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ABSTRACT

Julius Blank begins the interview with alook at his childhood and early education. He
graduated high school at the age of fifteen and began taking classes at the City College of New
Y ork while working various jobs. When Blank turned eighteen, he enlisted and was sent to
Europe to serve during the end of World War I1. When he came home he finished college with
the aid of the GI Bill and received a degree in mechanical engineering. Blank worked as an
engineer at Babcock and Wilcox Company in Ohio, and then moved to Goodyear Aircraft.
After two years, he and his wife moved back to New Y ork where Blank got ajob at Western
Electric. In 1956, Blank was asked to join Shockley Semiconductor in California. He and his
family moved to Palo Alto, where Blank worked on crystal growing for Shockley. Blank met
Gordon Moore at Shockley, and eventually joined Moore and six other Shockley colleagues to
form Fairchild Semiconductor. Blank first worked on crystal growing and research and
development at Fairchild, but later helped set up assembly plants overseas. In 1969 Blank left
Fairchild to become an independent consultant. Blank concludes the interview with some final
thoughts on Gordon Moore.

INTERVIEWER

David C. Brock is asenior research fellow with the Center for Contemporary History
and Policy of the Chemical Heritage Foundation. As an historian of science and technology, he
specializesin ora history, the history of instrumentation, and the history of semiconductor
science, technology, and industry. Brock has studied the philosophy, sociology, and history of
science at Brown University, the University of Edinburgh, and Princeton University
(respectively and chronologically). His most recent publication is Understanding Moore's Law:.
Four Decades of Innovation (Philadel phia: Chemical Heritage Press, 2006), which he edited and
to which he contributed.
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INTERVIEWEE: Julius Blank

INTERVIEWER: David C. Brock
LOCATION: Los Altos, California
DATE: 20 M arch 2006

BROCK: Thisisan ord history interview with Julius Blank conducted by David Brock, on 20
March 2006 in Los Altos, Cdlifornia. | understand that you are a native of New Y ork City [New
York]?

BLANK: I wasbornin Lower Manhattan, to be precise, on 2 June 1925.

BROCK: Tel meabit about the household that you were born into and about your parents—
what they did and what their life was like?

BLANK: Nineteen twenty-five was just before the Great Depression, right in the middle of
Prohibition, and my parents were immigrants. My father came from Russia and my mother
came from, | believe, Austria, athough the boundary has changed alittle bit since then. | have
two sisters, and my father and my sistersworked. 1I'm the youngest in the family of three. Next
week my eldest sister is going to be ninety-three, and my other sister is eighty-nine. So, we're
still hanging hard. [laughter]

BROCK: What kind of work did your father do?

BLANK: My father made musical instrument cases and luggage. In those days they used big
steamer cases. Hewas also atrandator. Hetranslated articles from several different languages.
He spoke Russian, German, Polish, and Hungarian. He got papers and articles from foreign
newspapers and translated them into the local idiom.

BROCK: How did he acquire so many languages?

BLANK: I don’'t know. | never redly asked him that, but he was one of those young guysin
Europe that had an affinity for it. Asamatter of fact, later on he was in the Luggage Workers
Union where he was a trustee for the pension fund. Onetime | cameto visit himand | noticed



he was looking at the New Y ork paper called La Prensa El Diario. | said, “Dad, why are you
looking in Spanish newspapers?’” He said, “Well, the membership in the union has changed.
We' ve got alot more Hispanic people so | decided in order to deal with them | should learn a
little bit about Spanish.” He taught himself Spanish at that age. [laughter]

BROCK: That's pretty impressive. With your father’s work—aboth craft work and this work
doing translation—were those aspects in the home: education, learning, and craft?

BLANK: No, not really. | never knew much about what he did at work. | had a periphera
knowledge of histrandating at that time. | learned about that much later. | was busy growing
up on the Lower East Side in Manhattan, which is an education by itself.

BROCK: Tdl mealittle bit more about your experience growing up?

BLANK: Welived in aneighborhood. Across the street from our house was a building run by
the Children’s Aid Society. It was agroup of volunteers that served lower income people for
the purpose of educating young kids whose mothers were working. They had alot more
teachers than they had students and | was rounded up literally off the streets when | was about
four years old. They took me to this school and they taught me to read, write, and color. |
remember they used to have naps in the afternoon and they gave us cookies and milk. It was a
fun thing, and | learned how to read and write at avery early age, compared to the kids that
didn’t have that experience. | remember being five or six years old and walking three or four
blocksto the library all by myself. My mother was terrified. [laughter] | did it anyway.

BROCK: Did they let you check things out?

BLANK: No. | wastherejust looking through books and at the wealth of stuff that was there
without any particular interest. It wasjust at random.

BROCK: Did that experience help you once you became school aged? Did you go to public
schools?

BLANK: | went to public school right after that and they tried to put me into kindergarten. |
wasfive yearsold. They said, “You don’'t belong here.” They kicked me up to first grade
immediately.



In those days, the airplane was avery new development—in the late 1920s. When we
saw an aircraft or adirigible flying overhead everybody stopped and looked. It was not a
common experience.

BROCK: Wasthat something that really caught your attention?

BLANK: Ohyeah. | wasavery big fan of [Charles Augustus] Lindbergh when he flew all by
himself across the ocean. He was one of my heroes.

BROCK: Wereyou interested in airplanes and aviation?

BLANK: No, just anything, projects of large—I remember we had aradio. We didn’t have
television in those days obvioudly. | remember listening to broadcasts from Berkeley
[California] when they were performing experiments with the cyclotron. They used to
broadcast these events whenever they happened and | was avery avid listener. | didn’t know
what | was listening to, but just hearing these people talk about that kind of stuff while it was
happening, I'll never forget those early broadcasts.

BROCK: Did that peak your interest in technol ogy?

BLANK: Intechnology and engineering. | was always interested in how things worked. | was
fascinated with Mack trucks especially. In those days Mack trucks were chain driven. They
had these big open chains—a chain drive. No guard over them. OSHA [Occupational Safety
and Health Administration] would be horrified today. [laughter] They used to coat these chains
with black grease and they were always dripping. They were used mostly as coal trucks,
delivering coa down to the basement. | was aways fascinated watching this big honking
equipment work. They had no tires, they had solid steel wheels with thick rubber glued onto the
rims. [laughter]

BROCK: How did your developing interest in technology play out while you werein public
school? Did that lead you to pay attention in science and math class or did it expressitself in
your hobbies?

BLANK: Not much in the way of hobbies but | was always curious about things technical and
practical. We were taught in junior high school—I remember they used to give shop classes. |
don’'t know if they still do anymore.



BROCK: Sometimes.

BLANK: We used simple woodworking tools. We learned how to wire an electrical plug or a
switch, smpletrivia things like that. How to make some primitive plumbing fittings and things
of that—thisis at avery early age. Those kinds of things always interested me.

BROCK: Were you building things outside of school ?

BLANK: No. Withwhat?

BROCK: That would be the question. [laughter]

BLANK: Didn't have much to build with.

BROCK: Did your family livein an apartment?

BLANK: A small apartment. A walk-up. That building still existsto this day. We were just
visiting there a few years ago and they had gutted it and turned it into a series of condominiums
and they actually put an elevator in there, which was a big joke.

BROCK: | was reading somewhere that you went to atechnical high school. Did you go to
Brooklyn Tech [Brooklyn Technical High School]?

BLANK: No, | went to Erasmus Hall [Erasmus Hall High School, Brooklyn, New York]. It
was an academic kind of school.

BROCK: Was Erasmus Hall a school that you had to apply to in those days?

BLANK: No. | just expressed aninterest and | qualified for it, and | lived on the border
between anormal high school and what they used to have in New Y ork, an academic or a
technical school. Somehow or other | got selected for that one.



BROCK: What was the distinction between the neighborhood high school and the academic or
technical high school?

BLANK: Wadll, they used to call them commercial schools and in academic schools you had a
larger smattering of things like Latin and Greek and classical learning. The commercia schools
would be more into accounting and commercial subjects.

BROCK: Wasit around 1940 that you started high school ?

BLANK: | graduated in 1940.

BROCK: You were young when you graduated then?

BLANK: Fifteen yearsold.

BROCK: So being bumped up to the first grade—

BLANK: And then bumped up afew times after that.

BROCK: Okay.

BLANK: Graduating in 1940, the war had just started in Europe. | was fifteen years old at the
time and | went to college but | couldn’t afford to go during the day so | went to work. | started
to go to college at night, taking night courses. It would take alittle longer but that’s what | had
to do in those days.

BROCK: Where were you going?

BLANK: City College [The City College of New York]. It wasuptown. We used to call it
“Subway Tech.” [laughter]

BROCK: Let’'s go back to your high school experiences. How did your interest in technology
and engineering develop in those years?



BLANK: Couldn't tell you. | had awide range of interests and | was aways curious about
things. | wasinterested in geology for awhile so | did some work in that area. But there was
nothing technical that | focused on. Mathematic—I had afull gamut of that. | did study Latin,
for whatever reason.

BROCK: Wasthat enjoyable?

BLANK: Yeah. | likedit. | wasn't very good at it but | liked it anyway. [laughter]

BROCK: At fifteen yearsold in 1940, you start going to City Collegein the evening. What
kind of courses were you pursuing?

BLANK: Whatever | could get. Whatever was availablein the time frame. Therewere alot of
prerequisites to take. It was mostly history, mathematics, or whatever fit the schedule.

BROCK: Were you working during the day?

BLANK: Oh yeah, | wasworking full time in afactory.

BROCK: Making what?

BLANK: | had aseriesof jobs. Thefirst job | had wasin afactory. My father got me ajob
through a company that he knew about. | wasjust an entry-level factory hand, doing whatever
had to be done. That got to be a chore because | had to work alot of overtime. It was cutting it
close, by thetime | got out of there and got on a subway to go uptown, | got home at eleven or
twelve o’ clock at night. | left that job after about ayear.

This was after Pearl Harbor when | |eft that one and | went to work in an office, figuring
the hours would be alittle better. It was a company called the Interborough Construction
Company in Manhattan. They owned office buildings and they did repair and renovation. | was
working for the headquarters there and that was where | learned about Wall Street. In my entry
level position, they used to send me down to deliver checks at the closings whenever they
bought or sold a property. The lawyers were downtown and they called up and said, “Make out
the check for this amount and then have it delivered.” | was the one that actualy brought the



check to the closing so that this deal could happen. | learned alittle bit about the way Wall
Street and the finance guys—I learned about debenture at a very tender age. [laughter]

BROCK: Did you do that then for—

BLANK: | did that for awhile.

BROCK: Working and going to school ?

BLANK: Continued. Then | decided | needed to get alittle bit more knowledge about practical
matters and | wanted to become a machinist. While | was going to school | went to another
school at night at Brooklyn Tech where | learned how to operate lathes, machines, read
blueprints, and that kind of stuff. | got ajob asamachinist after that. |1 had ajob at an
interesting company called New Y ork Testing Labs, where | was making machine parts for the
testing of steels, metals or whatever they had. Right next door was a big chemical lab where
they did the chemical analysis, that smelly place. [laughter] We had alot of different projects,
one of which was they were doing some work on making synthetic rubber in that 1ab. | got
hauled in to deal with that one. But | couldn’t handle the ammonia. [laughter] It was nasty
stuff. But | learned alittle bit about what the chemical processes were. Not formally but some
of it rubbed off on me.

BROCK: Right. Had your coursework, after a couple of years at City College, gravitated
toward amaor?

BLANK: Not even close. One time someone came to the school in the evening and was
touting a new program at the military. | was getting to be about seventeen at the time. They
said, “Well, if you join the ER, Enlisted Reserve Corp, you'll go right into this program called
ASTP, Army Specialized Training Program.”

BROCK: Okay.

BLANK: The Navy had the equivaent caled the V12.

BROCK: I've heard of that.



BLANK: Thiswasthe Army equivalent. They took students and they sent them to colleges.
They had several hundred thousand Gls that they spread out throughout the country. | enlisted
to avoid the draft, so to speak. Sure enough on my eighteenth birthday | got aletter in the mail,
“Please report for active duty on 5 July 1943.” which | did. Immediately | was sent down to
Alabamato take infantry basic training that was a prerequisite.

BROCK: Okay.

BLANK: [ found this camp full of hundreds of guys that were in the same boat as me, from
New Y ork and New Jersey and all over the place, and there was a big group from the South,
students that were from the Virginia Military Institute or the Citadel, that were drafted on the
samething. Sure enough, after finishing basic training, | learned how to operate al the tools of
the trade, machine guns, mortars, BARs [Browning Automatic Rifles], whatever they had—they
sent usto school. They shipped us out. | fortunately went to City College again. [laughter] But
| couldn’'t get out. Most of the time | was stuck there. | was there for about six months and then
all of asudden the directive came down canceling the whole program.

BROCK: What sort of coursework did you do for the Army?

BLANK: Engineering, physics, chemistry, the usual. Mathematics. A semester and a half isn’'t
very much. When they cancelled the program | found myself back in an infantry division in
Louisiana. Then | got sent overseas as areplacement in October of 1944.

BROCK: For how long were you in Louisiana?

BLANK: A couple of months, and then we got transferred. We went on divisional maneuvers,
which was atrip al by itself. Thiswas simulated combat where they took four or five divisions
and they engaged in amock war. It was surprisingly realistic when we got to the real thing—
confusion of brain totally. | went overseas as areplacement and | was assigned to the 8"
Infantry Division as arifleman. Then they found out | could operate a machine gun so they put
me in as a machine gunner.

BROCK: Wheredid you go first?

BLANK: Europe.



BROCK: Did you go to England first?

BLANK: Wetook the boat from New Y ork to Greenock [ Scotland], which is outside of
Glasgow [Scotland], and docked, and then we went to shore. We didn’t walk across. [laughter]
We got on alittle boat that took us to shore and then we went through about a week’ s additiona
training and we got our rifles zeroed in, and then we went on atrain to Southampton [England],
and then across to Omaha[Omaha Beach, Normandy, France].

The fighting had moved inland, but it was still a sobering experience climbing up the
same cliff. We were sweating bullets carrying our stuff, but nobody was shooting at us. | had
great empathy for those poor son-of-a-guns that did that under real fire. Then we drove past—
on the way to the railroad station—we drove past a cemetery which was a shock because that
wasthefirst time | really knew that there was awar going on. When we passed a cemetery with
fairly fresh graves, it hadn’t been built the way it isnow. We saw this huge expanse of
headstones.

BROCK: Then you pushed—

BLANK: We went in through Belgium, and Luxembourg, and into Germany. | was wounded
in December of 1944 in a nasty place called the Huertgen Forest. Y ou probably never heard of
it.

