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 Historie Intel:

e Het bedrijf is in 1968 door Robert Noyce en Gordon
Moore opgericht

 Kwamen beide bij Fairchild Semiconductor vandaan
e Santa Clara, Californie
« Startkapitaal 2,5 miljoen dollar,
In 2 dagen bijeengebracht.
 De derde werknemer was Andrew Grove
« DRAM 1103, 1 kilobit
e Best verkopende RAM in 1969 - 1970
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 Historie 4004:

1969, Ted Hoff en Stan Mazor komen bij Intel

1970, Federico Faggin komt bij Fairchild vandaan
waar hij aan de SGS-MOS techniek gewerkt had

Busicom vraagt om 12 chips te ontwerpen
Masatoshi Shima

Voorjaar 1971 eerste 4004 afgeleverd

Zomer 1971, Busicom 141-FP

Intel koopt rechten terug

15 November, advertentie in "Electronic news"



[-historie 4004-]

* Eigenschappen 4004

« Silicon Gate Technology (SGT) Metal Oxide
Semiconductor

IN_TH & 75

e 2300 transistors
« pMOS

* 4 bits databus

« 16 Pins IC

e 740 kHz klok

* 46 instructies

e 4 K adres ruimte

16 * 4 bits registers
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* Neven aktiviteiten.

* Horloge
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 \Wat deed Ik
rond 1970
e Hoe kwam Ik

In contact met
elektronica,

computers en de
Intel 4004
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Ruim 10 jaar in opslag
Museum stuk

Werkt hij nog ?

-Hoe van start ?

-ij eet geen brood !
27907
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 Frank Buss: https://frank-buss.de/4004/

&« ¢} & frank-buss.de/4004/

$i Apps E Propeller 1 - Paralla.. [ retrochallenge.org \f‘ av-retro-computing... @ RetroChallenge ! Retro Compu

4004

31th July

Finally the ROM emulation is working, running at 1 kHz, which is also ge
a competition, but a fun event, challenging yourself to at least finish youl ﬁ ﬁ uE
turnaround time, by just flashing a new program to the PIC. ] I

The ZIF socket looked so empty, so instead of emulating a RAM or the o

beginning of this project, I've added another chip from the MCS-4 famil | 1 1

beginning of this month works without modification:
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* Welke IC's en functie:

* 4001 — 256 byte ROM, 4 bit I/O

* 4002 — 320 bit RAM, 4 bit O

* 4003 — serieel in, 10 bit parallel uit, schuifregister
* 4004 — microprocessor, 4 bit, 740 kHz

» Latere uitbreiding:

* 4008 — adres uitbreiding tov EPROM's

* 4009 — adres uitbreiding tbv |/O
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mds-4 Operation

INSTRUCTION CYCLE

B
| Instruction Sent to . :
fe—— Address Sent to ROM From CPU ———=(=—— ooy prom RO —— "1 Execution of Instruction —————
Data is Operated on in the CGPU, Or
— 1,35 y5 —=] Data or Address is Sent to/from the CPU
jul |
/ 0 et B T ) T ) / L )
.‘:2
\_/ \_/
SYNC —1 j 1
Memory )
Subcycles X3 Ay Az Ag M4 Mo X1 Xy Xy
1 IDR"" The
The Selected 4001 Is Enabled The CPU The CPU
- The CPU Is Enabled —— =« - Selected 4001
Disvics ¥ Is Enabled Or 4002 Are Is Enabled
Controlling | Enahbled, Other.
Data Bus wise The CPU
Dutput Is Enabiled
Add
Data Lower 4bit | Middle 4bit | Higher &-bit F=— Instruction to CPU——=|  OPA Out t';“;:,:h 'ir:“ Address to
Bus Address to Address to Address to | —— Roms 1 goin | FAMs If
Contents ROM's ROM's ROM's (Chip to ok SRC
Select Cods) | OPR ta CPU and ROM's {Not Used) Or 5RC
| and RAM's Data to CFU
| If 1ot If TOR!" |

i

1

(2]  The SAC instruction designates the chip number and address for a following 10 instruction,

Figure 2.

MCS-4 Basic Instruction Cycle

10 instructions contral the flow of information between accumulator in CPU, /O lines in ROM's and RAM's and RAM storage. TOR stands for 10 Read. In this
case the CPU will receive data from RAM storage locations or L0 input lines of 40017
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* Propellerchip als ROM en klok.

Y OO eSO 0.0 = KT B
D0
0 0Q ®
Yelel 3
SR
o NelNeRcRq
0coeee

S
1

C ﬁooumoooooe'
.QQ)QOGOQGOOB'G

-349““200@9

PO0RRROROOOLQ

0000000099000
=@eo,ﬂﬁd ©
e T wei g,‘g@ -‘-—-—g
Ok-)(:J(:H-')(-J@G‘G@@Q
~NeleNcRoNoe e e iR RN

A QOAOBADOND

) . - e
o w e w -

.




