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, = 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 RAM
Arithmetic Modes s Standard Operating

s 10.8 Microsecond Temperature Range of
Instruction Cycle 0° to 70°C

s 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 keyboaros.
switches, dispiays, A-D conventers. 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 aiso be
directly addressed.

The 4004 is fabricated with Pchannel silicon gate MOS technology.
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BIDIRECTIONAL DATA BUS. All address and data
communication between the processor and the RAM
and ROM chips occurs on thess 4 lines.

RESET

RESET input. A logic “'1" level at this input clears
ali 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 cycies).

TEST
TEST input. The logical state of this signa! 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.

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

CM-RAMg — CM-RAM,

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

‘10 ‘z

Two phase clock inputs.

Vss
Most positive voitage.

Voo
Vsg -15 £5% main supply voltage.
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instruction Set Format

A. Machine Instructions
® 1 word instruction — 8-bits requiring 8 clock periods (instruction cycle).
® 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 My and M,
times respectively.
ONE WORD INSTRUCTIONS TWO WORD INSTRUCTIONS
n NETRUCTION CYCLE d ETRUCTION CYCLE
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on ) oa
TLLL ] | (LT el
Table |. 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/Q instruction or the accumulator group instruction and the OPA contains a 4-bit code which
identifies the operation to be performed. Table ! illustrates the contents of each 4-bit fieid.

NPUTOUTIUT & v |
RAM MSTAUCTIONS

ACCUMULATOR GROUP 1y

(NSTAUCTIONS A R

WHERE X - EITHER A “" OR A Y

Table (1. 1/O and Accumulator Group Instruction Formats
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4004 Instruction Set

BASIC INSTRUCTIONS (* = 2 Word Instructions)

Moz orR oPA OESCRIPTION OF OPERATION
Cose MWEMONE, 5,0.0, 0,0,0.0,
00 NOP 0000 0000 Nooperaton.
Jump 1o ROM address A, A, A; A, A, A, A, A, (within the same
1. *JON 0001t CC¢CC,C, ROM that contans this JCN instruction) o conaton C, C, C, C,
.- MAAA, A AAA  sirue. otherwise go to the next mstruction
in Sequence
2 epy 0010 RRRO Feichmmedate (Grect) rom ROM Oata D, 0, 0, 0, 0, 0,0. D,
- - 2,0,0,0, ©0,0.0,0, 10 index regster paw location RAR
fetch indirect from ROM . Send contents of index regrsier pas
3. kN 0011 RRARO location 0 out as an address. Data fetched is placed 1nto regsier
pax location RRA .
. Jumg indirect. Send contents of regrster paw ARR out 33 an address
3 JNC 0011 RRR T T, 3 A, time n the nstruction cycle.
*JuN 0100 AAA A, Jump unconditional 10 ROM address A, A, A, A A, A, A, A,
il AgAgAgAy A A A A, AA A A,
§- *IMS 0101 AJAA A, Jump to subroutine ROM a00ress A, A, A, A, A A A, A,
.- AAgAdAy A A A A, A, A A, A, save 0ld 3ddress (up 1 level in stack )
6 - INC 0110 ARRRA increment contents of register RRRR
7. . 0111 RARAR Increment contents of regester ARRR Go 1o ROM address A, A, A, A,
. 52 AAAA AAAA AL A, A, A, (wrthin the same AOM that cormtams tiws ISZ nstruction)
* ' 4 result # 0. otherwise 9o t0 the next msiruction n sequence
8- ADD 1000 R RARRR Addcontents of register RRRRA 10 aCCUMUIAN0r with carry
9- SUB 1001 A RRR Sudract coments of register RRAR 10 accumulator with dorrow
A- LD 1010 RARRA Load contents of regester RRRR 10 accumulator
8- XCH 1011 RRAR Exchange cuments of mdex reguster ARRR and accumutator
Branch dack (down 1 level i stack) and ioad data 0000 10
c- 8. 1100 00D0O accumuiator
0- LOM 1101t O00D0O0 Loaddata DOOO to accumuiator
2] CLB t 111 0000 Clarboth (Accumuiator and carry)
f1 CLC 1111 000 1 Cleacarry.
F2 IAC 1111 0010 Incrementaccumulator
2] CMe 1111 0011 Complementcamy.
£ RAL 1111 010! Rotselet (Accumulator and carry)
2] RAR 1111 01 10 Rotatenght (Accumulator and carry)
(24 1CC 1111 0111 Tansmit cary (0 acCumuiator and Clear carry.
n DAC 11 11 1000 Oscrement accumuiator
9 TCS 1111 100 1 Transter Carry subiract and clear carry
A STC 1111t 1010 Setcary
f8 DAA 1111 10 11 Oeconal sdursl accumilaton ,
Keydoard process. Converts the contents of the accumulalor fom a -
K k8P 1111 1100 one out of ©our code 0 2 binary code.
2] OCL 1111 1101 Oeugnstecommanding.
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4001/4002/4008/4009/4289
INPUT/QUTPUT AND RAM INSTRUCTIONS