BROCK: I haven't. Isitin Germany?

BLANK: Yes. If you go to the World War I memoria in Washington you’ll see on one sign
there, alist of al the nasty, big battles and the Huertgen Forest is etched in granite. [laughter] It
was anasty one. | survived it.

BROCK: Were you sent to a hospital ?

BLANK: | went through awhole series of hospitals. Just about then the Battle of the Bulge
started and they had alot of wounded. | wasin the Paris hospita at the time, and they
evacuated usto England. Thefirst airplaneride | ever had in my life was on a hospital plane
flying from Le Bourget where Lindbergh landed across the channel to an airstrip near Salisbury
where they had another hospital that | wasin for awhile. The upshot of it was that when | got
out of these various hospitals | woke up one morning and they said that we were being
transferred. A whole group of us, maybe five or six hundred of us, were transferred to the Army
Air Corp. They figured we were not in good enough shape to get sent back so they moved us



into the Air Corp. They found out | was a machinist so they put me to work on an engine lathe
making parts for airplanes.

BROCK: Replacement parts?

BLANK: Yeah. Whatever needed to be done. Then they found out that | knew something
about metallurgy. My knowledge of metallurgy—

BROCK: Inthetesting lab?

BLANK: From thetesting lab, | knew the difference between 10/20 steel and 41/30, so |
became their local expert. [laughter] They put mein charge of the storeroom.

BROCK: Were the other people who were transferred to the Air Corp also doing support jobs?

BLANK: They were doing all kinds of things. They put them in offices and in various jobs,
whatever they needed. At the same time they took Glsthat were stationed there for many years
and gave them rifles and sent them over to replace us. It wasavery nasty time. But we
managed to survive that.

BROCK: That must have been afairly rigorous pace with all those air missions that they were
flying out of there?

BLANK: Ohyeah. That was one of the biggest engine overhaul base for radial enginesin the
world.

BROCK: Okay.

BLANK: All theradia enginesfor the European theater were overhauled in that one basein
the Midlands. They were running those test stands; it looked like literally hundreds of them.
We were running the engines in before they put them out back into service.

BROCK: Okay. It must have been a huge operation?
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BLANK: A huge operation. | didn’t have much to do with the whole thing but | learned alot
about engineering and the way things are made. For example, the British used to marvel at the
way we would take all the parts from the engines, put them in a big tub, clean them, fix them,
throw away the bad ones, and pick them back up again and assemble an engine asit came by.
They couldn’t believe this because in England, every part had to be matched.

BROCK: Oh. [laughter]

BLANK: They weren't interchangeable. They didn’t understand the way that we did it. It
wasn't that difficult. 1t wasjust atrick. What they did was divide all these partsinto zones. It
didn’t matter what the number was. Aslong as all of them were in the same zone, they would
fit.

BROCK: Okay. It waslike tolerance zones or something like that?

BLANK: Yeah. That wasaquick and dirty way of doing it because we had no other way.
Otherwise we would have gone crazy.

BROCK: For how long were you—

BLANK: Until they dropped that lovely bomb on Hiroshima.

BROCK: Wereyou in England that whole time?

BLANK: In England that wholetime. Asamatter of fact, at the time the war ended in Japan
we were packing up the whole base to move to the Pacific.

BROCK: Thewhole engine—

BLANK: Thewhole engine operation. They flew aB-29 in for training to show us. Those
engines were alittle different—they were radials but they were different styles. They had
hydraulic systems that you had to learn to deal with. We were very happy that we didn’t have to
deal with that.
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BROCK: To where were they going to moveit?

BLANK: I don’t think anybody knew where, but it was just—we were just packing up all this
equipment in big crates and they were moving it to astaging areato get on aboat at Liverpool,
which was close by.

BROCK: Wasit then back to the States by boat?

BLANK: | had to wait until | had enough points. [laughter] Y ou had so many points depending
on how much service you had, whether you had a combat badge or a purple heart, or whatever it
is.

BROCK: To prioritize who got home first?

BLANK: Right.

BROCK: | didn't redizethat.

BLANK: Ohyes. They caledit ASR Points. | still have my discharge paper. | had forty-
seven points and the guy said I’ d been in—you get more points for the longevity in the service.
A guy with five years had a better shot at getting home early than a guy with three, or two.

BROCK: What was your rank at the end?

BLANK: Attheend | was Corporal.

BROCK: Okay.

BLANK: | had too many transfers. My service record, the last time | saw it—it doesn’t exist
now because it got burned in afirein the early 1970s. They had abig fire in the Records Center
in St. Louis. | remember | wasin the Army for atotal of thirty-three months and | had thirty-
two endorsements, which meant that they endorse your record every time you'd get transferred
from one place to another. [laughter]
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BROCK: When wasit that you were finally able to return to the States?

BLANK: | came homein April of 1946.

BROCK: Back to New York?

BLANK: The boat landed in Staten Island.

BROCK: Okay. What happened for you next?

BLANK: Then tried to get back into school. My father wanted—he offered or told me |
could get ajob as atrainee in the union to operate a special machine that, in those days, was
only handed down from father to son. He knew a guy that didn’t have any children so he was
going to sponsor me. | said, “No. I'd rather go back to school and finish.” | came back alittle
late. Thiswasin 1946, and most of the schools were overloaded. | wound up going back to
City College. Actualy, | went to Brooklyn for about a year and a half.

BROCK: Brooklyn College.

BLANK: It was an automatic transfer to City after that. At the sametime, | got married.

BROCK: In 1946, when you got—

BLANK: In 1948. In between semesters.

BROCK: Okay. [laughter] Was your wife someone you had known before?

BLANK: No. | met her the day | came home. [laughter] A friend of mine was dating her at the
time and he came to see me when | got out of the Army and he brought her along, and that was
thefirst time | saw her. Then my friend got involved with another lady and | called her up and
the rest is history. [laughter]
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BROCK: Did you have to work when you went back to City College or were you on the Gl
Bill?

BLANK: | wasonthe GI Bill. Actually under PL-46. Y ou may not have heard of that.

BROCK: | don't know what that is.

BLANK: It wassimilar to the Gl Bill except if you had any kind of a service-connected
disahility, you got a full forty-eight months instead of one month for every month that you
served.

BROCK: Okay.

BLANK: They gave you alittle bit more of astipend for allowances and that kind of thing. |
qualified for that. | had a 10 percent disability, which was enough to get me under that program.

BROCK: You were there from 1946 until—when did you graduate?

BLANK: June 1950. | went straight through the summer. It didn’t matter, | just wanted to get
finished with it.

BROCK: When did mechanical engineering emerge for you as what you were going to
concentrate on?

BLANK: | looked at it and | decided after awhile that it was probably the broadest one of all
the engineering disciplines. Sincel didn’t have any particular fondness for chemical,
mechanical, electrical, or civil, and | figured that’s the mother of all of them anyway. [laughter]

BROCK: Describe your training in mechanical engineering at City College.

BLANK: It wasavery broad-based training. Infact, in talking to some of my contemporaries
that went to other schools we had a much broader curriculum at City than many other people
had. | had enough eectrical engineering—which was not electronics in those days—that if |
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took another semester | could have gotten another degree, which alot of people did—electrical
and mechanical. Civil was another one: they taught everybody enough about basic civil
engineering to pass the New Y ork PE [professional engineer] exam, which most other schools
didn't do. You learned about fluids, and gases, and mechanical engineering covered alot of the
chemical stuff too. So, | learned enough to be very careful about surfaces, which was where all
the action was anyway, in metallurgy, and mechanics, and fluids, and also in chemistry, and in
semiconductorstoo. | was pretty well-grounded. | aso had alot of work in manufacturing
engineering. Then | had experience as a machinist, which showed how things got made.

BROCK: Is manufacturing engineering also sometimes called “industrial engineering”?

BLANK: At that timeindustrial engineering was not afull curriculum. It wasaminor. Now
they give you adegreein industrial engineering, which they didn’t have then.

BROCK: | see. But manufacturing engineering—I’m just wondering what sort of issues were
covered in manufacturing engineering?

BLANK: Therewerealot of issuesinvolving economy. We learned how much things cost and
the economy of metals, the economy of labor, the economy of power, most of what gets madeis
eaten up in power. [laughter]

BROCK: Right. Okay.

BLANK: There's some statistical—we had an interesting course called “ Engineering
Economy,” in which we |learned how to finance large projects like power plants. [laughter]
How to finance a big power station, where bonds are issued with alife of forty years, how to
pay for that and how to put that into the structure to recover in therate structure. Thisisan
engineering issue as much as an economic one.

BROCK: It seems that emphasis on manufacturing and on the economics of technology—do
you know if that was common in the training of a mechanical engineer?

BLANK: Not in many schools, no.

BROCK: | wouldn't think so.
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BLANK: | aso knew what a debenture was because of my own experiences. [laughter] | knew
what a sinking fund was too.

BROCK: | don't know what that is.

BLANK: A sinking fund is something which pays for itself during the life of the project, and
which repays the owner of the debenture during itslife, with the proceeds from the project.

BROCK: | see.

BLANK: I don’'t know if they do that anymore. They had other things which were called
“equipment trust certificates” which were very interesting. A railroad could mortgage a track
length, the right of way; they also could mortgage atunnel, abridge. But when they had the
fiasco with New Y ork Central, the Penn Central, | was visiting a guy who had a bunch of bonds
in Penn Central and he had an equipment trust certificate. | said, “Which one did you get? That
dead end line out in Long Island or the Hudson Tunnel?” “The Hudson Tunnel | think was a
good bet, but the dead end in Long Island | don’t know about that. “

BROCK: When you graduated in 1950 what did you want to do and what did you end up
doing?

BLANK: | wanted to get ajob. At that time there were none or very few.

BROCK: Redly?

BLANK: [ looked for months and the pickings were very slim.

BROCK: Wasthat because of the transition from the wartime economy?

BLANK: Who knows, it just was lousy. Just plain awful. Infact, | was contemplating taking a
job with the—going to Venezuelawith the Orinoco mining. I'd just gotten married and | didn’t
want to deal with that. Eventually, | got offered ajob as an engineer for the Babcock & Wilcox
Company.
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BROCK: | haven't heard of them.

BLANK: They're an old company. They’ve been bought and sold a few times, but at that time
they were one of the premier central station boiler companiesin the world.

BROCK: For power generation?

BLANK: Big centra station generator. Thiswas located in atown called Barberton, Ohio.
Now that’s really smokestack America. You work in abig boiler factory like that and it’s mind-
boggling to watch.

BROCK: Thescdeof it?

BLANK: Thescaleof it. 1 wasworking in what they called the “drum squad,” which was
designing big steam drums. The steam drum was something that was seventy-two feet long and
about seven or eight feet in diameter. A big drum. [laughter] These spend their whole lives
sitting under pressures up to 1500 psi or maybe even higher, and temperatures were around two
thousand Fahrenheit. They were running white-hot throughout most of their lives. Watching
them make adrum like that was really athing to behold. At that time there was a race going on,
not dissimilar to the race in silicon wafers when they went from four, to six, to eight, to twelve,
and up. Gordon [E. Moore] told me he had a sixteen-inch wafer sitting on his desk.

At that time the state-of-the-art at Babcock & Wilcox was an eight-inch plate. They'd
take an eight-inch thick plate, a sheet twenty foot square, and bend it into acircle, weld it, and
take two more like that and weld it to each twenty-foot square that means it’s sixty feet, and put
end caps on it, so it was seventy-two feet. The only reason seventy-two feet came out was
because that’ s what would go through most railroad tunnels.

BROCK: Oh gosh.

BLANK: If you madeit longer it couldn’t negotiate a curve. Thiswas apractical limit. Their
competitor, Combustion Engineering [Combustion Engineering Incorporated], had just
completed a press capable of bending ten-inch plates, so they could handle bigger pressures and
temperatures. Babcock & Wilcox at that time was going to upscale them, and we were working
on apress to bend thirteen-inch plates.
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BROCK: That must have been a huge press?

BLANK: Yeah. The problem was getting the raw sheets. A sheet of steel twenty foot by
twenty foot, thirteen inches thick.

BROCK: Then having to moveit?

BLANK: Yeah. There again twenty-foot square—moving it limits the size that you're going to
makeit. At that timethey had a group working on the Nautilus, the first nuclear submarine.
The reactor was made right in that factory. | didn’t have anything to do with it, but it was built
there. 1 wasin acarpool with aguy who was an old-time engineer with B& W. We used to talk
to him quite a bit and we' d ask him to show us around the place, because he knew everybody.

| went to my boss and | asked himif | could tour, he looked at me and he said, “Y ou
know, I’ ve been here for twenty-eight years and it’ sthe first time one of my engineers has asked
me to take atour of the factory.” [laughter] He said, “By all means, go ahead and do it.”
[laughter] He knew the guy, they were old buddies. Once aweek we'd go down and tour a
different part of the factory. Thiswas an education all by itself. Bending plate was one thing.
Watching them weld these things—they used a welding rod which was an inch thick. [laughter]
The coil—it looked like a hose pouring metal into it.

When they got all done with it—with the whole machine—before they did anything else,
they had to x-ray every inch of weld. So, GE [Generd Electric Company] made them a huge x-
ray machine sitting on a crane that was moved around. They moved the drum into this place
and they would take pictures all along it. Assoon asit had everybody’s blessing they’ d send—
one copy the company kept, one went to the customer, one went to the state that it was going to
be delivered to and one went to the insurance company. Just to make sure everything was right.
Then we stuck it in an oven for three or four daysto stressrelieveit.

BROCK: Theentire boiler?

BLANK: Thewhole drum.

BROCK: Wow.

BLANK: | watched them make coal pulverizers, which isanother trip al by itself. Most of the
coal -fired furnaces burned pulverized coal. They got this big wheel, ten feet in diameter, which
was a big gear driven with a 150-horsepower motor on it, and they got these steel balls, that
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look like oversized bowling balls except they were bigger, only solid steel. Therewasalittle
press that was making these things. They cut a slab of white-hot steel, shoved it under into this
die and overhead, whack, would come down and out would pop awhite-hot ball. [laughter]
Then they took this scale off and that was what they used to run around this track to make coal
into very fine powder with water. When it was pumped into aboiler it looked like oil.

BROCK: A lot of surface areafor firing?

BLANK: It burned much better. Then they got the water which added moreto it anyway. That
was achore. | decided | wanted something different so ajob came up shortly thereafter, at
Goodyear Aircraft.

BROCK: Alsoin Ohio?

