intal 4004
SINGLE CHIP 4-BIT
P-CHANNEL MICROPROCESSOR

» 4-Bit Parallel CPU With 46 s CPU Directly Compatible
instructions With MCS-40 ROMs and

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

« Binary and Decimal to 5120 Bits of RAM
Arithmetic Modes e Standard Operating

Temperature Ran
* 10.8 Microsecond of top70° s e Range of
instruction Cycle
» Also Available With -40°

to +85°C Operating Range
The Intel® 4004 i3 3 compiete 4-b:it paralled central processing umit (CPU} The 4004 easity interfaces with keyBoaros.
switches, displays, A-D converters, printers and other perspherat equipmaent.
The CPU can directly address 4K 8-bit instruction words of program memory and 5120 bits of data storsge RAM. Sixtesn
index registers are provided for temporsry data storage. Up to 16 4.bit input ports and 16 4-bit output ports may aiso be
directly addresasd.

The 4004 is fabricated with P-channet silicon gate MOS technology.
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4004
Pin Description
Ya el (] caa-nam,
oara o.(]: 15[ ] cunan, ——
v lm B W) cunam, iy
Slm [ ] cnnas,
vss s 120 voo
p:kg:?}": . 1 Jcunom {m
Srile DR w L
ouveyy J SYRe q: 1 Paeser
D9o-03 CM-ROM

BIDIRECTIONAL DATA BUS., All address and dats
communication between the processor and the RAM
and ROM chips occurs on thew 4 lines.

RESET

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

TEST

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

SYNC

SYNC output. Synciwonization signal generated by
the procemor and set to the ROM and RAM chips.
It indicates the beginning of an instruction cycle.

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

CM-RAMg — CM-RAMy
CM-RAM outputs. These are the bank selection sig-
nais for the 4002 RAM chips in the system,

6. 6y
Two phase clock inputs.

Vis
Mast positive voitage.

Voo
Vgg -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 — 15-bits requiring 16 ctock 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 OP A field containing the modifier. For two word instructions,
the second word contains address information or data.
The upper 4-bits (OPR) will always be tetched before the lower 4.-bits (OPA} during M1 and My
times respectively,
. e e
OF CODE MOOIFIER oF CODE MODAFIER
oP CODE MOOIFIER
LN LN LNEE Pac . 0 B LS LS Pihe-wr oS B SRRl I
on on
3 K iruic . i I % 0 N D o) B e i
Table |. Machine Instruction Format
B. Input/Qutput 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. Tabie LI illustrates the contents of each 4-bit field,
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Table . 10 and Accumulator Group Instruction Formats
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4004

4004 Instruction Set

BASIC INSTRUCTIONS (* = 2 Word Instructions)

