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Oral History of Igor V. Grekhov

Igor V. Grekhov, May 15, 2012

Rosemary Remacle: This is 15 of May 2012 and | am Rosemary Remacle from the Computer History
Museum and | am here to interview Dr. Grekhov, and first of all | will tell you how excited and pleased we
are to have you contributing to the Museum’s oral history program. So, thank you so much. <laughs> It's
very exciting for us. So let me start the interview and ask you to tell me your name, where you were born,
where you went to school how did you get interested in semiconductors and computing and in your whole
field of science—big question!

Igor Grekhov: Yes, first, my name Igor Grekhov and now | am a Head of Solid state electronics Division
in loffe Institute, Russian Academy of Science. | was born in 1934 in Smolensk-city, Russia. My mother
and father both were schoolteachers. My father in 1939 was killed during USSR-Finland war. | grew up in
Simferopol-city—it's Crimea, Ukraine now.

Remacle: The names are changed over time.

Grekhov: <laughs> Yes, change... It's a very good place, Simferopol, yes. | went to school there, and
then went to Moscow Technical University named after Bauman. It's a famous place, yes, you know. And
graduated from this University in 1959... 58. Yes, 1958.
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Oral History of Igor V. Grekhov

Remacle: Why did you decide to go there? Did you decide, or did somebody else decide for you to go to
that University.

Grekhov: Oh. | decide to go to Bauman Institute personally. But... Some problem... | tell you about...
may be... Later...

Remacle: Ok.

Grekhov: It's very interesting problem, but in general... | have graduated from this University, and was
sent... was sent to Saransk. It's Mordovia, 600 km to the East from Moscow, to work at the Electro-
rectifier factory.

Remacle: Electric?

Grekhov: Electro-rectifier, it's the name of factory, rectifier....

Remacle: Ok.

Grekhov: | work there four years, and in 1962 | was invited to loffe Institute, Academy of Science, and
worked here 50 years.

Remacle: Oh! That is very...

Grekhov: Exactly 50 years, tomorrow.

Remacle: Tomorrow? Oh, one day early for the party! <laughs> Congratulations!

Grekhov: | got PhD in 1974 from... oh, in 1967 from loffe, and next degree, doctor degree—it's Russian
specialty, Doctor Degree in 1974. In 1991 | was elected as a correspondent-member of Russian
Academy of Science, and in 2008 as a full-member of Russian Academy of Science. This is...

Remacle: ... very important.

Grekhov: Yes. It’'s typical career for Russian.
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Remacle: Can | ask you more personal question? When you were nominated and elected as an
associate-member of Academy of Sciences and then you were made a full-member of the Academy of
Sciences, how did you feel and... what did your family think? What was your family’s reaction to the fact
that...

Grekhov: Family? My mother...?

INTERPRETER: Kak Balwa cembs oTpearnpoBarsa Ha To, YTO Bbl CTanv YreHOM-KOPPECNOHAEHTOM
Akagemum Hayk 1 NoToMm, Korga Bac yxe Bblbpanu encTBUTENbHbIM YNeHOM AKaaeMum Hayk?

Grekhov: My mother died in 1985, so—no reaction.

Remacle: <laughs> She did not know.

Grekhov: And my wife and my son was happy.

Remacle: They were proud of you, I'm sure.

Grekhov: Yes.

Remacle: And your colleagues here, at loffe? Your colleagues here, were they excited for you?

Grekhov: You excuse me?

INTERPRETER: Baluu konneru no MHCTUTYTY, OHX 06pagoBanuck, koraa... Ans Hux a1o 6bino 6onbLuomn
HOBOCTbIO?

Grekhov: Er... Probably, yes. It is not some extraordinary situation. It's normal for loffe Institute.

Remacle: There are a lot of people.

Grekhov: Yeah.
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Remacle: Can we go back a little bit, and talk about... How did you get interested in things scientific as a
young boy? How did you become interested in science in physics?

Grekhov: JaBante noroBopuM, fa. A1o ObINO COBEPLUEHHO Cry4anHo. AGCOMOTHO.

INTERPRETER: It was just by chance. An accident.

Grekhov: Absolutely accidently.

Remacle: How did the accident occur?

Grekhov: Yes. | graduated from school with Gold Medal. So, | have a possibility to go to any University,
any faculty of University without any examination. So, | sent my document to Bauman Institute and went
to sport completion in Novocherkassk. And suddenly | got a telegram in Novocherkassk that | should
come to Moscow as fast as possible. The faculty at Bauman University which seems to be good for me of
cause was Rocket faculty. But when | come to Moscow, | got the information that no free position in the
faculty. Hy, noTomy 4T0o 51 npoBen NopsifOYHO BPEMEHU HA COPEBHOBAHMSX MO Bonendony.

INTERPRETER: Because he was away too long, as doing sports <laughs>

Grekhov: M nosTomy & MOr NOCTYNUTb TONBKO HA MEXaHUKO-TEXHOSTOTMYECKNIA (aKyIbTET.

INTERPRETER: That’'s why the only opportunity, the only free places they had was to enter the
mechanical-technical Department.

Grekhov: U okoH4Mn 51 Kak MHXeHep-MexXaHUK.

INTERPRETER: And | graduated the University as an Engineer-Mechanic.

Grekhov: U pomxeH 6bin noexats B CapaHck, paboTaTb Ha 3aBode, KOTOPbIA, NPON3BOANII
3NEKTPUYECKNE NAMMOYKM.

INTERPRETER: And after the graduation | was assigned to go to Saransk to the factory that produced
electric lamps.
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Grekhov: HO YNHOBHUK, KOTOprIh nncan Mo OOKYMEHTbI, owmnbes, n BMECTO ((3ﬂ€KTpOJ'I3MI'IOBOFO
3aBoda» Hanucan «aﬂeKTpOBbII'IpFlMVITeJ'Ib».

INTERPRETER: And the bureaucrat who was filling down my papers had made a mistake and instead
electric lamps he had put down er... electric...

Grekhov: Electro-rectifiers

INTERPRETER: Rectifiers.

Remacle: So, mistake... and then mistake...

Grekhov: Yes... /N Ha 3TOM 3aBoae Kak pa3 Ha4YMHanocb NPON3BOACTBO MOLLHBLIX MOYNPOBOAHNKOBbBIX
nprbopoB.

INTERPRETER: This exactly was the factory that had started the development and mass-production of
the large and very powerful semiconductors.

Grekhov: A He nmen BbIGopa, 9 A0mMKeH Gbl BOMTU B MPOU3BOACTBO MONYNPOBOAHNKOB—
semiconductors

INTERPRETER: And as | didn’t have any choice, | just had to start researching that field.

Remacle: Was this is the first time when you have been exposed in any depth to semiconductor and
science associated with semiconductors?

Grekhov: Excuse me?

INTERPRETER: 370 GbIn nepBbIi pas, korga Bbl HA4anm nayyaTb MNONynpoOBOOAHUKA?

Grekhov: [a.

INTERPRETER: Yes, it was the first time.
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Remacle: So, this is learning the hard way... So, what describe how it was for you when you worked at
this rectifier’s facility? You didn’t know very much about semiconductors. How did you learn, what did you
do, and what kinds of projects did you work on?

Grekhov: My first work in the semiconductors was very unusual also. That time... You know, power
semiconductor industry in Russia start from this point, from loffe Institute in 1954. And young researcher
Zhores Alferov, and his colleagues

Remacle: I'm going to talk to him

Grekhov: Yes, elaborated power Germanium diode. This one, yes. Very heavy!

Remacle: Can | see? Ho-ho! This is like twenty pounds or more....

Grekhov: It is special diode for atomic submarine.

Remacle: Wow. | have never held a diode for atomic submarine.

Grekhov: Yeabh, it’s first one. | should organize the mass production of this diode in Saransk. It was my
first work. | go to loffe Institute. We discuss with Alferov several steps of it work, and | go work to Saransk
and tried to reproduce such diode here.

Remacle: How many did you produce in mass production?

Grekhov: Mm?

Remacle: How many did you produce in mass production?

Grekhov: How many?

Remacle: How many. Hundreds, or thousands...

Grekhov: No... No, no, no!
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Remacle: Tens?

Grekhov: It should be... May be ten or twenty diodes per one submarine. So it's not very large
production. But we made diodes for the other application. Not such a heavy. More simple, but in more
scale.

Remacle: This is what year when you did the diodes?

Grekhov: Excuse me?

INTERPRETER: B kakom roly Bbl Ha4anu 3aHMmMaTbCs 3TUM?

Remacle: The date.

INTERPRETER: B natbaecaT BOCbMOM.

Grekhov: Yeah, right after | arrived to Saransk

INTERPRETER: 1958.

Grekhov: But my 310 TONbKO Ha4anbHbIV 3NN304, B 06LLEM.

INTERPRETER: This is only the beginning of the whole story.

Grekhov: lMoTomMy 4TO K TOMY BPEMEHMN y>Ke HacTynana apa KpemMHus.

INTERPRETER: Because by that time that was the time when we started to use silicon.

Grekhov: U mbl gormxHbl Obiniv B CapaHcke genaTtb CUIoBble KpEMHUEBLIE NPUOOPDI

INTERPRETER: And in Saransk we started to design... produce...

Grekhov: Power semiconducting diode, thyristors...
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INTERPRETER: With silicon

Grekhov: U 310 6bIn0 04eHb MHTEpecHoe BpeMsi B CoeTckom Cotose, koHel 50-Havano 60-x rogoB—
TOrga HauMHana OpraHu3oBbLIBaTbCS 3MEKTPOHMKa B Poccuu.

INTERPRETER: The end of 1950s—beginning of 1960s. It was very interesting and exciting time in the
Soviet Union. That’'s when Electronic Science had started to be developed.

Grekhov: Ctpounucek 3aBoabl, H/AW, 3aBoabl No Npon3BoaCcTBY COBPEMEHHOTO MO TEM BPEMEHAM
TEXHOJI0rM4Yeckoro 06opyaoBaHUS.

INTERPRETER: There were many plants and factories work founded, factories that produced
contemporary electronic devices, contemporary for those days, and research institutions were started as
well.

Remacle: Which people were the most influential in the birth of microelectronics or semiconductor
electronics in the Soviet Union?

