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S.A.Gambkrelidze, doctor of technical sciences, professor, director of IUHFSE RAS

MHCTUTYT CBEpXBLICOKOYACTOTHOMW NOAYNpoBoj-
HUKOBOW 3/IEKTPOHUKU POCCUMCKON akape-
MM Hayk (MCBYM>D PAH) cospaH 16 anpens
2002 roaa c uenblo NnpoBeAeHUs Hay4HbiX ucce-
[OBaHUI U NPUKIALHBIX pa3paboTok B obnactu
cBepXBblcOKko4acToTHOW (CBY) U KpaliHe BbiCO-
KOMacToTHOM MONYNPOBOAHUKOBOW  3/1€KTPO-
HUKK. PeanmnsoBaHHble NCBYIMS PAH npoekTbl
B HeMaJ/ion cTerneHU CMOco6CTBOBa/IN TOMY,
4YTO MO YpOBHIO pa3paboTok B obnactu CBY-
3N1eKTPOHUKK Poccma He ycTynaet BeayLum
TeXHo/0rnyeckmm gepxasam mupa. O Hanpas-
NeHusax passuTtusa CBY-TexHNKN n paboTte MHCTKU-
TyTa pacckasan aumpektop UCBYUMS PAH Cepreit
AHaTosnbeBud Namkpenuase.

The institute of Ultra High Frequency Semiconductor Electronics of RAS (IUHFSE RAS) was
established on April 16, 2002 with the aim of carrying out scientific research and applied
developments in the field of microwave and extremely high-frequency semiconductor
electronics. The projects implemented by the institute greatly contributed to the fact that
Russia is not inferior to the world's leading technology powers in the field of microwave
electronics development. Sergey Gambkrelidze, Director of the IlUHFSE RAS, told us about the
areas of the development of microwave devices and the work of the institute.

Cepreﬁ AHATO/bEeBHY, KAKOBBI 3a1a4H H HapaB-
neHus paborsr UCBUYIID PAH?

MHCTUTYT 6511 co3paH 15 et Hasan aas paspaboTku
HOBBIX IePCIIeKTHUBHBIX CBY-TEeXHOMOTHI 31€KTPO-
HHUKY U [IOCIeAYIONero MX BHeAPeHHA Ha BeOyLIIUX
OpeaIIPUSATHAX OTPACIH C CO3JaHHEeM Ha UX OCHOBE
TPaH3HUCTOPOB, MOHOJMTHBIX CXeM K APYTHX IIprbo-
por CBY-nuama3oHa HOBOIO IOKOJNIeHUs., Mies cosma-
nusg MCBYLD. PAH monyunia mopmepskry JKopeca
Hpanosuva Andeposa, I0pus Bacuinpesruda ['yngesa
Y OPYTHX BeAyINUX GU3KUKOB CTpaHbl. HayuyHas Tema-
THKa M3Ha4daJpHo OblIa CBsI3aHa ¢ pa3paboTKOk IIpHU-
60poB Ha OCHOBe IeTePOCTPYKTYpP. B KauecTBe 6a30-
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BOTO MaTepHaja BHadaje KMCIIOIbh30BajICd apces
TQJIINS, 3aTeM MBI CTaTH PabOTATh C HOBBIMH IIIE;
KO30HHBIMH MaTepHallaMH. B mocmenHee Bp:
AKLEHT [Je/IaeTCs Ha IeTePOCTPYKTYPEL Ha HUTL
raJIIusi, KOTOPBIH CUUTaeTCs Harubosee mepcrexs|
HBEIM MaTepuanom g CBU-TeXHUKH KaK Ipaxk>
CKOro, TakK M CIEeNMA/ILHOTO Ha3HaUeHHd, B =7
061acTH MBI SIB/ISIEMCS. ONHUM U3 THIEPOB He TOTi
Cpenu MHCTHUTYTOB PAH, HO ¥ B [1e/IOM B CTPaHe.

B nacrosniee BpemMs OCHOBHbIe HAIlpaBiex
pa3paboToK CBSI3aHBI € CO3[aHHEeM HOBLIX IeT::
CTPYKTYpP, MOHOJMTHLIX CXeM Pa3JMYHBIX JaCT,
HBIX JHAIIa30HOB, HAUHMHAA 0T JEUMMETPOBBIX :




