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mces-4

FOUR-BIT PARALLEL MICROCOMPUTER SET

Microprogrammable
General Purpose Computer
Set

4-Bit Paralle! CPU With 46
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

2-Phas; 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

Features

e Directly Compatible With
4004 CPU

8 Interface 1702A PROMSs Directly
to 4004 CPU--Completely
Eliminates TTL Interface

8 Permits Program Storage in
Alterable Memory

8 Execute MCS-4 Programs from
any Mix of Standard Intel PROMSs,
ROMs and RAMs

@ Expanded 1/0 Port Capability

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

@ /0 Ports and Control Lines
are TTL Compatible

& Number of I/0 Ports is
Independent of the Size of
the Program Memory

@ New Instruction WPM (Write
Program Memory) is Used for
Loading Alterable Program
Storage (RAM)

_
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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 degign.

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
random logic. INTEL NOW OFFERS ANOTHER ALTERNATIVE. . . THE MCS-4
MICRO COMPUTER SET.

This new concept in LSI technology makes the power of a general pur-
pose computer available to almoat every logic designer and represents
a strong attack on the dependency of systems manufacturers on compli-
cated random logic systems. This component computer from Intel can
provide the same arithmetic, control and computing functions of a
minicomputer in as few as two 16 pin DIP's and costs nearly 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/0 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 one ROM.

With these components, you 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.



k'i

The three major advantages of Intel microcomputers:

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

Expediency of design, because ROM programming 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 laber 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 im ROM.
The MCS-4 instruction set is quite comwplete 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 cutput ports.

As a result of this organization, almost the entire logic, the entire
'""personality"” 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
against 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 instruction 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

power of designing custom computers with standard components. You can



use the MCS5-4 almost anywhere. Here are a few examples:

Control Functions - Because of low initial cost and flexibiliey
of programming, the MCS-4 can be used in place of random logic
in systems such as those in process control, numeric controls,
elevator controls, highway and rail traffic controls. By chang-
ing ROM 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 wachines, cash registers, point of sale ter-
minals and accounting machines. For example, the adding of two
8-digit numbers can be done in 850 microseconds. 1In addition,
the MC5-4 can be efficiently used to decentralize central com-
puter functions.

Other Applications - The elements of the MCS-4 have many applica-
tiong 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 arithmetie modes

. 10.8 us instruction cycle

* Addition of Two 8-digit numbers in 850 usec.

. Sixteen 4-bit gemeral purpose registers

¢ Nesting of subroutines up to 3 levels

* Instruction Set includes conditional branching, jump to subroutine,

and indirect fetching

¢  2-phagse dynamic operation

. Synchronous operation with memories

* Direct compatibility with 4001, 4002 and 4003

¢ No interface circuitry to memory and I/0 required

¢ Directly drives up to: 4K by 8 ROM (16 4001's)
1280 by 4 RAM (16 4002's)
128 1/0 1lines (without 4003)
Unlimited I/0 (with 4003'a)

¢ Memory capacity expandable through bank switching

*  16-pin DIP package

®  P-channel Silicon Gate MOS

*

Minimum system: CPU and one ROM



MCS-4 SYSTEM DESCRIPTION

A, General Description

fach 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 Cenctral 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 1/0 devices to effectively increase

the number of I/0 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 (DO, D., D,, D). This single data bus is used for all infor-
mation flo& be%weeg the chips except for control signals which are
gent 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 1/O
lines without requiring any interface circuit. With the addition
of few gates up to 48 ROMS & RAMS combined and 192 I/0 lines can be
controlled by one CPU,

The 1/0 function, although different from the ROM and RAM functions,
is physically located in the ROM and RAM chips. Each 4001 and 4002
has 4 I/0 lines for communication with I/0 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 (1/0) 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.

4003-8R - 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/0 devices such as keyboards,
displays, printers, teletypewriters, switches, readers, A-D
converters, etc.



4004~CPU - The 4004 is a central processor unit designed to work in

conjunction with the other members of the MCS-4 micro
computer set to form a completely aelf-contained sygtem..
The CPU communicates with the other members of the ser
through a four line data bus and with the peripheral devices
through the RAM, ROM or SR I/0 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 1{s used to control a bank of up to 16 ROM's.

Voo GNO ¢, ¢,
4004 p——— SYNC
je RESET
CM-RAM,
o ouT Vop OUT ouT ouTt
e T AL o,
Po | 40021 [ 4002-1 Po | 40022 = T 40022 [=— SYNC
‘g‘ = =0 ;E?E’T Py =1 — = =2 e Po =3 e— RESET
———
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SYNC RESET Po [ a0021 JoNC 4002-1 |~ _*}-OT 4002.2 f=— VP& 40022 SYNC
. =0 - P =1 - =2 -— Py =3 -— RESET
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= ol vt thi Pree phied
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) ttt ety v H ptt
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Figure 1. MCS-4 Systom Interconnection

B. Basic System Operation

The MCS-4 uses a 10.8 usec instructiom 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).



Basic instruction execution requires 8 or 16 cycles of a 750 kHz
clock. 1In 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 (A, A,, A,). This address selects 1 out of 16 chips and 1

out of 25& 8-§it 3ords in that chip. The selected ROM chip sends
back 8 bits of inatruction (OPR, OPA) to the CPU in the next two
cycles (M,, ). This inatruction is sent over the 4 line data bus in
two 4 bitlby:es. The instruction is then interpreted and executed

in the final three cycles (xl, XZ’ X3). (See Figure 2)

When an I/0 fnstruction is received from the ROM, data is transferred
to or from the CPU accumulator on the four ROM I/0 lines during x2
time.

A set of four RAM's 13 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 xz, X, time when a RAM instruction is executed. When the
RAM output instriction is received by the CPU, the content of the CPU
ac?umulator 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 0 and CM-
RAHO is selected.

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 0" is. defined
as the high voltage Level (Vgg). This definition will be used
throughout the manual.

D. Basic System Timing

For the correct operation of the system two non-overlapping clock
phases - @, 02 - must be externally supplied to the 4001, 4002 and
4004.(1) 1The 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 4001's and 4002's will then
generate internal timing using SYNC and 01. 02.

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

nm 4817 CENTRAL PROCESSOR UNIT (CPU) - 4004

A. Description

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

(1)

(2)
(3)
(4)
(3)

The
and

Address register (program counter and stack organizaed as 4

words of 12 bits each) and address incrementer.

Index register (64 bits organized as 16 words of & bits each.

4-bit adder.

Instruction register (8 bits wide), decoder and control.

Peripheral circuitry.

functional blocks communicate internally through a 4-line bus
are shown in Figure 3. The function and composition of each
block 1s as follows:



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 1s multiplexed to the

decoder.

The address when read is stored in an addrese buffer and is
demultiplexed to the internal bus during A, , and A_ in three 4-
bit slices (see Figure 2 for basic 1nstruciion cycle).” The address
is incremented by a 4-bit carry look-ahead circuit (address incre-
menter) after each 4-bit slfce 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



2.

4.

Index Register

The index register is a dynamic RAM cell array of 16 x 4 bicrs
and has two modes of operation. In one mode of operation the
index register provides 16 directly addressable storage loce-
tions for intermediate computation and control. In the second
mode, the index register provides 8 pairs of addreseable 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 inte a
temporary register and then to the index register.

4=Bit Adder

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 FP. The accumulator is provided with a
shifter to implement rotate right and rotate left instructioms.
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) 1s loaded with the contents of

the internal bus (at and M, time in the ifnstruction cycle)
through a multiplexer #nd holds 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.



5. Peripheral Circuitry

This includes:

a. The data bus fnput-output buffers communicating between
data pads and internal bus.
b. Timing and SYNC generator.

¢. 1 ROM command control (CM~ROM) and the & RAM command control
(CH-RAMi) output buffers.

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 "0". After reset, program control will

start from "O" step and CM~RAM is selected. To completely clear

all registers and RAM location8 in the CPU the reset signal must be applied
for at least 8 full instruction cycles (64 clock cycles) to allow the

index register refresh counter to scan all locations in MEemOry.
(256 clock cycles for the 4002 RAM).

6 Instruction Repertoire

The instruction repertoire of the 4004 consists of:

a. 16 machine instructions (5 of which are double length)
b. 14 accumulator group instructions

¢. 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 Pormat

4. Machine Instructions

¢ l-word imstructions - 8§ bits wide and requiring
8 clock periods (1 instruction cycle)

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

A l-word instruction occupies one location im ROM
(each location can hold one 8-bit word) and a
2-word instruction occupies two successive 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 &
bits 18 called the OPA and contains the modifier.
For a aingle 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
10



For a 2-word machine instructieon the 1a¢ word is similar
to a l=word instruction, however, the modifiey (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 condicion for jumping

ONE WORD INSTRUCTIONS TWO WORD INSTRUCTIONS
15t INSTRUCTION CYCLE 2nd INSTRUCTION CYCLE
Dy D; Dy Dy D3 D Oy Dy Dy D Dy, Dyp D; D Dy Dy D3 Dz Dy Dg D3 Dz Dy Dy
x| x | x| x§ x| x| x| x X | x [ x| x ¥ x| x| x| x x| x| x| x§ x| x| x| x
OPR OPA OPR OPA OPR OPA
OP CODE MODIFIER OP CODE MODIFIER OP CODE MODIFIER
vs——
INDEX REGISTER UPPER ADDRESS MIDDLE ADDRESS LOWER ADDRESS
X | x| x| x X | x| x| x
a Agpneee Ay Ay A3y A, Ay Ay Ay Al Ay A, Ay A,
OR OR
TNDEX REGISTER PAIR CONDITION MIDDLE ADDRESS LOWER ADDRESS
x X X x
X | x| x|x A €, C; C3 C, Ay Ay A, Ay | Ay A, A, A
OR OR
e ————
DATA INDEX REGISTER MIDDLE ADDRESS LOWER ADDRESS
*1*]1*[{*]o o o o X *X|*x|*]a Agonisa A Az Ay Ay Ay | Ay A A A
OR
e ——————
INDEX REGISTER PAIR UPPER DATA LOWER DATA
X | x| x| x ADDRE
ORESS D O, D; D, D, D, Dy D

b.

Table | - Machitw 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 imstruction (OPR) will always be fetched
before the lower 4 bits of instruction (OPA) during M, and
M7 times respectively. Table I illustrates the conteits of
each 4-bit field in the machine instructions.

Input /Qutput & 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 I1/0
instruction or the accumulator group instruction and the OPA
contains a 4-bit code which identifies the operation to be
performed. Table II 11lustrates the contents of each 4-bit field.

-y

Table 11 - 1/O and Accumulator Group Inmuctioﬁ Fﬁrm

11




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(1) (See Table III).

b. By specif¥ing 1 out of 8 pairs with an OPA code of the
form RRRX{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 (RRR1) is used as the location of the lower address
or the lower data fetched from the ROM.

14 15

———=10 n

2 3

0 1

®
@
_Oa».-n‘b—N—o—u__.—b‘_..—m‘T—Q——q—q

Tabie 111 - Index Register Organization
3. Operation of the Address Register (Program Counter and Stack)

The address register containg 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
JHMS 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 Jus. (3)
This return address becomes the effective address following

the BBL(Branch back and load) instruction at the end of the
subroutine.

(1) In this case the instruction is executed on the 4-bit content addressed
by RRRR.
In this case the instruction is executed on the 8-bit content addressed
by RRRX, vhere X is specified for each instruction.
Since the JNS 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.

12



PROGRAM COUNTER RETURN ADDRESS #1
PROGRAM COUNTER RETURN ADDRESS #3
RETURN ADDRESS #2 RETURN ADDRESS #2
RETURN ADDRESS #1 RETURN ADORESS #1
PROGRAM COUNTER ]

RETURN ADDRESS #3 RETURN ADDRESS #3
RETURN ADDRESS #2 RETURN ADDRESS #2
PROGRAM COUNTER

RETURN ADDRESS #4 PROGRAM COUNTER

™

S — YT AOTTEIE FOgISIr ON & JUMp 10 Subroutine Instruction
In summary, them, 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 Command

The CPU command lines (CM-ROM, CM-RAM;) 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 inplementation 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/0 and RAM group instruction.

In a typical system configuration the CM-ROM line can control
up to sixteen 4001's and each CM-RAM; 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 Iine, however,
is always enabled.(l)

(1) 1If 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-RAM; lines if more then 16 RAM's need to be used.

13



For the execution of an I/0 and RAM group instruction the follow-
ing steps are necessary:

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

be selected using the SRC (Send Register Contreol) instruction
(3) An I/0 and RAM instruction must be fetched (WRM, RDM, WRR,

LI ) - - )
|x,|h|‘:|“a|"1i”z| "1| "zl":l‘tl*z“allﬁ I"zl x,lx;’x,] "I"I‘:I"'I"z'x'lle"J, ‘4‘:":'%]“1'
\ ocL SRC 1/0 AND RAM
FETCHED i‘ + _'\ '| H FETCHED " _"’ INSTRUCTION FETCHED
CM-RAM, CODE IS TRANSFERRED TO
THE COMMAND CONTROL REGISTER
CM-ROM d | - | - | W WY | et
CM-RAM, e
Io— CM-RAM, IS DEACTIVATED
: |
CM-RAM, u u ‘J_U u
|-—— CM-RAM, IS ACTIVATED
gera W) %)
H_I ’
THE 8-BIT ADDRESS  THE MODIFIER (OPA)
SENT BY THE CPU OF THE 1/0 AND RAM
IS RECEIVED BY INSTRUCTION IS RECEIVED
ROM’s AND RAM's BY ROM’s AND RAM's

Figurs 4. Operstion of the Command Control Lines
Following is a detailed explamation of each step.

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

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

The CM-RAM; code remaina 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/0 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-RAM,. This is
because CM-RAM, 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).

14



(3) The SRC instruction specified an index register pair in

(%)

the CPU, vhose content is an 8-bit address (this 8-bie
address has previously been stored in the reglster pair)
used to select a RAM chip, register and character and a ROM
chip. This address is sent to the data bus during X; and
X3 time of the SRC instructiom cycle. At X2 time the
CM-ROM line and the selected CM-RAMs 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:

a) The firat 4-bits (X7 time) select
one chip out of 16; a flip-flop is

by the ROM's set in the selected chip.
b) 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 (D], Dg) select the
register.

by the RAM's <

b) The second 4-bits (Xj time) select one
4=bit character out of 16; The address
is stored in the address register of

\__ the selscted chio.

(See Section { for a detailed description
of the RAM chip)

At this time one ROM chip and one RAM chip, register and
character,have been selected. If the CPU fetches an I/0
and RAM instruction, it will cause the CM=-ROM and the
selected CM-RAMj line to be logical true at M7 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-RAM;
lines are always in a logical true state at A3 time of any
instruction cycle.

CM-ROM equals "1" at A3 time indicates to ROM's that the
code at A3 time {s the chip number of a ROM within their
bank. This feature sllows the user to expand the svstem
to more than 16 ROM chips.

CH-RAMy equals "1" 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-RAMy line.

Figure 4 summsrizes the operation of the command lines in
the various instruction cycles. '

15



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 in ROM)
MACHINE INSTRUCTIONS (Logic 1 = Low Voltage = Negative Vohage; Logic 0 = High Voltage = Ground )

OPR OPA
MNEMONIC | 030,040 030,00
NOP 0o0O00O 0000 No operation.
*JCN 0001 C4C2C3C,4 _
AxAzA2A AjA1Aq A,y |
*FIm 0010 RRRO Fetch immediate (direct) from ROM Data D, D to index register pair
0203030, D‘ D' D‘ D, location RRR,
SRC 0010 RARI |
FIN 00 1 1 RRAO Fetch indirect from ROM. Send contents of index register pair location 0 1‘
out as an address. Data fetched is placed into register pair location RRR.
; -
JIN 001 1 RRR1 Jump indirect. Send contents of register pair RRR out as an address )
at Ay and A3 time in the Instruction Cycle.
*JUN 0100 A3A3 A3 A3 Jump unconditional to ROM address A3, Az, A, Il
A2A24A24A2 A1 A1 A A |
*IMS 010 1. AzAgz Az Ay Jump to subroutine ROM address A3, A2, A1, save old address. (Up 1 level
INC o110 RRRR Increment contents of register RRRR. (3 |
82 0111 "RRRR Increment contents of register RRAR. Go to ROM address Ag, A4
A A {within the same ROM that contains this ISZ instruction) if result #0,
AxAxAg Ay A Ay A A otherwise skip (go to the next instruction in sequence),
ADD T 000 RRRR Add contents of register RRRR to accumulator with carry,
sus 1001 RRRR Subtract contents of register RRRR to accumulator with borrow,
LD 1010 RRRR Load contents of register RRRR to accumulator.
XCH 1011 RRRARR Exchange contents of index register RRRR and accumulator.
BBL 1100 DDDD Branch back (down 1 level in stack) and load data DDDD to accumulator.
LDM 1101 Load data DDDD to accumulastor.

