt service routine. All interrupts initially are
disabled by the routine. These functions are not necessary, but are usually done to ensure system integrity.
The interrupt mask should be restored as soon as the sensitive processing is complete. The interrupt is
counted in the variable COUNT and is then cleared by writing a one to mask bit 3. If a zero is written to mask bit
3to clear the interrupt, clock interrupt will be disabled from that point onward, but the clock will continue to run.
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ASSUMPTION:

#® System uses clock at maximum intervat (349 msec @ 3MHz)

& |nterrupts 1-6 are used

LI
LDCR

LDCR

LI
LDCR

LI
STCR

Lt
SBZ
INCT
SBO
STCR

CLKSET DATA
INTSET BYTE

CLKINT $
LIMI
INC
LI
SBZ
SBO

R12, PSIBAS
@CLKSET, 0

@INTSET, 7

R12, PSIBAS+32
R1.8

R12, PSIBAS +48
R2.8

R12, PSIBAS
0

R12

-1

R3, 14

>FFFF
>7€

0

@COUNT
R12, PSIBAS
0

3

Eight bits are used as an output port , PO —P7
Eight bits are used as an input port , P8 — P15
RST1 (power-up reset) has been applied

The most significant byte of R1 contains data to be output.

Set up CRU base to point to 9901
16-bit transfer, set clock to max interval

Enter interrupt mode and enable interrupts 1 — 6

Set CRU base to /O ports — output
Output byte from R1, program ports 0 — 7 as output

Set CRU base to 1/Q ports — input
Store a byte from input port into MSBT of R2

Set CRU base to 9901

Leave clock mode so decremented contents can be latched
Set CRU base to clock read register

Enter ciock maode

Read 14-bit clock read register contents into R3

Clock interrupt service routine — level 3
Disable interrupts at CPU

Count the clock interrupt

Set CRU base to point to 9901

Enter interrupt mode

Clear clock interrupt

FIGURE 9 — TMS 9900 SAMPLE SOFTWARE TO CONTROL THE TMS 9901
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3.3

interval Timer Application

A TM 990/100M microcomputer board application in which every 10 seconds a specific task must be
performed is described below. The TMS 9901 clock is set to interrupt every 333.33 milliseconds. This is
accomplished by programming the 14-bit clock register to 3D09¢ (15,625,5). The TM 980/100M micro-
computer board system clock runs at 3 MHz, giving a clock resolution of 21.33 microseconds. A decrementer
period of 21.33 microseconds multiplied by 15,625 periods until interrupt gives 333.33 milliseconds between
interrupts. The interrupt service routine must count 30 interrupts before 10 seconds elapses:

Hg) 1 64
= e T = = = 213333
floee) = %4 (%) = F oec) 3,000,000 He

Figure 10 is a flowchart of the software required to perform the above application, and Figure 11 is a listing of
the code. Following the flowchart, the main routine sets up all initial conditions for the 9901 and clock service
routine. The interrupt service routine decrements a counter in A2 which was initialized to 30. When the
counter in R2 decrements to zero, 10 seconds have elapsed, and the work portion of the service routine is
entered. Note carefully that the work portion of the service routine takes longer than 333.33 ms which is the
time between clock interrupts from the 9901. Therefore, recursive interrupts are going to occur and some
facility must be provided to handie them. Loading a new workspace pointer and transferring the saved WP,
PC, and ST (R13-R15) from the interrupt workspace to the new workspace allows one level of recursion.
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4.1

TMS 9901 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings Over Operating Free Air Temperature Range (Unless Otherwise Noted) *

SUPPIY VORAGE, VG - oottt e e -03Vto10V
Allinputs and oUtPUEt VORAGES .. ... ... .ottt e -03Vio10Vv
Continuous power dissipation .. ... ... ... .. e e 0.85W
Operating free-air tlemperature FaNGE . ... ........uuiut et e i naees 0°Cto 70°C
Storage temperature range ... ...........iuuittinait i —65°C to 150°C

*Stresses beyond those listed under “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions™ section of this specification is not implied. Exposure to
absolute maximum rated conditions for extended periods may affect device reliability.

4.2 Recommended Operating Conditions *
PARAMETER MIN NOM MAX | UNIT
Supply voltage, Voo 4.75 50 525} V
Supply voltage, Vgg 0 v
High-level input voltage, Vi 2.0 Vool
Low-level input voltage, Vi Vgg-.3 0.8 v
Operating free-air temperature, TA 0 70 | °C
4.3 Electrical Characteristics Over Full Range of Recommended Operating Conditions
(Unless Otherwise Noted) *
PARAMETER TEST CONDITIONS MIN ¢ TYP MAX |UNIT
. ion = —100 pA 24 Vee | V
! f
VOH High level output voltage ToH = ~200 A 55 Voo v
VoL Low level output voltage loL = 3.2mA Vsg 04| V
] Input current (any input) Vi=0VtoVcgc +100 { nA
IcC(av) Average supply current from Voo te(¢) < a3g ns, Ta=T70°C 150 | mA
G Small signal input capacitance, any input t=1MHz 15 | pF
44 Timing Requirements Over Full Range of Operating Conditions
PARAMETER MIN TYP MAX |UNIT
tc(d) Clock cycle time 300 333 2000 ns
tr(¢) Clock rise time 5 40 ] ns
() Clock fall time 10 401 ns
twipH) Clock pulse width (high level) 225 ns
tw({pL) Clock pulse width (iow level) 45 300 | ns
tw(CC) CRUCLK pulse width 100 185 ns
tsul Setup time for CE, S0-S4, or CRUOUT before CRUCLK 100 ns
tsu2 Setup time for interrupt before ¢ low 60 ns
tsu3 Setup time for inputs before valid CRUIN 200 ns
th Hold time for CE, S0-S4, or CRUOUT after CRUCLK 60 ns

*NOTE: All voltage values are referenced to Vgs.
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45 Switching Characteristics Over Full Range of Recommended Operating Conditions

PARAMETER TEST CONDITION MiIN TYP MAX ! UNIT
pd1 Propagation delay, CE to valid CRUIN CL = 100 pF 300 | ns
tod2 Propagation delay, SO-S4 to valid CRUIN CL = 100pF 320 ns
tpd3 Propagation delay, & low 1o valid INTREQ, ICO-IC3 CL = 100 pF 110 | ns
tod Propagation delay, CRUCLK to valid data out (P0-P15) CL - 100pF 300 | ns

twidL) —>] L— trig) —.Ilq.->l L (g |<—— leig)
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weigH) —
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/
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|
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5. MECHANICAL DATA

5.1 TMS 9901 JL — 40 Pin Ceramic Package

ceramic packages with side-brazed leads and metal or epoxy or glass lid seal

2020151 3+ MA K

e B e S e B e TR e B e Y e O e B o, S e S v S e S e WO i W o T e T o B o,

INDE X
DOV\I
. T LT WO OO LD o OO O o T ed
* * ok = =®

0600 - 0.010
11524 - 026} 002010 50 MIN

¥
[] 0 185 12 701 max

ASEATING

PLANE T
J 0150 - 0030:381 077

°o°::::g:;’—u|1-t | |— 0032 10.81) NOM
' i Je-— 0050 - 0.020
0 010 10.25) NOM —#| l—— PIN SPACING 0 100253 T# E i 27 - 061
(Swe Note &) 00500010 o |y ’

(.27 026!

NOTES: a. Each pin centerline is located within 0.010 {2,54) of its true longitudinal position.
b. AH hnear dumensions are in inches and parentheticatly m millimeters. Inch dimensions govern.
¢. The index is pfaced in this area to identify pin 1 and to provide other infarmation as follows:

1 Pin 1 connected to chip-mounting pad.
aXX Pin XX d to chip g
. No uon to chip ing pad.

Other symbols may indicate any combination of up to 4 pins connected to the chip mounting pad.

-]
oM PINS 16 18 20 22 24 28 40
A QU0 Y6 300 - F PS5 BRSO R UK A a1 n (LR 2104 N R ) sy 1 g s Ty ol
B \iax 1,840 :21.4 gty s Tl i Y100 PH 4O T 3B T35 860 R
NGO TUMALS LI o Mgy F A ey T W) ik Rda [NV IS RPN R TUI Y] RESETNE RN
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5.2

plastic packages

TMS 9901 NL — 40 Pin Plastic Package

2.090 {63,1) MAX

40) &

o
®|
A L iraarricrarg

ElTHEn—.:]

INDEX
0 o | e O O W ) D 3 e o §
® (2
& peo0.000 &
(15,24 + 0,26)
0.020 (0,57}
MIN 3
3 0 0.200 {5,081 MAX
. — SEATING PLANE {
105, | Y Y Y Y Y Y Y f 0125 (317 MiN
80" 0,011 0.003 0,018 0.003 B =
0,279 - °-°75"\\'- 10,457 - 0,076;-.|r 0,033 (0,84) MIN
PIN SPACING 0.100 (2,54) 1.0, o 0.095 (2.42)
{See Note} 0.055 (1,39}
0.060 (1,52) NOM
NOQTE: Each pin centerline is iocated within 0.010 {2,54) of its true longitudinal position.

oIm PINS 16 18 20 22 24 28 0
A - 0010(0.26) | 0.300(7,62) | 0300(7.621 | 0.300(7.621 | 0.30017.621 | 0.400 (10,16 | 0.600 (15.24) | 0.600 (15241 | 0.GUO (10,24,
B MAX 0.390 19.9) Q870 (22 1} 04920123 4 1070272 1100 2800 1.290132.8) 1.440 136,06 2080531
C NCM 0.250 16,4} 0.250 {6.4! 0.250 16.,4) 0.265 (6.7) 01.350 (8.9 0.55%0 114,01 L5014 M 055011400
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1.1

1.2

1.3

. INTRODUCTION

DESCRIPTION

The TMS 9902 Asynchronous Communications Controller (ACC) is a peripheral device designed for use with
the Texas Instruments 9900 family of microprocessors. The TMS 9902 is fabricated using N-channel, silicon
gate, MOS technology. The TMS 9902 is TTL-compatible on all inputs and outputs, including the power
supply (+5 V) and single-phase clock. The TMS 9902 ACC provides an interface between a microprocessor
and a serial, asynchronous, communications channel. The ACC performs the timing and data serialization
and deserialization functions, facilitating microprocessor contrcl of the asynchronous channel. The
TMS 9902 ACC accepts EJA Standard RS-232-C protocol.

KEY FEATURES

e  Low Cost, Serial, Asynchronous Interface

e  Programmable, Five- to Eight-Bit, I/O Character Length
* Programmable 1, 1Y%, and 2 Stop Bits

. Even, Odd, or No Parity

L Fully Programmable Data Rate Generation

. Interval Timer with Resolution from 64 to 16,320 Microseconds
e  TTL-Compatibility, Inciuding Power Supply

e  Standard 18-Pin Plastic or Ceramic Package

&  N-Channel, Silicon Gate Technology

TYPICAL APPLICATION

Figure 1 shows a general block diagram of a system incorporating a TMS 9902 ACC. Following is a tutorial
discussion of this application. Subsequent sections of this Data Manual detail most aspects of TMS 9302 use.

The TMS 9902 interfaces with the CPU through the communications register unit (CRU). The CRU interface
consists of five address select lines (S0-S4), chip enable (CE), and three CRU lines (CRUIN, CRUOUT,
CRUCLK). An additional input to the CPU is the ACC interrupt line (INT). The TMS 9902 occupies 32 bits of
CRU space; each of the 32 bits are selected individually by processor address lines A10-A14 which are
connected to the ACC select lines S0-S4, respectively. Chip enable (CE) is generated by decoding address
lines AQ-A9 for CRU cycles. Under certain conditions the TMS 9902 causes interrupts. The interrupt logic
shown in Figure 1 can be a TMS 9901.

The ACC interfaces to the asynchronous communications channet on five lines: request to send (RTS), data
setready (DSR), clear to send (CTS), serial transmit data (XOUT), and serial receive data (RIN). The request
to send (RTS) goes active (LOW) whenever the transmitter is activated. However, before data transmission
begins, the clear to send (CTS) input must be active. The data set ready (DSR) input does not affect the
receiver or transmitter. When DSR or CTS changes level, an interrupt is generated.
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FIGURE 1. TYPICAL APPLICATION, TMS 9902 ASYNCHRONOUS
COMMUNICATION CONTROLLER (ACC)

ARCHITECTURE

The TMS 9902 asynchronous communications controller (ACC) is designed to provide a low cost, serial,
asynchronous interface to the 9900 family of microprocessors. The TMS 9902 ACC is diagrammed in Figure

2. The ACC has five main subsections: CRU interface, transmitter section, receiver section, interval timer,
and interrupt section.

CRU INTERFACE

The communications register unit (CRU) is the means by which the CPU communicates with the TMS 9902
ACC. The ACC occupies 32 bits of CRU read and write space. Figure 3 illustrates the CRU interface between
a TMS 9902 and a TMS 9900 CPU; Figure 4 illustrates the CRU Interface for a TMS 9980A or 9981 CPU. The
CRU lines are tied directly to each other as shown in Figures 3 and 4. The least significant bits of the address
bus are connected to the select lines. In a TMS 9900 CPU system A14-A10 are connected to $S4-S0
respectively. The most significant address bits are decoded to select the TMS 9902 via the chip enabie {CE)
signal. When CE is inactive (HIGH), the CRU interface of the 9902 is disabled.

NOTE

When CE is inactive (HIGH) the 9902 sets its CRUIN pin to high impedance and
disables CRUCLK from coming on chip. This means the CRUIN line can be used as
an OR-tied bus. The 9902 is still able to see the select lines even when CE is high.

For those unfamiliar with the CRU concept, the following is a discussion of how to build a CRU interface. The
CRU is a bit addressable (4096 bits), synchronous, serial interface over which a single instruction can transfer
between one and 16 bits serially. Each one of the 4096 bits of the CRU space has a unique address and can
be read and written to. During multi-bit CRU transfers, the CRU address is incremented at the beginning of
each CRU cycle to point to the next consecutive CRU bit.
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TMS 9802 ACC TMS 3800 CPU

5 loe 3TTL FROM TIM 9904
CRUCLK e CRUCLK
CRUOUT CRUOUT

CRUIN 4 CRUIN

SO = Al1Q

S1 Al

S2 |e— A12

S3 A13

S4 A4

CE Joe———— DECODEKS AQ-A9

FIGURE 3. TMS 9902 —~ TMS 9900 CRU INTERFACE

TMS 9802 ACC TMS 9980A OR 9981 CPU
@ b= of @3
CRUCLK = CRUCLK
CRUOUT A13/CRUOUT
CRUIN CRUIN
SO AB

S
S2
S3
sS4

A9

A10
Al
A12

—
——
r
CE be———dDECODEK | AQ-A7

FIGURE 4. TMS 9902 — TMS 9980A OR 2981 CRU INTERFACE
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When a 99XX CPU executes a CRU Instruction, the processor uses the contents of workspace register 12 as
a base address. (Refer to the 9900 Microprocessor Data Manual for a complete discussion on how CRU
addresses are derived.) The CRU address is brought out on the 15-bit address bus; this means that the least
significant bit of R12 is not brought out of the CPU. During CRU cycles, the memory controi lines (MEMEN,
WE, and DBIN) are all inactive; MEMEN being inactive (HIGH) indicates the address is not a memory address
and therefore is a CRU address or external instruction code. Also, when MEMEN is inactive (HIGH) and a
valid address is present, address bits AQ-A2 must all be zero to constitute a valid CRU address; if address bits
AO0-A2 are other than all zeros, they are indicating an externai instruction code. In summary, address bits
A3-A14 contain the CRU address to be decoded, address bits A0-A2 must be zero and MEMEN must be
inactive (HIGH) to indicate a CRU cycle.

211 CPUOUTPUT FORCRU
The TMS 9902 ACC occupies 32 bits of output CRU space, of which 23 bits are used: 31 and 21-0. These 23
bits are employed by the CPU to communicate command and control information to the TMS 9902. Table 1
shows the mapping between CRU address select (S lines) and ACC functions. Each CRU addressable output
bit on the TMS 9902 is described in detail following Tabie 1.
TABLE 1
TMS 9902 ACC OUTPUT SELECT BIT ASSIGNMENTS
ADDRESS; ADDRESS1g NAME DESCRIPTION
SO S1 52 53 S4
11 1 1 1 31 RESET Reset device.
30-22 Not used.
1 0 1 0 1 21 DSCENB Data Set Status Change Interrupt Enable.
10 1 00 20 TIMENB Timer interrupt Enable
10 0 1 1 19 XBIENB Transmitter tnterrupt Enable
1 0 0 1 O 18 RIENB Receiver Interrupt Enable
100 0 1 17 BRKON Break On
10000 16 RTSON Request to Send On
01 1 11 15 TSTMD Test Made
o1 1 1 0 14 LDCTRL Load Control Register
o1 1 0 1 13 LDIR Load Interval Register
g1 1 Qg 0 12 LRDR Load Receiver Data Rate Register
01 0 11 11 LXOR Load Transmit Data Rate Register
10-0 Control, interval, Receive Data Rate, Transmit Data Rate,
and Transmit Buffer Registers
Bit 31 (RESET) — Reset. Writing a one or zero to bit 31 causes the device to reset, consequently
disabling all interrupts, initializing the transmitter and receiver, setting RTS
inactive (HIGH), setting all register load control flags {LDCTRL, LDIR, LRDR,
and LXDR) to a logic one level, and resetting the BREAK flag. No ather input or
output operations should be performed for 11 ¢ clock cycles after issuing the
RESET command.
Bit 30-Bit 22 — Not used.
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INTERRUPT SELECT INTERRUPT INTERRUPT
ENABLE BIT FLAG ENABLED
DSCENB 2t DSCH DSCINT
TIMENB 20 TIMELP TIMINT
XIENB 19 XBRE XINT
RIENB 18 RBRL RINT

Bit 21 (DSCENB) —

Bit 20 (TIMENB) —

Bit 19 (XBIENB) —

Bit 18 (RIENB) —

8it 17 (BRKON) —

Bit 16 (RTSON) —

Bit 15 (TSTMD) —

Bits 14-11 —

Data Set Change Interrupt Enable. Writing a one to bit 21 causes the INT
output to be active (LOW) whenever DSCH (Data Set Status Change) is a logic
one. Writing a zero 1o bit 21 causes DSCH interrupts to be disabled. Writing
either aone or zero to bit 21 causes DSCH to reset. (Refer also to Section 2.5).

Timer Interrupt Enable. Writing a one to bit 20 causes the INT output to be
active whenever TIMELP (Timer Elapsed) is a logic one. Writing a zerc to bit
20 causes TIMELP interrupts to be disabled. Writing either a one or zero to bit
20 causes TIMELP and TIMERR (Timer Error) to reset. (Refer also to Sections
24and2.5.)

Transmit Buffer Interrupt Enable. Writing a one to bit 19 causes the INT
output to be active whenever XBRE (Transmit Buffer Register Empty) is a logic
one. Writing a zero to bit 19 causes XBRE interrupts to be disabled. The state
of XBRE is not affected by writing to bit 19. (Refer also to Sections 2.2and 2.5.)

Receiver Interrupt Enable. Writing a one to bit 18 causes the INT output to be
active whenever RBRL (Receiver Buffer Register Loaded) is a logic one.
Writing a zero to bit 18 disables RBRL interrupts. Writing either a one or zero to
bit 18 causes RBRL to reset. (Refer also to Sections 2.3 and 2.5.)

Break On. Writing a one to bit 17 causes the XOUT (Transmitter Serial Data
Output) to go to a logic zero whenever the transmitter is active and the
Transmit Buffer Register (XBR) and the Transmit Shift Register (XSR) are
empty. While BRKON is set, loading of characters into the XBR is inhibited.
Writing a zero to bit 17 causes BRKON to reset and the transmitter to resume
normal operation.

Request To Send On. Writing a one to bit 16 causes the RTS output to be
active (LOW). Writing a zero to bit 16 causes RTS to go to a logic one after the
XSR (Transmit Shift Register) and XBR (Transmit Buffer Register) are empty,
and BRKON is reset. Thus, the RTS output does not become inactive (HIGH)
until after character transmission is completed.

Test Mode. Writing a one to bit 15 causes RTS to be internally connected to
CTS, XOUT to be internally connected to RIN, DSR to be internally held LOW,
and the Interval Timer to operate 32 times its normal rate. Writing a zero to bit
15 re-enables normal device operation. There seldom is reason to enter the
test mode under normal circumstances, but this function is useful for diag-
nostic and inspection purposes.

Register Load Control Flags. Cutput bits 14-11 contral which of the five

registers are loaded when writing to bits 10-0. The flags are prioritized as
shown in Table 2.
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TMS 9902 ACC TMS 9900 CPU
@3TTL FROM TIM 9904
? p=
CRUCLK |ea— CRUCLK
CRUOUT |« CRUOUT
CRUIN »{ CRUIN
S0 | A10
S1 e AT
S2 | A12
s3 A13
S4 A14
CE p+——qDECODEKS AD-AQ

FIGURE 3. TMS 9902 — TMS 9900 CRU INTERFACE
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FIGURE 4. TMS 9902 — TMS 8980A OR 9981 CRU INTERFACE
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TABLE 2
TMS 9902 ACC REGISTER LOAD SELECTION

REGISTER LOAD CONTROL FLAG
STATUS REGISTER ENABLED
LDCTRL LDIR LRDR LXDR
1 X X X Control Register
0 1 X X Interval Register
0 0 1 X Receive Data Rate Register *
0 0 X 1 TFransmit Data Rate Register *
0 0 0 4] Transmit Buffer Register

*If both LADR and LXDR bits are set, both registers are loaded, assuming LDCTRL and LDIR are disabled; it only one of these registers is to be
loaded, only that register bit is set, and the other register bit reset.

Bit 14 (LDCTRL) —

Bit 13 (LDIR) —

Bit 12 (LADR) —

Bit 11 (LXDR) —

Load Control Register. Writing a one to bit 14 causes LDCTRL tobe setto a
logic one. When LDCTRL = 1, any data written to bits 0-7 is directed to the
Control Register. Note that LDCTRL is also set to a logic one when a one or
zero is written to bit 31 (RESET). Writing a zero to bit 14 causes LDCTRL to
reset to a logic zero, disabling loading of the Control Register. LDCTRL is also
automatically reset to logic zero when a datum is written to bit 7 of the Control
Register, reset normally occurs as the last bit is written when loading the
Control Register with a LDCR instruction.

