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DATAPOINT CORPORATION

DATAPOINT 2200

REFERENCE MANUAL

Version | and Version 11

The computer-oriented user will find this manual usefu! for evaluation of
the Datapoint 2200 capabilities and limitations. However, only the hard-
ware considerations are covered in this manual. The full utility of the
Datapaint 2200 cannot be appreciated until the available software support
for the machine has been reviewed.

There is a complete family of software packages available for the Datapoint
2200 incfuding high-level languages, operating systems, source code and
text editars, communications programs, utility programs, etc. Reference
should be made 10 the latest issue of the Datapoint 2200 Software Catalog
for more complete information.



TABLE OF CONTENTS

PART PAGE
1T GENERAL FEATURES
1.1 Introduction ......... ... it iiiiiiinnnnan 1-1
1.2 SystemElements .............. .. iiiiriiiinrirara. 1-1
1.3 CRTDisplay ........ ittt ittt iiannnanas 11
14 Keyboard ......... . . it i 1-2
15 Processor .......ciiiii ittt ittt 1-2
16 CassetteTapeDecks .......... .. i iiiiiinnnn. 1-2
1.7 General Specifications . .. ........ ... innrrann. 1-2
1.8 2200/Communications Adaptors . .. ...........c.c.0... 12
19 OtherPeripherals............. .. ittt 1-3
2 VERSION | PROCESSOR
2.1 Processor Organization .....................c.un... 21
2.2 Arithmetic/LogicUnit........ ... .. ... inoiai.., 2-1
2.3 ProcessorRegisters . .................... . . iiurn.. 21
24 MemOrY .. ...ttt e e e 241
25 PushdownStack .............. .0t 2-3
26 DataFormat .....c.oiiiiiimeiieieeiieiaatrarenns 2-3
27 Control Flip-Flops .. . ..ottt iiaaiienanan 23
2.8 Instruction Formats {(General} . .. ....... ... ... ...... 2-3
3 VERSION I} PROCESSOR
3.1 Processor Organization .................c..ueuiueu... 31
3.2 Arithmetic/LogicUnit. . ... ... ......cvirininnn... 31
3.3 Processor Registers ............0ciiiirenanineannnn 31
34 MemMOry ..o e e e e 3-1
35 Pushdown Stack .........cviiiiire e, 33
36 ControlFlip-Flops . ... ... .. .. . . i, 33
R I 3T T 1 33
38 DataFormat .......... .0ttt inmnreinnanssnsans 34
3.9 Instruction Formats (General) ... ... _................ 34
4 INSTRUCTION REPERTOIRE
4.1 Presentation Format ... ... .. ... .. .. i iirnnnn 4-1
Symbols and Abbreviations . ......................., 4-1
Load Immediate . ......... ... iiiiinnnn. 4-2
Load .. ... .. i i et e e 4-2
Add lmmediate .. ...... ...t 4-3
Add .. e e 4-3
Add With Carry Ilmmediate . ...... ... ... ........ 4-3
AddWithCarry . ... .. .t et 4-3
SubtractImmediate .. ........ ... ... .. 4-4
SUbtract . .. .. . e et 4-4
Subtract With Borrow lmmediate .. ................ 4-4
Subtract With Borrow ...t iinenenn 45
AndImmediate ........... ... i i 45
AN .. e it e 4.5
Orlmmediate .. ........ . .t i irnnanrens 45
T 45
Exclusive Or Immediate ......................... 4-6
Exclusive Or . ... .. it i e e 4-6
CompareImmediate .. ....... ... .. iiiivin.. 4-6
Compare ... ... . e e 4-6
Unconditional Jump . .. ... ... ... ... uiin.t. 4-7
JumpifCondition True ... ......c.ciiiiiinnnnn. 4.7
JumplfCondition False . ..................c..... 4-8
Subroutine Call . ......... ...t irerirnnnnn, 4-8



TABLE OF CONTENTS

(Continued)
PART PAGE
IfCondition True .........o0oveur .. 4-9
IfCondition False .......................... 4-10
Subroutine Return . .............ccvuinnnnn. .. 41
Conditional Subroutine Return .. ................ 4-11
fConditionTrue .. ......................... 4-11
If Condition False .......................... 4-11
Shift RightCircular . .......................... 4-12
Shift LeftCircular ...............0. v, 4-12
NoOQOperation . .......... .. ... ... .. v ... .. 4-12
Halt ... 4-12
Input ..., 4-12
POP . 4-13
Push . ... .. 4-13
Enable Interrups . .. .............. .. ... ... .. 4-13
Disable Interrups ... .......................... 4-13
Select AlphaMode ............................ 4-13
SelectBetaMode ............................. 4-13
External Command ........................... 4-14
5 INPUT/OUTPUT OPERATIONS
Bl General ........ ... 5-1
5.2 Input/Output Instructions . ... ..........c.coveennr... 5-1
53 Input/OutputCable............ ......c0cue e ... 5-1
54 1/ODataLines.............ueuuuusueannnnni.. 5-1
55 InputStrobe .. ... .. ... .. 5-1
5.6 External CommandStrobes......................... 51
57 Clock Line ... ... e e 5-3
5.8 1/0 Bus Electrical Specifications . .. .................. 5-3
9.9 Data Transfer Operation. ... ........................ 5.3
5.10 Device Address Numbering. . .............. e 5-4
5.11 1/O Power and GroundLines ................o....... 54
212 1/OSystem Connector . .. ... 54
6 KEYBOARD
6.1 General Description . .............cciuvrunrnnnnan.. 6-1
6.2 0peration ...........c¢.iiu e 6-1
7 CRT DISPLAY
7.1 General Description .. ...... ... inrnunrnnnnnnnnn.. 71
7.2 0peration ........ . e 7-1
8 CASSETTE TAPES
8.1 General Description .. ..........co et eninunnnnn.. 8-1
8.2 QOperation ............... i 8-1
8.3 Status ......... .., 8-1
84 Control .........iiiiiiiii e 8-1