Hex orR oPA DESCRIPTION OF OPERATION
Coss MNEMOMCy, 5 0.0, 0,0,0.0,
Send register comrol Send the address (contents of indes
2- SRC 0010 RARI register pair RRR) to ROM and RAM at X, and X, twne in the
instruction Cycie
Write the contents of the accumulator into the previously seiscted
€0 WAM 1110 0000 RAM mam memory character
Wrie the contents of the accumulator mto the previously sected
E1 WMP 1t 110 0001 RAM output port (Output Lines)
Write the contents of the accumulator into the previously ssiected
E2 WRR 1110 0010 ROM outout port (170 Lines)
Wrrte the contents of the accumulator into the previously seiected
[ %) WPM 1110 001 halt byte of read/write program memory (used
with 4008/4009 or 4289 only)
Write the contents of the accumulator mto the previously selected
B4 WRO 1110 0100 "oy iaus character 0.
. Write the contents of the accumulator into the previously seiected
€S WAl 1110 0101 RAM status character 1
Wrrte the contents of the accumulator into the previously selected
€6 Wh2 1110 0110 RAM status character 2
Write the contents of the accumuiator into the previously seiected
€7 WRJ t11o0 011 RAM status character 3
Subtract the previously selected RAM main memory character
E8 SBM t1ro rooo from accymuliator with borrow
Read the previously selected RAM mamn memory character ino
€9 ROM 1110 1001 1he accumuiator
Read the contents of the previously selected ROM input port 1o
EA ROR 1110 100 the accumulator (/0 Lines)
Add the previousiy selected RAM mam memory character o
€8 AQu 1110 VO accumulator weh carry
Read the previously selected RAM status character 0 into
EC R0 1110 1100 accumuiator
ED RO1 1110 110 1 Read the previously selected RAM status character 1 into
iccumulator
Read the previously seiected RAM status character 2 into
EE RDZ LI T T+ B T I A accumulator
€F RO3 1110 1114 Read 1he previously seiected RAM stalus character 3 o