Y/IBTPAMU/IMMETPOBOTO, & TAKKe CHCTEM Ha KpU-
CTajie, B IIEPBYIO ouepelib — [I0THOQYHKITHOHATbHBIX
[IpreMonepealolluX MoLy/Iek, B mepcrekTyBe 1/ia-
HHUPyeM B paMKax 0611eMHPOBOro TPeH/Ia CO3h4aBaTh
CHCTEMBI, BKIIOYapmMe Kak CBY-6710kH, Tak U LHb-
pOBbIe CXeMBI 115t 06paboTKHU BTOPUYHON UHGOPMA-
1pu, Takue KOMOHHUPOBAHHbIE PEIIeHH I [T03BOMISLT
peayr30BaTh HOBhIE [I@PCIEKTHBHEIE TPUGOPHI A
CHCTeM CBS3M HOBOTO ITOKOJIEHU A, aBTOMODOUIbHOM
37eKTPOHUKH, POOOTOTEXHHUKU, MHHHUATIOPHBIX KOC-
MHUYECKHX allIapaToB. JlaHHOe HallpaBleHUe CUM-
Ta€TCsI OMHUM W3 IPUOPHUTETHBIX 1 B CTPAHe, H B MHUPe.,

KakoBbI TeHAeHIIUU pasButug CBU-3/1eKTPOHHUKH
B MHpe?

CBY-u3genus pa3BUBAIOTCS B HamOpaBIeHUU YBeIU-
YeHMs JacToT. Ectu cerigac MHOrue npubops pabo-
TalOT B CAHTUMETPOBOM [AHAIIa30HE, TO B A IbHEH e M
6yZeT B OCHOBHOM KCIIO/Ib30BAThCS MUJITUMETPOBBI
JUalla30H, bo/MbIION MOTEHIIMA AMeeTcsl U B 0ba-
CTH TaK Ha3bIBA€MBIX TeParepLOBbIX TEXHOMOTHE, MBI
BeZleM JOCTATOUYHO MacIiTabHble ucciefoBaHUI Ipo-
6eM co3ganug IIpuOOPOB 1151 4YacTOT 10 6 TI1I, B 9acT-
HOCTH, B IIPOIIJIOM rofy pa3paboTanu KBaHTOBO-
KaCKaJHBIH jIa3ep, KOTOPHIH TOKa3as YCTOMUYHBYIO

Mr. Gamkrelidze, what are the
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reHepanuw. B nanpHenmem 6ymem pa3BHBATh JJAHHOE
HaIpasjleHHe, pa3pabaTeiBasi U KBAHTOBO-KACKaLHEIe
Jla3epsl, ¥ aHTEHHBI /I/I TepareproBoro gHamna3oHa,
Y IIPUOOPEI, KOTOPBIE MOTYT GBITh HA HUX IIOCTPOEHE.

Taxske xoTen 6B OTMETHUTh TEHAEHIIHIO K CO3/a-
HHIO BBICOKOMHTEIPUPOBAHHBIX KOMOMHHUPOBAH-
HBIX CHCTeM, Tle undbporrie u CBY-371eMeHTEH pas-
MeINalTCs Ha OJHOM KpHCTa/ule. Takoe pelreHHe
II03BOJIUT MaKCHUMaJIbHO IPUOIU3UTD IIPOLIECCOPHY IO
YacTh K npHeMHKHKY CBY-curHana, uto obecmedur
yMeHpIIeHHe TabapuToB npubopa, MEHHUMU3AIHUIO
MIOTPEITHOCTe!, YAyUIlleHHe HaJeKHOCTH M CTOHKO-
CTU K BHEIIHUM GaKTOPaM.

Kak BbI olleHMBaeTe COBpeMeHHBIH yPOBeHb pa3pa-
60TOK H Ipon3BoACTBa CBU-3/1eKTPOHUKH B Poccuu?
$1 CIHTAl0, YTO B IIOC/IeJHHE TOIBL B CTPaHe OBIIO Cie-
JTaHO OYeHb MHOTO JUISi PA3BHTHS 3TOr0 HallpaBile-
HHS. Eciiy B 1990-e rogbl HAMeTH/IOCH OTCTABaHHE, TO
CerYyac MBI ero MocTeNneHHO JUKBHUIUDPYEeM. B yact-
HOCTH, 60/IBIION ITPOEKT I10 OPraHK3AIUH [POU3BOI-
CTBA TBEPAOTENBHOM M BAKYYMHON CBU-3/1eKTPOHU KU
peanusyercs B HITII "HcTox" um. A.U. [loK¥HA B IO
MocKoBHOM ®pasuHo. B '3 "[lynrbcap” (MockBa) yxe
Ha CTAAWM MOHTa’Xa 0OOpPYLOBAHUS HAXOMHUTCH

T [N ——— e - S-S P ™ g

tasks and areas of the work of
the IUHFSE RAS?