LIST OF TABLES

TABLE PAGE
4-1 Source and Destination Codes (sandd) ............... 4-1
42 Flip-FlopCode{fc) ...... ..., 41
4-3 ExternalCommands ..............cccoivierenninnnn 4-14
4-4 instructionRepertoire ... ..... ... ... ... ... ... . ... 4-16
5-1 BExternal Commands .. .....ovveiernrnrirarnrerann, b-3
6-2 Device Address Assignments ........................ b4
5-3 I/OPowerandGround Lines . ................c0vv... 5-7
5-4 1/OConnectorPinAssignments .. ..............o0vu.. 57
6-1 Keyboard Coding (ASCH} ........... ... o oLt 6-2
8-1 Tape Unit Physical Specifications .................... 82

LIST OF ILLUSTRATIONS
FIGURE PAGE
1-1  Datapoint 2200 - System Diagram .. .. ................ 1-4
2-1 Basic Processor (Version 1) . ... ... .. i, 2.2
3-1 Basic Processor (Version I8} ... ... ... .. ........... 32
5-1 /O System, Functional Diagram ..................... 6-2
5-2 1/0 Cable, Electrical Characteristics .................. 5-5
5-3 Typical DataOutput Sequence .. .................... 5-6
- B-4 Typical DatalnputSequence ....................... 58
7-1 Keyboard Layout ........... .. iiiiiiiinaninnnn 7-2



PART 1

GENERAL FEATURES

1.1 INTRODUCTION

In early 1970, Datapoint Corporation introduced

the Datapoint 2200, Version |, an integrated data system
consisting of an alphaumeric keyboard for data entry, a
cathode ray screen for data display and two digital cassette
recorders for bulk data storage. The terminal contained a
generat purpose digital computer for control and process-
ing and the capabhility for extensive interfacing for commu-
nications and for interfacing with external devices or pe-
ripherals. The Version | Datapoint 2200 contained a maxi-
mum of 8,192 words of recirculating MOS memory. This
integrated system of small computer, memaory, and periph-
erals gained wide acceptance in a variety of data process-
ing applications,

In early 1972, Datapoint Corporation introduced

Version 1l of the Datapoint 2200 maintaining the original con-
cept but incorporating many improvements and additions to
augment its processing power.

Version |1 of the Datapoint 2200 appears physically identi-
cal to Version | and retains all the advantages of the first
Datapoint. In fact, in keeping with the concept of upward
compatibility programs generated for the Version | Data-
paint will run, though substantialty faster, on the Version 11
Datapoint. Improvements have been made at the basic pro-
cessing unit and, through the incorporation of a random
access memory, the speed has been vastly increased.

Memory size in the Version 1 is maximurm of 16,384 words of
8 bit memory. One of the most impressive features of the
randorm access memory aside fram its size is the speed at
which instructions are executed. Memory reference in-
structions require 3.2 or 4.8 micro seconds rather

than up to 520 micro seconds for the Version I, For

the same teasons jump and calt instructions require

6.4 micro secands instead of up to 520 micro seconds.

In addition, the execution of all the instructions (except
1/0 instructions} has been reduced to less than 1/4 the
time required in Version |,

Version Il provides the programmer an advantage

of interrupt capability. This hardware interrupt fea-

ture enables the programmer to service peripherals re-
quiring attention without the necessity of periodic ad-
dressing and status checking in his main program. Other
features inctude: an additional set of 7 registers and

4 control flip-flops (alpha and beta modes), program access

11

to the stack through through the new Push and Pop instructions
and faster cassette tapes. These changes have all been in-
corporated into the 2200 Version |l without the need to

madify or convert user software written for the Version |

2200, except for timing or delay loops.

The achievement of a small computer with integrated key-
board, display screen, random access storage, and comimu-
nications capability at such low cost now makes possible
computer sophistication for applications not previously
practical — particularly in the computer terminal/source
data entry/communications area.

This manual provides specific hardware specifications for
Version | and Version 11 of the Datapoint 2200 with the follow-
ing model codes:

VERSION |
2200- 102 {2K Memory)
2200- 104 (4K Memory}
2200-106  {GK Memory}
2200- 108 {8K Memory)
VERSION II
2200-114 {4K Memory}
2200- 118 {8K Memory}
2200-122 {12K Memory)
2200- 126 (16K Memaory)

1.2 SYSTEM ELEMENTS
There are four basic system elements in the basic Datapoeint
2200 plus the capability of interface to a number of external

perigheral devices.

This manual covers the basic elements; CRT, keyboard, pro-
cessor, cassette tape decks.

1.3 CRT DISPLAY

The Datapoint 2200 CRT Display provides the following
features:

a. 7" x 3%" viewing area;

b. 960 characters;

c. 8O character by 12 line format;
d.  4/32" x 3/32" character size;

e. Entire 94 character ASCII set;



f. 60 frames per second refresh rate {50 frames per
second when using 50 cycle power});

9. B x 7 matrix character generation;

h. & x 7 solid, blinking cursor, alternates with
character, nondestructive;

i. P31 green phosphor;

i- Single control line erasure, frame erasure, and
page roll-up; and

k. Direct control of all CRT functions by the 2200
processor, providing tab, editing, form control,
ete.

1.4 KEYBOARD

The integral keyboard provides a basic 41 key alphanumeric
key group, an 11 key numeric group and five system con-
trol keys.

The keyboard provides a unigue multi-key roll-over charac-
teristic providing maximum ease of typing. Transter of
characters from the keyboard is under control of the 2200
processor. An audible click providing an acoustical feedback
to the typist is available undey processor control.

A programmable audic “beep” is also provided when it is
desired to gain a typist’s attention.

1.5 PROCESSOR

The integral processor provides all control functions and
includes:

VERSION i
28 different instruction types;

VERSION 11
31 different instruction types;
7 addressable registers; 14 addressable registers;
15 deep pushdown stack; 16 deep pushdown stack;

Up to B,192 word memory; Up to 16,384 word memory;

Both models: 8 bit memory word length;
Complete parallel 1/0 systemn;

Autamatic power-up restart.

1.6 CASSETTE TAPE DECKS

Two read-write tape decks are provided for program and
data storage. The deck accepts Norelco (Phillips)-type

1-2

cassettes and provides:
a. 47 characters per inch density;
b. Bi-directional operation;

c. Processor controlled data transfer, direction
control, and high-speed rewind.