Load interval Register. Writing a one to bit 13 causes LDIR to set to a logic
one. When LDIR = 1 and LDCTRL = 0, any data written to bits 0-7 is directed
to the Interval Register. Note that LDIR is alsc set to a logic one when a datum
is written to bit 31 (RESET); however, Interval Register loading is not enabled
until LDCTRL is set to a logic zero. Writing a zero to bit 13 causes LDIR to be
reset to logic zero, disabling loading of the Interval Register. LDIR is also
automatically reset to logic zero when a datum is written to bit 7 of the Interval
Register; reset normally occurs as the last bit is written when loading the
Interval Register with a LDCR instruction.

Load Receive Data Rate Register. Writing aone to bit 12 causes LRDR to set
to alogic one. When LRDR = 1, LDIR = 0, and LDCTRL = 0, any data written
to bits 0-10 is directed to the Receive Data Rate Register. Note that LRDR is
also set to a logic one when a datum is written to bit 31 (RESET); however,
Receive Data Rate Register ioading is not enabled until LDCTR{ and LDIR are
setto a logic zero. Writing a zero bit to 12 causes LRDR te reset to a logic zero,
disabling loading of the Receive Data Rate Register. LRDR is also automati-
cally reset to logic zero when a datum is written to bit 10 of the Receive Data
Rate Register; reset normally occurs as the last bit is written when loading the
Receive Data Rate Register with a LDCR instruction.

Load Transmit Data Rate Register. Writing a one to bit 11 causes LXDR to
set to a logic one. When LXDR = 1, LDIR = 0, and LOCTRL = 0, any data
written to bits 0-10 is directed to the Transmit Data Rate Register. Note that
loading of both the Receive and Transmit Data Rate Registers is enabled
when LOCTRL = 0, LDIR = 0, LRDR = 1, and LXDR = 1; thus these two
registers may be loaded simultaneously when data is received and transmitted
at the same rate. LXDR is also set to a logic one when a datum is written to bit
31 (RESET); however, Transmit Data Rate Register loading is not enabled
untit LDCTRL and LDIR are to logic zero. Writing a zero to bit 11 causes LXDR
to reset to logic zero, consequently disabling loading of the Transmit Data Rate
Register. Since bit 11 is the next bit addressed after loading the Transmit Data
Rate Register, the register may be loaded and the LXDR flag reset with a
single LDCR instruction where 12 bits (Bits 0-11) are written and a zero is
written to Bit 11.
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Bits 14-11 (All Zeros) — Load Transmit Buffer Register. See Section 2.1.2.5.

Bits 10-0 (Data) — Data. Information written to bits 10-0 is joaded into the controlling registers as
indicated by LDCTRL, LDIR, LRDR, and LXDR {see Table 2). The different
register bits are described in Section 2.1.2 below.

2.1.2 REGISTERS

2.1.2.1 Control Register

The Control Register is loaded to select character length, device clock operation, parity, and the number of
stop bits for the transmitter; control register ioading occurs when LDCTRL is active (see Table 2). Table 3
shows the bit address assignments for the Control Register.

TABLE 3
CONTROL REGISTER BIT ADDRESS ASSIGNMENTS
ADDRESS;, NAME DESCRIPTION
7 SBS1 } ]
-« Stop Bit Select
6 sBS2
5 PENB Parity Enable
4 PODD Odd Parity Select
3 CLKAM ¢ Input Divide Select
2 —_— Not Used
1 RCL1
«—Character Length Select
0 RCLO }
7 6 5 4 3 2 1 0
SBSI SBS2 PENB PODD CLK4M NOT USED RCL1 RCLO
MSB LSB
Bits 7and 6
(SBS1 and SBS2) — Stop Bit Selection. The number of stop bits to be appended to each trans-
mitter character is selected by bits 7 and 6 of the Control Register as shown
below. The receiver only tests for a single stop bit, regardiess of the status of
bits 7 and 6.
STOP BIT SELECTION
SBS1 sBS2 NUMBER OF TRANSMITTED
BIT7Y BIT 6 STOP BITS
0 o 1
0 1 2
1 0 1
1 1 1
Bits 5and 4
{(PENB and PODD) — Parity Selection. The type of parity generated for transmission and detected

for reception is selected by bits 5 and 4 of the Control Register as shown
below. When parity is enabled (PENB = 1), the parity bit is transmitted and
received in addition to the number of bits selected for the character length. Odd
parity is such that the total number of ones in the character and parity bit,
exclusive of stop bit(s), will be odd. For even parity, the total number of ones
will be even.



PARITY SELECTION

PENB PODD
PARITY
BITS BIT 4
0 0 None
V] 1 None
1 0 Even
1 1 Odd

Bit 3 (CLK4M) — & Input Divide Select. The ¢ input to the TMS 9902 ACC is used to generate
internal dynamic logic clocking and to establish the time base for the Interval
Timer, Transmitter, and Receiver. The ¢ input is internally divided by either 3

or 4 to generate the two-phase internal clocks required for MOS logic, and to

establish the basic internal operating frequency (fint) and internal clock period

{tint). When bit 3 of the Control Register is set to a logic one (CLK4M = 1), ¢ is

intemnally divided by 4, and when CLK4M = 0, ¢ is divided by 3. For example,

when i¢ = 3 MHz, asin a standard 3 MHz TMS 9900 system, and CLK4M = 0,

@ is internally divided by 3 to generate an internal clock period tint of 1 us. The

figure below shows the operation of the internal clock divider circuitry. The

internal clock frequency should be no greater than 1.1 MHz; thus, when f >

3.3 MHz, CLK4M should be set to a logic one.

¢1int
— 4 )
¢ External |nput n=4 if CLK4m 1 e i » |
B . 10 internal logic
n=3 if CLK4m=0 $2int p
fiﬂt = T

INTERNAL CLOCK DIVIDER CIRCUITRY

Bits 1and 0
{RCL1 and RCLQ) — Character Length Select. The number of data bits in each transmitted and
received character is determined by bits 1 and 0 of the Control Register as

shown beiow:

CHARACTER LENGTH SELECTION

ACL1 RCLO CHARACTER
BIT 1 BiTO LENGTH

0 o 5 Bits

0 1 6 Bits

1 0 7 Bits

1 1 8 Bits

NOTE: f¢é denotes frequency of ¢
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2.1.2.2 Interval Register

The Interval Register is enabled for loading when LDCTRL = G and LDIR = 1 (see Table 2). The Interval
Register is used to select the rate at which interrupts are generated by the TMS 9902 Interval Timer. The
figure below shows the bit assignments for the Interval Register when enabling for ioading.

7 6 5 4 3 2 1 0

TMR7|{TMRE| TMRS5 | TMR4{ TMR3 |TMR2 | TMR1| TMRO

Mse LS8
INTERVAL REGISTER BIT ADDRESS ASSIGNMENTS

The figure below illustrates the establishment of the interval for the Interval Timer. For example, if the Interval
Register is loaded with a value of 801 (12810} the interval at which Timer Interrupts are generatedis tityy =
tint * 64 - M = (1 us) (64) (128) = 8.192 ms when tint =1 us. tint = n/f¢ where n = 4 if CLK4M = 1, 3if CLK4M

=0.
| om [ s m TIMELP
signal - : 64 m = (TMR7-TMRO)
frequency fint fint/64 fint/(64) (m)
int m
time tint (64} tint {64)(mMNtjne)

TIME INTERVAL SELECTION

2.1.2.3 Receive Data Rate Register

The Receive Data Rate Register (RDR) is enabled for loading when LDCTRL = 0, LDIR = 0, and LRDR = 1
(see Table 2). The Receive Data Rate Register is used to select the bit rate at which data is received. The
diagram shows the bit address assignments for the Receive Data Rate Register when enabled for loading.

10 9 8 7 6 5 4 3 2 1 0

RDV8[ RDR9| RDR8| RDR?|RDR6 | RDR5| RDR4| RDR3| RDR2 | RDR1|RDRO

MSB Lse

RECEIVE DATA RATE REGISTER BIT ADDRESS ASSIGNMENTS

The diagram below illustrates the manner in which the receive data rate is established. Basically, two
programmable counters are used to determine the interval for half the bit period of receive data. The first
counter divides the internal system clock frequency (fint) by either 8 (RDVS = 1) or 1 (RDV8 = 0). The
second counter has ten stages and may be programmed to divide its input signal by any value from 1 (RDR9
— RDRQ = 0000000001) to 1023 {RDR9 — RDRO = 1111111111). The frequency of the output of the
second counter (frhbt) is double the receive-data rate. For example, assume the Receive Data Rate
Register is loaded with a value of 11000111000; RDV8 = 1, and RDR9 — RDR0 = 1000111000 = 2381g =
56810. Thus, for fint = 1 MHz, (see Control Register, bit 3) the receive data rate = froy = [(1 x 106 + 8) +

6681 + 2 = 110.04 bits per second.
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signal

fint m +n fRHBT frcv

frequency

2.1.24

2.1.25

m =8 (RDV8 = 1) ™ n=(RDR9 - RDRO} - . +2
orm=1{RDVS8 = 0)

fint fim fRHBT

Fint m {m) () 2
RECEIVE DATA RATE SELECTION

Quantitatively, the receive-data rate fRCy is described by the following aigebraic expression:

o faner fint ~ fint
V=2 T @ (m)(n) ~ (2) (8RDV8) (RDR9 — RDRD)

Transmit Data Rate Register
The Transmit Data Rate Register (XDR) is enabled for loading when LDCTRL = 0, LDIR = 0, and LXDR = 1

(see Table 2). The Transmit Data Rate Register is used to select the data for the transmitter. The figure below
shows the bit address assignments for the Transmit Data Rate Register when enabled for loading.

10 9 8 7 6 5 4 3 2 1 0

XDV8 | XDR9 | XDR8 | XDR?| XDR6| XDR5 | XDR4 | XDR3 | XDR2 | XDR1| XDRO

MSB LsB

The transmit data rate is selected with the Transmit Data Rate Register in the same manner the receive data
rate is selected with the Receive Data Rate Register. The algebraic Expression for the Transmit Data Rate

fxmtis
b o et _ f;
xmt 2 (2) (8XDVB) (XDR9-XDRO)

For example, if the Transmit Data Rate Register is loaded with a value of 00110100001, XDV8 = 0, and XDR9
— XDRO = 1A14g = 41710, if fint = 1 MHz the transmit data rate = f, . =[(1 X 106 - 1)+ 417}+ 2 =
1199.0 bits per second.

Transmit Buffer Register

The Transmit Buffer Register (XBR) is enabled for loading when LDCTRL = 0,LDIR = 0, LRDR = 0,LXDR =
0, and BRKON = 0 (see Table 2). The Transmit Buffer Register is used to store the next character to be
transmitted. When the transmitter is active, the contents of the Transmit Buffer Register are transferred to the
Transmit Shift Register (XSR) each time the previous character has been completely transmitted (XSR
becomes empty). The bit address assignments for the Transmit Buffer Register are shown below:

7 6 5 4 3 2 1 0

XBR7{ XBR6] XBR5 | XBR4 { XBR3| XBR2 | XBR1 | XBRO

MS8 Lse

TRANSMIT BUFFER REGISTER BIT ADDRESS ASSIGNMENTS
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All eight bits should be transferred into the register, regardless of the selected character length. The
extraneous high order bits will be ignored for transmission purposes; however, loading of bit 7 is internally
detected which causes the Transmit Buffer Register Empty (XBRE) status flag to reset.

2.1.3 INPUTTOCPUFORCRU

The TMS 8902 ACC occupies 32 bits of input CRU space. The CPU reads the 32 bits from the ACC to sense
the status of the device. Table 5 shows the mapping between CRU bit address and TMS 9902 read data.
Each CRU addressable read bit is described following Table 5.

Status and data information is read from the ACC using CE, S0-S4, and CRUIN. The following figure
illustrates the relationship of the signals used to access four bits of data from the ACC.

ct L ]
S0-54 don't care | n | n+1 ] n+2 | n+3 | don’t care

CRUIN Hi 2 { bitn | bitn+1} bitn+2] bitn+3 }

Hi-2Z

ACC DATA ACCESS SIGNAL TIMING

TABLE 5
TMS 9902 ACC INPUT SELECT BIT ASSIGNMENTS

ADDRESSo
ADDRESSg NAME DESCRIPTION
S0 S1 S2 S3 sS4
1 1 1 1 1 31 INT Interrupt
1 1 1 1 0 30 FLAG Register Load Control Flag Set
1 1 1 0 1 29 DSCH Data Set Status Change
1 1 1 0 © 28 CTS Clear to Send
1 1 4} 1 1 27 DSR Data Set Ready
1 1 0 1 0 26 RTS Request to Send
1 1 0 0 1 25 TIMELP Timer Eiapsed
1 1 0 0 0 24 TIMERR Timer Error
1 o 1 1 1 23 XSRE Transmit Shift Register Empty
1 o] 1 1 0 22 XBRE Transmit Buffer Register Empty
1t 0o 1 0 1 21 RBRL Receive Buffer Register Loaded
1 o 1 0o 0 20 DSCINT Data Set Status Change Interrupt (DSCH . DSCENB)
1 o 0 1 1 19 TIMINT Timer Interrupt (TIMELP « TIMENB)
1 0o o0 1 0 18 - Not Used {always = 0)
1 0 0 o 1 17 XBINT Transmitter Interrupt {XBRE - XBIENB)
1 0 0 o0 0 16 RBINT Receiver Interrupt (RBRL *RIENB)
[s] 1 1 1 1 15 RIN Receive Input
1] 1 1 1 0 14 RSBD Receive Start Bit Detect
0 1 1 0 1 13 RFBD Receive Full Bit Detect
4] 1 1 0 O 12 : RFER Receive Framing Error
0 1 [} 1 1 11 ROVER Receive Qverrun Error
o 1 0 1 Q 10 RPER Receive Parity Error
0 1 0 o 1 9 RCVERR Receive Error
0 1 0 0 0o 8 — Not Used (always = 0)
7-0 RBR7 - RBRO | Receive Buffer Register (Received Data)




Bit 31 (INT) —

Bit 30 (FLAG) —

Bit 29 (DSCH) —

Bit 28 (CTS) —

Bit 27 (DSR) —

Bit 26 (RTS) —

Bit 25 (TIMELP) —

Bit 24 (TIMERR) —

Bit 23 (XSRE) —

Bit 22 (XBRE) —

Bit21 (RBRL) —

Bit 20 (DSCINT) —

Bit 19 (TIMINT) —

INT = DSCINT (Data Set Status Change Interrupt) + TIMINT (Timer Interrupt)
+ XBINT (Transmitter Interrupt} + RBINT {Receiver Interrupt). The interrupt
output (INT) is active (LOW) when this status signal is a logic one. (Refer also
to Section 2.6.)

FLAG = LDCTRL + LDIR + LRDR + LXDR + BRKON. When any of the
register load control flags or BRKON is set, FLAG = 1 (see Section 2.1.1).

Data Set Status Change. DSCH is set when the DSR or CTS input changes
state. To ensure recognition of the state change, DSR or CTS must remain
stable in its new state for a minimum of two internal clock cycles. DSCH is reset
by an output to bit 21 (DSCENB).

Clear To Send. The CTS signal indicates the inverted status of the CTS
device input.

Data Set Ready. The DSR signal indicates the inverted status of the DSR
device input.

Request To Send. The RTS signal indicates the inverted status of the RTS
device output.

Timer Elapsed. TIMELP is set each time the Interval Timer decrements {o 0.
TIMELP is reset by an output to bit 20 (TIMENB).

Timer Error. TIMERR is set whenever the Interval Timer decrements to 0 and
TIMELP (Timer Elapsed) is already set, indicating that the occurrence of
TIMELP was not recognized and cleared by the CPU before subsequent
intervals elapsed. TIMERR is reset by an output to bit 20 (TIMENB, Timer
interrupt Enable).

Transmit Shift Register Empty. When XSRE = 1, no data is currently being
transmitted and the XOUT output is at logic one unless BRKON (see Section
2.1.1) is set. When XSRE = 0, transmission of data is in progress.

Transmit Buffer Register Empty. When XBRE = 1, the transmit buffer
register does not contain the next character to be transmitted. XBRE is set
each time the contents of the transmit buffer register are transferred to the
transmit shift register, XBRE is reset by an output to bit 7 of the transmit buffer
register (XBR7), indicating that a character has been loaded.

Receive Buffer Register Loaded. RBRL is set when a complete character
has been assembled in the receive shift register, and the character is trans-
ferred to the receive buffer register. RBRL is reset by an output to bit 18
(RIENB, Receiver Interrupt Enable).

Data Set Status Change Interrupt. DSCINT = DSCH (Data Set Status
Change)AND DSCENB(Data Set Status Change Interrupt Enable). DSCINT
indicates the presence of an enabled interrupt caused by the changing of state
of DSR or CTS.

Timer Interrupt. TIMINT = TIMELP (Timer Eiapsed)AND TIMENB (Timer
Interrupt Enable). TIMINT indicates the presence of an enabled interrupt
caused by the interval timer.
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Bit 17 (XBINT) —

Bit 16 (RBINT) —

Bit 15 (RIN) —

Bit 14 (RSBD) —

Bit 13 (RFBD) —

Bit 12 (RFER) —

Bit 11 (ROVER) —

Bit 10 (RPER) —

Bit 9 (RCVERR) —

Bit 7-Bit0
(RBR7-RBRO) —

Transmitter Interrupt. XBINT = XBRE (Transmit Buffer Register Empty)
AND XBIENB (Transmit Buffer Interrupt Enable). XBINT indicates the pres-
ence of an enabled interrupt caused by the transmitter.

Receiver Interrupt. RBINT = RBRL (Receive Buffer Register Loaded) AND
RIENB (Receiver Interrupt Enable). RBINT indicates the presence of an
enabled interrupt caused by the receiver.

Receive Input. RIN indicates the status of the RIN input to the device.

Receive Start Bit Detect. RSBD is set a half bit time after the 1-to-0 transition
of RIN, indicating the start bit of a character. If RIN is not still 0 at such time,
RSBD is reset. Otherwise, RSBD remains true until the complete character
has been received. This bit is normally used only for testing purposes.

Receive Full Bit Detect. RFBD is set one bit time after RSBD is set to indicate
the sample point for the first data bit of the received character. RSBD is reset
when the character has been completely received. This bit is normally used
only for testing purposes.

Receive Framing Error. RFER is set when a character is received in which
the stop bit, which should be a logic one, is a logic zero. RFER should only be
read when RBRL (Receive Buffer Register Loaded) is a one. RFER is reset
when a character with the correct stop bit is received.

Receive Overrun Error. ROVER is set when a new character is received
before the RBRL (Receive Buffer Register Loaded) flag is reset, indicating that
the CPU failed to read the previous character and reset RBRL before the
present character is completely received. ROVER is reset when a character is
received and RBRL is 0 when the character is transferred to the receive buffer
register.

Receive Parity Error. RPER is set when a character is received in which the
parity is incorrect. RPER is reset when a character with correct parity is
received.

Receive Error. RCVERR = RFER (Receive Framing Error} + ROVER
(Receiver Overrun Emor) + RPER (Receive Parity Error). The RCVERR
signal indicates the presence of an error in the most recently received
character.

Receive Buffer Register. The Receive Buffer Register contains the most
recently received character. For character lengths of fewer than eight bits, the
character is right-justified, with unused most significant bit(s) alt zero(es). The
presence of valid data in the Receive Buffer Register is indicated when RBRL
(Receive Buffer Register Loaded) is a logic one.
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2.2

2.2.1

222

223

TRANSMITTER OPERATION

The operation of the transmitter is diagrammed in Figure 5. The transmitter is initialized by issuing the RESET
command (output to bit 31), which causes the internal signals XSRE (Transmit Shift Register Empty) and
XBRE (Transmit Buffer Register Empty) to set, and BRKON to reset. Device outputs RTS and XOUT are set,
placing the transmitter in its idle state. When RTSON (Request-to-Send On) is set by the CPU, the RTS output
becomes active (LOW) and the transmitter becomes active when the CTS input goes LOW.

Data Transmission

It the Transmit Buffer Register contains a character, transmission begins. The contents of the Transmit Buffer
Register are transferred to the Transmit Shift Register, causing XSRE to reset and XBRE to set. The first bit
transmitted (start bit) is always a logic zero. Subsequently, the character is shifted out, LSB first. Only the
number of bits specified by RCL1 and RCLO (character length select) of the Control Register are shifted. If
parity is enabled, the correct parity bit is next transmitted. Finally the stop bit(s) selected by SBS1 and SBS0 of
the Control Register are transmitted. Stop bits are always logic one. XSRE is set to indicate that no
transmission is in progress, and the transmitter again tests XBRE to determine if the CPU has yet loaded the
next character. The timing for a transmitted character is shown below.

PARITY STOP

ISTART| P aiT | BITIS) |
| BIT | TRANSMITTED CHARACTER | |
1
xouT LSB |LSB+1 MSB
0
i | I [ |
NUMBER | | | ‘ |

OF BITS | 1 I 56,7, 0R8 [DOR 1} 1,1-1/2,0R 2|

TRANSMITTED CHARACTER TIMING

BREAK Transmission

The BREAK message is transmitted only if XBRE = 1, CTS = 0, and BRKON = 1. After transmission of the
BREAK message begins, loading of the Transmit Buffer Register is inhibited and XOUT is reset. When
BRKON is reset by the CPU, XOUT is set and normal operation continues. it is important to note that
characters loaded into the Transmit Buffer Register are transmitted prior to the BREAK message, regardless
of whether or not the character has been loaded into the Transmit Shift Register before BRKON is set. Any
character to be transmitted subsequent to transmission of the BREAK message may not be loaded into the
Transmit Buffer Register until after BRIKON is reset.

