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FOR PIONEERING RESEARCH IN CHARACTERIZING 

AND MODELING MOS DEVICES A N D  TECHNOLOGY, 

AND FOR LEADERSHIP IN THE DEVELOPMENT OF 

THE MODERN SEMICONDUCTOR INDUSTRY, GROVE 

WILL RECEIVE THE 2000 lEEE MEDAL OF HONOR 

qrove 
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IN NO WAY COULD THE American Institutc 
of Chemical Engineers liave forercen tlie consc- 
quences of its action. 111 hcstowing a best student 
paper award on a young Hungarian student in 
1959-~oiiicidentally, the same ycar that saw the 
first integrated circuit unveiled to the public by 
Jack Kilby of Texas lnstrumrnts I n - i t  launched 
him on a career that has for decades shaped the 
course ai the semiconductor industry. 

"As a studcnt, it waq thc first thing that I ever 
won," rccallcd Andrcw S .  Grove, today chairinan 
of the hoard of  Intel Corli., Santa Clara, Calii. 
"Needless tu say, I remembrr it better than iiiost 
subsequent awards." 

Thc  papcr dcscribcd licat t r a d e r  i n  fluidized 
bcds and was lvrittcn whcn Grove was studying 
chemical engineering at City College i n  New York 
City "Fluidized hcdc arc likc a bunch of ping-pong 
balls in a container," he explained recently to lEEE 
Sprdrwi: "You start blowing air through thein. The 
halls gct liftcd and scparatc irom cach other and start 
vibrating or hauncing around." The ping-pong balls 
could bc any particulate; and when they become 
separated, they takr on liquid-like characteristics. 
"VIU can tilt it, you can pour it, and bccausc of all oi 
tlic motion oi  the particles, the rate of heat  trans^ 
icr skyrockets," hc said. 

That project awoke Grove's interest in  fluid 
dynamics-so much su that at tlie University of 
California, Uerkelcy, hc picked a topic in the field 
for his I'h.D, thesis. 

FROM BUDAPEST TO NEW YORK CITY 
Chemical engineering had not been his first 

clioicc oi a proiession. As a teenager i n  Uudapest in 

LINDA GEPPERT, S e n i o r  Editor 

the early 19508, he wanrcd to become a journalist 
and wrnte articles for a youth newspaper, But whcn 
some family mcmbcrs iell into disfavor with the 
Communist government, the paper stoppcd print- 
ing liis material, even though his writing had noth- 
ing to do with politics. 

"I was I 3  and writing about things like 'what I 
did on my summer vacation-which makcs the 
fact that thcy stopped printing my littlc articles 
evrn more atmcious." Hc was so upset that he 
,turned instcad to chemistry Nonetheless, his early 
zeal for writing did not evaporate. Throughout liis 
carcer he has authored articles on managcnient for 
magazines and newspapers and has published sev- 
eral books, including Only tbr Piiranoid Swvivr 
(Currency Doublcday, New York, 199s). 

111 1956, during hissecond year at the University 
of Budapest, the Hungarian rcvolution erupted. 
"Aftcr Stalin died, the Communist govcrnmcnt 
liccainc less rcprcssive and people got encouraged" 
io demand iiiore and inore irecdoni, he recalled. 
Tensions built till there was a confrontation berwccn 
the people and thc USSR-backed Hungarian gov- 
crnment. H e  took part in demonstrations "but no 
more than that," hr raid. 

Deciding to leavc his homeland, h e  picked a part 
of the country whcrc the border with Austria runs 
through iaimland, and simply walked across into for- 
cign tcrritory. Uciorc the revolution, it would not liave 
bren so easy. The bordcr had becn heavily guarded 
and mincd, he said. Uut tlie mines had recently been 
removcd, and during tlie revolution, many of the bor- 
der patrol troops weir moved elsewhere. Within a 
couplc of months, two hundred thousand Hungarians 
crossed the border. 
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Grove left hi5 mother and father behind 
in Hungary. They would join him in Cali- 
fornia i n  1962. H e  iound his way to the 
United States-where else than LO New York 
City?"From a Hungarian perspective, as for 
most European immigrants, America and 
New York are almost synonymous at first," 
he said. Also, his uncle and aunt lived there. 

