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B TekyuwieM rogy ucnosnHsetcs 30 net ®U3NKO-TEXHONOrMHECKOMY
MHCTUTYTY Poccuitckoi akagemum Hayk (PTUAH PAH) - Beay-
Wer Hay4yHOM opraHusauuMm B 0651acTU uccnepoBaHun ¢PyH-
BAaMeHTasibHbIX Mpo6/eM 3/1eKTPOHHOW KOMMOHEHTHOM 6as3bl
MWUKPO- U HAHO3/IEKTPOHUKU. O paboTe N JOCTUTHYTbIX UHCTU-
TYTOM pe3synbTaTtax pacckasan aumpekrtop ®TUAH PAH, poktop
Ppu3nKo-maTemMaTMyeCKUX HaykK, 4seH-KoppecnoHaeHT PAH
Bnagnmup ®enopoBuy JIyKUYEB.

This year marks the 30th anniversary of the Institute of
Physics and Technology of the Russian Academy of Sciences,
the leading scientific organization in the field of research
on the fundamental problems of the creation of electronic
components for micro- and nanoelectronics. The Director of
the Institute, Doctor of Science, Corresponding Member of
the Russian Academy of Sciences, Vladimir F. Lukichev, told
i us about the work and the results achieved by the Institute.

Bragumup ®enopoBHy, KaKoe MeCTO 3aHHMaeT
®THAH B cMcTeMe HHCTHTYTOB PAH H KaKHMH
npob1eMaMH 3aHHUMaeTCs?

Ecnu roBopuTh 06 MCTOPUM CO3LAHHS HAIIero
MHCTUTYTa, TO K Ha4yaay 1980-x romoB CI0KHUJIACh
CUTyallis, KOTJa oTe4YyeCTBeHHbIe HCCIeJoBaHUS
U pa3paboTku B 06/1aCTHU MUKPO3TeKTPOHUKU
nmepeuy NpeMMYLeCTBEHHO B MHPHKJIALHYIO
IIJIOCKOCTh M BeJIIMCh, B OCHOBHOM, B OTpac/ieBhIX
HHH npoduIbHBIX BeJOMCTB, YTO B KOHEYHOM
MTOre IMPUBEJIO K CY>KeHHI0 HaYyYHOI' 0 TOPU30HTA
B 3TUX OpPTaHH3aLUAX U PEelIeHHI0 UMHU UCKIIIO-
YHTEeJNbHO 3a7a4 Ha OMMKaHIIYyIO0 IepCIeKTUBY.
BBHUAY Ba’kKHOCTU obecreueHUs] TeOpeTHUYECKOHU
6as3pl 115 Pa3BUTHUS BBIUMCIHUTENbHON TeXHUKU
U COINYTCTBYIOIIMUX e I0JyNpPOBOSHHUKOBEIX TeX-
HOJIOTHI ¢ 6oslee faleKUM FOPU30HTOM IIJIAHUPO-
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BaHUS, B 1983 rogy B Akagemuu HayK CCCP 65110
cosmaHo OTAesieHHe HHOOPMATUKH, BHIUHUCIUTE/Ib-
HOM TeXHHKH K aBTOMAaTH3al UM (II03LHee - yKe
B 2000-x romax, - mepeMMeHoBaHO B OTAeeHHe
HaHOTeXHOJIOTUH U MHOOPMAILIMOHHBIX TEXHOJIO-
run - OHHUT PAH). B 1988 rony B ero cocTaBe OBl
opraHu3oBaH ®U3UKO-TEXHOTOTUUYECKUI UHCTHU-
TyT AH CCCP - ®THAH. UHCTUTYT 6BLJI CO3MaH A1
pelreHrsd pyHAZaAMeHTAJIbHBIX GU3UKO-TeXHOJIOTH-
YeCKHUX NpobseM HM3rOTOBJIEHHUS MHTerpaabHBIX
cxeM C CybMHUKPOHHBIMH (B TO BpeMsI) IPOeKTHBIMHU
HOPMaMH Ha OCHOBE MaTeMaTH4eCKOro MO eJIHupPo-
BaHUS NPUOOPOB U TEXHOJOTUYECKUX IIPOLIECCOB,
Pa3BUTHS KJIIOUYEBBIX TEeXHOJOTUM — IUTOTpaduu
BBICOKOT'O pa3pelleHus, pa3paboTku BaKyyMHBIX
U IIJIa3MeHHBIX METOLO0B IIOJIy4YeHU 1 TOHKHUX IIjIe-
HOK U M X Pa3MepHOr0 MUKPOCTPYKTYpPUPOBaHUS,
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KCC/Ie0BAHU A XapaKTePUCTHUK MHTEI Pa/IbHBIX IIPH-
60pOoB MUKPO31eKTPOHUKHU. ONHUM M3 HHHULIHUATO-
poB cospanusga OHHUT PAH u mepBHIM JUPEKTOPOM
®TUAH 6bl1 akageMuk PAH KaMuip AXMeTOBUY
Banues, KOTOPBIH B 1960-1970-x rofax BHeC orpom-
HBIU BKJIaJ, B CTAaHOBJIeHHe 0Te4eCTBeHHOK MHKPO-
3/1eKTPOHHOM MPOMBILIJIEHHOCTH, Bo3rinasnsia HUU
MOJIEKYISIPHON 3/1eKTpoHUKK (HHUKMM3) u 3aBof
"Muxpon", suepssle B CCCP obecrmeun pa3paboTky
U CePUHHOE IPOU3BOACTBO MOHOJIUTHBIX KPEMHH-
eBBIX HHTerpajbHBEIX CXeM, CTAaBIIMX 3/IeMeHTHOH
6a3011 0TeueCTBEHHOM BBIYMCIHUTENbHON TeXHUKHU
1 060pOHHBIX cHCcTeM. lllarasi B HOTy CO BpeMeHeM,
K.A.Banues B 1995 rogy opraHu30Bal ¥ BO3IJIaBUII
JlabopaTopHu0 PM3UKK KBAHTOBBIX KOMIIBIOTEPOB

B coctaBe ®THAH, BBeas nmpobiemMbl KBAHTOBOM
MHQOPMATHUKH U 3/IeMeHTHOM 6a3bl, obecrneynBa-
IOIlell KBAHTOBbIe BBIUMC/IeHHUS, B YHCJI0 OCHOBHEIX
HAay4YHBIX HAallpaBJIeHHWH HHCTUTYTa. C 2005 mo 2015
rogsl mocT nupexkrtopa ®THMAH 3aHMMan ero yde-
HUK - aKaZeMuK PAH AnexkcaHap AleKCaHIPOBUY
OP/IIMKOBCKHUU — OCHOBOIIOJIOKHHUK Psiia HAallpaB-
JTeHUN Hay4YHBIX UCCIeN0BaHUMN B 061acTU QU3H-
YeCKHX OCHOB T@XHOJIOTHH KPeMHHEBOU MHUKPO-
M HAHO3JIEKTPOHHUKH.

®THAH BeneT ucc/lef0BaHUA KaK QyHIaMeH-
Ta/JIbHOTO, TaK M IPUKJIAJHOTO XapaKkTepa. B HacTo-
dllee BpeMs B YMC/I0 OCHOBHBIX QyHAaMeHTaAbHBIX
npobsem, M3ydyaeMBbIX B HHCTUTYTe, BXOAST KBaH-
TOoBasg UHPOPMATHKA, PH3MKA HAHOTPAH3UCTOPOB

Mr. Lukichev, what is the place
of the Institute of Physics and
Technology of the RAS in the sys-
tem of institutes of the Russian
Academy of Sciences and what
problems does it deal with?

If we talk about the history of the
creation of our institute, by the
beginning of the 1980s a situation
had arisen when domestic research
and developments in the field of
microelectronics had moved mainly
to the applied plane and were con-
ducted, mainly, in sectoral research
institutes of profile agencies, which
ultimately led to a narrowing scien-
tific horizon in these organizations
and solving of the problems exclu-
sively for the immediate future.
In view of the importance of pro-
viding a theoretical basis for the
development of computer technol-
ogy and accompanying semicon-
ductor technologies with a more
distant planning horizon, in 1983
the Department of Informatics,
Computer Science and Automation
was established at the Academy of
Sciences of the USSR (later, already
in the 2000s, it received the name of
the Department of Nanotechnology
and Information Technology). In
1988, the Institute of Physics and
Technology of the Academy of
Sciences of the USSR was organized

in its structure. The Institute was
created to solve fundamental phys-
ical and technological problems
of manufacturing integrated cir-
cuits with submicron (at that time)
design rules based on mathemati-
cal modeling of devices and techno-
logical processes, the development
of key technologies including high-
resolution lithography, vacuum and
plasma methods for deposition of
thin films and their dimensional
microstructuring, research of char-
acteristics of integrated devices of
microelectronics. One of the ini-
tiators of the creation of the new
Department and the first director
of the Institute was Academician
Kamil A. Valiev, who in the 1960s
and 1970s made a great contribu-
tion to the development of the
domestic microelectronic industry,
headed the Scientific and Research
Institute for Molecular Electronics
and the Mikron plant, for the first
time in the USSR ensured the devel-
opment and serial production of
monolithic silicon integrated cir-
cuits, which became the elemental
base of domestic computer technol-
ogy and defense systems. Walking
in step with the times, in 1995,
K. Valiev organized and headed the
Laboratory of Quantum Computer
Physics within the Institute of

Physics and Technology, introduc-
ing the problems of quantum infor-
matics and the circuitry that pro-
vides quantum computing to the
list of the main scientific areas of
the Institute. From 2005 to 2015,
the post of director of the Institute
was occupied by his pupil - acade-
mician of the RAS Alexander A.
Orlikovsky - the founder of a num-
ber of research areas in the field of
physical fundamentals of silicon
micro- and nanoelectronics.

The Institute of Physics and
Technology conducts research of both
fundamental and applied nature. At
present, the basic fundamental prob-
lems that are studied at the Institute
include quantum informatics, the
physics of nanotransistors and nano-
structures that make up the base
for computer systems, the scientific
foundations of plasma technologies
for micro- and nanoelectronics, the
modeling of technological processes
and devices of micro- and nanoelec-
tronics, research methods and anal-
ysis of multilayer structures, the
study of the properties of magnetic
structures and nanomagnets, the
study of phase transformations in
thin and ultrathin films and in lay-
ered structures of devices.