Table V - Basic CPU Instruction Set



INPUT/OUTPUT AND RAM INSTRUCTIONS
{The RAM's and ROM's oparated 0n in the 1/0 and RAM instructions howve been praviousty selected by the last SRC instruction executed. )

OPR OPA .
DESCRIPTION OF OPERAT! R
MNEMONIC 030,040y D30, 0,0y ON
Wri lator into the previously
WRM 1110 0 o 00 mmnm:rc::m. m
WMP Ty 110 000 1 Write the contents of the accumulator into the previously seh
RAM output port. (Output Lines) .
Write the contents of accumulator into the previously |
WRR 1119» 6ot1o _ROM output port. (1/0 Lines)
00 1 1 Write the contents of the accumulator into the previously selected
haif byte of resd/write program memory (for use with 4008/40089 only)
wM“' 1110 0100 mztm?nmudcg'ommamotmmm
lator i iously selected
i@ e e v e v | et e o e e
M ™Y
waz“' 1110 0110 mf;::‘h:m’ oftz into the previously selected
MS“’ 1110 011 1 mz::‘mwsdt?mmwmem
SBM 1110 1000 s»m;::.::z:;souuv-.nmnummmymumm
AOM T 110 T 00 mht?mttwnAMnﬂnmd\m
ADR 1110 1010 m'gomtmuof.tm%vz‘quminu(m
atMMuwiA&mWme
ADM 1110 1011 accumulator with carry.
RO¢ ¥ t110 1100 Read the previously selected RAM status character 0 into accumulator.
RD14 1110 1101 Read the previously selected RAM status character 1 into accumulator.
rRD2(# 1110 1110 Read the previously selected RAM status character 2 into accumulator.
RO3'4 1110 1111 Read the previously selected RAM status character 3 into accumulator.

ACCUMULATOR GROUP INSTRUCTIONS

cLs 1111 o000 Clear both. (Accumulator and carry)

cLe Tt o0 Clear carry.

IAC 1111 0010 Increment accumulator. ‘
cMme R B | 0011 Complement carry.

CMA 1 Tt 1 0 00 Complement accumulstor.

RAL 1111 0101 Rotate left. (Accumulator and carry)

RAR 111 0110 Rotate right. (Accumulstor and carry)

TCC L I I | o111 Transmit carry to accumulator and clesr carry,

DAC 1111 1000 Decrement accumulator.

Tcs t 111 1001 Transfer carry subtract and clear carry.

sTC 1111 tot1o0 Set carry.

DAA 11 11 1011 Decimal adjust accumulator.

xer T30 ] 1 ren | Aeeoneee Dot ol e e e
ocL 111 1101 Designate command line.

NOTES: {11The condition code Is sasigned e follows:
Cy =t inwn jump condition Ca =t Jumpif accumuistor is zero Ca=1 Jump it test signel is o O
Cy * 0 Not Invert jump condition Cy=1  Jumpil carryllink s a |
(ZIAAR s the address of 1 of B index register pairs In the CPU.
1RARR is the sddress of 1 01 18 index registers in the CPU,

41Eoch AAM chio has 4 ragistors, sach with twenty 4-bit characters subdivided inta 18 main memory characters and 4 status cherscters.
Chip numiber, RAM register and main memory charsctir are sddressd by an SRC insruction, For the séected chip and tegister, however,
TS charactar b ons are slected 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 & I1/0 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
A} 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 = "1") 1s allowed
to send data out during the following two cycles: M; and M2. The activity
of the 4001 in the ROM mode ends at M;. Before going into the I/0 mode

of operation we must first review two basic instructions used in conjunc-
tion with it.

1. S&RC Instruction (Send address to ROM and RAM)

When the CPU executes an SRC instruction it will send out 8 bits of
data during X3 and X3 and will activate the CM-ROM and one CM-RAM(1

line at X2. Data at X2, with simultaneous pregence of CM-ROM, is in-
terpreted by the 4001 as the chip number of the unit that should later
perform an 1/0 operation. Data at X3 is ignored. In the case of the
4002, dats at X7 will designate ths chip number (one out of 4 chips)

and the register number (one out of 4 registers); data at X3 will desig-
nate the 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

1/0 instruction.

2. 1/O and RAM Instructions

1/0 and RAM instructions allow the CPU to communicate with the I/0 ports
of cthe 4001's and 4002's. When the CPU receives an 1/0 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 sscond part (OPA) of the 1/0
instruction. The OPA portion of the 1/0 instruction is a code
specifying which 1/0 operation should be perforwed. There are

15 different operationg possible, Thée only ones affecting the

4001 operation are RDR - read ROM port, and WRR - write ROM port.

In the I/0 mode of operation, the selected 4001 (by SRC) after receiving
RDR will transfer the information present at its I/0 pins to the data
bus at X2. If the instruction received was WRR, the data present on

the data bus at X;.¢7 will be latched on the output flip-flops associated
with the I/0 lines.

(1) Only one out of four CM-RAM lines is allowed to be asctivated at any given
time. CM=-RAM line selection (RAM bank switching) is accomplished by the
CPU wvhen a "degignate command line" (DCL) instruction is executed. If no
DCL is executed prior to SRC, the CM-RAM, will automatically be activaced
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 Sectiom VII.

18



Figure 5 shows the block organization of the 4001. The ROM array has a
dynamic mode of operation and 1s divided into two blocks of 16 x 64
cells each. Multiplexing is needed for both address to address register
and data to data bus ocutput buffer operations.

The MTC flip-flop controls the outputting of data. It is set at A,

(see Figure 2), if CM-ROM and CSE (chip select) are "1". CSE is a single
4-input AND gate of the 4 data bus lines, using Di or DT 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 X,, (see Figure 2), and
presets the I/0 control logic for a following ifiput or output operation.

TIMING generates all internal timing signals for the ROM and 1/0
control using SYNC, @) and @#2. A RESET{l) signal will clear all static
flip-flops and will inhibit data out.

The output flip-flops associated with L/0 pins can also be cleared
using an external CL pin.

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

i e M
s, L1 o4 BN
RESET V, GND |
3° ! DATA D'C ? ' :] % eyt
? ? ? W - -QuTPUT
i 0 0,2 ufJve, uwes
o o, (]« 13 e,
P E
®2 ROM TIMING — ‘ N0 v [ 2 hv 15v
e1 MEMOA
SYNC —o] { e O o sERETE
‘ mase 227 i SR arinA ‘
o svn:d " 9 [7) neser !
. Y 1 PRECHARGE & READ
INPUT PARTIAL MUX ADDRESS | _ | X - .
FFERS DECODER [ ™ recister [T loecooer 16 x 84 ROM 1 — CONTROL
%2 ——l TIMING
SYNC —
I L SENSING & Y DECODE "l I
MULTIPLEXING DATA
{ BUS
‘ L+ ={SENSING & Y DECODE 14 LINES)
MUX OUTPUT BUFFERS
* (4) I—
X INH
*oecooenf™ 16 = 84 ROM
| PRECHARGE & READ 1/0 CONTROL INHIBIT
r— LOGIC LOGIC
I 1
f I
— e "EF
| — . -
1
i 1

po
gc
o

£

Figure 5, 4001 ROM Block Diagram
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ROM Options and Ordering the ROM
DATA
ROM

Each 1/O pin on each ROM can be uniquely | parom MUX LB b0,
chosen to be either an input or output line ‘ BUFFER v
by metal option. Also each input or output * I J
can either be inverted or direct. When the | f_
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 |
11O pin. ‘
When ordering a 4001 the following informa- ‘
|
}

SET QUTPUT
LOGIC F/F

Q Q

aél

4
u—o O—9—0 1/0g
1

| PiN18)

|

tion must be specified:

1. Chip number

2. Al the metal options for each I/O pin

3. ROM pattern to be stored in each of the | l
2586 locations.

l ‘
A blank customer truth table is available upon ‘ A
|

o
?
]

Voo

request from Intel. A copy of this table is
shown in the appendix.

I
9
*1/04, 1/03, AND 1/O4 _?_

FOLLOW THE SAME FORMAT, — Vgg = GND 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 Jdistinct functions. As a RAM it stores 320 bits
arranged in 4 registers of twenty 4-bit characters each (16 main memory
characters and & 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 1is
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 X; for

the previouslvy (1) gelected RAM bank.

Tne data at X; and X, is interpreted as shown below:

- X2 ] X3

03 D2 Dy Do 0y 02 DOy O
‘cmpuo._ o Ragister Mo, Main Memory Cheracter No,
{0 theough 3) {0 thwough 3 | {0 thwough 18)

The status character location (0 through 3) as well as the operation to be
performed on it are selected by the OPA portion of the 1/0 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 trangferred from the accumulator to the CM-~RAM
register. The RAM bank fs then selected starting with the next
instruction.



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

Chip No. L 4002 Option J Po 073702 @.Xz
o 4002-1 T GND ‘ 00
1 ‘ 4002-1 Vpobp 0 1
2 ‘ 4002-2 GND 10
3 4002-2 VDD 11
) PRECHARGE
R nim::nufenuuﬁnv
x4 x 4CELLS
iy CHARACTER ’
X-ADDRESS
TIMING REGISTER DECODER !
i ; !
3 z MAIN MEMORY
4x M x4CELLS
MAIN
v, [ S | s |3
TIMING DECODER
CONTROL REFRESH
COUNTER
T
A {
SYNCO——f “
0 J 1‘ L ! ll'l!.! AMPLIFIERS
. /O MULTIPLEXER
1
cM O— Y-REGISTER
"o o—d | _
8 bk -
N e o _ ik
— N -
ara |22 ] DATA BUSS *—O0 Voo .
'IE!‘,'D? " LinEs 1/O BUFFERS OUTPUT FLIP/FLOPS ja——O RESET
o WL OUT ] G b
I (] 2 Ve ¥ l i i 2 «*—O REsET x x i
cLoeK) , wemony
mass 1 1LY Hcmcavr-nt ( D.D‘ D,D, q °| o. o’
Coinle N a TR
‘w}nu s = .."rﬂ”

Figure 7, 4002 RAM Block Disgram

Presence of CM-RAM during X, tells 4002"s that an SRC instruction was
received. For a given combination of data at X; on Dy, D,, only the
chip with the proper metal option and PO state will be ready for the
1/0 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" memory

2. 4 characters addressable by the OPA of an I/0 instruction:
Four 4-character registers constitute the "status character"”
memory.

N



TWwo separate X decoders switch between main and status character
nemories.

When an I/0 or RAM instruction is received by the CPU, the CPU
will activate one (M-RAM line during My , in time for the 4002's
to receive the OPA (2nd part of the instruction), which will
specify the I/0 or RAM operation to be performed. Shown below
is a list of the 15 possible I1/0 and RAM operations.

The 1/0 and RAM operations are divided into Read operatioms (IOR)
and Write operations (IOW). The state of D, will determine if
the operation is a read or a write. D5 = 17for I0R, D3 = O for
IOW (see Basic Instruction Set, shown in Section IIlc).

For each 1/0 instruction the action 1s as shown in the following
table:

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

x
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In the I/0 mode of operation, the selected 4002 chip (by SRC), after
receiving the OPA of an 1/0 instruction (CM-RAM activated at M),
will deccde the instruction.

I1f the instruction is WMP, the data present on the data bus during
X2.92 will set the output flip-flops associated with the I/0
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 and the
memory content is refreshed during an idle portion of the sys-
tem cycle (M; and M;). An address aultiplexer allows loading
the content of either the refresh counter or the address regis-
ter into the decoder.




The RAM control is composed of an SRC flip-flop, chip selection
logic, an instruction register, instruction decoder and I/0 cop-
trol logic. This block controls the loading of the address
ragister, the status and main memory decoder switching, the gen~
eration of memory timing, the enabie of the data bus input-output
buffers, the RAM read/write operations, and the loading of the
output flip-flopsa.

VL. 4003 10-BIT SERIAL-IN/PARALLEL-OUT, SERIAL-OUT SHIFT REGISTER

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/0 ports to communicate with peripheral devices
such as keyboards, printers, displays, readers, teletypewriters,
etc.

Data is loaded serially and 1s avallable in parallel on 10 ocutput

lines which are accessed through enable logic. When enabled (E = low),
the ghift register contents is read our; when not enabled (E = high),
the parallel-out lines are at Vgg. The serial-out line is not af-
fected by the enable logic.

Data {s 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 (Q1 = Vgg)
betwesn the application of the supply voltage and the first CP sig-
nal.

The 4003 output bufferas 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 1s high (Logic "0") if at leaat one
lire 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 awvoid race conditions, CP is

internally delayed.

Fig. 8 shows the block organization of the 4003,
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Figure 8. 4003 Shift Register Block Diagram
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VIl. THE 4008/4009 IN AN MCS-4 SYSTEM

The standard memory and 1/0 interface set {4008/4009)
provides the complete control functions performed by
the 4001 in MCS-4 systems. The 4008/4009 are com-
pletely compatible with other members of the MCS-4
family. AN activity is still under control of the 4004
CPU. One set of 4008/4009 and ssveral TTL decoders
is sutficient 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 this
RAM memory is distinct from the 4002 read/write data
storage. RAM program memory will be organized in ight
bit words and 256 word pages, just like the memory array
inside the 4001. Any combination of PROM, ROM, and
RAM will be referred to as program memory.

The accompanying diagrams show the internal organiza-
tion of both the 4008 and 4009,

The 4008 is the address latch chip which interfaces
the 4004 to standard PROMs, ROMs and RAMs usad
for program memory, The 4008 latches the eight bit
program address sent out by the CPU during Al and
A2 time. During A3 time it latches the ROM chip num-
ber from the 4004. The eight bit program address is
then presented at pins AD thwrough A7 and the four bit
chip number (also referred to s page number) is present-
ed at pins CO through C3. These four bits must be de-
coded externsily snd one page of program memory is
selected,

The 4009 then transfers the eight bit instruction from
program memory to the 4004 four bits at & time at M1
and M2, The command signal sent by the CPU) activates
the 4008 and initiates this transfer.

When the CPU executes an SRC (Send Register Control)
instruction, the 4008 responds by storing the 1/Q address
in its eight bit SRC register. The content of this SRC
remster is alway: transferred t0 the address lines (AQ

- the chip slect lines (CO through C3}
he appropriate /O port i is then sel selocted
by JRDUMTthe chip select lines. The iN and OUT lines
of the 4009 indicate whether an input Or output opers-
tion will ocour,

The 4009 is primarily an instruction and 1/O transfer de-
vice. When the CPL! executes an RDR {Read ROM Port}
instruction, the 4009 will send an input strobs (pin 9}
10 enable the selected input port. It also ensbles 1/O
input buffers to transter the input data from the 1/0 bus
to the dats bus. When the 4009 interprets a8 WRA
(Write ROM Port} instruction, it transfers output data
from the CPU 1o the |/O bus and sends an output strobe
{pin 10} to enable the slected ocutput port
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A formerly undefined instruction is now used in conjunction with the 4008/4000 to write datg into the RAM program memory.
This new instruction is called WPM (Write Program Memory — 1110 0011). 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 is being
written. When the CPU executes a WPM instruction, the chip select lines of the 4008 are jammed with “1111”. In the system
design this should be designsted as the RAM channel. The W line'on the 4008 is also activated by the WPM instruction.,
The previously selected SRC address on line AD through A7 of the 4008 becomes the address of the RAM word being

written. By appropriately decoding the chip select lines, the W fine, and F/L, the write strobes can be generated for the memory.
The F/L line is initially high when power comes on. It then pulses low when every second WPM is executed. A high on the

F/L line means that the first 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 3t X2 of the WPM instruction. The SRC address sent to RAM is onty

8 bits, When more than one page of RAM {256 bytes) is being written, an output port must be used 10 supply additional
sddress lines for higher order addresses.

Definition of Write Program Memory Instruction

Mnemonic: WPM Description: The chip select lines of the 4008 are forced 10 * 1111

OPR OPA: 11100011 at X1 time and the content of the accumulator is avsilable on the

Symbolic: 4009 1/0 bus at X2. RAM program memory can be loaded four
11112 C3C,C1 Cq of 4008 bits at a time. The previous SRC address is sent out on lines AD
ACC = 1/031/021/041/Oqg of 4009 through A7 of 4008,

SRC Address — A, —~ A, of 4008

System Illustrations Using the 4008 and 4009

Four systerns are shown where the MCS-4 components are used with standard Intel memory elements as the program memory,
Notice that several different approaches to chip select, port decoding, and the 1/Q elements are shown,

Example 1: Four 17024 PROMs and Four 1/0 Ports.  Four 1702As are used for program storage and four four-bit 1/0 ports
are used. In this case D-type output latches are used and a one of gight decoder {3206) is used to decode both the input and
output strobes. Note that the 1/O bus is butferad from the outputs. Buffers are needed only when the current sinking require-
ment on the bus exceeds 1.6mA. 1n small systems fow power TTL could be used and buffers could be avoided.

Exampie 2: Read/Write Memory for Program Storage,

This sxample 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 selacts are gated with the F/L control line for writing only four bits at a time

when executing a WPM instruction, They sre also gated with the decoding of the chip selects from the 4008 for normal program
execution. The 1101 {258 words x 1 bit) is shown. A similar system using the 2102 {1k words x 1 bit) could be developed.
Exampie 3: Seven 17G2A PROMs, one RAM biock, smnd seven 1/0 Ports,

This example uses a single page of RAM program memory shown in Example 2 in a complete system. In this case the input
ports are B:1 multiplexes which are buffered from the 1/0 bus by a quad three state buffer. The input port selection is then

the function of the multiplaxers. The output ports are Intel 3404 Iatches and the port selection is done using an Intel

3205 decoder.

Exampie 4: Eight 17024 PROMs, eight RAM Blocks, and eight 1/0 Porty.

Program memory organized with 2k bytes in ROM and 2k bytes in AAM. Each basic RAM block can be organized as in Example
2. When more than one block of RAM is used, the write chip select (WCS) for each RAM block is generated by properly

gating chip sstect 15 with specisl decoding for page selection. Qutput port eight is dedicated to this selection function. This is
only necessary when the RAM program memory is being written. In this sxample standard TTL logic elements are used for

17O port selection rather than decoders as shown in previous examples. In this case all input 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 lines from both 4008 and 4009 are defined with respect to positive logic. The MCS-4 data
and control lines from the 4004 are defined with respect to negative logic. As a result, in program memory used with the 4009, programs should
be coded with logic ““1” = high level and logic 0"’ = 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, Carefully check all tapes submitted for metal mask ROMs to be
sure that the correct logic definitions are used.