oz oM oM DESCAWTION OF OPEAATION
Cote WO, 5.0.0, 9,0,0.0,
00 _NOP 0000 0000 Nooperaton
Jump 10 ROM address A, A, A, &, A, A&, A, A&, (withmn the sume
' * 3N o001t ¢cCcC,cC, AOM 1t contams this JON mstructon) o condion £, C, C, C,
. Ay AgAy Ay A AAA  1tTue Ofherwe go 10 the next nstrutton
in sequence
2- G 0010 RAAROD Feich imedan (Grect) rom AOM 0aa 0,0,0, 0,0, 0,0, D.
i oioioiol DIDOOQDU wa..mm
Feich nderact from AQM. Send contentt of index regam pas
k 8 BN 0CG'1T RARCDG ocaton 0 oul as an address. Dala tetched & placed w0 fegEier
paw locaton ARA,
. Jurp ndirect. Send coments of tegrster pas ARR out &3 30 J0GrESS
k] JN 0011 RAR LA, 30 A, 1ime s N MErUCION Cyele.
N CrOO0 Aaa, Jump untondtions 1o AOM address A, A, A, A, A, A, A, A,
bl AAAMNA  AAAA A, A, A A,
S5- eoyug 0101 AAAA L Jumo o suboutne AOM 300ess A, Ay A, 4, A, A, A, A
- - A A A Ay A A AA, A A, A, A, Sawve 00 300085S (up 1 ievel i stack |
L] NC 0118 ARRA Increment comams ol regester ARAR
1. . 0111 ANAR InCrement coments of RARRA Go 1o ROM aacress A, A, A A,
. BT L aAA AAAA AR A i the same AOM that contams the SZ insiruction)
o resull 3 O, otherwise 0O 10 the Nex MElrucinn M SeQuence
[ B A0 1000 ARNRRA Addcontens of g ARAR W SCCUMULIIY Wil CirTy
- SUB 1001 RRAR Subtract coments of mgister ARRA 10 accuriulator with bormrow
A- LD 1010 RARRA Load contents of regesier ARAA t0 actumulie
8- X 1011 AAAR Exchangt commnts of mosx reguiee ARAR and accurmulter
Beanch back (down 1 Yevel » stack| and load dats DOOD w
c- . t100 OODOD e UIOr
0- LM 110617 0000 Loadasta 000D w0 accumuisir
0 Gl 1111 0000 Clexboth (Accumulaie nd cry)
1 CLE 1117 0001 Cewcary
2 AE - 1111 0010 ncremen accumalaty
F3 CMC 1111 0011 Complementcarry.
] RAL 1111 61101t RAotaeieh (Accymulator 3% Cavly)
s ) AR 1111 01t 10 Aot ngh (AcCumuitr and Cirfy)
F? TCE 11 11 01 11  Tranema carmy (0 ACCUMAUIINOr 3nd Cioar CITY.
A OAC 1 111 1000 Decrement sccumsinn
s ) TCS 11 1t 1001 Tanshr carry subract and Claar carry
] S 1111 1010 Secwry
[3:] DAA 1111 10 117 Decwnal adurst accumulaion
Keyboard process. COmvarts the conients of the accumulator om &
e P 1111 t100 0 ov of 1our code 10 3 DIy COBS.
0 GEL 1111 1101 Oeugnate command ne.
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4001/4002/4008/4009/4289

INPUT/QUTPUT AND RAM INSTRUCTIONS

Hea orR OPh DESCAUFTION OF OPEAATION
Cage NWEMONIC,, 5 0.0, 0,0,0.0,
Send reqistar comrol Send the adgrass (contems of mdn
2 SRC 0010 RAA register pav RRR) ta ROM and RAM 31 X, ang X, Lwmg i the
ingtructn Cyche
Wrag the contents of ihe accumulsior intg e prévously seucied
€0 WAM 1110 0000 RAM man memory character
Write The contents of the accumuiator mito the previously semcted
Bl WMP 1 110 0001 oy outpstport (Output Lines)
Wrie ihe contests of the accumulator into the prevously ssiecied
E2 WAR 11410 0010 AOM output port. (110 Lines)
Wrate ihe coments of the ACCuUmulstor wio the prevwOusly seleCIng
E3 wWPM 110 00111 hai tyte of reag/wits program memory (used
with #008/4009 or 4289 oniy)
Write the comtants of the accumulator mto the drewdusly seected
B WA 1110 0100 aup astus character &
, Wrie the Contents of the accumulator o 1 prévously i
ES WAL 1110 0101 oy aaus characte 1
Write the contents of the accumulator into the previously selected
€6 WR2 t11e 0110 RAM status character 2
Write the comtents of the JcCumuidor w0 I prdviously seiected
€7 WR) 11710 0t RAM status character 3
Subtract the previously selected RAM mamn memory character
€8 SBm 1110 1000 from accumulator with borrow
Read the previoysiy selected RAM mam memary ChaTacter ¥io
€9 ROM 1110 1001 N 3cCemulator
fead 1he contents of the previously seiacted AOM mput port 10
EA ROR 1110 10140 the sccumulator (/0 Lines)
Add the prevwousiy selected RAM mam memoty CAAFACIS 10
€ ADM T V10 V001 T mutstor wah carry
fAaad the previousty selected RAM St1atus character 0 o
[
EC A0 ti110 1100 S CuMuNOr
Read the previously selecied RAM status character 1 into
ED ROD1 1110 1101 accumulator
£E RD?2 1110 1110 Read the previously selected RAM statys character 2 into
accumutator
F A0Z 1110 tvd Redd ihe previousiy seiected RAM stalus character 1 wio

actumutator
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4004 Instruction Codes

