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TEXAS INSTRUMENTS MOS
ONE-CHIP 4-BIT MICROCOMPUTER FAMILY

TMS 1000 | TMS 1200 TMS 1070 | TMS 1270 TMS 1100 ;| TMS 1300
Package Pin Count 28 Pins 40 Pins 28 Pins 40 Pins 28 Pins 40 Pins
Instruction Read Only Memory 1024 X 8 Bits (8,192 Bits) 1024 X 8 Bits (8,192 Bits) | 2048 X 8 Bits (16,384 Bits)
Data Random Access Memory 64 X 4 Bits (256 Bits) 64 X 4 Bits (256 Bits) 128 X 4 Bits (512 Bits)
R’ Individually Addressed 1 13 1 13 1 16
Output Latches
"0 Parallel Latched Data 8 Bits 8 Bits 10 Bits 8 Bits
Outputs
Maximum-Rated Voltage (O, R, o0V 357 20V
and K)
Working Registers 2-4 Bits Each 2-4 Bits Each 2-4 Bits Each
Instruction Set See Table 3-1, page 3-2 See Table 3-1, page 3-2 See Table 7-1, page 7-2
Pragrammable Instruction Decoder Yes Yes Yes
On-Chip Oscillator Yes Yes Yes
Power Supply /Typical Dissipation 156 V/90 mW 15 V/90 mW 15 V/110 mW
Time-Share Assembler Support Yes Yes Yes
Time-Share Simulator Support Yes Yes Yes
Hardware Evaluator and HE.2 HE-2 HE-2
Debugging Unit
System Evaluator Device with SE-1 SE-1 SE-2

External Instruction Memory

(TMS 1099 JL)

(TMS 1099 JL)

(TMS 1098 JL)
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TMS 1100/1300 STANDARD INSTRUCTION SET

STATUS

FUNCTION | MNEMONIC | EFFECT DESCRIPTION SYMBOLIC DESCRIPTION | O | 9PE- | hEX
CIN MAT ! RAND, CODE
Register-to- TAY Transfer accumulator to Y register ADY 4 20
Register TYA Transfer Y register to accumulator YA 4 23
Transfer CLA Clear accumulator 0>A 4 7F
Register to TAM Transfer accumuiator to memory AMIX,Y) 4 27
Memory TAMIYC Y Transfer accumulator to memory and increment Y register. If carry, | A9M(X,Y); Y+1Y 4 75
one to status.
TAMDYN Y Transfer accumulator to memory and decrement Y register. If no APMIX,Y); Y -1 4 24
borrow, one to status,
TAMZA Transfer accumulator to memory and zero accumulator AM; 0A 4 26
Memory to T™Y Transfer memory to Y register M{X,Y =Y 4 22
Register TMA Transfer memory to accumulator M{X, YA 4 21
XMA Exchange memory and accumulator M{X,Y)*A 4 03
Arithmetic AMAAC Y Add memory to accumulator, results 10 accumulator. If carry, one M(X,Y H+A-A 4 06
to status
SAMAN Y Subtract accumulator from memory, results to accumulator. If no MIX,Y)-A—A 4 3C
borrow, one to status.
IMAC Y Increment memory and load into accumulator. If carry, one to status | M{X,Y)+12A 4 3E
DMAN Y Decrement memory and load into accumulator. If no borrow, one M{X,Y}~1>A 4 07
1o status.
IAC Y Increment accumulator. f no carry, one to status, A+1A 4 70
DAN Y Decrement accumulator. if no borrow, one to status. A—1A 4 77
A2AAC Y Add 2 to accumulator. Results to accumulator. If carry one to status. | A+2A 4 78
A3AAC Y Add 3 to accumulator. Results to accumulator. If carry one to status. | A+3A 4 74
AdAAC Y Add 4 to accumulator. Results to accumulator. If carry one to status. | A+4—>A 4 c
ABAAC Y Add 5 to accumulator. Results to accumulator. If carry one to status. | A+5>A Add 4 72
ABAAC Y Add 6 to accumulator. Results to accumulator. If carry one to status. | A+6>A Immediate 4 7A
A7AAC Y Add 7 to accumulator. Results to accumulator. If carry one to status. | A+7>A Value 4 76
ABAAC Y Add 8 to accumulator. Results to accumulator. If carry one to status. | A+8—>A To 4 7€
AQAAC Y Add 9 to accumulator. Results to accurnulator. If carry one to status. | A+3>A Accumulator 4 n
A10AAC Y Add 10 to accumulator. Results to accumulator. if carry one to status.| A+10>A 4 79
AT1AAC Y Add 11 to accumulator. Results to accumulator. If carry one to status.| A+11A 4 75
A12AAC Y Add 12 to accumulator. Results to accumulator. If carry one to status.| A+12>A 4 70
A13AAC Y Add 13 to accumulator. Results to accumulator. if carry one to status.| A+13->A 4 73
A14AAC Y Add 14 to accumulator. Results to accumulator. If carry one to status.| A+14—>A 4 78
1IYC Y Increment Y register. If carry, one to status. Y+1Y 4 05
DYN Y Decrement Y register. If no borrow, one to status. Y-12>Y 4 o4
CPAIZ Y Complement accumulator and increment. If then zero, one to status. {Two's comptement) 4 3D
Arithmetic ALEM Y If accumulator less than or equal to memory, one to status. ASMIX,Y) a4 01
Compare
Logical MNEA Y If memory is not equal to accumulator, one to status. MIX,Y}FA 4 00
Compare MNEZ Y If memory not equal to zero, one to status. M(X,Y)F#0 4 3F
YNEA Y If Y register not equal to accumulator, one to status and status latch. | Y#A; SSL 4 02
YNEC Y If Y register not equal to a constant, one to status. Neal(o] 2 c 5—
Bits in SBIT Set memory bit. 1-M(X,Y,B) 3 B 3—
Memory RBIT Reset memory bit. 0-M(X,Y ,B) 3 B 3-
TBIT1 Y Test memory bit. If equal to one, one to status. M(X,Y,B) =1 3 B 3—
Constants TCY Transfer constant to Y register 1Hc)=>y 2 C 4—
TCMIY Transfer constant to memory and increment Y 1{C) >M(X,Y); Y+12Y 2 c 6—
input KNEZ Y If K inputs not equal to zero, one to status. K#0 4 OE
TKA Transfer K inputs to accumulator. K=>A 4 08
Output SETR Set R output addressed by Y. 1-R(Y) 4 | oD
RSTR Reset R output addressed by Y. 0-RIY) 4 | oc
TDO Transfer data from lator and status latch to O outputs A, SLO REG 4 ' 0A
RAM X LDX Load X with file address HFPX 5 F 2—
Addressing COMX Complement the MSB of X XMSB ~> XMSB 4 09
ROM BR Branch on status = one . 1 w -
Addressing CALL Call subroutine on status = one f 1 w — |
RETN Return from subroutine i 4 oF
LDP Load page buffer with constant jcrre 2 c 1-
COMC Complement chapter buffer {Ch>CB 4 0B |
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z
o z S 3 LT"I k‘l
2 888823382320 333
F AMMMAACACAACOCCr. o | TMS 1000/1200 AND TMS 1070/1270 STANDARD INSTRUCTION SET
2 fanisecvonron=1F STATUS SYMBOLIC  |FOR-| OPE- | HEX
m 2 FUNCTION MNEMONIC EFFECTS DESCRIPTION
3 g T DESCRIPTION |MAT | RAND | cope
; 3
g a Register to TAY Transfer accumnulator to Y register. AY 4 24
CZ> doJ oo BN NIRFIYNR|=2 | Register TYA Transfer Y register to accumulator. YA 4 23
ﬁ L G D § G ) S S S S U ) S ) 8 CLA Clear accumulator. 0—>A 4 2F
g 8 ] 8 8 8 '§ g T 3 (:g { a g 3 | Transfer TAM Transfer accumulator to memory. APMIX,Y) 4 03
g 2] S @ Register to TAMIY Transfer accumulator to memory and increment Y register. APMIX,Y); Y+HIOY 4 20
_ < 2 Memory TAMZA Transfer accumulator to memory and zero accumulator. AMIX,Y); 0~A 4 04
z T 2 -
2z Zz < O LI I
g 8 2 8 8 288 9 = A § 5 A oo 2o g ':g Memory to TMY Transfer memory to Y register. M(X, Y)Y 4 22
G e Register TMA Transfer memory to accumulator. M(X,Y}~>A 4 21
N e Saaronmn2ae © N OO N = | XMA Exchange memory and accumulator. M(X,Y)eA 4 2E
2 Arithmetic AMAAC Y Add memory to accumulator, results to accumulator. If carry, one to status. M{X,Y)+A2A 4 25
»
- l SAMAN Y Subtract accumulator from memory, results to accumulator. If no borrow, M(X,Y)—A—A 4 27
§ one to status.
NNNRRENDNDWE @R W o l IMAC Y Increment memory and load into accumulator. If carry, one to status. MIX,Y)+1—A 4 28
= S S B o ity S T S S S SRSy P B DMAN Y Decrement memory and load into accumulator. If no borrow, one to status. M(X,Y)—-1"A 4 2A
2223288 g $< 3283333332332 1A Increment accumulator, no status effect. A+12A 4 0E
28 I iYC Y Increment Y register. If carry, one to status. Y+1=Y 4 2B
DAN Y Decrement accumulator. If no borrow, one to status. A—-1—A 4 07
- <3 33323 DYN Y Decrement Y register. If no borrow, one to status. Y—12Y 4 2C
zzz Zxxxxo 223222 ) )
% 8 g3 8 §566§235355:8320 a2 2 ABAAC Y Add 6 to or, results to or. If carry, one to status. A+6>A 4 06
el anicinbatis fatnlanthiiefatSais Sanathttiend albiaihiainbabiahsiut ABAAC Y Add 8 to accumulator, results to accumulator. If carry, one to status. A+8A 4 01
N3 el ranIigoee~No 0 AN A10AAC Y Add 10 to accumulator, results to accumulator. If carry, one to status. A+10A 4 05
';‘ CPAIZ Y Complement accumulator and increment. If then zero, one to status. {Two's complement) 4 2D
! 2 Arithmetic ALEM Y If accumutator less than or equal to memaory, one to status. A<MI{X,Y) 4 22
§ Compare ALEC Y If accumulator less than or equal to a constant, one to status. A<HC) 2 C 7-
NRNNRYRBRRYIBB8288888 9888 l Logical MNEZ Y If memory not equal to zero, one to status. M{X,Y)=0 4 26
e e T Compare YNEA Y I Y register not equal to accumulator, one to status and status latch. Y#A, SOSL 4 02
?, % 2238 g, %g,f 3233823 % 323382 g I YNEC Y If Y register not equal to a constant, one to status. Y#1(C) 2 (o} 5—
= N Bits in SBIT Set memory bit. 1-M(X,Y,B) 3 B 3-
3 <33 1 Memory RBIT + | Reset memory bit. 0~M(X,Y,B) 3 8 3-
8998889225237 %57832zz3z232 I TBIT Y | Test memory bit. If equal to one, one to status. MI(X,Y,B) = 1 3 B 3—
ndenidnlanionlanieihiunienbeun S S SIS SIS S Constants TCY Transfer constant to Y register. Hcry 2 Cc 4—
Ne®3aa SN S3C© PN w2 I TCMIY Transfer constant to memory and increment Y. HCPMIX,Y), Y+12Y | 2 C 6—
g Input KNEZ Y If K inputs not equal to zero, one to status. K#0 4 09
- N l TKA Transfer K inputs to accumulator. KA 4 08
3 Output SETR Set R output addressed by Y. 1R(Y) 4 0D
N w W oW oW W W oW N
SRBERIIBBEINBEERL S8 I RSTR Reset R output addressed by Y. 0R(Y) 4 oc
[SRD D S S SV USSR U S D S S D S WU S TDO Transfer data from accumulator and status latch to O outputs. ASL>0 REG 4 0A
(Z, 3228 § % 3 5 23 % (23 g (Z-, 323332 g cLo Clear O-output register. 00 REG 4 o8
- N RAM ‘X’ LDX Load ‘X’ with a constant. 1BFX 2 B 3-
s < 5 Addressing COMX Complement ‘X' XX 4 00
8288252722328 32 3 | ROM BR Branch on status = one. 1 —
Addressing CALL Call subroutine on status = one. 1 w —
mimisinininiaisiniaimis! .
TR AR l RETN Return from subroutine 4 oF
2 LDP Load page buffer with constant. 1{C)>PB 2 Cc 11—
Oz |
S FORMAT 1: W = BRANCH ADDRESS — 1(2-7)
° l FORMAT 2: C = CONSTANT OPERAND 1{74)
- = s 2 NN NN
DD N O DO =N WHA AN FORMAT 3: B = RAM-X OR BIT ADDRESS-! {7,6)
e e e e el g ! FORMAT 4: NO OPERANDS
NEoe g Egeg mNw 2o o N , FORMAT 5: F = FILE ADDRESS —I(7-5) TMS 1100 ONLY
=R !
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SECTION I

INTRODUCTION

1-1 GENERAL.

This section introduces the TMS1000 series of one-chip microcomputers and outlines how an
algorithm is developed and implemented to achieve cost effective designs. This introduction
includes a definition of terms and conventions. This manual treats the devices as a system of logic
blocks controlled by the programmer.

Since the hardware, detailed in Section 2, is so close to the software presented in Sections 3 to 9, it
would be appropriate to label this book a “firmware” guide to TMS1000. After receiving the logical
stepping-stone of hardware first, a user is presented with a detailed description of the standard
instructions (Sections 3 and 4). Hints for efficient algorithms and example programs are presented
last in Sections 10 to 14 since they require a thorough understanding of the standard instruction
set.

In keeping with the teaching of firmware, the PLA programming concept is presented without
assuming previous knowledge of MOS, and the appendices include electrical and timing
specifications. This manual leads into a separate “TMS1000 Software User’s Guide” which explains
how to check out programs with software simulation before building prototypes of TMS1000 series
circuits.

1-2 DESIGN FEATURES.

The TMS1000 series architecture is constructed to fit a wide variety of applications. The design is
both cost effective and flexible because data input, processing and output are performed in one
self-contained unit. An internal ROM, RAM and ALU comprise a single-chip microcomputer which
functions according to the ROM program and the system inputs.

Systems with high volume requirements are inexpensive to produce and maintain since a system
implemented with a single controlling device has high reliability, low pin count, and low power
requirements. Several key features (seen in Figures 1-2.1 and 1-2.2) make low-cost products
possible:

e  Minimum system: One device containing ROM program, RAM, I/O control and ALU.

e  8-bit parallel O-output bus and up to 16 latched R-outputs.

e  Format for the O-outputs is user defined by a PLA converting five input bits to an
eight-bit code.

) Internal oscillator.

e  Single power supply (15V).
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The capabilities of the TMS1000 series four-bit microcomputer are limited by the magnitude of
ROM instructions and RAM bits required. More complex systems are implemented cost effectively
by using a multiple chip system with a central “master” controller chip and one or more “slave”
devices. The slave devices controlled by the TMS1000 series microcomputer can be another
TMS1000, PROM, RAM or other possibilities.

1-3 DESIGN STEPS.