3. Input and output data from the 4009 1/0 bus is defined in terms of positive logic. |f these interface devices are used for prototyping a 4001
program memory, care should be taken to be sure that the 1/0 ports for the 4001s are defined consistent with the 4008/4009 system,

4, An 1/O port associated with the 4009 can have lines with both input and output capability. On the 4001 each |/0 line 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 distinctly different functions.

6. CM-ROM and CM-RAMg 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 interpreted as a Write Memory (WRM) by 4002s connected to the same CM line as 4008/4009.
CM-RAM, in absence of a DCL behaves exactly like CM-ROM,
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Example 1. Four 1702As end Four 1/O Ports

ACE (CHIP SELECT

DECODED FROM 4008}

wes XN
FiL ———1'—b°—“'—L/7 WCS: WRITE CHIP SELECT ACTIVE LOW
w (DERIVED FROM ALL 4008 CHIP SELECTS “HIGH™)
YRITE ATS: READ CHIP SELECT ACTIVE LOW
ONTROL
ROM 4008) . R
Voo
ADDRESS
FROM
4008 1 Ty s — 17, o +
111 1111 111 1111 i1 111 111
AW RW R
e 110" W P = M = Mo A M La o1 e e Mo
! L. o
l——=
| To
4009
10y
L« FROM
4009
*NOTE THAT A SIMILAR MEMORY MODULE CAN BE DEVELOPED USING INTEL'S 1/0 BUS

2102 1k STATIC RAM. AN OUTPUT PORT MUST BE USED TO SUPPLY HIGHER ORDER
ADDRESS BITS FOR WRITING A 2102 MEMORY. HANOLE IN THE SAME MANNER AS

A MULTIPLE PAGE 1101 SYSTEM.

Exsmple 2. Read/Write Mamory for Program Storage
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*A detsiled RAM memory interconnection s shown in an sccompanying figure.

Example 3. Program Memory with Seven Pages of PROM and One Page of RAM
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Example 4. Program Memory with Eight Pages of PROM and Eight Pages of RAM
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VIll, DETAILED INSTRUCTION REPERTOIRE OF THE MCS4

A

Instruction Format

As previously discussed, the MCS-4 micro computer set has two types
of instructiom.

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

b) 2 word instruction with g 16~bit code and an execution time of
21.6 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 18 called OPR, the second 4-bit code is called
OPA,

The instruction formats were illustrated in Tables I and II

Symbols and Abbreviations

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

() the content of

—_— is tramsferred to

ACC Accumulator (4-bit)

cY Carry/link Flip-Flop

ACBR Accumulator Buffer Register (4-bit)
RRRR Index register address

RER Index register palr address

P Low order program counter Field (4-bit)
Py Middle order program counter Field (4-bit)
Py High order program counter Field (4-bit)
ai Oxder 1 content of the accusulator

iy Order i content of the command register
M RAM main character location

i RAM status character 1
DB (T) Data bus content at time T
Stack The 3 registers in the address register other than
the program counter.
Throughout the text "page" mesns 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),

Sd™

Example: page 7 means all locations having addresses between
0111 0000 Q000 and 0111 1111 1111



C. Format for Describing Each Instruction

Each instruction will be described as follows:

(1) Mosmonic symbol and mesning

(2) OPR and OPA code

(3) Sysbolic reprasentation of the instructics

{4) TDescriptiom of the Instructico {if necessary)

(5) Exsmple spd/or sxcepticns (1f necessary)

D. One Word Machine Instructions

Mosmonic: NOP (No Oparatiom)

OPR  OPA: 0000 0000

Symbolic: Kot spplicable

Dascription: e wporatiom perfeormed

Moamonic: LDM (Load Data to Accumlator)

OPR  OPA: 1101 DODD

Sywbolic: DD —» ACC

Desacription: The & bite of dats, DDDD stored in the OPA fiesld of
instruction word are loaded inteo the accummlator. The
previous coutente of the accumlator are lost. The
carry/link bit is unaffected.

Moememie: LD (Load index register to Accumalator)

OPR OPA: 1010 RERR

Symbolic: (RRRR)—a ACC

Description: The & bit content of the designated indax register {(RRRR)
is loaded into the accamulator. The previous contents
of the sccumilator sre lost. The & bit content of the
indax register and the carry/link bit sre unaffected.

Moemonic: XCH (Exchange index register and accumlator)

OFR OPA: 1011 RRRR )

Symbolic: (ACC)=e ACBE, (RERR)—e= ACC, (ACBR)-» RRRK

Description: The 4 bit content of the designated index register is
loaded into the accummlstor. The prier contemt of thae
asccamlator 18 loadad into the designated rvegistar. The
caryy/link bit is unaffected.

Moemcnic: ADD (Add indax register to accumuletor with carry)

OPR OPA: 1000 RRRR

Symbolic: {XERR) + (ACC) + (CY) —» ACC, CY

Description: The & bit coatent of the designated index register is
added to the comtent of the accumulator with carry.
The result is stored in the accumlator. Ths carry/link
1s sat to 1 if a sum grester tham 13, vas gmarated to
indicste 8 carry out; otherwise, the carry/link is sat
to 0., The & bit content of the indax register is wn-
affected.

Exmupla: Augand Addend
(ALC) (= 4] (RRRR)
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Moemonie: SUB (Subtract index register from accumulator with
boryow)

OFR OPA: 1001 RRRR .

Symbolie: (AcC) + (WD) + (CY) —= acC, CT

Descripticn: The é bit contemt of the designated index register is
complamented {ones complement) snd added to content of
the accumulator with borrow and the result is stored in
the accumulator. If a borrow is genersted, the carry
bit is set te O; otherwise, it is set to 1. The & bitc
content of tha indax register is unaffacced.

Example: Minuend Subctrahend
(lic) (1) {RERR)
23 43 a) &

0 <— —

ETEE R

Bortow ——iyp ?s ¥y 8] 8g &— Rasulc
€N (Ac0)

Moemonic: INC  (Increment index registsr)

OPR  OPA: 0110 RRRR

Symbolic: (RARR) +1 —» RRER .

Description: The & bit content of the designated index registar is
incramented by 1, The index Tegister is set to zero
in case of overflow. Thae carry/lihk is unaffectaed.

Moamonic: BBL (Branch back and load data to the accumulator)

OPR  OPh: 1100 DDODD

Symbolic: {Stack)—) Py, Py, PH; DDOD —» ACC

Description: The progrsa counter (address stack)is pushed down ome
leval. Program cootrol tranefers to the namt instruction
following tha last jump to subroutine (JMS) instructiom.

The 4 bite of data DDDD stored in the OPA portiom.
of tll_o instruction are loaded to tha accumulator.

BEL is used to raturn from subroutine to main program.

Moemoplc: JIN (Jump indirect)

OPFR  OPA: 0011 FRR]1

Symbolic: {RRRD) — Py

. (RXR1) — Py; Py unchamged

Description: The 8 bit coantemt of the designated index register pair
is losded into the low order 8 positions of the progrem
comter. Program comtrol is trsaferved to the inetruc~
tion at that sddress om the same page (same ROM) whers the JIN
instruction is located, The 8 bit content of the index
regletar iz umaffected.

EICRPTIONS: When JIN 1s located st the address (Pg) 1111 l1ll pre-
gram control is transfarred to tha naxt page in ssquence
and oot to the same page vhere the JIN instruction is
located. That is, the next address is (Py + 1) (RRRD)
(AKR1)} and oot (Pg) (RERO) (RRR1)

Mosmonic: SRC (Send register control)

OFR OPFA: 0010 RER]

Symbolic: {RRM)}—> DB (X3)
(XXR]1)——sp DB {(X3)

Description: The 8 bit content of the designated index register pair
is sent to the RAM address register st I and X3. A
subsequant read, write, or I/0 cperation of the RAM will.
utilise this address. Specifically, the first 2 bits of
the address designate a RAM chip; the second 2 bits desfg-
nate 1 out of & vegisters within the chip; the last 4 bite
designate 1 out of 16 é=-bit msin msmory cherscters within
the ragister. This commmd is also used to designste s
ROM for a subsequent ROM 1/0 port operation. The first
& bite designate the ROM chip number to be salected. The
address in ROM or RAM is not cleared umtil the next SRC
instruction is axecuted. The 8 bit content of the index
ragiatar is wnaffected.
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Moemouic: FIN (Fatch indirect fram mom)

OPFR  OPA: 0011 KO

Symbolict (Pg) (0000) (0001) —» ROM sddress
(OPR} — RRID
(OPA) ~——» RRR1

Description: The # bit content of the O index registsr pair (0000)
(0001) is sent cut as an address in the sams page
vhere the FIN instructiom is located. The 8 bit word
st that location 1s loaded into tha designated indeax
register pair. The program counter is unaffected; after
FIN has besen amscuted the next instructiom in sequence
will be addvessed. The comtent of the 0 indax registar
pair is wmaltered wmless index regioter 0 was designated.

DICEPTIONS: a) Although FIN is a l-word instruction, its exzecution
requires cwo memory cycles (21.6 peec).

b} When FIN 1 located st address (Pg) 1111 1111 dets
will be fetched from the next page(ROM) in sequence and
oot from the same page (ROM) whare the FIN instruction is
located. That is, next sddvess fs (PH + 1) (0000)
{0001) end not (Pp} (000Q) (0001).

E. Two Word Machine Instruction

Moemooic: JUN (Jump unconditional)
lst word OPR OPA: 0100 A3 Ay A4 A
hdmdonﬂfl:lzlzﬂzu lilAlAl
Symbolic: Al Al A Ay —»PL, Az A2 A2 A3 =P, A3 A3 A3 AY— Py
Dascription: Progrem control is unconditionally transferred to the
instruction locater st the address Ay A3 Ay Ay, Ay A2 Az A2,
Al Ay A} A.

Moamonic: M3 (Jump to Subroutine)
st word OPR OPA: Ol01 Ay A3 A3 A3
2nd word OPR OPA: Ag A2 A2 A2 Al Al A}
Symbolic: {*g, PH, M + 2)—»Stack
Ay AL AL Al —r Py, A2 A2 A2 A2 —> Py,
Ay Ay A3 A) —’m.
Description: The address of naxt {ostruction in sequence following
JMS (return address) 1s saved in the push down stack.
Progras comtxol is tr-(uterud to the mtmu;n locatad
at the 12 bit address (A AyhyAy). Emscu-
tion of a return mtmg::#mz:m‘ tlznlni %ho saved
address to ba pulled out of the stack, thersfors, program
control is tramsferred to the next sequential instructiom
alter the last JMS.

The push down steck has 4 registers. One of them is used
o8 the progras countar, therefore nesting of JMS cmm occour

up to 3 levals.
DAMPLE: Stack Stack
Bo 8 ms N
-y e —n
recaive racaived
d Program Counter
Program Counter Return address #1
Stack Stack
Program Counter
Program Counter Return address #3
> Tetatrea ™ — Matvet = -
Return address #2 Return address #2
Return address #] Return address #1
Stack
Return address #4 Program Counter
Return address #3 BBl R Add
- ne M —3 received —> eturn ress #3
received
Return address #2 Return Address #2
Program Counter

Ihe daspest raturn addrsss is losc.
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Moemonic:
1st word OFR OPA:
Ind word OPR OPA:

JCN  (Jump conditicaal)
0001 C)C2CaCa
A2424242 AlAJALA)

Symbolic: If €1C2C3C4 18 true, A2A2A2A2 — Py
AjhAdy P, Py umchanged
1f C1C2C3Cs 1s false,
(’n) b 4 Pﬂn (Pu) —’PH. (PL * 1)~ PL
Description: If the designated condition code is trus, program comtrel
is tramsferred to the instruction loceted at the 6§ bit
address AphaAghz, AjAjA1A] on the same page (ROM) whers JCM ia
located.
If the condition is mot true the naxt instruction in
sequence after JON 1is axecutasd.
The condition bits are assigned s follows:
Cy =0 Do not invert jusp condition
Ci =1 Invert jump conditiom
C2 =1 Jump if the sccumulstor cootent 1is sere
€3 =1 Jump if the cerry/link contemt is 1
Ca=1 Jump 1f test signal {(pin 10 on 4004) fe zero.
Example: orX  orA
0001 0110 Jump if sccumulator is zero or carry = 1
Several conditions can be tested simutenscusly.
The logic equation describing the condition for s
jump iz give balow:
JUMP » Ty . ((ACC ® 0) . C3 + (CY = 1) . €3 + TEST . €4) +
€ . ((AC=0) . C2+(CYT=1).Cy+TET, ci)
EXCEPTIONS 1 If JCNf is located on words 254 end 235 of a ROM page,
vhen JCN is smscuted and the coundition is trus, program
control is tramsferred to the 8-bit address on the naxt
page vhare JCN 1is located.
Mnemonic: 152 (Incremsut index register skip 1f zero)

1st word OPR OPA:
nd word OPR OPA:

Syubolic:

Description:

OLLL  RERK

m‘}l‘r} ¢ Lf Tasule = O

(Pu) —» PR, (Pw) — Py, m*z)—b Pyt

if result ¥ 0 (PR)-» Mg,

AZAZA2A2-yPut, ALALALAL 5 M,

The content of the designated index register is incramented
by 1. The accumulator and carry/link are unaffected,

If the result is zero, the next lostruction after 1SZ is
axscuted. If the result is different from 0, program cémtrol
is transferred to che instruction located at the & bit
address A2AZAZA2, AJALALIA] o0 the sase page (ROM) vhere

the ISZ instruction fis located.

If ISZ 1a located on words 254 and 255 of a ROM page, vhen
I3Z 1» axecuted md the result is not sero, program control
is cransfarred to cthe 8-bit address locsted on the Dext
page in sequencs and not ou the ssme page whare ISZ is
located.

Mpamonic:
lsc word OFR OPA:
2ud word OPR OPA:
Syabolfic:

Description:

FIM (Petched immediace from AON)

0010 RERO

DD202D2 D1DIDID)

D2D2D2D7  RRED

D1 D1D) —» RRRL

The Ind word represents 3-bits of dats which are loaded
into the designated index register pair.




Input/Output and RAM Instructions

(The RAM's and ROM's operated on in the 1/0 and RAM instructions have
been praviously selected by the last SRC instruction executed.)

Moemonic: RDM  (Read EAM character)

OFR  OPA: 1110 1001

Symbolic: (M) — ACC

Description: The content of the previously selected RAM main BARGTY
chayactar is transferred to the sccumulator. The carry/link
is unaffected. The é~bit dats in memory is unaffected.

Mnemonic: RDO (Read RAM status character 0)

OPR  OPA: 1110 1100

Symbolic: (Mgg) — ACC

Dascription: The &-bits of status character 0 for the previcusly selectad
RAM register are transferred to the scouwmulator. The
carry/link and the status character are unaffeccad.

Mnemonic: RD1 (Read 2AM status character 1)

OPFR  OPA: 1110 1101

Symboliec: (Mgy) —  ACC

Moemonic: RD2 (Read RAM status characer 2)

OPR  OPA: 1110 1110

Symbolic: (Mg2) —» ACC

Moemonic: RD3 (Read RAN status character J)

OPR OPA: 1110 1111

Symbolic: Mz3) — ACC

Mnemenic: ADR (Read ROM porc)

OFR  OPA: 1110 1010

Symbolic: (ROM input lines) —, ACC

Dascription: The data present at the input lines of the previously
selected ROM chip is trmsferred to che accimmulator. The
carry/link 1is unaffected.
1f the 1/0 option has both inputs and cutputs within the seme
4 1/0 lines, the user cen choose to have either "0" or
"1" transferred to the accumulacor for thoss 1/0 pins
coded as ocutputs, vhen an RDR ingtruction is executed.

EXAMPLE: Given a 400]1 with 1/0 coded with 2 inpute and 2 outputs,
vhen RDR is executed the transfer is as shown below:
1302 01 Lo {acc)
1 XX 0 # 1 (or®) (1oro0)
b ! F ®
Input Data User can choose

Mnemonic: WRM (Write accumulator into RAM charactar)

OPR  OPA: 1110 0000

Symbolic: (ACC) — M

Description: The accumulator content is written iuto the previously
salactad EAM main memory character location., The accu-
wulator and carry/link are unaffected.

Moemonic: WRO (Vrite accumulstor into RAM status character 0)

OPR  OPA: 1110 90100

Symbolic: {ACC) —

Dascription: The content of the sccumulator 1s written into the RAM
status charactear 0 of the pravicusly seslected RAM register.
The sccumulator snd the carry/link are unaffected.

Moemonic: WR1 (Write scoumulator into RAM status character 1)

OPR  OPA: 1110 0101

Symbolic: {ACC) —p Mgy




Mosmonic: WR2 (Nrite sccumlator into RAM status character 2)

OPR  OPA: 1110 0110

Symbolic: {ACC) —p Mgy

Moesmonic; WR3 (Write accumulator into RAM status character 3)

OPR  OPA: 1110 o1l

Symbolic: (ACC) —3 Mgy

Mnememic: WRA (Write ROM port)

OPR OPA: 1110 0010

Symbolic: {ACC) —3p ROM ocutput lines

Description: The content of the accumilator is trensferred to the ROM
output port of the previcusly selected ROM chip. The data
1s available on the output pins until a new WRE 1s exacuted
on the same chip., The ACC coutent and carry/link are um-
affected. (Tha LSB bit of tha sccumulator appsars on 1/Qg,
in 16, of the 4001). Ho operation is performad om 1/0
ines coded ms Inputs.