Applied problems include the
development of wide-aperture
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M HAaHOCTPYKTYP, COCTABJIAIOUIKUX 3JIeKTPOHHYIO
KOMIIOHEHTHYIO 6a3y BHIUMCIHUTENbHBIX CUCTEM,
Hay4HBble OCHOBBI IIJIa3MeHHBIX TeXHOJIOTHH MHKPO-
Y HaHO3/IeKTPOHHKH, MOAETHPOBAHHE TeXHOJIOT U~
YeCKHUX MPOIeCCOB U IPUOOPOB MHUKPO- U HAHO3-
JIeKTPOHUKH, METOJbl MCCIe[J0BAHNS U aHA/IK3a
MHOTOC/IOMHBIX CTPYKTYP, HCC/IeloBaHHUEe CBOMCTB
MarHUTHBIX CTPYKTYp U HAHOMAarHeTHUKOB, H3y4e-
HUe $a30BEIX IpeBpallleHUH B TOHKHX H CBep-
XTOHKHX IVIEHKaX U B MHOTOC/IOMHBIX IIPUOOPHBIX
CTPYKTypax.

K mpUK/IaAHBIM 33a/la4aM OTHOCSATCS Pa3paboTku
I POKOAIIEPTYPHBIX UCTOUHUKOB CUJIBHO MOHM 30~
BaHHOM HH3KOTeMIIepaTyPHOH IIJIa3MBbl U HCTOY-
HIKOB HOHOB [IJISl TEXHOJIOTHYeCKUX IPUMeHeHHUH,
IIJIa3MeHHOTO0 ITHJIOTHOTO 060PyL0OBaHHU S U TEXHOJIO-
TUM [/ HaHeCeHU s IVIeHOK, MUKPO- K HAaHOCTPYK-
TYpUPOBaHH S, HMMePCHOHHON MOHHOU UMIUIAHTa-
LIMH, METOZO0B U CPeJCTB MOHHUTOPUHTA IIJIa3MeH-
HBIX IIPOLIECCOB, a TaKKe 3JIeMeHTOB MHUKPO- U HAHO-
3JIeKTpOMeXaHHUYeCKHUX CHCTeM (M3MC, HOMCQ)
Y CEHCOPOB Ha OCHOBE KPeMHHEeBOL TeXHOJIOTHH.

IlepeuncieHHbIe HCCAeN0BAHUS BBIIIOTHSAIOTCS
CTPYKTYPHBIMH IIOLpa3feleHUIMH HHCTUTYyTa:
nabopatopuer GU3NKHU KBAHTOBBIX KOMIIBIOTEPOB,
nabopaTopuer apXUTEKTYPbl BHICOKOIIPOU3BOLH-
TeJIbHBIX BBIUMC/IUTEbHBIX CUCTEM, TabopaTopuen

MaTeMaTHYeCKOro MOJeIHPOBaHU A GU3UKO-TEXHO-
JIOTUYeCKUX MTPOLeCCOB MUKPO3IeKTPOHUKH, J1abo-
paTopHer MUKPOCTPYKTYPHUPOBAHUS U CyOMHUKPOH-
HBIX IPUOOpPOB, 1abopaToprerl HOHHO-TyUeBbIX TeX-
HOMOTUH, nabopaTopuein GU3UKU MMOBEPXHOCTH
MHKPO3JIeKTPOHHBIX CTPYKTYP, TabopaTopHen Tex-
HOJIOTUH MUKPO- U HAHOCHUCTeM. BaskHO [IOHKUMATh,
YTO B HAaCTOsIlee BpeMs MHCTUTYT 3aHHMAaeTCd
KJIIOYeBBIMM BOIIPOCAMH y>Ke He TOJbKO MHKPO-,
HO M HAaHOYJEeKTPOHHKH, TO €CTh 3JIeKTPOHUKHU
HaHOpPa3MepHBIX 3JIEMEHTOB MHTErPAJIbHBIX CXeM.
B Hamux 1a60paTOPHUX ysKe JaBHO OIIEPHPYIOT Mac-
mTabaMU AecsITKOB U Iaske eIUHHUI] HAHOMETPOB.

B pamkax peopranusauuu PAH B 2006 rony
B cocTaB ®THAH 6b11 BK/IIOUeH SIPOC/TaBCKUM HHCTH-
TYT MUKPOYTEeKTPOHUKHU U MHOOpMATUKHU (MMHU
PAH), KOTOpBIH CTa/l HaIUM duaranom. Hac o6s-
efUHSEeT He TONIBKO obIlee Ha3BaHUe, HO U 0bmias
TeMaTHKa U Hay4YHble HaIpaBJIeHUs HCCIeN0Ba-
HUI. SIpocjlaBCKHe KOJIJIery yCIellHo 3aHUMaITCs
[J1a3MEeHHBIMH TeXHOJIOTUAMMU /151 CO3LaHUS YyB-
CTBUTEJIbHBIX 37IeMeHTOB MOMC U 0Be/IH II0TyYeH-
HBble pe3y/JbTaThl 0 BHELPeHUS B CEpPUHHOE IIPOU3-
BOZICTBO. 3HAUMTeJAbHAS 4acCTh pa60T B I ®PTUAH
IIOCBSIIIEHA MCC/IeIOBAHUSAM B 0671aCTH MarHUTHOM
namsaTu. Ha tepputopuu I¢ ®THAH pacmonoxkeH
LIeHTp KOJJIEKTHBHOTIO I[10/Ib30BaHU A SIPOC/IaBCKOTO

sources of highly ionized low-tem-
perature plasma and ion sources for
technological applications, plasma
pilot equipment and technologies
for film deposition, micro- and
nanostructuring, immersion ion
implantation, methods and means
for monitoring plasma processes, as
well as MEMS, NEMS and sensors
based on silicon technology.

The above researches are carried
out by the structural subdivisions of
the Institute: the laboratory of quan-
tum computer physics, the labora-
tory of the architecture of high-per-
formance computing systems, the
laboratory of mathematical mod-
eling of the physical and techno-
logical processes of microelectron-
ics, the laboratory of microstructur-
ing and submicron devices, the lab-
oratory of ion-beam technologies,
the laboratory of surface physics of
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microelectronic structures, the lab-
oratory of micro- and nanosystems
technology. It is important to under-
stand that at present the institute
is dealing with key issues not only
micro-, but also nanoelectronics,
that is, electronics of nano-sized ele-
ments of integrated circuits. Our lab-
oratories for a long time already oper-
ate on scales of tens and even units of
nanometers.

As part of the reorganization of
the Russian Academy of Sciences
in 2006, the Yaroslavl Institute of
Microelectronics and Informatics
of the RAS was included in the
Institute of Physics and Technology,
becoming our branch. We are
united not only by a common name,
but also by the general theme
and scientific areas of research.
Yaroslavl colleagues successfully
engaged in plasma technologies to

create sensitive elements of MEMS,
and brought the results obtained to
the introduction to serial produc-
tion. A significant part of the work
in the Yaroslavl branch is devoted
to research in the field of mag-
netic memory. On the territory of
the Yaroslavl branch is the Center
for Collective Use of the Yaroslavl
University, which has modern sci-
entific equipment. The center offers
highly qualified services to research
institutions, enterprises of the
Yaroslavl region. Currently, the
staff of the Institute and the branch
employ about 200 people.

What are the most significant
achievements of the Institute?

If we talk about the achievements of
recent years,  would single out three
areas where our institute got break-
through results.
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YHUBEpPCHUTETa, B KOTOPOM IIpeJCTaBIeHO COBpe-
MeHHOe JHarHOCTUYecKoe Hay4Hoe 000opyAoBaHHUe.
LleHTp OKa3bpIBaeT BHICOKOKBANTMPUIUPOBAHHEIE
YCJIYTH KCCIeI0BATe/IbCKUM yUPeXKAeHUAM, IIpe/-
OpUATUSAM SIpocnaBCcKoM obnacTu. B HacTosimee
BpeMs B mtate ®THAH u dpunumana paboraroT okoo
200 yenoBeK.

Kakwne noctuxeHus ®THAH Bl cuuTaeTe HaH60-
7ee CyIeCTBEHHbIMH?

Ec/iy rOBOPHUTSE O JOCTUKeHHU X [IOC/IeJHHUX JIeT, TO S
OBl BBIIE/IUI TPU HAIIPaBJIeHU S, IT/le HAll HHCTUTYT
101y YHJI [IPOPBIBHEIE Pe3yJIbTATHL.

Bo-mepBhIX, KO/MJIEKTUBOM J1abopaTopuu GU3UKHU
KBaHTOBBIX KOMIIBIOTEPOB IIOJy4YeHBl Pe3yabTaTh,
obecrmeumnBarInye Co3LaHUe MPOTOTHUIIOB KBAaH-
TOBBIX BBHIYMCIHUTE/JbHBIX U KOMMYyHHKALIHOH-
HBIX YCTPOMCTB, a TaKKe CUCTeM IIPOeKTUPOBAHUS
TaKHUX YCTPOMCTB. BbI/IO OCyIlecTBIeHO PealtuCcTUY-
HOe MOfle/IMpOBaHUe 31eMeHTHOM 6a3bl KBAHTOBBIX
KOMIIBIOTEPOB C yYeTOM KBAHTOBBIX IIIYMOB, a TaKKe
IIpOoH3BeeHa CUMYIALUSA 3alIyM/JI€HHBIX OCHOB-
HBIX KBAHTOBBIX aJ/ITOPUTMOB, B TOM YHCJIe C MUCII0JIb-
30BaHHeM cyIepkoMmIbpoTepoB PAH (MBC-100K
v MBC-10II) u cynmepkoMIbioTepa "JIOMOHOCOB".
JlabopaTopuell apXUTeKTYPbl BHICOKOIIPOU3BOAU-
TeJNIbHBIX BHIUYMC/IMTEJbHBIX CUCTEM IIpeJIOsKeHbl

peanucTUYHbBle KOHCTPYKIUHU MHUKPOCTPYKTYD,
BBIIIOHAOMUX GYHKI UM KYOUTOB U IO3BOIS-
IOIMHUX IIOCTPOUTH IIOJHOMACIITAOHBIM KBAHTO-
BBIM KOMIIBIOTEP Ha JBOMHBIX KBAHTOBLIX TOYKaX.
KcTatu, nepcreKTUBHOCTh KMEHHO JBOMHBIX KBaH-
TOBBIX TOYEK [JIs1 KBAHTOBBIX BBIUMC/IEHUI BIep-
Bble OblJIa TeOpeTHUYeCKH ITOKa3aHa U OmybauKo-
BaHa IPYNIION HAUIUX COTPYAHUKOB I10J, PyKOBOZ-
crBoM JI.E.®eguukuHa B JlabopaTopuu akageMHKa
K.A.Banuesa B 2000 rony. 3gecr ®THAH uMeert
MHPOBOH IIPHOPUTET. B HacTosmee BpeMs IIPHUCTY-
I1aeM K pelleHHI0 TeXHOJOrHYeCKHUX 3a/4ady 10 IIpa-
KTUYECKOMY CO3JaHMI0 TAKUX CTPYKTYP C MaCILTa~
brpyeMor apxHUTEKTYPOH.