It is important for the user to realize that each possible series or combination of inputs to the device
must have a predetermined output forseen by the programmers and systems engineers. Upon
completion of the programming phase of microcomputer ROM design, gate level tooling is
generated for a fixed ROM pattern, and prototype devices are built at the expense of time and
money. Thus, to help the designer be sure that his program is working correctly before releasing a
ROM code-to TI manufacturing, TI provides simulator and assembler programs. In addition, the
software method of testing the program is supplemented with a hardware simulator which operates
in real time. Whenever possible, the hardware simulator is preferred for final checkout because of
simulation in real time. A software emulator, SE-1, which is a TMS1000 with external program
memory, may be used for prototyping systems if the standard instruction set is employed.

Figure 1-3.1 shows typical design development steps for a TMS1000 series algorithm, The following
numbered steps correspond to numbers in the figure.

(1) In the beginning of the program development, the inputs, outputs and RAM assignments
are organized.

(2) After the I/O and RAM is organized, a flow chart of the program is generated to
determine the instruction coding necessary to fulfill specification requirements.

(3) This ROM code is keypunched as a source program on a-card deck, or it is entered
through teletype keyboard on one of several national timeshare systems.

(4) The source program is assembled into an object program (mnemonics converted to
machine-instruction bit-pattern), and assembler software generates a listing and possible
error statements.

(5) After the source program etrors have been removed, a simulator program duplicates the
TMS1000 function as determined by the ROM program, and then the simulator generates
a listing of the contents of the registers and the RAM in either a “snapshot” or an
instruction-by-instruction trace.

(6) The ROM object program may be converted to a paper tape for input to the hardware
simulator for real-time simulation.

(7) After the ROM code is approved, the assembler program generates the ROM object deck.
The ROM object deck and the simulator option control cards specify how the
microcomputet’s instruction decoder, O-output decoder, and ROM patterns are to be
defined. The definition files are sent to TI manufacturing for the generation of prototype
gate masks, slices, and prototype circuits.

(8) After prototype devices are checked by the customer and approved, TI begins volume
production from the masks that were used in the manufacture of prototype devices.
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1-4 SYMBOLS AND CONVENTIONS.

1-4.1 LIST OF ABBREVIATIONS.

A Accumulator Register

ALU Arithmetic Logic Unit (Adder-Comparator, P&N Inputs, ALU Select)
B Bit Field of Instruction Word

C Constant Field of Instruction Word

CA Chapter Address Latch

CB Chapter Buffer Latch

CKI Constant and K-Input Logic (and Bus)

CL Call Latch

CS Chapter Subroutine Latch

DIP Dual In-line Package

F File Address Field of the Instruction Word
I() Instruction Field

Ki K input terminals

LSB Least Significant Bit

LSD Least Significant Digit

LSI Large Scale Integration

MOS Metal Oxide Semiconductor

MSB Most Significant Bit

MSD Most Significant Digit

M(X,Y) RAM Memory Location = X Address (0 to 7), Y Address (0 to F1¢)
M(X,Y,B) RAM Memory Bit Location (B =0, 1, 2, or 3)
O Output Register

Ox O-Output Terminal, x = 0-9.

OPLA Output Programmable Logic Array

PA Page Address Register (ROM)

PB Page Buffer Register (ROM)

PC Program Counter

PLA Programmable Logic Array

R R-Output Register

Rx R-Output Terminal, x = 0-15

R(Y) R-Output Latch Location =Y

RAM Random Access Memory (Read/Write)
ROM Read Only Memory

S Status

SL Status Latch

SR Subroutine Return Register

W Branch Address of Instruction Field

X RAM X Address Register

Y RAM Y Address Register
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1-4,2 SYMBOLS AND LOGIC NOTATION.

a—->b Transfer value a to b.

c~>d Transfer the contents of register c to d.

e f Exchange contents of e and f.

X One’s complement of X.

= equal

#* not equal

> greater than

> greater than or equal to

< less than

< less than or equal to

+ addition

— subtraction

+ Boolean OR function

. Boolean AND function

ONE set “1”, high (*Vgg), Boolean true, logic one
ZERO reset “0”, low (= VDD), Boolean false, logic zero

PC+ 1~ PC PC value goes to next word address in the pseudo random sequence (0, 1, 3, 7, 15,
etc.) The complete sequence is given on pages 14-5 and 14-6.

1-4.3 MACHINE-INSTRUCTION FLOWCHART CONVENTIONS. The conventions used for
flowcharts are shown in Figure 1-4.1.

Subroutine or routine beginning label.

All instructions except as noted below.

Dual action instruction.

Test or compare instruction, asks a question that effects status.
If test is true, status is set to ONE.

Conditional branch instruction.
Always branch because status is always equal to ONE.

Conditional call instruction.

Always call instruction {condition is known, S = 1).

Return instruction.
FIGURE 1-4.1. MACHINE INSTRUCTION FLOWCHART CONVENTIONS
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SECTION I1
TMS1000/1200

CHIP ARCHITECTURE AND OPERATION

2-1 GENERAL.

The TMS1000/1200 functional block diagram (Figure 2-1.1) shows all major logic blocks and major
data paths in the TMS1000/1200 architecture. The ROM, ROM addressing, and instruction decode
are on the left side of the diagram. On the right side of the diagram are the adder/comparator, the
RAM, the registers for addressing the RAM, and the accumulator which is the main working
register. The major logic blocks are interconnected to the adder with four-bit parallel data paths.
Table 2-1.1 identifies each major logic block and gives a brief description of its function. Each of
these logic blocks is discussed in detail in the following paragraphs approximately in the numerical
order shown in Figure 2-1.2 accompanying Table 2-1.1.

The instruction timing is fixed and each requires six oscillator cycles to execute. Each of the 43
basic instructions (listed in Table 3-1) is defined to enable one or more microinstructions that
activate control lines during one instruction cycle. These microinstructions explain the firmware
bridge between software instructions and the individual logic block capabilities. A hardwired logic
decoder that cannot be modified decodes 12 “fixed” basic instruction codes into 12 fixed
microinstructions for output instructions, branching, subroutines, RAM X addressing, reset and set
bit instructions. The remaining 31 basic instructions activate a combination of 16 programmable
microinstructions that are encoded by the instruction PLA. The concept of fixed and programmable
microinstructions is used as a tool for understanding the software on the machine level and is used
to increase the power of the instruction set to fit more applications (microprogramming the
instruction set).

2-2 ROM ADDRESSING.

The ROM has 8,192 possible matrix points (1024 eight-bit words) where MOS transistors are placed
to define the bit patterns of the machine language code. The ROM is organized into 16 pages of 64
words each (16 x 64 = 1024 words total). Each word contains eight bits.

Registers used to address the ROM include the following:

a. Page Address Register (PA). Contains the number of the page within the ROM being
addressed. The contents of PA (four bits) are decoded into one of sixteen address lines by
the page decoder.

b.  Page Buffer Register (PB). The PB is loaded with a new page address which is then shifted
into the PA for a successful branch or call. The PB is changed by the load page (LDP)
instruction.

¢.  Program Counter (PC). Contains the current location of the word (within the page) being
addressed. The contents of PC (six bits) are decoded by the PC decoder into one of 64
address lines selecting one instruction on a page.

Text continued on page 2-6
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NOTE
Figure 2-1.2 identifies
functional areas described in
Table 2-1.1. These blocks are

identified by numbers
referenced in column 1 of
Table 2-1.1.

This figure follows the outline
of Figure 2-1.1, System Block
Diagram.
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FIGURE 2-1.2 NUMBERED FUNCTIONAL BLOCKS

TABLE 2-1.1. TMS1000/1200 FUNCTIONAL BLOCKS

L T L T L L L L L L L L L LT T T TP |

No. In Block Symbol Logic Function and
Fig. 2-1.2 Name (Abbr.) Type Organization
ROM Array ROM Virtual Contains program bit
Ground ROM pattern. 16 pages of 64
words, 8 bits each.
ROM PC Gates Decodes program counter
Decode into one of 64 ROM
addresses.
Page Decode Gates Decodes page address

register into one of 16
page addresses.
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TABLE 2-1.1. TMS1000/1200 FUNCTIONAL BLOCKS (CONTINUED)

No. In Block Symbol Logic Function and
Fig. 2-1.2 Name (Abbr.) Type Organization
4 Program PC Shift Contains the 6-bit code
Counter Register for the ROM instruction
address.
5 Subroutine SR Storage Contains 6-bit return
Return Register address during the call
Register state.
6 Page Address PA Storage Contains 4-bit page
Register Register address of the ROM
instructions.
7 Page Buffer PB Storage Used to set up page
Register Register changes. Also contains
4-bit return page address
during the call state.
8 Call Latch CL Latch Stores the call state.
9 RAM Atrray RAM Self Contains variable data.
M(X,Y) Refresh Organized by 64 four-bit
RAM words, four files of 16
words.
10 RAMY Gates Decodes the Y address
Decode register into one of 16
RAM address lines. Also
selects one of 13 R lines
for 0< Y <12,
11 R-Output R Single Bit Latches for output to the
Register R(Y) RAM Cells R buffers.
12 X-Register X Storage Contains 2 bits of RAM
Register file address.
13 X Decode Gates Decodes X-register into

one of four RAM page
addresses.
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TABLE 2-1.1. TMS1000/1200 FUNCTIONAL BLOCKS (CONTINUED)

No. In
Fig. 2-1.2

Block
Name

Symbol
(Abbr.)

Logic
Type

Function and
Organization

1“4

15

16

17

18

19

20

Write MUX

Constant & CKI

K-Input Logic

P-MUX

N-MUX

Adder/Comparator

Y-Register Y

AU Select

Data
Selector

Data
Multiplexer

Data

Multiplexer

Data
Multiplexer

Binary
Adder (4 bit parallel)

Storage
Register

Data
Selector

Selects either constant
and K inputs or the
accumulator for writing
into the RAM. Also
performs bit setting and
resetting.
Selects either (1)
constant field, (2) the
K-Input to enter CKI
data bus, or (3) a bit
mask,

Selects input to the adder
from (1) Y, (2) CKI, or
(3) RAM.

Selects N input to the
adder (1) RAM, (2) CK1,
(3) accumulator, (4)

accumulator or (5) Fyg.

Adds the P input and the
N input with a possible
carry. The resulting data
and status effect are
controlled by
Also
logically compares the P
and N inputs.

microinstructions.

Four-bit
pointer

multipurpose

and
register. Y contains the
RAM address for one of
16 possible words in a
file. Y also addresses the
R output register.

st orage

Selects destination of the
adder output to (1)
Y-REG, (2) accumulator,
or (3) neither.




TABLE 2-1.1. TMS1000/1200 FUNCTIONAL BLOCKS (CONTINUED)

No. In Block Symbol Logic Function and
Fig. 2-1.2 Name (Abbr.) Type Organization
21 Status S Gates Conditional branch
Logic control. Normal state =
ONE. Branches are taken
if S = ONE. Selectively
outputs a ZERO when
carry is false or when
logical compare is true. A
ZERO lasts for one
instruction cycle only.
22 Status SL Latch Selectively stores status
Output output.
Latch
23 Accumulator A Storage Four-bit storage register,
Register Register main data working
register.
24 Output 0] Storage Stores the accumulator
Register Register and status latch data for
transfer to the output
buffers. Five bits.
25 Output PLA OPLA PLA Decodes the O-register
into a combination of the
8 output buffers. User
defined.
26 Fixed Fixed logic that decodes
Instruction 8-bit instruction into the
Decoder various fixed micro’
instructions.
27 Instruction PLA 30 term PLA that
Decode PLA converts 8-bit instruction
into a combination of 16
microinstructions.
28 External Gates Input buffers. Performs
Inputs page and PC override for

initializing and hardware
reset.

2-5




d.  Subroutine Return Register (SR). Contains the return word address in the call subroutine
mode.

On power up, the program counter is reset to location zero, and the PA is set to 15. Then the
program counter counts to the next ROM address in a pseudo random sequence. The sequence of
addresses in the program counter can be altered by a branch instruction or a call instruction. A new
branch address (W) can be stored into the program counter upon the completion of a successful
branch or call instruction. If the branch instruction is not successful, then the program counter goes
to the next ROM location within the current page.

In a successful call or branch execution the page address register (PA) receives its next page address
from the buffer register (PB). The contents of the PB are changed by the load page instruction
(LDP) which can be executed prior to the branch or call. If the PB is not changed, execution
continues on the same page. In other words, when the program counter reaches the 64th word on a
page, execution begins again at PC location 0 on that page.

2-3 BRANCHING.

All branches are conditional; a status logic path comes from the ALU to designate if a branch
instruction should be successfully executed. A successfully executed branch or call is defined to be
the case when the branch or call transfers control to an instruction address out of the normal
sequence. An unsuccessful branch or call does not affect the normal sequence of the program
counter.

e  If the status logic equals ONE, then the branch is successfully executed. That is, six bits
are transferred from the instruction bus from ROM into the program counter. These six
bits are the branch address (W) which locates the next word on the page to be executed.

e If the status logic is equal to ZERO, then the branch instruction is unsuccessful. The
program counter sequences to the next instruction, and then status reverts to a ONE.

When the branch is executed successfully and when not in the call mode (CL = 0), the page buffer
register is loaded into the page address register. If the contents of the page buffer register had been
modified previous to the branch instruction, then this instruction is called a long branch instruction,
since it may branch anywhere in the ROM (a long branch, BL, directive in the source program
generates two instructions - LDP, load page buffer and BR, branch). In the call mode (CL = 1), only
“short” branches are possible, staying within a given page.

NOTE

The normal state of the status logic is ONE.
Several instructions can alter this state to a
ZERO; however, the ZERO state lasts for only
one subsequent instruction cycle (which could
be during a branch or call), then the status logic
will normally revert back to its ONE state
(unless the following instruction resets it to
ZERO).
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2-4 SUBROUTINES.

Similar to branch instructions, call instructions are conditional. One level of subroutine is
permitted, and a call within a call does not execute properly. In the case of a successful call when
status logic equals ONE:

(4)

The call latch (CL) is set to ONE

The contents of the page buffer register (PB) and the page address (PA) register are
exchanged simultaneously.

The return address is stored in SR and PB: the SR address is one address ahead of the
program counter when the call instruction is executed. The return address is saved for a
future return instruction.

The branch address field of the instruction word writes into the program counter.

When a return instruction occurs:

(1)

(2)

(3)

The subroutine return register (containing the call instruction address plus one) is always
transferred to the program counter.

The contents of the page buffer register (containing the page at call) is always transferred
to the page address register.

The call mode is reset (CL = 0).

If a call instruction is executed within a previous call (no return occurred and the call latch is still a
ONE and status is a ONE), there is no transfer of the page buffer register to the page address
register: instead contents of the page address register transfer to the page buffer register, although
the branch address (W) loads into the program counter. For example:

(1)

(2)

(3)

A call instruction is executed, transferring control from ROM page one to page two.
Before execution, the PA and PB are as follows:

PA=1 PB=2
After execution of the call:
PA=2 PB=1
This subroutine contains another call. After execution of this second call:

PA =2 PB =2

Thus a call within a call to another page will cause the return page to change, losing the correct
return page address (which is 1).
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2-5 RAM ADDRESSING.

There are four RAM files, each containing 16 four-bit words in the RAM’s 256-bit matrix (shown in
the upper right of Figure 2-1.1 and in detail in Figure 2-5.1). Two registers are important in RAM
addressing:

e The X register addresses (identifies) each file with a two-bit address (00 to 11), the
address being decoded by the X decoder.

e  The Y register identifies the particular word in the file with a four-bit address (0000 to
1111). The Y register is decoded by the Y decoder.