Mnemonic: WMP (Write mamory port)

OPR OPA: 1110 0001

Symbolic: (ACC) ==y RAM output Tegister

Description: Tha cootent of the accumlater is transferred to the RiM
output port of the previously selected RAM chip. The data
1s avatlable on the output pine until a new WMF is axecuted
oo the ssme RAM chip. The content of tha ACC and the
carry/link are unaffacted. (Tha LSB bit of tha accumultor
appears on 0g, Pin 16, of the 4002.)

Moemonfc: ADM (Add from memory with carTy)

OPR  OPA: 1110 1011

Symbolic: M) + (ACC) + (CY) ~» ACC, CY

Dascription: The content of the previously salected RAM main mamory
character is added tco the accumilstor with carry. The
RAM charactar is unaffected.

Mpnsmonic: SBM (Subtract from memory with borrow)

OPR OPA: 1110 1000

Symbolic: D + (ACC) + (CT) —» aCC, CY

Description: The comtant of the praviously selected RAM character 1s

subtractad from the accumlator with borrow. The RAM
character is wmaffected,

G. Accumulator Group Instructions
Maemonic: CLB (Claar both}
OPR  OPA: 1111 Q000
Symbolic: 0—» ACC, 00— CY
Dascription: Set accwmlator and carry/liak to 0,
Maemonic: CLC {(Clsar carxy)
OFR OPA: 1111 0001
Symbolic: 0 — CY
Description: Sat carry/link tco 0
Mnemcnic: CMC (Complement caxrrTy)
OPR OPA: 111 oml
Syabolic: cy) 7 o
Description: The carry/link comtesat is complessmted
Mosmonic: STC (Set carry)
OPR  OPA: 1111 1010
Symbolic: 1y CY
Dascription: Set carry/link to a1
Moemonic: CMA {(Complessnt Accumulator)
OPR OPA: 1111 0100
Sysbolic: ajazalag —p ACC
Description: The contant of the accumulator is complemanted. The

carry/link is unaffected.




Mosmonic: 1AC  (Incremsnt accumulator)
OPR OPA: 1111 0010
Symbolic: (ACC) + 1 -=p ACC
Description: The content of the accumulstor is incremented by 1. ¥o
ovarflow sats the carry/link to 0; overflow sets the
carry/link to a 1.
Mnemonic: DAC (decremant sccumulator)
OPR  OPA: 1111 1000
Sysbolic: (ACC) = 1 —3 ACC
Description: The conteat of the sccumulator {s decremented by 1. A
borrow sets the carry/link to 0; no borrow sets che
carry/link to a 1.
EXAMPLE: (ALC)
a3 82 8y &
1 3 11
‘-;4 838281 %
cY
Mnemonic: RAL (Rotate left)
OPR  OPA: un o101
Symbolic: Co —rag, 84 — 84,43 a3 — CY
Descripeion: The m:gnt of the saccushulator and carry/link are rotated
laft.
Moemonic: RAR (Rotate right)
OPR  OPA: 1111 W
Symbolic: 4 —CY, ay > ag), G — 4y
Description: The contemt of the sccumulator snd carry/1ink are rotated
right.
Hnemonic: TCC (Trmsmit carty snd clear)
OPR OPA: 111 0111
Sysbolic: 0 —»ACC, (CY) —» ag, 0 —> CY
Description: The accumulator is clearsd. The lesst significmt poei-
tion of the accumulator 1s set to the value of the
carry/link. The carry/link is set to 0.
Mosmonic: DAA (Decimal adjust accumulator)
OPR  OPA: 1211 1011
Symbolic: (ACC) + 0000 — ACC
or
0110
Dascription: The accumulator is incremsnced by 6 Af efther the carry/link
is 1 or if the sccumulator content 1s grester than 9. The
carry/link 1s set to & 1 1f the result geneTates a carry,
otherwise it is unaffected,
Maemonic: TC8 (Trsnsfer carry subtract)
OPR OPA: 1111 1001
Symbolic: 1001 —p ACC 1if (CY) =. 0
1010 —3» ACC if (CY) = 1
0 —» CY
Description: The accmmiastor is set to 9 if tha carry/link 1s O.

The accumulator is set to 10 1f the carry/link is a 1.
The carry/link 1e sat to 0.
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Hossonic: KBF (Eayboard process)

OPR  OPA: 1111 1100

Symbolic: (ACC) =—» KBP ROM —» ACC

Dascription: A code conversicn is parformed on the accumlator content,
from 1 out of o to binary code. If the scoumulator con=
teut has wore than oune bit on, the sccummlator will ba
set to 15 (to indicate arror). The carry/link is wnaffected.
The conversion table is shown below

(ACC) bafors X3P (ACC) atrey KBP
0000 et el o000
po11 ————rrere— 1111
0101 ———— 1111
0110 e e 1111
0111 —————— 1111
1110 - 1111

Maemomie : DCL (Designate command linae)

OPR OPA: 1111 1101 ‘

Symbolic: a4 ~ Mg, o —> Oy, s3> O

Description: The content of the thres least significsot accusulstor
bits 1s trsasferved to tha comand countrol register within
ths CPU.
This inetructiom provides RAM bank selecticn vhen mulciple
KAM banks are nsed.(If no DCL instruction is sent out,
RAM Bank number szerc ie automatically selected after appli-
cation of at lasse one RESET). DCL remming tatched untht It is chenged,

The ealaction is mads according to the following truth
table.

A 3205 (3 of 8 decoder) or low power TTL equivalent may be tied to the CM-RAM],
CM-RAMz2, and CM-RAM g lines to expand the number of RAM banks to 8, Note that
the command lines must be buffered for MOS compatibility. See below,

— CM-RAMg | RAM BANK
CM-A 0
15 m::: fol, 3 55 > RAM BANKY
14 2 9 2 1= —-D |
CM-RAM; 4, 04
i 13 3 i 11 —_D__

'
4004 3208 ‘EEJ—D—— '
1

CPU DECODER |92 >
0
14 =1 t} |
o [~
15 L> RAM BANK 3




IX. AN INTRODUCTION TO PROGRAMMING THE MCS4

A,

Introduction

Writing sequences of instructions for a computer is known as Progranm—
ing. To be able to program a computer effactively, the programmer

must understand the action of each of the machine instructions. ({The
instruction set of the MCS-4 1s described in detail i{n the last asection.)

Each machine instruction manipulates data in socme way. The data may
be the contents of the program counter which indicates where the next
instruction 1is to be foumd, the contents of one of the CPU registarvs,
accumulator, or carry flip-flop, the contaents of RAM or ROM, or the
signals at a port.

Programming 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 1/0 potts,
bagic program loops, multiple precision arithmetic, and the use of
subroutines.

EXAMPLE #1

Consider the case whers it is desired to test the status of a single
svitch connected to the CPU (4004 chip) on the test input (pin 10).

A jump on condition instruction (JCN) can be used to perform this teat.
Suppose the JCN instruction: JCN TEST, 16 (2 word imstruction) is stored
at ROM memory locations 2 and 3. The instruction would look as follows:

OPR OPA
C)C2CaCy
Location #2 0001 000G 1
(JCN) (Jump Lf test signal = Logic "0")
Location #3 0001 0000

(Jump to ROM memory Location # 16)

When this instruction is executed , 1f the switch comnects 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 "1" (negative voltage) the program counter
would not jump but would be incremented by 1 snd hence the instruction

in ROM memory location 4 would be executed next. Thus the switch status
can be tested simply with one imstruction. Furthermore, if it were
desired to jump if a test signal equalled a logic "1", the JCN instruction
could be coded

OPR OPA
C1C2C3Cs
Location #2 0001 1001 Ioverted jump condition
L S
Location #3 0001 0000




In this case the invert condition bit C] is used to indicate a jump
1s to be made on a logic “1" on the test signal.

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

EXAMPLE #2

Congider the case where it is desired to test the status of a switch
connected to the port of ROM #2. To make access to the port, it 1is
necessary Co execute and SRC instruction. The SRC ingtruction utilizes
the contents of a pair of registers, which must contain the proper num-
bers to select the desired port. Register pairs may be most easily
loaded using the FIM instruction.

Thus the sequence

Mnemonic Description
FIM 0 /Fetch immediate (direct) from ROM data {0010, 0000)
2,0 to index regiser pair 0.
SRC O /Send the contents of index regiater pair 0 to select

a ROM. The first 4 bits of data sent out at Xy time
{0010) select ROM #2.

RDR /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 #2. 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 #3

Suppose a seriea of 10 clock pulses must be generated, perhaps to drive
the clock line of a 4003 port expander. Let us assume that RAM #3 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 equivalent
of 12) is required at X2 to select RAM #3.

Since we must select the port on RAM #3 we will require

FIM O
12, 0

SRC O

This pair of ingstructiona 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 #3 and that it is initially set at zero (8o that the
program does not have to reset 1it). Purthermore, let us assume that we
do not care about the other three bits of the port.
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First let us set the accumulator to 0
0 /Set accumulator to 0

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

/Rotate left (accumulator and carry)
/Complement carry
RAR /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 way to complement the high order bit is to add 8 (binary
1000) te tha accumulator. We may set the contents of one register,
say register 15, to 8 by the sequence:

LbM 8 /Load data DDDD (1000) to the accumulator.
15 /Exchange contents of index regiater 15 and accumulator
0 /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 diffarence 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 {.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 /Add contents of register 15 (1000 |
previously stored in the register)
to accumulator

one clock pulse

Jtirite the coantents of the accumu- L
generated

lator into the previously selected
RAM output port




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 imstruction 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 immediately 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 I$2, the processor will proceed to the next instruction
in sequence rather than jump.

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

Address
Instruction # Name Mnemonic OPA Description
(1) LDM 8 /Load 1000 to accumulator
(2) XCH 15 /Exchange contents of index register 15
and accumulator
(3) LDM 6 /Load 0110 to accumulator
4) XcH 14 /Exchange contents of index register 14
and accumulator
{5) FIM 0 /Fetch immediate from ROM, Data (1100 0000)
12, 0 to index register pair location 0
SRC 0 /Send address (contents of index register
pair 0) to RAM
¥)) LDM 0 /Set accumulator to 0
(8) ~—» LOOP ADD 15 /Add contents of register 15 to accumu-
lator
WMP /Write contents of accumulator into RAM

output ports

ADD 15 /Add contents of Register 15 to accumu-
lator

WMP /Write contents of accumulator into RAM
output ports

1Sz 14 /Increment contents of register l4. Go

LOOP to ROM addreas A2, A; (called Loop) if
result #0, otherwise skip.




Explanation of Program

Instruction #1 and #2 - Loads the number 3 (1000) into index regis-
ter number 15 (1111)
Loads the number 6 (0110) into index regis-

ter number 14 (1110)

Instruction #3 and #4

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

1 *
Initial state of RAM Highest order bit of accumulator
output port is complemented again and sent

back to the RAM ocutput port (In~
structions 10 and 11)

(g) Instruction #12 - The contenta of Register 14 is incremented
by 1 (0001). The number 7 (0lll) 1is now
stored in register 1l4. Since this result
is not equal to zero, program control jumps
to the address specified in tha 2nd word
of this fnatruction. In thie case the
address stored in the 2nd word is the address
of inatruction #8. The program then exe-
cutes the next 4 instructions in sequance
and generates a 2nd clock pulse. This
sequence is repeated a total of 10 times,
thus generating 10 clock pulses. Ou 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.

Example #4

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 comnection 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 commands, 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.

' 7 SEGMENT DISPLAY

cLocK Qo Oy ‘o —— ‘
(—o - B Do ,_!__l——w; 4
RAM PORT 1< :2 x T Do Nl
== | T ||
T J | |
| o L Do i
‘ } IL_ﬁ w0 Qo 0y ‘ ! ‘
DATA | | {—‘—— ; —Ppo——— | |
| —o 4003 ?o 9\ »0 7_[
S [>o——— oe (noT useD)
Figure 9. RAM Output Ports Driving Groups of Shift Figure 10. Shift Regitters Driving Seven Segment LED
Regitters Displays
The main loop is then as follows:
Loop, SBC /Send address to selected RAM
BDM /Read selected RAM character into accumulator
SRC /Send address to RAM #2
wMP /Write contents of accumulator (previously slected RAM
SRC character) into Port #2
DM 0 /Send address to RAM #1
/Set accumulator to "0V
ADD 15 |
WMP
ADD 15 | Generate 1 clock pulse
A Y,
INc ' /Increment by 1 the contents of the register pair holding

the selected RAM address
ISZ 14 Loop /Increment contents of register 1110. Jump 1f result ¥ 0,
otherwise akip.

The loop above uses 3 pairs of registers for RAM and port selectiom,
and two regiatera for temporary storage and indexing. The initiali-
zation must provide for loading each of these regiaters.

Example #5

The exgmple 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 Pig.10 with each LED uweing two adjacent locationa in each of
the 4003's.

The instruction FIN allows a ROM table to be accessed based on the
contents of registers 0 and 1. To save regigster space, the fetched
dats 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 1lst half of 7 segments
WMP /transfer to output port
SRC /select clock port

LDM 0 /Set accumulator to "0"

ADD 15 ‘

Tw {

ZDD 15 r /generate one clock pulse
e

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 "0
ADD 15

2?5 15 pt /generate one clock pulse
WMP

INC /set next RAM character

152 14 /teat 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 instructicns is sufficient:

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

Example #6 - Subroutines

Proceeding with the exsaple 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 vhenever this was necessary. However, by making

the entire eequence 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 atack. 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



|

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 tine 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, 1f the RAM register to be transferred toc 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 calles the subroutine.

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

The 4002 RAM has & registers, each with twenty 4-bit characters sub-
divided into 16 main wemory characters and 4 status characters. (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 mantigsa (fraction) and a 2-digit exponent.

Consider the number

+ .1372994157387406, x 107
L4
Mantissa (16 digits) Exponent (2 digits)

Storage 1s 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 mantigsa 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 minua - this definition is completely arbitrary and is cowm-
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 IIIP (3). It just looks at it from a different view-
point.



For example let's store the previously shown number in Bank #2,
It would be gtored in the 4002 ag

Chip number #3, register #1.

follows:
Register #1
Decimal digit - 6 0 1 1
Decimal digit - 0 0 0 0
Decimal digit - 4 0 1 0
Decimal digit - 7 0 1 1
Decimal digit - 8 1 0 0
Decimal digit - 3 0 0 1
Decimal digit - 7 0 1 1
Decimal digit - 5 0 1 0
Decimal digit - 1 0 0 0
Decimal digit - 4 0 1 0
Decimal digit - 9 1 0 0
Decimal digit - 9 1 0 0
Decimal digit - 2 0 0 1
Decimal dig;t -7 0 1 1
Decimal digit - 3 0 0 1
Decimal digit - 1 0 f 0 0
Exponent Value 1 0 0
59

0 1 0

Exponent Sign - Negative 0 0 0
Mantissa Sign - Positive 0 0 0

The following instructions would be

and exponent valuet

10

11

12

13

>

Mzin Memory
Character #

Status Characte:

#

used to fetch éharacter #6, the signs,



LD jim 1% w©le
..... t bank #2 peL T 1161
r L L
13, & L] 2 oL,
e g
&t
it
Selec ! a!
Chip #3, Register 1 9 =
Character #6 g
L]
-
-
Lt »w ey
Fatch the Mantisss sign xD3
From status Character #3
to Register F10 in the
cPU XCH 10 i
Fetch the exponant sign RD2 MM 111
from status charscter #2 XCH 11 1 wu
to Ragister #l1 Lla the
cru
b ponent from w1 L 1l
tatus Ch ter /1 and XCH 1 wn 1.
¥ Regis #12 and RDO Ha m
#13 respectively XCE 3 jr N 11

Fatch the previcusly ROM
selected main memory

character #6 (which

stored the decimal digit 7

to the accumulator

Example 8 - Interpretive Mode

Interpretive mode programming 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 wmight 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 amother computer architecture
is simulated.

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 operations
(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 sddress value is the loca-
tion of a JMP, or JMS to an appropriate routine, or the routine
iteelf.)

When fetching pssudo 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 correaspond to this address structure. If the FIN
and BBL instructions sre 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 0 of the appropriate chip.



X. PROGRAMMING EXAMPLES

A, MCS4 Program Routine Format Notes

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

Example
Column # 1 2 3 4 5 6 7
0001 | 0040
0002 | 0000 | ADDITN, | FIM |@<; |9 / | IR(§-1)=9
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
gsemicolon (;). '

The fifth column is the OPA field for the lat byte teninated by a gemi-
colon (;) or space or slash (/) or carriage return.

The sixth column is the second byte specification field (for a 2-word
ingstruction).

