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NIEKTPOHUKA: OT "MUKPO" K "HAHO" U A AJIEE...

Interview with V. Verner

ONICS: FROM “MICRO” TO “NANO”
AND FURTHER LEVELS...

Pacckassianem B, [ Beprep

Butanuiin  ImuTpuesuy  BepHep, fokTop ¢M3MKo-
MaremaTUYecKMX Hayk, npogeccop, 3aciymeHHkIiR
Aeavene Hayku P@. C 1967 ropa pabotaet B MocKOBRCKOM
WHCTUTYTE 3NeKTPOHHOR TexHuku (MMIT), B Tom
4yucne 16 feT — NPOpPeKTopom no HaydHoW pabote n 10
ner - pexropom. C1998 roga oauH 13 pykosogutenei HINK
“TexHonorvdeckid ueHTp” MUWDT. ABTop 6onee uem
250 Hay4HBLIX TpYAOB, 22 CBMAETENLCTB Ha U30GpeTeHus
M nareHtoe. HarpaxgeH opﬁenamm "3a sacnyru nepep,
Otevecteom” IV creneHn, Tpyaosoro KpacHoro 3HameHn,
“Apyx6Gbl  Hapogos”, MefanaMW; NAypear npeMuu
MpasuTenscrea PO.

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 wark and 10 years as
a rector. Since 1998, one of the executives of the CMC
"Technological centre" of MIET. Authar 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.

TOM HOMEpe ME HadalM OYOIHKOBATE (CM.

CTP. 22-38) LMK/ CTaTeH, OCBALIEHHEIX S0-IETHIO

3aK0H2 Mypa, B KOTOPEIX aHAJAW3HpyeTCsa pai-
BHUTHE 31eKTPOHHKH, IpobieMsl MacmTabHpoBa-
HHA 3ieMeHToB MC, paccMaTpMBAIOTCA TEHISHIIHEH,
onpejensiomue byayiee oTpacti. O ToM, KaK Mos-
BHJIACh HAESA 3TOI'0 JHK/IA U O CBOeM BUIEHHH pas-
BHTHS TEXHOJOIMH DaccKasasn ofidH H3 aBTOPOB -
BuTanui JIMHTpLeBHY BepHep.

BuTanuii [MUTpHEBHY, YeM 00yCc/I0BIIeH Balll HHTEpec
K 3aKOHY Mypa, KOTOpbIH H paHee HEOGHOKPATHO KPH-
THKOBAJICSI CKEIITHKAMH, A cerogHs GakTHHECKH yTpa-
THJI CBOIO CHIY?

3acnyra Mypa COCTOHT B TOM, HTO OH 3MITHPHYUECKH YCTa-
HOBH/I H CGOPMYNHPOBaT 3aKOHOMEPHOCTH B TEMIAX
PA3BMTHS NMEKTPOHHKHK. EFO PONE He CTIRAIYeT PRy Besu-
YMBATh, HO M HENTh34 He/ID0LEHHBATh. M HOra roeopar,
YTO 3aK0H Mypa co3/1an 3MeKTPOHHYH [1POMBILIIIEH-
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HOCTb, XOTS1 HA CAMOM Jiesie BCe HaobopoT: mioau, pabo-
TAIOLHE B OTPAC/IH, CBOMM TPYIOM H 3HTY3HA3MOM 06~
CIIEUH/IH TY TEHJEHIHI0, KOTOPYI0 OTMETHI Myp. Tem
He MeHee B TeUeHHe e THIeTHI 3akoH Mypa urpan
POJE JIO3YHIA Pa3sBHTHS IEKTPOHMKH, Qpepensn
uend, lipuyeM BRXKHBIM GaKTOPOM CTam oBIecTBEH
HbLE Pe30HAHC - CHOPMYNTHPOBAHEBE MypoM [pHH-
IUTIEL GBITH H3BECTHBL M IOHATHBL HE TONBKO CHEllH-
anucTaM OTPACIH, HO H INHPOKOMY KPYTY I10/B30Ba-
Tenew, 4TO AOMOTHHTENBHO CIIOCOGCTBOBANO POCTY:
peiHKa. He OyseT npeyBeiHUeHHEM CKa3aThb, YTO:
3aKO0H Mypa ChITpan 3Ha4HTeALHYIO Polib B GOPMHPO-|
BAHWH COBPEMEHHOI0 HHPOPMA L HOHHOrO 06IecTBa.

