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FOREWORD

Producing the history of a company only 16 years old would
ordinarily be a modest and perhaps premature task. Neither is
true in Inte!’s case. So much of significance has happened here
that we found the job both formidable and fascinating.

We have been rummaging around for over a year now dig-
ging into archives, conducting over 30 lengthy interviews with
employees, checking facts and begging for early photos and
mermorabilia of the company. Many people—more than we
have space to mention—have helped, and we thank them for
their generous support of the project. Special thanks to Jean
Jones who, as one of the company’s original employees and as
chairperson of Inte's Museum Committee, has coordinated
the collection and preservation of much of the company’s
heritage. She has been an invaluable source of information.

Our goal has been to capture not just the facts but the spirit
that pervades this company responsible for innovations like
LSI memory and the microprocessor—innovations that are
transforming much of society. To call this transformation a
revolution is not an overstatement. And it is a revolution in
progress—one that is underway but by no means finished.



INTEL: INNOVATOR OF THE
INFORMATION REVOLUTION

he Industrial Revolution, which
transformed the world like no
other force before it, achieved
much of its impact in about 100
years. The Information Revolu-
tion, sparked by the introduction of the
computer, is making an impact of similar
| magnitude in a much shorter time. The
| advent of computers has allowed the amplifi-
cation and distribution of machine intedli-
gence in a manner similar to the way the
Industrial Revolution unleashed and
Of the companies providing the technol-
ogy to fuel the Information Revolution, Intel
has clearly been one of the leaders. Intel is
responsible for two of the major post-war
innovations in microelectronics that have
made today’s electronic age possible—large-
sc_alehtegnted(lﬁl)mmryandthe
MICTOProCessor. These breakthroughs, com-

company culture, have led to explosive
growth for Intel. Starting with 12 employees
and revenues of $2,672 in 1968, Intel now
has more than 25,000 employees in loca-
tions around the world, and revenues
exceeding $1 billion.

During this period, through recessions
and booms, Inte! has maintained pretax
profit margins and return on equity far
| above its competitors, a performance unique
| for the semiconductor industry.

One of the keys to Intel's success was its
founding team of Robert N. Noyce, Gordon
E. Moore and Andrew S. Grove, three men
who earned distinction as scientific pioneers
early in their careers. Noyce, with a Ph.D.
from M.LT., holds many key patents in

| semiconductor technology and was co-inven-
tor of the integrated circuit. Moore, a chem-
ist with a Ph.D. from Caltech, made some

of the basic discoveries that led to the inte-
grated circuit and subsequent LSI develop-

ments. Grove, with a Ph.D. from the

Metal Oxide Semiconductor (MOS) LSI

technology.

Noyce and Moore had worked together at
Shockley Semiconductor Laboratory and had
later been among the founders of Fairchild
Semiconductot in 1957. They hoped to
develop advanced silicon-based semiconduc-
tor products. By 1968 Noyce was general
mamager and Moore was director of
research and development. Grove, who had
joined Fairchild in 1963, was assistant direc-
tor of research and development.

When the directors of Fairchild began
looking outside for a third chief executive
| officer within less than a year, Noyce told
Sherman Fairchild that he was leaving.
Moore’s increasing frustration with transfer-
ring technology from the laboratory to pro-
duction within Fairchild, combined with
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2 of founders leave

By MARGE SCANDLING

from Fairchild Semiconductor to

Two pioneers in the Midpen-|start their own business.

insula integrated circuits indus-
try, Dr. Robert Noyce and Dr.

Gordon E. Moore, have resigned|®

ROBERT NOYCE

concern over the instability at the top of the

| organization, led him to resign. At the same

time, Noyce and Moore saw a potential
market in semiconductor memory and a
chance to develop new technology oriented
toward that opportunity.

Noyce and Moore incorporated on July
18, 1968. Almost immediately, Grove joined
them to form the triumvirate that would lead
Inte! into the development of an exciting
new electronics technology.

The new company set out with a precise

' focus: to exploit the emerging LSI technol-

ogy—the placement of thousands of

| microminiature electronic devices on a tiny

Their new company, to be
alled Intel Corp., will be in the
general area of integrated elec-
tronics, according to Moore.

Both men were among the
original -eight founders of Fair-
child Semiconductor in Septem-
ber, 1957. Fairchild is now one
of the biggest of the many
firms making up the highly com-
petitive integrated circuits in-
dustry.

Noyce most recently has
served as one of four group
vice presidents guiding the op-
erations of the parent Fairchild
Camera & Instrument. He has
been in charge of both Fair-

ybiey premoy

silicon chip. The first target was computer
memory. At that time nearly all computer
memories utilized magnetic cores, which

child Semiconductor and |
child Instrumentation, an ¢
ated company.

Moore has been -directo
Fairchild Semiconductor’s
Alto Research Laboratory.

Moore, interviewed at Ir
offices at 365 Middlefield |
in Mountain View, said the
company will get under v
with a fairly extensive dev
ment period that is to |
“many months, probably.”

DEVELOPMENT PLAMN

“QOur strategy is to do ¢
extended technological w
before coming out with
ucts,” he said. “We particu
are interested in product 8
that none of the manufactu
are supplying.”

e e e e
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were ten times cheaper than the equivalent
semiconductor devices. Since integrated cir-
cuit costs had been declining and were
expected to drop even more, Intel's found-
ers felt the day was at hand when large-
scale integration could push semiconductor
memories across the cost threshold and into
the growing computer market.

They were right. And, through the com-
bined contributions of thousands of people,
Intel has grown from their original idea into

the leader it is today.
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Moore and Noyce gxpect to
hire & stafl of about 30 durleg
A lucky break came whenfintel's development phiass, in-jready active in.

“ft's larger than we noed atfSystems and Teledyne Inc.
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cluditg about & dozen enginesrs,
A few perscns sre already on
the pavrall, and Noyee was in-|part of the industry.
terviewing others this week
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- THE EARLY YEARS

THE TRIALS OF START-UP
he atmosphere at Intel doring its
start-up vears could best be
described as intense. A handful of
bright, energetic engineers wene
gambling that they could set the
standard in the memory industry with two
virtually untried integrated circuit technolo-
gies, Schottky bipolar and silicon gate MOS.
The results ranged from agonizing months
of experimentation to the jubilation of pro-
ducing a chip that worked.

Success was sometimes slow in coming,
Although the 3101 bipalar device, intro-
duced in the summer of 1965, soon devel-
oped a market, the MOS project—which
promised greater density and performance |
it a lower price—did not reach production
until late 19649, a full vear after start-up.

Even then, the first product, tha 1101, did |
not work well. The amdety bevel was high,

Having bean through a similar start-up at
Fairchild, Intel founders Bob Noyee and
Gordon Moore did not feel the tension as
much as others, “There was amoety, sure,”
Nayce recalled. “We weren't certain that we
could accomplish our objective, that is, get
the price of memory down by a factor of one |
hundred. But most of us had been in the
semiconductar business for all our careers
and there wae no one elee who knew the
business as well as we did."

For the rest, the tension was palpable. “Tt
was intense.” sakl Gene Greenwood, who

joined Intel in 1970 and is now & product
engineering manager. “Your whole life was
intense. We'd work 12 to 18-hour daye and
it got so thet ['d resent having (o sleep.”

Tempers often Bared. Paul Metrovich,
who came to Intel in 1969 as a senior tech-

| mician, recalled, “Everyone would holler and
acream at each other, letting off steam. 1
[ don't know how many tmes I went into Les
Vadasz's office and called him everything |
| could think of, and he'd just laugh.” Metrov-
ich remembered Vadasz, who headed the
MOS project, chasing an engineer through
the plant while throwing pencils at him
hecause of a late report.

Maost of the anocety came from the MDS
project, which encountered formidable
obatacles, For example, the technigue for
putting silicon an top of the oxide had yet to
be perfected, “We'd put it down with evapo-

' ration,” recalled Gene Flath, then manager,
water fabrication, “and it would look nice,

but pretty soon the surface would roll up
like the top of a sardine can,” The problem
wasn't icked until a totally different polysili- |
con technigue was developed. |

The tribulations of the MOS8 team
inspired Intel’s first bet and simoltansouely
established a company tradition of betting as
& management motivational tool. Andy
Grove was then director of operations and
was reminded daily of the MOS frustrations.
“I was absolutely petrified we would fil.” he
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 THE AGONY AND THE ECSTASY| F=*

I E949 Estefs sark forvn of 104 smployaet crsembled in ot of |
tha rnmpeay’s fin bome in Maantain View, Colitomia,

recalled, In September 1968 he made a bet
with Gordon Moore, Les Vadasz, Tom
Rowe and Gene Flath, challenging them to
produce a stable MOS capacitor by Thanks-
giving. The stake was a bottle of Mapalzon
Cognac, .

Tom Rowe, Intel’s first process engmeer,
explained that building a stable MOS capaci-
tor meant that its threshold voltage wouldn’t
vary more than a tenth of a volt, so it had to
be uncontaminated, “We didn't even have
distilled water in the ptant!™ he exclaimed.

Rowe gat lots of exercise lugging hottled
water into the plant, holding it up and pour-
ing it over the diffusion equipment to clean
it. But it still wasn't dean enough. “So
eventually what we did—it was Lez Vadasz's
ides—wag to use gur phosphorous furnace,”
he recalled, “We lightly added a little bit of
phosphorous to the MOS capacitor. On the
last night we finally got one that didn't drift,
altheugh by using phosphorous we didn't do
it exactly the way it was intended.”

Nonetheless, the bet wee won, "To this
day Andy claims that because of the phos-
phorous we thould have loat, but actually

Wllsm L Epmabe

we won, " taid Flath,

MOUNTAIN VIEW REMEMBERED

The site of this intense activity and and-
ety was [ntel’s first home, a small huilding in
Mountain View, formerly occupied by Union
Carbide Electronics. One of Flath's eary
memaries ts of the facilicy in which electron-
ica history was to be made.

“Tt was a disaster. Carbide was still mov-
ing out, and there was equipment all over,
wires and pipes hanging down, and the Aoor
tite torn up. We picked a small section of the
building and decided that's where we would
put the fab area. Then we started to plan
how we would equip it.”

By coincidence, the Western Electronics
Conference (Wescon) show had just opened
in Los Angeles. Flath attended and ftezally
ordered equipment right off the floac: “TT
have one of those, a couple of those, and
three of those,” he said. '"We bought our
Heavy-Duty Lindberg furnace bank there.

It was a demonstration unit, and was in use
umtil 1981 when the Mountain View fab was
cloged,” Meanwhile, Andy Grove purchaged




bonders and Gordon Moore bought the
evaporators.

Intel’s frst Christmas Eve in the building
proved memotable. After most of the 20-
odd employees had adjourned to the Wagon
Whea] Restaurant in Mountain View for pre-
holiday cheer, Bob Movee nobiced water on
| the floor near the evaporator room. A water
line in the hack of the vacuum system had
burst, and gallons of water were guietly
pouring out onto the foor. Moyee and the
few employees still in the building—inched-
ing Flath, Moare, and Jerry Larson—
grabbed mops, squeegies, and gant quan-
tities of paper towels, rolled up their pants,
and in their bare feet spent the next two
hours mopping up the fioor. “If we hadn't
caught it,” recalled Fiath, “the entire build-
ing would have been aflost after the
holidays.”

Manufacturing continted at the eriginal
Fab 1 in the Mountain View building wntil
1981 when production and employees were
transfarred to newer facilities in Santa Clara,

Rt R, 1968

arranging for the sile of convertible deben.
tures, mosty ta individual investors. “Art
slmply got on the phone and called a number
of friends, and they said, ‘sure,’ " Noyoe
remembercd.

The business plan congisted of a single
typewritten page which stated simply that
the company was going into large-scale inte-
grated circuits, Nothing specfic. “Frankly,
we didn't want people to know what we
were doing,” said Noyee. “We didn't want
to attract competitors too soon.”

Noyce's atma mater, Grinnell College in
lowa, was one of the early investors, aoquir-
ing $300,000 of debentures. This initial
investmient latar proved so valuable that at
one Hme it constituted 40 percent of the
college's investment portiolio.

In the pext two years, Intel realized
another £2.16 million in private placements.
The company went public in 1971 at $23.50
per share, refsing §6,8 million.

EASY MONEY

When Novce and Moore decided o start

Intel, they knew that one of the dangers for

a young company was “running out of

money on schedule but not getting the prod-
| uet out on schedule.” So after incorporating,
they appealed to Arthur Rock, & successful
venture capitalist who had helped start Fair-
child Semiconductor, Teledyne znd Scientific
Data Systems.

“(oing to Art was 8 pretly casusl thing.”
recalled Noyee, “We gimply said that we
were thinking of starting over again, and
asked if he-thought it was possible to raise
the money. Rock replied that if we put up
gome of our own money, he wouldn't have
any trouble.” Noyee and Moore each kicked
in §2435, 000 and Rock added $10,000. Rock
soon rarzed an additional $2.5 million by

BA.004L 000 VIR A
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o March 1973, batel iecsnd 5 et §3-wmillios menth. Bd Galbach,
thes direcior of markefing, srdered curlore-labelad Battles ol
campagas lor employees ko celebrle the mites s,
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INTEL DELIVERS gressed, I ran

From its earbiest doys, Intel did not Tk

want to be perceived gimply as an arawnd moving our people
R&D house that conld briltinnt by ﬁ'ﬂm ﬂﬂ&pb:lﬂ? i the butld-

invent posingle component hut not be - v i

able to deliver in quuntities, “We felt tng to another, so it would

it was important for us to go out of g -

way to deliver tho products we were "‘-”F’k busier.

committed to, and to communicate Awndy Grove

this capability in the marketplace,”

explained Gordon Moore, “So we

adopted the 'Tntel Delivers® slogan

and pughed i

Haob Novee added, At the fime
evervone was talking about L5I; but
nobody elde was really doing aoy-
thing. We were, and we felt we had to
got aérods the message that LS was
here and not just pie in the sky.”

Another aspect of “Intel Delivers”
wis assuring visiting customers that

Intiel was-a relinble and substantial
supplier, despite its amall size. To do
&0, the company resorted Lo Bpme
ingenious solutions,

Andy Grove remembered heing
warned that one particular visiting
customer needed reassurance that
Intel was indeed o production house.

A tour of the facility wis arranged.
Recalled Grove, UAf the totr prog-
ressed, Iran around moving our peo-
ple from one place in the building to
another, o it would ook bugier” A
number of employees wore severil
hula that day (o give the customer a
somewhat exapgerated picture of the
worklorce.

Annther attempt (0 impress custom-
eri was short-lived. At-the time many
of the staff members were PhoDis: Bob
Noyee, Gordon Moore, Andy Grove,
Ted Hoff and Thov Frohman. Someone
decided it would be o good idea, when
custamers came to call, to page the
Ph.Dosas “Docton” The Ph.D)s soon
put @ stop t0il themselves, “1
soundid Tike & hospital; ‘Br. Moore to
surgery,’ " recalled Dov Frolman,
“and wie wore all imbappy with i"




- THE EARLY YEARS

I the early days, whes a circuit finclBy wevked or o product
Mhhhﬂ;muﬂnchhd:h
for u champogne celebration. Affer one such
:ﬁ;&"ﬂwt‘.ﬂdﬁﬂcﬁﬂa“luhh

When the MOS team finally produced

three o'clock in the afternoon, and we had a
little party in the cafeteria. So many corks
poppedagahstﬂleaeousﬁnluleeei!mgthat
it had to be

When Intel scored its first $3 million
month in March 1973, Ed Gelbach com-
memmorated the milestone by ordering a
supply of small champagne bottles labeled

On July 18, 1968 Bob Noyce and
Gordon Moore incorporated their new
venture as N M Electronics. Not very
creative, but at the time a company
name was low on the priority list.
Someone suggested Moore, Noyce
Electronics, but it looked better than
it sounded (More Noise).

A long search followed for a more
suitable company name. Integrated
Electronics—the first choice, since it
described the field the new venture
was to tackle—had been taken, and
the company ran another eight or ten
selections past the State Corporations
Commission without any luck. “Then
we started using first syllables of var-
ious names we’d tried before, and

here was anxiety,

sure... Weweren’t
certain that we could accom-
plish our objective, thatts,
get the price of memory doun
by a factor of one hundred.
But most of us had been-in.
the semiconductor business
for all our careers and there
“was no one else who knew the
busmess as well as we did.

BobNoyce . -

up another alternative,” said Moore.
The familiar logo with a dropped “‘e”
was adopted soon thereafter. A public
relations consultant, Jon Hall, sug-
gested the design as a way of indicat-
ing where the syllable break should
come, and hence the word each sylla-
ble stood for. The logo was approved
promptly and enthusiastically.




OLD PEAR ORCHARD

By 1970 it was apparent that the
original Mountain View facility would
not accommodate Intel’s growth, so
the company purchased 26 acres in
nearhy Santa Clara. The property,
located ot the corner of the Central
Expressway and Coffin Road, was a
pear orchard. After conatruction of the
first building, SC 1, employees could
pick pears on the undeveloped land
until SC 2 was built.

The association of n Aedgling high-
tech company with a Coffin Road
address did not, many thought, project
the best image, so Intel petitioned the
eity council to change the name of the
gtreet, The city council agreed, and
the strect was renamed Bowers after a
prominent family in the area.

Productien of TH3s hordly dipped o bead during the move from
Movaisin View b fonta Gare T in 1571, Here Brerm il
meiad the bust dew chips comsing odl the essemily line after just
bt rerpthing el in the bulidisg hed besn pockod wp ssd
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Biw DO

i ] 1 ] (S P e Dol oy, e
e el pow horw b0 bl Gperaional Trge
1 memorias Aor lewm o in Ay wiee boe
SE00C Rt b 10,000,000 Lt

Swarpaies ooy 0 ruTrwany per bi, passll

For pracd & o CoN aremnlage, phons your
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- PRODUCTS AND PROCESSES —compoxents

 GETTING STARTED:
THE 3101 AND 1103

ntel's charter was to design, manufacture

and market semiconductor memory

components incorporating large scale

mtegration (L3I} technology. The com-

pany saw an untapped market in the
replacement of computer core memories
(then the industry standard) by producing
low-cost, standardized circuits in high vol-
urne. Initial efforts were directed at bipolar
and MOS memaries,

The company's firat successtul product

was the 3101 Schottky bipolar memary, 2
fid-hit high-speed static random access

were not new, but Intel adopted an innova-
ton, Schottky bipolar technology (named for
| the German physicist, Walter Schotthky).
Mot only did it work like a charm, but the
company beat its competitors to the market,

Dick Bohn headed the project team which
included Tom Innes, Ted Jenkins and H.T.
Chua. Honeywell, which had established the
industry standard for hipoler memories, had
called for a new generation high-speed hipo-
lar memary, and Intel jumped at the chance.
Although Honeywell chose not to engage
the new and unproved Mountain View com-
pany, Intel went ahead on its own anmyway.
“We delivered a brand new technology, we
delivered ahead of anybody on that product,
and it was an absolutely fantgstic success
story, " said Les Vedasz. Added Andy Grove,
“That project just purred.”

The bipolar success generated much-
needed revenve that helped establish the

"
memory (RAM), introduced in 1969, just \ _
nine monthe after start-up. Bipolar memories

fledpling company in the semiconductor
marketplace while it struggled to perfect its
other technological breakthrough: the silicon
gate MOS chip.

The 113 dyramic RAM wos phirsed out in 1979 ond s “jorsey”™
rudirad ofiet eight pean of prominence. Pictured ore Bob Akbolt
{Telr), 1103 designoy, ond Ron Whitrier, thes Mesery Components
Evwiabin view president ond generel managec Whitfier s indicafing
Pt more then 35 milfion | 1035 ware shipped

OM THE MAP WITH THE 1103
Tn 1969, after a year of agony and frustra-
tion, Intel introduced the 1101, a 256-bit

| static RAM. This was the world's first high-

Fohait e

! T
1473 photograph of Bill Regits whe, o3 @ Honeywell sngesssr ond
labar 63 se betol sngineey, comtributed o the design of betel's eordy
dynamic RAM:, He loter becama geaeesl monsger of lntel's Mam-
ary Syitems Dptantion.

SOOPER DIP

Intel’s first MOS produet, the 1101,
made electronics history, proving the
viahility of the silicon gate process,
Those who labored mightily to bring it
to life remember the secret ingredient
that made it possible.

“Les Vadasz led the design effort,”
recalled Tom Rowe, Intel's first pro-
cess engineer. “We couldn’t get the
silicon gate process to work; it was a
mess, We ran them on 2-inch wafers,
and Intel thought that if we could run
20 working-die-per-wafer the company
would be massively successiul, It was
a little bit like pecling an onion: every
time we'd fix a problem, we'd uncover
another one, [ was afraid the last layer
wits going to be nothing, For all we
knew the silicon gale process was no
good. We'd make process change after
process change and many design
changes, but it was still yielding only
about 2 die per wafer, which meant it
was a commercial digaster,

“Then one morning we changed the
acid dip formula, one step before aiu--

minum evaporation, and when the first
wafera came out they vielded 25 die
per wafer, no exaggeration. By chang-
ing that one lnst process step, we
went from 2 die per wafer to 25 die
per wifer,

“George Stamdacher, who was in
charge of Sort, was a0 excited he
started velling, ‘Holy hell, look what's
going on here!' and pretty soon people
came pouring out of their offices: Andy

Grove, Gordon Moore and Les Vadasz
were there, and I don’t remember who
else,

“The run was a split run; in other
words, half was the old process and
half was the new process, They'd say,
‘Find another good wafer and put it
on." Staudacher would get it sorted,
and sure enough there would be 20 to
30 die per wafer. Finally Grove came
over to me and said, "What did vou do,
Rowe: what did you change?” I told
him we ¢hanged the acid dip.