Hex Mnemenic Hex Mnemonic Hex Mnemonic Hex Mnemonic
00 - 40 JUN n
0 - 41 JUN

02 - 42 JUN

03 - 43 JUN

4 - 4 JUN

05 - 45 JUN

06 - 46 JUN

0 - 41 JUN

o8 - 4 JUN

0o - 49 JUN

0A - 4A JUN

8 - 48 JUN

o - 4C JUN

W - 40 JUN

0E - 4E JUN Second hex
oF - 4 JUN digit is part
10 JCN CN=0 50 JMS " of jump
11 JCN  CN=1als0 JNT 51 JMS address.
12 JCN CN=2ais0JC 52 JMS

13 JCN CN=3 53 IMS

14 JCN CN=4ais0JZ 54 JMS

15 JCN CN=5 55 JMS

16 JCN CN=6 56 JMS

17 JCN  CN=7 57 JMS

18 JCN CN=8 58 JMS

19 JCN  CN=9aisoJT 59 IMS

1A JCN CN=10ais0JNC SA JMS

18 JCN  CN=11 S8 JMS

1C JCN  CN=12ais0 JNZ SC IMS

10 JCN CN=13 S0 JMS

1€ JCN CN=14 SE IMS

1F JCN CN=1§ SF IMS
20 FIM 0 60 INC O
21 SRC O 61 INC 1
2 FIm 2 62 INC 2
23 SRC 2 63 INC 3
24 FIM 4 64 INC 4
25 SRC 4 65 INC 5
26 FIM § 66 INC 6
27 SRC &6 67 INC 7
28 FiIM 8 868 INC 8
29 SRC 8 INC 9
2A FIm 10 6A INC 10
28 SRC 10 68 INC 11
2C FiIm 12 6C INC 12
20 SRC 12 6D INC 13
26 FIM 14 GE INC 4
2F SRC 114 6F INC 1§
3 FIN 0 0 182 0
31 JIN 0 n sz 1
32 FIN 2 7 182 2
33 JIN 2 13 182 3
M FIN 4 4 182 4
» JIN 4 5 182 5
3 FIN [ 6 182 8
37 AN [ ] 17 182 ?
3 FIN [ ] I I 4 ]
» AN ] ™ 182 9
3A FIN 10 A 12 10
3 JN 10 I 12 "
3 FIN 12 ¢ 12 1
30 JN 12 D 182 13
3 FIN 4 TE 1SZ
¥ IUN 1 TF ISZT 1§




intel

4004
Absolute Maximum Ratings*
Ambient Tempersture Under Bias oo O*Cto TOPC  "COMMENT:
Storage Temperstuwre  ............ SS5°C 10 + 125°C  Sressst above 1h0se hated under “Adsoiute Masimum Astiga”
Input Voitages and Supply Voitage MY CHUE POSTINENE JHMage 10 18 Jevice. This 18 § 3irees reuwg
with (@3pect 10 VSS ............ +0.5V to -20V only and nclional 0pershan of the Sewce of thase or any oiher

Power Dissipation ... ......._....

D.C. and Operating Characteristics

Ta =0°C 10 70°C; Vg -Vpp = 15V £ 5%; tgmy = tgD1 = 400 neec; logic "D” is detined as the more positive voltage
(Vin. Vonu): logie “1” is defined as the more negative voltage (Vi , Vo ); Unless Otherwise Specified.

