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Over the years there was debate over who invehtetirst microprocessor. Fig.4 of
theHistory of the Early Ideas of Computdid shows the first six microprocessor
designs as:

(1) Four Phase Systems’ ALIldesigned by Lee Boysel, first working samples
April 1969, but only available within the company.

(2) Garret AiResearch’s MP944designed by Ray Holt and Steve Geller, first
working 1970, designed for and used in the F-1At&gaircraft, but not
publicly disclosed until 1998.

(3) Fairchild’s PPS-25:designed by Rich Whicker, first working samplesyMa
1971, available for sale from late-1972.

(4) Texas Instruments’ TMX1795designed by Gary Boone and Michael
Cochran, first working samples June/July 1971 dnly taken as far as the
prototype stage.

(5) Intel's 4004: designed by Federico Faggin, Masatoshi Shima Hagtland
Stan Mazor, first working samples January 197 lilavie for sale from
November 1971.

(6) Pico/ General Instrument’s PICO1 / GI25Qdesigned by George Stevenson,
David Campbell, Harry McLennan and Les Leech, fivetking samples
1971, but only sold within a calculator from Jaryua972.

Of these first six, only two became standard concralty available products: the

Intel 4004 and the Fairchild PPS-25. It seems Rdddegan design before Intel, but
with Herculean effort by Federico Faggin, Intel i@oled working samples in January
1971 just before Fairchild in May 1971. Texas lastents and Intel registered
patents, and Intel invested in subsequent develofmnehile Fairchild neither
patented nor invested. Thereafter, disputes rglatirihe Intel and Texas Instruments
patents eventually led to a court case that reddlvat these patents be invalidated
and Lee Boysel be recognised as the inventor, iside¢hat is now widely accepted
[2]. Despite this, it is undeniable that Intel’s040[3][4][5] was the first commercially
successful microprocessor, the heart of a 4-bitiroblp pMOS family.

The design of the 4004 started as follows [6]:

Starting in 1968 a young engineer at Busicom, Mes$atShima, worked on the design of Busicom's &iedtulator with printed
output, the Busicom 141-PF. Due to the pressureafuid development, Shima's supervisor, Tadashb@ausing his experience
while working at the advanced computer manufactGartrol Data Corporation, had started a desigedhas a programmed

approach using computer software technology wisktg calculator hardware. This would allow ealsgnges to be applied to alte

the specification of the calculator or control atheoducts in their business product line.

Shima, who had some programming experience, tdsK¢bmputer system" approach further and prodicddsign for the 141-PF
incorporating arithmetic units (adders), multiplignits, registers, read-only memory, and he evdinethe macro-instruction set tg
control this decimal computer system.
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Tadashi Sasaki was an executive for Sharp Corporadi major manufacturer of electronic calculatarg] had had a good working
relationship with Bob Noyce of Fairchild SemicontiwaCorporation, the U.S. integrated circuit mactifiger. In 1968 Noyce left
Fairchild to start up Intel Corporation with Gorditoore, and shortly afterwards visited Sasaki a&rftin Japan to try to sell Intel's
integrated circuits. Unfortunately, Sharp was cacted to Rockwell for the exclusive supply of céddor integrated circuits so no
business with Intel was possible.

However, Sasaki had graduated from the same uitivelespartment as Yoshio Kojima, the presidenthefip and coming Busicom
Corporation, and so felt empathy for Kojima anddaispany, which was struggling financially. Thesulted in Sasaki, as an
executive of the large Sharp Corporation, offednge technical assistance to the much smaller Bansia business situation that
was allowed in Japan. However, working behindstenes, Sasaki went a step further and offeredde#o Busicom on the
condition that it contracted Intel Corporation &vdlop the integrated circuits for Masatoshi Shémiebmputer system" design for
the 141-PF calculator.

In 1969 Masatoshi Shima was one of three Busicopl@yees who traveled from Japan to Intel in the.A.vith details of the
proposal for the integrated circuits for the 141dP@ other advanced calculators, which would djfiet by the contents of the
instructions in the ROM (Read-Only Memory) chips.