“Well, Les was so excited he started
jumping up and down and yelling, Tt's
a sooper dip,’ with his Hungarian
accent, ‘Tt's a sooper dip, it's a sooper
dip,' over and over again, Someone
heard him and went back and marked
the container of acid, ‘Super Dip.' 50
even though it wasn'l a precise chemni-
cal formula, fur over a year that con-
tainer just sat there with that label
‘Super Dip" on it.

“That was Lthe real turning point for
MOS; we proved that MOS silicon gate
could make it that day.”

10



| volume MOS semiconductor memory, and

Through constant innovation, it would lead
to denser, higher performance memories at
continually lower prices.

Although the 1101 was too complex and
too small to achieve broad market accept-

market, its basic MOS process was applied

to shift registers (a simple form of serial

| memory). The market for shift registers

| was already established and Intel produced
them profitably for a number of years. The

resulting infusion of cash proved vital to

During the same time frame, Intel was
working on the 1102 and 1103, two designs
for a 1K dynamic RAM using three transis-
tors per memory cell. Intel and Honeywell
were partners in the development of the
1102. Its design was led by Joe! Karp, an
Intel engineer, and Bill Regitz, who worked
for Honeywell at the time but joined Intel
in 1971, Intel's Bob Abbott, working
under Vadasz, designed the 1103. Abbott

made it to the market. And, although you
couldn’t say the 1103 was essy to use or
produce, it was a little easier than the 1102
and it was smaller. In late 1970, Intel made
the decision to put the 1103 into production,
and to stop development of the 1102
altogether.”

Haneywell provided invaluable assistance,
testing early versions of the 1103 to rid it of
hidden bugs, and perfecting package config-
urations and pin counts. “Honeywell was our
biggest and best customer at one point, and

they really encouraged us,” recalled Gerry
. Parker, who was hired out of graduate
school in 1969.

The introduction of the 1103, the world's
first 1K dynamic RAM, was a turning point
in the history of the integrated circuit: for
| the first time significant amounts of informa-
| tion could be stored on a single chip. It
began to replace core memories and became
an industry standard. By 1972 it was the
largest selling semiconductor memory in the
workd. “It is now found in the products of 14
out of 18 mainframe computer manufactur-
ers in the U.S., Europe and Japan,” said
Intel's 1972 annual repoct. That year, under
the leadership of Albert Yu, Inte] converted
the Mountain View fab from 2-inch to 3-inch
wafer_s,MﬁchdoubledMOSdieproducﬁon

capacity.

The 1103, by today’s standards, was a
peimitive device. It was slow, difficult to
make and test, and touchy to operate. But it
proved that semiconductor memories were
not only viable, but were a vast improve-
ment over core memories, and it greatly
increased the power of computers as they
then existed. It also furthered the credibility
of Intel a8 & new company, and produced
revenues that were plowed back into devel-
. opment of subsequent products.

the first use of MOS silicon gate technology.

ance and not capable of penetrating the core

Intel during the recession period of 1970-71. |

explained, “As it turned out, the 1102 never |
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agement ultimately decided that the micro-

- processor represented a whole new type of
computer with real commercial potential. It
also offered the company an opportunity to
extend its commitment in memories. Moore
explained, “As soon as the microprocessor
was a reality, we recognized that this was
the next thing we wanted to do after semi-

. conductor memory—a new direction in LSIL
By programming, we could make a standard
LSI circuit perform in a wide variety of
applications. We seized it as another step in
the direction we wanted to go.”

- MARKETING THE 4004
In 1971 Gelbach and his assistant, Hank
. Smith, took on the task of marketing the
4004. Their challenge was to convince logic
- designers to use the new technology.
. The 4004 did not have very high perfor-
' mance but it was ideal for a variety of unso-
phisticated control applications. Initial
- market research was quite informal. Poten-
tial customers were asked why they didn't
program their logic functions. The answer
inevitably was “too expensive,” to which
- Noyce would respond, “What if it cost $5;
L would you do it?” And the answer was
always, “Sure.”

“All we had to do was get the cost of the

e

%,

riginally, I think

we saw it [the
microprocessor] as a way to
sell more memories and we
were willing to make the
investment on that basis.
—FEd Gelbach

| 4004 kit down from $30 or $40, and the cus-
tomer could write his own program,” said

' Noyce. “We had to create the need and get

. the price right.” Gordon Moore remem-
bered going to an industry conference in
1972 and saying, essentially, “Hey, we've
got this thing; here’s what it'll do. Now how
can we in the industry figure out a need for
100,000 of them a month?”

It became apparent that potential users of
the microprocessor needed help to use it.
This prompted Gelbach and his group to
produce the first generation of development
aids, which were elementary programming
tools. These made it easier for engineers to

Melgar

L W

use Intel’s first microprocessors. In just a
couple of years, design aids, as they were
called, actually became larger revenue pro-
ducers than the microprocessors.

Intel's marketing strategy was to sell a
$5000 development aid which in a year or
two could produce orders for $50,000 worth
of components. This plan would eventually
pay off, but initially it appeared to generate
more curiosity than cash: at one point Intel
found that it was spending more on printing |
and mailing operating manuals than it gener-
ated in actual microprocessor sales. ‘

A TURNING POINT: THE 8080

The 8-bit 8008 microprocessor had been
developed in tandem with the 4004 and was
introduced in April 1972. It was originally
intended to be a custom chip for Computer
Terminals Corp. of Texas, later to be known
as Datapoint. Project designers were Hoff,
Faggin, Mazor and a newcomer, Hal Feeney.
As it developed, CTC rejected the 8008
because it was too slow for the company’s
purpose and required too many supporting
chips. However, Intel offered the 8008 on
the open market, where its orientation to
data/character manipulation versus the
4004’s arithmetic orientation caught the eye
of a new group of users.

Relafive sizes of the 80286 (left) ond 4004 microprocessors aré
shown. The 4004, introduced in 1971, measures 117 X 159 mils
{thousondths of an inch) end incorp about 2300 fronsi

The 80286, introducad in 1982, measures 347 X 347 mils and incor-
porates 130,000 transistors. Microprocessors have far more comput-
ing power than ENIAC (below), the first electronic computer, which
was bullf in 1946.

X
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It soon became obvious to Intel and fts
competitors that there was an almost limit-
less number of applications for microproces-
sors. A big advance came in 19748 with
Intal's BOS0 chip, the first true aenem]—pur-
poSe MiCTOprocessor,

The 080 was a much more highly inte-
grated chip than its predecessors, with
about 10 times the performance. It could
execute about 290,000 operations & second
and could address 64K bytes of memaory.
Both the 4004 and 8008 utilized P-channel
MOS technology, whereas the 83080 used
the innovative N-channel MOS process,
yielding vast gains in speed, power, capacity

and density. What's more, the 8080 required |

anly six support chips for operation, as
oppased to 20 with the 8008,

The BOR] got its start &5 a project to
speed up the 8008, with Mazor, Faggin and
Shima as the engineering team. The idea, as
Mazor explained it, was to use the 3002
maske with the process vsed for the N-
channel 2102 RAM at the time, “After a bit
of study, we realized we couldn’t use the
same masks with the new process,” recalled
Mazor, “so we ran & new mask set. [ came
up with the instructions in about two weeks,
and we proceeded on the N-channel
revision.”

Shima implemented the 080 in about a
year and the new device was introduced in
April 1874 at 3360 apiece. “That figure had a
nice Ting to it," said Dave House, who
joined Intel in 1974 and is now vice presi-
dent and general manager of the Microcom-
puter Group. “Besides, it was & computer,
and they ususlly cost thousands of dollars,
50 we felt it was a reazonable price,” He

! added, with a smile: "T think we paid for the
| R&:D) in the first five months of shipments,”

| “Those,”

laughed Gelbach, “were the good
old days!"

The market reaponse was enormous and
the 080 spon became an industry standard,
creating a vast number of new uses and
spawning whole new industries. It quickly
erased any doubts sbout the revolutionary
significance of the microprocessor

Motorola introduced its 6800 sbout a year
later; and its architecture was more familiar
to programmers. “But we were ahead of
Maotorolz and faster to produce and deliver,”
recalled House, “Furthermore, we did a

| more effective job of selling, using the ‘solu-

tions' approach to our customers: 'we've got
the support systems and the perpherals to
make your product more effective.” " This
stratepy paid off when Digtal Equipment
Corporation (DEC) went with the 080,
500m to be followed by other OEMs. "It was
the domino effect zfter that,” noted House.
“Within six months Intel walked away with
the B-bit market.”

FAR-REACNING DECISIONS —THE 8085
AND 8086

In late 1974 Intel management made a major
commitment to advance the state-of-the-art
in the computer business by designing a

14

| From electronic

games
 to blood analyzers.

e g
- iIl |-|...'M:\| ]

|
|

A ma e ek ety bk

partacyt o K e T, S LY M s

g P e L P St
e Murr e ik

e I nwu.- b e R

WA o0 S T

iMtad’ Mircmpuers. First from the begisning

oty 1 v b 0 o e o

!andforlrlteltomarket. The 8086 estab-
| lished a new 16-bit software architecture,
landsoftwarecompwbﬂnybecamem

important strategy in developing

unique 16-bit architecture. It was hoped the
product, the 432, would yield vast improve-
ments in productivity through a complex
multiprocessing architecture.

Meanwhile, competitors such as Motorola | and marketing the 80186 and 80286 micro-
and Zilog were applying pressure in the 8-bit | processors that would follow.

| extremely

| Jean Claude Cornet, who at the time was
engineering director for microprocessors,
was assigned to manage the 8086 program.
In task force fashion, he assembled a close-

market, and it was clear that Intel would
have to respond quickly. It did so with the
highly successful 8085 microprocessor, a

}Imitteamoft;epeciaﬁstsre%luitedﬁm;edby

: compan ey were

- I 1 That is remark- Bill Pobt 2o irch Yl d Bob Koeh
able is that many | = John Bayliss, Jim McKevitt, Chuck Wildman

and Steve Morse. Because of the time and
competitive pressures imvolved, the team
soon grew to 20 or 80, which, according to
Cornet, was unusual at the time. “What is
remarkable is that many of these people had
no more than a year’s experience, and yet
they brought to market a very complex
product in less than two years,” he said.

Cornet felt that careful definition of the
process methodology was the key to the
success of the 8086 project. “We did not
have the benefit of computer-aided design
tools,” he said. “Everything had to be
checked manually, so we tried to minimize
the number of steps through precise plan-
ning.” He recalled that seven rolls of paper
were used to produce a complete drawing
simultaneously. The fresco-tike piece mea-
sured some 25 x 25 feet. The arduous hand
processwaslatercodedmtooomwta'sto
| speed design wark on subsequent devices.

The 8086 hit the market in June 1978
with a multi-page ad featuring a sunrise fol-
lowed by the “first” 16-bit microcomputer—
“the dawn of a new era.” “A few minor com-
petitors already had 16-bit products on the
market,” explained House, “but none of
themhadsupponmdtheyweren'toondd-
ered viable machines.”

Although the new processor was intro-
ducedmﬂzsupponsystammboardlevel
products, it took nearly two years before it

of these people had no more
than a year’s experience, and
yet they brought to markel a
very complex product [the
8086] in less than 2 years.
—Jean Claude

Cornet

vast improvement over the 8080 because it
operated on a single 5-volt power supply,
was faster, and integrated more functions.
Although the 8085 was a success and
remains so today, Intel soon recognized that
delays in the 432 program posed a threat to
the company’s entry into the 16-bit market.
It desperately needed a 16-bit device to fill
the gap until the 432 was ready. At the
same time, Intel wanted to build on the suc-
cess of the 8080 solutions concept, and
position itself as a company with complete
solutions, not just components. So, in early
1976 the company decided to embark on a
second 16-hit project. The resulting product
was the 8086, a 16-bit device with 10 times
the performance of the 8080. It was built as |
an extension of the 8080's architectural con-
cepts, making it easier for customers (o use |




caught hold in the market. Justifiably, Intel
people were concerned. “We were afraid,”
said House, “that it was a dud. It was too

]
L]
{otel umveils the ultimate 8-bit CPU Powerful.
Practical Beneath the surface, the heart of an 8086
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concern that if Intel didn't

This sparked
establish the 8085 as the standard in the 16-
bit market, ltcwldllsobebhchedoutof

high end, and there wouldn't be enough vol- | the next generation

ume for that kind of product.” House So management mobilized an all-out attack
recalled being “beaten up” regularly by to make the 8086 and its 8-bit version, the
Andy Grove because forecasts were not 8088, industry standards,

met. “But I said at the start it would be 2 The code name for the attack plan was

slowrampbeansextrequuednewsaﬁwm
and nobody had an operating system yet,”
House explained. And he was right. It was a

their labs on software programs. But during
this period, the 8086 won a lot of designs
that did not show up in volume. Then in
earty 1980 the orders started to climb. “We
had been promoting it with seminars and
everything, and suddenly the orders rolled
in like crazy,” recalled House. It appeared
that the 8086 was going to lock up the 16-bit

OPERATION CRUSH

The 8086 finally took hold, but competition
wasn't asleep. Motorola’s 68000, introduced
about a year after the 8086, had initially
proved to be a paper tiger. But by late 1979,
the 68000, which many designers thought
was a superior product, had developed a
growing market. Intel was starting to lose
design wing. “We could feel Motorola’s
momentum in the field,” recalled Ken
Aupperle, sales engineer at Intel’s Atlantic
Region office in Hauppauge, N.Y. “But the
message wasn't getting through to manage-
ment on the West Coast.” Don Buckhout,
Adantic Region manager, was so alarmed he
fired off an 8-page TWX to headquarters
detadling the problems and recommending
immediate action. By coincidence, Bert Hill, :
a fiel applications engineer in Denver, Col-
orado sent a long memo with the same
conclusions postmarked the same day,
November 2.

Operation Crush, and it was headed by Bill
Davidow. Crush team members determined
two important factors that would serve as
the 's platform: first, what was
important to customers was time-to-
market, and that meant having not just a
product, butaompletesolutmnsmﬂuoft—
ware, and field support. Intel
pushed this concept aggressively by coining
the “Inte) Delivers Solutions” slogan and
pmnomgltaggmsswelydnm@adverm-
ing, seminars and other promotions. Sec-
ond, customers Jooked to Intel for the
fature. Intel reaponded by publishing a
handbook which described products and sys-
tems of the future. Those interested in
obtaining a copy had to attend one of the
y’smysammthatwereheld

“Vksetwttommloo.ooomes
leads,” recalled Davidow, “and get that
duwnwlo.oot)qualﬂiedludsresxﬂﬁngin
2,000 design wins during 1980.” But by the
endofﬂ\eﬁrstqnarterodyaoouple
hundred wins had been achieved and
mmmthatﬂieaaleafomewouldget

Davidow said. “The peer pressure
field was tremendous—you just had to do
nt-andthnwashadcedbysaneﬁOsem

and advertising.”

Bomemm. planning and marketing
manager on the 432 program at the time,
remembered Operation Crush as “all-out
combat,” complete with war room and a map

ofﬂwworldwrtbpmsndenﬂfymgdes@
wins. SWAT teams of engineering, applica-
tions and marketing people were supposed
to be combat ready whenever a design win
was threatened. “I was called in the middle
ofthemghtmdtoldtobeonaplanefor
Brussels in 24 hours,” Brannon recalled in
amazement. “SWAT team leaders would tell
you where to go, who the customer was,
and what part of the presentation you had
to deliver. 'I‘hepresmtauonsweredrady
tailored to specific customer needs.”
Operation Crush was enormously suc-
cesaful, It produced some 2500 design wins
within a year, including IBM’s selection of
the 8088 for its personal computer. By 1984
the 8086 was outselling the 68000 by 9 to 1.
More important, the Crush program reaf- |
firmed Intel as the architectural leader. |

THE NEXT GENERATION

By 1982 Intel’s processor market share had
started to decline again. But the company
got back on top in a hurry with the 80186
and 80286, two products compatible with
the 8086 and 8088. The 80186, designed by
a team under the leadership of Dave Stamm,

iutemedontoﬂxeCPUanumberofﬁmc

tions previously implemented in peripheral

dms,pmduangl’ng!mreliabditymdfaster
speedsatlesscost.ltwascuit-
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E

| able for high volume applications such as

. computer workstations, word processors
- and personal computers.

|

Gene Hill was the project leader for the
80286 which offered about three times the
performance of any 16-bit processor on the
- market. Aimed at the high end of the 16-bit
market, the 80286 featured on-chip memory
management, which meant it could support
users performing several different tasks at
the same time, It also incorporated a built-in

} security system to protect levels of data

: from alterations or misuse. It was designed
- for multitasking operations such as busi-
ness systems, and office and industrial
| automation.

At first the 80186 and 80286 teams

| engaged in some friendly competition. “We

had some intense rivalries as to whose chip
was best,” laughed Hill. “The 80186 people
would joke that the best use of the 80286
was as an anchor for an ocean liner.” But
‘both chips, as it turned out, would be wildly
successful.

Intel introduced the new processors with
1 market blitz similar to Operatmn Crush:

3086. So we rolled the dice and asked an
ndependent expert to benchmark the
DZB&.Hisreportshowedtlmtthesom
wtperformed the 68000 and just about
werything else on the market.”

This information was used in advertising,
ieminars, and SWAT team presentations
ibout the two new processors with out-
itanding results. “The 80186 went through
he roof,” House exclaimed. “The accep-
| “ance has been incredible.” In its first year,
ntel produced 30 times as many 80186s as
t had 8086 in that processor’s first year.
Jemand also required Intel to ramp up
10286 production quickly after its
troduction.

N

. There is scarcely an industry today that
m't affected by this technology. Yet the sur-
ace has just been scratched. Ever more
mﬁﬂprocessotswiﬂevolveﬂmwm
ooatpmduct:v:tydramaﬂullyandlower

Whohlewldhaveimuginedan
" 1vention as small as the 4004 would have
uch an impect in 0 short a time?
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THE IEM PC DESIGN WIN

Perhaps the most significant of the
mare than 2,000 design wins credited
to Operation Crush was the one that
put Intel’'s 8038 in the IBM Personal
Computer,

Early in the 1980=, IBEM was devel-
oping its personal computer in rented
space in a shopping center in Boca
Katon, Florida. The company’s strat-
ey was to produce an open system
using an industry-standard micropro-
cessor. “We had the 8086 and the S-hit
version 8088 in the market," noted
Dave House, then general manager of
the Microprocessor and Peripheral
Operation, “and, of course, the ZE000
and G000 were just becoming
available.”

House recalled that it became appir-
ent that IBM had chosen the BOSS
when the Intel salesman in Hoca
Raton began flling orders for develop-
mént systems and 1CE"™-88s. (f
course, this was great news within
Intel, but it was also frustrating. “It
was proprietary information and we
couldn’t announce anything for four or
five months,"” House said. “We knew

Apple was going with the 68000, s0
we kept the Crush program going and
toughed it out, all the time wanting to

tell the world about the IBM win.”

IEM brought its PC into production
in just 14 months, a remarkable
accomplishment which did nol go
unnoticed in the engineering commu-
nity. *“This should help us because
customers know they have to be quick
to market, which means complete
solutions that we offer with our parts,”
House commented. Jack Carsten,
then vice president and general man-
ager of the Microcomputer Division
agreed, “The IBM win estahlished
Intel software as the standard, provid-
ing tremendous momentum for both
the architecture nod software of the
B08A and BORE.™

According to Infocorp. of Cupertino,
California, microprocessors based on
the HOBG/HH architecturs are now
used in abont 45 percent of the per-
somal computers and small business
gystems on the market. Worldwide,
that tetal market will equal about 6.2
million units in 1984, Infocorp.
claims. And microprocessors are just
the beginning. In keeping with its
“totral solution™ approach, Intel is now
a major supplier of the peripherals,
microcontrollers, and memory devices
alzo used in personal computérs.

he IBM win
established Infel
software as the standard,
providing tremendous
momentum for both the
architecture and software of

the 8086 and S0565.

—Jack Carsten




THE 432—A NEW
ARCHITECTURE

n February 1981, amid much fanfare,
Intel introduced its 432 microproces-
sor. It prowvided for fault tolerance,
nonstop performance, and it offered

transparent multiprocessing, a feature |
which meant that processors could be added |
to the system for more power and versatil- |

ity without rewriting software programs.
The 432 gave promise of a great leap for-
ward in productivity and a technology that

might change the way computers were built. |

But within 18 months, it was apparent
that the 432 was too advanced for the mar-
ketplace. It was slow and too complex for

many customers to understand or use. “We |

introduced it as a set of components rather
than a system,” explained Bill Lattin, who
headed the project. “This was a mistake
because it was much too complicated.” It
was recognized as an achievement in com-
puter architecture, but without the software
support, it was not ready to achieve any-
thing commercially.