Grekhov: That time | have absolutely no information. In Saransk. You understand?

Remacle: Yes... and the things were really second...

Grekhov: In Saransk, | have absolutely no information from microelectronic institutes, but | have seen the
general moving of Russian industry to semiconductors. But... It was only in ministry of Electronics.

Remacle: So... the Ministry of electronics prescribed the development basically.

Grekhov: Yes. Ho Ha ypoBHe npaBuTenbCcTBa ObIno NPUHATO peLleHne, YTO BCSI CUOBas SNIEKTPOHMKA
OOIMKHa ObITb HE B 3NIEKTPOHHON MPOMBILLIIEHHOCTU, @ B 3NTIEKTPOTEXHUYECKON, KOTOpas HUKOraa He
“Merna gena c nonynpoBoAHUKaMu

INTERPRETER: But on the level of the Ministry the decision was made that the power electronics were
supposed to be assigned not to electronic department in electronic Ministry, but electro-technical one,
that had never had anything to do with it before.

Grekhov: U pesynbTaT 3TOro pelueHus g yBuaen cpasy, Kak Tonbko npuexan B CapaHck
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INTERPRETER: And the result of this decision | had a chance to see right after | had come in Saransk

Grekhov: He ObIrio HMKaKoro TeXHONOrM4Yeckoro 060pyaoBaHnst, HU YACTbIX MOMELLEHUI, KOTOpPbIE
HeoOX0oA4MMbI AN NPOM3BOACTBA NOMYNPOBOLHUKOB.

INTERPRETER: There was almost no equipment and almost no clean rooms that were necessary for the
semiconductor’s production.

Remacle: What was the rationale... Why did people decide to separate and put power electronics into
the electro-technical ministry instead of the other.

Grekhov: CoeT MuHuctpoB

INTERPRETER: It is the Soviet of Ministers, the Counsel of Ministry Heads means had made the decision.

Remacle: So it was very high level of government

Grekhov: Yes it was at high level and very big mistake.

Remacle: Was it because they didn’t have very good technical basis?

Grekhov: Yes... M peanbHo B CapaHcke Mbl HAYETO HE UMENU, U BCE HY>KHO ObINO AenaTtb camum.

INTERPRETER: We didn’t have anything in Saransk, any equipment, so we had to start to make it our
own.

Grekhov: lNMoaTtomy Korga mMbl 4OJMKHbI ObinM ObICTPO OpraHn3oBaTh NPON3BOACTBO MOLLHbIX
NonynpoBOAHUKOBbLIX NPUBOPOB, Mbl JOSMKHBLI ObINM NpUaymMaTh Takue TEXHOMNOrMYECKMe onepawmm,
KoTopble He TpeboBanu G6bl BOT 3TOr0 COBPEMEHHOrO 000pyA0OBaHUS

INTERPRETER: And that’'s why when we had to start the mass-production process in Saransk, of the
powerful semiconductors, manufacturing them, we have to create a certain kind of equipment or
technological process that would not require this very modern equipment to be installed.

Remacle: So, you were kind of backward - you were forced to be more backward ...
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Grekhov: Yes. M Mbl BOOGOLLE-TO MMENM O4YEHb Cepbe3HOE NocTaHoBMNeHMe [paBnUTenbLCTBA, Mbl AOMKHbI
Obinu 3TO caenaTb.

INTERPRETER: And we were assigned to do it, so we didn’t have a choice.

Remacle: How did that feel as a scientist, somebody who knew there would a better ways to do
something... How did it feel to be told “this is the way you will do it”, and it’s kind of a backward way?
How did you feel emotionally? What did you think?

Grekhov: Mbl 661 BocnUTaHbl Toraa B ayxe npegaHHoCTu COBETCKOWN BNacTu, 1 ecnn Ham npukasanm,
Mbl OOJTDKHbI caenaTthb.

INTERPRETER: We were brought up in a different way, we didn’t have a lot of thought about it, if we
were told to do that then we would just go and do that.

Grekhov: U mbl caenanu!

INTERPRETER: And we did!

Grekhov: Yes <laughs> | can explain you how we can make...

Remacle: | want to step back a little bit. You said that you change from Germanium to Silicon. Can you
talk about that period of time when people started to say, “Our silicon is getting good enough to use it in
mass-production,” and why did people decide to move silicon, how did that happen, what kinds of
discussions went on about that decision?

Grekhov: 310 s He Mory cka3aTb, MOTOMY YTO YPOBEHb B TO BPEMSI MOV HE NO3BOJISN 3HATb BCE 3TN
TOHKOCTW. A 3Han TONbKO TO, YTO A AOIMKEH caenaTb, a KTo 3T0... MHe ObIflo NpukasaHo.

INTERPRETER: Unfortunately, | don’t know much about that, because at that time the level of my work
did not allow me to participate in any of these decisions and discussions and | just was told to do it this
way, and | did it this way.

Grekhov: Mbl noOHUManu, 4To HYXXHO N306pPECTU YTO-TO HEOBbIYHOE, YTODLI 3TO BCE BbINOSHUTD, Mbl
TOr4a... B KOHEYHOM CYETE, HaM yAanocb HaNTU TEXHOMNOrM4Yeckue npmemsl... Moxer, s Torga pacckaxy
0 HUX HEMHOXKO?
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INTERPRETER: So we realized we had to come out with something unusual, something extraordinary
and we had managed to find a certain technological decisions that were new, and may be you would like
for me to tell about this?

Remacle: Absolutely. Please.

Grekhov: O6bIvHO p-n-nepexoapl genatTcsa nytem auddysnm npumecei B NonynpoBOAHNKOBYH
nnacTuHy... Tepmoancdysum..

INTERPRETER: Traditionally, p-n-junction is made with diffusion into the Silicon wafer.

Grekhov: U 370 HyHO AenaTtb B 04eHb YUCTbIX YCIOBUSIX, YTOObI BCSAKUE 3arps3HeHNs He MoK cloaa
MPOHUKHYTb.

INTERPRETER: And you should do it in very clean room, absolutely clean,

Remacle: Let me explain to her this a little bit. You have the wafers covered with metal, and the p-n-
junction is a particular kind of joint within the wafer.

INTERPRETER: Po3mapu 00bsicHMIIa MHE NpoLEecC TEXHONOMMYECKN.

Grekhov: EcTb TonbKO OHa NpuUMech, KoTopas MOXeT AU yHOUPOBaTL B KPEMHUN, onepexas npoyve
3arpsi3HEHNSI—ATO aNtOMUHUA.

INTERPRETER: And there is the only one impurity that can diffuse into silicon...

Grekhov: Very fast

INTERPRETER: Very fast, that can go through silicon and that’s aluminum.
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Grekhov: 310 genaetcs 00bI4HO B amMnynax, OTka4aHHbIX amMnynax, N0TOMY 4YTO antoMUHUA OYEHb
arpeccrnBeH " Ha Bo3ayxe OH OKMUcndeTcA

INTERPRETER: And usually this done with vacuum tubes, because otherwise Aluminum reacts very
aggressively, and oxidizes in the air

Grekhov: Ho amnynbl Ha 3aBoae—aTo GbINo HENPYEMEMO, U BOT B pedyrnbTaTe HalluX MOUCKOB Mbl
HaLLNM MeToZ, KOTOPbIN NO3BOSISN NPOM3BOAUTL ANAY3NI0 antoMUHMS NPSIMO Ha BO3AyXe.

INTERPRETER: And we couldn’t use vacuum tubes in the plant, and so, we came up with a method of
diffusion of aluminum right in the air.

Grekhov: Okasanocb, YTo ecrnv Ha CUNMbHO HapyLLEHHYIO WNMAOBKON NOBEPXHOCTb KPEMHUS HAHECTU
pacTBOpP antoMUHUS, Kaknx-HUBYdb Conel, TO B TakMX YCMOBUSAX, AaXe ecnv HarpeTb Ha BO3AyXe BCe 3TO
[eno, TO antoMUHWUIA BOCCTaHaBNNBAETCsA U3 ero OKUCIOB KpeMHUEM, Y HauMHaeT anddyHaMpoBaTh B
KpeMHMiA B caMOM Havare npouecca, Ho 3TOT MPOLLeCcC NpepbIBaeTcs cpasy, Kak TONbKO NNacTUHbI
OKMCINATCS, HO Ta YacTb, HebonblLas, KONMMYECTBO antoMUHKSA, KoTopas ycreBaeT 3aiTu B KpeMHUIA 4o
3TOrO OKWCMNEHUS, NPOAOKaeT AU dyHAMPOBaTL AarbLie U Nony4yaeTcs BenMKonenHbIn p-n- nepexod ¢
0OYeHb XOPOLLNMM XapakTepuUcTUKaMMU.

INTERPRETER: A, BO3MOXHO, MOMpPOLUY eLle pa3 NoBTOPUTb, HO S HAYHY NEPEBOANTbL. SO, wWe use a very
rough surface of silicon wafer with aluminum nitrates solution placed on this surface. While being heated
in the open tube, aluminum is recovered from it's oxides by silicon and diffuse into silicon wafer. This
process is interrupted very fast due to silicon dioxide formation, but a small amount of aluminum
continues to diffuse forming the very high quality p-n junction in silicon wafer.

Remacle: It's p-n-junction, like the letters...

Grekhov: Yes, p-n-junction with very good characteristics. So, it was an invention. X nocne Toro, kak 310
ObINo HangeHoO, BCe OCTaNbHOE—A3TO ObINO Y)XXe UHXEHEePUs], YUCTO UHXEHEPHas TeXHUKa. Mbl 04eHb
ObICTPO HaNaaWIM TEXHOMOIMA MaccoBOro NPON3BOACTBA NOMYNPOBOAHUKOBBIX NEPEBOAOB OYEHb
BbICOKOIO Ka4yecTBa, AeLleBbIX, U B BOMbLIMX KONMYecTBax npakTnyeckn 6e3 Bcsikoro obopyaoBaHms
NonynpoOBOAHNKOBOIO.

INTERPRETER: And as soon as we had made this invention, then the rest after this invention was a
technical part, the technical details. We managed with this a new method to start the mass-production of
very high quality semiconductor devices, and in a very fast way without creating any new complicated
equipment.
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Grekhov: And very cheap, very cheap technology, very effective, and we start the mass-production of
power semiconductor devices.