BLANK: In Akron. | went to work therein an R&D [research and development] department
and it was an interesting group aso. They had a big project with the Navy making the newest
blimp, which was what they called their N-Ship. They had to replace the older ones. They were
working on different types of fabrics and adhesives to hold the—

BROCK: For the skin of the—

BLANK: For the skin. They made structural elementsfor aircraft and for blimps out of—to
save weight—out of layers of aluminum over balsawood, or honeycomb auminum, or in high
temperature applications they would take stainless steel in thin sheets, over honeycomb stainless
that would handle high temperatures. The adhesive they used in that was also an interesting
material. They developed that in conjunction with Chrysler [Daimler Chrysler Corporation] that
just came out with new bonded brake linings. Most of the brake linings were riveted in those
days. Then they had this bonding variety which used a very high temperature adhesive.

Again, between the adhesives and the smelly stuff that went around—well when | got to
work, | got an assignment one time to make some helicopter calculations. | had a boss who was
aprofessor of aerodynamics at Guggenheim Institute [Guggenheim Institute of Technology]. |
said, “Yeah, | can do these calculations. Nothing much toit, but I’d like to know what I'm
doing.” Theonething | neglected was aerodynamics. He said, “I’ll give you some references
togolook at inthelibrary.” | looked and | came back and did the calculations. He said, “I'll
tell you what, since you really want to know, why don’t we sit down for an hour, whenever we
can. I'll give you amini lecture on these things and pretty soon you’ |l be up to speed with what
you need to know.” That was almost worth a master’ s degree right by itself. When | did the
rotor calculations he said, “Remember arotor isapropeller.” Hesaid, and I'll never forget this,
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“The most efficient propeller is one that’ s infinitely long, infinitely thin, moving infinitely
slowly.”

BROCK: The“dowly” isvery counterintuitiveisn’t it?

BLANK: Most efficient. | said, “That’s very interesting. How come these propsthat | see
nowadays, the turbo props, have chopped off edges?’ | told him | used to see propsin England
that started out with the long slender ones and towards the end of the war they were squaring the
edges off. It turned out that the tips, in a dive, become supersonic—it’s going this way and the
plane’s going that way so there’s a vector in there which runs slightly above the speed of sound.
Those tipstake alot of beating anyway so they square them off because they’ re useless. He
said, “Now you’ re beginning to understand the difference between efficiency and

effectiveness.”

That's alesson that’ s hard to learn. Y ou get so imbued with one thing you forget what
you'rereally trying to accomplish. We had a number of other thingslike that. | was doing a
propulsion project one time moving an object through water. He said, “Y ou’ ve got two choices.
In any given system you can move a small amount of water through alarge deltaV, or alarge
amount of water through asmall deltaVV.” | learned later that the same thing is true whether
you're handling water, air, oil, data, or electrons. Y ou have two choices, moving small amounts
very quickly or large amounts slower, depending how much capacity you want to devote to the
system.

BROCK: You werejust doing all sorts of mechanical engineering work?

BLANK: All kinds of different projects. Coming from any place. We had a parachute project
where we dropped scale-model parachutes from the inside of the air dock. Our lab wasin an air
dock similar to the one at Moffett Field [Moffett Federa Airfield].

BROCK: A huge space?

BLANK: There’'s 200 feet of daylight in there. We had a crane put up on top and we would
drop these chutes with bags of lead on them of different sizes, different configurations—
ribbons, panel chutes—and take pictures on the way down. We put little lights on different
parts of the shroud lines, and, then put them on alittle plotter and from two different angles so
we could see what the path was like with different configurations.

The early drag chutes came out of that project, and the cargo chutes came out of it. It
was fun climbing in the middle of the night up to a hundred feet above, halfway above, to a
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stationary eight-by-ten camera, one on either side of the hangar, and every time they had a flight
we took another picture. We put one sheet of film in there and the shutter rotated around. It
would expose the film and we could catch the lights as it came down. They took two pictures,
and from that they could determine the path. It wasalot of fun.

BROCK: These seem like they must have been government contracts?

BLANK: Most of them were government. Some of them were funded by private companies
under government contract.

Then my wife got tired of Ohio and we decided to go back to New Y ork.

BROCK: Issheanative New Y orker?

BLANK: TheBronx. My cousin’s mother-in-law owned some apartment buildings and | said,
“I’ll move back only if | have an apartment first, then Il look for ajob.” [laughter] She found
us an apartment in Queens. | decided | wanted to go into manufacturing engineering to round
out whatever else | wasdoing. | wound up at the Western Electric Company in Kearney, New
Jersey. | don’t know if you're familiar with New Y ork? It'sright across the river on the
Pulaski Skyway, before Newark.

BROCK: Okay.

BLANK: There'saramp that you' d take down—there used to be a big Western Electric sign
on the Passaic River. | don’'t know if it’s still there anymore.

BROCK: It'sadjacent to Newark?

BLANK: It'sbetween the river and Newark. Right acrossthe water. They put meto work as
an engineer in the manufacturing shop making toll crossbar switching equipment. Thiswasthe
first automatic long-distance dialing equipment that was built. 1n those daysif you wanted to
make along distance call you had to get the operator, who patched through to different cities,
and then the local operator would take you through to your party.

They decided that if they continued that way there weren’t going to be enough women

born to man al the switchboards. [laughter] They developed the switching equipment and the
main element was a crossbar switch, which was devel oped by Ericsson [ Tel efonaktiebol aget
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LM Ericsson], a Swedish company, made under license by Western Electric. They had ahuge
factory in Chicago building these things, and that was the main switching element. Of course
they used relays of different varieties in addition to that, but this was faster and they had a whole
series of equipment aimed at dealing with traffic management. That’s when they started with
the area code business in the early 1950s. | was an engineer in that shop and started out among
four or five other engineers handling al the different types. After we got a new frame as part of
the equipment we had to learn if anything strange had to be built for that and take care of all the
engineering issues.

Now, that piece of equipment was the first time semiconductors were used commercially
in the crossbar equipment. There was a specia card translator cabinet which used an array of
germanium phototransistors to help them route calls. Thiswas akluge of a system but it was a
deck of oversized IBM punch cards. Wetook an IBM punch card and had four of these stacked
up. It wasastainless steel card about the size of four IBM punch cards. Each one was
perforated with adifferent set of codes. There was a stack that was developed for different
areas where if you added another central office into the system you had to add on more pads.
These things would go up and down on cams and they’ d shine alight through them, and at the
other end of the light was this array of phototransistors. As soon as a connection was made, that
path would get clamped, the connection was enabled and it was no longer available for anybody
else until it was open again.

BROCK: | see.

BLANK: Thiswasakluge of asystem. | didn’'t know what they were at that time, this mode of
transistors. | heard about them, but that was about it. Another job | had, while | was working
there—there was atoll crossbar gang and there were two other small shops that the same
supervisor handled. One was a common parts shop where they made nuts, bolts, screws,
washers, things like that, with automatic equipment and so on. Right next to it were a couple of
guys that ran the metal finishing shop, which did plating, painting, whatever it was. They had
huge automatic plating equipment for plating nuts, bolts and screws plus relay cores, and
armatures. These al had to be chrome nickel plated and relay covers had to be zinc iridite
plated.

When they had some new equipment and they needed some help but they didn’t want to
hire anybody because it was only going to last for ashort time, | was drafted to help these guys
out. First I was curious enough to want to do it. | wasthe only onein the group that had a
chemistry background anyway, and it was fun. | helped these guys out and | learned alittle bit
about plating, pumping acids around, and neutralizing the tanks. We also had a nasty problem
one time where alot of our switches out in the field, for switching equipment, were getting
contaminated with rust spots, and even the stainless steel fingers were getting corroded. They
traced it back to the plating shop and the exhaust duct. Thefirsttimel saw it | said, “This
doesn’'t make any sense.” They had an exhaust fan in the shop itself pushing air up the stack. |
thought, thisis heresy, that’s not agood idea. They should have the fan up on aroof pulling and
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not pushing. This had been done along time ago. The upshot of it was they found that the duct
was not a homogeneous duct. It was an angle iron framework and it had transite slabs stuffed
into the corner. Transite is cement asbestos. That stuff is not made anymore, but that’ s what
they wereusing. A lot of contaminated air was leaking through there and getting into our shop.
Again when they had to deal with this program | was caled on to go ahead and make
measurements. We had some guys from Bell [Bell Laboratories Incorporated] come out to
show us how to deal with it and how to take test sasmples. They punched out a bunch of filter
paper where they punched holes.

BROCK: Like ahole punch.

BLANK: A hole punch. They had a Lucite thing made and they dimpled a bunch of holesin
there, and they gave us reagentsto put in there, one to wet down and put on the equipment, and
another one to see what the—I had to do this myself, take periodic tests of thisthing. | didn’t
train anybody else to do it because they weren't going to be doing it long enough. When they
designed the new fan | said, “Look, you’ re not going to run this thing past the shop anymore.
You're going to haveto put it up on the roof.” They did that and they put—I didn’t want any
holes. | wanted this duct to be made out of something that wasn’t going to get holesinit. They
finally made a duct out of a plastic material which was supposed to withstand the chemicals du
jour. [laughter] They called it Boltaron and to thisday | don’t know what it was. It was some
kind of epoxy duct or something like that. \We were debating what kind of motor. | said, “I
want to push that stuff up as high as you can get it.” They were thinking about putting a
scrubber on there. One of the other engineers who was a chemical engineer went to visit the
company that made the scrubbers. He came back horrified. He said, “ The residue from that—
there’ s no known way to dispose of it.”

BROCK: From the scrubber?

BLANK: From the scrubber. They decided to get it up and to mix it. The poison, it depends
on the dose. They had atest run and model made at NY U School of Engineering of
Aeronautics, to see how far up the air had to be pushed to get it to mix to apoint whereit's
diluted enough so it’s not going to hurt anything. They actually made tests and they made
recommendations. We got a huge motor on there, much bigger than what someone would
normally put on it, and then put a Venturi to choke it down and get some velocity init, to get the
air up, mix it, and get it out of theway. In addition to this| was working on switching.
[laughter]

BROCK: | want to ask alittle bit about the Kearney operation. Wasit alarge Western Electric
factory?
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BLANK: A very big one.

BROCK: Okay. Thiswasto assemble the switching unit?

BLANK: Assemble, wiring, and test. One of the things | was part of was a cable gang, which
made a switching frame, if you don’t know anything about it—at that time the central office had
these ceilings with railings on the top, and the switching frame is eleven foot six inches high,
and anywhere from twenty-four inches to six feet wide depending on what was put init. We
had a capacity of about seventeen hundred switching frames a year or a single shift, and we
were running two and ahalf shifts. We aso built another plant to build the same equipment for
amilitary program called the SAGE Program. SAGE is Semi-Automatic Ground Environment,
which was the precursor to World Wide Web.

BROCK: To interconnect those?

BLANK: All these interconnections, or inputs from different areas connected, they thought
they were getting input from different radar systems and they wanted to switch them to aloop.

That wasit. We didn’t have enough capacity to do it so they had to build a separate
plant in Fairlawn, New Jersey to do that. That was only going to last for a couple of years
anyway. It was aself-contained thing, but it had a relay shop in the building where they would
assembl e relays, which we used hundreds of thousands a year in addition to the switches. The
switches were made in Chicago and shipped in.

BROCK: Where did they make the germanium phototransistors?

BLANK: Allentown. They would get assembled; we didn’t make the card translator. We got
most of the parts from another Western Electric factory, | think, in North Carolina, and we
would do the finished assembly, wiring, and test. We also made the stainless steel cards which
were heat-treated and ground flat. We had to make sure they wouldn’t twist and warp and go
through all kinds of things. It was an interesting thing, one of my buddiesin the plating shop
wrote a paper on hydrogen embrittlement. | think it’sinteresting because we used to find that
plated screws that were under high stress tended to break. Well, as a mechanical engineer |
understand highly-stressed parts don’t wear out. They break before they wear out.

One of the pieces of triviathat came back from—if it’s lowly stressed it’ s going to wear

out beforeit’s going to break. It will never break. They found out that one of the reasons it was
breaking during the plating process, they would entrap hydrogen on the surface, and the
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hydrogen would react to whatever, like if they were near a seaport, there was going to be alittle
chlorine to get hydrochloric acid. Pretty soon it started winding its way through. We started a
process of hydrogen embrittlement relief, which was taking these plated parts, sticking themin
an oven at four or five hundred degrees Fahrenheit, for afew hours to drive the hydrogen out.
Thiswas asurface effect. When | got to the semiconductor world they start talking about it, I'm
thinking, “Waell, this is nothing new here.”

BROCK: When did you join Western Electric?

BLANK: InJanuary of 1952.

BROCK: You weretherein Kearney through 1956, is that right?

BLANK: Through April of 1956.

BROCK: Okay. Thestory I’ve heard isthat in 1956, was it Dean Knapic who called you?

BLANK: Dean Knapic was one of our—we were working together.

BROCK: At Kearney?

BLANK: Yes. Hewasin adifferent [ab but his project was on wire wrapping, which | had an
interest in also because it was my shop that was going to do more wire wrapping than anybody
else. They aso started for a short time an Engineering Development Group at Kearney in which
they set aside to work on manufacturing engineering projects that would go across the lines for
the whole company. | was selected to be in that group along with Dean Knapic, and [ Eugene]
Kleiner was also included. But then, one of the guys back in the crossbar gang died and | was
reassigned back to that that one.

[END OF AUDIO, FILE 1]

BROCK: We were talking about Western Electric and working with Dean Knapic, making that
connection. Y ou aso mentioned that Eugene Kleiner worked at that same plant?
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BLANK: Heworked at the same factory. Infact, Gene and Knapic and | were in the same
carpool together for many years.

BROCK: | didn't redizethat. Were you dl living in Queens then?

BLANK: No, | was livingin Queens, and Gene was living on the West Side, up near 80"
Street, and Dean was living on the East Side of Manhattan, and we' d alternate. Gene, some
days, used to drive, and some days | used to drive. Knapic didn’t have acar so he helped pay
the way for the tolls. We did this for anumber of years. That’s how we got acquainted with
one another.

BROCK: Wereyou guys particularly friendly with one another?

BLANK: No, we were just involved with each other at work. Onthejob | didn’'t have much to
do with Gene except he was working four rows of desks up ahead of mein the relay gang, and |
was afew rows behind them in the crossbar crowd. Dean was in a separate section doing some,
as| say, generic work and he had awire wrapping project that he was trying to get put in to
spread throughout the whole company. Kleiner had to get involved in it because he had to
change the shape of the relay terminals to accommodate the wire wrapping.

BROCK: Thiswas how to wrap the wire around the terminal ?