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

SPECIAL NOTES

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

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

e Any operand folloved 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,

e 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. 16 - Digit Decimal Addition Routine

SPUCIFY. RAM 0,1 b L= AN CHIP &
= ¢ AND i = RAM REG. SET ¢
‘g-.. 3 k = RAM CHARACTER #

SET DIGIT COUNTER TO ¢: .
IR(8) = ¢ (48IT BINARY CONTR) | R = INDEX REGISTER

| 1= RAM (4, 0. k) + RAM (0,3, ) |

! I STORE I IN RAM (¢, ¢, k) I

| mo-me+1 k=x+1 |

ves
PRINT X_..X
ves | (INDICATION
OF OVERFLOW)
AND CLEAR
RA (8, 9, k)
NO

|m TO ROM ADDRESS “NEXT™ P——_—‘

Figure 11. Flow Chart for 18 Digit Decimal Routine
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0000
0001
vee2
2003
0004
6805
8006
2007
2010
9011
2812
2013
2014
0015
2016
0817
0020

#a2]
vo22
2B23
2324
282s
0026
0027
2320
va31
vea2
2833
Bu34
0235
BAIAS
@837
20 48
vgal
90 a2

P AR
200D
PP a4
2060
20320
266
261
2045
@asi
Paat
353
2313
2340
2141
@145
2166
0907

aa22
vezs
2100
2219
@320
pzr2
0o a2
A3le
8129
8536
o172
2027
BVas
0009
0120
0454
BIve
2318

16-DIGIT DECIMAL ADDITION ROUTINE

ADDIIN, FlM 0<39 / 1R(Y~1)20
FIM 2<5 48 / IRCAI=33IR(S5)=0
LDM © 7/ LOAD @ TO AC
XCH 6 / EXCHANGE C(AC) AND IR(6)
CcLC / CLEAR CARRY REGs
AD1, SRC 2< / DEFINE RAM ADDRESS $(1
ROM / READ RAM TO AC
SRC 0< / DEFINE RAM ADDRESS
ADM / ADD CC(RAM) 70 AC» CARRY ENABLED
DAA / DECIMAL ADDRESS ACC
W ¢ WRITE AC TO RAM
INC 1 / INCREMENT IRC1)
INC S 7 INCREMENT IR(S)
152 63AD) / IRCEI=1RCEI+13 SKIP IF CCIR6)I=0
/
OVERFLs JCN CN3 XXX / TEST CARRY3 JUMP IF
JUN 3NEXT / SEE NOTE $(2
XXXs LDM © / LOAD AC WITH @
XCH 10 / EXCHANGE 1R(18) AND AC
OVFL1, FIM 1<3216 / 1RC1)=83 IR(2)=13 [X)
JMS 3 PRINT
1SZ 1930VFL} / IRC19)=IRC10)+13SKIP IF 1RC1D)®
FIM 2<30 / SET IRC(4-5)=1
JMS 3 CLRRAM / CLEAR RAM DATA
JUN INEXT / SEE NOTE $(2

/70UMMY ARGUMENTS
CLRRAM= 33P0
NEXT=0200

PRINT= 35

$C1 RAM ADDRESSING DEFINE AS TO STANDARDS IN ’
SPEC SHEET. :
BITS NUMBERED FROM LEFT TO RIGHT MSB TO LSB
@1 23456071

BITS @-1 SELECT RAM CHIP | OF 4

BITS 2~3 SELECT RAM REGISTER t OF 4

BITS 4-7 SELECT REGISTER CHARACTER | OF 6

$¢2 NEXT» PRINT AND CLRRAM ARE ADDRESS TAGS USED FOR
ASSEMBLY

NEXT CAN BE THE RETURN POINT OF THIS ROUTINE

CLRRAM AND PRINT ARE ROUTINES CALLED BY THIS PROGRAM
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C. BCD to Binary Conversion

The following program converts BCD numbers (@ - 255) to its binary
equivalent. In this program it is assumed that a 3 - digit BCD number
is previously stored in character #, 1, and 2 of register # in RAM chip
@ by the main program. Then this program proceeds as follows:
First it sets index registers @, 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 1is
the content of character @ in the RAM) into index register 3, IR (3).
No conversion 1s made on thig digit since it has the same bit pattern as
its binary vepresentstion. Now recall that each unit value of the second
digit of the BCD number (which is the content of character 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 (1.e. the value of the second digit 1is decreased by one), and the
result is atored back into the same location in the RAM. Then the content
of index register 3 is transfered to AC and the content of index vegister
S (which 18 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 {s stored back into index register 2. The process of checking
the second digit ias repeated until it {s 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 i3 the content of character 2 in the RAM) and repeats the
process in the same manner except, in this case, the content of IR (5) is
added to index register 3 and the contents of IR(4) is added to index
regieter 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), im 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.

P T0 BINARY OCONVERFION MOUTINE

e S0

AN MG BCDAIN:" FIM §x3 7 LR(e=1008

9002 BRaf

M0 SSNe FIM j«5p s Inigr-I=P

W4 PRl

2008% 0012 i gx218 7 1RCay=D) IRCSIn IR

s 0334 LOM 4 Z LOAD A WITH 1 a

T #264 XCH & 7 EACHANGE LIW(&) AN AC
@AY VD4l SHC @+ 7 DEFIME A ADDRESS
GaLl 9351 HD™ / RLAD #am DATA TQ AC
g 828 xCw ) 7 EXCHANGE AC wiTH L1HEDY
oPN3 B14) BOBN. | L1} 7 IRC1ISIRCIY»

avia 804 SHE Be 7/ DEFINE RAM aDDRESS
9015 9331 BB, RDM 7 AEAD HAN DATA TO AC
pMIE B92a

w17 $83) JCN AL DR 7/ JUNE 1IF AC-®

929 wATe VAL 7 ACEAC-1

"2 B WRn 7 WHITE AC T3 A

M22 I8 ac 7 CLbanx CARAY REG

(L - FTT] LD 3 7 LIAD AC WITH CCLIRCID )
Je2a PRWS ADD > / ADD IRC(S} 10 AC

023 IReI ACH 2 /7 EACHANGE IRCI)Y AND AC
W24 A2 L 2 7 LOAD AC wiTw LACRY
Rz Bilva ADD & / ADD Le{a) T AC

vede w2 iCH 2 7/ EACHANGE AC WiTH Lnt>
03y $100

2832 §B1S JuN 2001 7 JUMP UNCONDI TIONAL
WA} BRaN

VB34 0l aa BB2, F1M 24100 / IR{A)2 4 I RiDIn g

#83% #1186

0936 WBIA 15 LPDEN Z IntEIsTREAIH1SSHIP 1IF TR{B)I=D
31T PN [N / RETURN 10 CALLING ROUTINE AC:S



SET INDEX REGS:
IR(¢) = ¢, IR(1) =
IR(2) = ¢, IR(3) = ¢
[R{4) = ¢, IR(6) = 19

L SET DIGIT CONTR: [R(8) = 14

READ THE LS DIGIT
TO AC AND THEN
TRANSFER THE CONTENT
OF AC TO TR(3}

- 0
| mm-AMo‘ ]
O——

READ NEXT DIGIT
FROM RAM —-AC

YES _|seT
IR(4) = 6,IR(5) = 4
NO

Figure 12.  Flow Chert for BCD 1o Binery Conversion
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D. A-D CONVERTER USING DAC With MCS4

One application using the Intel MCS-4 single-chip computer family is to determine the value of an analog
voitage. While it was possible to use the conventional approach of interfacing an analog 10 digital converter
to the microprocessor, a cost saving is achieved by having a microprocessor execute a program which enables
a digital to analog converter and a comparator to perform the analog digital converter function, The first
figure shows how the conversion is achieved. The MCS-4 uses a 'port” for input/output communication.

A four-wire port is associated with each read-only memory or read-write memory chip. Two of these output
ports have been used to drive the inputs of a digital to analog converter (DAC). The DAC is wired to a
comparator which allows the output of the DAC to be compared with the analog input signal. The output
of the comparator is in turn wired to the test input of the 4004 central processor. This test input line is
interrogated when the central processor executes a certain conditional jump instruction. Whereas the normal
instruction execution flow within the MCS-4 system is sequential through program memory, when the con-
ditiona! jump is executed, the processor jumps to a new location in memory, starting a new instruction
sequence,

The sacond figure lists the program for the analog to digital convertor in MCS-4 assembly language. The
program implements a successive approximation conversion technique, Starting with the highest order bit,
each bit in turn is turned on and the output of the comparator tested. If turning on the bit results in a
signal from the DAC that is larger than the anatog input, the bit is turned off and the next bit in turn
tested. Howsever, if turning on a bit leaves the output of the digital-to analog converter still smaller than
the analog input signal, then that bit will be left turned on. The coding for the program consists of testing
each of the lines of one port in turn using in-line coding, then repeating the sequence for the next set of
port lines by looping back. Setting a bit is accomplished by loading the accumulator with a load immediate
instruction (LDM} and then writing the contents of the accumulator to the output port. The cutput port
is selected at the beginning of the program by the combination of fetch immediate (FIM) and send register
control {SRC) instructions. Register #4 (R4) is used to contain the current estimate of the value for the
4-bits being tested. A bit under test is retained or cleared by updating or not updating the contents of
register 4, At the end of the basic 4-line test sequence of instructions, the contents of register 4 are saved
in an alternate location by a series of exchange (XCH) instructions and the instruction increment and skip
on zero (ISZ) is used to perform the function of counting the number of passes through the loop and jump-
ing back to the loop start. The loop selects the next port in turn by the increment (INC} instruction

which modified registers RO so that when the next SRC instruction is executed, it will select the next

port in sequence. This basic program can be easily modified to handle 12 bit binary or 2 or 3 digit decimal
conversions. Execution of the sequence of instructions takes less than one millisecond and as can be seen
from the listing, occupies some 29 words of read-only memory.

A muitiplexer for multiple analog inputs can be added quite easily by providing a separate comparator for
each analog input and performing digital multiplexing at the input to the test terminal of the 4004 central
processor. An alternate use of the structure shown in the first figure permits determining which, if any, of the
several signals is above or below some predetermined analog threshold value. The analog threshold value

is deposited at the output ports driving the DAC and the outputs of the comparators are then read into

the MCS-4 systern at an input port or at the test terminal of the CPU,

|

TEST

g

O
v
[

ey SR,
—4_DIGITAL MULTIPLEXER

38

ANALOG  ANALOG
INPUT INPUT
1

3

Biock Disgram of A-D Converter using DAC and MCS4
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/SET UP FOR SELECTION OF ROM OUTPUT PORT (RO, RI=PO),
USING RI /AS A LOOP COUNTER -- VALUES IN BINARY
0000 00032 FIM PO 000011118
00015
/CLEAR REGISTERS R4, R5. (THESE TWO REGISTERS ARE
/DESIGNATED PAIR 2 OR P2 BY THE FIM INSTRUCTION).
R4 AND RS /WILL BE USED TO RECEIVE THE RESULT OF THE

CONVERSION
0002 00036 FIMP20
00000
/ISTART OF MAIN LOOP
0004 00033 ADLP, SRCPO /SELECT PORT USING CONTENTS OF RO, RI
0006 00240 CcLB /CLEAR ACCUMULATOR AND CARRY FLIP-FLOP
00068 00216 LDM S8 /LOAD ACCUMULATOR WITH 1000
/LDM 8 SETS THE HIGH ORDER BIT OF THE ACCUMULATOR
0007 00226 WRR MRITE ACCUMULATOR TO ROM OUTPUT PORT
0008 00025 JCN TI *+3 /JUMP PAST SCH IF RESULT TOO BIG
00011
0010 00180 XCH R4 /SAVE RESULT IF NOT TOO BIG
/NOW REPEAT FOR 2ND HIGHEST BIT
0011 00212 LDM 4 /LOAD ACCUMULATOR WITH 0100
0012 00132 ADD R4 /ADD RESULT OF PREVIOUS TEST
0013 00226 WRR /MRITE TO ROM OUTPUT PORT
0014 00025 JCN Ti *+3 /JUMP PAST XCH IF RESULT TOO BIG
00017
0016 00180 XCH R4 /SAVE CURRENT RESULT IF NOT TOO BIG
/REPEAT PROCEDURE FOR LAST TWO BITS OF THIS PORT
0017 11210 LDM 2 /LOAD ACCUMULATOR WITH 0010
0018 00132 ADD R4
0019 00226 WRR
0020 00025 JCN TI *+3
00023
0022 00180 XCH R4
0023 00209 LDM 1 /LOAD ACCUMULATOR WITH 0001
0024 00132 ADD R4
0026 00226 WRR
0026 00025 JCN TI *+3
00029
0028 00180 XCH R4
/NOW WRITE FINAL RESULT TO ROM PORT
0029 00164 LD R4 /LOAD FINAL RESULT TO ACCUMULATOR
0030 00226 WRR /WRITE TO ROM OUTPUT PORT

/NEXT MOVE THESE 4 BITS TO RS AND CLEAR R4 AND CLEAR R4 FOR NEXT PASS
I/NOTE RS INITIALLY CONTAINED ZERO

0031 00181 XCH RS /ACCUMULATOR TO RS, R6 TO ACCUMULATOR
0032 00180 XCH R4 /CLEARS R4 IF AT END OF FIRST PASS
0033 00096 .INC RO /PREPARE FOR SELECTION OF NEXT ROM PORT
0034 00113 ISZ RI ADLP /RETURN FOR SECOND PASS AFTER PASS 1
00004

/AFTER PASS 2, PROGRAM CONTINUES PAST THIS POINT. HIGH ORDER
/BITS OF RESULT WILL BE IN R4, LOW ORDER BITS IN R5,

Program for A-D Converter Using DAC and MCS-4




E. MCS4 SOFTWARE LIBRARY

MC8-4 Cross Assembler snd Simulator Software Package

Intet now offers an assembler and simulator software package to help develop programs for microcomputer systems built
from Intel’s MCS-4 set of integrated computer circuits. The MCS-4 cross assembler translates a symboiic representation
of the instructions and data into a form which can be loaded and executed by the MCS-4. By crom sssembler, we mean
an smembler executing on a machine other than the MCS-4 which generates object code for the MCS-4. Initial develop-
ment time can be significantly reduced by taking advantage of a large scale computer’s processing, editing and high spesd
peripheral capability.

The software is written in genersl FORTRAN 1V. The package consists of » simulating routine, which enables the
computer to simulate the operation of an MCS-4 microcomputer, and an assembiy routine, used primarily as an asid
to programming the simulated microcomputer.

The routines may be procured from Intel on magnetic tape. Alternatively, designers may contact nation-wide computer
time-sharing services — Genersl Electric and Tymshare — for access to the programs.

MCS-4 User's Library

® Crom mwmbiler and simulator for the MCS-4
that runs on the PDP-8.

® MCS4 logic subroutines AND, XOR, I0R, LOGIC,

® Sixtesn digit Decimal Addition Routine (A0700) "]

® Crom Amemblar for NOVA

& Chebychev polynominal approximation subroutines for
addition, subtraction, multiplication, division, sine,
cosine, srctangent, exponentisl, and natural logs.

These program listings are available to all members of the microcomputer user’s library. We encourage all users to submit
sl non-proprietary programs to Intsl to add to the program library so that we may make them available 10 other users.



Xl 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 design, suitable interface circuits and programe.

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 connectioms.
If the number of available output ports is insufficient,
4003 output port expsnders may bs used. When the number
of input lines {3 insufficient, multiplexers must be added.
These multiplexers must be controlled by output ports.

2. Develop the necessary level conditioning circuits for sach
signal. Port inputs and ocutputs are at MOS levels (logic
# = OV with a series output resistance of typically 1504,
logic 1 = =7v with a geries resistance of typically 2k
for outputs. Inputs use the gsame levels, and appear as a
capacitive load of approximately SPf)., These levels must
be converted to the levels necessary to drive solenoids,
nixies, etc. PFor TTL compatibility refer to Appendix A.

3. Vrite the programs necessary to interpret inputs and gen-
erate the output levels necessary for proper opsration 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 reducs
the number of output lines may result in more complicated pro-
grams.

The following sections deacriba 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 preseats precoded (such as
ASCI1) data. The output lines from a keyboard with precoded
data are read st one or more input ports. An input port line
or the test line of the 4004 CPU may be interrogated to deter-
aine if a key has been pressed.



Scanning and debouncing a keyboard takes a more elaborate pro-
gram. The keyboard is usually arranged as an n x @ (n columns,
m rowa) wmatrix of key switches., This type of keyboard is con-
nected as 1f 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=0000), the ACC remains at 0000.
2. If more than one key is pressed, ACC is set to 1111l.

3. If one key 13 pressed, the ACC indicates the bit position
of the key, as shown below.

ACC before ACC after
0001 0001
0010 KBP 0010
0100 ——y 0011
1000 0100

Scanning of a keyboard is implemented by moving a single "¢" in

a field of "1"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 "1" (-6v) and the other at a logic
"g", the result will be equivalent to a logic "§". By scanning a
keyboard with a moving "9", multiple key presses in a row can be
resolved. PFurthermore, 1if the 4003 {is disabled, all ocutputs go to
logic "@" and all keys can be sampled simutmmeously to determine
if a4 scan is required.

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

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

E
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Figure 13.  Keyboard Interface - (Scanned Array)



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 vhen
the anode supply is present at the same time that the appropri-
ate cathode {3 groumnded (through the proper resistance). In
e multiplexed NIXIE array, one set of (10 or 11) cathode
drivers is used in combination with one anode driver for each
NIXIE tube. Under program control, the array is scanned. One
tube is gelected; 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 turm.

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 nuneral displays.

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

R?



0. Telotype Interface

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. 15. One transistor is used for
receiving serial dats from the teletype, one for transmitting
data back into the teletype, and the third one for taps reader
control.

It requires approximately 100 mgsec 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 mgec. The MCS-4 system is ideal for this timing
contrel. Following is a simple program which is written for
this purpose. This program not only controls the teletype
timing but also stores the data tewporarily 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.