Bo-BTOpBIX, B 71ab0opaTopuu MHUKPOCTPYKTY-
PHUPOBAHUS U CYOMHUKPOHHBIX IPUOOPOB IpOBe-
TeHbl UCCIeJOBAaHUS U pa3paboTaHbl TeXHOJIOTHYe-
CKHe IOAX0Abl OPMUPOBAHMS CTPYKTYP KpeMHHe-
BBIX II0JIEBBIX TPAH3UCTOPOB C pa3sMepaMH 3JIeMeH-
ToB MeHee 10 HM. B paMKax 3ToH paboThl BIlepBble
B Poccuu 6bLIM [0y 4eHBl SKCIIePUMEHTalIbHbIe, TAK
Ha3bplBaeMble KpeMHHeBble Fin-CTPyKTYypHI C BBICO-
KOU MOJBHU KHOCTHIO HOCHUTeJeH U KPUTHYECKHUM
pasMepom 7,8 HM. IIpo1iecc U3roTOBIeHU S BKIKOYaeT
BBICOKOpAa3peIlalollyIo 3IeKTPOHHYIO IUTOrpadHUIo,
INpel3HOHHOe AaHMU30TPOIIHOE MIJIa3MeHHOe TPaB-
JeHHe, ONepallMIo yaaleHus HapyLUIeHHOro CJiog

First, the team of the labora-
tory of quantum computer phys-
ics obtained results that provide
the creation of prototypes of quan-
tum computing and communica-
tion devices, as well as systems for
designing such devices. Realistic
modeling of the quantum computer
circuitry was carried out, taking into
account quantum noise, and simu-
lation of noisy basic quantum algo-
rithms was implemented, includ-
ing with the use of RAS supercom-
puters and Lomonosov supercom-
puter. The laboratory of architec-
ture of high-performance comput-
ing systems offers realistic designs
of microstructures that perform
qubit functions and allow the con-
struction of a full-scale quantum
computer on double quantum dots.
By the way, the prospectivity of
double quantum dots for quantum

computation was first shown theo-
retically and published by a group of
our employees under the leadership
of L.E. Fedichkin in the Laboratory
of Academician K.A. Valiev in 2000.
Here, the Institute has a world prior-
ity. At present we are beginning to
solve technological problems for the
practical creation of such structures
with scalable architecture.
Secondly, in the laboratory of
microstructuring and submicron
devices, research was carried out
and technological approaches for
the formation of structures of sili-
con field-effect transistors with ele-
ment sizes of less than 10 nm were
developed. As part of this work, for
the first time in Russia, experimen-
tal so-called silicon Fin structures
with a high carrier mobility and a
critical size of 7.8 nm were obtained.
The manufacturing process includes

high-resolution electron lithogra-
phy, precision anisotropic plasma
etching, removing the affected
silicon layer. Such structures are
the basis for FInFET nanotransis-
tors with a design rule of less than
14 nm, an array (up to 104 elements)
of sub-10 nm Si nanowires for solid-
state terahertz oscillators, a solid-
state quantum register of a quan-
tum computer, the construction of
which is proposed in our Institute.
At present, work is under way on the
atomic layer deposition of dielectric
materials and metal gates to obtain
a complete structure of a sub-10 nm
nanotransistor.

And, thirdly, the most impor-
tant applied scientific and tech-
nical result, revealing the inno-
vative potential of the Institute,
was obtained by the laboratory of
micro- and nanosystems technology
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KpeMHHs. TaKHhe CTPYKTYPHL SBISIOTCS OCHOBOU
FInFET HaHOTPaH3UCTOPOB C IPOEKTHON HOPMOM
MeHee 14 HM, MaccuBa (1o 104 anemeHTOB) cy6-10 HM
Si-HaHOIIPOBO/IOB JI/11 TBEPAOTEe/IbHBIX TepParepLOBbIX
reHepaTopoB, TBEPAOTEJIBHOTO KBAHTOBOTO PErUCTpa
KBaHTOBOI'O KOMIIbIOTepPA, KOHCTPYKLKMS KOTOPOTO
npepnoxkeHa o @THMAH PAH. B HacTosLlee BpeMs
BefyTcsl paboThl IO aTOMHO-C/I0€BOMY OCaKje-
HHIO MaTepHaJsoB AUIIeKTPUKOB U MeTaIJIMYeCKHX
3aTBOPOB JIJISI IIOJIYYeHH I [I0JIHOL@eHHOM CTPYKTY Pbl
cy6-10 HM HAaHOTPaH3HUCTOpa.

Y, B-TpeTbUX, BaXKHEHN NI IIPUKIaJHOM HayYHO-
TeXHHYeCKHUH Pe3y/abTaT, PAaCKPBIBAIOI MK HHHOBA-
LIMOHHBIM ITOTeHLMA UHCTUTYTa, oaydeH nabo-
paTopHell TeXHOJIOIMH MUKPO- U HAHOCHCTEM COB-
MecTHO C SpocnaBckuM ¢punuanom ®THAH PAH
Y 3aK/II04aeTcs B pa3paboTKe KOHCTPYKI MU, TEXHO-
JIOTUU U MU3TOTOBJIEHUH YYBCTBUTE/IBHBIX 3JIEMEH-
TOB MOMC-MUKPOTHPOCKOIIOB ¥ KOMITJIeKTa MOMC-
aKcejepoMeTpoB. JTa pa3paboTka Oblla yCHeIIHO
BHe/IpeHa B CepUIHBIe M3/le/IUd U NIpe/CTaB/leHa
Ipexacenarenio IlpaBuTtenscTBa PO [I.A.MenBesesy.

IIpo6yieMpl CO3aHHS KBAHTOBOr0 KOMIIBIOTEPA
IPHBJIEKAIOT Bce 6oblIee BHHMaHHE He TOTBKO
Hay4YHOH, HO H IIHPOKOH 061mecTBeHHOCTH. Kak BbI
OLleHHBaeTe I0JI0KeHHe Jie/l B 3ToH obmacTH?

ITo mporHo3am, co3flaHue I10JIHOMACIITabHOr0 KBaH-
TOBOTO KOMIIbIOTEpA CTaHeT peajbHbIM K 2030 rony.
CucTteMBl, KOTOpPBIE y>Ke CO3JaHBbl, UM aHOHCH-
POBaHBHI K IOSIBJIEHHIO B 6IM>KaHIIMe HEeCKOIBKO
JIeT, - 3TO BCe 3Ke, 10 H0IBIIOMY CUEeTy, JeMOHCTPA-
TOPHl TeXHOJIOTHM W KBAaHTOBEIE CHMYISTOPHL.
Jlymarto, uTo 6a30M [/15 [IOTHOMACIITAOHOTr0 KBAHTO-
BOI'0 KOMITbIOTEpA CTAHYT TBePAOTE/IbHbIE 3JIeMEHTHI,
TaK KaK MHBIe CUCTeMBbl (HalpuMep, Ha MOJIeKYy-
7Max KHAKOCTeH, Ha OTJe/JbHEIX aTOMaXx B JIOBYII-
Kax) He II03BOJSIOT Peanrn30BaTh MIOJHOMACIITA6-
HBIM KOMIIBIOTEP, B COCTaBe KOTOPOIO JIOJIKHO OBITH
oo 1000 B3aHMo,uefICTBy101uHx Ky6I/ITOB - KBAaHTOBBIX
61TOB. IIpU 3TOM HY>KHO [IOHHMMAaTh, YTO KBAHTOBBII
KOMIIBIOTEP He 3aMeHHT II0BCeMECTHO KOMIIBIOTEP
KJIACCUYeCKHH U Heo6XOMHUM /I pellleHHUs AOCTa-
TOYHO CHenudHYeCKOro Kjaacca BeCbMa CIOKHBIX
3afa4. YTo6bl YMTATeIH IPeCTABUIN MACIITAOb
CO3/aBaeMOM BBIUHC/IUTEIBHON CHCTEMBI, B KOTO-
pyto 6yzmeT BKJIIIOUeH KBAaHTOBBIM KOMIIBIOTEp, CJIe-
JIyeT IMOAYEePKHYTh, YTO TOJIBKO [IJIsl yIIPaBIeHHU S ero
paboroit moTpebyeTcst OUeHb MOLUTHBIN KIACCHYeCKUU
CYIIepKOMIIBIOTED.

Mpl 3aHHMMaeMCd KBAaHTOBOM HHPOPMATH-
KO ¢ 1995 roza, COTpPyAHHYAEM B 3TOH obacTu
¢ Ka3zaHcKUM ¢emepanbHbBIM YHHUBEPCUTETOM,
Ka3aHCKHMM QU3MKO-TeXHUUYECKHM HHCTHTYTOM

in conjunction with the Yaroslavl
branch, and consists in developing
the design, technology and manu-
facturing of sensitive elements of
MEMS microgroscopes and a set of
MEMS accelerometers. This devel-
opment was successfully introduced
into serial products and presented
to the Chairman of the Covernment
of the Russian Federation
D.A. Medvedev.

The problems of creating a quan-
tum computer are attracting
increasing attention not only of
the scientific community but also
of the general public. How do you
assess the state of affairs in this
area?