ccumulator




4004 Instruction Codes

0 - @ Jun | 80 ADD 0 cCo B8L 0
0 41 JUN 81 AODD c1 B8L
02 - 42 JUN 82 ADD 2 c2 BBL 2
03 - 43 JUN 83 ADD 3 C3 8L 3
04 4 JUN 84 ADD 4 Ce BBL ¢
05 - 45 JUN 85 AOD § Cs 8BL S
06 - 46 JUN 86 ADD 6 C6 BBL 6
0 - 41 JUN 87 ADD 7 C? 8BL 7
08 - @ JuN 88 ADD 8 Cs ssL &8
0o - 49 JUN 89 ADD 9 Cs sBL 9
0A - 4A JUN 8A ADD 10 CA 88L 10
. - 48 JUuN 88 ADD N ce eL N
oc - 4C JUN 8C ADD 12 cC 88L 12
w - 40 JUN 80 AO0D 13 co 88L 13
0E - 4€ JUN Sacond hex 8E ADD 14 CE BBL 4
oF - & JUN | digit is part 8F ADD 1§ CF 88L 15
10 JCN CN=0 50 JMS of jump % sus o 00 DM 0
11 JCN  CN=lalsoJNT 51 JMS address. 9 sus 1 01 LOM
12 JCN  CN=2ais0 JC 52 JMS 92 sus 2 02 LOM 2
13 JCN  CN=3 53 Ims 93 sus 3 03 Lom 3
14 JCN  CN=4ais0J2 54 IMS 94 sus 4 04 LOM ¢
1S JCN  CN=§ 55 JMS 95 sSuB S 05 LOM §
16 JCN  CN=6 56 JMS 9% Sus 6 D6 LOM &
17 JCN  CN=? 57 JMS 97 sus 7 D7 LOM 7
18 JCN  CN=8 58 JMS 98 sus 8 08 LOm 8
19 JCN  CN=SaisoJT 59 Ims 99 sus 9 09 LOM 9
1A JCN  CN=10aisoJNC SA JMS SA sus 10 DA LOM 10
18 JCN  CN=11 58 JMS 9% sus N 08 LOM 11
1IC JCN  CN=12als0 JNZ SC IMS 9c sus 12 0C LOM 12
10 JCN  CN=13 50 JMS %0 sus 13 00 LOM 13
1€ JCN  CN=14 SE IMS 9% sus 14 OE LOM 14
IF JCN  CN=1§ SF IMS | 9F Sus 15 OF LOM 15
20 FIM 0 60 INC 0 A0 LO 0 €0 WRM
21 SRC 0 61 INC 1 At LD €1 wMP
2 FiIm 2 62 INC 2 A2 L0 2 €2 WRR
23 SRC 2 63 INC 3 A3 L0 3 E3 weM
24 FIM 4 64 INC 4 A¢ LD ¢ €4 WRO
2% SRC 4 65 INC 5 AS LD S €S WR!
% FIM & 66 INC 6 A6 LD 6 €6 WR2
27 SARC 6 67 INC 7 A7 W0 ) €7 WR3
28 FIM 8 68 INC 8 A8 D 8 ES SBM
2 SRC 8 6 INC 9 A3 LD 9 E9 ROM
A FIM 10 BA INC 10 AA LD 10 EA RDR
28 SRC 10 68 INC T AB LD N EB ADM
2 FIN 12 8C INC 12 AC L0 12 EC RDO
20 SRC 12 6D INC 13 AD LD 13 €0 RDY
2 FIM 4 6E INC 14 AE L0 14 €E RO2
¥ SARC 4 6 INC 15 AF LD 18 €F RD3
0 FIN 0 0 12 0 80 XCH 0 FO CLB
3T N0 n oz 81 XCH F1 CLC
2 FIN 2 n sz 2 82 XCH 2 F2 IAC
33 U8 2 13 12 3 83 XCH 3 F3 CMC
M FIN 4 4 12 4 84 XCH 4 F& CMA
¥ JIN 4 % 182 S 85 XCH § FS RAL
% FIN & % 182 8 86 XCH 6 F6 RAR
K | 7 1z 7 87 XCh 7 F?7 TCC
33 FIN B ™Iz 8 88 XCH 8 F8 DAC
» 4N 8 ™ Iz 9 8% XCH 9 F9 TCS
A FIN 10 A 1SZ 10 BA XCH 10 FA STC
3B JN 0 12 N 88 XCH 1 F8 DAA
3 FIN 12 € 12 1 8C XCH 12 FC Ksr
3 AN 12 0 182 13 80 XCH 13 F0 OCL
J FIN TE ISZ BE XCH 14 FE -
¥ JIN W 7F IST 15 8F XCH 15 fFF -
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Absolute Maximum Ratings*

Ambient Temperature Under Bias
Storage Temperature ............
input Voitages and Supply Voitage
with respect to Vss
Power Dissipation

D.C. and Operating Characteristics

.... 0*°Cto70°C
-85°C to + 125°C

+0.5V to -20v
. 1.0 Watt

‘COMMENT:
Stresses above those isted under “Absciute Meximum Ratngs

May CAUSE PEIMenent deamage 10 the device. THis 13 8 31ress rsting

onily and funclionsl 0peration of 1he Gevice af Ihese or any other
CONGIitioNs DOVE thOSE (NAIC aied i the ODerelionsl sections of i
[/ s not

Ta = 0°C to 70°C; Vg5 -Vpp = 15V t 5%; topw = tgD1 = 400 nsec; logic 0" is defined as the more positive voitage
{(Vin. Vor); logic “1” is defined as the mors negative voitage (Vi , Vo ); Unless Otherwise Specified.