The 432 aroused considerable contro-
versy within the company; to some it was a
huge mistake and a failure, to others it was
“courageous” and represented the “technol-
ogy of the future.” No one would deny that
the 432 was innovative and ambitious.

8 ing for, but you find some-

that the nature of such high-
risk research is that you may
not find what you were look-

thing else equally important.
—Bob Noyce

The 432 got its start after the 8080
became established in the marketplace. Intef|
recognized that 2 more advanced processor
would be needed and that the technology
would be available for its development.

“At that time, we thought we had one more |
. donating equipment and counsel.

chance to establish a new architecture
before the massive software committed us
unerringly to an evolutionary approach,”
recalled Gordon Moore. “The charter given
to the 432 group was ‘unfettered by compat-
ibility’ to go off, taking our new knowledge
of the microcomputer market requirements,
and develop an architecture that would
endure for many years.”

It appeared that the answer was to build a}
- involved an entirely new set of tools and
" techniques,” Rattner noted. “At the time,

computer system that had real computer
capabilities—not a controller, or “toy,” as
one manager put it—but a full-blown com-
puter. Additionally, it would address many

| traditional computer problems: expandabil-

| ity, reliability and software costs. This

would demand solving many computer sci-
ence problems, Justin Rattner would lead
several other bright young computer scien-
tists on the 432 architecture, With innova-
tive ideas, they convinced Intel management’
that the new architecture was the coming
wave and that the opportunity to build an
advanced computer on silicon was there,
The program started in mid-1975 in Santa
Clara. In 1977 the group, which then num-
bered 17, moved to Oregon. The company

L
so e .I; may be

1 aggressive, but suffered a series of gut-

. wrenching delays. In early 1976 Intel made
* a decision to proceed with a second 16-bit
. machine, one that would be compatible witl |

the 8080 market. In hindsight, this decision

. have had enormous applicability

was not experienced in operating locations
outside California then, and Lattin had som
difficulty getting the support equipment he
needed to get the project rolling.

“We had ordered a $100,000 plotter, but
nobody knew when it was arriving,” he
recalled. “When the trucker pulled in with
it, he said we had a half-hour to unload it, o
he was heading south!” Lattin quickly rente
a forkdift, and with four colleagues hanging
on the back of the lift for balance he lowere
the two-ton plotter gently to the ground.
“It kind of shook me up there for a minute,”
Lattin said with a grin, “but there was no
way | was going to let that equipment go
back to California.” By chance, his wife
passed through the plant during the delicat
operation and asked, “Is that what you
really do here?”

The 432 program was technologically

proved to be one of the most critical in

{ Tntel's history. The resulting product, the
. 8086, debuted in 1978 and, after a slow
- start, became a huge success.

Meanwhile, the 432 continued along in a

¥ stimulating but pressure-packed environ-
" ment. Rattner commented, “The 432 was

pushing the state of the art in almost every

" area—what could be more exciting? The

engineers [ know still recall the special env

4 ronment we created.”

Although the 432 has not become a com-
mercisl success, it has genevated substanti
interest among researchers at more than 3!

. colleges and universities in the U.S., Can-
- ada and Europe. By 1984 there were some
| 40 campus projects involving the 432, and

Intel encouraged this academic research by
The 432, in retrospect, has been a classi

example of Intel's willingness to take risks

to maintain its Jeadership. “I'm proud of

* Intel,” asserted Lattin. “One has to have
| the courage to fail if one is to make major

contributions.” But there has been a very

' substantial silver lining. “One of the most

important results of the 432 program is the
large chip methodology we developed whicl

Intel had not built a chip with more than

- 30,000 or 40,000 transistors, so the tech-

niques just weren't available. We were
forced to develop a new approach to large-
scale chip design. Today, many of the chip
designs at Intel embrace that methodology.
We take great pride in that.”

technology
and concepts learned from the 432 project

icability to some

it may be that the nature of such high-risk
research is that you may not find what you

 were Jooking for, but you find something

else equally Emportant.”
17



| THE COMPUTER ON A CHIP

n 1976 Intel introduced the 8748,
an 8-bit, single-chip computer or
“microcontroller.” It contained its
4 own central processor, EPROM,
data memory, on-chip peripherals
_ind /O to provide a highly integrated con-
roller for systems.
1 A microcontroller controls real-time
} avents, as opposed to microprocessors
| which are used to manipulate large amounts
of data. A microcontroller takes information
| tbout what is happening and causes a sys-
‘em to respond appropriately. This ability
s caused demand for microcontrollers to
| sise rapidly because high-volume applica-
F jons tend to rely on real-time control func-
jons. For example, the numbers of autos,
video cassette recorders and printers pro-
Juced each year are high, and each of these
aroducts might incorporate one or more
icrocontrollers.

i
The 8748 enabled users to prototype
‘heir products quickly and modify EPROM
rogram storage as required, thus avoiding

helongmaskgeneramnproceea’l'lm
aroved to be a major innovation, and the
VMICS®-48 family, of which the 8748 was the
mt,soonbeamethemstwrdelyapplned
8-bit microcontroller architecture in the
world. Technologically, it was innovative as
well, tying EPROM technology with micro-
processors. As a result, the 8748 and the

Intel's hottest products in the late 1970s.
“It was one of those products we just
couldn’t make enough of,” recalled Hank
Blume, who headed up the design team for
the 8748 and 8048, built about a year later.

archttecun'eandtoe:q:lmts-volt
EPROM with on-board logic,” Blume said.
"This would enable the customer to work
vith a single power supply and prototype a

eam included Dave Stamm and Dave
3udde, two recent college grads, and
Joward Raphael. They coordinated dosely
vith the 2716 EPROM technology team.
Gene Hill joined the MCS-48 team to help
jet the 8748 into production. Other mem-
“ers included Mark Holler, Mike Melloch
ind Bob Wickersheim. The pace was hectic.
*The atmosphere was very much like a
art-up,” Hill recalled. One of his earliest
nemories of Intel was running into Allen
>oodman, a coworker, in the lobby early
me morning. “His wife was there and
pve him some clean clothes,” Hill said.
'Hedud(cdmﬁomerestroan,danged
Jothes, gave her the dirty ones, then went
{:ackupstxirstoconﬁmetapingoutme
3048. He’d obviously worked through the

tight.”
'I'he8748wmtmmopmducmnmarly
1977 but, blunted by brisk competition,
‘eported design wins failed to live up to
xpectations,
The situation improved dramatically
18

MiusﬂnllerROMvemm. were among |

“Our goals were to design a superior micro- |
controller 3

woduct faster and at less cost.” The project |

4 built on the CHMOS process. CHMOS

- PRODUCTS AND PROCESSES —COMPONENTS

- within months, thanks to three factors: the
F company's swift introduction of the low-cost
- PROMPT ™-48 and ICE ™ -48 support sys-

E tems to simplify customer design, aggres-
aveprmg.mdabmstofwimfmn

- customers who had been designing the

< device into their products unbeknown to
Intel.Byyeal’swd. sales were soaring.

" The exciting 8748 and 8048 opened the

" high-volume, low-end of the controller mar-
E ket for Intel. They were followed in 1980 by
. the more powerful 8051 family, which was
- developed under Hill's leadership. Bob
chkershesmwumeml project manager.

TR

Shep Hume took over as engineering man-
| ager. By the end of 1983, the 8051 had
become one of the chips in greatest demand
| in the industry.
Aﬂnrdgemratwnmicmcmtmller,ﬂ:e
. 16-bit 8096, was introduced in 1982. 1t inte-
mtesovetlzooooumtors.themm
mtemﬁmaduevedmasmgle-clmcon!rol— ‘
" ler. The 8096 promises to be the 16-bit
world standard, according to John Ekiss,
vice president and general manager, Special

1982

of Hank Blowe, who hesded up the design teom
ot the §748 end 8548 micracontrollers.

Components Division, which includes the
Microcontroller Operation.

In 1983 Intel introduced the 80C51 and
80C49 controllers, its first microcontrollers

technology provides high performance with
| far leas power consumption than HMOS, a
critical factor in designing increasingly dense
circuits.

Ekiss is bullish on the future of the con-
troller business. He notes, for example, that
the $250 worth of electronics in a car today
is projected to grow to $1400 in the next

seven to ten years. “If you figure $100
worﬂxofaennoondmtorspermandnmot
ten million cars produced in the U.S. alone
each year, you have a tremendous market.

The potential is enormous.”

Today the average home has about sixty
electric moters running clocks, furmace fans
and a host of other houSehold appliznces.
Microeontrollers are finding their way into
these appliances and being used in many
cther applications. The day will come
when all of us will be surrounded by these
dedicated devices and not even know

they are there

Artuol vire of kelels BOCS] micoanatrofiey, which 5 momdodwed
walng Intel's kigh-performgnn, lewi -prrwen CHMOS pradess,
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SHOULD WE OR SHOULDN'T WE?

Ford calls it the “world's most
advanced automolive computer,” regu-
lating a host of engine operations for
maore responsive performance and
improved fuel efficiency for the con-
sumer, It's the EEC-TIV (Electronic
Engine Controll, built with the world's
first 16-bit microcontroller, the Intel-
desipned 8061, and the B361 RAM/
ROM, and i an important component
of every 1984 Ford sutomohile and
truck, With the success of the EEC-IV
it appears that Intel will enjoy a sub-
stantial position in the automotive
market for years to come. But getting

there was an agonizing experience
that started in the mid-1870a,

“It took an enormous investment in
the early going,” recalled Boh Noyce:
“We ashed ourselves over and over
whether we should be in the automo-
tive business or not. Then we'd say
that we had to be in the bisiness
regardless of cost.”

The ambivalence was an under-
standable reaction from semicon-
ductor engineers, who had seldom
ventured that close to conaumer prod-
ucts, and who viewed with alarm the
escalating expenditures, g

But ence the decision was made in
1976 to purswe the automotive mar-

ket, Intel did so with its customary
fierce determination. “The shortest
corporate ohjéctive ever in the history
of the company was written that vear,”
recalled Gordon Moore: “‘Book Ford."
Added Dick Boucher, whao in 1878
agsumed direction of the program,

“All we needed were those two words.
They needed no explanation; it was
very crisp, clean, and short. We've
never had an objective that could be
clarified so easily with so few words.”
Continued Boucher, “Our major con-
cern was whether we could handle

the demands of a Ford or GM; would
they overwhelm our rezources? They

developed the 8061, and i contract
was signed wherehy Intel became the
primary supplier to Ford.

Laoking back, Boucher remembered
tough years. “You can imaging the
presstre on the auto manufacturer;
the production line has to keep mov-
ing,” he said. “That pressure is passed
along to the supplier, believe me!"

*I can remember,” added Ed
GGelbach, “in 1983 something like
150,000 automobiles & month were
heing produced by Ford Motor Com-
pany, and if for Some reason we
couldn't produce those microcontrol-
lers, they would have had to shut

L] Thacy st sy Bighi

didn’t understand the semiconductor
business, and we had-a lot to learn
about the exacting needs of auto
production.”

Boucher defined Intel's role as that
of a téechnology résource to develop
devices for total engine control. He
and his group set up their own quar-
ters and did their homework, working
with a number of companies.

In 1981 Intel's first design, the EEC-
T microconiroller, was used on a lim-
ited number of Fords, But Ford wanted
n more sophisticated system, and Intel
negotinted with Ford for a lead posi-
tion in the EEC-1V program. The
Automotive Engineering Operation

TN
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down their assembly ling and lay off
aboul 40,000 people. I'm proud to say
that Intel came through; the line never
went down.” )

The demanding puce and the invest-
mint over a period of some ¢ight years i
is now paying off. Intel now supplies
powerful microcontrollers, micropro- |
cessors, and memories to a veritable |
Who's Who of autemotive companics,
These increasingly elaborate, sophisti- |
cated systems—controlling power-
train, indtrumentation, and suto body
functions—will vastly improve the |
comfort, convenience, operating cost,
nnd safety of cars of the future.
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PERIPHERALS FOR THE
TOTAL SOLUTION

s applications for Intel micro-
processors increased steadily

in the mid-1970s, it became
necessary to integrate more
functions onto the devices to
lower costs and improve performance. The
company answered this need by designing
and building peripheral controller chips that
interfaced with the CPU to perform various
functions.

Among the early devices introduced
beginning in 1975 were the 8255, 8253 and
8251 programmable chips. Other significant
early products included the 8275 CRT con-
troller and the 8271 floppy disk controller.

Peripherals have become a major revenue
producer for Intel. The company’s growing
array of peripheral chips has expanded signif-
icantly the range of functions made possible
with Intel microprocessors and increased
their performance. By integrating more and
more functions, these devices cut software
costs and enable customers to bring their
products to market faster.

An important impetus to the growth of
Intel’s peripheral business was the introduc-
tion of the coprocessor in 1980. A coproces-

20

4 i product.

sor is specialized hardware that acts as an
extension of the host CPU to handle specific
high-performance functions. This has the
effect of offloading from the CPU specialized
tasks more effectively handled by the copro-
cessor. The 8087 coprocessor, for example,
makes it possible to solve difficult mathe-
matical problems on the iAPX 86/88 system
that formerly had to be solved on large
higher-cost minicomputers or mainframes. It
does the computation about 100 times faster
than equivalent numeric software running
directly on the microprocessor.

Intel now offers a number of coproces-
sors so that customers can economically
select combinations to match their perform-
ance requirements. These include the
8089 1/0 channel processor for data move-
ment, the 82586 for data communications,
and the 82730 text processor. The latter
device was introduced in 1983 and was
aimed at applications in word processing ter-
minals, personal and small business comput-
ers, non-impact printers and typesetting
systems.

The coprocessor was a remarkable engi-
neering achievement, and many people
played important roles during its develop-
ment. The concept grew out of the 8086
program directed by Jean Claude Cornet
beginning in 1976. Bill Pohlman, 8086 proj-

ect manager, defined a floating-point exten- -
sion to the 8086. His work resulted in the
8087 systems interface architecture. John 1
Bayliss and Bob Koehler share a patent for |
the “functional partitioffing” that the iAPX |
86/88 uses to distribute computing capacity |
among a number of processors.

John Palmer and Bruce Ravenel were
responsible for the 8087's initial architec-
tural design and software technology. In
1978, the 8087 project was sent to Intel
Israel for implementation. “The design and
architecture documentation on the 8087
were solid,” recalied Cornet, “and we feit
this would be a good opportunity for the
Israel team to run with a project.” R

Under Rafi Nave, now general manager of
Intel Israel Design Engineering, the logic
and circuit designs were completed. Palmer,
Ravenel and Nave share a patent for the
invention of the 8087 math coprocessor.

The 8087 returned to the Microproce
Operation in Santa Clara for production and
test. The 8087 was the first implementation
in silicon of the IEEE standard far floating-
point mathematics. It was g0 innovative that
three years after its introduction, competi-
tion still hadn’t come out with a similar

Noted Cornet: “There is no question that
the 8087 hastened the success of the 8086
farnily of microprocessors. Coprocessor
performance was identified early on as one
of the 8086's major selling features.” g

The 8087 was improved and now is also
compatible with Intel's 8088 and 80186
microprocessors. It aleo established the
technology for the coprocessors that would |
follow to provide even greater software
integration—the 82720, 82730 and 82586.

Said Ted Jenkins, general manager of g
Intef’s Peripheral Components Operation, 3
“The coprocessor is an important step in :
performing specific functions. It eliminates
the need for extensive software routines,
and thus reduces software costs. As micro-
computers become more powerful and appli-
cations more complex, the development of

ialized peripherals and coprocessors
will have to keep pace.”

Intel's selection of more than 60 peripher: |
als and coprocessors is the largest of any
semiconductor manufacturer. This broad lint
of products is integral to Intel's philosophy
of providing the “total solution” for its
customers.

{[the BO87 [ was so

innovattve that 1
three years after its introduc-
tion, conpetition strll hadn't
cone ol with a simular 4
product. 3




THE EPROM: A BIT OF
ELECTRONIC MAGIC

rom its startup dayvs, Intel has been
responsible for many breakthroughs
in integrated circuits. Few were
more significant—and more unek-
pected—than the EPEOM, the
acronym for 8 mouthful of a chip name: the
eraszble programmable read-only-memary.
Intel introduced the world's first EPREOM
in January 1971 It is a reed-only-memory
(ROM} with 2 spedal difference: its pro-
grem can be erased by ultraviolet light,
ROMs are permanently programmed by the
semiconductor manufacturer during the fab-
rication process. Thus, every ROM program
change requires 3 new mask, EPROMs give
designers greater fexibility because they
are programmed electrically and can be
erased by exposure to ultraviolet light and
reprogrammed again and again.
At the time, no one imagined the role the
- EFROM would play in electronics history
Saan, this devies would become a key to the |
microprocessor revolution.

1982 photogruph of Dov Frehmen, whe lventod the warld's fiest EPROM, the 1791, which was istoduced in 1971.

SERENDIMTY

When physicist Dov Frohman joined Intel

. from Fairchild in 1969, he worked on the
MNOS concept—metal-nitride oxide—with
which he was familiar. This was an MOS
device project, yet it was significantly
different in terms of process technology,
requiring a source of silicon nitride. Many
frustrations were encountered in processing
the MNOS runs, however, so the company
began to focus more on the silicon gate
MOS process. Frohman turned his attention

specifically to reliability problems the com-

pany was having with that process. He con-

| duded that disconnected or floating gates

could be the cauze of some of the device
failures. As he worked Lo golve the problem,
Frohman had the inspiration that the foating
gate phenomenon might be the basis fora
memory, and, as he thought more abeut i,
& memory that could be programmable and
eraeable. “Call it serendipity if you want,”
commented Les Vadasz, who was Froh-
man's supervisor at the time, “but we really
backed into the EPROM, The origin of the
whole thing was an gttempt to explain a pro-
cess problem, and Dov deserves all the
credit for recognizing what we had and uti-
lizing it to create & new memory concept.”

The novel device—a floating gate
memory—:stared a charge permanently,
which was a major brezkthrough. Pre-
viously, devices required a constant power
aupply to maintain the memory function,
and if power was lost, the devices had Lo
be reprogrammed.

Frohman arranged for 4 demonstoation of

| the new device in Gordon Moore's office,

“We put together a 16-hit array with primi-
tive transistor packages sticking out of the

Gayrnin K apn
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had the inspiration that the
Sfoating gate phenomenon
might be the basts for a mem-
ory, and, as he thought more
about it, a memory that could
be programmable and
evasable.

" nism of the process, it was determined that

the memory in the device could be erased

. by applying UV rays. This was a major inno-

vation because the same memory device
could then be reprogrammed. A glass win-

" dow was added to the 1601 to allow the era-

sure, and another new product resulted—

- the 1701 EPROM.

EARLY TESTING
Tom Rowe, Gene Greenwood and Greg
Pasco were among those who worked to

¥ develop a product from the original concept.
T Frohman remembered that one of the prob-
1 lems they encountered was the size of the
[ product. “It was 50 percent bigger than any
i} chip Intel had made, and we had problems
" with our work table—it wasn’t big enough

to hold the mask layout photographic reduc-

" tions for checkout,” he recalled. “We had to
§ piece four pieces together for each mask
¥ layer and that was crazy. Then it all had
% to be aligned, but finally we managed to
" improvise and get the masks prepared.”

In September 1970 the team finally
produced some devices and began testing.

% “In the second week we saw life and it was
¥ clear that we had a functional device,”
- Frohman recalled. “We put the device on

" 1 display and people were in disbelief. It

} s P

16 sockets, an oscilloscope and pulse gener-
ator,” he recounted, “and we carted all this
into Gordon's office. There were red bulbs
to indicate the bits. This was all new to us,
and we were thrashing around. We showed
Gordon that by pushing the button you could
program the device, and we demonstrated
that it would bold a charge.”

Moore must have sensed a potential for
the product because he made the commit-
ment to proceed with development of the
1601, a 2K-bit programmed memory. Soon
sfter Intel engineers understood the mecha-

¥ dawned on them that this was for real.”

But would the new device with a trans-

- parent lid retain memory for an extended
{1 period of time? That was the concern of
" both Intel and potential customers. Gerry
" Parker, who was involved in the reliability
1 testing of the product, remembered, “Our
. biggest concern was that there was no way

to prove that the product would not fail ten
years out, because we didn’t understand

| what might cause such failure.” Despite
| numerous accelerated life tests, that was

one question that could only be answered

¢ with time.

Then someone had an inspiration: where

. was there an environment severe enough to

prove that this device would not lose its
memory just sitting around in room light?
The answer: “We charged the memories
and put them on the roof in the bright sun-
light. We measured them week after week,

~ and they passed the test,” said Vadasz.
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A DRAMATIC DEMONSTRATION

Intel introduced the EFROM technology

with a dramatic presentation at the February
| 1971 International Solid State Circuits Con-
ference in Philadelphia. To demonstrate the
EPROMs erazable feature as vividly as pos-
sible, the company produced a film. Gordon
Moore remembered it and the sudience
rezction well:

“The movie showed a pattern of hits
being erased—bit by bit, this sea of dots
would dissppear until only &n Intel logo
remained, With continited UV the last bits
graduslly faded until one single, persistent
bit was left. Finally, it too disappeared, and
the audience burst into applavse. It was

spectacular]”

WHAT DO WE DO WITH IT?

