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FOUR-BIT PARALLEL MICRO COMPUTER SET 

■ Microprogrammable 
General Purpose Computer 
Set 

■ 4-Bit Parallel CPU With 45 
Instructions 

■ Instruction Set Includes 
Conditional Branching, 
Jump to Subroutine and 
Indirect Fetching 

■ Binary and Decimal 
Arithmetic Modes 

■ Addition of Two 8-Digit 
Numbers in 850 
Microseconds 

Features 

■ 2-Phase Dynamic Operation 

■ 10.8 Microsecond 
Instruction Cycle 

■ CPU Directly Compatible 
With MCS-4 ROMs and 
RAMs 

■ Easy Expansion -One CPU 
can Directly Drive up to 
32,768 Bits of ROM and up 
to 5120 Bits of RAM 

■ Unlimited Number of 
Output Lines 

■ Packaged in 16-Pin Dual 
In-Line Configuration 

MCS-4 CAPABILITIES ARE EXPANDED BY THE 

ADDITION OF THE 4008/4009, THE STANDARD 

MEMORY AND 1/0 INTERFACE SET. 

Expanded Features 
■ Directly Compatible With 

4004 CPU 

■ Interface 1702A PROMs Directly 
to 4004 CPU -- Completely 
Eliminates TTL Interface 

■ Permits Program Storage in 
Alterable Memory 

■ Execute MCS-4 Programs from 
any Mix of Standard Intel .PROMs , 
ROMs and RAMs 

■ Expanded 1/0 Po,_+ Capability 

■ Each Port May be Both Input and 
Output-- Up to 16 4-bit Input 
Ports and 16 4-bit Output Ports 

■ Number of 1/0 Ports is 
Independent of the Size of 
the Program Memory 

■ 1/0 Ports and Control Lines 
are TTL Compatible 

■ New Instruction WPM (Write 
Program Memory) is Used for 
Loading Alterable Program 
Storage (RAM) 
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I. INTRODUCTION - THE ALTERNATIVE TO RANDOM LOGIC SYSTEMS 

A. General Discussion 

Since its inception, digital computer applications have evolved from 
calculation' through data processing and into control. The develop­
ment of the minicomputer has vastly increased the scope of computer 
usage. In particular, the use of minicomputers in dedicated appli­
cations has had a profound effect on systems design. 

Many engineers have found having a minicomputer,at the heart of a 
system offers significant advantages. Minicomputer systems are 
more flexible, can be easily personalized for a particular customer's 
requirements, and can be more easily changed or updated than fixed­
logic design systems. For most designers, the programming of a mini­
computer is a much easier and more straightforward procedure than 
designing a controller with random logic. 

Unfortunately, the size and cost of even the smallest minicomputer has 
limited its use to relatively large and costly systems. This has 
resulted in many smaller systems being implemented with complicated 
r�ndom logic. INTEL NOW OFFERS ANOTHER ALTERNATIVE ••. THE MCS-4 
MICRO COMPUTER SET. 

This new concept in LSI technology makes the power of a g�neral pur­
pose computer available to almost every logic designer and represents 
a strong attack on the dependency of systems manufacturer

l
' on compli­

cated random logic systems. This component computer from Intel can 
provide the same arithmetic, control and computing functio s of a  
minicomputer in as few as two 16 pin DIP's and co�ts neaf1y 2 orders 
of magnitude less. 

The set is not designed to compete with the minicomputer, but rather 
to extend the power of the concept into new ranges of applications. 
For example, many systems now built of SSI and MSI TTL can now be 
implemented with a totally self-contained system built around this 
set of devices. 

Heart of each system is a single chip central processor unit (CPU) 
which performs all control and data processing functions. Auxiliary 
to the CPU are ROM' s which store microprograms and data tables; RAM' s 
which store data and instructions, and Shift Registers which ,can 
expand the I/O capacity of the system. The MCS-4 system communicates 
with circuits and devices outside the family through "ports" provided 
on each RAM and ROM. 

A system using this set of devices will usually consist of one CPU, 
from one to 16 ROM' s, up to 16 RAM' s and an arbitrary number of SR' s. 
A minimum system could be designed with just one CPU and pne ROM. 
With these components, yo� can build distributed computers, dedicated 
computers, or personalized computers and utilize the'almost infinite 
combinations of microprogramming. The designer buys standard devices, 
and with microprogramming of the ROM fulfills his own unique circuit 
requirements. 



The three major advantages of Intel microcomputers: 

Great system flexibility, with easy program changes, abiiity 
to expand or shrink the system, and small size and low power. 

Expediency of design, because ROM progrannning is easier than 
random circuit design, system checkout is easier using electri­
cally programmable and erasable ROM's, and ability to insert 
new microprograms helps prevent system obsolescence. 

Manufacturing economies come from simple DIP package design, 
automatic insertion, lower labor costs, lower inventory of 
parts and boards. 

' When designing with random logic (logic gates, flip flops, etc.), 
the designer will usually start with a description of the desired 
function and attempt to wire counters, gates, etc. to achieve this 
function. Switches, displays, etc. are also connected to the logic. 
To correct errors or make changes in a design usually requires sig­
nificant changes in wiring, often requiring that circuit boards be 
scrapped and replaced by new ones. 

To do the same design with the MCS-4 Micro Computer Set, the designer 
again starts with the functional description. However, he implements 
these functions by encoding suitable sequences of instructions in ROM. 
The MCS-4 instruction set is quite complete and allows a wide variety 
of functions 'to be performed: decimal or binary arithmetic, counting, 
decisions, table-lookup, etc. Switches, displays, etc. are connected 
to the system via the input and output ports. 

As a result of this organization, almost the entire logic, the entire 
11personality" of the machine is determined by the instructions in ROM. 
Very significant modifications of machine characteristics can be made 
by changing or adding ROM's without making any changes in wiring or 
circuit boards. 

Thus the set offers tremendous flexibility of design and allows the 
user to have many of the desirable features of a custom MOS LSI design-­
small package count, a set of components which is uniquely his own 
(for each user's program routines are his proprietary property)--
and yet have none of the disadvantages of long development cycle, high 
development costs, etc. The short design cycle and flexibility asso­
ciated with ROM programming_ allows much more rapid response to market 
demands than is possible with custom LSI and thus provides insurance 
�g�inst obsolescence. 

B. Applications for the MCS-4 Micro Computer Set 

Heart of the MCS-4 micro computer set is the 4004 CPU. This device 
has a powerful and versatile instructfon set which allows the system 
to perform a wide variety of arithmetic, control and decision functions. 
The microprograms stored in the ROM devices give the designer the 
po�er of designing custom computers with standard components. You can 
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use the MCS-4 almost anywhere. Here are a few examples: 

Control Functions - Because of low initial cost and flexibility 
of programming, the MCS-4 can be used in place of random,logic 
in systems such as those in process control, numeric controls, 
.�levator controls, highway and rail traffic controls. By chang-
ingROM microprograms the whole system can easily be modified 
and updated. 

Computer Peripherals - The system can be conveniently used in 
peripheral equipment to control displays, keyboards, printers, 
readers, plotters and to give intelligence to terminals. 

Computing Systems - The MCS-4 system is ideally suited for such 
devices as billing machines, cash registers, point of sale ter­
minals and accounting machines. For example, the adding of two 
8-digit numbers can be done in J850 microseconds. In addition, 
the MCS-4 can be efficiently used to decentralize central com­
puter functions. 

Other Applications - The elements of the MCS-4 have many applica­
tions within transportation, automotive, medical electronics and 
test systems, where inexpensive dedicated computers can improve 
system performance. 

C. . Features of the MCS-4 

• 4-bit parallel CPU with 45 instructions 
• Decimal and binary arithmetic modes 
• 10.8 µs instruction cycle 
• Addition of Two 8-digit numbers in �50 µsec. 
• Sixt�en 4-bit general purpose registers 
• Nesting of subroutines up to 3 levels 
• Instruction Set includes conditional branching, jum� �o subroutine, 

and indirect fetching 
• 2-phase dynamic operation 
• Synchronous operation with memories 
• Direct compatibility with 4001, 4002 and 4003 
• No interface circuitry to memory and I/O required 
• Directly drives up to: 4K by 8 ROM (16 400l's) 

1280 by 4 RAM (16 4002's) 
128 I/O lines (without 4003) 
Unlimited I/O (with 4003's) 

• Memory capacity expandable through bank switching 
• 16-pin DIP package 
• P-channel Silicon Gate MOS 
• Minimum system: CPU and one ROM 
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11. MCS-4 SYSTEM DESCRIPTION 

A. General Description 

Each MCS-4 circuit constitues a basic standard building block which 
allows the design of many different types of systems which can be 
fabricated using the same parts. The only custom part is the ROM 
chip which will store a microprogram defined by the user and requires 
a metal mask option for each new program. 

The MCS-4 micro computer set consists of the following 4 chips, each 
packaged in a 16 pin DIP package: 

(1) A Central Processor Unit Chip -CPU - 4004 
(2) A Read Only Memory Chip - ROM - 4001 
(3) A Random Access Memory Chip - RAM - 4002 
(4) A Shift Register Chip - SR - 4003 

The CPU contains the control unit and the arithmetic unit of a general 
purpose microprogrammable computer. The ROM stores microprograms and 
data tables, the RAM stores data and instructions, and the Shift Regis­
ter is used in conjunction with I/O devices to effectively increase 
the number of I/O lines. 

The MCS-4 set has been designed for optimum interfaceability; the 
CPU communicates with the RAM's 'and ROM's by means of a 4-line data 
bus (D

0, n1, D2, n
3

) .  This single data bus is used for all infor­
mation flow between the chips except for control signals which are 
sent to RAM and ROM over 5 additional lines. One.CPU controls up 
to 16 ROM's (4K x 8 words) , 16 RAM's (1280 x 4 words) , and 128 I/O 
lines without requiring any interface circuit. With the addition 
of few gates up to 48 ROMS & RAMS combined and 192 I/O lines can be 
controlled by one CPU. 

The I/O function, although different from the ROM and RAM functions, 
is physic.ally located in the ROM and RAM chips. Each 4001 and 4002 
has 4 I/Q lines for communication with I/O devices. 

4001-ROM - The 4001 is a 2048 Bit metal mask programmable ROM providing 
custom microprogramming capability for the MCS-4 micro 
computer set. Each chip is organized as 256 x 8 bit words 
which can be used for storing programs or data tables. Each 
chip also has a 4 bit input-output (I/O) port which is used 
to route information to and from the data bus lines in and 
out of the system. 

4002-RAM - The 4002 performs two functions. As a RAM it stores 320 
bits arranged as 4 registers of twenty 4-bit characters each. 
As a vehicle of communication with peripheral devices, it 
is provided with 4 output lines and associated control logic 
to perform output operations. 

4003-SR - The 4003 is a 10 bit Serial-in/parallel-out, serial-out 
shift register. Its function is to increase the number of 
output lines to interface with I/O devices such as keyboards, 
displays, printers, teletypewriters, switches, readers, A-D 
converters, etc. 
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CP 

DATA IN 

ENABLE 

4004-CPU - The 4004 is a central processor unit designed to work in 
conjunction with the other members df the MCS-4 micro 
computer set to form a completely self-contained system. 

CM-ROM 

SYNC RESET 
I 
I 
I 
I 
I 
I 

4001 
.tt15 

The CPU communicates with the other members of the set 
through a four line data bus and with the peripheral devices 
through the RAM, ROM or SR I/O ports. The CPU chip con­
tains 5 command control lines, four of which are used to 
control the RAM chips (each line can control up to 4 RAM 
chips for a total system capacity of 16 RAM's) and one 
which is used to control a bank of up to 16 ROM's. 

SERIAL OUT 
ENABLE 

Figure 1. MCS-4 System Interconnection 

SYNC 
RESET 

SYNC 

SERIAL 
OUT 

B. Basic System Operation 

The MCS-4 uses a 10. 8· µsec instruction cycle. The CPU (4004) generates 
a synchronizing signal (SYNC) , indicating the start of an instruction 
cycle, and sends it to the ROM's (4001) and RAM's (4002) . 
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Basic instruction execution requires 8 or 16 cycles of a 750 kHz 
clock. In a typical sequence, the CPU sends 12 bits of address (in 
three 4 bit bytes on the data bus) to the ROM's in the first three 
cycles (A1, A

2
, A

3
). This address selects 1 out of 16 chips and 1 

out of 256 8-fiit words in that chip. The selected ROM chip sends 
back 8 bits of instruction (OPR, OPA) to the CPU in the next two 
cycles (M,_, M

2
). This instruction is sent over the 4 line data bus in 

two 4 bitoytes. The instruction is then interpreted and executed 
in the final three cycles (X1, x

2
, x

3
). (See Figure 2) 

When an I/O instruction is, received from the ROM, data is transferred 
to or from the CPU accumulator on the four ROM I/O lines during x2 time. 

A set of four RAM's is controlled by one of four command control 
lines from the CPU. The address of a RAM chip, register and character 
is stored in two index registers in the CPU and is transferred to the 
RAM during x2, x

3 
time when a RAM instruction is executed. When the 

RAM output instruction is received by the CPU, the content of the CPU 
accumulator is transferred to the four RAM output lines. 

The CPU,. RAM's and ROM's can be controlled by an external RESET line. 
While RESET is activated the contents of the registers and flip-flops 
are cleared. After RESET, the CPU will start from address O and CM­
RAM is selected. 

0 

The interconnection of the MCS-4 system is shown in Figure 1. An 
expanded configureation is shown. The minimum system configuration 
consists of one CPU (4004) and one ROM (4001). 

C. MCS-4 Logic Definitions 

The MCS-4 devices operate with negative Logic. Logic "1" is defined 
as the low voltage (negative voltage) Level and Logic "O" is defined 
as the high voltage Level (Vss). This definition will be used 
throughout the manual. . 

D. Basic System Timing 

For the correct operation of the system two non-overlapping clock 
phases - 0

1
, 0

2 
- must be externally supplied to the 4001, 4002 and 

4004. (1) The 4004 will generate a SYNC signal every 8 clock periods 
and will send it to the 4001's and 4002's. The SYNC signal marks the 
beginning of each instruction cycle. The 400l's and 4002's will then 
generate internal timing using SYNC and 01, 0

2
. 

(1) The 4003 is a static shift register and does not use these two clocks 
for its operation. 
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SYNC 

Memory 
Subcycles 

Device 
Controlling 
Data Bus 
Output 

Data 
Bus 
Contents 

---- ---------- -- INSTRUCTION CYCLE - ---------------.i I Instruction Sent to I Address Sent to ROM From CPU -- CPU From ROM --•+-•----Execution of lnstruction------1 
Data is Operated on in the CPU, Or 

.--� 1.35 µs---1 Data or Address is Sent to/from the CPU 

A1 A2 A3 M1 M2 x, X2 X3 

The Selected 4001 Is Enabled The CPU If IOR 111 The The CPU 
The CPU Is Enabled Is Enabled Selected 4001 Is Enabled Or 4002 Are 

Enabled, Other-
wise The CPU 
Is Enabled 

Lower 4-bit Middle 4-bit Higher 4-bit Instruction to CPU - OPA Out Data or Address Address to to RAM's and Address to Address to Address to ROM's If J0{1} RAM's If 
ROM's ROM's ROM's (Chip OPR to CPU OPA to CPU {Not Used) Or SRC 121 SRC 121 

Select Code) and ROM's 
and RAM's Data to CPU 
lfJ0111 If IOR11) 

(1) IO instructions control the flow of information between accumulator in CPU, 1/0 lines in ROM's and RAM's and RAM storage. IOR stands for 10 Read. In this 
case the CPU will receive data from RAM storage locations or 1/0 input lines of 4001's. 

(2) The SRC instruction designates the chip number and address for a following 10 instruction. 

Figure 2. MCS-4 Basic Instruction Cycle 

Figure 2 shows how a basic instruction cycle is subdivided and what 
the activity is on the data bus during each clock period. Each data 
bus output buffer has three possible states: . "1", "0" and floating. 
At a given time, only 1 output buffer is allowed to drive a data 
line, therefore all the other buffers must be in a floating condition. 
However, more than 1 input buffer per data line can receive data at 
the same time. 

Ill 4 BIT CENTRAL PROCESSOR UNIT (CPU) - 4004 

A. Description 

The 4004 block diagram shown in Figure 3 contains the following 
functional blocks: 

(1) Address register (program counter and stack organizaed as 4 
words of 12 bits each) and address incrementer. 

(2) Index register (64 bits organized as 16 words of 4 bits each. 
(3) 4-bit adder. 
(4) Instruction register (8 bits wide) , decoder and control. 
(5) Peripheral circuitry. 

The functional blocks communicate internally through a 4-line bus 
and are shown in Figure 3. The function and composition of each 
block is as follows: 

1 



Voo Vee 

I I 

CM 
ROM CM-ROM 
a--.-- OUTPUT 

BUFFER 

+ t 
IN-OUT 
BUFFER 
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Do IN-OUT 
0--... BUFFER 

#1 

D1 
0--... #2 

D2 
0--.... #3 

D3 
0--... #4 

1. Address Register (Program counter & Stack) & Address Incrementer 

The address register is a dynamic RAM cell array of 4 x 12 bits. 
It contains one level used to store the instruction address 
{program counter) and 3 levels used as a stack for subroutine 
calls. The stack address is provided by the effective address 
counter and by the refresh counter, and it is multiplexed to the 
decoder. 

The address when read is stored in an address buffer and is 
demultiplexed to the internal bus during A1, A2, and A3 in three 4-
bit slices (see Figure 2 for basic instruccion cycle) . The address 
is incremented by a 4-bit carry look-ahead circuit (address incre­
menter) after each 4-bit slice is sent out on the data bus. The 
incremented address is transferred back to the address buffer and 
finally written back into the address register. 
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Figure 3. 4004 CPU Block Diagram 
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2. Index Register 

The index register is a dynamic RAM cell array of 16 x 4 bits 
and has two modes of operation. In one mode of operation the 
index register provides 16 directly addressable storage loca­
tions for intermediate computation and control. In the second 
mode, the index register provides 8 pairs of addressable stor­
age locations for addressing RAM and ROM as well as for storing 
data fetched from ROM. 

The index register address is provided by the internal bus 
and by the refresh counter and is multiplexed to the index 
register decoder. 

The content of the index register is transferred to the internal 
bus through a multiplexer. Writing into the register is accom­
plished by transferring the content of the internal bus into a 
temporary register and then to the index register. 

3. 4-Bit Adder 

4. 

The 4-bit adder is of the ripple-through carry type. One term of 
the addition comes from the "ADB" register which communicates 
with the internal bus on one side and can transfer data or data 
to the adder. The other term of the addition comes from the 
accumulator and carry flip-flop. Both data and data can be 
transferred. The output of the adder is transferred to the 
accumulator and carry FF. The accumulator is provided with a 
shifter to implement rotate right and rotate left instructions. 
The accumulator also communicates with the command control 
register, special ROM's, the condition flip-flop and the internal 
bus. The command control register holds a 3-bit code used for 
CM-RAM line switching. The special ROM's perform a code conver­
sion for DAA (decimal adjust accumulator) and KBP (Keyboard 
Process) instructions. The special ROM's also communicate with 
the internal bus. The condition logic senses ADD= 0 and 
ACC = 0 conditions, the state of the carry FF, and the state of 
an external signal (TEST) to implement JCN (jump on condition) 
and ISZ (increment index register skip if zero) instructions. 

Instruction Register Decoder and Control 

The instruction register (consisting of the OPR Register and 
OPA Register each 4 bits wide) is loaded with the contents of 
the internal bus (at M1 and M,, time in· the instruction cycle) 
through a multiplexer and holas the instruction fetched from 
ROM. The instructions are decoded in the instruction decoder 
and appropriately gated with timing signals to provide the con­
trol signals for the various functional blocks. A double cycle 
FF is set from any one of 5 double-length instructions. Double­
length instructions are instructions whose OP-code is 16 bits wide 
(instead of 8 bits) and that require two system cycles (16 clock 
cycles) for their execution. Double length instructions are stored 
in two successive locations in ROM. A condition FF controls JCN 
and ISZ instructions and is set by the condition _logic. The state 
of an external pin "test" can control one of the conditions in the 
JCN instruction. 
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5. Peripheral Circuitry 

This includes: 

a. The data bus input-output buffers communicating between 
data pads and internal bus. 

b. Timing and SYNC generator. 
c. 1 ROM command control (CM-ROM) and the 4 RAM connnand control 

(CM-RAM . )  output buffers. 
i 

d. Reset flip-flop. 

During reset (Reset pin low) , all RAM's and static FF's are cleared, 
and the data bus is set. to "O". After reset, program control will 
start from "O" step and CM-RAM is selected. To completely clear 
all registers and RAM location� in the CPU the reset s ignal must . be applied 
for at least 8 full instruction cycles .(6-4 clock cycles) to allow the 
index register refresh counter to scan all locations in memory. 
(256 clock cycles for the .4002 RAM) • 

6. Instruction Repertoire 

�he instruction repertoire of the 4004 consists of: 
a. 16 machine instructions (5 of which are double length) 
b. 14 accumulator group instructions 
c. 15 input/output and RAM instructions 

The instruction set and its format will be briefly described in 
the next section. Section VII will then describe each instruction 
in detail. 

B. CPU Instruction Set Format, Index Register Organization, 
and Operation of 'the Address Register and Command Lines 

1. Instruction Set Format 

a. Machine Instructions 

• 1-word instructions - 8 bits wide and requiring 
8 clock periods (1 instruction cycle) 

• 2-word instructions -16 bits wide and requiring 
16 clock periods (2 instruction cycles) for 
execution 

A 1-word instruction occupies one location in ROM 
(each location can hold one 8-bit word) and a 
2-word instruction occupies two success ive loca­
tions in ROM. Each instruction word is divided into 
two 4-bit fields. The upper 4 bits is called the 
OPR and contains the operation code. The lower 4 
bits is called the OPA and contains the modifier. 
For a s ingle word machine instruction the operation 
code (OPR) contains the code of the operation that 
is to be performed (add, subtract, load, etc. ) .  The 
modifier (OPA) contains one of 4 things: 

(1) A register address 
(2)  A register pair address 
(3) 4 bits of data 
(4) An instruction modifier 
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D3 

I X 

X 

x -

X 

For a 2-word machine instruction the 1st word is similar 
to a 1-word instruction, however, the modifier (OPA) 
contains one of 4 things: 

( 1) A register address 
( 2) A register pair address 
(3) The upper portion of another ROM address 
( 4) A condition for jumping 

ONE WOR D  I NSTRUCTIONS TWO WORD INSTRUCTIONS 

D2 D, 

I 
X I 

X 

OPR 

OP CODE 

X X 

X X 

X X 

1st INSTRUCTION CYCLE 2nd INSTRUCTION CYCLE 
Do D3 D2 D, Do D3 D2 D, Do D3 D2 D,  Do D3 D2 D, Do D3 D2 D, Do 

I X I X I X I X I X I X I X I X I X I X I X I X I X X I X I X I X I X I X I X 
I 

X I 

X 

X 

X 

OPA QPR OPA OPR OPA 

MOD I F I ER OP CODE MODIF IER - 1  OP CODE MODI F IER 

INDEX REGISTER UPPER ADDRESS I MIDDLE ADDRESS LOWER ADDRESS 
ADDRESS X X X X A2 A2 A2 A2 A1 A1 A1 A1 R R R R A3 A3 A3 A3 

OR OR 

INDEX REGISTER PAIR CONDITION 
C4 I MIDDLE ADDRESS LOWER ADDRESS 

R 

OR 

D 

ADDRESS 
R R 

DATA 
D D 

X X X X c, C2 C3  A2 A2 A2 A2 A1 A1 A1 A1 X 
OR 

INDEX REG ISTER M IDDLE ADDRESS LOWER ADDRESS 
D X X X X ADDRESS A2 A2 A2 A2 A1 A1 A1 A1 R R R R 

OR 
INDEX REG ISTER PAIR UPPER DATA LOWER DATA 

X X X X ADDRESS D2 D2 D2 D2 D, D, D, D, R R R X 

Table I - Machine Instruction Format 

The 2nd word contains either the middle portion (in OPR) and 
lower portion (in OPA) of another ROM address or 8 bits of 
data (the upper 4 bits in OPR and the lower 4 bits in OPA) . 

The upper 4 bits of instruction (OPR) will always be fetched 
before the lower 4 bits of instruction (OPA) during M1 and 
Mz times respectively . Table I illustrates the contents of 
each . 4-bit field in the machine instructions . 

b .  Input/Output & RAM Instructions and Accumulator Group 
Instructions 

In these instructions (which are all single word) the OPR 
contains a 4-bit code which identifies either the I/O 
instruction or the accumulator group instruction and the OPA 
contains a 4-bit code which identifies the operation to be 
performed . Table II illustrates the contents of each 4-bit field . 

D3 � o, Do � � 0, 

I X I X X I X I X 
I 

X 
I 

X 
I 

X I 
OPR OPA 

INPUT/OUTPUT & , I 1 I , 0 ·1 X I x l  
X I X I RAM INSTRUCTIONS 

ACCUMULATOR GROUP I 1 I 1 1 I 1 I X X I X I X I INSTRUCTIONS 
WHERE X • EITHER A "O" OR A "1". 

Table 1 1  - 1 /0 and Accumulator Group Instruction Formats 
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REGISTER 
NUMBER 

2. Index Register Organization 

The index register can be addressed in two modes 

a. By specifying 1 out of 16 possible locations with an OPA 
code of the form RRRR (l) (See Table III) . 

b. By specifying 1 out of 8 pairs with an OPA code of the 
form RRruc (2) (See Table III) . 

When the index register is used as a pair register, the even 
number register (RRRO) is used as the location of the middle 
address or the upper data fetched from the ROM, the odd number 
register (RRRl) is used as the location of the lower address 
or the lower data fetched from the ROM. 

SINGLE REGISTER ADDRESSING REGISTER PAI R  ADDRESSING 

I 
14 15 7 

12 13 6 
I 
I 

;.. 10 11  5 
I 
I 

8 9 4 
I 
I 

6 7 3 -
I 
I 

4 5 2 
I 
I 

2 3 1 
I 

) I · · o 1 0 
I 

Table I l l  - Index Register Organization 

REGISTER 
PAIR 
NUMBER 

3. Operation of the Address Register (Program Counter and Stack) 

The address register contains four 12-bit registers ; one register 
is used as the program counter and stores the instruction address. 
the other 3 registers make up the push down stack. 

Initially any one of the 4 registers can be used as the program 
counter to store the instruction address. In a typical sequence 
the program counter is incremented by 1 after the last address 
is sent out. This new address then becomes the effective address. 
If a JMS (Jump to Subroutine) instruction is received by the CPU, 
the program control is transferred to ·the address called out in 
JMS instruction. This address is stored in the register just 
above the old program counter which now saves the address of 
the next instruction to be executed following the last JMs . ( 3) 

This return address becomes the effective address following 
the BBL (Branch back and load) instruction at the end of the 
sub routine. 

(1) In this case the instruction is executed on the 4-bit content addressed 
by RRRR. 

(2) In this case the instruction is executed on the 8-bit content addressed 
by RRRX, where X is specified for ea.eh instruction. 

(3) Since the JMS instruction is a 2-word instruction the old effective 
address is incremented by 2 to correctly give the address of the next 
instruction to be executed after the return from JMS. 
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ADDRESS REGISTER ADDRESS REGISTER 

NO JMS ____.., 
RECEIVED PROGRAM COUNTER - EFFECTIVE 

ADDRESS 

EFFECTIVE __ __ PROGRAM COUNTER RETURN ADDRESS #1 ADDRESS 

PROGRAM COUNTER PUSHED UP ONE LEVEL 

PROGRAM COUNTER RETURN ADDRESS #3 

RETURN ADDRESS #2 RETURN ADDRESS #2 

RETURN ADDRESS #1 RETURN ADDRESS #1 

PROGRAM COUNTER 

RETURN ADDRESS #3 RETURN ADDRESS #3 

RETURN ADDRESS #2 RETURN ADDRESS #2 

PROGRAM COUNTER 

RETURN ADDRESS #4 PROGRAM COUNTER 

THE DEEPEST RETURN ADDRESS IS LOST PROGRAM COUNTER PUSHED DOWN ONE LEVEL 

Table IV - Operation of the Address Register on a Jump to Subroutine Instruction 

In summary, then, a JMS instruction pushes the program counter 
up one level and a BBL instruction pushes the program counter 
down one level. Since there are 3 registers in the push down 
stack, 3 return addresses may be saved. If a fourth JMS occurs, 
the deepest return address (the first one stored) is lost. 

Table IV shows' the operation of the address stack. 

4. Operation of The Command Lines and the SRC Corrnnand 

The CPU command lines (CM-ROM, CM-RAMi) are used to control the 
ROM's and RAM's by indicating to them how to interpret the data 
bus content at any given time. 

The command lines allow the implementation of RAM bank, chip, 
register and character addressing, ROM chip addressing, as well 
as activating the instruction control in each ROM and RAM chip 
at the time the CPU receives an I/O and RAM group instruction. 

In a typical system configuration the CM-ROM line can control 
up to sixteen 400l's and each CM-RAMi line can control up to 
four 4002's. 

Each CM-RAMi line can be selected by the execution of the DCL 
(Designate Command Line) instruction . The CM-ROM line, however, 
is always enabled. (1) 

(1) If the number of ROM's in the system needs to be more than 16 , external 
circuitry can be used to route CM-ROM to two ROM banks. The same comment 
applies to the CM-RA.Mi lines if more than 16 RAM's need to be used. 
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SYNC L.J 

CM-ROM 

CM-RAMo 

CM-RAM , 

For the execution of an I/O and RAM group instruction the follow­
ing steps are necessary: 

(1) The appropriate command line must be selected (by DCL) 
(2) The ROM chip and RAM chip, register and character must 

be selected using the SRC (Send Register Control) instruction. 
(3) An I/O and RAM instruction must be fetched (WRM, RDM, WRR, . . . . ) 

LJ 
DCL I I I FETCHED "°"•--• """•1------,-\-_,•� 

U 
l-..______] SRC 
1 �  FETCHED 

CM-RAM1 CODE IS TRANS F E R R ED TO 
THE COMMAND CONTROL R E G ISTER 

, __ ,. ___ CM-RAMo IS DEACTIVATED 

u u 
� CM-RAM1 IS ACTIVATED 

LJ 
� 1 /0 AND RAM 
I� 7 INSTRUCTION FETCHED 

u--

�i;A--------------------�--���------ww-----------
'---y--J t 

THE 8-B IT  ADDR ESS THE MODIFIER (OPA) 
SENT BY THE CPU OF TH E 1 /0 AND RAM 
IS R ECEIVED BY INSTR UCTION IS R ECEIVED 
ROM's AND RAM's BY ROM's AND RAM's 

Figure 4. Operation of the Command Control Lines 

Following is a detailed explanation of each step . 

(1) Prior to execution of the DCL instruction the desired 
CM-RAMi code must be stored in the accumulator (for example 
through an LDM instruction). 

(2) During DCL the CM-RAMi code is transferred from the accumu­
lator to the command control register in the CPU. One 
CM-RAMi line is then activated (selecting one RAM bank) 
during the next instruction which would be an SRC. 

The cM�RAMi code remains in the command control register until 
a new DCL instruction is received . Each time a new SRC 
instruction is executed it will operate on the same RAM bank. 
This allows all RAM and I/O instructions to be executed 
within the same RAM bank without the necessity of executing 
another DCL instruction each time . DCL does not affect 
CM-ROM . Only the RAM on the designated command line will latch the SRC. 

If up to 4 RAM chips are used in a system, it is convenient 
to arrange them in a bank controlled by CM-RAM0 • This is 
because CM-RAM0 is automatically selected after the appli­
cation of at least one RESET (usually at start-up time . )  In 
this case DCL is unnecessary and Step 1 & 2 are omitted) . 
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(3) The SRC instruction specified an index register pair in 
the CPU, whose content is an 8-bit address (this 8-bit 
address has previously been stored in the register pair) 
used to select a RAM chip, register and character and a ROM 
chip. This address is sent to the data bus during Xz and 
X3 time of the SRC instruction cycle. At X2 time the 
CM-ROM line and the selected CM-RAMi line are in a logic 
true state to indicate which bank of RAMs and ROMs are to 
respond to the 8-bit address that is now on the data bus. 
The 8-bit address is interpreted in the following way: 

by the ROM's 

by the RAM' s -

The first 4-bits (X2 time) select 
one chip out of 16; a flip-flop is 
set in the selected chip. 
The second 4-bits (X3 time) are 
ignored. 

a) The first four bits sent out at X2 time 
select one out of four chips and one out 
-of four registers. The two higher order 
bits (D3 , D2) select the chip and the two 
lower order bits (D1, DQ) select the 
register. 

t 
The second 4-bits (X3 �ime) select one 
4-bit character out of 16; The address 
is stored in the address register of 
the selected chip. 
(See Section V for a detailed description 
of the RAM chip) 

(4) At this time one ROM chip and one RAM chip, register and 
character, have been selected. If the CPU fetches an I/O 
and RAM instruction, it will cause the CM-ROM and the 
selected CM-RAMi line to be logical true at Mz time. This 
allows the previously selected ROM's and RAM's to receive 
the modifier of the instruction. The selected ROM and 
RAM will decode the instruction (as well as the CPU) and 
appropriately execute it during the execution time of the 
same instruction cycle. 

It should be added that the CM-ROM and the selected CM-RAMi 
lines are always in a logical true state at A3 time of any 
instruction cycle. 

CM-ROM equals "l" at A3 time indicates to ROM's that the 
code at A3 time is the chip number of a ROM within their 
bank. This feature allows the user to expand the system 
to more than 16 ROM chips. 

CM-RAMi equals "l" at A3 time has no meaning for the RAM 
chips, however, it could be meaningful if ROM's and RAM's 
were controlled by a CM-RAMi line. 

Figure 4 summarizes the operation of the command lines in 
the various instruction cycles. 
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C. Basic Instruction Set 

Table V shows the basic instruction set of the 4004 (CPU) . 
Section VII will describe each instruction in detail. 

[Those instructions preceded by an asterisk (*) are 2 word instructions that occupy 2 successive locations i n  R OM] 

MACH I N E  I NSTRUCT IONS ( Logic 1 = Low Voltage = Negative Voltage; Logic O = H igh Voltage = Ground ) 

MNEMONIC 

NOP 

*JC N 

*F IM 
� 

SAC 

F I N  

J IN 

*JU N  

*JMS 

I NC 

* ISZ 

ADD 

SUB 

LO 

XC H 

B B L  

LDM 

QPR 
D3 D2 D 1 Do 
0 0 0 0 

0 0 0 1 

A2 A2 A2 A2 
0 0 1 0 
D 2 02 D 2 D 2 

0 0 1 0 

0 0 1 1 

0 0 1 1 

0 1 '  0 0 
A 2 A 2 A 2 A 2 
0 1 0 1 
A2 A2 A2 A2 

0 1 1 0 

0 1 1 1 
A2 A2 A2 A2 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

OPA 
� D;z o, Do DESCRIPTION OF OPERATION 

0 0 0 0 No o peration . 

c1 C 2 c3 C4 
Jump to ROM address A 2 A 2 A 2 A 2, A 1 A 1 A 1 A 1 (within the same 
ROM that contains this JC N instr uction) if condition C 1 C 2 C 3 C4 ( 1) 

A1 A 1  A1 A 1  is true , o therwise s kip (go to the ne xt instruction in sequence) . 

R R R 0 Fetch immediate (direct) fro m ROM Data D2, D 1 to inde x register pair 
o1 o 1 o 1 o1 lo cation R R  R. ( 2) 

R R R 1 Send reg ister control .  Send  the address ( contents of inde x reg ister pair RRR) 
to ROM and RAM at X2 and X3 time in the Instruction Cy cle . 

R R R 0 Fetch indirect fro m ROM .  Send  contents of inde x reg ister pair location O 
out as an address. Data fe tched is placed  in to reg is ter pair location R R  R .  

R R R 1 Ju mp indirect. Send contents of reg ister p air A R R  out as an address 
at A 1 and A 2 time in the Ins truction Cycle. 

A3 A 3 A 3  A 3 Jump unconditional to ROM address A 3, A 2, A 1 . A 1 A 1 A 1 A 1 

A3 A3 A3 Aa Jump to subroutine ROM address A 3, A 2, A 1 , save old address . (Up 1 level 
A1 A1 A1 A 1  in s tack.) 

R R R R Incre ment  contents of reg is ter R R RR.  ( J) 

R R R R Incre ment con tents of reg ister A R R A. Go to ROM address A 2, A 1 

A1 A1 A1 A1 
(within the same ROM that contains this ISZ instruction) if result ,; 0 ,  
o ther wise s kip (go to the ne xt instruction in sequence) . 

R R R R A dd contents of reg ister R R RR to accumulator with carry . 

R R R R Subtract contents of reg ister R R R R  to accu mulator with borrow. 

R R R R Load contents of reg is ter R R R R  to accumulator . 

R R R R E xchange contents of index reg is ter R R R R  and accumulator. 

D D D D Bran ch b ack (down 1 level in s tack) and load data D ODD to accu mulator . 

D D D D Load data D ODD to accumulator . 

Table V - Basic CPU Instruction Set 
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INPUT/OUTPUT AND RAM INSTRUCTIONS 
(The RAM's and ROM's operated on in the 1 /0 and RAM instructions have been previously selected by the last SRC instruction executed.)  

OPR OPA 
MNEMONIC � D:z o, Do D3 0:z  D1 Do DESC R I PTION OF OPE R ATION 

1 1 1 0 0 0 0 0 Write the contents of the accumulator into the previously selected 
WRM RAM main memory character. 

WMP 1 1 1 0 0 0 0 1 Write the contents of the accumulator into the previously selected 
RAM output port. (Output Lines) 

WR R 1 1 1 0 0 0 1 0 Write the contents of the accumulator into the previously selected 
ROM output port. ( 1 /0 Lines) 

WPM 1 1 1 0 0 0 1 1 Write the contents of the accumulator into the previously selected 
half byte of read/write program memory (for use with 4008/4009 only) 

WRt/> (4) 1 1 1 0 0 1 0 0 Write the contents of the accumulator into the previously selected 
RAM status character 0. 

WR 1 (4) 1 1 1 0 0 1 0 1 
Write the contents of the accumulator into the previously selected 

I RAM status character 1 . 

WR2(4) 1 1 1 0 0 1 1 0 Write the contents of the accumulator into the previously selected 
RAM status character 2. 

WR3(4) 1 1 1 0 0 1 1 1 
Write the contents of the accumulator into the previously selected 
RAM status character 3. 

SBM 1 1 1 0 1 0 0 0 Subtract the previously selected RAM main memory character from 
accumulator with borrow. 

R OM 1 1 1 ·o 1 0 0 1 Read the previously selected RAM main memory character 
Into the accumulator. 

R D R  1 1 1 0 1 0 1 0 Read the contents of the previously selected ROM input port 
into the accumulator. ( I /0 .Lines) 

ADM 1 1 1 0 1 0 1 1 Add the previously selected RAM main memory character to 
accumulator with carry. 

R Dtp (4) 1 1 1 0 1 1 0 0 Read the previously selected RAM status character O into accumulator. 

RD1 (4l 1 1 1 0 1 1 0 1 Read the previously selected RAM status character 1 into accumulator. 

RD2(4) 1 1 1 0 1 1 1 0 Read the previously selected RAM status character 2 into accumulator. 

R D3(4l 1 1 1 0 1 1 1 1 Read the previously selected RAM status character 3 into accumulator. 

ACCUMULATOR GROUP INSTRUCTIONS 
CLB 1 1 1 1 0 0 0 0 Clear both. (Accumulator and carry) 

CLC 1 1 1 1 0 0 0 1 Clear carry. 

IAC 1 1 1 1 0 0 1 0 I ncrement accumulator. 

CMC 1 1 1 1 0 0 1 1 Complement carry. 

CMA 1 1 1 1 0 1 0 0 Complement accumulator. 

RAL 1 1 1 1 0 1 0 1 Rotate left. (Accumulator and carry) 

RAR 1 1 1 1 0 1 1 0 Rotate right. (Accumulator and carry) 

TCC 1 1 1 1 0 1 1 1 Transmit carry to accumulator and clear carry. 

DAC 1 1 1 1 1 0 0 0 Decrement accumulator. 

. TCS 1 1 1 1 1 0 0 1 Transfer carry subtract and clear carry. 

STC 1 1 1 1 1 0 1 0 Set carry. 

DAA 1 1 1 1 1 0 1 1 Decimal adjust accumulator. 

KBP 1 1 1 1 1 1 0 0 Keyboard process. Converts the contents of the accumulator from a 
one out of four code to a binary code. 

DCL 1 1 1 1 1 1 0 1 Designate command l ine. 

NOTES: ( 1 1The condition code Is assigned as fol lows : 
C1 = 1 Invert jump condition Ci = 1 Jump if accumulator ls zero 
C1 = 0 Not Invert jump condition � = 1 Jump if carry/l ink is a 1 

(21 A R R  i s  the address o f  1 of 8 index register pairs i n  the CPU. 
131 R R R R  is the address of 1 of 16 index registers in the CPU. 

c4 = 1 Jump if test signal is a O 

(4leach RAM chip has 4 registers, each with twenty 4-bit characters subdivided into 16 main memory characters and 4 status characters. 
Chip number, RAM register and main memory character are addressed by an SRC instruction. For the selected chip and register, however, 
status character locations are selected by the instruction code (OPA) .  

Table V - Basic CPU Instruction Set (Continued) 
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IV. 4001 - 256 x 8 MASK PROGRAMMABLE ROM AND 4 BIT 1 /0 PORT 

The 4001 performs two basic and distinct functions : As a ROM it stores 
256 x 8 words of program or data tables ; as a vehicle of communication 
with peripheral devices it is provided with 4 I/O pins and associated control 
logic to perform input and output operations. (The block diagram is shown 
in Figure 5. ) 

In the ROM mode of operation the 4001 will receive an 8-bit address during 
A1 and A2 time (see Figure 2) and a chip number, together with CM-ROM 
during A3 time. When CM-ROM is present, only the chip whose metal option 
code matches the chip number code sent during A3 (CSE = "l") is allowed 
to send data out during the following two cycles : M1 and M2. The activity 
of the 4001 in the ROM mode ends at M2 . Before going into the I/Q mode 
of operation we must first review two basic instructions used in conjunc­
tion with it. 

1. SRC Instruction (Send address to ROM and RAM) 

When the CPU executes an SRC instruction it will send out 8 bits of 
data during X2 and X3 and will activate the CM-ROM and one CM-RAM (l) 
line at X2. Data at X2, with simultaneous presence of CM-ROM, is in­
terpreted by the 4001 as the chip number of the unit that should later 
perform an I/O operation. Data at X3 is ignored. In the case of the 
4002, data at X2 will designate the chip number (one out of 4 chips) 
and the register number (one out of 4 registers) ; data at X3 will desig­
nate th� 4-bit character (one out of 16) to be operated upon. After 
SRC only one 4001 and one 4002 will be ready to execute a following 
I/O instruction. 

2. I/O and RAM Instructions 

I/O and RAM instructions allow the CPU to communicate with the I/O ports 
of the 400l's and 4002's. When the CPU receives an I /O instruction it 
will activate the CM-ROM and one CM-RAM line during M2, in time for 
4001's and 4002's to receive the second part (OPA) of the I /O 
instruction. The OPA portion of ·the I/O instruction is a code 
specifying which I/O operation should be performed. There are 
15 different operations possible. The only ones affecting the 
4001 operation are RDR - read ROM port, and WRR - write ROM port ; 

In the I/O mode of operation, the selected 4001 (by SRC) after receiving 
RDR will transfer the information present at its I/O pins to the data 
bus at X2. If the instruction received was WRR, the data p�esent on 
the data bus at X2 - �2 will be latched on the output flip-flops associated 
with the I/O lines. 

(1) Only one out of four CM-RAM lines is allowed to be activated at any given 
time. CM-RAM line selection (RAM bank switching) is accomplished by the 
CPU when a "designate command line" (DCL) instruction is . executed. If no 
DCL is executed prior to SRC, the CM-RAM0 will automatically be activated 
at X2 provided that RESET was applied at least once to the System (most 
likely at the start-up time) . See detailed definition of system instruc­
tion in Section VII. 
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Figure 5 shows the block organization of the 4001. The ROM array has a 
dynamic mode of operation and is divided into two blocks of 16 x 64 
cells each. Multiplexing is needed for both address to address register 
and data to data bus output buffer operations . _ 

The MTC flip-flop controls the outputting of data . It is set at A3, 
(see Figure 2), if CM-ROM and CSE (chip select) are "l" CSE is a single 
4-input AND gate of the 4 data bus lines, using Di or Di according to 
the chip number that the user wants to assign to the chip • . This 
is accomplished by metal mask option. 

The SRC flip-flop is set by CM-ROM and CSE at �2, (see Figure 2), and 
presets the I/O logic for a following input or output operation. 

TIMING generates all internal timing signals for the ROM and I/O 
control using SYNC, �l and �2. A RESET (l) signal will clear all static 
flip-flops and will inhibit data out. 

The output flip-flops associated ·with I/O pins can also be cleared 
using an external CL pin. 

(1) RESET is used for the start-up of the system. 

<1>1 
<1>2 

SYNC 

INPUT 
BUFFERS 

PARTIAL 
DECODER 

ROM TIMING 

ADDRESS 
REGISTER 

RESET Voo GND 

1 1 1 

PRECHARGE & READ 

16 x 64 ROM 

16 x 64 ROM 

PRECHARGE & READ 

Figure 5. 4001 ROM Block Diagram 
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OUTPUT 

1/02 LINES 
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CONTROL 
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ROM Options and Ordering the ROM 

Each 1/0 pin on each ROM can be uniquely 
chosen to be either an input or output line 
by metal option. Also each input or output 
can either be inverted or direct. When the 
pin is chosen as an input it may have an on­
chip resistor connected to either VDD or VSS. 
Figure 6 shows the available options for each 
1/0 pin. 

ROM 
PATTERN MUX 

SET 
LOGIC 

DATA 
BUS 

OUTPUT 
BUFFER 

OUTPUT 
F/F 

Do 
(PIN 1 )  

When ordering a 4001 the following informa­
tion must be specified : 

1 4  7 0 � •!00 
__ __, 

5 
o1----------

1
_

j
_.. 

(PIN 16) 

1 .  Chip number 
2. All the metal options for each 1/0 pin 
3 .  ROM pattern to be stored in each of the 

256 locations. 

6 0  o-(J1--1 1-7 -0_2 

A blank customer truth table is available upon 
request from Intel . A copy of this table is 
shown in the appendix. 

--
8 

*1/01 , 1/02, AND 1/03 
FOLLOW THE SAME FORMAT. 

Voo 
9 

.f. -:- Vss = GND 
r 

10 

Figure 6. 4001 Available Metal Options for Each 1/0 Pin 

V. 4002 - 320 BIT RAM AND 4 BIT OUTPUT PORT 

The 4002 performs two distinct functions. As a RAM it stores 320 bits 
arranged in 4 registers of twenty 4-bit characters each (16 main memory 
characters and 4 status characters) .  As a vehicle of communication 
with peripheral devices, it is provided with 4 output lines and associated 
control logic to perform output operations. (The block diagram is 
shown in Figure 7 ) . 

In the RAM mode, the operation is as follows: When the CPU receives 
an SRC instruction it will send out the content of the designated index 
register pair during X2 and X3 and will activate one CM-RAM line at X2 for 
the previously (1) selected RAM bank. 

The data at X2 and x3 is interpreted as shown below: 

(0 through 3) 

D1 Do 
Register No.  
(0 through 3)  

D3 D2 D 1 Do 
Main Memory Character No .  

(0 through 1 5) 

The status character location (O through 3) as well as the operation to be 
performed on it are selected by the OPA portion of the I/O and RAM instructions. 

( 1) Bank switching is accomplished by the CPU after receiving a "DCL" 
(designate command line) instruction. Prior to execution of the 
DCL instruction the desired CM-RAM code has been stored in the ac­
cumulator (for example through an LDM instruction. ) During DCL 
the CM-RAM code is transferred from the accumulator to the CM-RAM 
register. The RAM bank is then selected starting with the next 
instruction. 
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SYNC ., 
t12 

{llo 1 
DATA D, 

BUS 1/0 II:! 
D3 

For chip selection, the 4002 is available in two metal options, 4002- 1  
and 4002-2. An external pin, Po, is also available for chip selection. 
The chip number is assigned as follows : 

Chip No. 
0 
1 

2 

3 

MAIN 
TIMING 

MEMORY 
TIMING 

CM 

4002 Option Po 

RAM ANO 
OUTPUT 

CONTROL 

4002-1 
4002-1 
4002-2 
4002-2 

INH. IN 

INH. OUT 

X-ADDRESS 
REGISTER 

GND 
Voo 
GND 
Voo 

STATUS 
CHARACTER 

DECODER en 
A: X 

:::, � .,__ ___ _. �  
w 

____ .... A: 

REFRESH 
COUNTER 

Y-REGISTER 

Do o, Oz D3 

0 MAIN 
MEMORY 

DECODER 

---O Voo 

---O GND 

---O RESET 

ii: 
0 
> 
A: 

w � 

0 0 

0 1 

1 0 

1 1 

Figure 7. 4002 RAM Block Diagram 

PRECHARGE 

STATUS CHARACTER MEMORY 
4 x 4 x 4 CELLS 

MAIN MEMORY 
4 x  16 x 4 CELLS 

REFRESH AMPLIF IERS 

1/0 MULTIPLEXER 

OUTPUT FLIP/FLOPS RESET 

Presence of CM-RAM during . X2 tells 4002's that an SRC instruction was 
received. For a given combination of data at X2 on n2, n3, only the 
chip with the proper metal option and P0 state will be ready for the 
I/O or RAM operation that follows. 

The twenty 4-bit characters for each 4002 register are arranged as 
follows: 

1 .  16  characters addressable by an SRC instruction: Four 16-
character registers constitute the "main" '!llemory. 

2.  4 characters addressable by the OPA of an I/O instruction : 
Four 4-character registers constitute the "status character" 
memory. 
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l nstr. 
Mnem. 
W R M  

WMP 

W R R  

WR0 

WR1 

WR2 

WR3 

SBM 

ROM 

R D R  

A D M  

R D� 

R D 1 

R D2 

RD3 

Two separate X decoders switch between main and status character 
memories . 

When an I/O or RAM instruction is received by the CPU, the CPU 
will activate one CM-RAM line during M2 , in time for the 4002 ' s 
to receive the OPA (2nd part of the instruction) , which will 
specify the I/O or RAM operation to be performed . Shown below 
is a list of the 15 possible I/O and RAM operations . 

The I/O and RAM operations are divided into Read operations (IOR) 
and Write operations (IOW) . The state of n3 will determine if 
the operation is a read or a write . n3 = 1 for IOR, D3 = 0 for 
IOW (see Basic Instruction Set, shown in Section Ille) . 

For each I/O instruction the action is as shown in the following 
table: 

4001 4002 4002 4001 Data Bus Output 4002 Data Bus Output 4004 Data Bus Output 
1/0 Oper. 1/0 Oper. RAM Op. Buffer E nabled Buffer Enabled Buffer E nabled 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

In the I/O mode of operation, the selected 4002 chip (by SRC) , after 
receiving the OPA of an I/O instruction (CM-RAM activated at M2) ,  
will decode the instruction . 

If the instruction is WMP, the data present on the data bus during 
x2 . �2 will set the output flip-flops associated with the I/O 
pins . That information will be available until next WMP for 
peripheral devices control . 

An external signal - RESET - when applied to the chip, will 
cause a clear of all output and control static flip-flops and 
will clear the RAM array . To completely clear the memory, RESET 
must be applied for at least 32 instruction cycles (256 clock 
periods) to allow the internal refresh counter to scan the mem­
ory . During RESET the data bus output buffers are inhibited 
(floating condition) . 

Figure 7 shows the block organization of the 4002 . The RAM 
array uses a dynamic cell, therefore it must be periodically 
refreshed .  A refresh counter scans the memory array an d  the 
memory content is refreshed during an idle portion of the sys­
tem cycle (M1 and M2) .  An address multiplexer allows loading 
the content of either the refresh counter or the address regis­
ter into the decoder . 
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The RAM control is composed o f  an SRC flip-flop, chip selection 
logic, an instruction register, instruction decoder and I/O con­
trol logic . This block controls the loading of  the address 
register, the status and main memory decoder switching, the gen­
eration of memory timing·, the enable of the data bus input-output 
buffers, the RAM read/write operations, and the loading of the 
output flip-flops . 

V I .  4003 1 0-B IT SER IAL- I N/PARAL L E L-OUT, SE R I AL-OUT SH I FT R EGIST E R  

Voo GND 

! ! 

The 4003 is a 10-bit serial-in, parallel-out, serial-out shift 
register with enable logic . The 4003 is used to expand the number 
of ROM and RAM I/O ports to communicate with peripheral devices 
such as keyboards, printers, displays, readers, teletypewriters, 
etc . 

Data is loaded serially and is available in parallel on 10 output 
lines which are accessed through enable logic . When enabled (E = low) , 
the shift register contents is read out ; when not enabled (E = high) , 
the parallel-out lines are at Vss · The serial-out line is not af­
fected by the enable logic . 

Data is also available serially permitting an indefinite number 
of  similar devices to be cascaded together to provide shift register 
length multiples of 10 . 

The data shifting is controlled by the CP signal . An internal 
power-on-clear circuit will clear the shift register (Qi = Vss) 
between the application o f  the supply voltage and the first CP sig­
nal . 

The 400 3 output buffers are push-pull ratio type, useful for mul­
tiple key depression rejection when a 4003 is used in conjunction 
with a keyboard . In this mode if up to three output lines are connected 
together, the state of the output is high (Logic "O") if at least one 
line is high . 

The 4003 is a single phase static shift register ;  however, the 
clock pulse (CP) maximum width is limited to 10 msec . Data-in 
and CP can be simultaneous . To avoid race conditions, CP is 
internally delayed .  

Fig . 8 shows the block organization o f  the 400 3 .  

POWER 
ON CLEAR 

I I I ! I I I 
1

1

10 BIT SHI FT REGISTER ! 
(STATIC CELL) I I 

I I I i I I I 

' I I I I 
10 BIT PARALLEL 
OUTPUT BUFFER 
I I I I I 

SER IAL 
OUT 

Figure 8. 4003 Shift Register Block Diagram 

23 



VII. DETAILED INSTRUCTION REPERTOIRE OF THE MCS-4 

A. Instruction Format 

As previously discussed, the MCS�4 micro computer set has two types 
of instruction. 

a) 1 word instruction with an 8-bit code and an execution time of 
10. 8 usec. 

b) 2 word instruction with a 16-bit code and an execution time of 
2 1. 6 psec. 

Due to the time multiplexed operation of the system, the 8-bit in­
struction is fetched 4-bits at a time on two successive clock periods. 
The first 4-bit code is called OPR, the second 4-bit code is called 
OPA. 

The instruction formats were illustrated in Tables I and II 

B. Symbols and Abbreviations 

The following Symbols and abbreviations will be used thorughout the 
next few sections : 

( ) 
-..;. 
ACC 
CY 
ACBR 
RRRR 

Msi 
DB (T) 
Stack 

the content of 
is transferred to 
Accumulator (4-bit) 
Carry /link Flip-Flop 
Accumulator Buffer Register (4-bit) 
Index register address 
Index register pair address 
Low order program counter Field (4-bit) 
Middle order program counter Field (4�bit) 
High order program counter Field (4-bit) 
Order i content of the accumulator 
Order i content of the connnand register 
RAM main character location 
RAM status character i 
Data bus content at time T 
The 3 registers in the address register other than 
the program counter. 

Throughout the text "page" means a block of 256 instructions whose ad­
dress differs only on the most significant 4 bits - (all of the instruc­
tions on one page are all stored in one ROM) .  

Example : page 7 means all locations having addresses between 
01 1 1  0000 0000 and 01 1 1  1 1 1 1  1 1 1 1  
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C.  Format . for Describing Each Instruction 

Each instruction will be described as follows : 

( 1 )  Mnemonic symbol and meaning 
(2 ) OPR and OPA code 
(3) Symbolic representation of the instruction 
(4) Description of the instruction ( if necessary) 
(5) Example and/or exceptions (if necessary) 

D. One Word Machine Instructions 

Mnemonic : 
OPR OPA : 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA: 
Symbolic : 
Description : 

Mnemonic :  
OPR OPA: 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA : 
Symbolic : 
Des cription : 

Mnemonic : 
OPR OPA: 
Symbolic :  
Description : 

Example : 

NOP (No Operation) 
0000 0000 
Not applicable 
No op�ration performed 

LDM (Load Data to Accumlator) 
1 10 1  DDDD 
DDDD -� ACC 
The 4 b its of data,  DDDD stored in the OPA f ield of 
instruction word are loaded into the accumulator . The 
previous contents of the accumlator are los t .  The 
carry/link bit is unaffected . 

LD (Load index regis ter to Accumulator) 
10 10 RRRR 
(RRRR)� ACC 
The 4 bit content of the designated index register (RRRR) 
is loaded into the accumulator . The previous contents 
of the accumulator are los t .  The 4 bit content of the 
index regis ter and the carry/link b it are unaffected . 

XCH (Exchange index regis ter and accumlator) 
10 1 1  RRRR 
(Ace)- ACBR, (RRRR)� ACC , (ACBR)� RRRR 
The 4 bit content of the designated index regis ter is 
loaded into the accumulator . The prior content of the 
accumulator is loaded into the des ignated regis ter . • The 
carry/link bit is unaffected . 

ADD (Add index register to accumulator with carry) 
1000 RRRR 
(RRRR) + (ACC) + (CY)  � ACC , CY 
The 4 bit content of the des ignated index regis ter is 
added to the content of the accumulator w_i th carry . 
The result is stored in the accumlator . The carry/link 
is set to 1 if a sum greater than 15 10 was generated to 
indicate a carry out ; otherwise ,  the carry/link is set 
to 0. The 4 bit  content of the index register is un-
affected . 

Augend Addend 
(ACC) (CY) (RRRR) 

-i-

_j a3 a2 a1 ao 

co 

+) r3 r2 r1 ro E I 
CARRY � c4 s 3 s2 s 1 �o � SUM 

J, i 

( CY) (ACC) 
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Mnemonic : 

OPR OPA : 
Symbolic : 

SUB (Sub tract 
borrow) 

1001 RRRR 

index register from accumulator with 

(c,-) 

Description : 
(ACC) + (iOOm) + ( CY) ----;.,. ACC , CY 
The 4 bit content of the designated index regis ter is 
complemented (ones complement)  and added to content of 
the accumulator with borrow and the result is stored in 
the accumulator . If a borrow is generated ,  the carry 
bit is set to O ;  otherwise ,  it is set to 1 .  The 4 bit 
content of the index regis ter is unaffected . 

Example : Minuend Subtrahend 
(ACC) (CY) (RRRR) 

a3 L1 ; _j 
I +) r3 rz r1 ro r---( ------' 

Borr.ow � c4 s3 s2 s1 s0 � Result 
..j, I _,,, I 

(CY) (ACC) 

Mnemonic : 
OPR OPA : 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA : 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA: 
Symbolic : 

Description : 

EXCEPTIONS : 

Mnemonic : 
OPR OPA : 
Symbolic : 

Description : 

INC ( Increment index regis ter) 
0110 RRRR 
(RRRR) + 1 --,. RRRR 
The 4 bit content of the designated index register is 
incremented by 1 . The index regis ter is set to zero 
in case of overflow . The carry/link is unaffected . 

BBL (Branch back and load data to the accumulator) 
1 100 DDDD 
(Stack)--} PL , PM , PH; DDDD -> ACC 
The program counter (address stack) is pushed down one 
level . Program control transfers to the next instruction 
following the last  j ump to subroutine (JMS) instruction . 
The 4 bits of data DDDD s tored in the OPA portion 
of the instruction are loaded to the accumulator . 

BBL is us ed to return from subroutine to main program. 

J IN  (Jump indirect) 
00 1 1  RRRl 
(RRRO )  ➔ PM 
(RRRl) � PL ; PH unchanged 
The 8 b it content of the designated index register pair 
is loaded into the low order 8 positions of the program 
counter . Program control is transferred to the instruc-
tion at that address on the same page (same ROM) where the JIN 
instruction is located . The 8 bit content of the index 
regis ter is unaffected . 