An X and Y address selects one four-bit RAM character, M(X,Y), this address being the storage
location in the RAM matrix. The X register can be set to a constant equal to zero through three
(LDX instruction), or X is complemented (COMX instruction) to flip the address of X to the X file
(e.g., 00 to 11, or 01 to 10, etc.).

Besides going to the Y decoder, the Y-register data is also transferred to the adder/comparator and
is incremented and decremented as well. The Y-register may be set to any constant between zero
and fifteen (by the TCY instruction). Sometimes Y-register data is loaded from the memory (TMY
instruction) or the accumulator (TAY). The Y-register is extremely versatile and is used as a
working register as well as an index for the RAM address. One of its other major functions is to
select an R output address.

Instructions using bit masks from the CKI logic enable additional RAM addressing capabilities. Any
bit in a RAM word addressed by X and Y registers can be set, reset, or tested.

2-6 RAM DATA I/O.
There are two modes of RAM access (read and write) during the instruction cycle.

(1) Data may be read out of the RAM for the purpose of addition, subtraction, or transfer to
the other registers.

(2) Data is stored in the RAM via the write bus.

Two sources of information are written into the RAM; these sources are selected by the write
multiplexer (shown on the right side of the function diagram, Figure 2-1.1). In one mode the
multiplexer selects the accumulator information to be written into the RAM (uses STO
microinstruction). The accumulator data is transferred to memory after data is read from the RAM
but before the ALU results are stored into the accumulator. In the second mode, the constant and
K-input logic is written into the RAM (by the CKM microinstruction). The constants from the ROM
instruction bus are transferred to the RAM directly, and an optional data path from K1, K2, K4,
and K8 exists although not selected in the standard instruction set. Four RAM bits are carried on
the read bus to either the P-multiplexer or to the N-multiplexer and then to the adder/comparator.
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2-7 CONSTANT AND K INPUT (CKI) LOGIC.
The purpose of the CKI logic is to select either the K-inputs or the four-bit constants from ROM
(the C field of the instruction word) or a bit mask to go out to the CKI data bus.

The constant and K-input logic is used whenever microinstructions CKP, CKN, or CKM are selected
by an instruction (see Section 2-17 for more details). The data going out on the CKI bus changes for
predetermined instruction values, however, and this section details what the data is and the
versatility of CKI microinstructions. Since the constant and K-input logic is not changeable, it is
important to understand the four separate functions CKI controls before learning how CKI
microinstructions are performed. Table 2-7.1 shows the binary decoded groupings of the instruction
word and the particular output enabled by the CKI logic.

(1)

(2)

First, for eight hexidecimal instruction values (08 to 0F1¢ as listed in Table 2-7.1), the
K-inputs are active. That is, the constants from the ROM are shut off, and the four-bit
external-input bus (center left of Figure 2-1.1) is made available to either the
adder/comparator or the RAM. The instruction decoder determines how the available
data is used.

The second main function is to channel constant data from the instruction bus (from
ROM) to the CKI bus output (instruction values 00 to 07 and 4016 to 7F16 as listed in
Table 2-7.1). The CKI bus is available to the P adder input, the N adder input, or to the
write multiplexer for the RAM as shown in Figure 2-1.1. The constant data from the
ROM can be selected by 72 possible machine instruction values, although the standard
instructions use only 68 of these.

(3) The constant logic is disabled (output at ZERO for values 201 ¢ to 2F¢).

(4)

A bit mask is active. For example, the bit mask as used in the test bit instruction (TBIT1)
determines if a bit from the RAM is a ONE by comparing it with ZERO. The bit mask has
only one ZERO in the four-bit CKI output, as determined by the B field of the
instruction word (see TBIT1 in Table 2-7.1). The B field is two-bits and points to the
selected opening (ZERO) in the mask. Thus, if the least significant bit is to be tested,
then the bit mask outputs the binary word 1110 to the CKI bus output. Then the CKI
bus output goes into both sides of the adder/comparator, and the word at M(X,Y) is
input simultaneously (logically ORed) with the CKI bus into the P side of the
adder/comparator. The compare feature of the adder/comparator is activated and then
the state of the tested bit transfers directly to status logic. The bit mask also selects RAM
bits to be set or reset. For the set bit (SBIT) and reset bit (RBIT) instructions, the zero in
the bit mask field (Table 2-7.1) also acts as a pointer to one of the four bits (identified by
X and Y register contents) in a RAM character.

2-8 THE Y-REGISTER.
The Y-register has three purposes.

(1)

The Y-register addresses the RAM in conjunction with the X-register for RAM 1/O (see
Figure 2-1.1).
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(2) The Y-register addresses the R-output register for setting and resetting individual latches.
Whenever a particular R-output needs to be set, the constant bus inputs the R’s address (0
through 12) to Y (TCY instruction), and then a set R-output (SETR) instruction is
executed.

(3) The Y-register is used as a working register. As a working register, ROM words can be
saved. For example, when a long delay time is desired, the Y-register is used as a counter.

The Y register may be set at any constant from 0 to 15, decremented (DYN), or incremented (IYC)
in a single instruction cycle.

Note that in the functional block diagram (Figure 2-1.1), the Y-register has no inverted adder input.
Thus, the Y-register cannot be subtracted from the accumulator or memory.

2-9 R-OUTPUT REGISTER.
The TMS1000 has two outputs:

e R outputs used for control
® O outputs used to transmit data (covered in paragraph 2-14)
The purpose of the R outputs is to control the following:
®  External devices
e  Display scans
e  Input encoding
®  Dedicated status logic outputs (such as overflow)
Each R output has a latch that stores a ONE or ZERO, and each latch may be set (ONE) or reset

(ZERO) individually by the set R (SETR) or reset R (RSTR) instructions. The Y register points to
which R output is set by these instructions.

The R-output can be strobed by the ROM program to scan a key matrix. Figure 2-9.1 represents the
maximum key matrix possible without external logic. A simple short from an R line to a K-input
can be detected by the ROM program and interpreted as any function or data entry. Expanding the
matrix is possible by external logic such as using a 4-line to 16-line decoder.

2-10 ACCUMULATOR REGISTER.

The accumulator is a four-bit register that interacts with the adder, the RAM, and the output
registers. The accumulator is the main working register for addition and subtraction. It is the only
register which is inverted before its contents are sent to the adder for subtraction. Subtraction is
accomplished by two’s complement arithmetic. It is a storage register for inputs from the constant
and K-input logic as well as the Y register.
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Variable data from the K inputs are also stored via the accumulator into the RAM array. Therefore,
any variable data input from the K inputs or from the adder output must pass through the
accumulator to the RAM atray for storage. Likewise, any data to the O outputs must come through
the accumulator. Four accumulator register bits may be latched by the O-output register (where the
status latch information is also latched) for decode by the O-output decoder.

2-11 ARITHMETIC LOGIC UNIT OPERATION.

Arithmetic and logic operations are performed by the Arithmetic Logic Unit (ALU) which is a
four-bit adder/comparator and associated random logic (this is shown in the center right of Figure
2-1.1). The arithmetic unit performs logical comparison, add, subtract, and arithmetic comparison
functions on its P and N inputs. The arithmetic logic unit and interconnects are shown in Figure
2-11.1. These two four-bit parallel inputs (P and N) may be added together or logically compared.
The accumulator has a complemented output to the N selector for subtraction by two’s
complement arithmetic. The other N inputs are from the true output of the accumulator, the RAM,
constants, and the K inputs. The P inputs come from the Y register, the RAM, the constants, and
the K inputs.

FROM CONSTANT

TOY AND K-INPUTS FROM RAM 0 RAM
et AND OUTPUT
HOSIe LATCHES

[J P E N 15TON

lt—CARRY IN

Y REGISTER ADDER/COMPARATOR ACCUMLATOR
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—CARRY OUT
[<+—COMPARE OUT

—L

AU SELECT

AUTO Y — AU TO A l/
NOTE: STATUS OUTPUT TO PROGRAM
ALL DATA PATHS ARE FOUR CONTROL LOGIC AND STATUS
BITS PARALLEL EXCEPT THE OUTPUT LATCH

STATUS OUTPUT.

FIGURE 2-11.1 ARITHMETIC LOGIC UNIT
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Addition and subtraction results (shown in Table 2-11.1) are stored in either the Y register or the
accumulator. Either an arithmetic function or a logical comparison may generate an output to
status logic. If either logical or arithmetic comparison functions are used, only the status logic bit
affects the program control, and neither the Y register’s nor the accumulator register’s contents are
affected. If a branch or call is attempted when the status logic bit is a logic ONE (which is the
normal state), the conditional branch or call is executed.

If an instruction calls for a carry output to status and the carry does not occur, then status will go
to a ZERO level for one instruction cycle. Likewise, if an instruction calls for the logical
comparison function and the bits compared are all equal (EXORED), then status will go to a ZERO
level for one instruction cycle. If status is a logic ZERO, then branches and calls are not performed.

The arithmetic unit has a carry-in feature in which a ONE is added to the sum of the P and N adder

inputs.

2-11.1 N-INPUT TO ADDER. There arc five possible microinstruction selections for adder “N”
input control as shown in Figure 2-1.1. The first comes from the RAM. The second input is from
the constant and K-input logic. Also, the accumulator and accumulator may be selected through the

TABLE 2-11.1 ADDER OUTPUTS
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N-multiplexer. A fifth function selects fifteen (binary 1111) as an input to the adder. If more than
one input is selected in the same instruction cycle, then those inputs are logically ORed through the
N multiplexer.

2-11.2 P-INPUT TO ADDER. P selections may come from the Y register, constant and K-input
logic, or from the RAM array. If a combination of these inputs is designated, then they are logically
ORed.

2-11.3 ADDER/COMPARATOR OUTPUT. The adder/comparator output (see Table 2-11.1) is
selected by ROM control to go to the Y-register, the accumulator register, or neither. The Y register
is selected by the microinstruction AUTY. The accumulator register is selected by the
microinstruction AUTA. Addition or subtraction instructions select either the Y register or the
accumulator as a destination for results. If neither is selected while the adder is performing an
operation, then this instruction is one of the test instructions. In the test instructions, the adder is
used to generate a status output to control the program, but the results are not stored in either the
Y register or accumulator.

2-12 STATUS LOGIC.

There are 18 instructions that affect status logic, either setting it (to ONE) or resetting it (to
ZERO). In turn, the status logic will permit the successful execution of a branch or call instruction
(if status logic = ONE) or prevent successful execution of these instructions (if reset to ZERO).
Status logic will remain at a ZERO level only for the following instruction cycle and then
automatically be set to the normal ONE state (unless reset to ZERO by the next instruction).

There are two microinstructions (NE and C8) that are used by instructions affecting status. If the
microinstruction C8 is used and a carry occurs in the addition of two four-bit words, the carry goes
from the MSB sum to status, setting status logic to a ONE. If no carry occurs, status logic is ZERO.
In a logic compare instruction (using microinstruction NE), status logic is set to ONE if the four-bit
words at the N and P adder/comparator inputs are not equal; conversely, status logic is ZERO if the
inputs are equal.

213 STATUS LATCH.

The status latch buffers the status-logic bit to the O-output register for decode by the O-output
PLA. Status-logic output is selectively loaded into the status latch by special microinstruction STSL
(used in a logical-compare test instruction that causes the status logic to output a ONE or ZERO).
For example, if the test instruction YNEA (in the standard instruction set) causes status to be a
ONE (if Y register is not equal to A), then the ONE writes into the status latch. If a ZERO is output
by that instruction from status logic, then the ZERO writes into the status latch.

The status latch transfers to the O register with the accumulator bits when TDO, transfer data out,
is executed.

2-14 O-OUTPUT REGISTER.
Paragraph 2-13 describes how the status output is stored in the status latch. The status latch and the
accumulator data are loaded into the O-output register (bottom right of Figure 2-1.1) by a fixed
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instruction from the ROM (TDO), when the programmer decides to change output data. A separate
instruction clears the O-output register. This instruction (CLO) causes all five output register bits to
be reset to ZERO. The five bits from the O register are converted to a parallel eight-bit code by the
OPLA.

NOTE
The O output register transfers accumulator and
status latch data, the R output register
(paragraph 2-9) transfers control data.

2-15 PROGRAMMABLE LOGIC ARRAY (PLA).
There are two PLA’s in the TMS1000 series:

e  The O-output PLA (paragraph 2-16)
®  The instruction decoder PLA (2-17.1)

For those who may need a review or are unfamiliar with PLA’s, the following discusses the PLA
concept.

A matrix of gates first decodes a number of input bits into a set of output lines (also called
“terms”). Each term can select a combination of output lines from a second matrix of gates (see

Figure 2-15.1).
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FIGURE 2-15.1 PLA BLOCK DIAGRAM
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Both matrices are implemented by programmable input NAND gates (Figure 2-15.2). Since we are
concerned only with the input-to-output code conversion, positive logic AND and OR functions are
used herein.

Figure 2-15.2 shows two AND matrix terms, Fg and F1, which are encoding two output OR matrix
terms, Q@ and Q1. The simplified method of presenting the same circuit is shown in Figure 2-15.3.
Each circle in the diagram represents a MOSFET which selects a gate input to a matrix term.

User programming of these PLA’s requires inputs to the TMS1000 simulator for O-output PLA

progtamming and to the assembler and simulator for instruction PLA programming. User inputs are
covered in detail in the TMS1000 Software Users Guide.
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2-16 O-OUTPUT PLA, CODE CONVERTER.

The O-output PLA determines the parallel output definition for each TMS1000 series program.
Thus, a user understanding the capabilities can define an efficient output organization before
designing an algorithm. The organization of the outputs is a necessary starting point for new system
designs.

The O-output register sends five bits to the O-output PLA (bottom of Figure 2-1.1). Figure 2-16.1
shows the five corresponding O-register bits from accumulator and status latch) going into the AND
matrix in true and complemented form. The AND matrix has 20 terms available for decoding a
prescribed pattern of inputs to the OR matrix. The pattern is stored in the matrix by placing MOS
transistors (gates) to select inputs and not placing a gate where an input is not desired (see section

2-15).

Each AND matrix term may decode a subset of the following Boolean equation:

FN=(Al+ Al)- (A2 A2) - (A4 A4)- (A8 - A8)+ (SL- SL)

Either the true, or the complement (not both), or neither (don’t care) of the two inputs enclosed in
parentheses can be selected. The AND matrix may decode up to 20 of these Boolean equations.

Each OR matrix line determines the O-output pattern for each AND term used. If an AND term is
true, the output selection (represented by a circle) is a subset of the following expression:

Ooutput =00+ 01 + 02+ 03+ 04+ 05+ 0g+ 07

If any two or more AND term equations are satisfied, then their ORed output functions are
logically ORed together.

The example coding shown in Figure 2-16.2 shows an output classified into seven-segment
information and binary information. If the status latch bit is ZERO, then the PLA sends binary
information out. If the status latch bit is ONE, then the PLA encodes seven-segment display
information. Note that there are 20 input terms to the OR matrix; four terms encode the binary
value of the accumulator bits, 16 terms encode the characters zero to F.

The TDO instruction latches the status latch and the accumulator bits in the O register. In the case
of term zero (Fg), a ONE from the status latch and zero from the accumulator encodes the

seven-segment character for zero: 01

O output =071 + 02+ 03+ 04 + 05 + Og 06’ 102

Og I
NOTE 04
Positive logic is used on all outputs. A true
output drives toward Vgg. Definition for the
O-PLA to the simulators is covered in the

TMS1000 Series Software User’s Guide.