Remacle: In the similar time frame a lot of work has been done in Bell Labs, and in AT&T Bell Labs in
New-Jersey

INTERPRETER: Bbl cnblllanu o TOM, YTO OHOBPEMEHHO MOYTU Takas e TEXHOMNOrnst Mcnornb3oBanach
B nabopartopusax bana ATNT B Amepuke?

Grekhov: No.

INTERPRETER: He didn’t hear about this.

Remacle: Because they were doing a lot of the similar work in the same time

Grekhov: Namely aluminum?

Remacle: | believe so. They were working with p-n—junctions and there is materials including silicon, but
not only silicon. Trying to figure out how to make cheaper, faster...

Grekhov: Yes, yes... Very interesting, | have no information.

Remacle: So that raises a good question—how, did you, besides doing your own research, doing your
own work? Did you collaborate with your colleagues and friends in other locations? Or did you consult
with technical journals? Or did you just work in your own lab?

Grekhov: Mainly technical journals. American journals.

Remacle: Which American scientists did you have conversation with, go to conferences?

Grekhov: During that time there were no conversation and practically no direct contact, absolutely... only
printed information...

Remacle: | understand what | have read, | don’t know... It was very difficult for Soviet scientists to get
their hands... to get possession of American technical journal in English, it was difficult, was it true?
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Grekhov: For me absolutely impossible.. not difficult, but impossible. But may be only for me in Saransk.
Probably the situation in the microelectronics industry and electronics ministry was some different, may
be.

Remacle: So, some people may be in Moscow, or Leningrad, perhaps, had access to this journals, but
they were not available to you.

Grekhov: But our condition in Saransk was more complicated.

Remacle: | interrupted your story a little bit. So we go ahead and finish talking about the work in Saransk.

Grekhov: We had a good contact with loffe Institute. I've told you about Alferov and Director of
semiconductor lab, Professor Tuchkevich, come to Saransk and we have a very good contact. And after
this we organized the mass-production of semiconductor powers silicon diodes in Saransk. Then we start
to elaborate thyristor. It's more complicated device, and it’s very difficult to make this device in Saransk.
Professor Tuchkevich invite me and two or three my colleagues from Saransk to his lab. We continue this
work at loffe Institute, but we have direct contact with Saransk fab, and mass-production of thyristors
started approximately in 1963. Only one year for research, development and start of production: it's not
ordinary situation.

Remacle: Can you talk to me a little bit, explain a little bit about this the soviet system. There were, as |
understand it, there were research centers such as loffe, there were design bureaus, and they were more
closely associated with the factories, the organizations... How did we research and development and
design, move things into mass-production and meeting customer requirements... that progression... How
you did it work?

Grekhov: Now it's very complicated work, of course. But that time... Non-formal, non-formal contacts with
our lab here and my old lab in Saransk, and Chief Engineer of Saransk and Director were my friends...
not formal contact—therefore we worked very fast. <laughs> Non official...!

Remacle: Sometimes it helps not to be official.

Grekhov: So... Practically we organize the industry of power semiconductor device in Russia for several
years. Five factories...

Remacle: Where were those five factories located?
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Grekhov: One in Tallinn, the other in Zaporozhe, and Saransk, and Molodechno [Ukraine], and one in
countryside in Kirgizia. Because the technology was very simple. We can start in any places.

Remacle: But production is not so simple.

Grekhov: Production?

INTERPRETER: Npouecc npon3BoacTBa, OH He o4eHb npocTtoin. Cam npouecc...

Grekhov:He nonsn.

INTERPRETER: Po3amapu roBopuT, 4TO cam NpoLecc Npon3BoACTBa, OH e 4OCTaTOYHO CITOXHbI—
TPYOOEMKNIA TaKOW, BbICOKOTOYHbIN.

Grekhov: Het, geno B ToM, 4TO, 51 )Xe roBOpUNI—Mbl U300penu KrtoyeBble onepaunn, KoTopble Obinm
O4Y€eHb NPOCThIE M B TO € BPEMS AaBariv XopoLumi pesynbTat. Y oHu He TpeboBany coBpeMEHHOro Mo
TemM BpeMeHam obopynoBaHuUs, CNOXHOro 1 4oporo. MoToMy 4TO caM NPOLIECC U3rOTOBMEHUS p-N-
nepexofoB 6bln aHOMasbHO NPOCT, Y NMO3TOMY Mbl MO OPraHM30BaThb €ro rae yrogHo. A BoT ganblue
ocTarnbHble ONepaLMn—oOHN, KOHEYHO, BCE TaKMe Xe, Kak AenarTcs cenyac, Ha Cepbe3HbIiX
NpeanpusaTUsX, HO 3TO yXXe UHXXeHepHasi paboTa. OHa He TpeboBana OTKPbITUN.

INTERPRETER: Well... as | mentioned, we had invented the major key-process, in creating new powerful
semiconductors and p-n-junctions, and that's why it was extremely simple, cheap and easy to start. But of
course, the rest of operations to create... it was engineering work and it was made, just as everywhere
else in the country, as in the other functioning factories.

Remacle: When did clean rooms start to be... | don’t know how to say this in English even... Clean
room’s evolved. They started out kind of clean... then they got cleaner... and then they got very clean
and they got clean and then there was class one... So at what point now in the 50s, early 60s... how
would you classify the clean room situation in Saransk, and in other production areas?

Grekhov:Ceituyac, koHe4YHo, cUTyauusi usmeHunack. M aTv Bce 3aBofbl, OHW OCHaLLIEHbl COBPEMEHHbBIM
obopyaoBaHueM, Bedb NPOLLIIO yXXe MHOro BpeMeHu. Ho BOT 3Ta onepauusi, KOTopyto Mbl Toraa
n3obpenu, oHa ocTanack Ha Bcex 3aBogax. bonee Toro, oHa B 3NEKTPOHHON NPOMBILLIIEHHOCTM TOXE
npumeHsieTcs.
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INTERPRETER: WEell.. of course the situation had changed now, and level of equipment is very high, in
all the enterprises in the country, but in that time, when we were just designing new method, it was easy
to use everywhere in country... He nogckaxeTe, BOT YACTble KOMHATbl—WX YPOBEHb—BbI UX BOOOLLE He
ncnonb3osann?

Grekhov: Torga—Boo6LLe He ncnonb3oBanu, a cenvac UCNosnb3yrT, HO 3TO HEBLICOKOIO Knacca
yuctoTbl, Tam, 1000...

INTERPRETER: So, in that moment we didn’t use any clean rooms at all, and now we do use clean
rooms, but they are not very high level of clean, about thousand.

Remacle: Ok

Grekhov: At the end of 60s and beginning of 70s we stop our work in this area and change the area of
our interest, because very many people work in power semiconductor production. We changed the area
and we start the work in pulsed-power... make some new invention... some invention in this area also.

Remacle: Can | step back and ask more question about power semiconductors you were working
with...what were the applications...where did they go primarily—in submarines, airplanes, rockets,
spaceships, so were they in industrial control? What were the end uses of them?

Grekhov: 310 o4eHb BaxHO... BOoT nocnegHiow Yactb MHE NnepeBeauTe, noxanymncra.

INTERPRETER: 'me ncnonb3oBanuncb, B OCHOBHOM, B Kakov 06rnacTu NpMMeHeHUs1 BOT 3TU
BbICOKOMOLLHbIE ANOAbI, KOTOPbIE Bbl MPON3BOAWIN, KaKoe ObIfo MX MPUMEHEHUE B UTOTE.

Grekhov: | told you that. The first diode, first power diode was used in navy. And we got money from
navy. Yes... it was small area of application, but the first one. The next was normal application in industry.
370, Hy, CKaXeM, TaK 3TO ANeKTpUPULMPOBaHHbIN TpaHCNopT. XKenesHble 40POru BOT, 3NEKTPOBO3bI.

INTERPRETER: Mainly used for instance in railway transport, electric transport, like electro-locomotives.

Grekhov: lNpon3soacTeo antoMuHKUS.

Remacle: Excuse me, this like small control computing situations or some other application?
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INTERPRETER: To ecTb, OHM MCMOMb30BanMcb B OCHOBHOM ANt HEGOMNbLUMX KOMMbIOTEPHbLIX onepauunin?

Grekhov: No, no, no. It's power device.

Remacle: Just power device? Simple power?

Grekhov: Simple power device for electro-motors etc., very powerful device. No computers...

Remacle: Nothing like that.

Grekhov: Yes. Hy BOT, npon3BOACTBO antOMuWHWS, TaM, MeAu... MeTanmyprusi.

INTERPRETER: In the production of aluminum, copper and many other the metal production.

Grekhov:A BOT B 0651aCTV UMMYSIbCHOM TEXHUKW, Tak MHE paccka3aTb HEMHOXKO?

INTERPRETER: In the sphere of pulse power... would you like...

Remacle: Yes, yes.

Grekhov: nepBoe, C Yero Mbl Ha4annM—aTo co3daHne NpMbopoB, KOTOPble MornM Obl NepeknYaTh
OonbLlUME MOLLHOCTM O4YEHb BbICTPO—3a COTHU NMUKOCEKYHA.

INTERPRETER: In the pulse power the first thing we started with, our first task was to create a certain
device that can turn on and turn off a very high electric power...

Grekhov: And very fast... for one nanosecond or less.

Remacle: at least one nanosecond

Grekhov: Several tens of picoseconds...

Remacle: Picoseconds, yes
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Grekhov:B To BpeMs Takux NpMBopos B MUpe He Bbino

INTERPRETER: They didn’t exist in the world at that time, such devices

Grekhov: Vaes 6bina Takasi: 00bIYHbIN MOLLHBLIA NPUOOP NepeknovaeTcsa Taknum obpasom: obnacTb
obbeMHoro 3apsiga p-n-nepexona, o6paTHO CMELLEHHOro, 6roKUpyeT NPUNoXeHHoe HanpskeHne. MHe
nepesectn? Yeah, ok.

INTERPRETER: Bbl He nomoxeTe mMHe, Brnagummp MBaHoBu4?

Brnagumnp NeaHosu4: The region of the charge blocked by reverse voltage.

Remacle: Ok.