When JIN is located at the address (PH) 1 1 1 1  1 1 1 1  pro­
gram control is transferred to the next page in sequence 
and not to the same page where the J IN instruction is 
located . That is , the next address is (PH + 1) (RRRO) 
(RRRl) and not (PH) (RRRO) (RRRl) 

SRC (Send regis ter control) 
00 10 RRRl 
(RRRO )� DB (Xz) 
(RRRl)� DB (X3) 
The 8 bit content of the designated index register pair 
is sent to the RAM address regis ter at Xz and X3 . A 
subsequent read , write , or I/O operation of the RAM will 
utilize this address .  r specifically , the first 2 bits of 
the address designate . a  RAM chip ; the second 2 b its desig­
nate 1 out of 4 registers within the chip ; the las t  4 b its 
des ignate 1 out of 16 4-bit main memory characters within 
the register . This command is also used to designate a 
ROM for a subsequent ROM I/O port operation . The first 
4 bits designate the ROM chip number to be selected . The 
address in ROM or RAM is not cleared until the next SRC 
instruction is executed . The 8 b it content of the index 
regis ter is unaffected . 
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Mnemonic : 
OPR OPA: 
Symbolic : 

Description : 

EXCEPTIONS : 

FIN (Fetch indirect from ROM) 
OO ll  RRRO 
(PH) (0000) (000 1)  -� ROM address 
(OPR) ---.. RRRO 
(OPA) � RRRl 
The 8 bit content of the O index regis ter pair (0000) 
(000 1)  is sent out as an address in the same page 
where the FIN instruction is located . The 8 bit word 
at that location is loaded into the designated index 
register pair . The program counter is unaffected ; after 
FIN has been executed the next instruction in sequence 
will be addressed. The content of the O index regis ter 
pair is unaltered unless index register O was designated . 

a) Although FIN is a !-word instruction , its execution 
requires two memory cycles (2 1 .  6 psec) . 

b )  When FIN is located at address (PH) 1 1 1 1  1 1 1 1  data 
will be fetched from the next page (ROM) in sequence and 
not from the same page (ROM) where the FIN instruction is 
located .  That is , next address i s  (PH + 1 )  (0000) 
(000 1) and not (PH) (0000 ) (000 1 ) . 

E .  Two Word Machine Instruction 
Mnemonic : 

1st word OPR OPA : 
2nd word OPR OPA : 

Symbolic : 
Description : 

Mnemonic : 
1st  word OPR OPA : 
2nd word OPR OPA : 

Symbolic : 

Description : 

EXAMPLE :  

JUN (Jump unconditional) 
0 100 A3 A3 A3 A3 
A2 A2 A2 A2 A1 A1 Al A1 
Al Al Al A1 ----)- PL , A2 A2 A2 A2 � PM , A3 A3 A3 A3 � PH 
Program control is unconditionally transferred to the 
instruction locater at the address A3 A3 A3 A3 , A2 A2 A2 A2 , 
Al A1 A1 A1 . 

JMS (Jump to Subroutine) 
0 10 1 A3 A3 A3 A3 
A2 A2 A2 A2 Al Al AI 
(PH , PM, PL + 2 )� Stack 
A1 Al A1 A1 � PL , A2 A2 A2 A2 � PM , 
A3 A3 A3 A3 � PH 
The address of the next ins truction in sequence following 
JMS (return address) is . saved in the push down stack. 
Program control is transferred to the instruction located 
at the 12 bit address (A3A3A3A3A2A2A2A2A1A1A1A1) .  Execu­
tion of a return instruction (BBL) will cause the saved 
address to be pulled out of the s tack , therefore , program 
control is transferred to the next sequential instruction 
after the las t JMS . 
The push down stack has 4 regis ters . One of them is used 
as the program counter , therefore nesting of JMS can occur 
up to 3 levels . 

Stack , Stack 

No JMS ➔ ---------1 JMS Ill 
received --> received � 1-----------1 -+ 

➔ 

JMS //2 
� received 

JMS //4 
received 

Program Counter 

Stack 

Program Counter 

Return address 

Return address 

Stack 

Return address 

Return address 

Return address 

Program Counter 

112 

111 

114 

113 BBL 
➔ received -t 

112 

The deepes t return address is lost 
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Program Counter 

Return address #1  

Stack 

Program Counter 

Return address 113 

Return address 112 

Return address Ill 

Program Counter 

Return Address 113 

Return Address 112 



Mnemonic : 
1st  word OPR OPA : 
2nd word OPR OPA : 

Symbolic : 

Description : 

Example : 

EXCEPTIONS : 

Mnemonic : 
1s t word OPR OPA : 
2nd word OPR OPA : 

Symboli c :  

Des cription : 

EXCE:PTIONS : 

JCN (Jump conditional) 
0001 C1C2C3C4 
A2A2A2A2 A1A1A1A1 
If C1C2C3C4 is true , A2A2A2A2 ---t PM 
A1A1A1A1 ➔ PL , PH unchanged 
if C1C2C3C4 is false , 
(PH) -, PH , (PM) � PM' (PL + 2)4 PL 
If the designated condition code is true , program control 
is transferred to the instruction located at the 8 b it 
address A2A2A2A2 , A1A1A1A1 on the same page (ROM) where JCN is 
located . 
If the condition is not true the next instruction in 
sequence after JCN is executed . 
The condition bits are assigned as follows : 
C1 0 Do not invert jump condition 
Cl 1 Invert j ump condition 
C2 1 Jump if the accumulator content is zero 
C3 1 Jump if the carry/link content is 1 
C4 1 Jump if test signal .(pin 10 on 4004) is zero . 

OPR 

0001 

OPA 

0110 Jump if accumulator is zero or carry 

Several conditions can be tes ted simutaneous ly . 

The logic equation describing the condition for a 
jump is give below : 

JUMP = C1 . ( (ACC = 0 )  • C2 + (CY 

C1 . ( (ACC = O) . C2 + (CY = 1) 

1 

If JCN is located on words 254 and 255 of a ROM page , 
when JCN is exe cuted and the condition is true , program 
cont rol is trans ferred to the 8-b it address on the next 
page where JCN is located . 

ISZ (Increment index regis ter skip if zero) 
0111 RRRR 
A2A2A2A2 AlAlAlAl 
(RRRR) + 1 --'> RRRR , if result = 0 
(PH) � PH , (PM) � PM , (PL + 2 ) ➔ PL : 
if result 'F O (PH) -+ PH , 
A2A2A2A2 ➔PM , A1A1A1A1 ➔ PL 
The content of the designated index regis ter is incremented 
by 1 .  The accumulator and carry/link are unaffected . 
If the result  is zero , the next ins truction after ISZ is 
executed . If the result is different from O ,  program control 
is t ransferred to the ins truction located at the 8 bit 
address A2A2A2A2 , A1A1A1A1 on the same page (ROM) where 
the ISZ ins truction is located . 

If ISZ is located on words 254 and 255 of a ROM page , when 
ISZ is executed and the result is not zero , program control 
is trans ferred to the 8-b it address located on the next 
page in sequence and not on the same page where ISZ is 
located. 

Mnemonic :  F IM (Fetched immediate from ROM) 
ls t word OPR OPA : 0010 RRRO 
2nd word OPR OPA : D2D2D2D2 D1D1D1D1 

Symbolic : D2D2D2D2 ➔ RRRO 
D1D1D1D1 ➔ RRRl 

Description : The 2nd word represents 8-bits of data which are loaded 
into the designated index regis ter pair . 
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F. Input/Output and RAM I nstructions 
(The RAM' s  and ROM ' s  operated on in the I/O and RAM instructions have 
been previously selected by the last SRC instruction executed . )  

Mnemonic : 
OPR OPA : 
Symbolic : 
Description : 

Mnemonic : 
QPR OPA : 
Symbolic : 
Des cription : 

Mnemonic : 
OPR OPA : 
Symbolic : 

Mnemonic : 
OPR OPA: 
Symbolic : 

Mnemonic : 
QPR OPA : 
Symbolic : 

Mnemonic : 
OPR OPA : 
Symbolic : 
Description : 

EXAMPLE :  

Mnemonic : 
QPR OPA : 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA : 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA : 
Symbolic : 

ROM (Read RAM character) 
1 1 10 1001 
(M) � ACC 
The content of the previously selected RAM main memory 
character is transferred to the accumulator. The carry/link 
is unaffected . The 4-bit data in memory is unaffected . 

RDO (Read RAM s tatus character 0)  
1 1 10 l l00 
(Mso) -+ ACC 
The 4-bits of status character O for the previously selected 
RAM register are transferred to the accumulator . The 
carry/link and the status character are unaffected.  

RD1  (Read RAM status character 1) 
l ll0 l l0 l  
(Ms1) � ACC 

RD2 

1110 
(Ms2 ) 

(Read RAM s tatus characer 2 ) 
1110 
� ACC 

RD3 (Read RAM status character 3) 
1110 1111 
(Ms3) -¼ ACC 

RDR (Read ROM port) 
1110 1010 
(ROM input lines) ____,, ACC 
The data present at the input lines of the previously 
selected ROM chip is transferred to the accumulator. The 
carry/link is unaffected . 
If the I/O option has both inputs and outputs within the same 
4 I/O lines , the user ·can choose to have either "O" or 
"l" transferred to the accumulator for those I/O pins 
coded as outputs , when an RDR instruction is executed . 

Given a 4001 with I/O coded with 2 inputs and 2 outputs , 
when RDR is executed the transfer is as shown below :  

1 3  0 2  01 Io 

1 X X 0 " ' 
Input Data 

1 

(ACC) 

(1 or O)  (1 or O) 
ft;- :11 

User can choose 

0 

WRM (Write accumulator into RAM character) 
1110 0000 
(ACC) � M 
The accumulator content is written into the previously 
selected RAM main memory characttr location . The accu­
mulator and carry/link are unaffected . 

WRO (Write accumulator into RAM status character 0 )  
1110 0100 
{ACC) � Mso 
The content of the accumulator is written into the RAM 
status character O of the previously selected RAM register . 
The ac�umulator and the carry/link are unaffected . 

WR1  (Write accumulator into RAM status character 1)  
1110 0101 
(ACC) � Ms1 
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Mnemonic : 
OPR OPA: 
Symbolic : 

Mnemonic : 
OPR OPA : 
Symbolic : 

Mnemonic : 
QPR OPA: 
Symbolic : 
Description : 

Mnemonic : 
QPR OPA: 
Symbolic : 
Description : 

Mnemonic : 
QPR OPA: 
Symbolic :  
Description : 

Mnemonic : 
QPR OPA: 
Symb olic : 
Description : 

WR2 (Write accumulator into RAM status character 2 ) 
1110 0110 
(ACC) � Ms2 

WR3 (Write accumulator into RAM status character 3) 
1110 0111 
(ACC) � Ms3 

WRR (Write ROM port) 
1110 0010 
(ACC) � ROM output lines 
The content of the accumulator is transferred to the ROM 
output port of the previously selected ROM chip . The data 
is available on the output pins until a new WRR is executed 
on the same chip . The ACC content and carry/link are un­
affected . (The LSB bit of the accumulator appears on 1/0o , 
pin 16 , of the 4001) . No operation is performed on I/O 
lines coded as inputs . 

WMP· (Write memory port) 
1110 0001 
(ACC) ---, RAM output regis ter 
The content of the accumulator is transferred to the RAM 
output port of the previously selected RAM chip . The data 
is available on the output pins until a new WMP is executed 
on the same RAM chip . The content of the ACC and the 
carry/link are unaffected . (The LSB bit of the accumultor 
appears on Do , Pin 16 , of the 4002 . )  

ADM (Add from memory with carry) 
1110 1011 
(M) + (ACC) + (CY)  ➔ ACC , CY 
The content of the previously selected RAM main memory 
character is added to the accumulator with carry . The 
RAM character is unaffected . 

SBM (Subtract from memory with borrow) 
1110 1000 
(M) + (ACC) + (CY) � ACC , CY 
The content of the previously selected RAM character is 
sub tracted from the accumulator with borrow. The RAM 
character is unaffected . 

G. Accumulator Group Instructions 

Mnemonic : 
QPR OPA : 
Symbolic : 
Des cription : 

Mnemonic : 
OPR OPA: 
Symbolic : 
Description : 

Mnemonic : 
QPR OPA : 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA: 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA : 
Symbolic : 
Des cription : 

CLB (Clear both) 
1111 0000 
0 -;,, ACC , 0 ----'> CY 
Set accumulator and carry/link to 0 .  

CLC (Clear carry) 
1111 0001 
0 � CY 
Set carry/link to 0 

CMC (Complement carry) 
1111 0011 
(CY) � CY 
The carry/link content is complemented 

STC (Set carry) 
1111 1010 
1 � CY . 
Set carry/link to a 1 

CMA (Complement Accumulator) 
1111 0100 
;3;2a1ao � ACC 
The content of the accumulator is complemented . 
carry/link is unaffected . 
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Mnemonic : 
QPR QPA: 
Symbolic : 
Description : 

Mnemonic : 
QPR QPA: 
Symbolic : 
Description : 

EXAMPLE : 

Mnemonic : 
QPR QPA : 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA: 
Symbolic : 
Description : 

Mnemonic : 
QPR QPA : 
Symbolic : 
Description : 

Mnemonic : 
OPR OPA : 
Symbolic : 

Description : 

Mnemonic : 
OPR OPA : 
Symbolic : 

Description : 

IAC (Increment accumulator) 
1111 0010 
(ACC) + 1 � ACC 
The content of the accumulator is incremented by 1. No 
overflow sets the carry/link to O ;  overflow sets the 
carry/link to a 1 .  

DAC (decrement accumulator) 
1111 1000 
(ACC) - 1 � ACC 
The content of the accumulator is decremented by 1 .  A 
borrow sets the carry/link to O ;  no borrow sets the 
carry/link to a 1 .  

RAL 
1111 

(ACC) 

.l, 
a3 a2 al 

+) 1 1 1 
C4 S3 S2 Sl 

I .;i.. 
CY ACC 

(Rotate left) 
0101 

80 
1 
So 

I 

Co � ao , ai -> ai + 1 ,  a 3 � CY 
The content of the accumulator and carry/link are rotated 
left . 

RAR (Rotate right) 
1111 0110 
ao � CY , ai � ai-1 • Co 4 a3 
The content of the accumulator and carry/link are rotated 
right . 

TCC (Transmit carry and clear) 
1111 0111 
0 � ACC , ( CY) � 80 , 0 � CY 
The accumulator is cleared . The least significant posi­
tion of the accumulator is set to the value of the 
carry/link. The carry/link is set to O .  

DAA 
1111 
(ACC) 

(Decimal adjust accumulator) 
1011 
+ 0000 -) ACC 

or 
0110 

The accumulator is incremented by 6 if either the carry/link 
is 1 or if the accumulator content is greater than 9 .  The 
carry/link is set to a 1 if the result generates a carry , 
otherwise it is unaffected . 

TCS (Transfer carry subtract) 
1111 1001 
1001 -� ACC if (CY) = · O 
1010 -> ,ACC if (CY) = 1 
0 -> CY 
The accumulator is set to 9 if the carry/link is O .  
The accumulator is set to 10 if the carry/link is a 1 .  
The carry/link i s  set t o  0 .  
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Mnemonic : 
QPR 0PA : 
Symbolic : 

KBP (Keyboard process)  
1111 1100 
(ACC) � KBP ROM ➔ ACC 

Description : A code conversion is performed on the accumulator content , 
from 1 out of n to binary code . If the accumulator con­
tent has more than one bit on , the accumulator will be 
set to 15 (to indicate error) . The carry/link is unaffected . 
The conversion table is shown below 

(ACC) before KBP 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 1 0 0 
1 0 0 0 
0 0 1 1 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

(ACC) after KBP 

-------➔ 

-------� 
-------:> 
-------7 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 

Mnemonic : DCL (Designate conunand .line) 
QPR 0PA: 1111 1101 
Symbolic : a0 -,. CMo ,  a1 ---,. CM1 , az � CMz 
Description : The content of the three least significant accumulator 

bits is transferred- to the comand control register within 
the CPU . 
This instruction provides RAM bank selection when multiple 
RAM banks �re used . ( If no DCL instruction is sent out , 
RAM Bank number zero is automatically selected after appli­
cation of at lease one RESET) .. DCL remains latched until it is changed. 

The selection is made according to the following truth 
table . 

(ACC) 

x o o o  
X 0 0 1 
X 0 1 0  
X 1 0 0 
X O  1 1 
X 1 0 1  
X 1 1 0 
X 1 1 1 

CM - RAM j Enabled 

CM - RAMo 
CM - RAM1 
CM - RAM2 
CM - RAM3 
CM - RAM1 , CM - RAM2 
CM - RAM1 , CM - RAM3 
CM - RAM2, CM - RAM3 
CM - RAM1 , CM - RAM2, CM - RAM3 

Bank No. 

Bank 0 
Bank 1 
Bank 2 
Bank 3 

Bank 4 
Bank 5 
Bank 6 
Bank 7 

A 3205 (3 of 8 decoder) or low power TTL equivalent may be tied to the CM-RAM1, 
CM-RAM 2 , and CM-RAM3 lines to expand the number of RAM banks to 8 . .  Note that 
the command lines must be buffered for MOS compatibility. See below. 

,.::===========.------- RAM BAN KO 

RAM BANK1 

1 6  
CM-RAMo 

1 5  
CM-R AM1 Ao 

9 
6 5  

1 4  
CM-RAM2 A 1 2 1 0  0 5 

1 3  
CM-RAM3 A 2 3 1 1  

64 

4004 3205 1 2  
6 3  

CPU DECODER 1 3 02 

1 4  0 1 

1 5  Do RAM BANK7 
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VI I I . AN INTRODUCTION TO PROGRAMM ING THE MCS-4 

A. Introduction 

Writing sequences of instructions for a computer is known as programm­
ing. To be able to program a computer effectively, the programmer 
must understand the action of each of the machine instructions. (The 
instruction set of the MCS-4 is described in detail in the last section. ) 

Each machine instruction manipulates data in some way . The data may 
be the contents of the program counter which indicates where the next 
instruction is to be found, the contents of one of the CPU registers, 
accumulator, or carry flip-flop, the contents of RAM or ROM, or the 
signals at a port. 

Progrannning is probably most easily learned by use of examples. In the 
pages that follow, a number of sample program segments are described. 
In general, the examples are shown in order of increasing complexity . 
These examples have been chosen to illustrate the use of the I/O ports, 
basic program loops, multiple precision arithmetic, and the use of 
subroutines. 

EXAMPLE Ill 

. Consider the case where it is desired to test the status of a single 
switch connected to the CPU (4004 chip) on the test input (pin 10) . 
A jump on condition instruction (JCN) can be used to perform this test. 
Suppose the JCN instruction: JCN TEST, 16 (2 word instruction) is stored 
at ROM memory locations 2 and 3. The instruction would look as follows: 

OPR OPA 
C1CzC3C?i, 

Location 112 0001 0 0 0 1 
(JCN) (Jump if test signal = Logic "O")  

Location 113 0001 0 0 0 0 
(Jump to ROM memory Location II 16) 

When this instruction is executed , if the switch connects a logic "O " 
(ground) to the test pin of the CPU, the program counter in the address 
register in the CPU will jump to 16. (That is, the next instruction to 
be executed would be fetched from ROM Memory location 16) .  If the switch 
had been connected to a logic "l" (negative voltage) the program counter 
would not jump but would be incremented by 1 and hence the instr�ction 
in ROM memory location 4 would be executed next. Thus the switch status 
can be tested simply with one instruction. Furthermore, if it were 
desired to jump if a test signal equalled a logic "l", the JCN instruction 
could be coded 

OPR OPA 
C1C2C3C4 

Location 112 0001 1 0 0 1 Inverted jump condition 
1: + 

Location 113 0001 0 0 0 0 
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In this case the invert condition bit C l is used to indicate a jump 
is to be made on a logic "l" on the test signal. 

If more switches are required a ROM port may be used as shown in the 
next example. 

EXAMPLE /12 

Consider the case where :it is desired to test the status of a switch 
connected to the port of ROM /12. To make access to the port , it is 
necessary to execute and SRC instruction. The SRC instruction utilizes 
the contents of a pair of registers, which must contain the prope� num­
bers to select the desired port. Register pairs may be most easily 
loaded using the FIM instruction. 

Thus the sequence 

Mnemonic 

FIM 0 
2 , 0 

SRC 0 

RDR 

Description 

/Fetch immediate (direct) from ROM data (0010 , 0000 ) , 
to index regiser pair 0. 

/Send the contents of index register pair O to select 
a ROM. The first 4 bits of data sent out at X2 time 
(0010) select ROM 112 . 

/Read to contents of the previously selected ROM (ROM #2) 
input port into the accumulator 

has the effect of loading the accumulator with the values appearing at 
ROM port /12. Individual bits may be tested by shifting them into the 
carry flip-flop and using a jump on condition instruction. In this 
manner up to 4 switches can be interrogated from one set of ROM input 
ports (4 of them) .' 

EXAMPLE 113 

Suppose a series of 10 clock pulses must be generated, perhaps to drive 
the clock line .of a 4003 port expander. Let us assume that RAM /13 is 
to be used. The high order 2 bits of data sent out at X2 time during 
an SRC instruction selects the RAM chip. Hence 1100 (binary equivale�t 
of 12)  is required at Xz to select RAM /13. 

Since we must select the port on RAM /13 we will require 

FIM 0 
12, 0 

SRC 0 

This pair of instructions sets up the desired port for use. To generate 
the clock pulses, we must alternately write a 1 and an O into the appro­
priate port bit. Let us assume that we will only use the high order bit 
of the port on RAM /13 and that it is initially set at zero (so that the 
program does not have to reset it) .  Fu�thermore, let us assume that we 
do not care about the other three bits o� the port. 
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First let us set the accumulator to 0 

LDM 0 /Set accumulator to 0 

We may then complement the high order bit of the accumulator by the 
sequence 

RAL 

CMC 

RAR 

/Rotate left (accumulator and carry) 

/Complement carry 

/Rotate right (accumulator and carry) 

which achieves the operation' by shifting the bit into the carry flip-flop, 
complementing it, and shifting it back. 

An alternate 
1000) to the 
say register 

LDM 8 

XCH 15 

LDM 0 

way to complement the high order bit is to add 8 (binary 
accumulator. We may set the contents of one register, 
15, to 8 by the sequence: 

/Load data DDDD (1000) to the accumulator. 

/Exchange contents of index register 15 and accumulator 

/Load (0000) to accumulator 

The first instruction loads the binary number 1000 into the accumulator 
and the second places the contents of the accumulator into register 15. 
Since the prior contents of register 15 are also placed in the accumula­
tor, an LDM instruction is then executed to' clear the accumulator. 

Now the operation ADD 15 will add the binary value 1000 to the accumula­
tor, because Register 15 contains the value 8. 

Note the difference in how the LDM and the XCH and ADD instructions 
utilize the second half of the instruction. The LDM loads the accumu­
lator with the value carried by the instruction i. e. in binary code 
LDM 8 appears as 1101 1000 and loads the accumulator with 1000. How­
ever, the ADD and XCH select a register, and the contents of the regis­
ter are used as data. That is, ADD 8 would add the contents of register 
8 to the accumulator, not the value 8. 

To generate the sequence of 10 clock pulses, one could repeat the 
following 4 instructions 10 times. 

ADD 15 

WMP 

ADD 15 

WMP 

/Add contents of register 15 (1000 -, 

previously stored in the register) 
to accumulator 

/Write the contents _of the accumu­
lator into the previously selected 
RAM output port 
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However, this would take some 40 instructions. The indexing operation 
available with the ISZ instruction allows a program loop to be repeated 
10 times. 

The ISZ instruction increments a selected register. If the register 
initially contained any value other than the value 15 (binary 1111) 
the instruction performs a JUMP to an address specified by the ·in­
struction. This address must be on the same page (within the same 
ROM) as the instruction illllilediately following the ISZ. 

If however, the register originally contained 15, the CPU will proceed 
to execute the next instruction in sequence. 

By loading a register, say register 14, with the value 6, on the 10th 
execution of an ISZ, the processor will proceed to the next instruction 
in sequence rather than j ump. 

Execution of the ISZ does not affect the accumulator, so that the 
accumulator does not have to be "saved" prior to its execution. 

The program sequence which performs the desired action is then 

Instruction II 
Address 

Name Mnemonic OPA Description 

(1) LDM 
(2) XCH 

( 3) LDM 
( 4 )  XCH 

( 5) FIM 
12, 

( 6) SRC 

( 7) LDM 
( 8) LOOP ADD 

(9)  WMP 

(10) ADD 

(1 1) WMP 

(12) ISZ 
LOOP 

8 /Load 1000 to  accumulator 
15 /Exchange contents of index register 15 

and accumulator 
6 /Load 0110 to accumulator 

14 /Exchange contents of index register 14 
and accumulator 

0 /Fetch iDm1ediate from ROM, Data (1100 0000) 
0 to index register pair location 0 
O /Send address (contents of index register 

pair 0) to RAM 
0 /Set accumulator to 0 

15 /Add contents of register 15 to accumu-
lator 

/Write contents of accumulator into RAM 
output ports 

15 /Add contents of Register 15 to accumu-
lator 

/Write contents of accumulator into RAM 
output ports 

14 /Increment contents of register 14. Go 
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Explanation of Program 

(a) Instruction #1 and #2 Loads the number 8 (1000) into index regis­
ter number 15 (1111) 

(b) Instruction # 3  and #4 Loads the number 6 (0110) into index regis­
ter number 14 (1110) 

(c) Instruction # 5 - Fetches the address of the desired RAM and 
stores it in an index register pair 

(d) Instruction #6 - Sends the stored address to the RAM bank 
and selects the desired RAM 

(e) Instruction #7 - Initializes the accumulator to 0000. 

(f) Instruction #8, 9, 10, 
and 11 - Generates one clock pulse as follows: 

Complement of highest order bit of accumulator and 
Send back to RAM output port (Instruction #8 and 9) 

t 
Initial state of RAM 
output port 

(g) Instruction #12 

Example #4 

t 
Highest order bit of accumulator 
is complemented again and sent 
back to the RAM output port (In­
structions 10 and 11) 

- The contents of Register 14 is incremented 
by 1 (0001) . The number 7 (0111) is now 
stored in register 14. Since this result 
is not equal to zero, program control j umps 
to the address specified in the 2nd word 
of this instruction. In this case the 
address stored in the 2nd word is the address 
of instruction #8. The program then exe­
cutes the next 4 instructions in sequence 
and generates a 2nd clock pulse. This 
sequence is repeated a total of 10 times, 
thus generating 10 clock pulses. On the 10th 
time when the contents of register 14 is 
incremented it goes to the value 0000 and 
the program skips to the next instruction 
in sequence and gets out of the loop. 

Clock pulse streams of the type derived above are often used to drive 
groups of 4003 shift registers. It may often be desirable to transfer 
the contents of a RAM register to a group of 4 shift registers via two 
output ports. Fig. 9 shows the connection used. 

To operate this system, it is necessary to fetch a character ' from RAM 
and present it at port #2, then issue the clock pulse at port #1. This 
sequence requires three SRC connnands, one for the RAM selection, one 
for port #1 selection, and one for port # 2 selection. 
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In addition, the location in RAM must be incremented each time to pro­
vide selection of the next character. 

CLOCK 
I Oo a, 4003 

7 SEGMENT DISPLAY 

RAM =T 1 {  =: I , [>o [>o 4003 

I Oo a, 
4003 

4003 I , [>o [>o 

4003 

4003 
DATA 

RAM PORT 2{ 
4003 

4003 

Figure 9. RAM Output Ports Driving Groups of Shift 
Registers 

F igure 1 0. Shift Registers Driving Seven Segment LED 
Displays 

Loop, 

The main loop is then as follows : 

· SRC 
RDM 
SRC 
WMP 

SRC 
LDM 0 
ADD 15 
WMP 
ADD 15 
WMP 
INC 

ISZ 14 

L 
/ 

I 

Loop 

/Send address to selected RAM 
/Read selected RAM character into accumulator 
/Send address to RAM #2 
/Write contents 0£ accumulator (previously sleeted RAM 

character) into Port #2 
/Send address to RAM #1 
/Set accumulator to "O" 

Generate 1 clock pulse 

/Increment by 1 the contents of the register pair holding 
the selected RAM address 

/Increment contents of register 1110. Jump if result I O, 
otherwise skip. 

The loop above uses 3 pairs of registers for RAM and port selection, 
and two registers for temporary storage and indexing. The initiali­
zation must provide for loading each of these registers. 
Example 115 

The example above might be extended if for example, the 4003's were 
driving seven segment LED displays : A 4 line to 7 segment code con­
verter could be used for each display device driven. However, the 
ROM table lookup capability of the 4004 can be utilized to advantage 
to save these converters. Suppose the LED displays are wired as 
shown in Fig. 1 0  with each LED using two adj acent locations in each of 
the 4003's. 
The instruction FIN allows a ROM table to be accessed based on the 
contents of registers O and 1. To save register space, the fetched 
data may be loaded over the table addresses. The table address may 
be intialized by an FIM or by the sequence 

LDM 
XCH 

where the data in the LDM represents the high-order 4-bits of the 
table address. The low order 4 bits will be derived from the data 
character itself. 
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The main loop now becomes as follows: 

FIM 0 /initial table address 
SRC /fetch, data character 
RDM /Read into ACC 
XCH 1 /store at register 1 
FIN 0 /fetch from ROM table 
SRC /select output port 
XCH 0 /fetch 1st half of 7 segments 
WMP /transfer to output port 
SRC /select clock port 
LDM 0 /Set accumulator to "O" 

ADD 15 

l WMP /generate one clock pulse ADD 15 
I WMP 

SRC /select output port 
XCH 1 /transfer 2nd half of display 
WMP /transfer to output port 
SRC /select clock port 
LDM 0 /Set accumulator to "O" 

ADD 15 
WMP /generate one clock pulse ADD 15 
WMP 

INC /set next RAM character 
ISZ 14 /test for no. of characters 

Note that two data characters (8 bits) are transferred for each digit 
to be displayed. 

This loop must be initialized by setting the registers to their initial 
conditions. The following sequence of 4 instructions is sufficient: • 

FIM 
FIM 
FIM 
FIM 

Example #6 - Subroutines 

/select RAM register for display 
/initialize clock port selector 
/initialize output port selector 
/initialize no. of digits and set reg. = 8 

Proceeding with the example outlined above, suppose that the user finds 
it necessary to display the contents of a number of different RAM 
registers, at different places in the program. The sequence of instruc­
tions could be used whenever this was necessary. However, by making 
the entire sequence a "subroutine", the user can call out the sequence 
each time it ' s  needed with only a JMS instruction. 

The JMS utilizes the address push down stack. When a JMS is executed, 
the program counter is pushed up one level and is reloaded with the 
address to which the jump to take place, and execution will proceed 
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from this new location. However, before the program counter is reloaded, 
the old value is saved in the "stack". This stack operates as follows: * 

1. Each time a JMS is executed, all addresses saved in the stack are 
pushed down 1 level. The last value of the program counter is 
loaded into the top of the stack, the program counter value corres­
ponds to the instruction immediately following the JMS. 

2. The BBL instruction raises every entry in the stack one level, with 
the top value in the stack entering the program counter. 

In the example shown, if the RAM register to be transferred to the dis­
play is different in different parts of the program, the FIM which 
selects the RAM register should not be made part of the subroutine. 
The subroutine would then include the three FIM instructions followed 
by the main loop and terminated by the BBL. 

To display any register from any point in the program, the programmer 
need use only 4 bytes of ROM: 

FIM 

JMS 

The FIM selects the register and the JMS calls the subroutine. 

Example #7: Storing and Fetching a floating point decimal number in 
the 4002 RAM (How to use the Status and Main Memory Char­
acters in the 4002 RAM) 

The 4002 RAM has 4 registers, each with twenty 4-bit characters sub­
divided into 16 main memory characters and 4 status characte'rs. (320 
bits total) . Each register is capable of storing a 20 digit, unsigned, 
fixed point, binary-coded decimal (BCD) number. A more practical usage 
for the register is the storage of a signed, floating point, BCD number 
having a 16-digit mantissa (fraction) and a 2-digit exponent. 

Consider the number 

+ ,. 13729941573874061 \I 

Mantissa (16 digits) 

X lQ-59 

i 
Exponent (2 digits) 

Storage is required for both the sign of the mantissa (in this case 
positive) and the sign of the exponent (in this case negative) , 16 
digits of mantissa and 2 digits of exponent. The 4 status characters 
of the register can be used to hold the signs (in this case a "1" re­
presents minus - this definition is completely arbitrary and is com­
pletely up to the user) and the 2 digit exponent. The 16 main memory 
characters are used to hold the 16 digit mantissa . 

* This description of the operation of the address stack is equivalent to the 
description in Section IIIB (3) . It just looks at it from a different view­
point. 
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For example let ' s  store the previously shown number in Bank #2, 
Chip number #3 , register #1. It would be stored in the 4002 as 
follows: 

Register Ill 

Decimal digit - 6 0 1 1 0 0 

Decimal digit - 0 0 0 0 0 1 

Decimal digit - 4 0 1 0 0 2 

Decimal digit - 7 0 1 1 1 3 

Decimal digit - 8 1 0 0 0 4 

Decimal digit - 3 0 0 1 1 5 

Decimal digit - 7 0 1 1 1 6 

Decimal digit - 5 0 1 0 1 7 Main Memory 
Character # 

Decimal digit - 1 0 0 0 1 8 

Decimal digit - 4 0 1 0 0 9 

Decimal digit - 9 1 0 0 1 10 

Decimal digit - 9 1 0 0 1 11 

Decimal digit - 2 0 0 1 0 12 

Decimal digit - 7 0 1 1 1 13 

Decimal digit - 3 0 0 1 1 14 

Decimal digit - 1 0 0 0 1 15 

Exponent Value 
59 

Exponent Sign - Negative 
{ 

1 0 0 1 

0 1 0 1 

0 t 0 0 1 

0 

Status Character 
2 II 

Mantissa Sign - Positive 0 0 0 0 3 

The following instructions would be used to fetch character #6, the signs, 
and exponent value: 
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Mnemonic 

Select bank 112 �LDM 
DCL 

FIM 
13 , 

Select 
Chip 113 ,  Register Ill 
Character /16 

SRC 

Fetch the Mantissa sign f' From status Character 113 
to Register 1/10 in the 
CPU XCH 

Fetch the exponent sign 

f' from status character 112 XCH 
to Register 111 1  in the 
CPU 

Fetch the exponent from fr status Character Ill and XCH 
/IQ to Register 1112 and RDO 
1113 respect ively XCH 

'"''' '" ""'°�'' [ 

selected main memory 
character 116 (which 
stored the decimal digit 7 
to the accumulator 

Example 8 - Interpretive Mode 

2 

4 • 
6 

4 

10 

11  

12 

1 3  

Machine Language 
OPR OPA 

1101 0010 
1111 1101 

0010 1000 
1..1.,!1!2}, 1 _Q �� I 

0 

f 
� :r 

"' 
"" � "' 

� 6  "" .:J 

� � 
" 

0010 1001 

1 110 1111 

1011 1010 

1110 1110 
1011 1011 

1110 1101 
1011 1100 
1110 1100 
1011 1101 

1110 1001 

Interpretive mode progrannning may be used to reduce the amount 
of ROM required to implement a particular system function. In 
this mode, data words fetched from ROM or RAM are treated as 
instructions of a computer which might be quite different _ than 
the MCS-4. The MCS-4 program "interprets" the data, using it to 
call appropriate subroutines which simulate the instructions of 
the different computer. In effect another computer architecture 
is s imulated. 

In the interpretive mode, the instructions of the simulated com­
puter (pseudo instructions) may be derived from RAM or .ROM. The 
instructions are fetched from RAM via the normal RAM ope�atio�s 
(SRC, RDM), using a simulated program counter to maintain the 
address. The JIN instruction is often useful for interpreting 
the fetched instruction. (Address for the JIN is computed from 
the fetched pseudo instruction. Each address value is the loca­
tion of a JMP, or JMS to an appropriate routine, or the routine 
itself. ) 

When fetching pseudo instructions from ROM, the FIN is used. As 
the FIN instruction must be located on the same ROM chip as the 
fetched data, one cannot use all 256 8-bit bytes of a ROM for 
pseudo instructions. It is sufficient to allow an FIN followed 
by a BBL on the ROM chip. Thus up to 254 bytes of each ROM chip 
can be used for pseudo instructions. The simulated program 
counter must correspond to this address  structure. If the FIN 
and BBL instructions are located in the first two locations of 
the ROM chip, the 254 step program address counter can be imple­
mented by initializing the chip address to location 2 rather than 
location 0. If the interpretive mode program exceeds 254 bytes, 
the program control routine must determine the proper chip to 
find the next pseudo instruction. The instruction is then fetched 
by a JMS to address O of the appropriate chip. 
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I X. PROGRAM M I N G  EXAMPLES 

Example 

Column 

A. MCS-4 Program Routine Format Notes 

Routines A, B, and C Assume the Form Shown Below. 
Routine D uses Decimal Values for Column 1 and 2. 

If 1 2 3 4 5 6 

0001 0040 
7 

0002 0000 ADDITN , FIM � < ;  � I IR (�-1) =� 

Where: 

The first column represents the octal address of this byte. 

The second column represents the octal byte value of the instruction word. 

The third column is the address label field and can be blank. 

The fourth column is the mneumonic field, terminated by a space or a 
semicolon (;) • 

The fifth column is the OPA field for the 1st byte terminated by a semi­
colon (;) or space or slash (/) or carriage return. 

The sixth column is the secon,d byte specification field (for a 2-word 
instruction) . 

The last column is the comment field preceded by a slash (/) . 

SPECIAL NOTES: 

• Each complete line followed by a carriage return is considered 
a symbolic record. 

• All source data following a slash will be considered comment data 
by the assembler (ignored) .  

• Any operand followed by a less-than sign (<) will be truncated 
at three (3) bits and used as an octal numeral. 

• The (<) will only work with those instructions which manipulate 
register pairs in the 4004. 

• The semicolon (; ) is used to indicate the end of argument for the 
first byte of a two (2) -byte instruction. Arguments for the second 

. byte must immediately follow the semicolon. 
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B. 1 6  - Digit Decimal Addition Routine 

This program performs the addition of two 16-digit decimal 
numbers. These numbers are stored in RAM chip 0, register 0 
and 3. The least significant digit of each of these numbers 
is loc.ated in the character 0 of each RAM register and the 
most significant digits are in character 15 respectively. The 
contents in the corresponding characters of the registers are 
added. If there is a carry it will be added to the next char­
acter. The subtotal is stored back into RAM register � - Index 
register 6 is used as a 4-bit binary digit counter. Every time 
the corresponding digits in the registers are added IR (6) is 
incremented by one. As the 16th digits are added IR (6) is 
reset back to ze ro. Then the program proceeds to check for 
overflow; i. e. , to check whether the ca.rry is "1". If the 
carry is " 1" the program will print out 16 x's, clear RAM 
register 0, and jump to location NEXT of the main program that 
calls for the ADD routine. Otherwise, the program will jump 
directly to location "NEXT. " The following flow chart further 
clarifies the sequence of the program. 

SPECIFY, RAM (i, j, kl: 
i = 4> 
j = 4> AND 3 
k = 4> 

SET DIGIT COUNTER TO 4> :  
IR(6) • 4> (4-BIT BINARY CONTRI 

I =  RAM (I/>, 1/>, kl + RAM (I/>, 3, kl 

STORE I IN RAM (I/>, 1/>, kl 

IR(61 = IR(61 + 1 k = k + 1 

NO 

i = RAM CHIP # 
j = RAM REG. SET # 
k = RAM CHARACTER # 

IR -= INDEX REGISTER 

PRINT X .... X 
( INDICATION 

OF OVERFLOW) 
AND CLEAR 
RA (;, ;, kl 

JUMP TO ROM ADDRESS "NEXT" _______ _, 

Figure 1 1 . Flow Chart for 1 6  Digit Decimal Routine 
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0000 0 0 40 
000 1 0000 
0002 0044  
0003  0060  
000 4  0 320 
0005  0266  
0006  036 1 
0007 0045  
00 1 0  035 1 
00 1 1  00 .ta l  
00 1 2  0 35 3  
00 1 3  0 3 7 3  
00 1 4  0 340 
00 1 5  0 1 4 1 
00 1 6  0 1 45 
00 1 7  0 1 66 
0020 000 7 

002 1  0022 
0022 0025 
0023 0 1 00 
002 4  0 3 1 0  
0025 0 320 
002 6 02 72  
002 7  0 0 4 2  
00 30 0 330 
iJ"3 ·1 0 1 20 
-0eJ!l.2 0536  
0833 0 1 72 
00i4 0027 
00-35 004ia  
80 36 0000 
00.37 0 1 20 
0048 0 4 5 4  
00'4-t 0 1 00 
00 42 0 3 1 0  

16-DIGIT DECIMAL ADDITION ROUTINE 

ADDI  TN 1 F I M  0< J 0 / I R C  0- 1 > = 0 
l." . �  

F I M  2< J 48 / I R< .ta > = 3.J I R C  5 > = 0  
L DM  0 / LOAD 0 TO AC 
XCH 6 / EXCHAN GE C C  AC>  AN D I R C  6 )  
CL C 

AD l 1  S RC 2< 
ROM 
S RC 0< 
ADM 
DAA 
WRM 
I N C  1 
I N C  5 

I SZ 6.J  AD 1 

O VERFL1  JCN CN J XXX 

JUN .J N EX T  
XXX, L DM  0 

XCH 1 0  

O VFL 1 ,  F I M  l < J 2 1 6  

JM S J P RI N T  

/ CL EAR CAR RY REG•  
/ DEF I N E  RAM ADDRESS $( 1 
/ READ RAM TO AC 
/ DEF I N E  RAM ADD RESS  
/ ADD C < RAM > TO AC1 CARRY 
/ DEC I M AL ADDRESS  ACC 
/ WRI T E  AC TO RAM 
/ I N CREM EN T  I RC  l > 
/ I NCREM EN T I R <  5 )  

/ I R < 6 > = I R< 6 > + 1 J  SK I P  I F  

/ TEST CARRY ; JUM P  I F  l 

/ SEE  NO TE  $ (  2 
/ LOAD AC WI TH 0 
/ EXCHAN GE I R C  1 0 > AN D AC 

/ I R< 1 > = B J I R < 2 > =  1 3  C X l 

ENABLED  

C < I R6 > = 0  

I SZ 1 0J O VFL 1 I I R < t 9 > = I R < 1 0 > + 1 J SK I P  I F  I R < 1 0 > •  

F I M  2< J 0 

JM S J CLRRAM 

JUN J N EX T  

/ DUMMY AR GUM EN TS 
CL RRAM = 0 300 
N EX T= 0200  
P R I N T= 350  

I SET I R < 4- 5 > = 0  

/ CL EAR RAM DATA 

/ SEE NO TE  $ ( 2 

/ $ C l RAM ADDRES SI N G  DEF I N E  AS TO STAN DARDS I N  
I SPEC SHEET • 
/ B I TS  NUM BERED FROM L E FT TO RI GH T  M SB TO L SB 
/ 0 1 2 3 4 5 6 7 
/ B I TS 0- 1 S EL ECT RAM CH I P  1 O F  4 
/ B I TS 2- 3 SEL ECT RAM REGI STER 1 O F  4 
/ B I TS 4- 7 SEL ECT REGI  ST.ER CHARACTE R  1 O F  1 6  
/ 
/ $ ( 2 N EXT, P R I N T  AN D CL RRAM ARE ADDRE SS TAGS U SED FO R 
/ AS SEM BLY 
� N EX T  CAN BE TH E RETURN PO I N T  O F  TH I S  RO UT I N E  
I CL RRAM AN D P R I N T  A RE ROUT I N E S  CALL ED  B Y  TH I S  PRO GRAM 
/ 
/ E 



C. BCD to B inary Conversion 

The following program converts BCD numbers (0 - 255 )  to its binary 
equivalent . In this program it is assumed that a 3 - digit BCD number 
is previously stored in charac ter 0, 1, and 2 of register 0 in RAM chip 
0 by the main program . Then this program proceeds as follows : 
First it sets index registers 0, 1, 2, 3, and 4 to zero ( 0000) ,  index 
register 5 to 10 ( 1010) , and index register 6 to 14 ( 1110) . Then the 
conversion begins by transfering the least significant digit (which is 
the content of charac ter 0 in the RAM) into index register 3, IR ( 3 ) . 
No conversion is made on this digit since it has the same bit pattern as 
its binary representation . Now recall that each unit value of the second 
digit of the BCD number (which is the content of charac ter 1 in the RAM) 
has a value of 10 . Hence the program continues as follows : Transfer 
the second digit to the accumulator (AC) and examine whether the digit 
is zero . If  the digit is not zero the content of the AC is decreased by 
one (i . e .  the value of the second digit is decreased by one) , and the 
result is stored back into the same location in the RAM .  Then the content 
of index register 3 is transfered to AC and the content of index register 
5 (which is 10) is added to AC . The result is then stored back into index 
register 3 .  Next the content of index register 2, IR ( 2 )  is transfered to 
AC and the content of index register 4 (which is zero) is added to AC ; and 
the result is stored back into index register 2 .  The process of checking 
the second digit is repeated until it is down count to zero . Then the 
program proceeds to set IR (4 )  to 6 and IR ( 5 )  to 4, examines the last 
BCD digit (which is the content of charac ter 2 in the RAM) and repeats the 
process in the same manner excep t, in this case, the content of IR ( 5 )  is 
added to index register 3 and the contents of IR (4)  is added to index 
register 2 .  This is equivalent to adding 100 (in binary form) to an 8 - bit 
binary number . The binary number obtained is stored in IR ( 2 ) and IR ( 3 ) . 
IR ( 3 )  contains the lower order 4 bits and IR ( 2 ) contains the higher order 
4 bits . Index register 6, IR ( 6) ,  is used as a digit counter to verify that 
all the 3 BCD digits has been checked . 

The following flow chart further explains the details of the program . 

BCD TO BINARY CONVERSION ROUTINE 

0 0 0 0  0 l1 4i1 
0 0 0 1 0 0 (1(1 R C OB I N ,  F1 :� 0< ; 0 / I R C 0 - 1 > = 0  
fl 0 0 2  0 0 4 2  
0 0 0 3  0 0 0 0  F I M  1 < ;  0 / I R C 2 - 3 l = 0  
0 0 0 4 O IJ 4 4  
0('.; k) :,  0 0 1 2  F I M  2 < ; 1 0  I I R C 4 )  = fJ ; I R ( 5 )  = I l1 
( 1 0 0 6  0 3 3 6  L DM 1 4  / L O A D  A C  ,., I T H  1 4  
0 0 0 7  0 2 6 6  X CH 6 / E Ji C H AN G !'..  I R (  6 )  A,\J A C  
illl 1 0  0 0 4 1 S k C  \'J < / U U I ,\J E  I /AM A D D 1, E S S  
�1 0 1 1  0 3 5 1 ,�D�, / 1, l'.. A D  KAM DAl A 1 1) A C  
(�0 1 2  0 2 6 3  X CH 3 / E X C H A,\J G E  A C  '·•-' ! T H  I R C  3 )  
0 0 1 3  0 1  Li l  B D RN ,  I N C  I / I R( l )  = I R C  1 > + 1 ·-
0 0 1 4  0 0 4 1 S k C  0 <  / U E. F l ,\J E  kAM A D D R E S S  
0 0 1 5  (j 3 5 1 8 1:3 1 ,  R OM / R E A D  R AM D A T A  TO AC 
k1 0 l 6  0 0 2 Li 
0 0 1 7  0 0 3 3  J CN Al J B R 2  / J lh'l r' II' AC- 0 
0 0 2 0  0 3 7 0  DAC / A C= {\ C - 1 
0 0 2 1 0 3 4 0 ,.;,,M / W R I T E AC 1 0  F,A,vi 
0 0 2 2  0 3 6 1  C L C  / CL E.A i< C A l� r< i'  R E G  

0 0 2 3  0 2 Ll 3  L D  3 / L J A D  A C  lv l T H  C C I R ( 3 ) ) 
0 0 2 Li  0 2 0 :,  A D D  :, / A D D  I f, < :, >  l :J A C  
0 0 2 5  0 2 6 3  X C H  3 / D, C H A,\J G E I R C  3 >  AN D A C  
0 L1 2 6  0 2 Li 2  L D  2 / L O A [J A C  '.·i l .l H I r< C 2 >  
�) 0 2  7 0 2 (1J Lj A D D  4 / A D D  I R <  4 )  T ')  A C  
0 0 3 0  0 2 62 X C H  2 / EX CHAN c;E' A C  w l T H  I H C 2 )  
0 0 3 1 0 1 0 0 
0 0 3 2  0 0 1 :,  J UN ; Ei B l / J U:vJ P U\J CO N D I  T I J \J AL 
elf) 3 3  0 0 4 4  
0 0 3 4  0 1  Li 4  B 8 2 ,  F I M  2< ; 1 0 0 / I k C 4 l = 6 ; I k C :i l = 4  
0 0 3 5  0 1 6 6 
0 el 3 6 kW 1 3  I Sl 6; 8 D BN / I r< C 6 > = I R C 6 l + l ; SK I P I F  I R ( 6 l = 0  
0 (1 3 7  0 30 0  B BL / R E  1 U RN 1 0  CALL I N G  R'J U 1 I N E  AC= 0 

/ 

/ 
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SET INDEX REGS: 
IR(q,) = ,:,, IR( l )  E qi 
IR(2) • ii>, IR(3) = ii> 
IR(4) = ii>, IR(5) = lq,  

SET DIG IT CONTR: IR(6) = 14 

READ THE LS DIGIT 
TO AC AND THEN 

TRANSFER THE CONTENT 
OF AC TO IR(3) 

------- 3 

IR(6) = IR(6) + 1 

2 --------

READ NEXT DIGIT 
FROM RAM-AC 

TRANSFER CONTENT 
OF AC TO RAM 0, 

REG 0, CHARACTER 1 

IR(3) -AC 

AC = AC + IR(5) 

AC-IR(3) 

IR(2) -AC 

AC = AC + IR(4) 

BBL 

Figure 1 2. Flow Chart for BCD to Binary Conversion 
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D. A-0 CONVERTER USING DAC With ·MCS-4 

One appl icat ion using the I nte l MCS-4 s ingle-ch i p  com puter fa m i ly  is to determine the va l ue of an analog 
vo ltage. Wh i le it was possib le  to use the conventiona l approach of interfacing an ana log to d igita l  converter 
to the m icroprocessor, a cost saving i s  ach ieved by having a microprocessor execute a program which enab les 
a d igita l  to ana l og converter and a comparator to perform the ana log d igita l converter function . The fi rst 
f igure shows how the conversion is achieved . The MCS-4· uses a "port" for i nput/output commun ication .  
A four-wi re port is  associated with each read-on ly  memory or read-write memory ch ip. Two of these output 
ports have been used to drive the i nputs of a d igita l to ana log converter ( DAC ) .  The DAC is wi red to a 
comparator which a l lows the output of the DAC to be compared with the ana log input signa l .  The output 
of the comparator is in  turn wi red to the test i nput of the 4004 centra l processor. This test i n put l i ne i s  
interrogated when the centra l processor executes a certa in  cond itiona l  j u mp i nstruction . Whereas the norma l 
instruction execution f low with i n  the MCS-4 system is sequentia l  through program memory, when the con­
d itiona l j ump is executed , the processor j u mps to a new location in memory, starti ng a new instruction 
seq uence. 
The second f igure l i sts the program for the ana log to d igita l convertor in MCS-4 assembly language. The 
program implements a successive approxi mation conversion techn iq ue. Start ing with the h ighest order bit, 
each bit in  turn is  turned on and the output of the comparator tested . If turning on the bit resu lts in  a 
signa l from the DAC that is larger than the ana log input, the bit  is turned off and the next bit in  turn 
tested . However, if turn ing on a bit leaves the output of the d igita l -to ana log converter sti l l  sma l ler than 
the analog input signa l ,  then that b it wi l l  be l eft turned on. The cod ing for the progra m consists of test ing 
each of the l i nes of one port i n  turn usi ng in- l i ne cod ing, then repeating the sequence for the next set of 
port l i nes by looping back . Setting a bit is accompl i shed by load ing the accumu lator with a load immed iate 
instruction ( L D IYI ) and then writing the contents of the accu mu lator to the output port . The output port 
is se lected at the beginn ing of the program by the combination of fetch immed iate ( F I M )  and send register 
contro l (SRC)  instructions. R egister #4 ( R4)  is used to conta in  the current ,esti mate of the va l ue for the 
4-bits bei ng tested . A bit under test is reta i ned or cleared by updat ing or not u pdat ing the content,s of 
register 4. At the end of the basic 4- l i ne test sequence of instructions, the contents of register 4 are saved 
i n  an a lternate location by a series of exchange (XCH)  i nstructions and the i nstruction i ncrement and sk i p  
o n  zero ( I SZ )  i s  used to perform the function of counting the number of passes through the loop and j ump­
ing back to the loop start. The loop se lects the next port in  turn by the i ncrement ( I NC)  instruction 
which mod ified registers RO so that when the next SRC i nstruction i s  executed, it  wi l l  se lect the next 
port in sequence. This  pasic program can be easi l y  mod ified to hand le  1 2  bit b inary or 2 or 3 d igit decimal  
conversions. E xecution of the sequence of i nstructions takes less than one mi l l i second and as can be seen 
from the l i sti ng, occupies some 29 words of read-on ly  memory.  
A mu lt ip lexer for  m u lt ip le ana log i nputs can be added q u ite easi l y  by provid ing a separate comparator for 
each ana log input and performi ng d igita l  mu ltip lex ing at the input to the test termina l  of the 4004 centra l 
processor. An a lternate use of the structure shown in the f i rst f igure permits determin ing wh ich, if any, of the 
severa l signa ls is  above or below some predetermined ana log threshold va l ue. The ana log thresho ld va l ue 
is deposited at the output ports drivi ng the DAC and the outputs of the comparators are then read into 
the MCS-4 system at an input port or at the test termi na l  of the CPU.  

4002 
RAM 

4004 TEST 
CPU -------+----.-----_-_ ...... ------

4001 
ROM 

4001 
ROM 

L DIGITAL MULTIPLEXER ----r--T 
COMPARATOR 

/ \ ! 

_ _ _ _  'rr ___ _ 
ANA

0
LOG 

INPUT 
2 

Block Diagram of A-D Converter using DAC and MCS-4 
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/SET UP F O R  SE LECT I O N  OF ROM O UTPUT PO RT ( RO,  R l =PO),  
USI NG RI  /AS A LOOP CO U NT E R  -- VA LUES IN B I N A R Y  

0000 00032 F I  M PO 00001 1 1 1  B 
0001 5 

/CLEAR R E G I ST E RS R4, R 5. (T H ESE TWO R E G I ST E RS A R E  
/D ES I G NAT E D  PA I R  2 O R  P 2  B Y  T H E  F I M  I NST R UCT I O N ) . 
R4 A N D  R5 /WI L L  BE USE D  TO R ECE I VE T H E  R ES U LT OF T H E  

CO N V E R S I O N  
0002 00036 F I M  P2 0 

00000 
/START OF MA I N  LOO P 
0004 00033 AD LP, S R C  PO 
0005 00240 CLB 
0006 002 1 6  L D M  8 

/SE LE CT PO RT US I NG CO NTE NTS O F  RO , R I  
/C LEAR ACC U M U LATO R A N D  CA R R Y  F L I P-F LOP 
/LOAD ACCUM U LATO R W I T H  1 000 

/LDM 8 SETS T H E  H I G H  O R D E R  B IT  OF T H E  ACCUMU LATOR 
0007 00226 W R R  /WR ITE ACC U M U LATO R T O  ROM O UTPUT PO RT 
0008 00025 JCN TI *+3 /J UMP PAST SCH I F  RESULT TOO B I G  

000 1 1 
001 0  001 80 XCH R4 /SAVE R ES U LT IF NOT TOO B I G  
/NOW R E P E AT F O R  2N D H I G H EST B I T  
001 1 002 1 2  L D M  4 /LOA D ACC U M U LATO R WITH 0 1 00 
001 2  001 32 ADD R4 /AD D  R ESULT O F  P R E V I O US TEST 
00 1 3  00226 WR R /WR ITE TO ROM O UTPUT PO RT 
001 4  00025 JCN TI *+3 /J UMP PAST XCH I F  R ESULT TOO B I G  

000 1 7 
00 1 6  00 1 80 XCH R4 /SAVE CUR R E NT R ESULT I F  NOT TOO B I G  
/REPEAT P ROCE D U R E  F O R  LAST TWO B ITS OF T H I S PO RT 
001 7  1 1 2 1 0  L D M  2 /LOAD ACC U M U LATOR WITH 001 0  
001 8 001 32 ADD R4 
001 9  00226 WRR 
0020 00025 JCN TI *+3 

00023 
0022 001 80 XCH R4 
0023 00209 LDM 1 /LOAD ACCUMU LATO R WITH 0001 
0024 001 32 ADD R4 
0025 00226 WRR 
0026 00025 JCN TI *+3 

00029 
0028 00 1 80 XCH R4 
/NOW W R I T E  F I N A L  R ESULT TO ROM PO RT 
0029 00 1 64 LO R4 /LOAD F I NA L  R ES U LT TO ACC U M U LATO R 
0030 00226 W R R  /WR ITE TO ROM O UTPUT PO RT 
/N E XT MOVE T H ESE 4 B I TS TO R5 A N D  CLEAR R4 A N D  CLEAR R4 FOR N E XT PASS 
/NOTE R5 I N IT I A L LY CO NTA I N E D  ZE RO 
003 1 00 1 8 1  X C H  R 5  /ACCU M U LATO R T O  R5,  R 5  T O  ACC U M U LATO R  
0032 00 1 80 XCH R4 /C LEARS R4 IF AT END O F  F I RST PASS 
0033 00096 I N C RO /PR E PA R E  FOR SE LECTION OF N E XT ROM PO RT 
0034 001 1 3  

· 00004 
I SZ R I  ADLP / R ET U R N  FOR SECO N D  PASS A FTE R PASS 1 

/A FTE R  PASS 2, PROG RAM CO NT I N UES PAST T H I S  PO I NT .  H I G H  O R D E R  
/B ITS O F  R E S U LT WI LL BE I N  R4, LOW O R D E R  B ITS I N  R 5 .  

Program for A-D Converter Usi ng DAC and  MCS-4 
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E. MCS-4 SOFTWARE AND FIRMWARE LIBRARY 

MCS-4 Assembler and Simulator Software Package 
I ntel now offers an assembler and simulator software package to help develop programs for micro computer systems bu ilt from 
I ntel 's MCS-4 set of i ntegrated computer circu its. 

·· 

The software is written in general Fortran I V  for the PDP- 1 0  computer, and may be adapted for most other computers by 
minor modifications. The package consists of a simulating routine, which enables the computer to simu late the operation of 
an MCS-4 m icro computer, and an assembly routine, used primari ly as an aid to programming the simu lated micro computer. 
See Appendix H for complete detai ls. 

The routines may be procured from I ntel on paper tape or punched cards. Alternatively, designers may contract three nation­
wide computer time-sharing services - AL/COM, G.E . ,  and Tymshare - for access to the programs. 

SIM4 Hardware Assembler 
The SI M4 hardware assembler is a program which translates a symbol ic assembly language into bit patterns su itable for MCS-4 
control storage programming. It operates on the SI M4-01 or the SI M4-02 micro computer system with an ASR-33 teletype. 

The assembler accepts input source text from the teletype keyboard or paper tape reader on each of two required passes. A 
name table and source l ist ing are created on the first pass. On the second pass, the source text is re-read and a programming 
paper tape and associated l isting are generated . The programming tape is su itable for programming of the 1 702 P ROM using 
the MP7-03 programmer system. The same tape may be used for programming the 400 1 metal mask ROM. See Appendix F. 

S I M4 Hardware Simulator 
The S IM4-02 Hardware Simulator is a program written for the MCS-4. This program wi l l  provide interactive control over the 
debugging of other MCS-4 programs. See Appendix G. 

The minimum configuration required is a S I M4-02 prototype card with three 4002 RAMs and a Teletype. When fu l ly  stuffed 
with 1 6  RAMs, test programs up to 5 1 2  bytes ( locations) in length may be accomodated. The hardware simu lation program 
itself occupies n ine fu l l  ROMs. 

The Hardware Simu lation Program has two basic functions : 
1 .  To simu late the execution o! a test program, tracing its progress, and appret:iending gross errors. 
2. To al low the user to dynamica l ly  interact with and/or modify his test program, in order to faci l itate the debugg ing process. 

These two functions are implemented by means of a set of directives or commands which the user types in at the teletype 
keyboard. Some of the d irectives cal l  for typeouts by the simulator program, some of the directives signa l the input of data 
or program modifications, and some of the di rectives involve both typeouts and input response or data. 

4. MCS-4 Program library 

• Text ed itor, assembler and loader for the MCS-4 
that runs on the PDP-8. 

• · Subroutine for driving a Seiko printer. 
• Program which enables a computer to sample l iqu id 

levels in bottles. 
• RAM test program for the S I M4-0 1 /SI M4-02. 
• Program to control the tape motion of an I BM tape drive. 
• Hex programmer for the S I M4-01 /MP7-03 

PROM programmer 
• MCS-4 logic subroutines AND,  XOR,  I O R ,  LOG I C  
• Sixteen Digit Decimal Addition Routine (A0700) [1 1 

• Exerciser Program ( 4001 -0009) [21 

• Chebychev polynominal approximation subroutines for 
add ition, subtraction, mult ipl ication, d ivision, sine, cosine, 
arctangent, exponential ,  and natural logs. 

• Teletype Keyboard I nput Routine 
• PROM Programming Software Package for the S I M4-0 1 /  

MP7-03 and S I M4-02/MP7-03 P ROM Programming 
System. (A0540, A0541 , A0543) [ 1 J 

• A-D Converter using DAC and MCS-4. 
• S I M4 Hardware Assembler. Four PROMs (A0740, A074 1 , 

A0742, A0743) [1 1 plug into either S I M4 prototype board 
enabl ing assembly of programs on the micro computer 
itself. 