’03
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2-17 INSTRUCTION DECODERS.
Two logic blocks decode the eight-bit instructions into the various microinstructions.

e  Fixed instruction decoder
e  Programmable instruction PLA

The fixed instruction decoder cannot be modified and enables 12 fixed controls affecting ROM
addressing, RAM X register, output control, set bit and reset bit instructions. Every program must
use these instructions with their corresponding fixed microinstructions. Refer to Table 2-17.1, and
notice that each “fixed” instruction has a corresponding fixed microinstruction described by an
identical mnemonic.

The remaining 31 basic instructions in the standard set (43 basic instructions - 12 fixed basic
instructions = 31 programmable instructions) have their operations determined by combining one or
more microinstructions as determined by the instruction PLA. The combinations used in the
standard instructions are listed in Table 2-17.1.

The programmable instructions are defined for the user to the assembler and simulator programs by
default definition when the standard instructions are used. When one or more instructions are
redefined, the user specifies the entire set of instruction mnemonics to the assembler, and new PLA
implementation is defined to the simulator. Changing these definitions is covered in detail in the
TMS1000 Series Software User’s Guide.

2-17.1 THE PROGRAMMABLE MICROINSTRUCTIONS. In the preceding sections of this
document, specific controls for each logic block are explained. These controls are enabled by the
microinstructions coming out of the OR matrix of the Instruction Programmable Logic Array.
Figure 2-17.1 summarizes the controls by showing an arrow pointing to the logic block or the
particular data path affected. Table 2-17.2 defines operation of the programmable microinstructions,
and the logic block controlled.

In one instruction cycle the sequence of microinstruction execution is in the following order:

(1) Read RAM, select the inputs to the adder/comparator.
Microinstructions: CIN, MTP, MTN, CKP, CKN, YTP, ATN, 15TN, NATN, C8, NE

(2) Write accumulator contents or CKI bus information into the RAM.
Microinstructions: CKM, STO

(3) Add or compare, then store results into the Y register, accumulator, status logic, or status
latch.
Microinstructions: AUTY, AUTA, STSL

Thus the MTP (RAM memory contents to P-adder input) microinstruction is executed before STO
(store accumulator data into RAM). The adder can perform one operation per instruction cycle. If
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TABLE 2-17.1 MICROINSTRUCTION INDEX

Microinstructions Reference
Mnemonic Opcode
Fixed Programmable Paragraph

ALEC 0 1 1 1 Cc CKP, NATN, CIN, C8 4-5.2
ALEM 0 0 1 0 1 0 0 1 MTP, NATN, CIN, C8 4-5.1
AMAAC 0 0 1 0 0 1 0 1 MTP, ATN, C8, AUTA 4-4.1
ABAAC 0 0 0 0 0 1 1 0 CKP,ATN,C8,AUTA 4-4.11
ABAAC 0 0 0 0 0 0 0 1 CKP, ATN, C8, AUTA 4-4.9
A10AAC 0 0 0 0 0 1 0 1 CKP, ATN, C8, AUTA 4-4.10
BR 1 0 w BR 4-12.1
CALL 1 1 w CALL 4-12.2
CLA 0 0 1 0 1 1 1 1 AUTA 4-2.3
CLO 0 0 0 0 1 0 1 1 CLO 4-104
COMX 0 0 0 0 0 0 0 0 comMX 4-11.2
CPAIZ 0 0 1 0 1 1 0 1 NATN,CIN,C8,AUTA 4-4.12
DAN 0 0 0 0 ] 1 1 1 CKP, ATN, CIN, C8, AUTA 4-4.7
DMAN* 0 0 1 0 1 0 1 0 MTP, 15TN, C8, AUTA 4-4.4
DYN 0 0 1 0 1 1 0 0 YTP, 16TN, C8, AUTY 4-4.8
1A 0 0 0 0 1 1 1 0 ATN, CIN, AUTA 4-4.5
IMAC* 0 0 1 0 1 0 0 0 MTP, CIN, C8, AUTA 4-4.3
1YC 0 0 1 0 1 0 1 1 YTP, CIN, C8, AUTY 4-4.6
KNEZ 0 0 0 0 1 0 0 1 CKP, NE 4-9.1
LDP 0 0 0 1 Cc LDP 4-12.4
LDX 0 0 1 1 1 1 LDX 4-11.1
MNEZ 0 0 1 0 0 1 1 0 MTP, NE 4-6.1
RBIT 0 0 1 1 0 1 RBIT 4.7.2
RETN 0 0 0 0 1 1 RETN 4-12.3
RSTR 0 0 0 0 1 1 0 0 RSTR 4-10.2
SAMAN 0 0 1 0 0 1 1 MTP, NATN, CIN, C8, AUTA 4-4.2
SBIT 0 0 1 1 0 0 SBIT 4-7.1
SETR 0 0 0 0 1 1 0 1 SETR 4-10.1
TAM 0 0 0 0 0 0 1 1 STO 4-3.1
TAMIY 0 0 1 0 0 0 0 0 STO, YTP, CIN, AUTY 4-3.2
TAMZA 0 0 0 0 0 1 0 0 STO, AUTA 4-3.3
TAY 0 0 1 0 0 1 0 0 ATN, AUTY 4-2.1
TBIT 1 0 0 1 1 1 0 CKP, CKN, MTP, NE 4-7.3
TCY 0 1 0 0 (o] CKP, AUTY 4-8.1
TCMLY 0 1 1 0 [ CKM, YTP, CIN, AUTY 4-8.2
TDO 0 0 0 0 1 0 1 0 TDO 4-10.3
TKA 0 0 0 0 1 0 0 0 CKP, AUTA 4-9.2
TMA 0 0 1 0 0 0 0 1 MTP, AUTA 4-3.5
™Y 0 0 1 0 0 0 1 0 MTP, AUTY 4-3.4
TYA 0 0 1 0 0 0 1 1 YTP, AUTA 4-2.2
XMA 0 0 1 0 1 1 1 0 MTP, STO, AUTA 4-3.6
YNEA 0 0 0 0 0 0 1 0 YTP, ATN, NE, STSL 4-6.2
YNEC 0 1 0 1 C YTP, CKN, NE 4-6.3

*Execution of the DMAN or IMAC instruction does not change (increment or decrement) the content of the addressed memory cell.
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TABLE 2-17.2 TMS1000 SERIES PROGRAMMABLE MICROINSTRUCTIONS

Execution

Logic

Sequence Mnemonic Affected Function
] CKP P-MUX CKI to P adder input.
YTP P-MUX Y-Reg to P adder input.
MTP P-MUX Memory (X,Y) to P adder input.
1 ATN N-MUX Accumulator to N adder input.
NATN N-MUX Accumulator to N adder input.
MTN N-MUX Memory (X,Y) to N adder input.
15TN N-MUX F16 to N adder input.
CKN N-MUX CKI to N adder input.
| CIN Adder One is added to sum of P plus N inputs
(P+N+1).
NE Adder/Status Adder compares P and N inputs. If they
are identical, status is set to zero.
C8 Adder/Status Carry is sent to status (MSB only).
pr | | et e e csndh e e oen e e e m— o—— o— oo o—— o — e
2 STO Write MUX Accumulator data to memory.
CKM Write MUX CKI to memory.
L e e — e —_——_— e | = = ]
3 AUTA AU Select Adder result stored into accumulator.
AUTY AU Select Adder result stored into Y-Reg.
STSL Status Latch Status is stored into status latch.
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two input buses are selected for the same side of the adder, the inputs are logically ORed together
(e.g., TBIT1, section 4-7.3).

The programmable microinstructions are an aid to learning how instructions work. For example, the
IA instruction (increment accumulator) enables three microinstructions; ATN, CIN, and AUTA:

(1) ATN transfers the accumulator data to the N-adder input (P=0)
(2) CIN causes one to be added to the P and N-adder inputs.

(3) AUTA causes the result of the addition to be stored in the accumulator.

Knowing the hardware and how T1 combined the microinstructions explains all 31 programmable
instructions. For example, the YNEC instruction activates three microinstructions.

(1) CKN causes the constant from ROM (immediate operand) to go into the N-input.
(2) YTP enables Y to the P-input
(3) NE sends the comparison to status

Therefore, if Y is logically compared to a constant operand and is not equal to the CKI data,
status equals ONE.

Figure 2-17.2 illustrates the PLA implementation designed by TI for the standard instruction set.
The 31 instructions are translated by 30 PLA terms into a combination of the 16 microinstructions
possible (the ABAAC and the A10AAC are combined on a single PLA line).

The instruction PLA can be reprogrammed in cases where timing or other requirements dictate an
instruction redefinition. Microprogramming this PLA should be considered only when the standard
definition is insufficient to accomplish the program objectives. Contact the MOS division in
Houston, Texas, to obtain help in such cases.

2-17.2 FIXED INSTRUCTION DECODER. This decoder is a block of logic that cannot be changed
and is needed to decode the twelve basic instructions that every program must use (i.e., the machine
code of these fixed instructions cannot be changed). Figure 2-17.3 presents the functional block
diagram again with arrows showing which logic blocks are affected by the fixed microinstructions.
The mnemonics are the same as the ROM instructions since the standard instruction set uses a
one-to-one correspondence between the fixed instructions and their microinstructions.

The 12 instructions, decoded by the fixed instruction decoder, can be modified by adding other
programmable microinstructions to those that are already enabled. These additional
microinstructions can be coded into the programmable instruction decoder. For example, the set
R-output command could be coded to also decrement the Y register. The SETR instruction code is
OC16, and if decoded by both the fixed instruction decoder and the programmable instruction
decoder, this command can perform two operations.
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Note that there are up to 30 PLA terms available, all of which are used up by the standard
instruction set, so additional decoding for fixed instructions will displace some programmable
instruction or must be combined on the same PLA term.

2-18 EXTERNAL INPUTS.
External-inputs logic buffers the K inputs as shown in Figure 2-1.1. Each input has a pull-down
resistor (to Vpp) equal to 50 kilohms. Vpp represents a ZERO input; a Vgg level signifies a ONE.

2-19 INITIALIZING THE TMS 1000 SERIES DEVICES.

The INIT input pin initializes the hardware and resets the page address register, program counter,
and the O- and R-output registers. The external-inputs logic forces binary 1111 into the page
address register and the program counter is reset to zero when a minimum of Vgg —1 volt is applied
to the INIT input for at least six consecutive instruction cycles if K1, K2, K4, K8, and R10 equal
ZERO (Vpp). In addition, the page buffer register is set to binary 1111 and the O-output register,
R-output register, and the call latch are reset to all ZEROes.

The INIT pin is used in some applications as a hardware reset since the aforementioned procedure
sets the program counter and page address register addresses to the initial power-up address if all K
inputs and R10 are held at a low level. The following diagram shows the circuitry to accomplish
hardware clear with all K-inputs at a logic ZERO. A capacitor reduces bounce noise from the key
contacts since INIT must be at a high level for at least six instruction cycles after key bounce has

ceased.

INIT INPUT

(MOS)

Vss

2-20 POWER-UP LATCH.

The TMS1000 contains a power-up latch (not shown in Figure 2-1.1) which presets the PC to zero
and the PA and PB to F1g, presets the call latch to ZERO, resets the O-output register to all
ZEROes, and resets the R-output register to all ZEROes.
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If the system power supply settles slowly in systems that require frequent power-up and
power-down cycles, the circuit connected to the INIT input in Figure 2-19.1 will help ensure a
proper power-on procedure, since systems require executing a special block of code for clearing all
the RAM characters, clearing the accumulator, resetting external devices, etc. A capacitor connected
to the INIT pin causes the Vgg level to charge slowly through a clocked load device to Vpp,
internal to the TMS 1000. The diode discharges the capacitor when the system is turned off. The
capacitance required varies from system to system, but the capacitance should be large enough to
hold the Vgg —1 volt for six instruction cycles longer thanthe rise time of the power supply as a
minimum. All K-inputs must be at Vpp to accomplish all the effects of the power-on latch, and
output pin R10 must not be pulled high.

|

Vpop IMOS v
T DD
| J

SZ | D, ' >

—

FNIT |

A1 | INPUT

CEXT — |
® ]
VSS IMOS

CexT (ufd) = .06 POWER SUPPLY RISE TIME {ms)

FIGURE 2-19.1 TYPICAL POWER ON CIRCUIT
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SECTION III
INSTRUCTION CROSS REFERENCE TABLES

This section is a quick-reference introduction to the 43 TMS1000 series instructions that are
defined in Section 4. These tables facilitate instruction comprehension and are arranged in the
following order:

e  Table 3-1 lists the instructions by function.

e  Table 3-2 lists the instructions alphabetically.

e  Table 3-3 lists the microinstructions for each instruction.

e  Table 3-4 lists the instructions by binary machine code.

e  Figure 3-1 is the instruction code map in hexadecimal.

NOTE

These tables use abbreviations and symbols
explained in paragraphs 1-4.1 and 1-4.2.
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TABLE 3-1 TMS1000/1200 STANDARD INSTRUCTION SET

Status* Explained

Function |Mnemonic | Effect Description in Para.
Cc8 NE
Register to | TAY Transfer accumulator to Y register. 4-2.1
Register TYA Transfer Y register to accumulator. 4-2.2
CLA Clear accumulator. 4-2.3
Transfer TAM Transfer accumulator to memory. 4-3.1
Register to | TAMIY Transfer accumulator to memory and increment Y register. 4-3.2
Memory TAMZA Transfer accumulator to memory and zero accumulator. 4-3.3
Memory to | TMY Transfer memory to Y register. 4-34
Register TMA Transfer memory to accumulator. 4-3.5
XMA Exchange memory and accumulator. 4-3.6
Arithmetic | AMAAC Y Add memory to accumulator, results to accumulator. If carry, one to status. 4-4,1
SAMAN Y Subtract accumulator from memory, results to accumulator. 4-4.2
If no borrow, one to status.

IMAC** Y Increment memory and load into accumulator. If carry, one to status. 4-4.3
DMAN** | Y Decrement memory and load into accumulator. If no borrow, one to status. 4-4.4
1A Increment accumulator, no status effect. 4-4.5
1YC Y Increment Y register. If carry, one to status. 4-4.6
DAN Y Decrement accumulator. If no borrow, one to status. 4-4.7
DYN Y Decrement Y register. If no borrow, one to status. 4-4.8
A8AAC Y Add 8 to accumulator, results to accumulator. If carry, one to status. 4-4.9

A10AAC Y Add 10 to accumulator, results to accumulator. If carry, one to status. 4-4.10

A6AAC Y Add 6 to accumulator, results to accumulator. If carry, one to status. 4-4.11

CPAIZ Y Complement accumulator and increment. If then zero, one to status. 4-4.12
Arithmetic | ALEM Y If accumulator less than or equal to memory, one to status. 4-5.1
Compare ALEC Y If accumulator less than or equal to a constant, one to status 4-5.2
Logical MNEZ Y If memory not equal to zero, one to status. 4-6.1
Compare YNEA Y If Y register not equal to accumulator, one to status and status latch. 4-6.2
YNEC Y If Y register not equal to a constant, one to status 4-6.3
Bits in SBIT Set memory bit. 4-7.1
Memory RBIT Reset memory bit. 4-7.2
TBIT1 Y Test memory bit. If equal to one, one to status. 4-7.3
Constants | TCY Transfer constant to Y register. 4-8.1
TCMIY Transfer constant to memory and increment Y. 4-8.2
Input KNEZ Y If K inputs not equal to zero, one to status. 4-9.1
TKA Transfer K inputs to accumulator. 4-9.2
Output SETR Set R output addressed by Y. 4-10.1
RSTR Reset R output addressed by Y. 4-10.2
TDO Transfer data from accumulator and status latch to O-outputs. 4-10.3
CLO Clear O-output register. 4-10.4
RAM X LDX Load X with a constant, 4-11.1
Addressing | COMX Complement X. 4-11.2
ROM BR Branch on status = one. 4-12.1
Addressing | CALL Call subroutine on status = one. 412.2
RETN Return from subroutine. 4-12.3
LDP Load page buffer with constant. 4-12.4

*NOTE A:

C8 (microinstruction C8 is used) — Y (Yes) means that if there is a carry out of the MSB, status output goes to the ONE state. If no
carry is generated, status output goes to the ZERO state.

