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NIEKTPOHUKA: OT "MUKPO" K "HAHO" U IA/IEE...
ELECTRONICS: FROM “MICRO" TO “NANO"
AND FURTHER LEVELS...

Paccka3bteaem B.J1. Beprep
Interview with V.Verner
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Butanuin  JmutpueBuMd BepHep, p[oKTOp  ¢$U3MKO-
MaTemMaTuyeckuMx Hayk, npodeccop, 3ac/yXeHHbIn
pestenb Haykn P®. C 1967 roga pabotaet B MOCKOBCKOM
MHCTUTYTE 3/1IeKTPOHHOW TexHukun (MUIT), B TOM
yucne 16 neT — NpoOpPeKTOpoM Mo Hay4yHou pa6ote u 10
net — pektopom. C1998 roga oauH us pykosoautenen HMK
"TexHonornyeckum uUeHTp" MWUDT. ABTOp 60ONee uyem
250 Hay4HbIX TPYAOB, 22 CBMAETENLCTB HA U306peTeHns
M nateHToB. HarpaxxaeH opaeHamu "3a 3acnyru nepep
OTteyvectBOoM" IV cTeneHn, Tpyaosoro KpacHoro 3HameHu,

"Opyx6bl HapopoB", MepansaMu; naypear npemMum
Mpasutenbcraa PP.
Vitaly Dmitrievich Verner, Doctor of Physico-

mathematical Sciences, Professor, Honored scientist of
the Russian Federation. Since 1967 he works in Moscow
Institute of electronic technology (MIET), including 16
years as a vice-rector on scientific work and 10 years as
a rector. Since 1998, one of the executives of the CMC
"Technological centre" of MIET. Author of more than 250
scientific papers and 22 patents. Awarded the order "For Merit to the Fatherland" of IV degree, "Order of the

Labour red banner", "Order of Friendship of Peoples"; Laureate of the prize of the government of Russian

Federation.

3TOM HOMepe MBI Hauaau Nny6JIHMKoBaTh (CM.

CTP. 22-38) IIUKJI CTaTell, IIOCBAIIEHHBIX 50-7eTHIO

3aKOHa Mypa, B KOTOPBIX aHaJIM3UPYeTCs pas-
BUTHeE 31eKTPOHUKH, Npobrembl MacmTabupoBa-
HUA 371eMeHToB MC, paccMaTpUBalOTCA TeHIEHIIMH,
ompepensiomue byaymee orpaciu. O ToM, Kak I0s-
BHMJIACh MJes 3TOr0 LIMKJ/Ia U O CBOEM BHIEHHUU pas-
BUTHS TeXHOJOTUM pacckasaa OJUH M3 aBTOPOB -
Butanui JIMUTpHUeBUY BepHep.

Butanuii IMHTpHeBHY, YeM 00yC/IOB/IeH Balll HHTEpeC
K 3aKOHy Mypa, KOTOpPBIM H paHee HEOJHOKPaTHO KpH-
THKOBAJICSI CKeIITHKAMH, a cerofHs ¢paKTHUYeCKH yTpa-
THJI CBOIO CHITy?

3acimyra Mypa COCTOMT B TOM, YTO OH 3MITMPHUYECKH YCTa-
HOBMJI ¥ COOPMY/IIHMPOBA 3aKOHOMEPHOCTH B TeMIIaX
Pa3BUTHS JJIEKTPOHHKH. ETO pOJib He C/IeyeT ITpeyBeIH-
YHBaTh, HO M HEJIb3S HeJOOeHHBaTh. IHOITa FOBOPST,
YTO 3aKOH Mypa co3/mas 371eKTPOHHYI IPOMBIIIJIeH-
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HOCTb, XOTs1 Ha CAMOM JeJie Bce HaobopoT: itonu, pabo-
TAIOIIHe B OTPAC/I, CBOMM TPYAOM U S3HTY3HUa3MoM obe-
CIIEYM/IH Ty TeH[EHIIUI0, KOTOPYI0 OTMeTHI Myp. Tem
He MeHee B TeYeHHe AeCSITUIeTUH 3aKOH Mypa urpain
POJIb JIO3YHTA PA3BUTHUS 3TEKTPOHUKHU, O peessiI
uenu. [IppydeM BasKHBIM GaKTOPOM CTas obIIeCcTBeH-
HBIHF pe30HaHC - cGOpPMY/IHPOBAaHHbIe MypOM IIPUH-
LMIIBI 6BLIN U3BECTHBI U IIOHSITHBI HEe TOJIBKO CIIeIIU-
aJHCTaM OTPAC/IH, HO U LIHPOKOMY KPYTY I10b30Ba-
TejleH, YTO JOMOJHHUTEBHO CIIOCO6CTBOBAIO POCTY
peIHKA. He 6ymeT mpeyBelHYeHHUEeM CKa3aTbh, YTO
3aK0H Mypa ChIr'paj 3HA4YUTeTbHYI0 Poib B GOpMHUPO-
BaHUU COBPEMEHHOT0 MHOOPMALIHOHHOrO 06111eCTBa.