The Institute was created 15
years ago to develop new promis-
ing microwave electronics tech-
nologies with their subsequent
implementation in the leading
enterprises of the industry and
creation on their basis of tran-
sistors, monolithic circuits and
other microwave devices of the
new generation. The idea of
creating the IUHFSE RAS was
supported by Zhores Alferov,
Yuri Gulyaev and other leading
Russian physicists. The scien-
tific subject was initially asso-
ciated with the development of
devices based on heterostruc-
tures. As a base material, gal-
lium arsenide was first used,
then we began to work with new
wide-band materials. Recently,
the focus is on heterostructures

on gallium nitride, which is
considered the most promising
material for microwave tech-
nology for both civil and special
purposes. In this area we are one
of the leaders not only among
the institutes of RAS, but also in
the whole country.

Currently, the main areas of
development are associated with
the creation of new heterostruc-
tures, monolithic circuits of
various frequency ranges, from
decimeter to ultramillimeter,
and also of systems on the chip
- primarily full-function trans-
ceiver modules. In the future,
we plan to create systems within
the global trend that include
both microwave blocks and dig-
ital circuits for processing sec-
ondary information. Such com-
bined solutions will enable the
implementation of new advanced
devices for new generation of

communication systems, auto-
motive electronics, robotics,
miniature spacecraft. This area
is considered one of the priority
in the country and in the world.

What are the trends in the
development of microwave elec-
tronics in the world?

Microwave devices develop in
the direction of increasing fre-
quencies. If now many devices
work in the centimeter range,
then in the future the millime-
ter range will be mainly used.
Great potential exists in the
field of so-called terahertz tech-
nologies. We are conducting
sufficiently large-scale stud-
ies of the problems of creating
devices for frequencies up to 6
THz, in particular, last year we
developed a quantum-cascade
laser that showed stable gen-
eration. In the future, we will
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MHBeCTULMOHHBIY [IPOEKT IO CO3aHHI0 MePBOro
B CTpaHe CepUKHOrO MPOK3BOACTEA MOHOJIHTHBIX
cXeM Ha HHUTpUAe raaaus. Mpl COTpyAHHHEAEM
1 ¢ "UcToKOM", L C "Hynbcapom". C moc/Ie THUM BBIIIOJ-
HseTcd coBMecTHas OKP, B paMKaxX KOTOPOTO HAIIM
pa3paboTku B o6mactu CBUY-3/IeKTPOHHKHY JOJKHBL
6ymyT BHEIPSITCS B cepUHHOe NPOK3BOACTEO.

B 11ennoMm, JlemapTaMeHT paﬂuoaneKTpm{Hoﬁ po-
MBIIJICHHOCTH MHUHIIpOMTOpPTa PocchH ripunaraer
foMbITue YCUIIHS, qTOo6bI Hallla 31eKTPOHHA L KOM-
HOHEHTHAs 6a3a BHIILIA Ha COBPeMEHHBIU yPOBEHD,
u ero paboTa 3ac/y>KUBaeT CaMO¥ BBICOKOU OLICHKH.
T10OKUTENBbHYIO POJIb ChITPasia IporpaMma HMIIOp-
TO3aMelleHu s, KOTopas CTUMY/IKMpoBaia paspaboTky
COBPEMEHHBIX POCCHUFICKMX [OJYIIPOBOAHHKOBBIX
IpubOopOB C Lie/plo 3aMeHbl HMHOCTPaHHBIX M3Ie/uH,
npUMeHseMBIX B oTeueCTBEeHHOMN Pajii03/IeKTPOHHOH
ammaparype. TakUM obpasoM, 10 yPOBHIO paspaboTor
CBY-3/1eKTPOHMKH MBI yKe HeM BPOBEHD C 3apybesx-
HbIMM KOMIIAHUSMHM, a OTCTaBaHMe BO BHeAPEHUH
Y CepUHMHOM MTPOH3BOACTBE Oymer cBeleHO K MUHU"
MyMy IIOC/Ie Peaju3aluK MPOeKTOB, O KOTOPBIX 5
yIIOMHHAI.

B pa3sHBIX OTPACIAX IKOHOMHKH 3¢ PexT 0T HMTIOP-
To3aMenleHHs 6b17T pa3muyeH. HaCKO/IbKO 3Ta IO/IH-
THKa TOMOT/IA Pa3BUTHIO CBY-3/1eKTPOHHKH?

B pagno3/IeKTPOHHKE 61T pean30BaH T1paBU/IbHBIM
[IOIXOJ K UMITOPTO3aMEIeHHI0, TI03TOMY OHO LeMCT-
BUTE/IHHO IIPHHOCHT [IOJIh3Y OTPAC/IK. MBI He IOIIIH
[0 IYTH KOITHUPOBAHNA UMIIOPTHBIX npubopos, Tak
KaK IPH 3TOM H3HAYa/IBHO 3aK/IaAbIBaeTCA OTCTA"

BaHe OT 3apyBeXHbIX D23p250T=1X0B HA 5710 J1eT.