According to forecasts, the cre-
ation of a full-scale quantum com-
puter will become real by 2030.
Systems that are already created, or
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announced for the next few years,
are still, by and large, technology
demonstrators and quantum simula-
tors. I think that solid-state elements
will become the basis for a full-scale
quantum computer, since other sys-
tems (for example, on liquid mole-
cules, on individual atoms in traps)
do not allow the realization of a full-
scale computer, which should con-
tain up to 1000 interacting qubits -
quantum bits. At the same time, one
must understand that a quantum
computer does not replace the clas-
sical computer, and is necessary for
solving a rather specific class of very
complex problems. In order to under-
stand the scale of the computer sys-
tem to which a quantum computer
will be included, it should be empha-
sized that only a very powerful classi-
cal supercomputer will be needed to
control its operation.

We have been engaged in quan-
tum informatics since 1995, we
cooperate in this field with the
Kazan Federal University, the
Kazan Zavoisky Physical Technical
Institute, Rzhanov Institute of
Semiconductor Physics of Siberian
Branch of the RAS, we partici-
pate in the work of a quantum
consortium created on the basis
of the Lomonosov Moscow State
University. Unfortunately, in Russia
there is no way to fully implement
the experimental part of the work
on creating a solid-state element
base for a quantum computer. A lot
of the required scientific, experi-
mental equipment is not produced
in our country for a long time.
Therefore, the work carried out in
this area in the Institute is mostly
theoretical. Nevertheless, we have
original ideas, what should be the
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uM. E.K.3aBorckoro, MHCTUTYTOM QH3UKH IONY-
npoBogHUKoB CO PAH, yyacTByeM B paboTe KBaH-
TOBOT'O KOHCOPLHMYMa, CO3JaHHOTO Ha 6ase MIVY
M. M.B.JlomoHocoBa. K coxkaneHUo, B Poccuu
HeT BO3MOXKHOCTEH [IJIS IIOJTHOLIEHHOTO BBIIOJIHEe-
HUS 3KCIEPUMEHTAJNbHON YacTH paboT mo co3na-
HUIO TBePAOTEIbHON 371eMEeHTHOM 6a3bl ISl KBaH-
TOBOTO KOMIIbIOTepa. MHoroe 13 Tpebyemoro Hayu-
HOrO, 3KCIIePUMEeHTaIbHOro 000pyloBaHUS y HaC
B CTpaHe JaBHO He IIPOU3BOOUTCS. IIo3TOMYy IIPOBO-
IOUMBIe B 3ToH obmactu Bo ®THAHe paboTsl - 6orbiert
YaCThIO TEOpETHYECKHE HCC/IefoBaHM A, TeM He MeHee
y Hac eCTb OPUTHHAJIbHbIE UJeH, KAKUMHU JOJI>KHBI
OBITH TBepPAOTE/NbHBIE CTPYKTYPhl KY6UTOB OymyLIero
KBaHTOBOI'0 KOMIIBIOTEPA, KaK HUCIIOIb30BATh OTPOM-
HBIH IJIaCT TeXHOJOTUHM HaHO3TeKTPOHUKHU IS UX
CO3[IaHUS.

Topa3go 61uske K MIMPOKOM IMPAKTUYECKOHN pea-
JIU3AIMU - KBAHTOBbIEe METOLBl 06paboTku nHOp-
MallhH, [MO3BOJISIIONIHeE CO3/1aTh BeCbMa 3alHIIeH-
Hble KaHaJIH IIepefadyu HHPopMaLMU. Ha HUX MBI
JenaeM akLeHT B Hallel paboTe Ha 6aMsKaNIIyIO
[IepCIIeKTUBY.

B nro6oM citydae, CUUTAIO, UTO CO3/IaHKE IIOTHOLeH-
HOM KBAaHTOBOM BBHIYHC/IUTEIBHON CUCTEMBI ~ KBAHTO-
BOTO KOMITBIOTEPA — MOSKET OBITH PeIlleHO TOIBKO KaK
eflHas obIIerocyapcTBeHHas 3aiava.

KakoBsl, Ha Ball B3I/, IEPCIEKTHBBI H TeHIEH-
LIHH Pa3sBHUTHS TEXHOJIOTHH MHKPO- H HaHO3/IeK-
TPOHHKH?

C Tex mop, KaK Halll MHCTUTYT ObIJ1 OpraHU30BaH
A1l KCC/le/IoOBaHU S TPobeM TeXHOJOTHH MHUKPO3-
JeKTPOHUKH U QU3UKHU NPHUOOPOB, TOMMOIOIHUECKHEe
HOPMBI M KPUTHYECKHE pa3sMepsl UHTerpaJbHbIX
npubopoB YMeHBUIHIHCH C 2 MKM JI0 COBPeMEHHBIX
7-10 HM. TeHODeHIIU S MaCH_ITaﬁl/IpOBaHI/IH B 0obyacTe
HaHOpPa3MepoB II03BOJIMJIA CO3[aTh CXeMBI BEICOKO-
IIPOU3BOAUTENIbHBIX MHUKPOIIPOLIECCOPOB, COAEP-
Kamux go 20 Mapa TPaH3KMCTOPOB Ha KPHUCTAJLIe,
U Jana pa3paboTyMKaM apXUTEKTYPhl BEIYHCIH-
TeJIbHBIX CUCTEM HeBUJAHHEBIE paHee BO3MOXKHO-
ctu. OJHAKO 3Ta Ke TeHJeHIIUs IIPUBeja K JOCTH-
>KeHHIO IIpefle/IoB KpeMHHeBOI TeXHOJOTHH, KOraa
yXe IMpaKTHYeCKH HEBO3MOJXHO [aJibHelllee
yMeHbIIeHWEe Pa3MepPOB TPaH3MCTOPOB, IIOTOMY
YTO OOCTUTHYT GU3UYECKUHU ITpeJesl, IPU KOTOPOM
OCHOBHOM 3/1eMeHT UHTerpaJbHOU cxeMbl - MIII-
TPaH3UCTOP IlepecTaeT paboTaTh Kak COBEPIIEHHBII
K104, TeopeTUYeCKH 3TOT Ipeles, B TOM YHCIIe
KOJTHYeCTBeHHO, OBl IMpefcka3aH akaJeMHUKaMHU
K.A.BanueBsM U A.A.OpIHUKOBCKUM bosee 15 et
Ha3aj. A Belb MMEHHO Ha TAKHX KJII0YaX ITIOCTPOEHO
BBIIIOJIHEHHe JIOTUYeCKU X OllepPallki B UHIIe IIpoLiec-
copa.

solid-state structure of the qubits of
the future quantum computer, how
to use the nanoelectronics technolo-
gies to create them.

The quantum methods of process-
ing information, allowing to create
very secure channels of information
transmission are much closer to the
wide practical implementation. We
place emphasis on them in our work
for the near future.

In any case, I believe that the
creation of a full-fledged quantum
computer system can be solved only
as a national task.

What do you think about pros-
pects and trends in the develop-
ment of micro- and nanoelectron-
ics technologies?

Since our institute was organized
to study the problems of microelec-
tronics and physics of devices, node

sizes and critical dimensions of inte-
grated devices have decreased from
2 pm to modern 7-10 nm. The trend
of scaling into the nanoscale area
allowed to create schemes of high-
performance microprocessors con-
taining up to 20 billion transistors
on a chip, and gave developers of the
architecture of computing systems
unprecedented opportunities.
However, this same trend led to
the achievement of the limits of sil-
icon technology, when it is practi-
cally impossible to further reduce
the size of transistors, because the
physical limit is reached at which
the main element of the integrated
circuit - MIS-transistor stops work-
ing as a perfect key. Theoretically,
this limit, including quantitatively,
was predicted by academicians
K.A. Valiev and A.A. Orlikovsky
more than 15 years ago. But the

logical operations in the processor
chip are built on these keys.

The evolution of silicon nanoelec-
tronics on the way to 10 nm chips has
led to a change in the design of tran-
sistors - from planar to 3D geometry,
and to the widespread introduction
of new materials - dielectrics and
metals, as well as new technologies.
The last version of the integrated
MIS-transistor, the so-called tunnel
transistor, is expected to allow the
"thermal wall" to be moved some-
what and to significantly increase
the processor clock speeds or create
circuits with ultra-low power con-
sumption. We conduct such investi-
gations in the field of tunnel transis-
tors, not only theoretically, but also
conduct experiments to create an
ultra-thin "spacer” in the construc-
tion of such a transistor, which will
be the key element of this device.
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DBONIOI NS KPeMHHEBOM HAHO3IeKTPOHUKH
Ha NyTH K 10-HM 4YHIIaM IpHUBesa K HU3MeHe-
HHUIO KOHCTPYKIMHM TPAH3UCTOPOB - OT IJIaHAPp-
HON K 3D-reoMeTpHUHU K IIHUPOKOMY BHeJPeHHIO
HOBBIX MaTepHaJIOB ~ JH3JIeKTPHUKOB H METAJIJIOB,
a TaK>Ke HOBBIX TeXHOJIIOTHH. [loC/IeHUI BapHAHT
vuHTerpasbHoro MAII-TpaH3KuCcTOpa, TaK Ha3blBa-
eMBIF TYHHeJbHBIH TPAaH3UCTOP, KaK OKHUIAETCS,
II03BOJIUT HECKOJIBKO OTOABUHYTH "TEIJIOBYIO CTEHY"
M 3HAYMTEe/bHO YBeTUYHUTh TAKTOBBIE YACTOTHI IIPO-
11eccopoB 1160 cO3/1aBaTh CXeMBI C YIBTPAHU3KUM
noTpebieHreM Hepruu. MBI BeJleM TaKue HCCIIe-
IDOBAaHUS B 0671aCTH TYHHE/IBHBIX TPAH3HUCTOPOB KaK
TeopeTHYeCKH, TaK U 3aHUMaeMCs SKCIIepUMeH-
TaMH I10 CO3JaHUIO YIBTPATOHKOTO "cIiericepa”’ B KOH-
CTPYKI[MH TaKOro TPaH3HCTOPa, KOTOpHII bymer
KJII0YeBBIM 3/IeMeHTOM AaHHOro npubopa. 5 gymaio,
MBI CMOKeM IIOPaOBATh 3/1eCh BUJMMbBIMHU Pe3y/IbTa-
TaMHU B OMskanIIee BpeMs.