1.7 GENERAL SPECIFICATIONS
The Datapoint 2200 has the following general characteristics:

a. 11bv_a. c., 60 cycte, 180 watts, power input (50
cycle 230 v. a, ¢,, 60 opticnal);

b. 47 pounds weight;

c. 9-5/8" high, 18-1/2" wide, by 19-5/8" deep outside
dimensions;

d. 0° to 650°C (32° to 122°F), 10 1o 90 percent relative
humidity operation environment,

1.8 2200/COMMUNICATIONS ADAPTOR

The 2200 is well-suited to tasks involving communications,
Several models of adaptors are available for implementing
communications systems. The following is a description

of these adaptors:

2200-400 COMMUNICATIONS ADAPTOR

This adaptor provides an EIA R5-232 inter-
face 10 external datasets or other devices re-
quiring an asynchronous, start-stop serial
format, full or half duplex.

2200-401 COMMUNICATIONS ADAPTOR WITH 103
MODEM

Full aor half duplex communications up to
300 baud is provided by this adaptor. An
internal modem is compatible with Bell
Systern 103 series and automatic call con-
trol provides adtomatic dialing and answering
under program control.

COMMUNICATIONS ADAPTOR WITH 202
MODEM

Communication up to 1200 baud can be
accompiished with this adaptor. An internal
modem is compatible with the Bell 202
series and automatic call control provides
automatic dialing and answering under pro-

2200-402

gram contral.



2200-403

2200-404

2200-420

HIGH LEVEL KEYER

This adaptor provides interface to telegraph
lines or channels with either neutral or polar
keying.

SYNCHROMNOUS COMMUNICATIONS

This adaptor may be used to interface a

Bell System 201 synchronous or other
manufacturer’s equivalent modem to pro-

vide high-speed synchronous communications.

PARALLEL DATA

For ather manufacturer’s peripherals requiring
paraliel data communications this adaptor can
be connected to most logic levels.

1.9 OTHER PERIPHERALS

A number of ather peripherals are available for use with the
Datapoint 2200, including:

a. 2200/PRINTER A 132 column, 30 cps impact page

printer.

b. 2200/LINE PRINTER A 132 column, 135 line per

minute line printer.

c. 2200/TAPE Both 7 and 9 channel industry-
compatible tapes witl handle up
10 8-1/2 inch reels.

d. 2200/DtSC 2 megabyte removable cartridge

disk,

e. 2200/CARD READER A 600 card/minute, 80

column card reader.

1-3
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PART 2

BASIC PROCESSOR — VERSION |

2.1 PROCESSOR ORGANIZATION

The pracessor contained in the Datapoint 2200 is comprised
of the Arithmetic/Logic Unit, two sets of 7 program accessible
registers, 2K to BK words of read/write memory, an instruc-
tion decoder, a 16-tevel hardware pushdown stack used in sub-
routine type operations, and an interrupt system.

2.2 ARITHMETIC/LOGIC UNIT

The Arithmetic/Logic Unit is capable of processing both
binary integers and logical operands. All arithmetic and
logical operations may take place between the A-register
and any of the 7 program accessible registers or between
the A-register and memory. The A-register always contains
the result of an arithmetic or Jogic operation and the other
register {or memory cell) is unaffected. Arithmetic and
logic operations affect the Sign, Carry, Zero and Parity
Flip-Flops.

2.3 PROCESSOR REGISTERS

Seven registers are present in the Datapoint 2200 Version
|, giving the programmer a great deal of flexibility in
creating a program.

A- The Accumulator register is used to hold the result of
all arithmetic and logical instructions. All data transfers
into or put of the computer take place through this register.

7 6 56 4 3 210 A Register

B, C, D, E - These are general purpose registers which may
be used in conjunction with the Accumulator in arithmetic
and logical operations. Each register may be loaded from or
stored into memory or another register, When used in con-
junction with the A and H, L registers, the B, C, D and E
registers may function as indexes.

7 6 54321 0| BCDE Registers

H, L - The H and L Registers are utilized to cantain respec-
tively the maost significant portion (M3SP) and least signifi-
cant portion {LSP) of the address of a memory location
being referenced. All memory reference instructions utilize
these registers with the exception of CALL and JUMP
commands. However, the H and L Registers may be used
as general purpose registers when not being used as above.

H (8 bits) L {8 bits}

MSP of address
being referenced

LSP of address
being referenced

P - The program register or “’location Counter’” contains

the address of the next instruction to be executed. This
register is stored in the pushdown stack upon the execution

of a "CALL" instructien and is loaded with the effective
address upon execution of a “JUMP”, “CALL" or “RETURN"
instruction. The P register is 13 bits in length and is capable
of addressing up to 8K of memory.

12 P {13 bits) 0

| - The | register is the register which holds the “operation
code’’ of the instruction currently being executed. The
contents of | are gated through a decoding network to
determine what operation internal or external, is 10 be
performed.

24 MEMORY

The basic Datapoint 2200 is supplied with 2048 eight-bit
words of memory. Additional modules of 2048 words
each may be incorporated with the totzl memory capacity
of the processor being 8192 words. Each 2K memary is
made up of 32 individual MOS shift registers with each one
having a capacity of 512 bits or 64 eight-bit words. These
registers are clocked at a rate of 1.2 MHz. Data is read out
in it serial fashion with one word taking 8 micreseconds.
During this period of time, two cfock pulse times are
available for the processor to perform any necessary gating
or testing functions.

The Datapoint 2200 memory might be likened tc a drum
type memory in some respects. It takes approximately 1/2
millisecond for the memory to completely circulate. Thus,
if the current instruction referenced a memory location for
data access, there would be a 1/2 millisecond delay before
that instruction could be completed. However, unlike a
drum memory the MOS memory may be stopped during
instruction execution so that each succeeding instruction
may be read from memory without detay {in 8 usec.}.

Physically, instructions require a variable number of cycles
for completion. In the first cycle, the instruction is fetched
from memory and decoded. tf.the instruction involves no
memory reference, it is then executed within 8 microseconds
for a total completion time of 16 microseconds.

“Immediate’” type instructions are the same as instructions
reguiring no memory reference and require a 16 usec.
intervat for the operand feich and execute cycle. Jump and
Call type instructions require a variable amount of time for
execution, depending on the difference between the old
and new locations.