When he arrived, Gmv& grasp of English 
was a work i n  progress: "1 could read rela- 
tively well. I could speak less well, but okay, 
I could understand nothing." H e  learned the 
language from other Hungarians, who also 
gave him their heavy accents. "On top of it, 
I was hard of hearing." (Grove's eardrums 
had been perforated by a bout with scarlet 
fever when he was a child. Several operations 
performed in the '70s restored his hearing.) 

Language difficulties were only one of his 
probleinr with school in the United States. 
The teaching inethods differed radically from 
university classes in Hungary, and he had 
to releam how to attcnd classes and take tests. 
"We had oral exams at the University of 
Budapest," he said. "And here they had a 
closed book test where time was of tlie 
essence. I failed my first significant test-I 
had never failed anything in my life before." 

FAIRCHILD DAYS 
By 1963, however, Grove had earned his 

P h D  and was eager to tacklc the U S  job 
market. Newly minted chemical engineering 
P h D s  with specialties in fluid dynamics tlicn 
either headed for professorships or went to 
the space and defense companies then flour- 
ishing in the wake of President John F. 
Kennedy's space program. Neither route ap- 
pealed to Gravr. Instead, he looked for a job 
in solid-state physics, which relies on some 
o l  the mathematics applicable to fluids. 

It was the bright dawn of tlic semicow 
ductor industry, and its most brilliant her- 
ald was Fairchild Semiconductor, then a 
leading manufacturer of bipolar ICs in Palo 
Alto, Calif. There the young man was intrr- 
viewed by Gordon Moore, one of the com- 
pany's lounders and its director of research. 
H e  would soon bccnme a household name 
after thc eponymous Moore's Law, which 
he wrote in 1965 to describe tlie exponcn- 
tial growth of chip capacity, and it ha5 held 
true for more than three decadcs. 

"Grove was a memorable inteiview," 
Moore told Spctriim. "It was rather unusual 
for chemical cngineers to apply for jobs in 
the semiconductor industry." 

While other companies in the field had 
interviewed the young man, Moore recalled, 
he had received few offers because his the- 
sis had no direct bearing on the industry. 
But having been trained as a chemist and 
physicist himself, the Fairchild manager was 
more receptive than most recruiters to peo- 
ple coming in from other disciplines. 
Grove's explanation of his Ph.D. research 
was a further point in his favor. 
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Moore also wrote to Grovc's thesis pro- 
lessor, Andreas Acrivos, asking for a recom- 
mendation "1 dot back the lettcr I had writ- 
ten with a iiotc on the bottom which said 
simply, 'This is truly an iiiiusual individual. 
Whoever hires him will he very lucky."' 

He got the job. 

FIRST STEPS 
Grove joined Fairchild Semiconductor 

as a member of thc tcchnical stalf, and at 
first did not report to  tlie director of re- 
search directly. He was put to work study- 
ing the siliconlsilicon-oxide interface of the 
metal-oxide-srmiconductor (A40S)  dcviccs 
being developed by the laboratory. 

"At that time, MOS devices were behav- 
ing in peculiar ways we didn't understand," 
saidMoore. They wcrc just beginning to be 
shidied, i i i  a nascent semiconductor industry 
still rooted iii bipolar devices. 

"A big issue with MOS technology war 
reliability," explained ILes Vadasz, a fellow 
Hungarian, one of Grove's collcagucs at 
Fairchild, and now cxccutive vice prcsidcnt 
of Intel and prcsident of lntcl Capital. 
(Though both Vadasz and Grovc had lived 
in Budapesi and left Hungaty i n  the same 
year, they first met at Fairchild.) "You made 
the devices and undrr the most bcnign con- 
ditions their characteristics drifted, even 
over short pcriodT of tiine." 