Transmission Termination
Whenever XSRE = 1 and BRKON = 0 the transmitter is idle, with XOUT set to one. f RTSON is reset at this
time, the RTS device output will go inactive (HIGH), disabling further data transmission until RTSON is again

set. RTS will not go inactive, however, untit any characters loaded into the Transmit Buffer Register prior to
resetting RTSON are transmitted and BRKON = 0.
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SET XSRE
SET XBRE
SET XouT

DISABLE RTS
RESET BRKON

<%\ ]
1 [“DISABLEﬁJ

| acmivare®T s |

BRKON
1
XBR »XSR | RESET XouT |
RESET XSRE
SET XBRE Y
XMIT START
BRKON
BIT (XOUT=0)
0

|

HESEE [ seTxour |

0

1

XMIT PARITY
BIT

i

XMIT STOP
BIT(S} (XOuUT=1)

SET XSRE

FIGURE 5. TMS 9902 TRANSMITTER OPERATION
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2.3.1

23.2

233

RECEIVER OPERATION
Receiver Initialization

Operation of the TMS 9902 receiver is diagrammed in Figure 6. The receiver is initialized whenever the CPU
issues the RESET command. The RBRL (Receive Buffer Register Loaded) flag is reset to indicate that no
character is currently in the Receive Buffer Register, and the RSBD (Receive Start Bit Detect) and RFBD
(Receive Full Bit Detect) flags are reset. The receiver remains in the inactive state until a one to zerotransition
is detected on the RIN device input.

Start Bit Detection

The receiver delays a half bit time and again samples RIN to ensure that a valid start bit has been detected. If
RIN = 0 after the half-bit delay, RSBD is set and data reception begins. If RIN = 1, no data reception occurs.

Data Reception

In addition to verifying the valid start bit, the half-bit delay after the one-to-zero transition also establishes the
sample point for all subsequent data bits in a valid received character. Theoretically, the sample point is in the
center of each bit cell, thus maximizing the limits of acceptable distortion of data cells. After the first full bit
delay the least significant data bit is received and RFBD is set. The receiver continues to delay one-bit
intervals and sample RIN until the selected number of bits are received. If parity is enabled, one additional bit
is read for parity. After an additional bit delay, the received character is transferred to the Receive Buffer
Register, RBRL is set, ROVER (Receive Overrun Error) and RPER (Receive Parity Error) are loaded with
appropriate values, and RiN is tested for a valid stop bit. If RIN = 1, the stop bit is valid. RFER (Receive
Framing Error), RSBD, and RFBD are reset, and the receiver waits for the next stan bit to begin reception of
the next character.

If RIN = 0 when the stop bit is sampled, RFER is set to indicate the occurrence of a framing error. RSBD and
RFBD are reset, but sampling for the start bit of the next character does not begin until RIN = 1. The timing for
areceived character is depicted below.

PARITY

ISTARTI | BIT | sTOPI
| BIT | RECEIVED DATA | | BIT |

: ! ;
RIN I LSB |LSB+1 Ms8

SAMPLE POINTS ilj | S U Y N DY U B

]
| I
NUMBER OF BITS | 1 ! 5,6,7,0R8

1 -

RECEIVED CHARACTER TIMING
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RESET ABRL |

RESET RSBD

RESET RFBD

DELAY 1/2 8IT

SET RSBD

RN
0

el

)
DELAY 1BIT
SET RFBD

L SAMPLE B!T —J

PENB 1

o J{ ]

L UPDATE PARITY j

[ DELAY 1 BIT, ]

3
l RSR - RBR j

RBRL

[
0 | seTRover |

RESET ROVER
SET RBRL

PARITY
VALID

|  mesevmeer |

STOP BIT
VALID

| mesevmreer |

FIGURE 6. TMS 8902 RECEIVER OPERATION
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INTERVAL TIMER OPERATION

A flowchart of the operation of the Interval Timer is shown in Figure 7. Execution of the RESET command by
the CPU causes TIMELP (Timer Elapsed) and TIMERR (Timer Error) to reset and LDIR (L.oad Interval
Register) to set. Resetting LDIR causes the contents of the Interval Register to be loaded into the interval
Timer, thus beginning the selected time interval. The timer is decremented every 64 internal clock cycles
(every two internal clock cycles when in Test Mode) until it reaches zero, at which time the interval Timer is
reloaded by the Interval Register and TIMELP is set. If TIMELP was already set, TIMERR is set to indicate that
TIMELP was not cleared by the CPU before the next time period elapsed. Each time LDIR is reset, the
contents of the Interval Register are loaded into the Interval Timer, thus restarting the timer (refer also to
Section 2.1.2.2).

lHESE TI

RESET TIMELP

RESET TIMERR
SET LEIR

| DELAY A CYCLES I

DECREMENT THMER

SET TIMERR

l SET TIMELP l
LOIR
RESET

LOAD INTEAVAL
REGISTER INTO
INTERVAL
TIMER

FIGURE 7. TMS 9902 INTERVAL TIMER OPERATION

fint TIMELP

+64 » +(TMR7 — TMRO) »

L

INTERVAL TIMER SELECTION
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25  INTERRUPTS

The interrupt output (INT) is active (LOW) when any of the following conditions occurs and the corresponding
interrupt has been enabled on the TMS 9902 by the CPU:

(1) DSRorCTS changes levels (DSCH = 1);
()
(3)
{4)

a character has been received and stored in the Receive Buffer Register (RBRL = 1);
the Transmit Buffer Register is empty (XBRE = 1); or

the selected time interval has elapsed (TIMELP = 1).

DSCH

P E— DSCINY
DSCENB

RBRL

—————

RIENB

RINT

CRU
> STATUS
LINES

XBRE

] XINT
X!ENB

TIMELP
————r—
TIMENB

TIMINT

JUOU

INT
S

—>

FIGURE 8. INT OUTPUT GENERATION

-

— QUTPUT

Figure 8 illustrates the logical equivalent of the ACC interrupt section. Table 6 lists the actions necessary to
clear those conditions of the TMS 9902 that cause interrupts.

TABLE 6
TMS 9902 INTERRUPT CLEARING
MNEMONIC CAUSE ACTION TO RESET
DSCINT CTS or DSR change state Write a bit to DSCENB (bit 21)"
RINT Recieve Buffer Full Write a bit to RIENB (bit 18)"
XINT Transmit Buffer Register Empty Load Transmit Buffer
TIMINT Timer Elapsed Write a bit to TIMENB {bit 20}"

“Writing a zero to clear the interrupt will clear the interrupt and disable further interrupts.
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26 TMS 9902 TERMINAL ASSIGNMENTS AND FUNCTIONS

SIGNATURE PIN 170 DESCRIPTION
INT 1 O | Interrupt — when active {LOW), the INT output TMS 9802
indicates that at least one of the interrupt condi- 18-PIN PACKAGE
tions has occurred.
XOUT 2 0 Transmitter Serial Data Output line — XOUT, INT vee
remains inactive (HiGH) when TMS 8902 is not
transmitting. XOUT CE
RIN 3 1 Receiver Serial Data Input Line — RCV must be RIN a,‘
held in the inactive (HIGH) state when not receiv-
ing data. A transition from HIGH to LOW acti-
vates the receiver circuitry. CRUIN CRUCLK
CRUIN 4 o] Serial data output pin from TMS 9902 to CRUIN RTS S0
input pin cof the CPU. 6?§ 51
ATS 5 O | Request-to-Send output from TMS 9902 to —
modem. RT3 is enabled by the CPU and remains DSR s2
active (LOW) during transmission from the
TMS 9902. CRUOUT §3
CTS 6 | Ciear-to-Send input from modem to TMS 9902. Vss sS4
When active (LOW), it enables the transmitter
section of TMS 9902,
DSR 7 | Data Set Ready input from modem to TMS 9902, DSR generates an interrupt when it changes state.
CRUCUT 8 | Serial data input line to TMS 9902 from CRUOUT line of the CPU.
Vss 9 I Ground reference voltage.
54 (LSB) 10 | Address Select Lines. The data bit being accessed by the CPU interface is specified by the 5-bit code
S3 1" 1 appearing on S0-S4.
52 12 |
S1 13 |
S0 14 I
CRUCLK 15 | CRU Clock. When active (HIGH), indicates valid data on the CRUOUT line for the 9902.
ry 16 I | TTLClock.
CE 17 | Chip Enable — when CE is inactive (HIGH), TMS 9902 CRU interface is disabled. CRUIN remains
at high-impedance when CE is inactive (HIGH).
vce 18 I Supply voltage (+5 V nominal).
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3.1

311

DEVICE APPLICATION

This section describes the software interface between the CPU and the TMS 9902 ACC and discusses some
of the design considerations in the use of this device for asynchronous communications applications.

DEVICE INITIALIZATION

The ACC is initialized by the RESET command from the CPU (output bit 31), followed by loading the Control,
Interval, Receive Data Rate, and Transmit Data Rate registers. Assume that the value to be loaded into the
CRU Base Register (register 12) in order to point to bit 0 is 004016. In this application characters have seven
bits of data plus even parity and one stop bit. The  input to the ACC is a 3 MHz signal. The ACC divides this
signal frequency by three to generate an intemal clock frequency of 1 MHz. An interrupt is generated by the
Interval Timer every 1.6 milliseconds when timer interrupts are enabled, The transmitter operates at a data
rate of 300 bits per second, and the receiver operates at 1200 bits per second.

NOTE

To operate both the transmitter and receiver at 300 bits per second, delete the
“LDCR @RDR,11" instruction (see below), andthe “LDCR ®@XDR,12” instruction
will cause both data rate registers to be loaded and LRDR and LXDR to reset.

Initialization Program

The initialization program for the configuration described above is shown below. The RESET command
disables all interrupts, initializes all controliers, and sets the four register load control flags (LDCTRL, LDIR,
LRDR, and LXDR). Loading the last bit of each of the registers causes the load control flag to reset
automatically.

Li R12,>40 INITIALIZE CRU BASE

SBO 31 RESET COMMAND

LOCR @ CNTRL,8 LOAD CONTROL AND RESET LDCTRL
LDCR @ INTVL,8 LOAD INTERVAL AND RESET LDIR
LDCR @ RDR, 11 LOAD RDR AND RESET LRDR

LDCR @ XDR,12 LOAD XDR AND RESET LXDR

CNTRL BYTE >A2

INTVL BYTE 1600/64
RDR DATA >1A1
XDR DATA >4D0

The RESET command initializes all subcontrollers, disables interrupts, and sets LDCTRL, LDIR, LRDR, and
LXDR, enabling loading of the control register.
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3.12 Control Register

The options listed in Table 3 in Section 2.1.2.1 are selected by loading the value shown below.

7 6 5 4 3 2 1 0
$851| sBs2 | PENB | PODD |CLKAM! — [ RCL1 {RCLOD
MS8 LSB

VALUE

1 0 1 o 0 0 1 o] = Ayg
—— A A —

L L 7BIT CHARACTER

¢ DIVIDE-BY-3
l— EVEN PARITY
— 1STOPBIT

3.1.3 Interval Register

To set up the interval register to generate an interrupt every 1.6 milliseconds, load the value into the interval
register to specify the number of 64-microsecond increments in the total interval desired.

TMR7 | TMR6 | TMRS | TMR4 | TMR3 | TMR2{ TMR1 | TMRO

L 197™ 25q9

25 X 64 MICROSECONDS = 1,6 MILLISECONDS
3.1.4 Receive Data Rate Register

To set the data rate for the receiver to 1200 bits per second, load the value into the Receive Data Rate register
as shown below:

10 9 8 ? 6 5 4 3 2 1 0

RDVE8 | RDR9 | RDA8 |RDR7 | RDR6} RDR5 | RDR4 | RDR3 |RDR2 | RDR1 | RDRO

0 1 1 0 L] o 0 0 0 1

0
— A )
Y
L RDVS l

108 + 1 +417 + 2 =1199.04 BITS PER SECOND
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3.1.5 Transmit Data Rate Register

To program the data rate for the transmitter for 300 bits per second, load the following value into the Transmit
Data Rate register:

10 9 8 7 6 5 4 3 2 1 0

XDv8| XDR9 | XDR8| XDR7 XDR6 | XDR5 | XDR4 | XDR3| XDR2] XDR1; XDRO

1 0 0 1 1 0

-
\ﬁv_/\ ~
{# L—OD%6=ﬁm
gXbDVvB - g

1 X 106 ~8+208 + 2 = 300.48 BITS PER SECOND

—h
o
Q
o
[=]

32 DATA TRANSMISSION

The subroutine shown below demonstrates a simpie loop for transmitting a block of data.

Lt RO, LISTAD INITIALIZE LIST POINTER

L R1, COUNT INITIALIZE BLOCK COUNT

Li R12, CRUBAS  INITIALIZE CRU BASE

SBO 16 TURN ON TRANSMITTER
XMTLP B 22 WAIT FOR XBRE = 1

JNE XMTLP

LDCR *RO+,8 LOAD CHARACTER INCREMENT POINTER

RESET XBRE

DEC R1 DECREMENT COUNT

JNE XMTLP LOOP IF NOT COMPLETE

sSBZ 16 TURN OFF TRANSMITTER

After initializing the list pointer, block count, and CRU base address, RTSON is set to cause the transmitter
and the RTS output to become active. Data transmission does not begin, however, until the CTS input
becomes active. After the final character is loaded into the Transmit Buffer register, RTSON is reset. The
transmitter and the RTS output do not become inactive until the final character is transmitted.
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3.3

34

DATA RECEPTION
The following software will cause a block of data to be received and stored in memory.

CARRET BYTE >0D

RCVBLK Lt R2, RCVLST INITIALIZE LIST COUNT

LI R3, MXRCNT INITIALIZE MAX COUNT

LI R4, CARRET SET UP END OF BLOCK CHARACTER
RCVLP 8 21 WAITFORRBRL = 1

JNE RCVLP

STCR *R2,8 STORE CHARACTER

SBZ 18 RESET RBAL

DEC R3 DECREMENT COUNT

JEQ RCVEND END IF COUNT =0

cB *R2+,R4 COMPARE TO EOB CHARACTER, INCREMENT

POINTER

JNE RCVLP LOOP IF NOT COMPLETE

RCVEND RT END OF SUBROUTINE

REGISTER LOADING AFTER INITIALIZATION

The Control, Interval, and Data Rate registers may be reloaded after initialization. For example, it may be
desirabie to change the interval of the timer. Assume that the interval is to be changed to 10.24 milliseconds;
the instruction sequence is:

SBO 13 SET LOAD CONTROL FLAG
LDCR @ INTVL2,8 LOAD REGISTER, RESET FLAG

INTVL2 BYTE 10240/64

When transmitter interrupts are enabled, caution should be exercised to ensure that a transmitter interrupt
does not occur while the load control flag is set. For example, if a transmitter interrupt occurs between
execution of the “SBO 13" and the next instruction, the transmit buffer is not enabled for loading when the
Transmitter interrupt service routine is entered because the LDIR flag is set. This situation may be avoided by
the foilowing sequence:

BLWP @ITVCHG CALL SUBROUTINE
ITVCPC LIMI 0 MASK ALL INTERRUPTS
MOV @ 24(R13),R12 LOAD CRU BASE ADDRESS
SBO 13 SET FLAG
LDCH @INTVL2,8 LOAD REGISTER AND RESET FLAG

RTWP RESTORE MASK AND RETURN

ITVCHG DATA ACCWP, ITVCPC
INTVL2 BYTE 10240/64

In this case all interrupts are masked, ensuring that all interrupts are disabled while the load control flag is set.
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3.5

3.5.1

3.5.2

INTERFACE TO A DATA TERMINAL

Following is a discussion of the TMS 9902 interface to a Tl Model 733 data terminal as implemented on the
TM 990/100M microcomputer module. Figure 9 diagrams the hardware interface, and Table 7 lists the
software interface. The 733 data terminal is an ASCll-code, serial, asynchronous, EIA device equipped with a
keyboard, thermal printer, and digital cassette tape.

Hardware Interface

The hardware interface between the TMS 9902 and the 733 data terminal is shown in Figure 9. The
asynchronous communication conforms to EIA Standard RS-232-C. The 75188 and 75189 performs the
necessary level shifting between TTL levels and RS-232-C levels. The ACC chip enable (9902SEL) signal
comes from decode circuitry which looks at AG-A9 on CRU cycies. The interrupt output (INT) of the TMS 9902
is sent to the TMS 9901 for prioritization and encoding. When the 9902 is communicating with a terminal, the
RTS pin can be connected to the CTS pin because the terminal will always be in the clear-to-send (CTS)
condition.

Software

The software required to initialize, read from, and write to the TMS 9902 ACC is listed in Table 7. These
routines are taken directly from TIBUG (TM 990/402-1) which is the monitor that runs on the TM 830/100M
boards. The coding shown is part of a routine entered because of a power-up reset. Before this section of
code was entered, not shown, R12 is set to the correct vaiue of the TMS 9902 CRU base address, The baud
rate is detected by measuring the start bit iength when an “A” is entered via the keyboard. The variable
COUNT is incremented every time the SPLOOP loop is executed. When a zero is seen at 9902 bit 15 (RIN)
the start bits are finished being received. The value of COUNT is then compared against a table of known
values in TABLE to determine the baud rate.

TIBUG assumes that ali 1200-baud data terminals are T1 Model 733 data terminals. The T1 Model 733
communicates at 1200 baud, but prints at 300 baud; this means that bits travel the communications line at
1200 baud, but the spacing between characters is 300 baud. A wait ioop is included in the write character
routine to handle this spacing requirement. The TIBUG T command is used to indicate that a 1200 baud
terminal is true 1200 baud; i.e., nota TI 733.

This code is taken from the middie of TIBUG; thus constructs and symbols are used which are not defned
here. Lines 261 and 262 of the code contain XOP calls. The READ opcode is really a call to XOP 13 and the
MESG opcode is a call to XOP 14, which in turn calls XOP 12. This can be figured out if the assembled code
for these opcodes is examined. Following is a list of EQU statements that appear at the beginning of TIBUG,
but are not shown here:

COUNT EQU 3
POINT EQU 7
LINK EQU 11
CRUBAS EQU 12

Once again, these values could easily be obtained by looking at the assembled code for the statement in
which the symbol is used.
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TIBUG

2T OMMAND

. = 01 5E

Q240
0z41
0242
02473
0244
0245
0OZ4A4
0247
0248
0249
0250

0251
0252
0253
0254
0255
0254
0257
0258

0259
0240

02461
0262

0263
02464

0265
02466
0267

0248

0140
0142
G144
0166
0148
GléA
Q146C
O14E
Q170

0172
0174
0176
0173
Q174
017C

0Ot7E
0180
oL1e2
0184
018&
0188
Q1A
018C
0138E
0190
0192
0194
0194
ol98
019A
o19C
019E
0140
01A2
01A4

ZEARCH AND

10F

2220
01A4"
1EQD
04C3
1FGF
13FE
b3
1FOF
14FD

0207
0194~
|8nc2
1202
QsC7
10FC
C17E~
W17
-1D7
oze7
01A0
1602
0720
FFFa
2F45
2FAR0O
022B~
10DC
0040
00DO
0070
0O1A0
Q200
04ADO
0400
0633
&2

ok o ok ox K %

TETSF

SFPLOOP

*

ZHO
LDLR

SBZ
LR
TR

JER
INC
B

JINE

TABLE7
TMS 9902 SOFTWARE

SYCGTEM INZew+

INITIALIZE TMIZow0Z FOR:E

R
QLR 3

1z
CILUNT
15
TITEP
COQUNT
15

SPLOOF

#BALL RATE

#7 BITS/CHARALCTER

#EV

®

EN FARITY
STOF BITE

#FOLLED GOFERATILN

REZET TM:Z

INTVIALIZE TM=w202

[0 NOT IN
RESET Lo
SFACEY
N, JUMP
TIME THE

FALL CiiT ON A MARE

# TABLE SEARCH FCOR BAUD RATE

*

BOLOOP

MATCH

BANNER

TABILE

CR

LI

C
M.E
INCT
JIMP
EQI
LDCR
MoV
cl

JNE
SETO

READ
MESG

JMF
DATA

DATA
DATA
DATA

BYTE

FOINT. TABLE

COUNT . 2POINT+

MATCH
FOINT
BDLIOP

$
#POINT. 12

#POINT, POINT

FOINT, >1A0

BANNER
@ASR

CHAR
QLGN

JMMONT
>40,2>D0

>70,2>1A0
200,400
>400,>438

>&2
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SET
MATCH?

YES,

NI,

INT. REC.

1200 BALD

S0

AR

CONTRIOL REG

T INTERVAL REG

P OOCORNT

BACK
START BID

SET BALID RATE
LIFDATE FOINTER

/XMT.

s

FOINTER TO TABLE

OATA RATE

LEAVE ASR FLAG ALONE
SET 733ASR FLAG

PRINT LOG 0ON MESZAGE

T TOF OF
2400 BAUD

1200 BAUD
200 BAUD

110 BAUD

MONT TCR



T IRNG
R

Q294
Q2?7
Q293

oy

0=0z

0204
07209
0204
0307
0202
0309
0210
0311

0212
03213
0z14
0215
0214
0317
031
0=19

0324
0325

TIBUG

> O1E4&

OB
OtHEA
0OtBRC
OLEE
010
01cz
Q14
QL&
0§z
O3CA
(W] L
OfCE
0100
O1pz
0104
o104
o110
0O1DA
0106
O1TE
O1EO
QlEZ
O1E4

O1E4

01ER
O1EA
0O1ELC
MEE

02Z0A
OEAA
Q20C
0050
10110
1F14
14FY
321H
D2DER
1E10O
OY2R
o2

OO0
1402
ORZA
iIFl14
14FE
1F17
.
OLOA
14FE
Qa0
CZEQ
FFF&
132032
CZEQ
FFF4
14F2
0220

AR R AR A AR R LSRR A E R R AR B R R R AR AR LR A RN

WRITE CHARACTER #%#

TRANSMIT THE CHARACTER IN THE LEFT BYTE
IF THE ZHARACTER IS A
THE ROUTINE WAITS

TABLE 7 (Continued)

R.12

0f

IF THE TERMINAL I=

THE T COMMAND,
WITH 25 MsEC
00 RAIULD,

EACH
10 REDLCE

200 MSEL

NORMAL RETLIRN

FOR

(2 a2 22 22l as s s a3t 22 3L XEL R R

# WRITE IHARALUTER —— XUF
»
»
*
# {ISER REGISTER R.
* LARRIAGE RETLIRN,
®# THE CARRIAGE 1O RETVURN.
* A 732ASK AS DENOTED IN
# CHARACTER I3 PADDED
# THE TRANSFER RATE TnO
WENTRY L1 RiG, 2750
LI CRUBAS, 30
SBO 1&
TB 22
JANE WENTRY
LIM-R #L INE, 2
MOVE #L IN#, L INE
shZ 146
SRL  LINE,=
(Y | L INE, 0000
JNE ASR7ZZ
LA R10,32
WLOOFL TR 22
JANE S WLDOP L
TR 22
JNE WLOODPY
WLODFZ DEC RI10
ANE S WLDOPZ
RTWF
ASR722 MOV @DUIMPFG, L INK
JER WEXIT
MOV @ASK, L INK
JNE WLDOF)
WEXIT RTWP

*#% READ CHARACTER

0271
0272
0273
0274
0275
Q276
Q277
0272
0279
0280
0221

0284
0237

O1AL
O1AZ
O1AA
O1AC
01AE
01RO
O1B2
O1R4

Qz0C
QO30
1IF1S
146FC
04Tk
3&61B
1E1Z
O30

* % %

SET CRIZ R

SET RTSON
TRANZMIT
N,
CHARALLTER

RESET RTS

ZARRIAGE

NO, SKIF

WAIT FOR XMISSION TO

WALT LOaF

IN DUMP R

YES, IGNOR
ATR733 7

YES, WAIT

ASE REG.