Kaxk BbI cyHTaeTe, OCHOBY AJif Ja/bHEHIIEero pas-
BUTHA 3IeKTPOHHKH CO3JAI0T B Bonbuied cTeneHu
K/IaCCHYECKHE HIH HOBbIE IIOAXO0IEI! |
TIpHMEHHTE/BHO K PA3BHTHIO 3/1¢KTPOHH K TIOHATHE
0 KAACCHYECKUX [IPHHIMMAX PA3MBITO H YCAOBHO,




AKKaK yIKE B TRUSHHE JAeCATHeTH OHO BasupyeTcs
‘TOM YHC/ie Ha XBAHTOBOX dH3MKe, 5 AyMaio, UTo
‘manpHeHIeM QH3HYecKas OoCHoOBa BymeT paciuu-
ITHCS, HATIPHMED, TIOMHMO 3ERTPOHHO-LBLPOYHOI0
epexona, bynyT Bce Goree WHPOKRC HCIIONB3OBATRCS
'YHHEeNBHbIE 3PQEKRTH B ADYTHe H3NYecKHe ABIe-
usi. OfHO M3 MHOTOOBEINAKMKX HAalpaBleHHH -
JA3BUTHE OIITONIEKTPOHHMKH C 3aMEHOMH 3eKTpHHe-
"K0# nepegaur HHGopManuy Bosee CKOPOCTHBIMH
INTHYECKMMH TeXHOJIOTHAMHM. [IpH CO3TAHKHH CXeM
NaMATH XOPOUIHe Pe3y/bTaTbl JOCTHIHYTH Ha Da3e
MATHUTHBIX CHCTEM HTH YCTPOHCTB, HCTIOMb3YOHIHMX
d30BLIE IpeBpalleHHa. TeM He MeHee, [I0Ka HOBBIE
IXOZLE! TIO3BOJISIOT PEIIATh MMIUL CPABHMTENIBHO
AKMe TPYMIIE 320aU, YHHBepPCaNsHOH JKe AfikTepHa-
'HBE] TPAH3IHCTOPY, KoTopas obecrewniia 6ut 60BIIYIO
(pdeKTHBHOCTD B XpaHeHHs, 1 obpaboTku HHGopMa-
11H, [10Ka He BEIHO.

aKHe BO3MOKHOCTH Mepe/t eKTPOHHKOH OTKpPbI-
€T Pa3sBHTHE HAHOTeXHOIOTHI?

Hpoussoncrec coppemerHeix MC yike 1ocTaTodHOo
aBHO BBIII/IO Ha HAHOYPOBeHE, Bosee TOro, MHHH-
MaJibHble PA3MEPEI 3/IEME@HTOB Y3Ke JOXOAAT J0 5 HM
TIPH TOM, YTO QHIHUECKH BOSMOKHBLI [1peliest cocTas-
feT OK0/I0 4 HM. PacmupseTcs IpHMeHeHKe HaHOMa-
'ePHAJIOB KaK B CO3AaHHH aKTHBHbIX obnacTell npu-
JOpOB, TdK K, HAIPHMEP, B IPOM3IBOJCTBE PE3HUCTOB.
MHTepecHEle NepPCIekTHBh OTKPELBALT [IPHMEHEHHe
TAEPONHEIX HAHOMATEPHA/I0B, KOTOPEE B HEKOTO"
PHX HaOpaBIeHHAX 0BECTIEUMBAIOT [IPEHMYLIECTBA
1o OBICTPOEACTRHIO, TPOBOSKMOCTH H T.I., XOTH

- COMPETENT OPINION

[I0KA HA IIPAKTHKE Pedb HIET HCRTIOUHUTENIEHO 06 UX
BCTPAMBAHHH B I10/1yI1POBOJHHKOBLIE HPHBOPLL, 2 He
0 3aMeHe [Ioc/aeIHHX, [IoBTOPIOCE, UTO PeanbHOM anh-
TepHATHBB TPAH3HCTOPaM I0Ka He CO343aHO, HAIpH-
MEp I1epCIIeKTH BBl BAKYYMHOH 31eKTPOHHKH Ha 6ase
yIepoAHbIX HAHOTPYDOK B KauecTBe TAKOBOH, HA MOH
B3I/, HE ACHBL.

MosKHO JIH, Ha Ball B3rIs[, IPOBECTH TPaHHUY
MeXAY "TPagHIIHOHHON" 3TeKTPOHHKOH H HAHOY-
TIeKTPOHHKOM?

