Accessionindex: TCD-SCSS-T.20250916.002

Accession Date: 16-Sep-2025

Accession By: Dmitry Grinberg and Dr.Brian Coghlan

Object name: Linux/4004 board

Vintage: 2025

Synopsis: A replica of the board that hosted the &3t successful boot of Linux on
the 4004, the first commercially successful micomgssor.

Description:
This very ambitious project [1] to boot Linux oretmtel 4004 was undertaken by
Dmitry Grinberg over an astonishingly short seveamth period.

Of the first clutch of microprocessors, only twachme standard commercially
available products: the Intel 4004 and the FaiccRIPS-25. The Intel 4004 [2] was
the world’s first commercially successful micropessor, designed by Federico
Faggin, Masatoshi Shima, Ted Hoff and Stan MazorFaggin must go much of the
plaudits, for using the silicon gate technology T3Ge had invented at Fairchild, and
for inventing how to use buried contacts and boapstoads with SGT, halving chip
size and increasing yields. On"Bovember, 1971, Intel published the now-famous
advertisement in Electronic News (Fig.1), for méeginning the microprocessor age
[3][4]. The chipset, marketed dCS-4(see [5] and Fig.2) consisted of:

4001 256 x 8 ROM plus 4-bit I/O port
4002 80 x 4 RAM plus 4-bit output port
4003 10-bit parallel output shift register

4004 4-bit microprocessor
4008 8-bit memory address latch plus 1/O pojt
4009 memory and I/O converter

The MCS-4 design details are well known and will be repeated here. Suffice to
say that the 4-bit 4004 contained just 2300 tramsgFigs.3-4) and executed
instructions in 10.7uS with a 750kHz two-phase kldgom Dmitry’s website [1]:

| booted Debian Linux on a 4-bit intel microproaasom 1971 - the first microprocessor in the wlorthe 4004. It
is not fast, but it is a real Linux kernel with @lidan rootfs on a real board whose only CPU isabingel 4004 from
the 1970s.

Of course, Linux cannot and will not boot on a 4@ictly. ... So, same as before, | would have soreto
emulation. ... After studying the options, it becattear that MIPS R3000 would be the winner here.

| have never before seen a CPU that lacked akilitio basic logical operations, until | saw the 4@@anual. The
4004 lacks ability to do any of them. There is @gi¢al AND, no logical OR, and no XOR.

It Was all worth it though! The boot time dropped4t81 days! ... Avoiding checks for need to sigreexrtand for
size loops added a small additional speed be#defié days to boot!

For the full flavour of thigour de forcethis amazing feat, the reader is encouraged to
delve into [1] and peruse the photos of this itéoven in Figs.5-10.

Many thanks to Dmitry Grinberg and Brian Coghlandonating this item.
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Accession I ndex Object with I dentification

TCD-SCSS-T.20250916.002 | Linux/4004 board. A replica of the board that hdstee epic first
successful boot of Linux on the 4004, the first aoencially successful
microprocessor, 2025.

TCD-SCSS-T.20250916.001 | Intel 4004 and 4040 microprocessors and assocthied. The first
commercially successful microprocessors. 1971.

TCD-SCSS-T.20251216.004 | Arduino shield for Intel 4040. A board that enabdggcution of software
by the 4040, 2025.

TCD-SCSS-X.20250916.001 | Dr.Brian Coghlan's Collection of Early Microprosess. An extensive
and nearly complete set of unused 1970s micropsocehips, most
accompanied with documentation, some with dematistréoards. 1971

References:

1. Dmitry Grinberg,Linux/4004 see:
https://dmitry.gr/?r=05.Projects&proj=35.%20Linua¥
Last browsed to on 16-Sep-2025.
Also: https://www.scss.tcd.ie/SCSSTreasuresCatalog/hasdWaD-SCSS-
T.20250916.002/Linux-on-the-Intel-4004-DmitryGrimhel 6Sep2025-

Word2025.pdf
2. Wikipedia,Intel/4004 see:

https://en.wikipedia.org/wiki/Intel 4004
Last browsed to on 16-Sep-2025.

3. Federico Faggirilicon, From the Invention of the Microprocessotite New
Science of Consciousnegp.304,ISBN: 978-1949003413, Waterside
Productions, USA, 8February, 2021.

4. RobWalker,nterview of Federico Faggirg" June, 1998, see:
https://www.scss.tcd.ie/SCSSTreasuresCatalog/haedWaD-SCSS-
T.20250916.001/Interview-of-FedericoFaggin-byRobkeéal9Jun1998.pdf
Last browsed to on 16-Sep-2025.