OZHOBPeMEHHO IIOCTOSSHHO BeeTCsl IIOUCK ajlb-
TepHATHB KPeMHHIO. B mepByio ouepens, 3TO psif
OPYTHUX IONYIIPOBOLHUKOB C 60/1ee BBICOKOH IOJ-
BHJKHOCTBIO, BRIPAIMBaeMbIX Ha KPeMHHEBOM I10[-
noxkke. Co3JaHKe HOBBIX TPAH3UCTOPHBIX CTPYKTYP
npenycMaTpuBaeT U 6oee 5K30THUeCKHe ceHvac
BapHaHTEHL - Ha 6a3e 2D- u 1D-maTtepuanos (rpadeH,
MoS,, yriaepopHble HAHOTPYOKH) U APYTHUX CTPYKTYP.

[IpensiTCTBUS, OTPAHUYHBAKIHe IPUMeHEHUE
TaKHX HOBBIX TPAH3HUCTOPOB Ka>KyTCSI BeCbMa Cepbe3-
HBIMH, HO MX H3TOTOBJIEHHE Laske B BHIe 3KCIIe-
PHMEHTA/JIbHBIX IPUOOPOB a0 HeOBIBAIBIN TOJ-
YOK Pa3BUTHIO a6COTIOTHO HOBBIX TEXHOIOTUH. [Ipu
YCJIOBHUU MPOJO/IKEHU S UCCTIeIOBAHUM, B psifie Cy-
YaeB TaKas 'dK30THKA" BIIOJHE MOXKET HAaHTH CBOIO
HUIIY B KOMMepYeCKHUX HU3IeNHsX.

Bo3BpamiaeMcsi K KpeMHHUEBOH TeXHOIOTHUU. UTOOBI
COXPAaHHUTH 3aJJAHHBIe M3BECTHBIM 3aKOHOM Mypa
TeMIIbl POCTA IJIOTHOCTH TPAH3UCTOPOB Ha KPHU-
cTaynne (KOTOpble BCe Ke MaJaloT), TeHOeHLIHeHn
CTaJIO CO3LAHME TPeXMePHbIX HHTEerPaJIbHBIX CXeM
C HapalMBaHHEM YHCJIa YUIIOB ITyTeM COeTUHEHHUS
HeCKOJBKHUX KPHCTA/I0B BepTHKAJIBHO. Bommpocs
3D-uHTerpauuy MC Ba>kHBI ellje U IIOTOMY, YTO 3TOT
[I0JIXO[ II03BOJISIeT COBMECTHUTD UMIIbI, BHIIIOJTHeHHBIE
II0 Pa3HOI TEeXHOJIOTHU, U 06BbeIUHUTH B eIUHYIO
CHUCTEMY JIOTUYeCKHe, aHAJIOTOBble, HHTePderCHbIe
CXeMBI, TIaMSTh U ., TO €CTh IIOCTPOUTh HHTErpasb-
HYI0 3D-cucTeMy LieIMKOM, Y6paB yacTh npobiem,
CBSI3AHHBIX C IPUMEHeHHeM IIe4aTHBIX IIaT.

Kacasich 5JKOHOMUYECKHX TeHIeHIIUH, X0UeTCs
3aMeTHTbh, UTO BasKHOCTh 3aKOHA Mypa 15 IoTpebu-
TeJIBCKOTO PBIHKA OIpejesisieTcsl 3KOHOMHUUYeCKUMU
dakTOpaMu - He06XOLHUMOCTBIO PEryISIPHOro 06HOB-
JIeHUsI HOME@HKJIATy Pbl TOBAPOB, IIOCTOSIHHOTO POCTA

I think we will be able to please
here with visible results in the near
future.

Simultaneously, the search for
alternatives to silicon is constantly
being conducted. First of all, this is
a number of other semiconductors
with higher mobility, grown on a sil-
icon substrate. The creation of new
transistor structures also includes
more exotic options now-based on 2D
and 1D materials (graphene, MoS,,
carbon nanotubes) and other struc-
tures. Obstacles that limit the use
of such new transistors seem very
serious, but their production, even
in the form of experimental devices,
has given unprecedented impetus to
the development of absolutely new
technologies. In the case of continu-
ing research, in some cases such an
"exotic" may well find its niche in
commercial products.
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But let's go back to the silicon
technology. To keep the growth
rates of the density of transistors
on the chip (which are still falling)
fixed by the well-known Moore law,
the trend has been the creation of
three-dimensional integrated cir-
cuits with the increase in the num-
ber of transistors by connecting sev-
eral chips vertically. The issues of
advanced packaging of integrated
circuits are also important because
this approach allows you to combine
chips made with different technolo-
gies and to combine logical, analog,
interface circuits, memory, etc. into
a single system, that is, to build an
integral 3D system entirely, remov-
ing part of the problems associ-
ated with the use of printed circuit
boards.

Concerning economic trends,
I would like to note that the

importance of Moore's law for the
consumer market is determined by
economic factors - the need for reg-
ular renewal of the range of prod-
ucts, the constant growth of con-
sumer qualities, the cheapening of
the integrated circuit in terms of
one transistor. This approach to the
development of microelectronics is
justified only at a monopolistically
high level of commercial IC produc-
tion. But in the field of devices for
special tasks, this law looks differ-
ent, since such characteristics as,
for example, radiation resistance
and low energy consumption, reli-
ability significantly exceeding that
for mass integrated circuits are put
at the forefront. It is no accident
that actual problems, for example,
in space technology, are the specific
task of creating radiation-resistant
memory and processors with low
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noTpebHUTeTbCKUX KauecTB, yJelleBIeHUeM HHTer-
PaJIbHOM CXeMBI B [lepecyeTe Ha OAMH TPAH3UCTOP.
TaKoM MOAXOJ K Pa3sBUTHI0 MHUKPO3TeKTPOHUKHU
OIIPaB/bIBAETCS TOMABKO IIPU MOHOIIOTBHO BBICOKOM
ypoBHe BEIIIyCKa KoMMepueckux HC. Ho B obna-
CTH pU6OPOB /15 CIIeLIMaNbHBIX 3a/ja4 3TOT 3aKOH
BBIIVIIAUT MHade, TaK Kak BO IVIaBy yIJla CTaBSTCS
TaKHe XapaKTePUCTHUKH, KaK, HAaIIlpUMep, pagHaliy-
OHHasl CTOMKOCTb U HU3KOe IoTpebieHre 3HePruH,
HaZle>KHOCTb, CyIleCTBEHHO IIPeBOCXOAsIasi Macco-
Bble MHTeTpajbHble CXxeMbl. Hecy4aliHO aKTyasb-
HBIMHU IpobreMaMu, HalpuMep, B KOCMHUYeCKOH
TeXHHUKe SBJIseTcs crenudHryecKkas 3ajada co3fa-
HUS PagHallMOHHO-CTOMKON MaMSTH U IIPOILecco-
POB C HHM3KOIM MOLIHOCTBIO ITOTpebieHus, paboTa-
IOIIMX B NIMPOKOM AHalla30He TeMIepaTyp. 3hech
JOMYCTUMO U 3aKOHOMEPHO CYUTaTh, YTO CTOUMOCTD
NPOAYKIIMH SIBJISIETCS XOTS M Ba’KHBIM, HO [ajIeKo He
eITUHCTBeHHBIM QpaKTOPOM, OIpe/le/IsSI0IIUM LieJIeco-
06pa3sHOCTb pa3paboTKU U IPOU3BOACTBA.

B pesynbTaTe, pa3HHIA B TPebOBAaHUIX IPHU-
BeJa K TOMY, 4TO chepbl MOTPebUTETbCKOM U CIIe-
LIMaIbHOM 371eKTPOHUKHU BCe CHJIbHee OTAa/dI0TCA
OPYyr OT Apyra, AsL HUX XapaKTepHBl pa3jiku-
Hble CXeMOTeXHHUYeCKHe pellleHHs, HHOIa OKa3bl-
BAaIOTCSl ONpaBJaHHBIMHU U 60Jlee JOPOrocTosIIHe
TeXHOJIOTHH.

Haxoasat nmu paspaborku ®THAH nmpHMeHeHHe
B 9/IEKTPOHHOM IPOMBIIIJIGHHOCTH U JPyTHX NPH-
K/IaJHBIX 06/macTsax?

HccnegoBaHusd QyHOTaMeHTaJIbHBIX OCHOB TeX-
HOJIOTMH, B KOHEYHOM CYeTe, OpPUeHTHUPOBAHBI
Ha INpaKTUKY. [Io3ToMy psif Hamux paboT Haxo-
OUT CBOMX 3aKa3uMKoB, HanpumMep AO "HUHM?D"
u ITAO "MukpoH", Aasi KOTOPBIX MBI pa3pabarsl-
BaJIU K/I0YeBble TeXHOJIOTHU CTPYKTYpPUPOBAHHUS
O CO3MaHUSA MepPCIHeKTUBHBIX MHTerpaabHBIX
CXeM C IIPOeKTHBIMH HOpMaMHu 32 HM. Takke cel-
Yac M3yYarTCcs U MOAEIUPYIOTCS IIPOLLECChl KPHO-
FeHHOTO TPaBJIeHHs KPeMHH S, KOTAa IOJJI0XKKa
OXJIa>KJaeTcs 40 TeMIIepaTypsl oT -110 go -130°C u c
BO3/leHCTBHEeM XHMMHUYeCKH aKTHBHOU IVIa3MBI BO3-
MO>KHO IOJIYUHMTH CIHelHajbHble MUKPOOTBEPCTUS
c rnybuHom mo 100 MKM u 6osee. Takue CTPyKTYPEI
KaK pa3 HYKHBI /i 3D-UHTerpaluu yxe IIPOU3BO-
OAIIMXCS MHTEIPAJIbHBIX CXeM.