Grekhov: And for switching we should introduce high density electron-hole plasma, into this region very
fast. But the limited velocity of electrons and holes motion in semiconductors is not high enough.

Remacle: It was a big problem.

Grekhov: And so it's impossible to make fast switch on the basis of usual injection electrons and holes
into the device. It's very clear that we should organize the plasma generation into the device directly.
There are two ways. One is plasma generation by very high power pulse of light. It is very expensive
way. The other is plasma generation by avalanche breakdown in high electric field. The idea looked like
following. If reverse voltage, applied to the pn-junction, increases very fast, we could get electric field
much higher than avalanche breakdown field under static conditions and causing tunnel emission of
electrons. There electrons initiate fast avalanche breakdown at pn-junction and produce high density
electron-hole plasma layer. Electric field drops down here but increase in nearby region causing
breakdown etc. So formed front of breakdown moves in the device with the velocity ten time higher, than
saturated velocity of electrons in silicon. It is the physical basis of superfast switches.

Remacle: You have moved from being mechanical engineer to being a device physicist.

Grekhov: | was forced <laughs>.

Remacle: That was a very big transition.
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Grekhov: And very fast...

Remacle: Very fast transition for somebody to make... you were forced to do it, but your interest must
have also drawn you to it. And your talent also most of all drawn you to it.

Grekhov: It was very interesting for me.

Remacle: It's your interest.

Grekhov: Yeah. We made this experiment with Alexey Kardo-Sysoev in 1979 and published in Russian
literature in 1981 then in Electronic Letters. In 1987 experiment was reproduced in a Livermore National
Lab. This is the only way to produce high power sub-nanosecond semiconductor switches.

Remacle: It sounded if | followed the dates correctly that you just mentioned the publishing of the paper.
It sounded like it took about six years to get from Russian, the first publication, to Laurence Livermore
where it was published in English. Why did it take so long and what was the response once got published
in English from Americans or Europeans, or people who read it in English?

Grekhov: There is a special documents about what we can publish, what we cannot

Remacle: that would be secret..

Grekhov: Yes. And this level was moved... It depends on..

Remacle: So, may be secret, and may be very secret in 1980" by 1982 was less secret, in 1994
declassified. Is that correct?

Grekhov: Yes <laughs> But generally speaking when we invite this effect nobody knows about this
possibility, so, no secret. And we published. After this... now... it may be partly secret.

Remacle: Officially partly secret.

Grekhov: Yeah! <laughs>

Remacle: But within scientific semiconductor community... It is not so secret...
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Grekhov: Of course, yes... It’s the first step, we have another

Remacle: | am still interested in the topic of how Russian scientists, semiconductor scientists especially,
how they were able to become aware of what was going on outside the Soviet Union in fields that were
close to what they were doing and how they shared their own discoveries and research in
accomplishments outside the Soviet Union if they were able to do that at all.

Grekhov: Oh... 3TtoT BOMpOC...

INTERPRETER: OHa npocuT Bac paccka3aTb HEMHOXKO O TOM, KaK Balln UccnefoBaHus CTaHOBUMNCH
n3BeCTHbl B 06r1acTu NonynpoBOAHUKOB He Tonbko B CoBeTckom Coto3e, HO 1 B MUPE, U B TO Xe BpeMms,
Kak Bbl y3HaBanu MHopmMauuio, MOXeT ObITb, M3-3a rpaHULbl—B o0bnacTu nccnesoBaHms
nonynpoBOAHWKOB?

Grekhov: Bbl 3HaeTe, Hy BOT K TOMY BpeMeHU, O KOTOPOM Mbl ceivac pacckasbiBaeMm, 310 xe Hadano 80-
X rooB, CUTyauMs—INYHO ANSA MEeHss —M3MeHunach pesko. Mbl umeeM—Hy, BOT B nuTepaType—BCio
nuTepaTypy, KOTopasi B M1pe 130aeTcs, OHa Y Hac B pacrnopsbkeHuu yxe Obina Torga, a Kpome Toro, Mbl
MONYYMIN BO3MOXHOCTb JIYHbBIX KOHTAKTOB, Ha KOHEepeHLuN.

INTERPRETER: Now we are talking about early 1980s, and the situation had changed dramatically at
that time, because at that moment we already had a possibility to lay hands on almost any scientific
magazines what were printed in the world and had a chance to meet with foreign scientists and had
personal contacts with them as well.

Grekhov: W Bor... [Ing uHTepeca, yxe B 1975 rogy 9 nony4un BO3MOXHOCTb noexatb Ha International
Electron Device Meeting B BalwmHIToH 1 goknag tTam genan.

INTERPRETER: In 1975 | already had a chance to visit this conference in Washington..

Grekhov: C poknagom

Remacle: Electronic Devices Society

INTERPRETER: Electron Devices Meeting and had

Grekhov: a very good one...
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Remacle: Yes, they were very well known...

INTERPRETER: He had made a speech there

Grekhov: We have normal contact with

Remacle: When did IEEE start having meetings in Russia or having members in Russia?

INTERPRETER: IEEE?

Remacle: IEEE—International Electronic... | don’t even know... What it stands for... you know, Alex?
[Institute of Electrical and Electronics Engineers]

INTERPRETER: Korga mexayHapoaHbIn MUHCTUTYT MHXEHEPOB-3EKTPOHLLNKOB—KOrAga BoobLue
MUPOBbIE MHXEHepPbI, UCccriefoBaTenn N y4eHble CMOrnu npuesxatb B Poccuio Ha KoHdepeHuun n
Jenvtca nHgpopmaumen.

Grekhov: Tak BoT yXe B Te rogbl, O KOTOPbIX Mbl TOBOPUM, 3TO BIOJIHE...

INTERPRETER: IRE?

Remacle: IRE was at the beginning of IEEE... It was the first IRE which was International radio...
electronics | think...

INTERPRETER: MexayHapoaHoe paano v anekTpoHHasa accoumalms, BUANMO, OHU Havyanu. ..

Remacle: We can change the subject, it's ok.

INTERPRETER: OHu nepBble, BUAMMO, UMENM BO3MOXHOCTb HaYaTb... HANaguTb KOHTaKTbI C
COBETCKUMU Y4EHbIMW, U BOT OHa NPOCTO CrpalunBana, ecnu Bbl 3HaeTe 00 aTUX BU3MTaXx, 3TUX KOHTaKTax,
Koria OHM Ha4vanuceb.

Grekhov: 3HaeTe, g HaBepHoe, Bps N BCMOMHIO.. Bcsa aTa U3Hb, OHa, HaBepHoe, 6onbLue 6bina B
aNeKTpoHuKe. U, MoXeT ObITb, XKXopec AndepoB 3Ty BELLb paccKaXeT Jyylle, Yem Si.

CHM Ref: X6507.2013 © 2012 Computer History Museum Page 22 of 44



Oral History of Igor V. Grekhov

INTERPRETER: | cannot say a lot about this, because mainly it was in the field of electronics, rather in
what | did at the moment. Maybe Zhores Alferov will be able to tell more about this.

Grekhov: Yto kacaeTcs MeHs1, 1 UMen BO3MOXHOCTb €3[MTb Ha 3TN KoHdepeHUun. Ho oyeHb peako—
pa3 B rog NpumepHo. A Tak, YToObl K HAM Ha KOH(epeHUMN, BHYTPUPOCCUIACKME, NMpueskanu KTo-H1byab
13 AMepuKu, i He MOMHIO B TE€ BpeMeHa.

INTERPRETER: Concerning myself, | was able already at that time, in the 70s, able to go to the
International Conferences, and participate there, but rarely, only about once a year. And actually | don’t
remember of anyone from international society of scientists to come and visit our local conferences in
Russia.

Grekhov: U BoT XKopec, HaBepHoe, paccKkaxeT nyuylle, y Hero 6onblie nHgpopmaumm

INTERPRETER: And | think that Dr. Alferov will be able to tell more about this.

Remacle: Then you continue to talk about what you were doing... | took you away from that subject...
Let’'s go back to your subject.

Grekhov: Next idea was about opening switch. First switch were closing switch and used with capacitor
bank and opening switch used with inductor.

Remacle: Can | explain to Dasha what you are talking about... so... on the semiconductors there is
switch for little signals go on. We talk about switchers and gates... that are the things we are talking about,
ok?

Grekhov: Generally speaking, power opening switch is more complicated device than closing switch, and
there are no opening semiconductor switch, which is capable to switch off... very high electric power for
units of nanosecond. Our idea was very simple. Any semiconductor diode is opening switch. You pass
the pulse in forward direction pumping electron-hole plasma in the device... then you apply the reverse
voltage and pull out plasma from the diode, and when the plasma is exhausted, the voltage on the device
arises. It is typical opening switch. But the time for this process in usual device is equal to several
microseconds. We have found the situation, when this process can be three orders faster... three orders.

Remacle: It's a big jump.
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Grekhov: Yes... yes. It's very simple idea. We should organize the pulling of plasma process in such a
way that the plasma fronts moving from the external contacts to p-n-junction, reach the p-n-junction
boundary simultaneously. After this collision there are no plasma in the device and the space-charge
region of pn-junction expends with velocity equal to electron and hole saturated velocity in silicon. It
means that the time of switching process can be equal to electron time of flight through the base region
which is units of nanoseconds.

Remacle: It's a very fundamental part of manufacturing a chip

Grekhov: Yes

Remacle: ... of functionally GEP, | mean, very important part of that.

INTERPRETER: 310 04eHb BaxHasi YacTb—BaLle OTKPbITUE, TO YTO Bbl cAenany 310 6bio 0YeHb BaXKHO
B (bOpMMpPOBaHNM CamMOro NoMynpoBOAHMKA N €ro UCMOMb30BaHMUS.

Remacle: It's very fast, but very important.

INTERPRETER: O4yeHb GbICTpbIl NpoLecc, HO HEOObIKHOBEHHO BaXHbI.

Grekhov: Hy, aTto pa.

INTERPRETER: OcHoBHoOM Takon...

Grekhov: Hy pa, pga... W BoT nocne Toro, korga... npubop-To Beab O4eHb NPOCTON—3TO Anoa.

INTERPRETER: And that’s very simple device, it's a diode.

Remacle: Yes.