BLANK: Around the terminal without soldering. We wired up enough pressure so that the
corners formed a metallurgical bond with the wire, a gas-tight metallurgical bond. | wastold a
good electrical connection is a good mechanical connection. [laughter] It required a massive
change of form factor for all the terminals that we were building. We did start to introduce this
and in the beginning they wouldn’t let us ship equipment without solder. We had to do the wire
wrap and do the solder, and after we collected | don’t know how many reams of data supporting
that they were good, then we had to test run certain amounts, many hundred thousand. They
were good at collecting supporting evidence before they went into anything. Western was an
interesting place too. Thefirst time | saw a cleanroom was at the shop they had at Hillside, New
Jersey where they were making the underwater cable. Thiswas a project to behold. They were
building these repeaters.

BROCK: They would go under the sea?

26



BLANK: It was spliced into the cable and it went underwater. The repeater, in those days, was
an amplifier that was made out of vacuum tubes. They used to call them “rocket tubes.” Each
tube was designed to have a service life of twenty years and at least double full-rated power.
They didn’t want to have to change tubes in the middle of the ocean. This cable would handle
power and transmission lines simultaneously. Thiswas atrick by itself. Anyway, they were
building these things in the cleanroom. The first time | saw the guys with hats and bunny suits
building the amplifiers.

BROCK: Okay. Becausethey didn’t want anything in there that could—

BLANK: They wanted to make sure there was no—and they even had afetish of keeping
vibration away from it. | couldn’t understand why because the thing sitsin the ocean, it’s
weightless, right? | saw pictures of how they were laying this cable. They had this huge reel
maybe twenty foot in diameter or more, it could have been more like a hundred foot. | couldn’t
tell from the scale. With this cable wrapped around it and they were paying it out, and as soon
as they emptied that one, they clipped on another one and kept on going with thisthing. On a
calm seait was one thing but every once in awhile there was a pitching sea and this thing would
go up and down and this cable whacked into the water with a shock load. They calculated how
many Gsit was. It was pretty striking. It had to survivethat. If it could survive that it would
last forever. Becauseit had no stress under the water.

BROCK: When did Knapic leave for the West Coast? Did you talk with him about that?

BLANK: No, he kept me—he was avery takative guy. Hetold us he was being interviewed
by Bill [William] Shockley, and of course we knew that he was an exaggerator, so you know,
“Okay. Interesting story.” [laughter] Well, it turned out Shockley, when he set up hislab, was
looking for some mechanical or manufacturing people because he knew that most from the
scientific community of the day didn’t have much experience with that. They were not always
practical and they needed somebody to do thingsin a practical manner. He called one of his
buddies at Bell Labs. | think the fellow’s name was Rudy Molina. He was afriend of
Shockley’s, and he knew Dean because he worked with him on this project, and he gave him a
call. Hementioned it to Shockley, and Shockley got in touch with him, and invited him out. So
he went. He actually went and took alook, and he had to go and take this psychological test.

Y ou’ ve undoubtedly heard about this one?

BROCK: | have heard about it.

BLANK: He gave them the authority to go ahead and find two more engineers to help round
out this project. He picked yourstruly and Gene Kleiner out of the whole gang. Not only did
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he pick me, we were the only ones that showed an interest in going. Most of the fellas wouldn’t
touch it with aten-foot pole.

BROCK: Because they were established where they were?

BLANK: Yes. All of the—they didn’'t have any courage. We talked about going to the West
Coast anyway at one time but we were looking for an opportunity where we had some recourse
incaseit didn't work out. Eventually | got interviewed by Shockley and he flew in. | met him
at the Newark airport at the restaurant up there and we chatted for a couple of hours over lunch,
and | got aletter offering me ajob out there, and the same thing happened with Gene Kleiner.

BROCK: Knapic must have been one of the first people out there?

BLANK: No, there were about ten people there when he got there.

BROCK: Okay.

BLANK: Maybe, some technicians and afew guys. | think it was Smoot Horsley, Bill Happ,
and Leo Valdez , and a couple of technicians. There were not very many people. Vic[R.
Victor] Jones was there.

BROCK: Had Smoot Horsley been at Bell?

BLANK: | don't know. | didn’'t know much about him.

BROCK: Okay. But Leo—

BLANK: But Leo Valdez had been at Bell. | didn’t know him. | didn’t know very many
people at Bell Labs, so he didn’t mean anything to me. But he left Bell and worked with Pacific
Semiconductor [Pacific Semiconductor Incorporated] making diodes in Los Angeles, and
Shockley picked him up to work there. A real physicist, aBell Lab type physicist. Nice fellow,
actually, but not too practical. But that’s another story.

BROCK: That was early 1956 then when you met with Shockley at the airport?
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BLANK: Yeah, it must have been January or—it was early 1956.

BROCK: Did he describe to you then or early on in the conversation what he wanted to do
with Shockley Semiconductor?

BLANK: Not redly. | don’t think he knew. He was just—his main thrust was silicon. He
wanted to work on, focus on the silicon and ways to make devices out of it. They weren't sure
whether they were going to do alloy or diffusion—but they were exploring to find out what the
best way was. Hedidn’'t even know what to make—just to make atransistor with silicon. That
was the thing that he was focusing on, because he felt that germanium had its limitations, and
although silicon was harder there was more of it in the universe than there was germanium, with
which | agree.

BROCK: Did you cometo Californiato see the operation before you decided?

BLANK: No. Wejust packed up, sold whatever furniture we couldn’t deal with and sold the
car. | actually had the guy that | sold the car to drive meto the airport. We had our first child,
who was ten months old at the time. We went to Idlewild Airport, it wasn't JFK then, in New

Y ork, and got on a Constellation and flew to Californiain April of 1956, almost ten yearsto the
day that | got out of the Army.

BROCK: Did you have some timeto do apartment or house hunting before you started?

BLANK: We had afew days. We went to California on a Wednesday and by Saturday we
bought a house, having looked at what was available. We discovered there were no rentals
around, or apartments—and no rentals or houses that would take young infants. We went to buy
ahouse and we bought one. We stayed at amote in Palo Alto until our furniture arrived, at
which time we took the delivery and moved right in.

BROCK: Did you buy a housein Palo Alto?

BLANK: Yes.

BROCK: What were your first impressions of the laboratory when you got there?
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BLANK: Having come from a sophisticated place like Western Electric, this was kind of
primitive. It was strictly laboratory equipment. There was a small machine shop that was not
going to be adequate, because you had to build everything.

BROCK: All the equipment?

BLANK: They had nothing, even little fixtures had to be built. They aready had a couple of
people there but | could see that wasn’t going to be enough capacity. So we expanded the shop.
Thefirst job | had was to build this fancy crystal grower.

BROCK: Okay. Was thisthe onethat Shockley and Jones had devised?

BLANK: Yeah, and Leo Vadez. It was akluge, in my opinion, but “Okay, we're going to
build this crystal grower.” Unfortunately it was a project that got much bigger than we really
could handle, to the point where it was going to take awhile before we could get crystals. We
decided that, “Look, we're going to need silicon,” and Shockley was there so we'd get silicon
from Bell, and we could buy some once in while from Sarkes-Tarzian [Sarkes-Tarzian
Incorporated], just to do experimental work.

BROCK: | haven't heard of that—Sarkes-Tarzian?

BLANK: Yeah, | think they werein Indiana but it was a company that was growing silicon
crystals that they would sell. Thiswas a hit-and-miss kind of athing so we decided that we
ought to make our own crystals because it was going to be awhile before this fancy grower got
going. We could buy a crystal grower from a company in New England or New York. I've
forgotten which. But it was expensive and there was along delivery time, and it was an RF
heated device. It took atwenty kilowatt generator. They wanted alot of money for it. Because
of thetime delay | decided, “L ook, we could build one of our own and have it running by the
time these guys would even think of deliveringit.” One of the pacing items was getting the
generator itself anyway.

BROCK: Just purchasing it?

30



BLANK: And having it shipped and getting it delivered was abig job. So we decided to go
ahead and build a crystal grower, which | did. Gene and | sat around and we decided to build
one and we designed and built a mechanism to pull crystals.

BROCK: A simpler one than the—

BLANK: Just one that was going to work had a quartz envelope, and a graphite pedestal to
hold the suceptor with the quartz bowl. It had a chuck with the seed—you mount the seed on
and rotated and pulled it, and so on.

BROCK: Did you pull it under a gas?

BLANK: Yes, you had to use an atmosphere of as pure nitrogen as you could get, with alittle
argon in it, which was atrick—we learned that from Bell. Just afew percent. | forget, maybe
it’stwo or three percent argon in there was all it took to make life alittle easier.

BROCK: Now that sounds like—well, | have a couple of questions about the big grower.

BLANK: Youredly don't want to waste time with that because it was a story by itself.

BROCK: | think it isinteresting in terms of the Shockley Semiconductor experience. It seems
like there must have been—in terms of the early days of the lab—alot of people working on it.
Was it on alarge scale physically?

BLANK: Very large.

BROCK: Very complicated? It must have been expensive?

BLANK: Not that complicated. But expensive. We built a double-walled steel tank that could
keep water on the outside just to cool it down, with coverson it so it looked like alittle mini
boiler, which was right up my alley. Inside was a crucible that was going to be heated by a
resistance wire element wrapped around radiation shields. There were two or three layers of
radiation shields around there. The outer one had a molybdenum wire. Actually it was three
phases. We had three-phase wire wrapped around the outside with stand-off insulators to keep
it from shorting out through the molybdenum, the molybdenum radiation shield, and the whole
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ideawas to heat the whole thing up to just below the melting point of silicon. The point was to
melt it first and then back off just before it gets fluid, which isafunny phase.

I knew from my thermodynamics. | thought, “Thisisavery unstable barrier.” Then the
ideawasto put in a separate heating element with a piece of tantalum wire as a heating el ement
to melt apuddleinside of it from which to pull the crystal, which was supposed to not have
contact with the quartz crucible. The theory was not to get any oxygen in there.

BROCK: You'd pull it under avacuum?

BLANK: Under alot of negative pressure, let’s put it that way.

BROCK: Okay. [laughter]

BLANK: We were not going to get athing like that to anything that was called, in my book
anyway, avacuum. It was under as much negative pressure as we could have gotten out of it.

BROCK: Okay.

BLANK: I wasn't too happy with either. I'd rather put it under positive pressure with a known
gas, but who was 1? | was just a blacksmith engineer. [laughter] There was an interesting fiasco
with that thing. We were going to build these stand-off insulators with high temperature like
that, 1400° C which is pretty toasty, the voltages were not so big, maybe 300 volts or
thereabout. Not so terrible. | said, “The only thing that’s going to handle thisis aluminum
oxideinsulator,” which | knew because the mufflersin the furnaces were all aluminum oxide.
Like the furnaces, if they could handle that all day long that’s what they should use. Leo Valdez
said, “Absolutely not. It’'s not pure enough we have to use sapphire.” | said, “ Sapphire? How
dowe get that?” Hesaid, “Well, they now grow sapphire rods about a quarter inch diameter

and about two or threeincheslong.” Sapphire. Thisis hard stuff. Gene and | argued with him,
but thiswas futile. We had to use diamond saws to do anything with it. It really was machined.
We just cut groovesin it and hoped for the best. Leo insisted. | think that was a pacing item
because the delivery time on that was lengthy. | don’t know what it was, but it wasn't instant
delivery. Then when we got it we had to fiddle around with it and try to figure out how it was
going to be cut and designed.

We did it anyway. We got the thing fired up, everything was running smoothly, and all
of asudden bang! The whole circuit breakers, | thought they were going to fly off the wall. It
turned out, to make along story short, that Vic Jones showed me that at a certain temperature
sapphire—I think he said it was like a Curie point, but | don’t believe that because Curie has to
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do with the magnetic properties. What happened was that at a certain temperature the sapphire
loses too much strength. At that temperature it doesn’t hold itself up anymore and the wires sag
and short out against the shield. That was amgjor fiasco and we had to redesign the thing, and
we went back and did aluminum oxide, like we said in the first place. Aluminum oxide comes
like high-strength chalk. We cut it up, milled it, did whatever we wanted with it, and then we
fired it up, heated it up, and it became a ceramic. There were afew little tricks we had to learn.
We got some books out from the manufacturer that told us what kind of shrinkage allowancesto
make. It wasnot abig part soit realy didn’'t matter very much. We're not talking about a big
scale. Anyway, we got this thing working like a charm, but by that time they had lost interest in
itand it sat idle for along time, and I—it was about then that | |eft the company anyway. Inthe
meantime we were busy working on therea crystal grower that was actually making crystals.

BROCK: That sounds like one similar to the design of Gordon Teal and John Little. Or,
where’ d you get the—

BLANK: No. | knew it was atube of quartz with alittle viewing port, bolted ontoit, in
between two plates. | decided to make it like atensile testing machine because | built afour-
poster to hold this. | wanted arigid platform, and | wanted to draw this thing up so | had two
lead screws pulling the platform up. | didn’t want any gearsin there because | didn’t need any
noisy stuff, or clutches, or shifting. | didn’t want to be bothered with that. | didn’t think we
needed the complications. What | found was avery large DC variable speed motor, which
could go from 1 or 2 RPM up to 1800 smoothly. It had enough torque in any range, so it was
not—it was oversized for the job but | was more concerned with the speed range than anything
else. | had two worm-gear transmissions on each side turning these screws. For pulling we
needed avery slow rate. There was another motor on top turning the chuck rod.

We drilled a hole and they had to go ahead and introduce the gas, and on the bottom we
put aradiation pyrometer, which was made by Leeds and Northrop with a controller—the best
of itskind. The only one of itskind in those days, and there it was. [laughter] | remember we
were drawing thisthing up. | had a draftsman doing the drawings and he tried to put a
dimension on this plate to hold the table up. | said, “Don’t waste your time because | don’t even
know what that isyet.” He said, “Why? We haveto put anameonit.” Sol said, “First of all. |
don’t want to wait six months for somebody to ship it out from God knows where just because
it’sthat dimension, | want to see what' s available first.” | went to a shop we were working with
and he said, “No, you got to go to aplace that hasabig—" | said, “Do you know anybody
around that has aBlanchard grinder?” He said, “Y eah, there’s a guy in Redwood City you can
goto.” | went to see him and sure enough he's got this nice Blanchard, and | said, “I need a
couple of plates.” | told himwhat it was. And he said, “Come on in the backyard.” Thiswas
not engineer to engineer, this was machinist to machinist now. | went in the back and he had
some boilerplate sitting in the back, and | said, “Well, thislooks pretty flat.” | said, “All | want
is enough of atable to hold it up. Give me at least a half-inch, five-eighths, three-quarters
would befine.” So, he had a couple of pieces of boiler plate an inch and a half thick. | said,
“That'll dofine” Hesaid, “Wait, | don’t know how much you’ re going to have left by the time
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becauseit'snot flat.” We had it picked up. We brought it to the Blanchard. | asked, “How are
you going to deal with this?” He said, “Okay, the first thing we're going to do is not going to
put—"

A Blanchard grinder is abig table with a—it’s basically a magnetic chuck, with a huge
magnet that rotates, and right above is a big spinner with abig grinding wheel. Thisrotated and
that rotated and pretty soon we generated aflat surface. We first put it on there and just brought
the wheel down to just kiss the edge of the steel and slowly take off alittle bit until you got
enough of aflat. Then we turned it over and we did the same thing on the other side, and we
kept on—I mean this was craziness but that’ s the only way we were going to get a piece of flat
metal. Then when it got flat, we put the power on and finished it off, the magnet, because we
didn’t want to warp it. When we got through taking the magnet off it’s going to go spring back
again. We didn't want to do that.