X04y yKa3aTh Ha Ba>XHOCTh MaTeMaTH4eCKOro
MOJeNHMpPOBaHUA QU3UKO-TeXHOJOTHUYeCKUX IIPO-
LeccoB. YeM MeHbIIe CTAHOBATCS TOIIOJIOTHYECKHE
pa3mepsl, TeM OoJbllle IPOSIBISIETCS HOBBIX 3bdek-
TOB, KOTOpbIe CHayaja HaJo [IOHATh U MaTeMaTHhye-
CKH OIIMCATh, K TOJIBKO IIOTOM MOXKHO pa3buparscs,
KaK HMX HCII0/Nb30BaTh MK KM30eraTp B 3KCIEPU-
MeHTe. TaKOHU IIOAXOZA MO-aHT/IMHUCKH Ha3bIBaeTCs

power consumption operating over
a wide temperature range. Given
this, it is permissible and logical to
assume that the cost of production
is, although important, but by no
means the only factor determining
the feasibility of development and
production.

As a result, the difference in
requirements has led to the fact that
consumer and special electronics are
increasingly moving away from each
other, they are characterized by dif-
ferent circuitry solutions, and some-
times more expensive technologies
are justified.

Do the institute's developments
find application in the electronics
industry and other applied fields?

Studies of the fundamental founda-
tions of technology are, ultimately,
practice oriented. Therefore, a

number of our works find their cus-
tomers, for example, Scientific and
Research Institute for Molecular
Electronics and Mikron, for which
we developed key structuring tech-
nologies for creating promising
32 nm integrated circuits. Also,
cryogenic silicon etching pro-
cesses are being studied and mod-
eled, when the substrate is cooled
to a temperature of -110°C to -130°C,
and with the action of a chemically
active plasma it is possible to obtain
special micro holes with a depth of
up to 100 pm or more. Such struc-
tures are just needed for advanced
packaging of already produced inte-
grated circuits.

I want to point out the impor-
tance of mathematical model-
ing of physical and technologi-
cal processes. The smaller the
topology become, the more new

effects appear, which must first
be understood and mathemati-
cally described, and only then can
we understand how to use them or
avoid them in the experiment. This
approach is called "process design".
It not only saves a lot of time and
money, but also underlies the devel-
opment of new technologies. It is
also very important to model the
processes that determine the degra-
dation of integrated circuits during
their operation. In particular, one of
the problems we are currently study-
ing is electromigration, a phenome-
non encountered with a decrease in
the cross sections of conductive ele-
ments and an increase in the cur-
rent density in the metallization of
ultra-large integrated circuits.
Works in the field of nanomagne-
tism, which are conducted jointly
with the Kurchatov Institute, also
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process design - KOHCTpyHpoBaHUe mpoluecca. OH
He TOJbKO 3KOHOMUT Maccy BpeMeHH U CPeACTB,
HO U JIeKUT B OCHOBE Pa3paboTKHU HOBBIX TeXHOJIO-
run. OueHb BasKHO TaKyKe MOJ|e/TMPOBATh IIPOLIECCHI,
KOTOpBIe OIIpefieNisiioT ferpajalluio HHTeT PalbHbIX
cXxeM IIPHU UX 3KCIIJIyaTallMU. B yacTHOCTH, OfHOHU
M3 M3y4aeMbIX HAMU B HaCTosIlee BpeMs I1pobieMm
SIBJIsIeTCS IeKTPOMHUIPALIUS — SIBJIEHHE, C KOTOPBIM
CTOJIKHY/IMUCh IIPU YMeHbIIeHU U II0IIepeYHBIX ceve-
HUH NPOBOJSIIIUX 3JIeMeHTOB U pOCTe IJIOTHOCTH
TOKa B CHCTeMaX MeTa/UIM3aI[HU YIbTPabonbIInx
HHTerpaabHBIX CXeM.

PaboTsl B 06;1aCTH HaHOMAarHeTH3Ma, KOTOPbIe
BeJyTCSl COBMECTHO ¢ KypuaToBCKUM HHCTUTYTOM,
TaKkyke MMeIOT IIPUKJIaZHOe 3HaueHHe. Tak, ec/Iu BBe-
CTH HaHOMarHUTHBIE YaCTHIIBl B COCTaB JIEKAPCTB, TO
MeTomoM Meccbay3pOBCKOM CIIEKTPOCKOIIMM MOKHO
C/IeIMTh, KaK IOC/IeIHHe yCBAUBAIOTCS B OpPraHU3Me.
Takue HcC/IeIOBaHUS ysKe IPOBOASTCS Ha SKUBOTHBIX.

JlabopaTopust HOHHO-1y4eBbIX TEXHOJOTUH pa3-
pabaTeiBaeT MCTOUHUKHU OBICTPBIX HEHTPaJbHBIX
YacTHI], KOTOpble IPUMEHSIOTCS B TOM YHC/Ie /s
II0/TyYeHH s CBePXITPOYHBIX a/IMA30IOA0OHBIX TOKPBI-
THH. TOT pe3yabTaT Halllel IPUMeHeHHe B CO3/a-
HHUU IOKPBITUIN POTOPOB HACOCOB, 3aMeHSOUUX
yesioBeyecKoe cepAue. Takue yCTPOHCTBA II03BONISIOT
MIOASIM OOXKAATHCS Oodepell Ha Iepecafiky cepAla.

IKCIepUMEeHTaAbHBIN ob6pa3sel] Hacoca CO 3HAYHU-
TeJIBHO YBeIMUeHHBIM pPecypcoM caenat 10 mapg 06o-
POTOB 6e3 yXyAIIeHU s XapaKTePUCTHUK.

Pa3paboTku 1a60pPaTOPHUH TEXHOIOTHH MHUKPO-
Y HAHOCHCTEM HCIIONB3YIOTCS B CO3MAHUM JAaTUH-
KOB Pa3JTUYHBIX TUIIOB. YYBCTBUTEIbHBIN 3/IeMEHT
OJ151 MUKPOTHUPOCKOIIOB HABUTALIMOHHBIX CUCTEM
B JIeCSITKH pa3 MeHblIe TPAAULIUOHHBIX IIPUOOPOB.
CoBMecTHO ¢ PaMeHCKUM ITPUOGOPOCTPOUTENBHBIM
KOHCTPYKTOPCKHM OI0PO 3TOT ITPOEKT [JOBEZIEeH 10 IIPO-
MBIIIJIEHHOTO BHEPEHU .

B pasHbIX 06s1acTSIX BOCTPeOOBAHBI HAIIKU HOY-
Xay B TOHKOIUJIEHOYHBIX TeXHOJIOTHUSIX, HAaIlpHUMeDP,
o 3akasy HIIII "Ilyabcap” Mbl pa3paboranu HaHe-
CeHUe IUITeKTPUKOB C BBHICOKON IHUIIEKTpUUe-
CKOM IIPOHHUI[aeMOCThIO Ha MPUOOPHBIE CTPYKTYPHI
HUTPHJA FaJUIHS C L[eJIBI0 [T0JIy4YeHu s MoujHoro CBY-
IepeKyodaTess. A pe3yJbTaTOM COBMECTHOM paboThl
¢ MHCcTUTYTOM QU3KMKHU monynpoBogHKUKoB CO PAH
UM. A.B.P>kaHOBa CTaJl 3aIIUTHBIH BBICOKOKaYeCTBeH-
HBIHU [IACCUBUPYIOMMNH CJIOK [/I51 YKIla C HAHOTPaH-
3UCTOpHBIMU 6uoceHcopamu (Lab-on-Chip), pabo-
TAIOUMMU B 6HMOIOrMYeCKY aKTHUBHBIX SKHIKOCTSX,
KOTOPBIH 0becrieqrs1 BO3MOXKHOCTh MHOTOPa30BOTO
HICIIOTIB30BAHMU S TAKOTO YCTPOHCTBA.

Ha 6a3e cBoux pa3paboTok B 06/1acTU IIa3MeH-
HBIX UCTOYHUKOB U IIJIAa3MEHHBIX TEXHOJOTUN MBI

have an applied value. So, if we
introduce nanomagnetic particles
into the composition of drugs, then
the method of Mdssbauer spectros-
copy can be used to monitor how
the latter are absorbed in the body.
Such studies are already conducted
on animals.

The laboratory of ion beam tech-
nologies develops sources of fast
neutral particles, which are used,
in particular, for the production
of heavy-duty diamond-like coat-
ings. This result has found appli-
cation in the creation of rotor coat-
ings for pumps that replace the
human heart. Such devices allow
people to wait their turn to heart
transplant. The experimental sam-
ple of the pump with a significantly
increased resource has made 10 bil-
lion revolutions without deteriora-
tion of characteristics.
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Developments of the laboratory
of micro- and nanosystems technol-
ogy are used in the creation of sen-
sors of various types. Sensitive ele-
ment for micro-gyroscopes of navi-
gation systems is ten times smaller
than traditional devices. Together
with the Ramensky instrument-
making design bureau, this proj-
ect was brought to industrial
implementation.

Our know-hows in thin-film
technologies are in demand in dif-
ferent areas. For example, at the
request of Pulsar, we developed the
deposition of dielectrics with high
dielectric permeability to the struc-
tures of gallium nitride in order
to obtain a powerful microwave
switch. And the result of working
together with the Rzhanov Institute
of Semiconductor Physics became a
protective high-passivation layer for

a chip with a nanotransistor biosen-
sors (Lab-on-Chip), working in bio-
logically active liquids, which pro-
vided the possibility of reusable use
of such a device.

On the basis of our developments
in the field of plasma sources and
plasma technologies, we designed
and manufactured about 10 exper-
imental systems, which are oper-
ated, in particular, in Zelenograd
and Novosibirsk. I would like to
especially note that we have reached
a deep understanding of techno-
logical processes and are ready to
help industrial enterprises and sci-
entific organizations to learn new
technologies.

Does the Institute participate in
international cooperation?

Back in the mid-1990s, we estab-
lished good links with the
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CKOHCTPYHPOBA/IU U U3TOTOBMJIN 0KOJIO 10 3KCIlepu-
MEeHTAaJIbHBIX YCTAHOBOK, KOTOPbIe 3KCILIyaTHUPYIOTCS,
B YaCTHOCTH, B 3esieHorpajie 1 HoBocubupcke. Xoren
6b1 0c060 OTMETHUTH, YTO MBI JOCTUITIHU I1yHOKOr0O
MIOHMMaHH S TeXHOJIOTMYeCKHX IIPOLecCOoB, U TOTOBEI
IIOMOTaTh [IPOMBILIJIEHHBIM NPeAIPUITUSIM U Hayd-
HBIM OpPraHH3aLIUSIM OCBAHBAaTh HOBBle AJISI HUX
TeXHOJIOTHH.