Grekhov: Mbl Begb Tonbko Tak nogobpanu dopmy anddy3noHHbIX CIOEB U pexuM paboTbl npubopa—
Hakayka 1 Bblkayka, 4ToObl 0becneynTb CTONKHOBEHWE MNa3MeHHbIX PPOHTOB TOYHO Ha p-n-junction.
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INTERPRETER: We just had adapted diode structure and forward and reverse current pulses parameters
in such a way that plasma fronts collision takes place during recovery process directly at pn-junction
plane.

Grekhov: U Torga okasanocb, 4To 0AWH NPOCTOM AMof, crneLlmanbHbiM 06pa3oM caoernaHHbIn, C
nnoLaablo NPUMEpPHO 2 KB. CaHTUMETPA, MOXET NepeknioyaTbh MOLLHOCTb Nopsiaka MerasaTTa.

INTERPRETER: So, it turned out, that a very simple device, a diode with the surface of two square
centimeters, can switch off the power of one megawatt.

Grekhov: Yes. So, we connect many such devices in series and make the very large power opening
switch, hundreds of megawatts. So after this invention it becomes a usual technique, and used in many
areas of application. It was in the middle of 80s, approximately.

Remacle: And this is still in Saransk? You were still in Saransk?

INTERPRETER: Bbl B 3TOT MOMEHT Bce elle 6binm B CapaHcke?

Grekhov: No! Here, of course, in loffe Inst..

Remacle: So, when did you move from Saransk?

Grekhov: From 62.

Remacle: 62... ok. | missed that, sorry.

Grekhov: That time | was the head of lab in loffe. And this is third idea concerning very high power
microsecond switch. Generally speaking, the most powerful semiconductor closing switch is thyristor.
Normal thyristor is very good switch for a long pulse, several hundreds microseconds and more. For more
short pulse, several microseconds, switching area is very narrow, just near the gate. So big device
operates only in the very small area which limited the switching power. We have designed the new device
structure which can be switched simultaneously over total device area.

Remacle: How did you discover, this inventions in your lab? How did you get it transferred into production
facilities that bring it into products?
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Grekhov: Two way. First we have some type of production lines here. We can make simple device in the
lab. And then we have a good contact with power semiconductor industry, formal and non-formal. And we
can transfer this technology to the factory without problem if the device can be used in the industry.

Remacle: So... Are there formal processes for transfer into industry or is there an informal process?

Grekhov: | prefer informal. Formal is very complicated and very... very long. You see, we organize the
mass production for two-three years, and normal way is as long as ten, may be.

Remacle: Oh!

Grekhov: Maybe more. | don’t know.

Remacle: | know, for example that Stanford University and University at California, Berkley - both have
semiconductor manufacturing lines for research in the University.

Grekhov: This is the best way.

Remacle: Pardon?

Grekhov: This is the best way.

Remacle: Yes. Do you have comparable situation here? Do you have comparable situation?

Grekhov: More or less. | have some technology line in my lab, but it is not good one.

Remacle: It would not be comparable or similar to what Stanford or Berkeley have? It would be different,
your situation would be different from what Stanford or Berkeley has?

INTERPRETER: Y Bac noxoxas ...Hy BoT, cutyaumsa B CtaHdopae, u B bepknu, B KanudopHuu, y HMX
€CTb CBOS1 TEXHONOrMYecKas NnMHUS, Npon3BoacTBo HebonbLuoe,

Grekhov: HO xyxe 4em...
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INTERPRETER: y Bac e To e camoe, HO NpOCTO Bbl FOBOPUTE, YTO, MOXET ObITb, HE TAKOro KayecTBa.
Yes. It's similar situation, but may be the lower quality technological line, than in Stanford or Berkeley.

Grekhov: Hy 1 BOT ans npumepa, Koraa Hy»Ho Y4To-To Goree CrNoXHoe, TO HaM BCE PaBHO NPUXOAMNTCSA
Ha caMbliX MepBbIX LLarax yxe KoonepMpoBaTbCs C 3aBOAOM.

INTERPRETER: And if it is a little bit more complicated device, we still need to try to produce it at the
factory already, even at the first steps.

Remacle: So you will send a team from here to the factory to work with the factory...

Grekhov: Yes, you are correct.

Remacle: There is the connection between the ideas and finish device—you have to bring it together.

Grekhov: Yes, of course, but is is not so simple.

Remacle: Anything with semiconductors is not easy. So, go ahead, go again, I've interrupted you.

Grekhov: About microsecond switch, yes?

Remacle: Yes.

Grekhov: We elaborate the structure of thyristor-like device... It's look like integrated socket, but with
typical dimension of element of 2 hundred micrometers. It's combination thyristor and transistor sections.
In this device switching processes absolutely different from the normal thyristors, we change the polarity
of applied voltage, for short time, and during this short time interval electron-hole plasma injected into
thyristor sections from transistor section forming the quasi-uniform plasma layer Ha Bceli nnowagn
npubopa—over the all device surface. Then the polarity returns to the initial state, and this plasma layer,
initiates switching of thyristor, simultaneously over the all device area independent of the device size.

Remacle: In general, what is size of devices we talking?

INTERPRETER: B o6Liem, o kakon nnowaamn npubopa Bbl rosopuTe?
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Remacle: I'm a shill...

Grekhov: It is not microelectronics. This one with 3-inch silicon wafer can switch 2 hundred thousand
ampere per several microsecond, and pulse duration about 3 hundred microseconds, two and a half
thousand voltage. These devices can be connected in series and we can make very high power switch.
This work was finished at the end of 80s. We had good contact with American people that time, and
device was tested at U.S. Army Research lab, Air-Force lab, and Livermore lab.

Remacle: Livermore is very close to... where | live

Grekhov: Yes. We discus with the Livermore people the possibility to produce such a device at
Livermore...

Remacle: So, now during this time frame, in the 80s... Things were better between the U.S. and Russia.
We were not so...

INTERPRETER: B koHUe 80-x rofoB y»xe Hanagunmcb OTHoOLIEHUS mexay Amepukor u CoBETCKUM
Coto3om, Poccren...

Grekhov: [1a, aTo BCe ObINO HOpManbHO, U OCOBEHHO yke 3TO BOT Havanocb B 90-x rogax

INTERPRETER: And especially in the 90s

Grekhov: Korga mbil...

Remacle: So, progress from the late 70s to the 80s and of course first - there were Perestroika and
Glasnost...

INTERPRETER: To ecTb, ¢ koHLUa 80-x, Hy 70-x rofloB yXe Hayanacb Takasi oTTenesib B OTHOLLIEHUSAX
mexay Amepukon n CoeTckum COH30M.

Grekhov: la-ga-ga. A npocTo 310 YyBCTBOBAr Ha cebe.

INTERPRETER: | felt it my own experience.
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Remacle: That was my only question. How did that impact your work? The fact what there was better
communication between the two governments.

INTERPRETER: Oka3ano nv 3710 Kakoe-To BNusiH1e Ha Bally paboTy, MOMOIMO N Kak-TO  HanaXXuBaHuio
OTHOLUEHMI ¢ AMEPUKOI OOCTYNHOCTb MH(popMaLmn B Ballen paboTe?

Grekhov: Hy koHeuHo.

INTERPRETER: it had an impact.

Grekhov: a ecnu yx rosoputb 4ecTHo, B 90-e rofbl, koraa Mbl 30ecb GbiNM He 0YeHb HyXHbI, Mbl IPOCTO
Aenanu o4eHb MHOTo paboT ans AMepuku.

INTERPRETER: and to say honestly, in 90s when there was no money in the country to pay us, and our
work was not interesting to the State, and we did a lot of commissions for the States.

Grekhov: A npocTo 6bin Aaxe BbIHYXOEH PacLUMPSATL BCE 3TV KOHTaKTbI, He TONbKO ¢ AMepuKoit—s
cmesincs gaxe, ot Can-®OpaHumcko go CuHranypa. M npocto npogaBanu pesynbTaThl Halei NpoayKUmu,
reHepaTopbl TaM, BCe Takoe...

INTERPRETER: And in the 90s | had to raise all my contacts abroad. | was even joking to the selection
from San Francisco to Singapore, to sell some of my works and some of productions we made, in order to
raise money.

Grekhov: Ho ceivac cutyaumna HeCKOJ1bKO nameHmnacb, NOTOMY 4YTO Mbl celvyac cHoBa cTanu HY>XHbI
3AeCb, BHYTPU CTpaHbl, NOTOMY KOHTaKTbl CTaJln MEeHbLLE.

INTERPRETER: The situation had slightly changed now, and now the Government is again interested in
our research work.

Remacle: Today?

INTERPRETER: Today, yes, in current Russia, in modern Russia and say they lost contacts abroad, but

still have them.
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Grekhov: OTHoLLeHMs No-NpeXHeMy XOpolLMe, HO NPoAaBaTh CBOK paboTy 3a py6exoMm, Hy, MOXHO, HO
0co60i HEOBXOANUMOCTHM HET, MOCKONbKY 3TO MOXKHO CAenaTb U 34ecCh.

INTERPRETER: And I still have very friendly relationships with abroad, but there is no need to sell my
work abroad anymore, it is needed here, in Russia.

Remacle: | want to take a step back. You were awarded with Lenin Prize in 1966, is that correct?

Grekhov: 1966...

INTERPRETER: B 1966 roagy Bac Harpagunu JIeHuHckon npemuei, aTo Tak, na?

Grekhov: a...

Remacle: Can you describe the process? How does the Lenin Prize get awarded?

INTERPRETER: Bbl He mornu Okl pacckasaTb? [1pocTo ans Hac, AMepuKaHLUEB, 3TO O4EHb HEODbIYHbIN
npouecc... Kak nogaBanucek JOKYMEHTbI, Kak BblOUpanu, Koro Harpagutb?

Remacle: | understand it is very great honor.

INTERPRETER: NoTOMY 4TO 3TO HacTONbKO BbICOKas YECTb, ObITb HAarpaXXaAeHHbIM..

Grekhov: [1a, B TO Bpems 310 Gbina BbicOKas YecTb... Boobue aTo Gbina camas BbiCOkas Harpaga B
obrnactn Hayku—aB TO BpeMSI.