PART 3

BASIC PROCESSOR — VERSION H

3.1 PROCESSOR ORGANIZATION

The processor contained in the Datapoint 2200 Version 1l is
comprised of the Arithmetic/Logic Unit, two sets of 7 pro-
gram accessible registers, 2K to 16K words of read/write
memory, an instruction decoder, a 16 level hardware push-
down stack used in sub-routine type operations, and an
interrupt system.

3.2 ARITHMETIC/LOCIC UNIT

The Arithmetic/Logic Unit is capable of processing both
binary integers and togical operands. All arithmetic and
logical operations may take place between the A-register
and any af the 7 program accessible registers or between
the A-register and memory. The A-register always contains
the result of an arithmetic or logic operation and the other
register {or memory cell) is unaftected. Arithmetic and
tonic aperations affect the Sign, Carry, Zero and Parity
Flip-Flops.

3.3 PROCESSOR REGISTERS

The Alpha and Beta modes of the processor each have 7
program accessible registers and 4 control flip flops. This
gives the programmer the equivalent of 14 registers and

8 control flip flops. The registers and control flip flops of
each mode are completely independent of each other allow-
ing the registers of one mode to be altered without affecting
the contents of the other,

To access the Beta mode registers and control Hip flops, a
selact Beta mode instruction is executed. The Beta mode

is then set until a setect Alpha mode instruction is executed.
The Alpha mode is automatically set when power is turned
on, or the restart Key depressed.

A- The Accumulatar register is used to hold the result of
all arithmetic and logical instructions. All data transfers
into or out of the computer take place through this register.

76543210] A Register

B, C, D, E - These are general purpose registers which may
ke used in conjunction with the Accumulator in arithmetic
and logical aperations. Each register may be loaded from or
stored into memory or another register. When used in con-
junction with the A and H, L registers, the B, C, Dand E
registers may function as indexes.

[76543210 B, C, D, E, Registers

3-1

H, L - The H and L Registers are utilized 10 contain respec-
tively the most significant portion (MSP) and least signifi-
cant portion {LSP) of the address of a memory location
being referenced. Afl memory reference instructions utilize
these registers with the exception of CALL and JUMP
commands. However, the H and L Registers may be used
as general purpose registers when not being used as abowve.

k; (8 bits}

MSP af address
being referenced

| Lisui

LSP of address
being referenced

P - The program register or "Location Counter’’ contains

the address of the next instruction to be executed. This
register is stored in the pushdown stack upon the exscution
of a “CALL" instruction and is loaded with the effective
address upon execution of a “JUMP’, “CALL" or “RETURN"
instruction. The P register is 14 hits in length and is capable
of addressing up to 16K of memary,

$13 P (14 bits) 0

| - The | register is the register which holds the “operation
code’” of the instruction currently heing executed. The
contents ot 1 are gated through a decoding network to
determine what operation internal or external, is to be
performed.

34 MEMORY

The basic {Version {1} Datapoint 2200 is supplied with
4096 eight-bit words of memeory. Additional modules
of 4096 words each may be incorporated with the
total memory capacity of the processor being 16384
words.

The Datapoint 2200 memory is a random access MOS
memory with an access time of 500 nanoseconds. Each
memory cycle takes 1.6 microseconds and each instruction
takes 2, 3 or 4 cycles to complete, Due te the random

access nature of the memory, the time required to read

or write to the memory is the same regardless of the address.

Since the memory is 8 "'Dynamic” MGS memory the
contents of the memory must be rewritten or “refreshed”
periodically. The refresh rate of the Datapoint 2200
memory is équal to once every 40 memory cycles. This
means that one memory cycle out of every 40 will be
used up to refresh the memory. The anly effect this has
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on processor gperation is a slight slowing down of the
processor (about 2.5%).

3.5 PUSHDOWN STACK

A unique feature of a machine this size is the incorporation
into the processor’s structure of a pushdown stack. This is
useful for subroutine cafling, saving the value of the H and

L register pair while doing a memory reference to a different
address, catculating an address and then jumping to it with-
out having to overstore a JUMP instruction, making an abor-
tive exit from a subroutine (returning control to a location
cther than the one after the CALL instruction), and saving
the state of the machine if there is at least one free stack loca-
tion.

Information may be transferred between either the P-counter
and the stack or the H and L register pair and the stack. In
the former case, only 14 bits are transferred with the two
most significant bits always being zero; whereas, in the latter
case, all 16 bits are transferred, The stack is actually a scratch
pad of sixteen 16-bit words which is addressed by a four-bit
up/down counter. Whenever a CALL or PUSH instruction is
executed, the P-counter or H and L register pair is written in-
to the stack word pointed out by the counter which is then
incremented. The pointer end-araunds to 0 if it is incremented
past 15. Whenever a RETURN or POP instruction is executed,
the stack pointer is first decremented {ending around 10 15 if
it is decremented below 0) and then the P-counter or H and L
register pair is loaded from the pointed iocation (this does
not effect the contents of that stack location}. Note that the
abave description implies that the maximum subroutine nest-
ing depth is sixteen and will be less if data is also pushed on-
to the stack. That is, the seventeenth CALL or PUSH will
overstore the value written in the first if no RETURN aor POP
instructions intervene.

Pushdown Stack

Address of CALL &

Address of CALL 4 Maximum
Address of CALL 3 Capacity of
Address of CALL 2 16 CALLS

Address of CALL 1

16 Bits

33

3.6 CONTROL FLIP-FLOPS

Also contained in the basic processor are eight control flip-
flops (four in Alpha mode and four in Beta mode) which
reflect the state of the arithmetic logic unit and which can
be tested through the execution of a conditional jump, call
of return instruction. The flip-flop mnemonics with their
associated functions are as follows:

Cy¢-Carry Flip-flop. Set when an arithmetic operation results
in either a carry {add) or borrow (subtract). *The Carry
Flip-flop also reflects the state of the most significant bit

in the accumulator after completion of a shift right instruc-
tion. Likewise, it reflects the state of the accurmulator least
significant bit after completion of a shift left instruction,

Z¢-Zero Flip-flop. Set when the result of an arithmetic or
iogical operation is equal to zero. *

S¢8ign Flip-flop. This flip-flop reflects the state of bit 7
in the accumulator after an arithmetic type operation.”