Intel put Marcian E'Ted" Hoff in charge of the project with the assistanE&tanley Mazor, another engineer.

There was little progress in the first year of pineject. Intel knew little about calculator elegtics and how to use the proposed line
printer, and was not very enthusiastic about deamtpthe proposed integrated circuits. Also itsidared that for its small
development staff there were too many chips reduitee designs were too complicated and requiredstendard packaging with
large numbers of pins, and they had enough to d&imgon the RAM (Random-Access Memory) chips theate Intel's principal
product and were starting to sell well.

Hoff had been working with a DEC PDP-8 computer apgreciated its RISC (Reduced Instruction Set Gaerp architecture which
simplified the electronics at the expense of a diggemory for the larger program required. Andggdily, Intel was a memory chip
manufacturer.

Hoff proposed a much simplified system using a #andardised chips employing a limited instrucgenso that different
combinations of the simple instructions could bedur different actions such as reading the kegthaad driving the printer. Use
of a small chipset to produce a computing systemaetually something that had been foreseen by nmattne computing and
semiconductor industries for some time, but Intal the manufacturing capability and here was aifip@coposal.

Intel was in two minds. On the positive side themild be much less chip development required fofif'slproposal than Busicom's|
proposal, but it still did not really have the dieyament staff available, and would it make any myoafter the development costs fof
a small production run of specialised chips for campany?

For some months Shima and Hoff continued to workheiir different designs at Intel. However, in @adr 1969, Busicom
executives visited Intel and they were given preséms on the two proposals. The Busicom exeestdlecided to go with Hoff's
proposal, perhaps somewhat surprisingly since Wayld have been expected to favour their in-houspgsal.

Since Hoff's design was to go ahead Shima drogpedvork he had been doing and started to work dfittesign, and then went
back to Japan at the end of 1969 to finish thenamgiing and produce the documentation. When Shétoaned to Intel in April
1970 to check on how the development was progrg$snwas aghast to find that nothing further haghtione. Hoff had been
moved from this job to the development of anottertial processing unit for an intelligent termif@l Computer Terminal
Corporation. This cpu would become the very susfoésntel 8008.

This period of architectural and logic design posethy interesting issues that required
inventive solutions. These events are perhapspoestiyed in a reflective IEEE paper by
Stanley Mazor [7] {lightly reformatted}:

With only two designers, Intel didn’t have the mawgr to do that many custom chips. We needed teegbkir problem with fewer
chip designs. Ted Hoff chose a programmed compuaietion using only one complex logic chip (CPUilawo memory chips;
memory chips are repetitive and easier to desigel Wwas a memory chip company, so we found a waplve our problem using
memory chips! ... We used the 16-pin package, lmcawvas the only one available in our company. However, the
multiplexing logic increased chip area of the spnéd ROM/RAM memory chips, which then had to hhuét-in address registers
Increasing the transistor count to save chip caimmezwas a novel idea. ... The use of three-tedmsdynamic memory cells madg
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the RAM chip feasible. A built-in refresh counteaswused to maintain data integrity. Refresh toakeduring instruction fetch
cycles, when the RAM data was not being accessgdlamic RAM memory cells were also used inside tR&JGor the 64-bit index
register array and 48-bit Program counter/stackyaintel expertise in dynamic memory was an engtctor for the MCS4!

We wrote many subroutines which operated on 18-diginbers stored in RAM. As an example, a 10-bytg Ifor digit serial
addition took about 80us/digit (similar speed as11B620 computer sold in 1960 for $100,000). ... Oreandifference compared t
most computers, was the MCS-4's separate prograhdata memories. Conventional computers ran pragfesm RAM (core)
memory. However, our application firmware needetlégpermanently stored in ROM. A major change weesiad for subroutine
linkage. Normally, as part of a minicomputer subbireaicall instruction execution (PDP-8, HP 2114 dalling program’s return
address would be saved at the top of the subroutiR&M. Since MCS-4 routines were in ROM (can'titerinto it) we could not usg
this method. Instead, we used a push down staadeitise CPU for saving up to three return addreSd@s was not a new idea.
Stacks had been used in Burrough's computers antBBti 1620, which Ted Hoff and | had programmede-wged our experience
with large scale computers.