This was the kind of thing that we dealt with. | didn’t want to waste alot of time waiting
for things to get shipped out from New Y ork, or Chicago, or Dallas, or Boston, or wherever,
unless | had no choice. A lot of things we did were not the best practice but in the interest of
saving time | think the trade-off was worth it because we got the thing up and running.

A friend at Hewlett Packard was working on making silicon diodes for their own use,
and we used to visit back and forth. He bought one of those crystal growers that we were
looking at. We got ours designed and up and running before his arrived. We were passing
seeds back and forth. “Y ou want one of this?” “Okay.” “WEe'll give you a piece of this. You'll
give me what you got.” That wastheway it worked. He was there doing it al by himself. But
his was a flimsy machine compared to ours.

BROCK: Did you go look at the commercial one when it came?

BLANK: Yeah. Hiswas asingle column with acantilever, holding thisrod in there. You
probably have seen pictures of that one.

BROCK: I’'mnot sure. | didn’t redize that there was a commercial crystal grower.

BLANK: Sort of commercial, with Semi-Metals [Semi-Metals LLC], or something. | don’t
even remember the name of it. Or maybe a General Semi, someplace back east that had these
things. They wanted alot of money for it, and the delivery time was terrible because they had to
be hand-built. No, | designed it and had it built in lesstime than it took to ship it out of the East
Coast or wherever it was.

BROCK: Inyour second crystal grower design, you raised up a platform?
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BLANK: No, we had aplatform that was just at table height. On top of that we set the quartz
tube, and we pulled the quartz. It was maybe about fifteen inches high. Then the pulling rod
was above that.

BROCK: How was it connected to the motor?

BLANK: There was a separate motor pulling sitting on the platform where the pulling rod
motor was. The platform that had the chuck for the pulling rod went through a bearing and this
was driven by asmall variable speed motor again, alittle Bodine [Bodine Electric Company]
motor geared down so you could have some control over it.

BROCK: Okay. You dipped the seed into the melt?

BLANK: To get the thing started. Then it was turned on automatically and it started pulling
up.

BROCK: It pulled directly on that rotating rod?

BLANK: We watched it as the melt changed the heat input. That was what the controller was
doing, an optical pyrometer looking at the bottom of the crucible and changing the input setting
to the RF generator.

BROCK: To keep it a semi-constant?

BLANK: Now, the RF generator was very expensive too. We decided we were not going to
have aroom full of these things. Every time someone turned around they got to throw a big
twenty kilowatt load, or actually more than that, online. We developed a resistance heating
device. We actually made what was going to hold the crucible, instead of a suceptor for
coupling, which was made out of the same reactor-grade graphite. | learned about reactor-grade
graphite. [laughter] We actually cut adouble helix out of graphite and split it. We drilled holes
in there and put bolted clamps of tantalum and fed through the bottom of the plate, and heated it
up and we got this. When graphiteis cold there’s anice spring. We heated it up and that was
also used for awhile too, because we didn’t have the expense of an RF generator. Thisthing
took a much smaller amount of kilowatts instead of twenty or thirty.
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BROCK: You made aresistance heated crystal grower there?

BLANK: Wemadeit. | don’t think we actually built it. | did it later at Fairchild. Infact we
built afancier one with athree-phase. We made atriple helix, abigger one, and that ran for
many years. Those crystal growers were pumping out day and night. | talked to some of the
maintenance guys about that. They said the only problem he had was that he heard a squeak in
one of the motors. One time they figured out that one of the transmissions had never been
greased. So, he got a grease gun and he gave it a couple of squirts and from then on it was
happy asaclam. They never failed us. They were so over-designed.

I learned with manufacturing equipment, when something is built, no matter how
delicate it is, we had to make sure it was built in such away that it will withstand the rigors of
the people that are going to use or abuseit. Thisisreality. Wereally had to go over thetop. |
saw amovie one time of acompany that built wire-wrapping tools. It was a company called
Gardner-Denver [Gardner-Denver Incorporated]. They built mining equipment. One of the
things they built was hand drills for drilling rock and stuff, and they made a special electric wire
wrapping gun for us out of magnesium. They recommended against it. They wanted to use
something sturdier. We felt that, “Look, these things are going to be handled mostly by women
and we want to eliminate as much weight as possible.” They were making these pneumatic
tools, and their main business was for Detroit. They had these nut drivers on a pneumatic hose
and they ran afew screws on one side and they took this thing and flung it underneath of the car
carrier to aguy on the other side who picked it up and used it to do the same thing on the other
side. After running these things back and forth on a concrete floor—they showed me pictures
where they wore out right through the skin. | said, “No, thisis not that kind of environment.”
[laughter]

BROCK: For how many months did you work on the Shockley, Jones, and Valdez team?

BLANK: In addition to another project—this was not the only project. One year we were
making—well, we had to make everything. We were making four-point probes and these
lapping jigs to lap the silicon down to measure diffusion depth. Bobby Noyce wanted to do
some work to figure out how to make aluminum contacts so we built alittle shutter for him to
evaporate aluminum on the contacts. Any number of things. We worked on how to make
contacts. First we had to put the silicon on a header of some sort. That had to be devel oped.
Then we had to make a contact to that. Then we had to make the interconnect from thereto a
pin on the header to the outside world, and then we had to encapsulate it. Each one of these
required some work. In addition to that we had to slice silicon. We went and got a surface
grinder and adapted it to cutting slices of silicon and then lapping it to the right thickness. There
was that piece of equipment. Some of it we could buy and adapt and some of it we couldn’t.
For evaporators we would buy abell jar. We had to do our own toolinginside. And then
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diffusion furnaces. When | got there Smoot Horsley and Bill Happ were working on a project
where they were doing closed-tube diffusion. Have you ever heard of this?

BROCK: Closed-tube?

BLANK: Closed-tube diffusion. They take asmall piece of silicon and they put whatever
doping they wanted in there and sealed it in aquartz tube. They took thisand put it in an oven
for so many hours at such and such atemperature. They took it out, broke the quartz, lapped it,
and measured the diffusion depth. | said, “Well, that may be an interesting way to do it in the
lab, but for production purposes you have got to be kidding?’ [laughter] There was another
group working on open-tube, what we still do today. So, there was that consideration. Then
Knapic called me one day and he said, “Look, this RF generator has to have water running
through it al thetime. They’ re dumping it down the drain and they’ re having a problem,
because there was no sewer there.” We were on a septic tank. | said, “You’ve got to be
kidding?’ He said, “We need a cooling tower to cool the water so we can recirculate it. Go get
me one,” because | studied air conditioning at one time so | understood what that was. | said, “I
don’t want to do this, but | have no choice.” What we wound up with was a wooden tower,
which | hated because it was about the only thing we could get in ahurry. If wewanted area
cooling tower we should have got Baltimore Air Cooler, which I’'m more used to—a metal thing
that | knew all about, that’s going to last and is going to do the job, and can be measured. But
the wooden ones, who knows? They were not built for this kind of work.

BROCK: How do you make a cooling tower out of wood?

BLANK: Just squirt the warm water on top and it dribbles down this cooling tower and comes
out the bottom. It’'sjust asimple device with afanin there, but it’'s al redwood.

BROCK: So the water ran on the interior sides of it?

BLANK: Right. It wasterrible. We had to clean it because it got dusty around there. But it
was the only thing | could get in ahurry. For awhileit was sitting on the roof and for along
time it was the highest spot in all of Mountain View. [laughter] They’ve since taken it down.
That was one of a number of things that we did.

BROCK: Inadl of the crystal growing work, and crystal production work that was going on
that you were just describing at Shockley, was Sheldon Roberts involved in that at all?
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BLANK: Ohyeah. Sheldon Robertswasinvolved init, and Vic Jones. Mostly Vic Jones.
There were afew fellows that were involved init. In fact, they were trying to get materials with
different dopants in there.

BROCK: You mean in the growing process?

BLANK: Just to make seeds so they could use that to propagate. They wanted some arsenicin
there. 1 said, “You know, thisis nasty stuff. You don’t want to deal with this.” | made them
get the gas masks and stuff like that because, | don’t like to deal with gaseous arsenic. By the
time you smell it it’stoo late.

BROCK: Yeah. [laughter]

BLANK: Then we had a deal with getting rid of the acid. Therewasnot alot of it, but some
small amounts of pretty nasty things like aqua regia, fuming nitric, sulfuric, HCl, all the usual
suspects. Then they were dealing with solvents—acetone, alcohol, MEK, trichloroethylene,
carbon tetra—all the nasty things, but in small amounts. Fortunately there wasn’t enough of a
volume to cause anybody any great grief. Dealing with gases. how to get hyper-pure gases, and
how to distribute them around the place? That was my problem, how to deal with the fittings
and how to—

BROCK: The gas service for the lab?

BLANK: Yeah. From there evolved the fact that when we went to Fairchild, since | was the
only onethat had any experience at al with air conditioning, | was—

BROCK: Got that job again?

BLANK: | got that job. And electrical power distribution. Nobody knew from beans about
that or the distribution of gases, chemicals, air, electricity, water. DI [de-ionized] water was
another problem. In those days we were buying distilled water and running it through alittle
laboratory ion exchange column. The reverse osmosis stuff didn’t exist then. In fact, | think
such filters were classified. | think they were only using them for the military—they became
available later. It was a problem getting hyper-pure chemicals, water, and gas, and distributing
it to make sure it didn’t get contaminated. Because every time you break the seal—
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BROCK: Rignht.

BLANK: Thiswasamechanica problem that became a chemical problem.

BROCK: To go back to the Shockley experience then, was it mostly you, Eugene Kleiner, and
Dean Knapic tacking al these things together?

BLANK: Yeah. Dean Knapic was the manager. He would hand us a project and between
Gene and |, we decided who was going to do it, whether | would do it, he would do it, or we
would both deal with it together. 1t was avery fluid, open relationship. It was one of those
things. We were not dealing with—there were no politics here; something had to be done and
who was the best guy to deal withit? If we didn’t know we better get some help from someone
who does. The important issue was solving the problem in atimely fashion. Anytime we had a
disagreement we' d work it out until we both agreed that, “ Thisisthe right way to doit.” Or, “If
itisn't the right way, we' re doing this way because of other reasons, like we don’t want to wait
six months for it.”

BROCK: Rignht.

BLANK: Because otherwise we would never get anything to happen. [laughter]

BROCK: Did Dean Knapic leave Shockley before you did?

BLANK: About the sametime. He formed KEP, Knapic Electrophysics, where he was
growing crystals. He used the same crystal grower that | designed.

BROCK: The same exact crystal grower?

BLANK: Same exact crystal grower.

BROCK: Did hetake that same machine with him or did he reproduce it?

BLANK: It'snot that complicated amachine, it's ageneric thing. So, he asked me to look
over the drawingsto seeif he missed anything. [laughter] | don't care. Asfar as| knew it was
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public domain anyway. A Czuchralski puller isa Czuchralski puller no matter how you do it.
In fact, Fairchild bought silicon from them.

BROCK: | had heard that.

BLANK: Yeah. They pulled their own silicon for awhile. If they needed extraones or if they
had aresistivity which wasn’'t in the normal mill, they’d buy it ready. We were a big customer
of his, asamatter of fact.

BROCK: | know that Jones and VValdez left Shockley soon after that big kluge?

BLANK: [ think Valdez lost favor with Shockley over that. Jones just couldn’t handle that
kind of atmosphere and wanted to get back to an academic environment. He told Shockley that
he wanted a change. Shockley said, “Well, I’ll call Les Hogan,” who was a professor at
Harvard at the time, “and tell him about it to work adeal.” So, he called Hogan and Hogan
hired him while he was a professor. | met Hogan years later. | said to him, “Y ou know Vic?’
He said, “Of course | know Vic.”

BROCK: | didn't realize Hogan was teaching.

BLANK: Hewas aprofessor at Harvard after he left Bell and before he went to Motorola
[Motorola Incorporated].

BROCK: Let'stalk alittle bit more about Eugene Kleiner in those days, as a person, as a close
coworker, and engineer.

BLANK: Kleiner's experience mechanically was as atool maker and mine was as a prosaic
machinist. He worked at ahigher level. Between the two of us we could operate almost any
machine known to man. He was better at—he liked to do welding so | left the welding to him.
[laughter] Whenever we' d have a peculiar product and we were working with molybdenum, for
example, for thefirst time, | did the research and | did the procurement. | was the purchasing
agent at the time because | didn’t want to start educating a clerk purchasing agent to buy
technical stuff. It didn’t make any sense, because by the time | wasted doing that—I just needed
to know where to get it. When we worked in these radiation shields, how were we going to get
sheets of molybdenum? At that time | found out that there were two guys that made sheets by
two different methods. One was sintered and one was arc-cast. | just wanted something that
was relatively easy to bend and drill holes through and deal with. Then we had to make little
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rivets to fasten the thing together. | didn’t want us machining screws. We just drilled a hole
and popped it—just to hold it in placeis al. It was not going to do anything else. Just to hold
this envelope together. Some machining we did—a feed through required machining. For
certain things we got the arc-cast, and some we got the sinter, depending on what it was.

When it came to machining we both got together on the lathe and he was on the lathe
and | was looking at the book that talked about how to deal with this stuff, all about feeds and
speeds. | said, “Oh, it recommends using kerosene or turpentine as alubricant.” Why that
material | don’t know, but that’s what they were—so we got a jug of that and we put it on there.
It worked fine. We actually machined some screws out of it. Gene did it, and we had along
debate on the feed, on the feeds and speeds. “Let’s stay within the realm of what they say.” We
did the cal culation and we double-checked one another. The machinists were standing around
watching us, the guys that were working. So, when we finaly did it, they now knew that it
worked, “Thisisthe right thing to do, and thisis how you do it.” | think it was turpentine that
was used as a lubricant.