1
i
|

TTY TAFE
TRAMBMITTER READER CONTROL
ik =4
DATA FRO8 DATA FROM
L= L ] W4 ADOY
O &0y OR 40031

[ DELAY FOR ~ 5.5 masc I
-
INITIATE TTY,
SET DATA COUNTER = ¢ 25 L
[ DELAY FOR ~2.75 mesc :l %
; -8 =¥ =10
[ READ DATA BIT J
Ty
-8 RECEIVER
SEND DATA BIT
lr BACK INTO TTY
[ DELAY FOR ~ 5.5 mesc J
DATA TO
oY, o
TTY

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

]

Figure 14, Flow Chart for Teletype Interface

Figure 16. MCS-4 & Teletype Inturface Clreuits
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RAR
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7 BY SETTINT BLIT 3 OF @-TQ 3 10 3
7 DEFINE RAM AUDRESS

/7 WRITE DATA TO HAM PORT

7 WAIT FUR DATA {NPUT SIGNAL

/7 5.00MS TIME OUT

S ITRU)s@pIRC)Im LD

/ COMPLETE TIMMING FOR BIT SaMm.L
/ DEFINE ROM PORT ADDRESS

/ READ ROM INPUT TO AC

7/ COMPLEMENT DATA AND ECHO

7 03 FINAL TIME QUT 308 MS

/ lRtw=1)ap

7/ LIR(2%e9

7 [REAY=

7 IRCA)=Y

/ READ DATA INFUY

SIORE DATA [N CARRY
LOAD AC=[R(2)
TRANSFER BT

RESIJRE NEW DATA WRD

R NN

7 EXTEND REGISTER TO MAKE 8 PITS

7 RETUNN TO INPUT

/ Int@=-1)s0
75.47u43 TIRL 0N

7 Int@)egs IR )1}l

7 1.75 &8 1InE QUT



XIl. DEVELOPMENT AIDS

A. MCS-4 Standard Memory and Interface Set (4008/4009)

Prototype systems are designed 1o permit the use of 1702A PROMs instead of metal masked 4001 ROMs. The TTL
used in the prototype systems to simulate the control logic of the 4001 is now embodied in two special interface devices.
These new devices, the 4008 and 4009, provide direct interface to standard program memory, sither ROM or RAM, and
to TTL 1/0 ports,

The 4008 is used as the address latching unit, accepting twelve bits of address in each of three time periods A1, A2, A3,
The address is available to the program memory during M1 and M2 when the CPU accepts instructions and data. The
Program memory may contain up to sixtesn 256 byte pages. The 4008 alio stores the 1/O port sslection code so the
appropriate input or output port can be selected during the execution times X2 snd X3, Demultiplexing of the eight-bit
instruction word from program memory and transmission to the data bus is carried out by the 4009 at M1 and M2 time.
By way of a four-bit 1/Q bus which can communicate with up to sixteen input and output ports, data is transmittec to
and from the accumulator of the CPU via the 4009,

FEATURES

¢ Directly Compatible With 4004 CPU

e Interface 1702A PROMs Directly to 4004 CPU — Completely Eliminates TTL Interface
* Permits Program Storage in Alterable Memory

® Easily Combine PROMs (1702A), Metal Mask ROMs {1301}, and RAMs {1101, 2102)

for Program Storage

Expanded 1/0 Port Capability
Each Port May be Both input and Output — Up to 16 4-bit Input Ports and 16 4-bit
Output Ports

Number of I/O Ports is Independent of the Size of the Program Memory
1/0 Ports and Control Lines are TTL Compatible
Execute MCS-4 Programs from any Mix of Standard Intel ROMs and RAMs

New instruction WPM {Write Program Memory) is Used for Loading Alterable Program
Storage (RAM)

" OUTPUT OUTPUT
4004 4002 AAm | (16 RAMS MAXIMUM) | 4007 Ram B
cPu REGISTERS REGISTERS | E] ,
4 6 5 - (18 INPUT PORTS
5 - + AND 16 OUTPUT
{4 BIT DATA BUS) . PORTS MAXIMUM)
17024 PROM ,_4__D_‘__
4008 — «000 _»__@__’__
ADDRESS o - 1301 ROM - 1/0
LATCH g Eadhiacs DEVICE
2102 RAM J Ad ... )
(MAXIMUM 4k x 8) T 1/0 PORTS
SELECT GATING

Basic MCS-4 Systam Using 4008 and 4009
80




B. PA4.04 Program Analyzer for

MCS-4 Development System

The PA4-04 Program Analyzer is a compact (9" x 9”
% 1.5") portable unit providing » powerful real-time analysis
capability for MCS-4 users, It was designed as an MCS-4
development toot and for convenient field service of micro-
computer systems. |t can also be used with any of the SIM
systems or the immd-42 module. Applications consist of
software and system debugging, CPU data logging, program
‘event detector, address comparator, binary display unit, and
trouble shooting in the fisld,

The snalyzer connacts to the 4004 CPU vis 3 16 pin
DIP-CLIP and displays all of the significant CPU parameters.
LED displays thus latch and display the contents of the four
bit data bus displaying the address sent out by the CPU, the
instruction recsived back from ROM and the execution by
the CPU. Displays siso indicate which CM-RAM line is
active and what the last RAM/ROM point is {SRC-instruc:
tions). In the free running made this display is naturally
changing as the program runs,

Provisions have been made for examining the contents
of the data bus and the status of the CPU at selected points
in the program. This is done by sntering the sslected instruc-
tion number into the SEARCH ADDRESS switches pro-
vided on the front panel. Now as the program runs the
PA4-04 will latch the data at the selacted instruction num-
ber. The display will hold until the reset button is hit

{which also applies a reset pulse to the MCS-4 system being-

operated on).

While the displsy of the search address is latched,
the next instruction can be examined by hitting the NEXT
INSTRUCTION switch, Pushing the INCREMENT button
will increment the program one more count and this can
be continued indefinitely. The previous instruction can be
examined by using the DECREMENT switcth in the same
fashion.

A switch sloctable pass counter provides interrogation
of program loops by delsying the display until after a preset
number of passes {1 to 15) have been made through the
preset SEARCH ADDRESS.

SEARCH CONTROL and TEST switches provide addi-
tional features for easy program debugging.

Alt displayed parameters are also accessible in buffered
TTL form via external 16-pin DIP sockets on the back panet,
This allows for external monitoring nesded for data logging
applications,

The PA4-O4 requires s single external power supply
{+5V DC, 2.0A) which is connected to banana plug provided
on the back panel.

Operating Procedures

1. Connect 5 voit power supply to analyzer vis banana
plug connectors. (Connect ground to MCS-4 system
common s weil.}

2. Connect anslyzer to 4004 CPU via DIP-CLIP connector.

3. Set “SEARCH ADDRESS" switches to desired program
address.

bt ™y s e
YT{TiE
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. Set “PASS CNTR" switches to desired number of passes.

. Push "LOAD" (push “RESET"” also if sxecution from

iocation zero desired as wel.

. The “SEARCH COMPLETE" indicator will light when

the CPU executes the presst number of passes of the

search address or after execution of the next instruction

after the search address/pass count {"NEXT-INST" switch

on). AN CPU data displays will latch-up at "SEARCH

COMPLETE"” time.

. The "POINTER VALID" indicator will light when the

CPU sxecutes an SRC instruction, The “LAST RAM/

ROM POINTER"” will display the |last SRC executed

befors "SEARCH COMPLETE" time.

Further program analysis can be made by performing

any one of the following:

a Push “INC" 10 increment sesrch address by one loce-
tion. {Push "RESET" switch also if exacution from

location, [Push “RESET" switch also if execution
from location zero desired as welil.)

c. Set “SEARCH ADDRESS” and/or “PASS CNTR”
switches to desired new setting. Push “LOAD"” {push
*RESET" also if execution from location zero desired
as wall),

d. Push "NEXT INST” switch and perform any one of
the above operations for analysis of aitered-sequence
program flow {JUN, JIN, ISZ, UJMS, JCN, BBL).

8. Miscellaneous operations:

a. Push “TEST ONE SHOT" switch to assert CPU test
line for 2 instruction cycles.

b. Push “TEST HOLD" switch to amert CPU test line
indefinitely,

¢ Push “RUN" switch to provide a sync pulse at the
preset ssarch address. {CPU data display does not
latech up in this mode. In thismode the “PASS CNTR”

location zero desired as well.) switches must be set to zero.)
b. Push “DEC"” to decrement ssarch address by one
.
Diats @ X3 Dats & X3
INSTRUCTIONS Dy D Ty Dy 3 Dy Dy Dy COMMENTS
& NOp - 1131 1 11
* JCN 1111 1 153 1
Az, AL W e | R i e |
® FIM RRRO | RARD] (RREL) The content of
D Dy G 1 g e | addiress pair ARA
* SRC RRH] _il’EE| = (RRRL)
* FIN RRRD (RRRD) (RRREL)
2nd oycle | W B R i |
* JIN RRRD {RHAD) (RRRL} ‘
® JUN A3 Ag e A Sl A:
A3 A A3 1111
* JIMS Aj Ag i i El
As, Ay Az 1111 -
® INC RRRR (RRRR) (RRRR) +1 Content of register RRRR;
® [SZ RRRR (RRRR) (RRRR) +1 Content +1 of RRRR
Az, A 1111 1111
® ADD RRRR (RRRR) 1111 Content of register
e SUB RRRR (RRRR) 1111 RRRR
® LD RRRR (RRRR) 1111
® XCH RRRR (RRRR) (ACC) Content of register RRRR;
the content of ACC
¢ BBL DDDD 111 1 Data DDDD
e LDM DDDD 1111 Oata 0000
® WHM, WRO, WRI, {ACC) 1 11 [CY) | Content of atcumulator
WH2, WRA, Content of CY F/F s
WEM, WMP, WHHR 1 ACC) 11 1 I_C‘l"l pressnt on _:I..
« HDM, RDO, RD1, RD2 (M) ar {Input) (M) or (INPUT) | Data fetched from RAM
RDJ3, ADM, SBM, RDR of input =
& CLB, CLC, lAC, CMC DooOa 111
l_i..-\_._ﬂ.’;l.. FAR, TCC
® TCH 1001 Bl P 1 §
. "'T[ DAC, DCL 11% e I R | B N
" DAA 400 0o 1113 Xy depancs on ACC content
i 9110 el -
® KBF 000, 0001, 0010 Xy depends on ACC content
o011, oo, 2111 1 l

Summary of MCS-4 Data Bus Content During Execution of Each Instruction.
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00000000
J-1

Q0 000000
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00000000
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Q000000
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00000000
J-5
00000000
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1
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1
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4
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CLOCK
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PA4-04 Rear Panel Layout
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C. Inteflec4

Features

Ideal for prototyping MCS 4 Systems.

The Intellec 4 is a complete microcomputer system
with 5K bytes of program memory, data storage.
1/Q. TTY interface, standard software. control
panel, power supplies, and a compact finished
cabinet (less than.8 ft.3).

The heart of the Intellec system is Intel's four-bit
“computer on a chip, the 4004. This is a 4-bit paral-
tel CPU with a repertoire of 48 instructions. sixteen
working registers. a four level address stack, and
capability of directly addressing over 43K bits of
memory.

Direct access to memory via control console.

Standard software provided with the intellec 4 in-
¢ludes a system monitor which provides a loader.
hex memory dump, and instruction editing, and an
assembler which is lpaded to RAM program
memory.

With this system, all program development may be
done in RAM memory.

A complete PROM programmer is provided as an
option. After the program is firm. it may be commit-
ted to non-volatile storage in Intel's 1702A pro-
grammable and erasable Read-Only-Memory.

Complete system control and hardware debugging
aids are provided via the control panel.

Crystal clocks are provided for system stability.

System is expandable to 12 microcomputer mod-
ules in a single chassis.

Specitications
Word Size:

Memory Size:

Instruction Set:

System Clock:

Machine Cycle Time:

Memory Access:

Memory Cycle Time:

170 Channels:

Operating Temperature:

Power Suppties:

Physical Size:

Waeight:
Standard Software:

Support Software;

Data: 4 bits
Instruction: 8 or 16 bits

Instruction Memory: 1K
Bytes (8 bits) in PROM
switchable to 4K bytes (8
bits) RAM

Data Storage: 320 words (4
bit). expandable to 2560
words

48. including conditional
branching, binary and deci-
mal, arithmatic, registar-to-
register and 1/0

Crystal Controlled
10.8 us

Standard via the control panel
2900 nanoseconds

4 input ports, 8 output
ports, expandable to 18
input ports, 48 output ports

0°C to 55°C

+5v 5% ~10v 5%
8 amps* 1.8 amps*
'&u-_pr!':'wwhuwh

Intellec 4: 7" x 174" x
123" (table top only)

30 Ib.

System Monitor
Resident Assembler

Cross Assembler [V:"Sgen in
Simulator TRAN IV



The 4004 Central Processor Chip is the heart of each intelec 4 system,

Standard Systems and Optional Modules

INTELLEC 4(imm4-40A) Standard System includes
the following Modules and Accessories:

Central Processor Module
Control Module L
RAM Memory Module
PROM Programmer Module
Chassis with Mother Board &
Power Supplies
Control and Disptay Panell""
ginished Cabinet\—"

tandard Software

System Monitor &

Resident Assembler

OPTIONAL MODULES available for the intellec 4
and Bare Bones 4.
Instruction/Data Storage Module
input/Quiput Module L~
Data Storage Module
ROM Memory Module
Universal Prototype Module
_Module Extender
Drawer Slides and extenders for Rack Mounting

Software

Standard All peripheral interface to Intellec 4 stan-
dard software is via TTY. model ASR33. All control
after system start-up is provided through the TTY.

A System Monitor

1. Contained in four 1702A PROMSs located on the
Central Processor Module.

2. Intellec 4 modular microcomputer systems have
a control program calted a Regident Monitor in

o sTuk Rt (2102)

17

PROM so that no “bootstrap” operation need
ever be performed.

The monitor functions are as follows.

a. Load RAM memory from paper tape, either in
BNPF format or hexadecimal format.

Display the contents of RAM memory ¢n a
printer.

Modify individuat bytes of RAM memory,
move blocks of RAM memory, fill blocks of
RAM memory with constant data.

Write contents of RAM memory to paper tape
in either BNPF or hexadecimal format.

B. Resident Assembler

1. Translates mnemonic code to binary machine
code.

2. Loaded into system RAM Memory via paper tape.

3. Data storage devices (4002 RAM) store label and:
symbols (eight/RAM). .

4. This two pass assembler generates a program tape
which is reloaded via the monitor.

Developmental Support: Cross Assembler and Sim-
ulator In addition to the standard software provided
with the Intellec 4. Intel offers a cross assembler and
simulator written in generat FORTRAN IV and de-
signed to operate on general purpose computers. The
package consists of a simulating routine, which en-
ables the computer to simulate the operation of an
MCS-4 microcomputer set and an assembly routine
used primarily as an aid to programming the sim-
ulated microcomputer.

The routines may be procured directly from intel. or
alternatively, designers may contact three nation-
wide computer time-sharing services—AL/COM,
G E.. and Tymshare—for access to the programs.

b.

c.

d.



Microcomputer Modules

Modules may be ordered individually. All modules are 8* wide, 6. 18"
Migh and use standard 100-pin connectors.

immd-42 Ceniral Processor Module
* This is a complale microcompuler system with the
processor, program storage. data slorage. and I/Q in
a single module.

* The heart of this moduie 15 Intel's 4004 single chip four-
bit parallel processor—p-channel silicon gata MOS.

¢ Accumulator and sixteen working ragisters (4 bit}.

+ Subrouting nesting up 1o 3 lavels

+ For development work, the CPU interfaces to standard

semiconductor memory elemants (provided Intel’s
stancdard memory and 1/Q interface sef 14009).

* Sockets for 1K bytes of PROM (intel 1702A PROM) are
provided.

* 320 words {4-bit) of data storage (Iniel 4002) are
provided.

* Four 4-bit input ports and eight 4-bit output ports (in-
cludes TTY interface).

+ Bus-oriented axpansion of memory and 1/0.

* Two phase crystal Clock.

imm4-22 Instruction/Data Storage Module

* This microcomputer module has memory capacity iden
tical 1o the Central Processor Module and is used for
axpanding memory and 170,

* Sockets for 1K byies of PROM program storage are
provided.

« 320 words (4-bit) of data storage are provided.

+ Four 4-bit input ports and eight 4-bit cutput ports.

imm4.24 Dats Slorage Module

* This microcomputer module has capacity for sixteen
Intel 4002 RAMS—1280 words (4-bit) of data storage.

* 320 words (4-hit} of data storage are provided.

* A maximum Intallec 4 system may contain up to 2580
words of storage—decoding (o this expansion is
provided.

* A 4-bit output port is associated with each RAM on this
microcomputer module providing sixteen 4-bit output
ports on each module.

+ Ali output ports are TTL compalible.

immd4-60 (nput/Output Module
» This module provides input and output port expansion
without additional memory.
* Eight 4-bit input ports and eight 4-bit duiput ports are
provided.
* Ports on this module are TTL compatibie.

immS-26 PRAOM Memory Module
* Provides sockets for up 1o sixteen 1702A electrically
programmabia and erasable PROMSs lor a sysiem's fixed
program memory {maximum 4K bytes/module).

¢ For volume requirements, Inteé 2048-bit mask peo-
grammed MOS ROMa (1302) may be substituted in the
same module.

immd-42 Contral Processor Module

immé-70 Universal Prototype Module )
o Accommodates 14, 18, 24, or 40 pin wire wrap sockets
{maximum of 52 16-gin sockels)

* Provides breadboard capability for developing custom
and specialized interface cirguits.

imme-72 Module Extender

+ Exiends iniellec modules out of card chassis for ease in
test and system debugging.

imma4-76 PROM Programmaer Module
* Provides all hming and level shifling circuitry for pro-
aramming Intel's programmable and erasable 1702A

. This programmer is controlled by special system soft-
ware supplied with module

Control snd Display Panel
* Provides complete operator control for Inteliec 4 and
dispiays system status.
Address and Data Entry switchaes.
Status. instruction code, data and address displays.
« Complete program development tool.
ADDRESS, PROGRAM SEQUENCE, and MODE CON-
TROL switches parmit easy examination of the pro-
gram during the debugging phase of program
development.
+ Control and socket for 1702A PROM programming is
also provided.

Chassis Module  {used on the Intellec 4 and Bare Bones 4)

« Capacity for up to twelve microcomputer modules.

* PC Mother Board eliminates back plane wiring— all cards
plug Into COMMan bus.

* Standard 100-pin connectors {125 mil centers) are used
for all boards in the system,

+ Space is provided for additiona) Memory, 10 modules

and unique customer-developed systems interface

modulas.