Y4acTByeT JIH HHCTHTYT B MeX/AYHapoJgHOM
COTpyAHHYEeCTBe?

Emre B cepemune 1990-X roioB y HaC yCTAaHOBHJIMCH
XOPOIILIHe CBSI3U C UHCTUTYTaMHU HeMel[Koro ObImecTBa
®payHrodepa, B YaCTHOCTH C MHCTUTYTOM HHTer-
PaJIBHBIX CXeM B DpJIaHTeHe, U I103Ke ~ ¢ HUHCTUTyTOM
37IeKTPOHHBIX HAaHOCHCTeM B XeMHHIe. /laBHHe
OTHOIIEHMS CBA3BIBAIOT HAC TaKkXKe C U3BeCTHBIMH
Hay4YHBIMH LEHTPaMKU MUKPO3TeKTpoHUKHU IMEC
B JleBeHe (Benbrus) u CEA-Leti B [peHo6ie (PpaHLIus).
CoTpyAHHYaeM U C HECKOJIbKMMU AIIOHCKUMH Hay4-
HBIMH OpraHHU3allUsIMH, B TOM 4HC/Ie ¢ TOKUACKUM
YHUBEPCUTETOM, a TaK>Ke YyHHUBePCUTeTOM TOXOKY.
VIHCTUTYT BBHIIIOJIHSA/I COBMECTHBIE IIPOKTH MUHH-
cTepcTB Hayku Poccum u l'epmanuu (DFC), MUIOTHEIE
IIPOEKTHl B paMKax 06IIeeBpOIeCKON IIPOrpaMMEBI
FP7. K coxaleHUIO, U3 ClAeAylolleld TaKoH IIpo-
rpammel - Horizon 2020 - Poccust 6pl1a UCKIIIOYeHA,

[I03TOMY IIJIAHHMPOBABIIHECS B ee PaMKax pa3paboTku
c yuactueM ®THAH PAH nIpHOCTaHOB/IEHHL.

Pa3 B nBa roga, HauuHasg ¢ 1994 roga, MBI IIPO-
BOOHUM B POCCHH aHIJIOA3BIYHYIO MeXAYHAPOIHYIO
Hay4YHYI0 KOHPepeHIIMIO 10 MUKPO- HAHO3JIEKTPO-
HHKe, M, KaK IPaBUJIO, K HAM BCerjga Ipues3kamwT
1o 30 xoner u3s ®panuuu, lepmaHuu, BocTouHouU
EBpomnsl, SInonuu, Kopen. Takke 6BLIN C BU3UTOM
yueHble 13 CILIA, Benukobputanuu, UHIUU, OPY-
rux ctpaH. Kondepenuus (www.icmne.ftian.ru)
obecrieurBaeT YHUKAABHYIO /11 POCCUHM IIIOMAAKY
06IIeHUsT OTe4eCTBEHHBIX U 3apybesKHBIX YUeHBIX
10 CAaMOMY IIHPOKOMY KPYT'y BOITPOCOB COBPeMeHHOM
HaHO3/MeKTPOHUKU U KBAHTOBOM HHPOPMATHUKH.

[ToMMMO Hay4YHBIX OpraHU3alUN K3 JaJIbHEro
3apybeskps, cTapaeMcs IIPHUBIEKATh K COTPYLHHU-
4eCcTBY TakKe U MHCTUTYTH aKaJleMUH HayK CTpaH
CHT, B yacTtHOCTH, U3 benopyccuu, KasaxcraHa,
AsepbarngkaHa, Kuprusuu. Yke 10 net paboraet
MesxayHapoAHas accolMalius akafZeMHUH HayK
(MAAH), Kyga BXOLST 4JieHBl BblIIeyKa3aHHBIX
akazeMHUM. ExkerolHO B Pa3HbIX CTpaHaX-y4dacT-
HHKaxX IPOBOOATCSA HayuyHBle ceccHM MAAH, rae
OCYIEeCTB/ISAETCA KOOPAMHALIMS HAYUYHBIX HCCJIe-
IOBAaHHUM, NPeACTABIAOMNX B3aHMHBIN HHTEpec.
dH3UKO-TeXHOJIOTUYECKHUH UHCTUTYT — COIIpefce-
nartenb oT Poccuu B CoBete MAAH.

institutions of the Cerman
Fraunhofer Society, in particular
with the Institute for Integrated
Circuits (IIS) in Erlangen and, later,
with the Institute for Electronic
Nano Systems (ENAS) in Chemnitz.
Long-standing relations also con-
nect us with well-known IMEC
R&D and innovation hub in Leuven
(Belgium) and CEA-Leti in Grenoble
(France). We also cooperate with
several Japanese scientific organi-
zations, including, with the Tokyo
University, and also the Tohoku
University. The Institute carried
out joint projects of the Ministries
of Science of Russia and Germany
(DEC), pilot projects within the
framework of the European
Seventh Framework Programme
(FP7). Unfortunately, Russia was
excluded from the next such pro-
gram - Horizon 2020, therefore the

developments planned in its frame-
work with the participation of the
Institute were suspended.

Every two years, since 1994, we
have hosted the English-language
International Scientific Conference
on Micro- and Nanoelectronics
(ICMNE) in Russia, and as a rule,
up to 30 colleagues from France,
Germany, Eastern Europe, Japan
and Korea always come to us.
Scientists from the United States,
Creat Britain, India, and other
countries were also on a visit. The
conference (www.icmne.ftian.ru)
provides a unique platform for com-
munication of Russian and foreign
scientists on the widest range of
issues of modern nanoelectronics
and quantum informatics.

In addition to scientific orga-
nizations from the far abroad, we
also try to develop cooperation with

the institutes of academies of sci-
ences of the CIS countries, in par-
ticular, from Belarus, Kazakhstan,
Azerbaijan, Kyrgyzstan. For
already 10 years, the International
Association of the Academies of
Sciences (IAAS) has been working,
which includes members of the
above academies. Each year, IAAS
holds scientific sessions in vari-
ous participating countries, during
which the coordination of research
of mutual interest is carried out. The
Institute of Physics and Technology
of the RAS is the Russian co-chair-
man in the IAAS Council.

How does the Institute participate
in the education of personnel for
science and industry?

We have a basic graduating
department of nanoelectronics
and quantum computers in the

#1/80/2018 NANO INDUSTRY



KOMNETEHTHOE MHEHME

Kakum o6pazom ®PTHAH y4acTByeT B IOATrOTOBKE
KaJpoB JI/Isi HAYKH U MPOMBIIIIEHHOCTH?

B M®TH y Hac ecTb 6a30Bas BeIITycKaoIas kapeapa
"HaHO37MeKTPOHHKA M KBAHTOBble KOMIIBIOTEPHI',
OpraHH30BaHHas elle akageMUuKoM K.A.BajnreBsM,
B MH®H - HayuHO-06pa3oBaTeIbHBIH LIEHTP I10 KBaH-
TOBLIM M HAHOTEXHOJIOTHSIM, KPOMe TOro, IIperojaem
B MHP3A. IIpakTHYeCKH BCe BeAyIKe COTPYIHUKHU
®THUAH PAH YHTAlOT KypChHl JIeKLIIUN Ha 6a30Bon
Kadenpe MOTH u B HOLI, mubo pyKoBogsaT bakanaBp-
CKUMH KM MarucTepcKHUMHU paboTaMHU CTYHeHTOB,
KOTOpBIE BBIIIONHSIOTCS Ha HallleM Hay4HOM obopy-
JOBAaHUHU. B MHCTUTYTe QYHKIHMOHHUPYET aKaJeMHU-
yeckas acIMpaHTypa, KyAa eKerogHo Impurialaem
OT ABYX IO IATH YeJ0BeK. Y HaC jKe IIPOXOIAT II0/-
TOTOBKY U BBITIONHSIIOT JUCCEPTALIMOHHBIE PaboThl
acnupaHThl MOTH, pyKOBOOUTE/ISIMU KOTOPBIX SIBJIS-
I0TCS COTPYAHHUKH HHCTUTYyTa. Ilpn ®THAH PAH
JeHCTBYeT AHUCCepTallMOHHBIL COBET I10 3alllMTe KaH-
OUOATCKUX U OOKTOPCKHUX JHCCEePTALIUH, IpUUeM
OONBIIMHCTBO €ro Y4IeHOB — IOKTOpa HayK MHCTUTYTA.
SIpocnaBckui dunuan ®PTHAH TecHO coTpygHHUYaeT
c Apl'Y B moAroToBKe CTYAEHTOB I10 HAallpaB/JIeHHUIO
"MHUKpPO3/IeKTPOHHKA".

C KaKHMH npobreMaMH HPHUXOOHUTCS CTAIKH-
BaThCs B pabote?