NE (microinstruction NE is used) — Y (Yes) means that if the bits compared are not equal, status output goes to the ONE state. If
the bits are equal, status output goes to the ZERO state.

A ZERO in status remains through the next instruction cycle only. If the next instruction is a branch or call and status is a ZERO,
then the branch or call is not executed.

**NOTE B:
Execution of the DMAN or IMAC instruction does not change (increment or decrement) the content of the addressed memory cell.

3-2




TABLE 3-2. ALPHABETICAL MNEMONIC REFERENCE

Mnemonic (Os_)code Opcode Action Status Reference
binary) (hex) o8 NE Paragraph

ALEC 0 11 c 7 - A<cC Y 4.5.2
ALEM 0 o 1 o 10 0 1 29 A<M(X,Y) ' 4-5.1
AMAAC | 0 o 1 o o 1 o0 1 25 M(X,Y)+ A~ A Y 441
ABAAC | 0 0o 0 o o 1 1 0 06 A+6—A Y 4-4.11
ABAAC | O o 0 o 0o 0 o0 1 01 A+8-A Y 4.4.9
A10AAC]| 0 o 0 o0 o 1 0 05 A+10-~A Y 4-4.10

S=1,cL=0] $=0
BR 1 0 w { - ‘ Hw) - PC P1 —151 -~ PC 4121

| N iy

§=1,CL=0 1s = os

PC+1-SR)_PC+1-PC
CALL 1 1 w { - PBo PA |S=1,CL= 4122

1->CL SEE PARA 2.4

1{w) - PC
CLA 0 o 1 o0 11 1 2 F 0—A 4.23
cLo 0 0o o0 o 10 1 1 0B 0- O Register 4-10.4
CcomMX 0 0o 0 o0 0 0 0 o© 00 X- X 4.11.2
cPAIZ | O o 1 o0 11 0 1 2D A+1-A Y 4.412
DAN 0 0 0 o o 1 1 1 07 A-1-> A Y 447
DMAN* | 0 o 1 0 10 1 0 2 A M(X,Y)-1-> A Y 444
DYN 0 0o 1 o 1 1 0 0 2¢C Y-1->Y Y 4438
1A 0 0 0 o 11 1 0 0E A+1-> A 445
IMAC* | 0 o 1 o 1 0 0 o0 28 MIX,Y)+ 1~ A Y 443
1yc 0 o 1 o0 10 1 1 2B Y+1->Y Y 4.4.6
KNEZ 0 0o 0 o0 10 0 1 09 K8,4,2,1+0 Y 49,1
LDP 0 o o0 1 c 1 - Hc) — PB 4124
LDX 0 o 1 1 101 3 - B) > X 4111
MNEZ 0 o 1 o 6 1 1 0 26 M(X,Y)# 0 Y 4.6.1
RBIT 0 o 1 1 0o 1 3 - 0->M(X,Y,B) 4.7.2

s cL=1 cL=0

RETN | 0 0o 0 o 111 0F 1 pERS | periRre 4123

0—->CL
RSTR 0 0o 0 o 1 1 0 o ocC 0~ R(Y),0<Y<12 4-10.2
SAMAN | 0 o 1 0 o 1 1 27 M(X,Y)- A= A Y 4.4.2
SBIT 0 o 1 1 0o o 3 - 1- M(X,Y,B) 4.7
SETR 0 o 0 o0 110 0D 1->R(Y),0<Y < 12 4.10.1
TAM 0 o 0 o o o 1 1 03 A> M(X,Y) 4-3.1
TAMIY | O 0o 1 o 0 0 o0 O 20 A-MIXY),Y+1-> Y 4.3.2
TAMZA | O 0o 0 o 0o 1 0 o0 04 A-M(X,Y), 0> A 4-3.3
TAY 0 0o 1 o 0 1 0 o 24 A->Y 4.2
TBIT1 0 o 1 1 1 0 3 - M(X,Y,B) =1 Y 4.7.3
TCY 0 1 0 o0 c 4 — ey v 4.8.1
TcMIY | o 1 1 0 c 6 — 1C)> MIX,Y), Y+1->Y 482
TDO 0 0 0 0 1 0 1 0 0 A SL, A} > ORegister 4-10.3
TKA 0 0o 0 o0 1 0 0 o 08 K8, 4,21~ A 4.9.2
T™MA 0 o 1 o o 0o o0 1 21 M(X,Y) > A 4.35
™Y 0 o 1 o o 0 1 0 22 M(X,Y) > Y 434
TYA 0 o 1 o0 o o 1 1 23 Y- A 4.2.2
XMA 0 o 1 0 11 1 0 2 E M(X,Y) =~ A 4-36
YNEA | O 0o 0 O o o0 1 o 02 Y #A, S~ SL¥* Y 4.6.2
YNEC 0 1 0 1 c 5 — Y#C Y 4-6.3

*Execution of the DMAN.or IMAC instruction does not change (increment or decrement) the content of the addressed memory cell,

**Only one instruction sets or resets Status Latch.

3-3




TABLE 3-3 MICROINSTRUCTION INDEX

Microinstructions Reference
Mnemonic Opcode
Fixed Programmable Paragraph
ALEC 0 1 1 1 [ CKP, NATN, CIN, C8 4-5.2
ALEM 0 0 1 0 1 0 0 1 MTP, NATN, CIN, C8 4-5.1
AMAAC 0 0 1 0 0 1 0 1 MTP, ATN, C8, AUTA 4-4.1
ABAAC 0 0 0 0 0 1 1 0 CKP,ATN,C8,AUTA 4-4.11
A8AAC 0 0 0 0 0 0 0 1 CKP, ATN, C8, AUTA 4-4.9
A10AAC 0 0 0 0 0 1 0 1 CKP, ATN, C8, AUTA 4-4.10
BR 1 0 w BR 4-12.1
CALL 1 1 w CALL 4-12.2
CLA 0 0 1 0 1 1 1 1 AUTA 4-2.3
cLO 0 0 0 0 1 0 1 1 CLO 4-10.4
COMX 0 0 0 0 0 0 0 0 CcOMX 4-11.2
CPAIZ 0 0 1 0 1 1 0 1 NATN,CIN,C8,AUTA 4-4.12
DAN 0 0 ] 0 0 1 1 1 CKP, ATN, CIN, C8, AUTA 4-4.7
DMAN* 0 0 1 0 1 0 1 0 MTP, 15TN, C8, AUTA 4-4.4
DYN 0 0 1 0 1 1 0 0 YTP, 15TN, C8, AUTY 4-4.8
1A 0 0 0 0 1 1 1 0 ATN, CIN, AUTA 4-4.5
IMAC* 0 0 1 0 1 0 0 0 MTP, CIN, C8, AUTA 4-4.3
1YC 0 0 1 0 1 0 1 1 YTP, CIN, C8, AUTY 4-4.6
KNEZ 0 0 0 0 1 0 0 1 CKP, NE 4-9.1
LDP 0 0 0 1 Cc LDP 4-12.4
LDX 0 0 1 1 1 1 LDX 4-11.1
MNEZ 0 0 1 0 0 1 1 0 MTP, NE 4-6.1
RBIT 0 0 1 1 0 1 RBIT 4-7.2
RETN 0 0 0 0 1 1 RETN 4-12.3
RSTR 0 0 0 0 1 1 0 0 RSTR 4-10.2
SAMAN 0 0 1 0 0 1 1 MTP, NATN, CIN, C8, AUTA 4-4.2
SBIT 0 0 1 1 0 0 SBIT 4-7.1
SETR 0 0 0 0 1 1 0 1 SETR 4-10.1
TAM 0 0 0 0 0 0 1 1 STO 4-3.1
TAMIY 0 0 1 0 0 0 0 0 STO, YTP, CIN, AUTY 4-3.2
TAMZA 0 0 0 0 0 1 0 0 STO, AUTA 4-3.3
TAY 0 0 1 0 0 1 0 0 ATN, AUTY 4-2.1
TBIT 1 0 0 1 1 1 0 CKP, CKN, MTP, NE 4-7.3
TCY 0 1 0 0 C CKP, AUTY 4-8.1
TCMIY 0 1 1 0 C CKM, YTP, CIN, AUTY 4-8.2
TDO 0 0 0 0 1 0 1 0 TDO 4-10.3
TKA 0 0 0 0 1 0 0 0 CKP, AUTA 4-9.2
TMA 0 0 1 ] 0 0 0 1 MTP, AUTA 4-35
™Y 0 0 1 0 0 0 1 0 MTP, AUTY 4-3.4
TYA 0 0 1 0 0 0 1 1 YTP, AUTA 4-2.2
XMA 0 0 1 0 A1 1 1 0 MTP, STO, AUTA 4-3.6
YNEA 0 0 0 0 0 0 1 0 YTP, ATN, NE, STSL 4-6.2
YNEC 0 1 0 1 Cc YTP, CKN, NE 4-6.3

*Execution of the DMAN or IMAC instruction does not change (increment or decrement) the content of the addressed memory cell.
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TABLE 3-4. BINARY CODING OF STANDARD INSTRUCTIONS

Opcode Opcode Mnemonic Action Status Reference
(binary list) (hex) cs | NE Paragraph
0 0 0 0 0 0 0 0 0 0 COMX X > X 4-11.2
0 0 0 0 0 0 0 1 0 1 ABAAC A+8->A Y 4-4.9
0 0 0 0 0 0 1 0 0 2 YNEA Y #A 8-> SL Y 4-6.2
0 0 0 0 0 0 1 1 0 3 TAM A->M(X,Y) 4-3.1
0 0 0 0 0 1 0 0 0 4 TAMZA A—~>M(X,Y),0~>A 4-3.3
0 0 0 0 0 1 0 1 0 5 A10AAC A+10—>A Y 4-4.10
0 0 0 0 0 1 1 0 0 6 AG6AAC A+6—~>A Y 4-4.11
0 0 0 0 0 1 1 1 V] 7 DAN A-1-A Y 4-4.7
0 0 0 0 1 0 0 0 0 8 TKA K8,4,2, 1~ A 4-9.2
0 0 0 0 1 0 0 1 0 9 KNEZ K8,4,2,1#0 Y 4-9.1
0 0 0 0 1 0 1 0 ] A TDO SL, A~ O Register 4-10.3
0 0 0 0 1 0 1 1 0 B CcLO 0 > O Register 4-10.4
0 0 ] 0 1 1 0 0 ] [ RSTR 0->R(Y),0<Y <12 4-10.2
0 0 0 0 1 1 0 1 0 D SETR 1~ R{Y),0<Y<12 4-10.1
0 0 0 0 1 1 1 0 0 E 1A A+1->A 445
CL=1 CL=0
0 0 o0 o 11 11 0 F RETN SR>PC PBPA 4123
PB~PA PC+1-PC
| 14
0 0 0 1 c 1 — LDP 1(C)~PB 4-124
0 0 1 0 0 0 0 0 2 0 TAMIY A->M(XY),Y+1->Y 4-3.2
0 0 1 0 [} 0 0 1 2 1 TMA M(X,Y) > A 4-3.5
0 0 1 0 0 0 1 0 2 2 T™MY M(X,Y)~>Y 4.3.4
0 0 1 0 0 0 1 1 2 3 TYA YA 4-2.2
0 0 1 0 0 1 0 0 2 4 TAY A-Y 4-2.1
0 0 1 0 0 1 0 1 2 5 AMAAC M(X,Y)+A—>A Y 4-4.1
0 0 1 0 (1} 1 1 0 2 6 MNEZ M(X,Y)#0 Y 4-6.1
0 0 1 0 0 1 1 1 2 7 SAMAN M(X,Y)-A—>A Y 4-4.2
0 0 1 0 1 0 0 0 2 8 IMAC* M(X,Y)+1—>A Y 4-4.3
0 0 1 0 1 0 0 1 2 9 ALEM A <M(X,Y) Y 4-5.1
0 0 1 0 1 0 1 0 2 A DMAN* M(X,Y)-1-> A Y 4-4.4
0 0 1 0 1 0 1 1 2 B IYc Y+1-Y Y 4-4.6
0 0 1 0 1 1 0 0 2 Cc DYN Y-1->Y Y 4-4.8
0 0 1 0 1 1 0 1 2 D CPAIZ A+1—A Y 4-4.12
0 0 1 0 1 1 1 ] 2 E XMA M(X,Y) < A 4-3.6
0 0 1 0 1 1 1 1 2 F CLA 0—->A 4-2.3
0 0 1 1 0 0 B 3 — SBIT 1-> M(X,Y,B) 4-71
0 0 1 1 0 1 B 3 - RBIT 0~ M(X,Y,B) 4-7.2
0 0 1 1 1 0 B 3 - TBIT1 M(X,Y,B) =1 Y 4-7.3
0 0 1 1 1 1 B 3 - LDX 1(B) >~ X 4-11.1
0 1 0 0 C 4 - TCY 1C)—~vY 4-8.1
0 1 0 1 (o] 5 - YNEC Y#C Y 4-6.3
0 1 1 0 [ 6 — TCMIY 1C) > M(X,Y),Y +1] 4-8.2
0 1 1 1 [ 7 - ALEC A<C Y 4-5.2
$=1 $=0
1 0 w - - BR (W)~ PC |PC +1—>PC 4-12.1
peopa |' S
S=1 $=0
1 1 w — - CALL PC+1—>SR|PC+1—~PC 4-12.2
PA<PB 1->8
litec

*Execution of the DMAN or IMAC instruction does not change {increment or decrement) the content of the addressed memory cell.
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MACHINE INSTRUCTION
CODE

A Zz
Ho) 1 W2 13) 14) 1(8) 16) 17

MSB LSB

*OPERAND

*C = constant; B = B field; W = memory address.

FIGURE 3-1 STANDARD INSTRUCTION MAP, TMS1000/1200
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SECTION IV

TMS 1000/1200
STANDARD INSTRUCTION SET DEFINITIONS

4-1 GENERAL.

4-1.1 INSTRUCTION SET. An instruction set of 43 basic instructions programs the TMS1000
ROM. The instruction mnemonics relate directly to the instruction effects to reinforce the user’s
knowledge of the hardware.

The instructions are grouped in this section according to function as listed in Tables 2-1.2 and 3-1.
Each instruction is described in a common format that defines the mnemonic, status effects,
formats, operands, symbolic description, purpose, execution description, and microinstructions
performed.