BUFFER REIS.

WAIT LINTIL 1T IS

Fi UART
N

RETURN

OUTINE =

E ASR FLAG

3 ONULLS

EMPTY ?

END

FYFZITET YT IR LSS L L L LR LR L8 e R Ea R kbRl

MAL RETLIRN

L
HT BYTE I=

ASE REG.

RECEIVE BUFFER REG.

IN

IN YHE LEFT

FoLL?

# READ CHARACTER —- XOF R, 13
» - NOR
#
* READ WAITS FOR A THARACTER TO BE AZSEMBLELD
# THE WART. THE “HARALCTER ['5 PLACE
* RYTE OF USER REGIZTER R. THE RIG
# ZERCJED. AlLL ERRORZ ARE I1GNORED,
396 3 32 3 3 I 3 3% 4 I 2 4 3 I 35 3 3t I 4F 363 3 I A N3 3B E AR
#*
RENTRY L1 CRUBAS, 20 SET CRU B
TR 21
JINE RENTRY N, Lo
CLR  #LINE
STCR *LINK, 32
SRI 1=
RTWF
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4.1

. TMS 9902 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings Over Operating Free Air Temperature Range (Unless Otherwise Noted) *

Supply voltage, VOC i e ~0.3Vto 10V
Allinputs andoutputvoltages .............. ... il -03Vtot10V
Continuous powerdissipation .......... ... ...t i s 0.55W
Operating free-airtemperature range ...ttt ianiaann. 0°Cto 70°C
Storagetemperature FaNge .. ............ouuinmneitinant i —65°Cto 150°C

*Stresses bayond those listed under “Absolute Maximum Ratings” may cause permanent damage 16 the device. This is a stress rating only and functional operation of
the device atthese or any other conditions beyond those indicated in the “Recommended Operating Conditions™ section of this specification is notimplied. Expasure to
absolute maximum rated conditions for extended periods may affect device reliability.

4.2 Recommended Operating Conditions *
PARAMETER MIN NOM MAX | UNIT
Supply voftage, Voo 4.75 50 525| V
Supply voltage, Vgg 0 v
High-level input voitage, V|4 20 Vet vV
Low-level input voltage, Vi Vgg—-.3 o8| Vv
Cperating free-air temperature, Tp 0 70| °C
4.3 Electrical Characteristics Over Full Range of Recommended Operating Conditions
(Unless Otherwise Noted) *
PARAMETER TEST CONDITIONS MIN  TYP MAX [UNIT
] loH = —100 wA 24 Vee | V
H
VOH igh level output voltage loH = —200 A 53 Voo TV
VoL Low ievel output voltage ioL=32mA Vgs 04 i V
Iy Input current (any input} Vi=0VtoVce +10 1 pA
ICC(av) Average supply current from VoC ‘e(d) —a30ns, T =70°C 100 | mA
Ci Small signal input capacitance, any input f=1MHz 15 | pF
4.4 Timing Requirements Over Full Range of Operating Conditions
PARAMETER MIN  TYP MAX |UNIT
tc(¢) Clock cycle time 300 333 667 ) ns
tr(¢) Clock rise time: 5 40| ns
()  Clock fall ime 10 40 | ns
twipH) Clock pulse width (high level) 225 ns
twipl) Clock pulse width (low level) 45 ns
tw(CC) CRUCLK puise width 100 185 ns
tsu1 Setup time for CE before CRUCLK 150 ns
tsu2 Setup time for $0-S4, or CRUOUT before CRUCLK 180 ns
th Hold time for CE. S0-S4. or CRUOUT after CRUCLK 60 ns

*NOTE: Ali voltage values are referenced to Vss.
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4.5

Switching Characteristics Over Full Range of Recommended Operating Conditions

TEST
PARAMETER IN TYP MAX T
CONDITION M UN
tpd1 Propagation delay, CE to valid CRUIN CL = 100pF 300| ns
tpd2 Propagation delay, S0-54 to valid CRUIN CL = 100pF 320 ns
i—— teigh ‘—i
! twloH} JI |
90% I
e/l | : \__/
| [
— | 10— e o
CE / i \ ——
H
tsut ——-’Q—DI ‘-———-t—‘ tpdt
S0-54 UNXNOWN XCRU BIT ADDRESS nX CRU BIT ADDRESS nt1 CRUBIT ADDRESS:X—'
f {c : (
! [ad | [
—i-———l twcccn———*——-l —-|—— I |
90% I |
CRUCLK
/' ! f !
! ' L § ;
Tey2 t | |
—— e
Ny
CRUOQUT UNKNOWN CRU DATAQUT n X CRU DATA QUT nt1 X UNKNOWN
(F
= o
] f i VALID
CRUIN DON'T CARE CON'T CARE INPUT
e 8ITm
§§

SWITCHING CHARACTERISTICS

NOTE: ALL SWITCHING TIMES ARE ASSUMED TO BE AT 10% OR 90% VALUES.
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EQUIVALENT OF I/0 INPUTS EQUIVALENT OF /O OUTPUTS

Vee Vcc

T LT <
')
0

OuTPUT

INPUT

‘II‘J_
|||—-T

|||—T-

INPUT AND QUTPUT EQUIVALENTS

5. MECHANICAL SPECIFICATIONS

TMS 9902 NL
18 pin plastic packages

18300 PDIP

8- Q.92 (23,3} MAX

(19—

LA e 1 10 10 7

EITHER OR BOTH

INDEXES "

SV [ D NS R N N U )
9

¢ 0.300% 0.010
{762 £0.26)

0.020 {0.51) MIN

—SEATING PLANE __T—_ h—‘

3

0.200 {5,1) MAX
0.125 (3.2} MIN
0.011% 0.003 0.01840.003 -t
A'\r ©0.21930.076) (9457 % 0.076) "l I._ I._h —=0.033 (9,34 MIN

. 008020020
PN SPACING 0.100 (2.54] TP 11.272051)
{See Note A}

0.060 (1.52) NOM

tudinal position.

NOTES: A. Each pin centeriine is located within 0.010 (0,26} Df 1ts true longi
y in milli s. inch govern.

B. All lintar dimansions are in inches and i
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TMS 9902 JL

18-pin ceramic packages with side-brazed leads and metal or epoxy or glass lid seal

f——0.910 (23,1) MAX ——

_

O ®

¢ €
0.300 : 0.010
> —* (7.62: 0,26)
0.020 (0,51)
MIN

— — L3
: N = p 0.185 (4.7) MAX
. SEATING

08 f— '
%7 PLANE T 1 0.150 + 0.030 (3,81 :0,76)
[ e

— 1 +
PIN SPACING 0,100 (2,54) TP 1.7 051)
(See Note A)

ooreeoms Il I —o0.032 (0,81 NOM
0010 (0.25) NoM+fle—  (0.457£0,076)

o (1,27 : 0,26)

NOTES: A. Each pin centerline is located within 0.010 {0,26) of its true longitudinai position.
B. Alllinear dimensions are in inches and parenthetically in millimeters. Inch dimensions govern.
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1. INTRODUCTION
1.1 DESCRIPTION
The TMS 9980A/TMS 9981 is a software-compatibie member of Tl's 9900 family of microprocessors. Designed to
minimize the system cost for smalter systems, the TMS 9980A/TMS 9981 is a single-chip 16-bit central processing unit
(CPU) which has an 8-bit data bus, on-chip clock, and is packaged in a 40-pin paciage (see Figure 1). The instruction
set of the TMS 9980A/TMS 9981 inctudes the capabilities offered by full minicomputers and is exactly the same as the
9900’s. The unigue memory-to-memory architecture features multiple register files, resident in memory, which allow
faster response to interrupts and increased programming flexibility. The separate bus structure simplifies the system
design effort. Texas Instruments provides a compatible set of MOS and TTL memory and logic function circuits to be
used with a TMS 9980A/TMS 9981 system.
1.2 KEY FEATURES
L 16-Bit instruction Word
] Full Minicomputer Instruction Set Capability Including Multiply and Divide
L] Up to 16,384 Bytes of Memory
* 8-Bit Memory Data Bus
o Advanced Memory-to-Memory Architecture
L Separate Memory, 1/0, and Interrupt-Bus Structures
L 16 General Registers
. 4 Prioritized Interrupts
. Programmed and DMA 1/Q Capability
. On-Chip 4-Phase Clock Generator
. 40-Pin Package
L N-Channel Silicon-Gate Technology
1.3 TMS 9980A/TMS 9981 DIFFERENCES

The TMS 9980A and the TMS 8981 although very similar, have several differences which user should be aware.

1. The TMS 9980A requires a Vgpg supply (pin 21) while the TMS 9981 has an internal charge pump to
generate Vgg from Vg and V.

2. The TMS 9981 has an optional on-chip crystal oscillator in addition to the external clock mode of the
TMS 9980A.

3 The pin-outs are not compatible for DO-D7, INTO-INT2, and ¢3.
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2.1

ARCHITECTURE

The memory for the TMS 9980A/TMS 9981 is addressable in 8-bit bytes. A word is defined as 16 bits or 2 consecutive
bytes in memory. The words are restricted t0 be on even address boundaries, i.e., the most-significant half (8 bits}
resides at even address and the least-significant half resides at the subsequent odd address. A byte can reside at even or
odd address. The word and byte formats are shown below.

MSB

OR

SIGN

BIT
EVEN ADDRESS | © 1 2 | 3 4 5 6 7 WORD
ODD ADDRESS | 8 9 | 10| 11|12 |13]1a] 15 FORMAT

LSB

MSB

OR

SIGN

BIT LSB W
EVEN ADDRESS | © 1 2 3 4 5 6 | 7 BYTE
ODD ADDRESS | © 1 2 3 4 5 6 | 7 FORMAT

REGISTERS AND MEMORY

The TMS 9980A/TMS 9981 employs an advanced memory-to-memory architecture. Blocks of memory designated as
workspace replace internal hardware registers with program-data registers. The TMS 9980A/TMS 9981 memory map is
shown in Figure 2. The first two words {4 bytes) are used for RESET trap vector. Addresses 00041 through 001314
are used for interrupt vectors. Addresses 0040 through O07F are used for the extended operation {XOP) instruction
trap vectors. The last four bytes at address 3FFCqg to 3FFF are used for trap vector for the LOAD function.

The remaining memory is available for programs, data, and workspace registers. If desired, any of the special areas may
also be used as general memory.

Three internal registers are accessible to the user. The program counter (PC) contains the address of the instruction
foilowing the current instruction being executed. This address is referenced by the processor to fetch the next
instruction from memory and is then automatically incremented. The status register {ST) contains the present state of
the processor and will be further defined in Section 3.4. The workspace pointer (WP) contains the address of the first
word in the currently active set of workspace registers.
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0000
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.
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A workspace-register file occupies 16 contiguous memory words in the general memory area. Each workspace register
may hold data or addresses and function as operand registers, accumulators, address registers, or index registers. During
instruction execution, the processor addresses any register in the workspace by adding the register number to the
contents of the workspace pointer and initiating a memory request for the word. The relationship between the
workspace pointer and its corresponding workspace is shown below.

GENERAL MEMORY
PROGRAM A \
M-[ PC (A)
" ‘r
WORKSPACE REGISTER O |== WP (A}
WORKSPACE A

ST {A)

WORKSPACE REGISTER 15

<~

PROGRAM B

WORKSPACE B

The workspace concept is particularly valuable during operations that require a context switch, which is a change from
one program environment to another {as in the case of an interrupt or call to a subroutine). Such an operation, using a
conventional multi-register arrangement, requires that at least part of the contents of the register file be stored and
reloaded. A memory cycle is required to store or fetch each word. By exchanging the program counter, status register,
and workspace pointer, the TMS 9980A/TMS 9981 accomplishes a complete context switch with only six store cycles
and six fetch cycles. After the switch the workspace pointer contains the starting address of a new 16-word workspace
in memory for use in the new routine. A corresponding time saving occurs when the original context is restored.
Instructions in the TMS 9980A/TMS 9981 that result in a context switch include:

1. Branch and Load Workspace Pointer (BLWP)
2. Return from Subroutine (RTWP}
3. Extended Operation (XOP)

Device interrupts, RESET, and LOAD also cause a context switch by forcing the processor to trap to a service
subroutine.



2.2

INTERRUPTS

The architecture of the 9900 family allows vectoring of 16 interrupts. These interrupts are assigned levels from 0 to 15.
The interrupt at level 0 has the highest priority and the interrupt at ievel 15 has the lowest priority. The TMS 9900
implements alf 16 interrupt levels. The TMS 9980A/TMS 9981 implements only & levels (level 0 and levels 1 through
4), Level O is reserved for RESET function.

Levels 1 through 4 may be used for external devices. The external levels may also be shared by several device interrupts,
depending upon system requirements. The TMS 9980A/TMS 9981 continuously compares the interrupt code (I1CO
through 1C2) with the interrupt mask contained in status-register bits 12 through 15. When the level of the pending
interrupt is less than or equal to the enabling mask level (higher or equal priority interrupt}, the processor recognizes
the interrupt and initiates a context switch following completion of the currently executing instruction. The processor
fetches the new context WP and PC from the interrupt vector locations. Then, the previous context WP, PC, and ST are
stored in workspace registers 13, 14, and 15, respectively, of the new workspace. The TMS 9980A/TMS 9981 then
forces the interrupt mask to a value that is one less than the level of the interrupt being serviced. This allows only
interrupts of higher priority to interrupt a service routine. The processor also inhibits interrupts until the first
instruction of the service routine has heen executed to allow modification of interrupt mask if needed (to mask out
certain interrupts). All interrupt requests should remain active until recognized by the processor in the device-service
routine. The individual service routines must reset the interrupt requests before the routine is complete. The interrupt
code (ICO-1C2) may change asynchronously within the constraints specified in Section 2.10.4.

If a higher priority interrupt occurs, a second context switch occurs to service the higher-priority interrupt. When that
routine is complete, a return instruction (RTWP) restores the first service routine parameters to the processor to
complete processing of the lower-priority interrupt. All interrupt subroutines should terminate with the return
instruction to restore original program parameters. The interrupt-vector locations, device assignment, enabling mask
value and the interrupt code are shown in Table 1.

TABLE 1
INTERRUPT LEVEL DATA

INTERRUPT VECTOR LOCATION INTERRUPT MASK VALUES

CODE FUNCTION {(MEMORY ADDRESS DEVICE ASSIGNMENT TC ENABLE
{1IC0—-1C2) IN HEX) (ST12 THROUGH ST15)

110 tevel 4 oo0o1t1o Externai Device 4 Through F
101 Level 3 000C External Device 3 Through F
100 level 2 0008 External Device 2 Through F
011 Levei 1 0004 External Device 1 Through F
001 Reset 00020 Reset Stimulus Don‘t Care
o010 Load 3FFC Load Stimulus Don’t Care
000 Reset 0000 Reset Stimulus Don’t Care
1T 11 No-Op —-— e e

Note that RESET and LOAD functions are also encoded on the interrupt code input lines. Figure 3 illustrates some of
the possible configurations. To realize RESET and one interrupt no external component is needed. |f LOAD is also

needed, a three input AND gate is wired as shown. |f the system requires more than one interrupt, a single SN74148
(TIM 9907) is required.
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LEVEL1 ——M8
ICO D— 1C0
RESET——E ic1 l

—— RESET IC1
LEVEL 4 ———w—1 |C2
LOAD —— 1IC2
TMS 9980A/ TMS 9980A/
TMS 9981 ™S 9981
vCC P
E1
—a 7
RESET —————— 6
LOAD ————a 5 A2 pb— 1CO
LEVEL 1 —o 4 Al B 1C1
LEVEL 2 q 3 A0 b— 1C2
LEVEL 3 —q 2
CEVELE ————d 1
SN74148 TMS 9980A/
L —d
(TIM 9907) TMS 9981
FIGURE 3 — TMS 9980A/TMS 9981 INTERRUPT INTERFACE
INPUT/OUTPUT

The TMS 9980A/TMS 9981 utilizes a versatile direct command-driven 1/0 interface designated as the communications-
register unit (CRU). The CRU provides up to 2,048 directly addressable output bits. Both input and output bits can be
addressed individually or in fields of from 1 to 16 bits. The TMS 9980A/TMS 9981 employs CRUIN, CRUCLK, and
A13 (for CRUOUT) and %1 bits (A2-A12) of the address bus to interface with the CRU system. The processor
instructions that drive the CRU interface can set, reset, or test any bit in the CRU array or move between memory and
CRU data fields.

SINGLE-BIT CRU OPERATIONS

The TMS 9980A/TMS 9981 performs three single-bit CRU functions: test bit (TB), set bit to one (SBO), and set bit to
zero (SBZ). To identify the bit to be operated upon, the TMS 9980A/TMS 9981 develops a CRU-bit address and places
it on the address bus, A2 to A12.

For the two output operations {SBO and SBZ), the processor also generates a CRUCLK pulse, indicating an output
operation to the CRU device and places bit 7 of the instruction word on the A13 line to accomplish the specified
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operation (bit 7 is a one for SBO and a zero for SBZ). A test-bit instruction transfers the addressed CRU bit from the
CRUIN input line to bit 2 of the status register (EQUAL}.

The TMS 9980A/TMS 9981 develops a CRU-bit address for the single-bit operations from the CRU-base address
contained in workspace register 12 and the signed dispiacement count contained in bits 8 through 15 of the instruction.
The displacement allows two’s complement addressing from base minus 128 bits through base pius 127 bits. The base
address from W12 is added to the signed displacement specified in the instruction and the result is loaded into the
address bus. Figure 4 iliustrates the development of a single-bit CRU address.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
X I X[ X[ X X (w2
DON'T CARE

g8 9 10 11 12 13 14 15

SIGNED
DISPLACEMENT

BIT 8 SIGN
EXTENDED { >

0 1 2 3 4 5 6 7 8 9 10 11 12 13

ADDRESS
BUS

AN Y_JL ~ LW CRUOUT

SET TO ZERO EFFECTIVE CRU BIT ADDRESS

FOR ALL CRU

OPERATIONS

FIGURE 4 — TMS 9980A/TMS 9981 SINGLE-BIT CRU ADDRESS DEVELOPMENT
MULTIPLE-BIT CRU OPERATIONS

The TMS 9980A/TMS 9981 performs two muitiple-bit CRU aperations: store communications register (STCR} and
load communications register {LDCR}. Both operations perform a data transfer from the CRU-to-memory or from
memory-to-CRU as illustrated in Figure 5. Although the figure illustrates a full 16-bit transfer operation, any number of
bits from 1 through 16 may be involved. The LDCR instruction fetches a word from memory and right-shifts it to
serially transfer it to CRU output bits. |f the LDCR involves eight or fewer bits, those bits come from the right-justified
field within the addressed byte of the memory word. If the LDCR involves nine or more bits, those bits come from the
right-justified fietld within the whole memory word. When transferred to the CRU interface, each successive bit receives
an address that is sequentially greater than the address for the previous bit. This addressing mechanism results in an
order reversal of the bits; that is, bit 15 of the memory word {or bit 7) becomes the lowest addressed bit in the CRU
and bit 0 becomes the highest addressed bit in the CRU field.

An STCR instruction transfers data from the CRU to memory. If the operation involves a byte or less transfer, the
transferred data will be stored right-justified in the memory byte with leading bits set to zero. If the operation involves
from nine to 16 bits, the transferred data is stored right-justified in the memory word with leading bits set to zero.

When the input from the CRU device is complete, the first bit from the CRU is the least-significant-bit position in the
memory word or byte,
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CRU INPUT CRU QUTPUT

BITS " BITS
_—

N - N
w1l | | N+
l INPUT (STCR) I
| |
| ¥ Y |
EFFECTIVE
I 01 MEMORY ADDRESS 14115 |
| L 1]

: OUTPUT (LDCR) |

- |
N+14 l ‘ N+14
N+15 | | — N+16

N = BIT SPECIFIED BY CRU BASE REGISTER

FIGURE 5 — TMS 9980A/TMS 9981 LOCR/STCR DATA TRANSFERS

Figure 6 illustrates how to implement a 16-bit input and a 16-bit output register in the CRU interface. CRU addresses
are decoded as needed to implement up to 128 such 16-bit interface registers. In system application, however, only the
exact number of interface bits needed to interface specific peripheral devices are impiemented. It is not necessary to
have a 16-bit interface register to interface an 8-bit device.