Grovc and several tcam mrinbers dis- 
covered that sodium impurities from thc fil-  
aments used to evaporate aluminum were 
being inadvertently introduced into the 
device during manufacture, shifting its 
thresholdvoltage and  altering the conduc- 
t ion "The clicct could not he seen in bipo- 
lar dcviccs, but it was devastating lor MOS 
devices. Andy [Grovc] and his group fig- 
ured this out and then changed tlic manu- 
facturing process i n  order to climinate the 
sodium,'' said Vadasz. 

His hard work paid off. A steady stream 
oi more than 35 seminal paprrs on thc prop- 
erties of silicon and silicon oxide flowed from 
the work C b v e  did i n  the short five years 
he was at Fairchild. He and Bmce Ileal, also 
on the technical staff, developed a model of 
silicon oxidation-the Deal-Grove inodel- 
still iiscd today i n  studics of how oxide 
growth is affected by substrate orientation, 
dopant concentration, and other parameters 
H e  was the first to fully explain the char- 
acteristics of capacitancc-voltagc curves of 
MOS capacitors, and he studied the hreak~ 
down voltages of planar p-n junctions. 

Meanwhile, the young researcher d e d  
oped a n  enjoyment of teaching that he 
retains to this day. While at Fairchild, he 
taught a varicty of courses, which ciilini~ 
natcd i n  his first book, titled Physics and 
Technology aJSeniiconductor Devices (John Wiley 
&Sons, 1967). 

The book explained the technology at a 
very practical level, according to Kon 

Whitticr, now scnior vice prcsidcnt a n d g m  
era1 manager of Intel'< lntcractivr Media 
Services Division, who also worked at 
Fairchild. "It was a working-level dcscrip- 
tioii oi thc technology and physics o l  
deviccs at that point in timc,"said Whittier. 
"Any farther than that, you wcrr over the 
top. Any less deep, you really couldn't 
understand what yuu were doing." 

"He's an excellent teacher," said Moore. 
"He has not gone on any outside corporate 
boards, but has lor ycars taught a class"- 
at Berkeley ior ~cveral ycars and currently 
a coiirse 011 business strategy at Stanford 
University. 

Soon Grove's managerial talent also 
shonc lorth. I n  I967 he was promuted to  
assistaint research director, under Muore. 
"Not bad lor somrone four ycars out of 
school," the then research director obseived. 
"But he was the best. Not only was he wit- 
standing tcchnically, he was extremely well 
ormnizcd. VCN direct. Willinn to dir in and 

'A VERY STRONG INTELLECT' 
In fact, "well.organizcd" and "direcl" arc 

words often applied to him by l i i s  col- 
leagues. So also are adjectives likc "logical," 
"bright," and "prophetic." 

Of all his lnlcl colleagues, Ron Whittier 
has known Grovc thc longest. They met 
at Stauffer Chemical Co. i n  Richmond, 
Calif., a manufacturer of heavy industrial 
chemicals, especially phosphorus. Whittier 
and Grove wrre lab mares. Crove was therc 
for the summer beforc going on to gradu- 
ate school at Uerkclcy, Whitiirr had a lull- 
time position at Siauffer. 

The two talked about the iuturc of tlie 
chemical industry and reasons why clec~ 
trical cnginccn earned more than chemical 
cngincerr. "Even then hc had an enormous 
curiosity about somcthing thai was ahove 
the straight cngineering level," Whittier told 
Speo~nr~ii. H e  remembers Grove as being 
"cxtrcmely organized as an engineer. My lali 
notes wrre iiot as good as his and 1 knew 
it iinmediatcly. It was pretty obvious that he 
had a very strong intellect." 

TcdJenkins, who rctircd from Intel last 
ycar atter 3 I ycars with the company, had 
also been at Fairchild and had been inter- 
viewed by Grove i n  1966 when hc applied 
for ajob there. He recalled his interrogatois 
apprcciatinn of silicon and how prophetic 
it had proved. 