Although the fitm demonstration was a
amash kit, Intel still wasn't sure what it had
with the 1701. “It was just another kind of
memory at the time,” recalled Moore, “and
people saw it as an R&D device.” It was not
until the advent of the microprocezsor that
the real significance of the EFROM was
realized. The microprocessor cregted a
demand for memaory, and the fact that engi-
neers could test and reprogram memaories

22
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with the EFROM accelerated the develop-
ment of the microprocessor. There was a
aynergistic relationship between the two.
“In retrospect,” explained Moore, “the
EPROM is probably as important in the
development of the microcomputer industry
as the microprocessor itself. But at the
time, that certainly wasn't our ides. They

| were different but happily concurrent

developments.”

Ed Galbach remembered that when he
joined the company in mid-1971 the EPROM
was a rather mundane product and that
nobedy knew what to do with it. He
increased the price and advertized it as a
prototype device, and it started to become
profitable. But it was not until the EPROM
tied in with the microprocessor that it really
took off. Recalled Gelbach, "It made sense
to be able to reprogram the micToprocessor
instead of buying fived ROM= for it. You
could change your system overnight or
every five minotes with an EPROM."

THE MAKED RUNNER

With each new generation of ROMs cram-

ming more and nore memory onto a snghe
clup, Intel introduced denser EFROMs, In
1975 the company introduced the 8K 2708,

miffian bit o formtinn, oo the squimaleet of shour 750 dabls-
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its application potential.

Aknost overnight the 2716 gained wide
acceptance in production, and the market
ignited. “It was a huge success for a couple
of years,” recalled George Schneer, now
vice president and general manager of the
Non-Volatile Memory Division. “What's
more, we had a lock on the market because
competitors had trouble executing the float-
ing gate technology.” But the 2716 was also
a “naked runner”; it was all alone in front of
the pack, and if not improved, would soon
get trampled by the competition. Intel tried
to keep ahead with a new process design for
a 32K and 64K EPROM, but the early yields
on these devices were poor and competition
arrived on the wxmgham
As competition increased and prices
dropped, Intel soon found itself “wallowing
in the pricing mud with the others, trying to
protect market share,” as Schneer put it.

By late 1980 Intel's EPROM business was
in trouble. Prices had fallen by as much as
75 percent. What was more, the company
faced a severe economic downturn with a
newly completed plant with capacity to
burn—Fab 6 at Chandler, Arizona.

GAMBATH

The first step out of this grim situation was
the formation of a 2764 task force with
members from the Programmable Memory
Operation and Technology Development
;swellasHmyHoﬂackandEdBolekyof

ab 6.

From a product standpoint, the key to the
aggressive program the task force lunched
was the use of new wafer stepper technol-
ogy. The Technology Development group in
Santa Clara had used the 2764 in its devel-
opment work with the stepper process,




higher yields at substantially lower costs
sion was made to install stepper equipment
in Fab 6. “They were vibrating down there,”
Schneer said excitedly. “ ‘Give us something
to do,’ they cried. So we gave them some-
thingtodo:eomeuponwafersteppem!"
The new fab ramped up production of the

2764 rapidly, meeting extremely aggressive
yield and reliability goals.

A new process, new product, new plant
and new people. “It was high rigk, bet your
company, bet your division!” exclaimed Bob
Derby.mentheopmtim'sdirectorof

The marketing plan was equally innova-
tive: introduce the 2764 in Japan. “Our
backs were against the wall, o it was time
to stand and fight,” said Derby. “The Japa-
nese have a word for t—'Gambati.’ ”
Derby, who had been sales manager in Japan
in 1979-'80 and understood their culture,
explained the strategy: “We had a hot new
product; why not introduce it right in our
strongest competitor’s backyard? This would
bave great shock value, particularly if we
could show them that we had superior cost
advantage.”

Hiwmen Figh

With “Gambati” as their rallying cry, the
2764 tagk force members gaivanized into
action for their all-out assauit. Recalled
Derby, “We were first with the wafer
steppers, we had a great product, and the
marketing penetration plan was right on.
Everyone had something to win with—
design, teot.”ﬁb. sales—and it caught their

By mid-1981 Fab 6 had turned out
bundreds of thousands of the new EPROMs
and output was doubling every quarter.

MEWER GENERATIONS

The succesa of the 2764 in 1981-82
reinforced Intel's leadership in EPROMs,
Technologies applied to shrink the 2764 and
make it a more cost-effective part were
used to revitalize the 2732 and build the
next-generation 27128, Even newer tech-
nologes were used to develop the 256K
27256, mtroduced in 1983, and a 512K
family in 1984,

“In the past,” commented Jack Carsten,
ganior vice president and general manager,
Components Group, “we were often the
first oo market with 2 product, then with-
drew when competitors caught up. Now we
redesign older products using newer tech-
rologies, while simultaneously devetoping
high-complexity new parts. This strategy
has the additional advantage of helping the
fabe fine-tune newer processes and maxi-
mize e of available capacity.

Summarized Schneer, *With our new
technalogies we've broken out of the naked
runner syndrome. Mow Intel competes with
a number of EPROM densities—upgraded
older parts and newer ones—and we do it
cost-effectively.”

PRODUCTION EPROMS

By late 1983 Intel's 64K EPROM had
become the highest demand EPROM on
the market, Because of ite Aexibility, the
EPROM had actually become the preferred
read-only memory for system production,
not just for system development.

To be able to tuild more production
EPROMs, Inte! introduced the 64K EPROM
in a windowless plastic package. In the
samme amount of tme, up to 10 dmes more
dice can be aszembled in plastic over tradi-
tional windowed packages. However, the
“windows™ which allow programs to be
erased cannot easily be put in plastic
packages.

“This lack of erasahility does not cause
probiems for the 80 percent or more

| EPROMS that are used in system produc-

tion, " explained Larry Palley, marketing
manager for EFROMs. "By the time a man-
pfacturer goes into production there really
isn't any need to erase an EPROM. Most of
an EPROM's flesdbility is its ability to be
programmed by the user. Once in produc-
tion, the user can buy the unprogrammed
production EPROMs in plastic and program
in the fully tested code, The plastic pariz
are Jess expensive and more durable than
standard EFROMs and provide inventory
fiexbility impossible with masked ROMs."

A NEW KIND OF EPROM

In 1980, after years of development work,
Intel introduced the 28186 E'PROM, an elec-
trically erasable read-only memory, another
industry “ficst,” The 2816 can be electrically
reprogrammed in the field without removal
from the host equipment and can even be
reprogrammed remotely vis a radio or tele-
phane link. This Aexibility prrrr'uba OEM ar
end-user engineers to realize applications
that were sither impossible or prohibitively
expensive with previous devices,

“Many of our customers can't afford the
time or expense of removing and repro-
gramming an EPROM and putting it back in
their equipment,” explained Schneer. The

| military, for example, needs to be able to
| change programs i the feld under difficult

conditions, but they don't want their sensi-
tive, high-tech gear taken apart to repro-
gram parts. Industrisl operations such as a
lathe or drill press often change programs
several times a day, “With the 2816, any
technictan can phug in a cable, erase an old
program and elecmcaﬂ:.r punch ina new ong
tight on the job,” said Schneer.

With innovations such as the E'PROM,
Intel continues to dominate the repro-
prammable memory market. And to think it
all started with the failure of the nitride-
oxide project.

THE EPROM THAT CAN EAT
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NON-VOLATILE MEMORY COMPONENTS

Intels Product Family Tree dingrams the
evalution of Intel's product groups and
technolomes.

Major product famihes (e. g mucropro-

INTEL PRODUCT FAMILY TREE

cessors, single hoard computers, and
EPROMs) are shown on branches im the
logic and memory sections. Smaller
product families and a few important
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productsare calted out on the branches
it their appropriate chronobogical points
of infroduction, Discontinued product
lines are marked withasterisks,

The table at the nght provides more
complete detailin all product families: In
the merest of space, complete product
hnes could not be ncluded i every cate-

gory in the mble; Stmilacty: industral or
military grade products are potspecih-
cally desipnated, and all generations of
every product are not listed.
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. PRODUCTS AND PROCESSES

Intel’s innovations have created scores of new
products and enhanced many existing ones.
Here is just a small sampling of the many
markets Intel products have touched:

COMPUTER-RDID ENGINEERIRG STSTEML

Pt ey p ot Cuay Sy

AUTOMATIC TELLER MACHINES MEDICAL INSTRUMENTATION

Richarg Sieinheimer Phoio courtdsy of Technicaia Ultrasound

AUTOMOBILES POINT-OF-SALE TERMINALS

Howard High Howard righ

TILECOMMLIICATIONS
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| PROCESS PRECEDES
| PRODUCTS

memaory market with an as-yet-untried
laboratory curiosity; large-scale inte-
grated (LS[} semiconductor memaories.

(IC} memaries practical was achieving a
breskthrough in process technology,

Wanting to try something new, Intel chose
to develop two relatively new technological
approaches that previously had been used
only to meke laboratory devices, These new
technologies seemed to offer advantages for
LE1 circuite and were especially appropriste
for memaories. One was the sificon gate
MOS process, which substituted a film of
poly-crystalline silicon for the aluminum
used previously; the other was a variation
of the bipolar IC technology known as the
Schottky TTL process,

74 phategroph of Dick Pashley, whoae work led ba intel's HMES
. |High-perfarmante MOS) rechaolsgy

"Both were gambles,” conceded Gordon
| Moore, “since they had never been used in
| manufacturing, bt they allowed us to make
4 dean break with the past and undertake
the development of processes especially
| suited for semiconductor memory.” Added

Les Vadasz, “There was a collactive inmi-
tive feeling about the features of silicon gate
technology versus the metal gate process,
It was a gut feeling that all of us on the
team shared.”

Surprisingly, the Schottky bipolar process
developed quickly and without a hitch. It
proved te be one of those rare technological
advances where everything worked the first
time. The silicon gate process, however,
was not nearly o forgiving, and required

many months of intense effort to solve tech- |

nical problems. But focusing on these prob-
lerns had the advantage of allowing Intel
engineers to develop techniques that would
make possible the production of the new sil-

S-Rmmrkr}h{y, the
' part proved func-

ntel was launched to tackle the computer §|

A key step in making integrated circuit i

tional on s first run. . 0t
went right mio production.
Three vears later we shill
hadn't changed the mask set!
—Dick Pashley

Intel enginesers dogpedly worked with the
MO8 process, and in 1969, a vear after the
company’s start-up, they introdaced the
1101 static random access memory (RAM)
chip. This was followed in 1970 by another
MOS product, the 1103, the first dynamic
L RAM. The 1103 held 1024 (1K) bits of data
' and proved to be the first serious challenge
to the dominance of core memories in com-

} puters, The 1103, in foct, marked the begin-

ning of the L5 electronics industry.
Although imnovative, Intel's early MOS
memary prodocts were difficult to use and
test. In an effort to improve their marketa-
bility, Intel engineers, led by Vadasz, devel-
" oped an N-channel, 5-volt power system
that made it possible for MOS devices to
operate with standard bipolar power volt-

4 ages. This was a big step forward because it

helped standardize the MOS process. Intel’s
} first product to use 5 volts was the 2102 1K
} static RAM, introduced in 1972. It gener-

" ated substantial sales and set the pattern for

} future technology.

| | MIGNER PERFORMANCE
{1 The next major advance in MOS technology
¥ occurred in the mid-'70s, when Intel engi-

' neers began shrinking or scaling down the

} devices. Anexbensnonofﬁneslhooumte

ble MOS chips comparable in speed to ear-

§ lier bipolar devices at much lower power

. consumption and cost.

remembered how the
developed: “It actually started in

technology
| 1973 with a crash program to speed up the

" 2102. When [ was hired, we were losing

| business in static RAMs because our parts

- were too slow.” Working with designers

| Frederico Faggin and Ben Warren, and

| process engineer Tom Rowe, Pashiey
 redesigned the 2102 and added depletion

T loads which speeded up the process. This

- involved an ion implant, a new manufactur-

| ing challenge for Inte! at the time. Remark- |

' ably, the part proved functional on its first
run. Three days later Intel gambled and

- started 800 wafers for the 21024, as the
new part was called. Said Pashley, “It went
right into production. Three years later we
still hadn't changed the mask set!”

con gate devices long before competition |

| could get established.
28

Almost overnight the 2102A returned
1 Intel to leadership in the static RAM mar-

Dick Pashley, director of California Tech- |

ket Then in 1975 Pashley’s group hit on the |

technique of on-clip substrated back-bias-
ing, which allowed MOS transistors to be
scaled down in size even further This led to
the 2115, which medt its speed goals and
reached market quickly.

Mo sconer had the 2115 hit the field than
Pashley’s group was assigned the task of
getting Intel into the high-performance
MOS business. They experimented with g
number of approaches, “some very elegant
bt for the most part difficult to bui
explained Pashley. Finally they zeroed in tn
what was later called HMOS (high-perfor-
mance MOS), which involved scaling the
transistors and using positive photoresist
and projection printing. In just st months
the team charactertred the process and
used it to shrink the 2115 die to about half
its previous size. This was the start of the
shrink technology concept, which led to the
design and manufacture of the 2147 static
RAM, [ntel's first HMOS product,

While the 2147 proved enotmously suc-
ceasful. its real importance was realized
later when the HMOS process wag applied
to microprocessors, DRAMSs and other
devices to improve their performance
dramatically.

Since then the HMOS process has
evolved to the point where Intel produces
ever denser, smaller and higher performing
devices. In 1983 Intel introduced the third
generation of this technology, which pro-
duces devu:es up to 40 percent smaller

“We have now reached a performance
which years ago we thought only the bipolar
process could achieve.”

CRMOS—TECHNOLOGY OF THE FUTURE
MOS circuits come in a variety of “flavors™
N-channel (negatively charged), P-channel
“positively charged), and CMOS (“C" for
somplementary, meaning that it contains
“oth N- and P-type transistors).
Intel's earliest MOS technology was
*.channel, but it proved to be limited in
peed. With the 2102 in 1974, the company

deuqmws;umum
" i Tochnology Development.




turned to N-channel MOS, which offered
vast improvements in speed and allowed use
of standard 5-voit power supplies.

While continuing to improve its N-channel
devices, the company also began in the late
1970s to invest in CMOS processes. The
idea was not new, having been published in
1963. Intel in the early 1970s had built
CMOS chips for its Microma watches. But
CMOS applications at that time were con-
fined to a narrow range of low-power uses.
The process was considered too compli-
cated and expensive for LSI applications.

The major advantages of CMOS chips
were that they used far less energy and

the of electronic devices, there is
no doubt that CMOS is the technology of
thefuture. Commented John Ekiss, vice
president and general manager, Special
Components Division, “lthubroadapplien

tion across the total spectrum of Intefs very |

Intel's CHMOS develomutprognmm :

Jaunched in Oregon in early 1979. (The His
Intel's addition to the acronym to indicate
 high performance.) Under the direction of
Ken Yu, project manager for the develop-
ment group, ﬁtstgenemtnonCHMOSsmbc

Development. “It is easier to design and
manufacture a memory, and easier to under-

stand how the process warks.” Although the

first CHMOS static RAMs weren'’t mar-
keted—"“our NMOS static RAMs were
doing well,” said Chou—the process was
used to build the 80C49 and 80C51 micro-
wurollers,wtichhmbeensuoeesaﬁlﬂy

IleSOthedeveIounentofCI-MOSlog:c i

technologies was consolidated in California
while Oregon focused on dynamic RAMs.
Chou headed a team whose mission was to
develop CHMOS DRAMs in 64K and 256K
densities. This group produced a 64K
CHMOS chip, the 51C64—the world’s first
DRAM in CHMOS—which was released in
1983 in test quantities to potential users. It

was greeted enthusiastically, and Intel began

to market the product in 1984. They also
produced the world's first 266K CHMOS
DRAM—the 51C256, which went into pro-
duction a few months later.

Les Vadasz cautioned that Intel was not
yet in the CHMOS market in the volumes
ﬁmmycanpeutorswere “But we'll be
there,” he said, “because there's no doubt
that by the end of the decade this will be the
technology for an overwhelming number of
VLSI products.”

oo
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workstations—sophisticated computer
systems with color display screens—
are used to enter schematic drawings.
On the basis of the schematics, a mask
designer draws the layout of the chip
on the screen, with each layer shown
in a different color.

“Intel was one of the first companies
to go totally to on-line entry, on-line
schematics, and on-line layout,” noted
Steve Nachtsheim, who heads Intel’s
Corporate CAD group.

With the design in the workstation’s
memory, the circuit is tested and
checked for design rule errors and
other problems. “Intel was also one of
the first companies to introduce an
automated system that can compare
the logic of what the chip is supposed
to do—represented by the schemat-
ics—with the layout, which is the
actual physical manifestation of the
chip,” explained Nachtsheim.

Today, CAD has virtually replace
manual labor in the creation of ne1
integrated circuits. With the accel
ating complexity of circuit desngn,
would take a workroom the size of
football field to hold all the rubylit
operators that would be necessary
trace by hand the tens of millions «
vectors in a current-generation chi
(The 4004, by contrast, had about
100,000 vectors.) It would be imp«
ble to handle the complexity of tod
chip designs if they had to be done
hand. Intel was one of the first con
nies to use CAD, but it is now star
dard throughout the industry.

early droeit design,
MM“-&&M&MM




‘+ IVER LARGEIR WAFIRS

 [ntel started production at Fab 1 in Moun-
¥ tain View using 2-inch silicon wafers, the
industry standard at the time. Gene Green-
wood, hired by Intel in 1970, remembered
| that there was little promise of larger-sized
. wafers then: “We'd have discussions, and
3 everyone was saying that you couldn't grow
1 sihoonaocmuelyenou.ghmmalm&mh

! Aswlﬂ:rmnyotherpredlctmsmthe
| fast-paced semiconductor industry, this one
i soon proved to be completely off base.
Improvements in silicon growing technol-
2 ogyandﬁbequnpmntmadeltpoaslalefor
[ntel to convert the Mountain View Fab 1 to
4 3-inch wafers in late 1972, and the company
1 brought up Fab 3 in Livermore on the same
{: size in 1973. Three years later, Fab 3 was
- used to develop 4-inch wafers. (“We had
1 three people: one engineer, one technician,
'mdmyselfathvumorefonhewhole#
inch wafer development,” Ken
1. Moyle.) In 1979 Fab 5 in Aloha, Oregon
started up under Moyle’s direction, the first
1 plant to run solely on the larger size.
| Intel soon converted its other fabs to the
t-inch size. Fab 6, built in 1980 at Chandler,
1 Arizona, came up on 4-inch wafers, and
‘ntroduced a host of process technologies
“ncluding wafer steppers,

In late 1983 Intel became the first semi-
sonductor producer in the world to tey 6-
‘nch wafers when Fab 7 at Rio Rancho, New
Mexico, produsced its first functional die on
e 6-inch waler size. Construction of Fab 7
ad started in April 1980, but a recession
Jelayed the plant scartup, giving Intel an
wportunity to jump to § inchez. When the

- PRODUCTS AND PROCESSES —TECHNOLOGY

plant was finally completed in early 1983,
trial runs were made with 5-inch wafers.
These were so successful that the company
committed to 6 inches.

In explaining the advantage of larger
wafers, Gene Fhath said, “It's a matter of
economy of scale. Most operations process
a single piece of silicon, 80 it can be 4-inch
or 6-inch. But when you go from 4-inch to
6-inch, you more than double the number of
circuits available from the wafer.” The larger
wafers, therefore, will significantly increase
Intel’s fab capacity without the addition of
expensive new plants.

The move to 6 inches involved an exten-
srvelearmngpenod.‘/’utuallyeverystepof
the wafer fabrication process had to be

changed, meaning that both Intel and the
equipment manufacturers broke new ground
withpreviouslyuntxiedmdim.“hm
scary,” commented Flath, “but our people
said, ‘Yes, we cando it.’ "

Bmlgmgupthenewtechmlogyand
machinery to produce die on 6-inch wafers
was a nerveracking experience, somewhat
reminiscent of Intel's early days with the
MOS process: no one was quite sure when,
or even if, the first functional die would

— e ey e -

e v T

come off the line. (“The stress level around
hemwasveryhigh."eommemedMﬂteVm
Hoy, Fab 7 plant manager, in a laconic
understatement.)

“] call December 1, 1983 our longest
day,” Van Hoy continued, referring to the
target day for the first die production. “We
gottheﬁrstmatenaloutearly.butd)eﬁrst
round of testing didn't turn up any good die,
soby’loclockt]mtevenmgwenmdethe
annomwemmtthatweweregomgtocon
tinue testing the wafers.”

At last, at about 11:00 p.m., jubilant engi-
neersmportedtotheengmeermgmmaget
that they had found a good die. He immedi-

plwnedVanHoy,andthetwoputmto
mhononeoftl'lewildercelebnbonslntel
had ever seen. It had been a spur-of-the-
moment inspiration from Van Hoy. “Our
people were really ready for a release,” he

explained,
The following evening Fab 7 employees
wmmessedanunprmden ted fireworks dis-

play in the fab parking lot, after which they
all adjourned to a celebration at the Rio Ran-
cho Inn, wiping out the Inn's beer supply.

Fab 7 was off to an explosive start: it had
pushed the state-of-the-art as the workd’s
first plant to process a 6-inch wafer, and
added anntm. feather to Intels cap of firsts.