SONGHONE SDOVE 1O 110w

. 1.0OWatt  speciicaion 11 not /mpied.

i it e OD® # of vy

SUPPLY CURRENT
Symbol Parameter Min. #'y"'r Max. Unit Test Conditions
oo Average Supply Current 30 40 mA | Ta=25°C
INPUT CHARACTERISTICS
LT Input Leakage Current 10 HA Vi.=Vpoo
Vin Iinput High Voltage (Except Clocks) Ves-1.5 Ves+t3| V
Vi Input Low Voitage (Except Clocks) Voo Vgs-55| V
ViLo Input Low Volitage Voo Ves-4.2| V 4004 TEST Input
Viuc | Input High Voitage Clocks Vgg-1.5 Vgs+t3 | V. x
Viee Input Low Voltage Clocks Voo Ves-134| V
OUTPUT CHARACTERISTICS
o Data Bus Output Leakage Current 10 HA | Voyr=-12V
Vo Output High Volitage Vgs-5V  \Vgg v Capacitance Load
oL Data Lines Sinking Current 8 15 mA | Vour=Vss
o CM-ROM Sinking Current 65 12 mA | Vour=Vss
oL CM-RAM Sinking Current 25 8 mA | Vour=Vss
VoL Output Low Voltage, Data Bus, CM, SYNC Ves-12 Ves-65| V | o =0.5mA
Row Output Resistance, Data Line “0" Level 150 2% | 2 | Vour=Vss-.5V
Row CM-ROM Output Resistancs, Data Line “0” Level 320 600 | @ | Vour=Ves-.5V
Rox CM-RAM Output Resistance, Data Line 0" Level 11 18 | kQ | Vour=Ves-5V
CAPACITANCE
G Clock Capacitance 14 2 | oF | Vin=Vss
Cos Data Bus Capecitance 7 10 oF | Vin=Ves
Cin input Capecitance 10 oF | Vin=Ves
Cour | Output Capacitance 10 oF | Vin=Ves
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Typical D.C. Characteristics

POWER JUPPLY CURARENT
vs TEMPEAATURE

! |
{‘.M“‘O) 400 nasc

-I8 ; D2 - 150 nsec
3 a2~ - |
A
- 4
H
§ n -\\ . ‘S‘OV \
* !
s -14.25V \
[ S SR T
; \\
F
o » - © ”
AMPNENT TEMPERATLNE (O
A.C. Characteristics
Ta=0°C to 70°C, Vgg-Vpp = 15V 5%
Limit .
Parameter Min. Typ. Max. Unit
Clock Period 1.35 20 usec
Clock Rise Time S0 ns
Clock Fall Times S0 ns
Clock Width 380 480 ns
Clock Delay ¢4 to 92 400 550 ns
Clock Delay ¢2 t0 ¢y 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 M2-Xy and 150 ns
and X2-X3 Transition.
Set Time (Reference) L] ns
Data-Out Access Time
Data Lines 930 ns
Data Lines 700 ns
SYNC 930 ns
CM-ROM 930 ns
CM-RAM 930 ns
Data-Out Hold Time S0 150 ns

Notes: 1.ty mamsured with tgm = 10N
2. Tacc t Outs Bus, SYNG and CM-line Gutput access time relerred to the ¢ trailing edpe which clocks them linm awt. 10g is the
WM CUtPUt SCCE Te referted 10 the lsading edpe of tha asxt ¢ clock pule.
3. AH MCS-40 components which Mmay irenemit instruction or deta 10 the 4004 st M7 snd X7 shwirys snaw & 1108t Ste until the
4004 takes cewr he Sate Dus 3t Xy end Xy tima Tharelore The Ty riguIremEnt i shuilys e ed 5AGE SBEh COMPORIA
comeibyes 10uA of leskage currem and 1OpF of capacitance which gumrentess thet the da' Dus Canidt changs foster when 1V /i,
4.COATA SUS = 2000F it 4008 snd 4000 or 4780 is vesd.
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Figurs 1. Timing Disgram.
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