• S I M4 Hardware Simu lator. N ine PROMs (A0750-A0758) [1 l 

plug into the SI M4-02 providing capabi l ity for program 
debugging. 

• PROM Dupl ication and Verification Program. (A0544- [1] 
see Appendix E)  

• BCD to B inary Conversion Routine 

These program l isti ngs are avai lable to a l l  I ntel micro computer users. We encourage a l l  users to submit a l l  non-proprietary 
programs to I ntel to add to the program l ibrary so that we may make them avai lable to other users. 

NOT ES :  
1 .  These are the program numbers that should be used when ordering the programs i n  PRO Ms. 
2. This  is the number that should be used when ordering th is program. The program is contained in a standard 4001 ROM. 
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X. INTERFACE DESIGN FOR THE MCS-4 SYSTEM 

A. General Discussion 

MCS-4 computer systems are often used to replace random logic 
controllers in a wide variety of systems . In each of these sys­
tems a number of peripheral devices, such as keyboards, switches, 
indicator lamps, numeral displays, printer mechanisms, relays , 
solenoids, etc . ,  may have to be interrogated or controlled .  The 
engineer who wishes to utilize an MCS-4 system must include, as 
part of his des ign , suitable interface circuits and programs . 

Devices to be operated or interrogated by an MCS-4 computer are 
attached to the system via the input and output data ports as­
sociated with the 4001 ROM and 4002 ROM . The design of an inter­
face consists of the following steps: 

1 .  Assign peripheral device connections to port connections . 
If the number of available output ports is insufficient, 
4003 output port expanders may be used .  When the number 
of input lines is insufficient, multiplexers must be added . 
These multiplexers must be controlled by output ports . 

2 . Develop the necessary level conditioning circuits for each 
signal . Port inputs and outputs are at MOS levels (logic 
0 = OV with a series output resistance of typically 150.ll., 
logic 1 = -7v with a series resistance of typically 2k 
for outputs . Inputs use the same levels, and appear as a 
capacitive load of approximately 5Pf) .  These levels must 
be converted to the levels necessary to drive solenoids, 
nixies, etc . For TTL compatibility refer to Appendix A .  

3 . Write the programs necessary to interpret inputs and gen­
erate the output levels necessary for proper operation of 
the peripherals . 

Any interface design requires all three of these steps . Each 
design will typically involve decisions concerning the inter­
action of the three areas . For example, techniques which reduce 
the number of output lines may result in more complicated pro­
grams . 

The following sections describe typical interfaces for a number 
of common peripheral devices . 

B. Keyboards 

The MCS-4 can be, programmed to scan and debounce a keyboard or 
can interface to a keyboard which presents precoded (such as 
ASCII) data . The output lines from a keyboard with precoded 
data are read at one or more input ports . An input port line 
or the test line of the 4004 CPU may be interrogated to deter­
mine if a key has been pressed .  
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Scanning and debouncing a keyboard takes a more elaborate pro­
gram. The keyboard is usually arranged as an n x m (n columns , 
m rows) matrix of key switches. This type of keyboard is con­
nected as if it had n inputs and m outputs - that is, it requires 
n output lines from the MCS-4 and m input lines. Under program 
control , each output is activated in turn. The input ports con­
nected to the keyboard are read and tested to see if a key has 
been pressed. This testing may utilize the KBP instruction. 

After reading (into the ACC) 4 bits corresponding to key status 
information for one column of the keyboard arrays , execution of 
the KBP rearranges the data as follows: 

1. If no key is pressed (ACC=OOOO) , the ACC remains at 0000. 

2. If more than one key is pressed ,  ACC is set to 1 1 1 1. 

3. If one key is pressed ,  the ACC indicates the bit position 
of the key , as shown below. 

ACC before 

0001 

0010 

0100 

1000 

KBP 

ACC after 

0001 

0010 

0011 

0100 

Scanni�g of a keyboard is implemented by moving a single "0" in 
a field of "l"s across the lines driving the keyboard inputs. 
The 4003 shift register is useful for generating the scans. In 
addition , the 4003 has the characteristic that if two outputs are 
connected ,  with one at a logic "l" (-6v) and the other at a logic 
"0" ,  the result will be equivalent to a logic "0" .  By scanning a 
keyboard with a moving "0" , multiple key presses in a row can be 
resolved. Furthermore , if the 4003 is disabled , all outputs go to 
logic "0 " and all keys can be sampled simutaneously to determine 
if a scan is required . .  

Figure 13 shows the keyboard interface . The ROM inputs are complemented . 

Debouncing of the keyboard inputs , etc. , is accomplished by testing 
for the same "press" condition on several successive scans. 

E 
OUTPUT t--_CP ___ ---il PORT DATA IN 

INPUT 
PORT 

4003 

i i i  i i i  i i  -15V 

F igure 1 3. Keyboard I nterface - (Scanned Array) 
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C. Display 

Display devices such as NIXIE tubes and LED arrays are easily 
interfaced to the MCS-4 system. These displays may be DC 
driven or multiplexed. (In the multiplexed mode, a number of 
display devices are activated one at a time in rapid sequence. 
For sufficiently rapid scanning, the eye accepts the data as 
a continuous display. ) To use the multiplexed mode, the dis­
play device usually requires some form of coincident selection 
technique. For example, NIXIE tubes are activated only when 
the anode supply is present at the same time that the appropri­
ate cathode is grounded (through the proper resistance) . In 
a multiplexed NIXIE array, one set of ( 10 or 1 1) cathode 
drivers is used in combination with one anode driver for each 
NIXIE tube. Under program control, the array is scanned. One 
tube is selected; the cathode driver corresponding to the 
numeral for that position is activated, and then the anode 
driver for that position is activated for a period. The same 
steps are executed for the next position in turn. 

To avoid flicker, a scan rate of approximately · 100 complete 
scans per second (or higher) should be maintained. This figure 
allows a scanning program to have ,up to 60 instruction execu­
tions per displayed digit, giving a 16-digit display. 

Multiplexed displays typically require high peak driving cur­
rents to maintain reasonable average brightness. The drivers 
used must be capable of supplying the peak currents. 

Although the technique described above specifically mentioned 
NIXIE tubes, the same technique can be applied to 7 segment 
LED numeral displays. 

In systems which combine a numeric display and a keyboard, 
considerable savings in program memory space and external hard­
ware can be achieved by combining the . display scan and keyboard 
scan. The same loop control and output port logic can be used 
for keyboard column selection and numeral digit position selec­
tion. 
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D. Teletype I nterface 

The MCS-4 system is designed to interface with all types 
of terminal devices. Interface with teletype is a typical 
example. The interface consists of three simple transistor 
circuits which is shown in Fig. 1 5  One transistor is used for 
receiving serial data from the teletype, one for transmitting 
data back into the teletype, and the third one for tape reader 
control. 

It requires approximately 100 msec for the teletype to 
transmit or receive serially 8 data plus 3 control bits. The 
first and the last bits are idling bits. The second bit is a 
start bit. The following eight bits are data. Each bit stays 
on for about 9. 09 msec. The MCS-4 system is ideal for this timing 
control. Following is a simple program which is written for 
this purpose.. This program not only controls the teletype 
timing but also stores the data temporarily in the index regis­
ter 2 and 3 in 4004 CPU chip and prints out the character. The 
flow chart further explains the details of the program. 

TTY 
TRANSMITTER 

TAPE 
READER CONTROL 

NO 

NO 

SUPPRE� TTY 

DELAY FOR "" 5.5 msec 

+ 
IN ITIATE TTY, 

SET DATA COUNTER = ip 

DELAY FOR "'=' 2.75 msec 

t 
READ DATA BIT 

DELAY FOR .._ 5_5 msec 

t 

STORE 8 BITS DATA 
IN INDEX REGS. #2 & 3 

SEND DATA BIT 
BACK INTO TTY 

F igure 1 4. Flow Chart for Teletype Interface 
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DATA FROM 
MCS-4 (4001 
OR 4002) 

+5 

L-
TTY 

+5 

$ 
f 

-10 

TTY 
RECEIVER +5 

-1 0 

DATA FROM 
MCS-4 (4001 
OR 4002) 

-10 

+5 

TTY} 

r 
-10 

DATA TO 
4001 

Figure 1 5. MCS-4 & Teletype Interface Circuits 
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XI. SIM4-01 /SIM4-02 PROTOTYPING SYSTEM 

A. General System Description 

During the development phase of the equipment using the MCS-4 micro­
computer set, the designer will often find it helpful to have a means 
for testing out his program. An interface circuit in which 1701 or 
1702 electrically programmable and erasable read only memories simu­
late the 4001 mask programmable read only memories will help serve 
this purpose. Using this interface, it is possible for the system 
designer to program the 170l's or 1702's, plug them into the system, 
check out the programs and make corrections as necessary. In this 
way, the development check-out cycle can be typically reduced to one 
hour or less. With mask progrannnable ROM's, this cycle is usually four 
to six weeks. Intel has developed two microcomputer prototyping kits, 
SIM4-0l and SIM4-02, which use the electrically programmable and 
erasable ROM. 

The maximum directly addressable system configuration is available with 
the SIM4-02. The 4004 CPU directly controls up to sixteen 1701's or 1702's 
and up to sixteen RAMs. Eight ROM output ports and eight ROM input ports 
are provided. These ports are associated with the first eight ROM in 
�he system. Of course, the user must be aware that individual lines of 
a ROM port can be used for input or output but not both. The input­
output option is of course fixed at the time that the 4001 is mask­
programmed. Sixteen RAM output ports are also provided. In addition, 
all data, timing, and memory controls signals are brought to the connector 
to permit tuture memory expansion. 

The SIM4-0l is designed for small systems. This board contains provision 
for up to four 1701's or 1702's and four 4002's. It provides up to four 
RAM output ports (each port contains 4-bits) , four ROM output ports and 
four ROM input ports. 

Both sys,tems come complete with the 4004 CPU and four 4002 RAMs. Addi­
tional RAMs and ROMs may be added as required. Sockets are provided on 
the boards for all MCS-4 components and for all ROMs. Note that all programs 
written for the SIM4-01 may be used without alterations on the SIM4-02. 

IMPORTANT 

It should be noted that the 1701 and 1702's are described in the data 
sheet with respect to "positive logic" (high level = p-logic 1) . On 
the other hand the MCS-4 system is defined in terms of "negative logic" 
(low level = n-logic 1) . As a result, when 1701 or 1702 ROM's are be­
ing programmed to simulate the 4001, characters should be defined as 
P = high level = n-logic O or an N = low level = n-logic 1. For instance, 
consider the instruction code for ADM (one of the 45 instructions for the 
MCS-4) . 

11101011 

When preparing the program tape it should be typed, 

BNNNPNPNNF 

This is the code that will be put into the 4001 when the final system is 
defined. It will correctly simulate the 4001 operation when the 1701 or 
.1702 is used with ' the SIM4-01 or SIM4-02 system. 
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The schematics and block diagrams for both prototyping systems are shown 
on the following pages. The 4004 and the 4002's are µsed as they would 
be in a conventional system. Additional circuitry is used to simulate 
the 4001 ROM's. The two phase clocks are generated by the 9602 single 
shot multivibrator using discrete clock drivers. 

I 
I 
I 
I 
I I I I 
14-t,pw,-i-- \pd1 ---t-trpW2 ->i  
I I I I 

: : I � 

:.400ns
., : .  400m .. :.4oons

., : 

v00 = -1ov 
Vss = Vee = 5V 

I 
--i 

I 
I 
I 
I 
I 
14"-t,j)d2 
I 
I 
I 
�150ns 

Prototype System Clock Drivers 

The 9316 counter together with the 3205 - one of eight decoder - serve 
to decode the cycle timing for the system, thus simulating one of the 
functions implemented on the 4001 chips. The output of the 3205 decoder ' 
indicates which cycle the unit is executing; i. e. , the Ai, the A2, the 
A3, the Mi, etc. The discrete transistors serve to convert data bus 
levels to TTL levels and vice versa. Two 3404 hex latches are wired as 
the equivalent of three quad latch units. These latches act as address 
registers for the 1701 or 1702 memory array. The quad latch units are 
loaded on the A1, A2, and A3 cycles respectively. Those address bits 
loaded during A1 and A2 drive the 1701 or 1702 address line directly, 
while a 3205 decoder is used to generate the chip select signals for 
the 1701 or 1702 memory array from the four bits loaded during A3. Two 
such decoders would be used if a full array of sixteen 170l's or 1702's 
were to be utilized. The output of the 1701 or 1702 array is one byte 
or 8 bits wide. A multiplexer is used to gate four bits at a time onto 
the four bit wide data bus. The first four bits are selected on the Ml 
cycle, the second four bits on the M2 cycle. The signals at the output 
of the multiplexer are at TTL levels. These levels are converted to the 
MOS levels on the 4004 data bus by means of a set of four discrete level 
shifter circuits. The pull down resistors for these circuits are connected 
via diode disconnects to a pull down resistor activator circuit. This 
circuit is activated during the M1 and M2 cycles via the two input NAND 
gate driver. This driver receives two of its three inputs from the Ml 
and M2 decoder. 

The balance of the circuitry shown in the schematic is used to implement 
the input/output port functions associated with the 4001 read only mem­
ories. The execution of an SRC instruction (which is used to activate 
a port) is indicated to the port control circuitry by the presence of 
the conrrnand signal at X2 time. This condition is decoded and used to 
load a two latch port selection register. The contents of this register 
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are in turn decoded by means of four two-input NAND gates. Execution of 
a port control instruction is indicated by the presence of the command 
signal (CM) during Mz time combined with the appropriate code on the data 
bus. For instance the READ ROM INPUT condition is detected by a seven­
input NAND gate . When this instruction is detected a flip-flop consisting 
of two-input NAND gates is set. (The presence of a "1" in the port read­
control flip-flop is used to enable the inputs from one of two multi­
plexers onto the data bus during X2 time. ) Data is then transferred into 
the 4004 from an input port at X2 time.. The port read-control flip-flop 
is reset at X3 time so that it will not influence operations on the 
instruction . 

In general , the number of output ports provided by the array of 4002s 
is adequate. However , to fully duplicate the effects of the 4001s, 
it may be necessary to implement ROM output ports as well as input ports. 
Although the two latch port selection register and decoder need not be 
duplicated , another seven-input NAND gate together with a flip-flop is 
provided to detect the condition for a WRITE ROM OUTPUT port. A four 
bit latch is provided for each output port to be implemented. During 
the subsequent X cycle , the data on the data bus is loaded into the 
selected port- latches. These latches then retain the data. The flip­
flop controlling this operation should also be reset at x3 time. The 
ROM outputs invert the output data and are TTL compatible. RAM outputs 
are MOS compatible. Refer to the schematics and pin configurations for 
both the SIM4-0l and SIM4-02. 

Discrete interface circuits are provided on the cards to communicate with 
a teletype. - Data can be entered through the simulated ROM input ports 
either from the keyboard or the paper tape reader of the teletype. The 
receiving and transmitting of data are in serial form. Other terminal 
devices such as typical conrrnercial keyboards , printers , LED's , CRTs and 
cassettes can readily conrrnunicate with the system with proper single 
interface . 

These S3/stems may be reset to zero by using a RESET switch as indicated 
on the board pin connector list . Debouncing for the switch is provided 
on the board . 

The TEST signal may be transmitted directly to the TEST p i n  of the 4004 
or through a debouncer and one-shot multivibrator . When the TEST signal 
comes from the one-shot , the program executed by the CPU should be 
looping through a JCN instruction waiting for TEST signal . 

Teletype Interface 

The MCS-4 is designed to operate with all types of terminal devices. A 
typical example of peripheral interface is the teletype (ASR-33) .  The 
SIM4 contains three simple transistor TTY interface circuits. Refer 
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SIM4-01 SIM4-02 

FULL DUPLEX a, 0 FULL DUPLEX 

00 0 
RECEIVE 

L 
69 " 0 J2-14 

J 
RECEIVE 

SEND 

71 cg 0 - 1 0 V  

It) 0 

L 
53 ..,. 0 J2-82 

J 49 M 0 +SV 

N 0 
0 

Teletype Terminal Strip 
(See Appendix D for details) 

SEND 

to the appropriate SIM4 schematics for the actual circuit diagrams. One 
transistor is used for receiving serial data from the teletype , one for 
transmitting data back to the teletype , and the third for tape reader 
control. 

The teletype must be operating in the full duplex mode. Refer to your 
teletype operating manual for making connections within the TTY itself. 
Since all teletypes are not identical , it is impossible to present a 
general interconnection scheme with either of the SIM4 boards. Many 
models include a nine terminal barrier strip in the rear of the machine. 
It is at this point where the connections are made for full duplex oper­
ation. The interconnections to the SIM4 for transmit and receive are made 
at this same point. 

To use the teletype 
reader power pack. 
series with the TTY 
is connected to the 
be supplied by the 

reader with the SIM4 , the machine must contain a 
The contacts of a lOV de relay must be connected in 
automatic reader (refer to TTY manual) and the coil 
SIM4 tape reader control as shown. This relay must 

user. 

Note that the SIM4 clock generator must remain set at 750 kHz. 

In order to sense the start character , data in is also sensed at the TEST 
input. It requires approximately llOms for the teletype to transmit or 
receive eight serial data bits plus three control bits. The first and 
last bits are idling bits, the second is the start bit , and the following 
eight bits are data. Each bit stays 9. 09ms. While waiting for data to 
be transmitted , the 4004 is executing a JCN based on the TEST input. When 
the start character is received , the processor jumps to the TTY processing 
routine. Under software control , the processor can determine the duration 
of each bit and strobe the character at the proper time. 

A listing of a teletype control program is shown in Section X, Part D. 
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CA UTION: 

In one mode of operation, these prototype systems do not truly simulate the activity of the 4001. A fter the system is reset and 
the program counter in the CPU is returned to address zero, a two word instruction in the first two steps of the program may be 
improperly executed. (This is characteristic of the prototype boards, not of the MCS-4 components. ) This is the result of an asyn­
chronous reset pulse applied to the "simulated" 4001 ROM memory. 

To insure proper operation of the prototype systems one of the following techniques must be implemented: 

1. Use a NOP in the first location of program memory (ADDRESS 0). Any other single word instruction may also be used. 
2. Use the SYNC pulse to synchronize the reset signal to the system. Then the prototype system will truly simulate the program 

memory in the 4001. 

B. S I M4-0 1 / SI M4-02 Specifications 

FEATURES: 

• Complete Micro Computer System for Prototyping and/or Production • Reprogrammable ROMs 
Simulate 400 1s  • TTY I nterface on Clock • Two Phase Clock Generator on Card • Test and 
Reset Signal Generator on Card 

SI M4-01 SPEC I F ICATIONS 
Card D imensions: 

8 .4 i nches h igh 
5.7 i nches deep 

MCS-4 Components i ncluded on Board : 
(sockets included for memory expansion) 
one 4004 
four 4002s 

Max imum M'emory Configuration : 
four 4002 RAMs - 320 x 4 
four 1 702 ROMs - 1 024 x 8 

Operating Speed : 
1 .35 µs clock period 
1 0.8 µs instruction cycle 

DC Power Requirement : 
Voltage-
Vee = Vss = 5V ±5% 
TTL G N D  = OV 
V00 = - 1 0V ±5% 
Current-

No load operation 
I ce = 1 .5 amp 
1 00 = 0.6 amp 
Worst case load ing ( 1 6  TTL inputs and outputs) 
Ice = 1 .6 amp 
100 = 1 .5 amp 

Connector : 
a. Solder lug type/ Ampheno l  

72 pin connector 
P/N 225-2362 1 - 1 0 1  

b .  Wire Wrap type/ Amphenol 
72 pin connector 
P/N 261 -1 5636-2 

c. Wire Wrap type/CDC 
72 pin connector 
P/N VPBO I E 36300A 1 

SI M4-01 Prototyping Board 
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SIM4-02 SPECI F ICATIONS 
Card D i mensions: 

1 1 .5 i nches high 
9.5 inches deep 

MCS-4 Components i ncluded on Board : 
(sockets included for memory expansion) 
one 4004 
four 4002s 

Maximum Memory Configuration : 
sixteen 4002 RAMs - 1 280 x 4 
sixteen 1 702 ROMs - 4096 x 8 

Operating Speed : 
1 .35 µs clock period 
1 0.8µs instruction cycle 

DC Power Requ irement : 
Voltage-
Vee = Vss = 5V ± 5% 
TTL G N D  = 0V 
V00 = - 1 0V ± 5% 
Current-

No load operation 
Ice = 1 .8 amp 
100 = 0.95 amp 
Worst case load ing (32 TT L inputs and outputs) 
Ice = 2.75 amps 
1 00 = 1 .85 amp 

Connector 
Wire Wrap type/ Amphenol 
86 pin connector 
P/N 261 - 1 0043-2 

SI M4-02 Prototyping Board 



C. MCS-4 STANDARD M EMORY AND I NT E R FAC E  SET (4008/4009) 

Both prototype systems, the S I M4-01 and S I M4-02 are designed to permit the use of 1 702A P ROMs instead 
of meta l masked 400 1 R OMs. The TT L used in the prototype systems to si mu late the contro l logic of the 
400 1  is now embodied in two specia l  i nterface devices. These new devices, the 4008 and 4009, provide 
d i rect interface to standard program memory, either ROM or RAM, and to TT L 1 /0 ports. 

The 4008 is used as the address latching unit, accepti ng,twelve bits of address in each of three ti me periods 
A 1 , A2, A3. The address is ava i lable to the program memory d uring M 1 and M 2  when the CPU accepts 
instructions and data. The program memory may contain  up to sixteen 256 byte pages. The 4008 a lso 
stores the 1 /0 port se lection code so the appropriate i nput or output port can be se lected du ring the execu­
tion ti mes X2 and X3. Demu lti p lexi ng of the eight-bit instruction word from program memory and trans­
mission to the data bus is carried out by the 4009 at M 1 and M2 time. By way of a four-bit 1 /0 bus wh ich 
can commun icate with up  to sixteen i nput and output ports, data is transmitted to and from the accumu lator 
of the CPU via the 4009. 

These si l icon gate p-channel M OS devices packaged in 24-pi n d ua l -i n- l ine packages can replace more than 
twe lve packages of standard TT L logic i n  systems si m i la r  to e ither the S I M4-0 1 or S I M4-02. Append ix B 
provides the complete specification for the 4008 and 4009 a long with examples of various system con­
figurations. 

FEATU R ES 

• Directly Compatible With 4004 CPU 

• I nterface 1 702A PROMs Directly to 4004 CPU - Completely El iminates TTL Interface 

• Permits Program Storage in Alterable Memory 

• Easi ly Combine PROMs ( 1 702A), Metal Mask ROMs ( 1 301 ) ,  and RAMs ( 1 101 , 21 02) 
for Program Storage 

• Expanded 1/0 Port Capabi l ity 

• Each Port May be Both I nput and Output - Up to 1 6  4-bit Input Ports and 1 6  4-bit 
Output Ports 

• Number of 1 /0 Ports is Independent of the Size of the Program Memory 

• 1 /0 Ports and Control L ines are TTL Compatible 

• Execute MCS-4 Programs from any Mix of Standard I ntel ROMs and RAMs 

• New I nstruction WPM (Write Program Memory) is Used for Loading Alterable Program 
Storage ( RAM ) 

4004 
CPU 

4008 
ADDRESS 

LATCH 

OUTPUT 

4002 RAM 
REGISTERS 

(16 RAMS MAXIMUM} 

(4 BIT DATA BUS} 

1 702A PROM 

1301 ROM 

2102 RAM 

OUTPUT 

4002 RAM 
REGISTERS 

• (16 INPUT PORTS 
• AND 16 OUTPUT 
• PORTS MAXIMUM) 

(MAXIMUM 4k x 8) I/O PORTS 
SELECT GATING 

Basic MCS-4 System Using 4008 and 4009 
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Figure 16. Detail Drawing - 4001 ROM Simulator 
Using 1701/1702 as Used on Both the SI M4-01 
and SI M4-02 Boards. 
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D. SI M4-01 Prototype System 

i , . -
co MMAND LI NES 

RAM 
OUTPUT 

PORT 

RAM 
OUTftUT 

PORT 

RAM 
OUTPUT 

PORT 

RAM 
OUTPUT 

PORT 

----
---
. 
-
-:----
----

TO RAM 

CM 
RAMo 

---4 1  
4002 

RAM 

-o 
4002 

RAM 

1--0 
4002 

RAM 

-
4002 

RAM 

4004 
CPU 

DATA 
B US  

f,4- ROM 
i:= tNPUT 
...,_ PORTS 

E 
BUF F E RS 

AND 
MPXERS :::: 1 702 ROM ,._ AR RAY 

ADDR REG 

. . . . .  I 11 U l  

BUF F E RS 

f f CM 
ROM , , ,  . ,  ' ' .  

. 
TIMING AND PORT 

LOG I C  
SYNC 

t 

MCS-4 System Using 1 701 PROM 

rLST 

n-.rr , �r,rr 
.II.NII. ,rN£�ArlJ� 

t 

- ..... = ROM =- � - OUTPUT 

� 

-
PORT 

REG ISTERS 

t 

----------------- SEE DETAIL SCHEMATIC PA6£' 63 ------------------

Figure 1 7. SIM4-01 System Block Diagram 
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Figure 1 8. S I M4-01 Clock Generator, Test Signal ,  R eset Generator and Teletype I nterface Detai l  Drawings 
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NOTES: 1 .  Pin numbers are sh own f or w1rewrap conne ctor . 
2 . All 1 /0 pins are des ignated  with res pe ct to negative l og ic. 
*Res istor Factory Se le cte d. 
3. Vee (+5V) - pin 5, Voo (-1 0V) - pin 1 

G N D  - pin 3 

0 (A-0) 

0 ( A-1 ) 

0 (A-2) 

0 ( A -3) 

0 ( B -0) 

0 (B-1 ) 

0 (B-2) 

0 ( B -3) 

0 (C -0) 

0 (C -1 ) 

0 (C-2) 

0 (C-3) 

0 (D-i ) 

0 ( D-2) 

0 (D-3) 

Figure 1 9. S IM4-01 Complete Schematic 
(PC 1 14-C) 
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Figure 20. Component Side of SI M4-01 Board 
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Solde, Connector P/N 225-23621-101 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 1 7  18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
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Figure 21 . Pin Definition - Reverse Side of SI M4-01 Board 
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( Pin numbe rs are shown f or wirewrap connector -
Al l  Inputs and outputs are designate d with re spect to negative logic) 

PIN 
NO . 

37 

45 

41 

43 

49 

53 

55 

69 

71 

51 

4 7  

6 7 

65 

64 

63 

66 

61 

59 

57  

6 8  

72 

39 

17  

1 3  

15 

19 

11 

35 

29 

27 

21 

33 

31 

25 

23 

26 

24 

10 

12 

32 

28 

30 

22 

16 

18 

20 

14 

70 

62 

60 

58 
56 

54 

52 

50 

48 

46 

44 

42 

40 

38 

36 

34 

SYMBOL 

-lOV 

GND 

+5v 

TS 

TR 

RS 1 
RS2 

TTY (Rl) 

TTY (R2) 

TTY(Tl) 

TTY (Xl) 

TTY (X2) 

01L 

02L 

Do 
D1 

Dz 
D3 
SYNC 

CM-RAM1 
CM-RAM2 

CM-RAM3 
TEST 

RESET 

I (A-0) 

I (A-1) 

I (A-2) 

I (A-3) 

I (B-0) 

I (B-1) 

I (B-2) 

I (B-3) 

I (C-0) 

I (C-1) 

I (C-2) 

I (C-3) 

I (D-0) 

I (D-1) 

I (D-2) 

I (D-3) 

0 (A-0) 

0 (A-1) 

O (A-2) 

0 (A-3) 

0 (B-0) 

0 (B-1) 

0 (B-2) 

0 (B-3) 

0 (C-0) 

0 ( C-1) 

0 ( C-2) 

0 ( C- 3) 

0 (D-0) 

0 (D-1) 

0 (D-2) 

0 (D-3) 

RO(A-0) 

RO(A-1) 

RO(A-2) 

RO(A-3) 
RO(B-0) 

RO(B-1) 

RO(B-2) 

RO(B-3) 

RO(C-0) 

RO(C-1) 

RO(C-2) 

RO(C-3) 

RO(D-0) 

RO(D-1) 

RO(D-2) 

RO(D-3) 

DESCRIPTION 

-lOVDC POWER SUPPLY - VDD 

ov - TTL GROUND 

+5VDC POWER SUPPLY - Vee AND Vss 

TEST SWITCH CONTROL (NORMALLY OPEN) 

TEST SWITCH CONTROL (NORMALLY CLOSED) 

RESET SWITCH CONTROL (NORMALLY OPEN) 

RESET SWITCH CONTROL (NORMALLY CLOSED) 

TELETYPE KEYBOARD or TAPE READER CONNECTION 1 

TELETYPE KEYBOARD or TAPE READER CONNECTION 2 

TELETYPE TAPE READER CONTROL 

TELETYPE PRINTER CONNECTION 1 

TELETYPE PRINTER CONNECTION 2 

PRASE 1 CLOCK 

PHASE 2 CLOCK 

DATA BUS 0 

DATA BUS 1 

DATA BUS 2 

DATA BUS 3 

} MOS COMPATI B LE OUT 

MACHINE CYCLE SYCHRONIZATION SIGNAL 

RAM BANK 1 COMMAND LINE 

RAM BANK 2 COMMAND LINE 

RAM BANK 3 COMMAND LINE 

TEST SIGNAL USED IN CONJUNCTION WITH JCN INSTR. 

RESET S IGNAL USED TO CLEAR THE SYSTEM 

ROM INPUT PORT , ROM 0 

ROM INPUT PORT , ROM 0 

ROM INPUT PORT , ROM 0 

ROM INPUT PORT , ROM 0 

ROM INPUT PORT , ROM 1 

ROM INPUT PORT , ROM 1 

ROM INPUT PORT , ROM 1 

ROM INPUT PORT , ROM 1 

ROM INPUT PORT , ROM 2 

ROM INPUT PORT , ROM 2 

ROM INPUT PORT , ROM 2 

ROM INPUT PORT , ROM 2 

ROM INPUT PORT , ROM 3 

ROM INPUT PORT , ROM 3 

ROM INPUT , PORT , ROM 3 

ROM INPUT PORT , ROM 3 _ 

ROM OUTPUT PORT, ROM 0 

ROM OUTPUT PORT , ROM 0 

ROM OUTPUT PORT , ROM 0 

ROM OUTPUT PORT , ROM 0 

ROM OUTPUT PORT, ROM 1 

ROM OUTPUT PORT , ROM 1 

ROM OUTPUT PORT , ROM 1 

,_ TTL COMPAT I B LE I N  

ROM OUTPUT PORT , ROM 1 t- TTL COMPAT I B LE O UT 
ROM OUTPUT PORT, ROM 2 

ROM OUTPUT PORT , ROM 2 

ROM OUTPUT PORT , ROM 2 

ROM OUTPUT PORT , ROM 2 

ROM OUTPUT PORT, ROM 3 

ROM OUTPUT PORT, ROM 3 

ROM OUTPUT PORT, ROM 3 

ROM OUTPUT PORT , ROM 3 

RAM OUTPUT PORT, RAM O -, - TRANSISTOR BUFFER  O UT 
RAM OUTPUT PORT , RAM O 

} RAM OUTPUT PORT, RAM O MOS COMPAT I B LE O UT 
RAM OUTPUT PORT . RAM 0 
RAM OUTPUT PORT , RAM 1 -- TRANSISTOR B U F F E R  OUT 
RAM OUTPUT PORT , RAM 1 -

RAM OUTPUT PORT , RAM 1 

RAM OUTPUT PORT, RAM 1 

RAM OUTPUT PORT , RAM 2 

RAM OUTPUT PORT , RAM 2 

RAM OUTPUT PORT, RAM 2 - MOS COMPAT I B LE O UT 
RAM OUTPUT PORT, RAM 2 

RAM OUTPUT PORT , RAM 3 

RAM OUTPUT PORT , RAM 3 

RAM OUTPUT PORT , RAM 3 

RAM OUTPUT PORT , RAM 3 _ 
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NOTES : UNLESS OT HERW I SE SPEC I F I ED 
l ALL O:ODES ARE. I N 9 1 4  

2. A L L  TRANSISTOR A R E  E N 2907 . 

3. RES ISTOR VALUES ARE IN OHMS 1/4 W, 10% . 

4. C A PAC I TO R S  VA L U E S  A R E  IN M I C RO FA RA D S .  

Cl? C R I  TO  C R S  A RE OPTI ONAL 
6- "rACT"lt>' £tilt:TE�-
7 A.U SltFAl-"LS �E�ER£AJeE£J n, NEGAT!t/$ 1./¼/C. 
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Figure 24. SIM4-02 Complete Schematic 
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NOTES:  Un less otherwise specif ied. 
1 .  Al l  diodes are 1 N914 . 
2. All transistors are E N2907 
3. R esfstor values are in oh ms 1 /4 W, 1 0% 
4 .  Capacitor values are in microfarads 
5. A29 and A30 was 301 5  
6 .  R 1 -R8 option f or additiona l  memory only 

• Factory Selected 

2

11111 1 1 1 1 1 1 1 1 1 I I I I I I I I I I I I I 1 1 11_11 1 1 I.I I I I 8
6 J 2 

Amphen ol C onnector 
PN 261 -1 004 3-2 

Figure 25. Component Side of S IM4-02 Board 

'--i'.llllllll llllllllllllll l l ll ll l ll l ! l l l l l ! l ! Iµ 4llllllllllll lll ll lllll llf(f(f(ff.f[f[frff f� 
Figure 26. Pin Definition - Reverse Side of S I M4-02 Board 
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PIN 
NO. CONNECTOR SYMBOL 

6 & 8 J2  +5v 

10 & 12  J2 -lOV 

2 & 4 . J2 GND 

2 & 4 Jl  SPARE 

1 Jl I (A-0) 

5 Jl I (A-1) 

13 Jl I (A-2) 

9 Jl I (A-3) 

17 Jl I (B-0) 

3 Jl I (B-1) 

15 Jl I (B-2) 

7 Jl  I (B-3) 

20 Jl I (C-0) 

21 Jl I (C-1) 

2 7  J l  I (C-2) 

22 Jl I (C-3) 

23 Jl I (D-0) 

19 Jl I (D-1) 

25 Jl I (D-2) 

18 Jl I (D-3) 

29 Jl I (E-0) 

26 Jl I (E-1) 

33 Jl I (E-2) 

30 Jl I (E-3) 

31 Jl I (F-0) 

24 Jl I (F-1) 

35 Jl I (F-2) 

2 8  Jl I (F-3) 

37 Jl I (G-0) 

34 Jl I (G-1) 

42 Jl I (G-2) 

40 Jl I (G-3) 

36 Jl I (H-0) 

32 Jl I (H-1) 

41 Jl I (H-2) 

39 Jl I (H-3) 

82 J2 TTY (R) 

14 J2 TTY (X) 

45 J2 TTY (T) 

48 Jl 0 (A-0) 

47 Jl 0 (A-1) 

54 Jl 0 (A-2) 

51 Jl 0 (A-3) 

46 Jl 0 (B-0) 

43 Jl 0 (B-1) 

44 Jl 0 (B-2) 

45 Jl 0 (B-3) 

49 Jl 0 (C-0) 

50 Jl 0 (C-1) 

52 Jl 0 (C-2) 

56 Jl 0 (C-3) 

SI M4-02 Board Pin Description 

( Inputs and outputs designated with respect to negative logic) 

DESCRIPTION 

+5VDC Power Supply 

-lOVDC Power Supply 

GrOlmd 

Not Used 

ROM INPUT PORT , ROM If 

ROM INPUT PORT , ROM rJ 

ROM INPUT PORT , ROM rJ 

ROM INPUT PORT , ROM rJ 

ROM INPUT PORT , ROM 1 

ROM INPUT PORT , ROM 1 

ROM INPUT PORT , ROM 1 

ROM INPUT PORT , ROM 1 

ROM INPUT PORT , ROM 2 

ROM INPUT PORT , ROM 2 

ROM INPUT PORT , ROM 2 

ROM INPUT PORT , ROM 2 

ROM INPUT PORT , ROM 3 
::> 

ROM INPUT PORT , ROM 3 Q. 

ROM INPUT PORT , ROM 3 w 
ROM INPUT PORT , ROM 3 co 

ROM INPUT PORT, ROM 4 
- i=  

ROM INPUT PORT , ROM 4 � 
ROM INPUT PORT , ROM 4 (.) 

ROM INPUT PORT , ROM 4 I-

ROM INPUT PORT , ROM 5 

ROM INPUT PORT , ROM 5 

ROM INPUT PORT , ROM 5 

ROM INPUT PORT , ROM 5 

ROM INPUT PORT , ROM 6 

ROM INPUT PORT , ROM 6 

ROM INPUT PORT , ROM 6 

ROM INPUT PORT , ROM 6 

ROM INPUT PORT , ROM 7 

ROM INPUT PORT , ROM 7 

ROM INPUT PORT , ROM 7 

ROM INPUT PORT , ROM 7 -
TELETYPE RECEIVER CONNECTION 

TELETYPE TRANSMITTER CONNECTION 

TAPE READER CONTROL 

ROM OUTPUT PORT , ROM 0 

ROM OUTPUT PORT , ROM rJ 

ROM OUTPUT PORT , ROM 0 

ROM OUTPUT PORT, ROM 0 w 

ROM 1 co ROM OUTPUT PORT , 

ROM OUTPUT PORT , ROM 1 Q. � 
ROM OUTPUT PORT , ROM 1 0 

ROM OUTPUT PORT , ROM 1 
I-

ROM OUTPUT PORT , ROM 2 .... 
ROM OUTPUT PORT, ROM 2 

ROM OUTPUT PORT , ROM 2 

ROM OUTPUT PORT , ROM 2 

75 

PIN 
NO . 

6 7  

7 2  

70 

74 

5 7  

6 4  

68  

6 3  

5 8  

6 0  

5 5  

62  

59  

61 

66 

65 

80 

78 

73  

75  

14 

20 

19 

18 

45 

2 7  

2 5  

2 6  

36 

35 

33 

34 

44 

43 

41 

42 

53 

54 

52 

51 

59 

64 

62 

57  

76  

73  

71 

69 

78 

77 

80 

CONNECTOR 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

SYMBOL 

0 (D-0) 

0 (D-1) 

0 (D-2) 

0 (D-3) 

0 (E-0) 

0 (E-1) 

0 (E-2) 

0 (E-3) 

0 (F-0) 

0 (F-1) 

0 (F-2) 

0 (F- 3) 

0 (G-0) 

0 (G-1) 

0 (G-2) 

O(G-3) 

0 (H-0) 

0 (H-1) 

0 (H-2) 

0 (H-3) 

RO (A-0) 

RO (A-1) 

RO (A-2) 

RO (A-3) 

RO (A-4) 

RO (A-5) 

RO (A-6) 

RO (A-7) 

RO (A-8) 

RO (A-9) 

RO (A-10) 

RO (A-11) 

RO (A-12) 

RO (A-13) 

RO (A-14) 

RO (A-15) 

Rl (A-0) 

Rl (A-1) 

Rl (A-2) 

Rl (A-3) 

Rl (A-4) 

Rl (A-5) 

Rl (A-6) 

Rl (A-7) 

Rl (A-8) 

Rl (A-9) 

Rl (A-10) 

Rl (A-11) 

Rl (A-12) 

Rl (A-13) 

Rl (A-14) 

DESCRIPTION 

ROM OUTPUT PORT , ROM 3 

ROM OUTPUT PORT , ROM 3 

ROM OUTPUT PORT , ROM 3 

ROM OUTPUT PORT, ROM 3 

ROM OUTPUT PORT , ROM 5 

ROM OUTPUT PORT, ROM 5 

ROM OUTPUT PORT , ROM 5 

ROM OUTPUT PORT, ROM 5 

ROM OUTPUT PORT , ROM 4 

ROM OUTPUT PORT, ROM 4 

ROM OUTPUT PORT , ROM 4 

ROM OUTPUT PORT , ROM 4 

ROM OUTPUT PORT , ROM 6 

ROM OUTPUT PORT , ROM 6 

ROM OUTPUT PORT , ROM 6 

ROM OUTPUT PORT, ROM 6 

ROM OUTPUT PORT , ROM 7 

ROM OUTPUT PORT , ROM 7 

ROM OUTPUT PORT, ROM 7 

ROM OUTPUT PORT, ROM 7 _ 

w 
..J 
co 

,_ � 
0 
(.) 

5 
0 
a: 
w 
LI.. 

RAM OUTPUT PORT BANK O , RAM O - � 
AND TTY TRANSMITTER 
RAM OUTPUT PORT BANK O ,  RAM O

} 

CO 

RAM OUTPUT PORT , BANK O, RAM O � 

RAM OUTPUT PORT , BANK O, RAM 0 

RAM OUTPUT PORT, BANK O, RAM 1 - 5 
AND TAPE READER Q 
RAM OUTPUT PORT, BANK O , RAM 1-

RAM OUTPUT PORT , BANK O, RAM 1 

RAM OUTPUT PORT , BANK O, RAM 1 

RAM OUTPUT PORT , BANK O, RAM 2 

RAM OUTPUT PORT , BANK O ,  RAM 2 

RAM OUTPUT PORT, BANK O , RAM 2 

RAM OUTPUT PORT, BANK O ,  RAM 2 

RAM OUTPUT PORT , BANK O, RAM 3 

RAM OUTPUT PORT , BANK O, RAM 3 

RAM OUTPUT PORT , BANK O, RAM 3 

RAM OUTPUT PORT , BANK O, RAM 3 

RAM OUTPUT PORT , BANK 1 ,  RAM 0 

RAM OUTPUT PORT , BANK 1 ,  RAM 0 

RAM OUTPUT PORT , BANK 1 , RAM 0 

RAM OUTPUT PORT, BANK 1 ,  RAM 0 

RAM OUTPUT PORT , BANK 1 ,  RAM 1 

RAM OUTPUT PORT , BANK 1 ,  RAM 1 

RAM OUTPUT PORT , BANK 1 , RAM 1 

RAM OUTPUT PORT, BANK 1 ,  RAM 1 

RAM OUTPUT PORT, BANK 1 , RAM 2 

RAM OUTPUT PORT, BANK 1 ,  RAM 2 

RAM OUTPUT PORT , BANK 1, RAM 2 

RAM OUTPUT PORT , BANK 1, RAM 2 

RAM OUTPUT PORT, BANK 1 ,  RAM 3 

RAM OUTPUT PORT, BANK 1 ,  RAM 3 

RAM OUTPUT PORT , BANK 1, RAM 3_ 

a: 
w 
LI.. 
LI.. 
::> 
co 



I PIN 
NO. CONNECTOR SYMBOL DESCRIPTION 

79 J2 Rl (A-15) RAM OUTPUT PORT, BANK 1 ,  

47 J2 R2 (A-0) RAM OUTPUT PORT , BANK 2 ,  

48 J2 R2 (A-1) RAM OUTPUT PORT , BANK 2 ,  

50 J2 R2 (A-2) RAM OUTPUT PORT , BANK 2 ,  

49 J2 R2 (A-3) RAM OUTPUT PORT , BANK 2 ,  

56 J2 R2 (A-4) RAM OUTPUT PORT , BANK 2 ,  

55 J2 R2 (A-5) RAM OUTPUT PORT , BANK 2 ,  

58 J2 R2 (A-6) RAM OUTPUT PORT , BANK 2 ,  

60 J2 R2 (A-7) RAM OUTPUT PORT , BANK 2 ,  

66 J2 R2 (A-8) RAM OUTPUT PORT, BANK 2 ,  

63 J2 R2 (A-9) RAM OUTPUT PORT , BANK 2 ,  

65 J2 R2 (A-10) RAM OUTPUT PORT , BANK 2 ,  

67 J2 R2 (A-11) RAM OUTPUT PORT , BANK 2 ,  

74 J2 R2 (A-12) RAM OUTPUT PORT , BANK 2 ,  

72 J2 R2 (A-13) RAM OUTPUT PORT, BANK 2 ,  

70 J2 R2 (A-14) RAM OUTPUT PORT, BANK 2 ,  

68  J2  R2 (A-15) RAM OUTPUT PORT , BANK 2 ,  

1 1  J2 R3 (A-0) RAM OUTPUT PORT , BANK 3 ,  

13 J2 R3 (A-1) RAM OUTPUT PORT , BANK 3 ,  

15 J2 R3 (A-2) RAM OUTPUT PORT, BANK 3 ,  

17 J2 R3 (A-3) RAM OUTPUT PORT , BANK 3 ,  

2 2  J 2  R3 (A-4) RAM OUTPUT PORT , BANK 3 ,  

2 1  J2 R3 (A-5) RAM OUTPUT PORT , BANK 3 ,  

2 3  J2 R3 (A-6) RAM OUTPUT PORT , BANK 3 ,  

2 4  J2 R3 (A-7) RAM OUTPUT PORT , BANK 3 ,  

30 J2 R3 (A-8) RAM OUTPUT PORT, BANK 3 ,  

29 J2 R3 (A-9) RAM OUTPUT PORT, BANK 3 ,  

31 J2 R3 (A-10) RAM OUTPUT PORT, BANK 3 ,  

RAM 3 

RAM 0 

RAM 0 

RAM 0 

RAM 0 

RAM 1 

RAM 1 

RAM 1 

RAM 1 

RAM 2 

RAM 2 

RAM 2 

RAM 2 

RAM 3 .... :E 

RAM 3 Cl) 

RAM 3 :E 
RAM 3 

RAM 0 

RAM 0 

RAM 0 

RAM 0 

RAM 1 

RAM 1 

RAM 1 

RAM 1 

RAM 2 

RAM 2 

RAM 2 • 
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PIN 
NO. 

32 

38 

37 

39 

40 

86 

83 

16 

84 

81 

85 

83 

86 

38 

53 

16 

14 

12 

10 

79 

82 

81 

85 

76 

71 

77 

CONNECTOR SYMBOL 

J2 R3 (A-11) 

J2 

J2 

J2 

J2 

Jl 

Jl 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

J2 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

Jl 

R3 (A-12) 

R3 (A-13) 

R3 (A-14) 

R3 (A-15) 

CM-� 

CM-RAM2 

CM-RAM3 

SYNC(TTL) 

CM-ROM 

RS2 

'11L MOS 

i2L MOS 

RESET 

TEST 

SRI 

SRO 

RDo 

RD2 

RD5 

RD6 

RD7 

DESCRIPTION 

w .J m 

RAM OUTPUT PORT , BANK 3 , RAM 2 • 

RAM OUTPUT PORT , BANK 3 , RAM 3 

RAM OUTPUT PORT, BANK 3 ,  RAM 3 

RAM OUTPUT PORT , BANK 3, RAM 3 

RAM OUTPUT PORT , BANK 3, RAM 3 

RAM BANK 1 COMMAND LINE 

"'" :E  

RAM BANK 2 COMMAND LINE 

RAM BANK 3 COMMAND LINE 

MACHINE CYCLE SYNCHRONIZATION S IG. 
(TTL LEVELS) 
MOS (EXPANSION) 

:E 

TEST SWITCH CONTROL (NORMALLY OPEN) 

TEST SWITCH CONTROL (NORMALLY CLOSED) 

RESET SWITCH CONTROL (NORMALLY OPEN) 

RESET SWITCH CONTROL (NORMALLY CLOSED) 

PHASE 1 CLOCK 

PHASE 2 CLOCK 

RESET SIGNAL FOR 4004 (EXPANSION) 

TEST SIGNAL FOR 4004 (EXPANSION) 

ROM INPUT PORT STROBE (EXPANSION) 

ROM OUTPUT PORT STROBE (EXPANSION) 

ROM DATA OUTPUT O (EXPANSION) 

ROM DATA OUTPUT 1 (EXPANSION) 

ROM DATA OUTPUT 2 (EXPANSION) 

ROM DATA OUTPUT 3 (EXPANSION) 

ROM DATA OUTPUT 4 (EXPANSION) 

ROM DATA OUTPUT 5 (EXPANSION) 

ROM DATA OUTPUT 6 (EXPANSION) 

ROM DATA OUTPUT 7 (EXPANSION) 

ROM MIDDLE ADDRESS SELECT EXPANSION 

ROM LOWER ADDRESS SELECT EXPANSION 

ROM UPPER ADDRESS SELECT EXPANSION 

DATA BUS O ('ITL COMPATIBLE) 

DATA BUS 1 ('ITL COMPATIBLE) 

DATA BUS 2 (TTL COMPATIBLE) 

DATA BUS 3 (TTL COMPATIBLE) 



XII. SAMPLE SIXTEEN DIGIT DECIMAL ADDITION PROGRAM WITH TTY KEYBOARD 
and PRINTER INTERFACE (Intel ROM Program Number A0700) 

An MCS-4 program has been developed to demonstrate both the control 
and arithmetic features' of this microcomputer system. This program 
adds a sixteen digit integer to the content of the accumulator and 
prints the new content of the accumulator. The programmed ROM may 
be used with either the SIM4-0l or SIM4-02 prototyping system. 
Input/output capability is provided by an ASR 33 teletype. The 
prototyping system and the teletype should be connected as shown 
in Section XIII. The TTY, keyboard interrogation, arithmetic operation, 
and TTY P rinter output are all controlled by the CPU (4004) using 
this special decimal addition program. 

To use this program: 

1) Insert the ROM in ROM position zero in the prototype 
system and reset the system, including the accumulator, 
to zero. 

2) Enter from one to sixteen integers from the TTY keyboard. 

3) If fewer than sixteen digits are entered, depress the0 
key. 

4) The number entered is added to the content of the accumu­
lator. 

5) This procedure may be repeated until the content of the 
sixteen digit accumulator overflows (X's will be printed) . 
This overflow will automatically reset the system. 

6)  To reset the system at any other time, use the reset switch. 

This program uses both the keyboard process routine and decimal 
addition routine explained earlier in this manual. In addition, 
the TTY printing subroutine is used. 

Example of Addition Program 
Printout On Teletype 

12 34 0 

Reset. System 

----------- Enter number and add connnand 

1 2 34 ----------- Printed result 

2 2  0 ----------- Enter number and add command 

-----------Printed result 1256  

111 1111111111111 

1111111111 112 36 7 

9999999999999999 

xxxxxxxxxxxxxxxx 

-------- Enter sixteen digits 

-------- Printed result 

-------- Enter sixteen digits 

-------- Resulting overflow 

System automatically reset 

The listing of tape A0700 follows. 
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0000  
0 0 0 1 
0 0 0 2  
0 0 0 3  
0 0 0 4  
0 0 0 5  
0 0 0 6  
0 0 0 7  
0 0 1 0  
0 ;} 1  I 
00 1 2  
0'1 1 3  
0 0 1 4  
00 1 5  
0 :;,  1 6  
00 1 7  
0 i 20 
00 2 1  
0 0 22 
0 0 2 3  
110 2 4  
00 25 
0 0 26 
0 :i? 2 7  

0 0 3 0  
0 0 3 1  
00 32  
0 0 3 3  

SIXTE EN D IGIT I NTEGE R  ADDITI ON MI CROPROGRAM WITH TTV 

KEYBOARD AND PR I NTER I NTER FACE 

I PRIJ P E RT 'I'  ,J f I N T EL C•J RP SA'IJ T A CL ARA CAL I F:) RN I A 
I 
I PRQ GRAM At-'E- C020- 4 I LI0 0 LI  1 6- 0 I GI T  ADD!  N G-
I M A Cri l � E W/ TT Y - K B D DRI V E R  
I 
I 
I PRO GRAMM ER Prl I L  T A I  ; APPL 1 CA T I ON S EN G I N  EE R I N G 
I DAT E  O CT O B E R  2 7, 1 9 7 1  @ 0 8 30 
I PALL - I V  AS SEM BL E R  
I 
* 0 0 0 0  
DE C I MAL 

0 3 3 7  B E G I N ,  L DM 1 '- / SET  RAM < 0 > PD RT T'J 1 1 1 1 , 8 
0 0 Ll 0  
(� 000  F I M  0< ; 0 
0 0 .ll l  SRC 0< 
0 3 4 1 IM P  
'1 320  L DM 0 
03 Ll 4  
0 0 0 0  F I M  2< ; 0 / I R C  4- 5 > = 0 
0 0 46 
0 0 1 2  F I M  3 < J  1 0  / I R C 6 > = 0 J  O H  7 > = 1 0  
0 0 4 5  R EP,  SRC 2< 
0 3 42 WRR 
'1 1 4 4 I N C  4 
0 1 6 7 
0 21 1 2  I SZ 7J REP 
0 3 20 N EX T ,  L DM 0 I SE1  D I G I T C:-H R 
0 2 7 5  X Crl 1 3  I I R < l 3 > = 0  
0 0 4 4  
0 0 6 0  F I M  2< ; 48 I I R C  :ti > �3J  1 R C  5 > = 0  
0 1 2 0 
0 2 6 0  JM S ; CL RRAM I CL. EAR RA;"! 
0 1 20 
0 3 6 7 J"I S ; CRL F  I PO S I T I O � C A R R I A GE 
0 3 6 1 CL C 

I 
'/ T E S T  T TY / K BD I N P U T S  
I 

0"2 1 
0030  ST,  JCN TZ J S T 
0 1 20 
0 2 7 1 J:-1 S ;  S B R l  

0 0 3 4 . C-H 1 4 0  
0 0 3 5  0 0 1 �  F I M  0< ; 1 3  I I R C 0 ) :: 0 ; I R < 1 > =  1 3  
00 36  0 1 6 1  
vH l 3 7  0 0 3 6  T E S T ,  I S Z  t J T E ST 
00 40 0 0 4 1 SRC 0 <  
0 :) t d  0 3 5 2  RDR 
0 0 4 2 0 3 6 4  CM A 
11 0 4 3  0 3 4 1 ,..,.., p  
0 0 4 4  0 1 20 
0 0 4 5  0300 J� S ; SBR2 
0 0 46 0 0 40 
0 0 4 7  0 0 0 0  F' I M  0< J 0  I ! R ( 0- t > = 0  
0 0 5 0  0 320  L DM 0 
0 0 5 1  0 2 6 2  X C H  2 I I R C 2 > = 0  
0 0 5 2  0 32 0  L DM 0 
00 5 3  0 2 6 3  XCH 3 I I R < 3 > = 0  
0 0 5 4  0 3 3 0  L DM 8 
0 0 5 5  0 2 6 4  XCH 4 I I R C 4 ) - 8  
0 0 56 0 1 20 
00 5 7  0 2 7 1  S T  1 .,  J,"1 S J SBR I 
0 0 6 0  0 3 6 1 CL C 
0 0 6 1 0 0 4 1  SRC 0<  
0 0 6 2  0 3 52 RDR I READ  DA T A  l ,\I P UT 
00 6 3  0 36 4  CM A 
0 0 6 4  0 3 4 1  � p  
0 0 6 5  0 36 6  RAR I S T-J RE DATA I N  CARRY 
0 0 6 6  0 2 42 L D  2 I L O AD AC= I R C 2 > 
00 6 7  0 3 6 6  RAR I TRA.\I SF ERE  B I T 
0 0 70 0 2 6 2  XCH 2 I RE STO RE N E W  DA TA WJ R D  
00 7 1  0 2 4 3  L D  3 
0 0 7 2  0 3 6 6  RAR 
0 0 7 3  0 2 6 3  XCH 3 I EX TEN D  R E G I ST E R  TO M AK E  8 B I T S  
00 7 4  0 1 20 
0 0 7 5  0 3 0 0  JM S SB R2 
00 76  0 1 6 4 
0 0 7 7  0 0 5 6  I SZ 4 J  ST l 
0 1 0 0 0 3 3 7  L DM 1 5  
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0 1 0 1  0040  
0 1 0 2 0 000 F I M  0< ; 0  
0 1 11 3 00 4 1  SRC 0<  
0 1 0 4 0 3 4 1 w"I P 
0 1 0 5 0 3 3 3  COMADD.,  L DM 1 1  
0 1 l'1 6  0 2 2 3  S U B  3 
0 1 0 7 0 3 6 1 CL C 
0 1 1 0  0 0 2 4  
0 1 1 l 0 1 5 4 J CN AZ ; A D D I  TN I I F  AC= 0 J  J UM P  

I 
0 1 1 2  0050  
0 1 1 3  0 1 00 WR I T E.,  F I M  4 <  J 6 4  I I R C 8 > = 4J I R < 9 > = 0  
0 1 1 4  0 24 3  L O  3 
0 1 1 5  0 0 5 1  SRC 4< 
0 1 1 6  0 3 4 2  WR R 
0 1 1 7 0 1 5 0 I N C  8 
0 1 20 0 2 42 L O  2 
0 1 2 1  0 0 5 1 SRC 4< 
0 1 22 0 3 42  WRR 

I 
0 1 23 0 0 4 0  
0 1 2 4 000 1 S T 1) RE.,  F I M  0 <  J 1 I l t< < 0 > = 0J I R < 1 > = 1  
0 1 2 5 00 4 4  
0 1 2 6 00 7 7  F I M  2< ; 6 3  I I R C -4 > = 3; I R < 5 > = 1 5  
0 1 2 7 0 0 4 6 
0 1 30 0 0 7 6  F I M  3< J 6 2  I I R < 6 > = 3 J I R < 7 > = 1 4  
0 1 3 1  0 0 4 7  R EP l .,  SRC 3<  
0 1 32 0 3 5 1 ROM 
0 1 3 3 0 0 4 5 SRC 2< 
0 1 3 il 0 3 i10 WRM 
0 1 3 5 0 2 il 5  L D  5 
0 1 3 6 0 3 70 OAC 
0 1 3 7 0 2 6 5  X C H  5 
0 1 40 0 3 6 1 CL C 
0 1 4 1  0 2 -4 7  L D  7 
0 1 42 0 3 7 �  DAC 
0 1 4 3 0 2 6 7  XCH 7 
0 1 4-4 0 3 6 1 CL C 
0 1 4 5 0 1 6 1  
0 1 4 6 0 1 3 1  I Sl 1 ;  REP l 
0 1 4 7 0 2 '-1 3  L O  3 
0 1 50 0 0 -4 5  SRC 2< 
0 1 5 1 0 31.1 0  WRM 
0 1 52 0 1 7 5 
0 1 5 3 0030  I SZ l 3J ST 

I 
0 1 5 4 0 1 20 
0 1 5 5 0 3 6 7 ADDI TN ., JM S J CRL F I PO S I T I O N  CARR I A GE 
0 1 56 0 0 4 0  
0 1 5 7 0 0 0 0  F I M  0< ; 0 I I R < 0- 1 > = 0  
0 1 60 0 0 44 
0 1 6 1  0 0 6 0  F I M  2< ; 48 I I R < 4 > = 3; I R < 5 > = 0  
0 1 6 2 0 32 0  L DM 0 
0 1 6 3 026 6 X CH 6 
0 1 6 4 0 3 6 1 CL C 
0 1 6 5 0 0 4 5  A D l ., SRC 2<  
0 1 6 6 0 35 1  R DM 
0 1 6 7 0 0 -4 1 SRC 0< 
0 1 70 0 3 5 3  ADM 
0 1 7 1  0 3 7 3  DAA 
0 1  72  0 3 40 WRM 
0 1 73 0 1 -4 1 I N C  l 
0 1 7 4 0 1 4 5 I N C  5 
0 1 75 0 1 6 6 
0 1 7 6 0 1 6 5 I Sl 6 J AD 1 

I 
0 1 7 7 0 0 2 2  
0 2 0 0  0 2 42 ') V ERFL ., J 0-.1 CN J X XX I T E ST FO R C AR RY 
020 ] 0 0 5 4  
0 2 0 2  00 1 7  F I M  6< J 1 5  I I R C  1 2 ) - 0 J I R C 1 3 > =  1 5  
020 3 0 320 L DM 0 
0 2 0 -4  0 2 7 2  XCH 1 0  
0 2 0 5  0 0 1.1 -4  
0206  0000  F I M  2 <  J 0 
0 2 0 7  0 32 ] L DM l 
0 2 1 0  0 0 4 5  S R C  2<  
0 2 1 1 0 3 -4 4  WR0 
02 1 2  00 4 5  AD2.,  SRC  2 <  
02 1 3  0 3 5 4  RD0 
02 1 4  0 36 6  RAR 
0 2 1 5  00 55  SRC  6<  
02 1 6  0 3 5 1  R OM 
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0 2 1 7  0 0 3 4  
0220  0 2 2 3  
022 1 0 0 2 2  
0222 0 2 3 3  
0 2 2 3  '12 6 3  
022 4 0 3 3 3  
022 5  0 262  
0226  0 320  
022 7 0 0 4 5  
0230  0 3 4 4  
0 2 3 1 0 1 20  
0 2 3 2  0 30 7  
{�2 3 3  0 2 5 5  
02 3 4  0 3 7 0  
0 2 3 5  02 7 5  
0 2 3 6  0 1 72 
0 2 3 7  02 1 2  
0240  0 1 00 
02 4 1  00 1 7  
0 2 42 0320  
02 4 3  '12 7 2  
0 2 4 4  0 0 42 
02 4 5  0 3 3 0  
0246  0 1 2 0 
02 4 7  0 3 (} 7  
02 50 0 1 7 2 
0 2 5 1 0 2 4 4  
02 52 0 0 4 4  
0 2 5 3  0 0 0 0  
02 5 4  0 1 20 
0 2 5 5  0260  
0 2 5 6  0 1 0 0 
0 2 5 7  00 1 7  
0 2 6 0  0 320  
0 2 6 1 0 2 6 1 
0 2 6 2  0 320  
0 2 6 3  0 0 4 5  
02 6 4  0 3 40 
0 2 6 5  0 1 4 5 
0 2 6 6  0 1 6 1  
02 6 7  0262  
02 7 0  0 300 

02 7 1  0 0 40 
02 72 0000 

02 7 3  0 1 6 0 
02 7 4  0 2 7 3  
0 2 7 5  0 1 6 1  
0 2 7 6  0 2 7 3  
02 7 7  0300  

0300  0 0 40 
0 3 0 1 0 0 1 0  
0 302  0 1 6 0 
0 3 0 3  0 302  
0304  0 1 6 1  
0 3 0 5  0 30 2  
0 3 0 6  0 30 0  

0 3 0 7  0 0 4 0  
0 3 1 0  0020  
0 3 1 1  0 3 2 7  
0 3 1 2  0 0 4 1  
0 3 1 3  0 3 40 
0 3 1 4  0 1 4 1 
0 3 1 5  0 2 6 3  
0 3 1 6  00 4 1  
0 3 1 7  0 3 40 
0 320  0 1 4 1 
0 32 1 0 2 62 
0 32 2  0 0 4 1 
0323  0 3 40 
0 3 2 4  0 0 5 0  
0 3 2 5  0 0 2 0  
0 3 2 6  0 0 42 
0 3 2 7  0 320  

SKP l ., 

Si< I p ., 

xxx.,  

O VFL l 1 

CL RR.AM 1 

CL EAR., 

/ 
/ 

J CN AN .J SKP 1 

JCN CN ; SK I P  
XCH 3 
L DM 1 1  
XCH 2 
L OM 0 
SRC 2< 
WR0 

JM S J PRI N T  
L D  
DAC 
XCH 

I SZ 

JUN 
L DM 
XCH 

F I M  

JM S 

I Sl 

F I M  

JM S 

JUN 
L DM 
XCH 
L DM 
SRC  
WRM 
I N C  

I SZ 
BBL 

1 3  

1 3  

l 0 J  A D2 

; N EX T 
0 
1 0  

1 < ;  2 1 6  

; PR I N T  

1 0J O VFL 1 

2< ; 0 

J CL RRAM 

J N  EX T 
0 
1 
0 
2< 

5 

l J CL EAR 

/ SUBRO UT I N E  
/ 

SBR I .,  F I  M 0< J 0 

L 1 .,  I SZ 0 ; L  I 

I SZ 1 ;  L 1 
BBL 

/ 
/ 

SBR21 F I M  0< J 8  

L 2 .,  I SZ 0 J L 2  

I SZ  1 J L 2 
B BL 

/ 
/ 
/ 
/ 
/ P R I N T  RO U T I N E  
/ 

P R I N T .,  F" I M  0< ; 1 6  
L DM  7 
SRC 0<  
WRM 
I N C  1 
XCH 3 
SRC 0< 
WRM 
I N C  I 
X CH 2 
SRC 0<  
WRM 

F'I M  4< J 1 6  

F"I M  l < J 208 

/ T E S T  FO R AC . N E • 0 

/ TEST  FO f< CA= l 

/ I R < l > = B ; I R C 2 > = 1 3  ( )( ] 

/ I R < 0- 1 > = 0  
/ 5 4 7  

/ I R < 0 )  = 0., I R < I > = 8 

/ 2 7 5  

/ I R < 0 > = 1 J I R < 1 > = 0  

I I R C 8 > = 1 J I R < 9 > = 0 

/ I R C 2 > = 1 31 I R C 3 > = 0  
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0 3 30 0044 

0 3 3 1  0 0 1 4  sT1  .. F I M  2< J 1 2  I I R U 1 > = 0., I R C 5 > = 1 2  

0 3 32 0 0 5 1 SRC 4< 

0 3 3 3  0 3 5 1 R DM 

0 3 3 il  0 3 il l  ST8.,  W"I P  
0 3 3 5  026 4 XCH 4 I SAVE C C A C >  I N  I N DEX REG  4 
0 3 3 6  0 1 20 
0 3 3 7  0 2 7 1  JM SJ SBR  1 I DELAY RO UT I N E  I t  
0 3 40 0 1 20 

0 3 4 1  0 30 0  JM SJ  SBR2 / DEL AY RO UT I N E  # 2  
0 3 il2 0 2 6 4  X C H  4 / RESTO H E  SAVED C C AC >  
0 3 43 0 1 6 5 
0 3 4 4 0 360  I SZ  5 J  S l  9 I N UM BER O F  R() TA T I O N S  
0 3 4 5  0 1 5 1  I N C 9 / N UM BER O F  DI G I T S  
0 3 4 6  0 0 0 0  N O P  
0 3 47 0 0 0 0  NOP  
0350  0000  NOP 
0 3 5 1 0 0 0 0  NO P 
0 3 5 2  0 0 0 0  NO P 
0 353  0 1 6 2 
0 3 5 4  0 33 0  I SZ 2 J ST 7  / N UM BE R  O F  4- 8 1  T ',,.O R D S  
0 3 55 0 3 3 7  L DM 1 5  
0 3 5 6  0 3 -4 1 WM P  
0 3 5 7  0 30 0  BBL 
0 3 6 0  0 0 i16 
0 3 6 1 0 0 1 4  ST9 , F I M  3< J 1 2  I I R < 6 > = 0 ; I R < 7 > = 1 2  
0 3 62  0 1 6 7 
0 3 6 3  0 362 sn 2 .. l SZ 7 J ST 1 2  
0 3 6 4  0 3 6 6  RAR 
0 3 6 5  0 1 00 
0 3 6 6  0 33 4  JUN 0 J ST6 

I 
I CRI L F  RO UT I N E S  
I 

0 3 6 7  0 0 42 
0 3 7 0  0 2 1 5  CRL F 1  F I M  l < J 1 4 1  I I R < 2 > = 8 J I R < 3 > � 1 3  < CR >  
0 3 7 1 0 1 2 0 
0 3 7 2  0 3 0 7  JM SJ PR I N T  
0 3 7 3  0 0 42 
0 3 7 4 0 2 1 2  L F .,  F I M  l < J  1 38 I I R C 2 ) = 6 J I R < 3 > = 1 0  < L F >  
0 3 7 5  0 1 20 
0 3 7 6  0 30 7  JM S J PR I N T  
0 3 7 7  0 3 0 0  BBL 

I 
I 
O CTAL 
I 

ADDR ESS LABE LS USED I N  PROGRAM 

ADDI TN 0 1 5 4 AD l 0 1 6 5 AD2 0 2 1 2  B E G I N  0 0 0 0  
CL EAR 0 262 CL RRAM 0260 COMADD 0 1 0 5 CRL F 0 36 7 
L F  0 3 7 3  L l  02 73  L 2  0 302  N EX T  0 0 1 7  
O V ER FL 0 1 7 7 O V FL 1 0244  PR I N T  0 30 7  l<EP 00 1 2  
REP l 0 1 3 1 SBR l 02 7 1  SBR2 0 30 0  SK I P  0 2 3 3  
SKP l 0 2 2 3  S T  0 0 30 S l O R E  0 1 2 3  ST l 0 0 56 
ST 1 2  0 362 ST 7 0 3 30 ST8 0 33 -4  ST9 0 3 6 '' 
TEST  0 0 36 WR I T E 0 1 1 2  XXX 0 2 42 

81 



XIII. MCS-4 PROM PROGRAMMING SYSTEM 

A. General System Description and Operating  I nstructions 

I nte l has deve loped a low-cost micro computer programming system for its e lectrica l l y  programmabl e  
R OMs. Using I ntel 's eight b i t  micro computer system and a standard AS A 33  teletype (TTY) ,  a 
complete low cost and easy to use ROM programming system may be assemb led .  The system features 
the fo l lowing functions: 

1 ) Memory load ing 
2 )  Format check ing 
3) ROM programming ·  
4 )  E rror check ing 
5 )  Program l isting 

For specifications of the I nte l P ROMs, refer to the I nte l Data Catalog. 