The time division multiplexing of the 4-bit busgtlon-chip dynamic RAM memories, and the CPU’s asklstack are the highlights
of the MCS-4 architecture. However, there is anoifieresting feature - distributed decoding otrinstions. The ROM/RAM chips
watched the bus, and locally decoded port inswustias they were sent from the ROM. This elimihdite need for the CPU to hay
separate signal lines to the 1/O ports, and alseds&PU logic. This is not a feature used in cotiveal computers.

Ted Hoff and | made the original proposal for thE&4 and did the feasibility study for the firstatdator. Federico Faggin did all
of the logic and circuit design and implementedl#y®ut; Busicom’s M. Shima wrote most of Busicorfifemwware. (Later Shima
joined Intel as the 8080 designer.) The Intel paderthe MCS-4 (Hoff, Faggin, Mazor) has 17 clailmg the single chip processor
not claimed as an invention.

One difficulty implementing any system on a seL8f chips is partitioning into pieces with a reaable number of /O pins on eack
It was very expensive to get more than 20 pins. Qptimization consists of maximizing the numbegafes inside compared to th
number of pins outside - the gate to pin ratio. Menthips with 1kb in an 18-pin package gave arebant gate/pin ratio of about
100:1. ... If a CPU were to be built of LSI chipsvias not obvious how to break it into pieces witbmall number of 1/0O pin
connections and a high gate/pin ratio. Simply ytou cut an ordinary CPU into two pieces you wbhbhve hundreds of signals
which would need to cross the chip boundaries. package pin also required a lot of MOS chip “resthte” for amplifiers to drive
the heavy off chip capacitive loads and for theaviionding pads which go from the chip to the paek8&gsides the cost, placing
more pins on an LSI chip also lowered the relighilHence, most commercial LS| applications wenest@ined by the few leads
available on IC packages. This is why the earlyrogioocessors were in 16 and 18 pin packages.

A CPU chip contains “random logic” requiring mamgdrconnection wires. Prior to 1980 most semicotatuchips had only one
layer of metal. This metal was used for global @mtions such as power, ground, clocks, and majssdsu Local connections were
made using poorer quality, higher resistance, lofgmly-silicon or diffusion. The silicon gate pess, developed originally at
Fairchild Semiconductor in around 1967 {by Fagdial¢, provided slightly better local interconnemis and crossovers. This
technology also offered lower capacitance, smaller (self-aligned structures) and lower voltagerapion. This was a key
technology enabler for microprocessor developmehital. ... To reduce the overall power dissipatinost of the circuits were
operated dynamically in a two phase operationt Bikgrcuit was precharged using an on-chip angulifand then the circuit was
conditionally discharged, based upon logic decwsidtreviously, “bootstrap” amplifiers were builing the gate “overlap
capacitance” as part of the circuit. However, sifigate self-aligned geometry eliminated this capad-. Faggin innovated a new
and efficient bootstrap amplifier as part of higleaircuit design of Intel’s chips.

Is
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Faggin became well known as the inventor of theoirtgmt silicon gate technology
(SGT). From Faggin’s memoir [8] {lightly reformattp

By 1967 much of the MOS industry was engaged ireltging a low threshold voltage MOS technologyeplace the incumbent
technology. This objective was eventually achiewdtth the SGT {Silicon Gate Technology} in 1968.

In 1966 Robert Bower {had} realized that if the {NBQransistor} gate electrode was defined first,{trensistors} would be “self-
aligned” ... In 1967 John C. Sarace {et al created}king self-aligned gate MOS transistors. ... In [887, Tom Klein of Fairchild
Semiconductor {established it was} possible noydnlcreate self-aligned gate transistors, but sisachieve a low threshold voltag
process ... However, Klein could not figure out havatchitect the process.