4-1.2 EFFECT ON STATUS. Eighteen instructions conditionally affect the machine status logic.
The mnemonics for these instructions contain a one- or two-character descriptor to indicate how
status logic is affected. Each descriptor (shown in Table 4-1.1) indicates the condition where status
will remain set (logic ONE). The conditional instructions, branch and call, are successful only if
status is set. The mnemonic descriptor therefore indicates the conditions under which an
immediately following branch or call will be performed. If the instruction results do not meet the
descriptor’s condition, then status is reset (logic ZERO) and any immediately following branch or
call will not be performed. [Recall that status logic in the reset (ZERO) state affects only branches
or calls in the next instruction cycle before returning to the normal (logic ONE) state]

TABLE 4-1.1. DESCRIPTOR ACTION

Descriptor Cause/Result that Transfers ONE to Status
Last (C Carry out during addition or increment instructions
Character N No borrow during subtraction or decrement instructions
In Z Zero result from 2’s complement
Mnemonic 1 Tested memory bit is a logic ONE
Middle of -LE- Is less than or equal to
Mnemonic NE- Is not equal to

Each instruction description in this section contains a status description. The way in which the
instruction depends upon status or sets status is defined as follows:

e  Set: The instruction unconditionally forces status to ONE and is not conditional upon
status.

e  Carry Into Status: The value of the carry from the adder is transferred to status. In the

subtraction instructions, carry = borrow.
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e  Comparison Result Into Status: The logical comparison value from the ALU is transferred
to status (equal: ZERO to status; unequal: ONE to status).

e  Conditional On Status: The instruction’s execution results are conditional upon the state
of the status. After executing the instruction, status is unconditionally equal to ONE.

4-1.3 INSTRUCTION FORMATS. The machine instructions have been divided into four instruction
formats. A format subdivides the eight bits of each instruction into fields. These fields contain the

operation code and operands.

4-1.3.1 Instruction Format I:

OP W

This format has a two-bit operation-code field, and the operand is a six-bit ROM-word address field.
This format is used for program control by branch and call instructions. The operand, the branch
address, has a value of 0 to 63.

4-1.3.2 Instruction Format II:

0 1 2 3 4 5 6 7

This format has a four-bit operation-code field, the operand is a four-bit constant field. This format
is used for instructions that contain an immediate value that loads RAM memory or a register with a
constant.

NOTE
The constant value (from 0 to 15) is reversed in
the C field. The assembler properly converts any
decimal value into this machine code format.

Example: The constant value 8 would appear in the machine instruction as follows.
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4-1.3.3 Instruction Format III:

LSB MSB

This format has a six-bit operation code, and the operand is a two-bit RAM bit address field. This
format is used for addressing a bit in a RAM word. Also, B describes the two-bit X address operand
for the LDX command.

NOTE
‘The bit address, B, is inverted. The assembler
converts decimal value into this machine format
as shown below:

B -FIELD

BIT ADDRESS RAM WORD
1(6) 17) MSB LSB
0 0 0 X
1 1 0 X
2 0 1 X
3 1 1 X

4-1.3.4 Instruction Format IV:

This format defines an eight-bit operation code field only. Instructions of this format have no
constant operands. The instruction always performs the same action, for example transferring the
accumulator to the Y register.
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4-1.4 MICROINSTRUCTIONS. In paragraphs 4-2 to 4-12, the mnemonics for the microinstructions
performed by each machine instruction are listed to refer the user to the hardwareg steps performed.
The programmable microinstructions (16) are used in 31 instructions. The 12 fixed
microinstructions, which are decoded by hardwired logic (non-programmable), are used in the 12
“fixed” instructions.

4-1.5 CODING FORMAT. Coding programs are covered in detail in the TMS1000 Software Users
Guide which covers the assembler and the simulator programs. The following rules should be

followed in writing a program on a coding form.

a.  Label fields are a maximum of eight alphanumeric characters starting with an alphabetic
character. The label field begins in column one.

b. The operation code is to the right of a label, the two separated by at least one blank
space. If no label is used, the operation code begins after the first column (second column

or further over).

c.  The operand is to the right of the operation code, the two separated by at least one blank
space.

d. A comment is to the right of the operand, the two separated by at least one blank space.
If a comment occupies a separate line, it must begin with an asterisk in column one,

Figure 4-1.1 is a sample of a filled out coding form. For legibility, it is recommended that the fields
begin in the following columns:

a.  Label fields begin in column one.

b.  Operation codes should begin in column 10.

c.  Operands should begin in column 16.

d.  Comments to an instruction should begin in column 30.

e. Comment lines begin in column one with an asterisk. *
4-1.6 EXAMPLES. Examples are provided for various instructions in paragraphs 4-2 through 4-12.
These examples illustrate typical applications and how the instructions are combined to perform a

function. The contents of the affected hardware registers and memory are illustrated so the reader
can follow through an example, step by step if necessary.
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4-2 REGISTER TO REGISTER TRANSFER INSTRUCTION.
Register to register instructions affect only the indicated register. These instructions are all format
IV type and have no operands.

The only data path for these instructions is through the adder. The rcader should refer to the data
paths on the functional block diagram (Figure 2-1.1) as necessary.

4-2.1 TRANSFER ACCUMULATOR TO Y REGISTER.

O 1 2 3 4 5 & 3
MENMONIC: TAY NN
STATUS: Set

FORMAT: v

ACTION: A-Y

DESCRIPTION: The accumulator contents are unconditionally transferred to

the Y register. The accumulator contents are unaltered.

MICROINSTRUCTIONS: ATN, AUTY
X Y A MXY) S
ADY * Initial 0 s E o© 1
TAY 0 EX E o9 1

*In this and all subsequent examples, the initial conditions are specified above the dotted line.
Status, if reset to zero by an instruction, is shown with the affected instruction - the following
instruction cycle. Register contents are shown in hexadecimal.
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4-2.2 TRANSFER Y REGISTER TO ACCUMULATOR.

O 1 2 3 a4 5 & 7
MNEMONIC: TYA IR
STATUS: Set

FORMAT: v

ACTION: Y- A

DESCRIPTION: The four-bit contents of the Y register are unconditionally

transferred to the accumulator. The contents of the Y register
are unaltered.

MICROINSTRUCTIONS: YTP, AUTA
X Y A MIXY) s
v A 2 9. 6 2
YA 2 9 %9 2 4

4-2,.3 CLEAR ACCUMULATOR.

0 1 2 3 4 5 6 7
1 1 1 | T ¥ I
MNEMONIC: CLA o o 1 o 1t 1 1
I L i L L 1 1
STATUS: Set
FORMAT: v
ACTION: 0-> A
DESCRIPTION: The contents of the accumulator are unconditionally cleared to
zero.
MICROINSTRUCTIONS: AUTA
0—>A
CLA
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4.3 REGISTER TO MEMORY, MEMORY TO REGISTER TRANSFER INSTRUCTIONS.

These instructions are used to transfer four-bit data information between registers and RAM
memory for storage or retrieval of information. These instructions are all format IV type and have
no operands.

The only register-to-memory data path is from the accumulator into memory. Notice that the Y
register may not be transferred into memory directly. Data transferred from memory to the
registers always passes through the adder and may then be directed into either the accumulator or
the Y register.

No operands are used.

4-3.1 TRANSFER ACCUMULATOR TO MEMORY.

0 : 1 T 2 3 4 5 6 7
T 1 I 1 T
MNEMONIC: TAM o 0 o 0o o o 1 1
| 1 A 1 I 1 1
STATUS: Set
FORMAT: v
ACTION: A - M(X)Y)
DESCRIPTION: The four-bit contents of the accumulator are stored in the

memory (RAM) location addressed by the X and Y registers.
The accumulator contents are unaltered.

MICROINSTRUCTION: STO

4 2 1
A MIX.Y) TAM 0 6 4\4 1
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4-3.2 TRANSFER ACCUMULATOR TO MEMORY AND INCREMENT Y REGISTER.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

PURPOSE:

DESCRIPTION:

MICROINSTRUCTIONS:

A >M(X,Y)

Y+1=2>Y

0 1 2 3 4 5 6 7
TAMIY
1 1 1 1 L L 1
Set
v
A~ M(X,Y)
Y+1->Y

Y register sequentially addresses a file of sixteen RAM words,
and the addressed words are set to the accumulator value(s),
during initialization routines for example.

The contents of the accumulator are stored in the memory
location addressed by the X and Y registers. Then the contents
of the Y register are incremented by one. The accumulator
contents are unaltered,

STO, YTP, CIN, AUTY.

4-3.3 TRANSFER ACCUMULATOR TO MEMORY AND ZERO ACCUMULATOR.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

DESCRIPTION:

0 1 2 3 4 5 & 7
T T T T T 7T

TAMZA o 0. 0 o o 1 0 o0
1 i . 1 1 1 1

Set

v

A -> M(X)Y)

0- A

The contents of the accumulator are stored in the RAM
location addressed by the X and Y registers. The contents of the
accumulator are then cleared to zero.

49



MICROINSTRUCTIONS: STO, AUTA

X Y A M(XY) S
_0_ _E B 3 1
TAMZA { : B B !
A~ MI(X,Y) 0 E B 1
0—>A
4-34 TRANSFER MEMORY TO Y REGISTER.
(V] 1 2 3 4 5 6 7
L] T T 1 T I 1
MNEMONIC: ™Y o 0o 1 0 o 0 1 o
. | | 1 L L 1 1
STATUS: Set
FORMAT: IV
ACTION: M(X,)Y)> Y
DESCRIPTION: The contents of the RAM location addressed by the X and Y
registers are loaded into the Y register. Memory contents are
unaltered.
MICROINSTRUCTIONS: MTP, AUTY
I X Y A M{X,Y) S
M(X,Y) > Y d__3__°9 A _ 1

I T™MY 1 A 9 2 1
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4-3.5 TRANSFER MEMORY TO ACCUMULATOR.

1 1 i [ | 1 1
MNEMONIC: TMA o o 1 0o o 0 0 1
) 1 ] 1 1 1 L
STATUS: Set
FORMAT: v
ACTION: M(X,Y) ~> A
DESCRIPTION: The contents of the RAM location addressed by the X and Y
registers are loaded into the accumulator. Memory contents arc
unaltered.
MICROINSTRUCTIONS: MTP, AUTA
X Y A M(X,Y) S
M(X,Y) —A 083y 2 _
TMA 0 9 3 3 1

4-3.6 EXCHANGE MEMORY AND ACCUMULATOR.

o 1 2 3 4 5 6 7
MNEMONIC: XMA 0:011:0:,:1:1:0
STATUS: Set
FORMAT: v
ACTION: M(X,Y) < A
DESCRIPTION: The memory contents (addressed by the X and Y registers) are

exchanged with the accumulator contents. For example, this
instruction is useful to retrieve a memory word into the
accumulator for an arithmetic operation and save the current
accumulator contents in the RAM. The accumulator may be
restored by a second XMA instruction.

MICROINSTRUCTIONS: MTP, STO, AUTA
| X Y A MIX,Y) S
M(X,Y) < A 9 __3><_F_ 1
| XMA 1 9 F 3 1
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4-3.7 REGISTER/MEMORY TRANSFER EXAMPLE. The following is a simple example that
combines some of the instructions into a small program.

The program is designed to load the 16 words in a RAM X-file with their Y addresses. For example,
memory word M(0,5) will contain a 5. This program contains a branch instruction to allow the
program to loop. To simplify this illustration, this program is written to loop continuously. The
address in the Y register always contains a value in the range 0 <Y < 15. (If the Y register contains
F16 and is incremented, it returns to 0.)

LABEL OPCODE OPERAND COMMENT
CLA ACCUMULATOR TO ZERO
TAY Y REG TO ZERO
LOOP TAMIY STORE A IN MEMORY AND INCREMENT Y.
TYA TRANSFER Y TO A.
BR LOOP BRANCH TO LOOP
X
0->A o
CLA 0
TAY 0
0
A=Y TAMIY {
0
TYA 0
BR 0
A > M(X,Y)
0
TAMIY {
Y+1 > Y 0
TYA 0
BR 0 2 ?
YA

The following diagram summarizes data transfers that may take place in one instruction cycle:




4-4 ARITHMETIC INSTRUCTIONS.

The instructions herein define a class of arithmetic operations. All arithmetic operations are
performed by the adder. The arithmetic operands originate from memory, registers, or instruction
constants. The results from the adder are stored into the accumulator or Y register, and carry (and
borrow) information is transferred to status. The carry out bit is important for multi-precision
arithmetic operations and loop control.

The adder is the center of the arithmetic operations. Because the adder can only perform add
operations, subtraction is performed by the two’s complement system.

All arithmetic instructions are in format IV and have no variable operands. Although in some cases,
microinstruction CKP enables CKI logic to the adder and allows the four least significant bits of the

instruction to be used in the operation.

4-4.1 ADD MEMORY TO ACCUMULATOR, RESULTS TO ACCUMULATOR.

0 ] 1 2 3 4 5 6 7
I T 1 1 T T
MNEMONIC: AMAAC o 0o 1 o0 0 1 o 1
1 1 4 1 1 1 1
STATUS: Carry into status
FORMAT: IV
ACTION: M(X,Y)+A~> A
1-> Sif sum> 15
0- Sifsum< 15
DESCRIPTION: The contents of the memory location addressed by the X and Y

registers are added to the contents of the accumulator. The
result is stored into the accumulator. The resulting carry
information is transferred to status. A sum that is greater than
15 results in a carry and a ONE to status. Memory contents arc

unaltered.
MICROINSTRUCTIONS: MTP, ATN, C8, AUTA
EXAMPLE: Assume that the RAM word contains 15 and the accumulator

contains a one.

1111 MXY)
+0001 A
CARRY =1 0000 A CONTENTS

Status is set (to ONE) as a result of the carry.
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4-4,2 SUBTRACT ACCUMULATOR FROM MEMORY, RESULT TO ACCUMULATOR.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

DESCRIPTION:

MICROINSTRUCTIONS:

EXAMPLE:

SAMAN 6 o 1 0 0 1 1 1

Carry into status
v

M(X,Y)-A~ A
L=>5 ?fA < M(X.Y) } Initial Conditions

0 Sif A> M(X,Y)

The contents of the accumulator are subtracted from the
memory word addressed by the X and Y registers via two’s
complement addition. The result is stored into the accumulator.
Status is set if the accumulator is less than or equal to the
memory word, indicating that no-borrow occurred. A borrow
occurs when the accumulator is greater than the memory word
and status is reset (to ZERO).

MTP, NATN, CIN, C8, AUTA.
Assume that the current RAM word contains a 5 and the

accumulator contains a 2. The SAMAN instruction will perform
as follows:

0101  MXY)
1101 +A _
1o f TIA= -2
CARRY = 1 0011 A=3

Status is ONE, indicating that no borrow occurred.

4-4.3 INCREMENT MEMORY AND LOAD INTO ACCUMULATOR.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

IMAC o o 1 0 1 0 0 0

Carry into status
v
M(X,)Y)+1- A

1> Sif M(X,Y) =15

] } Initial Conditions
0 Sif M(X,Y) < 15
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DESCRIPTION:
MICROINSTRUCTIONS:
*
6—>Y

M(X,Y)+1 > A

YES

O O

The contents of memory addressed by the X and Y registers are
fetched. One is added to this word and the result is stored in the
accumulator. The resulting carry information is transferred to
status. Status is set if the sum is greater than 15. Memory is left
unaltered.

MTP, CIN, C8, AUTA

1. NO CARRY

BRANCH

2. CARRY OCCURS

Y A MIXY) S BRANCH
1

IMAC

BR

X
2

TCY6 2
2
2 YES

*See paragraph 4-8.1 for RAM Y addressing explanation.
+See paragraph 4-12.1 for branch instruction description.