"Illiring the intervicw, I said 'Well, this 
silicon is nice, but, what about griting into 
mine new, inore rxotic and modern mate- 
rials?' And l i t  said, 'Silicon has worked 
prctiy well. You can heat i t  in  an oxidiz- 
ing atmosphere arid grt  a good oxide. Yes, 
there are sonic applications where the 
higher mobility [ol the more exotic niate- 
rials] is [nice, but we think silicon is going 
to last for quite awhilc.'" 
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Jenkins was also struck hy Grovck 
ability to organize his thoughts logi- 
cally, and in particular how his tech- 
nical papers explained precisely what 
the researcher-authon knew and what 
they did not know. "He was very 
deliberate about that. And he was also 
very direct in his conversation with 
you or  his interrogation of you." 

That directness and intciisity 
might have intimidated somc people, 
ohscrvedJrnkins, recalling a hallway 
Conversation with Whittier and 
Grove i n  the %Os, while the tlirec 
werc still at Fairchild. They were t a k  
ing about some  result^ having to do 
with gettering, a mcthod of improv- 
ing device performance by reducing 
electrical leakage due to impurities, 
and Jenkins was throwing out some 
ntunbers. "Andy got very aggressive 
with his line ai questioning. And I 
thought tliat I could just get run ovcr 
if  I didn't stick with my story and 
make sure he understood what I did." 
he recafled. 

To long-timc colleague Vadasz, 
Grove's greatest strength is his logi- 
cal mind, "He has an iincannv abilitv 
to go out and reduce a large set of 
confused facts into somc logical basic 
truth," he observed. But his reason- 
ing powers inake it difficult for oth- 
ers to win debater against him, even 
if he is wrong, "becausc of the logi- 
cal way that lie can weave thc argil- 
ment," said Vadasz. 

THE INTEL START-UP 
A year aiier Grove became assis- 

tant lab director at Fairchild, Gor- 
don Moore and Robcrt Noyce, two 
of the eight Fairchild 'loundcrs, 
decided to leave and start a nrw 
company to  manufacture semicon- 
ductor memories. At that time, 
nearly all computcr inemories were 
based on magnetic cores which were 
ten times cheaper than equivalent 
semiconductor dcvices. 

Moorc disliked the way Fairchild 
was being I U I ~ ,  and Robcrt Noyce, the 
co-invcntor of the planar process for 
connecting components on an IC and 
at that time general manager at 
Fairchild, was displeased that Fair- 
child's hoardof directoiJ was looking 
lor a chief executive oiiicer (CEO) 
outside the company. H e  felt that he 
was the likely internal candidatc far 
the oosition. child: "I reallv likcd working for Gordon. comoanv's utter disinterest in taking the - . ,  ~ 

When told by Moorc that thr two werc H e  was like anothcr 1'h.U. adviser and a good research and putting it to use in m a n -  
leaving Fairchild, Grovc's iminediatr reac- very important part of thc positives illat I ufachiring. "In particular, we had developed 
tion was that he wanted to go, tau. "1 didn't had at Fairchild. So, it was pretty clear to thr knowlcdgc and iindrmtanding of MOS 
discourage him," his mrntur  recalled. mc tliat I wanted to go wherever he went." transistors from which the digital elrctron- 

From C-rovc's point of view, without Alihough Clove enjoyed his work at ics industtyas we know it today flowed,"hc 
Moorc. there was no reason 10 stay at  fair^ Fairchild, he was less than happy with the told Spcctmni. "It was a business opportunity 
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But <e did have qualm about leaving 
Fairchild. The company was relatively sta- 
ble, while start-ups were a strange kind of 
existence. "I had never been to one, there 
weren't that many of them, and it was not a 
socially accepted thing to do," he explained. 

Moore left Fairchild on 3 July 1968. 
Within three weeks, Grove was on the pay- 
roll a t  Noyce and Moore's new enterprise. 
The company was incorporated as N M 
Electronics; but within a month, the name 

primarily by the Japanesc semiconductor 
companies," recalled Vadasz. 