[-Mijn C4004 2-]

e Klok --> Sync resultaat
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NOP, NOP, NOP, NOP, Jmp naar O

[Those instructions preceded by an asterisk (*) are 2 word instructions that occupy 2 successive locations in ROM]

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

OPR OPA
MNEMONIC D5 D, D4 Dy D3 D, D4 Oy DESCRIPTION OF OPERATION
NOP 0 00O 0000 No operation, '
Jump to ROM address A Ap A Ag, Aq Aq Aq Aq (within the same
- Ca T ’
AEN 0. s I EptgCaty ROM that contains this JCN instruction) if condition Cq Co C3 caqtl)
Ag Az Agy A? A1 AT A1 Aq is true, otherwise skip (go to the next instruction in sequencea),
*FIM 010 RRRD Fetch immediate (direct) from ROM Data Do, Dy to index register pair
Dz DZ D: D2 D-l D‘-I D-' D] location HHH.{E}
SRC 0010 R RR 1 Send register control. Send the address (contents of index register pair RRR)
to ROM and RAM at X2 and X time in the Instruction Cycle.
FIN 00 1 1 RRRO Fetch indirect from ROM. Send contents of index register pair location 0
out as an address, Data fetched is placed into register pair location RRR.
JIN 00 11 RRR 1 Jumg indirect. Send contents of register pair RRR out as an address
at Aq and A time in the Instruction Cycle,
*JUN 0100 3 Mg AgAq iti M
Ao An An A ks AT A Jump uncenditional to ROM address A3, Ao, A1.
S S e | 171 "M ™M
*JMS 0101 Az Ag Ag Agy Jump to subroutine ROM address A3, A, A1, save old address. (Up 1 level
Az Az Az AZ A‘ ﬂi Inl' A1 in stack,)
INC 0110 RRRR Increment contents of register RRRR., {3)
"5z 01 1 1 RRRR Increment contents of register RRRR. Go to ROM address A, A4
Ao A A Ay Aq Aq A {within the same ROM that contains this ISZ instruction) If result #0,
2A24A2 A 1711 otherwise skip {go to the next instruction in sequence).
ADD 1.0 0 0 R R B B Al sos £ : o
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« NOP, NOP, NOP,
« NOP, Jmp naar 0

7
Ck_1 pal-di-Jg
Data_0 f-48-48-4
d Data 1 R0t

'%ﬂﬁ%%%%
DEITE[ 3 ZZZZ

TN R T T
i ] ] & |
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 RAM als uitgang

; Toggel output op RAM
START
FIM R2R3, §40 ; RAM uitgang adres
BEGIN
SRC RZR3 ; laad RAM adres
LDM 0 ; laad accu met waarde
WMP ; zet op RAM-IO
LDM 15 ; laad accu met waarde
WMP ; zet op RAM-IO
JUN BEGIN
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« ROM als ingang --> naar RAM

; Lees ROM, schrijf naar RAM
START
FIM ROR1, $10 ; ROM 1 adres
FIM R2R3, $40 : RAM adres
BEGIN
CLB ; Clear accu
SRC ROR1 ; ROR1 naar ROM/RAM
RDR ; Lees input ROM in accu
NOP ; Niets
NOP
SRC R2R3 ; R2R3 naar ROM/RAM
WMP ; Schrijf accu naar RAM
NOF
NOP
NOP
JUN BEGIN ; Spring naar begin
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« ROM als ingang,
problemen:

e Adressering !!!l

LA

LG
dEd
Ll
0000
0001
0010
pgat
0100
A LEnl
0110
TR
1000
LT
LO0
Lgat
T Lo
LG
dEd
sl
0000

0ooo
oooo
0000
oooo
oooao
0000
Qooao
oooao
0ooo
0ooao
oooo
oooao
oooao
0ooao
oooao
0ooo
0ooo
oooao
0ooao
oooo
0ooao

Bl
R RN
BN
B
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1001

0000
0000
0000
0000
B
0000
0000
0000
0100
0000
0000
0000
0100
R
0000
0100
B Ll
Lo,
S AL
LT
0000

0000
0000
0000
0000
1000
Tt
0000
0000
1000
L LEEl
0000
0000
Lea
0000
0000
1000
0000
0001
LLEg
1000
0000
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* 10 stuks gekocht