EXTERNAL INSTRUCTIONS

The TMS 9980A/TMS 9981 has five external instructions that allow user-defined external functions to be initiated
under program control. These instructions are CKON, CKOF, RSET, IDLE, and LREX. These mnemaonics, except for
IDLE, relate to functions implemented in the 990 minicomputer and do not restrict use of the instructions to initiate
various user-defined functions. IDLE also causes the TMS 2980A/TMS 9981 te enter the idle state and remain until an
interrupt, RESET, or LOAD occurs. When any of these five instructions are executed by the TMS 9980A/TMS 9981, a
unique 3-bit code appears on the address bus, bits A13, A0, and A1, along with a CRUCLK pulse. When the
TMS 9980A/TMS 9981 is in an idte state, the 3-bit code and CRUCLK puises occur repeatediy until the idie state is
terminated. The codes are:

EXTERNAL INSTRUCTION A13 A0 Al
LREX H H H
CKOF H H L
CKON H L H
RSET L H H
IDLE L H L

CRU INSTRUCTIONS H/L L L
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FIGURE 6 — TMS 9980A/9981 16-BIT INPUT/OUTPUT INTERFACE
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Note ;hat during external instructions bits (A2-A12) of the address bus may have any of the possible binary patterns.
Since these bits (A2-A12) are used as CRU addresses, CRUCLK to the CRU must be gated with a decode of 0 on AO
and A1 to avoid erroneous strobe to CRU bits during external instruction execution.

Figure 7 illustrates typical external decode logic to implement these instructions. Note CRUCLK to the CRU is
inhibited during external instructions.

TO MEMORY

) CRUCLK
TO CRU

Y0 Y4
} v7 LREX
14 3 n SN74LS138 vé b CKOF LOE::J;'EE';
7 y A R
TMS 9980A/2981 ’ —/ d B v5 bCKON _ £ e ENAL
A0 - A13 A13,A0,At ~>|C Y3 RESET INSTRUCTION
LOGIC
IDLE
G1 G2A G28Y2

]
CRUCLK l

FIGURE 7 — EXTERNAL INSTRUCTION DECODE LOGIC

27 NON-MASKABLE INTERRUPTS

2.7.1 LOAD Function

The LOAD stimulus is an unmaskable interrupt that allows cold-start ROM loaders and front panels to be impiemented
for the TMS QO8CA/TMS 9981. When the TMS 9980A/TMS 9981 decodes LOAD on ICO-IC2 lines, it initiates an
interrupt sequence immediately following the instruction being executed. Memory location 3FFC is used to obtain the
vector (WP and PC). The old PC, WP, and ST are loaded into the new workspace and the interrupt mask is set to 0000.
Then the program execution resumes using the new PC and WP. Recognition of LOAD by the processor will also
terminate the idle condition. External stimulus for LOAD must be held active (on ICO-1C2) for one instruction period
by using 1AQ signal.

2.7.2 RESET

When the TMS 9980A/TMS 9981 recognizes a RESET on I1C0-IC2, it resets and inhibits WE and CRUCLK. Upon
removal of the RESET code, the TMS 9980A/TMS 9981 initiates a level-zero interrupt sequence that acquires WP and
PC from location 0000 and 0002, sets all status register bits to zero and starts execution. Recognition of RESET by the
processor will also terminate an idle state. External stimulus for RESET must be held active for a minimum of three
clock cycles.
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RESET SIGNAL
CAUSES IMMEDIATE

4

INSTRUCTION
ACQUISTION

ENTRY HERE INSTRUCTION

EXECUTION

GET RESET VECTOR
(WP AND PC)
FROM LOCATION 0, 2
STORE PREVIOUS PC,
WP, AND ST IN NEW
WORKSPACE. SET
INTERRUPT MASK
(ST12-ST15) =0

LOAD
ACTIVE?

Y /)AD

ACTIVE?

XOP OR BLWP

INSTRUCTION?

INTERRUPT?
{INTREQ ACTIVE)

INTERRUPT
VALID? (ICO-IC3I
(§T12-ST15)

i

GET LOAD VECTOR
(WP AND PC)
FROM LOCATION 1
e Loy
STORE PREVIOUS PC, STORE PREVIOUS PC,
WP, AND ST IN NEW WP, AND ST IN NEW
WORKSPACE. SET WORKSPACE. SET
INTERRUPT MASK INTERRUPT MASK [ST12
{(ST12-8T15) =0 ~ST15) TOLEVEL — 1

IDLE
INSTRUCTION?

FIGURE 8 — TMS 9080A/TMS 9881 CPU FLOW CHART
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2.8 TMS 9980A PIN DESCRIPTION

Table 2 defines the TMS 9980A pin assignments and describes the function of each pin.

TABLE 2
TMS 9880A PIN ASSIGNMENTS AND FUNCTIONS

SIGNATURE | PIN| 1/O DESCRIPTION TMS 9980A PIN ASSIGNMENTS
AOD (MSB) 17 ouT ADDRESS BUS
Al 16 QuUT AQ through A13 comgrise the address bus. PR —
A2 15 | ouT This 3-state bus provides the memory- HoLD 1] 40 MEMEN
A3 14 ouT address vector to the external-memory sys- HOLDA 2 E ]39 READY
2; 13 831 tc;rg when I\SEMEN is active andd:’/O-bit A 3 E 38 We
12 addresses and external-instruction addresses M
- A13/CRUOUT 4

A6 1 ouT to the 1/O system when MEMEN is inactive. . v E 137 CRUCLK
A7 10 ouT The address bus assumes the high-impedance Al12 5 E :]35 Voo
A8 9 ouT state when HOLDA is active. AN 6 E :’35 Vgs
AS 8 | our a0 7 (] 34 cxmn
A10 7 | out o 8l -
A1 6 | ouT A n33 D7
A12 5 | out AB 8 E 32 pe
A13/CRUCUT| 4 | ouT CRUOUT a7 10 [] 131 DS

Serial 1/O data appears on A13 when an m

A6 1N

LDCR, SBZ and SBO instruction is execu- l{_: E]]m D4

ted. This data should be sampled by the 1/O A5 12 29 03

interface logic when CRUCLK goes active As 13 [ )28 o2

{high}. One bit of the external instruction A3 14 [ ]z7 D1

code ‘appears o-n A13 during exterpal in- A2 15 [‘_' ]26 Do

struction execution.

Ar 16 [] 25 INTO
DO (MSB) 2% | 1o DATA BUS a0 17 124 INT1
D; g; I;O :?O through bD7 ﬁ_c:‘mpris'e the :Jidirectional DBIN 18 E ]23 INT 2
D 1/0 -state data bus. This bus transfers memory -
D3 29 /0 data to (when writing) and from (when CRUIN 19 C :]22 3
D4 30 | 1o reading) the externat-memory system when Vee 20 1 121 Ve
D5 31 /0 MEMEN is active. The data bus assumes the
D6 32 O high-impedance state when HOLDA s
D7 (LSB) 33 1/O active.
POWER SUPPLIES

VBB 21 Supply voltage (—5V NOM)
Vee 20 Supply voltage {5 V NOM}
Voo 36 Supply voltage {12 V NOM)
Vg 35 Ground reference
CKIN 24 1N CLOCKS

Clock In. A TTL compatible input used to generate the internal 4-phase clock. CKIN frequency is 4 times the

desired system frequency.
o3 22 | ouUT Clock phase 3 (93) inverted; used as a timing reference.
DBIN 18 ouT BUS CONTROL

Data bus in. When active (high), DBIN indicates that the TMS 9980A has disabled its output buffers to allow
the memory to place memory-read data on the data bus during MEMEN. DBIN remains fow in ail other cases
except when HOLDA is active at which time it is in the high-impedance state.
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TABLE 2 {CONTINUED)

SIGNATURE | PIN| /O DESCRIPTION

MEMEN 40 ouT Memory enable. When active {low), MEMEN indicates that the address bus contains a memory address. When
HOLDA is active, MEMEN is in the high impedance state.

WE 38 ouT Write enable. When active {low}, WE indicates that memory-write data is available from the TMS 9980 to be
written into memory. When HOLDA is active, WE is in the high-impedance state.

CRUCLK 37 ouT CRU clock. When active {high}, CRUCLK indicates that external interface logic should sample the output
data on CRUQUT or should decode external instructions on AQ, A1, A13.

CRUIN 19 IN CRU data in. CRUIN, normally driven by 3-state or open-collector devices, receives input data from external
imterface logic, When the processor executes a STCR or TB instruction, it samples CRUIN for the level of the
CRU input bit specified by the address bus {A2 through A12).

INT2 23 IN interrupt code. Refer to Section 2.2 for detailed description,

INT1 24 IN

INTO 25 IN

MEMQORY CONTROL

HOLD 1 IN Hold. When active {low), HOLD indicates to the processor that an external controller (e.g., DMA device)
desires to utilize the address and data buses to transfer data to or from memory. The TMS 9980A enters the
hold state following a hold signal when it has completed its present memory cvc_le.* The processor then
places the address and data buses in the high-impedance state (along with WE, MEMEN, and DBIN) and
responds with a hold-acknowledge signal (HOLDA)}. When HOLD is removed, the processor returns to normal
operation.

HOLDA 2 ouT Hold acknowledge. When active {high}), HOLDA indicates that the processor is in the hoid state and the
address and data buses and memory control outputs (WE, MEMEN, and DBIN)} are in the high-impedance
state.

READY 39 IN Ready. When active (high), READY indicates that. memory will be ready to read or write during the next
clock cycle. When not-ready is indicated during 8 memory operation, the TMS 9980A enters a wait state and
suspends internal operation until the memory systems indicated ready.

TIMING AND CONTROL
IAQ 3 ouT Instruction acquisition. |AQ is active (high) during any memory cycle when the TMS 9880A is acquiring an

instruction. |AQ can be used to detect illega! op codes. It may also be used to synchronize LOAD stimulus.

‘1t the cycle following the present memory cycle is also a memory cycle it, too, is completed before TMS 9980 enters hold state.



29 TMS 93981 PIN DESCRIPTION

Table 3 defines the TMS 9981 pin assignments and describes the function of each pin.

TABLE 3
TMS 9981 PIN ASSIGNMENTS AND FUNCTIONS

SIGNATURE |PIN| 1O DESCRIPTION TMS 8981 PIN ASSIGNMENTS
AO(MSB) 17 ouT ADDRESS BUS _ 1 |- -
Al 16 ouT AQ through A13 comprise the address bus. HOLD ! E LJ :’l‘m MEMEN
A2 15 | out This 3-state bus provides the memory- HoLDA 2 [ 139 READY
A3 14 | OUT address vector to the externai-memory sys- a3 E (38 WE
Ad 13 ouT tem when MEMEN is active and 1/O-bit m »
A5 12 ouT addresses and externai-instruction addresses Al/ceuour - 4 rt:‘ __J‘TI CRUCLK
AB 1 | ouTt 10 the 1/O system when MEMEN is inactive. A2 5] .36 Vpp
A7 10 | out The address bus assumes the high-impedance A1l & E | 138 Vgg
AB 9 ouT state when HOLDA is active. A0 7 E (24 CKIN
A9 8 ouT
A10 7| our A3 8 E 33 oscout
Al 6| out as 9 (] a2 o7
A12 5| our a7 10 [] 131 De
A13/CRUCUT | 4 ouT . CRUOUT A6 11 [ ]30 05
Serial 1/Q data appears on A13 when an
LDCR, SBZ and SBO instruction is execu- As 12 E ;]29 D4
ted. This data shoutd be sampled by the 1/0 A4 13 [ .J28 D3
interface logic when CRUCLK goes active A3 14 [ 327 D2
(high). One bit of the external mstructl?n A2 16 [ ]26 D1
code appears on A13 during external in- H
struction execution. Al 16 E 1125 DO 0
a0 17 [] J2a nToO
DO {MSB) 25 | 1O DATA BUS DBIN 18 [] 123 INT1
D1 26 /O DO through D7 comprise the bidirectional [
D2 27 /O 3-state data bus. This bus transfers memory CRUIN 18 E 22 INT2
D3 28 /0O data to {when writing) and from {(when vge 20 Y ]21 o]
D4 29 1/0 reading} the external-memaory system when
D5 30| 1O MEMEN is active. The data bus assumes the
D6 31 /O high-impedance state when HOLDA is
D7 {LSB) 32 1O active.
POWER SUPPLIES
veo 20 Supply voltage {5 V NOM)
vVpD 36 Supply voltage (12 V NOM)
Vgs 35 Ground reference
CKIN 34 [ IN , CLOCKS
OSCouUT 33 ouT Clock In and QOscitlator Out. These pins may be used in either of two modes to generate the internal 4-phase
clock. In mode 1 a crystal of 4 times the desired system frequency is connected between CKIN and OSCOUT
{see Figure 13). In mode 2 OSCOUT is left floating and CKIN is driven by a TTL compatible source whose
frequency is 4 times the desired system frequency.
o3 21 QUT Clock phase 3 (@3) inverted; used as a timing reference.
DBIN 18 ouT BUS CONTROL
Data bus in. When active (high), DBIN indicates that the TMS 9981 has disabled its output buffers to allow
the memory to place memory-read data on the data bus during MEMEN. DBIN remains low in all other cases
except when HOLDA is active at which time it is in the high-impedance state.
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TABLE 3 {CONTINUED}

SIGNATURE | PIN (I{e] DESCRIPTION

MEMEN 40 | ouT Memory enable. When active {low}, MEMEN indicates that the address bus contains a memory address. When
HOLDA is active, MEMEN is in the high-impedance state,

WE 38 | out Write enable. When active {low), WE indicates that memory-write data is available from the TMS 9981 to be
written into memory. When HOLDA is active, WE is in the high-impedance state.

CRUCLK 37 ouT CRU clock. When active (high), CRUCLK indicates that external interface logic should sample the output
data on CRUQUT or should decode external instructions on AQ, A1, A13.

CRUIN 18 IN CRU data in. CRUIN, normally driven by 3-state or open-collector devices, receives input data from external
interface logic. When the processor executes a STCR or TB instruction, it samples CRUIN for the level of the
CRU input bit specified by the address bus (A2 through A12).

INT2 22 iN interrupt code. Refer to Section 2.2 for detailed description.

INT1 23 IN

INTQ 24 IN

AOLD 1 IN MEMORY CONTROL
Hold. When active (low), HOLD indicates to the processor that an external controlier {e.g., DMA device)
desires to utilize the address and data buses to transfer data to or from memory. The TMS 9981 enters the
hold state foliowing a hold signal when it has completed its present memory cycle.* The processor then
places the address and data buses in the high-impedance state (along with WE, MEMEN, and DBIN) and
responds with a hold-acknowledge signal (HOLDA). When HOLD is removed, the processor returns to normal
operation,

HOLDA 2 QuUT Hold acknowledge. When active (high), HOLDA indicates that the processor is in the hold state and the
address and data buses and memory control outputs (WE, MEMEN, and DBIN) are in the high-impedance
state.

READY 39 IN Ready. When active {high}, READY indicates that memory will be ready to read or write during the next
clock cycie. When not-ready is indicated during a memory operation, the TMS 9981 enters a wait state and
suspends internal operation until the memory systermns indicated ready.

1AQ 3 ouT TIMING AND CONTROL

Instruction acquisition. 1AQ is active (high) during any memory cycle when the TMS 9981 is acquiring an
instruction. |AQ can be used to detect illegal op codes. it may also be used to synchronize LOAD stimulus.

*1f the cycle following the present memory cycle is also a memory cycle it, too, is completed before TMS 9981 enters hold state.

2.10 TIMING

2.10.1 Memory

Basic memory read and write cycles are shown in Figures 9a and 9b. Figure 9a shows a read and a write cycie with no
wait states while Figure 9b shows a read and a write cycle for a memory requiring one wait state.

MEMEN goes active {low) during each memory cycle. At the same time that MEMEN is active, the memory address
appears on the address bits AQ through A13. Since the TMS 9980A/TMS 9981 has an 8-bit data bus, every memory
operation consists of two consecutive memory cycles. Address bit A13 is O for the first of the two cycles and goes to 1
for the second. If the cycle is a memory-read cycle, DBIN will go active {high) at the same time MEMEN and AD
through A13 become valid. The memory-write (WE) signal remains inactive during a read cycle.

The READY signal allows extended memory cycle as shown in Figure 9b.
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At the end of the read cycle, MEMEN and DBIN go inactive (high and low respectively}. The address bus also changes
at this time, however, the data bus remains in the input mode for one clock cycle after the read cycle.

A write cycle is similar to read cycle except that WE goes active {low) as shown and valid write data appears on the data
bus at the same time the address appears.

2.10.2 HOLD

Other interfaces may utilize the TMS 2980A/TMS 2981 memory bus by using the hold operation (illustrated in Figure
10) of the TMS 9980A/TMS 9981. When HOLD is active {low), the TMS 9980A/TMS 9981 enters the hold state at the
next available non-memory cycle clock period. When the TMS 9980A/TMS 9981 has entered the hold state HOLDA
goes active (high), AD through A13, DO through D7, DBIN, MEMEN, and WE go into high-impedance state to allow
other devices to use the memory buses. When HOLD goes inactive, TMS 9280A/TMS 9981 resumes processing as
shown. Considering that there can be a maximum of 6 consecutive memory operations, the maximum delay between
HOLD going active to HOLDA gaing active (high) could be te(p) (for set up) + (12 + 6 W) to(g) (delay for HOLDA),
where W is the number of wait states per memory cycle and tg(g) is the clock cycle time, If hold occurs duringa CRU
operation, the TMS 9980A/TMS 9981 uses an extra clock cycle {after the removal of the HOLD signal) to reassert the
CRU address providing the normal setup times for the CRU bit transfer that was interrupted.

2.10.3 CRU

CRU interface timing is shown in Figure 11. The timing for transferring two bits out and one bit in is shown. These
transfers would occur during the execution of a CRU instruction. The other cycles of the instruction execution are not
illustrated. To output a CRU bit, the CRU-bit address is placed on the address bus A2 through A12 and the actual bit
data on A13. During the second clock cycle a CRU pulse is supplied by CRUCLK. This process is repeated until the
number of bits specified by the instruction are completed.

The CRU input operation is similar in that the bit address appears on A2 through A12. During the subsequent cycle,
the TMS 9980A/TMS 9981 accepts the bit input data as shown. No CRUCLK pulses occur during a CRU input
operaticon,

2.10.4 interrupt Code (1C0-1C2)

The TMS 9980A/TMS 9981 uses 4 phase clock (91, ¢2, ¢3, and ¢4} for timing and controt of the internal operations.
1CO-1C2 are sampled during ¢4 and then during ¢2.

If these two successive samples are eqgual, the code is accepted and latched for internal use on the subsequent ¢1. In
systems with simple interrupt structures this allows the interrupt code to change asynchronously without the
TMS 9980A/TMS 9981 accepting erroneous codes. Figure 3 shows systems with a single level of external interrupt
implemented that would require no external timing. When implementing multiple external interrupts, as in the bottom
diagram of Figure 3, external synchronization of interrupt requests is required. See Figure 12 for a timing diagram. In
systems with more than one external interrupt, the interrupts should be synchronized with the 55 output of the
TMS 9980A/TMS 9981 to avoid code transitions on successive sample cycles. This synchronization ensures that the
TMS 9980A/TMS 9981 will service only the proper active interrupt level.
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3. TMS 9980A/TMS 9981 INSTRUCTION SET
3.1 DEFINITION

The instruction set of the TMS 9980A/TMS 9981 is identical to that of TMS 9900. Each instruction of this set
performs one of the following operations:

L Arithmetic, logical, comparison, or manipulation operations on data
L Loading or storage of internal registers (program counter, workspace pointer, or status)
L Data transfer between memory and external devices via the CRU
. Control functions.
3.2 ADDRESSING MODES

TMS 9980A/TMS 9981 instructions contain a variety of available modes for addressing random-memory data (e.g.,
program parameters and flags), or formatted memory data (character strings, data lists, etc.}. The following figures
graphically describe the derivation of the effective address for each addressing mode. The applicability of addressing
modes to particular instructions is described in Section 3.5 along with the description of the operations performed by
the instruction. The symbols foliowing the names of the addressing modes [R, *R, "R+, @ LABEL, or @ TABLE (R)]
are the general forms used by TMS 9980A/TMS 9981 assemblers to select the addressing mode for register R. Note that
the TMS 9980A/TMS 9981 users use the same assembler and other software support packages as the ones used by the
TMS 9900 users.

3.2.1 WORKSPACE REGISTER ADDRESSING R

Workspace Register R contains the operand.

Register R

{PC}-8  Instruction -o{WP}+2R— Operand

3.2.2 WORKSPACE REGISTER INDIRECT ADDRESSING *R

Workspace Register R contains the address of the operand.

Register R

{PC) Instruction —B={WP)+2R Address — = Operand

3.2.3 WORKSPACE REGISTER INDIRECT AUTO INCREMENT ADDRESSING  *R+

Workspace Register R contains the address of the operand. After acquiring the operand, the contents of workspace
register R are incremented.

Register R
{PC )i Instruction  ={WP)+2R—ps| Address Operand
+
1 (byte)
or 2 (word)
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3.2.4 SYMBOLIC (DIRECT) ADDRESSING  @LABEL

The word following the instruction contains the address of the operand.

(PC) Instruction

O e

3.2.5 INDEXED ADDRESSING @ TABLE (R)

The word following the instruction contains the base address. Workspace register R contains the index value. The sum
of the base address and the index value results in the effective address of the operand.

Register R

Effective

+
Address
‘PC)+2—>‘ Table E

3.2.6 IMMEDIATE ADDRESSING

The word following the instruction contains the operand.

(PC)—= Instruction

(PC)+2—»  Operand

3.2.7 PROGRAM COUNTER RELATIVE ADDRESSING

The 8-bit signed displacement in the right byte (bits 8 through 15) of the instruction is multiplied by 2 and added to
the updated contents of the program counter. The resutt is placed in the PC.

Jump instruction

Program Counter OP CODE 1 DISP |2 ° DISP
Address r S next memory word

3.2.8 CRU RELATIVE ADDRESSING

The 8-bit signed displacement in the right byte of the instruction is added to the CRU base address (bits 3 through 14
of the workspace register 12). The result is the CRU address of the selected CRU bit.
Instruction

(lc—————»{ oPCODE | DIsP

0 78

15
CRU Bit

Register 12

(WP)+2:12 — ———p»] | CRU Base Add

0 23 1415

G-24



3.3 TERMS AND DEFINITIONS

The foliowing terms are used in describing the instructions of the TMS 9980A/TMS 9981.