In February 1968, | joined the MOS process devekmrgroup of the Fairchild Semiconductor ... choieeAeen two projects: (1)
designing a special shift register chip or (2) depmg a self-aligned-gate MOS technology usingsil gates. | chose the latter ...




was told, of course, about the experiments of TdeirK ... my first tasks were: (1) to invent the pess architecture for self-aligned
silicon gates, (2) to develop a method to precisitoin the amorphous silicon, and (3) to desigrdiitailed processing steps to
fabricate MOS ICs with silicon gates also had to design a suitable test pattern ..l {fatked well, | would then have to design a
appropriate commercial integrated circuit ... Aftaveek or so it {dawned} on me that if | startedwétching a tub into the initial
oxide where the entire MOS device was supposee tbd ¢puld then solve the problem. ... The “tub” wlas missing insight about
how to make self-aligned gate MOS ICs. ... The neabjem was how to connect the silicon gates ... leamwith the idea of
making a buried contact ... required an additionaskireg step, but it would considerably increase {#¥)%} the circuit density
because metal could now run over the buried cantact
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When ten days after my arrival approved my proposed process architecture, bdtlsat the buried contact would never work and
... didn’t even want me to try it out. ... | decidedpiace a couple of structures {in the test pajtdrat would allow me to verify if
the buried contact would actually work. ... The n&belp was to develop a suitable silicon etchingtemiu.. | decided to experiment
with {nitric and hydrofluoric acids}. By trial andrror, | found the best ratios It.took about ten days and a new pair of shoes to
reach the goal; the shoes being the victims oba df the mixture falling on my right foot. ... By Ah 1968 | was able to fabricate
the first working MOS transistors with silicon gate{my supervisor asked} what was their most difficlC to produce. They said it
was the Fairchild 3705 ... The idea was to designeachip called 3708} that was functionally ideatito the 3705, but used the
SGT ... by early July, | had the first wafers of 81%08 ... it worked immediately. {But during charadzation} | found to my dismay
that the amorphous silicon tended to break {atubé ... Fortunately, there was another possibilitythe chemical decomposition g
silane (SiH4) ... and the problem was elegantly sblve the 3708 was 5 times faster, it had abouttiti@s less leakage current,
and the on resistance of {transistors} was 3 tifloer.
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SGT was presented at IEDM in October 1968 [9].tRer3708 see [10]. Patents were
granted for aspects of SGT, but not to Faggin, hiatveeems a failure of duty of care
by both Fairchild and its leaders who were soodedwe Fairchild to become the
founders of Intel, who then exploited SGT. In Mad&v0, knowing the origins of
SGT and the status of the Busicom project, Intelghed Faggin from Fairchild to
design the chips by year-end. Again from Faggingmair [8] {lightly reformatted}:

In April 1970 ... | joined Intel. My first day of wér | met Stan Mazor, an engineer working for TedfHbe manager of the
Application Research department, who describededha “Busicom Project.” ... When | saw the projestiediule that was promised
to Busicom, my jaws dropped: | had less than sixtim®left to design four chips, one of which, tHelL; was at the boundary of

what was humanly possible because a chip of thaptaxity had never been done before. | had nobaahkiwg for me to share the
workload; Intel had never done random logic custiips before and, contrary to companies in thainess, had no methodology
and no design tools for their speedy and errordiestgn. ... What did | get myself into? | thoughtrtenately | was young and eager
to prove myself in my new chosen field of endeaVonderstood computers, | could design both lagid circuits and | had
experience in both MOS IC design and in MOS prodes®lopment. Most importantly, | knew intimatehetcapabilities of the MO$
SGT, a process only a few engineers knew abous. Wwas a very rare combination indeed, even in tdags. Therefore | felt that if |
couldn’t do it, nobody could.

Within a few days of joining Intel, Stan Mazor anehet Shima at the San Francisco airport arriviegnf Tokyo. Shima was eager to
check the progress of the Busicom project sincdalsisvisit in the Fall of 1969. In particular, vanted to check the logic design of
the CPU and make sure that it would perform acogrth the agreed upon specification. We drove tirés the company and when
Shima asked me about the progress, | innocentlg aw the material | was given by Stan a coupldayfs earlier. Shima impatiently
said that he had already seen that material mdrgtfuse, and became furious when he found out Hadtstall | had since no
additional work had been done during the previousohiths. He became very angry at me, the projadele literally calling me
names. | could not convince him that, having joitr@el only a few days before, | could not have eltime work he expected to find.