 En 4 ingangen
 Geen garantie !!
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°® Pro ramma fI OWI Bestand Bewerken Zoeken Beeld Karakkerset Swntaxis Instelingen  Macro  Uikvoeren
g - T

o =] @ﬂﬁ = =

l L) ) +

[=] T-rijden.azm E4 |

® 1: N()tepad, N ;: FIM R10R11, 800 ; Teller
20
T JME SENSOREN ¢ Wacht op sensoren
assembler een 28 JMS PRUZE : Subroutine pauze
ZEE JUN BEGIHN ; Spring naar BEGIN
20
programma 31 i TEEEEEEEEEEE AL E A E R AR A A EE AR EEEE R LR EEE
4 i * Hoofd Programma *
_:3 ; e ol ol e ol i ol e ol e ol e ol ol e i i e ol e el el ol ol ol e ol
rT]Eik(EBr1 24 ; *=5200 ; -2ef progrtam counter
25 BEGIN
36 SRC RZER3 ; laad registercontrol
3T LDM & o gEcn = Z notorel Yoot
28 TP ; zet accu op RAM-uitga
il
410 FIM RaE7, 500 ; laad pauze registers
41 JM3 PAUZE ; subroutine pauze
44 H 1
43 CLB e lEay aes ARt CaTEY
44 XCH 10 : ruil accu met reg 10
45 IAC © ErHeOE SCrd mEL CEER
46 JEN & Ho2 + als 0 dan Rll verhoge
a7 JUN H 3 ; spring over R11 werho
45 H Z INC 11 & Verboog tfelle¥ il
42 H 3 ¥CH 1 ;ozet R1D. EREuy
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 Programma flow:
o 2. Assembleren: e4004.szyc.org/asm.html

Intel 4004 Microprocessor Assembler

FHEFEFFFEFFEFFE R X FEFE R FEF TR T bR TR FE R F TRk

Lijn_wolgen.asm av_retro AV Tech *
*

Processor: Intel C4864

Robot: Intel-Inside

SD-kaart: 5

d20161181 Begin Lijn_ volgen

L B B B BN R RN B

FHFFEFFRFEFFEFFEFRFFEFE R EF TR bR R FERF TR F

*

[+~~~

a
50

0 80 00 00 @0

2PO0RESD2E400C23D4EL128
2880268E582E488C742E38
a7 52E762E7T2ZECOFR2C
B021EAT43T7CBAD

a1FF

RERL 316
R2R3 %48
R4R5 %60
RER7 %68
SENSOR
PAUZE

~~]

=
Lo go

=]

o]

]
=

Lt

1
ca

DOHHOEDH DD

=
=)

ae

=]

]
=]

BEGIN

D5 & E o]
=
i T T = = I = 3

=
=

R2R3

generate code
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 Programma flow:
e 3: Omzetten in binaire bestand via VB programma

:05P0R0RR20102240240026001C
- 08000300503 7502E2306E121F 0
:Q0PR10OREARF 1FE1225F6F1FER3
:poeR18AR121C400C2302E1266R
08002000 PESR2ELROC2304E128
08002600 260PESRZELDOCTL2ESD
08003000 752E762ETT2ECOFR2C
:B500380021EA1437CRAD

- 000RRR1FF

OPEN or
Paste

HEX to
i4001
ROM

ROM-Page:

Skip

1

B+ Hestland

AY_Tech

- Project 4004 » BIN

~

Maam

=] ROM_in_RAM_uit.tct
Bl ROM ininn

Gew i_i:igu:lxcr:

23-10-2021 15:33
23-10-2021 15:37
23-10-2021 15:11

23-10-2021 15:11

v | 0
Type
BIM-bestand

IPG-bestand
Tekstdocument

IPG-hectand

Convert ‘
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* Resultaat: Lijnvolger.

| Liin_valgen.asm E3 |

T T
17 ; * Initialisatie van Registers *

1 E rl Akhkkkkkhkkkhkhkktkthkkbhddhdttthdk bkt hddt kbbb hkhkkbtbkbkhkk

19 START

20 FIM ROR1, 510 ; ROM-1 ingang adres

21 FIM R2R3, 540 ; RAM-1 uitgang adres

22 FIM R4R5, 500 ; PAUZE registers

23 FIM R6R7, 500 ; PAUZE registers

24

25 JMS SENSOREN ; Wacht op senscoren

26 JMS PAUZE ; Subroutine pauze

DO ; ARR AR R AR AR AR AR AR AR AR AR A AR AR A A A KR A AR kK

29 ; * Hoofd Programma *

FO ;AR KRR R AR R AR R AR AR AR Rk A ARk Rk A

31 BEGIN

32 SREC RZR3 ; laad registercontrol RAM-adr
33 LDM & ; accu - 2 motoren vooruit

34 WME ; zet accu op RAM-uitgang

36 SEC ROR1 ; laad ROM adres

37 EDR ; Lees input ROM in accu

38 CLC ; Clear carry

39 RAR ; Rotate accu right door carry ({(le bit}

JCN 2 H 1M ; test op accu=0/c=1
ja -=>» jump —-> 1bl
=carry, 4=accu

[I T Y )
Lo = O
LT

5 EAR ; Rotate accu right door carr {(Ze bit)

44 CLC

45 EAR ; Rotate accu right door carry (3e bit)
JCN Z H RM ; test op accu=0/c=1

T
- &

JUN BEGIN

= . L s
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* Bron vermelding:

 Intel - 4004 op internet
» https://frank-buss.de/4004/
e €4004.szyc.org/asm.html

* https://avretro.wordpress.com/ hcco retro

50 Jaarintal 4004
microprocessor

1971 - 2021
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