P¢-Parity Flip-flop. Indicates the-parity or “number of one
bits"” contained in the accumulator, If this flip-flop is set
{true], the A register contains an odd number of one bits;
tf it is reset [false), the A register contains an even number
of one bits.”

*In the event of a compare instruction the contents of
the accumulator are not changed; however, the control
flip-flops reflect the equivalent of a subtract instruction.

3.7 INTERRUPTS

Included in the Datapoint 2200 processor is a hardware
interrupt feature. The interrupt signal occurs at a one
millisecond rate. This one millisecond rate is accurate 1o
within £.005%.

To use the interrupts an “Enable Interrupts’” instruction
is executed. An interrupt can occur after the next instruc-
tion is executed, For example, in:

LAB
El
RET

an interrupt cannot occur until after the return instruction
has been executed, An interrupt is executed exactly as a



CALL @ nstruction would be. The current address is pushed
onto the stack and the next instruction is picked up from
locatian zero.

To prevent interrupts from accurring after th ey have been
enahled,a “Disable Interrupt’” nstruction is issued. Interrupts
are automaticaly disabled at power on, or whenever the re-
start key on the keyboard is depressed. if the interrupt
system 1s in the "Disabled” mode, and the one millisecond
time period cxpires, the one interrupt will be saved and will
be exccuted the next time interrupts are enabled.

3.8 DATA FORMAT

Data 1s represented in the Datapoint 2200 in the form of
8-hit binary inteqers.

L7554321ﬂ

DATA WORD

3.2 INSTRUCTION FORMATS (GENERAL)

{nstruction formats, dependent upon the operation to be
performed, may be eight, sixteen or twenty-four bits in
length,

Type-1 - register to register, memory reference, arithmetic,
logical, shift instructions

OP CODE
8 bits

Type-2 - immediate mode instructions

[ OP CODE OPERAND
8 bits 8 bits

Type-3 - JUMP & CALL instructicns

—

CP CODE ADDRESS
8 bits 18 bits

34



PART 4
INSTRUCTION REPERTOIRE

4,1 PRESENTATION FORMAT AN
STACK
This section gives a detailed description of each of the Data- P
point 2200 instructions. The use and operations of each in- fe
struction is presented as follows: RR
M
FUNCTION: Mnemonic Code MR
OPERATION: Symbuolic representation of instruction
description. i
OP CODE: Operation Code, expressed in octai.
TIMING: Execution time.

DESCRIPTION: Definition of function of the instruction,

Logical “AND" operation
Instruction counter {P} pushd
Program counter

own queue

Flag flip-flop codes: Cy, Z¢, Sy, Pt

Register to Register
Immediate {from P+1)
Memory Reference (Contents
location designated by H, L)
Instruction Register

TABLE 4-1

of memory

SOURCE AND DESTINATION CODES (s and d)

|7 6]54 312 1_0]

L 2nd Moditier SYMBOLIC
— 15t Modifier s/d CODE
Instruction Type .
0 A A Register
INSTRUCTION FORMAT: Explanation of the function of ! B B Register
each part of the instruction word. 2 c C Register
refty 3 D D Register
NOTE 4 E E Register
5 H H Register
Considerations in instruction use and further & L L Register
definition of function, M 7 M Mernory '0'_
cation speci-
Symbols and Abbreviations fied by con-
tents of H&L
The following symbois and abbreviations are used in the in-
struction format: TABLE 4-2
0 the contents of FLIP-FLOP CODE (f)
A is replaced by
- is transferred th SYMBOLIC
: is cgmp_ared v\fnth _ ¢ CODE NAME
A B bit arithmetic register {accumulator)
B . . 0 Cs Carry
C 8 bit general purpose registers 1 Z Zero
g 2 S¢ Sign
. . . N 3 Ps Parity
H 8 bit register used to specify most significant
portion of operand address
L 8 bit register used to specify least significant
portion of operand address
M memory location designated by contents of
H. L
r one of the following register desianators: A, B,
C.D,E . H L
rg designates operand source register (s=0-7)
ty designates operand destination register (d=0-7}
v Logicat “OR"" operation
M Logical “exciusive-QR" operation
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LOAD IMMEDIATE: Lryg

OP CODE: 0d6 TIMING: 3.2 usec. (16 usec)™
OPERATION: (P11} - rqr Pr2-P

DESCRIPTION: Transfers the contents of the memory

location immediately Tollowing the instruction, 10 the

register specified by bits 3-5 of the instruction word.

INSTRUCTION FORMAT:

P+1
2 1 0[7 0
6 OPERAND

)
(=)}
18]
oD
L

d: is the destination designator
d=7: is not allowed

NOTE

1. The contents of P+1 are unchanged,
2. MNonec of the Flag Flip-flops are affected.
3. Refer to Table 4-1 for destination ¢odes.

LOAD: ' LrgM, Lrgrg, LMrg
0P CODE: 3ds TIMING: 3.2 usec. {16 usec) if RR, {520) 4.8 usec. if MR
OPERATION: (M) —rq =7, d<6 {Lrg¥)
{rgd —=ryq s<B, d<B {Lryr,)
(rg) =M s<§, d=7 (LMr)
DESCRIPTION: Transfers the operand from the source
specified by bits 0-2 of the instruction word to the destina-
tion specified by bits 3-6 of the instruction word.

INSTRUCTION FORMAT.:

|
o3 ]
L3l
ol |o
W
M
o

d: designates the destination of
data.

51 designates the source. If either
s ard 7 a memory reference is
indicated and the contents of
registers H&L specify the address
of the memory location.

NOTE

1. The data source is unatfected.

2. s & d both - 7 results in a Halt instruction.

3. None of the Flag Flip-fiops are affected by execution
of this instruction,

4. s=dresults in a NQOP, except as stated in Note 2.

*MNote: Timing values in parentheses are for Version 1.
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ADD IMMEDIATE: AD

OP CODE: 004 TIMING:
COPERATION: (A} + (P+1) - A P+2 P
DESCRIPTION: Adds to the contents of the A register the
contents of the memaory location immediately following the
instruction, and retains the sum in the A register. Sets the Cy
Flip-flop if ADD overflow occurs, otherwise resets Cy.