SUPPLY CURRENT
Symbol Parsmeter Min. #‘x‘ Me | Unit | Test Conditions
oo Average Supply Current 30 40 mA | Ta=25°C
INPUT CHARACTERISTICS
I Input Leakage Current 10 HA ViL=Voo
Vin Input High Voitage (Except Clocks) Veg-1.5 Ves+3| V
ViL Input Low Voitage (Except Clocks) Voo Vgs-65| V
Vico | Input Low Voitage Voo Vgs-4.2| V | 4004 TEST input
Vine Input High Volitage Clocks Vgg-1.5 Vest3| V. i
Viee Input Low Volitage Clocks Voo Vgs-134| V
OUTPUT CHARACTERISTICS
o Data Bus Output Leakage Current 10 | uA | Vour=-12V
VoM Output High Voitage Vgs-5V  Vgs V | Capscitance Losd
oL Data Lines Sinking Current 8 15 mA | Vour=Vss
oL CM-ROM Sinking Current (1] 12 mA | Vour=Vss
oL CM-RAM Sinking Current 25 8 mA | Vour=Vss
VoL Output Low Voltage, Data Bus, CM, SYNC Vgs-12 Ves-65| V loL=0.5mA
Row Output Resistance, Data Line “0" Level 150 2% | O | Vour=Vss-.5V
Row CM-ROM Output Resistance, Data Line “0” Level 320 600 | Q | Vour=Ves-.5V
Row CM-RAM Output Resistance, Dsta Line “0” Level 1.1 1.8 | kQ | Vour=Ves--5V
CAPACITANCE
G Clock Capacitance 14 2 pF Vin=Vss
Cos Dsta Bus Capecitance 7 10 pF Vin=Vss
Cin input Capecitance 10 oF | Vin=Ves
Cour | Output Capacitance 10 pF | Vin"Vys
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Typical D.C. Characteristics

POWER SUPPLY CURRENT
vS TEMPERATURE

1 ' T
g | lgPw - TgD1 400 napc
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T 32— | L
f [ Voo - -5 78V
4 |
- i
§ - \ 15 oV l
> | |
> . .
% \ -1V ‘L\\
€ 2 1 - \
& N
» .
° P « © [
AMBIENTY TEMPERATURE (C)
A.C. Characteristics
Ta=0°C to 70°C, Vgs-Vpp = 15V 5% ¢
Limit . "
Symbol Parameter Min. Typ. Max. Unit Test Conditions
tey Clock Period 1.36 20 usec
R Clock Rise Time S0 ns
tof Clock Fall Times 50 ns
Clock Width 380 480 ns
Clock Delay ¢4 to ¢2 400 550 ns
Clock Delay ¢2 t0 ¢, 150 ns
Data-in, CM, SYNC Write Time 350 100 ns
Data-In, CM, SYNC Hold Time 40 20 ns
Data Bus Hold Time During M3-Xy and 150 ns
and X2-X3 Transition.
tosl2] | Set Time (Reference) 0 ns
Data-Out Access Time Cour =
Data Lines 930 ns SO00pF Data Lines
Data Lines 700 ns 200pF Data Linesi4!
SYNC 930 ns 500pF SYNC
CM-ROM 930 ns 180pF CM-ROM
CM-RAM 930 ns SO0pF CM-RAM
oM Data-Out Hold Time S0 150 ns Court*=20poF

Notes: 1.ty messured with tgR = 10nmc.
2. Tacc is Data Bus, SYNC and CM-iine output access time reterred to the ¢2 trailing edge which clocks theas lines out. 1Qg is the

mme OUtPUt scces tima retferred to the leeding sdge of the next ¢ clock puise.

3. All MCS-40 components which may trenamit INSTuction or data to the 4004 st M2 snd X2 shways entar & flost Rate until the

4.COATA BUS = 2000F it 4008 snd 4009 or 4289 is used.

4004 takes over the data bus at Xy and X3 time. Therelore the tyy requirement is siways inmured since each component
contributes 10uA of leskage current snd 10pF of capacitance which guarsntess thet the data bus cannot changs fester then 1V/us.
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