He repeatedly said, “I came here to check, anctisanothing to check! This is only idea!” He s#idt his project was irreparably
compromised and that he had to call his managetadimd out what to do. It took almost one week $ima to calm down and
accept what happened. During that time | resolted¢maining architectural issues; | started waykin the missing design
methodology; and prepared a new schedule that wgiuedBusicom first silicon of all four chips byalend of December, assuming
could get one engineer and a couple of draftsmeamunto help me. This new schedule was extremgdyessive and would requirg
me to work 70-80 hours per week to make up forptteeious unrealistic schedule, and to recover gfatie incurred delay. | also
told Shima that if he’d help me there would be araie of meeting the new schedule, since it wolde teme to hire the people |
needed. Finally, the difficulties were resolvedsiBom accepted the new schedule; Shima got peonissistay for six months to
help me; and | could concentrate on designing Wwkatow | had named the 4000 family.




| should also mention here that my initial impressof the Busicom project was mixed. | liked theadf making a CPU on a chip,
something that had been in the air for some timéadt, Lee Boysel, the head of the Fairchild M@Sign group, had been
advocating this idea since 1968, saying that with9#technology it would become possible to make d ©Pa few chips. He left
Fairchild in 1969 to start Four-Phase Systemsnapamy that successfully developed and sold smatbcers with CPUs made wit
a few MOS chips.

| liked the idea of a family of chips that seamlgsgorked together, and | was excited at the prospédesigning a CPU on a chip,
but | had some misgivings as well. For exampleuind the use of 16-pin packages, particularlylier@PU, incomprehensible, sing
a lot of performance would be lost by the need titiplex address and data into a single 4-bit Bug.in those days, using only 16-
pin packages was a religion at Intel, despite doe that 40—pin packages had been standard imdustry for many years. | found
the architecture of the RAM, and the way it wasradsed by the CPU quite strange, to say the IR&dl was addressed as if it wag
an I/O operation, requiring a complicated and lsetup. | couldn’t understand why it had to be dficdit to address RAM just like
any other CPU did. There had to be a better wagctomplish this task, but the last thing anybodybldave wanted, given the
enormous delay of the project, was to make anygémto the architecture that had been blessedebsuistomer. | had enough to
worry about, and | concentrated on checking thafattthitecture was sound. | found a couple of srfuait fortunately could be easil
fixed, and | set my heart in peace for the longd hequired to make the 4000 family a reality.
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From Faggin’s article [11] he recalls his subsedq#arculean 12-month adventure to
create 4 chips, which for each chip he stafesirmally} starting from chip
specifications to first silicon, would take at le@so 9 months. From first silicon to
transfer-to-production ... would normally take frono38 months?

Since Intel had only designed memory chips up &b ploint, they had no expertise in random logidgieas it existed in companies
like Fairchild, Texas Instruments, AMI and othéFhose companies were in the business of designisipm random logic chips —
the major application of MOS technology in thosgsd& hese companies had extensive libraries ofiiésrand circuit blocks, with
layouts known to work and characterized. They hadputer simulation tools for logic and circuit dgsi and for test program
generation. They also had characterization toatsgom logic testers; and, most importantly, randtogic designers expert in the
entire process. Furthermore, the SGT was new athahéneer been used before for random logic circliitequired quite a different
layout style than metal gate, particularly whenliieied contact was used. ... | had to also do thie Idesign for all four chips in the

family. And above all, | had to figure out and deethe random logic design methodology for siligate technology that didn’t exist.

I even had to design and build a debugging andacherization tester that wasn'’t available at Irfi@i;Intel had characterization
equipment for only memory chips.