A fan is provided.



Xitt, MCS4 EVALUATION KIT 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 microprogram that exercises the 4004 and 4002’s
and executes all of the 45 instructions in the MCS-4 insatruction set.

Fig.16 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 O, (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 psec) to fully clear the RAM storage,
If the system is operated in the continuous mode, RESET naeeds to be applied
only at power on. If the system works in the single pass mode, when END of
SEQUENCE (Pin 03) 1s "1", the 4004 will "hang" on a loop where the address
to Jump to on a jump on TEST = 1 condition is the addreass of the same jump
on condition. To get out of the loop RESET must be applied.

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

The 4001-0009 has been coded with the internal chip select circuit always
activated, therefore any address at A, 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
80 is that we can show the execution of JM5 and JUN instructions to any chip
number (the A3 time code) and still use only 1 ROM chip.

The 1/0 pins of the 4001-0009 are all connected as inverting inputs with no
resistors connected.

The two phase clocka, (@) and #;) wust 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. 1If a scope is hooked up to these lines the waveforms may be
observed.

Both 4002-1's must be used in order to fully execute the program stored
in the ROM.

Attached is the program flow (with comments) and the truth table.
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4001-0009 MCS-4 EXERCISER PROGRAM

ROW
ADDRESS MNEMONIC __COMMENTS
4 3
Times & 0 { Check accumulator snd carry
1 | Check stack contant
l— 32 1 Loan pointer 4002-1 41
3 i
from 4 . Jump to LD MK subroutine. This sub-
214, 221 5 rouctine {s used to mark the progrese
of the program by sending out a
pattern on the output lines of 4002-1
#1. .
6 Jump te CF IDX subroutine
7 (Checks the content of all index
1 register locaticns)
3 s Load FIN address
9
3 10 Jump to (X FIN subroucine.
4 11 (Loads all index register locaticns
with the data etored in location 234)
12
‘ 13
14 Loads all index register locations
15 with the data stored in location
255,
16
17
18 Restors pointer #002-1 #1
19
20
21 Locacion 235 contains MOP, program
22 —t comter is incremsnted to O3 0; ¢
23 - - :4 ' 1
'F%’_; - A This porticn of the progrem ie used
26 I8 15 | _to check JHS and JUW {nstructicms
27 288 and load the stack with a chackerboard.
L-) 28 Jes 3
—29 32
*30 Jm 12
L._;Sl 2%
32 JH8 15
33 158 —
b3 34 JmM 15
35 58— —
e 36 FIM 1
37 12, 11
38 ClLa
39 S 3 Raset marker outputs on ADO2-1 #1
40 e
P4l s 0 -
42 WEM Send pointer to 4002-1 #
16 tig 43 IAC
44 Isz 1 G0 to next character
45 41
46 g
47 TAC This portion of tha program is
4 times 48 [ i} L. used to load a checkerboard into
49 Iac §002-1 #0,
50 ) ]
51 IAC
52 wWR
53 me o0 Go to naxt Tegiater
54 182 2
-55 &1 ]
56 STC
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COMMENTS

CK DCL subroutine 1s used to check
CM-RAM lines switching.

Pointar to #002=1 0

L. This section 1s wsed to check che
Jump oo condition instruction.
The nusbers rafer to the ssquance
to which tha jumps occur.

Load address for Iollowing JIN

Restore 4002-1 #0 pointer

Load sarkers

Load markers

Check 5UB iastruction

Clsar Markars

e Check INC, LD, XCH, DAA instructions

= Check DAC, TP {natructions

= Chack DAA, LAC instructions

-




157
158

160
161
162

163

164

165

166
167
168
1649
170
171
172

— 173

174

175

176

177

1

1

100

181

162

183

185

186
187
188
1
190
191
192
193
194
193
196
197
198

01
202
203
— 204
205
206
207
208,

210
11

I 212
213

b 21

Ly 218
26
217
210
219
220
221

MAENONIC COOVMENTS

LDM 15

WEM

TcC Chack TCC Lnstruction

M

IMAYO

141

CLB

SEC 5 ]— Clear markars

we

LDK 15

TCS j— Check TCS instructiom

Wi

STC

TCS

1)

('Y Check TCC, CMC, RAR instructions
RAR

WEM

ISZ &

on 2

FIMN

1 0 ]

SRC O

DM

I8z 1

163

L ~—— Read content of all semory

[0 locations

m2

3

mec ©

I8 &

163 —_—

ne o

20

FIN 1

3 0

S O

e

I 1

S 1

SEM Chack SBEM fastruction

WM

-

1 —

o ]

o 0

rin 0

1 0

cLy

s S

we — Check ADM ipstructiom

SRC O

ADM

me 1

-1 TeJD §

ADM

1)

sz 3

193 s -

SRC

v ]

JON A0 This portion controls the cycls.
219 Status character § storss che cycls
LM 8 oumber. AL the end of the Ind
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XIV. APPENDICES

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 Vpp. All outputs are push-pull
MOS outputs.

Vpp = —10V Vpp = 10V
_____ L — _] —_————— — | ——
| 12K0 l 5.8K0
— , |
| : ‘
4001/4002 .____l_._, ouT 4003 ® o .
OUTPUT PORT | OUTPUT ] ouT
I l
— | — |
| |
—————— m— — J T SIS S S Swwn  Sw— S ou— J
Vgg = Vg = +8V Vgg = Vog =5V

Figure 18. MCS-4 Ourput Configuration for TTL Compatibility

The input options for the 4001 are shown with the detailed des-
cription of the 4001 I/0 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 exceptiomn).

Voo Voo

Figure 19. Typical MCS-4 Input and Output Circuitry
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Absolute Maximum Ratings*

Ambient Temparsture Under Biss 0°C 10 +70°C *COMMENT

Storsge Temperature : - $6°C 10 +150%C Stresses abowe those Hsted under “Absolute Maximum Ratings”

Input Voltages and Supply Voltage May CAUN pRrmanent damage to the device. This it & stress rating
With Respect 10 Vgg 0.5 1o —20V oniy snd functional operation of the device at these or any other

condition shbowe thote indicared in the operstional sctions of this
spacification {3 not implied.

D.C. and Opérétihg Characteristics — 4001, 4002, 4003, 4004

Ta = 0°9C to +70°C; Vpp * —15V 26%, Vgg = GND, oW = L1 = 400 neec, 14n « 160 nsec, uniess otherwise specitied
Loglc 0" It defined a3 the more positive voluge (V) Vigy). Logic 17 is defined s the mone negative voitage VL. Vou!

Power Digsipation 10W

SUPPLY CURRENT
LT
PRODUCT SYMBOL PARAMETER MIN.  TYR!Y max. | umiT TEST CONDITIONS
4001 'op1 AVERAGE SUPPLY CURRENT 15 0 mA Ta = 25°C i
4002 '‘op2 AVERAGE SUPPLY CURRENT 17 33 mA T = 25°C E
4003 'pp3 AVERAGE SUPPLY CURRENT 5.0 85 mA i =ty = Busec: Ty = 250C
4004 004 AVERAGE SUPPLY CURRENT ] 0 mA Tad
INPUT CHARACTEAIETICS [ALL INPUTS EXCEPT 1/0 INFUT BINS)
4001/2/4 Wy INPUT LEAKAGE CURRENT 10 HA- Vi * Voo ;
4001/2/4 v, INPUT HIGH VOLTAGE : Vgs~1.5 Vgs#03 | Vv S
" (EXCEPT CLOCKS) A .
4001/2/4 v, INPUT LOW VOLTAGE Vv, Vgs-88 | V TR
- {EXCEPT CLOCKS) s % i
4001/2/4 Ve CLOCK INPUT LOW VOLTAGE v, Ves-134) v .} - o T i
4001/2/4 Ving CLOCK INPUT HIGH VOLTAGE Vss-15 ves*o.d3 | v | T T £y
QUTPUT CHARACTERISTICS (ALL OUTPUTS EXCEPT /O OUTPUT PINS)
4001/2/4 Lo DATA BUS OUTPUT LEAKAGE 10 LA VOUT = =12V, Chip disabled
CURRENT
4001/2/4 VOH QUTPUT HIGH VOLTAGE Vss Vgg—-0.5 i Driving 4000 Series ioads only
4001/2/4 oL DATA LINES SINKING 10 18 mA VOUT =0V
CURRENT "1 LEVEL
4004 loLs CM-ROM SINKING CURRENT 65 12 mA VouTt © OV
"1 LEVEL
4004 loLs CM-RAM LINES SINKING 25 4 mA VOUT =0V
CURRENT 1" LEVEL
4001/2/4 Vour DATA LINES, CM LINES, Vgs—12 Vgg—10 Vgs-6.5 v IgLy = 500 uA
SYNC QUTPUT LOW VOLTAGE .
4001/2/4 ROoH1 OUTPUT RESISTANCE 150 250 Q VouT = —0.5V
DATA LINES “0" LEVEL
4004 RoHs CM-ROM OUTPUT 20 600 Q Vout * —0.5V
RESISTANCE 0" LEVEL
4004 ROHG CM-RAM LINES OUTPUT 1.1 1.8 K VOUT =-05V
RESISTANCE "0 LEVEL
1/O INPUT CHARACTERISTICS
4001/3 I INPUT LEAKAGE CURRENT 10 HA ViL = Vpp
4001/3 Vi INPUT HIGH VOLTAGE Vgg-1.5 Vgg+0.3
4001/3 Vi (2 INPUT LOW VOLTAGE Voo Vgg—4.2 \
4001 R| 1/O PINS INPUT RESISTANCE 10 18 35 K2 Internal input resistor 1s optional
170 OUTPUT CHARACTEMSTICE
4001/2 oz 1/0 OUTPUT LINES SINKING 25 L mA VouT =0V. For T2L compatibility a
CURRENT, “1” LEVEL : 12K 2 (£10%) resistor between out-
put and Vpp should be added!3) -
4003 Tous PARALLEL OUT PINS (] 10 mA VouT = OV. For T2L compatibility a
SINKING CURRENT, 1" LEVEL 5.8K 02 (£10%) resistor between out-
put and Vpp should be added!(3),
4003 oLe SERIAL OUT SINKING 1.0 20 ma Vour =0V
CURRENT, “1” LEVEL  ~ )
400172 Vouz 1/0 OUTPUT LINES Vgg—12 Vgg-75 Vgg-6S| V gLz = SOMA
OUTPUT LOW VOLTAGE oL2 ‘ e
4003 Vous OUTPUT LOW VOLTAGE Vgg—-11 Vgs~75 Vgs-65| v Io g " 1OMA WL
4001/2 Romz OUTPUT RESISTANCE 12 18 X2 Vout = ~0.5V i :
1/0 LINES "0" LEVEL i vt . ]
2003 ey PARALLELOUT PINSOUTPUT w00 750 2 Vour = 0.5V L
RESISTANCE “0” LEVEL i
4003 Bona SERIAL OUT OUTPUT : 60 1200 Q Vour = -08V
RESISTANCE “0™ LEVEL

11) Tymicel weluey art for Ta, = 259C and Nomunal Supply Volrapes. 10 For T2L comaundidity on the LD Tuws the supply voitager should be
{21 10 A it i DDA OD140N 4 uiid, Wy = -85 Voits memimum. Vop * -0V 2 5% Vg -+5V + 3%
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Typical D. C. Characteristics

POWER SUPPLY CURRENT (mA) Ipp,

SOWER SUPPLY CURRENT (mA) - Tnos

OUTMIT CURRENT [ma) Y3

POWER SUPPLY CURRENT
vS. TEMPERATURE
{4003)
: 1 £ T~ ‘l = 8 use
&
\\ !! 1576
5 \ ——
=160
\\
\%
4
3 Lo
] L - -

POWER SUPPLY CURRENT
VS. TEMPERATURE
(4001)

{ tpw ~ topy = 400 nsec
t.pz = 150 nsec

Vpp= —15.75V

N l

K T
~14.25V T~
—
0 20 a0 60 80

AMBIENT TEMPERATURE (°C)

AMBIENT TEMPERATURE {*C)

OUTPUT CURRENT V8.
OUTPUT VOLTAGE
(4001, 4002

[ Vpp= —15.0V

tipw = t,p 1 = 400 nsec =
t,p2= 150 nsec

DA
/\:.

Vi

-4 -2 =3 -4 -8 -8 ~F
PUTPUT VOLTAGE V)

75

POWER SUPPLY CURRENT (mA) - [gpy

POWER SUPPLY CURRENT (mA) - Ippg

POWER SUPPLY CURRENT
VS. TEMPERATURE

21

19

(4002)
|

topw = top1 = 400 nsec
t,pz * 150 nsec

/Y

Vpp = —15.75V

15

I
—14.25V

20 40 60 80
AMBIENT TEMPERATURE (°C)

POWER SUPPLY CURRENT
VS. TEMPERATURE
{4004}

topw * topy = 400 nsec
typz = 150 nsec

32

Vpp = —15.75V

/

24

[/

20 40 60 80
AMBIENT TEMPERATURE (°C)

OUTPUT CURRENT V8,
OUTPUT VOLTAGE
(4003)

Vpp = —15.0V

Wi twn= Busec |

L T,=0°C
+25°C
\%gi +70°C
\\
RS,
la =
L] -2 =3 -4 -5 -y

QUTPUT YOLTAGE (V1



4001, 4002, 4004 A.C. Characteristics

Ta » 0°C w « MRC; Vg = =15V 1 X, Vg > GND

LT
CONDITIONS
PRODUCT SYMBOL TEST MIN, MAX. uNIT R
4001/2/4 tey | CLOCK PERIOD 1.38 2 [ e 5
s CLOCK RISE AND 0 nsec
toF FALL TIMES
toPw CLOCK WIDTH 80 480 e : B
teD1 CLOCK DELAY 40 850 | nwec 3
FROM ¢4 TO ¢7 :
: ton2 CLOCK DELAY 150 nwe e
FROM #2 TO ¢4 .
tw DATA-N WRITE 380 nesc ko
TIME "
ty DATA-IN HOLD 0 nme
TIME
tosi SET TIME FOR ° nwec Cour = S00pF for dats lines
DATA OUT, SYNC, S00pF for SYNC
CM-AOM,(2icm. 160pF for CM-ROM
.RAM(2) LINES S0pF for CM-RAM
toH HOLD TIME FOR S0 nec Cour = 20pF
DATA OUT, SYNC,
CM-ROM, CM-RAM,
LINES
tytE RISE AND FALL 500 neec Coyur = S00pF for deta lines
TIMES FOR DATA S00pF for SYNC
QUT, SYNC, CM-ROM, 160pF for CM-ROM
CM-RAM, LINES S0pF for CM-RAM
400072 tp 1/0 OUTPUT LINES 600 nwe Cour = 20pF
DELAY .
twe CM WRITE TIME 0 e
the CM HOLD TIME 0 nwe
001 “tis 1/0 INPUT LINES 80 nusc i3
SET TIME -
tiH 1/0 INPUT LINES 100 e : I
HOLD TIME T 'Mon.m" Fo Ay Frve it i v
W raling aige of e - gk,
£ 1By GO oo e
td 1/0 QUTPUT LINES 20 | owe | Cour=20pF A during A3 Wvn, Thoy 05 S STtret hurio M3 tne f o 110 pad
DELAY ON CLEAR FLARS gttt vl Sotaibail iy vt CPU, ool Survveg Xy timer i on
.I Mmbrumvth w bbbl oy s M.
Ty, o A0 o SRpepepaay S TR st PpeRamy
sy eaiy Wnp LAY Foreps.
4001, 4002, 4004 Timing Diagram
Ouiputs with ing itions wpacitied on A C_Ch acs tabde.
1“‘— |”I‘—_
.' 10% Bew
90%
. /
2 A\
\ %
Dal
10g.
L]
g ¥
=t-tos e ] o
€M LINES

_\ 4001 1/0 INPUT LINES

\‘CM IN *O—W * -

'|s—-l L~

fow
=

NG

t CLEAR LI i€, )

A 1O CUTPUT LINES

L i

Lo

fafw
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4003 A.C. Characteristics

Ty = 0°C to +70°C; Vg, = —15 £ 6%, Vi, + GND

LIMIT
SYMBOL TEST MIN. MAX. UNIT M
Ly CP LOWWIDTH (] 10,000 wiee
e CP HIGH WIDTH L] Notwe (1) ysec
tep CLOCK-ON TO DATA-OFF TIME 3 ysec
tog CP TO DATA SET DELAY Note (2) %0 mec
—
e CP TO DATA OUT DELAY 250 1,75 |~ neec
a2 ENABSLE TO DATA QUT DELAY mec m_',."
—
‘@ CP 7O SERIAL OUT DELAY 200 1,250 neee Cour * 200F
SMOTER (Vi cam te sey lime groasss chan § e
1V Pgas can ooow pra i CF
. _» "
4003 Timing Diagram
Iq-q— [ —-.-:
» v
cr L= 1Y e B b L — -
SA A . -5y
| !
=iy =
Dl T & LT =8V
o,
S E—
ENABLE |
BEMIAL DUT \
b | I""—
f= 1 MH2 Vg, » 0V; Ty = 25°C ; Unmeasured Pine Grounded.
LIMIT (pF) LIMIT (pF)
PRODUCT | SYMBOL TEST TYP. | MAX. PRODUCT | SYMBOL TEST TYP. | MaAX,
4001/2/3/14| C\y iNPuT(Y) 5 10 4002/4 Cp1 DATA BUS 65 10
CAPACITANCE 1/0 LINES
CAPACITANCE
400172 Cgy.Cgp | CLOCK INPUT 8 15 2
CAPACITANCE 4001 Coa DATA BUS 9.5 15
1/0 LINES
4004 Cg1.Cgp | CLOCK INPUT 14 20 CAPACITANCE
CAPACITANCE
WOTE  11] Mabors to ot Ivgut pion exaept duts bum 11O end $y svt thy.
TG VI, OUTPUT CAPACITANCE
IDATA LINES FOR 4007, a0, 2004 SET TIME VS. OUTPUT CAPACITANCE
& SYNC FON 2004) (CM-ROM 4004)
I = ~ T T
e
e = tagy " 0 - =] - ::n : :: :
| lapy * VO reem 1:;-110*
. Na_ Stor s Kool g
| | - [ 3 w0 — Voo * -180V ——o
[ - 3 \ I
1 %‘m‘ 2 0 A \\
Twm Forer] i
- -
H ':"'-..._\_h HH‘“""\--., - \
ooy S— K\"!-C:..__H C T4 =0¢ ]
o A N asc
L Ol [ 200 \\ Jr‘
B i | T e
LJ - 100 l
LR 9 100 200 300 40 500 600
PUTRUT CaPatitanly gt OQUTPUT CAPACITANCE ipF)



Absolute Maximum Ratings*

Amblent Tempersture Under Bias 09C 1o +20°C *COMMENT
Storage Temperature -559C to +150°C Stresses sbove those listed under "Absolute Maximum Ratings”
Input Voltages and Supply Voltage may cause parmanent damage 1o the device, This is 3 stress rating
ly and functionsl operstion of the device a3t these or any other
With Respect 10 Vg +0.5 to —20V on ] any
ki above those
Power Dissipation 10w condition those Indicated in the operationsl sections of this

specification s not Implied.