TERM DEFINITION
8 Byte indicator {1=byte, 0 = word)
c 8it count
D Destination address register
DA Destination address
IoP Immediate operand
LSB{n} Least significant (right most) bit of (n}
MS8i(n) Most signiticant llef1 most} bit of (n)
N Don’t care
PC Program counter
Result Result of operation performed by instruction
S Source address registar
SA Source address
ST Status register
S$Tn Bit n of status register
Tp Destination address modifier
Tg Source address modifier
W Workspace register
WRn Workspace register n
{n) Contents of n
a—b ais transferred to b
In| Absolute value of n
+ Arithmetic addition
- Arithrmetic subtraction
AND Logical AND
OR Logical OR
® Logical exclusive OR
n Logical complement of n

3.4 STATUS REGISTER

The status register contains the interrupt mask level and information pertaining to the instruction operation.

0 1 2 3 L] 5 6 7 8 9 10 i1 12 13 14 - 15

STO | ST1 | ST2 | ST3 | ST4 | ST5 | ST6 not used (=0) ST12 ST13 ST14 ST1S
L> | A> = Cc o P X Interrupt Mask
8IT NAME INSTRUCTION CONDITION TOSET 8IT TO
STO LOGICAL c.cs 1f MSB(SA) = 1 and MSB{DA) = 0, or if MSB{SA) - MSB(DA)
GREATER and MSB of {{DA) — (SA}] = 1
THAN Ci If MSB(W) = 1 and MSB of 10P = §, or if MSBIW} = MSB of
IOP and MSB of {I0P — (W}] =1
ABS H{SAY # 0
Al Others I1f result # 0
T ARITHMETIC c.cs 1f MSB(SA} = 0 and MSB{(DA!} = 1, or if MSB{SA) = MSB{DA)
GREATER and MSB of [(DA) — {SA)] = t
THAN Ci 1£ MSBI(W) = 0 and MSB of 10P = 1, or it MSB{W) = MSB of
10P and MSB of [10P — (W)] =1
ABS if MSB{SA) = 0 and (SA} # O
All Others 11 MSB of resutt = 0 and result # 0
— Continued
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BIT NAME INSTRUCTION CONDITION TOSETBIT TO 1

ST2 EQUAL C.Cs It {SA) = (DA)
Cl Hf (W) = 10P
coc If (SA) and (DA} = 0
czc 1 {SA) and (DA) =0
T8 1f CRUIN =1
ABS If (SA) =0
All others If result =0

ST3 CARRY A, AB, ABS, Al,DEC,
DECT, INC, {NCT, 1 CARRY OUT =1
NEG, S, 58
SLA,SRA,SRC,S5RL If last bit shifted out = 1

sST4 OVERFLOW A, AB If MSB(SA)} = MSB(DA) and MSB of resutt » MSB(DA)
At If MSBIW) = MSB of 10P and MSB of result - MSB{W)
S, 5B If MSBISA) + MSB{DA) and MSB of result + MSBIDA)
DEC, DECT 11 MSB{SA] - 1 and MSB of result 0
INC, INCT If MSB(SA) = 0 and MSB of result - 1
SLA 1f MSB changes during shift
DIv It MSB(SA} = 0 and MSBIDAI) - 1, orif MSB{SA) - MSBIDA}

and MSB of [(DA} — (SA}] =0

ABS, NEG If (SA} - 80004

STS PARITY CB, MOVE It {SA) has odd number of 1's
LDCR, STCR 1t 1K CK 8and (SA) has odd number of 1's
AB, SB, 50CB, SZCB It result has odd number of 1's

ST6 Xop XOP 1f XOP instruction is executed

ST12-ST15 jINTERRUPT LIMI if corresponding bit of 'OP is 1

MASK RTWP I{ corresponding bit of WR15s 1
3.5 INSTRUCTIONS

3.5.1 Dual Operand Instructions with Multiple Addressing Modes for Source and Destination Operand

1 2 3 L)

6 7 8 9 10 n 12 13 14

15

General format: OP CODE 8 o D Tg S

If B = 1 the operands are bytes and the operand addresses are byte addresses. |f B = 0 the operands are words and the
operand addresses are word addresses.

The addressing mode for each operand is determined by the T field of that operand.

Tg OR Tp SORD ADOCRESSING MODE NOTES
00 0.1,...15 Workspace register 1
01 0,1,...15 Workspace register indirect
10 4] Symbolic 4
10 1,2,...15 Indexed 24
" G, 1,...15 Woarkspace register indirect auto-increment 3

NOTES- 1. when a workspace register is the operand of a byte instrucnon {bit 3= 1), the lett byte (bits O through 71 1s the operand and the

right byte {bits 8 through 15} is unchanged,
2, Workspace register 0 may not be used for indexing,
3. The workspace register is incremented by 1 for byte instruct:ons (bri 3= 1) and is incremented by 2 far word instructions tbit 3 =0).
4. When Tg = Tp = 10, two0 words are required in addstion 10 the :nstruction word. The first word 15 the source operand base
address and the second word is the destinat:on operand base address.
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RESULT STATUS
OP CODE
MNEMONIC 0 1 2 3 MEANING COMPARED BITS DESCRIPTION
TO00 AFFECTED

A 1 6 1 [ Add Yes 04 (SA+(DA} —~ (DA)

AB 1 01 H Add bytes Yes 05 {SAY+{DA) —~ (DA}

o 100 0 Compare No 0-2 Compare (SA) 1o (DA} and set

appropriate status bits

cB 100 1 Compare bytes No 02,5 Compare {SA} 1o (DA} and set

appropriate status bits

S 0 1 1 0 Subtract Yes 04 (DAY —~ (SA) ~ {DA)

SB 0t 1 1 Subtract bytes Yes 0-5 {DA} - (SA) ~ (DA}

SOC 11t 0 Set ones corresponding Yes 0-2 (DA) OR {SA} — (DA}

SOCB 1.1 1 1 Set ones corresponding bytes Yes 0-25 (DA} OR (SA) ~ (DA}

szc g 1 0 0 Set zeroes corresponding Yes 0-2 (DAY AND (S5A) = {DA)

SZCB ¢ 10 1 Set zeroes corresponding bytes Yes 02,5 (DAY AND (A} = (DA)

MOV 11 0 Q Move Yes 0-2 {8A) —~(DA)

MOVB 1 10 1 Move bytes Yes 0-2,5 {SA) = (DA}

3.5.2 Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and
Workspace Register Addressing for the Destination
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15
General format: OP CODE D Ts ]
The addressing mode for the source operand is determined by the Tg fietd.
Tg S ADDRESSING MODE NOTES
00 0,1,...15 Workspace register
01 0,1,...15 Workspace register indirect
10 ()] Symbolic
10 1,2,...15 Inde xed 1
11 0,1,...15 Workspace register indirect auto increment 2
NOTES: 1. Workspace register 0 may not be used for indexing.
2. The workspace register is incremented by 2.
RESULT STATUS
OP CODE
MNEMONIC 012345 MEANING COMPARED BITS DESCRIPTION
TO 0 AFFECTED
cocC 001000 Compare ones No 2 Test {D} to determine it 1°s are in each bit
corresponding position where 1's are in {SA). If so, set ST2.
czC 001001 Compare zeros No 2 Test {D) to determine if O's are in each bit
corresponding position where 1°s are in (SA), if so, set ST2,

XOR 001010 | Exclusive OR Yes 0-2 (D) @ (SA) ~ (D)

MPY 001110 Muttiply No Multiply unsigned (D) by unsigned (SA} and
place unsigned 32-bit product in D (most
significant) and D+1 (least significant). If WR15
is D, the next word in memory after WR 15 will
be used for the least significant half of the
product.

Div 00t1t111 Divide No 4 If unsigned (SA} s less than or equal to unsigned
(D}, perform no operation and set ST4. Otherwise,
divide unsigned (D) and (D+1) by unsngned
{SA}. Quotient - (D}, remainder - (D+1) if
D = 15, the next word in memory after WR 15
will be used for the remainder,
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3.5.3 Extended Operation (XOP) Instruction

Q0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

General format: 0 0 1 0 1 1 D Ts S

The Tg and S fields provide muitiple mode addressing capability for the source operand. When the XOP is executed,
ST6 is set and the following transfers occur: {409 + 4D) = (WP)

(4245 + 4D) > (PC)

SA = (new WR11)

{o!d WP} = {new WR 13}

(ofd PC) = (new WR 14}

(old ST} = (new WR15)

The TMS 9980A/TMS 9981 tests for reset and lcad but does not test for interrupt requests (INTREQ} upon
completion of the XOP instruction.

3.5.4 Single Operand instructions

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

General format: OP CODE Ts s

The Tg and S fields provide multiple mode addressing capability for the source operand.

OP CODE RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
0123456789
TO 0 AFFEGTED

B 0000010001 |Branch No — SA .- (PC}

BL 000001101 Q0 [ Branch andlink No -— {(PC) — (WR11}; SA — (PC)

BLWP 0000010000 |Branchandload No - (SA} —(WP); {SA+2} —{PC);

workspace pointer {oid WP) — (new WR13);

{old PC} — (new WR14);
{old ST) — (new WR15);
The TMS 9980A/TMS 9981 tests
for reset and load, but does not
test for interrupts upon com-
pletion of the BLWP instruction.

CLR 000001001 1 |Ctear operand No —_— 0 i(SA)

SETO G00001 1100 |Settoones No — FFFF1g — ISA}

INV 0000010701 |inver Yes 02 (SA} — (3A)

NEG 0000010100 |Negate Yes -4 —~(SA) > (S8A)

ABS CO00001T 1101 | Absolute value* No (V2] J{SA) = (SA)

SWPB 000001 101 1 |Swapbytes No — {SA}, bits 0 thru 7 — {SA), hits
8 thru 15; (SA), bits 8 thru 16 —
{SA), bits 0 thru 7.

INC 0000010110 ] Increment Yes 04 {Sa) + 1 — (SA}

INCT 0000010111 }incrementby two Yes 0-4 {SA) + 2+ (SA)

DEC 000001100 0 | Decrement Yes o4 (SAa) — 1~ (SA)

DECT 000001100 1 | Decrement by two Yes 0-4 (SA) - 2 ~ {SA)

xt 0GCO000100 10 | Execute No _— Execute the instruction at SA.

" Operand is compared to zerc for status bit.

"1t additional memory words for the execute instruction are required to define the operands of the instruction located at SA, these words
will be accessed from PC and the PC will be updated accordingly. The instruction acquisition signal {1AQ) will not be true when the TMS 9900
accasses the instruction at SA. Status bits are affected in the normai manner for the instruction executed.
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3.6.5 CRU Multiple-Bit Instructions

0 1 2 3 4 5 6 7 8 9 10 1 14

OpP CODE o

12 13 15

General format: Ts ]

The C field specifies the number of bits to be transferred, If C=0, 16 bits will be transferred. The CRU base registr
{WR12, bits 4 through 14) defines the starting CRU bit address. The bits are transferred serially and the CRU address is
incremented with each bit transfer, although the contents of WR12 is not affected. Tg and S provide muttiple mode
addressing capability for the source operand. If 8 or fewer bits are transferred (C = 1 through B), the source address is a
byte address. If 9 or more bits are transferred (C = 0, 9 through 15}, the source address is a word address. |f the source
is addressed in the workspace register indirect auto increment mode, the workspace register is incremented by 1ifC= 1
through 8, and is incremented by 2 otherwise.

OP CODE RESULT STATUS
MNEMONIC MEANING COMPARED BITS DESCRIPTION
012345 TO 0 AFFECTED
LDCR 001100 ] Load communcation Yes 02,5t Beginning with LSB of (SA), transfer the
register specified number of bits from (SA) to
the CRU.
STCR 00110 1 |Store communcation Yes 0-2,5% Beginning with LSB of (SA), transier the
register specified number of bits from the CRU to
{SA). Load unfilled bit positions with 0.

TSTS is affected only it 1 € C < B,

3.5.6 CRU Single-Bit Instructions

0 1 2 3 4 5 [ 7 8 9 10 " 12 13 14 15
General format: OP CODE SIGNED DISPLACEMENT
CRU retative addressing is used to address the selected CRU bit.
OP CODE STATUS
MNEMONIC MEANING BITS DESCRIPTION
01234567
AFFECTED
$BO 00011101 Set bit to one - Set the selected CRU output bit to 1.
sBZ 0011110 Set bit to zero - Set the selected CRU output bit to 0.
" TB 00011111 Test bit 2 If the selected CRU input bit = 1, set STZ.
3.5.7 Jump Instructions
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
General format: L OP CODE DISPLACEMENT

Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST are at
specified values. Otherwise, no operation occurs and the next instruction is executed since PC points to the next
instruction. The displacement field is a word count to be added to PC. Thus, the jump instruction has a range of -128
to 127 words from memory-word address folowing the jump instruction. No ST bits are affected by jump instructions.
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MNEMONIC Op CODE MEANING ST CONDITION TO LOAD PC
01234567

JEQ 0001 0O0 ¥ 1 Jump equal §T2 =1
JGT 00CO0OT*'Y O101 Jump greater than ST1 =1
JH 00011011 Jump high ST0 =1and ST2 =0
JHE 00O01TO0100O0 Jump high or equat STO=10r8T2=1
JL 000t Y01 O Jump low STO=0andST2=0
JLE 00010010 Jump low or equal STO=0o0r8T72=1
JLT 0 00T O0O0O0 1 Jump less than ST1=0and ST2=0
JMP 00010000 Jump unconditional unconditional
JNC 0010111 Jump no carry ST3=0
JNE 0C01T01 10 Jump not equal ST2=0
IJNO 00011001 Jump no overflow ST4=0
Joc 00011000 Jump on carry §T3=1
JOP 00011100 Jump odd parity §TS5 =1

3.5.8 Shift Instructions

0 1 2 3 4 5 6 7 8 9 10 1t 12 13 14 15
[« l w__ ]

of WRO contain the shift count. If C=0 and bits 12 through 15 of WR0 = 0, the shift

General format: OP CODE

-

If C=0, bits 12 through 15

count is 16.
RESULT STATUS
MNEMONIC OP COOE MEANING COMPl:;!ED ® BITSu DESCRIPTION
012345¢67
TO0 AFFECTED

SLA 000CT1TOI1O0 Shift left arithmetic Yes 04 Shift (W) left. Fill vacated bit
positions with 0.

SRA 0000 1 0 0 O { Shiftright arithmetic Yes 0-3 Shift (W) right. Fill vacated bit
positions with original MSB of (W),

SRC 00001011 Shift right circular Yes 0-3 Shift (W) right. Shift previous LSB
into MSB.

SRL 0 00 0 1 0 0 1 | Shiftright logical Yes 0-3 Shift (W) right. Fill vacated bit
positions with Q's.

3.5.9 Immediate Register Instructions

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
General format: OP CODE ] N J w
IOP
RESULT T
MNEMONIC Op CODE MEANING COMPARED SI:TSUS DESCRIPTION
012345678910
TOO AFFECTED

Al 0000001000 1 Add immediate Yes 04 (W) + 0P = (W)

ANDI 000000t001t QO AND immediate Yes 0-2 (W} AND 10P — (W)

Cl 00000010100 Compare Yes 0-2 Compare (W} to 1I0P and set

immediate appropriate status bits
LI 0000001000 0 Load immediate Yes 0-2 10P = (W)
ORI 0000001001 1 OR immediate Yes 0-2 (W) GR 10P = (W)
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3.5.10 .Internat Register Instruction

0 1 2 3 L] 5 6 7 8 9 10 1 12 13 14 15

General format: OP CODE N
10f
OP CODE
MNEMONIC MEANING DESCRIPTION
01234567889 10
LWePI 000000 T1TOI1T 1 1 Load workspace pointer immediate IOP = (WP), no ST bits affected
LIMA 0000CGCO0O0CTYT1TOOO Load interrupt mask 10P, bits 12 thru 15 ~5T12
thru §T16

3.5.11 [Internai Register Store Instructions

1] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
General format: I OP CODE l N T w J

No ST bits are affected.

OP CODE
MNEMONIC MEANING DESCRIPTION
012345678910
STST co00QQCQO0OT1TOTT T O Store status register {ST) —~ (W}
STWpP 000000 TtTOT1 O 1 Store workspace pointer (WP} = (W)

3.5.12 Return Workspace Pointer (RTWP} Instruction

1 2 3 4 5 6 7
0

0 0 1 12 13 14 15
General format: ro E 0 TO o] l o] l |

8 9 1
EEEEEREIE
The RTWP instruction causes the following transfers to occur:

(WR15) =+ (ST)
(WR14) —~ {PC)
(WR13) = (WP)

N

3.56.13 External Instructions

0 1 2 3 4 -] 6 7 8 9 10 1 12 13 14 15

General format: F OP CODE N I

External instructions cause the three address lines (A13; A0, A1) to be set to the below-described levels and the
CRUCLK line to be pulsed, allowing external control functions to be initiated.

STATUS ADDRESS
MNEMONIC ‘o s 3°: ZO::E? TR MEANING BITS _ DESCRIPTION BUS
AFFECTED A13 A0 A1
\DLE 00000011010 idle - Suspend TMS 9980/9981 Lt H L

instruction execution until
an interrupt, m, or
E-E—Sﬁ OCCUTS

RSET 0000001

1011 Reset t2-15 00— ST12 thru §T1S L H H
CKOF 00000011110 User defined - H H L
CKON 1 coo0o00011 101 User defined —_— H L H
LREX 00000011111 User defined - H H H
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3.6 TMS 9980A/TMS 9981 INSTRUCTION EXECUTION TIMES
Instruction execution times for the TMS 9980A/TMS 9981 are a function of:

1} Clock cycle time, t¢(¢)

2}  Addressing mode used where operands have multiple addressing mode capabitity
3) Number of wait states required per memory access.
Table 4 lists the number of clock cycles and memory accesses required to execute each TMS 9980A/TMS 9981 instruc-
tion. For instructions with multiple addressing modes for either or both operands, Table 4 lists the number of clock
cycles and memory accesses with all operands addressed in the workspace-register mode. To determine the additional
number of clock cycles and memory accesses required for modified addressing, add the appropriate values from the
referenced tables. The total instruction-execution time for an instruction is:
T= to () {C+W-M}
where:
T = total instruction time;
te(g) = clock cycle time;
C = number of clock cycles for instruction execution plus address modification;
W = number of required wait states per memory access for instruction execution plus address modification;

M = number of memory accesses.

As an example, the instruction MOVB is used in a system with tc{¢)= 0.4004s and no wait states are required to access
memory. Both operands are addressed in the workspace register mode:

T = tg(g) (C+W=M) = 0.400 (22+0-8) = 8.8 us.
If two wait states per memory access were required, thg execution time is:
T =0.400 (22 + 2:8) ps = 15.2 us.
If the source operand was addressed in the symbolic mode and two wait states were required:
T = tg(g) (C+W-M}
C=22+10=32
M=8+2=10

T=0400(32+2-10) = 20.8 us.
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INSTRUCTION EXECUTION TIMES

TABLE 4

INSTRUCTION CLOCK CYCLES MEMORY ACCESS ADDRESS MODIFICATION***
[+ M SOURCE DESTINATION
A 22 8 A A
AB 22 8 B B
ABS (MS8 = 0} 16 4 A -
(M3B = 1) 20 6 A —-
Al 22 8 - -
ANDI 22 8 - -
B 12 4 A -
BL 18 6 A
BLWP 38 12 A -
c 20 6 A A
CcB 20 6 B B
Cl 20 6 - -
CKOF 14 2 - -
CKON 14 2 - —
CLR 16 6 A -
coc 20 6 A -
czc 20 6 A -
DEC 16 6 A -
DECT 16 6 A -
DIV (8T4 is set) 22 6 A -
DIV (ST4 is reset)* 104-136 12 A -
IDLE 14 2 — -
INC 16 6 A -
INCT 16 6 A -
INV 16 6 A -
Jump (PC is changed) 12 2 - -
{PC is not changed} 10 2 - —
LDCR {(C= 0} 58 6 A -
{1<C<8) 26+2C 6 B -
{9<C<15) 26+2C 6 A -
L 18 6 - -~
LiMi 22 6 - -
LREX 14 2 — -
LwPI 14 4 - —
MOV 22 8 A A
MOVB 22 8 8 B
MPY 62 10 A -
NEG 18 6 A -
ORI 22 8 - -
RSET 14 2 - -
RTWP 22 8 - -
S 22 8 A A
SB 22 8 B B
SBO 16 4 - -
S8Z 16 4 -
SETO 16 6 A -
Shift (C = 0) 18+2C 6 - -
{C £0, Bits 12—15
of WRO = Q) 60 8 - -
{C=0,Bits12-15
of WRP =N = 0} 28+2N 8 — -
sOC 22 8 A A
SOCB 22 8 B B
STCR (C=0} 68 8 A -
(1<C<?) 50 8 B
(C=8) 52 8 B -
{9<C<15) 66 8 A -
®Execution time is dependent upon the partial quotient after each clock cycle during execution.
*** The letters A and B refer to the respective tables that follow. —CONTINUED-

G-33




TABLE 4 (CONTINUED)

CLOCK CYCLES MEMORY ACCESS ADDRESS MODIFICATION***
INSTRUCTION C M SOURCE DESTINATION
STST 12 4 - -
STWP 12 4 - -
SWPB 16 6 A -
szc 22 8 A A
SZCB 22 8 ] B
TB 16 4 - -
x> 12 4 A -
xXOP 52 16 A -
XOR 22 8 A -
RESET function 36 10 - -
LOAD function 32 10 - -
Interrupt context switch 32 10 - -
Undefined op codes:
0000-01FF, 0320 8 2 - -
033F, 0CO0-OFFF,
0780-07FF
**Execution time is added to the execution time of the instruction located at the source address.
**" The letters A and B refer to the respective tables that follow.
ADDRESS MODIFICATION — TABLE A
CLOCK CYCLES MEMORY ACCESSES
ADDRESSING MODE ock ©
[ M
WR (Tg or Tp = 00} 0 0
WR indirect (Tg or Tp = 01} 6 2
WR indirect auto-increment (Tg or Tp = 11} 12 4
Symbeolic (Tgor Tp =10,Sor D=0 10 2
Indexed (Tgor Tp=10,Sor D # 0) 12 4

ADDRESS MODIFICATION — TABLE B

ADDRESSING MODE

CLOCK CYCLES

MEMORY ACCESSES

Cc M
WR (Tg or Tp = 00) 0 ¢
WR indirect (Tg or T = 01) 6 2
WR indirect auto-increment (Tg or Tp = 11} 10 4
Symbolic (Tg or Tp = 10,8 or D = Q) 10 2
indexed (Tgor Tp=10,Sor D+ 0) 12 4
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41

TMS 9980A/TMS 9981 ELECTRICAL AND MECHANICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)*

Supply voltage, VG (see Note 1)
Supply voitage, Vpp (see Note 1)

Supply voltage, Vgg (see Note 1) (9980A onl

All input voltages {see Note 1)
Output voltage (see Note 1}
Continuous power dissipation
Operating free-air temperature range
Storage temperature range

NOTE 1: Under absoiute maximum ratings voltage values are with respect to Vgs.