Kak BBI cUHTaeTe, OCHOBY IJISI Aa/bHEHIIero pas-
BUTHS IEKTPOHHKH CO3AIOT B 60/1bIIel CTeNIeHH
KJIaCCHYeCKHe H/IH HOBbIe MMOAXO0bI?

[IprMeHUTEe/IbHO K Pa3BUTHUIO 37IeKTPOHUKU IIOHSITHe
0 KJIaCCHYeCKHUX IIPUHIIMIIAX Pa3sMBITO U YCIOBHO,
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TaK Kak yke B TeueHHUe NeCSITUIeTHI OHO basupyeTcs
B TOM YHCJIe Ha KBAHTOBOM QHU3UKe. S AyMaro, 4TO
B JajnbpHeHIIeM Qu3HUecKast OCHOBA OymeT pacIiu-
PATBCS, HAIIPHMep, IOMHMO 3/1eKTPOHHO-IBIPOYHOT0
nepexofa, 6yayT Bce 6osee MHUPOKO UCIIOIB30BATHCS
TYHHeJIbHBIE 3QeKTHl U Apyrue pusnyeckue sBje-
HHUs. OfHO M3 MHOroobemaomuX HallpaBleHUH -
Pa3BUTHeE OIITO3IeKTPOHUKHU C 3aMeHOH 3TeKTpHYe-
CKOM Iepefauu HHPopManuu 6oee CKOPOCTHBIMHU
ONTUYEeCKUMHU TeXHONOTUsIMU. [IpU CO3TaHUU CXeM
MaMSTH XOPOIIHe pe3yIbTaThl JOCTUIHYTH Ha 6a3e
MarHHUTHBIX CUCTEM HJIH YCTPOMCTB, HCIIONb3YIOMHUX
da3oBble mpeBpaleHus. TeM He MeHee, II0KAa HOBbIe
IIOJXOMBI ITI03BOJISIIOT PelaTh JHUIIb CPABHUTETBHO
y3KHe TPYIIIIBI 3a7a4, YHUBEPCAIbHOM Ke aJIbTepHa-
THUBBI TPAH3UCTOPY, KOTOpasi obecreuria 661 60/bIIyI0
30 $eKTUBHOCTb U XpPaHEHHUS, U 06paboTKu HHPOpMa-
LIMH, II0Ka He BUAHO.

KakHe BO3MOXKHOCTH mepeJ, 3JIEKTPOHHKOH OTKPbI-
BaeT pa3sBUTHE HAHOTEXHOJIOTHE?

[Ipon3BOACTBO coBpeMeHHBIX HC y>ke JOCTATOYHO
JABHO BBIIIJIO HA HAHOYPOBEHb, boslee TOro, MUHHU-
MaJjIbHbIe pa3Mephl 37IeMeHTOB y3Ke TOXOOAT [0 5 HM
IIPU TOM, YTO GU3HUYECKH BO3SMOKHBIN IIPeJieJl COCTAB-
J7sieT 0KoJI0 4 HM. PacmupsieTcsi IpuMeHeHHe HAaHOMa-
TepHaJIoB KaK B CO3[AHUU aKTHUBHBIX 00J1acTeN IIPU-
60poB, Tak H, HAIIPpXUMep, B IIPOHU3BOACTBE PE3UCTOB.
HHTepecHbIe IePCIIEKTUBBI OTKPbIBAeT IPUMEHEHHE
yIJIepOJHBIX HAHOMATepHaJIOB, KOTOpble B HEKOTO-
PBIX HaIlpaBJIeHUSIX 0obeCreYyrBaIOT IIpeHMYIeCTBa
1o 6BICTPOJEHNCTBUIO, IIPOBOAUMOCTH U T.[., XOTS