4-4.4 DECREMENT MEMORY AND LOAD INTO ACCUMULATOR.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

DESCRIPTION:

DMAN o o 1 o 1 o 1 o

Carry into status
v

M(X,Y)-1- A

1> Sif M(X,Y) > 1} Initial Conditions

0 Sif M(X,Y)=0

The contents of memory addressed by the X and Y registers are
fetched. One is subtracted from this word (add F1¢), and the
result is placed in the accumulator. The resulting carry
information is transferred to status. If memory is greater than
or equal to one, status is set indicating that no borrow occurred.
Memory contents are unaltered.
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MICROINSTRUCTIONS: MTP, 15TN, C8, AUTA

Y

1. BORROW OCCURS
10—>Y
X BRANCH
M(X,Y)-1—>A TCY10 0
DMAN 0
BR 0 A NO
NO

2. NO BORROW

BORROW ?

X Y A M(XY) S BRANCH
0 5 0 7 1

TCY 10 O 2 1
@ @ DMAN 0 A 1/ 2 1
BR 0 A 1 2 1 YES
4-4,5 INCREMENT ACCUMULATOR.
0 1 2 3 4 5 [:] 7
1 1 ¥ I 1 1 1
MNEMONIC: 1A o o ©o o 1 1 1 o
1 1 1l 1 1 1 L
STATUS: Set
FORMAT: Iv
ACTION: A+1-A
DESCRIPTION: The contents of the accumulator are incremented by one. The
result is placed back into the accumulator. Carry to status is not
performed.
MICROINSTRUCTIONS: ATN, CIN, AUTA

l WARNING I
A+ 1> A

Do not use this example. An infinite loop will result. Do not
attempt to use this sequence because status is always a ONE,

YES

NO
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4-4.6 INCREMENT Y REGISTER.

0 1 2 3 4 5 6 7
| I I I T L 1
MNEMONIC: IYC o 0 1 o 1 0 1 1
1 1 1 1 1 1 1
STATUS: Carry into status
FORMAT: v
ACTION: Y+1->Y
1> %f Y =15 } Initial Conditions
0->SifY<15
DESCRIPTION: The contents of the Y register are incremented by one. The

result is placed back into the Y register. Resulting carry
information is transferred to status. A sum greater than 15
results in status being set.

MICROINSTRUCTIONS: YTP, CIN, C8, AUTY.
‘ 1. NO CARRY
Y+1—>YVY
X Y A M(XY) S BRANCH
0_
1YC 0
YES BR 0
NO
X Y A M(XY) S BRANCH
K 1
1YC 1 0 1
BR 1 0 0 9 1 YES
44,7 DECREMENT ACCUMULATOR.
1] 1 2 3 4 5 6 7
I I T I i I 1
MNEMONIC: DAN o o o 0o 0o 1 1 1
1 1 1 1 1 1 1
STATUS: Carry into status
FORMAT: v
ACTION: A-1-A
1=5 ?f A=1 } Initial Conditions
0-SifA=0
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DESCRIPTION: The contents of the accumulator are decremented by one (add
F16). If a borrow results, status is reset to a logic ZERO. If
accumulator contents are greater than one, there is no borrow,
and status is set to a ONE.

MICROINSTRUCTIONS: CKP, ATN, CIN, C8, AUTA

A—1—>A 1. BORROW OCCURS
Y A  MIXY) S BRANCH

NO
BORROW ?

BR
4-4.8 DECREMENT Y REGISTER.
0 1 2 3 4 5 6 7
1 T I ! T T
MNEMONIC: DYN o 0 t o 1 1 0 o0
Il 1 ! 1 Il 1 [l
STATUS: Carry into status
FORMAT: v
ACTION: Y-1-Y
1= %f Y= 1} Initial Conditions
0->SifY=0
PURPOSE: To decrement the contents of the Y register by one.
DESCRIPTION: The contents of the Y register are decremented by one. This is

performed by adding a minus one (F{¢). Resulting carry
information is transferred into Status. If theresultis notequal
to 15, status will be set indicating no borrow.

MICROINSTRUCTIONS: YTP, 15TN, C8, AUTY
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Y_1—Y 1. BORROW OCCURS

YES

MNEMONIC:

STATUS:

FORMAT:

ACTION:

PURPOSE:

DESCRIPTION:

MICROINSTRUCTIONS:

S BRANCH

‘NO
BORROW?

Y A M(XY) S BRANCH
1

X
ORI
DYN 1

1

BR

0 1 2 3 4 5 8 7
T T T T T 1
AB8AAC 0 0o o o o0 0o 0o 1
1 1 1 1 1 ] 1
LsB MmsB

Carry into status
v

A+8—- A
1 - Sif sum > 15
0> Sifsum< 15

To add the constant eight (8) to the accumulator, flipping the
most significant bit of the accumulator.

The constant eight (8), from the four low order bits of the
instruction, is added to the accumulator contents. Carry
information is transferred into status. A sum greater than 15
will generate a carry and will set status.

CKP, ATN, C8, AUTA

A+8—>A 1. NO CARRY

©

X Y A M(XY) S BRANCH
0 4 1

ABAAC 0 4

BR 0 4

No 2. CARRY OCCURS

X Y A M(XY) S BRANCH
0 — 1
ABAAC 1 F
F

1
2 1 YES

BR 1
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4-4.10 ADD 10 TO ACCUMULATOR, RESULTS TO ACCUMULATOR.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

PURPOSE:

DESCRIPTION:

MICROINSTRUCTIONS:

EXAMPLE:

0 1 2 3 4 5 6 1
T T T T T T T
A10AAC o o o0 o o0 1 o 1
1 1 1 1 1 1 L
LSB MSB

Carry into status
v

A+10- A
1 - Sif sum > 15
0—- Sifsum< 15

To add the constant 10 to the accumulator. This is useful for
BCD correction during subtraction.

The constant ten (10), from the four low order bits of the
instruction, is added to the accumulator’s contents. Carry
information is transferred into status and a sum greater than 15
sets status.

CKP, ATN, C8, AUTA

See paragraph 4-4.14.

4-4.11 ADD 6 TO ACCUMULATOR, RESULT TO ACCUMULATOR.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

PURPOSE:

DESCRIPTION:

o 1 2 3 4 5 6 7
T T T T T
A6AAC 0o 0o o0 0o 0 1 1 o
1 | 1 1 1 1 1
LsB MSB

Carry into status
v

A+6—> A
1- Sifsum> 15
0~ Sifsum< 15

To add the constant 6 to the accumulator. This is useful for
BCD correction during addition.

The constant six (6), from the four low order bits of the
instruction, is added to the accumulator contents. Carry
information is transferred into status. A sum greater than 15
will result in a carry and set status.
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MICROINSTRUCTIONS:

EXAMPLE:

CKP, ATN, C8, AUTA

See paragraph 4-4.13,

44,12 COMPLEMENT ACCUMULATOR AND INCREMENT (two’s complement accumulator)

MNEMONIC:

STATUS:

FORMAT:

ACTION:

PURPOSE:

DESCRIPTION:

MICROINSTRUCTIONS:

YES

©

0 1 2 3 4 5 6 7

CPAIZ 6 o 1 0 1 1 0o 1

Carry into status

Iv

A+1-> A

1> %fA =0 } Initial Conditions
0->SifA#0

To obtain the two’s complement of the word in the
accumulator.

The two’s complement of the accumulator is computed by
adding one to the one’s complement of the accumulator and
storing the result in the accumulator. Carry information is
transferred into status. If the accumulator contents are ZERO,
carry occurs, and status is set (to ONE).

NATN, CIN, C8, AUTA

1. NO CARRY

A+1>A
X Y A M(XY) S BRANCH
0 1
CPAIZ 0_ _1 ________
BR 0 1 NO
NO 2. CARRY OCCURS

O

X Y A M(XY) S BRANCH
0 3 0 6 1

CPAIZ O 3
BR 0 3
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4-4.13 ADDITION INSTRUCTION EXAMPLE. The following example illustrates the addition
arithmetic instructions. This example shows adding a word to a BCD number in memory. BCD
correction is performed to keep the digit in the range 0 to 9. Upon exit from this routine the
accumulator contains a one if a carry has resulted or a zero if no carry has resulted.

LABEL OP CODE

AMAAC

BR

TAM

AGAAC

BR

CLA
CONTU

FIXUP AGAAC
CORRECT TAMZA
1A
BR

OPERAND

FIXUP

CORRECT

CONTU

COMMENT

ADD CURRENT DIGIT TO A
BRANCH IF CARRY {SUM > 15)
TRANSFER A TO MEMORY

ADD 6, TEST FOR DIGIT 10 TO 15
BRANCH IF CARRY

CLEAR ACCUMULATOR

EXIT

ADD 6 TO CORRECT TO BCD
TRANSFER A TO MEMORY, CLEAR A
INCREMENT ACCUMULATOR

EXIT
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1. BCD CORRECTION NOT NECESSARY
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------------------------------------------------------------------------------------------------------------- >

YES

BR

er execution:

Aft

-

ABAAC

A=0 NO CARRY
A=1 CARRY

<3

YES
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4-4.14 SUBTRACTION EXAMPLE. The following example illustrates using arithmetic instructions
to perform subtraction from a BCD value in memory. The example uses BCD correction to keep the
values in the range of 0 to 9. Upon exit from the routine, the accumulator contains a one if a
borrow has occurred or a zero if no borrow.

LABEL OP CODE OPERAND COMMENT
SAMAN SUBTRACT A FROM MEMORY WORD
BR NOFIX BRANCH IF NO BORROW

* BCD CORRECTION REQUIRED IF BORROW

*

A10AAC ADD 10
TAMZA STORE A IN MEMORY, ZERO A
INA INCREMENT A

CONTU . CONTINUE

* .

NOFIX TAM TRANSFER A INTO MEMORY
CLA CLEAR A
BR CONTU

1. BCD CORRECTION NOT NECESSARY

@ X Y A M(XY) S BRANCH
2

by 9 2 s 1

M(X,Y)—A > A SAMAN 0 1
BR 0 1 YES

.................................... 0 1

TAMZA {
0 1
YES

NO BORROW ? 1 VES

:
| BR 0

‘mwwmmmeMWWWMMWWWMMWCD

A |
A+t10 > A A~ M(X,Y)
‘ 0=>aA 2. BCD CORRECTION NECESSARY
A —>M(X,Y) H
; X Y A MIXY) S BRANCH
0—~>A .
i 2 5 7 3
! i SAMAN 2 5
a1 e 2 s
! A10AAC 2 5
- Yol 2 5
emeneeeereemeeseeenacnneaannas : TAMZA{
i 2 5
vt “1a 2 5

After execution:
A=0 NO BORROW
A=1 BORROW
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4-5 ARITHMETIC COMPARE INSTRUCTIONS.

Arithmetic compares are performed by the adder using two’s complement addition. The contents of
the accumulator are subtracted from the value it is being compared to. The carry bit is transferred
to status. The only condition that will generate a carry is the less than or equal condition. No data is
destroyed by the compare instructions.

4-5.1 IF ACCUMULATOR IS LESS THAN OR EQUAL TO MEMORY, ONE TO STATUS.

0 1 2 3 4 5 6 7
I 1 T 1 I 1 T
MNEMONIC: ALEM 6 0o 1 0o 1 0 o 1
1 1 L 1 H 1 1
STATUS: Carry into status
FORMAT: v
ACTION: A< M(X,Y)?
1> Sif A< M(X,Y)
0~ Sif A>M(X,Y)
DESCRIPTION: The value from the accumulator is subtracted from the contents

of the memory location, addressed by the X and Y registers,
using two’s complement addition. Resulting carry information
is transferred into status. Status equal to ONE indicates that the
accumulator is less than or equal to the memory word. Memory
and accumulator contents are unaltered.

MICROINSTRUCTIONS: MTP, NATN, CIN, C8
EXAMPLE: Assume accumulator contains a 5 and M(X,Y) contains a 6.
0110  MXY)
1010 +A _
1 +1 } -lAl = -5
CARRY =1 0001 RESULTS NOT STORED

4-5.2 IF ACCUMULATOR IS LESS THAN OR EQUAL TO CONSTANT, ONE TO STATUS.

0 1 2 3 4 5 6 7
| 1 1 I 1 I
MNEMONIC: ALEC I c
: : : LSB : : : MSB
STATUS: Carry into status
FORMAT: II
OPERAND: Constant value 0 < I(C) < 15
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ACTION: A<I1(C)?
1> Sif A<I(C)
0~ Sif A> I(C)

PURPOSE: To arithmetically compare accumulator contents to a constant
value.
DESCRIPTION: The accumulator value is subtracted from the constant (in the C

ficld of the instruction) using two’s complement addition.
Resulting carry information is transferred into status. Status is
set if the accumulator is less than or equal to the constant. The
accumulator data is unaltered.

MICROINSTRUCTIONS: CKP, NATN, CIN, C8

4-5.3 ARITHMETIC COMPARE EXAMPLE. The following example illustrates the arithmetic
compare instructions.

This example performs a search of one complete RAM file, searching the 16 words of the file for
the largest value. The current maximum value is maintained in the accumulator. At the end of the
search, the maximum value found is tested for being a valid BCD number in the range of 0 to 9.

LABEL OP CODE OPERAND COMMENT
TCY 0 STARTATY=0
NEWMAX TMA LOAD NEW HIGH VALUE
NOCHNG Iyc INCREMENT TO NEXT COL.
BR DONE DONE OR CARRY
ALEM CURRENT MAX L.E. MEMORY DIGIT?
BR NEWMAX YES, GO SET CURRENT AS MAX
BR NOCHNG NO, GO CHECK NEXT DIGIT
DONE ALEC 9 IS MAX L.E. 9?
BR VALID YES
BR INVALID NO
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A <M(X,Y)

YES

YES

NO

VALID INVALID

NOCHNG

NEWMAX

NOCHNG

NOCHNG

DONE

4-27

TCY 0

TMA

IyC

BR DONE
ALEM

BR NEWMAX

YES

TMA

1YC

BR DONE
ALEM

BR NEWMAX

!

1
1
1
1

NO

BR NOCHNG
lyc

*
BR NOCHNG
1YC
BR DONE

©w o ©

P O g o af a1

CONTINUE
15

YES

YES

YES

ALEC9
BR VALID

3
1
1
1
1

- ed ed e -

YES



4-6 LOGICAL COMPARE INSTRUCTIONS.

Logical compare instructions allow two values to be compared for equality. Operands may be
register values, constants or memory words. The ALU compares P-input to the N-input. If equal, the
ALU transmits a ZERO to status. The status may then be tested by a conditional instruction
immediately following the compare. No data is destroyed by the logical compare.

4-6.1 IF MEMORY IS NOT EQUAL TO ZERO, ONE TO STATUS.

MNEMONIC: MNEZ N
STATUS: Comparison result into status

FORMAT: v

ACTION: M(X,Y) # 0?

1 Sif M(X,Y)# 0
0> Sif M(X,Y)=0

PURPOSE: To compare a memory word to zero.

DESCRIPTION: The memory contents addressed by the X and Y register are
logically compared to zero. Comparison information is
transferred into status. Inequality between memory value and
zero will set status.

MICROINSTRUCTIONS: MTP, NE.

4.6.2 IF Y REGISTER IS NOT EQUAL TO ACCUMULATOR, ONE TO STATUS.

0 1 2 3 4 5 6 7

MNEMONIC: YNEA ° o o o 0 o 1 o
T S S T SR

STATUS: Comparison result into status

FORMAT: v

ACTION: Y # A?