Since | had promised the customer — under duresght add — to deliver samples of all four chips®cember, 1970, less than 9
months from start; and since the CPU alone wowd #amost 8 months, | had to work practically drf@lr chips simultaneously,
staggering them so that the critical layout resesinwould be kept continually busy. | decided tagiethe 4001 {ROM} first,
followed by the 4003 {output shift register}, 400RAM}, and 4004 — the CPU. This sequence allowedtmancrementally develop
the methodology and all the necessary buildingkddmeeded to use for the most complex chip, 6614

To avoid having to do circuit simulation, except é&xceptional situations, | had prepared a sebofalized MOS characteristics
based on measuring worse-case transistors faldieatatel. Using those graphs | could rapidly akdte the transistor sizes
necessary to achieve the required speed for thectegh capacitive load. This was a graphic calautathethod similar to the one |
had learned at the technical institute to sizeaguum tube circuits.

One of the early challenges encountered durind@@d. design was to invent a flipflop that was goggad to come up in a known
state after turning the power supply on. This wasessary because there were no extra pins in sbiine 400x chips to dedicate to
reset signal (each chip was packaged in a 16-gi)DT his flip-flop was to be used in the critic@ntrol of the tristate external dats
bus that connected all the chips, to avoid busesdian immediately after the power supply was tdrog.

Sometime in October, 1970 ... | received the firkt@n of the 4001. This was my first LS| chip designd | was very nervous
because it was the first real test of my methodgaltfghe 4001 didn’t work, all the other chips wdihave the same problems
because the same worst-case design rules | hatbdedevere used in all of them. The characteripatigster had been partially
completed, enough to verify the 4001 operationlands delighted when the oscilloscope displayeddhaliar waveforms | had
drawn so many times on paper and now were paiiteah the display! | was stunned by the fact thatchip was doing exactly
what it was supposed to do, after so much worksanehany error-prone steps. The miracle of techryblog
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A few weeks after receiving the first 4001 wafeeddo got the first silicon wafers of the 4003. Ttlaip also worked the first time,
adding to my confidence level. In late Novembezdaived the first silicon of the 4002 which alscs\vially functional, but for one
minor mistake that was quickly identified and fixed

Finally came the big day when | was given the fivafers of the 4004. The climactic moment of tragid arrived. It was the end of
the work day, few days before New Year eve, andt pesple had already left the lab. If the 4004 wlaik, | would have met the
schedule | committed to Busicom nearly nine mofere. Luckily nobody was around to see how nesvonas. My trembling
hands placed the first wafer on the wafer probkwered the probes onto the first chip expectmgee the now familiar activity in
the data bus, but instead nothing happened. “Ol,”Wsaid to myself, “that one must be a bad chidowered the probe onto
another chip with the same outcome, and then prebeeral more chips, always with the same sympttiveybe this is a bad
wafer,” | thought. | tested another wafer, and gxdctly the same results.

By this time | was profusely sweating thinking, ‘tdong works! How could | have screwed up so badly@&cided to look at the
chips under the microscope, and sure enough, ti#gm was obvious: during the manufacturing protiesduried contact mask
was left out by a technician’s mistake, thereformshof the transistor gates were not connected hesay hence no life. Now my
chance to meet the schedule had been irreparablntaway by a trivial mistake in manufacturing thets going to cost me about 3
weeks of delay. What a disappointment!

About three weeks later | received a new run o##4€iiips. This time nothing was left out, and | madee of that by checking the
wafers under the microscope before loading théding on the probe station. Like the previous tihmeceived the wafers at the end
of the work day with the lab nearly deserted, asdtlout to spend most of the night probing thed400@reathed much easier after t
familiar signals in the data bus appeared in tlodloscope. Now | was in business! | probed urtét am, finding that everything wa
working as expected until, exhausted, | left fomo ... In the following couple of weeks | continuedcheck the 4004 and found a
few minor problems that were relatively easy tggdiase and fix.

And by mid-March, when the revised silicon of tH#4 was received, we also had the completed 40Blisicom could then test th
entire calculator using an engineering prototy@ btad sockets in the pre-production printed cirfcoard ready to receive the
components. When the calculator was turned ongiked perfectly with all the final 4000 family compents! The production of
chips and calculators could now start. Finally iidatake a giant sight of relief; and Intel coutdrs selling components to Busicom.

To Faggin must go much of the plaudits, for usimggilicon gate technology (SGT)
he’'d invented at Fairchild, and for inventing hawise buried contacts and bootstrap
loads with SGT, halving chip size and increasiregids (although the 4004 was the
only one of the four chips to use buried conta@sjonishingly in view of the
challenges evident above, delivery to Busicom begdharch 1971.