CONTROL PROGRAM 

0 1 2 3 

00 00 00 ROM PROGRAMMING BOARD 

ROM SOCKETS 

S I M4-01 OR S I M4-02 

t 
0 

Figure 27. MCS-4 PROM Programming System 

This programming system has four  basic parts : 
1 )  The micro computer (S I M4-0 1 or S I M4-02) 

MP7-03 

PROM SOCKET 

This is the MCS-4 prototype board, a complete micro computer which uses 1 702A 
P ROMs for the microprogram contro l .  The total system is contro l led by the 4004 CPU .  

2 )  The contro l program (A0540, A0541 ,  A0543) 
These contro l ROMs contai n the microprograms which contro l the bootstrap load ing, pro­
gramming, format and error checki ng, and l isting functions. For high speed programming 
of I nte l 's new 1 702A PROM (three mi nutes) use control P ROM A0543 in p lace of A0542. 

3) The programmer (MP7-03) 
This is the programmer board which contains a l l  of the t iming and l evel shifting requ i red to 
program the I nte l ROMs. This is the successor of the MP7-02. 

4) AS R 33 (Automatic Send R eceive) Teletype 
This provides both the keyboard and paper tape 1/0 devices for the programming system. 

In add ition , a short-wave u ltravio let l ight is requ i red if the erasab l e  and reprogrammable  1 702s 
are used. 

This system has two modes of operation : 

1 )  Automatic - A paper tape is used in conj unction with the tape reader on the te letype. 
The tape contains the program for the ROM.  

2 )  Manual  - The keyboard of  the TTY is used to enter the data content of  the word to 
be programmed . 
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P ROG R AM M I N G  TH E 1 602A/1 702A 

I nformation is i ntroduced by se lective ly programming  '' 1 ' 's (output high) and "0"s (output low) into the 
proper  bit locations. Note that these R OMs are defined in terms of positive logic. 

Word address se lection is done by the same decod ing ci rcu itry used i n  the R EAD mode. The eight 
output termi nals are used as data i nputs to determine the information pattern i n  the eight bits of 
each word . A low data input leve l (ground - P on tape ) wi l l  leave a " 1 "  and a h igh data input leve l 
(+48V - N on tape) wi l l  al low programming of "0". A l l  eight bits of one word are programmed 
simu ltaneously by setting the desi red bit i nformation patterns on the data input terminals. 

TAP E F O RMAT 

The tape reader used with a mode l  33 AS R te letype accepts 1 "  wide paper tape using 7 or 8 b it 
ASC I I code. For a tape to correctly program a 1 602A/1 702A, it must fo l low exact ly the format 
ru les be low : 

Leader : 

Stan Cha
.
cacte, 1 Stop Chacacte, l 

I 

Data F ;e1d MSB 

r 

n 1 1 )  LSB i( P; n 41 

B P  P P  N N N N N F B N N N N N N P  P F . .  � BN P N P  P P  N N F Trailer : 
R ubout for at 
least 25 frames. 

Rubout for at 
least 25 frames 

Word F ield 0 Word F ie ld 1 Word F ield 255 

The format requ irements are as fo l lows : 

1 )  There must be exactly 256 word fie lds in  consecutive sequence, starting with word fie ld 0 
(al l address l i nes low) to program an entire R OM.  I f  a short tape is needed to program on ly 
a portion of the ROM,  the same format requ i rements apply. 

2 )  Each word fie ld  must consist of  ten  consecutive characters, the fi rst of  which must be  the 
start character B. Fol lowing that start character, there must be exactly eight data characters 
(P's or N's) and ending with the stop character F. N O  OTH E R CHARACTE RS A R E  
AL LOWED ANYWH E R E  I N  A WO R D  F I E LD .  I f  an error is made whi le preparing a tape 
and the stop character "F' '  has not been typed, a typed " B" wi l l  e l iminate the previous 
characters entered .  This is a feature not available on Intel's 7600 programmer; the format 
shown in the Intel Data Catalog must be used when preparing tapes for other programming 
systems. An example of this error correcting feature is shown be low : 

TYP E D  ON TTY 
one letter removed 

� 
BN PPN N/PNPN//N N F  

last two letters removed 

BN NPPNPBNPPPNPNP F  
I I I 
data word 
e l iminated 

P ROG RAMM E D  I N  R OM 

NPPNPN N N  

-------- NPPPNPNP 

I f  any character other than P or N is  entered , a format error i s  ind icated . I f  the stop 
character is entered before the error is noticed, the entire word fie ld, inc l ud ing the B 
and F ,  must be rubbed out. Within the word field, a P results in a high level output, 
and N results in a low level output. The fi rst data character corresponds to the desi red 
output for data bit 8 (p in 1 1 ) , the second for data b it 7 (p in 1 0 ) ,  etc. 

3) Preced ing the first word fie ld and fo l lowing the last word fie ld ,  there must be a leader/ 
trai ler length of at least 25 characters. This shou ld consist of rubout punches. 
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4) Between word fields, comments not 
contain i ng B's or F 's may be inserted . 
I t  is important that a carriage return 
and l i ne feed characters be inserted 
(as a "comment") just before each 
word f ie ld or at least between every 
four  word f ie lds. When these carriage 
retu rns are inserted , the tape may be 
easi ly I isted on the te letype for 
pu rposes of error check ing.  It may 
also be he lpfu l to insert the word 
number (as a "comment" ) at least 
every four word fields. 

IMPORTANT 

PROM PI N CON FIGU RATI ON 

Ao 3 22 </> 2 

•DATA OUT 1 4 (LSBI 21 A 3 

•DATA OUT 2 5 20 A 4 

•oATA OUT 3 6 1 9  A 5 

•DATA OUT 4 7 18 A 5  

•DATA O U T  5 8 1 7  A 7 

•DATA OUT 6 9 16 v66 

•DATA OUT 7 10 15 V88 

•DATA OUT 8 11 {MSBI 14 CS 

Vee 12 13 PROGRAM 

•THIS PIN IS THE DATA INPUT LEAD FOR THE 
1602/1702 DURING PROGRAMMING 

It should be noted that the PROM ' s  are described in the 
data sheet with respect to "positive logic" (high level = 
p-logic 1) . On the other hand the MCS-4 system is defined 
in terms of ' 'negative logic 1 1  (low level = n-logic 1) , As 

" a result, when 1602 /1702 ROM ' .s are being 
progrannned to simulate the 4001 , characters should be defined 
as P=high level = n-logic O or an N = low level = 
n-logic 1 .  For instance, consider the instruction ,code 
for ADM (one of the 45 instructions for the MCS-4) , 

11101011 

When entering this code to the programmer it should be 
typed , 

BNNNPNPNNF 

This is the code that will be put into the 4001 when the 
final system is defined , 

OPERATING THE PROGRAMMER 

The SIM4 is used as the micro computer controller for the progranuning . 
It presents data and addresses to the PROM to be progranuned and controls 
the progranuning pulse. The following steps must  be followed when program­
ming a PROM : 

1. Place control ROMs (A0540, A0541, A0543) in SIM4 board. 
2. Turn on system power. 
3. Turn on TTY to "line" position. 
4. Reset system. 
5. Insert PROM into MP7-03. 
6. Load data from TTY and program PROM. 
7. Remove PROM from MP7-03. To prevent programming of unwanted 

bits, never turn power on or off while the PROM is in the MP7-03. 
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OPERATING THE PROGRAMMER 

PROGRAMMING 

Two different modes of operation are available* 

1) A complete program tape consist ing of 256 data words in sequential 
order may be used . 

a) To program the complete ROM place the ROM to be progrannned into 
the socket on the MP7�O2 board , and then type , 

s 

255 

(start connnand) 

(initial address 
-address � of the ROM) 

(final address 
-address 255 of the ROM) 

Start the tape (data words may also be entered in sequence manually) . 
The ROM will be progrannned in all 256 locations . 

b) To skip a section of the ROM (skipping the same nmnber of data words 
on the tape) and then program a section of the ROM while still 
keeping the addresses in sequential form on the complete tape , type , 

S (start connnand) 

XXX (initial address) 

YY.Y (final address) 

Start the tape . The ROM will only be progrannned in the specified 
locations . 

*Operate the TTY in the "line" pos ition. Depress the RETURN key @ after 
each manual data word entry , When using the tape reader to enter the 
program data , switch the reader to "start �' after the final address is 
entered , 
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EXAMPLE 1 :  

Typed --[]i 
by {1{15 

User (H{1 

start connnand 
initial address 
final address 

{1(1(1 BNPNPNPNNF 
{l(H BPPPPPPPPF 

Listing {1{12 BPPPPPPPPF _______ data words skipped on ◄ 
of 

tape 
by 

TTY 

{1�3 BPPNPPPNPF progrannning tape 
{1(14 BPPPPPPPPF 
(a{15 BNNPNNPPPF* ------ programming begins 
(a{16 BNPNNPNPPF 
{1(1 7 BPNPNPPPPF 
{1(18 BNPNPPNPPF 
{1(19 BNNNNPPPNF 
{11{1 BPPNPPPPNF 

F 4 programming completed 

In this example the first five data words on the tape are skipped 
and the next six data words are programmed in the ROM locations 
��5 to {11{1 , The "*" indicates the first instruction programmed, 
and the "F" at end of the listing indicates the completion of the 
programming . 

2) · To program any portion of the ROM without skipping a section of the 
tape, use a short tape (data words in sequence) and type 

p 

XXX 

yyy 

(program command) 

(initial address) 

(final address) 

Start the tape (data words may also be entered manually) . 

EXAMPLE 

Typed 
by 

User 

Listing 
of 

tape 
by 

TTY 

2 : 

-llil 
16 

�11 
{112 
�13 
� 14 
�15 
�16 

BNNNNPNPPF 
BNNNPPPPNF 
BNNNNPNNPF 
BNPNPPPNPF 
BNNNNPNNPF 
BNPNNPPNPF 

program command 
initial address 
final address 

F 4 ---------programming completed 
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This example shows that the first six instruction words in sequence 
on a tape are read and directly progrannned into ROM locations �11 
through �16 without skipping. 

FORMAT CHECKING 

When the programmer detects the first format error (data words enter either 
on tape or manually) ,  it will stop programming the ROM , and it will print 
out the address where the format error occurred. If a tape is being used, 
the programming system will continue to list the content of the tape and will 
print out the address of each subsequent format error , 

EXAMPLE 3 : 

Typed -llii by 
User 4 

�2� 
�21  
�22  

Listing 
of 

Tape by 
TTY �23 

�24 

BNPNPNPNPF 
BPPPPNNNNF 
BNNNNPPPPN 
FE �22 4 ----- format error indicated at 

BNPNPNPNPF 
BPNM 
FE �24 .. 
F 

address #�22 (too many char­
acters in data field) , 

format error indicated at 
address #024 (illegal char­
acter in data field) . 

sequence completed 

If data words are being entered manually and a format error is encountered, 
programming may be continued by entering the PROGRAM command, "P", 
the address of the error, and the final address. The error may be corrected 
and programming completed. 

ERROR CHECKING 

After each location in ROM is programmed ,  the content of the location is 
read and compared against the programming data . In the event that the 
programming is not correct, the ROM location will b e  programmed again , The 
MCS-4 programming system allows each location of the ROM to be reprogrammed 
up to four times. A "$" will be printed for each reprogramming . If a loca­
tion in ROM will not accept a data word after the fourth time, the system 
will stop programming and a "? " will be printed , This feature of the system 
guarantees that the programmed ROM wi11 be correct , and incompletely 
erased or defective ROM ' s  will be identified. 
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EXAMPLE 4 �  

Typed 
by --0;6 

User 9 

1st progrannning 

I, 
2nd· programming 

Listed 3rd progrannning 
by -{;

6 System BNNNPNPNPF$ $$ ?  failure to program 

F • programming stopped 

If a location in the ROM will not program, a new ROM must be inserted in the 
programmer . The system must be reset before continuing . (If erasable ROMs 
are being used , the "faulty ' '  ROM should be erased and reprogrannned), 

PROGRAM LISTING 

Arter the programming is complete , the complete content of the ROM, or any 
portion may be listed on the teletype . A duplicated programming tape may 
also be made using the teletype tape punch. To list the ROM, type 

EXAMPLE 

Typed 
by -ilir User � 

Listed 

i by 4 
System 8 

F 

5 ; 

L 

XXX 

yyy 

BPPPPPPPPF ; 
BPPPPPPPPF ; 
BNPNPPNPPF ; 

(a�l 
��5 
0�9 

(list connnand) 

(initial address) 

(final address) 

BPPPPPPPPF ; �{12 
BNNPNNPPPF ; {1{16 
BNNNNPPPNF ; �l{I 

listing complete 

BPPPPPPPPF ; �{13 
BNPNNPNPPF ; 007 
BPPNPPPPNF ; 

Note that this is a listing of the ROM programmed in Example 1 .  The 

BPPPPPPPPF ; 
BPNPNPPPPF ; 

listing feature may also be used to verify that a 1701 or 1702 is completely 
erased , lf the PROM is completely erased , ' 'P ' s' ' will be listed in every 
location . 
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1 70 1 , 1 702 E R ASI N G  P R OC E D U R E  

The 1 701  and 1 702 may be erased by exposure to h igh i ntens ity short-wave u ltravio let l ight at a 
wavel ength of 2537 /t The recom mended i ntegrated dose ( i .e . , UV i ntensity x exposure ti me) i s  
6W-sec/cm2 . E xample  of  u ltravio let sou rces wh ich  can erase the  1 702A i n  10  to  20 m inutes 
is the Model  S-52 and Model UVS-54 short-wave u ltravio let l amps manufactured by U ltra-V iolet 
Prod ucts, I nc. (San Gabrie l ,  Ca l i forn ia ) . The lamps shou ld be used without short-wave fi lters, and 
the 1 702A to be erased shou ld be placed about one inch away from the lamp tubes. 

B. MP7-03 Programming System 

The M P7-03 i s  the P R OM programming board which eas i l y  i nterfaces with the MCS-4. Al l 
address and data l i nes are comp lete ly  TT L compatib le. The M P7-03 · requ i res +5V DC @ 0.8 a m ps, 
- 1 0V DC @ 0. 1 amps, and 50 Vrms @ 1 a mp. Two Stancor P8 1 80 (or eq u iva l ent ) f i l ament transformers 
(25.2 Vrms @ 1 amp)  with thei r secondaries connected in series provide the 50 Vrms. 

Th is  programmer board is  the successor of the MP7-02. The M P7-03 enab les programming  of I nte l 's  
new 1 702A, a p in-for-pi n rep lacement for the 1 702. 

When the M P7-03 is used under SI M4-0 1 or SI M4-02 contro l with contro l ROM A0542 rep laced by 
A0543, the 1 702A may be program med f ive ti mes faster than the 1 702 i n  less than five min utes. 

I MPORTANT: 
On l y  use the A0543 contro l P ROM when programming the new 1 702A. Never use it when programming 
the 1 702. The programming duty cycle i s  too h igh for the 1 702 and it may be permanent l y  damaged . 

The M P7-03 features three data contro l options :  

1 )  Data -i n switch ( Norma l -Co mp lement) . I f  th is switch is i n  the comp lement posit ion,  data 
into the P R OM is co mplemented . 

2) Data-out switch ( Norma l -Comp lement) . If  th is  sw itch is in the complement posit ion ,  data 
read fro m  the P R OM is comp lemented . 

3) Data-out switch ( E nab le-Disab le ) .  If  th is sw itch is i n  the enab le  posit ion ,  data may be read 
from the P R OM . I n  the d isab le posit ion,  the output l i ne may f loat u p  to a h igh leve l 
( l og ic " 1  " ) .  As a resu lt ,  the i nput ports on the prototype system may be used for other 
fu nct ions without removi ng the M P7-03 card . 

MP7-03 Programmer Board Specifications 

Features : 
• H igh speed programming of I nte l 's  new 

1 702A (three m inutes) 
• I nputs and outputs TT L 

compat ib le  
• Board so ld complete w ith trans­

formers, capacitor and connector 
• D i rect ly  i nterfaces with S I  M4-0 1 

or S I  M 4-02 Boards 

D i mensions :  
8.4 i nches h igh 
9 . .  5 inches deep 

Power Requ i rement : 
Vee = +5 @ 0.8 amps 
TT L G R D  = 0V 

*Voo = - 1 0V @ 0. 1 amps 
Vp = 50Vrms @ 1 amp 

Connector : 
a. So lder l ug type/ Ampheno l 

72 p in  connector 
P/N 225-2362 1 - 1 0 1  

b .  Wire wra p type - Amphenol 
72 p in  connector 
P/N 26 1 - 1 5636 

c. Wi re wrap type - C DC 
72 pi n connector 
P/N VPB01  E 36E00A 1 

*This  board may be used with a -1 0V 
supply because a pa ir of d iodes ( i .e .  1 N9 1 4  
o r  eq u ivalent) are located o n  the board i n  
series with the supply. Select the appropriate 
pi n for either -9V or - 1 0V operation .  

A m icro computer bu l letin which describes the mod if ication of the M P7-02 for programmi ng the 
1 602A/ 1 702A is  ava i lab le on req uest. These mod if ications i ncl ude com plete fai l safe ci rcu itry ( now 
on M P7-03) to protect the P R OMs  and the 50V power supp ly.  
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MCB�10 SYST EM I NTE RCONN ECT 
and CONTRO L  MODU L E  
This modu le  provides the complete 
interconnection between the SI M4-01 
and the MP7-03. I n  add ition to the 
connectors for both boards, there are 
LE D data d isplays of each m icrocom­
puter output port, contro l switches, 
the 50 Vrms transformers, and a socket 
for the P ROM being programmed. P l ug­
in connectors for each i nput and out­
put port are provided. The S I M4-0 1 
when used a lone with the MCB4- 1 0  i s  
a complete microcomputer (except for 
power su ppl ies) . SeeAppend ix  E for a 
complete descri ption of the MC84- 1 0. 

MCB4-20 SYSTEM I NTERCONN ECT 
and CONT RO L MODU L E  
This modu le provides the complete 
interconnection between the SI M4-02 
and the MP7-03. This tota l package 
may be used for both a PROM pro­
grammer and a microcomputer develop­
menta l system. The MCB4-20 has the 
same basic features as the MC B4:. 1 0, 
and i n  addit ion, it provides a socket 
which can be used for dupl ication. The 
MCB4-20 is a l so fu l l y  described i n  
Append ix  E .  
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3 5 
26 

24 
TEST 1 0  

1 2  

32 

RESET 

SIM 4-01 

TTV 
TAPE 
READER 

55 

71 

TTV 
PRINTER 

69 

49 
TTV 

KEYBOARD OR 
TAPE READER 

53 

NOTES: 
1. SIM4-01 and MP7-03 Connectors: 

a. Solder lug type/ Amphenol 
72 pin connector, P/N 225-23621-101_ 

b. Wire wrap type/Amphenol (shown above) 
72 pin connector, P/N 261-15636-2_ 

2. If the use of the 24 pin socket on the MP7-03 
is not desired, the pin connections for external 
socket are as follows_ 

28 

30 

22 

16  

1 8  

20 

14 

4 

6 

8 

2 

35 

29 

27 

21 

33 

31 

25 

23 

52 

+5V GND -10V 

ROM 
OUTPUT 

ROM 
INPUT 

(1702) 

(1702A) 

EXTERNAL SOCKET PROGRAMMING 

FUNCTION MP7-03 FUNCTION MP7-03 
PIN PIN 

A</> "OUT" DEVICE UNDER TEST 56 Ds 63 
A1 58 Ds 61 
A2 60 D7 59 
A3 62 Da 57 
A4 64 CHIP SELECT OUT 72 
As 66 PROGRAM OUT 22 
As 68 Vee OUT 2,4 
A7 70 V66 OUT 26 
D1 "OUT" DEVICE UNDER TEST 71 " v88 OUT 24 
D2 69 Voo OUT 30 
D3 67 rt, 1, <1>2  OUT 2 
D4 65 

M 
A1 

A3 

A4 

A5 

A6 

A7 

01 

02 

03 

04 

05 

06 

07 

08 

-
06 -
07 

% 

13, 1 5  19,21 28 
47 

45 
43 

41 

55 

53 

51 

49 

23 

25 
MP7-03 

27 ROM 

33 

14 

6 

31 

3 

37 

ENABLE +5 

DATA OUT 
DISABLE � 

+5V 

NORMAL +5 

DATA I N  

COMPLEME� 
-=-29 PROGRAMMER NORMAL DATA OUT 

48 

50 

52 

54 

32 

34 

36 

38 

40 

42 

44 

46 

8 

16 

35 
COMPLEMENT 

5 

39 

2-P - 81 80 ST ANCOR 
s --------. 

25.2 V RMS • 
1 .0 A  

1 1  
--25 ___ 2 _V_R_M_S_ 

1 .0 A  

10, 1 2  

T1 

T2 

17 

2-P - 8180 
STANCOR 

½ AMPS 
SLO .BLO 

I I I I I �
JW +5 V 

I I  I I I  
I I I I  I 

I I I I L 

I I I I 

I I I .__ 

1 1  L _  
1 1  
I L -

I 
L _ _  

SN 7407 N 
(T I )  

¼ W  

This is a simple module that ca n  be built i n  the laboratory to i nterconnect 
the MP7-03 and the SI M4-0 1 .  The complete interconnection between the 
SI M4-0 1 and the MP7-03 is provided by the MCB4-10 system interface and 
control module. 

Figure 28. MP7-03/SIM4-01 PROM Programming System 
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+5V GND -10V 

J210, 12 J2 J2 J1 
J2-85 2,4 6,8 48 

J1--i7 
TEST J1-54 

J2-81 J1-51 
J2-86 JU& 

J1-43 
RESET 

J2-83 J1--i4 

J1-45 

J1--i9 
J1-50 

J2-45 J1-5 

TTY 
TAPE 

READER 

SIM4-02 J1•56 

-10V 

+5V 

390� 
NOTES: 
1. SIM4-02 Connector: 

Wire wrap type/Amphenol 

J2-14 

J2-82 

86 pin connector P/N 261-10043-2. 
2. MP7-03 Connectors: 

a. Solder lug type/Amphenol 
72 pin connector P/N 225-23621-101. 

J1-67 
J1-n 

J1-70 
J1-74 

J1-20 

J1-21 
J1-27 
J1-22 

J1-23 
J1-19 

J1-25 

J1-18 

J2-25 
J2-27 

b. Wire wrap type/Amphenol (Shown above) 
72 pin connector P/N 261-15636-2. 

ROM 
OUTPUT 

ROM 
INPUT 

3. If the use of the 24 pin socket on the MP7-03 is not desired, 
the pin connections for external socket are as. follows. 

EXTERNAL SOCKET PROGRAMMING 

FUNCTION 

Aq, "OUT" DEVICE UNDER TEST 
A1 
A2 
A3 
A4 
As 
As 
A7 
01 "OUT" DEVICE UNDER TEST 
D2 
03 
04 

MP7-03 
PIN 
56 
58 
60 
62 
64 
66 
68 
70 
71 
69 
67 
65 

FUNCTION 

05 
De 
07 
De 
CHIP SELECT OUT 
PROGRAM OUT 
Vee OUT 
VGG OUT 
Vee OUT 
Voo OUT 
r/l i, <1>2  OUT 

(1702) 

(1702A) 

MP7-03 
PIN 
63 
61 
59 
57 
72 
22 
2,4 
26 
24 
30 
2 

A,p 13,15 19,21 28 
47 33 

A1 
45 
43 14 
41 

A4 55 6 
A5 53 31 
A& 51 
A7 49 3 

01 23 
02 25 37 
03 MP7-03 

27 ROM 
29PROGRAMMER 

05 48 
06 

07 
52 

08 

16 
R 

I I I I I I ,,w 
I I  I I  I 
I 1 1 1 1 
I I I I L 
I I I I  
I I I

.._ 

1 1  L _  
1 1  
I L ­
i 
L _ _  

SN7407N 
(TI) 

35 

5 

39 

9 

1 1  

10,12 

17 

LED 
MV-108 

MONSANTO 

ENABLE +5 

DATA OUT 
DISABLE � 

----- +5V 

NORMAL +5 

DATA IN  
COMPLEME� 

NORMAL DATA OUT 

COMPLEMENT 

l -=-
2-P - 8180 STANCOR 

T1 
25.2 V RMS • 

1.0 A 

25.2 V RMS 
1.0 A 

T2 
2-P - 8180 
STANCOR 

+5 V 

½ AMPS 
SLO BLO 

This is a simple module that can be built in the laboratory to interconnect 
the MP7-03 and the SI M4-02. The complete interconnection between the 
SI M4-02 and the MP7-03 is provided by the MCB4-20 system interface and 
control module. 

Figure 29. MP7-03/S IM4-02 PROM Programming System 
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Solder Connector P/N 225-23621-101 

Wirewrap Connector f:"/N 261-15636-2 

I, c . � I p I ,  C B I p I ,  c .  1 0  I 
c.+-�-0 

� p I .  C .  I �  I 

I u -
'. t �' � G-{fil}-f') 

�) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1mn1 1 1 1 1 1  
R p N M C K J H F E D C jj A Z Y X W V U T S R P N M L K J H F E D C B A 

( Amphenol 
11 69 67 65 63 61  59 57 55 53 51 49 47 45 43 41 39 37 35 33 31 29 27 25 23 21 19 11  15 13 11 9 7 5 3 1 I 

Wirewrap Connector P/N VPB01E36EOOA1 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 CDC 

Solder Connector P/N 225-23621 - 101 

Wirewrap Connector P/N 261 - 1 5636-2 

Component Side of MP7-03 Card 

n1 1n 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1  
1 2 3 4 5 6 7 8 9 10 1 1  12  13 1 4  1 5  16 1 7  1 8  19 20 21 22 23 24 25 26 27 28 29 30 31  32 33 34 35 36 ! 
2 4 6 8 10 12 14 16 18 20 22- 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 . 56 58 60 62 64 66 68 70 72 

Amphenol 

Wirewrap Connector P/N VPB01E36EOOA1 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 CDC 

Pin Definition - Reverse Side of MP7-03 Card 
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POWER SUPPLY R EGU LATOR 

+BOV 

4 

1 N914 1 N914 

-9 20 1-.:.C..;
R

.:;_8 __:
C

.:.
R

.:.
7 _______________ 1r __ 

1 

PROGRAM PULSE TIM ING 

+5 

+5 

GNO 

CJ 

*
. 1 µ F  

+5 

SN7405 
_IC 1 1  

94 

..... -------------------p---, 22 

CR12 
1N4002 

NOTES: Unless otherwise specified-

+5 

1 .  RESISTORS A R E  RATED IN l1s ¼W, 10%. 

SN7405 
IC 1 1  

2. TRANSISTORS A R E  SE602 1 ,  or 2N3658 or 2N3722. 
3. PIN NUMBERS ARE SPEC I F I ED FOR AMPHENOL 

WIRE WRAP CONNECTORS. 

CS 

+5 

R23 
470 

-=-

R 1 6  
4.7K 

PIN 13 
O.U.T. 

DATA I N  1 

DATA IN 
CONTROL 

DATA OUT 1 

DATA OUT 
ENABLE 

DATA OUT 
CONTROL 

DATA DRIVER 

R47 
6.8K 

95 

DATA 1 
PIN 4 
D.U.T. 

DATA 2 
PIN 5 
D.U.T. 

DATA 3 
PIN 6 
D.U.T. 

DATA 4 
PIN 7 
D.U.T. 

DATA 5 
PIN B 
D.U.T. 

DATA 6 
PIN 9 
D.U.T. 

DATA 7 
PIN 10 
D.U.T. 

DATA S 
PIN 1 1  
D.U.T. 

ADDRESS 
CONTROL 

A2 
Al 
AO 

DATA OUT 1 

4 
5 

DATA OUT 8 
Vee 

Vccs OUT 

ADDRESS DRIVER 

Voo 

</>1 

</>2 
A3 
A4 
A5 
A6 
A7 
VGG 

10 Vss 
11 IMSB) cs 
12 PROGRAM 

DEVICE TO BE PROGRAMMED 

Figure 32. MP7-03 PROM Programmer 
Board Schematic 



XIV. MCS-4 EVALUATION K IT USING THE 4001 -0009 

This kit provides both a convenient way of evaluating the MCS-4 parts 
and an educational vehicle to better understand the MCS-4 operation. 
The 4001-009 stores a mi�roprogram that exercises the 4004 and 4002's 
and executes all of the 45 instructions in the MCS-4 instruction set. 

Fig. 33 shows the hardware that should be used. The circuit for single pass/ 
continuous can be omitted if only continuous operation is sought. In this 
case 00 (RAM #0) should be connected directly to TEST. 

The RESET signal- can be provided by either a one-shot circuit or by a pulse 
generator in the "single pulse" mode. The width of the RESET signal must 
be at least 32 x 8 clock periods (� 350 µsec) to fully clear the RAM storage. 
If the system is operated in the continuous mode, RESET needs to be applied 
only at power on. If the system works in the single pass mode, when END of 
SEQUENCE (Pin o3) is "1", the 4004 will "hang" on a loop where the address 
to Jump to on a jump on TEST = 1 condition is the address of the same jump 
on condition. To get out of the loop RESET must be applied. 

To monitor the program operation a scope should be used in the "B delayed 
by A" mode. By using the delay time multiplier the program execution can 
be easily seen. The synchronization signals for the B and A traces are 
pin 13 of 4002-1 #0 and SYNC, pin 8 of the 4004, respectively. 

The 4001-0009 has been coded with the internal chip select circuit always 
activated, therefore any address at A3 time will cause the 4001 to be 
selected. This is different from the normal operation of the 4001 where 
only one code (out of 16) at A3 time selects the 4001. The reason for doing 
so is that we can show the execution of JMS and JUN instructions to any chip 
number (the A3 time code) and still use only 1 ROM chip. 

The I/O pins of the 4001-0009 are all connected as inverting inputs with no 
resistors connected. 

The two phase clocks, (0 1 and 02) must be supplied externally according to 
the MCS-4 data sheet specs. 

The program execution is 110 msec, using a clock period of 1. 3 usec. 

Although the CM-RAM . lines are not used in this configuration, they are 
being pulsed. , If a1scope is hooked up to these lines the waveforms may be 
observed. 

Both 4002-l's must be used in order to fully execute the program stored 
in the ROM. 

At tached is the program flow (with comments) and the truth table. 
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Figure 33. MCS-4 Evaluation Kit Using the 4001-0009 
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Figure 34. Timing Diagram for the MCS-4 Evaluation Kit Using the 4001-0009 
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ROM 
ADDRESS 

1 

0 
1 
2 
3 
4 
5 

6 
7 

8 
9 

10 
11 

12 
13 
14 
15 

16 
17 
18 
19 
20 
2 1  
22 
23 
24 

...+++1+-25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

--- 36 

16 ti 

37 
38 
39 
40 

tg 
43 
44 
45 
46 

4 times 
47  
48  
49 
50 
51 
52 
53  
54  
55 
56 

4001 -0009 MCS-4 EXERCISER PROGRAM 

MNEMONIC 

WRR 

BBL , 15 
FIM, 5 
4 ,  1 
JMS 
(LD MK) 

JMS 
(CK IDX) 

FIN 0 
254 
JMS 
(CK FIN) 

JMS 
(CK IDX) 
JMS 
(CK FIN) 

JMS 
(CK IDX) 
FIM, 5 
4 ,  2 
JMS 15 
255 _____ .,. 
JMS 7 
26 
JUN 8 
36 
JMS 15 
255 
JMS 3 
32 
JUN 12 
24 
JMS 15 
255 

4 

JUN 15 
255---­
FIM 1 
12 , 1 1  
CLB 
SRC 5 
WMP 
SRC 0 
WRM 
IAC 
ISZ 1 
41 
WR0 

IAC 
WRl 
IAC 
WR2 
IAC 
WR3 

INC 0 
ISZ 2 
4 1  
STC 

255 NOP 
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COMMENTS 

Check accumulator and carry 
Check stack content 
Loan pointer 4002- 1 # 1  

Jump to LD MK subroutine . This sub­
routine is used to mark the progress 
of the program by sending out a 
pattern on the output lines of 4002- 1 
Il l .  

Jump to CK IDX subroutine 
(Checks the content of all index 
register locations) 

Load FIN address 

Jump to CK FIN subroutine , 
(Loads all index regis ter locations 

with the data stored in location 254) 

Loads all index register locations 
with the data stored in location 
255 . 

Restore pointer 4002- 1 #1  

Location 255  contains NOP , program 
counter is incremented to O ;  O ;  0 

This portion of the program is used 
to check JMS and JUN instructions 
and load the stack wi th a checkerboard . 

J- Reset marker outputs on 4002-1 I I  

Send pointer t o  4002-1 #0 

Go to next character 

This portion of the program is 
used to load a checkerboard into 
4002-1  #0 . 

Go to next regis ter 



ROM 
ADDRESS MNEMONIC COMMENTS 

[57 
JMS CK DCL subroutine is used to check 

58 (CK DCL) CM-RAM lines switching . 
5 times 

59 ISZ 3 
60 57  
61  SRC 2 Pointer to 4002- 1  IIO 
62 STC 
63 RAL 
64 WMP 
65 JCN CY=O 1 , 5

,
9

66 7 1  
67  JCN A ,;.  0 
68 79 
69 JCN T=l 
70 80 

6 7 1  JCN CY=l This section is used to check the 
72 80 jump on condition ins truction . 
7 3  JCN A=O The numbers refer to the sequence 
74 82 7 to which the j umps occur . 
75 JCN T=O 
76 67 
77 JUN 0 
78 69 

79 CLB 
80 JUN 0 
81 63 0 
82 FIM 6 Load address for following JIN 
83 102 
84 FIM 7 
85 89 

86 FIM 0 Restore 4002-1 #0 pointer 
87 0 0 
88 JIN 6 
89 SRC 0 
90 ADD 4 

�s 9 1 ADD 5 

9 2 WRM 
'---------93 RAR 

Check Add 
94 ISZ 4 
9 5 89 

�mes 96 ISZ 5 

9 7 89 

9 8 JMS Load markers 
99 (LD MK) 

100 JUN 0 
101 117 
102 JMS Load markers 
103 (LD MK) 

r

4 SRC 0 f 105 SUB 4 
8:i.06 SUB 5 
107 WRM 
108 CLB Check SUB instruction 
109 ISZ 4 
110 104 

� 111 ISZ 5 mes1 12 104 
113 CLB Clear Markers 
114 SRC 5 
115 WMP 
116 JIN 7 
117 STC 
118 INC 8 
119 LD 8 
120 WRM 
1 2 1  XCH 9 

Check INC ,  LD , XCH , DAA instructions 122 LD 9 

12 3 WRR 
124 DAA 
125 WRM 
126 ISZ 4 
127  117 
128 CLB 

} 
[29 DAC 

130 WRM 
13 1 KBP Check DAC , KBP ins tructions 
132 WRM 
1 33 ISZ 4 
1 34 129 

135 CLB 

} [1� DAA 
137 WRM Check DAA, IAC instructions 
138 IAC 
139 ISZ 4 
140 136 
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ROM 
ADDRESS 

[

141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
'152 
153 
154 
155 

[

1

.

56 
157 
158 
159 
160 
161 
162 

L

l63 
164 
165 
166 
167 
168 
169 
170 
1 71 
172 
173  
174  
175 
176 
177  
178  
1 79 
180 , 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
19 3 
194 
195 
196 
19 7 
198 
199 
200 
20 1 
202 
203 
204 
205 
206 
207 
208 
209 
210 

�2 1 1  
\. 2 12 

2 13 
214 
215 
216 
217 
218 t__ 219 
220 
22 1 

MNEMONIC 

LDM 15 
WRM 
TCC 
WRM 
JCN A 'F 0 
141 
CLB 
SRC 5 
WMP 
LDM 15 
TCS 
WRM 
STC 
TCS 
WRM 
CMC 
RAR 
WRM 
ISZ 4 
156 
FIM 2 
12 0 
SRC 0 
RDM 
ISZ 1 
163 
RD0 
RDl 
RD2 
RD3 
INC 0 
ISZ 4 
163 
FIM 0 
2 0 
FIM 1 
3 0 
SRC 0 
SBM 
INC 1 
SRC 1 
SBM 
WRM 
ISZ 3 
178 
FIM 0 
0 0 
FIM 0 
1 0 
CLB 
SRC 5 
WMP 
SRC 0 
ADM 
INC 1 
SRC 1 
ADM 
WRM 
ISZ 3 
19 3 
SRC 5 
RD0 
JCN A=O 
2 15 
LDM 8 
SRC 0 
WMP 
CLB 
SRC 5 
WR0 
JCN T=l 
2 1 1  
JUN 0 
2 
IAC 
WR0 
LDM 2 
SRC 0 
WMP 
JUN 0 
2 

COMMENTS 

} 

Check TCC ins truction 

_J-- Clear markers 

J Check TCS instruction 

1 00  

Check TCC , CMC , RAR instructions 

Read content of all memory 
locations 

Check SBM ins truction 

Check ADM instruction 

This portion controls the cycle . 
Status character 0 stores the cycle 
number . At the end of the 2nd 
cycle , if pin 13 of the 4002-1 
#0 is connected to tes t of the 4004 , 
the program wi11 stop . To start 
again RESET signal mus t be applied 
to the system ( single pass operation) . 
If pin 13 is not connected to TEST 
the program will be in continuous 
mode . 



SUBROUTI NES 

222 SRC 5 
223  LD 11 
224 CLC 

LD MK 225 WMP 
226 RAL 
227 XCH 11 
228 BBL , 0 

229 SRC 0 
230 SRC 1 
2 31 SRC 2 
2 32 SRC 3 

CK IDX 233 SRC 4 
234 SRC 5 
2 35 SRC 6 
2 36 SRC 7 
2 37 BBL , 0 

238 FIN 1 
2 39 FIN 2 
240 FIN 3 
241  FIN 4 

CK FIN 242 FIN 5 
243 FIN 6 
244 FIN 7 
245 FIN 0 
246 BBL , 0 

247 LD 4 
248 RAL 

CK DCL 249 DCL 
250 XCH 4 
251  RDR 
252 �BL , 0 

253 NOP 
Data [ 254 1111 1111 

255 0000 0000 (NOP) 
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XV. APPENDI CES 

APPEND I X  A. Electrical Characteristics of the MCS-4 

The following pages provide the electrical characteristics for 
the MCS-4 system. For TTL compatibility, a resistor should be 
added between the output and VDD • All outputs are push-pull 
MOS outputs. 

v00 = -1 ov v00 = -1ov 

- - - - - -
- 7  

- - - - - - - - -, 
12Kfi I 5.&Kn 

I --1 --1 
I 

4001/4002 OUT 4003 I OUT 
OUTPUT PORT I OUTPUT I 

I I 
I --1 
I I - - - - - - - _ _  J - - - - - - _ _. 

VS$ 
= Vee = +5V Vss 

= Vee = sv 

Figure 38. MCS-4 Output Configuration for TTL Compatibil ity 

The input options for the 4001 are shown with the detailed des­
cription of the 4001 I/O ports. All other inputs are high impedance 
MOS inverters. Inputs to the 4001 and 4003 are TTL compatible (the 
4001 non-inverting option is an exception) . 

Voo Voo 

r - - - - - - - - - - - - - 7  
I 

I 
I I 
I I 
I 

OUT 

I 
I I 

IN Ii I -I I 
I I 
L - - - - - - - - - - -' 

V
ss Vss 

Figure 39. Typical MCS-4 I nput and Output Circu itry 
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Absolute Maximum Ratings* 
*COMMENT Ambient Temperature Under B ias 

Storage Temperature 
I nput Vol tages and Supply Voltage 

With Respect to V SS 
Power Dissipation 

o0c to +7o0c 
-55°C to + 1 50°C 

+0.5 to -20V 
1 .0 W 

Stresses above those l isted under "Absol ute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
condition above those indicated in the operational sections of this 
specification is not implied. 

D. C. and Operating Characteristics - 400 1 ,  4002, 4003, 4004 

TA = 0°C to +70°C ; v00 = -1 5V ±_5%,  Vss = GND,  .t qiPW = t </>D 1 = 400 nsec , t </>02 = 1 50 nsec,  un less otherwise specified 
Logic "0" is defined as the more positive voltage ( V1,H , v0 H ) ,  Logic " 1 " is defined as the more negative voltage ( V 1 L• v0 L) 

PRODUCT SYMBOL 

4001 1 0 0 1  
4002 1 002 
4003 1 003 
4004 1 004 

4001 /2/4 ' L 1 
4001 /2/4 V I H  

4001 /2/4 V
I L 

400 1 /2/4 v , Lc 
4001 /2/4 v , H c  

4001 /2/4 I LO 

400 1 /2/4 VOH 
400 1 /2/4 ' 0 L 1  

4004 I 0 L5 

4004 I 0L6 

400 1 / 2/4 VO L 1  

4001 /2/4 RO H 1  

4004 ROH5 

4004 ROH6 

4001 /3 ' L 1  
400 1 /3 V I H 
400 1 /3 v I L( 2) 

4001 R 1 

400 1 /2 I 0 L2 

4003 I 0 L 3  

4003 I 0L4 

400 1 /2 VOL2 

4003 Vol3 
400 1 /2 ROH2 

4003 ROH3 

4003 ROH4 

SUPPLY CURR ENT 

LIMIT 

PA RAMETE R  MI N. TYP_ ( l )  MAX. UN IT 

AV ERAGE SUPPLY CUR R E NT 1 5 30 mA 

AV ERAGE SUPPLY CURR E NT 1 7  33 mA 

AV ERAGE SUPPLY CURR E NT 5.0 8 .5 mA 

A V ERAGE SUPPLY CURRENT 30 40 mA 

I NPUT CHARACTERISTICS (ALL INPUTS E XCEPT 1/0 INPUT PI NS) 

I NPUT L E A KAGE C UR R E NT 1 0  ") µA 
. I NPUT H I G H  V OLTAGE Vss-1 .5 Vss+0.3 V 

( E XCEPT CLOCKS) 

I N PUT LOW VO LTAGE V oD Vss-5 .5 V 
( E XCEPT CLOC KS) 
CLOCK I NPUT LOW VO LTAGE VD o  Vss- 1 3.4 V 

CLOCK I NPUT H I G H  VO LTAGE Vss-1 .5 Vss+0.3 V 

OUTPUT CHARACTER I STICS (ALL OUTPUTS E XCEPT 1/0 OUTPUT PI NS) 

DATA BUS O UTPUT L E A K AG E  1 0  µA 
CURR E NT 
OUTPUT H I G H  VO LTAG E Vss Vss-0.5 V 

DATA L I N E S  S I N KI N G 1 0  1 8  mA 
CURR E NT " 1 "  L EV E L  
CM-ROM S I N K I NG CURR E NT 6.5 1 2  mA 
" 1 " L EV E L  

CM-RAM L I N E S  S I N K I NG 2.5 4 mA 
CURR E NT " 1 " L EV E L  
DATA L I N ES, CM L I N ES ,  Vss- 1 2  Vss- 1 0  Vss-6.5 V 

SYNC OUTPUT LOW VO LTAGE 
OUTPUT R ESISTANCE 1 50 250 Q 
DATA L I N ES "O" L E V E L  
CM-ROM OUTPUT 320 600 Q 
R ESISTANCE "O" LE V E L  
CM-RAM L I N E S  O UTPUT 1 . 1 1 .8 KCT 
R ES ISTANCE "O" L EVE L  

1/0 INPUT CHARACTE R I STICS 

I NPUT L E A KAGE CURR E NT 1 0  µA 
I NPUT H I GH VOLTAGE Vss- 1 .5 Vss+0.3 
I NPUT LOW VO LTAGE V o o  Vss-4.2 V 

1/0 P I NS I NPUT R ES ISTANCE 1 0  1 8  35 KCT 

1/0 OUTPUT CHARACT E R ISTICS 

1 /0 OUTPUT L I N ES S I N K I NG 2.5 5 mA 
CURRENT, " 1 "  LEV E L  � 
PARA L L E L  OUT P INS 0.6 1 .0 mA 
S I N K I NG CUR R E NT ,  " 1 "  LEV E L  

SER I A L  O UT S I N K I NG 1 .0 2.0 mA 
CURR E NT ,  "1 " L EV E L  
1 /0 OUTPUT L I N ES Vss- 1 2  Vss-7.5 Vss-6.5 V 
OUTPUT LOW VO LTAGE 
OUTPUT LOW VOLTAG E Vss- 1 1  Vss-7.5 Vs�6.5 V 

OUTPUT R ES I STA NCE 1 .2 1 .8 KCT 
1 /0 L I N ES "O" L EV E L  ---
PARALLE L-OUT P I NS OUTPUT 400 750 n 
R E SISTANCE "O" L E V E L  
S E R I A L  O UT OUTPUT 650 1 200 n 
R ES I ST ANCE "O" L E V EL 

TEST CONDITI ONS 

TA = 25°C 
TA = 25°c 

twL = twH = 8 µsec ; TA = 25°c 
TA = 25°c 

v , L  = V o o  

VOUT = - 1 2V , C h i p  disabled 

Dr ivi ng 4000 Series loads on ly 

VouT = ov 

VouT = ov 

VouT = ov 

l o l 1  = 500 µA 

Vo uT = -0.5V 

VouT = -0.5V 

VouT = -0.5V 

V I L = V D D  

I nternat input resistor is optional 

Vo uT = OV. F or T 2L compat ibi l i ty a 
1 2K !1 ( .±. 1 0%) resistor between out-
put and VDo should be added( 3)_ 

VouT = OV. For T2 L compat ibi l ity a 
5.6K !l (.±.1 0%) resistor between out-
put a nd V oo should be added( 3)_ 

vouT = ov 

I OL2 = 50µA 

IOL3 = 1 0 µA 
Vo uT = - 0.5 V  

VouT = -0 .5V 

Vo uT = - 0.5 V  

( 1)  Typica l  values are for TA = 2s0c and Nom,nal Supply Voltages. I 3) For T 2L compat ib i l i ty on the 1 /0 I ines the supply voltages should be 
( 2) I f non-i nver t ing input option ,s used, V I L = -6.5 Volts maximum. VD D  � - 1 0V _:+-_ 5% Vss = + 5V _:+-_ 5% 
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Typical D. C. Characteristics 
POWE R SUPPLY CUR RENT 

VS. TEMPERATUR E  
(4001 ) 

18 .-----..------,------,------, 

t,.,PW = t,_., 01 = 400 nsec 
t,,02 = 1 50 nsec 

� 16 1------+------+-----+------1 
E. 
l-

f5 
a: 
a: 3 14 1---....;,,,,,-+--------....;,,,,,--+------1 

> -' c. c. 
::i Cl) 
� 12 1-----�-.::----+-----o::+------1 � 
0 c. 

M 0 ,.s, 
� 
E. 
1-
2 UJ 
a: 

1 0 ,.__ ___ ..__ ___ _._ ___ _.__...,._ _ _, 
0 20 40 60 

AMBIENT TEMPERATUR E  (° C) 

POWER SUPPLY CUR RENT 
VS. TEMPERATURE  

(4003) 

80 

7 �---...----....----------

6 1---------+------+-----1 

� 5 p,,,,,..._=:--r------t-----==-�=---� 
u 
� c. c. 
::i Cl) 
a: 4 1---------+------+-----t 

0 c. 

N ...J 

3 -----....----------------" 
0 20 40 60 

AMBI ENT TEMPERATUR E  (° C) 

OUTPUT CUR RENT VS. 
OUTPUT VOLTAGE 

(4001 , 4002) 

80 
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V00= - 1 5.0V 
t,,PW = t0 o 1 = 400 nsec 
t,.,02 = 1 50 nsec 
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u 
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-6 - 7 

104 

N 0 ,.s, 

POWER SUPPLY CUR RENT 
VS. TEMPERATU R E  

(4002) 
21  �-----------.....------

t,.,PW = t00 1  = 400 nsec 
t,_., 02 = 1 50 nsec 
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t002 = 1 50 nsec 
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4001, 4002, 4004 A. C. Characteristics 

TA = ooc to +700C; Voo = - 1 5V ± 5%, Vss = GND 

PROOUCT SYMBOL TEST LIMIT UNIT CONDITIONS MIN. MAX. 

4001 /2/4 tcy CLOCK PERIOD 1 .35 2 µsec 

t (/,R CLOCK R I SE AND 50 nsec 
t<bF FALL TI MES 

t<bPW CLOCK WIDTH 380 480 nsec 

t ,t,D1 CLOCK DELAY 
FROM ,t,1 TO ,t,2 

400 550 nsec 

t,t,D2 CLOCK DELAY 
FROM <1>2 TO 4'1 

150 nsec 

t w DATA-I N WRITE 350 nsec 
TIME 

t H DATA-IN HOLD 40 nsec 
TIME 

t osl 1 I SET TIME FOR 0 nsec couT = 500pF for data lines 
DATA OUT. SYNC, 500pF for SYNC 
CM-ROM, (21cM- 160pF for CM-ROM 
RAM,1 2) LINES 50pF for CM-RAM 

t oH HOLD TIME FOR 50 nsec CoUT = 20pF 
DATA OUT, SYNC, 
CM-ROM, CM-RAM, 
LI N ES 

t R, t F R I SE AND FALL 500 nsec CoUT = 500pF for data lines 
TIMES FOR DATA 500pF for SYNC 
OUT, SYNC, CM-ROM, 1 60pF for CM-ROM 
CM-RAM, LI N ES 50 pF for CM-RAM 

4001/2 t o 1/0 OUTPUT LINES 600 nsec CoUT = 20pF 
DELAY 

twc CM WRITE TIME 350 nsec 

t HC CM HOLD TIME 10 nsec 

4001 t 1s 1/0 I NPUT LI N ES 50 nsec 
SET TIME 

t 1H 1/0 INPUT LI N ES 1 00  nsec 
HOLD TIME 

t da, 1/0 OUTPUT LINES 200 nsec CouT = 20pF 
DELAY ON CLEAR 

4001, 4002, 4004 Timing Diagram 
Outputs with loading conditions specified on A.C. Characteristics table. 

r/J1 HJ% -',PPW -

-i�'<J>F . 

'tt>R_ 

r/Ji 
'r/)D2 -90% -•,:,01 

DATA BUS L INES 
<Do , D1 , D2 , D3 I 

4002 OUTPUT LI NES, 4001 1 10 OUTPUT L INES 

CM L INES 

4001 1 /0 INPUT L INES 

NOTES: (UData out, SYNC, CM-ROM.-and CM-AAMi lines are clocked out with 

(2)�
h
� 

t
;������

f 

t�:
e 

!,�:=�M-RAMj lines are always activated 
durinfA3 time. They are also activated during M2 time if an 1/0 and 
RAM instruction was fetched by the CPU, and during X2 time if an 

(3)!�n
C

��
s

�:,u:.;;� :ei,::�:
e

a�::c���;:u�iv clear the output flip-flops 

associated with the 1/0 lines. 

4001 CLEAR L INE !CLI \ 

-_______
_ 
-r_:_· r@-- 1 V  _____ _ 4001 1 /0 OUTPUT LINES 

/ " 
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4003 A. C. Characteristics 
TA

= 0° C to +70° C ;  VDD 
= - 1 5  ± 5%, vss = G N D  

LIMIT 

SYMBOL TEST MIN.  MAX. UNIT CONDITIONS 

tw L CP LOW W I DTH 6 1 0 ,000 iJ sec 

tWH CP HIGH W I DTH 6 Note ( 1 1  µ set 

'co C LOCK-ON TO DATA-O F F  T I ME 3 µsec 

1Dd CP TO DATA SET DE LAY Note (21  250 nsec 

td 1  C P  TO DATA O U T  DE LAY 250 1 ,750 nsec 

1d2 E NABLE TO DATA OUT DE LAY ,�-- 350 nsec Co uT 20 pF 
�-

1d3 CP TO SE R I A L  OUT DE LAY 200 1 )50 nsec CouT " 20 pF 

NOTES:  ( 1 ltwH can be any time greater than 6 µ sec. 
(21oata can occur prior to CP. 

�; -

4003 Timing Diagram 
" r 600 

@ - 1 V  
I' i-.----------- t w H - ----------►1 1  

E NA B L E  
@ -5v 

( E l  ----------+-------'I 

SE R I A L  OUT 

Capacitance 
f = 1 MHz ;  V1N = O V ; TA

= 25° C ;  Un measured Pi ns Grounded. 

LIMIT lpF)  

PRODUCT SYMBOL T EST TYP. MAX. 

400 1 /2/3/4 C I N  I NPUT l 1 ) 5 1 0  
CAPACITANCE 

400 1 /2 C
<pl •  C<p2 CLOCK I NPUT 8 1 5  

CAPAC ITANCE 

4004 C</ll • c</)2 CLOCK I NPUT 14 20_ 
CAPAC ITANCE 

NOT E :  1 1 1  Refers to al l  input pins except data bus 1 /0 and </)1 and <fl2-

Typical Load Characteristics 
SET TIME VS. OUTPUT CAPACITANCE 

(DATA L INES FOR 4001 , 4002, 4004 
& SYNC FOR 4004) 

700 ,---,---,------,.---,---,---..----. 
t,.-,f'\N = 380 nsec 

600 1---1-----1------1- tt,Ol = 400 nsec 
t�.,02 = 150 nsec 

500 1---1-----1------1- t,:,A = t ,.,F = 40 nsec 

§ 
v00 = -15.0V 

::l' 300 l---"'k:--t-.::....b--�-=:::::--t--+----1 

� 200 1---t---t---,��+--_____::,-..,,_+------l 

200 300 400 500 600 700 800 
OUTPUT CAPACITANCE (pF )  

1 06 

PRODUCT 

4002/4 

4001 

LIMIT lpF)  

SYMBOL TEST TYP. MAX. 