We were basically interchangeable. If someone had a problem, his desk was right
opposite mine anyway, so there was not such athing as “my project.” It was our project. If |
needed him, if he put hiswordsinit, fine. If | looked over his shoulder and | could say
something, fine. Nobody ever took any offense over it.

BROCK: Did the two of you socialize outside of work or did you need a break from one
another?

BLANK: We socialized alittle bit. He used to live up on the hill above us, until he and Rose—
they’ re both gone now. | remember when he bought the land. He took me and scouted it,
driving up to show it to me. | had no idea of buying a piece of property here. A few years later,
when this land became available, it turned out that he was right up there but | didn’t pick it out
that way.

BROCK: While at Shockley Semiconductor, did you work at all on building open-type
diffusion furnaces?

BLANK: Oh yeah.

BROCK: Wasthat something that you worked with Gordon Moore on?

BLANK: Gordon and | worked on this fiasco of the platinum winding, which turned out to
be—
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BROCK: | heard about that.

BLANK: We worked for awhile but then the platinum sort of gave out. We went in hiscar up
to a company in South San Francisco, we had bought the platinum wire together. But we came
upon this material, this molybdenum disilicide made by this Swedish company called Kanthal
[Kantha Global]. They were capable of doing that job. | think they still useit to thisday. We
ordered some of the first elements from them, custom wound, and we used the same thing at
Fairchild as well.

BROCK: Was Gordon taking care of the glass blowing aspect for the furnaces?

BLANK: Gordon did the glass jungles, which were what was used in those days. | can
remember watching him do this. Hetaught Art Lash to do it and he finally got rid of that chore.
But with some of the early work, everybody had to do alittle of everything.

The diffusion furnaces were sensitive so we built these electric controllers. We bought
them from Barber-Coleman. They were always dying for some reason or other and | got a hold
of Vic [Victor] Grinich. We looked at them and said, “Thisiscrazy. There’s no reason why
thisthing shouldn’t last.” So, we opened it up and looked inside and | said, “I can’t believe that
these components are that cheesy.” Between the two of us we changed a capacitor, upgraded it
two grades. Instead of 150 volts we made it 350, or whatever it was, and a bigger one, and a
higher temperature one. The transformer to drive the e ectronics was just marginal. | found one
for him that was bigger, so that it was not a problem. As soon as they came over we retrofitted
al of them. We wrote to Barber-Coleman and said, “Look, why don’t you make this change so
wedon't haveto doit?” About ten years later they sent us a message back, “ Guess what? We
decided to incorporate these changes.” [laughter] | learned at Western Electric that when you
specify components, electrical components, you really have to know what you're doing. You
can’'t believe what the manufacturer tells you when he puts a rating on a component, because he
means that as a middle ground of where it ought to be. [laughter] If you'rereally serious, you
haveto really measureit right. In order for a piece of equipment to get qualified at Western
Electric you had to give a KS number, which was a Kearney Spec. Once you got blessed with
that number then you could supply that.

[END OF AUDIO, FILE 2]

BROCK: | wanted to talk about the general atmosphere of the laboratory. Wasit afast-
moving place? Did everybody feel that time was of the essence?
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[END OF AUDIO, FILE 3]

BLANK: Wadll, I think that the thing that precipitated the departure was the fact that after
Shockley got the Nobel Prize he began to do alot of traveling to different labs. Every time he
came back he got the lab together and gave us alecture, and embarked us on anew set of
programs. It wasinteresting for awhile but it came to a point where some of the things that we
were really interested in dealing with we were never ableto finish. We felt they were important,
and then it was shunted off to try something else, which we didn’t know how important they
were. He went on a kick one time where he wanted to do zone refining. Well, you' re not going
to do zonerefining on silicon so easily. Thiswas a massive program and we couldn’t do it like
germanium. Some time was wasted on dealing with that when that time should have been spent
on resolving important issues like diffusion, for example, making contacts and things like that.
He had this fixation with this four-layer diode, which had nothing to do with chemistry but it
wasreally a cross point. It wasthe cross point of acrossbar switch. | told him, “Redlly it'san
interesting problem but that’ s not the problem. | don’t care how little you makeit | still have
this massive wiring effort to go ahead and wire the switches, and then wire the frames together,
and then wire the offices together one way or another. So, you can make these as small as you
want but, that’ s not the problem. That’s not the real problem.” | had been working with
Western Electric on a program to deal with printed wiring.

BROCK: What is printed wiring?

BLANK: It wasthe beginning of the printed circuit and there was a program going on where
they were actually going to print resistors and capacitors and some kind of inductors. The
chemical guyswouldn’'t know that kind of stuff. But there was some effort going on along
those lines, to make sure that the interconnections were consistent, instead of having them to be
done by hand every time.

BROCK: Okay.

BLANK: Because, | understood completely the tyranny of the interconnect. [laughter] That
was my whole job, interconnecting. [laughter] How do you connect all thisand test it?

BROCK: Right. [laughter]



BLANK: But my voice didn’t matter. I’m not a physicist, so who was | going to argue against
it? Besides, | felt also that maybeif | solved that and learned how to make it maybe it would
help make something el se that’s more useful.

BROCK: But you weren't too enthusiastic about the four-layer diode just from a marketing,
systems—

BLANK: Just from apractical point of view asto what are you going to, now what?

BROCK: Right.

BLANK: Now you still have to connect it. | could understand if we were talking about
replacing a big and heavy hot vacuum tube with a little bitsy thing in here—that’ s another story.
We could eliminate that much heat. As athermodynamics freak, | could understand the value of
that. [laughter] 1 think there was too much dabbling in making things too quickly.

BROCK: That urgency and focus was something that brought the eight of you together?

BLANK: We couldn't finish what we wanted to do. That'swhat led to it.

BROCK: | want to run through alist of names of some of your coworkers from thistime, and
ask you to reflect on them as people and what they did at Shockley. We didn’t really talk too
much about Sheldon Roberts, the metallurgist of the group?

BLANK: I didn’'t have too much to do with him, but he was working on contacts and
evaporation.

BROCK: Okay.

BLANK: Later on | guess he got involved with crystal growing.

BROCK: When you moved to Fairchild?



BLANK: Yes.

BROCK: What about Gordon Moore?

BLANK: Gordon wasinvolved in the chemical processing and in the gas handling, the
bubblers, and the funny little things that you see in a chemical—

BROCK: What about Gordon as a person? Does anything stand out in your mind from those
days that typified him as a scientist?

BLANK: No, hewasjust one of the guys that we used to go to lunch with periodically. We
were always having the same problem with young families and trying to get by with a
seemingly unstable situation.

BROCK: How about Robert Noyce?

BLANK: | asoworked with him. He had the most semiconductor experience of anybody,
from anuts and bolts point of view. He was always hanging around trying to get things made
and he was a'ways amazed at how quickly we could make them for him.

BROCK: Interms of equipment or whatever he'd need for the—

BLANK: Anything he needed. | told him our purpose was to go ahead and make life easier for
them so they didn’'t have to waste their time on things that didn’t require Ph.D.s that could easily
be done by people who were specidists. | remember he used to come al the time and we talked
and sat in the cafeteria and he drew something on the back of anapkin and said, “If | could get
something like this | could start working on thisthing,” and then afew hourslater | said, “Isthis
what you were talking about?’ He said, “Almost.” We'd go back and make it. Hesaid, “You
know, at Philco [Philco Corporation] athing like this used to take six months.” | said, “Well
that’ s the way—we have to put a stop to that to make sure that you have it, so that you’ re not
wasting alot of time, because timeis of the essence.”

BROCK: Did he share your appreciation of the need for speed and urgency?
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BLANK: Hewas amazed that things could actually get done that fast. [laughter] Most of these
lab things happened at a very leisurely pace. Thiswas probably a shock to most people, that
you could actually move alot faster than that. We got to like speed after awhile. [laughter]
Speed became addictive.

BROCK: How about Vic Grinich?

BLANK: I liked Vic. We had fun together. We were always dealing with electrical equipment
and | remember we used to have to go through the same nonsense on the electronics. They were
always the same thing. Most of these guys didn’t know how to design electrical equipment, or

if they did they forgot about it. They never picked the right components. They never made
them strong enough or they didn’t make them with enough capacity. They were always trying
to downgrade them to save afew nickels and it winded up costing them fortunes later on. We
looked at it and saw if there was anything obvious that needed to be changed. The thing became
acute because in a situation when we were dealing with processes like diffusion which take
eight, ten, twelve, sixteen hours, with controlled temperatures and controlled atmospheres, we
didn’t want to have to deal with flaky things that could ruin all eighteen hours worth of effort. It
made it important to make sure that it was rock solid.

BROCK: In essence you were checking on the designs of the off-the-shelf equipment that you
guys purchased?

BLANK: By necessity. Thisisnot something that we liked to do, but we had to deal with it.

BROCK: Next on my list was Jay Last.

BLANK: Jay Last wasthe optical guy in the crowd and we used to make stuff for himtoo. The
first mask that we made, he wanted to put dots on silicon. He said, “How small could you make
aholeinamask for me?’ | said, “Well, the best thing we could do, | think we can, the smallest
drill 1 know istwo mils, maybe one mil if I'm lucky but | don’t know how long they’re going to
last.” We found some very small drills and we actually made, not easily but with great
difficulty, we perforated a bunch of holesin them and he used them to make his—to get these
black dotsin there so that they could use wax as photoresist. Well, not as photo, but as resists.
Eventually we found some place that could etch them, because | knew you could silkscreen
these things and etch them. But we didn’t have the equipment at our facility so we went and
found other people to do that.

BROCK: To etch the masks?
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BLANK: To etch. To makethe masksfor us.

BROCK: Okay. What about Jean Hoerni?

BLANK: Jean Hoerni was mostly sitting making mathematical calculations. Hewas avery
quiet guy, and that data that he reduced is still used to this day.

BROCK: On thediffusion?

BLANK: Onthediffuson. We d take afew—to get one point on a curve we had to diffuse a
piece of silicon with a specific resistivity and atemperature for so many hours, and we lapped it
and measured it, and this was one point at this temperature, and then we got to do it for another
temperature. We built amatrix likethat. We didn’t want to do thisforever. So, we took a
couple of points and we made a mathematical curveto fit that. That’'s what he was doing,
making tables of diffusion constants. The whole thing—taking probes down, actually
measuring resistivities at different depths. It was mind boggling, but that’s what we had to do.

BROCK: It was a huge experimental effort, to come up with those?

BLANK: Yeah. Anditwas grunt work really. It was something that had to be done, by people
who were careful. They turned it over to technicians, but he actually did the mathematical curve
for them.

BROCK: What about Tom [C.T.] Sah?

BLANK: | didn’'t have much to do with him. He wasjust aquiet physicist that worked by
himself. | guess he worked with Noyce on some projects and everybody was milling around. If
they needed something done they would see me or Gene—it was kind of an open environment.

BROCK: Harry Sdllo?

BLANK: Harry Sello came later.
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BROCK: Okay. Right, aimost right before you |eft?

BLANK: Very shortly before we left, so | didn’t get to know him very well.

BROCK: What about Dave Allison?

BLANK: Dave Allison was hired about the same time | showed up. A few months later he
showed up from—he wasworking at IT&T | believe. He was a neighbor of minein Palo Alto.
Helived up the street. We weren't close friends. He was a quiet, reserved guy that was doing
hiswork quietly.

BROCK: Thelast name | had was Sam Fok.

BLANK: Sam worked at Shockley. In fact, he sat right next to me for along time. He was
working on—I can’'t remember. He may have been working with Jay Last.

BROCK: I'm not sure.

BLANK: I'm not sure either, because | know later on at Fairchild he was working on the
specia aligning equipment and the photo cameras and things like that. But he came later at
Shockley. They had no place for him so they stuck him next to Gene and myself.

BROCK: Let'stalk about your interactions with William Shockley over the period that you
were there. Did you deal with him often?

BLANK: No, only oncein awhile. He called mein his office one time and said, “1 want you
to do me afavor. We haveto give these tests to everybody that shows up, and it isvery
expensive so we'll reserve that for the senior people, but we want to do the same kind of testing
at the other levels like technicians and office help.” He said, “We located a serviceright herein
Palo Alto that doesit, and | really want to hirethem. | want to make sure | get some kind of a
correlation between what they do and what the other firm does. What I’d likeyouto dois|
want you to go down and take all their tests, to qualify them because you have the broadest
experience. You've worked in offices and factories and the results that we would get from you
would be more correlated with what we would expect.”
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[END OF AUDIO, FILE 4]

BROCK: Shockley said, “Go down and take the tests?’

BLANK: Hesad, “Go down and take them all because if they correlate with what your test
results were, we have a better chance.” | said, “Okay. I'll dothat.” | was there for amost
every day in the week. Some of these tests would go on all day, four hoursin the morning and
two or three in the afternoon. Towards the end of the week | was cross-eyed. | couldn’t believe
it. Finaly they werejust half days so at the end of it | finally got through it. He called me
because he wanted to thank me profusely, the correlation was very good. He said, “There’'s no
point in having someone else come down that never worked in afactory. For them to take the
test it wouldn’'t be meaningful.” He said since | worked in factories before and in offices, my
experience would work all around. 1 said, Okay. [laughter]

He interrogated me at some length about switching equipment—the crossbar switches.
What | explained to him was that the problem was realy pulling all this stuff together by
making sure that it worked. He didn’t understand too much about tel ephone equipment, which
was odd. Thefirst two years that we were at Western they gave you atour, like an
indoctrinization program. We spent afew days at Bell Labs and afew daysat Long Linesin
Lower Manhattan and at AT& T [AT&T Corporation] and in different parts of the system to get
to know all about it. We learned some of the basic elements of that system. They had to build
equipment in those days for aforty-year life because it had to interact with so many other
systems that in some cases you cannot justify upgrading it because the activity istoo low. We
had to keep the old stuff working but we still had to be able to interconnect it with new stuff. It
was an issue that most people don’t have a clue of. Not only that, even if we designed the
greatest whiz-bang, we couldn’t make it all happen instantly. 1t's going to take ten or fifteen
years to go through the whole thing, by which time we got to start something all over again,
maybe. In the meantime we had to pick spots, what to do first. In some areas like some
sparsel y-popul ated areas that were never going to get any more than a plug board, they were not
going to justify an automatic piece of equipment, because it would take forever to just to pay for
the installation. [laughter] That’s why they had that restriction, which was something that most
people have no clue about.

BROCK: Didthe Bell Labs technical staff have to do a similar sort of orientation or not?