CozgaHue ke IpubopoB Ha =2 TeXHOIOTHYeCKOU
Gase, KOTOPHIE [10 CBOKAS [12P&M2TPAM COOTBETCTBYIOT
3apy6esKHbIM M3AeTHAM. He KOnPYs HX KOHCTPYK:
K0, - 3Ha4uMTeIbHO O07ee paiiHOEaIbHAS TIOMH”
THKA, [I03BOJIAIOLTAS HOPMaIbHC Pa3BHBATE MCCIENO
BaHMsI, pa3paboTKK ¥ TIPOH3BOICTBO. BMecTe C TeM,
TI0CKONBKY B Hallleki arifiapaType HClloab3yeTcss OueHb
GonplIas HOMEHKJIATYpa MHKPOCXeM HHOCTPAHHOTO
[IPOM3BOJCTBA, M BOCIIPOK3BOAUTD KaKAYIO M3 HUX
B OTIeJIbHOCTHU Hellenecoobpa3Ho ¢ TOUKH 3peHus
3aTpaT BpeMEHU U CPEe/ICTB, [IePCIeKTHBHBIM IIyTEM
ABJISETCS CO3/laHVe BRICOKOMHTer pHpOoBaHHBIX CBY-
npubOpOB, KOTOPbIE 110 COBOKYITHOCTH CBOMX Ilapa-
MEeTPOB T103BOJISAT 3aMeCTHTh HECKOIbKO THIIOB 3apy”
HesKHBIX MOHOMHUTHBIX HHTEIPaibHBIX CXeM (MHC).
Hanmpumep, MBI ceridac BefieM pa3paboTKy BBICOKO-
MHTErPHUPOBAHHBIX LIPHEMOIIEpeaIoM KX MOZYyJIeH,
KOTOpBIe 3aMEHAT IecTh THIIOB 3apybeskHBIX Ipubo-
poOB.

KakoBa pOIb TEXHOIOTHHYECKOH I/IaT¢OpMBI
"CBY-TexHOMOrUH" B Pa3sBUTHH poccuickor CBY-
TeXHHKHU?!

TexHojoruueckas rmaarGopma KOOpAHHHKUPYET pas-
puTHe CBU-3/IeKTPOHHKH B CTpaHe - KaK HAYKH,
Tak ¥ [POM3BOACTBA. PaKTUYECKH, OHA ARKYMY~
JUpyeT MepCIeKTUBHEE M/eH U AaeT MMIYJIbC
X Pa3sBUTHIO. B PAMKAX TeXHOIOTHYECKOH [/1aT-
OPMEI MBI HaJIa’KKBaeM K Pa3BHUBaEM COTPYAHI™
YeCTBO C IPOMBIIIJIEHHBIMH IPeANPHATHIMH,
KOTOpbIe PEry/IsSpHO NPeACTABIA0T CBOM HHULIHA"

develop this area, developing
quantum-cascade lasers, anten-
nas for the terahertz range and
devices that can be based on
them.

I would also like to note the
tendency to create highly inte-
grated systems where digital
and microwave elements are
placed on a single chip. Such a
solution will allow the proces-
sor part to be as close as possi-
ble to the receiver of the micro-
wave signal, which will reduce
the dimensions of the device,
minimize errors, improve reli-
ability and resistance to exter-
nal factors.
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How do you assess the current
level of development and pro-
duction of microwave electron-
ics in Russia?

I believe that in recent years
much has been done in the
country to develop this area. If
in the 1990s there was a back-
log, now we are gradually elimi-
nating it. In particular, a large
project for the organization of
production of solid-state and
vacuum microwave electron-
ics is being implemented at the
RPC "Istok" named after Shokin
in Fryazino. In Pulsar (Moscow)
an investment project is being
implemented to create the first

domestic serial production of
monolithic circuits on gallium
nitride, which is already at the
stage of installation of equip-
ment. We cooperate with both
Istok and Pulsar. With the lat-
ter, a joint R&D is carried out,
within which our developments
in the field of microwave elec-
tronics will have to be intro-
duced into batch production.

In general. the Department of
Radio Electronic Industry of the

Ministry of Industry and Trade
of the Russizn Federation is
making great 21107ts to ensure
that our ¢lecironic component

base reach=s = modern level,




TUBHBIE MPOeKTH, CUYHUTAK, YTO aKTHBHas pabora
CTPYKTYP TEeXHOMIOTMYeCKOH IIaTdopmsl obecrie-
YMBaeT HHTeHCUDUKAITHMIO PA3BUTUS POCCHHCKOM
CBY-TeXHUKHU,

KakuMH HOy-Xay o6/1agaeT HHCTUTYT?