rom this issue we started

IoKa Ha IIpaKTHKe peub UeT UCKIIOUHUTeIbHO 06 X
BCTPaMBaHUU B IIOTYIIPOBOJHHUKOBEIE IIPUOOPHL, a He
0 3aMeHe NocaeJHUX. [I0BTOPIOCh, UTO PeaabHOM alb-
TePHATHBBI TPAH3HUCTOPaM IIOKa He CO3/JaHO, HAIlPH-
Mep IepCIeKTHBB BAKYYMHOM 3/IeKTPOHHUKH Ha ba3e
yIJIepOAHBIX HAHOTPYOOK B KaueCcTBe TAKOBOM, Ha MO
B3IJISIZL, He SCHBI.

MO>KHO 7TH, Ha Balll B3I/ISA/, IIPOBECTH I'PaHHILY
MeXAy "TPagHIIHOHHOH' 37eKTPOHHKOH H HaHO3-
JIeKTPOHHKOM?

C dopMabHOM TOUKHU 3PeHUS IMPaAaKTHUYECKH BCA
COBpeMeHHasl 3IeKTPOHHUKA OTHOCUTCS K chepe HaHO-
TEeXHOJIOTUH, TaK KaK XapaKTepHUCTUYeCKHe pa3-
MepHI 371eMeHTOB QYHKIIMOHAIBHBIX CTPYKTYp yKe
JOCTATOYHO AABHO IIepellIK YCIA0BHYI0 rpaHuIy 100
HM. TeM He MeHee II0 pPsily IIPU3HAKOB MOKHO IIOIIBI-
TaTbCSI OTAETUTH KJIACCHYEeCKHE PellleH I, BbIIIe/IIHe
M3 3M0XH MHKPOMACIITab0B, OT NPHUHIUIIHAIBHO
HOBBIX TeXHOJIOTHH. B 4acTHOCTH, eC/IH AJIS IepBBIX
CBOMCTBEHHO Pa3BUTHe 'CBepPXY BHHU3", TO eCTb I10CTe-
IeHHOe yMeHbIIIeHHe Pa3MepoB CTPYKTYP, TO BTOpbIe
Pa3BUBAIOTCS "CHU3Y BBEPX' — COBEPIIEHCTBYIOTCS TeX-
HOJIOTHH COOPKH, POCTa U APYrHe CrIocobbl CO3MaHUS
CHCTeM K3 HAHOPa3MePHBbIX 37IeMeHTOB.

Hacko/bpKo cymecTBeHHOe BIHsIHHE Ha BHeJpeHHe
HOBBIX TeXHOJIOTHH 0Ka3bIBalOT HHPPACTPyKTypHbIe
OrpaHHYeHHSI?

HHdpacTpyKTypa HMeeT pelllalllee 3HaueHHe. B
Hee BJIOKeHBI OTPOMHBIE CPeACTBa, IMO3TOMY KIIIO-
YeBbIM BOIIPOCOM IPHU BHeJPeHUHU HOBBIX pa3pabo-

publishing (see pp.22-38) a

series of articles devoted to
the 50th anniversary of Moore’s
Law, which describes the develop-
ment of electronics, the problems
of scaling elements of integral cir-
cuits, addresses the trends that
define the future of the indus-
try. Vitaly Verner, who is one of
the authors, will tell us about the
idea of publishing this series and
about his vision of technology
development.

Mr.Verner, what made you inter-
ested in Moore’s Law, which was
repeatedly criticized by skeptics,

and which has expired by the
present?

Moore’s merit was that he empir-
ically determined and formu-
lated regularities in the develop-
ment rate of electronics. His role
should not be exaggerated, but
should not be underestimated
either. Moore’s Law is sometimes
said to have created electronic
industry, but, in fact, it is quite
contrary: people working in the
industry made the trend noted
by Moore last with their hard
work and enthusiasm. For sev-
eral decades, however, Moore’s
law played the role of a slogan in
the development of electronics

and defined its goals. Moreover,
an important factor was the
public opinion that the princi-
ples formulated by Moore were
clear and understood not only by
industry professionals, but also
by a wide range of users, which
further contributed to the mar-
ket growth. It is no exaggera-
tion that Moore’s Law has played
a significant role in the forma-
tion of the modern information
society.

