intel
4004

SINGLE CHIP 4-BIT
P-CHANNEL MICROPROCESSOR

s 4-Bit Parallel CPU With 46 = CPU Directly Compatible
Instructions With MCS-40 ROMs and

s Instruction Set Includes , RAMs
Conditional Branching, s Easy Expansion—One CPU
Jump to Subroutine and can Directly Drive up to
Indirect Fetching 32,768 Bi_ts of ROM and up

= Binary and Decimal to 5120 Bits of Rf\M
Arithmetic Modes _ - m Standard Operating

. Temperature Range of
= 10.8 Microsecond 0° to 70°C

Instruction Cycle
» Also Available With -40°
to +85°C Operating Range

The Intel® 4004 is a complete 4-bit parallel central processing unit (CPU). The 4004 easily interfaces with keyboards,
switches, displays, A-D converters, printers and other peripheral equipment.
The CPU can directly address 4K 8-bit instruction words of program memory and 5120 bits of data storage RAM. Sixteen
index registers are provided for temporary data storage. Up to 16 4-bit input ports and 16 4-bit output ports may also be
directly addressed.

The 4004 is fabricated with P-channel silicon gate MOS technology.
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4004

Pin Description

—
[ 1647 cM-RAM,
15 JemR
oara |21 2 ] cw-mam, MEMORY
BUS CONTROL
vo |03 14 cmRam, | OUTPUT
;3[4 1317 cm-RAM,
Vss [ '5 12 Jvpp
oK MEMORY
,,‘jkgs,}mc 6 1 [Jomrom — CONTROL
OUTPUTS
cLocK
PHASE 2 }¢2|: ? 10 rest
SYNC
ouTPUT } sy 3 3 [ neser

Do-D3
BIDIRECTIONAL DATA BUS. All address and data

communication between the processor and the RAM
and ROM chips occurs on these 4 lines.

RESET

RESET input. A logic ‘1" level at this input clears
all flags and status registers and forces the program
counter. to zero. To completely clear all address
and index registers, RESET must be applied for 64
clock cycles (8 machine cycles).

TEST
TEST input. The logical state of this signal may be
tested with the JCN instruction.

SYNC

SYNC output. Synchronization signal generated by
the processor and set to the ROM and RAM chips.
It indicates the beginning of an instruction cycle.
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CM-ROM

CM-ROM output. This is the ROM selection signal
sent out by the processor when data is required
from program memory.

CM-RAMy — CM-RAM3

CM-RAM outputs. These are the bank selection sig-
nals for the 4002 RAM chips in the system.

¢1 ’ ¢2

Two phase clock inputs.

Vss
Most positive voltage.

Vbp
Vss -15 5% main supply voltage.



4004

instruction Set Format

A. Machine Instructions

e 1 word instruction — 8-bits requiring 8 elock periods (instruction cycle).
e 2 word instruction — 16-bits requiring 16 clock periods (2 instruction cycles).

Each instruction is divided into two four-bit fields. The upper 4-bits is the OPR field containing the
operation code. The lower 4-bits is the OPA field containing the modifier. For two word instructions,
the second word contains address information or data. :

The upper 4-bits (OPR) will always be fetched before the lower 4-bits (OPA) during M1 and M
times respectively.

ONE WORD INSTRUCTIONS TWO WORD INSTRUCTIONS
15t INSTRUCTION CYCLE . 2nd INSTRUCTION CYCLE
Dy D Dy Dy D3 D Dy Dg Dy D Dy D Dy Dz 0Oy Do
[X X‘XlXIX‘XIX XJ IXIXIXlX'XlX‘Xle
Dy Dy D, Op D, D, D, Dy OPR OPA OPR OPA
|X‘X‘XIXIX‘X[X]X]
OP CODE I MODIFIER J OP CODE I MODIFIER
OPR oPA | | |
| | UPPER ADDRESS I MIDDLE ADDRESS LOWER ADDRESS I
OP CODE I MODIFIER | 1.3 X ‘ X ‘ X l A, As Ay Ag A, Ay A, As A A A g
OR
INDEX REGISTER
X | x l X ‘ X | ADDRESS X X X X CONDITION MIDDLE ADDRESS LOWER ADDRESS
| R__R__R_R | Cy C; C3 G4 Az Ay Az A ] AL AL AL A
oR oR .
INDEX REGISTER PAIR TNDEX REGISTER
X X X ADDRESS X x X . "ADDRESS . MIDDLE ADDRESS LOWER ADDRESS
R__R R__R R Ay Ay Ay A | A AL A A
OR OR
I DATA INDEX REGISTER PAlRl UPPER DATA LOWER DATA
X X X X N X X X X
1 ] l b o '©o L] [ l l [ I R A?!DRESSH X Dy Dy Dy D § Oy Dy Oy Dy

Table I. Machine Instruction Format

B. Input/Output and 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 1/O instruction or the accumulator group instruction and the OPA contains a 4-bit code which
identifies the operation to be performed. Table Il illustrates the contents of each 4-bit field.