4.8 usec. (16 usec)

INSTRUCTION FORMAT:

P+1

b
>
2]
olalw
w
)
o
e |
o

4 OPERAND

NOTE

1. The Sign, Zero and Parity Flip-flops
will indicate the status of the A reqis-
ler at completion.

2. The contents of P+1 are unchanged.

3. The Carry Flip-flap is cleared at the
heginning of this instruction.

ADD WITH CARRY

IMMEDIATE: AC

OP CODE: 014 TIMING: 4.8 usec. (16 usec)
OPERATION: (A} + (P+1}+{C¢}) = A P+2 P
DESCRIPTION: Adds the C¢ bit and the contents of the
location immediately following the instruction to the con-
tents of the A register, and retains the sum in the A register.

If add overflow occurs, the Cy Flip-flop is set, otherwise Ct

is reset.

INSTRUCTION FORMAT:
P11

21 0}7 0
4 OPERAND

!
>
o

=t o
5]

NOTE

1. The Sign, Zerc and Parity Flip-flops
will indicate the status of the A regis-
ter at completion.

2. The contents of P+1 remain unchanged.

ADD: ADr, ADM ADD WITH CARRY: ACry ACM
OP CODE: 205  TIMING: 3.2 (16) usec. if RR, 4.8 {(520) OP CODE: 215 TIMING: 3.2 {16) usec. if BRR, (520)
usec. if MR 4.8 usec, if MR

OPERATION: {(A) ¢ (rS] = Aor{A)+ (M} + A
DESCRIPTION: This instruction is identical to ADD
IMMEDIATE with the exception of operand source.

INSTRUCTION FORMAT:

|
o
[42]
Ol||T
%]
M2
o

s: specifies the operand source.

Refer to Table 4-1 for source
codes.

OPERATION: (A} +{Cq) + (rg) = Aor (A) + (Cq} + (M) = A
DESCRIPTION: This instruction is identical to ADD WITH
CARRY IMMEDIATE with the exception of operand

souce,

INSTRUCTION FORMAT:

=l
a7}
j4}
el BN )
%]
o]
—
o

5. specifies the operand source.
Refer to Tahie 4-1 for source
codes,

NOTE: Timing values in parentheses are for Version I,
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SUBTRACT

IMMEDIATE: SuU

OP CODE: 024 TIMING:
QPERATION: {A) - (P+1) > A P+2>P
DESCRIPTION: Subtracts the contents of the memory
lacation immediately following the instruction from the
contents of the A register, and retains the difference in the
A register. The Cy¢ Flip-flop is set if underftow oceurs,

4.8 usec. {16 usec)

INSTRUCTION FORMAT:

P P+1
7 6154 3|12 1 0]7 0
0 2 4 OPERAND
NOTE

1. The contents of P+1 is unchanged.

2. The Zero, Sign, and Parity Flip-fiops
represent the status of the A register
at the completion of this instruction.

SUBTRACT: SUrg SUM
OP CODE: 225 TIMING: 3.2 (16) usec. if RR, 4.8 {(520)
usec. it MR

OPERATION: (A} - (rg) = Aar (A)- (M) = A
DESCRIPTION: This instruction is identical to SUBTRACT
IMMEDIATE with the exception of operand source.

INSTRUCTION FORMAT:

~J
+7]
4]
M| T
]
L]
—
o

s: specifies the operand source.

Refar to Table 4-1 for source
codes.

SUBTRACT WiTH

BORROW IMMEDIATE: SB

OPF CODE: 034 TIMING:
OPERATION: {A)- (P+1)-{Cq) > A P+2>P
DESCRIPTION: Subtracis the contents of the memory
location immediately following the instruction and the C;
bit, from the contents of the A register. Sets the Cf bit

if underflow occurs, otherwise resets Cy,

INSTRUCTION FORMAT:

P+1
1 0[7 0
4 OPERAND

7 615 2

W&o
L

NOTE

1. The contents of P+1 are unchanged.

2. The Zero, Sign, and Parity Flip-flops
represent the status of the A register
at the completion of this instruction.,

SUBTRACT WITH
BORROW: SBrs SBM
OP CODE: 235 TIMING: 3.2 {16]) usec. if

RR, 4.8 (520} usec. if MR
OPERATION: (A} - {rS] - [Cf} -~ Aor (A)-(M}-(Cst > A
DESCRIPTION: This instruction is identical to SUBTRACT
WITH BORROW IMMEDIATE with the exception of
operand source.

INSTRUCTION FORMAT:

=~
=2}
)]
]|
Lad
]
—h
o

s: specifies the operand source.

Refer to Table 4-1 for source
codes.

NOTE: Timing values in parentheses are for Version |.
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AND IMMEDIATE: ND OR IMMEDIATE: OR

OP CODE: 044 TIMING: 4.8 usec {16usec) OP CODE: 084 TIMING: 4.8 usec. {16 usec)
OPERATION: {PH1J A (A}~ A P+2—> P OPERATION: {A}V (P+1) > A P+2>P

DESCRIPTION: Forms the logical praduct of the contents DESCRIPTION: Forms the logical sum of the contents

of the A register with the contents of the memory location of the A register and the contents of the memaory location
immediately following the instruction, and places the results immediately following the instruction, and places the

in the A register,
INSTRUCTHON FORMAT:

P+1

7 6]5 Z 017

E RNl
W

1
4 OPERAND

NOTE

1. The Carry Flip-flop will be reset upon
completion of the operation.

2. The Zero, Sign, and Parity Flip-flops
will represent the status of the A regis-
ter upon completion of the operation.

result in the A register.

INSTRUCTION FORMAT:

P P+1
7 6|5 4 3|2 1 017
0 6 4 OPERAND
NOTE

1. The Carry Flip-flop will be reset at
conclusion.

2. The Zero, Sign, and Parity Flip-flops
will represent the status of the A regis-
ter at completion of the operation.

SAMPLE OPERATION: SAMPLE OPERATION:

(ARegg 0 0CO0O01 111 {AReg} 0000 1T 1 11
P+1) 01100110 {P+1} 011001110
{AReg) 00000110 (AReg) 01 1T 01111
AND: NDrs, NDM OR: ORrg ORM
OP CODE: 24s TIMING: 3.2 (16) usec. if RR, OP CODE: 26s TIMING: 3.2 (16) usec. if RR

4.8 {520) usec. if MR

OPERATION: (A)A{r) =~ A, or (A) A M) — A
DESCRIPTION: This instruction is identical to AND
IMMEDIATE with the exception of aperand source.