Which in your opinion is the
main basis for the further devel-
opment of electronics: the clas-
sic approach or the new one?
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TOK CTAHOBHUTCS UX COBMECTHMOCTE C KMEIOIIMMHUCS
TeXHOJOTHUSIMHU. [loKa3aTelbHBIH NPUMEP B 3TOM
OTHOIIEHUH ~ HPOU3BOACTBO MOMC. CoBpeMeHHEIe
TeMIIbl POCTa 3TOr0 HAIIPaBIeHU S CTA/IH BO3MOXKHBI
II0TOMY, YTO T@XHOJIOTHH XOPOIIO COBMECTHMBI C yKe
MMeBIIeHcs B oTpaciu 6a3on. Korga Havasucs pocT
CIIpOCa Ha AATYMKU /15 Pa3/IUYHBIX CUCTEM aBTO-
MaTHU3HUPOBAHHOIO KOHTPOJIA, IIPOM3BOACTBO MOMC
cTaso 6ypHO pPa3BUBATHCSA — ceryac GOIBIIMHCTBO
KPYIHBIX IIPOU3BOAUTENIEH 3/IeKTPOHHBIX KOMIIO-
HEHTOB PacIIoNaraloT cO6CTBEHHBIMU II0/Ipa3/ie/leH -
SIMH C COOTBeTCTBYIOIIel crlellMaan3aliden. Jpyrue
OBICTPO pacTyllHe HallpaBaeHHs: TUOKas U IleyaTHas
3JIKTPOHHKA, AMCIIIEH Ha OPraHHYeCKHX CBETONMO-
Iax, TAaKXKe XapaKTepHU3yIOTCs THO0 OTHOCUTETbHOM
JlellleBU3HOMN CO3JaHMS HOBOU IPOHU3BOACTBEHHOM
HHQPACTPYKTYpPHI, TUOO MOTHON HIHU YaCTHYHOM
COBMECTHMOCTBIO C TPAJMLIMOHHBIMHU TeXHOJIOTHSMHU.

C TOYKH 3peHU s OpraHU3al UKl HHOPACTPYKTYPHL,
s CTOPOHHMK IIPUHIIMIIOB, KOTOPbIe KCII0Ib30BaIKCh
B COBeTCKHe BpeMeHa. Torza cyuecTBoBajaa CUcTeMa
Hay4HBIX LEeHTPOB, BKAKYABIIKX HAYYHO-HCCIe[0-
BaTeJIbCKUN UHCTUTYT C COOCTBEHHBIM OIBITHBIM
IIPOM3BOACTBOM M HaJIa>KeHHYIO CBSI3b C MAaCCOBBIM
NpOou3BOACTBOM. ITa 6blJIa AOCTATOUHO rubkas
cucTeMa, KoTopasi cebsi orpaB/pIBaia, I09TOMY OYeHb
>Kajb, YTO Cel4ac MHOTHe CTapble HapaboTKH B 06/1a-
CTHU MHQPACTPYKTYPhl COBEPIIEHHO He3aCIy>KeHHO
3a6BITHI.

Kak BbI olleHHBaeTe G/IH>KaIHe MepCIeKTHBbI pa3-
BHTHS 31€KTPOHHUKH?

Ha coBpeMeHHOM 3Talle TPYAHOCTH CBSI3aHBI C TEM,
YTO TeXHOJIOTHYeCKHe HHHOBALIMH, HAITPHMep HOBbIe
cr1oco6sl TuTOrpadUM, HOBbIE IUIACTUHBI U T.A., IPU-
BOJISIT K CYLI[eCTBEHHOMY YIOPOSKaHHUIO BCEro IIPOu3-
BOACTBA. [103TOMY BO3HHKaeT $pu10coOPCKUH BOIIPOC:

HACKOJIbKO Ue/IoBeuecTBY Heobxomumo, 4Tobsl pas-
BUTHE TeXHOJIOTHH IIJI0 TeMIIaMH, KOTOpbIe KOIZ1a-To
OBLIHM 3aaHBI 3aKOHOM Mypa? MoskeT OBITh B 3TOM HeT
0Co60M HYK/BI, €CJIH YKe NMEeIOTCSI XOpOIlHe, IIpo-
BepeHHBbIe IPAaKTHKOM pelleHUs! B Teopuu co3aHoO
MHOT0 HOBBIX H/IeH U HaIlPaBJIEHU I, HO Ha IPAKTHKe
OOJMBIIMHCTBO U3 HUX He FOTOBBl KOHKYPHUPOBATH C
y>Ke HMEIOUIMMHUCS TEXHOJIOTUSIMU U, B JIy4IIeM CI1y-
yae, HaX0[ AT IIPUMeHeHHUe JI/Is pPellleHHs y3KOCIel -
aJIbHBIX 3a4a4. Hampumep, ecTs 3P PeKTHEIE HIeH U
KpacHBble HayuHBbIe Pe3yJbTaThl B 06/1aCTH KBAHTO-
BBIX BBIUHMC/IEHHI, HO Pab0TOCIIOCOGHOr0 KBAHTOBOI'O
KOMIIBIOTEPA II0Ka He CO3/IaHO, K He OUeBHUIHO, UTO B
bnrskanmee BpeMsi OH OyzeT BocTpebOBaH YenoBeye-
CTBOM.

OnHO U3 CyLeCTBeHHbIX M3MeHeHHUH, ITPOr30IIe/-
MUX B riociegqHue 10-20 yieT, - BRIXOM, Ha IIepBhIe PO
PBIHKA MACCOBOH IPOAYKLMHU, KOTOPBIH CTajl [JTAaBHOM
OBIKYIEl CUJION Pa3BUTHS 91eKTPOHUKH. Korga-To
IPUOPUTETOM OBLIO CO3/laHHe CYIIePKOMIIBIOTEPOB
IJ151 pellleHU I HAy4YHBIX 3afla4, Celdac - MOOUIBHBIX
YCTPOKMCTB, KOTOPBIM He TPebyITCs BRICOKHE BBIULC-
TUTebHBIe MOIIHOCTH, a TakKe peajqH3alus Tak
Ha3bIBaeMOro MHTepHeTa Belllell UM "HUHTEpHeTa
nns Bcero'. TakuM o6pa3oM, aKTyaJbHOM 3ajaver
CTAHOBHUTCS He TO/IBKO K He CTOJIBKO YIydIlleHHe KOM-
MIOHEHTHOM 6a3bl 3JIeKTPOHUKH, CKOJIBKO OCBOEHHE
HOBBIX 06/1aCTel IpUMeHeHHUSI.

ITogBOASl UTOTH, XOTEN0Ch 6bI OTMETUTD, UTO /IS
Pa3BUTHS 37TeKTPOHUKHU OYeHb BaSKHO IIPHUBIEKATh
BHUMaHHe K ee npobreMam, 3asadyaM, BO3MOXK-
HOCTSIM, 4TO6Bl OTPacC/ab IIOIMOJHSIACh HOBBIMU
KaZpaMH. B 3TOM CBSI3U CJI0XKHO I1ePeOl|eHUTb POslb
CMHU, B 4aCTHOCTH, OTPAC/IeBbIX U3LaHUH.

Cracub60 3a uHTepecHyIo beceny.
C B.[l.BepHepoM becenoBa H.10.TynuinuH

The concept of classical principles
is vague and arbitrary in relation
to the development of electronics,
because for decades it was based
inter alia on quantum physics. I
believe that the physical basis will
expand in the future, for exam-
ple, besides the electron-hole
transition, tunneling effects and
other physical phenomena will be
increasingly used, too. One of the
promising areas is the develop-
ment of optoelectronics replacing
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electrical transmission of infor-
mation using high-speed opti-
cal technologies. When memory
chips were created, good results
were achieved by using magnetic
systems or devices with phase
transformation. However, new
techniques allow us to solve a rel-
atively narrow scope of tasks. No
universal alternative to a transis-
tor, ensuring greater efficiency of
information storage and process-
ing, has been discovered so far.

What new opportunities appear
in electronics with the develop-
ment of nanotechnology?