Dy D Dy Dg 03 D Dy DOg
|X|X|X]X|X|X|X|XI

OPR OPA
Innnnn

ACCUMULATOR GROUP |
INSTRUCTIONS ! ] T ‘ ! l X ‘ X

WHERE X = EITHER A ""0” OR A "1".

INPUT/QUTPUT & 1 ]
RAM INSTRUCTIONS

Table 1. 1/0 and Accumulator Group Instruction Formats
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4004

4004 Instruction Set
BASIC INSTRUCTIONS (* = 2 Word Instructions)

Hex OPR oPA DESCRIPTION OF OPERATION
code MNEMONIC, 1’0 0,. D,0,0, D,

00 NOP 0000 0000 Nooperation.
Jump to ROM address A, A, A; A, A, A, A, A, (within the same

1- *JCN 0001 (0G,0C,C, ROM that contains this JCN instruction) if condition C, C, C, C,
-- A A A A, AAAA is true, otherwise go to the next instruction
in sequence.
2- *EIM 0010 RRBRDO Fetchimmediate (direct) from ROM Data 0, 0, D, D, 0, D, D, D,
-- pb,b,D,0, D,D,D,D, to index register pair location RRR.
Fetch indirect from ROM. Send contents of index register pair
3- FIN 0011 RRR O location 0 out as an address. Data fetched is placed into register
pair location RRR.
3. JIN 0011 RARI Jump indirect. Send contents of register pair RRR out as an address

at A, and A, time in the instruction cycle.

4- * JUN 0100 A;AA;A; Jump unconditional to ROM address A; A, A; As A, A, A, A,
|- A A AA, AVAAA, A A AA,

5- *JMS 0101 AjA AjA; Jump to subroutine ROM address A, A, A, Ag A Ay Ay A,

- - A A A A, AAAA A, Ay A, A,, save old address (up 1 level in stack.) -
6- INC 0110 RRRR Increment contents of register RRRR. o
7. . 0111 RRRAR Incrementcontentsaofregister RRRR. Goto RQMad.dress"AzAzAgA,
. 152 MAAA, A A A A A| AAA, (wnhlnthe.same ROMthatcomamsthls ISsttrucuon)
) if result = 0, otherwise go to the next instruction in sequence.
8 ADD 1000 RRRR Addcontents of register RRRR to accumulator with carry.

9 SUB 1001 R R R R Subtract contents of register RRRR to accumulator with borrow.

A LD 1010 RRRR Load contents of register RRRR to accumulator.

B-  XCH 1011 R R R R Exchange contents of index register RRRR and accumulator. o

ran | 1 | to

C BBL 1100 DDDD B azlic%zrtr)iﬁ:t(()?.owm evel in stack) and load data DDDD )
D iDM 1101 DDDD Load data DDDD to accumulator. e
FO CLB 1111 0000 Clearboth. (Accumulator and carry) -
F1 CLC 1111 000 1 Clearcarry.

F2 IAC 1111 0010 Incrementaccumulator.

F3 CMC 1111 001 1 Complement carry.

F4 CMA 1111 0100 Complementaccumulator.

F5 RAL 1111 0 1 0 1 Rotate left. (Accumulator and carry)

F6& RAR 1111 0 1 10 Rotate right. (Accumulator and carry)

F7 TCC 1111 0 1 1 1 Transmit carry to accumulator and clear carry.

F8 DAC 1111 100 0 Decrement accumulator.

F9 TCS 1111 1 0 0 1 Transfer carry subtract and clear carry.

FA STC 1111+ 1010 Setcarry. '

FB DAA 1111 1 0 1 1 Decimal adjust accumulator.

FC KBP 1111 1100 Kez?]ga;ﬂtpg??gﬁﬁ,cggg\;gr;sbtil:;rcyog(l)%nf of the accumulator from a
FO DCL 1111 1101 Designate command line.
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