4.8 {520) usec. if MR

OPERATION: {A)V (rd = A or (A)V (M}~ A
DESCRIPTION: This instruction is identicat to OR
IMMEDIATE with the exception of operand scurce.

INSTRUCTION FORMAT: iINSTRUCTION FORMAT:

P
7 6|15 4 31210 7 6|54 323|210
2 4 5 2 3] s
s: specifies the operand source, s: specifies the operand source,
Refer to Table 4-1 for source Refer to Table 4-1 for source

codes. codes,

NOTE: Timing values in parentheses are for Version I.
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EXCLUSIVE OR

IMMEDIATE: XR

OP CODE: 054 TIMING: 4.8 {16) usec.
OPERATION: (A) M (P+1) =~ A P+2—>P
DESCRIPTION: The logical difference of the contents of
the A register and the contents of the memory location
immediately following the instruction is formed, and the
resutt replaces the contents of the A register,

INSTRUCTION FORMAT:
P+

2 1 0]7 [
4 OPERAND

~J
=2}
an
(S0 Eo i
w

NOTE

1. The Carry Flip-flop will be reset at
conclusion,

2. The Zero, Sign and Parity Flip-flops
will represent the status of the A regis-
ter upon completion of the operation.

SAMPLE QOPERATION:

{A Reg) 0 0 1- 1
iP+1) 0 1 0 i
{A Reg} 0 1 1 0

EXCLUSIVE OR:
OP CODE: 25s

)(Firs XRM

TIMING: 3.2 {16) usec. if RR,
4.8 {520} usec. if MR
QOPERATION: (A} V {rs} - A, AV M) = A
DESCRIPTION: This instruction is identical to EXCLUSIVE
OR IMMEDIATE with the exception of operand source.

INSTRUCTION FORMAT:

~J
o
w
[ EE=N Iar)
W
ha
—_
=

s: specifies the operand source.

Refer to Table 4-1 for source
codes.

COMPARE
tMMEDIATE: cpP
OP CODE: 074 TIMING: 4.8 {16} usec.

OPERATION: (A) : {P+1), P+2 > P

DESCRIPTION: Compares the contents of the A register
with the contents of the memory location immediately
following the instruction. The flag ftip-flops assume the
same state as they would for a Subtract instruction.

INSTRUCTION FORMAT:

p P+1
7 6{5 4 3f2 1 0]7 0
0 7 4 OPERAND

NOTE

1. The contents of the A register are
unaffected.

COMPARE:
OP CODE: 27s

CPrg CPM

TIMING: 3.2 (16) usec. if RR,
4.8 (520) usec. if MR

OPERATION: (A): (rS] or {A) : (M)
DESCRIPTION: This instruction is identical to COMPARE
IMMEDIATE with the exception of operand source.

INSTRUCTION FORMAT:

~J
Lo} }
[+
Al £ ]
[0 ]
W%
o

s: specifies the operand source.

Refer ta Table 4-1 for source
codes.

NOTE: Timing values in parentheses are for Version |.
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UNCONDITIONAL

JUMP; JMP

OP CODE: 104 TIMING: 6.4 usec. {See Note for Version |}
OPERATION: (P+1,P+2} > P

DESCRIPTION: An unconditional transfer of controt. The

contents of P+1 represent the least significant portion of the

address, while the contents of P+2 represent the most signi-

ficant portion.

INSTRUCTION FORMAT:

P P+1 P+2
7 6]5 4 3]2 1 07 0[7 0
1 0 4 LSP MSP
OP CODE ADDRESS

The three high order bits in the address are ignored, the re-
maining 13 bits specify the address to which control is to be
transferred.

NOTE: *Timing is variable dependent upan cyclic
difference between instruction and effective
address locatians, Version | Only.

JUMP {F CONDITION
TRUE: JTf,
OP CODE: 1{c+4)0 TIMING: 6.4 {(Variable) usec. if condition

true, 4.8 {24) usec. if condition false.
OPERATION: If {f.=TRUE}, (P+1 , P+2) > P. Otherwise,
P+3—+P.
DESCRIPTION: Examines the designated flip-flop. If set,
transfers control to the address designated by the contents
of the two memory locations immediately following the
instruction. If the selected flip-flop is reset, executes the
next sequentially available instruction.

INSTRUCTION FORMAT:

P P+1 P+2
7 6{5 4 3|2 1 0}7 0|7 0
1 ct4 0 LSP MspP
QP CODE ADDRESS

c: designates which flip-flop con-
dition is to be tested. Refer to
Tabte 4-2 for list of Flip-flop codes.

NOTE

t. The condition of the selected Flip-flop is
unchanged by this instruction.

NOTE: Timing values in parentheses are for Version |.
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JUMP IF CONDITION

FALSE: JFfg

OP CODE: 1cD TIMING: 6.4 (Variable) usec. if condition
false, 4.8 {24} usec. if condition true.

OPERATION: If {f.=FALSE}, (P+1, P+2} —» P. Otherwise

P+3 - P.

DESCR!PTION: Examines the designated flip-flop. If reset,

transfers control to the address designated by the contents of

the two memory locations immediately following the instruc-

tion. If the selected flip-flap is set, executes the next sequen-

tially available instruction,

INSTRUCTION FORMAT:

p P+1 P+2
7 65 4 3|2 1 0]7 o[7 0
1 c 0 LSP MSP

OP CODE ADDRESS

¢: designates which flip-flop iconditian)
is to be tested. Refer to Table 4-2 for
list of flip-flop codes.