BLANK: I don’'t believe so. We had to learn about patents. We had many hours of discussions
withthe AT& T patent people especially about the antitrust case that had been going on.
Euphemistically known as a“divorce case.” [laughter] We had to learn the difference between
transmission and switching, components and apparatus. It was mind boggling. They used to
send their people to MBA school from time to time.
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They had two levels, a promising engineer or afirst-line supervisor was selected as
having potential. They would send him to an internal school known as “charm school,” which
was a Western Electric-AT& T series of programs where the courses were given internaly by
professors from Columbia, or Harvard, or wherever. |f someone passed that and was considered
aredly good candidate for higher work, they would send them to Harvard to get an MBA after
they had their charm school, plusten or fifteen yearsin the business as an engineer. Thiswasa
different type of student than a kid that got a BA in business then went right through a Harvard
MBA. Thiswas awhole different animal. After that much experience they really understood
the difference between what’ s fantasy and reality. [laughter]

BROCK: Let'stak alittle bit about the beginning of this dissident group, the eight of you at
Shockley Semiconductor and how that unfolded and why you were coming together.

BLANK: Itjust evolved to a point where the senior people, Noyce and Moore, and the physics
crowd were becoming—they had a problem with being shunted from one project to another.
Gene and | had no problem of being able to jockey back and forth, because one piece of
equipment is like another. It doesn’t matter. But | could sense their frustration of not being able
to follow through on a project, of switching before they got something resolved that said either
we should forget about it, continue it, or go adifferent direction. It just happened that when we
started private discussions among us in small clumps, the clumps coalesced around the eight of
us, at which time | think Gordon was assigned the task of making contact with Arnold

Beckman, because Gordon came from Caltech [California Institute of Technology]. He had the
closest connection. So, that was how that devel oped.

BROCK: Inyour discussions with the other folks, did your concerns become more
pronounced, from what you were hearing from them?

BLANK: From my point of view, if they were going to disappear then we didn’'t have ajob. If
they were going to leave, then this thing wasn’t going to happen. It became important to
collectively stay together and finish what we started out to do, one way or another, if at al
possible. Then we started these series of discussions with Arnold Beckman, afew dinner
meetings. He came up here severa times and he agreed and then reneged.

BROCK: That strikes me as a pretty bold maneuver for the group of you to call Beckman up?

BLANK: [twas.
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BROCK: Did you have a conversation together beforehand about doing that?

BLANK: Oh yeah, we already decided.

BROCK: Tdl mealittle bit about that?

BLANK: It'sbeen solong, I’ ve forgotten how it happened. It just happened that we decided,
“Well, we haveto giveit ashot. Since Shockley is not around the lab anyway, maybe Beckman
can see that Shockley’s not areally good manager and maybe he ought to continue his voyages
around and let us—let the lab stabilize.

BROCK: That was because Shockley traveled so much?

BLANK: We thought he could continue traveling and then have him as a consultant but not
continue as the moving force behind it.

BROCK: Okay.

BLANK: Wéll, thiswas not to gain—there was nothing punitive or negative about it. We just
wanted the lab to succeed. That’'sthe way we looked at it. That’sthe way it was presented to
Beckman. He understood that, because he knew that Shockley was not a good manager
particularly. He knew that going in.

BROCK: Hedid?

BLANK: Yeah. Hesaid so.

BROCK: From what he had heard from Bell Labs?

BLANK: And from what he had observed. He was certainly a good recruiter.

BROCK: A great eyefor talent. What was Arnold Beckman’sinitial reaction? He came up
after some phone calls?
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BLANK: Wéll, the upshot of the discussion was that he decided that he would find away to get
Shockley a chair at Stanford or something like that, and get a manager in from, | think, there
was afellow by the name of Joseph Lewis that he proposed, and eventualy he suggested
Maurice Hannifin from the Spinco Division. A nice fellow who became the interim head of the
lab. But then at the last minute he changed. He reneged on thiswhole deal.

BROCK: And Beckman gave no signsto the group of you that he was changing his mind?

BLANK: No, not until the last minute.

BROCK: Inapublicway? At a meeting between everybody with Beckman there and
Shockley?

BLANK: No, Beckman was there but Shockley wasn't.

BROCK: Okay.

BLANK: When hedid that it took the wind out of everybody’s sails and then he did in fact
move Maurice Hannifin in and Noyce took on the job of being the technical head of the lab
while Shockley was moved to Stanford. | don’t remember exactly how that happened but
Shockley didn’t show up very much after that. 1t was Maurice Hannifin who was there day to
day. It became very strained after awhile. That’s why we considered getting together and
finding a different way to dea with this, since we had burned our bridges behind us. It was
almost untenable.

BROCK: Did Beckman give you any explanations for why he switched his mind?

BLANK: No. Nonethat | remember.

BROCK: And then did—
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BLANK: We knew what happened later. We found out that he got a call from Jack Morton
who was the head of Bell Labs at the time, who got wind of it, and told him, “You can’'t do
this.”

BROCK: *“You can't do that to Shockley?’

BLANK: Right.

BROCK: Just because of Shockley’s stature? Or why would they care?

BLANK: I don't know. My own personal feeling isit was probably what was known as the
“Bell Labs mafia” Arnold came from Bell, Shockley came from Bell. It’slike a club.

BROCK: | can seethat.

BLANK: | could understand that. But, in retrospect, he was really cutting his nose off.

BROCK: Because Beckman told Shockley about the whole thing, is that right?

BLANK: Hehad to.

BROCK: Right. I can understand why things would be tense with Shockley afterward.

BLANK: That’swhy he wasn't there very much.

BROCK: At what point did you all decide that you needed to resign?

BLANK: Wefirst decided we were going to seeif we could do something together. We began
this contact with Hayden & Stone [Hayden & Stone Incorporated]. Gene Kleiner wrote aletter
to one of the guys at Hayden & Stone who his father knew very well, who then passed it along
to Bud Coyle who was the manager of that office at thetime. They looked at it and they
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decided to go ahead and come out and visit the group. There were going to be seven of us
because Noyce hadn’t made up hismind. We invited him to come along with usto join.

BROCK: Was Noyce involved in the discussions with Beckman?

BLANK: Ohyeah. Sure. But he said he made a commitment to Beckman that he would
remain as technical head of the lab for some period of time. When we went up to the city to see
Bud Coyle, thefirst timethat | knew that he was going to come was when he showed up in the
car.

| didn’t even know he was going to go. | knew they invited him and | think it was
Sheldon Roberts’ station wagon and he was sitting in the back seat. | said, “Oh, | see Bob
Noyce. I'm glad to see that you're here.” Hesad, “I’'m glad to be here.” [laughter] Noyce was
always showing up late for some reason. [laughter] Well, he showed up anyway, and—

BROCK: Wasit after they had made the connection to Sherman Fairchild that you guys
decided?

BLANK: We had another visitation from Fairchild when Dick Hodgson came out here. He had
the task of evaluating this. He said he was going to recommend it and shortly after that we
executed these papers and we simultaneously handed in our resignation.

BROCK: How long did that whole process take, between meeting with Arnold Beckman to—

BLANK: I"'m guessing from March through September.

BROCK: It happened fairly rapidly when this thing unfolded? Did you have afinal meeting
with Shockley?

BLANK: No.

BROCK: Did you see him again after that, in later years?

BLANK: The next time| actually saw him was when that book came out that Carolyn Caddes
[Portrait of Success: Impressions of Slicon Valley Pioneers] made.



BROCK: | don't know it.

BLANK: She made abook of all the peoplein Silicon Valley, and she had his picture in there
and she had a book signing at somebody’ s house. | think it was her house in Atherton
[Californig] and he wasthere. | think that was the first timel’d seen himin years. It wasin
1984, something like that. He actually signed his name. | asked him to autograph his picture,
which hedid. | was standing with Andy [Andrew S.] Grove. | said, “Andy, did you ever meet
Shockley?” Hesaid, “No | haven't.” So, | said, “Comeon over. I'll introduce you.” Thefirst
time he'd ever met him. [laughter]

BROCK: Let'stak for alittle bit about the early days of Fairchild. We talked alittle bit about
the electricity and the air conditioning being your initia responsibilities there.

BLANK: I had the whole building responsibility.

BROCK: Okay. And | understand when you first—

BLANK: Itwasashell. Initially they wanted to give us power from alittle transformer
mounted on apolein front. | said, “Come on!” We actually bought a twenty-five kilowatt RF
generator just to get going for crystal growing. | said, “That’s not going to last. We're going to
get a bunch of furnaces. That transformer isn’t going to last.” | got them to put in abig
transformer pad in the back, which was a problem because we were dealing with the City of
Palo Alto not with PG& E [Pacific Gas and Electric Company], which is the power company.
It'sacity-owned utility.

BROCK: Oh, | see.

BLANK: They had to push this pipe underneath the building to get out in the back. It wasa
zoo of the highest order. [laughter] We got it done and we piped the place for gases, and
whatever we could deal with, and had the place air conditioned with units mounted on the roof.
It wasn't redlly afirst-class environment. There wasn’t enough room for anything more
elaborate. All of the drains came into a neutralization tank, neutralized with sodium hydroxide,
which was appropriate. | remember having discussions with the guy that ran the sewage
disposa plant nearby. 1 would call him up and | said, “Hey, are we doing anything that’s going
to cause you aproblem?’ | told him what we were doing. He came around, and he said, “No.
Aslong as you put plenty of water down there to diluteit as required it’s not going to bother me.
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There were only certain things that were going to foul up his digestersin there, and you’ re not
doing any of that stuff.” He used to come around, at my invitation, “Tell us what we're doing
wrong and we'll fix it.”

The power was another problem. We had these crystal growers working and the
diffusion furnaces working and all of a sudden around five or six 0’ clock in the evening there' d
be an “Rrrrrr”—everything would go down and then back up again. | couldn’t figureit out.
Finally, I went to PG& E because the Palo Alto people were not helpful. They said, “Oh, Ames
Laboratory across the street in Mountain View has awind tunnel which they generally turn on
in the evening because that’s when demand is low and they have enough juice.” [laughter] This
was a 60,000 horsepower fan. [laughter] | said, “Now you'retelling methis.” | decided, “Wéll,
we're not going to do anything until after they turn it on.” We had to call them and find out
when they were schedul ed to operate so we would work around it. [laughter]

BROCK: That's amazing.

BLANK: Dealing with DI water was always a nasty problem. We used to buy atank car load
of distilled water from a company and then run it through the lab and polish it.

BROCK: And they would deliver that on a—

BLANK: On atank truck, and put it in a polyethylene tank that we had built, and draw down
that and then come back every oncein awhile and top it off. All the drains were above ground
because | didn’'t want to bury anything.

BROCK: Why not?

BLANK: First of dl, drainswill leak. If they leaked | wanted to see where they leaked so we
could fix them. Secondly, since we didn’t know what we were going to do from one week to
the next, we had to be able to tap into them at various places. | didn’'t want to have to dig up the
lab to go ahead and find it, and add another outlet, or another fitting.

BROCK: Oh, | see.

BLANK: Because we were always expanding and changing. If they were accessible we had
the chance to deal with it. Thiswas not rocket science. All the pipes were exposed. We could
see what we were doing and get at them.
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BROCK: Wasthat infrastructure and facilities your major push in the early days?

BLANK: Oneof them. I still had the equipment to build. | became what we called
Engineering Services. Mechanical design, equipment, that kind of thing. Gene was more or
less handling personnel and manufacturing, beginning to deal with that. We would still help
each other out, but that’ s the way it evolved.

BROCK: On the equipment side of thingswas it very much still like the situation you faced at
Shockley Semiconductor in that you're going to build your own crystal growers and you're
going to build your own furnaces?

BLANK: No. Except wherewe couldn’t get it built by the outside. Wherever someone else
could build it, sure we'll go the either way.

BROCK: What things did you end up buying and which things did you end up building?

BLANK: The assembly equipment we built for along time and eventually when it got to be
automatic we bought it. Y ou know the automatic stichers, we didn’t bother with that. We
didn’'t have enough—couldn’t justify handling the talent for it. Exposure equipment, masking
equipment. When they became available we bought it. Furnaces eventualy became available.
Evaporators. Little by little, wherever it made sense. But, some equipment, until | left, we were
building our own.

BROCK: Would that be things like the growers?

BLANK: The growersthey kept building for along time and eventually they ran out of
capacity. | had built them big enough so they could take two upgrades, but then they physically
ran out of room.

BROCK: Oh, | see. Interms of the diameter of the crystals?

BLANK: Sort of the size of the crucible. | think we finally got up to fifteen kilograms and that
was as much as we could handle. We couldn’t get any bigger than that. Power was no problem
because we just built abigger helix. There was enough power in therefor all of that. But they
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ran out of physical room. Then they bought some from the outside. That was after | left that
particular part of it. Then they told me they had more trouble with the store-bought one. They
looked prettier but they were breaking down. They had more time offline than online. [laughter]
The ones that we built would last, they’d just run and run. They got rid of them because they
ran out of capacity.

BROCK: Did you work with Sheldon Roberts? Hetook over responsibility for the crystal
growing operation?

BLANK: For awhile and then he moved on. He didn’t stay there very long either. He and Jay
Last left after a couple of years.

BROCK: In 19611 think?

BLANK: Yeah, in 1961.

BROCK: You essentially transferred the design that you had begun—in terms of the resistance
heating crystal grower—Shockley Semiconductor?

BLANK: No, | don’t think we actually built one at Shockley.

BROCK: But you had started to plan?

BLANK: We built the prototype.

BROCK: Okay. You prototyped it and then—

BLANK: We actually built one there, of awhole different design. Nothing like the original
one.

BROCK: So you had thisfacilities and equipment role and responsibility. How did that
change over time?
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BLANK: Kleiner was assigned to work at R& D, when they built the new R&D plant. He left
and | got assigned to take over hisjob at R&D and aso to handle al the facilities for the whole
company in addition.

BROCK: When did this happen?

BLANK: About when heleft. It was about 1961 or 1962.
BROCK: | didn't redize Kleiner |eft that early.

BLANK: Yeah. Heleft just after the—

BROCK: The Amelco [Amelco Corporation] group?