Fab 7' ploneering work was by no means
over. Arduouz months of effort would follow
hefore the plant was certified as production-
ready in the third quarter of 1984, The les-
sons kearned in New Mexico will benefit the
entire Intel wafer fabrication process
hecause all future fabs will be 6-inch facili-
ties and older fabs will be retrofitted with
the new, larger diameter walers,

letels lint MDY products wevn manulooied e 1ok silicn
walerr. Orvor the yoon, Intel moved teie 3iach, &indh, sad fnally
d-inily wulam, prining loops in prodmifrity with eoid inresis in
stk Pichwred bese B the silican ingat lnam which tlices aro ot 10
meha Beinch welen. 8 bbach walon, nnd @ 3-inch widos




CLEAN ROOMS AND BUNNY
SUITS

hen Intel's first waler f&hrica-
tiom faclity opened in Moun-
tain View in 1964, it fallowed
what was then standard
clean room operating prac-

tice in the industry: reasonable cleanliness,

but no exotic clothes or procedures to

| ensure a sterile environment. “At that

point,” explained Gene Flath, “there were a

few government-sponsored laboratories that

were building dust-free ‘white rooms,” but

i we didn't believe we needed them, and, in

| actual fact, we probably didn't.” Intel did,

. however, insist on certain minimum stan-

| dards. “A couple of people in Fab 1 got read
the riot act,” recalled Paul Metrovich, then a
senior technician, “for bringing pizzas in and
setting them on top of the diffusion furnaces
to keep them warm.”

With the opening of Fab 2 in 1971, clean
room standards began to improve. Opera-
tors were told to wear full smocks (at first
they were brown), but their hair still hung
loose and nothing covered their shoes.

Smocks, as it turned out, were not the
answer. “Operators took their smocks home
with them,” remembered Flath, “and
washed them along with their linty socks
and wool sweaters. It was also the rage to  §
modify them with little embroidered flowers §
and patterns, or to shorten them into mini- |
smocks and cut the sleeves off.” Moreover, |
as Intel’s technology improved and chips
shrank, maintaining a dust-free environment }
became critical. ?

Intel used the opening of Fab 3 in Liver-
more as the opportunity to introduce
stricter clean room standards and bunny
suits. Flath explained, “We built a laundry
into Fab 3, and that committed us to the
laundry business.” Gradually, starting with
longer smocks, the new dress standards 8
were introduced at the other fabs, until they §
became uniform throughout the company. 2

The change brought a predictable
response. “The bunny suits and the whole
routine were a huge joke around the com-
pany for years,” laughed Flath. “In fact,
people used to find excuses to visit Fab 3
just so they could put a bunny suit on.”

Bunny suits were required at all subsequent
. Acouple of peaple

wn Fab 1 got read
the riot act. . . for bringing
pizzas in and setting them on

top of the diffusion furnaces
to keep them warm.

—Paul Metrovich - '

e ol

FIRTR Oy

4 fabs, and by 1980 they had become routine.

In May of that year, near disaster struck

¥ Fabs 4 and 5 in Oregen when nearby Mount

St. Helens voleano erupted, shooting
mounds of fine gray ash into the air. Under
the leadership of Ken Moyle and Frank
Alvarez, contingency measures were nsti-

“Bamny” suth wern infrodved of lntel in 1571 with the epaniag ol
fob 3 i Livermoes, Fietaeed heve ere tha pleces af the iypisal

et gar wors indoy

dlwl__

tuted to maintain the integrity of the clean
rooms—including changes m plant layout and
in bunny suit design, It turned out that the

| mezsures were so effective in reducing par-
ticle count that they soon became standard
throughout all the fabs,

P iana

31
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*“The first reaction was fear,” recalled
Alvarez, “fear of the unknown. We had no
wxperience with ash, and small particles
we.mq'eathhomeldndofwu'kwewere

Immediately after the first eruption, a
ask force came up with a plan to shut
werything down, bag the equipment and
‘teal off every possible point where ash
ould enter the facilities. “We went out and

“ought 9000 rolls of duct tape, all the plastic

ve could get in the local hardware stores,
iters, special vacuum cleaners, shoe clean-
rs and air showers,” Alvarez said. “We
vere ready to bag all the wafer handling
'quipment in plastic if we had to. We sealed
ff every entrance except one, taping all the
doors and cracks. Everyone entered
through one door and was vacuumed.”
Sticky mats were installed at doorways to
clean the bottoms of employees’ shoes, and
shoe scrubbers cleaned the tops and sides
of the shoes. The crew put extra filters on
‘he main air intake and even built special
wooden buffer entrances to add further pro-
“ection. Other air intakes were covered with
ilter blankets which were kept wet with

TS.

Although the volcano blew again in July,
‘yoth fabs were able to keep operating. It
was soon apparent that the steps taken to
Jrevent contamination actually reduced par-
ticle count measurably in the clean rooms.
Recalled Will Kauffman, vice president of
Jie Production, “We learned the importance
i having entrances to fab areas located as
“ir as possible from building entrances. As a
esult, several entrances at Fabs 4 and 5
1emain closed, and we have modified
entrances at Fabs 2 and 3. We also arranged
:0 have exterior clothing such as coats and
aats removed in a room separate from the
*hange room where smocks are put on.”

Even the bunny suit was improved. “We
shanged boot styles,” remembered Alvarez,
‘because we found that the boots we used
o wear at that time oaly covered the shoes,
“eaving a gap which exposed the pants cuffs.
There was literally a trail of ash coming into
he fab on those pants cuffs.” A new bootie
lesign was adopted and is now standard
hroughout the company.

“Mount St. Helens gave us a greater
wareness of clean room practices and con-
“rols,” commented Kauffman. “The things

. we learned helped us tighten up the system

in all our fabs.” The company now uses a
series of pre-filters to trap coarser parti-
cles, and has installed laminar flow air
shields in its newer fabs. “This system
directs a parallel flow of clean air on the
work station s0 it doesn't circulate with air
elsewhere,” Kauffman explained. “The
sheldalsorestnctstheopentor&unlm
ing over the workplace.”

Today all of Intel’s facilities are at least
Class 100 (100 particles of dust per cubic
meter)—a high standard for the industry—
and the company is aiming to have its newer
fabs ultimately reach a Class 10 rating.
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“/INTEL IS NOW IN THE
SYSTEMS BUSINESS. NOT
JUST IN THE SYSTEM.”

ith this advertising headiine,
Intel in January 1984
unvetled its new supermicro
svstem for OEMa, the 286/
310, and underzcored Lo the

© world that Intel systems had emerged as a

force. It might have sounded like a radical
departure for the company that pioneered
silicon-based semiconductor components,
but in fact the company had been flirting
with systems almost since it began.

How did an organization of components
engineers become invoived in designing
software and building integrated systems’
It was an evolutionary process, growing—
sometimes logically, sometimes serendipi-
tously—from two sources: memory prod-
ucts and microprocessor products.

MEMORY SYSTEMS OPERATION

| The earliest inkling of systems started with

one of Intel's first products, the 1103 1K
dynamic RAM. Perceiving that many of its
customers were having difficulty designing
systems around the part—*it was probably
the most difficult-to-use semiconductor
device ever created by man,” quipped
Gordon Moore—Intel engineers Ted Hoff
and Stan Mazor began to experiment putting
parts together on demonstration beards to

show customers how it might be done
Their work aparked the curiosity of two
angineers at Honeywells Memory Syatems
Dhivigicn, Bill Jordan and Bill F-!Pgil._l, who
convinced [nte] that establishing & memor

| $harily abim ihe wtodecion of e 0004 micopeocetsar letel
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systems operation was the way to go. “We
put together a proposal which we TWXed to
Bob Noyce,” recalled Regitz, who later
came to work at Intel. “He called me back
late one night—I] remember being in bed
when he called—and he was definitely
interested.”

Jordan was hired by Intel to head the new
Memory Systems Operation (MSQ). He and
three other Honeywell engineers who
moved to Intel—Hank Bodio, Bob Blanding
and Ross Roberts—designed the first set of
memory systems products around the 1103.

The first was the IN-10, a memory board
with peripheral support components, which
was developed in 1970 and introduced the
following year. It sold surprisingly well, but
abigbreakcamewhenUmvaclntamapr
snag in developing its memory systems
technology and Intel proposed to solve
their problem with the IN-10. “Within a
few months we developed and delivered a
solution to Univac,” remembered Regitz.
Univac remained a loyal customer of Intel
memory systems products until MSO was
sold in 1983,

Intel was quick to see the potential for
memory systems. Not only did it generate
healthy revenue, but it provided a way to
use parts that did not meet data sheet spec-
ifications. “We knew the yield of the 1103
was bad at that point,” explained Regitz,
“andwewantedtoﬁndamyofusmgﬂle
fallout parts.” Added Les Vadasz, then MOS
project manager, “We were 3o early in both
semiconductor memories and in microcom-
puters, that many of our customers did not
have the ability to use them, because they
didn't have the technical capability or could
not really afford it. So we saw a business
opportunity by moving up to board-level
products.” The IN-10 spawned a family of
related products over the next decade.

The next leap forward in memory sys-
tems came in 1972 with the development of
add-on memories for IBM mainframes.
“When we got going with semiconductor
memory,mostofitwentintomnﬁtﬁ'ame
computers,” explained Gordon Moore.
“Since at that time 1BM didn’t buy compo-
nents on the outside, we were essentially
excluded from 60 to 70 percent of the total
market. We figured the way we could
address that was to sell add-on memories
directly to IBM’s customers, so we devel-

‘opedanlBMadd-onmemorybox."

The first of these units (“blue boxes,” as
they were colloquially known) were intro-
duced in 1972 and they turned out to be
very successful. Offshoots of the IBM blue
box business were the FAST 3805 solid
state mass storage system, introduced in
1979, and its 1982 successor. the FAST 3825.

The IBM add-on business and the mem-
ory board portions of the Memory Systems
Operation flourished until the late 1970s,
when the fast pace of change in the industry
and in Inte} forced a major reassessment of
MSO's future. As Intel’s memory products
became easier and easier to use, and its
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customers became increasingly sophisti-
cated, more and more customers began
buying at the component level. The crunch
came in the recession of the early 1980s.
“We began limiting what we wanted to
spend R&D dollars on,” explained Regitz.
Memoary systems no longer fit with the
company's charter of going after distributed
processing. “We decided we had better
things to do with our people resources and
our money,” concluded Regitz, “and we
elected to get out.”

In a carefully planned rampdown, MSO
was phased out in 1983. The memory board
business was sold to Zitel, and the add-on
business was discontinued. The only vestige
to remain was the solid state disk business,
which was integrated into the Commercial
Memory Operation.

Intel had backed into memory systems by
developing aids to assist engineers in using
the 1103. The company found itself in a sim-
ilar position when it unveiled the revolution-
ary 4004 microprocessor in 1971.

The idea for development aids for
the 4004 grew out of efforts to broaden
the market for the new chip. Ed Gelbach,
who headed microprocessor marketing,
explained, “We felt that those chips were so
complicated, and the approach to using them
was 80 new, that we needed to teach people
that they were more than just a calculator
replacement.”

He assembled a team of five engineers
that set about finding ways to show potential
customers how the parts could be used. Ted
Hoff developed the idea of building simulator
boards, and the resulting SIM4-01 and
SIM4-02 were introduced in May 1972,

They were basically kit boards with a 4004
on them, and could be hooked to an /O
device and user’s EPROMs. There was a
simple assembler generated for them and
some very simple monitors to debug soft-
ware, aflowing customers to develop their
own software. By today’s standards they
were extremely primitive, but they

were a start.

Shortly thereafter the company intro-
duced the SIM8-01, a prototyping board for
the 8008 microprocessor. At Intel
thought of the SIM boards simply as mar-
keting aids, but the company soon noticed
the eagerness which greeted the products.
Remembered Gelbach, “There was a little
difference of opinion as to whether we
should give them to customers for free so
they would use them with the microcomput-
ers, or whether we should sell them. In the
end we decided what the heck, let’s see if
we can sell them.” Simulator boards soon
began to generate healthy profits.

Meanwhile Gelbach’s group of engineers

| was at work developing more sophisticated

design aids for the microprocessors, and in
1973 the company unveiled the Intellec® 4
and Intellec 8 software development tools
that added cross assemblers and other fea-
tures to the basic simulator boards.

Intellec development systems soon
became the key to Intel's microprocessor
sales. “They made it easy for the customer
todesig:mesoftwaretogomtothemacro-
computer,” explained Hank Josefcyzk, who
joined Intel in 1974 as the Great Lakes
regional sales manager, “and that was Intel's
strength in the early years. | remember we
ran promos for our distributors to get them
to sell Intellec development systems: we
gave away Microma watches, which at that
time sold for about $250. In those days all

you had to do was sell one deveiopment
system and you got a watch. Our distribu-
tors would kill to get one of those watches,
so they really cranked up the sales. We had
a distributor in Kansas who sold five of them
in 1974; we couldn’t believe that you could
sell even one of that kind of product in
Kansas!”

The design aids were so popular that
their revenues soon exceeded the sales of
nncmprooessor components. In fact, it
wasn’t until 1978 that component sales
would overtake those of systems. Noted
Josefczyk, “A design aid was like an insur-
ance policy. It hooked the customer, locked
him into our concept, and later he’d start
buying components.”

Sales of development systems grew and
the production atmosphere bordered on the
chaotic. “There was little Intel discipline or
rules,” recalled Roger Nordby, who joined
the company in 1975 and was soon assngned
to head systems manufacturing operations.
“You could pretty much do whatever you
wanted. Because it was such a profitable
business, if we couldn’t get a board to work
the first time through the test machine,
we'd just put it aside. At one time I had
over $1 million worth of boards sitting
there. All we needed to do was to put
more labor in to test them, but we didn’t
have enough time. We were trying to get as
much product out as we could.” It was not
until the summer of 1978 when OEM Micro-
processor Systems moved to Oregon, that
its manufacturing capability took on more
recognizable Intel discipline.

Intel's next advance in development aids
for customers—and an industry first—
came in 1975 with the introduction of the
ICE™-80, an in-circuit emulator. ICE mod-
ules were devices that could be substituted
for the microprocessor components that
were actually used in a customer’s system.

n’nmwmmm-nudws

t systema. intvoduced i 1975, ICE med-
whes conld e subsiituted for the microprocesor componems thet
were sciually sted in o customer’s system, providing » valesble

microprocessor-based syslems.

They provided the engineer with a window
through which he or she could actually look
inside the component and see what was
gomgonmthesystem Tbeypmvedmvalu
able in developing and debugging micropro-
cessor-based systems.

The inspiration for in-circuit emulators
came from Bill Davidow. Bob Garrow and
Hap Walker executed his idea.
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Inte! realized that in-circuit emulators
were the key to letting customers debug
their products, so the next set of develop-
ment tools was based on that. The company
knew that by designing a bus structure
properly for the development system it
could ultimately use those boards and set
up an independent single board computer
business. With conscious planning, Intel
set about perfecting a bus system.

The result was MULTIBUSS, an intercon-
nection mechanism that allowed the systems
builder to link together any number of micro-
processor boards to huild a wide variety of
computers. “We named it MULTIBUS,”
explained Tom Kinhan, general manager
OEM Modules Operation (OMO), “because it
was specifically designed to deal with multi-
processing. This means that any auxiliary
board or extension module to the main sys-
tem can have a processor on it, which allows
functions to be performed at very high
speeds. It allowed us to take advantage
of the low cost of silicon to throw lots of pro-
cessors at the job of building computers,
ﬂtherﬂnnlavmgtohnldonemmous,
highly powerful processor.”

In 1975 MULTIBUS was put to use in

are-engineered Intellec-like product, the
MDS-800, the industry’s first disk-based
development system.

With in-circuit emulators and MULTIBUS
in place, it was an easy step to single board

The I50CS 50710, the Indwstry's Brst siugle board compebes wes
Introduced by intel In 1976,

computers. “At that time, most of Intel’s cus-
tomers were purchasing refatively low vol-
wnesofmmcmnputerprod\m like 100a
year, " recalled Davidow. “That reinforced our
conviction that we could build low-volume
types of systems out of single boards. Qur
feeling was this: if customers are only going
to buy 100 sets a year, why should they
design the systems themselves, when we
could sell them the board sets that would take
their place?”

The industry’s first single board computer,
the iSBC® 80/10, was introduced in 1976.
Based on the 8080 microprocessor, it
incloded an /O device and 4K bytes of mem-
ory. Dedicated organizations were created
under system district managers and sent out
to the field to sell boardevel products. Soon
sales were soaring. Early customers were
industrial OEMs who used the boards in

U
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applications like traffic control signals, and
companies like Diebold, who used SBCs in
their trend-setting automatic teller machines.
Mare haard-level systems saon followed to
meet costomers’ needs. Explained Bill
Lattin, who assumed control of single board

| eomputer operations in 1980, “We found

maore and more companies wanted our tech-
nalogy at & board or svstem level. These
were companies that realized that thedr real
expertise was building a set of applications
software, and it was a better use of their time

One ol lniel's “';ldﬂlgu tocis, PICE [lntegrated Instramenta-
tiow und In-Liroeid Eslaon) briegs together high-lewe] longusgs
saftwarns dabugging, fogic saolytiv, and ie-cinuit amelatian im o

to buy from us at a higher level of integrstion.”

In the summer of 1978 the single board
business, by then a small but rapidly growing
operation, was spun off from the rest of
development systems and moved to Intel's
new facility in Portland, Oregon, where it
became OMS (OEM Microcomputer Sys-
tems). Keith Thomson, Hank Bodio, CIiff
Fahey, and Mike Maertz were among the
members of the original team. Maertz and
Bodio co-chaired the OMS Strategic Business
Segment (SBS), which charted all the product
and strategic plans.

As demand increased for higher levels of
integration, Intel developed a small real-time
operating system, iRMX™ 80, to accompany
the 8-bit iSBC 80, and shortly thereafter
began working on a 16-bit operating system.
“Bodio m!lydrove that 16-bit product devel-
opment,” commented Kinhan. “He recog-
nized the importance of operating systems
software, which was fairly far-sighted for
Intel then, andhecrutedatemntonnple-
ment it. It was an ambitious undertaking.”

Not the least of iRMX's problems was the
lingering prejudice of software engineers
against working for a semiconductor com-
pany. “Software was then still a relatively
misunderstood concept here at Intel,”
remembered Kinhan. Added Lattin, “Intel
tried for a long time to recruit experienced
hands, but found the biggest success rate
in hiring was to go to the colleges and get
younger peaple and convince them that
microcomputers were really going to
amount to something.”

Some within Intel felt that iRMX was
not the way to go and that the company
should scrap the project and go with Digital
Research's CP/M operating system. OMS,
however, championed the project and iIRMX
B6 went on to become ane of the most suc-

single, insegretnd packoge. Shown bers it on F0E sysies: (right]
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ceasful real-time OEM operating systems on
the market.

The next step was to combine SBCs with
requisite memory boards in a rack, add an
operating system disk and power supply,
wrap it upin a chasais, and offer it to custom-
era as an integrated system, All the customer
had to add was application software and a dis-
play. The result of this fairly modest begin-
ning was the 864330, based on Intel's popular
8086 microprocessor, [ was greeted enthusi-
astically upon its intreduction in November
1581. It enabled OEMs to design and manu-
facture new products incorporating VLS
MICIOPrOCess0rs Mare rapid!;.' than with the
board level systems and minicomputers then
available.

Two years later, following the development
of the 286 microprocesser, Intel introduced
the System 286310, which combined the
MICTOPIOCESS0L, & RUMETIC CORrOCessor, an
enhanced MULTIBUS architecture, and new
eystems software. It yielded a two-to-four
times performance improvement over com-
petitive minicomputer systema, amnd when
combined with various software packages,
could be ueed for such applications as robot-
ice, enviroamental control, and engineering
workstations,

Underiying Intel's move to higher levels of
uu.egmtnms a cammitrment to the concept of
“open systems”—building systems with the
“tinker toys” of components and boards, in

which Intel has the leading edge, The
tppeoach is part of Intel's commitment to

nﬂmduulnlmmmﬂm-ruﬁﬂwﬂh
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standardization, allowing other manufactur-
ers to get into the system. By doing so, the
marketplace is vastly expanded both for sys-
tems and for silicon chips. It was a boon to
Intelintarnaliy as wedl. “It provided us with a

| test when we looked at 8 potential new prod-

uet," saud Lattin, “We could say, 'Yes, that's
the right one to build; it adds to our tinker
toys,' or ‘Mo, we don't have critical mass af
pieces to gointo that market.”

ADDING DATABASE OPERATIONS

By the late 1570z, Intel’s evaolution into sys-
tems had been in the OEM arena, where the
company had strength and recogmition based
on its microprocessors and memary chips.
But a5 the company venturad more deeply
into systems, same COmpany visionaries
began to consider commerdial systems as

a new direction, and detabase management
as a key software technology to get there.