MpI BMeeM XOpoIIre HapaboTKU B 061acTaX co3fa-
HUS MOHOJMHUTHBIX CXeM MH/IIHUMETPOBOTO AUalla-
30Ha (59-64 I'Tu), npubopoB TpeXMU/TJILMeTPOBOIO
IranasoHa (89-93 I'Tir), IIpHeMOIIepe a0 UX MOAY-
ney, raoe ¥ nprHeMHas U lepefapiias 4acTh Haxo-
OSTCSE Ha OLHOM KpUcTane. OTMedy, YTO MHTEr-
pupoBaHHBle NPHUOOPH 06eCcHIeYHBAOT BaskKHBIE
OJist Psifa MpUMeHeHMH NpPerMYyInecTBa ¢ TOYKHU
3peHHUs yMeHbIIeHHMS MIYMOB Ha BXO/C U IOBhIIIE"
HUS BBIXOJHON MOINHOCTH. Ha HUTpULE Talius
ONHOKPHCTAbHEE HHTEIPUPOBAHHBIe NPHOOPHI
CO BCTPOEHHBIMHU aHTEHHAMH [OJy4YeHbl HAIIUM
WHCTHUTYTOM BIIepBBIE B MHpeE.

B TeKkyuieM TOAY MBI [IePBHIMU B CTpaHe pas-
paboranu MHC MIIY u T'YH Ha ocHOBe CTPYKTYD
"HUTPHU/ Ta/JJNsg Ha KpeMHHH'. 3a pybesxxom 3To
HaIpaBJeHHe HAdaIo Pa3BUBATHLCS TakKe COBCEM
HemaBHO. Takue NpHOOPEL 3HAYHUTENBHO JelleBie
Y TeXHOJIOTHYHee B IPOM3BOJCTBe UeM, HallpuMep,
U3[eIHs, B KOTOPBEIX B Ka4ecTBe IIOMJIOKKH HUCII0Jb-
syeTcst Kapbug kpeMHUsi. CTPYKTYPBl "HUTPU, Fajl-
WS Ha KPeMHUU' COBMECTHMBI C KAACCHYeCKUMU
KPeMHUEBBIMHU TeXHOTOTUSIMHU, Pealu30BaHHB MU
Ha NPeIpUITHUSX OTedeCTBeHHOM PafHO3IeKTPOH-
HOM OTPAC/IH, IO9TOMY HOSBISETCS BO3SMOKXHOCTD
B eIUHOM IIMKJie co3gaBare u CBY-, u nudponnie
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37eMeHTHl. [ad peann3allMy TaKoro MpOMU3BOJ-
CTBa TaK ke Ba’KHO, UYTO CYIIECTBYIOT TeXHO/JOTHH
M3TOTOBJIEHHUS HUTpUL raanressx CBY MUC 6es
KCIIONIb30BAHHKSA 30J10TA,

Kaxk BBl OlleHHBaeTe MepCnekKTHBBI IPUMEeHEeHH S
Pa3paboTOK HHCTHUTYTA B FPasKAAHCKOM TEXHHKe?!
Hamy npubopsl MOTYT IPUMEHATLCSA B CUCTEMAX
MOGHIBHON CBSI3U HOKOJeHHUSI 5G, aBTOMOOUIIB-
HBIX JIOKATOPaX, JAaTYHUKAX A/ Po6OTOB pasnuy-
HOI'0 Ha3HAuyeHWUs, BKJIOYAS MajorabapuTHble
MeIUIUHCKHE, PazpaboTku B 061acTH Teparepuo-
BOM TeXHUKH HAWIYT HNpUMeHeHHe, HAIPHUMED,
B 060pyLOBaHUH O/ MEIULIMHCKON JUATHOCTUKH
U B BBICOKOUYBCTBUTEIBHBIX JaTUKMKaX XUMHUYIeE-
CKMX BeIecTB.

KakoBBI HCTOUHHKH GUHAHCHPOBAaHHSA IIPOEKTOB
B IrpakIaHCKOH chepe?