4.2 RECOMMENDED OPERATING CONDITIONS

—03to 15V
~03to 15V
—525t00V
—-03t0 15V
—-2Vto7V

. 14W
0°C to 70°C

—55°C to 150°C

*Stresses beyond those |jsted under “"Absolute Maximum Ratings’’ may cause permanent damage te the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the “"Recommended Operating Conditions”’
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

MIN NOM MAX UNIT
Supply voltage, Vgg (9980A only) -5.25 -5 —-4.75 \%
Supply voltage, Voo 4.75 5 5.25 v
Supply voltage, Voo 11.4 12 12.6 v
Supply voltage, Vgg 0 v
High-level input voltage, V|4 2.2 24 Veett \YJ
Low-level input voltage, V| | 0.4 08 v
Operating free-air temperature, Tp 0 20 70 °C
4.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(UNLESS OTHERWISE NOTED)
PARAMETER TEST CONDITIONS MinN TYP* MAX UNIT
Data bus during DBIN Vi = Vgg to Ve 175
1 Input current WE. MEMEN. DBIN V)| = VggtoVeg 175 uA
during HOLDA
Any other inputs Vi = Vgg to Vg 110
Vou High-level output voitage o = ~0.4 mA 2.4 \
lp =2mA 0.5
VoL Low-level output voltage o 32mA 0.65 v
BB Supply current from Vg (9980A Only) 1 mA
0C 50 80
lee Supply current from Ve 7000 40 50 mA
o°c 70 80
IpD Supply current from Vpp 70°%C o5 75 mA
c Input capacitance {any inputs = 1 MHz, unmeasured 15 oF
except data bus} pins at Vgg
f =1 MHz, unmeasured
Cpe Data bus capacitance i 25 pF
pins at Vgg
Output capacitance {any output f = 1 MHz, unmeasured
Co X 15 pF
except data bus) pins at Vgg

* All typical values are at T = 25°C and nominal voltages.
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4.4 CLOCK CHARACTERISTICS

The TMS 9980A and TMS 9981 have an internal 4-phase clock generator/driver. This is driven by an external TTL
compatible signal to control the phase generation. In addition, the TMS 9981 provides an output {OSCOUT) that in
conjunction with CKIN forms an on-chip crystal oscillator. This oscillator requires an external crystal and two
capacitors as shown in Figure 13. The external signal or crystal must be'4 times the desired system frequency.

T™MS 9981
CKIN OSCOUT

A

CRYSTAL

T

FIGURE 13 — CRYSTAL OSCILATOR CIRCUIT

C2

4.4.1 Internal Crystal Oscillator (9981 Only)

The internal crystal oscillator is used as shown in Figure 13. The crystal should be a fundamental series rescnant type.
C1 and C2 represent the total capacitance on these pins including strays and parasitics.

PARAMETER ) TEST CONDITIONS MIN TYP MAX UNIT
Crystal frequency - Q°C-10°C 6 10 MHZ
C1.Co 0°C-70°C 10 15 25 pt

4.4.2 External Clock

The external clock on the TMS 9980A and optional on the TMS 9981, uses the CKIN pin. In this mode the OSCOUT
pin of the TMS 9981 must be left floating. The external clock source must conform to the following specifications.

PARAMETER MIN TYP MAX UNIT
fext External source frequency* 6 10 MHz
Vi External source high level 22 \'s
Vi External source iow level 0.8 v
T./Ts External source rise/fall time 10 ns
TwH External source high level pulse width 40 ns
TwL External source low level pulse width 40 ns

*This allows a system spead of 1.5 MHz to 2 MHz,
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45 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
The timing of ail the inputs and outputs are controlled by the internal 4 phase clock; thus ail timings are based on the
width of one phase of the internal clock. This is 1/f{cKIN) (whether driven or from a crystal}. This is also %fsystem. In

the following table this phase time is denoted tyy.

All external signals are with reference to ¢3 (see Figure 14).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
te{@3} Rise time of ¢3 3 5 10 ns
t§(03) Fall time of ¢3 5 7.5 15 ns
twl®3) Pulse width of ¢3 tw=1/F{CKIN) tw—15  ty—10  t,+10 ns
tsu Data or control setup time* =Yfsystem’ tw—30 ns
th Data holid time* 2ty +10 ns
tpy (WE) Propagation delay time WE high to low Cy = 200pf tw—10 tw  tyt20 ns
tpLH (WE) Propagation delay time WE low to high tw w10 1, +30 ns
tp| (CRUCLK)  Propagation delay time, CRUCLK high 10 low -20 —-10 +10 ns
tp H{CRUCLK) Propagation delay time, CRUCLK low 1o high 2t,,—10 2t 2t,+20 ns
0oV Delay time from output valid to ¢3 low tw—50  t,—30 ns
10X Delay time from output invalid to ¢3 low tw—20 tw ns

*AH inputs except |CO-1C2 must be synchronized 10 meet these requirements, 1C0-1C2 may change asynchronously. See section 2.10.4.

CKoUTI03)

INPUTS

teig) tig)
twig)

DON'T CARE

CRUCLK
o v
[ i
OTHER YOO X M)
Lotesolededs! VALID

FIGURE 14 — EXTERNAL SIGNAL TIMING DIAGRAM
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5. THE PROTOTYPING SYSTEM
5.1 HARDWARE

Because of the software compatibility, the users of TMS 9980A/TMS 9981 uses the TMS 9900 prototyping system to
generate and debug software and to debug 1/0 controlier interfaces. The prototyping system consists of:

® 990/4 computer with TMS 9900 microprocessor

L 1024 bytes of ROM containing the bootstrap loader for loading prototyping system software, the
front-panel and maintenance utifity, and the CPU self-testing feature

] 16,896 bytes of RAM with provisions for expansion up to 57,334 bytes of RAM
] Programmable-write-protect feature for RAM

L Interface for Texas Instruments Model 733 ASR™ Electronic Data Terminal with provisions for up to five
additional interface modules

L Available with Texas Instruments 733 ASR Electronic Data Terminal
L 7-inch-high table-top chassis

L] Programmer’s front panel with controls for run, halt, single-instruction execute, and entering and displaying
memory or register contents

L Power supply with the following voltages:
5Vdc@20 A
12Vdc@2A
—-12Vdc@1A
-5Vdc@0.1 A

L4 Complete hardware and software documentation.
5.2 SYSTEM CONSOLE

The system console for the prototyping system is the 733 ASR, which provides keyboard entry, 30-character-per-
second thermal printer, and dual cassette drives for program loading and storage.

5.3 SOFTWARE
The following software is provided on cassette for loading into the prototyping system:
. Debug Monitor - Provides full controi of the prototyping system during program development and includes
singie instruction, multiple breakpoints, and entry and display capability for register and memory

contents for debugging user software user 733 ASR console control.

L One-Pass Assembler — Converts source code stored on cassette to relocatable object on cassette and
generates program listing. {Object is upward compatible with other 990 series assemblers.)

L Linking Loader — Allows loading of absolute and relocatable object modules and links object modules as
they are loaded.

* Requires remote device control and 1200 baud EIA interface option on 733 ASR.
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R Source Editor — Enables user modifications of both source and object from cassette with resuitant storage
on cassette.

® Trace Routine — Allows user to monitor status of computer at completion of each instruction.

o PROM Programming/Documentation Facility — Provides documentation for ROM mask generation, or
communicates directly with the optional PROM Programmer Unit.

5.4 OPTIONS
The following optional equipment is offered for the prototyping system:

L Battery-pack/standby-power supply
L PROM programming unit and adapter boards
® Universal wire-wrap modules
L] Expansion RAM modules
® Expansion EPROM modules
. 1/0 modules and other interfaces
L4 Rack-mounted version

L Internationai ac voltage option
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SUPPORT CIRCUITS

DEVICE ORGANIZATION/ 1/0 STRUCTURE PACKAGE ACCESS TIME
FUNCTION
. RAMS
TMS 4036-2 64 x 8 Static Common bus 20 Pin 450 ns MAX
TMS 4033 1024 x 1 Static Dedicated bus 16 Pin 450 ns MAX
TMS 4039-2 256 x 4 Static Dedicated bus 22 Pin 450 ns MAX
TMS 4042-2 256 x 4 Static Common bus 18 Pin 450 ns MAX
TMS 4043-2 256 x 4 Static Common bus 16 Pin 450 ns MAX
TMS 4060 4086 x 1 Dynamic Common bus 18 Pin 300 ns MAX
TMS 4051 4096 x 1 Dynamic Dedicated bus 18 Pin 300 ns MAX
TMS 4060 4096 x 1 Dynamic Dedicated bus 22 Pin 300 ns MAX
ROMS/PROMS
TMS 2708 1024 x 8 EROM 24 Pin 450 ns MAX
TMS 4700 1024 x 8 ROM 24 Pin 450 ns MAX
SN745371 256 x 8 ROM 20 Pin 70 ns MAX
SN745471 256 x 8 ROM 20 Pin 70 ns MAX
SN745472 512 x 8 PROM 20 Pin 55 ns TYP
PERIPHERALS
TMS 9901 PSI, Programmable System Interface 40 Pin
TMS 9902 ACC, Asynchronous Communication Controller 18 Pin
TMS 9903 SCC, Synchronous Communication Controller 20 Pin
TiM 9905 Data multiplexer (SN74LS5251} 16 Pin
TIM 9906 Addressable latch {SN74L8259 16 Pin
TIM 9907 Priority encoder (SN74148) 16 Pin
SN745412 8-bit 1/0 port 24 Pin
TMS 6011 UART : 40 Pin
SN745241 Bidirectional bus driver 20 Pin

SYSTEM DESIGN EXAMPLES

Figure 15 illustrates a typical minimum TMS 9981 system. Eight bits of input and output interface are implemented.
No interface circuits are used for interrupt code thus providing for reset and one interrupt only. CKIN and OSCOUT
are tied to a 10 MHz crystal to use the on-chip crystal oscillator. The memory system contains 1024 x 8 ROM and 256
x 8 RAM. The package count far this system is 6 packages.

A maximum TMS 9980A/TMS 9981 system is illustrated in Figure 16. ROM and RAM are both shown for a total of
16,284 bytes of memory. The 1/0 interface support 2048 output bits and 2048 input bits. RESET, LOAD, and 4
interrupts are implemented on the interrupt interface lines. Optional external clock may be supplied on CKIN. Buss
buffers, required for this maximally configured system, are indicated on the system buses.
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FIGURE 16 — MAXIMUM TMS 9980 SYSTEM
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8. MECHANICAL DATA

8.1 TMS 9980A/TMS 8981 — 40-PIN CERAMIC PACKAGE

L 2020 MaX

W W _ W _ W WV -

N
— 0600 * 0,010 ~— 0020
MIN ¥
e mrome - T TR YOO IO O T T T T T T D o o
“PLANE T ]"-'—*
L 1 0.150 * 0.030
| I+
o.meeo.oo:-u”- _.I f—0.032 NOM
0.010 NOM—{ jo—- PIN SPACING 0100 TP |¢—0.050 * 0.020
(See Note A} _4 0.05¢ ¢ 6.010
NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal
position,
B. All linear dimensions are in inches,
8.2 TMS 9980A/TMS 9981 — 40-PIN PLASTIC PACKAGE
2.080 MAX
ra)

A9) —
mimisimisieiaisioiaisiaisl sl e el ]

EITHER ::]

INDEX
O 3 f ) G S ) ) 500 T D G i ) A ) 8
o= @
0.020
MIN Ly
| 0.200 Max
o —SEATING PLANE—f- _i_
% 0.125 MIN
% 9
—-\ 0041 2 0.003 o018 ¥
r +0.003 —0.033 MIN
be—0.075 : 0.020
PIN SPACING 0.100 TP
(See Note A) 0.060 NOM

NOTES: A. Each pin centerline is located within 0.010 of its true iongitudinal

position,
B. Alil linear dimensions are in inches.
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APPENDIX H

TMS 9900 FAMILY MACHINE CYCLES

H.1 General Description of Machine Cycles

The TMS 9900 family of microprocessors execute a series of steps to perform an instruction or other
operation. This basic step common to all operations is the machine cycle, which requires two clock cycles
to execute. (Note: These machine cycles apply equally to the TMS 9980A/81 microprocessor, with the
exception of the memory cycle as detailed below.) The TMS 9900 family machine cycles are divided into
three categories described in the following paragraphs.

H 11 ALU Cycle

The ALU cycle performs an internal operation of the microprocessor. The memory interface control signals
and CRU interface control signals are not affected by the execution of an ALU cycle, which takes two
clock cycles to execute.

H. 1.2 Memory Cycle

The memory cycle primarily performs a data transfer between the microprocessor and the external memory
device. Appropriate memory bus control signals are gencrated by the microprocessor as a result of a
memory cycle execution. The memory cycle takes 2+W (where W is the number of wait states) clock cycles
to execute.

In the TMS 9980A/81, which has an 8-bit data bus, the memory cycle is composed of two data transfers to
move a complete 16-bit word. The TMS 9980A/81 memory cycle takes 4+2W (where W is the number of
wait states) clock cycles to execute. For the TMS 9980A/81 the following machine cycle sequences replace
the memory sequences used in the instruction discussion.

CYCLE
1 Memeory Read/Write AB = Address of most significant byte (A13 =0)
DB = Most significant byte
2 Memory Read/Write AB = Address of least significant byte (A13 =1)
DB = Least significant byte

H 1.3 CRU Cycle

The CRU cycle performs a bit transfer between the microprocessor and /O devices. It takes two clock
cycles to exccute. The address of the CRU bit is set up during the first clock cycle. For an input operation
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the CRUIN fine is sampled by the microprocessor during the second clock cycle. For an output operition
the data bit is set up on the CRUOUT line at the same time the address s set up. The CRUCLK line is
pulsed during the sccond clock cycle of the CRU output cycle. Please refer to the specitic TMS 99XX
microprocessor data manual for timing diagrams.

The TMS 9900 exceutes its operations under the control of ‘a microprogrammed control ROM. Lach
microinstruction specifies a machine cycle. A microprogram specities a sequence of machine cycles. The
TMS 9900 executes o specific sequence of machine cycles for a specific operation. These seguences are
detailed on the following pages. The information can be used by the systems designers to determine the bus
contents and other interface behavior at various instants during a certain 'FMS 9900 operation. This descrip-
tion is maintained at the address bus (A1) and data bus (DB) levels.

H.2 TMS 9900 Machine Cycle Sequences

Most TMS 9900 instructions execution consists of two parts: 1) the data derivation and 2) operation
excecution. The data derivation sequence depends on the addressing mode for the data. Since the addressing
modes are common to all instructions. the data derivation sequence is the same for the same addressing
mode. regardless of the instruction. Therefore, the data derivation sequences are described first. These are
then referred to in appropriate sequence in the instruction exccution description.

H.3 Terms and Definitions

The following terms are used in describing the instructions of the TMS 9900:

TERM DEFINITION

B8 Byte Indicator {1 = byte, 0 = word)

c . Bit count

D Destination address register

DA Destination address

IoP Iimmediate operand

PC Program counter

Result - Result of operation performed by instruction

S Source address register

SA Source address

ST Status register

STn Bit n of status register

SD Source data register internal to the TMS 9900 microprocessor *
W Workspace register

SRn Workspace register n

{n} Contents of n

Ns Number of machine cycles 1o derive source operand
Nd Number of machine cycles to derive destination operand
AB Address Bus of the TMS 9900

DB Data Bus of the TMS 9900

NC No change from previous cycle

*NOTE: The contents of the SD register remain latched at the last value written by the processor unless changed by the ALU. Therefore,
during all memory read or ALU machine cycles the SD register and hence the data bus will contain the operand tast written to the data bus by
the CPU or the results of the last ALU cycle to have loaded the SD register.



H.4 Data Derivation Sequences
H.4.1 Workspace Register

CYCLE TYPE
1 Memory Read

HA42 Work.spacé Register Indirect

CYCLE TYPE
1 Memory Read
2 ALU
3 Memory Read

DESCRIPTION
AB = Workspace register address

DB = Operand

DESCRIPTION

AB = Workspace register address
DB = Workspace register contents
AB = NC . :
DB = SD

AB = Workspace register content
DB = Operand

H.4.3 Workspace Register Indirect Auto-Increment (Byte Operand)

CYCLE TYPE
1 Memory Read
2 ALU
3 Memory write
4 Memory Read

DESCRIPTION

AB = Workspace register address
DB = Workspace register contents
AB = NC

DB = SD

AB = Workspace register address
DB = (WRn)+1

AB = Workspace register contents
DB = Operand

H.4.4 Workspace Register Indirect Auto-Increment (Work Operand)

CYCLE TYPE
1 Memory read
2 ALU
3 ALU
4 Memory write
5 Memory read

H4.5 Symbolic

CYCLE TYPE
1 ALU
2 ALU

DESCRIPTION

AB = Workspace register address
DB = Workspace register contents
AB = NC

DB = SD

AB = NC

DB = SD

AB = Workspace register address
DB = (WRn)+2

AB = Workspace register contents
DB = Operand

DESCRIPTION

AB = NC

DB = SD

AB = NC

DB = SD



CYCLE TYPE DESCRIPTION

3 Memory read AB = PC+2
DB = Symbolic address
4 ALU AB = NC
DB = 0000,,
5 Memory read AB = Symbolic address
DB = Operand

H 4.6 Indexed

CYCLE TYPE DESCRIPTION
] Memeory read AB Workspace register address

DB = Workspace register contents
2 ALU AB = NC
DB = SD
3 Memory read AB = PC+2
DB = Symbolic address
4 ALU AB = PC+2
DB = Workspace register contents
S Memory read AB = Symbolic address + (WRn)
DB = Operand

H.5 Instruction Execution Sequences

HJ5.1 A, AB, C, CB, S, SB, SOC, SOCB, SZC, SZCB, MOV, MOVB, COC, CZC, XOR

CYCLE TYPE DESCRIPTION
1 Memory read AB = PC
DB = Instruction
2 ALU AB = NC
: DB = SD

Insert appropriate sequence for
Ns source data addressing mode, from
the data derivation sequences

3+Ns ALU AB = NC
DB = SD
Insert appropriate sequence for
Nd destination data addressing mode from
the data derivation sequences
3+Ns+Nd ALU AB = NC
DB = SD
4+Ng+Nd Memory write AB = DA (Note 4)
DB = Result
NOTES:

1) Since the memory operations of the TMS 9900 microprocessor family fetch or store 16-bit words, the
source and the destination data fetched for byte operations are 16-bit words. The ALU operates on

H4



the specified bytes of these words and modifies the appropriate byte in the destination word. The
adjacent byte in the destination word remains unaltered. At the completion of the instruction, the
destination word, consisting of the modified byte and the adjacent unmodified byte, is stored in a
single-memory write operation.

2) For MOVB instruction the destination data word (16 bits) is fetched. The specified byte in the
destination word is replaced with the specified byte of the source-data word. The resultant destination
word is then stored at the destination address.

3) For MOV instruction the destination data word (16 bits) is fetched although not used.

4) For C, CB, COC, CZC instructions cycle 4+Ns+Nd above is an ALU cycle with AB = DA and DB = SD.

H. 5.2 MPY (Multiply)

CYCLE TYPE DESCRIPTION
1 Memory read AB = PC
DB = Instruction
2 ALU _ AB = NC
DB = SD

Insert appropriate data derivation
Ns sequence according to the source
data (multiplier) addressing mode

3+Ns ALU AB = NC
DB = SD
4+Ns Memory read AB = Workspace register address
DB = Workspace register contents
5+Ns ALU AB = NC
DB = SD
6+Ns ALU AB = NC
' DB = Multiplier
T+Ns Multiply the two operands
16 ALU AB = NC
DB = MSH of partial product
22+Ns Memory write AB = Workspace register address
DB = MSH of the product
23+Ns ALU AB = DA+2
DB = MSH of product
244Ns Memory write AB = DA+2
DB = LSH of the product
H.5.3 DIV (Divide)
CYCLE TYPE DESCRIPTION
1 Memory read AB = PC
DB = Instruction
2 ALU AB = NC
DB = SD
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CYCLE
Ns

3+Ns
4+Ns

5+Ns
6+Ns

7+Ns
8+Ns

9+Ns

10+ Ns+Ni
1 1+Ns+Ni
1 2+Ns+Ni

13+Ns+Ni

HS54 XOP

CYCLE
1

2

Ns

3+Ns
4+Ns

5+Ns

TYPE
Insert appropriate data derivation
sequence according to the source
data (divisor) addressing mode
ALU
Memory read

ALU
ALU

Mcmo_ry read

ALU

ALU

Divide sequence consisting of Ni cycles where
48 < Ni < 32. Ni is duta dependent

ALU

Memory write

ALU

Memory write

TYPE
Memory read

ALU

Insert appropriate data derivation
sequence according to the source
data addressing mode

ALU

ALU

ALU

H-6

DESCRIPTION

AB
DB
AB
DB

H

NC

SD

Address of workspace register
Contents of workspace register

{Cheek overfiow)

AB
DB

(Skip i

AB
DB
AB
DB
AB
bB
AB
DB

AB
DB

AB
DB
AB
DB
AB
DB
AB
DB

NC
Divisor
“overtflow o nextinstruciion fetel
NC
Sbh
DA+2
Contents of DA+2
NC
SD
NC
SD

NC
SDh

NC
SD
Workspace register address
Quotient

= DA+2
= Quotient
= DA+2

Remainder

DESCRIPTION

AB = KX

DB = Iastruction
Instruction decode AB = NC
DB=SD

AB = NC

DB = SD

AB = NC

DB = SA

AB = NC

DB = SD



CYCLE
O+Ns

T+Ns

8+Ns

9+Ns

1O+Ns

J1+Ns

124Ns

13+Ns

[4+Ns

15+Ns

16+Ns

17+Ns

TYPE
Memory read

ALU
Memory write
ALU
Memory write
ALU
Memory write
ALU
Memory write
ALU
Memory read

ALU

H5.5 CLR, SETO, INV, NEG, INC, INCT, DEC, DECT

CYCLE
1

2

Ns

3+Ns

4+Ns

TYPE
Memory read

ALU

Insert appropriate data derivation
sequence according to the source
data addressing mode

ALU

Memory write

DESCRIPTION

AB = 40,,+4xD

- DB = New workspace pointer
AB = NC :
bB = SA

AB = Address of WRII

DB = SA

AB = Address of WRI1S

DB = SA

AB = Address of workspace register 15

DB = Status register contents
AB = NC

DB = PC+2

AB = Address of workspace register 14
DB = PC+2

AB = Address of WRI3

DB = SD

AB = Address of workspace register 13
DB = WP

AB = NC

DB = Sb

AB = 42,,+4xD

DB = NewPC

AB = NC

DB = SD

DESCRIPTION

AB = PC

DB = Instruction

AB = NC

DB = SD

AB = NC

DB = SD

AB = Source data address
DB = Modified source data

NOTE: The operand is fetched for CLR and SETO aithough not used.