CoBpeMeHHYI0 HayKy ABUTAIOT BIlepe] He TOJIbKO
KapaHJallu TeOPeTHUKOB M BHIUKMCAMTE/IbHBIE MOIIL-
HOCTH IIepPCOHAbHBIX KOMIIBIOTEPOB. [l poBee-
HHUSI SKCIIePUMEHTOB TpebyeTcsi CI0KHeHIIee Hcce-
IOBATeJIbCKOE, TeXHOJOTUYECKOe U aHATUTUYeCKoe
obopyzmoBaHMue. OCHOBHAas npobnaeMa - CIIOKHOCTb
MIOKYIIKX HOBOI'0 060PYAOBAHUS U €ro MoAJeP>KKH.
Bo-mepBhIX, MeIIaOT OTPaHUYeHHU s, HAIOKeHHbIe
CIIA u EC, Ip1 mNpaKTHUYECKHU IIOJIHOM OTCYTCTBHH
Hay4HOro mpubopocTpoeHHs B PocCHH. Bo-BTOPBHIX,
B YCIOBUSIX CHU KeHHU S OI0/I’KeTHOT0 UHAHCHUPOBA-
HHUS HHCTUTYTOB PAH, ¢ Ka>kKIBIM FOAOM BCE CJIOXK-
Hee HaXOOUTb HeobxomHMEble cpefcTBa. [Ipu sTOM
c 06cny>kMBaHHEM K PeMOHTOM Y>Ke YCTaHOB/IEHHOTO
obopymoBaHUSI, NOALEPKKOHN ero HHPPACTPYyKTY Pl
neno o6CTOUT elle Xy>Ke - Ha 3TH LIeJIH LeHbTH He
BeIZENsI0T HU PAHO, HU 3aKa34HM KU BHEOIOIKeTHBIX
Hay4HO-HCC/Ie[J0BaTeIbCKUX paboT. [paHTaMHU Hayy-
HBIX GOHI0B KaKHe-TO Cepbe3Hble JeHbIH Ha Hayu-
Hoe obopymoOBaHUE TOXe He IpeAyCMOTpeHBHI. IIo
CTaHJAapTaM r106aabHOMN acCOLMAIIMH M10JyIIPOBOJ-
HHKOBOU IIPOMBIIITIeHHOCTH SEMI, Ha oaaepskaHue
GYyHKLIMOHHMPOBAHUS 000pyAoBaHUS (4aCTO BeCbMa
JOPOroCTOSIIIIero) Heo6X0A MO eKer0flHO BhIIeISATh
7-10% ero crouMocTu. Eciiu 3Toro He genaTh, MapK
Hay4YHBIX U TeXHOJIOTUYECKUX YCTAHOBOK IPHUIET
B HErOJJHOCTb Yepes 5 JIeT.

MIPT, organized by academician
K.A. Valiev, in MEPhI - the scientific
and educational center for quantum
and nanotechnology, in addition, we
teach in MIREA. Almost all the lead-
ing staff of the Institute are lectur-
ing at the basic department of the
MIPT and at the scientific and educa-
tional center, or are directing bache-
lor's and master's works of students
that are performed on our scientific
equipment. The Institute has an aca-
demic postgraduate study, where we
invite from two to five people annu-
ally. Graduate students of the MIPT,
whose research supervisors are our
employees, are trained and carry out
their dissertations in the Institute.
At the Institute of Physics and
Technology there is a dissertation
council, and the majority of its mem-
bers are doctors of sciences who work
at the Institute. Our Yaroslavl branch
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closely cooperates with Demidov
Yaroslavl State University in train-
ing students in specialties related to
microelectronics.

What problems do you face in your
work?

Modern science is moved not only
by pencils of theorists and com-
puting power of personal comput-
ers. To carry out experiments, you
need sophisticated research, tech-
nological and analytical equip-
ment. The main problem is the diffi-
culty of buying new equipment and
its support. Firstly, the constraints
imposed by the United States and
the EU hamper, given the almost
total absence of scientific instru-
ment making in Russia. Secondly,
in the context of reducing the budget
funding of the RAS institutes, every
yearitisincreasingly difficult to find

the necessary funds. At the same
time, the situation is even worse
with the maintenance and repair of
already installed equipment, as well
as with the support of its infrastruc-
ture, since neither FASO nor custom-
ers of extrabudgetary research proj-
ects allocate funds for this purpose.
Grants of scientific funds do not fore-
see any serious money for scientific
equipment. According to the stan-
dards of the SEMI, to maintain the
operation of equipment (often very
expensive), it is necessary to allocate
annually 7-10% of its cost. If this is
not done, the scientific and techno-
logical equipment will become unus-
able after 5 years.

The current situation is that the
funds allocated for these purposes
by the FASO are transferred exclu-
sively to the Centers for Collective Use
at the institutes of RAS and for the
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Texyinas cUTyalMs TaKoBa, YTO JeHbIH, BhIJe-
aseMble Ha 3TH Lenu PAHO, mepenaloTcs HCKIIIO-
YUTENbHO LleHTpaM KOJIIeKTHBHOIO [10/Ib30BaHU A
Opu UHCTUTYTaX PAH ¥ Ha comep>kaHMe YHUKAJb"
HBIX HAayYHBIX YCTAHOBOK. DTO JHIIb HeboabmIas
YacTb Hay4YHOro o60pymoBaHUsI, B OCHOBHOM aHa-
JTHUTHUYECKOTO0, KOTOPYIO MCIIOb3YIOT MHCTHUTYTHI,
B ToM uncie ®TUAH, npu mpoBeJjeHHUHU CBOUX paboT.
s nymar, 4to mons obopymoBaHus B cocTaBe L[KII
He mpeBbImIaet 20% oT ob11ero 4Yuciaa 3aleiCTBOBAH-
HBIX B MCC/IeIOBAHUSIX YCTAHOBOK. DTOT Ba)KHEHIIHU
I71s1 1106011 3KCIIepHMeHTaIBHOM HayKU BOIIPOC BCe
PaBHO ONpHUAETCS pelaTh. Ho B cydae 3amo3ganbixX
pellleHHI HayuHoe 060pyLoBaHMUe IIPUAETCS IIPH-
obpetaTh 3aHOBO. CKYIIOH, KaK M3BeCTHO, IIJIATUT
OBa>KIBL.

KaKkoBbI IJIaHBI Pa3BUTHS HHCTHUTYTa?

Bonpuiue mjaaHel CBA3aHbl ¢ yyactuem ®THAH PAH
B MUKPO3JIEKTPOHHOM KOHCOPILIMYMe, KOTOPBIH OBl
opraHusoBaH B 2015 rogy HUKMM?3 Bo ri1aBe C aka-
meMmukoMm PAH T.4.KpacHUKOBHIM [/ pelIeHHUs
3aJa4 OTe4yeCTBeHHOM IIPOMBIIIJIEHHONM MHKPO3-
JIEKTPOHHKH — CO3JaHMUS OTeUYeCTBEeHHBIX IepCIllek-
TUBHBIX TeXHOJIOTUH, Pa3paboTKU U OPraHU3AILUHU
IIPOM3BOJCTBA COBPEMEHHOI0 0TeUYeCTBEHHOTO TeX-
HoJloTu4uecKkoro obopynoBaHus. belna paspaboraHa

U yTBepXOeHa INporpaMMa KOHCOpLHyMa, yxXKe
MOII/IM, IIYCTh U He OYeHb [0Ka MacCHITabHEIe, HO
HayKoeMKHe IIPOeKTHl. IIph 3TOM MMeUHUHCS BO
®TH AHe Hay4HBIN 327/ BocTpeboBaH yke ceryac,
10 KpalHeH Mepe, YaCTHYHO.

OnHako MBI He 3ab6biBaeM, YTO B TPagHUIUIX
AKaJleMHH HayK BCerja BO IJIaBe yrIya OblI0 IOy~
yeHHe QyHAaMeHTa/JIbHBIX Pe3y/bTaTOB, C UCIIO/Ib"
30BaHUEM KOTOPBIX M CTAHOBHJIOCH BO3MOKHBIM
peleHye NPUKJIALHBIX 33a[4a4 IIPOMBIIIJIEHHOCTH.
Hy>kHO cMOTpeTh BIepe[, B 6yayIee - 3TO IJ1aBHAas
GYyHKIMSA HayKH, Jaske eC/Iv HeT II0JIHOTO [IOHKMMa-
HH S, KaK [I0JIyYeHHBIe Pe3y/JbTaThl CPa3y >ke MOIYT
OBITb HCII0JIb30BAHBl B OKPYy>KaIOIlel HacC KU3HHU.
ITo Mepe HAKOIIJIEHUSI KPUTUYeCKOHN MacChl 3HAaHUH
IIPUXOOAT U IPaKTHUYECKHe pelieHus. [I03ToMy MBI
OymeM H Jablle Pa3BUBATh UCCIeIOBAHHUS KBAHTO-
BOM HHOOPMATHKHU U HAHO3TEeKTPOHHUKH.

Takke MIaHHUPyeM PacIIUPATh COTPYAHHUYECTBO
c akagemussMu ctpaH EBpasdC, CHI. HecmotTpsa
Ha [OCTaTOYHO CJAOXHBIe BpeMeHa, B TeKylleMm
rofy, Kak Bcerja, B IepBYI0 HeJle/10 OKTS6Ps mpo-
BeleM Hally PeryjasapHyl MeXIyHapOAHYIO KOH-
depennuo ICMNE-2018 1 IpuUriacum Ha Hee eBpo-
MercKUuX Koyler. B pamkax roga Poccus - InoHUS
XOTHM IPOBeCTH KPYIJIBIH CTOJI C ITOHCKUMH yde-
HBIMH. ]

maintenance of unique scientific
systems. This is only a small part of
the scientific equipment, mainly
analytical, which is used by insti-
tutes in carrying out their work. I
think that the share of equipment
in the Centers for Collective Use does
not exceed 20% of the total number
of facilities involved in the research.
This question, which is most impor-
tant for any experimental science,
will still have to be solved. But in the
case of belated solutions, scientific
equipment will have to be purchased
anew. The miser, as we know, pays
twice.

What are the plans for the develop-
ment of the Institute?

Large plans are associated with
the participation of the Institute
in a microelectronic consortium,
which was organized in 2015 by the

Scientific and Research Institute
for Molecular Electronics, headed
by the academician of the RAS
G.Krasnikov, for solving the prob-
lems of domestic industrial micro-
electronics: creation of domestic
advanced technologies, develop-
ment and organization of produc-
tion of up-to-date domestic techno-
logical equipment. The program of
the consortium was developed and
approved, not large-scale but science-
intensive projects have already been
launched. And the competencies of
our Institute are in demand already
right now, at least in part.

However, we do not forget that
according to the traditions of the
Academy of Sciences, always at the
forefront is the achievement of fun-
damental results, with the use of
which it became possible to solve
the applied problems of industry. It

is necessary to look forward to the
future, this is the main function
of science, even if there is no com-
plete understanding of how the
results can be immediately used in
the life around us. With the accu-
mulation of a critical mass of knowl-
edge, practical solutions also come.
Therefore, we will continue to
research on quantum informatics
and nanoelectronics.

We also plan to expand coop-
eration with the academies of the
countries of the Eurasian Economic
Community, the CIS. Despite rather
difficult times, this year, as always,
in the first week of October we will
hold our regular International
Conference ICMNE-2018 and invite
our European colleagues to it.
Within the framework of the Russia-
Japan Year, we plan to hold a round
table with Japanese scientists. [ |
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