[ToCKOJIBKY MBI SBASIEMCS FOCYLAPCTBEHHBIM yUupe-
SKIOeHHeM, TO Iojly4dyaeM QUHAHCHPOBAHME B paMm-
KaX yTBEPKACHHOTO TOIOBOTO IVIaHa MCC/AeI0BAHMH.
JloTIoNHHUTe/IbHBIE CPe/ICTRa Ha Hay4YHbIe HCC/TeIOBAaHU A
[IPUBJIEKAEM B PaMKaX KOHTPAKTOB ¢ MUHOOpHAyKH
Poccuu, a MOTYUHUB 3KCIIEPHMEHTaAbHEIe 06pa3Iibl
BoiniosiHsieM OKP nisg MuHnpomropra Poccuu. Taxkske

[oJIy4yaeM IIpsIMbIC 3aKa3bl OT IIPOMBIIJIEHHEIX TTPeM-
IIPUSATHI, IIPU 9TOM 9aCTO peub UjeT o paboTax 0coboi
CIOKHOCTH. HarprMep, HelaBHO MBI pa3paboTasin Tex-
HOJIOTHUI0 GOPMHPOBAHM S JUPPAKIIMOHHON PELIeTKH
Ha [JIaCTHHAX C 3/IeMeHTaMH J1a3ePHBIX THOLOB A1
OTITOIEKTPOHHBIX MOAy/Iel CBY-AHamna3oHa 1o 3aKa3sy

and its work deserves the high-
est appreciation. A positive role
was played by the import sub-
stitution program, which stim-
ulated the development of mod-
ern Russian semiconductor
devices in order to replace for-
eign products used in domes-
tic radio electronic equipment.
Thus, according to the level of
development of microwave elec-
tronics, we are already on par
with foreign companies, and
the lag in implementation and
serial production will be min-
imized after the implemen-
tation of the projects that I
mentioned.

In different sectors of the econ-
omy, the effect of import sub-
stitution was different. How
much did this policy help the
development of microwave
electronics?

In radio electronics, the correct
approach to import substitu-
tion has been implemented, so
it really benefits the industry.
We did not go on the way of copy-

ing imported devices, since in

this case, lag from foreign devel-
opers for 5-10 years is initially
laid. The creation of the same
devices on our technological
basis, which in their parameters
correspond to foreign products,

without copying their design, is
a much more rational policy that
allows the development of R&D
and production. However, since
our equipment uses a very large
nomenclature of foreign-made
microcircuits and it is not advis-
able to replicate each of them
separately from the point of view
of time and money, a promis-
ing way is to create highly inte-
grated microwave devices that,
in combination of their param-
eters, will replace several types
of foreign monolithic integrated
circuits (MIC). For example, we
are currently developing highly
integrated transceiver modules
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KOMMNETEHTHOE MHEHMUE

HHH "Tlonmtoc” um. M.®.Crenpmaxa. Kpome Hac HUKTO
HU B PocCUM, HU B BeJIOPyCCHH He CMOT PELIUTH 3TY
3a/auy.

MO>KHO /11 TIOBBICHTD 3)(pEeKTHBHOCTD CHCTeMBbI I'OCY-
napcrBeHHoro puHaHcuposanust HHOKP B Poccuu?
YpoBeHb» QUHAHCHPOBAHKSA HAaYKU B CTPAHE B [1eJI0M
HepmoctaToueH. CpencTs, BeAensgeMbIX PAHO, Ham
XBaTaeT Ha GMHAHCHUPOBAHHE IIPUMEPHO 25% HayUHO-
KUCCIeOBATQIBCKUX IIPO@KTOB, OCTA/IbHOE MBI BRIHY-
JKAEHBI U3BICKUBATh caMU. Eciu 65l 6b11a pHUHATA
OTHeNbHas INporpaMma QHUHAHCHPOBAHUA QyH/IA-
MEHTaJIbHBIX IIOMCKOBBIX HCCIelOBAaHUM, TO CKOPOCTh
U 3G PeKTUBHOCTL Pa3paboTKH U BHeJPeHM s HOBBIX
TeXHOJIOTUH 6BUTH 6Bl BHIIIIE,

Yrto xacaercs OKP, To Ha rocynapCTBEHHBIX KOH-
Kypcax IIperMyIlecTBa UMEIOT KPYyIIHbIe KOMIIaHUH,
uMeronire HeobxoguMble CBOOOTHEIE CPeICTBA OIS
obecrieyeHUs KOHTPaKkTa. MBI, KaK TOCyLapCTBEHHOe
peAnpusaTHe, TAKKUX CPeJCTB He MMeeM U ITPHBJIeYDb
He Mo>keM. [ToaTomy Hambosee pallHOHATBHON CXeMOH
SIBJIIETCSI COTPYLHUYECTBO C IIPOMBILIIIEHHBIMH IIpe]-
IPUSTUAMHU, KOTAA MBI pa3pabaTeiBaeM IJIsl HUX TeX-
HOJIOTHH, TIO/TydaeM ONBITHBIe 06pasusl mpubopos,
NPOBOAHM MCIIBITAHHS KM 3aTeM IepefaeM Bce Hapa-
6O0TKM 3aKa34YMKy, KOTOPBIK OCBAMBAET CEPUUHBIM
BLIITYCK IIPONYKLIHH.