BLANK: Just after they left, | got another job. They asked me to transfer adivision from
another Fairchild division that was in Southern California up to here. Thiswas their Transducer
Division. They were making solid-state strain-gauge transducers. We made the chip for them
and they had put this die on a Kovar beam and that was part of a piezo resistive element. You
deflect the beam and it changes the resistance and that tells you how much pressure thereis.
That decision wasn’t working very well. They were having alot of trouble with it losing
money. The powers that be decided they wanted to move it close to the source of silicon. They
didn’t have anybody else in mind so they called me one day and they said, “Well, how would
you liketo?’ | said, “Areyou asking me or are you telling me?’ [laughter]

| went down there to look at it and it was atotal zoo when we finally moved it up here.
And it—they had a big program with Gemini. They were building these pressure transducers
that were measuring the pressure in the—I can’t remember if it was N,Oy, or if it was nitrogen
tetra-oxide or hydrazine. One or maybe both. They were having alot of trouble getting them
qualified because they had to pass a very strict environmental test. A vibration test, whichis
unreal, like 8G*RMS, if that means anything to you. If you've every seen a shake table like that
at that level it’smind boggling. | finally moved it up here with great pain. | took alook at this
product and | said, “Y ou know, thisis not going to fly,” because the thing was made rather
flimsily. It was not really done right. Besides that they put so much effort into trying to save
weight that they made the nozzle that attached so flimsy it would deflect when you torqued it
into the machine. | got the customer to go ahead to invite us to redesign it to make it work, at
his expense. The guy that ran it before said, “You can’'t do that.” | said, “Just watch, because
it'snot going to fly like this.” | redesigned the nozzle—simple mechanical engineering. | knew
what the problem was. | got another guy, one of the fellows from the other Fairchild labs to
redesign the circuit board to be more stable. After we got it to fly, they were passing with flying
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colors. They never really made money on it but they got back most of what they lost. [laughter]
It was considered a great triumph.

BROCK: When was this happening?

BLANK: 1962 to 1964. Somewhereinthere. Inthe meantimel got acall onetime from
Noyce. Hesaid, “Why don’t you go to Hong Kong, because we want to do assembly work over
there. Seeif it makes sense.” Charlie Sporck and | got on a plane and we went to Hong Kong.
We checked the place out and from that we built this big factory in Hong Kong and hel ped them
out with designing that facility.

BROCK: Asyou were doing this?

BLANK: Yeah. Eventually | transferred that facility back to the division somewhere else. |
got to do all the facilities because at that time we were building plants and all over the world.
We wound up doing it in Hong Kong, Korea, Australia, and then with our SGS facility | used to
go to Europe because they were building in England, France, Sweden, and in Germany, not to
mention abig expansion in Italy.

BROCK: What about the fabrication? What sort of expansion was going on through 1965 in
terms of domestic Fairchild Semiconductor?

BLANK: Inaddition to R&D over here? We added a couple of buildingsin Mountain View.
We actually built a big plating shop in Mountain View to plate the headers and the frames for
theintegrated circuits. That placeisstill going, by theway. | just drove by there a couple of
weeks ago and it’s still there. It was state of the art at that time, and everything was done
correctly.

BROCK: That'sstill aplating shop?

BLANK: That’'sstill aplating shop but someone else ownsit and they’re running it. The
equipment was built according to the highest standards—thisis going to work twenty-four hours
aday seven days aweek, forever.

BROCK: Wasit in 1961, around there, that you came to have general responsibility for
facilities?
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BLANK: It was 1964, | think.

BROCK: Okay.

BLANK: It started and then | transferred the transducer thing back to the other division.

BROCK: Then that became the real focus?

BLANK: That became my role.

BROCK: What sorts of issues were you dealing with there in terms of facilities expansion?
Location?

BLANK: Location. We had the issue that newer technologies required more capacity, better
air treatment, water treatment, effluent disposal, that kind of thing. Most of it, the thing was
evolving at arapid pace. We needed flexibility worse than ever. Asthe geometries were
getting tighter and tighter, vibration became more of anissue. We started building fabs with
waffle slabs you could punch holes anyplace you wanted to get stuff in and out, up and down at
anytime, anyplace you wanted. We had a grid that we could run power, or in addition signal
from computers would just be coming online so we could run cabling from that and telephone
lines and other wires, and God knows what else we needed at that time, throughout the lab,
without major disruption anytime you wanted to make a change.

There was also the issue of switching the equipment. After awhileit got to be such that
capacity becomes a problem, the power distribution. We started to buy high voltage power and
distribute it ourselvesinternally. Because there was so much of it and we had to build it in such
away that we could plug in a big transformer without shutting the whole plant down. That was
the main issue. Just about the time that | left, the company was starting to deal with changing
over from copper to stainless steel for gaslines.

BROCK: Okay. When did you leave?

BLANK: It was 1969.
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BROCK: What led you to leave?

BLANK: Noyce and Moore had left and | had just recovered from a nasty bout of pneumonia.
| decided | wanted to get out of the rat race and do something that was less physically
demanding.

BROCK: Because you're traveling to all these sites, al over the world?

BLANK: | had enough of that.

BROCK: | would imagine that equipment relates very much to the facilities?

BLANK: Oh yeah.

BROCK: There must have been alot in your work about deciding what equipment to use.
With that first group of the original cofounders, who left in 1961, it seems by that time there
was a hierarchy amongst this group of sort of equal cofounders. Certainly Noyce had avery
prominent role. Wasthat ever an issue for you?

BLANK: No, not for me. Gordon was happily running the R&D lab, and Vic Grinich was co-
manager with him for awhile, then he moved to the main facility and became involved with
analog circuits. He and [Robert J.] Widlar—I don’t know if you know Widlar at all?

BROCK: I've heard the name.

BLANK: They were the ones that were really pushing the linear integrated circuit. Vic Grinich
used to have alot of trouble getting wafers from the Mountain View crowd. When he was
there, he used to ask them—I was in R& D—" could you get some wafers from the R&D for
me?’ We smuggled some. It was a bootleg operation in the beginning until they finally decided
to get serious about it.

BROCK: Thelinear integrated circuits? | didn’t realize that he was so involved with that.

BLANK: Yes.
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BROCK: Let’'stak about your reactions to—in the earlier period at Fairchild—these two
signature developments of the planar process, and the planar integrated circuit?

BLANK: When they filed the patent, we forgot about it for awhile. We decided that it was the
way to make these devices. |, from adevice standpoint, didn’t have much to contribute because
that’sthe way it evolved. All we had to do was figure out how to make connectionsto it, but
nothing worked. [laughter] | knew that the integrated circuit was awinner because from my
own experience with interconnect | knew that thisiswhat had to be done. | was gratified to see
that. | knew that was the way. That, in my opinion, became the biggest cost-reduction case that
we ever had: the integrated circuits. The fact that it kept shrinking, it could become more
complex—I knew that it had to be winner.

Now, whether we could make it or not was another story. Our early ones were
somewhat of abear to make, until they finally figured out how they got epitaxial growth on
there. When someone worked with double metals, two metal layers, multiple layers, | knew that
that was in the same line with the issue of interconnect. They had the same tyranny of the
interconnect.

BROCK: What was the position that Kleiner had had at the R& D facility that you stepped
into?

BLANK: Hewasthe mechanical engineer resident handling the equipment and facilities for the
whole lab.

BROCK: Why did he leave?

BLANK: I don’'t know. I think he was disappointed because he really wanted the
manufacturing job at Fairchild, and when it was apparent that wasn’t going to pan out he
decided to move. He never occupied that office. Heleft before. | had to occupy it.

BROCK: Did you have awhole group of people working with you and your own shop on the
site?

BLANK: We had awhole resident machine shop downstairs.
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BROCK: Okay.

BLANK: They did work at the main factory. They had their own shop and we had ours, and
we would do work for each other sometimes. We bought a slightly better class of equipment
than they had over there simply because some of these were getting into required movement or
precision.

BROCK: But it was that same—

BLANK: Same sort of thing. Buildingjigs. Little gadgetry before we decided on the major
change of making a piece of equipment. | think they did alot of work on masking equipment,
with al the exposure boxes, the big high-intensity light, using, in the early days, contact masks.
Then they were looking at a stepper, and we built a one-to-one lens, laser-driven device which
never really worked very well. Thiswas abig huge block of granite that this thing was driven
on. That wasalong story. [laughter] That was ajob that Sam Fok was working on. He showed
me aone-to-one lens that he made. 1t was perfect for atwo-inch lens and he was going to make
an exposure device for that. Then it became apparent that other people were specializing on that
and then they eventually lost interest and bought them from the outside.

BROCK: More and more optical groups were getting involved?

BLANK: Mostly spin-offs, people that had worked at Fairchild before. [laughter] The same
way with the furnace people, they came from there too.

BROCK: Right. WasArt Lash one of them?

BLANK: Yeah. A lot of those fellows l€eft.

BROCK: Wasit from 1964 to 1969 that you took on the sort of worldwide—

BLANK: It started in 1962 but it didn’t really take off until 1964.

BROCK: What were your feelings about the strategy—that quickly became emulated—in
setting up the test and assembly operationsin foreign countries?



BLANK: Labor availability and cost.

BROCK: Did you have any concerns about it or did you think it was a good strategy?

BLANK: Theonly thing that concerned me was the availability of infrastructure, like the
availability of gases, water, chemicals, power, and thereliability for al of the above. If we
didn’'t have areliable source of water or power | didn’t care what we were going to make, it was
not going to fly. If we had enough labor but we didn’t have enough power it didn’t matter.

BROCK: Let'stak little bit about your thoughts while you were over at R& D about Gordon
Moore at Fairchild and him running the R&D facility. How would you characterize his
evolving role?

BLANK: We had avery open environment there, | must say.

BROCK: Can you say more about that?

BLANK: Hisoffice was always open and one time he and Grinich’s offices were right next to
each other. Mine was just around the corner from that. In fact, for along time we shared the
same secretary. It wasnot aformal placeat all. It wasalot of fun. | used to complain to
Gordon that the more people he hired the less work that’s coming out of there. [laughter] It
seemed to take alot longer. But that was a complaint of mine anyway.

BROCK: About transferring things out of there to manufacturing?

BLANK: Yeah. They d takealittle longer or they weren’t done well. Sometimes—thisis not
any reflection on anybody—»but sometimes things were over-engineered. To learn the sweet
spot of when it’sright to do it requires skill luck and perseverance. There’'s no formulafor that.

BROCK: How would you characterize Gordon as the man who was leading an organization
and directing technological devel opment?

BLANK: Gordon was avery easy guy to get along with except every oncein awhile he'd get
his dander up. | could seethe look on hisface. It wasjust avery imperceptible wrinkle that
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showed that there was something he didn’t like or didn’t sit well with him. But normally he was
avery easy guy to deal with.

BROCK: What did you do after you decided to leave Fairchild? Wasit roughly nine years
later when Xicor started? Y ou got involved with that? What did you do in that period of time?

BLANK: | worked for a while with acompany that was doing consulting and | was investing in
anumber of different companies.

BROCK: In the semiconductor area?

BLANK: Electronics. Not necessarily semiconductors. In those days some of the early
computer peripherals were starting to come online. We dealt with some companies that were
making some specia time-measuring equipment, and then another one that was making power
supplies for high-resolution CRTs and another one for e ectrostatic color copying machines.
There were anumber of others that—oh, another one we did with a company that was doing
electronic computer control, rudimentary wheel balancing equipment.

BROCK: Oh, for automobiles?

BLANK: Yeah. Automobilesand trucks. Jack Gifford was involved in that one. Now he runs
Maxxam, but in those days he was in sales and he was one of the guys that started AMD
[Advanced Micro Devices]. Beforethat, he was involved and there were afew others that |
can't think of off of the top of my head now. It was aso semiconductor transducers—spin offs
from the pressure transducer operation. There were a couple of those. Some of them got sold
and made out, and some of them went and disappeared into the never-never land of failures. We
had our share of ups and downs.

BROCK: What was the name of the organization that you were working with in this period?

BLANK: NessIndustries, for awhile. Then | left thereand | got involved as a director of a
number of these companies. | sat on anumber of different boards.

BROCK: Has Xicor been abig involvement of yours?
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BLANK: Wadll, in the beginning, no.

BROCK: No?

BLANK: A littlebit. | ran asmall semiconductor company. | was CEO for about a year, until
they got a permanent manager in there. After | left hetook over. Eventualy | think they got
sold or sold out or something after that. | lost track of them.

BROCK: It has been amix of consulting, investing, and serving on boards?

BLANK: Yeah, that’s been the mix.

BROCK: Sincethat time?

BLANK: Lately I've gotten off boards since the Sarbanes-Oxley [Act] was instituted. It's
become more of a nuisance than it’s worth.

BROCK: With Xicor, were you involved in founding that company?

BLANK: Yeah. | wasinvited to become one of their early founders. They wanted to start in
semiconductors in 1978, | told them, “Y ou got to be crazy.” [laughter] Eventualy my
objections were resolved and they started it. It was abig roller coaster for twenty years. We
finally sold it two years ago. Sold it to Intersil.

BROCK: Which was Jean Hoerni’s?

BLANK: That isthe company that Hoerni began. [laughter] But now that’s in name only.

BROCK: Okay.

BLANK: Itwassold to GE, who sold it to Harris, who took it private and then an investing
group got a hold of it and took it public again afew years ago.
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BROCK: Soit's—

BLANK: Spruced it up but the name isthe same. Almost like an incestuous relationship.
[laughter]

BROCK: Just onelast thing. Give me some stories about Gordon Moore as atechnologist, a
business person, an individual—any other reflections you might have about him or his
contribution.

BLANK: Wadll, at Fairchild when wefirst started we were trying to make up our minds whether
we were going to make the first deviceaNPN or PNP. There was abig duel going on between
Jean Hoerni, who was a devotee of PNP devices, and Gordon who was assigned the NPN
device. For awhile, athough it should have worked out NPN hands down, it didn’t. It didn’t
look so great in the beginning, because the equipment was so ratty and we really couldn’t get
good results. Eventually sanity won and we decided to go with our strength instead of our
weakness. To thisday we still don’t know how to make a PNP device as well as we know how
to make aNPN device. [laughter] That’'s mother nature having the last word. | remember we
used to have barbecues at Gordon’s ranch—or his father’ s place over on the coast.

BROCK: Pescadero?

BLANK: Pescadero. We had venison. [laughter] | missthose barbecues. They were very
good. | remember he came to my house one time and he saw my library. | had abook in the
library, atextbook that | kept. 1 don’t know why. One of theselittle thin ones. The thin ones
are always the nasty ones. This one was labeled Steam Turbines. He was surprised by that.
Gordon was a great punster.

BROCK: | learned that at some of the device conferences he wasin charge of limericks or
something like that?

BLANK: Ohyeah. Hewasvery good at that. Onethat I'll never forget, when he started Intel
[Intel Corporation], I don’t know whether | was with him when he told me this or with a group.
In the beginning they were making semiconductor memories which didn’t ook all that hot in the
early days. [laughter] At that time the big thing was core memory. He said that, “We've

decided to be rotten to the core.” I'll never forget that one. It was prime. [laughter]
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BROCK: You were part of theinitial group of investorsin Intel with the other—

BLANK: Wegot acall from Noyce and he invited us all to participate, which we did.

[END OF AUDIO, FILE 5]

[END OF INTERVIEW]
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