Databases use a lot of memory, and Intel
thought there ought to be @ way to builda
database product using LS technology, Intel
learned of MRI, a small Austin, Texas data-
base software firm looking 1o be acquired.
Iritel acquired MRI in February 1979, viewing
it “as an opportunity to get a lot of software
capability into the company at one shaot,”
commented Gordon Moore,

MRT's basic business was database man-
agement systems and its principal product
was SYSTEM 2000®. Introduced by MR in
1972, SYSTEM 2000 was a meinframe data-
base management software product that ran

om [BM, Control Data Corporation (CDC) and
Lnivaic compliters,

The most successful product to result from
the Mending of MED's software and Intel's
hardware was the (DIS™ B6/735, a microsys-
tem introduced in 1982, It acts as 3 imison
between a mainframe database and a persanal |
computer terminal, allowing the user to |
download centrally-maintained mainframe
data.

In late 1984, Intel announced plans to move
the iDIS business from Texas (o Arizona, At
the same time, becauge the SYSTEM 2000
didn’t fit with the company's strategic bisi-
ness thrust as a microcomputer-oriented
compeny, Intel sold the SYSTEM 2000 busi-
ness to SAS Institute, [ne.

Marin Harrandet, on eaplopes ol latel's syvtemy nisembly |loclty
i Punita Rico.
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1 WHERE TO FROM NERE?

tel’s original foray into the systems busi-

"ness back in the early days of MSO and

design aids may not have been the result
ofacareﬁﬂlydraftedsuteoclmgkange

growing
E | m:ttosyatemnhasﬁ:llowedadearpat

- tern that will shape its development in the

lmmlly Intel's systems thrust was aimed
it the low-volume user. “The board busi-
' 388 was born out of a premise that there is
lmhe-buyﬂmhold,”exphmedlﬁnm
‘wlwreeanpouentcusmmwlthalow
| :nough volume of component purchases

" would be willing to buy at a higher level of

ntegration. It offered them a higher value
wided and faster time to market.” Intel at
irst went after customers who built 100 or
ewer boards a year.

But as technology developed at ever-

- ncreasing speeds, larger companies sought

ntel’s technology at a higher level. For one
hing, Intel came on the scene at the right
ime. The emergence of the 16-bit market
neant microprocessors had become power-
ul enough to perform an immense variety
of tasks. Added to that was the company’s
levelopment of supporting software and the
soncept of open systems, and suddenly big
ustomers were saying to Intel, “We don’t

“iave to buiki systems ourselves; we'll buy

‘rom you.” Soon Intel was serving custom-
'rs who built 1,000 or fewer boards per
rear, and that figure was rapidly revised
pward to 10,000,

“A good example is Diebold, theoonmany
hat makes automatic teller machines,” said
jrannon. “At first they used our compo-
ients in their machines. Then at some
oint we sold them on the idea of a little
ingle board computer and much later they
tarted buying boxes from us too.”

What of the future? ‘Wlmtevenus,

an select, at multiple levels of integration,
or the products they manufscture.

“We are devoted to the idea that systems
hould be ‘open’ or capable of providing an
asy trangition to the next generation of

: VLS] technology,” stated the 1982 Annual

Report. “This is why we offer software
mpnﬁbahtybetweenmmptooessorgen
rations, why we offer multiple levels of
ntegnﬁon.andwhywesupportmdustry
standardization programs in many areas.”

HEYSTEMSTHINK"™
As Intel ventured into the systems
waorld it scon found that the compao-

nents mentality with which it had
been horn and raised needed to

change.

For starters, systems called for new
marketing technigues and strategies,
| shilting from the spec sheet orienta-
| tion of components sales to the “solu-
tinns sell” needed for systems.
Wheress components were sold pri-
marily at the engineer's desk, systems
required a new approach Lo upper
management. “The concept of open
gyslems was the perfect format to use
with top management,” noted Tom
Kinhan. “It appealed to management
| principles, rather than design princi-
| plies. It addressed business issues,
| risks—a whole series of long-range
i igsues—rather than the cost of some

individual part.”
This required special training for

Intel's sales force, and a broad cam-

| paign to inform the rest of the com-

| pany that Intel was in the syatems

| busmineas.

[ It also meant gchieving credibality

| a5 a systems supplier and not just as o

| semiconductor company, To this end

| Intel launched o campaign of advertis-
ing, seminars and public relations.

At the same timea, Intel faced a tick-

| lish question vis-i-vis its customers:
now that the company was producing

| systems, to what extent would it
become its customers” competitor?

! From the earliest days of moving

| bevond components to development

| aids, Intel had been keenly sensilive

| to this issue. One of Ed Gelbach's

| favarite stories involved the first ad
for the Intellec development system,
“We were going to call’ it a computer
on a chip,” he recalled, “but when
Gordon Moore heard about it he gol so
angry I thought he was either going o
faint or hit me. He was that sensitive
about competing with our customers.
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We had to kill that campalgn and repo-
sition it to development systems.” |
“We don’t really compete with our
customers,” said Bill Lattin. “It is not

our intent {0 enter markers already
served by Intel component customaers.
We want to provide tools for custom-
ers that allow them to get Lo the next
level of integration more easily,”

Systems also raised another new
arva of concern: product servicing. In
the early dave of systems, Intel's sup-
port of its products basically ended
when they were shipped. In the case
of certain Memory Syatems products,
like the IBM add-ons, Intel contracted
with outside firms [or service support,
and if an early microcomputer system
developed problems, the customer had |
to return it to the factory. "By the late
1970s," remembered Jim Grenier, who
was hired in 1979 to build a coherent
service organization, “Intel realized
that the custamers were not thrilled
with the idea of packing up the defec-
tive product and sending it back; they
wanted service on-site, so Intel
recruited its first service force as part
of the sales organization.

"We recognize that when we sell a
ayatems product to an end-user we
have ‘womb-to-tomb” responsibility,”
explained Grenier. “From product
inception to obaolescence we carry the
reaponsibility of supporting it. We now
offer service support of sofltware in
the field, customer hotlines, customer
training, and repairs.”

Such thorough customer support
produces benefits within Intel as well,
“Ttgets back to the development of the
product,” continued Grenier, “and the
desire to have it as reliable and ser-
viceable as possible. Seeing how the
product performs after the fact, we are
constantly going back to the design
group and saving, ‘This is what's
wrong with the product. This is what |
needs to he changed.” ™ I
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DETOURS ON THE ROAD TO
FAME AND FORTUNE

ntel's road to success has not always
been 2 smooth one. Being on the leading
edge of technology necessanly entails
risks, and with risks there are often
mistakes. Interestingly, thoze stumbles
have often had silver linings; they have
produced lessons that have benefited
later products,

JENKINS ELECTRONICS

In 1968 founder Gordon Moore became
intrigued with an experimental process
developed by twa California Institute of
Technology (Caltech) professors, Carver
Mead and James McCaldin, to produce zine
sulfide light-emitting dindes, a technological
innowvation that offered colors other than
red. Newly hired Ted [fenking moved to

mﬁwwum.hm‘l e Tioam wol ooa-
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Pazadens to launch Intel into the ight
emitter business,

Jenkins established himself in a 1000-
sguare-foot corner of a mendown warehouse,
a space so small that the women's restroom
had to be converted into a chemistry kib.

“] was the only emploveé,” recalled Jenkins.
“1 did all the lab work, the tedmi:ian work
| and equipment maintenance.”

Six months laterjenkms returned to
Mountain View to join the Schottky bipolar
team and was replaced by Gerry Parker,
then a Caltech graduate student completing
his Ph. D, “It was pretty fiy-by-night,”
remembered Parker. “Jim McCaldin had
this idea of diffusing sulphur by sealing an
ampule full of sulphur and heating it up to
1000°F, Onee, it exploded and shot all the
way across the room and hit the wall, about
two feet from another professor. After that |
had a blsst hood installed.” The sulphur also
emitted noxious fumes which did not endear
Intel to itz neighbors,

The business lasted only another six

| months, "It was a very high-risk, weird,
gvant garde process, more n‘nmt garde than
anything we've done since,” explained Andy

Grove, “and we'd run into some fundamen-

tal limitations." To make & go of it would
| have required massive infusions of capital,

which Intel—struggling in its small Moun-
tain View plant with two new technolo-
gies—ocould not spare. In December 1969
the business was sold to Monsanto.

But the experience was not a total Joss.
“We did some good science,” Jenkins
acknowledged, “and we developed some
good patents, particularly for ohmic con-
tacts, which nobody eise had done.”

CHARGE-COUPLED DEVICES

In 1975 Intel entered the charge-coupled
device memory business. A CCD was a
high-density dynamic serial memory which
moved a charge along through a string of
capacitors rather than transistors. It utilized
basic MOS technology and was thus a
logical extension of the company’s memory

products.

The market for Intel CCDs was limited
(“we had only a few customers,” remarked
Tom Innes, “and none of them were house-
hold names”). Those few users began to
report a perplexing problem: errors reap-
peared sporadically in the memory, phe-
nomenon dubbed “soft errors.” Innes and
his engineering group were having difficulty
tracking the problem down, when
Gordon Moore, concerned about the fail-
ures, suggested that cosmic rays might be
the source. There were those who thought
that Moore had slipped a hinge, but his anal-
ysis, it turned out, was very close to
correct.

Matters got serious shortly thereafter
when Western Electric ined of a simi-
lar soft error problem with the 2107, a 4K
dynamic RAM. The correlation with the ‘
charge-coupled device errors was apparent, |
and Intel began a furious program to deter-
mine the cause “before the roof fell in,” as
Gerry Parker put it.

Parker continued: “Tim May in Reliability
thought it might be local radiation. He put a
leak detector to one of the devices, and
after considerable analysis concluded that it
wasn’t gamma rays, but rather alpha parti-
cles that were destroying the charge held in
the memory. After more investigation, we
realized the glass in the ceramic package
emitted alpha particles at a steady rate.”

The soft error problem caused by the
rays was eventually solved by changing the

- Gordon Moore. ..

suggested that
cosmic rays might be the
source [of soft ervors]. There
were those who thought Moore
had slipped a hinge, but his
analysis, it turned out, was
very close to correct.
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giass and packagng and making modifica-
tions in the product's design. Although the
company soon faced a production capacity
crunch:and decided to drop the more sensi-
tive charpe-coupled device entirely, Intel
learned a lot from the CCD experience,

The company now understood the effects of
alpha rediation, not only on charge-coupled
devices, but also on other memory prod-
ucts, This led to the development of devices
which were insensitive to soft errors,

The soft error problem was becoming
recognized but not understood throughout
the industry at the time, and Intel shared its
research widely, delivering & paper on the
subject at the annual Reliability Physics
Symposium.
| And vet another plus: Gordon Moare
| acquired a lifetime source of fishing sinkers,
Druring the weeks of frantic detective work
to find the cause of the elusive errors, the
Memary Systems Group bought several
hundred l=ad bricks to build & chamber that
would shield memories from cosmic rays.
Once the problem was solved, the bricks
became surplus, and Moore now has about a
ton of lead under his house which he melts
down from tme to ime for sinkers,

DON'T ASK THE TIME

Gordon Moore still wears his Microma
watch. "It is to remind me, if [ ever find
myself thinking of getting into other con-
sumer products, of the trouble we'd be

getting into."
.l 1 Je were in the
Jewelry busi-

ness,’ grimaced Andy Grouve,
as he recalled the $600,000
ball for Microma's one-and-
anly TV commercial. *Juest
one ad and poof!—il was

gmg‘ | -
i

[ In 1972 the digital watch was perceived

| @8 a great technological innovation with a

| potentizl market of some 200 million units.
And, the Swigs—the world's foremiost
watchmakers—didn't want any part of it.

| The company acquired Microma, a small

| firm that had & prototype liquid-crystal
watch, “We went into the business because
we thought we had a unique combination of

| capabilities: the CMOS chip, the liquid crys-
tal display, and assembly faclities,” Andy
Grove explained. “We got out when we
found otit it was a consumer marketing
game, something we knew nothing about.”

Microma soon was the leading watch on

the market. The Penang plant, built in 1973
orimarily for memory component assembly,
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Father Time: “Wha has a fevrific digral
igerlch?!

Inventor #1: “Here, Fuather Trme,
Chuly B2,

Father Time: “Too expemnsive"
Special Effects:  Leghinemg bolt
Inventor #2: “Mine's cheap.”
Father Time: “Cent'f reaud 11"
Inventor #2: “Prush the breltan.”
Father Time: “Tho much tronble!™
Special Effects:  Lishiming balf,

Inventor #3: “Mine's @ Microma, The lime's
altpays there fo see. Yo don't have fo paesh o
Ietion. ™

Father Time: “How mach?™
Inventor #3; “$69,95,"

Chorus: “Micromgs,
Micromma,
Microme, "

took on the additional job of watch module
aseembly. But Intel's technology leverage
was not enough. Texas Instruments and
other competitors slashed prices to pain
market share, Watches that sold for 100
and up at fine jewelry stores soon sold for
818.95, then £9,95, at discount markets.
The handwriting was on the wall: unlike
the memory business, Intel could not build
more value into watch electronies along

| with high volume.

Maoreover, Intel suddenly found itself in
the unfamiliar warld of competitive high-
priced consumer advertising. “We ware
in the jewelry business,” grimaced Andy
Grove, as he recalled the $600,000 bill for
Microma's ene-and-only TV commerciat,
“Just one ad &nd poof—it was gonse!"

Faced with the choice of sinking addifional
millions into a venture with unfamiliar points
of leverage, Intel chose instead to abandon
the watch business. In 1975 the company
sald the Microma designs, equipment, and
name,

Intel exited from the watch business with
characteristic concern for its cuslomers and
employees. [t maintained its Microma ser-
vice facilities until 1981, (The eady Microma
watches had several reliability problems,
and it was reported that the first item on the
apgenda of Board mestings in the mid-1970s
called for Board members to return their
watches for repair. )

Microma employees were placed in other
jobs, a remarkable achlevement, parti
n an industry noted for its wild swings in
employment. After painful layofis in 1970

by means of an ion impant process, which

and 1974, Intel management was deter-
mined to avoid a similar experience. The
successful placement of Microma émployess
reflected this commitment to its emplovees. |

Tha Microma experience strengthened
Intel’s resolve to be more selective about
entering end-user businesses. It also pro-
vided valuable process technology that
would have 8 substantisl and favorsble
impact on future earnings.

Because of problems with a supplier of
chips for Microma, Intel decided to build its
own CMOS memory chip, a 1024-bit micro-
power device, This was difficull because it

e Hrgn |

uw-e: late gel-

ting there, then
we sim! ourselves in the fool.
—Ron Whittier

president, Memory Components Division.
Withdrawal of the 2164 from the market
caused widespread negative reaction in the
industry, the financial community, and
among [ntel emplovees, many of whom lost

© | confidence in the company's ability to exe-
| cute. Meanwhile, the Japanese continued to

1963 photogrph o Ken Moyle, who hended the 84K Dperaiion
which produced Inted's advanced 718408 DRAM

required an ton implant step and [ntel peopie
had to legrn how to do it, The experience
provied valuable & year or so later with the
redesign of the 2102, a 1K NMOS static
RAM, toincrease its speed, The key to this
project was the addition of depletion leads

proved very successful. The spead with
which the 21024 reached the market was
due fargely to the knowledge gained earlier
on the Microma implant.

BETTER THE SECOMD TIME AROUND
Intel’s entry into the important 64K DRAM
({Dyramic RAM) market demonstrated its
ability to mobilize resources and turn failure
into success in & remarkably short tme
frame. The company's first 64K DRAM
product—the 2164—suffered severs design
and cost problems and was pulled from the
market in mid-1981 soon after it was intro-
duced, “We were late getting there, then
we shot ourselves in the foor,” szid Ron
Whittier, then general manager and vice

make huge inroads into the 84K business.
Intel's dilernma: repair the existing part or
go directly to the second generation?

Intel chose the second option, and a tesm
led by Youssef El-Mansy totally redesigned
the original 2164 and produced the 21644,
an outstanding DRAM, in just nine months.
To meet this enormous challenge, Intel
formed the 64K Operation led by Ken
Movle, now manager of Fab 5 in Aloha,
Cregon, “It turned out to be & good deci-
gion,” Movle acknowledged, “but the risks
were very large. We were exploring new
areas of stepper technology, very thin
oxides, and redundancy. There were a kot of
‘unknowns' thet had to become lnowns.” "

Whittier agreed. “The 64K team resolved |

some mighty tough technical issues: solving
process problems like metal cracking and

| getting wafer steppers rolling, optimizing

design that led to an mmproved stepping,
getting into plastic packaging, and cutting
test times by more than a factor of two.”

What's more, high vields were established in |

multiple fab and test locations in less than a

And there were succesaes in the market-
place, the most visible of these being the
transfer of the 84K technology te [BM. In
September 1982, after evaluating other 64K
RAM products and technology, IBM
selected the 2164A as the one that met its
objectives. “They were here before the ink
was dry on the agreement,” recatled Maoyle,
“and we set them up in trailers &t Fab 5.
The transfer was completed within one
month of the target date, and they were up
and running, shipping product.”
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'BEYOND THE BAY AREA

o the early 19705 it became apparens
that the Santa Clars area would not be
ahle to accommodate Intel's projected
growth. With this in mind, Intel began
an expansion program in 1975 which

(would take it to other domestic sites in the

| western United States,

The domestic expansion philosophy was
to locate new sites within an hour-and-a-
half’s flight of Santa Clara, a distance that
would permit one-day trips and afllow the
company to maintain close communications.
Equally important, a proposed site was ti
have the infrastructure of transportatian,
education, housing supply, ete. to support
continued growth by Intel,

DOMESTIC EXPANSION

‘The years histed below mark the start of
ntel operations at each major domestic sit=
Jutside the Santa Clara area. In many of the
“ocations, more buildings have been added
wer the years since the opening of the
riginal facilities. In order to accommodate
rowth, from time to time Intel has also
vecupied a number of leased facilities in
the areas surrounding major campuses. In
addmmtothesemmarsites. Intel has
sales and service offices in close to 50 citie:
throughout the U.S.

1980 Rio Rlndlo. New Mexico.
1984 Folsom, California

' THE SUN NEVER SETS
ON INTEL

ntel's international network grew rapidly I

from its first venture, Intel Europe,
which was started in 1969, By 1984, the
company operated more than 30 sales,
| service, and training offices outside the
U.S. in Australia, Canada, Europe, Hong
Kong, Israel, Japan, Korea, and Singa-
pore. The company also has design centers
mJapan and Israel and, with Matra-Harris
Semiconducteurs, operates a jointly funded
design center called CIMATEL in Versaille=,
France. Intel is building its first offshore fsb
{ nlsrael, and systems manufacturing, com-
_onents assembly and/or test facilities are
“ocated in Malaysia, the Philippines, Singa-
_ore, Puerto Rico, and Barbados.
A halimark of Intel'’s international expan.
mnhlsbeemts spmnguseofug.“m

| oms possessed by each country’s nationals
_rovides the best apportunity for Intel's
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| succese, As of this writing, fewer than 60
115 citizens are employed in Intel's non-
domestic workforee of more than 8,500

employees,

INTERHATIONAL EXPANSION

The years listed below mark the start of
Intel operntions at each of its major non-
domestic sites. In many of these locations,
more bulldings have been sdded since the
first facilities noted here were opened.
Sales, customer training, or service offices
have not been listed individually.

1960 Intel Europe established. (Started with
a sales office in Geneva, Switzerland, )

1968 Intel Japan~Start of sales and market-
ing funchions.

1972 Penang, Malaysis—Components assem-
bly and test.

1974 Manils, Philippines—-Components
assembly and test,

1974 Haifa, [srael-Design Center.

1977 Barbadas, West Indies—Companents
ageembly.

1981 Tsukuba, Japan-Design Center.

1981 Las Piedras, Puerto Rico-Systems
assembly, components test,

1984 Singepare-Systems assembly

Durleg intel Philippines’ 10-peer smmivarsary party in 1964, Ken
Thompron pratanied an ward bo one of The [0-pom smployee,
Coes Pancual, nu Dene Mo [ooked ta.

A Skinln exramany macked the 1941 grevmdbroaling of Infel's paw
| Focltthen ln Tuskuba, Jopan.

THE McINTEL APPROACH

ntel's growth spurt in the early ‘70s
demanded manufacturing expansion
and new employees, 2nd the manner
in which the company tackled the
profilem set the standard for all future

| expansion.

The company's firet two fab areas—Fab 1
&t Mountzin View and Fab 2 at Santa Clara
1—experienced numerous difficulties. Fab 1
had been acquired from Union Carbide and
rebuilt and modified many times. Fab 2, in
Santa Clara 1, was Intel's first try at design-
ing and building its own plant, and Ron
Whittier, who had fust joined Gene Flath's
manufacturing grovp, remembered it well

“Tom Rowe, Bab Holmstrom, Jerry
Largon, and 1 were the princpals in building

| Intel’s first fab from the ground up. Essen-

ially we were a team of rookies trying to
roduce something very sophisticated, and
lnﬁrstﬁveyearsoanwaeresu-uggle
struggle, struggle.” Another factor that con-
ributed to the problems of Fab 2 was bring-
‘ng it up on bipolar and MOS simultaneously.
But the learning experiences gained at
7ab 1 and 2 served as the foundation for the
iuccess of Fab 3, which was built at Liver-

nore. Fab 3 started with a clear focus: man-

ifacture 1103s, a “big 1103 machine,” as
‘Tom Rowe called it. It was designed by
Gene Flath, Ted Jenkins and Bob Holms-
trom, with overall project responsibility in
the hands of Jenkins.