5. Intel, Intel MCS-4 User’'s Manuakee:
https://www.scss.tcd.ie/SCSSTreasuresCatalog/haedWaD-SCSS-
T.20250916.001/Intel-MCS4-UsersManual-OCR.pdf
Last browsed to on 16-Sep-2025.



https://www.scss.tcd.ie/SCSSTreasuresCatalog/
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250916.002/TCD-SCSS-T.20250916.002.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250701.004/TCD-SCSS-T.20250701.004.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250916.001/TCD-SCSS-T.20250916.001.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250701.004/TCD-SCSS-T.20250701.004.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20251216.004/TCD-SCSS-T.20251216.004.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/miscellany/TCD-SCSS-T.20250701.004/TCD-SCSS-T.20250701.004.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/miscellany/TCD-SCSS-X.20250916.001/TCD-SCSS-X.20250916.001.pdf
https://dmitry.gr/?r=05.Projects&proj=35.%20Linux4004
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250916.002/Linux-on-the-Intel-4004-DmitryGrinberg-16Sep2025-Word2025.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250916.002/Linux-on-the-Intel-4004-DmitryGrinberg-16Sep2025-Word2025.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250916.002/Linux-on-the-Intel-4004-DmitryGrinberg-16Sep2025-Word2025.pdf
https://en.wikipedia.org/wiki/Intel_4004
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250916.001/Interview-of-FedericoFaggin-byRobWalker-9Jun1998.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250916.001/Interview-of-FedericoFaggin-byRobWalker-9Jun1998.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250916.001/Intel-MCS4-UsersManual-OCR.pdf
https://www.scss.tcd.ie/SCSSTreasuresCatalog/hardware/TCD-SCSS-T.20250916.001/Intel-MCS4-UsersManual-OCR.pdf

A micro-

onuhip!

R
w4 s s g S o Mu e ot s bty
St i e (e B

e 4 TR (4 4 T AR e g
g o8 1 £.CAR 50 Yo 8 B Cho P
.

B L el e e Lol

15 Pl P i

e ooy Vi 1
Tyt L PHL sy b bl bon s Tt 08 ks
cas;
WALE A ey rwrle e by e v by
e, smadey, AO
e el et i
Ton W54 iy it om0y ey Bk G

Corabe el b, Wke A, ddidath i Yot Nt

apni e Bt bl

8 Corty, ol o o At o T34, 8 1600
i“nn-mlb-hw ]

o g, e
ety h, Sn b A4, l-n L1 n«-“:‘ =t

)
iy el B e, B o Y Ty
brarym Gy Clarn, Culd $A300 Phora (400 J66 FREE

mdtjivers.

Figure 1: Intel 4004 advertisement, Electronic Net&8' November, 1971.

in " IMCS-4 mICRo COMPUTER SET

HOVESIER 1971

u Microprogrammable General m 10.8 Microsecond Instruction
Purpose Computer Set Cycle
= 4-Bit Parallel CPU With 45 = Easy Expansion-0ne CPU can
Instructions Directly Drive up to 32,768
w Instruction Set Includes Bits of ROM and up to 5120
Conditional Branching, Jump to Bits of RAM
Subroutine and Indirect Fetching = Unlimited Number of Output
= Binary and Decimal Arithmetic Lines
Modes = Single Power Supply Operation
m Addition of Two 8-Digit Numbers (Voo =—15 Volis)
in 850 Microseconds w Packaged in 16-Pin Dual In-Line
u 2-Phase Dynamic Operation Configuration

The MCS-4 s a microprogrammable computer set designed for applications such as test
systems, peripherals, terminals, billing machines, measiring systems, nimeric and proces
control, The 4004 CPU, 4003 SR, and 4002 RAM are standzrd building blocks. The 4001
ROM containg the custom miceoprogram and is implemented using a metal mask sccord-
ing to custorner specifications.

MLCS4 systems interlace easily with switches, keyboards, displays, teletypewriters,
printers, readers, A-D eomverters and ociher popular peripherals,

A system built with the MCS-4 micro computer sat can have sp 10 8K x 8 hit ROM words,
1280 x 4 bit RAM characters and 128 100 lines withaut requiring any interface logic, By

adding 2 few simple gates the MCS-4 can have up 1o 48 RAN and ROM packages in any

combination, and 192 1/D lines, The minimum system senliguration cansists of ane CPY
and ane 256-x 8 bit ROM.

The MCS-4 has a very pawerlul :nﬂrun_tulm et that allows both hinary and decimal
srithmetic. It includes i , Jump ta subrouting, and provides for the
efficiont use of ROM lock-up tahles by :ndlrﬁl Tetching.

The Intel MCS-3 micro computer set (A001/2/3/4) is fabricoted with Silicon Gate Tech-
nology. This low threshold technology sllows the design snd production of higher
performance MOS circuits and provides & higher lunctional density on a lithic chip
than comventional MOS technologiss.

Figure 2: Intel MCS4 specification, November 1971.
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Figure 5: Linux/4004 front view.
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Figure 7: Linux/4004 front top-left closeup view.
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Figure 8: Linux/4004 front top-right closeup view.




iNntal
4004
INsSide

& INPUT

Exrfzrrrrrr b
LE T E N ST TR g R g e

CTE

|V

ROM

Cc20

=

|

IREGISTERS
2V R, |

U4802-2-4

*Q‘j
u i

O--an---._-_

| G
0.0:0.0.0.0.0
00000

y,9)

.....

Figure 9: Linux/4004 pper front closeup view.
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Figure 10: Linux/4004 lower front cToseup vie.