Co 1  DATA BUS 6.5 10 
1 /0 L I N E S  
CAPAC ITANCE 

Co2 DATA B US 
1 /0 L I N ES 

9.5 1 5  

CAPAC I TANCE 

SET TIME VS. OUTPUT CAPACITANCE 
(CM-ROM 4004) 

700 ,-----r--�--�-�-�-----. 

t tPW = 380 nsec 
600 1----+---+-- t,:io, = 400 nsec 

t(,02 = 150 nsec 
t ,.-, R = t '..,F = 40 nsec 

§ 500 l--:::....--1---4--- y00 = -15.0V 

: 400 l---->r--+------"1.---1----+---+----I 
::l' 
;:: 

; 300 1--+--""...+-----"',i.........:::""lo:,- TA = O')C 
+25"C 

+70"C 

100 .__ _ _,_ _ __,_ __ _.___...J... _ __,_ _ ____, 
100 200 300 400 500 600 

OUTPUT CAPACITANCE (pFI  



Absolute Maximum Ratings* 
Ambient Temperature Under B ias 
Storage Temperature 
I nput Voltages and Supply Vol tage 

With Respect to V SS 
Power D issipation 

4008, 4009 

o0c to +70°C 
-55° C to +1 50°C 

+0.5 to -20V 
1 .0 W 

D. C. and Operating Characteristics 

*COMME NT 
Stresses above those l isted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and fu nctional operation of the device at these or any other 
condition above those indicated in the operational sections of this 
specif ication is not impl ied . 

TA = ooe to 70oC, Vss-Voo (1 ] = 1 5V ± 5%, t</>PW = t</>0 1 = 400 ns, t</>02 = 1 50ns  un less otherwi se specif ied. 

Symbol Parameter Product Min
. 

TypJ2 l Max. Unit Test Conditions 

l u I nput Leakage Current 4008/9 1 0  µA Vin = V55 -1 6V, P ins 1 -8 (4008) 
Pins 1 -8. 1 1 , 1 3- 1 5  ( 4009) 

1 00 Average Supply Current 4008 1 0  20 mA TA = 25° C Unloaded 
4009 1 3  30 mA 

VI H I nput H igh Voltage 4008/9 Vss Vss V 
- 1 . 5 +0. 3 

v, Lc Clock I nput Low Voltage 4008/9 Voo Vss V 
- 1 2.5  

V1 L 1 I nput Low Voltage 4008/9 Voo Vss V Pins 1 -6 (4008) ,  P ins 1 1 , 1 5, 
( Except 1 /0)  -5.5  20-23 (4009) 

VI L2 1 /0 I nput Low Voltage 4009 Voo Vss V Pins 1 -8,  1 6- 1 9  
-4.2  

Vo L Output Low Voltage 4008/9 Vss Vss Vss V Capacitive Load Only 
- 1 2  - 1 0  -6.5 

1 0 L 1 [3l Address Line S ink ing 4008 8 1 2  mA Vout =Vss 
Current 

1 o L2 Chip Select and 4008 9 1 3  mA Vout =Vss 
F/L Si nk ing Cu rrent 1 . 6 2.5 mA Vout =Vss -4.85V 

1 oL3 [4 l W Output S ink ing Current 4008 2 .5  5.0 mA Vout =Vss 
1 oL4 Data Bus S ink ing Current 4009 9 - 1 5  mA V out  =Vss : P ins 20-23 

1 o L5 1 /0 and Strobe Output 4009 5 1 2  mA Vout =Vss 
S ink ing Current '-. 1 .6 ' 4 mA Vout =Vss -4.85V 

Ro H 1  Output o n  Resistance 4008 0.6 1 .2 k.Q Vout =Vss -0.5V 

R o H2 Data Bus  Output On 4009 1 30 250 n Vout =Vss -2V. Pins  20-23 
Resistance 

Ro H3  1 /0 and  Strobe Output 4009 250 1 000 n Vout =Vss -2V, P ins  9, 1 0, 1 6- 1 9  
o n  Resistance 

l cF Output Clamp Current 4008/9 1 6  mA Vout =Vss -6V. Al l  outputs on 
4008. Pins 9, 10, 1 6- 1 9  (4009) 

NOTES: 
1 .  For TT L compatibi l ity on the 1 /0 l ines, the supply voltages shou ld be Vss = +5V ± 5%, Voo = - 1 0V ± 5%. 
2. Typi cal va lues are for TA = 25°C and nomina l  supply vo ltages. 
3. The address l i nes wi l l  drive a TT L load if a resistor of 470 ohms is connected in series between the address output and the TT L input. 
4. A 6.8kohm resi stor must be connected between Pin W and Voo for TT L capabil ity . 
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4008, 4009 A.C. Characteristics 
TA = OOC to 700C, V55-Voo = 1 5V ± 5%. Al l clock, sync, CM ROM, data bus, and 1 /0 timing specifications are identical 
with the 4001 and 4004. 

Symbol Parameter Product Limit Unit Test Conditions Min. Max. 

t cv Clock Period 4008/4009 1 .35 2.0- µs 

t<t>R •t <t>F Clock R ise and Fall Time 4008/4009 50 ns 

t<t>PW Clock Width 4008/4009 380 480 ns 

t<t>D 1 Clock Delay from </>1 to </>2 4008/4009 400 500 ns 

t<t>D2 Clock Delay from </>2 to </>1 4008/4009 1 50 ns 

tA Address to Output Delay at A1 .A2 , X 1 4008 1 µs C L '."' 350 pF 

t cs Chip Select Output Delay at A3 4008 300 ns CL = 50 pF 

two W Output Delay 4008 600 ns C L = 1 00 pF 

tFD F/L Output Delay 4008 0. 1 1 µs CL = 1 00 pF 

\\ 

I 
I 

tw, Data I n  Write T ime 4009 600 
� 

C L = 200 pF o n  data bus ns 

t o 1 /0 Ou tput Delay 

t s 1 iN Strobe Delay 

t52 OUT Strobe Delay 

Timing Diag ram 

SYNC 14004) 

CM-ROM 140041 

A4 - A7 (40081 

Co ~ C3 (4008) 

D'1 ~ D'e 
( FROM ROM OR RAM) 

DATA BUS IMCS-41 
140091 

W 140081 

Fil 140081 

1/0 OUTPUT 140091 

IN STROBE 140091 

OUT STROBE 140091 

1/0 INPUT (40091 

I A 1 

-

I A2 A3 I 
L 

u ..... 
\1 
� I 

' 
IA I-

- IA 14- - •cs 

•PROGRAM MEMORY ACCESS -

DON'T CARE 

4009 1 .0 µs C L  = 300 pF 

4009 450 ns C L = 50 pF 

4009 1 .0 µs C L = 50 pF 

li _j 

t M, I M2 I x, I ( X2 I l',3 I 
1-- .L _J J -J �350ns u u u 

-
i-•w,• 

FLOATIN-

\ ' -', --
' l  \ 

'�!'- � .. - ,  1/0 ' SRC 

� SRC REGISTER LOW 4 BITS 

i)( SRC REGISTER 11tGH 4 BITS 

� SRC REGISTEji HIGH 4 BITS (except WPM) 

�tA-i,. 

PROGRAM INSTRUCTION V 

two-- two__., 
if WPM � - -----

f-- - -------- --� 
l HIGH FOR FIRST WPM. LOW FOR SECOND WPM 

1 FD� I-

I 

\J. 1 F RIJJI ;-� 
ts,- i-- /'s,-

.,,.., 

� 
INPUT MUST

, r
lD _ 

DURING SHAD TIME 

I 

-•o-.i 
1Fo--

� -
� � -1- I F WRR \ ""' tf 

1s,-
� 

•s/ 

// 
DON'T <_;ARE � ....., 

"PROGRAM MEMORY ACCESS TIME !CHIP SELECT TO DATA OUT) MUST BE LESS THAN 900ns. 

Capacitance f = 1 MHz V1 N  = Vss TA "' 25°C \ 
\. ,,,,, •• ,r-

. ' 

Symbol Parameter Product Limit (pF)  
Symbol 

�-••»~•··•· ''.------Parameter Product Limit (pf) 
Typ. Max. •Typ. Max. 

C I N I nput Capacitance 4008 5 1 0  C 1 10 Data Bus and 1 /0 4008/9 8 1 0  
4009 8 1 5  Capacitance 

CouT Output Capacitance 4008/9 8 1 0  c<t> Clock Capacitance 4008/9 1 2  20 
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APPLICATION OF THE 4008/4009 IN AN MCS-4 SYSTEM 

The standard memory and 1 /0 interface set (4008/4009) 
provides the complete control fu nctions performed by 
the 400 1 in MCS-4 systems. The 4008/4009 are com­
pletely compatible with other members of the MCS-4 
fami ly. Al l  activity is sti l l  under control of the 4004 
CPU. One set of 4008/4009 and several TT L d�coders 
is sufficient to interface to 4k words of program mem­
ory, sixteen four-bit input ports and sixteen four-bit 
output ports. 

It should be noted that in any MCS-4 system the pro­
gram memory is distinct from the read/write data storage 
(4002 RAM ) .  Using the 4008/4009, programs can now 
be stored and executed from RAM memory, but th is 
RAM, memory is disti nct from the 4002 read/write data 
storage. RAM program memory wi l l  be organized in eight 
bit words and 256 word pages, just l ike the memory array 
inside the 4001 . Any combi nation of PROM,  ROM, and 
RAM will be referred to as program memory. 

The accompanyi ng d iagrams show the i nternal  organiza­
tion of both the 4008 and 4009. 

The 4008 is the address latch ch ip wh ich interfaces 
the 4004 to standard PROMs, ROMs and RAMs used 
for program memory. The 4008 latches the eight bit 
program address sent out by the CPU during A 1 and 
A2 ti me. During A3 time it latches the ROM chi p num­
ber from the 4004. The eight bit program address is 
then presented at pins AO through A7 and the four bit 
chip number (also referred to as page number) is present­
ed at pins CO through C3. These four bits m ust be de­
coded externa l ly and one page of program memory is 
selected. 

The 4009 then transfers the eight bit i nstruction from 
program memory to the 4004 four  bits at a time at M 1 
and M2. The command signal sent by the CPU activates 
the 4009 and in itiates th is transfer. 

When the CPU executes an SRC (Send Register Contro l )  
instruction, the 4008 responds by storing the 1 /0 address 
in its eight b it SRC register. The content of this  SRC 
register is always transferred to the address l i nes (AO 
through A7) and the chip s�lect l ines (CO through C3) 
at X 1  time. The appropriate 1 /0 port is then selected 
by decod ing the chip select l ines. The IN and OUT l ines 
of the 4009 ind icate whether an input or output opera­
tion wi l l  occur. 

The 4009 is primari ly an i nstruction and 1 /0 transfer de­
vice. When the CPU executes an R D R  ( Read ROM Port) 
instruction, the 4009 wi l l  send an i nput strobe (pin 9) 
to enable the selected input port. It a lso enables 1 /0 
i nput buffers to transfer the input data from the 1 /0 bus 
to the data bus. When the 4009 interprets a WR R 
(Write ROM Port) i nstruction , it transfers output data . 
from the CPU to the I /0 bus and sends an output strobe 
(pin 1 0) to enable the selected output port. 
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A formerly u ndefined i nstruction is now used in conju nction with the 4008/4009 to write data into the RAM program memory. 
This new instruction is cal led WPM (Write Program Memory - 1 1 1 0 00 1 1 ) .  When an instruction is to be stored in RAM 
program memory, it is  written in two four-bit segments. The F/L signal from the 4008 keeps track of which half  i s  being 
written .  When the CPU executes a WPM instruction, the chip select l i nes of the 4008 are jammed with " 1 1 1 1 " .  In the system 
design th is should be designated as the R AM channel .  The W l ine on the 4008 is a lso activated by the WPM instruct ion. 
The previously selected SRC address on l ine AO through A7 of the 4008 becomes the address of the R AM word being 
written. By appropriately decoding the ch ip select l ines, the W l i ne, and F/L, the write strobes can be generated for the memory. 
The F/L l ine is i n itia l ly  h igh when power comes on. I t  then pu lses low when every second WPM is executed. A h igh on the 
F/L l ine means that the fi rst four  bits are being written , and a low means that the last four bits are being written. The 4009 
transfers the segment of the instruction to the 1 /0 bus at X2 of the WPM instruction. The S R C  address sent to R

/

AM is only 
8 bits. When more than one page of RAM (256 bytes) is  being written , an output port must be used to su pply add itional 
address l i nes for h igher order addresses. 

Definition of Write Program Memory I nstruction 
Mnemonic:  WPM 
QPR OPA : 1 1 1 0  001 1 
Symbol ic :  

1 1 1 1 -... C3C2C 1 Co of  4008 
ACC -... 1 /03 1 /0:2 1 /01 1 /00 of 4009 
S R C  Address _. Ao - A7 of 4008 

System I l lustrations Using the 4008 and 4009 

Description :  The ch ip select l i nes of the 4008 are forced to " 1 1 1 1 "  
at X l time and the content of the accumu lator is ava i lable on the 
4009 1 /0 bus at X2. RAM program memory can be loaded four 
bits at a time. The previous S R C  address is sent out on l i nes AO 
through A 7 of 4008. 

Four systems are shown where the MCS-4 components are used with standard I ntel memory elements as the program memory. 
Notice that several different approaches to chip  select, port decod ing, and the 1 /0 elements are shown. 
Example 1: Four 1702A PROMs and Four 1/0 Ports. 
This configuration is equ ivalent to the S I  M4-0 1 system. Four 1 702As are used for program storage and four four-bit 1 /0 ports 
are used. I n  th i s  case O-type output latches are used and a one of eight decoder (3205) is used to decode both the input and 
output strobes. Note that the 1 /0 bus is buffered from the outputs. Buffers are needed only when the current s ink ing req u ire­
ment on the bus exceeds 1 .6 mA. I n  smal l  systems low power TT L cou ld be used and buffers cou ld be avoided. 
Example 2: Read;Write Memory for Program Storage. 
Th is example shows only the RAM portion of a system when RAM is used for program memory. Note that the chip 'selects 
are tied together in groups of four. The chip selects are gated w ith the F/L control l i ne for writing only four bits at a time 
when executing a WPM instruction. They are also gated with the decoding of the chip selects from the 4008 for normal program 
execution. The 1 1 0 1  (256 words x 1 bit) is shown. A similar system using the 2 1 02 ( 1 k  V\!Ords x 1 bit) could be developed. 
Example 3: Seven 1702A PRO Ms, one RAM block, and seven I /0 Ports. 
This example uses a single page of RAM program memory shown in Example 2 in a complete system. I n  this case the input 
ports are _8 : 1 mu ltiplexes which are buffered from the 1 /0 bus by a quad three state buffer. The input port selection is then 
the fu nction of the multi plexers. The output ports are I ntel 3404 latches and the port selection ·is done using an I ntel 
3205 decoder. 
Example 4: Eight 1702A PROMs, eight RAM Blocks, and eight I/O Ports. 
Program memory organized with 2k bytes in  ROM and 2k bytes i n  RAM. Each basic RAM block can be organized as in E xample 
2. When more than one block of RAM is used, the write chip select (WCS) for each R AM block is generated by properl y 
gating chip select 1 5  w ith special decodi ng for page selection. Output port eight is dedicated to this selection function. Th is i s  
on ly  necessary when the RAM program memory i s  being written. In  th i s  example standard TT L logic elements are used for 
1 /0 port selection rather than decoders as shown in previous examples. I n  this case a l l  i nput ports are three state buffers. 

IMPORTANT: 

The following differences exist between an MCS-4 system using 4001 program memory and a system using 4008/4009 program memory. 

1 .  For normal operation, 4001 'ROMs cannot be used in the same system with 4008/4009. 
2. Memory address, memory data, 1 /0 bus, and control l ines from both 4008 and 4009 are defined with respect to positive logic. The MCS-4 data 

and control l ines from the 4004 are defined w ith respect to negative logic. As a resu lt, in program memory used w ith the 4009, programs should 
be coded with logic " 1 " = high level and logic "O" = low level ( i .e. ,  NOP = 0000 0000 = NNNN NNNN) .  Note that programs are defined for 
the 4001 in terms of negative logic such that NOP = 0000 0000 = PPPP PPPP. Carefu l ly check all tapes submitted for metal mask ROMs to be 
sure that the correct logic definitions are used. 

3. I nput and output data from the 4009 1/0 bus is defined in  terms of positive logic. If these interface devices are used for prototyping a 400 1 
program memory, care should be taken to be sure that the 1 /0 ports for the 4001 s are defined consistent with the 4008/4009 system. 

4. An 1 /0 port associated with the 4009 can have l ines with both input and output capabi l ity. On the 4001 each 1 /0 l ine may have only a single 
function, either input or output. 

5. The RAM program memory cannot be used as a substitute for the 4002 read/write data storage. They perform d istinctly different functions. 
6. CM-ROM and CM-RAMo cannot be used to control 4002s when CM- ROM is used for 4008/4009 and the WPM instruction is being used. The 

reason is that the WPM instruction is i nterpreted as a Write Memory (WRM)  by 4002s connected to the same CM l ine as 4008/4009. 
CM-RAMo in absence of a DCL behaves exactly l ike CM-ROM. 
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DATA BUS 

1 
' 

i4008 

Co C1 C2 C3 

I I 

----

CM RAM O 

i4004 � 
CM 

Do D1 D2 D3 �OM 

I I I 
' 

i 1 702A 
ROM O 

cs 
1 

� ---
i 1702A 
ROM 3 

cs 
T 

Ao Do 
A, 0, -
A

3 1/8 � 
-

i3205 � I -----<I 

as -
0s -
� 

-

RAM 
PORT O 

� 
0 

I 1 1  � 

i4009 

- I N  
- OUT 

,......-----< ► 

RAM 
PORT 3 

� 

. . .  
3 

1 1 1 1  

--

1/0 

� 
THREE 

I STATE 
BUFFER 

,J, C  

LP 4-BIT 
-;:::::i D TYPE LATCH 

C 

LP 4-BIT 
-::::jD TYPE LATCH 

THREE STATE -
BUFFER --

THREE STATE 
BUFFER --

Example 1 .  Four 1 702As and Four 1 /0 Ports (SI M4-01 Equivalent) 

OUTPUT 
PORT O 

OUTPUT 
PORT 3 

INPUT 
PORT O 

INPUT 
PORT 3 

- AcSi (CHIP SELECT 
DECODED FROM 4008) 

,- WCSi .-, ----......-----__,.,__.-
F/�---"----1 ...... >c-----l�i--!_,f :--".I • 

CONTROL 
(WRITE 

W

� FROM 4008) 6.8k 

Voo 

ADDR 

·�{ FROM 
4008 

T 
T T 

T T 
T T 

r T . ..... 

WCS: WRITE CHIP SELECT ACTIVE LOW 
(DERIVED FROM ALL 4008 CHIP SELECTS "HIGH") 

RCS: R EAD CHIP SELECT ACTIVE LOW 

. . 
T T T 

T .... . . . . . . . . .  . .... .,. ,  . 
R/W R/W 

- cs  
R/W 

• cs i 1 101*  - cs  i 1 101 
c., cs i 1 101 .. cs i 1 101 .., cs 

I i 

i 1 1 01 - cs  i 1 1 01 

t t 

i 1 101 

t 
i 1 101 

L}D·, 
TO 
4009 
D's 

.._ _______ �_:_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_:_-_-_-.:::.:::.:::.:::_-_-_-_-_-_-.:::.:::.:::.:::.:::_;--------
-- FROM 

*NOTE THAT A SIMI LAR MEMORY MODULE CAN BE DEVELOPED USING INT EL'S .__ ____ _;__.:-::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::��:::-- �;�!us 
2102 1k STATIC RAM. AN OUTPUT PORT MUST BE USED TO SUPPLY HIGHER ORDER 
ADDRESS BITS FOR WRITING A 2102 MEMORY. HANDLE  IN THE SAME MANNER AS 
A MULTIPLE PAGE 1 101 SYSTEM. 

Example 2. Read/Write Memory for Program Storage 
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�M 

�, 
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I 
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! 
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BUFFER 

---'r,� 
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,-....- .. 
• l 

Ao A1 A2 
lo 
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,; 8:1 MPX 
17 

• l 
►--• A2 DECODER - - L - .... w - Ao  

A f.+ ., lo Ac,
A, A2 

►� 

W F/L f5 

TO ALL 
RAMs 

- -
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.. ► r., 
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CS 
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---- -

�, 

� RAM• ==-

7 
� 15 : WCS 

-- 1 i3205 -A2 -
Oji •  - -

i3404 OUTPUT 
0 PORT O 

i3404 OUTPUT 
1 PORT 1 

� OUTPUT 
PORT 6 -

- : II -
,.. 1; 8:1 MPX 

- 17 

• I 
.._ lo 

Ac, A1 A2 

: I! --- 16 8:1 MPX 
- 17 

d :  - lo Ac, A1 A2 

INPUT =-
I� 8:1 MPX 

0 -
PORT 6 -

- 17 

• A detailed RAM memory interconnection is shown in an accompanying figure. 

Example 3. Program Memory with Seven Pages of PROM and One Page of RAM 

RAM O OUT RAM 3 OUT 

THREE 
STATE 

BUFFER 

THREE 
STATE 

BUFFER 

THREE 
STATE 

BUFFER 

•RAM memory is used for program storage. An accompanying RAM memory figure shows the memory 
interconnect in detail. If Intel", 2102 RAM " used. lour RAM memory sections can be reduced to one. 

Example 4. Program Memory with Eight Pages of PROM and Eight Pages of RAM 
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APPENDIX C 
MCS-4 CUSTOM ROM ORDER FORM 

4001 Metal Masked ROM 

Al l  cust om ROM orders must be s ubmitt ed on for ms provided by Int el .  Pr ogrammin g  infor mat ion sh ould be s ent 
in th e form of computer punched cards or punched paper t ape. In either case ,  a pr int-out of th e tr uth t able 
must accompan y th e order . Refer to Int el's Dat a Cat al og for compl ete  patt ern s pecificat ions . Alt ernat ivel y, the 
accompan ying tr uth t able may be used. Addit ional for ms ar e available  from Int e l. 

For I ntel use only 

CUSTOME R S# _______ _ pppp ______ _ 

STD _______ _ zz ________ _ 
P.O. N UMBER  

APP _______ _ DD ________ _ 

DATE DATE l /0 ______ _ 

INTEL STANDARD MAR KING r---------::========s-- I n tel  Pattern 
■ P4001 1 PPPP I 

N u m ber The marki ng as shown at right must contain the I ntel logo, 
the product type (P4001 ) ,  the four d igit I ntel pattern num-
ber (PPPP) , a date code (XXXX) ,  and the two d igit ch ip 
number (DO ) .  An optional customer identification number 
may be substituted for the chip number (ZZ) . 

l , xxxx , ,  zz
, L---==::i==�-====::::r-- Chip N u mber or 

I Cu stomer N umb, ,!r 
Date Code 

Optional Customer Number (Maximum 6 characters or spaces) _____ _ 

MASK OPTION SPECIFICATIONS 
A. C H I P  N U M B E R ___ {Must be specified - any number from 0 through 1 5 - DD)  

B.  1 /0 OPT I O N  - Specify the connection numbers for each 1 /0 p i n  ( next page) . Examples of  some of  the possib l i'e 1 /0 
options are shown below: 

E XA M P L ES - D E S I R E D O PT I O N/CON N ECT I O NS R EQ U I R E D 

1 .  N on-inverting  output - 1 and 3 are connected. 
2. I nverting output - 1 and 4 are connected. 
3. Non-inverti ng  input ( no input resistor) - on l y  5 is  connected. 
4. I nverting  i nput ( inpu t  resistor to Vssl - 2, 6, 7,  and 9 are connected. 
5. N on-i nverti ng input ( i nput resistor to V D D l - 2, 7, 8, and 1 0  are con nected. 
6. If inputs and outputs are mixed on the same port, the pins used as the outpu ts must have the i nternal resistor con nected to either 

V D D  or Vss (8 and 9 or 8 and 1 0  must be connected ) .  This is necessary for testing  pu rposes. For example, if there are 1 :wo in­
verting inputs _( with no input resistor) and 2 non-inverting  outputs the con nection woul d  be made as fo l l ows: 

I nputs - 2 and 6 are connected 
O utputs -· 1 ,  3,  8 and 9 are connected· or 
1, 3, 8 and 1 0  are connected 

If the pins on a port are a l l  inputs or a l l  outputs the internal resistors do not have to be con nected. 

C.  400 1 CUSTOM ROM PATTE R N  - Programming information shou ld be sent in the form of computer punched 
cards or punched paper tape. I n  either case, a print-out of the truth table must accompany the order. Refer to I ntel's. Data 
Catalog for complete pattern spec ifications. Alternatively, the accompanying truth table may be used. Based on th1 1� par­
ticular customer pattern, the characters should be written as a "P" for a h igh level output = n-logic "0" (negative logic "0") 
or an "N " for a low level output = n-logic " 1 "  (negative logic " 1 ") .  

Note that NOP = B,PPPP PPPPF = 0000 0000 

1 1 3 



4-001 1/0 Options 

ROM 
PATTERN MUX 

SET 
LOGIC 

9 f° 
Vss 

DATA 
BUS 

OUTPUT 
BUFFER 

OUTPUT 
F/F 

a a 

-----� Do 
(PIN 1 )  

1 0  

1/00 ( P I N  16) 
CONNECTIONS DESIRED  (L IST N UMBERS & C IRCLE 
CONNECT IONS ON SCHEMATIC) _____ _ 

a. For T 2 L compatibi l i ty on the 1 /0 l ines the supply voltages should be 
v00 = - 1 0V ± 5%, Vss = +5V ± 5% 

b. If non-inverting input option is us�d, V1 L. = -6.5 Volts maximum (not TTL) . 

ROM 
PATTERN MUX 

SET 
LOGIC 

DATA 
BUS 

OUTPUT 
BUFFER 

butP,UT 
F/F 

---u D2 
( PIN 3)  

Voo 

Q 
9 

a---o r 
l 10 

Vss 

1 102 ( P IN  14) 
CONNECTIONS DESI RED  (L IST NUMBERS & C IRCLE  
CONNECTIONS ON SCH EMATIC) _____ _ 

a. For T 2 L compatibi l ity on the 1 /0 l ines the supply voltages should be 
VDD = - 1 0V ±5%. Vss = +5V ± 5% 

b.  I f  non-inverting input option is  used, v1 L. = -6.5 Volts maximum (not TTL ) .  

1 1 4 

ROM 
PATTERN 

.__ ___ ,,. - o 
8 

MUX 

SET 
LOGIC 

Vss 

1 /01 ( P IN 15 )  

DATA 
BUS 

OUTPUT 
BUFFER 

OUTPUT 
F/F 

D, 
( PIN 2) 

CONNECTIONS DESI RED  (L IST NUMBERS & C IRCLE 

CONNECTIONS ON  SCHEMATI C) _____ _ 

a. For T 2 L compatibi l ity on the 1 /0 l ines the supply voltages should be 
Voo = - l OV ± 5%, Vss = +5V ±5% 

b. I f  non-inverting input option is  used, V1 L = -6.5 Volts maximum (not TTL).  

ROM 
PATTERN MUX 

SET 
LOGIC 

9 

f° 
1 /03 ( P IN  13 )  

DATA 
BUS 

OUTPUT 
BUFFER 

OUTPUT 
F/F 

a a 

---u D3 
( PIN 4) 

10 

CONNECTIONS DESI RED  (LIST N UMBERS & C IRCLE 
CONNECTIONS ON SCHEMATIC)· _____ _ 

a. For T 2L compatibi l ity on the l/0 l ines the supply voltages shou ld be 
Voo = - l OV ± 5%. Vss = +5V ± 5% 

b. If non-inverting input option is · used, V1 L = -6.5 Volts maximum (not TT L) .  



4001 CUSTOM ROM TRUTH TABLE Customer _________________ _ 

P.O. No. ________________ _ 

Chip No. ________________ _ 

Date __________ _ 

The customer truth pattern should be placed in the bl ue screen area. The white section above tt:,e screen area 
wi ll be used by I nte l to verify the customer pattern. 
Based on the particular customer pattern, the characters should be written as a "P" for a high level output = 
n-logic "0" ( negative logic "0") or an "N" for a low level output = n- logic " 1 "  ( negative logic "1 " ). 

Word 
Number 

0 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

14  

1 5  

1 6  

1 7  

1 8  

I NSTRUCTION 
OPR OPA 

I NTEL CORP. 

Word 
Number 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

INSTRUCTION 
QPR OPA Word 

Number 

64 

65 

66 

67 

68 

69 

70 

7 1  

7 2  

7 3  

74 

75 

76 

77 

78 

92 

93 

94 

95 

I NSTRUCTION 
QPR OPA Word 

Number 

96 

97 

98 

99 

100 

102 

1 03 

104 

1 08 

109 

1 1 0 

1 1 1  

1 1 2  

1 1 3 

1 1 4 

1 1 5  

1 1 6  

1 1 7 

1 1 8  

1 1 9 

1 20 

12 1  

1 22 

1 23 

1 24 

125 

1 26 

1 27 

INSTR UCTION 
QPR OPA 

3065 Bowers Avenue, Santa Clara, Cal i fornia 95051 • (408) 246-7501 
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4001 CUSTOM ROM TR UTH TABLE Customer _________________ _ 

P.O.  No. ________________ _ 

Chip  No .  _ _____ _____ ______ _ 

Date __________ _ 

The customer truth pattern shou ld be p laced in the b lue screen area . The white sect ion above the screen a rea 
w i l l  be used by I ntel to ver ify the customer pattern. 
Based on the part i cu la r  customer pattern, the characters shou ld be written as a "P" for a high leve l output = 
n- logic "0" ( negat ive logic "0" ) or an "N"  for a low level output = n- log ic " 1 " ( negat ive logic " 1  " ). 

Word 
Number 

1 28 

1 29 

1 30 

1 3 1 

1 32 

1 33 

1 34 

1 35 

1 36 

1 37 

1 38 

1 39 

1 40 

14 1  

1 42 

143 

1 44 

1 45 

146 

1 47 

1 48 

1 49 

1 50 

1 51 

1 52 

1 53 

1 54 

1 55 

1 56 

1 57 

1 58 

1 59 

INST R UCT I ON 
Word 

INST R UCT I O N  
Q P R  OPA QPR OPA 

D3D2□,□o 03D2□,□o Nu m ber D3D2□,□o 03D2□,Do 

1 60 

1 6 1  

162 

1 63 

1 64 

165 

1 66 

1 67 

1 68 

1 69 

1 70 

1 7 1  

1 72  

1 73 

1 74 

1 75  

1 76  

177 

1 78 

1 79  

1 80 

1 81 

1 82 

1 83 

1 84 

1 85 

1 86 

1 87 

1 88 

1 89 

1 90 

Word 
Number 

1 92 

1 93 

1 94 

1 95 

1 96 

1 97 

1 98 

1 99 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

2 1 0  

21 1 

21 2 

2 1 3  

2 1 4  

2 1 5  

2 16  

2 1 7  

2 18  

2 1 9  

220 

22 1 

222 

I NSTR UCTI ON 
QPR OPA 

D3D2□ 1D0 D3D2□,□o 

Word 
Number 

224 

225 

226 

227 

228 

229 

230 

23 1 

232 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

252 

253 

254 

I NST R UCTI ON 
QPR OPA 

I NT6L CORP. 3065 eowers Avenue, Santa C lara ,  Cal i forn ia  9505 1 • (408) 246-7501 
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APPENDIX D 
TELETYPE MODI FICATIONS FOR SIM4-01/SIM4-02 

The S I M4-01 and S I M4-02 micro computer systems and associated software have been designed for 
interface to a model AS R 33 telet_ype wi red in  accordance with the fo l lowing description. 

The ASR 33 teletype must receive the fol lowing i nternal modifications and externa l  connections: 

Internal Modifications 

1. The current source resistor va lue must be changed to 1 450 ohms. This is accompl ished by moving a 
single wire. (See Figures 5 and 6. ) 

2. A ful l duplex hook-up must be created internal ly. This is accompl ished by moving two wires on a 
terminal strip. (See Figures 4 and 6. ) 

3. The receiver current level must be changed. from 60 mA to 20 mA. This is acco mpl ished by moving a 
single wi re. (See F igures 4 and 6. ) 

4. A re lay circuit must be i ntroduced into the paper tape reader drive circuit. The recom mended circuit 
consists of a relay, a resistor, a capacitor and suitable mounting fixture. An a lternate circuit uti l izes 
a thyractor for suppression of inductive spikes. This change requires the assembly  of a smal l  "vector" 
board with the re lay ci rcuit on it. I t  may be mounted in the teletype by using two tapped holes in  
the mounting plate shown in  Figure 1 .  The relay ci rcuit may then be added without a lteration of 
the existing circuit. (See Figures 2, 3, and 6. ) That is, wire "A", to be connected to the brown wire 
i n  Figure 2, may be spl iced into the brown wire near its connector plug. The " l ine" and " local" wires 
must then be connected to the mode switch as shown. Existing reader contro l  ci rcuitry within the 
teletype need not be a ltered. 

External Connections 

1. A two-wire receive loop must be created. This is accompl ished by the connection of two wires between 
the teletype and the "S I M" board in accordance with Figure 6. 

2. A two-wire send loop si mi lar to the receive loop must be created. (See F igure 6. ) 

3. A two-wire tape reader loop connecting the reader contro l relay to the "S I M" board must be 
created. (See F igure 6. ) 

Figure 1.  Relay Circuit (Alternate) 
1 17 



Figure 2. Distributor Trip Magnet 

Figure 3. Mode Switch (Rear View) 

1 18 
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Figure 4. Terminal Block 

Figure 5. Current Source Resistor 

1 19 
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APPENDIX E 
SYSTEM INTERFACE AND CONTROL MODULES 

M2e4-1 0 

The �CB4- 1 0  is a completely assembled interconnect, d isplay and control switch module which e l iminates a l l  hand w iring 
associated with an MP7-03/S I M 4-01 setup. With the additions noted below, it becomes a self-contained system featuring the 
fol lowing :  
1 .  Automatic PROM Programmi ng (with S I M 4-0 1 ,  PROM set A0540, A054 1 ,  A0543, MP7-03 power suppl ies, TTY) .  
2 .  General Purpose Micro Processor with 1 /0 and Display (with S I M4-01 , power suppl ies) . 
3. Test System for checkout of PROMs (with S I M4-0 1 , power suppl ies) . 

The MCB4- 1 0  i ncludes the fol lowi ng : 
1 .  Al l  i nterconnect circuitry necessary to implement the programming system described in section X 1 1 1  of the "MCS-4 

Users Manual". 
2. Connectors for the SI M4-0 1 and MP7-03 boards. 
3. A zero insertion  force 24-pin socket for PROMs to be programmed . Appropriate con nections to the MP7-03 connector 

are provided. 
4. Teletype receive conditioning circu it, transm it source circu it, punch and reader contro l interface circu its. Access to these 

signals is provided by a 1 6  pin socket. 
5. Control switches (2 )  and logic necessary for complementation of programmer input or output data. 
6. Breakout and buffering of computer signals  to open sockets for ease of access. This includes 1 6  ROM outputs, 1 6  ROM 

inputs, and 16 RAM outputs. 
7. S I M4-0 1 ROM and RAM 1/0 port binary d isplay using l ight emitting diodes. This includes 32 bits of d isplay. 
8. Data enable control switch which enables the MP7-03 output buffer. 
9. A PROM selector switch which faci l i tates addition of a select function on the MP7-03 board for future use. 

1 0. Two momentary pushbutton switches which drive the "test" and "reset" input l ines on the S I M 4-01 board. 
1 1 . Two transformers, 1 1 5Vrms, capacitors, fuse holder and AC input jack wired to develop a raw supply and fi ltering for 

development of the programming voltage. 
1 2. A control switch for d isabl ing the programming voltage. 
1 3. I nput jacks for applying externa l ly  suppl ied +5V DC and - l OV DC to the assembly. (Note : I nternal supplies are not 

included . )  

The setup for the P R O M  programming appl ication requires an M P7-03 ( rear) and a S I  M4-01 board instal led in  the MCB4- 1 0. 
Also shown are flat cables interfaced via two 16-pin D I P  sockets to the system. 

MCB4-10/MP7-03/SIM4-01 System 

1 2 1  



1 .  Micro Processor System 

When the MCB4- 1 0  is used as a micro processor, its features, such as the d isplay for the output ports and input ports, may be 
util ized at the d iscretion of the user. As an e?'ample, consider the testing of SI  M4-01 boards loaded with a PROM ( 1 702) con­
taining the fol lowing program : read ROM port 0 and ROM port 1 ,  add the two values and store the resu lt at RAM ports 0 and 1 .  
The test cou ld b e  i mplemented b y  connecting 8 switches to the " ROM input" socket. The actual switch circuit would consist 
of a single pole double throw switch wired with one pole to ground and the wiper wired to the appropriate socket connector 
pin in  accordance with the MCB4- 1 0  schematic (A3- 1 ,  A3- 1 6  . . .  A3- 1 3) .  The S I M4-01 is then inserted into the "SI M4-01 " 
connector and a bench supply connected to the +5V DC and - 1 0V DC input jacks. The actual test may now be performed. The 
reset button is depressed, clearing the system's memories and registers and the program executes. The resu lt appears at the LED 
display and  may be  verified for correctness. The display l ights of  interest are identified on the system's printed circuit board as 
"OUTPUT PORTS" " RAM 0" "RAM 1 "  "BITS" 0 1 2 and 3 

2. Programming Sys�em • • • •  • 
. 

. \ 
Consider the actual programming ( in  the hardware sense) of the 1 702A PROM in the example above. The system can perform 
this function with the addition of an M P7-03 board inserted into the "PROG R AM M E R  BOA R D "  connector. An automatic 
programm ing system which al lows data entry from a keyboard or papertape, automatic verification, l isting of ROM contents, 
and hands-off programming is provided by the further add ition of a S I M 4-01 board with three pre-programmed PROMs A0540, 
A054 1 ,  A0543 and a modified teletype. The switches added in the manual set-up are deleted. The teletype mod ification con-
sists of the add ition of simple relay network described by MCS-4 Users Manual .  The procedure for programming a 1 602A/ 
1 702A P ROM, then, is as fol lows: 
1 .  I nsert M P7-03 and SI M4-0 1 boards (SI M4-01 loaded with PROM A0540, A054 1 ,  A0543) .  
2 .  Connect teletype to  "TTY" socket. 
3. Connect +5V DC, - 1  0V DC and 1 1 5 Vrms. 
4. Depress "� ESET". 
5. Set "PROG.AC" to "ON ". 
6. Set "DATA E NAB LE" to "DATA E NAB L E". 
7. Set "PROM S E LECTO R "  to " 1 60 1 A/1 701 A". 
8. Place teletype in "ON-L I  N E" mode. 
9. Depress " R ESET". 

1 0. I nsert P R O M .  
1 1 . Place paper tape in  TTY reader and set reader to "START". 
1 2. Type in  program com mand "P" and beginning and end ing address. 

Refer to section X I I  I for a complete description of the MCS-4 micro computer control led programming system. The PROM is  
then automatical ly  program med and checked for correct content. 

1 _  

PROGRAMMER BOARD 
72 •••••••••••••••••••••• • ••••• • •  ... - .... 
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A2 -

iii A3 
ll 

1- -
R O M  = : 
I N PUT = : ... l ! 

• = �= � 1601/1701 0 1 

: !
R
:

M 
A4 

\__; 

: 

�l� =:,)/� l 

LECTOR 0 
OUT PUT -

: 

• � I 0 2 

I I I I I I I I 1 1  I I �  

( 

0 0 0 
COMP. 

: : I I  I I I I I I I I I I I I I I I I I I I I I I I I I I  I I I I 

�

O

�

O O 

PROM = - : : : : • • : : : : : : : v7c .. Vu 
O 

00 

O ON sov--= RAM 3 2 OUTPUT 1 O 
0 ROM

: : : : : :
PORTS

: : : : : : : : • Ydd O 0 • t _ I @ J 2 1 0 I 0 3 2 1 0 3 2 1 0 BIT Off 

IQ,� MCB 41O MICRO COMPUTER CONNECTOR BOARD T ES T  RESET  PROG. AC.  

MCB4-1 0, Interconnect and Control Module Printed Circuit Board 
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NOTE:  1 . A ll s ignals are defined with respect 
to negative logic at th e dual-in-l ine 
1 /0 s ocket ( i .e., True [n-logic 1 ]  = 
GND,  Fals e [n-l ogic OJ = +SV) .  

2 . 1 TTL Load/Drive = 1 .6 mA @ 4V. 

PORT 
ROM I nput Port 
ROM Output Port 
RA M Output Port 

LOGIC 
True 
Fal se  
Fal se 

COMPATIBI LITY 
TT L I n  
TTL O ut 
TTL Out 



�O/lf 4VT/'tlr 
Z6 41,AO 

A/·/ 
H 4.l;AI 

Al•/1, �.,-y IMTA OUT 
II> 43,AZ .J.J rNAl<lt£ 

A1-z Q--()y 

IZ .,,, .u ,,,.,-y T,r,,tr �l'lt£tf&AIT At•/f ,17 JMTA IN 
,ff ,z f.F, H Q--"y 

7"#'$T J·.I 
,,,.,.-,, T.1'1,(£ t:IIMl'",_.,T 

J7 ZI .F-#, AF 
At•/,f JUT,I DUT 

A, .,✓, ... 
Q--t1v 

Al• ,f ov 
,#'ur ,,, zz ,,,,,.7 

A1-1, ,. z,,41 ,, 

] 
Al·.F 

JI Zf, n /,J 

AI-IZ " /1/0Wr,r "" 
Z4 Zl,D.I $VNJ)' 

At·6 ZI ,,, Zf,,114 
Al•// 2, -/4y 

., <14,,11,1 
,41-1 

6 .10,,, .,, +JV 
4.1K 

8 fZ,47 .J 
.Al·,I 

� z Ff. 41 
{!!Le l!I ,,,_, 
" 0 AJ •J ,, :,z.,,, 

I J., ,.,__,. 

1rril 
" A.J·/4 17 z, 34,DZ , 

A.J·/2 " z ,o-z 1 3  ll .16,,.D.I ,,-, " , Al·V 21 31.,.1:1-, 
A.I-// 

,fJ- 3 15" .u ""·'.,. 
AJ•7 I/ 

AJ·lf ,, .II ,,�., . /,> .115 V A. C  
AJ-/,p IZ 

z AJ-4 II ,U ,,,,.,,,, 
A l•I 1 7  

,fJ·/J u ,,,,4, C'NAIIII 
AJ-, 

SIM4-01 JM� MP7-03 
74' ,,.,. 

r 
l"OWrA' s«'KET 

.IIIP,11/f)' 
'JY ,z ./"6 J Al> 

�y .FI Z Al 

I M 

.FI u ZI AJ 

{Al ·/Z 61 •• Zt> A4 
P,IIITF/r t:""'T/N>4 

AZ·// 7/ u· 1, Af 

-t
l· 7 .,.,. .1"6 tSI II A6 

TAN � 
�Z-6 - •NY .,., 11# 17 A7 

{,fZ-.J" n , .. " ., I)/ 
KJ'6IJ .n 

AZ·4 .,, " 6' .F gz 

.,,, 61 6 1, 

6J 7 .l),f 

., 8 If 

�.FI' 6/ " /)6 

I'" 
.,, '" ,117 

J7 II l)I 

.M. 14 C'NII' sr�r,:-r 

OY ,U IJ ":'NOdl'AAI 

12 y,,-

01' 

f.. 
IZ If y,11,1 

J Zf y,114 

,l zJ ;1 ,. zz.;z 
_,,,,, 

N,rr: 
/. �& Dll;;t£S AN �.£,,I) £,r,:-r,'T ,.,r ,Wl/<"ATF,11. -✓4/1� 
� • .!Nl. -'"SIITOIS' ... W £.r�4",,-T A.I /NJI/IAT£1J , 

MCB4-10 Schematic 

CA UTION: 
Permanent damage may result to MPl-03 board and PROM to be programmed if the DC POWER is turned OFF 
BEFORE the PRGM AC is turned off. The SIM4-01 and MPl-03 should never be inserted into their respective 
sockets with either the DC or AC power applied. 
APPL Y DC POWER BEFORE AC POWER AND REMO VE AC POWER BEFORE DC POWER. 
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Mt CB4-20 

TI he MCB4-20 is a completely assembled interconnect, d isplay and control switch assembly which el im inates a l l  hand wiring 
as ;sociated with an MP7-03/S IM4-02 setup. With the additions noted below, it becomes a self-contained system featuring the 
fc , l lowing: 
1 .  Automatic PROM Programming (with S IM4-02, P ROM set A0540, A054 1 ,  A0543, MP7-03, power suppl ies, TTY) .  
2. , Automatic PROM Duplicating/Comparing (with SI M4-02, MP7-03, A0544 PROM Program, power suppl ies) . 
3. , General Purpose Micro Processor With I /0 and Display (with SI M4-02, power suppl ies) . 
4. Test System for checkout of PROM Programs (with S I M4-02, power suppl ies) . 

T he MCB4-20 includes the fol lowing : 
1 . .  A l l  i nterconnect circu itry necessary to implement the programming system described in paragraph X l  1 1  of the MCS-4 

Users Manual. 
2 . .  Connectors for the S I N!4-02 and MP7-03 boards. 
3". Two zero insertion force 24-pin sockets for PROMs. One socket for the "PROM to be programmed", one socket for a 

"Dupl icating R E F  PROM", and appropriate connections to the MP7-03 connector. 
4 . .  Teletype receive cond itioning circu it, transm it source circu it, punch and reader control i nterface circu its (on the S I M4-02) 

and a TTY connect/disconnect switch. Access to these signals is provided by a 1 6  pin d ip  socket labeled "TTY" socket (J4). 
F lat cable is  provided for the connector to TTY. 

5 . .  Two control switches for complementing programmer input or output data. 
6 . .  E leven 1 6  pin D I P  sockets provide easy access to SI M4-02 input, output and miscel laneous control signals. This i ncludes 

32 ROM inputs (8 ports x 4 bits) , 32 ROM outputs (8 ports x 4 bits) , and 64 RAM outputs ( 1 6  ports x 4 bits) . 
7 .  S I M4-02 ROM and RAM output port binary d isplay using l ight emitting d iodes. This i ncludes 32 bits of ROM output 

d isplay and 32 bits of RAM output d isplay. The add itional 32 bits of RAM output are not d isplayed but brought out to 
16 pin sockets J6 and J7. 

8 .  Data out control switch enables or d isables the data from the MP7-03 to the SI  M4-02 input ports or provides CPU software 
control of data out when in the dupl icating posit ion. 

9 .  A DC power control switch which connects the external +5V and - 10V power suppHes to the SI M4-02 and MP7-03. 
1 0 . Two momentary pushbutton switches which d rive the "test" and "reset" input l ines on the S I M4-02 board. 
1 1  . Two transformers, a switch for 1 1 5V AC/220V AC, capacitor, fuse holder and AC input jack wired to develop the unregu­

lated 80V DC which in turn is regulated on MP7-03 to 47V DC programming voltage. 
1 2 . A PRGM AC switch which controls the programming AC voltage. 
1 3  .. I nput jacks for applying external ly supplied +5V DC and - 10V DC to the assembly. (Note : I nternal suppl ies are not i n­

cluded, 5V @ 4A and -l 0V @ 2A suppl ies requ ired [worst case] : )  

The setup for the P ROM Programming appl ication is  shown below. The MP7-03 (rear) and the S I M4-02 board are instal led in 
t t  ,e MCB4-20. 

MCB4-20/MP7-03/SI M4-02 System 
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1. Micro Processor System 

When the MCB4-20 is used as a micro processor, its features, such as the output ports (with d isplays) and input ports, may be 
uti l ized at the d iscretion of the user. As an example, consider the testing of S I M4-02 boards loaded with a PROM contain ing 
the fol lowing program : read ROM port 0 and ROM port 1, add the two values and store the resu lt at RAM ports 0 and 1. The 
test could be implemented by connecting eight switches to the "ROM input" socket. The actual switch circu it wou ld consist 
of a single pole double throw switch wired with one pole to ground and the wiper wired to the appropriate socket connector 
pin in accordance wit� the MCB4-20 schematic (GND on input port equals a logic 1 ) . The S I M4-02 is then inserted into the 
"SI M4-02" connector and a bench supply connected to the +5V DC and -l OV DC input jacks. The actual test may now be 
performed. The DC power switch is turned on and the reset button is depressed, clearing the system's memories and registers. 
The program begins to execute. The result appears at the LED display and may be verified for correctness. The LED displays 
of interest are identified on the system's printed circu it board as "OUTPUT PORTS", "RAM O", "RAM 1 ", "B ITS" 0, 1 ,  2, 
and 3. 
2. Programming System 

Consider the actual programming ( in  the hardware sense) of the 1 702A PROM in  the example above. The system can perform 
th is function with the addition of an MP7-03 board inserted into -the "MP7-03" connector. An automatic programming sys­
tem which allows data entry from a keyboard or papertape, automatic verification, l isting of ROM contents, and hands-off 
programming is provided by the further addition of a S IM4-02 board with three pre-programmed PROMs A0540, A0541 ,  
A0543, and a modified teletype. The teletype modification consists of the add ition of simply relay network described by 
MCS-4 Users Manual or TTY appl ication note. The procedure for programming a PROM, then, is as fol lows: 
1 .  I nsert MP7-03 and S I M4-02 boards (S IM4-02 loaded with PROM A0540, A0541 ,  A0543) . 
2. Connect teletype to "TTY" socket using the flat cable provided. 
3. Connect +5V DC, - l OV DC and 1 15V AC/220V AC. 
4. Set "DC Power" switch to "ON" (See Caution below). 
5. Depress "R ESET". 
6. Set "PRGM AC" to "ON". 
7. Set Data Out to "Enable". 
8. Set "Data I n"  and "Data Out", ''True/Compl", to desired position. 
9. Set TTY switch to "TTY Connect". 

1 0. Place teletype in "ON-L I N E" mode. 
1 1 . Depress "RESET". 
1 2. I nsert an erased 1 702A PROM into the "PROM to be Programmed" 24 pin zero force socket. 
1 3. Place paper tape in TTY reader and set reader to "START". 
1 4. Type in program comman "P" and beginn ing and ending addresses. 
The steps above are fu l ly  described in  section XI 1 1  of the MCS-4 Users Manual. The PROM is then automatical ly programmed 
and checked for correct content. 

CA UTION: 
Permanent damage may result to MPl-03 board and PROM to be programmed if the DC POWER is turned. OFF 
BEFORE the PRGM AC is turned off. The SIM4-02 and MPl-03 should never iJe inserted into their respective 
sockets with either the DC or AC power applied. 
APPL Y DC POWER BEFORE AC POWER AND REMO VE AC POWER BEFORE DC POWER. 

3. Automatic PROM Duplicating/Comparing 

The MCB4-20 may be used to dupl icate or compare 1702/1 702A PROMs by the use of the S I M4-02, MP7-03, externa1 
power suppl ies and A0544 PROM. The fol lowing procedure should be fol lowed for duplicating or comparing 1 702/� 702A 
PROMs. 
1. I nsert S IM4-02 into the MCB4-20. 
2. I nstal l  A0544 PROM in S I M4-02 PROM socket 0. 
3. I nsert MP7-03 into the MCB4-20. 

· 4. Connect external power suppl ies and AC power cord. 
5. Turn "DC Power" switch on (See Caution note) . 
6. Press "Rest" button. 
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• 

• 

• 

7. Provide a ground potential to "ROM I nput (0-3) " socket J9; pin number in accordance with desired operation :  
a. Dupl icate 1 702A P ROMs:  G N D  J9-5 
b. Dupl icate 1 702 PROMs:  G N D  J9-6 
c. Compare 1 702/1 7 02A PROMs:  G N D  J9-7 

8. Set "Data Out" control switch to "ROM Dupl icate" (for dupl icate and compare) . 
9. Set both "Data I n" and "Data Out" switches to either "True" (for exact dupl icate) or "Complement" (for complement 

dupl icate) . For compare, always set the switches to "True". 
1 0. Set TTY switch to "TTY Disconnect". 
1 1 . Press "Reset" button. 
1 2. Turn "P RGM AC" switch "On" (for dupl icating ON LY) .  
1 3. I nsert REF PROM into "Dupl icating REF PROM" socket and  other PROM in "PROM to  be  Programmed" socket. 
1 4. Press "Test" button. BAN K  0, RAM 0, B it 1 wi l l  l ight ind icating "Start". 
1 5. a. If an error occurs during dupl icat ing or comparing, BAN K O RAM 0, B it 2 wi l l  l ight. To continue, press "Test", other­

wise press " Reset" and remove "PROM to be Programmed". Duri ng dupl icating or comparing, four passes are made 
before cla iming an error. DU R I N G D U P L I CATE, PROMs AR E AUTOMAT I CA L LY COM PA R ED A FTE R EACH 
LOCAT I O N  IS PROGRAMM ED.  

b. I f  the program fin ishes, Bank 0, RAM 0,  B it 3 wi l l  l ight. Remove "PROM to be Program med". 
1 6. Remove R E F  PROM from socket. 
1 7 . Turn "PRGM AC" switch Off. 
1 8. Turn "DC Power" switch Off. 

• 

• 
GND GN D - IOV + sv 

� ... � �  . 
• • • •  

• �JKET: : : : our • • BANK 3 · = :::: :  : :  
l • • • • 

§ 
----;-::-----• 

-
, 

I 1111 
Ill 11111 

-----
• 

FI 
lt'lA S,B. 

• 

• A C  
UNE SOCKU 

• 

• 
• 

ON 

PRGM 
A C  

OFF 

ON 

D C  
POWER 
OFF 

TTY 
CONNECT • 

T T Y  
DISCONNECT 

r--- PROGRAMMER CONTROL 

�-1.ai�-������!!i!����cT-,
1
- �e�,c.n: 

. .......  �� �· � .. --
,,. • • ENABLE 

T ---:4 : :JT 

• 
• • • • • • • •  • • • • • • • •  • • • • • • • •  

: : : :  : : : :  : : : :  : : : :  : : : : BAN'< 
PROM TO BE 

1
ROM

2 7 ' o l 2 6 1 O l 2 
5 

1 o J 1 
2 

1 O �• 
0 

1 O I 

- : - : - -- - - - - - - -- - - - - - - -' 
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TRUE 
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DISABLE 
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� MCE.42O j ROM OUTPUT PORTS ------,--� .....,..,...------ RAM OUTPUT POP T S  _____ __. C' '1?2 • SYSTEM INTERFACE AND CON T ROL MODULE 

ROM RAM 3 TEST RESET • 
NOT E :  1 .  A l l  signals are defined with respect t o  negative logic a t  the dual-in-l ine  1 /0 socket ( i .e. ,  True [n-logic 1 ]  = G N D , False [ n-logic O] = +5V) . 

2. 1 TTL Load/Drive = 1 .6 mA @ .4V . 

PO RT LOG IC COMPATI BI LITY 
ROM I nput Port 0-7 True TT L I n  
RO M Output Port 0-7 False TT L Out 
RAM O utput Port 0-3, Bank 0-1 False TT L Out 
RAM O utput Port 0-3, Bank 2-3 True TT L Out 
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The fol lowing table l ists the indicators used in the A0544 PROM Dupl icator/ 
Comparator Program to provide pertinent status, control, address, data in  
and data out information :  

Bank 0 ,  RAM 0 ,  Bit 1 :  "Start" 

} Bank �, RAM 0, Bit 2 :  "Error" 
Bank 0, RAM 0, Bit :3 :  "Finish" 

Bank 0, RAM 1 ,  Bit 1 :  1 702A B/W Control 
� Bank 0, RAM 1 ,  Bit 2 :  1 7 02 R/W Control 

Bank 0, RAM 1 ,  Bit 3 :  Prom DE/REF ROM CS 

Bank 0, RAM 2 ,  Bit 0: D1  
Bank 0; RAM 2 ,  Bit 1 :  D2  
Bank 0,  RAM 2 , Bit 2 :  D3 
Bank 0, RAM 2; Bit 3 :  D4 
Bank 0, RAM 3 ,  Bit 0: t5 
Bank ;i, RAM 3 ,  Bit 1 :  D6 
Bank 0, RAM 3, Bit 2 :  D7 
Bank 0, RAM 3 ,  Bit 3 :  D 8  

ROM 0, Bit 0: A(j 
ROM 0, Bit 1 :  Al 
ROM 0, Bit 2 :  A2 
ROM (j, Bit 3 :  A3 
ROM 1 ,  Bit 0: A4 
ROM 1 ,  Bit 1 :  AS 
ROM L Bit 2 :  A6 
ROM 1 ,  Bit 3 :  A7 

ROM 2 ,  Bit 0: Dl 
ROM 2 ,  Bit 1 :  D2 
ROM 2 , Bit 2 :  D3 
ROM 2 ,  Bit 3 :  D4 
ROM 3 ,  Bit 0: DS 
ROM 3, Bit 1 :  D6 
ROM 3 ,  Bit 2 :  D7 
ROM 3 ,  Bit 3:  D8 

The complete program is shown in  Appendix H .  
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APPENDIX F 

SIM4 HARDWARE ASSEMBLER for SIM4-01 or SIM4-02 

INTRODUCTION 

The SI M4 Hardware assembler is a program stored in I ntel PROMs A0740, A0741 , A0742 and A0743 which translates a 
symbol iG-a.SSet"rtbly language into bit patterns suitable for MCS-4 control storage programming. I t  operates on the S I M4-01 
or the S IM4-02 m icro computer system with at least 3 RAMs and an ASR-33 teletype. A block d iagram is given in  figure 1 . 1 .  

The assembler accepts input source text from the teletype keyboard or paper tape reader o n  each of two required passes. 
A name table and source l isting are created on the fi rst pass. On the second pass, the source text is reread and a programming 
paper tape and associated l i sting are generated. The programming tape i s  su itable for programming of the I ntel 1 702A 
erasable PROM (using the MP7-03 programmer system) or for the I ntel 4001 metal mask ROM.  

ASSE M B L E R  ROMs 

0 1 2 3 

[!] m [!] m 
..... 
� 

..... 
� 

CH I P  0 1 2 

BANK O 00 00 00 
S I M 4-01 � ... 
or SI M4-02 � ,.. 

I 
RAM MEMORY ( M inimum) 

Figure 1 . 1 .  Assembler Hardware Block Diagram 

DESCRIPTION 

Assembly Passes 

MANUAL 
CO NT RO L 

POWE R 
SUPP LY 

TE LETYPE 
ASR 33 

During pass 1 ,  the assembler constructs a name table from the source text and generates a l isting. The source text entries 
are prompted by an address location printed on each l ine of the l isting. Paper tape reader on/off controls are issued by the 
assembler during the prompting. 

Diagnostics are performed during pass 1 .  Errors such as dupl icated labels, name table overflows, and unrecognized 
instruction mnemonics are flagged. Operator intervention of the reader operation and subsequent keyboard entries can be 
used to ed it an erroneous source entry. 

A programming tape and a l isting of its contents are created during pass 2. Entry of the source tape and any ed iting 
during pass 1 must be repeated. The assembler decodes the instruction mnemonics, searches the name table for addresses, 
and forms binary representations of the mach ine instructions. Simultaneously, it contro ls the read operation, punches and 
l ists the object tape and executes further d iagnostics. The diagnostics wi l l  flag errors such as unrecognized instruction 
mnemonics, undefined names and off page references. 

Operating Procedures 

Two normal modes of operation are possible with the assembler. A source tape may be prepared in advance, off-l ine, 
using the perforator backspace and rubout character to correct m inor errors. This tape may be fed , with the reader, 
to the assembler twice, with the perforator turned off during pass 1 ,  and on during pass 2 ( if a ROM programmer tape is 
desired ) .  

Alternatively, a good teletypist may type the source program d i rectly in  on- l ine, with the perforator turned on, using the 
punched tape to feed the source back in on pass 2. This tape may also be edited manual ly off- l ine for purposes of updating 
the program for re-assembly. Most minor errors in typing mcty be corrected by cancelUng the l i ne (control-X or escape) 
and restarting, or by mod ification of the partia l ly typed l ine. 



A combination of the two methods is a lso possible, reading the tape from an earl ier ed ition in on pass 1 with the perforator 
turned on, mak ing corrections manual ly by stopping the reader, pu l l ing portions to be deleted through, and keying in  
portions t? be added. The repunched tape is  used as text input on pass 2. 

Samples of the l i sting generated during pass 1 and pass 2 are given in F igures 2 . 1  and 2.2. Another example with a step-by­
step procedure is given in Appendix B .  