The manufacture of today’s inte-
gral circuits switched to a nano-
level quite a long time ago.
Moreover, the minimum size of
elements has already reached 5
nm, while the physically possi-
ble limit is about 4 nm. The use of
nanomaterials is expanding both
in the creation of active areas in
devices and, for example, in the



COMPETENT OPINION

production of resists. Interesting
perspectives are opening up with
the use of carbon nanomaterials,
which oftentimes provide advan-
tages in speed, conductivity, etc.,
though in practice it is only about
their integration into a semicon-
ductor device, rather than replac-
ing the latter. Again, a real alter-
native to the transistors is not yet
found; for example, the prospects
of vacuum electronics based on
carbon nanotubes as such, in my
opinion, are not clear.

Is it possible in your opin-
ion to distinguish between
“traditional” electronics and
nanoelectronics?

From a formal point of view,
almost all modern electron-
ics relate to the nanotechnol-
ogy field, because the charac-
teristic dimensions of func-
tional elements already went
beyond the provisional thresh-
old of 100 nm quite a long time
ago. However, regarding a num-
ber of features, you can try to dis-
tinguish between classical solu-
tions that appeared in the era of
micro-scale and fundamentally
new technologies. In particular,
if classical solutions are charac-
terized by “top-down” develop-
ment, i.e. gradual decrease in the
size of structures, new solutions
are developing “bottom-up” - via
improvements of assembly and
growth techniques, and other
ways of creating systems from
nanoscale elements.

What material impact do infra-
structural constraints have
on the introduction of new
technologies?

Infrastructure is crucial. Huge
amounts of money was invested
in it, so a key issue when intro-
ducing new solutions is their
compatibility with the exist-
ing technologies. An illustrative

example in this regard is the pro-
duction of MEMS. The current
growth rate in this area became
possible because this technol-
ogy is highly compatible with
the existing industry. When the
demand started growing for sen-
sors used in a variety of auto-
mated control systems, the man-
ufacture of MEMS began to
develop dramatically - currently,
most of the major manufactur-
ers of electronic components have
their own units with appropri-
ate expertise. Other fast grow-
ing areas, such as flexible and
printed electronics or displays
based on organic light-emitting
diodes, are also characterized by
either relative cheapness of cre-
ating a new production infra-
structure, or by full / partial com-
patibility with the traditional
technologies.

From the point of view of orga-
nizational infrastructure, I am
a supporter of the principles
used in Soviet times. Then, there
existed a system of research cen-
ters, including research insti-
tutes with their own pilot pro-
duction facilities and well-estab-
lished links with mass produc-
tion. It was quite a flexible sys-
tem, which was well built, so it
is a pity that so many of the old
practices in the area of infra-
structure have been undeservedly
forgotten.

What do you think about the
near future prospects of elec-
tronics development?

At present, difficulties are related
to the fact that technological
innovations, such as new meth-
ods of lithography, new plate-
lets, etc. require a substantial
increase in the cost of the entire
production. Thus, a philosophi-
cal question is, “to what extent
does the humanity need to main-
tain the technology development

pace that was once set by Moore’s
Law?” Maybe, there is no partic-
ular need, because very good and
well-proven solutions already
exist? A lot of new ideas and
areas have been generated the-
oretically, but in practice, most
of them are not ready to compete
with existing technologies and,
at best, are used to solve very nar-
row specific tasks. For example,
there are spectacular ideas and
excellent scientific results in the
field of quantum computing, but
a functioning quantum computer
has not yet been created, and it
is not obvious if people will soon
require it.

One of the significant changes,
which occurred in the past 10 to
20 years, was gaining the fore-
ground role in the market of mass
production, which became the
major driving force behind the
development of electronics. In the
past, the priority issue was about
the creation of supercomput-
ers to resolve research problems.
Currently, the issue is about
mobile devices that do not require
high computing power and the
implementation of the so-called
“Internet of things” or “Internet
for all”. Thus, the urgent task is
not only and not so much about
the improvement of electronic
components, but is more about
the development of new applica-
tion areas.

In summary, I would like to
note that for the development of
electronics it is very important to
draw attention to its problems,
challenges and opportunities, so
the industry is replenished with
new specialists. In this regard, it
is hard to overestimate the role of
mass media, in particular, indus-
try publications.

Thanks for the interesting story.

The interview was taken by
D.Gudilin
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