INTERPRETER: At that time it was the highest level of awards in the science

Grekhov: U mbl ee nonyunnu 3a cozgaHue BOT 3TOM MHAYCTPUN KPEMHUEBBIX NPUGOPOB, O KOTOPOIA A
paccka3sblBas ¢ camMoro Havana.

INTERPRETER: And we received it for the creating industry of silicon power devices that I've started with
earlier today.
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Grekhov: TexHuka Kakas... B npaBuUTeENIbCTBE ObIn cneuunanbHbIA KOMUTET MO NPUCYXOEHUK 3TUX
I'IpeMVIVI, n TYyaa Bxoaunn n YNHOBHUKKU, N y4YEHble N3 Akagemun HayK " U3 NPOMBbILLITIEHHOCTW. Nx MHOro
TaM—HY 4eroBekK, HaBepHoe, 30 B aTOM KOMUTETE.

INTERPRETER: At that time with the Government there was a special Committee, that was in charge of
the selecting the scientist who would be nominated for the Lenin Prize. This committee consisted of about
thirty people, scientists and the bureaucrats, high officials, but some were scientists from the Academy of
Science and some scientist from industry as well.

Grekhov: U cyuwecTtByeT cneumanbHoO pa3spaboTtaHHas hopma OOKYMEHTOB, KOTOPbIE JOIMKHbI ObITh
COCTaBrEeHbI, YTOObI MOAaTb B 3TOT KOMUTET.

INTERPRETER: so, there is a certain application you can fill in and send your request to be nominated
for this prize.

Grekhov: W ecnu ckaxem, B hM3NKO-TEXHUYECKOM UHCTUTYTE CHMTAIOT, YTO 3TY BELlb MOXHO Noaath
TyOa, 3TV JOKYMEHTbI HY>KHO NOAroTOBWUTL U NoAaTh Tyda Ha paccMoTpeHue. ECTb Heckornbko CTyneHen
PacCMOTPEHWSI, BKItOYas, Hy... AOKNA B KAKOM-TMGO M3BECTHOM YYPEXOAEHUM, B APYTOM UHCTUTYTE, U
Ha OpyromM npoussoacTtse. M Bce aTu pesynbTaThl CXoOaTcs Tyaa, U 9TOT KOMUTET paccMaTpuBaeT, KoMy
AaTb, KOMY HeT.

INTERPRETER: Well, and... if for example, physical-technical Institute where | worked will consider
something of my work worthy of such prize, or even the application for the such prize, | would fill in the
papers and send them to Committee, but there would be several steps of all the nominees should go
through, and one of them, for example would include presentation in another research institution or
another conference of some level or meeting, and after all the stages go through, they will choose who is
the best this year.

Grekhov: W aTa npeMusi MOXeT OfIMH pa3 B XWU3HU NPUCY>KOATbCS.

INTERPRETER: And this prize can be given only once in your lifetime.

Remacle: So, you, personally can only get one.

Grekhov: 3ta npemus... Tam MOXeT OAMH YeNoBeK ObITb, @ MOXET ObITb U KONNEKTMB. B Hawem criyyae
Tam 6bino Yenosek 9.
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INTERPRETER: Ho BOT BCe 13 HUX TOMbKO OOMH pa3 MOryT B XU3HU ee Nony4nTb?

Grekhov: pa.

INTERPRETER: So, it can be awarded to one person, or to several, to group of people, and now a case
to six people, but all six people can receive it only once in a lifetime.

Remacle: Is there certificate, is there the ribbon around your neck, is there the pin, where is it?

INTERPRETER: Bbl ee He Hocute?

Grekhov: Het, koHe4HoO.

INTERPRETER: Joma oHa y Bac xpanutca? It is at home.

Remacle: | would like to see it.

INTERPRETER: O4eHb 6bl X0TENOCh YBUAETD.

Grekhov: 310, N0-MoeMy, MOXXHO OpraHM3oBaThb.

Remacle: You are the first Lenin prize winner?

Grekhov: Oh, no. Bot, noxanyicrta: >Kopec Andepos Toxe naypeat JIEHUHCKON NpeMun, n ecnu emy
MO3BOHMTb Cenyvac, YToObl OH 3axBaTUN 3aBTPa Ha MHTEPBbLIO, OH MOXET MPUHECTN.

INTERPRETER: Dr. Alferov is also one of the winners of the Lenin prize, and if you would call him today,
then tomorrow at your interview he can come bring to show it to you.

Remacle: Ok, it would be wonderful, but you... You have the distinction of being the first Lenin prize
winner | have ever met.

INTERPRETER: Ho Bbl—nepBbI naypeaT NeHUHCKOM npemMum, KoToporo BcTpeyvaeT Poamapu B cBoer
XKN3HW.
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<laughs>

Remacle: Ok. What was the other of your accomplishments, your discoveries, that would you like to talk
about?

INTERPRETER: U ecTb nu elle kakne-To Baln n3obpeTeHmnst, 0 KOTOPbIX Bbl XOTeNM Obl pacckasatb?

Grekhov: HeT, neno B ToM, YTo NOcKOMNbKY Mbl FTOBOPUM 06 MCTOPMK, TO BOT 3TO BCE KOHYaeTcs B 80-e.

INTERPRETER: Because now we discuss the history, it finishes with the end of 80s.

Grekhov:Ho notom.. Bbl ke noHMMaeTe, noToM Obin npoBan 6onblie Yem B 10 neT, koraa Mbl
BbIHY)XXAEHbI ObIIN yMaTb O BbRKMBAHUW.

INTERPRETER: and then, unfortunately, the Russian science and economy of the country was in deep
fall for ten years when all we could think of was to survive

Grekhov: W 3a aTn aecATb NeT Mbl, KOHEYHO, OTCTanM OT MUPa OOBOIMbLHO CUMNBLHO. M BOT ceityac Mbl,
NNYHO 3aHMMAalOCh TEM, YTO MbITAOCh 3TO OTCTaBaHWe NUKBUANPOBATD.

INTERPRETER: And, unfortunately, for these years, we fell much behind, and all we think of is to catch
up.

Grekhov: 3710 kacaeTcs ABYX NO3MLMSA O MEHS: 3TO CUMOBasi MUKPOSIEKTPOHUKA U SNEKTPOHMKA Ha
OCHOBE Kapbnao-KpemHus.

INTERPRETER: for me it concerns two fields—one is the power microelectronics, and the second one is
power electronics based on the silicon carbide.

Remacle: Can you talk about power microelectronics and silicon-carbide a little bit?

INTERPRETER: MOXXHO HEMHOXKO 06CYaUTb BOT 3TN ABE TEMbI?

Grekhov: lNoxanyncra.
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INTERPRETER: What kind of... What would you like?

Remacle: | would like to find your areas of interest and exploration in both, start with microelectronics
and...

Grekhov:AnoHckun npnbop cnnoBor MUKPOSNEKTPOHNKN

INTERPRETER: This is a Japanese device of power microelectronics

Grekhov: It's IGBT-module. It consists of IGBT-device and superfast diode... This one approximately one
hundred and two thousand amperes... and, may be, two thousand volts.

Remacle: Can you show the camera?

INTERPRETER: A MOXHO nokasaTb nepe kamepon, 4Tobbl Mbl Buaenu?

Grekhov: Hy, Bbl noHMMaeTe, OH BCKPbIT A1s1 MCCeoBaHus

INTERPRETER: And, of course, it's open for the research work

Grekhov: Tam ocHoBa—IGBT—3T0 cunoBasi MHTErparnbHas cxema, rae HeCKOJSIbKO COT ThiCAY NprMbopoB
C XapaKTepHbIM pa3MepoM TakoW sSHENKN MOPSAKa 5 MUKPOH.

INTERPRETER: MoxeT, Bbl nonpobyeTe camu cka3aTb NO-aHIMMACKM—Y BacC Tak XOPOLUO Mosfly4YaeTcs. ..

Grekhov: Yes, why not? IGBT—chip consist of several maybe several hundred thousand elementary
cells, and each cell consist of bipolar and field-effect transistor in one cell... all cells connected in parallel
and this is IGBT-chip. And it's very good device that can be switched on and switched off by very small
energy very fast. It's a very good device for converters; maybe for drive... many areas of applications. It's
many device in power electronic now. And this device can be produced only using sub-micrometer
technology.

Remacle: Submicron capabilities...
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Grekhov: Ja-ga-ga, less than one micron resolution. And because of the situation in our microelectronics
during this time interval | told you about we have no possibility to produce such a device. Only import. But
we... our country... is a country with a lot of energy, and we need some device for transfer this energy
very effective, and we import a lot of this device from Japan and other countries.

Remacle: Let me ask you a question, it’s a little controversial and you do not have to answer we
understand. | was told by Russian in the Silicon Valley—he was born and raised here , but now works in
the Silicon valley—he said— [ don’t think Russian bureaucrats, Russian government people early, like in
the 50s and 60s even, but particularly in the 90s... they didn’t appreciate semiconductors because they
were so small. They liked big things like rockets, like tanks, like submarines, and they didn’t appreciate
semiconductors enough... soon enough... oh, you don't agree...

Grekhov: No. Our bureaucrats understand everything

Remacle: He was wrong.

Grekhov: They have no money...

Remacle: It's a money problem, not understanding problem... <laughs>

Grekhov: Because this is modern semiconductor factory, microelectronics is very expensive... two billion
dollars per one fab, approx.

Remacle: Intel announced that they are building new fab, that is going to be between 5 and 7 billion
dollars...

Grekhov: Yes... That’s the reason we cannot produce such a device because we have no instrument
and we have no money to buy the fab. So we should find the different way to produce such a device.

Remacle: What consideration that has been given between the Russian semiconductor world and I'm
sure you aware of the fact that in the U.S. we have now only IBM, INTEL, MICRON—which makes
memories Tl... those are the only four companies which still have fabs, wafer fabs... everybody else is a
fabless semiconductors company... They do the designs in the United States, and then they send them
to Taiwan, to USMC and TMC where they met... where they have very sophisticated in some cases
probably not better than Intel... but some cases better than perhaps what IBM and Micron have...
Because that’s all they do... just make chips... Do you have a parallel idea? ... is there parallel thinking,
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here, in Russia about doing designs here and then sending them to Taiwan to be manufactured or to
China?

