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The MCS-4 is a microprogrammable computer set designed for applications
such as test systems, peripherals, terminals, hilling machines, measuring
systems, numeric and process control. The 4004 CPU, 4003 SR, and 4002
RAM are standard building blocks. The 4001 ROM contains the custom
microprogram and is implemented using a metal mask according to customer
specifications.

MCS4 systems interface easily with switches, keyhoards, displays, teletype-
writers, printers, readers, A-D converters and other popular peripherals.

A system built with the MCS-4 micro computer set can have up to 4K x 8
hit ROM waords, 1280 x 4 bit RAM characters and 128 1/0 lines without
requiring any interface logic. By adding a few simple gates the MCS-4 can
have up to 48 RAM and ROM packages in any combination, and 192 1/0
lines. The minimum system configuration consists of one CPU and one
256 x 8 hit ROM.

The MCS-4 has a very powerful instruction set that allows both hinary and
decimal arithmetic. It includes conditional branching, jump to subroutine,
and provides for the efficient use of ROM look-up tables by indirect fetching.

The Intel MCS-4 micro computer set (4001/2/3/4) is fabricated with Silicon
Gate Technology. This low threshold technology allows the design and
production of higher performance MOS circuits and provides a higher
functional density on a monolithic chip than conventional MOS technologies.
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MCS-4 “bescription

256 x 8 BIT MASK PROGRAMMABLE
ROM AND 4 BIT 1/0 PORT
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Address and data are transferred in and out by time
multiplexing on 4 data bus lines. Timing is internally generated
using two clock signals, @4 and ¢, and a SYNC signal supplied
by the 4004. Addresses are received from the CPU on three
time periods foliowing SYNC, and select 1 out of 256 words
and 1 out of 16 ROM’s. For that purpose, each ROM is
identified as #0, 1, 2, through 15, by metal option. A
Command Line {CM)} is also provided and its scope is to select
a ROM bank (group of 16 ROM's),

During the two time periods (M{& Mjy) following the
addressing time, information is transferred from the ROM to
the data bus lines.

A second mode of aperation of the ROM is as an Input/Output
control device. In that mode a ROM chip will route
information to and from data bus lines in and out af 4 IO
external lines, Each chip has the capability to identify itself
for an 1/Q port operation, recognize an 1/0 port instruction
and decide whether it is an Input or an Qutput operation and
execute the instruction. An external signal {CL) will asyn-
chronously clear the output register during normal operation.

All internal flip flops (including the output register) will be re-
set when the RESET line goes low {negative voltage).

Each /0 pin can be uniquely chosen as either an input or
output port by metal option. Direct or inverted input or
output is optional. An on-chip resistor at the input pins,
connected to either Vpp or Vg is also optional. (See ordering
information on page 12).

4002 320 BIT RAM AND 4 BIT OUTPUT PORT
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In the RAM mode, the operation is as follows: When the CPU
executes an SRC instruction (see {nstruction Set on page 5) it
will send out the contents of the designated index register pair
during X, and X3 as an address to the RAM, and will activate
one CM-RAM line at X, for the previously (Note 1) selected
RAM bank {see Basic Instruction Cycle on page 5).

The data at X, and X, is interpreted as shown below:

X2 | X3
-D3 : Da D4 Do D3 D2 D4 Dg
Ghip # Register # Main Wemory Character #
(0 through 3) (0 through 3) (0 through 15)

The status character locations (Q through 3) are selected by
the OPA portion of one of the i/O and RAM Instructions.

For chip selection, the 4002 is available in two metal options,
4002-1 and 4002-2. An external pin, Py (which may be hard

wired to either Vppor Vgg) is also available for chip selection.
The chip number is assigned as follows:

Chip # | 4002 0ption | Pg | Pz D2 @ xp
0 4002-1 GND 0 o
1 4002-1 Voo 0 1
2 4002-2 GND 1 0
3 4002-2 vVbp 1 1

Timing is internally generated using two clock signals, ¢, and
¢, and a sync signal provided by the 4004. Internal refresh
circuitry maintains data levels in the cells.

All communications with the system is through the data bus.
The 1/O port permits data out from the system. When the
external RESET signal goes low, the memory and all static
flip-flops (including the output registers) will be cleared. To
fully clear the memory the RESET signal must be maintained
for at least 32 memory cycles (32 x 8 clock periods).
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Data is loaded serially and is available in parallel on 10 output
lines which are accessed through enable logic. When enabled
{E = low), the shift register contents is read cut; when not
enabled {E = high), the parallel-out lines are at VSS- The serial-
out line is not affected by the enabie logic.

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

The data shifting is controlled by the CP signal. An internal
power-on-clear circuit will clear the shift register (Q; = Vg )
between the application of the supply voltage and the first
CP signal.

4002 320 BIT RAM AND 4 BIT OUTPUT PORT

NOTE 1: Bank switching s accomplished by the CPU after receiving
a "DCL" (designate command line) instruction. Prior to ex-
ecution of the DCL fnstruction the desired CM-RAM; cade
has been stored in the accumulator (for example through an
LDM instruction), During DCL the CM-RAM); code is trans-
ferred from the accumulator to the CM-RAM register, The
RAM bank is then selected starting with the next instruction.

4 BIT CENTRAL PROCESSOR UNIT
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The CPU chip consists of a4 bit | s}y
adder, a 64 bit {16 % 4) index

register, a 48 bit (4 x 12) program counter and stack (nesting
up to three levels is possible), an address incrementer, an 8 bit
instruction register and decoder, and control logic. Information
flows between the 4004 and the other chips through a 4-line
data bus. One 4004 may be combined with up to 48 ROM

(4001) and RAM (4002) chips in any combination.

A typical machine cycle starts with the CPU sending a syn-
chronization signal {SYNC) to the ROM’s and RAM's. Next,
12 bits of ROM address are sent to the data bus using three
clock cycles (@ .76 MHZ)}. The address is then incremented by
one and stored in the program counter. The selected ROM
sends back 8 bits of instruction or data during the following 2
clock cycles. This information is stored in two registers: OPR
and OPA. The next three clock eycles are used to execute the
instruction. (See Basic Instruction Cycle on page 5.)

The ROM bank is controlled by a command ROM control
signal (CM-ROM) and up to four RAM banks are controlied
by four command RAM control signals (CM-RAMg , CM-
RAM; , CM-RAM, , CM-RAM5 ). Bank switching is accom-
plished by the execution of the DCL instruction (see Note 1
this page).
An input test signal (TEST) is used in conjunction with the
jump on condition (JCN} instruction. An external RESET
signal is used to clear all registers and flip-flops. To fully clear
all registers, the RESET signal must be applied for at least 8
instruction cycles (8 x 8 clock periods). After RESET the pro-
gram wilt start from 0" step and CM-RAMg will be selected.
The instruction repertoire of the 4004 consists of!

(a} 16 machine instructions (b of which are double length).

{(b) 14 accumulator group instructions.

{c} 15 input/output & RAM instructions.