Busicom then found its 4004-based 141-PF calcufatogressively less competitive
against designs using medium-scale (e.g. TTL) ¢hwpsch were falling in price.
This was overcome by negotiating a reduced pricelppset in exchange for
allowing Intel to sell the chipset to the generalrket. Thus on the ¥SNovember,
1971, Intel published the now-famous advertisenrettie Electronic News, see
Fig.1, for many the accepted beginning of the npoooessor age [8][12].

The chipset, marketed 84CS-4(see [13] and Figs.2-4) 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 pof
4009 memory and I/O converter
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The MCS-4 design details are well known and will be repeated here. Suffice to
say that the 4-bit 4004 contained just 2300 tramsisand executed instructions in
10.7uS when fed with a 750kHz two-phase clock.

Some aspects bear a resemblance to the FairchfdelBRsee elsewhere in this
catalog) that may reflect the prevailing stateeghinology, e.g. the serialization, the
size of nibbles, the Harvard architecture, andueof dynamic memory forms.
However whereas the 4004 used DRAM, an Intel spggithe PPS-25 used equally
efficient shift registers for memory, and wherdas 4004 had a single unified bus
and traditional computer architecture, the PPS#&bthree separate busses yielding
the heavily overlapped “racetrack” architecture tBiachran so admired [14]. Both
used Federico Faggin’s invention at Fairchild 6€sh gate technology, but his later
inventions of buried contacts and bootstrap load$SGT led to a greatly superior
application of that technology in the 4004.

To improve on the 4004, and in order to overconel’Bipreference for small/cheap
dual-inline packages (DIP), which had constrairexl4004 to 16-pins, Faggin
proposed an expansion of the 4004 to a modestriz}-fmrmulated the architecture
and led the project, supervising the detailed aebigTom Innes of what became the
4040 [15], see Figs.5-6. The extra pins enabledublthg of the ROM space,
interrupts (absent on the 4004), and halt/stoplsiatgp. The register set was roughly
doubled and, the instruction set expanded fronoat Even so, it retained
backwards compatibility with the 4004 support chipse 4040 was introduced in
1974, with an extended chipset, and then market®tG5-40[16], comprising:

4040 4-bit microprocessor

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

4008 8-bit memory address latch plus I/O poft
4009 memory and I/O converter

3216 4-bit parallel bus driver

3226 4-bit parallel bus driver

4101 256 x 4-bit Static RAM

4201 clock generator

4207 general purpose 8-bit output port

4209 general purpose 8-bit input port

4211 general purpose 8-bit 1/0 port

4265 programmable general-purpose 1/0O
4269 keyboard/display interface

4289 memory interface (merged 4008 + 4009)
4308 1K x 8-bit ROM

4316 2K x 8-bit ROM

4702 256 x 8-bit EPROM

Faggin’s contribution was sadly downplayed by latieér he left to set up Zilog to
produce the Z80 as a worthy competitor to the IBESO0, ironic since Intel’'s founders
left Shottky Semiconductor Labs to set up Fairghalad then left Fairchild to set up
Intel. Moreover, Faggin’s worth to Intel was cldéiam their 1973 review [17], and
later Gordon Moore saidwe essentially had a monopoly on silicon gatedeven



years, and that was extremely importafit8]{at 75mins:05secs}. Fortunately, later
those differences were resolved.

Trivial: The 4004’s 2,300 transistors on its 0.@dcsn die (1.8 sg.cm packaged) had
as much power as ENIAC’s 18,000 vacuum tubes t/@r8 million sq.cm.

Trivia2: There is an unverified claim the Intel 4D@as the first microprocessor to fly
on a spacecraft (the Pioneer Venus probe launcimedcAugust, 1978) [19].

There were and are many demonstration/developnoamtlb or systems for the 4004

and 4040, and especially see [20]. In this Coltecsuch boards are represented:

(1) for the 4004 by a replica of thénux/4004board designed by Dmitry Grinberg
that hosted the epic first successful boot of Lionxhe 4004, which took nearly
one week.