1>Sand1->SLifY# A
0->Sand0~>SLifY=A

PURPOSE: To compare the contents of the Y register and the accumulator
for inequality, and to preset the status latch for buffering to the
O-output register.

DESCRIPTION: The contents of the Y register are logically compared to the
contents of the accumulator. Comparison information is
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transferred into status. Inequality will set status. Status also
transfers into the status latch to be made available for a future
data output instruction (TDO).

MICROINSTRUCTIONS: YTP, ATN, NE, STSL.

4-6.3 IF Y REGISTER IS NOT EQUAL TO A CONSTANT, ONE TO STATUS.

MNEMONIC: YNEC o 1 0 1 c
I l I LsB I : t MSB

STATUS: Comparison result into status
FORMAT: II
OPERAND: Constant, 0 < I(C) < 15
ACTION: Y # I(C)?

1-SifY+C

0-SifY=C
DESCRIPTION: The contents of the Y register are logically compared to the

four-bit value from the C field of the instruction. Compare
result is transferred into status. Inequality between the
operands causes status to be set (ONE).

MICROINSTRUCTIONS: YTP, CKN, NE

4-6.4 LOGICAL COMPARE EXAMPLE. The following example illustrates the logical compare
instructions. This example shows formatting the display of a floating point multidigit BCD number
stored in RAM memory. The LSD is at Y address 0. The Y register sequentially addresses a 16 word
file, starting with the most significant digit position (the MSD is at Y address 1 to 15). The
accumulator contains the position of the implied decimal point. Zero suppression stops when the
first non-zero digit is found or when the decimal point position is reached. Zeros are suppressed by
replacing them with a blank code digit (F1¢) which is obtained by subtracting one from the zero.

LABEL OP CODE OPERAND COMMENT
Loorp MNEZ DIGIT NOT EQUAL TO ZERO?
BR DONE YES, EXIT TO DONE
YNEA Y INDEX NOT EQUAL TO A (DECIMAL POINT)?
BR SUPRES NO, CONTINUE TO SUPPRESSION
DONE . YES, DONE
SUPRES XMA EXCHANGE MEMORY AND A
DAN DECREMENT A (PRODUCE F)
XMA EXCHANGE M AND A
DYN DECREMENT Y INDEX
BR LooP LOOP TO TEST NEXT DIGIT
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1. STOP ZERO SUPPRESSION BECAUSE OF A LEADING DECIMAL POINT

BRANCH

M(XY) S

A
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2. STOP ZERO SUPPRESSION BECAUSE OF A NON-ZERO INTEGER

M{X,Y) S BRANCH

A
2

X
0

MNEZ
BR
YNEA
BR
XMA
DAN
XMA
DYN

NO

YES
YES
YES

0
4
0
F

0
0
0
0
0
0
0
0
0
0
CONTENTS SUMMARY :

BR
MNEZ

BR
M(X,Y) BEFORE
M(X,Y) AFTER

A
M(X,Y) < A
A-1—>A

NO

M(X,Y) <A
Y-1—>Y

\j

P R L L L L

M(X,Y) #0
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4-7 BIT MANIPULATION IN MEMORY (RAM) INSTRUCTIONS.

The bit instructions operate on an individual bit in the RAM. The selected bit may be set, reset or
tested. These instructions allow a program to use bits as “flags” to maintain the on or off state of an
event and to test the current state of the flag bit. The bit addresses are defined as follows:

BIT ADDRESS B FIELD RAM WORD
e 7 MSB LSB
o 0 0 X
. 1 0 X
) 0 1 X
3 1 1 X
4-7.1 SET MEMORY (RAM) BIT.
0 | 1 | 2 3 4 5 6 7
i J L j
MNEMONIC: SBIT o 0o 1 1 o o B
1 1 1 1 1 = 1 T
STATUS: Set
FORMAT: III
OPERAND: Bit address, 0 < I(B) < 3
ACTION: 1~ M(X,Y,B)
DESCRIPTION: One of the four bits, as selected by the B-field of the operand, is

set to a logic ONE in the RAM memory word addressed by the
contents of the X and Y registers.

FIXED MICROINSTRUCTION:  SBIT

4-7.2 RESET MEMORY (RAM) BIT.

0 ' 1 | 2 3 4 5 6 7
T T T T
MNEMONIC: RBIT 1] 0 1 1 0 1 B
1 1 1 L I LSBIMSB
STATUS: Set
FORMAT: 111
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OPERAND:

ACTION:

DESCRIPTION:

FIXED MICROINSTRUCTION:

Bit address, 0 < I(B) < 3

0~ M(X,Y,B)

One of the four bits, as selected by the B-field of the
instruction, is reset to a logic ZERO in the RAM memory word

addressed by the contents of the X and Y registers.

RBIT

4.7.3 TEST MEMORY (RAM) BIT FOR ONE.

MNEMONIC:

STATUS:

FORMAT:

OPERAND:

ACTION:

PURPOSE:

DESCRIPTION:

MICROINSTRUCTIONS:

i I | T 1 T

TBIT1 o 0o 1 1 1 o B

[
LSB MSB

Comparison result into status
IT1
Bit Address, 0 < I(B)< 3

M(X,Y,B) = 1?
1- Sif M(X,Y,B) = 1
0- S if M(X,Y,B) =0

To test a selected memory bit for a logic ONE and set status
accordingly.

The CKI logic generates a four-bit mask which goes to both P
and N adder inputs (CKP and CKN microinstructions). The bit
mask has a ZERO (opening) selected by the B field of the
instruction word (shown in Table 2-7.1). The RAM word,
selected by registers X and Y, is logically ORed with the bit
mask word by the MTP microinstruction combined with the
CKP microinstruction. The NE microinstruction sends to status
the comparison information caused by logically comparing the
unmasked bit from RAM with a ZERO (the opening in the bit
mask input to the N side of the ALU).

CKP, CKN, MTP, NE
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4.7.4 BIT MANIPULATION EXAMPLE. The following example illustrates the three memory bit
instructions. This routine will “flip” the state of bit 2 in RAM word M(X,Y).

LABEL OP CODE OPERAND COMMENTS
TBIT1 2 ISBIT2O0N?
BR SETOFF YES, BRANCH
SBIT 2 NO, SET IT ON
BR CONTU

SETOFF RBIT 2 BIT OFF

@ 1.BIT2=1

| §
| | R
E : TBITI2 2 F 3 1
, ; BR 2 F 3 1 YES
[T ! : RBIT2 2 F 3 1
' YES :
i BIT2=1? : BR 2 F 3 3 1 YES
' :
: ;
:
:
i 1>M(X,Y,2)
:
' ; TBIT1 2
BR
0~>M(X,Y,2) :
: SBIT 2
;
]
v
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4-8 CONSTANT TRANSFER INSTRUCTIONS.

Most programs need constant values to preset counters for loop control, to set RAM constants, or
to set a register to a RAM address. For the following instructions, constants from the C-field of the
instruction are transferred into memory or the registers.

4-8.1 TRANSFER CONSTANT TO Y REGISTER.

MNEMONIC:

STATUS:

FORMAT:

OPERAND:

ACTION:

PURPOSE:

DESCRIPTION:

MICROINSTRUCTIONS:

0 1 2 3 4 5 6 7
| — | —
TCY o + o0 0 c
L1 [ S
53 MSB
Set
11

Constant, 0 < [(C) < 15

IC) > Y

To load the Y register with a constant. Common uses are to set
Y to a particular RAM word address, address a selected R(Y)

output line or to initialize Y for loop control.

The four-bit value from the C-field of the instruction is
transferred into the Y register.

CKP, AUTY

Note: M(X,Y) appears to change because the pointer (Y) is changed.
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4-8.2 TRANSFER CONSTANT TO MEMORY AND INCREMENT Y REGISTER.

MNEMONIC:

STATUS:

FORMAT:

OPERAND:

ACTIONS:

DESCRIPTION:

MICROINSTRUCTIONS:

|

3 — M(X,Y)

Y+1—Y

l

TCMIY o 1 1 o c

Set
I
Constant, 0 < I(C) < 15

1(C) » M(X,Y)
Y+1-Y

The four-bit value from the C-field of the instruction is stored

in the memory location addressed by the X and Y registers. The
Y register contents are then incremented by one.

CKM, YTP, CIN, AUTY.
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4-9 INPUT INSTRUCTIONS.

The input instructions are used to bring external data from the four input (K) lines into the
microcomputer. This data transfers into the registers or memory for manipulation or storage. No
operands are used.

4-9.1 IF K INPUTS ARE NOT EQUAL TO ZERO, SET STATUS.

T [ I | | I I
MNEMONIC: KNEZ © 0 0o 0o 1 0 o o
i 1 1 1 1 | [l
STATUS: Comparison result into status
FORMAT: Iv
ACTION: Kg 4, 2,1 07
1->SifK+#0
0-SifK=0
PURPOSE: To test the four K-input lines for a non-ZERO state. This

instruction is useful for monitoring a keyboard for a ‘key
down” condition.

DESCRIPTION: Data on the four external K-input lines are compared to zero.
Comparison information is transferred into status. Non-ZERO
data inputs cause status to be set (to ONE).

MICROINSTRUCTIONS: CKP, NE.

4-9.2 TRANSFER K-INPUTS TO ACCUMULATOR.

0 1 2 3 4 5 6 7

1 i I | 1 J 1
MNEMONIC: TKA © o o o 1 0 0 o

| L 1 1 i ] Il
STATUS: Set
FORMAT: Iv
ACTION: . Kg, 42,1~ A
PURPOSE: To transfer the external input data into the accumulator for

processing.

DESCRIPTION: Data present on the four external K-input lines is transferred

into the accumulator.

MICROINSTRUCTIONS: CKP, AUTA
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49.3 INPUT EXAMPLE. The following example illustrates the input instructions. This example
handles input from a keyboard. The keys must be sampled one row at a time. The particular row
selected is determined by which R-output line being set on. This example shows sampling on row
five only, and determines which of four keys on row five are depressed. If all four K inputs are zero,
no key is currently depressed. For simplicity no key-debounce logic has been included.

LABEL OP CODE OPERAND COMMENT
TCY 5 SET ROWS
SETR ENABLE ROW 5
KNEZ TEST K INPUTS FOR NON-ZERO
BR INPUT YES, GO TO INPUT
* NO DATA PRESENT ON INPUT LINES
RSTR DISABLE ROW 5
BR CONTU EXIT

*

* NOW STORE THE DATA FROM THE K LINES.

*

INPUT TKA INPUT K LINESTO A
RSTR DISABLE ROW 5

*
*

* NOW FIND WHICH KEY ON ROW 5.

*

ALEC 1 KEY 1?

BR ONK1 YES

ALEC 2 KEY 2?

BR ONK2 YES

ALEC 4 KEY 4?

BR ONK4 YES

BR ONK8 MUST BE ON KS8.
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0

“@rc-eeemc-e-mamememsasassssecsermcssscsssesooemass

0->RIY) TCY 5
SETR
BR
CKI—~>A
: KNEZ
' § TKA
RSTR
ALEC 1
BR
ALEC 2
BR
DATA ON
e |1 LINE
AT Y=6
DATA ON
K2 LINE
AT Y=b
DATA ON
K4 LINE
AT Y=5
NO DATA DATA ON
ON ANY K8 LINE
K LINES AT Y=5
AT Y=5
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0 5 0 NO
0 5 0

0 5 0 YES




410 OUTPUT INSTRUCTIONS.

Output instructions make internal data available to external devices. Two types of output exist,

individual or group.

The 13 R-output lines are controlled individually. The O-outputs go out as an eight-bit group. The
R output lines are normally used to multiplex K input data, strobe O-output data, or to control

individual output signals.
No operands are used.
4-10.1 SET R OUTPUT.
MNEMONIC:

STATUS:

FORMAT:

ACTION:

PURPOSE:

DESCRIPTION:

FIXED MICROINSTRUCTION:

4-10.2 RESET R OUTPUT.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

PURPOSE:

SETR o o o0 o0 1 1 0o 1

Set
v

1= R(Y)
For0<Y <12 TMS 1200
For 0<Y<10 TMS 1000

To set one R output line to a logic ONE.

The contents of the Y register selects the proper R output. The
content of the Y register is between 0 through 12 inclusive, to
select the R output to be set. For values greater than 12 in the
Y register, the instruction is a no-operation.

SETR
0 1 2 3 4 5 & 7
T T T T T
RSTR 6 0 o o 1 1 o o
I S R S S S
Set
v
0-> R(Y)

For0<Y<12 TMS 1200
For 0<Y<10 TMS 1000

To reset one R-output line to a logic ZERO.
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DESCRIPTION:

FIXED MICROINSTRUCTION:

The contents of the Y register select the proper R output (RO
to R12). The contents of the Y register are between 0 and 12
inclusive to select the R output to be reset. For values greater
than 12 in the Y register, the instruction is a no-operation.

RSTR

4-10.3 TRANSFER DATA FROM ACCUMULATOR AND STATUS LATCH TO O-OUTPUT

REGISTER.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

DESCRIPTION:

FIXED MICROINSTRUCTION:

0 1 2 3 4 5 & 1
T T T T T T

TDO o 0 o o0 1 0 1 0
1 1 1 1 L L 1

Set

Iv

SL - O-output Register
A - O-output Register

The contents of the accumulator and the status latch are
transferred to the O-output register. The O-register data is
decoded by the output PLA depending upon how the user
programmed the output PLA. The output PLA translates the
five-bit code into an eight-bit value present on the eight parallel
lines.

TDO

4-10.4 CLEAR OUTPUT REGISTER.

MNEMONIC:

STATUS:

FORMAT:

ACTION:

DESCRIPTION:

FIXED MICROINSTRUCTION:

CLO o o o0 o 1 0 1 1

Set

v

0 - O-Register

The O-register contents are cleared to zero. It is important to
remember that the output PLA may be defined by the user to

translate this value into any eight-bit value desired.

CLO

4-40



4-10.5 OUTPUT SAMPLE. The following example illustrates the various output instructions. Four
data words from memory, M(0,3) through M(0,0), go to the O-output register. The R-outputs are
used to signal which word is presented. The O-register is cleared after each word has been presented.
The example assumes that a previous YNEA instruction set the status latch to ZERO.

LABEL OP CODE OPERAND COMMENT
TCY 3 SET INDEX AND COUNTER
LOOP SETR SET R(Y) OUTPUT STROBE
TMA LOAD DIGIT INTO A
TDO LOAD OUTPUT FROM A AND SL
RSTR RESET R(Y) OUTPUT STROBE
CLO CLEAR O OUTPUT REGISTER
DYN DECREMENT Y REGISTER
BR LOOP LOOP UNTIL Y BORROWS
‘ i X O R(Y) BRANCH
INITIAL 0 0
3> 2
TCY 3 0 1
Ptk w r ------ - LOOP SETR 0 1
vy ™A 0 1
; ; RSTR 0 F F 1
I cLo 0 FOF 1
: : DYN o F A 1 0 o
moA BR LOOP 0o 2 F A 10 0 YES
I LOOP SETR 0o 2 F A 10
i ASL-OREG TMA 0 2 10
T : TDO 0 2 A A A
‘ Y RSTR 0o 2 A A A
0= R(Y) cLo 0 A A
: . DYN 0 A 5 0
‘ ¥ BR LOOP 0 1 A 5 1 0 YES
0~ OREG LOOP SETR K 10
‘ : ™A 0 1 1 0
H Y : T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>