0 : ,.  
0 : PS 
0 :  

TYPI CAL ASSEM BLY  FO R A VERt SMALL SAMPL E PRO GRAM • 
= 1 0 ASSI CN VALUE 1 0  TO NAM E  P S  
: 1 5  

I S I  
1 6 t LABA• 
1 7 :  
1 9 1  
20 : LAB2• 
2 1 : 
23 : 
25 1 
2 7 :  TR3• 
28 : 
29 : 
30 : 
3 1 : $  

NOP 
CL B 

F I M  P S  89 
SRC PS  
RDR 
JTN 
JM S 
JUN 
L DM  
ADD 
XCH 
BBL 

LAB2 
TR3 
L ABA 
8 
1 1  
s 
7 

/NO TE COMM ENT  

Figure 2.1 .  Pass 1 Listing 

0 :  0 1  0 :  1 5 : BPPPPPPPPF 
1 6 : BNNNNPPPPF 1 7 : BPPN PNPNPF BPNPNNPPNF 1 9 : BPPNPN PNN F 
20 : BNNNPNPNPF 2 1 : BPPPNNPPN F BPPPNPNPPF 23 s 8PNPNPPPPF 

BPPPNNPNN F 2 5 t 8PNPPPPPPF BPPPNPPPPF 2 7 : BNNPNN PPPF 
28BNPPPNPNN F 29 : BNPNNPNPN F. 30 : BNN PPPNNN F 3 1 : 

F 

Figure 2.2. Pass 2 Listing 

Assembly Language 

The assembler operates w ith the 64-character subset of ASC I I generated by the ASR-33 teletype, along with the control 
characters: carriage return, l inefeed, escape, start of head ing, start of text, and delete or rubout. The 31 character subset 
contain ing the lower case letters are ignored by the assembler, and are treated the same as the delete character. 

Source instruction mnemonic statements include a l l  of those specified in the MCS-4 Users Manual. This set is augmented 
by extended mnemonics for cond itional jumps and a pseudo operand �sed for equating labels to values or modification of 
the assembly address. 

Symbol ic address ing is provided for by defin ition of labels consist ing of one or more characters. 

The use of comment fields and transparent headers is a lso provided for by the assembler. 

CONTROL CHARACTERS 

I n  the discussion to fol low, the fol lowing generic terms wi l l  be used freely: 

Control : Any of the first 32 codes i n  the fu l l  ASC I I  set, obtained on the teletype by one of the special keys, 
l inefeed, return, or ESC; or by holding down the "CTR L" key whi le typing a letter key. 
Separator :  Any of the first 48 codes i n  the fu l l  ASCI I set, i ncluding the control ,  space, comma, plus, minus, slash, 
etc. Any number of separators may be l inked together wherever a separator is to be used, but the other separators 
shou ld normal ly be used singly. 
Digit :  Any of the ten d igits, 0-9. 

Letter : Any of the 26 capital letters of the a lphabet. 

Special significance is attached to the fol lowing characters by the assembler: 
L I N E F E E D :  Source text l ines are initiated by l inefeed characters, which are recognized by the assembler to condition 
the prefix ing of the address value of the current location to be assembled. 

SOH (Start of Heading - Control A) : I f  the first character after a l inefeed is an SOH,  a l l  characters fol lowing it unti l 
the next STX are ignored by the assembler and not printed on pass 1 of the assembly. 

I 
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STX (Start of Text - Control B) : Head ing information in itiated by an SOH is terminated by a STX. Another SOH may 
fol low the STX, with more head ing information, which is in turn fol lowed by another STX, and so on, as desired. The 
assembler del imits the address counter typeout with an SOH-STX pair, so that its presence on the tape wi l l  not interfere 
with the subsequent use of the tape as source text inpu�. 
ESC ( Escape) : An erroneous l ine of input source text may be cancel led by an escape character or a cancel (Contro l-X) if 
it is typed in before the terminal  separator of the mnemonic or any required operands. The assembler responds to an 
escape or a cancel by typing the up arrow ( ♦ )  then ringing the bel l .  The l ine wi l l  be restarted after the next l inefeed. 
If the u p-arrow and bel l  response is not forthcoming, the cancel has been ignored, because either it is too late in the l ine 
( i .e., the term inal  del imiter has already been accepted ) or the l ine has been identified by the assembler as a comment l ine. 

R UBOUT ( Delete) : This character is ignored by the assembler, and may occur anywhere in the input text except in front 
of an SOH.  The preparation of tapes of source text is faci l itated by the fact that erroneous characters accidental ly  
punched into the tape may be effectively removed by back ing the tape up in the perforator and repunching the frames 
with rubouts. 

$: A dol lar sign as the fi rst character fol lowing the l inefeed or STX signals the end of the source text to the assembler, 
and conditions the punch ing of the leader or trai ler in the object tape. 

+ -: A plus or minus sign serves simu ltaneously as an operational sign in the computation of an operand value, and as 
the term inal del imiter for the term immediately preceeding it. 
* : The asterisk is recognized by the assembler in an operand field to have a value equal to the address of the 
(first byte of the) current instruction. 

NUMBER SYSTEM 

All  numeric values in the source code are recognized by the assembler as decimal, and a l l  nu meric values generated by the 
assembler are in decimal . Since the internal representation of the numeric values is 1 2-bit binary, the largest value that 
may be accommodated is 4095 (2 1 2  - 1) .  Decimal numbers in the source text must not exceed 4095 for correct 
operation of the assembler, although there is no such r�striction on the computation of values, except that the value 
wi l l  truncate modu lo 4096 at each step. Negative numbers may be calcu lated, and are hand led in two's complement 
notation, e.g., -N = 4096 -N. 

FORMAT 

The assembler is a l ine-statement, free-format assembler in the fol lowing sense : each l ine of the source text (except for 
comment l ines) assembles into one machine instruction or one byte of data; each field of the source code l ine is defined 
by its context and not by its f ixed position in the l ine. 

The typical l i ne of source code begins with a l inefeed. The next character determines the interpretation of the l ine. 
If it is a dol l ar sign, $, the previous l ine is considered as the end of the source text and the assembler proceeds to the 
next pass. If it is a control A (ASCI I start of header, SO H) header information terminated by a Control B (ASCI I start 
of text, STX)  is anticipated. I f  it is an alphabetic character, it is interpreted as the first character of a label. A space 
is i nterpreted as the terminator for a nul l  l abel field. The assembler then expects a mnemonic or 
a pseudo operand. If a " [ ", "] ", "@", "/", " ♦ ", or "-", is entered, a fatal error results. If the first character is 
any other than those mentioned above, the remainder of the l ine is treated as comment. 
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LI N E  N UM B E R  AND CO LO N 
PR I NT ED BY ASSE MB LER 

, ,/ n 
I I  

POSSI B L E OPERANDS 

-�----------
\ 

LAB E L  SEPARATOR PS EUDO-OP OR 
I NSTR UCT I O N  M N E; MO N I C  

SEPARATOR S  

Figure 5.1 . Statement 

COM M E NT 

/ C, L F  

/ 
T E R M I NATOR 

The division of a statement by fields is exempl ified in  F igure 5. 1 .  The fol lowing sections describe the various elements 
in deta i l .  Statements accord ingly may assume several configurations. 

Names 

E ight entries in the name table are accomod�ted by each 40:)2 RAM chip. Maximums of 3 1  and 1 27 names are provided 
for the SI M4-0 1 and SI M4-02 boards respectively. A name consists of one or more characters, the first of which is a letter. 
The rest of the characters. may be letters, d igits, or any of the fol lowing special characters: " :", ";", "< ", "=", " >", 
"?", "0", " [", "/", "] ", " t  ", "._ "_ No imbedded separators are al lowed. 

To assure consistent operation, distinct names shou ld be unique through the fi rst three characters, a lthough in so·me cases 
th is may_ not be essential (the sum of the binary representations of al l  characters a�ter the th ird, modulo 4, is used to 
distingu ish names which are identical in the first three characters) . The fol lowing are some examples of val id names: 

CLB 
cz 

PO LO 
A 
G = 3A 
XYZ 
XYZW 

Note that the fi rst three are val id names, and have no pre-assigned values. The fo l lowing are examples of inval id names: 
35A (does not begin with a letter) 
CID (contains an imbedded separator) 

Labels 

The label field of the l ine of source text begins immed iately after the l inefeed (or STX) and ends with the first separator. 
If the label field is nu l l  ( i .e., no label in the l ine) the fi rst separator must be a space to avoid mak ing the whole l ine a 
comment l i ne. Al l  labels must conform to the "l"u les for the orthography of names. Every name used in an operand field 
in the program to be assembl.ed must occur exactly once in a label field, and the numeric value of the name is equal to 
the address of the instruction or datum on the l ine with the lable, or the value assigned to the label by the "=" pseudo-op. 
If the name occurs in more than one labe� field, an error is ind icated, and the most recent value appl ies. I f  the name does 
not occur in a label field an error is ind ic;ated, and the value zero (0) is used . 
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Instruction Mnemonics 

All of the instruction mnemonics defined in the MCS-4 Users Manual are recognized by the assembler. I n  addition, the 
fol lowing extended mnemonics are recogn ized as particular cases of the conditional jump:  

JTZ Jump on test zero 
JTN Jump on test not zero 
JTO Jump on test one 
JCZ Jump on carry/l ine zero 
JNC Jump on no carry ( i.e. = 0) 
JCO Jump on carry/l ink one 
JOC Jump on carry 
JAZ Jump on accumulator zero 
JNZ Jump on accumulator not zero 
JAN Jump on accumulator not zero 

Al l  of the memory and accumulator group instructions, and the NOP instruction requ ire no operand field ; the I SZ, F I M  
and JCN instructions requ ire two operand fields; a l l  other instructions, including the extended mnemonics for the conditional 
jump instruction, require one operand field. 

Pseudo-Operators 

The assembler is provided with one pseudo-operator having two functions. It serves to equate labels to values other than 
instruction addresses, and it enables assembly to begin at some address other than 0. The pseudo-op consists of one of 
the fol lowing characters in the mnemonic field of a source text l ine:  

" : '', ll
;

l 1

1 

I I
< 

1 1

1 

11= 1 l

1 

II
> 

1 1

1 

1 1 7 11 

This special character is fol lowed by a single operand field, which, when evaluated, becomes the val ue of the pseudo-op. 
If  the label field of the pseudo-op line is nu l l ,  the value of the operand field becomes the address of the next instruction 
to be assembled. If  the label f ie ld contains a name it is assigned the value of the operand. I t  shou ld be noted that the 
excessive use of this pseudo-op to define the address of the next instruction, other than at the beginn ing of ind ividual 
ROM pages, wil l lead to d iscontinuities in the object code which are not recognized by the 1 70 1  programmer, and the 
practice should be avoid� Note also that when using the pseudo-op to define the address of the next instruction 
to be assembled, the operand field may not contain (as yet) undefined names. since this wi l l  resu lt in ambigu ities which 
wi l l  not be flagged as erroneous. The fol lowing are some examples of the proper use of the pseudo-op: 

cz = 1 0  
PO LL = 6 
: 0 (This is unnecessary at the beginn ing of a program, since the assembler always begins at zero anyway) . 

NEXT: 5 1 2  

?Next (Start a t  the beginning of ROM page 2 )  

Operand Fields 

An operand field begins after the space(s) which terminates the mnemonic field, or after the separator which terminates the 
previous operand field. It consists of one or more terms separated by operational signs (+ or -) and is terminated by a 
separator other than an operational sign (such as a space, comma, or carriage return) ,  with no imbedded separators other 
than the operations signs. Each term in the operand field may be a decimal number, a register pair designation, a register 
designation, a name, or the special symbol "*", which has a value equa l  to the address of the first byte of the current instruc­
tion. The value of the operand is equal to the two's complement algebra ic sum of the terms, modu lo 4096. If the 
operand is larger than the receiving field in the instruction, it is truncated on the left ( i .e., the most sign ificant bits are 
removed as necessary) to fit, with no error indication, except for off-page references in the address field of the ISZ and 
cond itional jump instructions. Some examples of val id operand fields: 

ABC 
5, 
B + 6  
* -1  (The address of the byte immediately preceding the current instruction) 
A-8+1 3 = 0 
3P Register Pair 3, value 6 

(Nu l l  operand, value zero) 
It shou ld be noted that nu l l  operand fields must be terminated by a parenthesis, asterisk, period, comma, or slash. Some 
inval id operand fields: 

O/F ( I mbedded Separator) 
=3A ( I nval id term may not begin with =) 
$ (Separator is ignored, and search continues for operand) 
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Register Designafors 

I nstructions which operate on register pa irs must be coded with the even-numbered register number, or an equ ivalent 
expression, in the operand field. Thus "SRC 2" refers to registers 2 and 3, not pa ir 2 in the sense of registers 4 and 5. I f  
i t  is desired to  code register pair numbers, the same instruction may be  coded "SRC 1 P" .  Any register pai r  (or  in  fact 
any even numbered register) may be so defined by a single d igit fol lowed by "a letter or other non-d igit, non-separator. 
It is essential that the register operand field evaluate to an even number for those instructions which operate on register 
pa irs, since if the operand evaluates to an odd number the instruction op code wi l l  be altered, with no indication of 
error. The fol lowing are some examples of val id register pair operands: 

5P 
3: 
P0 1 1  
5 1 3-7 

(assuming P0 1 1  has been equated to an even number) 
(truncated to 1 0) 

Conditional Jumps 

The first operand field in the JCN instruction is evaluated in a strictly numeric fashion, just as a l l  other operand fields. 
Thus to effect a jump on the cond ition of zero carry, the numeric value of the first operand field of the JCN must be 1 0. 
If it is desired to use mnemonic condition names such as CZ or AN,  etc. , these names must be equated to thei r numeric 
equ ivalents; 

cz = 1 0  
AN = 1 2  
JCN CZ Label 

To avoid using up  valuable name table space on condition names, the extended mnemonics may be used for the conventional 
conditionaljumps. The fol lowing three instructions wi l l  assemble to the same object code, provided CZ has been 
equated to 1 0 :  

JCN CZ LABE L  
JCN 1 0  LAB E L  
JCZ LAB E L  

Data Constants 

I t  is desi rable to define numeric or address constants to be assembled into the ROM image independent of any in�tructions 
(such as m ight be accessed by a F I N  instruction ) .  This is possible by using a null mnemonic field. The assembler w i l l  
then expect one operand field, the first term of  which must be  a positive number. I n  a l l  other respects, the operand field 
is evaluated the same as any other operand field, and it is assembled into one byte of object code, truncating to eight 
bits if necessary with no error ind ication. The fo l lowing are some examples of val id data constants: 

0 
4095 (truncated to 255) 
00+ABC (equal to the address ABC) 

The fol low ing are some examples of inval id constant data fields: 
ABC (does not begin with a number) 
- 1 8  (number i s  not positive) 

1 34 



ERROR FLAGS 

F ive errors are recognized by the assembler, and each one is indicated by a single character typeout fol lowed by a bel l .  
Some of  the errors are detected in  pass 1 ,  and some of  them are not detected until pass 2. The typeout for errors 
detected in pass 2 occurs between the colon typed with the location address, and the "B"  which begins the object code 
for that instruction. Corrective action is ind icated where it is possible. 

F LAG PASS DESCR I PTION 

% 

? 

& 

1 or 2 

2 

2 

Dupl icate label .  The value assigned on this l ine supercedes the previous value for a l l  subsequent 
references. If typing in source text manual ly, recovery may be effected by equating this label to 
its former value, then selecting a new name to restart the l i ne. For example : 

25 : ABC SRC 2 Original Label .  

43 : ABCD " =  25 Old Value Reassigned 
43 : ABCD 1 ADM New Line Restarted 

Name table overflow. May occur on pass 2 if the source text d iffers from that used in pass 1 ,  a procedure 
not recommended. The label so flagged has not been added to the name table, and any reference to it 
wi l l  be flagged as undefined on pass 2. No remedy is possible except to add more 4002 RAM (up to the 
l im it of 1 6  RAMs) ,  or to remake the source program with fewer labels. 

Unrecognized instruction mnemonic. One byte, with an op code of zero and a four-bit operand is 
assembled.  The l ine may be cancel led before the terminal del im iter of the operand, and re-typed 
with the corrected mnemonic. 

Undefined name in an operand field. The entire operand is assembled as a zero value to faci l itate 
correction of a PROM (any remain ing terms are not examined, and may be incorporated 
into a second operand field ) .  Since this flag is issued on ly on pass 2, reference must be made 
to the corresponding l i ne of the pass 1 l isting to determ ine ( by conjecture) the offend ing 
name. Un less the error is patchable, re-assembly is normal ly  requ ired. 

Off page reference by JCN or ISZ instruction operand. N ormal ly, no recovery is possible, and 
the source program must be rearranged and re-assembled to correct the error. 

OUTPUT TAPE 

The assembler generates a ROM programming tape in the "BNPF" format requ ired by the MP7-02 programmer system, 
when connected to the SI M4 system. It may also be used as mask development on the 4001 ROM. The output tape is 
preceeded and fol lowed by 1 2  inches of nu l ls, and has an average of four locations per l ine. Each instruction is identified 
with the address in decimal, fol lowed by a colon, for correlation with the pass 1 l isting. 

Extensive use of pseudo-ops (which generate no object code, but which punch an address anyway) and cancel led l i nes 
wi l l  cause the l isting of the object code to pi le up on the right margin, but this wi l l  not adversely affect the operation 
of the ROM programm ing. 

PHOGRAMMING SUGGESTIONS 

Users of the Fortran program, ASM4, wi l l  f ind it conven ient to l im it their programming habits in some of the fol lowing ways 
to enhance compatibi l ity between the two assemblers: 

1. Names should not exceed five characters in length, and shou ld be constructed on ly of letters and d igits. 
2. Standard condition names and register identifier names should not be used for any other purpose. 
3. I nstruction m nemonics shou ld not be used as names. 
4. Labels shou ld be terminated by a comma-space. 
5. Operand fields shou ld be del im ited by spaces. 
6. A l l  numeric values should be in decimal. 
7.  Al l  cond itional jumps shou ld be coded with the JCN mnemonic and the appropriate condition name. 
8. Comments on source text l ines should be preceded by slashes, and comment l ines must have a slash in  column 1 

( i .e. , the first character after the l inefeed) .  
9 .  Pseudo-ops shou ld be avoided, except to assign values to cond ition names at the beginning or end of the program 

tape (where they are easily removed) .  
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LIST OF OPERATING INSTRUCTIONS 

[Those i nstructions preceded by an asterisk (*) are 2 word instructions that occupy 2 successive locations in ROM]  
MACHINE  INSTRUCTIONS ( Logic 1 = Low Voltage = Negative Voltage; Logic O = H igh Voltage = Ground ) 

MNEMONIC 

NOP 

*JCN 

*F IM 

SAC 

F I N  

JIN 

*JUN 

*JMS 

I NC 

* ISZ 

ADD 

SUB 

LD 

XCH 

BBL 

LDM 

JTZ 

JTN 

JTO 

JCZ 

JNC 

JCO 

JOC 

JAZ 

JNZ 

JAN 

OPR 
D3 D2 D1 Do 

0 0 0 0 

0 0 0 1 

A2 A2 A2 A2 

0 0 1 0 
D2 D2 D2 D2 

0 0 1 0 

0 0 1 1 

0 0 1 1 

0 1 0 0 
A2 A2 A2 A2 
0 1 0 1 

A2 A2 A2 A2 

0 1 1 0 

0 1 1 1 
A2 A2 A2 �  

1 0 0 0 

1 0 d 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

0 0 0 1 
A 2 A2 A 2 A2 

0 0 0 1 
A 2 A 2 A2 A2 

0 0 0 1 
A2 A2 A2 A 2  

0 0 0 1 
A2 A2 A2 A2 

0 0 0 1 
A 2 A2 A 2A2 

0 0 0 1 
A2 A2 A2 A2 

0 0 0 1 
A2 A2 A2 A2 

0 0 0 1 
A2 A2 A2 A2 

0 0 0 1 
A2 A2 A2 A2 

0 0 0 1 
A 2 A2 A2 A2 

OPA 
� D:z  o, Do DESCRIPTION OF OPERATION 

0 0 0 0 No operation. 

c1 c2 c3 c4 
Jump to ROM address A2 A2 A2 A2, A 1 A 1 A1 A 1 (within the same 
ROM that contains this JCN instruction) if condition C1 C2 C3 C41 1 I 

A1 A1 A1 A1 is true, otherwise skip (go to the next instruction in sequence).  

A A A 0 Fetch immediate (direct) from ROM Data D2, D 1 to index register pair 
D1 D 1 D 1 D1 location A A A. (2) 

A A A 1 Send register control. Send the address ( contents of index register pair ARR) 
to ROM and RAM at X2 and X3 _time in the I nstruction Cycle. 

A A A 0 Fetch indirect from ROM. Send contents of index register pair location 0 
out as an address. Data fetched is placed into register pair location A A A .  

A A A 1 Jump indirect. Send contents of register pair A A A out as an address 
at A1 and A2 time in the Instruction Cycle. 

A3 A3 A3 A3 Jump unconditional to ROM address A3, A2, A1 . 
A 1 A1 A 1 A 1 

A3 A3 A3 Aa Jump to subroutine ROM address A3, A2, A1 , save old address. (Up 1 level 
A1 A1 A1 A1 in stack.) -
A A A A ·I ncrement contents of register A AR A. (J) 

A A A' A I ncrement contents of register A R R A. Go to ROM address A2, A1  

A1 A1 A1 A1 
(within the same ROM that contains this ISZ instruction) if result + 0, 
otherwise skip (go to the next instruction In sequence). 

A A A A Add �ntents of register A R R A  to accumulator with carry. 

A A A A Subtract contents of register A R RA to accumulator with borrow. 

A A A A Load contents of register A R R A  to accumulator. 

A A A A E xchange contents of index register A R R A  and accumulator. 

D D D D Branch back (down 1 level in stack) and load data DODD to accumulator. 

D D D D Load data DODD to accun,ulator. 

0 0 0 1 Jump if test zero (5) 
A 1 A1 A 1 A 1 

1 0 0 1 Jump if test not zero (5) 
A 1 A 1 A 1 A 1 

1 0 0 1 Jump if test one ( 5) 
A 1 A1 A 1  A 1  

0 0 1 0 Jump if carry/lin k zero (5) 
A 1  A1 A1 A1 

1 0 1 0 
A 1 A 1 A 1 A 1 

Jump if no carry (5) 

0 0 1 0 Jump if on carry/l in k  one (5)  
A1 A1 A 1  A1 

0 0 1 0 Jump on carry (5) 
A1 A1 A1 A 1  

0 1 0 0 Jump if accumulator equalt to 0 (5)  
A 1  A 1  A1  A1  

1 1 0 0 Jump if accumulator non zero (5) 
A 1 A 1 A 1 A 1  

1 1 0 0 Jump if accumulator non zero (5) 
A1  A1 A 1  A1 
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I NPUT/OUTPUT AND RAM I NSTR UCTIONS 
(The RA M's and ROM's operated on in the 1 /0 and RAM instructions have been previously selected by the last S A C  instruction executed. ) 

QPR 
MN EMO N IC D3 � D 1 Do 

WRM 1 1 1 0 

WMP 1 1 1 0 

WAR 1 1 1 0 

WPM( 6) 1 1 1 0 

WR</> (4 ) 1 1 1 0 

WR1 (4 ) 1 1 1 0 

WR2 (4 ) 1 1 1 0 

WR3 (4 ) 1 1 1 0 

SB M 1 1 1 0 

ROM 1 1 1 0 

R D R  1 1 1 0 

ADM 1 1 1 0 

R D</> (4) 1 1 1 0 

R D 1 (4) 1 1 1 0 

RD2(4) 1 1 1 0 

R D3(4) 1 1 1 0 

OP A 
D3 D2 D 1 Do 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

D ESCR IP TIO N  OF OP ER ATIO N 

Write the contents of the accumulator into the previously selected 
RAM main memory character. 
Write the contents of the accumulator into the previously selected 
RAM output port . (Output Lines) 
Write the contents of the accumulator into the previously selected 
R O M  output port. ( I /0 L ines) 
Wri te the contents of the accumulator into the previously selected 
half byte of read/write program memory (for use with 4008/4009 only) 
Write the contents of the accumulator into the previously selected 
RAM status character 0. 
Write the contents of the accumulator into the previously selected 
RAM status character 1 .  
Write the contents of the accumulator into the previously selected 
RAM status character 2. 
Write the contents of the accumulator into the previously selected 
RA M status character 3. 
Subtract the previously selected RAM main memory character from 
accumulator with borrow. 
Read the previously selected RAM main memory character 
into the accumulator. 
Read the contents of the previously selected ROM input port 
into the accumulator. ( 1 /0 Lines) 
Add the previously selected RAM main memory character to 
accumu lator with carry. 

Read the previously selected RA M status character O into accumulator. 

Read the previously selected RAM status character 1 into accumu lator. 

Read the previously selected RAM status character 2 into accumu lator. 

Read the previously selected RAM status character 3 into accumulator. 

ACCUMU LATOR G ROUP I NSTRUCTIONS 
CLB 1 1 1 1 0 0 0 0 Clear both.  (Accumulator and carry ) 

C LC 1 1 1 1 0 0 0 1 Clear carry. 

IAC 1 1 1 1 0 0 1 0 Increment accumulator. 

C MC 1 1 1 1 0 0 1 1 Complement carry. 

C MA 1 1 1 1 0 1 0 0 Complement accumulator. 

RA L 1 1 1 1 0 1 0 1 Rotate left. (Accumu lator and carry) 

RA R 1 1 1 1 0 1 1 0 Rotate right .  (Accumulator a n d  carry) 

TCC 1 1 1 1 0 1 1 1 Transmit carry to accumulator and clear carry. 

DAC 1 1 1 1 1 0 0 0 Decrement accumulator. 

TCS 1 1 1 1 1 0 0 1 Transfer carry subtract and clear carry. 

STC 1 1 1 1 1 0 1 0 Set carry. 

DAA 1 1 1 1 1 0 1 1 Decimal adjust accumulator. 

KBP 1 1 1 1 1 1 0 0 Keyboard process. Converts the contents of the accumulator from a 
one out of four code to a binary code. 

DCL 1 1 1 1 1 1 0 1 Designate command line. 

NOTES: ( 1 1The condition code is assigned as fol lows : 

C1 = 1 Invert jump condition Ci = 1 Jump if accumulator is zero 
C1 = 0 Not invert jump condition � = 1 Jump if carry/ l ink is a 1 

(2) R R R  is the address of 1 of 8 index register pairs in the CPU. 

(J) R R R R  is the address of 1 of 16 index registers in the CPU. 

c4 = 1 Jump if test signal is a O 

(4lEach RAM chip has 4 registers, each with twenty 4-bit characters subdivided into 1 6  main memory characters and 4 status characters. 
Chip nu mber, RAM register and main memory character are addressed by an SAC instruction. For the selected chip and register, however, 
status character locations are selected by the instruction code (OPA) . 

( 5 ) E xtended Mnemo n ic 

(6)The SI M4 Hardware A sse mbler is currently be i ng mod ified to accept the WPM i nstruction associated with the 4008/4009. 
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SAMPLE ASSEMBLY with a STEP-by-STEP PROCEDURE 

As an example, assume that one wishes to perform a logical "and" function on the data at two 4 bit ROM input ports and 
d isplay the result at a RAM output port. 
The first step of course, is to write the program using the MCS-4 instruction set. The resu lt. may be as shown in F igure 8- 1 .  

I 
START., F' I  M 4P 0 

SRC 4P 
RDR 
XCH 0 
I N C  8 
SRC 4P 
RDR 
XCH I 
JM S AN D 
XCH 2 

WMP 
JUN START 
NOP 
• 1 0 '4  

/ .  
AND• CL B 

XCH 2 
LDM '4 
XCH 0 
RAR 
XCH 0 
JCN CZ ROTR l 
XCH l 
RAR 
XCH I A 

RO TR2• XCH 2 
RAR 
XCH 2 
DAC 
JCN AN Z AN D+ 3 
BBL 0 

ROTR I •  XCH I 
RAR 
XCH l 
CL C 
JUN RO TR2 

cz = 1 0 
ANZ = l 2 
s 

FOUR BI T .. ANo•• RO UT I N E 
I LOAD ROM PO RT 0 ADDRESS 
I SEN D  ROM PORT ADDRESS 
I READ I NPUT A 
I A TO REGI STER 0 
I LOAD ROM PORT I ADDRESS  
I SEND  ROM PO RT ADDRESS  
I READ I NPUT 8 
/ B TO REGI STER l 
/ EX ECUTE .. AN D .. 
I LO AD RESUL T C 
I STO RE AT M EMO RY PORT 0 
I RESTART 

"AN D" SUBROUT I N E  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CLEAR ACCUMULATOR AN D CARRY 
CLEAR REGI STER 2 
LOAD LOO P  COUNT < L C >  
LOAD A. L C  TO REGI STER 0 
ROTATE  L EAST S I GN I F I CANT BI T TO CARRY 
RETURN RO TATED  A TO REG  0., LC TO ACC • 
JUM P TO RO TR l I F  CARRY Z ERO 
LOAD B• LC  TO ACCUMULATOR 
ROTATE LEAST S l 9' 1 F I CAN T BI T TO CARRY 
RETURN ROTATED B TO RE G• I •  LC TO ACC •  
LOAD PART I AL  RESULT c .,  LC  TO REGI STER 2 
RO TATE CARRY INTO PART I AL RESULT M SB 
LOAD L C• RETURN C TO RE GI STER  2 
DECREM ENT THE ACCUMULATOR < L C >  
LOOP I F  L C  NON ZERO 
RETURN 
LOAD B• L C  TO REGI STER I 
RO TAT E 8 
RETURN RO TATED B TO REG• 1 .,  L C  TO ACC •  
CL EAR CARRY 
RETURN TO LOO P 

Figure 1 .  Source Listing 

F igure B- 1  was transcribed from a handwritten copy to a teletype print out and punched paper tape to faci l itate load ing 
during actual assembly. To accompl ish this, an ASR 33 teletype was used and the fol lowing steps were taken : 

1 .  The TTY was placed in the "off l ine" mode. 
2. The paper tape punch control was placed in an "on" cond ition. 
3. Handwritten data was keyed into the teletype keyboard. 

Some typograph ical errors were ed ited by using the TTY's backspace punch control and rubout character. The rubout 
is an al l "1 "s character which effectively deletes any character over which it is  superimposed. The procedure is as fol lows: 

1 .  Determine the number of backspaces requ ired to return the punch to the erroneous character. 
2. Depress the paper tape punch backspace control unt i l  the erroneous character is reached. 
3. Enter a "rubout" from the keyboard . If a new character must be inserted, the previous character and the rema ining 

l ine or l i nes must be deleted with rubouts. 
4. Enter the desired character and remaining l ines. 
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The assembler's ed iting features may also be used to simpl ify the task of correcting e�rors. As an example, assume the 1 8th 
instruction of the l isting "RAR", were incorrectly entered as "RBR"  ( it wou ld be unrecogn ized when 
assembled ) .  A control-X (control characters are entered by simultaneously depressing the control key and character) cou ld 
be entered after the error. The assembler would detect th is and respond by requesting the l ine aga in. The correct l ine is  then 
entered. The assembler mainta ins control of the tape reader dur ing these operations but wh,en editing d i rectly from the 
paper tape it is advisable to manual ly advance the reader. This may be accomplished by using the reader's manual start/ 
stop control switch. (Do not attempt to advance the tape directly) . 

Some comments regard ing the format of the l isting are present below. 
1 .  Each l ine must be preceded by a carriage retu rn and a l inefeed. 
2. Lines which are entirely comment must begin with any separator other than a space. 
3. All un labeled l i nes must begin with a space. 
4. Al l  condition mnemonics must be defined by decimal constants. For example, the 20th l ine of the l isting conta ins a CZ 

which is later defined as a "1 0" on l ine 35. 
5. The pseudo operator is used to adjust the assembly address. L ine 1 3  consists of a space, equal sign, and the number 1 04. 

The assembler w i l l  i nterpret this as a command to def ine the next l i ne as l ine 1 04. The subroutine, "and", wi l l  
thereby be located, at  address 1 04. 

6. The pseudo operator is  a lso used in the last two l ines of the l isting to define constants. If the equal sign is preceeded 
by a label the assembler w i l l  a�sign the subsequent value to the label. 

7. !he dol lar sign is an assembly terminator. 

Pass 1 of the assembly procedure may now be completed. The corrected paper tape wi l l  be read l ine by l ine by the 
assembler. During this operation a name table is generated and a l isting (figure B-2 ) .  Preced ing each l i ne wi l l  be an 

0 : /  
0 : START• F I M  4P 0 
2 :  SRC 4P 
3 :  RDR 
4: XCH 0 
5 1  I NC 8 
6 :  SRC 4P 
7 1  RDR 
8 :  XCH I 
9 :  JMS AN D 

I I : XCH 2 
1 2 :  WMP 
1 3 1 JUN START 
I S : NOP 
1 6 1 • 1 0 4 

1 04 : I' 
1 0 4 1  AND• CL B 
1 05 1  XCH 2 
1 06 1  · L DM 4 
10 7 1  XCH 0 
1 08 :  RAR 
1 09 :  XCH 0 
1 1 0 :  JCN CZ ROTR I 
1 1 2 :  XCH I 
1 1 3 1  RAR 
I I 4 :  XCH 1 
1 1 5 : RO TR2• XCH 2 
1 1 6 1  RAR 
1 1 7 1  XCH 2 
1 1 8 :  OAC 
1 1 9 1  JCN AN Z AND+ 3 
l 2 l a BBL 0 
1 22 : RO T R I • XCH 1 
1 23 1  RAR 
1 24 1  XCH I 
1 25 :  CLC 
1 26 :  JUN ROT R2 
1 28 : CZ = 1 0  
1 28 1 AN Z  • 1 2  
1 28 : S 

FO UR BI T .. AN D  .. ROUT INE  
/ LOAD ROM PO RT 0 ADDRESS 
I SEND ROM PO RT ADDRESS 
I READ I NPUT A 
/ A TO RE GI STER 0 
I LOAD ROM PO RT l ADDRESS 
I SEN D  ROM PORT ADDRESS 
/ READ I NPUT B 
/ 8 TO RE GI STER l 
/ EXECUTE .. AN D .. 
I LOAD RESUL T  C 
/ STO RE AT M EMORY PORT 0 
I RESTART 

"AN D" SUBRO UT I N E  
/ CL EAR ACCUMULATO R AN D CAR RY 
/ CL EAR RE GI STER 2 
I LOAD LOOP COUN T  < L C >  
I LOAD A •  LC  TO R E GI STER 0 
/ RO TATE L EAST S l � I F I CANT B I T TO CARRY 
I RETURN RO TATED A TO REG  0• LC TO ACC • 
I JUMP TO RO T R I  I F  CARRY ZERO 
I LOAD B• L C  TO ACCUMULATO R 
/ RO TATE L EAST S I GN I F I CAN T B I T TO CARRY 
I RETURN RO TATED B TO RE G• l •  L C  TO ACC • 
I LOAD PART I AL RESUL T C• LC  TO REGI STER 2 
/ RO TATE CARRY I NTO PARTI AL  RESUL T  M SB 
I LOAD LC• RETURN C TO REGI STER 2 
I DECREM ENT THE ACCUMULATOR < L C >  
/ LOOP I F  LC  NON Z ERO 
I RETURN 
/ LOAD B• LC  TO REGI STER 1 
I RO TATE B 
I RETURN RO TATED B TO RE G •  l •  LC  TO ACC .  
I CLEAR CARRY 
I RETURN T·J LOO P 

Figure 2. Pass 1 Listing 
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address and a colon printed by the assembler. The l ine itself is read by the assembler and echoed back to the printer. 
The l isting thereby acts as a rough check on the serial l ink between the TTY and SI M4 hardware. The procedure is 
as fol lows : 

1 .  Assemble the appropriate hardware consting of the fol lowing 
a. S I M4-0 1 or S IM4-02 board with a min imum of 3 RAMs ( I ntel 4002 ) ,  and the 4 assembler ROMs A0740, A074 1 ,  

A07 42 and A07 43. 
b. An ASR 33 (with reader, punch, and ASCI I keyboard) teletype wired with a reader on/off control relay and 

serial data l ink described in the MCS-4 Users Manual . 
c. SI M4 Power Suppl ies. Ref. MCS-4 Users Manual .  
d. Customer suppl ied interconnect wiring. Ref. MCS-4 Users Manual .  

2. Connect the hardware as shown in block d iagram of f igure 1 . 1 .  

3. Place the TTY punch i n  an "off" mode. 

4. Place the TTY reader in a "free" or "off" cond ition and posit ion the tape on the leader. 

5. Reset the S IM4 board . A customer-suppl ied reset switch is assumed. 

6.  Start the TTY reader. 

7. If an error occurs (flagged by a bel l  and a special character) stop the reader and take corrective action with the keyboard 
if possible. Tape position must be carefu l ly contro l led during ed iting to avo id further erroneous input. 

8. The tape wil l be read unti l the dol lar sign $ is reached. At this point pass 1 of the assembly is complete and the assembler 
is awaiting the second entry of the tape for pass 2. 

9. Turn the punch "on". 

1 0. Place the tape reader in the "free" or "off" cond ition and position the tape on the leader. 

1 1 .  The assembler wi l l  punch approximately 1 2  inches of leader and wait for reader input. 

1 2. Place the reader in the "start" mode. 

The assembler w i l l  read the tape, ignore comments, and output l ine addresses and "BNPF" formatted instruction codes. 
With the punch on a programming tape is created and a l isting of the tape such as that shown in figure B-3 is  generated . 
Any ed iting performed during pass 1 must be repeated during pass 2. 

0 1  0 : BPPNPN PPPF BPPPPPPPN F 2 : BPPNPNPPN F  3 1 8NNN PNPNPF 
4 1 BNPNNPPPPF S I BPNNPNPPPF 6 : SPPNPN PPN F 7 1 BNNNPNPNPF  
8 1 BNPNN PPPN F 9 : BPN PNPPPPF BPNNPNPPPF 1 1 : BNPNN PPN P F  

l 2 1 BNNNPPPPN F 1 3 : BPN PPPPPPF BPPPPPPPPF 1 5 : BPPPPPPPPF 
1 6 : 1 04 :  1 04 1 BNNNNPPPPF 1 05 : BNPNNPPN PF 1 06 : BNN PN PN PPF l 0 7 1 BNPNNPPPP 

1 08 1 BNNNNPNNP F  1 09 : BNPNNPPPPF l l 3 & 8PPPNNPNPF BPNNNNPNPF 
1 1 2 : BN PNNPPPN F 1 1 3 1 8NNNNPNNPF l l 4 1 BNPNNPPPN F l l S & BN PNNPPN PF 
1 1 6 : BNNNNPNNP F  l l 7 1 BNPNNPPNPF 1 1 8 : BNNNNNPPP F 1 1 9 : BPPPNNNPPF 

BPNNPNPNN F 1 2 1 1 8NNPPPPPPF 1 22 1 BNPNNPPPN F 1 23 1 BNNNNPNNPF 
1 24 : BN PNNPPPN F 1 2 5 : BNNNNPPPN F 1 26 : BPNPPPPPPF BPNNNPPNNF 
I 28 : I 28 : l 28 : 

F 

Figure 3. Programming Tape Listing 

Completion of pass 2 is signal led by the printing of an "F" and the punch ing of a 1 2  i nch tra i ler. 

At th is point the assembly is complete and PROM or ROM programming may proceed. 
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APPENDIX G 
SIM4 HARDWARE SIMULATOR 

INTRODUCTION 

The SI M4-02 Hardware Simulator is a program written for the MCS-4 TM series Micro Computer System. This program 
wil l provide interactive control over the deb�gging of other MCS-4 TM programs. 

The minimum configuration required is a SI M4-02 prototype card with three 4002 R AMs and a Teletype. When fu l ly stuffed 
with 1 6  RAMs, test programs up to 5 1 2  bytes ( locations) in length may be accomodated. The hardware simu lation program 
itself occupies n ine fu l l  ROMs. 

The Hardware Simu lation Program has two basic functions: 

1 .  To simulate the execution of a test program, tracing its progress, and apprehending gross errors. 

2. To a l low the user to dynamica l ly  in:teract with and/or modify his test program, in order to fac i l itate the debugging 
process. 

These two functions c:1re implemented by means of a set of d irectives or commands which the user types in at the teletype 
keyboard. Some of the d irectives cal l  for typeouts by the simu lator program, some <:>f the d irectives signal the input of data 
or program ,modifications, and some of the d irectives involve both typeouts and· input response or data. 

A d irective is identified by a single letter of the a lphabet (except the arithmetic conversion directives = and " ) .  If the 
directive is associated with output only, the typing (or punching) wi l l  commence immed iately. If input is a l lowed or re­
qu ired with the d i rective, the simu lation program wi l l  enable the paper tape reader control, and wait for val id input data. 

NUMBER SYSTEMS 

Two number radices are standard wjth the hardware simu lation progra m :  binary and decimal . I ndex register va lues, pro­
gram counter and instruction location values, chip  numbers, and some pointers are hand led in decimal for convenience. 
ROM instructions, the accumulator va lue, and one-bit indicators are hand led in binary. Any input number may be entered 
in either rad ix by prefixing it with a su itable indentifier ("D" for decimal, "B" for binary) ,  regardless of the expectations of 
the program. Unless so identified, however, a l l  input  shou ld be in the radix used in the correspond ing typeout. 

To facit itate work ing with program tapes in the "BNPF" format, the hardware simulation program wi l l  accept b inary num­
bers coded either as strings of ones and zeroes, or as strings of "P"s and "N "s, where the letter P is interpreted as a zero, and 
the letter N is interpreted as a one. 

All input numbers are right-justified into the receiving register or field. If the number is smal ler than the receiv ing field, 
lead ing zeroes are impl ied as necessary. I f  the number is larger than the receiving field, the excess bits are lost from the most­
sign ificant end of the number. Thus, if it is attempted to load an index register with the value 20, the resu lt wi l l be 4 in the 
register. This may be used to advantag� in the event of an inadvertant error typein, by typing in as many zeroes as there are 
bits in the receivi ng field, then re-typing the number, a l l  as one string of d igits. A number typed in may end with a carriage 
retu rn� a comma, a space, or the letter "F", or in the case of the = directive, with plus or m inus sign . Any other characters 
wi l l  give unpredictable results, and shou ld be avoided. Rubouts are the only non "numeric" characters which may be imbed­
ded with in the iMput number strings with no adverse effects. Rubouts are ignored in a l l  cases. 

DESCRIPTION 

The hardware simulation program a llocates a user-selected block of RAM main memory locations to hold the ROM i nstruc­
tions to be simu lated, assigning two RAM locations for each simulated ROM location. Thus, to simu late 5 1 2 locations of 
ROM, a l l  1 6  RAMs must be used. Any· RAM locations n,pt a l located for program storage may be accessed in the normal way 
by the test program. I n  add ition, the hardware simu lation program uses the status characters in twelve consecutive RAM 
registers {equ ivalent to three R AM chips) to hold simu lation parameters. RAM is assumed to be organ ized as fou r consecu­
tive banks (with wraparound) of sixteen registers each, so that if less than 1 6  R AMs are used, those a l located to program and 
parameter storage must be in one block of contiguous banks and registers with in  banks. 

The program to be tested may have an address anywhere i n  the 4096 locations of addressable. ROM,  since the hardware 
simulator program adds a bias value to a l l  addresses which reference the simu lated ROM.  If the program attempts to jump or 
i ncrement to outside the range of the simulated ROM, an error interrupt occurs. 

Another error interrupt occurs in the event of an i l legal instruction op code during simu lated execution. The op codes wh ich 
cause this interrupt are : 1 1 1 1 1 1 1 0, 1 1 1 1 1 1 1 1 , 1 1 1 0001 1 ,  and a l l  instructions with QPR = 0000 except for 00000000 (NOP) .  
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A breakpoint register is associated with the simulated execution mode of operation, al lowing the user to pre-set a location 
which wi l l  cause an interrupt before execution. The B R EAK.  key on the teletype may also be used to i nterrupt execution and 
some other types of output. 

During simu lated execution, a count is kept of the number of simulated machine cycles ( i .e., sync pulses), used by the test 
program,  to assist in checking out programs with critical t iming problems. 

DIRECTIVES 

"n B inary conversion 
This d irective accepts a single (decimal )  number, and types out its equivalent in  binary . A maximum of 12 bits (num­
bers to 4095) may be accomodated at once. 

=n Decimal adder 
This d irective accepts a string of (decimal )  numbers separated by plus and m inus signs, and types out the algabraic 
sum, modu lo 4096. If the algebra ic sum is negative, 4095 is logica l ly  added to it to give a positive resu lt. This d irective 
may be used to perform binary to decimal conversion thus:  =Bnnnn 

Or,s,e RAM/R OM chip assignment 
This d irective must be entered before any other letter d irective. If the first character after the O is a space or comma, 
the current values are typed out. Then, or immediately after the 0, three parameters separated by commas or spaces 
are requ ired . If any of the three parameters is om itted, or if a R ETU R N  is typed instead of the first parameter, the 
current values wi l l  be unchanged. r is the (decimal ) RAM register number (0-63) wh ich is used as the lowest in the 
blQCk a l located to ROM. The simulation program has no way of preventing the test program from accessing RAM loca­
tions a l located to simulated ROM, so the user must use care in selecting a value for this parameter which wi l l  reduce 
the l ikel ihood of improper access. If r is greater than 63, the previous value is used. s is the starting address of the 
ROM segment to be simulated. Any attempt to execute an instruction with an address less than this number wi l l  result 
in an out-of-bounds i nterrupt. e is the (decimal )  endi ng address of the ROM segment to be simulated. Any program 
access to R OM lqcations greater than this address wi l l  resu lt in an out-of-bounds interrupt. This directive clears the 
option word to zeroes. 

Z Zero 
This d irective simu lates the hardware reset function, and clears to zero al l simu lated registers, counters, and a l l  RAMs 
not a l located to program. The O directive executes a Z each time the parameters are changed. 

In  I nput 
This di rective accepts a sequence of (binary) numbers and stores them in consecutive simulated ROM locations, begin­
n ing with location n. Spaces, commas, returns, and l inefeeds may occur with any frequency or pattern between the 
individual numbers. I nput is terminated by a free-standing letter F in the sequence. An ASCI I SOH (control A) may be 
used to i ntroduce a (decimal )  number which, l ike n, becomes the new starting address for subsequent instruction bytes. 
The program counter in the current stack level is altered by this directive. 

Pn,m Punch 
This d irective wi l l  punch out, in "BNPF" format with location numbers, the contents of the simu lated ROM beginning 
at location n (decimal ) ,  and end ing with location m.  The currently selected program cou nter, and the breakpoint regis­
ter are altered by this  directive. Four inches of leader and trai ler are punched on the tape, with an "F" after the last 
location. If the B R EAK key on the teletype is depressed between locations, the typeout wi l l  be aborted, with no trai ler. 
Both the breakpoint register and the program counter in the current stack level are altered by this d irective. 

Mn,i Memory i nput 
This directive accepts a sequence of (decimal ) numbers ( 0- 1 5) and stores them sequentia l ly in consecutive RAM loca­
tions, beginn ing in register n (decimal, 0-63) and location i (decimal, 0- 1 9) .  If the start ing locat1on is in main memory 
(i less than 1 6) ,  only main memory locations are f i l l ed.  The next number after the one which goes into register r, d igit 
1 5, goes into register r + 1 ,  d igit 0. I f  the starting location is a status character (i greater than 1 5) ,  only status characters 
are f i l led.  The sequence ends with a carriage return fol lowing the term inal  del im iter of the last number. 

Dr, n Dump R A M  
This d irective types out i n  decimal the contents o f  each R A M  location ( both main memory and status) of n registers, 
beginn i ng with register r. The typeout may be ended prematurely by depressi ng the B R EA K  key. · 
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A Accumulator 
This di rective may be used to display and/or alter the contents of the simulated accu mulator. A space or comma fol low­
ing the A wi l l  d isplay in binary, the contents of the simu lated accumulator. This or the A may be fol lowed either by a 
new value to be entered, or by a carriage retu rn to end the di rective. 

C Carry/Link 
This d i rective may be used to d isplay and/or alter the contents of the s imulated Carry/Link bit. The use of this di rect­
ive is the same as for A. 

Xn I ndex 
This d irective may be used to display and/or alter the contents of any one or pair of the simulated index registers. If 
a space or comma fol lows the X, a l l  1 6  index registers are displayed ( i n  decimal ) .  Otherwise, if the (decimal )  number 
n is fol lowed by a space, index register n may be d isplayed and/or altered as in  A. I f  the number n is fol lowed by a 
com ma, s lash, or period, index pair  number n may be displayed ( in decimal ) and/or altered as a u nit. ( I ndex registers 
2n and 2n + 1 are handled together as a single 8-bit number. ) 

S Stack pointer 
This di rective may be used to d isplay and/or alter the contents of the subroutine stack pointer. The current loca­
tion counter is the one pointed to by th is poi nter. This pointer is incremented by JMS i nstructions and decremented 
by B B L  instructions. 

L Location Counter 
This d irective may be used to disp lay and/or alter the contents of the cu rrent location counter. Note that altering 
the va lue of the stack pointer will cause a different register to be current location cou nter. 

E Exami ne Everything 
This di rective combines the display fu nctior:is of the C, A, S, L, R,  and X d irectives. All four program cou nters in  the 
stack are d isplayed. No modification is possible. 

R RAM/ROM selection 
This d i rective may be used to display and/or modify the simulated memory chip/location selection. A space or comma 
after the R types out an 1 1 -bit binary number, of which the most-significant 3 bits represent the command l ine 
selection effected by the last DCL instruction, and the least-significant 8 bits represent the contents of the index pair 
as last used by an SRC i nstruction. 

B Breakpoint 
This d irective may be used to d isplay and/or mod ify the contents of the breakpoint register. The simu lated execution 
wi l l  always be interrupted before processing the instruction pointed to by the breakpoint. If the breakpo int points to 
the second byte of a two-byte instruction, no breakpoint action wi l l  occur during instruction  simulation. 

W When 
This d irective may be used to display and/or alter the contents of the simu lated sync cycle counter. This is a 1 2-bit 
(decimal )  counter used to tal ly  the number of instruction cycles used during instruction simu lation. 

T Trace 
This d irective causes the simu lation program to begin simulated execution of the test program,  begi nning at the address 
in the current location cou nter. If i nstruction execution simu lation ,is interrupted by a breakpoint, the keyboard 
B R EAK key, or an i l legal instruction , the T d irective wi l l  cause the program to resume where it left off, just as if the 
program was never i nterrupted, except insofar as program parameters or registers were modified while interrupted. The 
basic format of the trace l isting is 

pppp : i i i i i i i i  c aaaa rr 
where pppp is the decimal location cou nter; i i i i i i i i  is the binary representation of the (first byte of the) instruction 
being simulated ; c is the resu ltant carry/l ink bit; aaaa is the resu ltant accu mulator value; and rr is the resu ltant (decimal) 
index or i ndex pai r  used in  the instruction. (value, not index nu mber) Any or a l l  of the last three numbers may be 
omitted on instructions which do not reference their respective registers. 

N Non-trace 
This d irective is identical to the T directive, except that execution proceeds without tracing: 

0 Options 
This directive may be used to d isplay and/or alter the current option status bits. This is a 4-bit b inary number with the 
fol lowing sign ificance: 

1 I nput, Output, and CPU test instructions are executed directly when this bit is on, instead of typing out 
on the teletype the port n umber and then typing or accepting the data. 

1 0  No i nterrupt for subroutine stack overflow o r  u nderflow wi l l  occur when this bit is on. 
1 000 U nconditional jumps and subroutine jumps to ROM page O (chip 0) are executed directly instread of 

i nterpretively, permitting direct byte 1 /0 during checkout. 

1 43 



ERROR MESSAGES 

Most of the errors which can be detected by the simulation program are identified by a single character typeout, fol lowed 
by ringing the bel l  once. Six different types of errors are identified this way : 

COD E  S IGN I F I CANCE 

? This is not a va l id directive. Any printed graphic normal ly generated by the ASR33, which is not a val id d irective, 
evokes this response. A question mark-bell combination also cal ls attention to a simulated input request. 

# Break cond ition recognized. This occurs normal ly, either when the location counter reaches the value in the break 
register in execution simulation, or when the B R EA K  key is depressed in simulation or ROM or RAM dumping. 

> Location counter out of range. This error occurs in simulation or ROM punching, if an attempt is made to access an 
address out of the range specified in the most recent O directive. 

% 

I nval id op code. Th is error occurs and is recognized during execution simulation, after the instruction byte is 
typed out, but before the location counter is increryiented, so that if it occurs under the control of the N d irective, 
the T directive may be entered to examine the error by trying to execute it again.  

Location counter stack overflow or underflow. This error is unique in  that the interruption occurs after the instruc­
tion has been executed in simulation .  A T  or an N d irective wi l l  resume execution with the next instruction (jumped 
or returned to) . 
Cancel. This is the program response to a Cancel (Control "X" or ESCAPE) typein, during data input. Except for 
I ,  M, T, and N directives, it cancels the entire d irective. If used in the I or M d irectives, only the current datum is 
canceled, and the directive is ter11Jinated at that point. Previous values, if any, have already been stored in memory. 
If used while the simulation program is requesting input data f�om a simulated ROM port or the simulated CPU 

1 Test ljne, it is equ ivalent to a break at the beginn ing of the instruction. I n  each case the simulation program returns 
to accept another directive. 

OPERATING INSTRUCTIONS 

1. Assemble Program 

First assemble the test program on the Hardware Assembler (A0740 to A0743) . Important: the Hardware Simulation 
Program wi l l  not accept ROM program tapes created by the FORTRAN assembler, ASM4, as these tapes have bit patterns 
and addresses together, with no identifier for the addresses. It is not necessary to assemble the program in one contiguous 
block of ROM locations, since the I d irective in the simulation program is able to recognize the address fields (by the 
Control "A", SOH preceding them) ,  and place the instruction patterns into the proper simulated ROM locations. 

2. Prepare SI M4-02 Hardware 

Remove ROM chips A0740 through A0743 and plug in the Hardware Simulation Program chips, A0750-A0758. Press 
R ESET. The teletype shou ld type out a carriage return- l inefeed, and an asterisk to show that the simulation program is 
ready to accept a d i rective. 

Determine how mµch simulated ROM is needed to test the program, and wh ich RAMs are least l ikely to be accessed by the 
test program,  using if necessary the = and " d irectives. Then type in the O directive for th is program. From now u nti l  the 
testing of this program has been completed and the amended program tape has been punched out, DO NOT touch the 
RESET button. If the RESET button is pressed, the simulation parameters and any program in the simulated ROM will be 
destroyed. 
3. Load Program 

Place the object tape i n  the teletype reader, and type in I .  The simulation program wil l  read both the addresses and the 
instructions from the tape and store them in the proper locations. Reading wil l  be terminated by any error or by the 
terminal  F punched by the assembler. Note that any i11structions or data which fal l  outside the l im its defined in the 0 
d irective wi l l  be ignored. Note also that if the O directive defines the ROM l imits to be more than 5 1 2  bytes, wraparound 
overlap i s  possible. Thus, location 1 00 would be overwritten by instructions going into location 6 1 2. When the program is 
loaded, a simulated R ESET may be effected by,the Z directive. I f  starting at other than location zero, or with registers pre­
loaded with data, the appropriate directives may be used to set these up. A breakpoint may be set if desired, and RAM may 
be loaded up  with data if desired. If a subroutine or a part of a subroutine is being tested, the stack may be loaded with a 
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return address using the L d irective. That may then be pushed down with the S d_irective, so that the starting address may 
be loaded i nto the fi rst subroutine leve l ,  or the process may be repeated up to three times. I f  it is desired to force an inter• 
rupt at the first occurrence of a JMS i nstruction, the stack pointer may be set to 3 in itial ly, so that the f irst JMS instruction 
causes a stack overflow. If it is desired to achieve more than one breakpoint, i l l egal i nstructions may be assembled or i n­
serted into the program at the desired points. When the simu lation attempts execution of one of these locations, an inter­
rupt occurs, and the i nstruction may be replaced, or the program counter incremented around it to proceed. 
4. Execute Program Simulation 

To start the execution simulation, type a T (for Trace mode) or an N (for non-Trace mode) .  If at any time it is desired to 
stop execution simu lation, whether because of program errors, to examine register contents, or to make corrections, the 
B R EAK key may be depressed, and the simulation wi l l  be i nterrupted at the completion of the current instruction. Execu­
tion wi l l  resume as if un interrupted, if the T or N d irective is typed in after a break. 

5. Edit Program 

. To make corrections to the program, the I d i rective is used, giving an address, and the value(s) to be entered. The I d i rective 
alters the contents of the current location counter. Thus, it shou ld either be noted and restored, or the stack pointer may 
be incremented fi rst and decremented afterwards - (un less of course, the simu lation is interrupted at subroutine nest level 3) . 
6. Punch New "BNPF " Tape 

After the program works correctly, an amended ROM tape may be punched in the "BN PF" format using the P d irective. 
Four i nches of leader and trai ler are punched by this d i rective. If more is needed, rubouts or nu l l s  (sh ift-contro l-P) may be 
punched while the simu lation program is wa iting for a d irective. This wi l l  not in any way i nterfere with normal operation 
of the program. The user should remember to turn on the paper tape punch after typing in the second address in the P 
d i rective if a tape is to be made. I f  it is desired only to examine the contents of a simulated ROM location, th is is not 
necessary. 

7. Simulation of Segmented Programs 

If a program is not very large, but is scattered over a wide range of addresses, it may be possible to accomodate the program 
in segments. Suppose the program occupies the fi rst 32 locations in each of four ROMs. 1 28 locations must be reserved 
by the O d irective to hold al l  of th is. Suppose fu rther that the program accesses only bank zero in RAM. The O d i rective 
would be someth ing l ike this: 

01 6, 0, 1 27 
Then the f irst 32 locations of the program tape are read in using the I d irective. The entire tape may be read with no 
deleterious effects, if that is conven ient, or an F may be typed in manuall'y at the end of the first 32 locations' worth of 
data. Then the O d i rective is used aga in, to re-assign the same locations to the next block of addresses: 

099, 224, 355 
Note that the address l im its have been offset by 32, to prevent the obl iteration of the fi rst 32 locations. The object tape 
may be read in again,  or at least that part of it which includes the next block of data or i nstructions. Then the area is 
reassigned again : 

099, 448, 575 
The process is repeated unti l the whole program is loaded. To execute, the O d irective for the starting block of code is 
typed i n  aga in .  I f  the segments are p laced correctly, each time a jump is made to another segment, an out-of-range interrupt 
occurs. The O directive for the segment jumped to is entered, and the program may proceed. This technique may also be 
used to relocate a program in ROM : for example, the fol lowing sequence of commands wi l l  effectively move (sh ift) a 
program up one position in ROM :  

00, 0, 255 
1 0  (program) 
oo, 1 ,  256 
P 1 ,  256 

JUMPS TO PAGE 0 

Because of the nu isance of doing serial-to paral le l  conversion, and properly tim ing the bit frames in teletype input and output, 
the simu lation program is provided with an option to perform subroutine calls and uncond itional jumps to ROM page 0 
directly, return ing to simulation mode upon return. ROM page O contains subroutines to perform teletype reader and 
keyboard input, 7 b its wide (the parity bit is ignored ) ,  teletype output 8 bits wide, binary to decimal conversion and output, 
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the typing of some special ized sequences of characters, partial decimal to binary conversion on input, and 6-bit teletype char­
acter input with control character checking. A test program may use these subroutines to facil itate checkout of complex 
programs, or the ROM may be included in the final program if teletype interface and the same ancil lary routines are needed. 

The fol lowing is a summary of the subroutines and their cal l i ng parameters: 

NAME ADD R ESS (X) FUNCTION 

KEY 1 20 ( 1 1 - 1 5) This routine inputs one 7-bit character from the teletype keyboard, and returns it, left-justified, 
in index registers 1 4  and 1 5. I ndex registers 1 2  and 1 3  are cleared to zero. The least significant bit of 
register 1 1  determines whether the character is echoed back (0 = yes, 1 = no) . The carry is set if the 
character typed in is printable. 

TTI 1 1 7 ( 1 1 - 1 5) This routine inputs one 7-bit character from the teletype paper tape reader or keyboard (the 
reader control is enabled) ,  and is otherwise exactly the same as KEY. 

TXX 234 ( 1 0, 1 1 , 14, 1 5) This routine examines the carry bit set by KEY or TTI as wel l as the accumul�tor value 
and the character in  registers 14  and 15 to determine if one of the fol lowing conditions obtains: 

1 .  The character is some printable graphic between "0" and '• ". If so, the character is biased to a six­
bit value, centered in the byte. The carry is turned on if it is a letter. A normal return is taken, acc = 0. 

2. The character is a control character between nul l  and ETB (control-Y) or a printable graphic between 
space and slash. An ind irect jump to the address in ROM page 1 contained in index registers 10  and 1 1  
is taken. 

3. The character is a control between CAN (Control-X) and US (Sh ift-Control-0) . An unconditional jump 
to location 256 is taken. 

4. The character is one of those not generated by a KSR 33 teletype, or a rubout. A normal return is taken, 
with the accumulator non-zero. 