Jenkins recalled, “My charter in late 1972
was to start this facility and not use any
other Intel people. It was just Paul Hoefler
and [. Management said, ‘Don't bother us;
just go out and do it.” ”

Most of Jenkins' start-up team members

| nlants and the Livermore plant opened in

T vork solely with the new 4-inch wafer size.
{ .ivermare from 3-inch to 4-inch wafers, and |
’ab 5. As in the Fab 3 start-up, a group of

' although larger in most cases.

E : "very Mcintel
wafer looks ani
tastes the same wherever it is

made.
—Keith Thomson

| Intol president, Andy Grome, conossplutes the “Siclatel” iackise |
| approath fo woler fubricetion in fhis 1973 phetograph. Nete his

|C:.7 g

were recent college grads. The new team
trained for nine months at the Santa Clara

April 1973.

with all the up-to-date process information,
me for each employee. There were about
Y00 identical binders spread neatly at work
itations throughout the plant. Everyone was
eading out of the same book, as the saying |
es. How different from Fab 1 and 2

itart-ups!”
Thereafter, fab start-ups would employ th
iame system of hiring seed and

‘raining them at existing Intel plants. For
scample, Oregon Fab 5's start-up, led by
{en Moyle, was remarkably smooth, espe-
ially since it was the first Intel plant to

foyle had successfully led the conversion at
e brought the lessons he learned there to

youngsters” actually brought Fab 5 into
roduction. Moyle and Al Patterson hired
reople right out of college in the summer of
978, gave them a few weeks training at
ther fabs, and then brought them to Ore-
on when Fab 5 was ready to go.

Fab 3 was really the beginning of this
ranchise or “McDonald’s approach” to build-
g fab facilities. The technology and equip-
ment required for each fab would be the
same, modified and updated for improve-
ments. And the facilities themselves would
be modular, duplicating previous fabs,

The result: consistency of production.
Observed Keith Thomson, “Every Mcintel
wafer looks and tastes the same wherever it
is made.”
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| MAY DAY 1975—
PENANG BURNS

n May 1, 1975 Intel's assembly
plant at Penang, Malaysia was
destroved by fire. Gene Flath,
then director of Manufacturing,
first learned of the calamity when

| he was awakensd by a phone call at 2:00
g.m. from John Manded, manzger of assem-
bly.-"He kept telling me that the Penang
plant had burned down and I kept saving
that he was kidding and this was a terrible
| practical joke to be pulling at that hour. But
he fnally convinced me, and my Arst reac-
tion, since it was eadly May, wes that this
was a communist-inspired May Day plot and
that we had been attacked by communist
insurgents who were active in the area,”
| Ken Thompson, plant manager at the
| time, weas in Manila; Ronnie (ul was run-
ning the plant in his absence. Contined
Flath, *T finally got the two of them on the
phone. Ronnie described the scene and
wondered what to do with the operatars
who had shown up for work. [ told him to
send home those he couldn’t use but to
asaure everyone that they had & job and
we'd keep paying them, which we did. This
was a loval workforce.”

Thompson returned to Penang to find
“the only thing standing was the cafeteria,
Everything else had bumed to the ground,”

Fortunately there were no injuries; the
fire broke out on & weekend. The building
had been constructed of cinderblock walls
and steed beama with a wooden roof. “The
fiuorescent lights were mounted up againat
the wood ceilings,” Thompson said, “and
spparently a apark from a faulty hallast
ignited the wood,” Fanned by 30-mph
winds, the structure burned gquickly, with
such intense heat that even the steel beams
were reduced to twisted, meltad rubble,

The Penang plant may have been
deatroyed because it was not equipped with
a sprinkler system, which at the time was
not reguired in Malaysia, After the fire,
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| The most remarkable aspect of the Penang

. [n just two weeks
[after the fire]
they had production going in
rented space and with bor-
rowed equipment. It was

really a masterful piece of

recovery.
—Gene Flath f

every manufacturing building in the area was
retrofitted with sprinkler systems, and
today the Malaysian building code even
requires a water tower to provide sufficient
water pressure to operate a sprinkler
system.

PICKING UP THE PIECES

disaster was the speed with which the com-
pany resumed production. This favorable \
outcome was the result of truly heroic 1
efforts made by the Intel people—from |
managers to the Malaysian workforce—and |
the cooperation of other semiconductor
companies in Penang.

Flath remembered arriving at night in
Penang some three weeks after the fire—
he had been delayed getting a passport and
shots—and meeting Ken Thompson for the
first time. “Ken and his crew must have
been working 22-hour days, and he was run- |
ning the whole thing as if it were a big war
room. In just two weeks they had produc-
tion going in rented space and with bor-
rowed equipment. It was really a masterful
piece of recovery.”

Actually, Intel was able to put part of its
force back to work within 10 days using
swing and graveyard facilities offered by
neighboring semiconductor manufacturers.
“We were fortunate,” observed Thompsen,
“that the disaster struck at a time when
other manufacturers were not at full capac-
ity. Most of the equipment is interchange-
able, and it was standard practice to share
supplies with one another.”

Recalled Thompson: “We were operating
out of about four locations, plus our cafete-
ria, and by the end of our second week we
shipped 100,000 units.” He also boosted
production at the Manila plant and secured
more subcontract capacity in the Philippines
and Hong Kong.

Until production started again, employees
reported to work and were paid and sent
home. Nobody lost any time. The manage-
ment staff worked around the clock with the

Fire rages ot intel’s Penang, Malaysia plont in 1975. The plant wos
totally destroyed but the facility was rebuilt and production was
started again within o yeat

aid of four or five beds at one of the loca-
tions to ease the tension. “It was a total
team effort,” said Thompson.

While Thompson was directing the recov-
ery in Penang, Mandel was working over-
time in the States calling vendors all over
the world, marshaling equipment for ship-
ment to Penang, and organizing people for a
new start-up. The plant was rebuilt and on
line in less than a year.

“It was a duplicate of what was there,
with some improvements,” recalled Keith
Thomson, “including sprinklers. And it
remains a masterful tribute to the dedication
and resourcefulness of Intel people.”

n 1984 Intel completed its tenth year of
operations in Israel. Intel started with
a design center in Haifa and is now
building is first fab facility outside the
United States in Jerusalem.

Dov Frohman, the inventor of the

EPROM, is largely responsible for estab-

lishing the company in Israel. In 1973,

197 phatograph of Refi Nuve (front) and Teme nnes, present gen-
ol snanager nd flrst genorcl mensge, respactively of intel’s

aware of the growing manpower crunch in
the semiconductor industry in the U.S., he
urged Intel to consider setting up a design
center in Israel. “The motivation for a
design center in Israel was the availability
and quality of manpower there,” he
explained. “We selected Haifa because it
had an electronics industry and the coun-




try's major engineering schoal, the Tech-
mion. Graduates in Haifa tend to remain
there to work.”

Frohman, Andy Grove, Les Vadasz and
Art Rock (who was then vice chairman of
the board), conducted interviews in Haifa in
April 197, They hired the lsrael Dasign
Center's first four engineers, who would
report from [srael to Vadasz in Santa Clara,
A manager had not been selected, and
although Frohman wantad an [staeli for the
job, there were no candidates. So the com-
pany recruited Tom Innes, then project
legder of the MCS 4/40 design team in the
U.5., for the job.

| The unsettled conditions in the Mideast
| have cocasionally posed challenges to opera-

| tinng in [srael. Provisions have been made

for the staff to be away on extended military
reserve duty. Explained Frohman, “We have
ghways managed. From the beginning we
were determined that reserve duty would
not affect operations to any large extent.
Within the organization we averlap projects
and responsibilities so that more than one
person understands what is going on in dif-
ferent projects.” Even during the 1982-83
crisis in Lebanon, there was virtually no
slippage in deadlines, with many employees
demanstrating their lovalty by returning

from reserve duty to the office on the
weskends,

From the early days of Intel Israel, Dov
Frohman had also been pressing for a fab
plant and R&D facility. Waiting judiciously
until the Design Center had proved a suc-
cess, he began raising the issue with Intel
management. It was not until 1979, after
Gordon Moore vigited mﬂmgewﬂn: away
highly impressed, that ma com-
mitment to procesd with its first offshore
fab.

Groundbreaking occurred in November
1981 and production in Jerusslem's Fab B ig
scheduled to begin in 1985,

INTEL MEETS THE REAL WORLD

There have been times when Intel has
been caught off guard by local condi-
tions ot its various sites in the U5,
and around the globe, For example,
Keith Thomson and Andy Grove
learned about Malaysian weather on

| their first visit to the Penang site in

the early 19708, Tt was the monsoon
season—I"ll never forget it—"" Thom-
son related, “ond Andy, myself and our
wivies drove out to the plant in a
rental enr, which promptly sank into
the mud, 50 there we were, the Amer-
ican visitors, with our shoes off and
pants rolled up sloshing through the
miud, The congtruction workers at the
site helped lift the car back on the
road.”

Gordon Moore also got a quick
lesson in Far Eastern weather on his
first trip te Intel in the Philippines.
He happened to arrive just as o major
typhoon struck the island. “We
winted desperately to create a nice
impression,” recalled Letty Alcasid,
international employee relations and
compensation manager, “hut it wasn't
easy because the streets were flooded,
transportation was not available, and
d ship had actually been blown ashore

| by the wind and was ‘docked’ along
| the boulevard, Half the plant, inclad-
| ing the managers, were not in by 8

a.m. In my eagerness to be on time,

[ hurriedly stepped out of the car into
knee-deep, dirty flood water in front
of the plant, There [ was, greeting
Gordon Moore in a sopping wel dress
and shoes, [ hate to think what kind
of first impression he had of Intel
Philippines!”

Rain again caused problems for Intel
in Arizona in 1979, Some 300 employ-
ees of the Microcontroller Operation
MC O} were occupying leased build-
ings in Phoenix awaiting completion of
new facilities and Fab 6 in Chandler.
gouth of the ¢ity. About two-thirds of
the emplovees lived on the Chandler

side of the Salt River, normally a dry
basin, When unprecedented rains
caused massive flooding during the
winter, Intel faced a severe crisis.
Recalled John Ekiss, then MOO gen-
eral manager, “The river washed away
all but two bridges, so0 many of our
employees ended up with two- or
three-hour commutes. We finally sct
up eommuter vans to take them to and
from work.” The problem was com-
pounded by a delay in construction af
the Chandler facility, “We got through
it,” said Ekiss, “but it was a trying
period.”

Mother Nature has not restricted
her adverse treatment of Intel loca-
tions to rain alone. An earthquake
measuring 5.8 on the Richter Scale
struck near Fab 3 in Livermore in
1980, Fortunately, due in part to
Intel's proactive earthguake safety
and building programs, the quake
caused only minor disruptions in fab
operations, ]

In Oregon, Fabs 4 and 5 were
threatened in the spring of 1980 when
Mount 5t. Helens—a supposedly dor-
mant volcano only 50 miles away—
suddenly exploded to life in a series of
eruptions. Mounds of fine gray ash
poured into the air, posing sericus
threats of contamination to the clean
rooms, Remarkably, the fahs lost lttle
production time thanks to employees'
heroic all-night efforts to activate dis-
aster contingency plans aimed at
keeping the particle count down in the
clean rooms.

Intel has been caught off guard not
just by the natural elements, buat by
differences encountered in various
cultures around the world, Letty
Alcasid remembered how aghast Andy
Grove was on his first trip to Intel’s
facilities in Manila when he discov-
eréd that the walls were paneled in
mahogany, with managers, in closed-
door offices, seated behind mahogany
desks, “This surprised us,” recalled

Alcasid, “because most Philippine
offices look like that since mahagany
is plentiful and cheap there, Then we
learned that Intel buildings in the 1.5
had open offices and plain desks, Of
course, when wi built our next build-
ing in Manila the ‘decadence’ was
eliminated.”

Tom Innes, the first manager of the
Israel Degign Center, tells the story of
Les Vadasz's visil to Intel [srael in
1975, The plant was located in Haifa
in an older, run-dewn area of small
businesses. One of these establish-
ments was a small cafe; The cafe own-
er's daughter tended a small herd of
sheep which foraged for food in the
nearby lots and alleys.

“1 used to park my car under a
tree,” recalled Innes, “and the sheep
waould climb on the roof of the car o
nibble tree leaves, I got used to it
after a while, But when Vadasz and [
left the building one night, he was
dumbfounded to see the sheep on my
car, The look on his face was some-
thing to behold. It must have downed
on him how crude a place we were in
trying to develop some of the world's
most sophisticated products.”
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- INSIDE INTEL

'EVOLUTION OF A CULTURE
hen Intel consisted of 100-

-

no
m

Noyce, GOraon Moore, Anay UTove, Les
Vadagz, Gene Flath, et al. did; it was how
they acted and what they believed. One only
“to come to work every day to get a good
lerstanding of it.
\s the company grew to thousands of
yple at multiple sites, that kind of hands-
daily tutorial became impossible. The
'd remained, however, for new people to
*  m “how we do things around here” so
t the company could work together with
inimum of policies and procedures.
Jut of this need came the idea of 2 corpo-
# culture, which can be thought of as
set of values that Intel prizes and
. pagates throughout the company.

: example:
'‘Openness and a high degree of communi-
iong among employees are
| vanagement is accessible at all levels.
Mnasmoomideredtwo—mytendm
iessions, and decisions are made in open
orum. Employees at any level are encour-
ged to voice their ideas without fear of
idicule. Politicking or closed lobbying for
Jersonal gain is not tolerated. Constructive
“onfrontation, where people expect to hear
mpokeuemmtsnotonlyfmmt!w
“yosses or peers, but also from subordi-
1ates, is an effective tool to resolve prob-
emsqmckly.l(euh‘lhomsonaplmed,“!n
i large organization you can get trapped ina }
*hain of command that can't resolve a prob-
‘emfnstenough.Wewantpeoplemgoright
it it—Hey, I've got a problem with
rou’redmng;eiﬂm;uaufyxtorlet'sfmda
)etter
‘Dammwnakw Intel encourages deci-
ion-making at the lowest possible levels.
Employeesaree:q)ectedto&oeuptodm—
- mdeuswnswhed:ertheybebusmess.
mnutmalor
mpmsMIntela:pectsns
)eopletoulmonatnskmddalwuhn
| without being told.
1 *Discipline is highly valued. The company
jemands that its people be tough on them-
selves. It doesn't like surprises, so a high |
'km'eeofplmnmg:sreqmed.Performmoe
o commitments is closely monitored. “We
soughtdssdplh\efromﬂlesecondyeatof
our existence,” remarked Andy Grove. “We
| realized that we were a bunch of technolo-
} pists, and that there was a pitfall in being
free-wheeling entrepreneurs who couldn’t
mkeﬂ\etxms:mtoapmﬁt-mﬂmg
| business.”
*Problem solving in an open manner is
| mportant. Problems are meant to be
sclved, not feared or hidden. The goal is to
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solve problems in a direct, straightforward
manner rather than focusing blame.

*Risk taking is rewarded. The company
- encourages its people to extend themselves,
to focus on accomplishments, and to cham-
pion projects even if there is a chance of
faiture.

*Meritocracy. Intel believes that its people

. should be rewarded and advanced solely on

the basis of their contributions to the com-

. pany, not on seniority or other criteria. High
" achievers are compensated better than the
average performer and moved along quickly.
Incentives such as bonuses and stock

‘opmnsarewldelyused.

*Resulls onented. Objectives are carefully
defined and results measured throughout all

' organizations in the company.

*Involvement. Intel wants its employees
to participate in their relationship with the

: company. To this end, communications are

stressed heavily.
"Opporbmbformpiddevdopumnis
offered to Intel employees. This requires a
" strong commitment to training, which is a
nmorpmntytlmmvolvathehnghestlev-
els of management. A professional staff is
- supplemented by several undred volunteer
 instructors certified to teach the extensive
| range of training courses offered by Intel.
Through detailed written performance
rmws,employesgetfeedbackonhow
they are doing.
*Teamsvork is an integral part of the Intel
work environment. It is fundamental that
' team objectives take precedence over indi-
- vidual objectives. The council system is an
" example of team action. It consists of some
- 90 cross-organizational groups of peers
wlnchmeetregulaﬂytosetpohcymdwr
areas of common interest (i.e. engineering,
[ materials, marketing, etc.). Councils started
| in the early 19703 when manufacturing
" spread to several sites and the need arose
to standardize policies. As the company
grewpeoplewnet.ogeﬁxertodnwsshow
tlwyweredangﬂnngs.andﬂmevolved

| into the council system. The number of

councils increased to the point where they
had to be grouped into clusters with a
senior manager overseeing each.

Task forces are another form of team-

1 work. These are typically small groups of

specialists brought together to solve a criti-
- cal short-term problem. They focus atten-

1 tion and responsibility on the challenge and

then overwhelm it with talent. “This com-
pany has always had the ahility to react
Qalddytoproblemsandsendasquadoftop
people in to fix them,” commented Ron
Whittier.

“Intel's culture is a living, breathing

1 thing” noted Jim Jarrett, manager of Cor-
Communications.

porate “As the company
continues to grow and change, no doubt
its culture will too.”

MEaugh it ppaamnre moy st suggest vo, this SLAPy sward i
nciunly reviid theooghot the company g1 1 1 ghven oraoolip 18
the Ininl monsger who preventi the Bast, mosl bellewibia end
ackarvable slriegic leg mnge plan

SLRP

ach spring Inte! managers undergo
a urtique and arduous ritual with
the unlikely name of "Sharp.”
Actually an acronym, SLEP (Stra-
tegic Long Range Plan) consists of
2 series of meetings to forecast the compa-
ny's next fve years.

The origins of today's complex SLEP
process can be traced to annual half-day
sesaions where [ntel's senior management
looked at possible directions for the next
few years amd Lo product planming meetings
held from Ume to time in the company’s
early davs. The latter were attended by 10
to 15 middie managers who would deter-
mine product strategy while senior manag-
ers “were kibbitzing, guiding, and critiquing,
it nat setting product strategy,” as Andy
Grove explained.

As the company grew, Gordon Moore
structured the planning process so that spe-
cific company goals, as well as ?t':'r.\u\.t and
group objectives, were established eac h
year. This fuqu.n:d that division and group
leaders prepare increasingly elaborate
plans for their activities and relate them to
overall corpornte ohjectives, It was through
Meore's insistence on more fermalized pan-
ning that the process evolved aver time into
a disciplined, thorough, long-range bluepnnt
for the company’s future,

In 1979 Intel named Les Vadasz, 4 com-
pany senior vice president, director of Cor-
porate Strategic Staff, thus confirming the
growing commitment to corporate planning
He develaped the SLRP process into 2
maore integrated plan in which some 250-300
representatives of various planning bod:es
prepare strategies. These bodies include




ing, technology, human
SmtegicBuamessSegnnnts(SBSe).
phntheevolutmo(lntel’spmducthm and
Strategic Business Groups (SBGs), which
include SBS representatives who integrate
global plans for each major business area.

Representatives from these group-leve!
meetings deliver presentations to Executive
SuﬁSLRPmeetmgaheldemhspdng.

The presentations are long and precise and
theyareoompetinve..ludge informally
score participants’ efforts on a scale of 1 to
10, which serves to focus presentations.

Not surprisingly, the intensity of the
SLRP meetings, as they became increas-

disparaging
remarks, questions that anticipated what the
speaker was about to explain, and passing of
notes among audience members. To curb
these distractions, in 1983 Vadasz intro-
' duced the fishbowl penalty. When an
attendee got out of line or interrupted the
flow of the presentation, he or she was
required to pay a fine into a fishbowl which
sat an the conference table in front of
Vadasz. The fines varied from $1 to $5, and
generally got a few laughs. By and large it
was deemed effective, but there will always
be the i or outspoken participant
whowiﬂmd:ﬁllnsbmfoldbefommlnng
a comment, saying, “It's worth it!”

After months of hard work, the SLRP
process culminates with dinners held simul-
taneously at major Intel sites joined
together by a phone hookup. Highlight of
the ceremonies is the presentation of the
coveted SLRPy (slurpy) award for the most
effective and believable plan.

Los Vadast lounched SURY's fishbiowd penalty in muqﬁnn
ummmummdm
nun.mmumm ]
opplied against the tetud SLRP exponditures,

This is followed by the infamous SLRP
booby prizes which make a point and poke
some fun at the same time. Jean Jones,

Gordon Moore’s secretary, and Geri William-

son, Les Vadasz's assistant, coordinate the
complex task of locating appropriate prizes
and getting them to the various sites in time
for the awards. This is a tough logistics
assignment because the SLRP meetings end
on Wednesday and the dinners are held the
following night. Noyce, Moore, Grove and
Vadasz determine appropriate prizes for the
lucky winners. Among past awards: a size
44D bra to the general manager of Intel
Magnetics for having the most inflated

plans, a spray gun to the general manager of
microprocessor operations to debug a new
product, rubber money to the general man-

 ager of the components group for spending

130 percent of his R&D budget, a jar of

muddy water for “clarity” of a presentation,
the Tower of Babel award for the presenta-
tion that was highest over the heads of the
audience, and a laugh machine for the most

" unbelievable financial plan.

Noted Vadasz, “The biggest value of the
SLRP process is the work each planning
group does in preparation for it. The people
who do our planning are the very same
people who have to execute the plans.”