4008, 4009
D. C. and Operating Characteristics

Ta = 09C to 709C, Vgg-Vpp (1] = 15V £ 5%, 150w = 1 = 40005, typ2 = 15008 unless otherwise specified.
A $5-VDD gl v T e

Symbol Parameter Product | Min. | Typ/2)l Max. | Unit | Test Conditions
Iy Input Leakage Current 4008/9 10 HA Vin = Vgg —16V, Pins 1-8 (4008)
Pins 1-8, 11, 13-15 (4009)
oo Average Supply Current 4008 10 20 mA Ta = 25°C Unloaded
) 4009 13 30 mA
-1.5 +0.3
ViLc Clock Input Low Voltage | 4008/9 | Vpp Vss v
. -125
ViLs Input Low Voltage 4008/9 | Vpp Vgs vV | Pins 1-6 (4008), Pins 11, 186,
(Except 1/0) -5.5 20-23 (4009)
ViL2 1/0 Input Low Voltage 4009 | Vpp Vs vV | Pins18, 1619
-4.2 x
VoL | Output Low Voltage 4008/9 | Vgg Vss Vgg v Capacitive Load Only
-12 -10 -8.5
loL113! | Address Line Sinking 4008 8 12 mA | Vo, =Vss
Current
loL2 -Chip Select and 4008 9 13 mA Vout =Vss
F/L Sinking Current 186 25 mA~ | Vo, =Ves —4.85V
1oLz @ | W Output Sinking Current | 4008 26 | 50 mA | V. =Ves
loLs Data Bus Sinking Current 4009 9 15 mA Vout =Vss : Pins 20-23
lows 1/0 and Strobe Output 4009 5 12 mA | Vou=Ves
Sinking Current 1.6 4 mA Vout =Vgs —4.85V
RoH1 Output on Resistance 4008 0.6 1.2 kQ Vout =Vss —0.5V
Ron2 Data Bus Output On 4009 130 | 250 Q Vout =Vss —2V, Pins 20-23
Resistance
RoH3 1/0 and Strobe Output 4009 250 1000 Q Vout =Vss —2V, Pins 9,10,16-19
on Resistance
Icg Output Clamp Current 4008/9 16 mA | Vou =Vss —6V. All outputs on
4008. Pins 9,10,16-19 (4009)

NOTES:

1. For TTL compatibility on the /0 Jines, the supply voltages should be Vgg = +5V £ 5%, Vpp = —10V 1 5%.

2. Typical velues srs for Ta, = 250C and nominal supply voitages.

3. Tha addrem lines will drive a TTL toad if 8 resistor ot 470 ohms is connectad in series batween the address output and the TTL input,
4, A 6.8koMm resistor must be connectad between Pin W and Vpp for TTL capebility.
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A.C. Characteristics

Ta, = 09C to 70°C, Vgg—Vipp = 15V £ 5%, All dock, sync, CM ROM, dets bus, and 1/O timing specifications are identios
with the 4001 and 4004,

Parsmeter Product |-t Unit | Test Conditions
4008/4009 | 135 | 20 | us
4008/4009 50 ns
_ Clock Width 4008/40090 | 380 | 480 | ns
401 Clock Delay from ¢, to ¢, 4008/4009 | 400 500 ns
Clock Delay from ¢, t0 ¢, 4008/4009 | 150 ns
Address to Output Delay at Aq, X4 4008 1 us CL'MDF
Address to Output Delay Ay 4008 580 us E;mpg
Chip Select Output Delay st A5 4008 300 ns | C_=50pF
two W Output Delay 4008 600 ns | C_=100pF
F/L Output Delay 4008 0.1 1 us | C_=100pF
, Data In Write Time 4000 | 470 | ns | C, = 200pF on data bus
to 1/O Output Delay 4009 10 | us | C,=300pF
ts, iN Strobe Delay 4009 450 | ns | C_=50pF
ts2 OUT Strobe Delay 4009 10 | us | C_=50pF
Timing Diagram .
- [ B o | 0w | & | o | o™ 1 N |
"W o U U oy a . L
« U ) B U |
reuns [ \ 1
LAl LA L \ Ee] ’ \ SAC /
g ~ Ay VM ) J }: { S REGISTER LOw ¢ a‘m
Ag~ A7 (4008 1 )C 1 ‘ ; xfnc n(vcurrt? HIGH 4 8ITS
Co ~ Ca (4008) { j ! W sac AEGISTER WIGH 4 BITS (exee WP
(PROm moM OR AARS X PROGRAM INSTRUCTION ]
DATA BUS (MCS-4)
o ‘__._,)JC o—e] =t s
F1L (aoom Y " iice roR rinsT wew, Low Fon s oD woM |

HIGH FOR FIRST WPM, LOW FOR SECOND WPM
t

| Tro—*
—tp

10 QUTPUT (4008}

— FLOATING

A

I

R cakd

PN MARENYY ACCORES TW JCMEP ELACY T OATA CLFTT NUSY B LEID THAN OF BOWAL TO' fSilfas.

Capacitance - 1wz, vy - vss, Ta - 25°C.

Limit (pF) Limit (pF)
Symbol Parameter Product Ty Max. Symbol Parameter Product Tvp. Max.
Cin Input Capacitance 4008 5 10 Cio Data Bus and 1/0 4008/9 8 10
4009 15 Capacitance
Cour Output Capacitance | 4008/9 10 Co Clock Capacitance 4008/9 12 20




MCS-4 CUSTOM ROM ORDER FORM

4001 Metal Masked ROM

All custom ROM orders must bs submitted on torms provided by Intsl, Programming information shouid be sent
in the torm of computer punched cards or punched paper tape, In sither case, & print-out of the truth table
must sccompeny the order. Refer ta Intel's Data Catatog for complete pattern spacifications. Alternatively, the
sccompanying truth table mey be used, Additional forms are availsbie from 1ntel.

For Intel use only
CUSTOMER S# PPPP
STD 2z
P.0. NUMBER
APP DD
DATE DATE 1/0
INTEL STANDARD MARKING
T T It P
The marking as shown at right must contain the Intel logo, ® P4001 ' PPPP
the product type (P4001), the four digit Intel pattern num- I
ber (PPPP), a date code (XXXX), snd the two digit chip XXXX,  2Z |
number {DD). An optional customer identification number T

may be substitutad for the chip number (2Z).
Optional Customer Number (Maximum 6 characters orspaces) .

MASK OPTION SPECIFICATIONS
A. CHIP NUMBER {Must be specified — any number from 0 through 15 — DD)

B. 1/0 OPTION — Specify the connection numbers for each 1/O pin {next page). Examples of some of the possible 1/0
options are shown below:

EXAMPLES — DESINED OPTION/CONNECTIONS REQUIRED

L N S

Non-inverting output — 1 and 3 sre connecwd.
Inverting output — 1 and 4 are connacted,
Non-inverting input {no Input resistor) — only 5 is connected.
Invertng Input {Input resisror to Vag) — 2,8, 7, and § are connected,
Non-inverting input (input resistor to Vppl — 2, 7, 8, and 10 sre connected,
It inputs and outbuts are Mixed on the same port, the pins uMd se the CULTPUTE MUt have the INternel resstor connecisd 1o sither
Vop or Vgg (8 end 9 or B and 10 must be connectsd), Thlohmmmmm For axampts, if thers sre two In-
verting inputs [with no Input resistor) end 2 non-inverting cutputs the Id b% made s follows:
Inguts — 2 enxd 6 are connacted
Outputs = 1, 3, B and 9 sre connacend of
1,3, 8 and 10 are conneced
It the ping on g port are sll inputs or M CuTPULE the internal reshitors dO NOt have 0 be connected,

C. 4001 CUSTOM ROM PATTERN — Programming informstion should be sent in the form of computer punched
cards or punched paper tape. In sither case, a print-out of the truth table must accompany the order. Refer to Intel’s Data
Catslog for complete pattern specifications. Alternatively, the accompanying truth table may be used. Based on the par.
ticular customer pattern, the characters shouid 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),

Note that NOP = BPPPP PPPPF = 0000 0000
20



4001110 Options

-

DATA CATA
ROM BUS ——— A&
PATTERN [ MUX OUTPUT ('&'” FATTERN [ o . B o 0,
BUFFER BUFFER (PN 2)

ser | | outrut ST ouTHT
LOGIC F/F LiDGRe E

) 17 2 » I'! :
3
< _o— —2_o-
] < Voo [ > Voo
H L
i; !> I i 9 - l
10 10
Ve Vs
170, (PIN 16) 170, (PIN 15)
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE
CONNECTIONS ON SCHEMATIC) CONNECTIONS ON SCHEMATIC)
a. For T2L compatibility on the 1/0 lines the supply voltages should be a. For T2L compatibility on the |/0 lines the supply voltages should be
Vop = =10V £5%, Vgg = +5V +5% Voo = 10V 5%, Vgg = +5V 15%
b. If non-inverting input option is used, V,| = —6.5 Volts maximum (not TTL). b. If non-inverting input option is used, V, = -6.5 Volts maximum (not TTL)
o -.{ D:LA nowt DATA
0 - BUS O
PATTERN wx e m ‘,:',, PATTERN X 2‘“’::‘!’: (n:’n)

SET ouTPUT SET __4 ouTPUT
LOGIC FIF LOGIC FIF
) a a a a
’6 ) s
3 !4 sl I 4
s O—9-0 1/0, s ?-—3—0 1/04
) 5 1 (PN ) ] — 1 o 13)

s < Voo s Sr Voo
s 17, ] 17, ]
f_c'r—lh—-o 3
1 10
Vg Va
170, (PIN 14) | 1703 (PIN 13)
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE
CONNECTIONS ON SCHEMATIC) CONNECTIONS ON SCHEMATIC)
a. For T2L compatibility on the 1/0 lines the supply voitages should be a. For T2L compatibility on the /0 lines the supply voltages should be
Vop = ~10V £5%, Vgg = +5V 5% Vpp = =10V 5%, Vgg = +5V :5%
b. If non-inverting input option is used, V;, = —6.5 Volits maximum (not TTL) b. If non-inverting input option is used, V,, = —6.5 Voits maximum {not TTL)




ORDERING INFORMATION

MCS-4

1. The 4004 {CPU) & svailabie in ceramic only and shouid be
ordered at C4004,

2 The 4001 {ROM), 4002 (RAMI and 4003 (SR) are presently
arailable oft the shelf in plastic only. Standard devices should be
ordered as foliows:

P400t  Plestic Package
P40G2-1 (Metal Option #1) — Plastic Package
P4002-2 (Metal Option #2) — Plastic Package
PA003  Plastic Package

3. The 4008 and 4000 standard memery snd 1/O intarface set are
vailable in plmtic only (24 pin DIP), They should be used as a
set and ordered as P4008 snd PAOOD.

4. Mask Progeamming of the 4001
The custom pateerns, chip numbers and 1/O options (including
inverting and non-invecting inputs or outputs and on-chip resistor
connecied to either Vpp or Vgg) must be specified on & truth
table for sach 4001 ordered. Blank custom truth tables are avail
able upon request from Invwl.

5. PA4-04 Program Analyzer
Completwe MCS-4 data bus sctivity may be monitored. To order,
specify PA4-04,

6. [nwliec 4

Thae Inteltec 4 snd microcomputer modules must be
aociﬁoq individually by product code:

408 Complats Inubihin 4 with PROM orografois

imma-A2  Contral Procesor = includes CPLU, four 4002, sockers for four PAOME,
GO Forts end arymal hock

22 | {Dute Storege — inch four 4002y, wttums Tor Hour
PROME, sad 1O Porty

wma-24  Dow Srorepe — inchudes four 4002 snd aapectty for twetve addivionel
002

WnS-20 PROM Mamory = ichdes sockets for sixteen | 7028 MRONs
W0 InputOuDut — B input sl B Sutpet porty

S T8 1702ZA PROM Progrummer

oS- 10 Ui Prototyps Modvl

-T2 Morule Extencer

7. MCS-4 Cross Amembler and Simulstor Software Package
This software packege converts a tist of instruction mnemonics
into machine instructions and then simulstes the operation of
the MCS-4 progrem. Thess programe are written in FORTRAN
IV and are avaiisble via time-sharing service or directly from
Intel.

PACKAGING INFORMATION
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MCS-4™ {nstruction Sat

[Thoms instructions preceded by an serisk (") are 2 word insructions thet Ottupy 2 succaiiive locations in ROM)

MACHINE INSTRUCTIONS
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suUs 100 | RRRARR Subtract contents of register ARRR 10 accumulator with Borrow.
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LD [ 1010 " R R R A |  Losdcontents of register RRAR 10 accumutator
1 T ——
XCH 1011 { RRARRARA [ € xchange contents of index register RARR and sccumulator
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asL v 100 O DDOD Branch back (down 1 level in stack) and load data DODD to accumulator, |
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INPUT/OUTPUT AND RAM INSTRUCTIONS
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MNEMONIC D30, Dy Oy D40, Dy Oy CRACAWTION OF OPERATION
Ve the con i oF Vel RRTeRvar e ThE gy weend 1
WRM 1110 | 0000 AAM main s o,
Write the con
o 0 0 | H "
T AAM cutput port. (Output Lines B
- T 0 Write the contents of the accumulator 1n10 the previously selected
] 00 0 ROM output port. (1/O Lines)
00 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)
I 0100 Write the contents of the sccumulator into the previously siected
i RAM status character 0.
] Write the contents of the accumulator Into the previously selected
0101 RAM status character | B
.
%) Write the contents of the accumulator iInto the previously selected
L WR2 1110 t 0110 RAM status character 2
| (4) | Write the contents of the sccumulator in1o the previously selected
WRY t110 0111 RAM status character 3. |
! | Subtract the previously selected RAM main memory charscter from |
sem 7‘ 110 v 0 07 o sccumulator with borrow
| AOM 1110 00 1 RAead the praviously seiected RAM main memory character
{ i 1 M Into the sccumulstor
| Aead the contents of the previously selected ROM input port 1
| fon 1110 1010 into the sccumulator. {1/0 Lines)
Add the previously miected RAM main memory character 1o
ADM t1 10 Vo1 sccumulstor with carry.
RO¢ 4 1110 "1 00 Fead the previously selected RAM status character 0 into scoumulstor
AD14) 1110 LI B I | Read the previously selected RAM status character | into sccumulator
RD24 1110 1110 Fsed the previously selected RAM status character 2 into sccurmulator
RD3'Y 1110 IREREE Resd the previously selected RAM status charscter 3 into accumulator

ACCUMULATOR GROUP INSTRUCTIONS
e | 1111 ] o000
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Clear both.  (Accumulator and carry|
! - — -

CLC LI B B | 000 Ciear carry
i - — - I—
1AC i LI B B | 0010 Increment accumulator
— — —e
CMC | LI B B 00 1t Compiement carry
I | - —
| CMA LI B B | ] o100 Complement accumulator
b -~ —
| RAL T | 01 0 1 Rotate left. |Accumulator and carry)
| AAR l 1 1 1 l g1 10 | Rotate right. {Accumulator and carry)
| | | i —
TCC LI B T | [ R | Transmit carry 10 accumulator and ciear carry
— C— — —_— - S—
DAC | LI B B 1000 Oecrement accumauiator
— —— - - B S — ——
TCs 11 1 1 0 0 1 Transter carry subtract and clesr carry
§TC LN B | t 01 0 | Set carry
T -+ — : —]
DAA o 1o 1 Decimal adjust accumulator
— — — e e —
' Keyboard process. Converts the contents of the accumuiator from a
xBP ! 11" 00 N P
[ one of four code 10 3 binary code
oz T —
| DCL LR I B 110 | Designate command line |
—
NOTES ''The condition code is assigned as follows - s
o 1 invert jJump condition Cqp =1 Jump if accumuiator i3 zero g ° 1 Jump f test signat isa 0 l
= 0 Not invert jump condition 423 =1 Jump f carryllink 15 a1
2
“IRRAR s the address of 1 of 8 \ndex register pairs in the CPU
I3'RARR is the address of 1 of 16 index registers in the CPU
41g ach RAM chip has 4 registers, sach 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 l0Cations are selected by the instruction code (OPA)
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intel Microcomputers. First from the beginning.
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