T6R 205 ( 1 0- 15) This routine combines TTI and TXX such that normal return occurs only on characters "0" 
through •�"- Characters in group (4) above are ignored, and the alternate exits are taken for control 
characters and del imiters. Note that if the address to which the del imiter return is to be made is odd, 
np echo occurs. On normal return, the character is right-justified i n  registers 14  and 1 5, and the carry 
is set if the character is a letter or higher. 

T6L 220 ( 1 0- 15) This routine is the same as T6R, except that on normal return the carry is always iero, and the 
character is left-justified in registers 14 and 1 5, leaving the lower two bits zero. Both T6R and T6L 
contain subroutine cal ls nested three deep, and may only be cal led from the main program, except 
during simu lation. 

D 1 0  1 83 (4-7, 1 0-1 5) This subroutine multipl ies the 1 2-bit binary number i n  registers 5-7 times ten, �nd adds the 

247 6 

PUN 80 

I PR 70 

R ETN 1 07 

MSG 66 

SPACE 63 

D IG IT 53 

number in  register 15 to the product,, then goes to T6R to input another d igit. This routine may be 
cal led repeatedly to input and convert to binary a decimal number. A terminal del imiter takes the 
alternate exit in registers 1 0  and 1 1 . Register 4 is used for scratch. 

(4-7) This routine clears registers 4 through 7 to binary zero in preparation for D 1 0. 

( 1 1 - 1 5) This routine prints or punches the character in registers 1 4  and 1 5  out on the teletype. Registers 
1 1  through 1 5  are cleared to zero on return. 

( 11 - 1 5) This routine does the same as PUN, except that if register 1 1  is initia l ly even (echo mode on input), 
a 1 5  ms delay occurs to al low the teletype printer to settle. 

( 1 1 - 1 5) This routine types out a carriage return, a nul l ,  and a l inefeed. It may only be cal led from the 
main routine. 

( 1 1 - 15 )  This routine types out the character in registers 1 4  and 1 5, then fol lows it with a bel l . 

( 1 1 - 1 5) This routine types one space. 

( 1 0- 1 5) This routine types an ASCI I digit corresponding to the BCD number in the accumulator. If it is 
zero, and the register 1 0  contains 1 5, a space is typed instead. Unless a space is typed, register 1 0  is 
incremented. 

PON 40 (4-7, 1 0-1 5) This routine will print, with zero suppression, the four-digit decimal number in registers 
4 through 7. 

BCD 1 1  ( 1 -7,  1 0- 15) This routine converts the 1 2-bit binary number in registers 1 -3 into decimal, and prints the 
four digits with zero suppression. 
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RAM USAGE 

The simulation program, to facil itate ful l  usage of the RAM, has organized it into a nominal block of 64 registers, each 
containing 1 6  main memory locations and four status locations. Directives which reference RAM as such ( i .e., 0, M, and D), 
always address it by a register number, and sometimes by a character position within the register. The following chart 
i l lustrates this addressing scheme: 

Bank O 
R A M O 
(Port 0) 

Bank 0 
R A M  1 

Bank 1 
RA M O 
(Port 4) 

Bank 2 
R A M 3 
(Port 1 1 ) 

Bank 4 
R A M O 
(Port 1 2) 

Bank 4 
RAM 3 
(Port 1 5) 

R EG IS.TE R  
(selected by 
even index 
in SRC instr .) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 . 
. 
. 

1 6  

1 7  

1 8  

1 9  

20 
. 
. 
. 

44 

45 

46 

47 

48 

49 

50 

5 1  

52 . 
. 
. 

60 

6 1  

62 

63 

0 1 

DIGIT (selected by odd index in SRC instr.) 

[Status] 

2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  

-
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The bank number in the chart above is the value of the accumulator duri ng a DCL instruction, needed to address that bank 
of RAMs. The port number given corresponds to the number typed out during simulation of the WMP instruction. Register 
positions 1 6- 1 9 ( i .e., the status locations) are normal ly addressed in the program by the R D0/WR0, R D 1 /WR 1 ,  etc., 
instructions, respectively. 

The O d irective is used to define and set aside some part of RAM for use by the simulation program as simulated ROM and 
other registers and parameters. Whole R AM registers are taken by the O d irective, beginning with the register identified in 
the first parameter. The status locations from exactly 12 registers are used by the simulator. The number of main memory 
locations used is determined by the d ifference between the second and third parameters of the O d irective. Where s and e 
represent the values in the second and third parameters of the O d irective, the number of registers used is determ ined by the 
formula :  n = (s  + e)/8 + 1 
This value may be more or less than 1 2, the number of registers whose status locations are used, with no i l l  effects. 

RAM main memory locations reserved by the O d i rective are used solely for program storage. The instruction w ith an 
address equal  to the second parameter of the O instruction is loaded into d igits 0 and 1 of the register designated by the 
first parameter of the O di rective ;  subsequent instructions are loaded into the fol lowing d igit pairs, accord ing to the 
addresses. 
The RAM status locations reserved by the simu lation program are a l located to the fol lowing functions : 

Relative 
R EG I ST E R  LOC'N . FU NCTI ONS 

r + 0 0 Simulated Accumulator 
0 1 -3 Low ROM address l im it 

0 Option word 
1 -3 H igh ROM address l im it 

2 0 Execution parameters 
2 1 -3 Breakpoi nt address 
3 0 Simulated Carry 
3 1 -3 Simulation Cycle counter 
4 0 Simulated Stack pointer 
4-7 1 -3 Simulated Stack 
5 0 Simulated Command l i ne selection 
6,7 0 Simulated ROM or RAM chip selection 
8- 1 1 0-3 Simulated index registers 

EXAMPLES 

Figures 1 ,  2, and 3 are annotated l istings generated during actual simulation� F igure 1 is a simu lation of the "AN D" 
program described in figures 4 and 5. F igures 2 and 3 represent the simulator's response to various directives entered 
via a TTY keyboard. 
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ASTER ISK IS SI M U LATOR OUTPUT 
I N IT IA � IZE 

� !�
ADY I N DICATION 

MEMOR Y B LOCK ---- • 0•:1 11 1 �ts 

11 1  0 1 BPP�PNPPPF B?PPPPPPNF 2 1 BPPNP-"PPNF 3 1 BNNNPNPNPF 

I S ASS IGN ED A • 1 i1 

I N PUT COMMAN D  4 1 8-�PN:-lPPPPF S I BP.'UP.'JPPPf 6 1 BPPNPNPP,...,F 7 1 8N:-INPNPNPF 
SPECI F I ES OR I G I N  1 � : :�:;��:::�� 1 � : ::::�::::: ::��:�:::� : � ::�:::::::: 

S I M U LATOR ASS IGNS ADDR ESS 
I N  ACCOR DANCE WITH DATA 
D E LIMITED BY "CONTROL A" 
CHARACT ERS (HARDWAR E  
ASSEMB LER) 

1 1\ 1 1 04 1  1 04 1 �•"•"�,'JPPPPf 1 0 S l li:-JPN,"t>PNPJ l lll6 1 8NNPNPNPPF 1 8 7 1 B,IIPNNPPPP 
1 08 1  B:-l-",�•IIPN:�i>f  1 09 1 8NPN1'JPPPPF 1 1 0 I BPPPNNPNPF BPNNNNPNPF 
l l 2 1 B�P�.llPPP_...,f l l 3 1 BNNNNPNNPf l l 4 1 BNPNNPPPNF l l 5 1 8NPNNPPNPF 
1 1 6 1 8.�.llN:IIP;l!NPF 1 1 7 1  B.'JP1'ilNPPNPf 1 1 8 1  BNN,ll,11NPPPF I I 9 1 BPPPN,IINP?F 

BP-"NPN?NNF 1 2 1 1 8;1!NPPPPPPF 1 22 1 BNPNNPPPNF 1 2 3 1 8NNNNPNNPF 
1 2 4 1 BNPNNPPP_...,f 1 2 5 : BNNN:IIPPPNf l 2 6 1 BPNPPPPPPF BPNNNPPNNF 
1 28 :  1 28 1  1 28 1  

F 

•B 0 TAPE I NPUT 

•L 1
0
2� 0

� 
PR E-PUNCH ED * S  0 

TRACE MODE IS I N IT IATED ---r--:__•_r __ _ 
AFTER PROGRAM CO UNT ERS : : :: : : : ::� : LOCAT ION COUNTER 
HAVE B E EN SET 3 :  1 1 1 0 1 0 1 0 HAS ADVANCED TO 

R 0 ?0 1 1 1  
ROA I NSTR UCT ION I S  4 1 1 0 1 1 0000 0 0000 1 28. R ESET TO 0 
EXECUTED.  R EQUEST s 1 0 1 1 0 1 000 0 0000 

6 1 00 1 0 1 00 1  1 7 ----, FOR DATA IS R EPLI ED 1 1 1 1 1 0 1 0 1 0  
T O  WITH "01 1 1 " ENTRY 

R \! ! ! : �0,m 0 0000 1 4  FROM KEYBOAR D 9 1 0 1 0 1 0000 
l 0 4 1 1 1 1 1 0000 0 0000 

0008 0 
0 1 00 0 
0 1 1 1  4 
00 1 1  

STACK IS R ESET TO 0 

BR EAKPOINT IS LEFT AT 0 

CONTENTS O F  PAI R  4 ( DECI MAL) 
1 0 5 :  1 0 1 1 00 1 0 0 
1 0 6 1 1 1 0 1 0 1 0 0  0 
1 07 1 1 0 1 1 0000 0 
1 0 8 1 1 1 1 1 0 1 1 0 I 
1 09 1 1 0 1 1 0000 1 
1 1 0 1 000 1 1 0 1 0  1 
1 1 2 1 1 0 1 1 000 1 I 
1 1 3 1 1 1 1 1 0 1 1 0  0 
1 l 4 1 1 0 1 1 000 1 0 
1 1  5 I 1 0 1 1 00 1 0  0 
1 1 6 1 1 1 1 1 0 1 1 0  0 

: : :: 

�

3 ACCUMULATOR (B I NARY) 
1 1 1 0  4 
1 1 1 1  
0 1 00 1 5  
0000 4 

=�== 0 CAR R Y  1 I 7 I l 0 1 1 00 1 0  0 
1 1 8 1 1 1 1 1 1 000 I 00 1 1  
1 1 9 1 00 0 1  l 1 00 I 00 1 1  
1 0 7 1 1 0 1 1 0000 I 00 1 1  3 
1 0 8 1 1 1 1 1 0 1 1 0  l 1 00 1  
1 09 1 1 0 1 1 0000 1 00 1 1  9 ------ CONTENTS O F  R EG IST ER 
! : : : �:� : !:!� : ��: ! 3 OPERATED ON (DECIMA L) 
1 1 3 1 1 1 1 1 0 1 1 0  1 1 1 1 1  

I NSTR UCTION ---------+--!-;:-,;�-': :: : : ::�! ! ::!! 1
� 

ADDR ESS TRACE MO DE : : �: ! ! ! ! :! : : : !:�� 8 
1 1 8 1 1 1 1 1 1 000 I 00 1 0  
1 l 9 1 000 1 1 1 00 l 00 1 0  

F I RST BYTE 1 0 1 1 1 0 1 1 0000 1 1 0 0 1  2 
1 0 8 1 l l l i 0 1 1 0  I 1 1 00  OF I NSTR UCT ION -------+---,1'""0,.,...,.1 ... 1.,..0 r1 1.-,0=0�0 1 00 1 0  1 2  

OUTPUT TO 
MEMOR Y  PORT 

1 1 0 1 000 1 1 0 1 0  l 0 0 1 0  
1 1 2 1 1 0 1 1 000 1 I 1 1 1 1  2 
1 1 3 1 1 1 1 1 0 1 1 0 1 1 1 1 1  
1 1 4 : 1 0 1 1 000 1 l 00 1 0  1 5  
1 1 5 1 1 0 1 1 00 1 0 1 1 000 2 
1 1 6 1 1 1 1 1 0 1 1 0 0 1 1 00 
1 1 7 1 1 0 1 1 00 1 0 0 0 0 1 0  1 2  
1 1 8 1 1 1 1 1 1 000 l 800 1 
1 1 9 1 000 1 1 1 00 I 000 1 
1 0 7 1 l0 l l 0000 I 1 1 00 l 
1 0 8 1 1 1 1 1 0 1 1 0 0 1 1 1 0 
1 09 1 1 0 1 1 0000 0 000 1 1 4  
1 1 0 1 000 1 1 0 1 0  0 000 1 
1 22 1 1 0 1 1 000 1 0 1 1 1 1  
1 2 3 1 1 1 1 1 0 1 1 0 l 0 1 1 1 
1 24 1 1 0 1 1 000 1 l 000 1 7 
1 2 5 1 1 1 1 1 000 1 0 000 1 
1 26 1 0 1 000000 
I l 51 10 l 1 00 1 0 
I I 61 l l l 1 0 1 1 0  
I l 7 I 1 0  I 1 00 1 0  
l 1 8 1 1 1 1 1 1 000 
1 1 9 1 000 1 1 1 00 
1 2 1 1 1 1 000002) 

0 1 1 00 
0 0 1 1 0  
0 000 1 6 
1 0000 
1 0000 

1 1 1 1 0 1 1 00 1 0  I 0 1 1 0  0 
1 2 1 1 1 1 0000 1 

M. 0 0 1 1 0 

TO STOP TRACE MODE AT A 
POI NT OTHE R  THAN THE B R EA K­
PO I NT, D EPR ESS B R EA K  KEY 
NEAR COMPLETION OF A L INE. 

1 3 1 0 1 000000 , ------------ BR EAKPO I NT AT 

NON-TRACE MODE 
IS I N IT IATED 

NON-TRACE MODE 

•L. 0 
• s  0 
* B  0 

•N 
R 0 ? 0 1 1 1  
R I 7 1 1 1 0 
M 0 0 1  H l  I . 

Figure 1 .  Trace and Nontrace Modes. 
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NEXT LOCATION 
TERMI NATES TRACE 



ACC. O-LOW ADDR ESS L I M IT 

OPT I O N  O-H I G H  ADDR ESS LI M IT 

EX ECUT I O N  B R EA KPO I NT A DD R ESS PAR A M ET E R  

CAR R Y  CYC LE CO U NT E R  

STACK PROG R A M  CO UNTER L EV E L  0 
PO I NT E R  

C M D .  L I N E  STACK LEVE L 1 S E L ECT ION 

CH I P  S E LECT STACK L E V E L  2 

CH I P  S E L ECT STACK L EV E L  3 

R EG .  0 R EG . 1 R EG. 2 R EG. 3 

R E G . 4 R EG .  5 R EG .  6 R EG .  7 
F I RST L I N E  

DUMP R A M  R EG .  8 R EG .  9 R EG.  1 0  R EG.  1 1  
CO MMAN D R EG .  1 2  R EG .  1 3  R EG .  1 4  R EG .  1 5  

US E D  F O R  CPU R EG I STER SI M U LAT I O N  

1 1 1 0 1 0 1 0  = R DR 

*Z 
*D0 20 

2 

£. LOCAT I O N  3 

8 0 l 2 9 1 4  10 l l  0 6 8 2 9 1 4  
l l l 5 0 6 8 1 1  2 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 " " 0 0 " 0 0 0 0 0 " " 
0 " 0 0 0 0 0 0 
0 0 0 0 0 0 0 '0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

1 5  0 1 1  2 1 3  4 1 1  0 
1 l  l 1 5  6 1 1  1 1 1  2 

6 1 1  1 2  0 1 1  l 1 5  6 
0 0 0 0 0 0 0 0 
0 0 0 " 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

*M4 5 55 6 T  
•M4 5 5 6 7 8 9 1 0  l l  1 2  
*1'1 1 8  l l 2 3 4 5 6 7 8 9 
•D0 20 

2 8 0 l 2 9 1 4  1 0  
l l  1 5 0 6 8 1 1  2 

0 0 0 0 0 0 0 0 " 0 0 0 0 0 " 0 
0 0 0 0 0 5 6 7 " 0 0 0 0 0 0 0 
0 0 0 " 0 0 0 0 
0 0 0 0 0 0 0 0 " " " " " " 0 0 " " 0 0 " 0 0 0 
0 " 0 0 0 0 0 0 
0 0 " " 0 " 0 " 
0 " " " " 0 " 0 

1 5  " 1 1  2 1 3  4 1 1  0 
1 l  1 1 5  6 1 1  1 1 1  2 

6 1 1  1 2  0 1 1  I 1 5  6 " " " 0 0 0 0 0 
0 " 0 0 0 " 0 " " 1 2 3 4 5 6 7 
0 0 0 0 0 0 0 " 

1 4  l 4 0 
0 0 0 0 
0 0 0 0 
0 0 0 " 
0 (IJ 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1 5  6 1 1  0 
1 5  6 1 1  2 
1 1  l 1 5  l " 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 

1 3  1 4  1 5  
1 0  1 1  1 2  1 3  

1 1  0 6 8 
1 4  l 4 0 

0 0 0 0 
0 0 0 0 
8 9 1 0  1 1  
0 0 0 " 
0 0 0 0 " 0 0 0 
0 0 0 0 
0 " 0 0 
0 0 0 0 
0 " 0 0 
0 0 0 " 

1 5  6 1 1  0 
1 5  6 1 1  2 
1 1  1 1 5  l 

0 0 0 0 
0 0 0 0 
8 9 1 0  1 1  
0 0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 " 
0 0 0 
0 " 0 
0 0 0 
0 " 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 0  7 

1 5  8 l 
4 0 7 
0 0 
0 0 
0 0 
0 0 

1 4  

2 9 1 4  
0 0 0 
0 0 0 
0 0 0 

1 2  1 3  1 4  
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 " 
0 0 0 
I 1 0  7 

1 5  8 I 
4 " 7 
0 0 0 
0 0 0 

1 2  1 3  1 4  
0 0 0 

0 
1 5 " " " 

0 
0 " 
0 
0 

1 0  
1 2  

3 " 0 " 
0 0 0_0 

1 : --Y: : 
0 0 0 0 

.,_ ____ USE D  FOR STATUS WOR D SI M U LATI ON 

....__ __ SAM P L E  PRO G R A M  LOCAT ED 
AT 000 TO 01 5 AND 1 04 TO 1 28 

E R R O N EO US E NT R Y  CANCE LED 
WITH CONTR O L  "X" 

M E MOR Y  I N PUT TO 
LI N ES 4 A N D  1 8  

R ESULT O F  M E MO R Y  I NP UT 

Figure 2. Memory Dump/I nput . 
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Figure 3. Miscellaneous Directives. 
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0 1 /  
B I START• F I M  4P 0 
2 1  SRC 4P 
3 1  RDR 
4 :  XCH 0 
5 1  I NC 8 
6 :  SRC 4P 
7 1  RDR 
8 1  XCH I 
9 :  JMS AN D 

I I : XCH 2 
1 2 1 WMP 
1 3 1 JUN START 
1 5 1 NOP 
1 6 : • 1 04 

1 04 : 1'  
1 04 1  AND• CLB 
1 05 1  XCH 2 
1 06 1  LDM 4 
1 07 1  XCH 0 
1 08 :  RAR 
1 09 1  XCH 0 
1 1 0 1  JCN CZ ROTR I 
1 1 2 :  XCH I 
1 1 3 1  RAR 
1 1 4 1  XCH I 
·1 1 51 RO TR2• XCH 2 
l l 6 1  RAR 
1 1 7 1  XCH 2 
1 1 8 :  DAC 
i 1 9 1  JCN AN Z  AN D+ J 
1 2 1 1 BBL 0 
1 22 1  RO T R f., XCH I 
1 23 1  RAR 
124 :  XCH I 
1 25 1  CLC 
1 26 :  JUN ROTR2 
1 28 : CZ = 1 0 
1 28 1 ANZ  c 1 2 
1 28 a S 

FO UR BI T .. AND" ROUT I NE 
I LOAD ROM PO RT 0 ADDRESS 
/ SEND ROM PORT ADDRESS 
/ READ I NPUT A 
/ A TO RE GI STER 0 
I' LOAD ROM PO RT I ADDRESS 
/ SEN D  ROM PORT ADDRESS 
I' READ I NPUT B 
/ B TO RE G I STER 1 
I EXECUTE  .. AN D .. 
/ LOAD RESULT  C 
I STO RE AT M EMORY PO RT  0 
I RESTART 

"AN D . .  SUBRO UT I N E  
I CL EAR ACCUMULATO R AN D CAR RY 
I CL EAR REGI STER 2 
/ LOAD LOOP COUN T  < L C >  
I LOAD A •  L C  TO RE GI STER 0 
I RO TATE L EAST S I GN I F I CANT B I T TO CARRY 
/ RETURN ROTATED A TO RE G 0•  LC TO ACC • 
/ JUMP TO RO T R I  I F  CARRY Z E RO 
I LOAD 9., LC  TO ACCUMULATO R 
/ RO TATE LEAST S I GN I F I CAN T B I T TO CARRY 
/ RETURN RO TATED B TO RE G• l •  LC TO ACC • 
I LOAD PART I AL RESUL T  C• LC TO REGI STER 2 
/ ROTATE CARRY I N TO PART  I AL RESUL T M SB 
/ LOAD LC• RETURN C TO, REGI STER 2 
/ DECREM ENT THE ACCUM ULATOR  <LC > 
/ LOOP I F  LC NON Z ERO 
/ RETURN 
/ LOAD 9., LC  TO REGI STER 1 
/ RO TATE B 
/ RETURN RO TATED 8 TO RE G•  I •  LC  TO ACC •  
/ CLEAR CARRY 
/ RETURN TO LOO P 

Figure 4. Pass 1 Listing. 

S a  0 1 BPPNPNPPPF BPPPPPPPN F 2 : BPPNPNPPN F 3 a BNNNPNPNPF 
41 BNPNNPPPPF Sa BPNNPNPPPF 6 :  BPPNPN·PPN F 7 1  BNNNPNPNPF 
8 1  BNPNNPPPN F 9 :  BPNPN"PPPPF BPNNPNPPPF 1 1 : BNPNN PPNPF 

l 2 a BNNNPPPPN F 1 3 : BPNPPPPPPF BPPPPPPPPF LS t BPPPPPPPPF 
1 6: 1 011 1  1 04 1 BNNNNPPPPF' 1 05 1 BNPNNPPNPF 1 06 : BNN PNPNPPF  1 0 7 1 8NPNNPPPP 

1 08 a 8NNNNPNNPF l 09 1 BNPNNPPPPF' l l 0 1 8PPPNNPNPF BPNNNN PNPF' 
1 l 2 t BNPNNPPPN F 1 1 3 1 BNNNNPNNPF l l 4 1 BNPNNPPPN F l t S a BNPNNPPNPF 
1 l 6 1 BNNNNPNNP F l 1 7 a BNPNNPPNPF 1 1 8 : BNNNNNPPPF 1 1 9 1 BPPPNNNPPF 

BPNNPNPNNF 1 2 1 1 BNNPPPPPPF 1 22 s BNPNNPPPN F 1 23 t BNNNNPNNPF 
1 24 a BN PNNPPPN F 1 25 : BNNNNPPPN F 1 26 : BPNPPPPPPF BPNNNPPNNF 
I 28 : 1 28 : 1 28 I 

F 

Figure 5. Programming Tape Listing. 
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APPENDIX H 
MCS-4 T.M. ASSEMBLER/SIMULATOR 

SOFTWARE PACKAGE 

Th_is appendix describes the use and operation of the as sembler . and 
simulator software package for the MCS- 4  micro computer set . 
This assembler- simulator package is  offered through Tymshare , Inc . , 
G . E .  Timeshare , and AL/COM , nationwide computer timesharing service s . 
The software package allows the user to : ( 1 )  prepare and edit his  
program ; ( 2 )  as semble these programs into MCS- 4 compatib le binary 
code ; ( 3 )  simulate the MCS- 4 system ' s execution of thi s  code ; and 
( 4 )  generate tapes in a format suitab le for programming 16 0 2A or 
1 7 0 2A field programmab le and erasable read-only memories . The 
output tapes so generated can also be delivered to Intel for 
preparation of masks for the 4 0 0 1  mask-programmed read-only memory . 

The as sembler performs a number of  error diagnostics , checking 
for code overlapping , invalid mnemonics , i l legal off-page re fer­
ences and several other common errors . 

The s imulator allows one to operate in a trace mode or to intro­
duce a break point in a program and to interrogate the contents 
of regis ters when the program arrives at the break point . 

The MCS- 4 As sembly Language 

Table 1 lists the instructions associated with the MCS- 4 computer 
set . Listed for each instruction i s  the standard mnemonic code 
used to describe that instruction to the as sembler and its binary 
equivalent . The number of bytes (one or two ) occupied by the 
instruction and the types of modi fiers which mus t accompany the 
instruction are also indicated in Table 1 .  The types of modi fiers 
required may be none , as in the case of NOP , CLB , CLC , etc . ; a 
register des ignator indicating one of  the sixteen registers on 
the central proces sor chip as in the case of Add , Load , Exchange , 
etc . ; a 4-b�t data item as in the case of the BBL or LDM instruc­
tion , an 8-bit data item as in the case of the FIM instruction ; 
a regis ter pair designator as in the case of  the SRC or JIN instruc­
tion ; an 8-bit addres s  as in the case of the ISZ , or a 1 2-bit 
addres s  as in the case of the JUN instruction . In general , such 
addres ses  wi ll  be expressed symbolically by use of labels . 

The JCN , FIM and ISZ  ins tructions require two modi fiers . The 
JCN must  include a condition code in addition to the addres s  code . 
The ISZ  instruction mus t include a single regi ster des ignator 
as wel l  as addres s  code , while the FIM requires a register pair 
designation and an 8-bit dat_a item . In each case , the modi fiers 
must occur in the sequence shown with addre s s  or data items 
following condition code s , regi ster or register pair des ignations . 

For use by the assembler , numeric data may be entered in binary , 
decimal or octal format . See below under "Pseudo Operators " .  
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INSTRUCTION MNEMONIC 

No Operation NOP 
Jump Conditional JCN 
Fetch Immediate FIM 
Send Register Control SRC 
Fetch Indirect FIN 
Jump Indirect JIN 
Jump Unconditional JUN 
Jump to Subroutine JMS 
Increment INC 
Increment and Skip ISZ 
Add ADD 
Subtract SUB 
Load LD 
Exchange XCH 
Branch �ack and Load BBL 
Load Imniediate LDM 
Write Main Memory WRM 
WRite RAM Port WMP 
Write ROM Port WRR 
Write · Status Char 0 WR0 
Write Status · Char 1 WRl 
Write Status Char 2 WR2 
Write Status Char 3 WR3 
Subtract Main Memory SBM 
Read Main Memory RDM 
Read ROM Port RDR 
Add Main Memory ADM 
Read Status Char 0 RD� 
Read Status Char 1 RDl 
Read Status Char 2 RD2 
Read Status Char 3 RD3 
Clear Both CLB 
Clear Carry CLC 
Increment Accl.llilulator IAC 
Complement Carry CMC 
Complement CMA 
Rotate Left RAL 
Rotate Right RAR 
Transfer Carry and Clear TCC 
Decrement Accumulator DAC 
Transfer Carry Subtract TCS 
Set Carry STC 
Decimal Adj ust Accumulator DAA 
Keyboard Process KBP 
Designate Command Line DCL 

TABLE 1 .  

BINARY EQUIVALENT 
1st byte 2nd byte 

(}0000000 
0001CCCC 
0010RRR0 
0010RRR1 
0011RRR0 
0011RRR1 
0100AAAA 
0101AAAA 
0110RRRR 
0111RRR.� 
1000RRRR 
1001RRRR 
10 1(.JRRRR 
1011RRRR 
1100DDDD 
1101DDDD 
1 1100000 
11100001 
11100010 
11100100 
11100 101 
11100110 
11100111 
11101000 
11101001 
11101010 
11101011 
11101 100 
11101101  
1 1101110 
lll( Hlll 
11110000 
11110001 
1 1110010 
11110011 
1 1110100 
1111�101 
1 1110110 
11110111 
1 1111000 
lllll(iHH 
1 1111010 
11111011 
11111100 
1111110 1  

AAAAAAAA 
DDDDDDDD 

AAAAAAAA 
AAAAAAAA 

AAAAAAAA 

MODIFIERS 

none 
condition , address 
register pair , data 
register pair 
register pair 
register pair 
address 
address 
register 
register , address 
register 
register 
register 
register 
data 
data 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none · 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 

NOTE : The MCS-4 Assembler is currently being modified to accept the WPM instruction associated with the 4008/4009. 
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A register pair may be designated by including the numeric 
value corresponding to the even numbered register of the pair , 
by a P followed immediately by the number ( jl  through 7 )  of  tpe 
register pair in decimals ,  or by a P followed immediately by a 
3-bit binary code . Examples of  acceptable forms are : 11 ,  2 ,  
Pjljll , Pl , P7 . A register may be designated by including the 
register number or by the form Rjl through RlS . 

A condition code may be satis fied by the inclusion of  a numeric  
value corresponding to  the desired condition code , or by  using 
one of  the condition codes shown in Table 2 .  Note that Table 2 
does not include all possible condition codes for the JCN 
instruction . 

A label is  a tag attached to a particular line of  code . The 
label will take on value corresponding to the address  assigned 
to that line of code by the assembler .  To associate a tag with 
a line of  code , the tag or label is made the first item of  the 
line and is followed by a comma . Figure 1 below shows examples 
of  labelled and unlabelled instructions . Addresses , as used 
with the JUN , ISZ or JCN instructions and data , as used with the 
FIM instruction , can refer to these labels . Labels attached to 
double word instructions always refer to the address  of the 
first word . 

Acceptable forms for use as addresses in this assembler are a .  
numeric value , a label ,  or a label plus or minus a numeric 
value . However ,  when the form label plus or minus a numeric value 
is used , the numeric value corresponds to the number of bytes 
displaced· from the label ,  not the number of instructions . Thus , 
one must remember which instructions occupy one byte and which 
occupy two . bytes when using this displaced form .  The form * 
plus or minus a numeric value refers to a displacement equal 
to the numeric value from the current address . 

For more detailed descriptions of  the functions of  each of  the 
instructions of the MCS-4  instruction set , the user is referred 
to the MCS-4  Micro Computer Set User ' s  Manual . 

Pseudo Operators 

A number of pseudo operations are available in the MCS-4 assembler 
system. For example , the number system used with the MCS-4  assem­
bler is  initially decimal . However ,  the user may change the 
number system to be used by inserting one of the three pseudo 
operators : . B  for binary , . o  ( letter O )  for octal , . D  for decimal . 
For example , the pseudo operator , . B ,  will  signal the assembler 
to interpret any number (not otherwise indicated as being in. 
another number system) as a binary number.  

At any point in the program, the current number system can be 
overridden by following the typed number with the letter B,  D ,  
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TABLE 2 

Condi tion Code s for JCN Ins truction 

Condition (Jump I f : )  Mnemonic*  Binari E9uivalent 

no condition NC 0 0 0 0  

test equals  zero TZ , Tf1 0 0 0 1  

test equals one TN , Tl 10 0 1  

carry equals one CN , Cl  0 0 1 0  

carry equals  zero cz , Cfl 1 0 1 0  

accumulator equals zero AZ , Afl 0 1 0 0  

accumulator non zero AZ , NZA 1 1 0 0  

*When more than one mnemon ic  is  shown , any one o f  the forms 
is acceptab le . 

a . ) 

Ll , CLB 
DCL 

b . ) 
JCN TZ  * 

C • }  

TAG , JMS Ll+l 

Figure 1 . , Examples of label led and unl abelled l ines 

a . )  Ll  is a l abel , but the second l ine is unlabel led . 
b . )  The line i s  unlabe lled , but the· * implies that the 

j ump occurs back to this  -instruction as long as  
the CPU test line is  at a logic  zero . 

c . )  TAG is a labe l ,  and the Jump to subroutine wi l l  
enter the routine at Ll+l ( ie . , the DCL instruction 
of Figure la . )  
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or O in the position immediately foilowing the last digit of the 
number .  This input will  not alter the number system used for 
numbers not so labelled . 

Numbers designating register pairs or registers of the form 
RO-Rl5  P999-Plll , P9-P7 are not subj ect to this number system 
input convention . 

I f  the assembler comes ·across a number which will not fit 
within the number system chosen , it will  indicate an error . 

To set the starting address  for a group of instructions , the 
group may be preceded by a de fine origin pseudo operator . This  
pseudo operator takes the form of an asterisk ( * )  followed by 
the numeric value of the desired address .  This numeric value 
follows the number sytem conventions described above . 

Figure 2 shows how number systems , pseudo-operators , and comments 
are used with the assembler . 

Any statements following a s lash (/ )  are interpreted as comments 
They do not alter or affect · the other instructions in the system . 

' A  comment line 'ffiay stand alone or a comment may be appended at 
the end of a line . 

No end statement is  necessary . The end of  the file signifies 
the end of  the program • 

• D 

* 1 0 2 4  /DECIMAL 1 0 2 4 

STRT , LDM 1101B /BINARY 1101  = DECIMAL 1 3  
FIM Plii 100  /REGISTERS 8 , 9 DATAzl O O  DECIMAL 

/THE NEXT PSEUDO OPERATOR ChNiGES THE NUMBER SYSTEM 
/TO BINARY 

. B  
LD 
XCH 

1100  
4D 

/REGISTER 12  
/R.iGISTER 4 

Figure 2 .  Example of , Pseudo Operators and Comments 
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Running the Assembly 

Once the source file with the MCS- 4 assembly language code has 
been prepared , it may be assembled into MCS- 4  binary code by 
running the as sembler . To perform this operation , the user should 

(
make sure he is in PDP-10  monitor mode . He then types RUN ( * )  
ASF4 � .  The system will then indicate that the assembler program 
--is being loaded . Once execution of the assembly begins , the 
program wi ll type the following : 

SOURCE NAME FILE = 
The user should then type the name of the file containing hi s 
symbolic code followed by a carriage return . As all valid names 
are of  the form : name . DAT , only the portion left of  the period 
is typed .  The assembler will  then request whether or not the 
user desires a listing of his program as it is assembled by 
typing the statement : LI.ST? (Y , N ) : I f  you wish to have a listing 
generated , type Y .  If the user desires to have a listing gener­
ated , the assembler program wi ll then request which output device , 
the disk , teletype or line printer , the output is to be generated 
on . The user should then type the three letter code corresponding 
to the desired output device (DSK , TTY , LPT ) followed by a 
carriage return . 

If  the disk has been chosen as the output device , the program 
will  then request a name for the output file . The system will  
also request which number system is  to  be  used for the address  
and data portion of the output assembly . Binary , octal or 
decimal may be chosen by typing B ,  o ,  or D respectively . Note 
that this option has no affect on the number system options within 
the assembly code . 

Error Messages 

If , in the course of an as sembly , the error diagnostic routines 
discover errors within the user ' s  source program;  error messages 
will be typed , followed by the erroneous line of  code . The 
error message wi ll  include the line number on which the error 
occurred and the address  where the error occurred . In some cases , 
the line number or address may be off by one or two positions . 
After typing the error message and the offending line of  code , 
the program prints a star . After the star appears , the user may 
type in a corrected line of code if  he wishes . This corrected 
line will be used by the assembler when generating the output 
listing . 

Error messages in most cases appear be fore the listing is 
generated . 

The most common types of errors are invalid characters within 
the input record , invalid mnemonics or modi fiers ( such as pair 
designators , condition codes , etc . ) ,  the use of  incorrect or 
undefined labels or illegal off-page references ,  or the use of 
numbers which are invalid in the number system chosen . 

Once the assembler has completed its assembly and generated 
a listing , the assembler wi ll type a message requesting whether 
or not a symbol or label table is required .  The user should 
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type a Y or an N immediately following the message and then 
the carriage return . If  a symbol table has been chosen , it 
will be output on the user teletype . The numeric value as signed 
to each label is also output with the symbol table . The number 
system to be used for this numeric output is requested prior to 
typing the symbol table . 

After the symbol table has been typed , the assembler will  type 
the message : 16 0 1  OUTPUT? Y , N :  This message requests whether 
the user wishes to generate tapes of a form compatible with pro­
gramming 16 0 1 , 1 6 0 2 , 170 1 or 1 7 0 2  field programmable and field 
erasable read-only memories . If  the user wishes to generate such 
tapes at this time , he types Y .  The program will  then request 
what output device he wishes the tapes to be generated on . The 
choices are : the paper tape punch located at the computer center , 
the user ' s  teletypewriter , or the disk . I f  the disk is  selected , 
the program wi ll request an output fi le name . 

Following the request for an output file name , if  any , the pro­
gram will  type : PAGE NO . ,  T OR C = .  The user may then type the 
number of the page ( ROM chip ) for which he wishes to generate 
the programming tape . Page O corresponds to addresses 9 through 
2 5 5 , page 1 to addresses 2 5 6  through 511 , etc . , so the user 
must type a 1 or 2 digit decimal number in the range 9- 15 . This  
must be  followed by a comma or a space , followed in  turn by  the 
letter T or c ,  indicating whether the page is to be output in 
true ( l=P , 9=N ) or complemented ( l=N , 9=P ) form .  For example , 
tapes for use with the SIM4 - 0 l  and SIM4- 0 2  boards should be 
prepared in complemented form . After each tape has been gen­
erated , the program will  request another page number . In the 
case where output is to disk , another fi le name will  be requested 
prior to the page number . 

If  no more tapes are desired , typing any character other than 
a valid page number wi+l cause the program to exi t .  Upon exiting , 
the program will  print the amount of central processor time and 
the amount of terminal time used for the assembly . 

Figure 3 shows an example of  the TTY output for a very small 
sample program . Only the first 36  words of 16 0 1  tape are shown . 
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SOURCE FILE NAME=TST4 

LIST? (Y , N ) : Y  

OUTPUT TO? (DSK , TTY , LPT ) : TTY 

NUMBER SYSTEM? (B , O� D )  : B  

ASSEMBLY OF TST4 . DAT ON 1 7-MAY- 7 2  AT 1 3 : 1 7  

. D  
* 1 6  

0 0 0 0 0 0 0 1 0 0 0 0  11110 0 0 0  LABA , CLB 
0 0 0 0 0 0 0 1 0 0 0 1  0 0 10 1 0 1 0  / )i' FIM PS  8 9  /NOTE COMMENT 

0 1 0 1 1 0 0 1  _r ,,r ,,.I ' 

0 0 0 0 0 0 0 10011  0 0 10 1 0 1 1  SRC P S  
0 0 0 0 0 0 010100  1 110 1 0 1 0  LAB2 , RDR 
0 0 0 0 0 0 0 10 101  0 0 0 11 0 0 1  JCN T l  LAB2 

0 0 0 1 0 1 0 0  
0 0 0 0 0 0 0 10 11 1  0 1 0 1 0 0 0 0  JMS TR3 

0 0 0 1 1011 
0 0 00 00 0 11001  0 1 0 0 0 0 0 0  JUN LABA 

0 0 0 1 0 0 0 0  
0 00 0 00 011011  1 10 1 1 0 0 0  TR3 , LDM 8 
0 0000 0 0 11100  1 0 0 0 1 0 1 1  ADD 1 1  
0 0 00 0 0 0 11101  10110101  XCH s 
0 0 0 0 0 0 011110  110 0 0 1 1 1  BBL 7 
S.YMBOL TABLE (Y , N )  ?Y 

NUMBER SYSTEM? (B , O , D ) : D  

LAB2.  0 0 00 � 0  LABA 0 0 0 0 16 TR3 0 0 0 02 7 
1 6 0 1  ?UTPUT? (Y , N) : Y  

OUTPUT TO? (PTP , TTY , DSK) : TTY 

PAGE NO . , T OR C=0 , T  

0 BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF 
4 BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF 
8 BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF 

12  BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF 
16  BPPPPNNNNF BNNPNPNPNF BNPNPPNNPF BNNPNPNPPF 
2 0  BPPPNPNPNF BNNNPPNNPF BNNNPNPNNF BNPNPNNNNF 
2 4  BNNNPPNPPF BNPNNNNNNF BNNNPNNNNF BPPNPPNNNF 
2 8  BPNNNPNPPF BPNPPNPNPF BPPNNNPPPF BNNNNNNNNF 
32  BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF 

Figure 3 .  
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Operation of SIM (MCS-4  Simulator )  

The MCS- 4 simulator program SIM allows the user to simulate exe­
cution of programs which have been assembled by the assembler 
ASF4 . ASF4 generates a fi le ROMAR . DAT containing a packed image 
of the read-only memory contents . ROMAR . DAT is read by SIM as 
an input . 

Other files in the same format may be read prior to ROMAR . DAT . 
Each successive fi le overlays the data of  preceeding files , 
except where zeroes (NOP ' s ) occur in the new file . See below .  

To run the simulator , after having assembled a program ,  type 
RUN ( * )  SIM4 � . After typing a header message , the simulator 
types : 

FOR INSTRUCTION LIST , TYPE Q :  
If  the user types the letter Q followed by a carriage return , 
the program responds by typing a list of  recogni zed commands . 
The simulator indicates it is  ready for input commands by 
typing an asterisk ( * )  at the left side of the teletype page . 

A command to the simulator cons ists of a letter or a letter 
folJowed by a 1 to 5 digit number . The letter must be the first 
character typed . Each letter corresponds to a di fferent command . 
Commands allow setting a starting address or a break point , 
initializing a trace mode , or interrogating registers . The 
following commands are recogni zed by SIM4 : 

An Set the program counter of  the simulated MCS- 4 to n and 
then return to_ command mode . 

Bn Set the break point at n and return to command mode . 
Cn Call a subroutine starting at ROM address n .  Continue exe­

cution unti l the subroutine exits with a BBL or until the 
instruction limit counter overflows . 

D Dump read/write memory . 
En Examine RAM word n .  (n must be between O and 6 3 .  Words 

0-15  are in bank 9 ,  words 16- 3 1  are in bank 2 ,  etc . ) 
When printed , main character # 1 5  will  be printed firs t ,  
followed by the remaining main characters ·of the word in 
descending order . A space follwed by status characters 
9- 3 1  in ascending order is printed after the main characters . 
Output is in hexadecimal with A-F corresponding to 19-15 . 

Fn If n=l , read only memory input port data is read from a 
file rather than from the teletype . Data in the file must 
consist of  a single numeric value per record , with the 
numeric value lying between 9 and 15  (decimal ) .  I f  n�l , 
the input port data will  be requested from the teletype­
writer . 

H Prints a two-line leader record corresponding to the data 
printed during trace mode or printed . upon reaching break 
points , BBL exits , or overflowing the ins truction limit 
counter .  

In Re-initializes the program counter to O and clears read/ 
write memory .  If  n�9 , the instruction limit counter is 
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set to n .  I f  n=� , the instruction limit counter i s  left 
unchanged . {The initial value for the instruction limit 
counter is 10 , 0 0 0 . )  

Jn Jump to and begin execution at ROM address  n .  Stop either 
when the break point is reached or the instruction limit  
counter overflows . 

Ln Operate trace mode with output to the line printer rather 
than TTY {not available on time-shared versions ) .  

Mn Input to RAM word n .  {n must be between 9 and 6 3 ) . The 
terminal wi ll respond by requesting 2 0  characters . Exactly 
2 0  must be typed , in the same sequence as used for the 
" E "  command above . However , no space is allowed between 
main characters and status characters . The inputs allowed 
are 9-9 , A-F and - .  9-F correspond to hexadecimal inputs 
of  9 through 15 , whi le a typed - leaves the corresponding 
character position unchanged .  

On If  n=l , a shorter form of input and output will be used 
for ROM input port requests , etc . If n�l , the long form 
will  be used . 

R E.xamine CPU registers . 
s Examine stack and stack pointers . 

Tn Operate trace mode for the next n instructions , starting 
at the current program counter value . Break points will  
terminate the sequence , but the instruction limit  counter 
is disabled . 

Un Execute n instructions , then stop and print the status in­
formation for the last instruction . Break points will  
terminate the sequence , but the instruction limit counter 
is disabled . 

Wn Write into ROM word n .  {n must fall  between 9 and 4 0 9 5 ) . 
The terminal will request a numeric value { in decimal ) be­
tween 9 and 2 5 5  which will  be written into the selected 
ROM word . 

X Exit from the program . 
{All commands are followed by a typed carriage return . In each 
case , n represents a 1-5 digit decimal number . )  

For example , to run trace mode for 5 0  instructions starting at 
address  10 0 {decimal ) ,  the user may type : 

or he might type : 

AlO O� 
TSOQ 

Bl00U 
JO � 
TSO� 

in each case , waiting for a *  before typing the next command 
line . In the second case , the instructions between 9 and 10 0 
are executed where , in the first case , they are not . 
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At a break or in trace mode , the contents 
are displayed . The following sequence is 

of CPU registers 
used for long form 

output : 
Program c'ounter 
Instruction and 
Modi fiers 

CY FF 
Accumulator 
Registers 

RAM Bank No . 
RAM Register No . 
RAM Main Char . No . 
Cyc le counter 

4 digit decimal 
3 character symbolic OP code 
2 characacter modi fier 
4 character address or data 
1 digit ( 0 , 1 ) 
2 digit decimal ci- 1 s ) 
16  hexadecimal characters in 
order Ri to Rl5 
1 digit decimal 
2 digit decimal 
2 digit decimal 
5 digit decimal 

Short form output omits the modi fier and RAM data . 

When an RDR instruction ( read ROM port ) is executed , the simu­
lator types : 

INPUT REQUESTED FROM ROM PORT #N ( IN DEC ) * 
The user types a one or two digit decimal value corresponding 
to the 4 lines of the input port . When short form messages 
are used , the request message is : 

ROMPT INPUT #N? * 
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Note on use of  input fi les 

The simulator program will request an input fi le name with the 
message : 

INPUT FILE NAME= . 

To input the standard data file ROMAR . DAT , merely type a carriage 
return . 

However ,  it is  possible to break a program into segments and 
load several of the segments into the simulator one at a time . 
As each segment is assembled , the assembler will produce 
the assembled code in the file ROMAR . DAT . To save the segment , 
so that it will not be destroyed by the next as sembly , the user 
must rename the ROMAR. DAT file with some other name with the 
extension . DAT . 

The last segment assembled is left in the ROMAR . DAT file . 

When the simulator requests the input file name , each segment 
can be loaded by typing the file name . For example , a file 
SEGl . DM' is loaded by typing SEGl when the fi le name is  
requested . After each such named data file is loaded , the pro­
gram will request another file . The last file , ROMAR . DAT , is 
loaded by typing j ust the carriage return . 

E�ch fi le so loaded overlays all previous ly loaded data , except 
where the newly loaded file contains zeroes (NOP ' s ) . I f  any 
previously non zero locations are changed by the loading of  
the fi le , the addresses of  the first and last changed locations 
are typed . 

When as sembling a program in segments , care must be used to 
provide sufficient label information - for each segment . Because 
NOP ' s  do not cancel previous ly loaded data , dummy labels may be 
used as in the following example : 

Suppose a program must call a subroutine LBl at address  
1100  decim�l , which has  been assembled in  a previous 
segment . The proper linkage can be established in the 
current segment by including the pair of statements : 

* ll0 0D 
LBl , NOP 

or the pair 
*ll00D 

LBl , 9 
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APPENDIX I .  MCS-4 PROGRAMMING EXAMPLE - CONTROL PROGRAM FOR PROM PROGRAMMING 

I ntel tapes A0540, A0541 ,  A0543 - Listings are provided for reference only and may be used as examples when developing your own programs. 

00 00 0 02 09 ST AR T ,  LO H 1 I SUPP RE Ss T TY 
00 1111 0 00 32 F"I H Pl'I e: 

0 00 00 
001113 0 00 33 SR C P0 
00 0 4  0 02 25 WM P I SE ND T O  R A M  PORT 
00 05 0 00 80 ST Al , JM S CR LF' /POS I T I O N  PO I N TE R 

0 02 26 
0007  00080 JMS ST  / RE C I EL VE I NP UT D AT A  

0 02 40 
011109 0 00 3 8  f' I  M P3 8 0  / I  R (  6 )  =5 , !R (7 l =  111 ,  ( P l  

0 00 80 
111111 1 1  0 00 81 JM S CO MP R 

111 00 33 
0 0 1 3  0 00 28 JCN 4N L ! S TN 

0 00 32 
0111 1 5  0 003 2  F I M  P0  32 /I R! Ill) •2 , ! R ( 1 l = 0  

0 00 32 
111111 1 7  0 1lJ2 09 LO H 1 
1110 18 0 00 3 3 S R C  P 0  
0111 1 9  111 111 2 30 WR2 
01112111 0 00 64 JU N S T A 2  

0 0111 45 
0111 22 0 0111 38 NE XT , FI M P3 8 3  / !  R (  6 l :5 , IR < 7 > = 3, ( 5 )  

liHl083 
011124 0 0111 8 1  JM S CO HP R 

0 0033 
111026 0 00 2111 J C N  Al S T A 2  

0 00 45 
11111128 0 00 8 0  JM S ERROR 

111 0 1 3 5  
00 3111 111 00 64 JU N ST Al  

111 1110 05 
0 0 3 2  0 00 38 LI S T N ,  f' ! M  P 3  7 6 / I R ( 6 ) = 4 ,  I R < 7 l = 12 , ( L ) 

0 00 76 
0034  0 0 0 8 1  JMS CO M P R  

0 00 3 3  
0 111 3 6  0 00 28 JCN AN N EX T  

0 011122 
0 111 38 0 1112 20 LD M 12 
0039 0 0 1 91 XCH 1 5  I ! R ( 1 5 ) = 1 5  
1110 40 0 00 3 2  F I M  P0 3 2  / I R < lll > =2 ,  I R  ( 1 > = Ill 

0 0032 
0 0 4? 0'11209 LDM 1 
111043  0 0 0 3 3  SR C Pill 
0 0 4 4  0 02 29 WR l 
0111 45 0 00 80 ST A2 , JM S CRLF 

0 02 26 
0 0 4 7  111 022 2  L O H  1 4  I EN TER  ADDRESS 
011148 01111 136 X C H  1111 I I R C 1 11l l =1 4  
00 49 0 02 21  AD R S 2 ,  LOH 13 
0050 0 1111 85 X C H  9 I I R ( 9 > = 13 
0 0 5 1  0 00 80 A D R S l , JM S S T  

0 02 4111 
0 111 53 0 0080 JM S S T OR E 

0 1111 40 
lllfl5 5  0 0 1 2 1  I S l 9 A D R S l  

111 00 51 
1110 57 111 00 80 JM S C R LF 

0 111 2 2 6  
111 0 5 9  0 0 1 22 ! S i!  1 0  A DR S 2  

00 0 4 9  
0 111 6 1  1110 0 80 JMS Lf' 

0 02 30 
1110 63 0008111  J H S  Lf' 

00230  
011165 0 0 1lJ 8 1  JMS ADOTN 

111 0 0 4 6  
111 0 6 7  111 0 0 3 2  f' I H  P 0  Ill 

0111000 
1110 69 111 0 0 8 0  J M S  OB I N  / F" J N A L  A O D R £ S S  

0 1lJ1 05 
111 111 7 1  0 0 1 6 3  LD 3 
0 11172 llJ02 3 0  W R 2  / C ( lll l , R < 0 l , CH ( 2 1 , LO R D  4 -B J T S  
0 0 73 0 01·62 LO 2 
0 07 4  11102 3 1  W R 3  I C ! 0 ) , R ( 0 ) , CH < 3 l , H I OR O  4- B I T S  
0 0 7 5  111 0 0 3 2  f' I  M P0 3 / I R < lll l = lll ,  ! R  C l  h 3  

111 00 03 
0 0 7 7  0 0 0 8'11 JMS OB I N  / I N I T I AL A DD R E S S  

0 01 05 
0 111 7 9  111 0 1 6 3  LO  3 
0 08 111  11102 28 WR0 C C 0 )  , R C 1a 1 , CM ( lll l ,  LO RD 4 -B J T S 
11111181 0 0 1 62 LO 2 
011182 00 2 2 9  W R l  I C C lil l , R ( 0 ) , CH C 1 l , H ! O RD 4• B I T S 
111083  00036  pqGM l ,  f' I M  P2  e / ! R C 4 - 5 l =ill  

111 00 00 
0085  0 00 32 f' I M  P0 Ill / ADDRESS  17 01 R E A D  TO W R I TE 

111 00 0111 
111 0 8 7  0 00 3 3  S R C  P 0  
0088 111 0 236 R00 
00 89 111 022 6  WR R 
009111  01111 00 I NC 4 
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S R C  P 5  P R I N T O U T  A D D R E S S  
R O M  
X C H  3 
L O M 1 1  
X C H  2 
JM S PR ! N T  

L O  1 1  
DA C 
X C H  1 1  
CL C 
! S i!  12 F OR M 1  

BB L 0 

F'I M P0 1 6  

SR C P0 
R0 1 
C M A  
WR l 
R D 0  
C M A  
WR 0 
F' I M P 0  3 2  / I R ( 0 1 2 1 I R < 1 )  =0 , I N  I T  A DR 

SR C P0 
RD 2 
RA R 
J C N  CN C ON T2 

F' I  M P0 0 / I  R (  0 ) :10 , JR ( 1 > = 111 ,  A OR C OM P  

S R C  P 0  
R D 0  
X C H  7 
R D 1  
X C H  6 
I N C 0 
SR C P0 
R D 2  
X C H  3 
R D 3  
X C H  2 
J M S  C O M P R  

J C N  A N  S R C I-I  

F I M  P 1  1 7 0 / I FI C 2 l : 1 2 , I R < 3 > : 1 0 , < • >  

JM S PR ! III T  

F I M  P Iil  3 2  t I R < IIJ J : 2 ,  J R < 1 ) : 0  

L D M  1 / S E T ! N I T  A D R  F' L A G  
S R  C P0 
W R 2  
F I M  P0 0 I ! R C 0 - 1 l = 0 

F' !  M P 2  1 6  / ! R C 4 l = 1 ,  J R ( 5 l = 0 

SR C PIIJ 
R 0 2  
! A C  
S R C  P 2  
W R 2  
L D M  0 
X C H  2 

1 67 

111 4 98 111 111 0 3 3  S R C  P 0  
0 4 99 0 0 2 3 9  R D 3  
0 5 0 111  0 0 1 3 0  A D D  2 
0 5 111 1  0 00 37 SR C P 2  
05 02 0 "'2 3 1  WR3  
0503  '!1 0 111 6 6  C O N T 2 ,  J U N  C O N T 1 

0 0 0 0 6  
0 5 0 5  0 0 0 3 2  S R C H ,  F' l  M P f21  1 6  / ! R ( 0 ) : 1 ,  ! R  ( 1 > = 111 

0 0 0 1 6  
05 07 0 00 33 SR C P0 I I N C  I N  I T A 0 0  R E  S S  fl Y ON E ( 1 ) 
0 5 0 8  0 0 2 38 R D 2  
0509 0 0 2 42 ! A C  
05 1 0  0 02 3 0  WR 2 
0 5 1 1  111 0 2 0 8  L O M  0 
111 5 1 2  0 0 1 7 8  X C H  2 
0 5 1 3  111 0 2 3 9  R D 3 
0 5 1 4  0 0 1 3 0 A D O  2 
0 5 1 5  0 02 31 WR 3 
0 5 1 6  0006 5 J UN R E P T 

0 00 7 3  
05 1 8  0 0 0 3 2  C D N T 1 , F' I M  P 0  � 2  / I R ( 0 l : 2 ,  J R ( 1 ) : 0 

111 111 0 32 
0 5 2 0  111 00 3 3  S R C  P f21  CH E C K  F O R M A T  E RR OR E X I ST 
05 2 1  '!1 0 2 36 R D 0  
111 5 2 2  0 0 2 4 6  RA R 
1115 23 el 00 26 JC N Ci! N OF E  

0 0 0 1 5  
0 5 2 5  111 00! 66 J U N  AD C H K  

0 0111 90 
0 5 2 7  0 00 3 2  N O F E , F ! M  P 0  H ,  / I R ( 0 ) : 1 ,  ! R  ( 1 ) : 0 

Ol 00 16 
05 29 0 00 3 6  F ! M  P 2  3 2  / J R < 4 > = 2 ,  ! R  C 5 J = 0  

i1! 00 32 
0 5 3 1  f'l 00J 33 SR C P0 / WR I T E  D A T A  T O  1 7 0 1  
0 5 3 2  0 0 2 3 7  R n l  
0 5 3 3  ,Hl0 37 SR C P 2  
0 5 3 4  0 02 26 W R R  / L S  4 -B I T S ,  D AT A 
0 5 3 5  0 00 33 S R C  P 0  
0 5 3 6  0 v'1 2 3 6  RO Ii! 
0 5 3 7  '11 '11 1 00 I N C  4 
0 5 3 8  Pl 111 r.,J 3 7  S R C  P 2  
05 39 0 02 26 WR R I 1>1S 4 -B ! T S ,  D AT A 
0 5 4 0  ll' 0 2 2 111  L D M  1 2  
0 5  4 1  0 01 86 XC I- 10 
0 5 4 2  0 00 38 P R GR M ,  F I M  P3 6 4  / I R ( 6 ) : 4 , ! R  C 7 l = 0 

0 r.,J'1! 6 4  
05 4 4  111 00 39 SR C P3 
05 45 0 111 0 1110 N O P  
111 5 4 6  0 0 ci 0 0  r-. o P  
I 
I 
0 5 4 7  vl 0 ? 1 0  L O M  2 /P UL S I N G F O R 5 1 7  M SE C ,  
0 5  48 "l 0? 25 Wh P 
0 5 4 9  '11 00 36 F ! M  P 2  0 / I R ( 4 l : 0 ,  J R ( 5 ) = 0  

0 0 0 00 
0 5 5 1 0 0 0 4 0 (' I M  P 4  1 1 / J R C 8 l = 0 ,  J R ( 9 l = 1 1  

0 0 0 1 1  
05 53 ;>1 01 16 DE L Y 1 ,  ! S i!  4 O E  L Y  1 

0 0(1, 4 1  
05 5'> 0 12' 1 1 7 ! S i!  O E  L Y 1 

0 0vl 4 1 
0 5 5 7  0 0 1 2 1il ! S i!  8 DE L Y 1  

0 00 4 1  
0559 0 00 80 JM S SB R 1  

0 0 1 6 4  
0 5  6 1  0 0tll 8 0  JM S  SB R2 

0 0 1 7 1 
05 63 0 01 2 1 I S  i! 9 DE L Y 1 

111 00 4 1  
0 5 6 5  0 0 2 0 8  L D M  0 
'11 5 66 '11 02 25 WM P 
05 6 7  0 '11111 36 F' I M P2 1 28 / I R ( 4 ) : 8 ,  I R ( 5 )  = 0 

0 '111 28 
05 69 0 00 80 JM S S8 R1 / RE AO 0 EL AY < 5 ,  6 MS l 

0 01 64 
0 5 7 1 0 00 80 R E A D , J M S  S B R 1  R E A D  D E L A Y  

0 0 1 6 4  
05 73 0 f'! Gl 96 I N C  0 
05 7 4  0 0 0 9 6  I N C  111 
05 75 0 0 111 3 3  S R C P 0  
0 5 7 6  0 0 2 3 4 R O R  
0 5  7 7  0 00 37 SR C P2 
0:; 7 8  '11 02 2 5  W M P  
05 79 0 1111 8 3 XC H / LS 4 -B I T S , 17 0 1  O U T P U T D A T A  
0 5 8 0  0 02 1 2  L O M  4 
0 5 8 1  111 0 1 3 2  A D O  4 
05 82 0 0 1 80 XCH 4 
0 5 8 3  0 0 0 9 6  I N C  111 
05 84 0 00 3 3  S R C  P 0  
0 5  85 0 111 234 RD R 
0 5 8 6  0 '110 3 7  S R C  P 2  
0 5  87 0 02 25 W M P  
05 8 8  0 01 82 X C H  / MS  4 S , 1 7 01 O UT P U T  D A TA 
05 89 0 0209 LDM 1 
0590  0 01 76 X C H  0 
05 9 1  0 0 0 3 3 S R C  P 111  
0 5 9 2  0 0 2 3 6  R 0 21  
IIJ 5 93 0 01 78 X C H  / M S  4 -B I T S , I NP UT D AT A  
0 5 9 4  0 '11 2 3 7  R D l  
05 95 (1!'111 7 9  X C H  3 I LS 4 -8 I T S , I NP UT D A T A  
1115 96 0 00 8 1  JM S CO M P  R 

0 0 111 3 3  
0 5 9 8  0 0 0 20 JC N At A O C H K  

0 0 "1 9 0  
06 00 111 00 6 6  JU N R P R G M  

111 0 1 6 2 
11) 6 ,'] 2  111 0 0 32 A O C H K ,  F' l "1  P0 II) 

0 00 IIJ0 
0 6 0 4  l'l 0Cll 3 3 SR C  P0 
0 6 0 5  0 0 2 3 6  R D 0  



1116 1116 111 1111 79 X C H  3 1116 86 0 A0 3 4  F'HER , F' I  M P1 1 98 / I R < 2 h1 2 ,  J R < 3 ) :6 ,  ( F' ) 
1116 1117 1!10 237 R D 1  A 01 98 
IJ6P8 1!1 0 1 78 X C H  2 111 6 88 ' 00 0 811! J M S  PR I N T  
1116 09 1!1 02 38 R D 2  1!101 78  
1!1611!1  0 0 1 8 3  X CH 7 0691!1 !/HIJ034 F' I M P1 1 97 / I R (  2 >  •1 2 ,  I R <  3 1  •5 , ( £ ) 
06 11  1!1 02 39 RD 3 1 !101 97 
061 2 lll 1!1 1 A2 X C H  6 0 6 92 0 0 0 811! JH S PR I N T  
0 6 1 3 0 01!1 8 1  JH S COHP!l 0 A1 78 