C dopMasibHOH TOUKH 3PEHUN DPAKTHYECKH BCS
COBpeMeHHas 3JIeKTPOHHKA OTHOCHTCA K cdepe HaHo-
TeXHOMOIMH, TaK KaK XapaKTepMCTHYECKHE pas-
MepBL 3IEMEHTOB PYHKLHOHANBHEIX CTPYKIYP VIKE
LOCTATOYHO JABHO NMEPEIITH YC/IOBHYIO I'DarHuy 100
HM. TeM He MEHee I10 PAAY IPH3HAKOE MOSKHO IIOTIEI-
TAThCS OTHENRTh KJIACCHYSCKHE PelleH s, BhlIeA I He
H3 3[I0XH MHKPOMAcCmTaboB, 0T OPHHOHUIIHAILHO
HOBBIX TeXHOJOTHH. B YACTHOCTH, eC/IH 4715 [IEPBHIX
CBOHCTBEHHO Pa3BHTHE "CBEPXY BHHE3", TO eCTh [I0CTe-
[IeHHOE YMEHBIIEHHE PA3MEPOB CTPYKTY]P, TO BTOPHE
Pa3BMBAOTCH "CHH3Y BREPX” — COBEPILEHCTBYIOTCH TEX-
HoMoruH cBopKH, pocTa M Apyrue crocobrl co3aHHS
CHCTEM H3 HAHOPA3MEePHEIX 3@ MEHTOB.

Hacxonpko cylilecCTBEeHHOE BIHAHHE HAa BHeIpeHHe
HOBEIX TeXHO/IOTHH 0Ka3hiBalOT HHQPACTPYKTyPHEIE
OrpaHHYeHHA!

HHQPaCTPYKTypa HMeET pellialiee 3HaueHHe, B
Hee BJIOJKeHbl OFPOMHEBIE CPeCTBA, II03TOMY KO-
YeBBIM BOIIPOCOM HNPH BHeIPeHHMH HOBHIX pa3pabo-

mrom this issue we started
mpublishing (see pp.22-38) a
. :series of articles devoted to
he 50th anniversary of Moore's
w, 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
he authors, will teil 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
saciety.

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 CTAHOBHUTCSH HX COBMECTHMOCTE C HMEIOI[H M HCS
TEXHOMOTHAMH. [lokasaTeNnhHBIA ITPUMED B 3TOM
OTHOINEHUWH ~ OPOH3BoACTEO M3MC, CoBpeMeHHEIe
TEMITEl POCTA ¥TOI0 HANPAB/IEHHA CTANH BOIMOKHEl
[I0TOMY, UTO TEXHOIOIHU XOPOIIO COBMECTHMBI C yiKe
HMMEBLIEHCS B 0TpacTH Gasod. Korga Hauancs pocTt
CIIpoCa Ha AATYHKH A PasAHYHEIX CHCTEM aBTO-
MaTH3HPOBARHOIO KOHTPO/S, HPOH3BOACTEO MIOMC
cTano GypHO PasBMBATLCS - Cefiyac GONBIIMHCTEO
KPYIHBEIX NPOHU3BOAHTENEH 3IEKTPOHHBX KOMIIO-
HEHTOB PacloNaraiT coBCTBEHHAIMH NOAPA3AeICHH-
SLMH C COOTBETCTBYIOLIEH CllellManu3a e, Apyrue
GBICTPO PACTYHIMe HATIPaBIeH K : THOKAS M IedaTHas
3MeKTPOHHKA, THCIIEH Ha OPraHWYeCKHX CBeTOLMO-
AaX, TAKXKE XAPAKTEPUIYIOTCS THO0 OTHOCHTE/BHOER
AeMIeBU3HON CO3/IaHMs HOBOH IIPOHIBOACTBEHHOM
HHQPACTPYKTYPEL, NH60 MOAHOH H/AM YacTHUHON
COBMECTHMOCTEI C TPAAHLMOHHBIMHK TEXHOMOTHAMH,

C TOUKM 3peHMS OPTaHH3IANKMH HHPPACTPYKTYPH,
4l CTOPOHHHK IIPHHIIKIIOB, KOTOPEHIE HCII0Ab30BAMHCE
B COBETCKHe BpeMeHa. Torja cyIecTBOBRANA CHCTeMa
HayuHhIX LEHTPOEB, BKIIOYABMMX HayYHO-HCC/Ie0"
BATEABCKHH HHCTHTYT C COBCTBEHHHBM ONBITHEM
IIPOU3BOACTBOM H HAJMAXKEHHYIO CBA3b C MACCOBEIM
TIPOH3BOACTBOM, IJva OBlja BocTaToyHO rHbKas
CHCTeMa, KOTOpas Cefst onpaBALIBaiIa, IOITOMY OUeHb
KB, HTO CRMYAC MHOTHE CTAPHIe HapaboTkH b obra-
CTH HHPPACTPYKTYPH! COBEPIIEHHO HE3Iac/HyKeHHO
3a6hITHL.

Kax pe1 onenuBaere 6/1:okaliiuHe NePCrIeRTHBLI pas-
BHTHSA D/IEKTPOHUKH?