NOTE

1. The condition of 1he selected flip-flop is
unchanged by this instruction.

SUBROUTINE CALL: CALL

OP CODE: 106 TIMING: 6.4 usec. {Variable)
OPERATION: P+3—=5TACK, (P11, Pt2) - P
DESCRIPT#ON: Transfers the address of the next sequen-
tially available instruction to the Pushdown Stack, and
transfer control to the address specified by the contents of
the two memory locations immediately following the Op
Cade,

INSTRUCTION FORMAT:

P P+1 P+2
7 6|5 4 3]2 1 o]7 0 0]7 0
1 0 6 LSP MSP
ADDRESS
NOTE

1. The Stack is open-ended in operation. If it
is overfilled, the deepest address will be lost.

NOTE: Timing values in parentheses are for Version |.
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CONDITIONAL SUBROUTINE CALL

IF CONDITION TRUE: CTf,
OP CODE: T1{ct4i2 " TIMING: 6.4 (Variable) usec. if condition
true, 4.8 {24) if condition false.

OPERATION: If (f =TRUE}, P+3 —~ STACK, (P+1,P+2) ~P.
Otherwise, P+3 —~ P,

DESCRIPTION;: Examines the designated flip-flop. (f set,
transfers the address of the next sequentially available instruc:
tion to the pushdown stack, and transfers control to the
address of the two memory locations immediately following
the Op Code. If the selected flip-flop is reset, executes the
next sequentally available instruction.

INSTRUCTION FORMAT:

P+1 P+2

7 6[5 4 312 1 0|7 o]7 0

1 | c+a 2 LSP MSP
ADDRESS

¢ designates which tlip-flop (condition)
is to be tested,

NOTE

1. The condition of the selected flip-flop is
unchanged by this in<truction,

2. The stack is open-ended in operation. If
it is overfilled, the deepest address will
he tost.

3. Refer to Table 4-2 for list of flip-flop codes.

NOTE: Timing values in parentheses are for Version .
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CONDITIONAL SUBROQUTINE CALL

IF CONDITION FALSE: Cch
OP CODE: 1¢2 TIMING: 6.4 {Variable) usec. it condition
false, 4.8 (24) usec. if condition true.

OPERATION: If (f,=FALSE), P+3 -~ STACK, (P+1, P+2) —» P.
DESCRIPTION: Examines the designated flip-flop. If reser,
transfers the address of the next sequentially avaitable instruc-
tion to the pushdown stack, and transfers control to the
address of the two memory locations immediatety following
the Op Code. [f the selected flip-flop is set, executes the next
segquentially available instruction.

INSTRUCTION FORMAT:

P+ P+2
7 6]5 4 3[2 1 07 o7 0
1 c 2 LSP MSP
ADDRESS

c: designates which flip-flop (condition}
is to be tested.

NOTE

1. The condition of the selected flip-flop is
unchanged by this instructian,

2. The stack is open-ended in operation. #f
it is overfilled, the deepest address will
be lost.

3. Refer to Table 4-2 for list of flip-flop codes.

NOTE: Timing values in parentheses are for Version .
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SUBROUTINE
RETURN:

OP CODE: no7
OPERATION: (STACK}—~P
DESCRIPTION: Transfer control 1o the address specified
by the most recent entry in the Pushdown Stack. Deletes
the rmast recent entry fram the Stack,

RETURN

TIMING: 3.2 usec. (Variabtlel

INSTRUCTION FORMAT:

P

7 65 4 3121 40

0 0 7
NOTE

1. The ettect of attempting more "RETURN"
than the Stack is capable of handhng is
undefined.

CONDITIONAL SUBROUTINE RETURN

IF CONDITION TRUE:
OP CODE: Qict4)3

RTf,
TIMING:

32 usec. {Variable if

CONDITIONAL SUBROUT!INE RETURN

IF CONDITION FALSE:
OP CODE: 0c3

RFf,
TIMING: 3.2 usec. {Vanable if
condition false, 16 usec.
if candition true.}
OPERATION: If {f.= FALSE}, Stack - P. Otherwise,

P+1 —~P

DESCRIPTION: Examines the designated fhp-flop. If

reset, transfers control to the address specified by the

mast recent entry in the stack. If the sclected flip-flop

is set, executes the next sequentially avadabie instruction,

INSTRUCTION FORMAT:

76 210
0 C 3

[
Py
[£]

o designates which thip-flop
{conditign} is to be tested.

NOTE

1. The condition of the selected flip flop
15 unchanged by this instruction,

2. The etfect of attempting more "RETURN"
than the stack is capable of handling is
undefined.

3. Refer to Table 4-2 for list of flip-flop codes.

condition true, 16 usec.

if condition false}

OPERATION: If ({.=TRUE/, Stack —~ P. Qtherwise P+1 —~ P
DESCRIPTION: Exarmines the designated flip-flop. If set,
transfers control 1o the address specificd by the most recent
enttry in the pushdown stack. Deletes the most recent entry
in the stack. 1f the selected flip-flop is reset, executes the
next sequentiafly availabte instruction,

INSTRUCTION FORMAT:

7 615 4 3[{2 1 0
0 ctd 3

¢ designates which flip-flop {con-
dition) is to he tested.

NOTE

1. The condition of the selected tip-flop
is unchanged by this instruction,

2. The cffect of attermpling mare “RETURN"
than the stack 1s capable of handling s
undefined.

3. Refer to Table 4-2 for list of flip-flop codes.

Note: Timing values in parentheses are for Versian 1.
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SHIFT RIGHT

CIRCULAR: SRC

OP CODE: 012 TIMING: 3.2 {16} usec.
OPERATION: A = AL 4, Ay~ A7 Ay~ Ct
DESCRIPTION: Shifts the contents aof the A register right
in & circutar fashion, Shifts the least significant hit into the
mast significant bit position. Upan completion of the
operation, the Carry Flip-flop is equal 1o the most signifi-
cant bit.

INSTRUCTION FORMAT:

P
7 6]5 4 3]210
0 1 2
NOTE

None of the flag flip-flops other than C4
is affected by this instruction.

SHIFT LEFT
CIRCULAR: SLC
OP CODE: 002 TIMING: 3.2 {16} usec.

QPERATION: AI"I“I =+ Am+ 1- A7 - AD' A7 - Cf
DESCRIPTION: Shifts the contents of the A register left
in a circular fashion. Shifts the mast significani bit into the

least significant bit position. Upon comple