0 00 33 1!1694  0 00 3 4  F' I  M P1 1 60 / I FH 2 l =1 1/J ,  J R ( 3 > •0 ,  ( S P l  
fl 6 1 5  0 0 1!128  JCN  A N  I NA DR 0 01 60 

0 01 24 1!1 6 96 0 00 80 J H S  P R I N T  
06 17 0 0A 80 ST B ,  JH S CR LF' 0 0 1 78 

0 0 2 2 6  0698  0 Pl1 92 BB L Ii!! 
1!1619  0 00 34 F' I  H P1 7 0  / I R ( 2 l = 4 ,  I R  ( 3 > • 5 , ( F' )  I 

0 00 7111 I 
1116 2 1  0 00 8 111  JM S PR I N T  1!1699 0 0A 81 L I ST R ,  J MS PR I N A  

0 01 78 0 01 71 
111623 00032  F' I  H PIii  3 2 07 01 fll APl 34 F' I H  P l  1 60 / I  R (  2 >  : 1 £1 ,  I R (  3 )  •Iii , C S P >  

0 0 111 3 2  111 01 60 
111625 0 00 33 S R C  PIii  07 03 0 Pl0 8PI JM S PR ! N T  
111626  0 0 2 0 8  LO H 0 0 111 1 7 /l  
06 27 1!1 02 28 WR 0 0 7 0 5  0 111111 3 4  F't H P 1  1 94 / I R 1 2 > = 1 2 ,  J R < 3 > =2 ,  ( B  > 
1!16 28 1!1 1112 2 9  WR 1 0 01 94 
1!1629  00 2 30 W R 2  111 7 0 7  0 0 0 8 0  J M S  PR l � T  
0 6 30 111 00 36 F' I M  P2 0 0 0 1  78  

0 00"00 07 09 0 02 22 L D M  1 4  
1116 32 0 0 0 8 1  JM S CL R A M  0 7 1 0  0 111 1 8 6  X C H  1 111  / S E T B I T  COUNTER  

111 00 64 07 11  0 111111 44 F' I M  P6 4 8  I I R < 12 > = 3 , I R (  13 ) : 0  
111634  0 00 6 4  JUN S T A 1  0 1110 4 8  

0 00 05 0 7 1 3  0 0220  SE CO N ,  L O H  1:' 2  
111 6 3 6  0 00 3 6  I N AO R ,  F' J t1  P2 ill /A DD RE SS I NC RE M E NT 1117 14 0 01 82 X C H  6 

A 00 fll0 0 7 1 5 0 01 114 5  S R C  P 6  
0 6 38 0 011181  J M S  CL R A M  111 7 1 6  0 0234  R O R  

0 1110 64 111 7 1 7  0 0245  �O U T ,  R A L  
0 6 4 111  0 00 3 2  F' I  M PIil  / I R < 0 l =III ,  J R ( 1 ) :3 0 7 1 8 0'111 9 111  X C H  1 4  

0 0 0 1113 111 7 1 9  0 (110 2 6  JCN Ci! P R N T lll  
0 6 4 2  111 00 3 3  SR C  F 0  0 02 15 
1!16 4 3  0 0 2 1119 L D M  1 1!17 2 1  0 1110 3 4  F' l  M P i  2:l'8 / ! R ( 2 ) : 13 ,  I R <  3 >  =fi:I , <P > 
06 44  PH'J224 WRH 0 Pl 2 Cll8 
0 6 4 5  0 0Pl 8 1  JMS A OO T N  07 23 0 0 (11 80 JMS PR I N T  

I U0 46 0 01 78 
1!1647  0 0 0 32 f" J M P(II 0 0 7 25 0 0(11 66 JU N NE XT 2 

0 00 00 0 0 2 1 9  
06 49 0 00 36 F' I  M P 2  4 8  / I R < 4 > = 3 ,  I R  < 5  > • 0  07 27 0 0 0 3 4  P R  NT N ,  F" ! M  P 1  2�6 / I R <  2>  = 1 2 ,  I R C 3 > = l 4 , ( N l 

111 00 4 8  0 02 06 
06 51 0 02 18 L O M  10 07 29 0 0080  Jl'I S PR I N T  
1!1652  0 0 1 8 2  X C H  6 0 0 1 7 8  
1!1653  0 011l 33 ST OR 1 ,  SR C pr,, 1!1731  0 0 1 9 111  N E X T 2 ,  XCH  14 
06'54 0 0233 RO M 0732  111 01 1 8  ! S i!  6 PO T A T  
06 55 0 1110 37 S R C  P 2 I/J 02 05 
0656  00224  WR M 0 7 3 4  fll lll 1 7 2  L O  1 2  
06 57 0 (110 97 I N C  1 1!1735  00248  O A C  
0658  lll lll 1 '1J1 I N C  5 0 7 36 0 0 1 8 8  X C H  12  
0659  0 0 1 1 8  ! S i!  6 ST Of\1 1!1 7 3 7  0 0 1 22 ! S i!  1 0  S E CON 

0 0 1 4 1  0 0 2 0 1  
1!16 6 1  0 00 3 2  F' I M  P0  0 0739  0 00 3 4  f" J H  P 1 1 98 / I R < 2 1 = 1 2 ,  J R ( 3 ) :6 ,  ( F' ) 

Pl 00 11l0 0 0 1 98 
1116 63 0 0 0 33 SR C PIil 07 4 1 0 00 80 JM S PR ! N T  
0 6 6 4  0 0 2 3 6  R 0 0  Pl 0 1 7 8  
0 6 6 5  0 02 42 I A C  0 7 4 3 0 00 34 F' l  M P1 1 87 /I R <  2 )  = 1 1 ,  ! R < 3 > =1 1 ,  < SC > 
06 6 6  00228  W R 0  0 0 1 8 7  
1!16 67 0 11!2 08 l,OM  0 1!17 45 0 00 80 JM S PR ! N T  
1!1668 0 0 1 78 XC H 2 lll lll l  7 8 
1!16 69 0 0237 R 0 1  0 7 4 7  0 01 2 7 ! S i!  1 5  A I N C  
0 6 7 0  0 11!1 30 ADO  2 0 0245  
1!1671  0 1112 29 WR 1 07 49 fl! 02 20 LO M 12 
1!16 7 2  21 00 6 4  J U N  P R C M l.  0 7 5111 111 0 1 9 1  X t'; H  1 5  

0 00 83 0 7 5 1  0 00 AIIJ J M S  CR LF"  
1!1674 0 01 2 2  RPR G H , ! S i!  1 0  P R G M A  1110226 

0 0 1 68 0753  0 0 0 8 0  JMS LF'  
06 76 111 0 0 80 JM S E R RO R  0 0 2 3!'1 

0 0 1 35 0 7 5 5  0 0 0 6 6  JU N A O C H K  
06 78 0 111065 JU N PR ! N L  0 0 0 9 0  

0 1!11 62 07 57 0 0034  A I NC , f l M P1 160  / SP A C E  1!1 6 811! 0 00 34 PRGH A ,  F" I M  P 1  1 64 / I R ( 2 > =U l ,  ! R ( 3 ) c4 ,  ( O S >  f11 Pl 1 6 11J  
111 01 64 0 7 59 0 0 0 80 JM S PR I N T  

0682  IIJ !llllJ !.10 J M S  P R I N T  111 0 1 7 8  
0 0 1 78 0 7 6 1 0 0 0 3 4  F" T M P 1  160  / S P A CE 1!16 84 0 (110 66 JUN PR GRH lll 0 1 6 111  
0 00 30 0763  lll 011! 80 J MS PR ! NT I 0 1111 78 

I 07 65 111 00 66 JU N AOCI-IK 
lll011l911l  

PROM and ROM Duplication and Verification Program (A0544) 

Refer to the MCB4-20 description (Append ix E )  for a description of this program's use. 

llllllllllll 0 01!1 00 NOP 0 0 2 0  0 1!1 1 7 3  LO 1 3  L O A D  R O M  A OR L • A C  
flllll lll 1  1!1 0 0 01!1 NOP 0 111 21 111 02 26 WR R WR [ T E RO M A O R  L (O P Ill )  
1!11!1 0 2  111 0 0 1 7 ST AR T ,  JCN  Ti! S T A R T  / WA  [ T  r o R  T E S T  0 0 2 2  1 !10 0 96 I N C  0 I SE T SR C • R O M  1 <·R OM A DR H )  

0 1110 0 2  1110 23 0 00 33 SR C PIil I SEND R OH 1 < OP 1 >  
llllll 0 4  0 0 0 4 6  F' I H  P 7  1 9 2  / S E T  P AS S  C T R  = 4 01!124 1!1 1!11 72 LO 1 2  I LO AD R OM A DR H - A C  

111 0 1 92 0 025 002 26 WR R I WR I T E  RO M A O R  H < O P  1 l  
llllll06 1!1 1!1 0 3 2  F' I M  P 0  " I S E T  S R C  • R A M  Ill 0026  111 00 3 2  F' [ M  PIil 6 4  I SE T SR C - R A M  1 < R OM C S >  

0 1!1 0 00 111 0 0 6-4  
01!108  0 00 3 3  S R C  P 0  I SE ND R AM 0 I 
0 1!1 09 0 111 2 1 0  L D M  2 I L OAD S TA R T L A HP B I T 1!11!1 28 0 00 33 SR C PIil I SE ND R AH 1 
0 1!1 1 0  111 02 2 5  W M P  I ST AR T L A MP ON ( 1!1 01 l 01!129  0 02 1 6  L O H  8 I LO AD R OH C SB I T  
00 11 0 01!1 96 I N C  0 I S E T  SR C • R O H  1 I 
flllll 1 2  111 0 0 33 S R C  P Iil  I SE ND R OM < I P 1 > 011130 111 02 25 WM P / EN AB LE R OM C S  ( 0 13 > 
1!11!113 1!1 1!1234 RO R / RE AO M OD E  SE LE CT < IP 1 l  0 031 0 0 0 8 0  JM S DL YT O /R OM R EA D  DELA Y ( 1 0 MS l 
1!1 0 1 4  0111 1 9 1  X CH 15 /S T ORE  M ODE  S E LE CT < R 1 5 1  0 01 90 
00 1 5  0 00 44 F' I  H P6 0 /C LE AR R OM A OR R EG 00 33 0 00 32 F'I H P0 3 2 I SE T SR C • RO M 2 C R OM O AT A u 

0 0011Jlll  0 00 32 
111 0 17 fll l!IB 32 RO MA O ,  F' I M P 0  Ill I SE T SR C • RO M Ill < R OM A DR L )  01!1 35 0 00 33 SR C P0 I SE ND R OM 2 < IP 2 l 

111 001/lfl 111036  0 1112 3.4 RO R I RE A D  R OH D A T A  L _  < I P  2 )  
1!10 19 1!1 00 33 SR C PIii I SE NO R OM 0 < OP Ill l 1110 37 0 02 4 4  CM A I CO MP LE ME NT O H  A 

168 



00 38 0 01 87 
00 39 0 00 96 
00 4111 0 00 33 
0 0 41 0 0 2 34 
0 0 4 2  0 02 4 4  
0 0 43 0 01 86 

• 0 0 4 4  0 00 3 2  
0 00 64 

1110 4 6  11l 00 3 3  
0 047 0024 0 
0111 48 11l 0� 25 
0111 49 0 02 40 
00 50 0 11l1 75 
00 51 0 02 46 
0 0 52 0 0 11!1 8  

0 00 78 
011154  0 0 2 4 6 
0 0 55 0 0 0 1 8  

0 00 78 
0 0 5 7  0 02 4 6 
00 58 0 0 0 26 

0 00 71  
0060  00032  

0 00 32 
0 0 6 2  0 00 3 3  
0 0 63 111 0 1 71 
0 0 64 111 02 26  
0 0 65 0 00 96 
0 0 6 6  0 00 33 
00 67 0 01 7111 
0 0 68 0 0J2 26 
00 69  0 00 64 

0 0 1 22 
BIIJ 71 0 0 11l 32 

12' 00 00 
11lllJ 73 0 00 33 
0 0 7 4  0 0 2 40 
00 75 0 02 25 
0 0 7 6  0 00 6 4  

111 00 02 
0 0 7 8  0 0 0 3 2  

0 0 0 32 
111080  0 0033  
0 0 8 1  0 01 71 
lll08 2  0 0 2 26 
00 83 0 00 96 
0 0 8 4  0 0 0 3 3  
00 85 0 0 1 70 
00 86 0 02 26 
0 0 8 7  0 0 0 8 0  

0 0 1 90 
0 0 8 9  0 0 2 4 0  
0 0 9 11l  0 11l 1 75 
0 091 002 46 
0 11l 9 2  0 0 0 1 8  

0 00 99 
00 94 0 02 4 6  
0 0 95 0 0 0 1 8  

0 01 10 
11l0 97 0 0 0 64 

i11 0 11l 7 1  
00 99 0 0032  

0 00 64 
0 1 0 1  0 0 0 33 
0 1 0 2  0 111 2 10 
01 03 0 02 2 5  
0 1 04 0 00 8 0  

l1l l1l2 00 
0 1 0 6  0 0 2 0 8  
01 07 0 02 25 
0 1 0 8  0 0 0 6 4  

if 01 22 
0 1 1 0  111 00 3 2  

0 0 0 6 4  
01 1 2  0 00 3 3  
0 1 13  00 2 1 2  
0 1 1 4  0 02 25 
0 1 15  0 00 80 

0 0 2 15 
0 1 1 7  0 02 0 8  
0 1 18 0 00 32 

0 00 6 4  
01 20 0 00 33 
0 1 2 1  0 02 2 5  
0 1 22 0 0 0 8 0  

11l 0 1 90 
0 1 2 4 0 0 0 3 2  

0 00 32 
1111 26 0 00 34 

0 0 1 28 
0 1 2 8  0 0033  
0 1 29 0 0 2 3 4  
0 1 30 0 00 35 
01 31 0 02 25 
0 1 3 2  0 0 1 8 5  
1111 33 0 00 96 
01 34 0 02 12 
0 1 35 0 0 1 30 
0 1 36 0 01 7 8  
01 37 0 00 33 
01 38 0 02 34 
01 39 0 00 35 
0 1 4 0  0 02 25 
01 41 0 01 84 
0 1 42 0 0 2 4 1  
01 43 0 01 71  
0 1 4 4  0 01 53 
0 1 45 0 0 0 28 

111 0 1 55 
01 47 0 02 41 

MODE , 

ST OP , 

DUP ,  

PGMA , 

PG M0 2 ,  

COMP , 

XC H 11  
I N C 0 
SR C PIii 
R D R  
CM A 
X C H  1 0  
F" I  M P Iil  6 4  

SR C P Iii  
CL B 
W M P  
CL B 
LO 1 5  
RA R 
J C N  C1 D UP 

R A R  
J CN C1 DUP 

R A R  
J C N  C0  S TOP  

F' I M  P Iii  32 

SR C P0 
LO  1 1  
W R R  
I N C  0 
S R C  P0 
LO 1 0  
WR R 
JU N C O MP 

F' l  M P0 0 

SR C P0 
CL B 
WM P 
J U N  S T A R T  

F" I M  P 0  3 2  

S R C  P 0  
LO  1 1  
WR R 
I N C  flJ 
S R C  P 0  
LO 1 0  
WRR 
JM S DL Y T O  

CL B 
LO 1 5  
R A R  
J C N  C l  P G M A  

R A R  
J CN Cl  P GMl1l2 

JUN  S T OP 

F' I M  P0 6 4 

SR C Pli'l 
L D M  2 
WM P 
JMS  DL Y A  

L D M  0 
WM P  
J U N  COMP  

F' I M  P0 6 4  

S R C  PIii 
L D M 4 
WMP  
JM S DL Y 0 2  

L D M  l1l 
F' I M  PIii 6 4 

SR C  PflJ 
WM P 
JMS DL Y T O  

F' I M  PIil 3 2  

F" I M  Pl 1 28 

S R C  P Iii  
R D R  
SR C P1  
WM P 
X C H  9 
I N C  0 
LD M 4 
A D D  2 
X C H  2 
SR C P0 
RD R 
SR C Pl 
WM P 
X C H  8 
CL C 
LO 1 1  
SU B 9 
JC N AN N OC MP 

CL C 

/ ST O R E  R O M  D A TA L < R1 1 )  
/ SE T SR C - RO M  3 CR OM D AT A H >  
/ SE ND  R OM 3 ( I P  3 > 
/ R E A D  R OM D AT A  H C I P  3 )  
/ CO MP LE ME NT D AT A  
/ ST OR E  RO M DA T A  H C R  L 0 l  
/ SE T SR C - R A M  1 C R OM C S >  

/ S E  N D  R AM 1 
/ CL E A R R O M  CS B I T  
/ D I SA BLE RO M C S  ( 01 3 > 
/ CL E A R  AC , CY 
/L O A D  MO DE S EL EC T  - AC 
/ CH EC K 1 7 02 A MO DE 
/ JUMP I F'  CY = 1  - DUP  

C H E C K  1 7 02 M OD E  
JU MP I F'  CY =1  • DUP 

/ C H E CK C OM P A RE M OD E  
/ JUMP  I F'  C Y  = 0 - S TOP  

/ S E T  S R C  - ROM  . 2  C R OM  DATA  L >  

/ SEND  R OM 2 < I P 2 )  

/ WR I T E  R O M  D A T A  L 
/ SE T SR C - ROM  3 C R OM D AT A H ) 
I SEND R OM 3 C I P 3 >  

/ WR I T E  R O M  OA T A  L 

/ SE T SR C - R A M  0 

/ SE ND R AM 0 
/ CL E A R  AC , CY 
/ S T AR T LA M P OF' F' ' < 0 01 )  
/ JUMP T O  S T A R T  

/ SE T S R C  - RO M 2 < P RO M  D A TA I N  L >  

I SE ND R OM 2 C OP 2 )  
/ L OA D R O M  DA TA  L - A C  
/ W R I TE  P R O M  D A TA I N  L C O P  2 >  
/SET S RC - R OM 3 ( PR OM D A T A  I N  H > 
/ S E N D  ROM  3 ( O P  3 >  
/ LO AD R OM D AT A H - AC 
/ WR I TE PROM D AT A  IN H C OP 3 )  
/ D A T A  S ET TL E  DE L A Y  < 1 0  MS > 

/ C L E A R  A C , C Y  
/ L O A D  M O D E  SE L E C T  - A C  
/ C H E CK 17 02 A MO DE  
/ JUMP I F'  CY = 1  - P G M A  

/ CH E C K  1 7 02 M OD E  
/ JUMP I F'  C Y = l  - P R O G R A M  1 70 2  

JUMP • S TO P I F' N O T  P G M  MODE 

/ SE T SR C - RAM 

I SE ND R AM 1 
/ L O AD R /W A  B I T 
/ EN A B LE 1 70 2A P GM ( 01 1 )  
/ PGM  T I  ME ( 5 1 7  MS l 

/ C L E A R  R / W A  B I T  
/ D I SA BL E  1 7 02 A  PG M ( 0 1 1 ) 
/ JUMP • COM P 

/ SE T SR C - R A M  

/ SE ND R A M  1 
/ L O AD R /W 02 B I T 
/ E N A B L E  �702 PGM  ( 0 1 2 )  
/ PR OG RA M  T I ME C 5 ,  6 SE C >  

/ CL E A R  R / W  02 B I T  

/ D I S A BL E  1 7 0 2  P GM < 01 2 > 
/ D A T A  SE T T LE T I ME C l OMS >  

/ SE T SR C - ROM  2 ( P ROM  D A T A  O U T  L l  

SE T SR C  - RAM  2 < D AT A  DS PL Y >  

I S E N D  R O M  2 ( ! P 2 l 
/ R E A D  P RO M  D A T A  O UT L C I P 2 l  
/ SE ND R AM 2 ( PR OM D A T A  OU T DSPL Y L 
/ WR I T E  PR OM D AT A  OU T DS PL Y L C 0 2 )  
/ S T OR E PROM  D A T A  OU T L ( R 9 >  
/ SE T SR C - RO M 3 C P RO M  D A TA O U T  H l  
/ LO AD  1 64 ' B I T  F' O R  R A M  3 SR C  
/ S E T  S R C  - R AM 3 
/ L O AD S RC H 
/ SE ND R OM 3 C ! P 3 >  
/ RE AD P R 0 11  D A T A  O UT H C ! P 3 )  
/ S E  ND R A M  3 C P R  O M  D A T  A OU T O S  P L  Y H > 
/ WR I T E  PR OM D A T A  OU T OS PL Y H < 0 3 )  
/ ST OR E  PR OM D AT A  OU T H C R 8 l  
/ CL E A R  CY 
/ LO AD R OM D A T A  L - AC 
/ SU B PR OM D AT A OU T L 
/ JUMP I F'  DA TA  L N O  C O MP 

/ CL EA R CY 
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01 48 0 01 70 
01 49 0 01 52 
1111 50 0 0 2 4 1  
01 51 0 0 0 28 

LO 1 0  / L O  A D  R OM D AT  A H - AC 
SU B 8 / SU B PR OM D AT A OU T L 
CL C / CL EA R CY 
JC N AN N OC MP / JU MP I F'  DA TA H N O  CO MP 

0 01 55 
01 53 0 00 64 

111 01 68 
01 55 0 1111 26 

4 T H  

JU N I N AO R  / JU MP - ! NA DR I F'  DA T A  C OM P  

NO CM P ,  ! S i! 1 4  M OO E  / I N C  PA SS C TR , JU MP -M OD E I F'  N OT 

0 00 49 
0 1 5 7  0 0034  

0 00 00 
01 59 0 00 35 
01 60 0 02 14 
01 61 0 02 25 
01 62 0 00 17 

E R RO R ,  F' I M  P1  0 

SR C P1 
LD M 6 
W M P  

WA I T , JC N H W A I T 
0 01 62 

01 64 0 r.,2 10 
01 65 v'! 02 25 
01 66 "1 02 20 
0 1 6 7 0 0 1 90 
I 

I 
I 

LO M 
WM P 
U) M 12 
X C H  14  

0 1 68 0 0 1  ?3 
0169 0 0 2 4 1  
01 70 0 02 42 
111 1 7 1  0 01 89 
0 1 7 2  0 00 18 

I N AD R ,  LO 1 3  
CL C 

0 0 1 76 
01 74 0 00 64 

! A C  
X C H  13 
JCN C l  1 R A H  

JU N RO M A O  
P.1 0 0 1 7  

0 1 76 0 0 1 72 
0 1 7 7  0 02 4 2  
01 7 8  0 01 88 
0 1 7 9  0 0 2! 1 8  

P:i AH , LO  1 2  
! A C  
X C H  12 
JCN C 1  F' I N  

J U N  R O M A D  
0 0 1 83 

0 1 8 1  0 00 6 4  
0 091 17 

01 83 0 00 34 
0 0?! 00 

01 85 0 00 35 
0 1 86 0 02 16 
01 87 0 02 25 
01 88 0 00 64 

F' I N ,  F' I M  P l  0 

S R C  P1  
L D M  8 
WM P 

I 
I 

0 00 02 

/SUB ROUT I N ES 
I 
I 

JU N ST AR T 

111 1 9 0  0 0 0 3 8  DL Y T D ,  F' I M  P3 0 

0 1 92 
01 93 

0 1 95 
01 96 
0 1 97 

0 00 00 
0 00 00 TL T ,  
0 01 19 
0 0 1 92 
0 00 1110 
0 00 00 
0 0 1 18 
0 0 1 92 

NOP 
!S i! 7 TL. T 

N O P  
N O P  
I S  i! 6 TL T 

0 1 9 9  
0 2 0 0  

0 0 1 9 2  B B L  0 
0 0034  DL Y A ,  F' ! M  P 1  
0 00 00 
0 0036  
0 00 11  
0 0 1 1 4  TL A ,  
0 0 2 04 
>'! 01 1 5  
0 0� 04 
0 0 1 1 6  
0 02 04 
0 00 80 
0 01 90 
0 0 1 17 
0 02 0 4  

F' I M  P 2  1 1  

! S i!  TL A 

I S i!  T L A  

! S i!  4 T L A  

J M S  D L  Y T O  

! S i!  5 TL A 

0 2 0 2  

111204  

02 06 

0 2 08 

0 2 1 0  

02 1 2  

0 2 1 4  
02 15 

0 0 1 92 BB L 0 
0 0032 DL Y 0 2 ,  F' I M  P 0 4 

02 1 7  

02 19 
0 2 2 v'!  

0222 

0 0 0 04 
0 0 1 1 3 TL 2 ,  
0 0 2 20 
0 01 92 
0 00 8::l A ,  
0 02 00 
>'! 00 64 
0 0 2 1 7  

SY MBOL T AB L E : 

A 
COMP 
D LY 02 
D L Y A  
D LY TO 
Q U P  
E R R OR 

0 02 20 
0 0 1 2 2  
0 02 15 
0 02 0 0  
0 1211 90 
0 0 0 7 8  
0 0 1 57 

IS i! 1 A 

B B L  0 . 
J-MS DL Y ,\ 

JU N TL 2 

F' I N 
J N A D R  
I RA H 
M OO E  
N OC MP 
P GM02  
P G M A  

0 0 1 83 
0 0 1 6 8  
0 121 1 76 
0 00 4 9  
0 >'!1 55 
0 1'1 1 1 0  
0 1'10 9 9  

I SE T S R C  - R A M  �R OR L AM P )  

/ S E  N D  R A M  0 ,/·· 
/ LO AD  E RR OR L AM P ON B I T  
/ ER RO R L A MP O N  C 0 02 l. 
/ CO NT I N UE I F'  TE ST P RE SS ED 

/ LO AD E �R OR l Ap.t P  OF F' BJ T 
E R R O R  LA MP O F'F' C 02l 2 l  
RE SE T P A SS C TR = 4 
L O AD P AS S  C T R  

/ L O A D  R OM A DR L - A C  
/ CL E A R  C A R R Y  
I I N C  ROM  AD R L 
/ ST OR E NE W ROM  AD R L 
/ J U MP - I NC R O M  A OR H I F'  O V F'L  

/ JU MP - R OM A DR D AT A 

/ L O A D  R OM A DR H • A C  
/ I N C R O M  AD R H 
I S T O R E  �E w ROM  A D R  L 

LO AD F' I N I S H  L A MP B I T  
F' J N ! SH L AMP O N 

/ DE L A Y  T I ME O U T  

/ DE L A Y  A 5 1 7M S  

/ DE L A Y �?. = 5 , 6 SE C 

/ ( L OO P  S[ T = 11 l 

R OMAO  
S T A R T  
S TO P 
T L 2  
T LA  
T L T  
W A I T  

0 0 0 1 7  
0 1210 02 
0 00 71 
0 121 2 1 7  
0 02 04 
0 0 1 9 2  
00 1 62  

9 , 08 M S  



INTEL MICRO COMPUTERS 

POINT-OF-SALE 
TERMINALS 

Staid, I nc. of Cassel berry, Florida is usi ng I ntel 
micro com puters to bund advanced point-of­
sale terminals fo r a large chain of cafeterias in  
the  Southeast. O perated by  the  cash ier, the  ter­
minal  automatically enters item prices, totals 
items, adds taxes, prints a sales s l ip, d ispenses 
change, adjusts the inventory of each item as it 
is sold ,  and transmits a l l  th is information to cor­
porate headquarters. It can hand le 1 00 separate 
items and is expandable to accommodate 200. 
Staid says the I ntel micro com puter on only two 
PC cards does the work of about a dozen cards 
of random logic, and increases estimated rel ia­
bi l ity by an order of magn itude. Cost reductfon ,  
com pared to random log i c, is est i mated to 
range from 20% to 30% . 
Since the micro computers are programm�d by 
I ntel PROMs, Staid can produce point-of.;.sale 
terminals for the othe r  types of busi nesses that 
have d iffe rent requ i rements without redesign.  
They simply change the PROMs to make the 
te rminal perform accord ing to the new cus­
tomer's requ i rements. Obviously, th is saves a 
lot of money and enables them to del ive r sys­
tems soon after rece ipt of order. 
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DATA 
COMMUNICATIONS 

PROCESSING 

Action Commun ication Systems of Dal l as used 
Inte l micro computers as front-end processors 
in this h igh-speed d ial-up communications con­
trol ler bu i l t  for The Bekins Company. 
Action adopted I ntel micro computers in  order 
to save both development t ime and system cost. 
The Bekins system was fu l ly developed and de­
l ivered only 90 days after Action decided to use 
I nte l micro computers. And Action estimates 
they saved about $1 0,000 in over-al l cost. 
The Bekins contro l l e r, l ocated i n  G lenda le ;  
Cal ifornia,  is  the heart of  a nationwide multi­
term inal system that carries admin istrative mes­
sages, f inancial  data, shi pping notices and cus­
tomer inqui ries. A micro computer on each of 
fives l i nes puts messages in a binary synch ro­
nous format, checks for errors, and signals for 
re-transm ission when an error is detected. 
Act ion  used I ntel 's standard S I M4-02 m ic ro 
computer boards in the system, and d id  the 
f inal programming with I nte l 's electrical ly-pro­
grammed PROMs. I ntel 's Micro Computer Sys­
tems Group worked very closely with Action in  
both the  design and debugging phases of  the 
project. 



COMPACT 
BUSINESS 
MACHINES 

This general-purpose data processing machine 
for smal l  businesses is bui lt by Omni Electron­
ics using an Intel m icro computer as the heart 
of the system .  Su itably p rogrammed, th is ma­
ch ine  w i l l  tabu late accounts, type i nvoices, 
write checks, and even produce personal ized 
form letters. 
Omni  says they saved about $3,000 by using an 
Intel micro computer in  place of a min i .  More­
over, the micro computer enabled them to re­
duce the whole system to typewriter size. 
They say the micro computer has even more 
speed than they need, and offers the extraord i­
nary re l iabi l ity they requ i re in  this appl ication. 
I n  addit ion to the Intel integrated CPU, wh ich 
does al l  central processing, the machine uses 
I nte l 's e lectr ical ly-p rog rammed PROMs for 
bootstrap p rogra m m i ng and I ntel 's 21 02 N­
channel 1 024-bit MOS RA Ms as the centra l  
memory, a memory which stores u p  to 1 6K 8-bit 
bytes. Peripheral memory is suppl ied by one to 
eight Omni  tape decks, which store 1 5,000,000 
bits per cart ridge. 
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PROCESS 
CONTROL 

An Intel m icro computer does a l l  the th ink ing for 
th is automat ic  bottle- load ing  mach i ne .  The 
micro computer, bu i lt by  Comstar Corporation 
of Edina, M innesota, for Conveyor Special it ies, 
tel ls the mach ine how to load bottles of different 
s izes and when to perform each step in the 
load ing process. 
The l ittle computer in  a 6" x 6" x 1 ½" space 
replaces several racks of counters,  t imers and 
relays that would otherwise be requ i red. Ac­
cord ing to Comstar, the computer's flexible pro­
gramming is a major  advantage. Programs on 
PROMs can be changed in  half an hour. 
Comstar est imates that the m icro computer 
halved the cost of the control portion of this 
system,  and reduced the time requ i red to bui ld 
it by a factor of two or th ree. The company is 
now bui ld ing other types of systems with Intel 
m icro computers, inc luding an automatic meat 
weighing and packaging mach ine. 



SALES O F FICES 

NATIONAL 

SALES MANAGER 

CALI FORNIA 

Hank O'Hara 
3065 Bowers Avenue 
408/246-7501 TWX :  91 0-338-0026 
Telex: 34-6372 

Santa Clara 95051 

ARIZONA 

Engineering Sales 
7 1 55 E. Thomas Road, No. 6 
602/945-5 781 
Scottsdale 85252 

CALI FORNIA 

Jess Huffman 
3065 Bowers Avenue 
408/246-7501 
"Santa Clara 95051 

Jerry Plymire 
3065 Bowers Avenue 
408/246-7501 
•Santa Clara 95051 

John A lfoldy 
1 7401 lrvine B lvd., Suit· K 
71 4/838-1 1 26, TWX: 910-595-1 1 1 4 
•Tustin 92680 

Jim Saxton 
1 7401 Irvine Blvd., Suite K 
7 14/838-1 1 26, TWX: 910-595-1 1 1 4 
*Tustin 92680 

Dave Neubauer 
17401 Irvine Blvd., Suite K 
71 4/838-1 1 26, TWX: 910-595-1 1 14 
•Tustin 92680 

Earle Associates, Inc. 
4433 Convoy Street, Suite A 
7 1 4/278-5441 
San Diego 921 1 1  

COLORADO 

Waugaman Associates, I nc. 
4643 Wadsworth, Suite C 
303/423-1020, TWX :  91 0-938-0750 
Whaatridge 80033 

•Direct Intel Sales Office 

EUROPEAN MARKETING 

HEADQUARTERS 

BELGIUM 
Jens Paulsen 
Intel Office 
21 6  Avenue Louise 
492003, Telex: 846-21060 
•Bruxelles 1 050 

EUROPEAN MAR KETING 

OFFICES 
FRANCE 

Intel Office 
Cidex R-1 41 
94-534 Rungis 
I 11 677-60-75 
•France 

ENGLAND 
Intel Corporation 
Broadfield House 
4 Between Towns Road 
72992 

Cowley, Oxford 

CALI FORNIA 

William T.  O'Brien 
1 7401 Irvine Blvd., Suite K 
71 4/838-1 1 26, TWX : 910-595-1 1 1 4  

•Tustin 92680 

FLORIDA 

Semtronic Associates 
5100 DuPont Blvd., Suite 8E 
DuPont Towers 
305/782-1596 
Ft. Lauderdale 33310 

Semtronic Associates 
100 Maitland Avenue, Suite 2 1 6  
305/831-6851 
Altamonte Springs 32701 

ILLINQIS 

Mar-Con Associates, Inc. 
4836 Main Street 
31 2/675-6450 
Skokie 60076 

MARYLAND 

Barnhill and Associates 
1 931 Greenspring Drive 
301 /252-5610 
Timonium 21 093 

Barnhill and Associates 
P.O. Box 251 
301 /252-5610 
Glen Arm 21 057 

MASSACHUSETTS 

Bill D'Eramo 
594 Marrett Road, Suite 27 
61 7/861-1 1 36, Telex: 92-3493 
• Lexington 021 73 

Datcom 
7A Cypress Drive 
61 7/273-2990 
Burlington 01803 

AUSTRIA 

Bacher Electronische Gerate GmbH 
0222-93 01 43, Telex: (01) 1532 

Vienna 

B E LGIUM 

S.A. l nelco N.V. 
02/60.00.1 2, Telex: 25441 
Bruxelles 

DENMA R K  

Scandinavian Semiconductor Supply 
Aegir 5090, Telex: 1 9037 
Copenhagen 

FINLAND 

Havulinna Oy 
90-6 1 451 , Telex: 1 2426 
Helsinki 

U.S. R EGIONAL SALES OFFICES 

MASSACHUSETTS 

Myles Franklin 
594 Marrett Road, Suite 27 
61 7/861 - 1 1 36, Telex: 92-3493 
•Lexington 021 73 

U. S. SALES OFF ICES 

MICHIGAN 

Sheridan Assoc., I nc. 
33708 Grand R iver Avenue 
31 3/477-3800 
Farmington 48024 

MINNESOTA 

Carl Branger 
800 Southgate Office Plaza 
5001 West 78th Street 
61 2/835-6722 

*Bloomington 55437 

E.C.R.,  Inc. 
4004 W. 78th Street 
61 2/927-4547, TWX :  91 0-576-31 53 
Minneapolis 55435 

MISSOURI 

Sheridan Assoc., Inc. 
1 1 0 S. Highway 1 40, Suite 10 
31 4/837-5200 
Florissant 63033 

NEW JERSEY 

Addem 
Post Office Box 231 
51 6/567-5900 
Keasbey 08832 

NEW YORK 

Ossmann Components Sales Corp. 
395 Cleveland Drive 
7 1 6/832-4271 
Buffalo 1 42 1 5  

Addem 
37 Pioneer Blvd. 
5 1 6/567-5900 
Huntington Station, l.l . 1 1 746 

MINNESOTA 

Mick Carrier 
800 Southgate Office Plaza 
5001 West 78th Street 
61 2/835-6722 
•Bloomington 55437 

NEW YOR K  (Continued) 

Ossmann Components Sales Corp. 
280 Metro Park 
71 6/442-3290 
Rochester 1 4623 

Ossmann Components Sales Corp. 
191 1 Vestal Parkway E .  
607 /785-9949 
Vestal 1 3850 

Ossmann Components Sales Corp. 
1 32  Pickard Building 
315/454-4477 
Syracuse 1 321 1  

Ossmann Components Sales Corp. 
41 1 Washington Avenue 
91 4/338-5505 
Kingston 1 2401 

NORTH CAROLINA 

Barnhill and Associates 
6030 Bellow Street 
703/846-4624 
Raleigh 27602 

OHIO 

Sheridan Assoc., I nc. 
10 Knollcrest Drive 
51 3/761-5432 , TWX: 810-461 -2670 
Cincinnati 1 5237 
Sheridan Assoc., Inc. 
7800 Wall Street 
21 6/524�1 20 
Cleveland 441 25 

Sheridan Assoc., Inc. 
Shiloh Bldg., Suite 250 
5045 North Main Street 
51 3/277�9 1 1  
Dayton 45405 

PENNSYLVANIA 
Vantage Sales Company 
21 Bala Avenue 
21 5/667-0990 
Bala Cynwyd 1 9004 
Johr, Kitzrow 
21 Bala Avenue 
21 5/664-6636 
Bala Cynwyd 19004 

Sheridan Assoc., Inc. 
4268 North Pike, 
North Pike Pavilion 
41 2/373-1070 
Monroeville 1 5146 

TENNESSEE 
Barnhill and Associates 
206 Chicashaw Drive 
703/846-4624 
Johnson City 37601 

TEXAS 
Evans and McDowell Assoc. 
1 3333 N. Central Expressway 
Room 180 214/238-7157 
Dallas 75222 

Evans and McDowell Assoc. 
8814 Triola lane 71 3/777-1282 
Houston 77036 

VI RGINIA 
Barnhill and Associates 
P.O. Box 1 1 04 
703/846-4624 
Lynchburg .24505 

WASHINGTON 
SD.R2 Products and Sales 
1 4040 N.E .  8th Street 
206/747-9424 
Bellevue 98007 

EUROPEAN DISTRIBUTORS 

FRANCE 

Tekelec Airtronics 
626-02-35, Telex: 25997 
Paris 

GERMANY 

Ing. Erich Sommer 
Elektronik GmbH 
061 1 -55-02�9. Telex: 41 4069 
Frankfurt 

ISRAEL 

Telsys Ltd. Engineering Co. 
25 28 39, Telex: TSEE-I L 333192 

Tel-Aviv 

ITALY 

Eledra 3 S, 
(021 86-03-07 
Milano 

NETHERLANDS 

I N E LCO NV 
020 44 16 66, Telex: 1 2534 
Amsterdam 

NORWAY 

Nordisk Elektronik (Norge) 
602590, Telex: 1 6963 
Oslo 

SOUTH AFRICA 

Electronic Building Elements (PTY) Ltd. 
P.O. Box 4609 
Pretoria 

SWEDEN 

Nordisk Elektronik AB 
08-24-83-40, Telex: 1 0547 
Stockholm 

SWITZERLAND 

I ndustrade AG 
01 -60-22-30, Telex: 56788 
Zurich 

UNITED KINGDOM 

Wal more Electronics Ltd., 
01 -836-0201 , Telex: 28752 
London 

ORI ENT MARKET ING H EADQUARTERS ORI ENT DISTRIBUTORS 

JAPAN 

Y. Magami 
Intel, Japan 
Han-Ei 2nd Bldg. 
1 -1 ,  Shinjuku, Shinjuku-Ku 
03-403-4747, Telex: 781 -28426 
•Tokyo 160 

JAPAN 

Pan Electron I nc., 
045-471-8321 , Telex: 781-4773 
Yokohama 
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DISTRIBUTORS 

WEST 
ARIZONA 

Hamilton/Avnet Electronics 
1 739 N. 28th Avenue 
602/269-1 391 
Phoenix 85009 

Cramer/Arizona 
2816 N. 1 6th Street 
602/263-1 1 1 2  
Phoenix 85006 

CALIFORNIA 

Hamilton/Avnet Electronics 
340 E. Middlefield Road 
41 5/961 -7000 
Mountain View 94041 

Cramer/San Francisco 
695 Veterans Blvd. 
41 5/365-4000 
Redwood City 94063 

Hamilton Electro Sales 
1 09 1 2  W. Washington Blvd. 
21 3/870-71 7 1  
Culver City 90230 

Cramer/Los Angeles 
, 1 7201 Daimler Street 
7 14/979-3000 
Irvine 92705 

Hamilton/ Avnet Electronics 
881 7  Complex Drive 
714/279-2421 
San Diego 921 23 

Cramer/San D iego 
7719 Convoy Court 
71 4/279-6300 
San Diego 921 1 1  

COLORADO 

Cramer/Denver 
5465 E. Evans Place at H udson 
303/758-21 00  
Denver 80222 

Hamilton/Avnet Electronics 
5921 N. Broadway 
303/534-1 212  
Denver 8021 6  

N E W  MEXICO 

Cramer/New Mexico 
1 37 Vermont, N.E. 
505/265-5767 
Albuquerque 87108 

OREGON 

Almac/Stroum Electronics 
8888 S.W. Canyon Road 
503/292-3534 
Portland 97225 

UTAH 

Cramer/Utah 
391 W. 2500 South 
801/487-3681 
Salt Lake City 841 1 5 

Hamilton/Avnet Electronics 
647 W. Bill inis Road 
801 /262-8451 
Salt Lake City 841 1 5  

WASHINGTON 

Almac/Stroum Electronics 
581 1 Sixth Avenue South 
206/763-2300 
Seattle 98108 

Cramer/Seattle 
5602 6th Avenue South 
206/762-5755 
Seattle 981 08  

Hamilton/Avnet Electronics 
2320 Sixth Avenue 
206/624-5930 
Seattle 98121  

U. S. DISTRIBUTORS 

MID-AMERICA 
I LL INOIS 

Cramer/Chicago 
1 91 1  South Busse Road 
31 2/593-0230 
Mt. Prospect 60056 

Hamilton/ Avnet Electronics 
3901 North 25th Avenue 
31 2/678-6310 
Schiller Park 601 76 

INDIANA 

Sheridan Assoc., I nc. 
4 1 65 Millersville Road, Suite DI -C7 
31 7/542-0661 
Indianapolis 46205 

KANSAS 

Hamilton/Avnet Electronics 
3500 W. 75th Street, Suite 1 06  
91 3/362-3250 
Prairie Village 66208 

MICHIGAN 

Sheridan Assoc., I nc. 
33708 Grand River Avenue 
31 3/4 77-3800 
Farmington 48024 

Cramer/Detroit 
1 3193 Wayne Road 
31 3/425-7000 
Livonia 48150 

Hamilton/Avnet Electronics 
1 31 50 Wayne Road 
31 3/522-4700 
Livonia 48150 

MINNESOTA 

Cramer/Minneapolis 
8053 Bloomington F reeway, Suite 1 05 
61 2/881-8678 
Bloomington 55420 

Cramer/Bonn 
7275 Bush Lake Road 
61 2/941 -4860 
Edina 55435 

Hamilton/ A vnet Electronics 
4940 Viking Drive 
61 2/854-4800 
Minneapolis 55431 

I ndustrial Components, Inc. 
4004 West 78th Street 
61 2/927-9991 
Minneapolis 55431 

MISSOURI 

Sheridan Assoc., I nc. 
1 1 0 South H ighway 1 40, Suite 1 0  
31 4/837-5200 
Florissant 63033 

Hamilton Electro Sales 
392 Brookes Lane 
314/731-1 1 44 
Hazelwood 63042 

OKLAHOMA 

Cramer/Tulsa 
6336 East 1 3th Street 
91 8/836-3371 
Tulsa 741 1 2  

OHIO 

Cramer/Tri-States I nc. 
666 Redna Terrace 
51 3/771 -6441 
Cincinnati 45215 

Sheridan Assoc., I nc. 
1 0  Knoll crest Drive 
51 3/761-5432 
Cincinnati 45237 

Cramer/Cleveland 
5835 Harper Road 
21 6/248-7740 
Cleveland 441 39  

Sheridan Assoc., I nc. 
7800 Wall Street 
21 6/524-81 20 
Cleveland 44125 

Sheridan Assoc., Inc. 
Shiloh Bldg., Suite 250 
5045 No'rth Main St. 
51 3/277-891 1 
Dayton 45405 

TEXAS 

Cramer Electronics 
2970 Blystone 
2 1 4/350-1355 
Dallas 75220 

Hamilton/Avnet Electronics 
2403 Farrington 
21 4/638-2850 
Dallas 75207 

Hamilton/Avnet Electronics 
1 2 1 6 West Clay 
71 3/526-4661 
Houston 7701 9 

WISCONSIN 

Cramer/Wisconsin 
5626 N. 91 st Street 
41 4/462-8300 
Milwaukee 53225 
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NORTHEAST 
CONNECTICUT 

Cramer/Connecticut 
35 Dodge Avenue, North Haven 
203/239-5641 
New Haven 06473 

MARYLAND 

Cramer/EW Baltimore 
922-24 Patapsco Avenue 
301 /354-0100 
Baltimore 21 230 

Cramer/EW Washington 
1 6021 Industrial Drive 
301 /948-01 1 0  
Gaithersburg 20760 

Hamilton/Avnet Electronics 
7255 Standard Drive 
301 /796-5000 
Hanover 201 76 

MASSACHUSETTS 

Cramer Electronics, I nc. 
85 Wells Avenue 
617/969-7700 
Newton 021 59 

Hamilton/ Avnet Electronics 
185 Cambridge Street 
61 7/273-2120 
Burlington 01803 

NEW JERSEY 

Hamilton Electro Sales 
220 Little Falls Road 
201 /239-0800 
Cedar Grove 07009 

Cramer/New Jersey 
No. 1 Barett Avenue 
201 /935-5600 
Moonachie 07074 

Hamilton/Avnet Electronics 
1 608 Marlton Pike 
609/662-9337 
Cherry Hil l  08034 

Cramer/Pennsylvania, Inc. 
7300 Route 1 30 North 
609/662-5061 
Pennsauken 081 1 0  

NEW YOR K 

Cramer/Binghamton 
3220 Watson Boulevard 
607/754-6661 
Endwell 1 3760 

Cramer/Rochester 
3259 Winton Road South 
71 6/275-0300 
Rochester 14623 

Cramer/Syracuse 
671 6  Joy Road 
31 5/437-6671 
East Syracuse 1 3057 

Hamilton/AvneJ Electronics 
6400 Joy Road 
31 5/437-2642 
Syracuse 1321 1 

Cramer/Long Island 
29 Oser Avenue 
516/231 -5600 
Hauppauge, L.1.  1 1 787· 

Hamilton/Avnet Electronics 
70 State Street 
51 6/333-5800 
Westbury, L .I . 1 1 590 

PENNSYLVANIA 

Sheridan Assoc., Inc. 
4268 North Pike 
North Pike Pavilion 
41 2/373-1070 
Monroeville 1 5 146 

SOUTH EAST 
ALABAMA 

Cramer/EW Huntsville, I nc. 
231 0 Bob Wallace Avenue 
205/539-5722 
Huntsville 35805 

F LORIDA 

Cramer/EW Hollywood 
4035 North 29th Avenue 
305/923-8181 
Hollywood 33020 

Hamilton/Avnet Electronics 
4020 North 29th Avenue 
305/925-5401 
Hollywood 33020 

Cramer/EW Orlando 
345 North Graham Ave. 
305/841-1 550 
Orlando 32814 

GEORGIA 

Cramer/EW Atlanta 
31 30 Marjan Drive 
404/448-9050 
Atlanta 30340 

Hamilton/Avnet Electronics 
6700 I nterstate 85 Access Road 
404/448-0800 
Atlanta 30071 

NORTH CAROLINA 

Cramer/EW Raleigh 
3901 Winton Road 
919 876-237 1 
Raleigh 27604 

Crarner/EW Winston-Salem 
938 Burke Street 
919,725-87 1 1  
Winston-Salem 27 1 02 

PUERTO RICO 

Cramer Electronics de 
Puerto Rico 
Subdivision I ndustrial, 
Bo Retiro 
San German 00753 

CANADA 
ONTARIO 

Cramer/Canada 
920 Alness Avenue, Unit No. 9 
Downsview 
41 6/661-9222 
Toronto 392 

Hamilton/ Avnet Electronics 
6291 Dormain Rd. No. 19 
41 6/677-7432 
Mississauga 

Hamilton/Avnet Electronics 
880 Lady Ellen Place 
61 3/725-3071 
Ottawa 

QUEBEC 

Hamilton/Avnet Electronics 
935 Monte De Liesse 
51 4/735-6393 
St. Laurent, Montreal 377 



Ordering Information 

1. The 4004 (CPU) is avai lable in cer amic on ly and shou ld be 
ordered as C4004. 

2. Th e 4001 ( ROM) , 4002 ( RAM) and 4003 (S R) are pr esent ly 
avai lable off the sh elf in p lasti c on ly. Standard devi ces sh ou ld be 
ordered as f ol lows :  

P4001 Plasti c Package 
P4002-1 ( Met a l  Opti on #1 ) - Plasti c Package 
P4002-2 ( Meta l  Option #2) - Plasti c Package 
P4003 Plasti c Package 

3. Th e 4008 and 4009 standard memor y  and 1 /0  int erface s et ar e 
avai lable in p lastic on ly ( 24 pin D I P) .  Th ey sh ou ld be used as a 
s et and ordered as P4008 and P4009. 

4. Mask Programming of t he 4001 
The custom p att erns , chip nu mbers and 1 /0  options (in cluding 
in verting and n on -in verting  input s  or outputs and on -chip r esistor 
conn ected t o  either Voo or Vss) must be s pecifi ed on a truth 
table f or each 4001 or dered. B lan k custom truth tables ar e avai l­
able u pon r equest fr om Inte l .  

5. SI M4-01 Prototypi ng System 
An interface boar d  in which 1 702A electrical ly pr ogr ammable 
and er asable ROMs si mu lat e the 4001 mas k progr ammable ROMs 
provides a design tool f or developing a s yst em. This board con­
tains one 4004, f our 4002s and h as provision f or up to four 
1 702As . The board shou ld be or dered as S I  M4-01 . Th e PRO Ms 
sh ou ld be ordered sep ar at ely. 

6. SI M4-02 Prototy pi ng System 
This boar d i s  an  expanded version of the SI M4-0 1 .  I t  contains 
one 4004, f our 4002s ,  and h as provision f or an additional  twelve 
4002s and sixt een 1 702As. The board  sh ould be or dered as 
S I M4-02 (the  t ype and nu mber of PROMs and RAMs sh ou ld 
also  be indicat ed) . 

7. MP7-03 PROM Pro grammer 
This is the pr ogrammer board f or 1 602A/ 1 702A. The thr ee 
1 702A contro l  RO Ms used with th e S I  M4 cards for an aut omati c 
programming s yst em are sp ecifi ed by p att ern numbers A0540, 
A0541 , A0543. Al l  it ems shou ld be ordered indi vidua l ly, 

8. SI M4 Hardware Assembler 
Four PROMs p lug int o either pr ot ot yping board enabling th e 
micro  computer prot ot ype to he lp program it self . To order this 
set of PROMs ,  s pecif y pattern nu mbers A0740, A0741 ,  A0742, 
and A0743. 

9. SI M4 Hardware Si mulato r 
Nin e  PRO Ms p lu g  into the  SI M4-02 to aid in debugging of pr o­
grams . To order this set of PROMs ,  specif y patt ern nu mbers 
A0750 thr ough A0758. 

1 0. MCS-4 Assembler and Si mulato r Soft ware Package · 
This softwar e  package converts a list of instruction mnemonics 
i_nto machin e  instructions and then s imu lat es the operation of 
the MCS-4 progr am. Th ese programs ar e written in Fortr an IV  

· and ar e avai lable via ti me-sharin g  ser vi ce or dir ect ly fr om Inte l .  
·1 1 .  MCB4-10  Syst em I nt erconnect and Co ntro l Mo du le 

This module pr ovides contr ol ,  disp lay and 1/0 int er connect capa­
bilit y f or the SI M4-0 1 .  In additi on ,  it provides comp lete inter­
conn ection between th e S I  M4-0 1 and the MP7-03. To or der the 
inter connect modu le on ly, specif y MCB4-1 0. 

1 2. MCB4-20 System Int erco nnect and Co nt ro l Mo du le 
This modu le pr ovides contr ol ,  disp lay an d 1/0 interconnect capa­
bi lit y f or the SI M4-02. In addition ,  it pr ovides co mp lete int er ­
connection between the S I M4-02 and the MP7-03. To or der th e 
interconnect modu le on ly, s pecify MCB4-20. 

Packaging Information 

1 6-LEAD CERAMIC DUAL I N-LIN E  PACKAGE OUTLI NE  
.735 _____ __, 

[]: :·�: ] : 11 
055 

��· 1 : '� 
.065 Tf �!� ==ilx 

015 

� �

--i�.020 
"" 

�

00L �• 
-_010 j �- . 1 00 ± .010 .032 REF.  -065 TYP 

1 6-LEAD PLASTIC D UA L  I N-LI N E  PACKAGE OUT LI N E  

1 7_ 
� 245 .060/.075 R E F_t__ 255 

060 125 REF --f---- L 

24-LEAD PLASTIC DUAL I N-LI N E  PACKAG E OUTLI N E  

.0500. 
PIN #1 IDENTIFICATION 

.150 REF. 

I .250 - I 
l'-REF.--1 

• �-L 
200 . 145 
MAX. -+ 7 
� � L j L 

.020 -i-- MIN. 
-� .032 REF. 

� l. -i;�_I-- .008 // .1 50 .017 Jm-11-.060 REF. .020 
. 

1 74 
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[Those instructions preceded by an asterisk (*) are 2 word instructions that occupy 2 successive locations in ROM]  
MACH I N E  I NSTRUCTIONS 

MNEMONIC 

NOP 

•JCN 

• F I M  

SAC 

F I N  

J I N  

•JUN 

•JMS 

I NC 

• 1sz 

ADD 

SUB 

LO 

XCH 

B B L  

LDM 

OPR 
D3 D2 D1 Do 
0 0 0 0 

0 0 0 1 
A2 A2 A2 A2 

0 0 1 0 
D2 D2 D2 D2 

0 0 1 0 

0 0 1 1 

0 0 1 1 

0 1 0 0 
A 2 A2 A2 A2 
0 1 0 1 

A2 A2 A2 A2 

0 1 1 0 

0 1 1 1 
A2 A2 A2 A2 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

OPA 

� Di  D1 Do 
0 0 0 0 

c1 C2 C3 c4 
A 1 A 1 A 1 A 1 

R R R 0 
D1 D 1 D1 D1 

R R R 1 

R R R 0 

R R R 1 

A 3 A 3 A 3 A3 
A l A l A l A l 
A3 A 3 A3 A3 
A 1 A 1 A 1 A 1 

R R R R 

R R R R 
A1 A 1 A 1 A1 

R R R R 

R R R R 

R R R R 

R R R R 

D D D D 

D D D D 

I NPUT/OUTPUT AND RAM I NSTRUCTIONS 

DESCRIPTION OF OPERATION 

No operation. 

Jump to ROM address A2 A2 A2 A2, A 1 A 1 A 1 A 1 (within the same 
ROM that contains this JCN instruction) if condition C1 C2 C3 C4(1 )  
is true, otherwise skip (go t o  the next instruction i n  sequence). 

Fetch immediate (direct) from ROM Data D2, D1 to index register pair 
location R R  R_ (2) 

Send register control. Send the address (contents of index register pair A R R )  
t o  ROM and RAM a t  X2 and X3 t ime in t h e  Instruction Cycle. 

Fetch indirect from ROM. Send contents of index register pair location 0 
out as an address. Data fetched is placed into register pair location RR R 

Jump indirect. Send contents of register pair A R R  out as an address 
at A 1 and A2 time in the Instruction Cycle. 

Jump unconditional to R OM address A3, A2, A 1 . 

Jump to subroutine ROM address A 3, A2, A 1 , save old address. ( Up 1 level 
in stack.) 

Increment contents of register R R  R R. (3) 

Increment contents of register R R R R. Go to ROM address A2, A i  
(within the same R O M  that contains this I S Z  instruction) i f  result ; O ,  
otherwise skip (go t o  the next instruction in sequence). 

Add contents of register R R R R  to accumulator with carry. 

Subtract contents of register A R R A  to accumulator with borrow. 

Load contents of register R R R R  to accumulator. 

E xchange contents of index register R R R R  and accumulator. 

Branch back (down 1 level in stack) and load data ODDO to accumulator. 

Load data ODDO to accumulator. 

(The RAM's and ROM's operated on in the I /0 and RAM instructions have been previously selected by the last SAC instruction executed.) 

QPR 
MNEMONIC D3 � D1 Do 

WRM 1 1 1 0 

WMP 1 1 1 0 

WAR 1 1 1 0 

WPM 1 1 1 0 

WRl/) (4) 1 1 1 0 

WR l (4) 1 1 1 0 

WR2(4) 1 1 1 0 

WR3(4) 1 1 1 0 

SBM 1 1 1 0 

ROM 1 1 1 0 

ROA 1 1 1 0 

ADM 1 1 1 0 

R Dl/) (4) 1 1 1 0 

R o 1 !4) 1 1 1 0 

RD2(4) 1 1 1 0 

R D3(4) 1 1 1 0 

OPA 
D3D2 D1 Do 
0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

ACCUMU LATOR G ROUP I NSTRUCTIONS 
CLB 1 1 1 1 0 0 0 0 

CLC 1 1 1 1 0 0 0 1 

IAC 1 1 1 1 0 0 1 0 

CMC 1 1 1 1 0 0 1 1 

CMA 1 1 1 1 0 1 0 0 

RAL 1 1 1 1 0 1 0 1 

RAR 1 1 1 1 0 1 1 0 

TCC 1 1 1 1 0 1 1 1 

DAC 1 1 1 1 1 0 0 0 

TCS 1 1 1 1 1 0 0 1 

STC 1 1 1 1 1 0 1 0 

DAA 1 1 1 1 1 0 1 1 

KBP 1 1 1 1 1 1 0 0 

DCL 1 1 1 1 1 1 0 1 

NOTES 1 1 1The condit ion code is assigned as fol lows 

DESCRIPTION OF OPERATION 

Write the contents of the accumulator into the previously selected 
RAM main memory character. 
Write the contents of the accumulator into the previously selected 
RAM output port. (Output Lines) 
Write the contents of the accumulator into the previously selected 
ROM output port. (1 /0 Lones) 
Write the contents of the accumulator into the previously selected 
half byte of read/write program memory (for use with 4008/4009 only) 
Write the contents of the accumulator into the previously selected 
RAM status character 0. 
Write the contents of the accumulator into the previously selected 
RAM status character 1 .  
Write the contents of the accumulator into the previously selected 
RAM status character 2. 
Write the contents of the accumulator into the previously selected 
RAM status character 3. 
Subtract the previously selected RAM main memory character from 
accumulator with borrow. 
Read the previously selected RAM main memory character 
into the accumulator. 
Read the contents of the previously selected ROM input port 
into the accumulator. (1 /0 Lines) 
Add the previously selected RAM main memory character to 
accumulator with carry. 

Read the previously selected RAM status character O into accumulator. 

Read the previously selected RAM status character 1 into accumulator. 

Read the previously selected RAM status character 2 Into accumulator. 

Read the previously selected RAM status character 3 into accumulator. 

Clear both. (Accumulator and carry ) 

Clear carry . 

Increment accumulator. 

Complement carry. 

Complement accumulator. 

Rotate left (Accumulator and carry)  

Rotate r ight .  (Accumulator and carry ) 

Transmit carry to accumulator and clear carry. 

Decrement accumu lator 

Transfer carry subtract and clear carry 

Set carry . 

Decimal adjust accumulator 
Keyboard process. Converts the contents of the  accumulator from a 
one out of fou r code to a binary code 

Designate command line. 

c 1 = 1 Invert jump condition � = 1 Jump if accumulator is zero c4 = 1 Jump if test signal is a 0 infel c1 = 0 Not invert jump condition c3 = 1 Jump if  carry/l i n k  is a 1 

12 1 R R R  os the address of 1 of 8 index register pairs in the CPU. 

(J) R R R R  i s  the address of 1 of 16 index registers in the CPU .  
(4) E ach R A M  c h i p  h a s  4 registers, each w i t h  twenty 4-bit characters subdivided into 1 6  main memory characters a n d  4 sta tus  cha�acters. 

Chip number, RAM register and main memory character are addressed by an SRC instruction. For t he selected chip and register, however, 
status character locations are selected by the instruction code (OPA ) .  
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