Fortunately, Intel had just announced the 
80386 inicroprocessor and its micro- 
processor business was gathering momen- 
tum. Grove's position was that the company 
should get out of the dynamic-RAM busi- 
ness andconcentrate on microprocessors, a 
market that was growing rapidly. The com- 
pany's microprocessor business had got its 
biggest boost in 1981 when IEM selected 

'We developed the knowledge of 
MOS transistors from which the 

digital electronics industry flowed' 

was changed to Intcl, short for integrated 
electronics. 

Grove was the companjs third employee, 
after Noyce and Moore, although oilicially, 
through some mixup, the No. 3 employee 
status went to Les Vadasz, who came over 
from Fainhild abaut the same time as Grove. 

N M Elcctronics started out in Noyce's 
study. The third man's first assignment was 
to get a post-office box so the four could 
write away for literature. Then they made 
a list of al l  the things they might need, 
divided it four ways and started calling 
equipment vendors. One item assigned to 
Grove was a wire bonder. "I had ncvcr seen 
one hcfnrc, but lhat was on my list. So, I had 
to deride what kind to buy," he said. 

By Srptember, the company was getting 
down to the business of developing the tech- 
nology for producing ICs, and Grove 
became director of operations. In 1969, the 
year the first men set foot on the moon, the 
company had grown to more than 800 
employees and i t s  f i r s t  product, a W h i t  
bipolar inemory chip, was 011 the market. 
Today the company i s  first in revenues 
among semiconductor vendors with mare 
than LIS $26 billion, according to Dataquest 
Inc., SanJose, Calif. It has expandcd bcyond 
ICs and iiow supplies boards, systems, soft- 
ware, networking and communications 
equipment, and sewices for computers and 
Internet applications. 

As Intel grew, so did Grove's respansi- 
bilities. In 1979 he was named presidrnt, i o  
1987 he bccamc CEO, and in 1997, CEO 
and chairman of the board. H e  is reported 
to havc becn a tough taskmaster, demand- 
ing the samr discipline from others that he 
applied to himseli. 

It was clot al l  clear railing. In thr inid '801, 
the company was in dire straits. The most 
serious setback occurred when the company 
lost the dynamic RAM husiiiess due to 
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the Intel 80286 procesror to rm, the first 
PCs, which also featured Microsoft's first 
operating system. 

'Thenotionthatacompanywouldgct out 
of the business that was the seed of its for- 
mation was emotionally very hard to acccpt," 
raid Vadasz. "We had a l l  kinds of escapist 
arguments about why it shouldn't be done." 
Hut Grove's view prevailed, and history proved 
him right. 'That was a fundamental turning 
point in Intel's history and fortunately Andy 
had the strength and the stubbornness to 
override our escapist discussions." 

It was the right decision. The company 
has dominated the PC microprocessor mar- 
ket ever since. 

LIFE AFTER INTEL 
In 1998 Grove turned over Intells helm 

to Craig Earrett, who had joined Intel in 
1974 after spending 10 years as a profes- 
sor in the materials science and engineering 
demrtmcnt of nearbv Stanford Universitv. 
H i  became Intel pkrident in 1997 an'd 
CEO in March 1998. 

Grove remains board chairman and a par- 
ticipant in discussions of the company's 
internal strategies. "I try to do that in such 
a way that Craig calls all the shots and I offer 
comments and questions," he said. "And I 
think I can do it right because there's a good 
relationship between us, just as there was 
between Gordon and myself." 

He is also trying to work less. Character- 
istically organized, he kreps track of how 
many houn h e  puts in and told Sjrrcrniiii he 
has gone from 55-60 liours a week to 40 or 
so. "If you want something to happen, you 
have to measure it," he explained. 

Resides those 40 hours spent on Intel- 
related business, he also devotes time to pro- 
moting research into prostate cancer. His 
own bout with the disease starled in 1994. 
Oncc hc knew the diagnosis, he dived into 