HJ5.6 ABS

CYCLE
1

2

TYPE
Memory read

ALU

H-7

DESCRIPTION
AB = PC

DB = Instruction
AB = NC

DB = SD



CYCLE TYPE DESCRIPTION

Insert appropriate data derivation
Ns sequence according to the source
data addressing mode

3+Ns ALU Test source data
AB = NC
DB = SD

4+Ns ALU Jump to 5"+Ns if data positive
AB = NC
DB = SD

S+ns ALU Negale source
AB = NC
DB = SD

6+Ns Memory write AB = Source data address
DB = Modified source data

5'+Ns ALU AB = NC
DB = SD

H57 X
CYCLE TYPE DESCRIPTION
1 Memory read AB = PC
: DB = Instruction

2 ALU AB = NC

DB = SD

Insert the appropriate data derivation
Ns sequence according to the source data
addressing mode

3+Ns ALU AB = NC
DB = 8D

NOTE: Add sequence for the instruction specified by the operand.

H58 B
CYCLE TYPE DESCRIPTION
1 Memory read AB = PC
DB = Instruction
2 ALU AB = NC
DB = SD
Insert appropriate data derivation
Ns sequence according to the source
data addressing mode
34Ns ALU AB = NC
DB = 5D

NOTE: The source data is fetched, although it is not used.



H59 BL

CYCLE

Ns

3+Ns
4+Ns

S5+Ns

NOTE: The source data is fetched although it is not used.

H.5.10 BLWP

CYCLE
1

2

Ns

3+Ns

4+Ns

5+Ns

6+Ns

T+Ns

8+Ns

9+Ns.

10+Ns

11+Ns

12+Ns

TYPE
Memory read

ALU

Insert appropriate data derivation
sequence according to the source
data addressing mode

ALU

ALU

Memory write

TYPE
Memory read

ALU

Insert appropriate data derivation
sequence according to the source
data addressing mode

ALU

ALU

Memory write’

ALU

Memory write

ALU

Memory write

ALU

Memory read

ALU

H9

DESCRIPTION

AB = PC

DB = Instruction

AB = NC

DB = SD

AB = NC

DB = SD

AB = Address of WR11

DB = SD

AB = Address of WR11

DB = PC+2

DESCRIPTION

AB = PC

DB = Instruction

AB = NC

DB = SD

AB = NC

DB = SD

AB = Address of WR15

DB = NC

AB = Address of workspace register 15
DB = Status register contents

AB = NC

DB = PC+2

AB = Address of workspace register 14
DB = PC+2

AB = Address or workspace register 13
DB = SD

AB = Address of workspace register 13
DB = WP

AB = NC

DB = SD

AB = Address of new PC

DB = NewPC

AB = NC

DB = SD



H5.11 LDCR

CYCLE
i

3

-

3+Ns
4+Ns
S5+Ns
6+Ns
7+Ns

8+Ns

9+Ns+C

H5.12 STCR

CYCLE
1

Ns

3+Ns
4+Ns

5+Ns

TYPE
Memory read

ALU

Insert appropriate data
derivation seguence
ALU

ALU

ALU

ALU

Memory read

ALU

Enable CRUCLK. Shift next
bit onto CRUQUT line.
Increment CRU bit address
on AB. lterate this sequence
C times, where C is

number of bits to be
transferred.

ALU

TYPE
Memory read

ALU

Insert appropriate data derivation
sequence acvording to the source

data addressing mode
ALU
Memory read

ALU

DESCRIPTION

AB = P(
DB = Instruction
AB = NC
DB = SD
AB = NC
DB = SD
AB = NC
DB = SD

AB = Address of WRI12
DB = SD

AB = Address of WRi2
DB = SD
AB = Address of WR12
DB = Contents of WRI?2
AB = NC
DB = SD

AB = Address+2
Increments C Times

DB = SD

AB = NC

DB = SD
DESCRIPTION

AB = PC

DB = Instruction

AB = NC

DB = SD

AB = NC

DB = SD

AB = Address of WRI12
DB = Contents of WR12
AB = NC

It

DB SD



CYCLE | TYPE DESCRIPTION
6+Ns ALU AB = NC
DB SD

Input selected CRU bit.

Increment CRU bit address. AB = Address+2
C [terate this sequence C C times
times where C is the number DB = SD

of CRU bits to be input.

7+Ns+C ALU AB = NC
DB = SD
8+Ns+C ALU AB = NC
DB = SD

Right adjust (with zero

c fill) byte (if C < 8) gg ; ;():
or word (if 8 <C < 16).
(o = 38-C-1ifC <38
= 16C-1if< C< 16
9+Ns+C+(C" ALU AB = NC
DB = 8D
10+Ns+C+C"  ALU AB = NC
DB = SD
11+Ns+C+(C"  ALU AB = Source address
DB = SD
[24Ns+C+('  Memory write AB = Source address
DB = 1/0 data

NOTE: For STCR instruction the 16-bit word at the source address is fetched. If the number of CRU bits
to be transterred is < &, the CRU data is right justified (with zero fill) in the specified byte of the
source word and source data word thus modified is then stored back in memory. If the bits to be
transterred is > 8 then the source data fetched is not used. The CRU data in this case is right
justified in 16-bit word which is then stored at the source address.

H5.13 SBZ, SBO

CYCLE TYPE DESCRIPTION

1 Memory read AB = PC
DB = Instruction

2 ALU AB = NC
DB = SD

3 ALU AB = NC
DB = SD

4 Memory read AB = Address of WRI12
DB = Contents of WR12

5 ALU AB = NC
DB = SD

6 CRU Set CRUOUT = 0 for SBZ

=1 for SBO

Enable CRUCLK
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CYCLE

HJ5.14 TB

CYCLE
1

2

3

TYPE

TYPE
Memory read

ALU
ALU
Memory read
ALU

CRU

DESCRIPTION

AB = CRU bit address
DB = SD
DESCRIPTION

AB = PC

DB = Instruction

AB = NC

DB = SD

AB = NC

DB = SD

AB = Address of WR12
DB = Contents of WR12
AB = NC

DB = SD

Set ST(2) = CRUIN

AB = Address of CRU bit
DB = SD

H35.15 JEQ,JGT, JH, JHE, JL, JLE, JLT, JMP, JNC, JNE, JNO, JOC, JOP

CYCLE
1

2

3

TYPE
Memory read

ALU

ALU

ALU

ALU

H.5.16 SRA, SLA, SRL, SRC

CYCLE
1

2

3

TYPE
Memory read

ALU

Memory read

ALU

ALU

H-12

DESCRIPTION
AB = PC

DB = Instruction
AB = NC

DB = SD

Skip to cycle #5 if TMS 9900 status
satisfies the specified jump condition

AB = NC

DB = SD

AB = NC

DB = Displacement value

AB = NC

DB = SD

DESCRIPTION

AB = PC

DB = Instruction

AB = NC

DB = SD

AB = Address of the workspace register
DB = Contents of the workspace register
Skip to cycle #9if C#0

C = Shift count

AB = NC

DB = SD

AB = NC

DB = SD



CYCLE
o

9
8

9

9+C

10+C

TYPE
Memory read

ALU

ALU

Shift the contents of the specitied
workspace register in the specified
direction by the speciticd number of
bits, Set appropriate status bits.

Menmory write

ALU

H5.17 AL ANDI, ORI

CYCLE
1

2

H5.18 CI

CYCLE
I

t2

TYPE
Memory read

ALU
ALU
Memory read
Memory read
ALU

Memaory write

TYPE
Memory read

ALU
Memory read
ALU

Memory read

H-13

DESCRIPTION

AB = Address of WRO
DB = Contents of WRO
AB = Source address

DB = SD

AB = NC

DB = SD

AB = NC

DB = SD

AB = Address of the workspace registe
DB = Result

Increment PC

AB = NC

DB = SD

DESCRIPTION

AB = PC

DB = instruction

AB = NC

b8 = SD

AB = NC

bB = SD

AB = Addiess ot workspace register
DB = Contents of workspace register
AB = PC+2

DB = Immediate operand

AB = NC

DB = SD

AB = Address of workspace register
DB = Resull of instruction
DESCRIPTION

AB = PC

DB = lInstruction

AB = NC

DB = NC

AB = Address of workspace register
DB = Contents of workspace register
AB = NC

DB = SD

AB = PC+2

DB = lmmediate operand



CYCLE

H5.19 LI

CYCLE
]

2

H.5.20 LWPI

CYCLE
1

2

H5.21 LIMI

CYCLE
1

TYPE
ALU

ALU

TYPE
Memory read

ALU
ALU
Memory read
ALU

Memory write

TYPE
Memory read

ALU
ALU
Memory read

ALU

TYPE
Memory read

ALU
ALU
Memory read
ALU
ALU

ALU
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DESCRIPTION

AB = NC

pB = SD

AB = NC

bB = SD
DESCRIPTION
AB = PC

DB = Instruction
AB = NC

DB = SD

AB = NC

DB = SD

AB = PC+2

DB = Immediaie operand

AB = Address of workspace register
DB = SD
AB = Address of workspace register

-DB = Immediate operand

DESCRIPTION

AB = PC

DB = Instruction
AB = NC

DB = 8D

AB = NC

DB = 8D

AB = PC+2

DB = Immediate operand
AB = NC

DB = SD
DESCRIPTION
AB = PC

DB = Instruction
AB = NC

DB = SD

AB = NC

DB = SD

AB = PC+2

DB = Immediate data
AB = NC

DB = SD

AB = NC

DB = SD

AB = NC

DB = SD



H5.22 STWP, STST

CYCLE
1

2

3

4

H.5.23 CKON, CKOF, LREX, RSET

CYCLE
1

2

3

H524 IDLE

CYCLE
1

2

3

TYPE
Memory read

ALU

ALU

Memory write

TYPE
Memory read

ALU

ALU

ALU

ALU

TYPE
Memory read

ALU
ALU

CRU

ALU

ALU
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DESCRIPTION

AB = PC

DB = Instruction

AB = NC

DB = SD

AB = Address of workspace register

DB SD

AB Address of the workspace register

DB = TMS 9900 internal register contents
(WP or ST)

DESCRIPTION

AB = PC

DB = lInsiruction

AB = NC

DB = SD

AB = NC

DB = SD

Enable CRUCLK

AB = External instruction code

DB = SD

AB = NC

DB = SD

AB = NC

DB = SD

DESCRIPTION

AB = PC

DB = Instruction

AB = NC

DB = SD

AB = NC

DB = SD

Enable CRUCLK

AB = ldle code

DB = SD

AB = NC

DB = SD

AB = NC

DB = NC



H.6 Machine-Cycle Sequences in Response to External Stimuli

H.6.1 RESET

CYCLE

1%

2

10
¥
12

13

H6.2 LOAD

CYCLE

1**

2

TYPE
ALU

ALU
ALU
Memory read
ALU
Memory write
ALU
Memory write
ALU
Memory write
ALU
Memory read

ALU

TYPE
ALU

Memory read
ALU
Memory write
ALU
Memory write
ALU

Memory write

*Qccurs immediately after RESET is released.

**Qccurs immediately after last clock cycle of preceding instruction.
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DESC
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB

DESC
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB
AB
DB

Rl

PTION

NC
SD
NC
SD
0

=90

0

Workspace pointer
NC

Status

= Address of WR15

Contents of Status register

= NC

It

PC

Address of workspace register 14
PC+2

Address of WR13

SD

Address of workspace register 13
wP

NC

SD

= 2

3

Rl

New PC
NC
SD

PTION

NC

SD

FFEC,¢

Contents of FFFC, ¢
NC

Status

Address WR15

= Contents of status register
= NC
= PC

Address of workspace

= PC+2

Address of WR13

= 8§D

Address of workspace register 13
WP
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H 6.3 Interrupts

CYCLE
1*

2

3

10

13

TYPE
ALU

Memory Read

ALU

TYPE
ALU

Memory read
ALU
Memory write
ALU
Memory write
ALU
Memory write
ALU

Memeory read

ALU

*Qccurs immediately after last clock cycle of preceding instruction
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DESCRIPTION

AB = NC

DB = SD

AB = FFFE

DB = NewPC

AB = NC

DB = SD
DESCRIPTION

AB = NC

DB = SD

AB = Address of interrupt vector
DB = WP

AB = NC

DB = Status

AB = Address of WRI15
DB = Status

AB = NC

DB = PC

AB = Address of workspace register 14

DB = PC+2

AB = Address of WR13

DB = SD

AB = Address of workspace register 13

DB = WP

AB = NC

DB = SD

AB = Address of second word of
interrupt vector

DB = NewPC
AB = NC
DB = SD
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A0001188
Figure H-1. ALU Cycle
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Figure H-2. CRU Cycle _
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READY

CE

WAIT
DATA Dg - D15
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READ

T MEMORY CYCLE T2 '

WRITE

MEMORY CYCLE
T T

X
X

VALID

\

I
|
e
l
l
I
I
|
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!
I
|
|
|
!
i
1
i
I
]
T

X_ | ) &

Figure H-3. TMS 9900 Memory Cycle (No Wait States)
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READY [
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A0001191

Figure H4. TMS 9980A/81 Memory Cycle (No Wait States)
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APPENDIX |
DATA TERMINAL HOOKUP

A TELETYPEWRITER TERMINAL STRIP CONNECTIONS
2 EIA RS-232-C CABLING FOR 733 DATA TERMINAL



T 990/189
P3
TTYRCV o |
PRINTER{  TTYRCVRTN 24
TTYXMIT
18 |
KEYBOARD{  yTYXMITRTN 23 |

\.

-

LEFT REAR VIEW OF TELETYPEWRITER

DETAIL A

TELETYPE

MODEL 3320/5J€

TERMINAL

STRIP
151411

VIOLET(PURPLE)

L
L YELLOW

BLACK/GREEN

? X

WHITE/BROWN

L

L:;RED/GREEN

WHITE/YELLOW
| —
. WHITE/BLACK

WHITE/BLUE
L~

~._BROWN/YELLOW
GREEN/ORANGE

. _RED
GRAY(SILVER)

L
L WHITE/RED

117 VAC

117 VAC

‘J*
xd

*NO.6 SPACE LUGS

Figure I-1. Teletypewriter Terminal Strip Connections
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EIAXMIT

EIARCV

+12V _3.3K 1/4W

3.3K 1/4u
EIA DCD

EIA DTR

0O~ O VTN

20

EIA CABLE

PROTECTIVE GROUND

TRANSMIT DATA

RECEIVE DATA

CLEAR TO SEND

DATA SET READY

SIGNAL GND

DATA CARRIER DETECT

DATA TERMINAL READY

00NN NN =

20

Figure I-2. EIA RS-232-C Cabling for 733 Data Terminal

733
DATA
TERMINAL




APPENDIX J

' {/0 CABLES AND CONNECTORS
Connector Description Part Number

J1 4 contact plug AMP 1-480702-0
Contacts (take 18-24
AWG wire) AMP 350689-1

J2 6 contact plug AMP 1-480704-0
Contacts ({take 18-24
AWG wire) AMP 350689-1

J3 25 contact cable
connector ITT Cannon or TRW Cinch DB-25P

J48& Js 40-pin connectors for
flat ribbon cable

Individual conductors
{Use #22 to #26 wires
and Berg 47743, 47747,
or 75691-013 pins)

J4& Js 40 conductor cable
assemblies with conn-
ectors.

Amp Incorporated
Harrisburg, PA 17105

AP Products INC
Box 110-Q
Plainesville, Ohio 44077

3M Company
Electronic Products Division
Saint Paul, MN 55101

E. . du Pont de Nemours & Co. INC,
Berg Electronics Division
New Cumberland, PA 17070

1.

2.

3.

Berg 65484-017
{Has strain relief)
Berg 65485-017
{No strain relief)
3M 3417-5000
(Has strain relief)

Berg 65043-017

. AP Products 924015-36-R

36", connector at one end
AP Products 924005-06-R

6, connectors at both ends
AP Products 924005-18-R
18", connectors at both ends
AP Products 924005-36-R
36", connectaors at both ends



PARTS LIST FOR TM 990/189 MICROCOMPUTER

TM 990/189 PARTS LIST (Sheet 1 of 2)

Symbol Description

€01, CO2 Capacitor, fixed,
€03, C04 Capacitor, fTixed,
Co5 Capacitor, fixed,
Coo, CO7, Cl0

€12 to C37 Capacitor, fixed,
co8, €09 Capacitor, fixed,

Cii Capacitor, fixed, tantilum, 56 uFd, 10%, 6 V

CRO1 to CRO7 Optoelectronic device, TIL 220

CRO8 Diode, 1N4001l, rectifier, 1 A, 50 PIV

CR10, CR11  Diode, 1N914B, switching, 75 PIV, 75 mA

CR13 Diode, 1N758A, 10.0 V, 5%, voltage regulator

Pl Connector, universal PWB mounting, 4 circuit (AMP 350430-1)
P2 Connector, universal PWB mounting, 6 circuit (AMP 350431-1)
P4, P5 Header, 20 pin. straight double row

APPENDIX K

tantilum, 150 uFd, 10%, 15 V
tantilum, 100 uFd, 10%, 20 V
tantilum, 39 uFd, 10%, 10 V

axial lead, 0.047 ufFd, +80%, -20%
ceramic, 0.100 uFd, 10%, 50 V

Q01 to Q09 Transistor, TI A5T2907, PNP, silicon
Qig, Qli Transistor, TI A5T2222, NPN, silicon

Qi3 Transistor, TI 2N2219A, NPN, general purpose, SW T05

RO1 to RO4, RO7,

RO8, R13 Resistor, fixed,
RO5, RO6, R11, R12, R24

R25, R4l Resistor, fixed,
RGS, R10, RZ28,

R46, R47 Resistor, fixed,
Ri4 Resistor, fixed,
R15 to R2Z Resistor, fixed,
RZ3,R27,R43 Resistor, fixed,

R26 Resistor, fixed,
R29, R45 Resistor, fixed,
R30, R31 Resistor, fixed,

R40 Resistor, fixed,
R42 Resistor, fixed,

R44 Resistor, fixed,
R43 Resistor, fixed,
R50 Resistor, fixed,
R51 Resistor, fixed,

120 ohm, 5%, 0.25 W
1.0 Kilohm, 5%, 0.25 W

470 ohm, 5%, 0.25 W
100 kilohm, 5%, 0.25 W
430 ohm, 5%, 0.25 W
10 kilohm, 5%, 0.25 W
2.2 kilohm, 5%, 0.25 W
4.7 kilohm, 5%, 0.25 W
15 kilohm, 5%, 0.25 W
12 kilohm, 5%, 0.25 W
1.5 kilohm, 5%, 0.25 W
220 ohm, 5%, 0.25 W
100 ohm, 5%, 0.25 W
330 kiltohm, 5%, 0.25 W
2.2 megohm, 5%, G.25 W

S1 Toggle switch (Cutler-Hammer SFATGX392)

K-1
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TM 990/189 PARTS LIST (Sheet 2 of 2)

Symbol Description Qty
uol, uo7 Network, SN7416N

uo2 IC, SN74LS2987N, quad 2-input multiplexer

uo3 Network, SN74LS109N

uo4 Network, SN74LS112N

uos, Uo8 Network, 74LS145

uo6, U13 Network SN74LSOON

uo9, U1z Resistor, 10.0 Kilohm, pullup, 16 pins, DIL
uio0, Uli TMS 9901 Programmable system interface

Ul4, uzs Network, SN74LS04N

Uls Network, SN74LSO8N

uie Resistor, 1.0 kilohm, pullup, 16 pins, DIL

Uiz Resistor network, 2.2 Kilohm, 2%

ul9 Microprocessor, MP 9529

uz20, U2z IC, 2114 1024 x 4-bit static RAM

u24 Network, SN7425N

(1143 Network, SN74LSZ7N

Uu29 IC, SN74LS123N, monostable multivibrator

u33 ROM with UNIBUG monitor

u3d Network, SN74LS139N

u3s Network, SN74LS32N

u36 Network, SN75i89AN, quad line receiver (MC1489AL)

u38 IC, RC4558P operational amplifier

VR1 IC, voltage regulator (UA7905C, MC7905CP)

Y1 Crystal, 8.000 MHz, quartz (No. Eng. HC18/uNE-18)
Sound disk:

(P/N SK160: Gulton Indst., Box 4300, Fullerton, Cal. 92634 o
P/N 60993: Vernitron, 232 Forbes Rd, Redford Ohio, 44146)

K-2

T b R e e e ek et et e ek ot [N et et B et TN DD RO PO RO b et N