Grekhov: Hert... | think it's impossible now, because to design the modern device in sub-microelectronics
we should have an instrument, and unfortunately we have only two or three submicron lines in Russia
now—in Zelenograd two of them and maybe... | don’t know maybe with resolution 0.18 micrometer and
90 nanometer too. And... but...

Remacle: | think Intel has moved all of their lines, | think everywhere now 0.05 or less and this new fabs
that can be 0.03, 0.02. And I'm sure Samsung... the Korean memory folks are way low because the U.S.
has given up on memory. So, can we go back a little bit and talk about the formation of Zelenograd ...
and how it impacted what you were doing, if it all. Did having the center of Russian semiconductor or
Soviet semiconductor production move?

INTERPRETER: Po3mapwu cnpawmsaeT, oopmmpoBaHme 3eneHorpaga, BOT HEMHOXKO €Crnv BEPHYTbCS
BO BPEMEHMU, 1 ero BoobLe BNMsHNE, dhopMmpoBaHusa 3eneHorpaga, Ha Bally paboTy okasano Kakoe-To
BNUsAHME Ha Bawy paboty?

Grekhov: Her.

INTERPRETER: No. <laughs>

Grekhov: UcuepnbiBatoLwuin oTeeT.

INTERPRETER: It had no influence on what he was doing, and say Dr. Grekhov, | guess he was not
involved much in this.

Grekhov: Bbl noMHuTE, S rOBOpU, pa3aenieHne 3NeKTPOHUKA U 3NEKTPOTEXHUK—HY BOT, TUMUYHO. ..

INTERPRETER: Remember there was division between electronics and electro-techniques, so that’s the
reason.

Grekhov: and the result.

Remacle: What about the change—you mention that after the 90s, it was very difficult time frame for all
science in Russia... for development of new projects.
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INTERPRETER: What's the question?

Remacle: The question is can you talk about more about what this period was like on day-to-day basis,
week-to-week basis.

INTERPRETER: Bbl He Mornu Obl HEMHOXKO pacckasaTtb 0 90-X, korga 6bin Takon NpoBarn B HayKe, Yem
Bbl 3aHMMAaIUCb, KaXkabl OeHb, Kak NPOXoaunu Balun pado4dve gHu.

Grekhov: [1a, ouyeHb gaxe npoucxogunu. [Jeno B TOM, YTO 3HaeTe, ObINIO COBEPLLEHHO YETKOE
NMOHUMAHWE TOTO, YTO ECITN Mbl XOTUM BbPKUTL, Mbl AOMKHbI AymMaTb 06 3TOM camu.

INTERPRETER: So, it was a clear understanding that in order to survive we need to think about it
ourselves.

Grekhov: U korga BOT 51, Hanpumep, 3TO MOHSAS, TO COBEPLUEHHO YETKO peLunn ans ceds u gns ceBoux
COTPYOHWKOB, YTO MOKA Mbl HE HYXXHbI B rOCYAapcTBe, Mbl AOMMKHbLI paboTaTb Ha MUPOBOWN PbIHOK.

INTERPRETER: and when | got to realize that... | understood for that for me and my colleagues, you
know, whole institute, we take care about ourselves to work for the world market.

Grekhov: U mon apy3bsi B AMepuKe yCTpounu MHe noesaky B AMEpUKyY, U s genan AoKnaabl O Halmx
UMNYNbCHbIX Aenax, OAMH Ha BocTouHom, apyroi Ha 3anagHom nobepexbe AMeEPUKN.

INTERPRETER: and my friends in the United States had arranged a trip for me, with presentations on the
East and West Coasts about the pulse-power devices that we created.

Grekhov: U BoT nHTepecHo, Ha BocTtouHom nobepexebe s genan goknag B naboparopmm apMmi—
cyxonyTHbIx cun CLUA, Hy 51 HaBepHoe, HMKOr4a GonblLle He YBUMXKY TaKOro KONMYeCTBa aMeEPUKAHCKNX
reHepanos, coObpaHHbIX B O4HOM MecCTe.

INTERPRETER: And on the east coast - it was interesting thing - | was making the presentation on the
army base, and | think | would never see again at the same place the same number of generals, gathered
together.

<laughs>
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Remacle: We have too many generals. This is my personnel opinion.

Grekhov: O4yeHb MHTEPECHO, 3HaYnT, NOCre AOKNaaa Ko MHe NoAoLLEen reHepar, y Hero BHELWHOCTb
OblNia He amepuKaHcKasi, OH HEMHOXXKO MOXO0X Ha... MOHIOMbCKUE Takue YepThil. ..

INTERPRETER: A3sunartckas...

Grekhov: W Ha xopoluem Takom pycckoM s3bike 19 Beka pacckasan MHe, YTO eMy ObIfio MHTEPECHO B
3TOM. A BbIN y>KacHO yauUBNEH—ero KOMIern He MeHbLLIE—Y4TO OH Tak XOPOLLO FOBOPUT MO-PYCCKU.

INTERPRETER: And after this presentation one of the generals approached me, and he didn’t have a
typical American appearance, he has the features of mongoloid in a type of slightly Asian, and he started
to talk to me on a pure Russian, but a little bit old-fashion of the type of the 19" century language, and
both me and his colleagues, other generals, were greatly surprised of his knowledge of Russian.

Grekhov: Okasanocb, YTo 3TO NOTOMOK [JOHCKUX Ka3akoB, KoTopble 6exanu B AMepuky oT TpoLKoro,
Korga oH Tam packasaumsarn... W y Hux Heganeko oT BaluMHITOHa Takoe Xopollee nocenexHne, rae oHu,
B 06LLEM-TO, FOBOPSAT HA PYCCKOM.

INTERPRETER: And it turned out to be that he was one of the descendants of those Cossacks from the
Don area, he had emigrated from Soviet Russia in the early 20" century running away from Trotsky. They
settled down near Washington and he was coming from that area.

Remacle: Another question that you just reminded me of—to what degree again... to what degree did the
fact that the communist philosophy was the basis for the government of the country, of the Soviet Union...
What effect did that have on your work and the development of semiconductor devices... semiconductor
device physics in Russia, in the Soviet Union? What was the impact of communism, can you talk about
that?

INTERPRETER: KoMmMmyHUuCTU4YeCKasa ngeonormst 1 KOMMyHUCTMYeckas onnocodus, HacKombKo OHa
MOBNUSINa Ha CTaHOBIIEHNE HAYKM M Ha Bally KOHKpeTHyto paboTty B CoBeTckom Coto3e? bbino nu ee
BNUSAHME?

Grekhov: Bbl 3HaeTe, oa KOHeYHO ObIno. [eno B TOMm, 4TO BOT... HY... Yy HaC Kak-TO COBEPLUEHHO He Obino
MEPKaHTUIbHOCTU... Mbl Aenann ndHtepecHble BeLK, HO AaXe B royioBy He npuxoauro, 4To 3a
MHTepeCHble BeL Haao0 nonyvyaTtb MHTEPECHbIE AEHbIN. Takoro He 6bINO NOHMMaHKs, a bbIno MHTEPECHO
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paboTaTb, 1 AymaTb, YTO AN CTpaHbl paboTaellb. A TO, YTO caM C 3TOro HEMHOIO MMeelLLb... Tak Bce Tak
KpYrom.

INTERPRETER: Of course, the communist philosophy had an effect on the work... There was no idea of
earning money from what you invent. It was natural to think this way, and you would have work for people,
for your country... and the fact that you don’t earn much wasn’t even a thought, because everyone lived
the same way, and only later we learned that you can get good money for a good invention.

Remacle: How would you describe the impact of the work that you and your colleagues have been doing
at loffe and also had been done in other research institutes, academies, organizations, and companies in
now Russia and the rest of the world, semiconductor and computing?

INTERPRETER: Kak Okl Bbl Onucanu Bknag nHctutyta nmenn Noddpe n apyrmnx Bawwmx konner B Poccum
Ha MUPOBYIO HayKy. Kakoi Bknag okasana poccuinckast Hayka B ccpepe nonynpoBoAHUKOB?

Grekhov: Tak, ecnv roBopuTb 0 hmsTexe, TO ABE BELUM Bbl YK€ 3HAaeTe—TO, YTO 51 TOBOPWUI1 O pulse-
power...

INTERPRETER: There are two things that | have already mentioned among great inventions—about
pulse-power...

Grekhov: Btopoe—Xopec Andgepos, heterojuncs...

INTERPRETER: ...and the second was heterojunctions by Zhores Alferov.

Grekhov: WU... s gymato, Obinu eLle Kakme-To Takme Belm B uatexe, NpocTo st Obl HE CTan 0 HUX
roBopuThb.... BoT AndepoB—y Hero nydwe namsitb 1 6onblue cBeaeHui o maTexe, OH Ha 3TOT BOMPOC
6onbLe Obl OTBETUN.

INTERPRETER: there were other things that were made here, in physical-technical institute, but it would
be Dr. Alferov, who has better memory, and he would tell you more about it. And it's concerning our
Institute.

Grekhov: Hac4yeT ocTtanbHbiX...

INTERPRETER: Hy, MmoxeT GbITb, Kak-TO B 00OLLEeM... BbINo 1 BNMsHWE HA MUPOBOE. ..

CHM Ref: X6507.2013 © 2012 Computer History Museum Page 39 of 44



Oral History of Igor V. Grekhov

Grekhov:Hy 6bino, koHe4YHo, 6bINM Takne, TodeyHble. [oHMMaeTe, TYT CUTyaUus Takas... MOXXHO UMETb
HECKOJIbKO SIPKMX MATEH, HO KOraa HeT opoHTa, KOTOPbIN BOT Tak UAET, TO 3TO Nnoxo. BorT... Halwe
BMMSAHWE HA MUP B 3TOW 06NacTU—OHO CKopee ToYeyHoe, YeM ppoHTarnbHoe.

INTERPRETER: I just asked Dr. Grekhov to give a general idea, and he said concerning the whole
Russian scientists of in a sphere semiconductors they were just circling spots in the whole front of the
research work in the field of semiconductors that were invented by Russian scientists, and they had some
impact in the development of the industry, but unfortunately there was no whole front that would go
forward in the industry, you cannot break through, so Russian scientists were just some parts of this front.