INTEL DELIVERS PROMPTNESS

One of the most visible examples of
Intel’s disciplined working environ-
ment is the late list which employees
sign if they arrive after 8 a.m. The list
appears in a building when more than
7 percent of its employees arrive late
for two months in a row. It remains
until the percentage of tardy employ-
ees drops below 5 percent for a month.
This practice was launched in 1971 by
Andy Grove, the driving force behind
the company’s operations from the
beginning. It was controversial then
and it remains so today.

By 1971 the company had grown to
about 300 employees, and Paul
Metrovich remembered that many of
them ignored the workday starting
time. “It got to a point where as a
technician I couldn’t find anybody in
the engineering staff until after 9
o’clock,” he said. “If we had a prob-
lem, we'd put our feet up on the desk
or find something else to do until they
arrived.”

Grove had tried everything to estab-
lish punctuality: meetings, memos,

warnings-—but to no avail. Then dur-
ing one regular Friday morning staff
meeting he decided he’'d had enough.

Keith Thomson remembered the
meeting, which was held in a corner
conference room with a sweeping view
of the parking lot. “We'd periodically
look up from our discussions and
glance at the parking lot, watching
people straggle in long after 8:00,” he
said. “Finally Andy pounded on the
table and said he couldn’t take it any-
more, that this was a manufacturing
organization and we should all start at
8 o’clock.”

Shortly thereafter Grove initiated a
sign-in monitor for his employees. The
procedure went company-wide in the
mid-1970s when he assumed overall
control of operations.

“It’s symbolic,” Thomson explained.
“It says we are a disciplined organiza-
tion, If reports are due on the 5th,
they should be done on the 5th. If the
day starts at 8:00, the day starts at
8:00 for everybody. If you commit to
do something, you do it.”
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“’THIS IS A PROFIT-MAKING
ORGANIZATION”

ordon Moore has a small wooden
plaque that reads: “This is a
profit-making organization.
That's the way we intended it,...
And that’s the way it is!”

The plaque is symbolic of the importance
Intel places on successful financial manage-
ment. Intel has always prided itself on being
the most profitable company in the semicon-
ductor industry, while investing heavily in
research and development and facility
expansion.

Larry Hootnick, who signed on in 1973
and is now senior vice president and direc-
tor of Corporate Marketing, is considered
the architect of the tight policies that give
the company a greater probability of meet-
ing its profit targets. Conservative financial
and accounting methods were adopted early
on and, having set the standard, were taken
up by many other companies in the industry.

Another manifestation of Intel’s desire to
be—and be perceived as—a tightly man-

aged company is its widely known history of |

being first with its financial reports. Rapid
year-end reporting of audited company fig-
ures has been a hallmark of the company
for years. Results are released within two
weeks after the end of the year. The same
schedule applies to quarterly results. “By
getting the numbers out fast,” explained
Hootnick, “we get immediate feedback to
the decision-makers as to what is going on,
and then we can get on with the business
at hand.” It is part of the way Intel does
things—its corporate culture—that projects
should be done on time—aor ahead of time,
when possible.

The planning required for fast reporting is
characteristic of the overall strategies that
have kept the company ahead of the pack.

“We have a company profit goal,” noted
Hootnick, “but we also have a goal for each
individual business unit—by area, by opera-
tion—so we can see if we are getting out of
line in any specific area.”

The company also believes in letting
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employees share in the profitability. Key
employees are granted options to purchase
shares of Intel’s authorized but unissued
capital stock, at fair market value at the
date of grant. The Stock Participation Plan,
which was launched in 1972, allows qualified
employees to purchase shares of capital
stock at 85 percent of market value at
certain specified dates. The benefits are
obvious: an employee who purchased 10
shares of stock at $208.20 under the plan
in December 1972, for example, would find
his or her portfolio had grown, by Novem-
ber 1, 1984, to 252 shares (thanks to stock
splits) worth $7,056.00. And the benefit is
mutual. Employee stock plans (including tax
benefits) have provided capital for the com-
pany in amounts that have gone from
$75,000 in 1971, when Intel went public, to
$15,000,000 in 1983.

Life i a cubicle: Intel's open offices foster accessibility at all levels.
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Intel achieved ifs first 5250 million quarter in the second quarter of
1983. Billion-dollar company status wos also reached for the first
fime that yeas, as the company closed out the year ot o record $1.1
billion in revenves.
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COPING WITH RECESSIONS

ntel's first experience with a recession
was in mid-1970, just two years after
ite founding, when business turned
down sharply, The company reacted by
laying off employees and culting costs.
As a small company, its plight went unno-
ticed in the industry &nd community,

The gleom lifted [ater that vear when
Intel struck a deal with Microsystems Inter-
national LTD., an Ottawa, Canada subsidiary
of Bell Northern. MIL was to second source
[ntel's then-new MOS devies, the 1103, The
negotiating team, which included Jerry Lar-
gon, Larey Lubben, Larry Brown, Ron
Whittier, Ted Jeckins, Tom Rowe, and Gene
Flath, spent the winter commuting between
Santa Clara and Ottawa, braving the frigid
Canadian winter. In return for transferring
the 1103 technology and design and the P-
channel silicon gate process to MIL, Intel
received o cash infusion of £1.5 million
which, as Bob Novee recalled, about
equaled the net worth of Intel at the time.
Intel later received a $500,000 bonus
because certain yield targets were met,
"The MIL deal really zoftened the blow of
the 1970-71 downturn,” 2aid Goerdon Moore.
In & fitting postscript, those who partic-
pated in the project were (reated to & puil-
aut-the-stops trip to Kava—far from the
chill of Ottawa—to celebrate their success,

“When preparing for recession, one must
be careful not to emulate the generals who
get ready to fight the previous war,” com-
mented Gordon Moore. “Tust as no two
wars are alike, recessions are all different.
Each one comes at you from a different
direction.”

The 1974 recession hit with far greater
force than the one in 1970, The ail crisis
had created & hoarding mania, with husi-
nesses going on an inventory-huilding spree

| for months. “Suddenly demand just van-

ished," recalled Moore, and the nation
phinged into a severe slump that would fast
20 months. Intel was forced to lay off ahout
30 percent of its approsimately 2, 500
employees, an experience dascribed by
many as traumatic,

THE 125% SOLUTION
In 1981 the country found itself in a pro-
longed recession, the worst slowdown since
the Depression. Intel suffered a terrible
margin squeeze as component pr?ces
droppquharply. Management rejected cut-
backs in personnel and production activity
and instead decided the company should
fight its way out of the recession so that it
would be poised for the eventual upturn.
To do this, Intel decided to accelerate new
product development so that it would have
little competition and high margins when the
recovery came. This plan would restore
profitability sooner and extend the time
frame of reduced competition.

The key to this novel program was the

125% Solution, which was launched in Octo-
ber. Exempt employees were ashed to work
an extra two hours a day without pay to
speed product development and enhance
their units’ effectiveness. This extra effort
was to be voluntary and was intended to last
six months.

“Generally the program was well
received,” recalled Roger Nocdby, then
director of Personnel. “People could identify
with the need and they were doing some-
thing positive, rather than sitting around
doing nothing.” He added that employees
were kept informed during the period and
understood the importance of the 126%
Solution in advancing programs that had to
be ready when the upturn came. Many non-
exempt employees wanted to contribute
free overtime to the program but were
restrained by labor laws.

Dick Boucher, director of Marketing
Communications and Business Development
at the time, assessed the program as a
sound move and a unique approach. “By
working harder to get our products to mar-
ket sooner we definitely strengthened our
position,” he explained. “We accomplished a
lot, and althcugh it was not universally pop-

St

ular, it was the right thing to do.”

By March 1982, Intel’s business started
to pick up and the recession appeared to be
ending. The 125% Solution had been a suc-
cess, including among its accomplishments
accelerated shipment of a new microcom-
puter system, acceleration of federal tax
returns to obtain refunds six months earlier,
speedup in the delivery of various engineer-
ing projects, and a large increase in micro-
controller sales.

Intel ended the 125% Solution on March
31. Celebrations were held for exempt
employees at major domestic sites. The
festivities included refreshments, music,

a presentation by Andy Grove, and special
commemorative mugs (15 ouncers, 25 per-
cent more than the usual mug). Within two
days a videotape of Grove's presentation
was shipped to employees at Intel’s other
locations in the U.S. and abroad.

Nordby recalled that the festive ending
reaffirmed Intel's collective effort. “Unlike
other companies that laid off employees,
we decided to wark our way out of the
recession and not roll over. This gave our
employees a sense of pride.”

colglsrations where thay received commenmors-
thve g (15 owncens, 25 percent more then the vseol mey).
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the 1BM funds could not be
sir pay cuts, Despite a pro-
ommunications to explain
isgivings persisted among
. Gordon Moore acknowl-
ning af the [BM announce-
ad in terms of gaining

ay cut, “But from the

wer future and the ability to
tin gpite of bad business
wed pretty good,” he said.
iness had improved sub-

el restorad half of the pay
il L. ‘Then, on June 12, the
e ended with & coardinated
et public address systems
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annel, and telex to foreign
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umus lllll THE AI.Oll lOﬁIOIlSi
Intel people tend to look on the lighter
side of thmgs, 80 when asked about .
the recession of 1974 they often tell of
the doghouse at Aloha, Oregon. When-
the downtuen hit, the new Fab 4—at
the time the company’s largest facil-
ity—~was a nearly completed shetl
scheduled to go onstream in mid-1975.
Management felt it could not justify
continued expendimres to complete
construction, so the project was com-
pletely stopped ‘A Doberman pinscher
was installed as a security , and
for over a year he had the huge faclhty
all to himself. To this day, compa
“pldtimers” still refer jokingly to Fab
4 as the “Alcha doghouse.”

When conatruction finally resumed
in early 1976, nine more months were
needed to bring the plant up and o
recruit and train personnel, This delay
was costly (o Intel because it slowed
the company’s recovery and ability to
compete.

Fab 7 in Albuguergque, which came
onstream in 1983, offered an interest-
ing contrast in corpornte philosophy.
This plant was scheduled for comple-
tion in the fall of 1982, As the reces-
sion of 1981-82 deepened, management
put the plant in & “complete, don't
giart” mode: construction proceeded,
but ot a slower pace; equipment was
delivered and employees were hired,
but they were trained at other Intel

locations., “We kept the plant alive,”
explained Gene Flath., "It was shut
down for only about six months."”

As conditions improeved, the plant
was gradunlly activated, starting with
a pilot production line in early 1983
and the decision (o bring it up in May.

The big difference between Fab 7
and the Aloha doghouse was that
when the upturn was signalled, Fab 7
was much closer to start-up than
Aloha. Gene Flath agreed that the two
plant stari-ups reflected a change in
philosophy. “But it was also a question
of being pragmaltic,” he szid, “In 1982
we had better cash regsources and it
wasn't as painful.”
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Aggravating Intel management's ageny over
the pay cut was the matter of the memary
systems business. Explained Bill Regitz,
then Memory Systems Operation (M50}
general manager, “The recession forced us
to make a decision. We were limited in
where the R&D dollars could go, and if we
continued to invest in a product line that
didn't match our corporate goals we would
be wasting money. Well, without R&L
money you don't have a product line, so tht
decided it.”

The basic reasons to shut down ths busi-
ness were there with or without a reces-
sion. As the company became less and Iz
a factor in memories, it began having ta buy

O ol the many ewerds snd bomors Infel and its employnet have
warned evnr the pears b this Tifony cryitel plece which wei pre-

parts from competitors. MSO just didsi". szmbed 10 chairmen Gordom Mogen by Dea'l Review magarine. Dut
match the strategic long-term thrust at all. af senis o esempario oo the notion, e megarise wleoed
With some 350 employees involved—and inted e o Reeeica's Rva beit-mannged companles for TRER,

the company’s payroll already enlarge by
another 3000 recent hires—Intel confronted
the unpleasant possibility of a layoff.

“We didn't know how we were goig to do
it, but we told our employees that we'd find
jobs for all of them,” recalled Regitz, who
supervised the MSO rampdown.

The bulk of the operation was sold to
Zitel, a young San Jose firm that was
concentrating on memory systems, Zitel
improved its benefits package for emgloy-
ees, which proved an added incentive far
the some 30 Intel people who chose i
move with the product line to Zitel.

The MSO shutdown was a trying assign-
‘ment. It involved disposing of the business,
placing and retraining employees (almu:st
250 Intel people were absorbed in othier
omnmyopennons).mdlwenngpmduc-

moving smoothly until manufacturirz
owldbemnsferredtolnmlmOregunmE
Puerto Rico and to Zitel. But it proved the _
compeny's mettle in the face of a severe
recession.

Inted whte cheieman, Bob Moyie, recoived the Rtiensl Medad of 5o~
#noe from LS, Proidest Jimmy Cortar in 1979, Tha Hationsd Medsl
al iientn i tha Indere] govemment's highest honee stcorded U
- simmsivts and engineers, Soyen we honsred becsne of bis work
B : o @ voriaty af semicorducior deviias, sipecally fhe Intogeated
chislt,




SERVICE AWARDS

Employees are the most valuable assets of any company.
In a book such as this it is impossibie to name individually the
thousands of employees who have helped build Intel into the
leading corporation it is today. The following 910 employees,
however, have earned special recognition because, as of June
30, 1984, each had reached his or her ten- or fifteen-year

service mark.
RFTEEN-YEAR EMPLOYEES
Patte Beem Thomass Innes Robert Noyce
Larry Brown Ted Jenkins Gerhard Parker
Geoorge Chin Jean Jones Alice Ray
Nobuko Clark Gerald Larson Thomas Rowe
Miriam Eichelkraut Angie Lewis Norman Shanks
Bugene Patricia McVey Leslie Vadass
Andrew Grove Paul Metrovich Andy Volckaert
Gordon Moore
TEN-VEAR EMPLOYEES
A. Anchale Dennis Brabesu Choo Just Boay
Richard Absacal Dorothy Brenden Choo Siew Bee
Carol Abbey Carrie Brenner Sunlin Chou
Robert Abbott Lawrence Brigham Jr. Paul Christensen
Abdul Jalil Bin Ibrshim  Margie Briut Chush Sow Tin
Abdut Mutakib B. Ali Sharon Britton
Stephen Abreu Violet Brodesser Cik Rabhusi bt Chik
Dave A 1 Brown Ametia Clarke
Cindy Adam Wiltismm Brown Clifford
Kathieen Adeiman Rachae! Brysnt William Clifford
Carmen Afanador Robert Buck Don Clinkinbeard
Patricis Affeldt Pamela Buckley Cobb
Mary Aguilar Homer Buller Colet Cochran
Gregory Ahearn Ling Bundgaard Naocy Cole
Nancy Abre Erlinds Burkhart Willismn Cook
Leticis Alcasid Geoffrey Burns Chwis Coaleman
Richard Aldrich Helen Burris Desn Coombs
Joha Alfoldy Margaret Burston Evert Cooper
Aliss Bin Ahmad Richard Burton Robert Cooper
Mitsuko Allen Diane Butler Jean Clande Cornet
Quincy Allison Jounn Cablss Paul Cocona
JooepreAIvnu Jennie Evelyn Corpus
Ernestine John Calhoun Johnnle Corpuz
Aminsh bt Che Wan Oscar Campasagrado Macysan Corpuz
Aminsh bt $a’aid Rita Conales Conchita Cotillon
Aminah bt Yusoff Ruth Cannon Willien CraigJr.
Dariene Amos Sylvia Cano Janet Creech
Dorothy Andersan Nenita Canovas Ruby Creelman
Larry Anderson Mary Centere Leroy Croll
Owe Anderson Charence Cantua Masuel Cron
Ang Chai Lean Emilis Cannal Harry Cross
Ang Geok Tin Cristina Cardona Page Cross
Yolanda Josmne Care Ischa Crum
Jovita Ara Edward Carpenter Locrie Cruz
Allonia Archie Mary Carvalho Nenita Crus
Bestrice Arelliano Ana Casco Philip Dahm
Maria Arenss Jeasica Contilo Robert Dalrymple
William Baerg Leticia Castro Jene Dass
Gene Beiley William Davidow
Flordivinia Bala Chan Chong - Chan Seong Lance Day
Helen Bariesu Sharon Day
Carmen Barnes Chan Gook Chee Kathrya Deagen
Wilireda Helens Chan Bea Deem
Reijeans Battles Chen Husn Heng Martys Deets
Maciana Bautista Chan Mei Lal Charles Dehont
Ediths Baylon Chan Hooi Chin Teresits Dela Cruz
John Beaston Chan Quat Khin Janet DeLeca
Keith Chapple Yirginia DeLeon

Ara Bedoys Charles John Rizalina Del Valle
Beh Yeang Hua Chesh Kim Hoon Nobuyuki Denda
Neno Belecoca Che Bu bt Hamat Robert DeVore
Pascual Bercasio Che Jam bt Chin Steven Dickey
Ceclle Bergeron Cheng Ah Ngia Michee! Dion
Dorothy Billingsley Cheng Nai Choo Raeann Dixon

Birmodis Saw Stephen Domenik
Arnida Bituin Che’ Puan lsmail Margie Downs
Lourdes Blanco Che Sanish Bte Darus Jane Dredge
Rita Blanco Che Sayang Ht Abdul Rehman  Sunja
Dona Blobsum Che’ Sish bt Ismail Tajudin Dave Duchan
Richard Bock Chew Ese Hock Renry Dumiso
Edward Boleky Robert Childress ismn Donaway
Ruth Bonilta Chin Cheng Lean F. Thamas Duslep Jr.
Jack Borok Chin Chew Fong
Heriberto Botello Ci'ng Saw Phaik Catherine Earhart
Margaret Bowes Chong Yoke Choon, Anthony  Easah Bee bt Mond



Jennifer Martin Noraini bt Hassan
Richard Martin Normsh bt Jan Mst
Angie Martinez Normah bt Mohd. Noor
Anthony Martinez Normah Hashim
Elda Martinez Normah Mohd.
Maris Martines Norman Sheikh Mohd.
Martines Norsish bt Mohd.
Richard Martinez Betty Northup
Yolande Martinez James Nutter
Sheila Marvin Jacquiline Nyburg
Cynthia Marymee Rosario Obar
Isla Mathews Connie Ocana
Mathuran Thagee DO Teresa Oceguera
Maria Ochon
Lorraine Matthews Karen O’Connelt
Timothy Carlota Ogana
Maaihah Osman Oh Swee Kin
Johm McCollum Leticia Ojeda
Margaret McFariand Jonet Oliveira
Mary McGee Noemia Ofiveirs
Deborah McKenna Angelo Onalfo
Adeline McKinnon Ong Ah Hock
Michsel McNuity Ong Beng Hock
Md. Mokhtar B. Hassaa  Juliet Ong
Elvira Medrano Ong Cheng Huah
Victoria Mee Ong Phaik Suan
Bugene Meieran Ong Seak Gnoh
Carmen Mendez Ooi Ah Choo
Beatrice Mendoza OoiBee Leng
Leone Mendosa Qoi Boon Hong, Janet
Patricia Mendoza Ooi Gaik Tin
Barbara Mennell Ooi Guat Pob
Dennis Ments Ooi Hock Chei
Jose Mernelo Ooi Kay Susn
Howard Merritt Ooi Kin Hust
Wilkam Messick Ooi Kooi Lisn
Ed Metzies Ool Mui Kai
David Miller Ool Pho Chuan
Rosario Mirsnda Ooi Saw Lian
Kenneth Mitchell Oon Hee Kai
Mohd. Arshad B. Abd. Oon Soo Chee
Karim Gloria Orden
Mobd. Ashar Bonnle Ovtega
Mohd. Ghazaki Thomas Orton
Mobd. Noor B Bakar Osman Omar
Mobhd. Sohimi Mustatia Mons Otomori
Mobd. Yesoff Bin Md. Raquel Pacheco
- Lydia Padue
Brian Mohondro Limda Pajsrillo
Dale Moore Chester Paimer
Wynema Moace Blsie Palomar
Ross Morgan Carmen Paredes
Tayloe Morgan Katharina Parker
Tom Morrison Norma Parlin
Ronald Parsons
Jobn Forrest Parsons
Muhibuh Nicha bt Abdul Blumm
Lewis Mullen II Corason Pascual
Richard Pashley
Anna Munoz Dolores Pasion
Jeanne Murphy Mila Patricio
Na Chiew Chua Alsu Patterson
Joyce Naggar Ellen Patterson
Dianne Nation Grahem Paul
Vinaya Natu Carmen Penaranda
Potenciano Nava Jacob A. Pena
Felicidad Navarro Estrella Perea
Rafi Nave Rose Perez
Navone Blsine Peterson
Wayne Needham Craig Peterson
Linda Nelson Imogene Petruce
Neok Siew Eng Phitip Limuco
Nesbs Attred Philli
Marje Nesbitt Gloria Phillips
Robert Nesbitt Phuah Chiew Lan
David Neubaver Phuah Siew Hong
Robert Nichols Phush Siew Soon
Micheel Ng Yvonne Pierson
NgPoyLai Sonia Pinillos
Ng See Keong, John William Pinter Jr.
[ Hong Brenda Pixley
Ng Tong Hoon, Dicky Terrence Plette
Nolmn P'ag Gaik Hwa
Noor.AniBinMohd. Noor Poh Sin Eng

Nooriysh Yosolf Harvey
Noogjahan bt Abdut Haid  Thelma Prince
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