Kako# npor3BoACTBeHHOH HH)PacTPyKTypoH pac-
nojaraeT HHCTUTYT?

MuI moc/iefoBaTe/IbHO peajid3dyeM Monenb Fab
light, xoTopas npeznmosaraer mpoBeseHue uccie-

NOBaHMH, pa3paboToK, MOZeiiipoBaHUA, H3TOTOB"
JIeHHSI OIIBITHBIX 00Pa3ioB, & TaKA&e BbIIIYCK MaJIbIX
cepHUH NpUbOpPOB HeNlOCPeICIBeHHO B MHCTUTYTE.
Bo MHOIrHX c/y4asix TaKas cXema OITHUMAJbHA,
TaK KaK IIPOH3BOACTBO Ma1blX 1apTHH Ha 60NBIIHX
NpeAIPUSTHSAX He BRITOIHO HE 3aKa3UMKy, HU
HCIIONIHKTeN0. Heboabpmue cepiti #31eIUH, KOTO-
pBle Hafo 6BICTPO M3LOTOBHUTH i OBICTPO BHELPUTH,
TpeOyoTCs, HallpUMep. KOCMHYeCKOH OTPacIu.
SI cudTa, YTO A/ OPraHM3alHH. NOoZOOHEBIX
HallleM, 3aHMMAIONKUXCA H HCCIeI0BAHHUIMHU,
M OIBITHBIM IIPOM3BOACTBOM. 3TOT BeKTOP PasBU-
THS ONpaBlaH.

K coxa/leHHIO, MBL HEe MOXeM pealHl30BBIBATh
KPYIIHbIe MHBeCTULHMOHHBIE [IPOeKThl, MOCKOABKY
6rofisKeTHOe QUHAHCHPOBAHHE OIPaHHYEHO [[0CTa-
TOYHO Y3KMMHM paMKaMH, a O2EKOBCKIe KPeSUTH
rOCYNapCTBEHHBIM OPIaHM3aL AN He ZJOCTVIIHEL TeMm
He MeHee, PeryagdpHO pacllHpse i 00:=0814eM [TapK
obopynoBaHus. HampuMep. B 3TOM TCIV IOTYUYUM
YCTAaHOBKY aTOMHO-CJI0€BOTr0o ocaxie=iisg. Koe-uto
CTapaeMCcs 3aKyIaTh Ha BHeOWIXeTHz:2 CPe/CTBa,
B YacTHOCTH, Ceryac C pAIOM RKOMMEDEeCKHX CTPYK-
Typ npopabaTeiBaeTcsd BONPOC 152 obopyLo-

BAHU BJIM3UHT 171 pealu3aii: i T2 B obacTu
IPasKIaHCKOH MOGHITBHOM CBS33:

"Y3RMM MecToM" Hallero mDOH3E0ICTBA IIOKaA
SIBJISIeTCS. He[OOCHAILIeHHOCT: VialTRa TPYIIIIOBOU
ob6paborku maacTHH. OIHZKC ¥MEXTIS U MOBOLBL
O TOPAOCTH. Hampmuep. XOIZz M3l IIePBBIMU
B CTpaHe BBITYCTHIHK mapT:= MIIV 2 IVH Ha cTpyK-
Typax "HUTPHUL Fallds H#a XDEMEEE . TO BBIXO[,

Em

that will replace six types of for-
eign devices.

What is the role of the
"Microwave technologies” plat-
form in the development of
Russian microwave technology?
The technological platform
coordinates the development
of microwave electronics in the
country, of both science and
production. In fact, it accu-
mulates promising ideas and
gives impetus to their develop-
ment. Within the framework of
the technological platform, we
establish and develop coopera-
tion with industrial enterprises,
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which regularly present their
initiative projects. I believe that
the active work of the struc-
tures of the technological plat-
form ensures the intensification
of the development of Russian
microwave technics.

What know-how does the insti-
tute have?

We have good achievements in
the areas of creating MIC of the
millimeter range (59-64 GHz .
devices of the three-millime-
ter range (89-93 GHz), trans-
ceiver modules, where both tz=
receiving and transmitting par:
are located on a single crip. !

tant advantages :‘3: a num-
' oocations in rerms of
noise reduciion ar the anutand
increase im ouiput power. On

zl=-chip inte-
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1. we were
.try devel-
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COMPETENT OPINION

TOLHBIX KPUCTA/IJIOB C IIJIACTHUHEBI COCTABUII 80% — 3TO
B HECKOJIbKO pas BhHINIE, YeM Ha OTEYEeCTBeHHBIX IIpo-
MBINIJIEHHBIX IPenIIpUuATHAX.