Remacle: | think that’s consistent that you and Dr. Popov said yesterday... very consistent point of view.
Now you had two state prizes—I’'m jumping around about with—you have two state prizes?

INTERPRETER: Y Bac aBe rocyaapcTBeHHble Harpaasl ectb? [pocto Po3mapu onaTe nepeckovvna
HEMHOXKO... <laughs> OHa xoTena 6bl 0 HUX MOrOBOPUTb.

Grekhov: lMNoxanyncra.

Remacle: For what?

INTERPRETER: PacckaxuTte, 3a 4TO Bac Harpaguim, Kak 3To nponcxoamno?

Grekhov: YacTb 51 Bam yxe pacckasan. Hy, nepsasi, kotopasi JIeHMHCKas—aTO 3a UHOYCTPUIO, BTOpas,
koTopass CCCP—3a nmnynbCHyto TEXHUKY, pulse-power, 1 BTopas, yKe rocyaapCTBeHHasa npemus
Poccuu Bbina Toxe 3a pulse-power—mbl CAenanm HEKOTOpble HOBbIE BELLM, O KOTOPbIX S HE
pacckasbiBari, NOTOMY YTO 3TO yXKe He UCTOPUS, a CEroAHAWHUI AeHb. BOT 310 3HauuT, 2 BOT 3TUX, a
npemMus NpaBUTENbCTBa—AaTO TO, YTO A nonyynn Bmecte ¢ CapaHCKuM 3aBO4OM
«ONEKTPOBLINPAMUTENLY, NO CYTU, TEXHUYECKAS, KOTOPYIO 4 NOMyYunn 3a To, YTO Mbl cAenanun ceputo
nNprubopoB, N3BECTHbIX, B OOLLEM-TO, HO C XOPOLLUUMU XapakTepMCcTUKaMm Ha MMPOBOM ypOBHe. 3a To, YTO
COXPaHWUNN Ha MUPOBOM YPOBHE Ty YacTb NPOU3BOACTBA CUMOBbIX NOMYNPOBOAHMKOBLIX MPMOOPOB,
KoTopas 6bina paHbLue.

INTERPRETER: A B kakux rogax Bac Harpaxxgann?

Grekhov: Celyac, xopowlo... Ja TaM HanucaHo...
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INTERPRETER: Some of it you are already familiar with the Lenin Prize given for the industrial, part of
my work, and the first governmental prize ...

Remacle: The state prize...

INTERPRETER: Yes, the state prize... | think... B 87 roay, ga? In nineteen-eighty seven, it was given for
inventions in the pulse power, and the second state prize in 2002 concerns more modern research work
in pulse-power field, that we didn’t have time to talk about, because it's more modern days. And another
one is a governmental prize 2006... 3To BOT Ta npaBuTenscTBeHHasa Harpaga B 2006 roay, KOTOpyto B
YNOMSHYNN nocnegHen?

Grekhov: [Ja, 3To NpoCTO TEXHUYECKAS... 32 TEXHNYECKOE. ..

INTERPRETER: Not mentions on the electronic fields, but technical details for this. He was awarded
together with the Saransk—pa?—oplant for creating equipment and technology for semiconductor devices.

Grekhov: Diode and thyristors... new generation diode and thyristors according to world level. It's a
technical prize.

Remacle: It’s still is an important one... It's one you are proud of?

Grekhov: Yes.

Remacle: And before | move right to last couple of questions | have this general question. Is there
anything else about your career and development of Russian semiconductors—anything | haven’t asked
you or we haven't talked about... that you would like to mention...

INTERPRETER: EcTb i 4TO-HMOYAb B 06nacty Bawmx pas3paboTok UM Kakas-To YacTb UCTOpUK
nccregoBaHus NonynpoBOAHMKOB B Poccuuy, 0 KOTOPbIX Bbl XOTENW pacckasaTb, HO eLle He ObIno
BO3MOXHOCTW 3aTPOHYTb?

Grekhov: [la HeT, noxanyi... A gymato, 4To 9 AOJDKEH OCTaBUTL BONbLLION KyCOK 4SS BallMX pa3roBOpPOB
¢ Kopecom MBaHoBMYeM AndepoBbIM.

INTERPRETER: Oh, I think | should finish with this. | think | should leave some space to fill in by Dr.
Alferov for your next interview.
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Grekhov: This is the first work of Alferov... yes, this one... in semiconductors, and that time of we work
together.

Remacle: that must have been a very exciting time—you each went separate ways... So, couple of more
just general questions—how, what was the most exciting and rewarding part of your career?

INTERPRETER: Kakas yacTb Baluen kapbepbl Obina, MoxeT OblTb, CAaMON pafoCTHOW, BOT A4S Bac,
CaMOWN BaXKHOW?

Grekhov: Pulse-power.

Remacle: That was the most interesting?

Grekhov: Yes.

Remacle: And you looking back on the all the things you have done... Is there anything you would done
differently in your career, that you would change?

INTERPRETER: BoT, ornsigbiBasicb Ha3ag, €CTb NI KakMe-TO BELLM, KOTOpble Bbl XOTenu Obl nepegenatb?
KoTopble, MOXeT BbITb, NOMYy4YMIIUCL HE COBCEM Tak, Kak Bbl XOTeNn?

Grekhov: Hy KoHeuHo, s xoTen Gbl APYroi UHCTUTYT KOHYUTb U NOMYYUTb NOMYyNpPOBOAHUKOBOE
obpasoBaHue, a He MexaHuKa.

INTERPRETER: Of course, first of all | would like to finish a different university and have degree in
semiconductors field.

Grekhov: lNoToMy 4TO 3TO BbINIO OYEHb TSHXKENO

INTERPRETER: Because it was very difficult to start...

Grekhov: ¢ Hyns1, 3a 0QuH rog ocBaMBaTb COBCEM HOBLIE 06MacTH. ..

INTERPRETER: From the beginning to embrace the whole new field of science for one year.
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Remacle: If you could give any advice to a young engineer, male or female, who is starting today, what
that advice would be?

INTERPRETER: Ecnu 6bl.. faBas coOBET MONOAOMY MHXEHEPY Cenyac, HadmHatoLwemMy paboTty B obnactu
NPOBOLHMKOB, Kakown Obl Bbl fanu coBeT? Ecnu Gbl Bbl BCTPETUN. ..

Grekhov: O. Tak aT0, HaBepHoe, He 3aBUCKT OT TOro, IAe eMy HauMHaTb paboTaTk, B MONYNPOBOAHMKAX
UNn roe—nmnpocTo HY)XXHO, YTOGLI 9Ta paboTa yBrnekana u oHa MHTepecHoOl aAns Hero Obina, U B KOHEYHOM
cyeTe, CTAHOBUMACh LIENbIO XXU3HM.

Remacle: it wouldn’t depend on the field of science where the engineer would working, it would be the
semiconductors or any other sphere, but the most important that the student engineer would be interested
for what he or she was doing... and this work eventually should become essential part of his life.

[Missing audio]

Grekhov: He Tonbko aT0T My3en, a My3eun BooOLLE, MOTOMY YTO Y MEHS XXeHa Aonrne-gonrme rogpl
paboTtana B Pycckom mMy3ee, 1 51 3Ty My3eiHyIo XX13Hb NPeACTaBnsto cebe 1 NoHMMalo, HacKOIbKO 3TO
BaXXHO—MMETb pearibHy0 MHPOPMAaLMIO O CErOAHSLLHEM OHE, COXPaHEHHYIO A MOKONEHUIM HA MHOTMe
roga Bnepegu... NOTOMY YTO HaM, raAe Mbl KpYTUMCSI, BCE KaXeTcst 0Obl4eHHBIM—YTO TYT MUHTEPECHOIO, a
net, Hanpumep, Yepe3 50 aTo GyaeT Bellb HeOObIYHAs, N OYEeHb MHTEpPEeCcHas aNis BCEX.

INTERPRETER: | understand what the museum is and what important work it is doing, because my wife
has worked for many years in the Russian Museum in St. Petersburg and...

Remacle: That is one of my favorite Russian museums...

INTERPRETER: and I've been part of her work, and | know what the museum life is about, and that's why
| understand that it's very important to collect something that we do now to keep it for years later because
when 50 years would past it would look quite unique and different, even if now it seems to us routine and
not interesting in everyday life.

Remacle: | think it was a wonderful answer and | think it would be seen in the Exit Theatre in some place
[in the Computer History Museum]

INTERPRETER: A gymato, 4YTO Ball OTBET... OH HACTOJIbKO OGBEMHBIV M HACTONLKO BMeLLaeT B cebs
CYTb Hawlel paboTbl, YTO Mbl, MOXET ObITb, AaXXe NMOMECTUM €0 Ha 3arofIOBOK BCEW HALLEN TEMbI.
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Remacle: One of the reasons why the museum does this oral history is for the people like yourself, Dr.
Popov, and Dr. Alferov, is because we feel like now we have the technology that is economical enough
and high enough quality to do these interviews and capture the stories of people like yourself in your
own... personal... You can see the smile... you can see the passion in your eyes, you can hear your way
of explaining it, instead some historian saying: In 1894 George Smith said... It’s totally different
presentation of history... that's one of the reasons we have to do this now... So we can have these kinds
of stories.

INTERPRETER: [Ja... 04eHb BaxHO... BOT 3Ta paboTta, Mbl peLunnu ee npogenartb, NOTOMY YTO
NOSIBUIIUCb TEXHONOMMK, KOTOPbIE NO3BOMSAIOT 3anncaTb BXUBYIO, U BUAETb BblpaXeHue rnas, HactpoeHue,
a He TO, YTO CrnyLwaTtb APYrMx MCTOPUKOB, KOTOPbIE MPOCTO CYXO YATaKT U3 y4eOHMKOB.

Grekhov: noHumato, cetyac 6bl nocnywaTts Ixopaxa BawmHrToHa. ..

INTERPRETER: It would be interesting to listen to George Washington these days...

Remacle: Or Michelangelo... or Lenin!

INTERPRETER: n gaxe INleHnna, pa?

Remacle: Some of Lenin, because there is a little more recent... But not an oral history in the same
ways... Be very interesting.

INTERPRETER: 370 ropasgo 6nuxe.

Remacle: So, thank you for your time.

Grekhov: Thank you very much for your visit.

END OF INTERVIEW
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