Ha coBpeMeHHOM 3Tamne TPyLHOCTH CBA3AHEH C TEM,
HTO TEXHOMOFM9eCKHE MHHOBAITMH, HallPHMED HORBIE
CT1ocob5L THTOrPadLy, HOBHIE [LTACTHHEI | T.A., IPH-
BOMAT K CYIIECTBEHHOMY YLOPOSKaHHIO BCETO [IPOH3-
BOACTBA. [103TOMY BO3HHRALT QHIOCOPCKHEA BOIPOC:

The concept of classical principles
is vague and arbitrary in relation

electrical transmission of infor-

HACKOJBKO Hel0BedecTBy HeoBXogumo, 1Tobk paD
BHTHE TEXHOJIOTHHE VIO TEMIOaMHU, ROTOPEIE KOrLa-T
OBLM 33/1aHEL 3aK0HOM Mypa? MoxkeT GBITE B 3TOM HEZ
0COBOF HYXRAEL, ECTH Y3Ke HMEIOTCS XOPOIIHE, T poA
BEPEHHEIE MPAKTHKOH pemerus? B teopuu CO3MAHL
MHOTO HOBBIX HAEH U HAaIlPaBAeHHH, HO Ha MPAKTHIE
GOMBIIMECTBO U3 HHX HE TOTOBE KOHKYPHPOBATL L
Y3KE MMEIOUIHMHCS TeXHOJIOTHMHE H, B JIyHHIeM CIyl
3¢, HAXOMAT PHMEHEHHE JIJ11 PelIeHHS Y3KOCTI L
aMBHBIX 3aa4. Hanpumep, ecTh 3pdpeKTHRIE HARH I
KpacHBEIE HAYYHEIE PE3YNBTATH B 061acTH KBaHTOf
BEIX BRIUHCIEHHH, HO paboTocnoco6HOro KBaHTOBOIIC
KOMIBIOTEPA [OKA HE CO30aH0, H HE OUeBH/IHO, UTO K
Bnuskaiimee BpeMs o 6yneT BocrpeGoBan ueloBeyeC
CTBOM. :

OpHO M3 CYILeCTBeHHBIX H3MEHEHHH, [1poM3oIIe)]
KX B nocnefHHe 10-20 net, - BhIXoA Ha mepshie pom{i_
PBIHKA MACCOBOH NPOAYKIMH, KOTOPBIR CTa [IaBHOJ!
ABHIKYIIEH CHIOH PA3BHTHS 3MeKTPOHUKH. Korna—m
OPHOPHTETOM OBJIC CO3JaHHe CynepKDMHbIOTepDE]
O/t PellleHHA HayUHbIX 333, ceryac - MoBHIbEHE
YCTPOHCTB, KOTOPBIM He TPebyloTcsa BHICOKME BHIYH
AHTENbHbIE MOIMMHOCTH, 4 TAKKe pEEU’IHElaIJ;HH Tak:
Haamaaemoro HMuTepHeTa Bemed MK "HHTEpHeT:
mnst Bcera”. TakuMm 0BpasoM, akTyanbHOMH 3agader
CTAHOBHTCS HE TO/IBKO K He CTONBKO YAYHIIEHHEe KOM:
TIOHEHTHOH Bashl 3MeKTPOHKKHE, CKONBKO OCBOEHHME.
HOBBIX 00n1acTel MpHMEeHeHHS, 4:

llogBoAs HTOTH, XOTENOCh 6B OTMETHTD, YTO AN :
P33BHTHA 3EKTPOHUKH OYEHb BAJKHO [IPHBJIEKaT:
BHHMAaHHE K ee npobiemam, 3afjadaM, BOIMOK-
HOCTAM, 4YTOOB OTPACAL [OMNONHANACH HOBLIMHE
Kazpamu. B 3TOM CBA3M CJIOKHO NEPEOLEHHTE PO
CMHM, B YACTHOCTH, OTPAC/IEBRIX H3MAHMEL,

Cmacubo 3a uHTepecHyIo Geceny.
CB.[.Bepuepom Gecenopan [I.I0.Tynunun

What new opportunities appear

to the development of electronics,
because for decades it was based
Inter alia on quantum physics. 1
believe rhat 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

HAHO HHEYCTPHA 24/58/2015

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.

e o

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




oduction of resists. Interesting
perspectives are opening up with
he use of carbon nanematerials,
which oftentimes provide advan-
tages in speed, conductivity, etc.,
though in practice it is only about
cheir 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 Telate to the nanotechnoel-
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 dramarically - 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-
temn, which was well builrt, 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 funcerioning 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, [ would like to
note that for the development of
electronics it is very important to
draw attention to its problems,
challenges and opportuniries, 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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