(2) for the 4040 by &etroshieldo be designed by Erturk Kocalar, which is to ase
Arduino host to emulate the original 4040 exteeralironment, such that it can
execute original 4040 software.

See elsewhere in this catalog for descriptionfiese items.

Very many thanks to Brian Coghlan and Erturk Koc&ba donating these chips, and
to Dmitry Grinberg and Erturk Kocalar for providitige demonstration boards.



The homepage for this catalog islatps://www.scss.tcd.ie/SCSSTreasuresCatalog/
Click 'Accession Index1st column listed) for related folder, ‘&bout'for further guidance.
Some of the items below may be more properly gantiter categories of this catalog,
but are listed here for convenience.

Accession I ndex

Object with I dentification

TCD-SCSS-T.20250916.001

Intel 4004 and 4040 microprocessors and assootdiied. The first
commercially successful microprocessors. 1971.

TCD-SCSS-T.20250916.001.0

| 1 x Intel 4004 microprocessor. [Erturk Kocalar]

TCD-SCSS-T.20250916.001.0% 2 x Intel 4003 I/O interface.

TCD-SCSS-T.20250916.001.0% 2 x Intel D4265 programmable general-purpose I/O.

TCD-SCSS-T.20250916.001.04

I 1 x Intel P4269 keyboard/display interface.

TCD-SCSS-T.20250916.001.0

b 1 X Intel P4289 memory interface.

TCD-SCSS-T.20250916.002

Linux/4004 board. A replica of the board that ledsthe epic first
successful boot of Linux on the 4004, the first aoencially successful
microprocessor, 2025.

TCD-SCSS-T.20251216.004

Arduino shield for Intel 4040. A board that enabéxecution of softwarg
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 micropsoceips, most
accompanied with documentation, some with dematmstréoards. 1971
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Figure 1: Intel 4004 advertisement, Electronic NebMssNov-1971

in " IYICS-4 MICRO COMPUTER SET 3

HOVESIER 1971

u Microprogrammable General m 10.8 Microsecond Instruction
Purpose Computer Set Cycle
= 4-Bit Parallel CPU With 45 = Easy Expansion-One 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 Lings
Modes w Single Power Supply Operation
m Addition of Two 8-Digit Numbers (Voo =—15 Volts)
in 850 Microseconds w Packaged in 16-Pin Dual In-Line
m 2-Phase Dynamic Operation Configuration

138 43LNdWO0D DHDIW

The MCS-4 is 2 microprogrammable computer 52t dessgaed lor appl mich as test

wystems, peripherals, terminals, billing machines, measuring systems, numeric and process

contral, The 4004 CPU, 4003 SR, and 4002 AAM are standard building blocks. The 4001 | INPUT e OUTFUT
ROM containg the custom microprogram and is implemented using a metal mask sccord- - MEMOl b 1 H
ing to customer specifications, { ?l"

MLCS4 systems interface easily with switches, keyboards, displays, reletypewriters,
printers, readers, A-D eomverters and other papilar peripherals.

A system built with the MCS-4 micro computer san can have up 10 8K x B hit ROM words,
1280 x 4 bit RAM characters and 128 1/0 lines withaut requiring any interface Ingie, By
adding 2 few simple gates the MCS-4 can have up 1o 48 RAM amd ROM pockages in any
combination, and 192 1/D lines, The minkmem system conliguratian cansists of ane CPU
znd one 256 x 8 bit ROM.

The MCS-4 has o very powerful instruction set that allows both hinary and decimal
srithmetic. It includes iti branching, jump ta subroutine, and provides for the
efficiont use of ROM look-up tables by indirect Tetching.

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

Figure 2: Intel MCS-4




Figure 3: Intel 4004 chip die micrograph (from Wikiip)

Intel 4004 Architecture D0-D3 hidirectional
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Figure 4: Intel 4004 architecture (from Wikipedia)



Intel 4040 Architecture
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Fgre 5: Intel 4040 chip die micrograph (from
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Figure 6: Intel 4040 architecture (from Wikipedia)
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