Yaacrtpyer 1 ICBUIID PAH B MeXJyHapomHBIX
TIpoeKTax?

B pamKax cox03HOro rocyfapctsa Poccuu u Benopyccuu
MBI ITaHKUpyeM BMecTe ¢ I[TAO "Pagmodusura” pea-
JIM30BaTh IPOrPaMMY IIO CO3AHHI0 aKTUBHBIX (a3H-
POBAHHBIX AHTEHHBIX PENIeTOK MH/IIHMETPOBOTO
AHATIA30HA U 3/1IeKTPOHHBIX KOMIIOHEHTOB /14 HUX.
COTPYAHMYECTBO CO CTPAHAMHM JAJIBHErO 3apy6exbs
B OCHOBHOM OT'DAHMYMBAETCS OOBIUHBIM 151 HAYIHOTO
coob1IecTBa 0OMEeHOM HHOopManer o HUOKP B pam-
Kax KOHQePeHLMH U IPYTUX HayUHBLX MEPOIPHATHL,
[IoCKOMBKY HAIl MHCTUTYT YYACTBYET B BBIIOAHEHHH
rocobopoHsaxasa ¥ HaIlK TeXHOJIOTHYECKHe paspa-
60TKY IPHHA/IIEXAT FOCYLAPCTBEHHOMY 3aKa3umKy,
MBI CEpPbe3HO OTHOCHMCS K BOIIPOCY OXPAHBI CBOMX
HOy-Xay. K ToMmy >Ke IIpeAIosKeHHH O IIOTHOLleHHOM
COTPYLHHUYECTBE, KOTOpOe IPefyCMaTPUBAJIO 65 B3a-
HMHOe oborameHre 3HaHUAMHU U TeXHOTOTHSIMH,
OT MHOCTPAaHHBIX KOJIJIeT He IIOCTYIIAJIO, a B TOM, YTOOEI
B O[IHOCTOPOHHEM ITOPSAKE OTAATh CBOM HAPAGOTKH /15
PeayTH3allMH I/ie-TO 33 py6eskoM, Mbl, eCTEeCTBeHHO, He
3aHHTEepPECOBAHHI,

KakoBa posib HHCTHTYTa B IOATOTOBKE KaAPOB ISl
oTpaciu?

Y Hac paboTaeT acmHpaHTypa, MB LOCTATOYHO
KeCTKO MOJXOAHM K 0T6OPYy RAHIHMOATOB M, KaK
Pe3y/IbTaT, Mo4YTH 100% ee BEIITYCKHUKOB 3aIMIHUILA0T

AUCCepTANM M, TIOCIe Yero paboTaT Mo CIelHalb-
HOCTH B HaIleM MHCTUTYTE UM LPYTHX OPTaHM3a-
UHAX OTPACAM. ACIMPAaHTHl IPUXOAAT B OCHOBHOM
u3 MUOH, MHUPSA u MUIT,

PaccrakHTe, OKATYHCTA, O IVIAHAX H TIePCIeKTH-
BaX pasBHUTHUA MHCTHTYTA.

Y4UTEIBasi QUHAHCOBBIE TIOKA3aTeTH MHCTUTYTA,
OAHO npuHANO pellleHIe [IePeBecTH Hac Ha HOBYIO
aBTOHOMHYI0 ¢opmy paborer. Korma 6yayt yreep-
KTIEHDI BCE HEOOXOMHMbIE JOKYMEHTBI, MBI IOy H M
CTaTyC "demepanpHOro rocyJapCTBeHHOIO A BTOHOM-
HOTO Hay4HOIO yupexpaeHHs". Bymer o6pasosan
YIPaBIAOIHHA OPTaH —~ HabnoJaTenbHbLIN COBeT,
KOTOpBIH 6e3 cornacoBanusa ¢ PAHO, o6EI4HO Tpe-
OyoIero Hemenb U JaXke MeCSICB, bymer mpu-
HHUMATh penleHU s, KACAWIHeCS ONePaTUBHOTO
yOpaBleHUs paboTOM MHCTHTYTa. MBI CMOKeM
[101y4aTh 6aHKOBCKME KPEAUTH U Peak30BEIBATS
TH3MHIOBBIE CXeMBI. IIpu 3ToM UCBYTID ocTaHeTCs
rocynapcTBeHHBIM yuYpeskaeHHeM. TakoBa 61H-
SKauIIas epcreKTUBA.

IInanubl pa3sBUTHA BKIKYAKT JOOCHAILeHHE
Halled TeXHOJOTHYECKON TMHHUH U Mepexof
K MeJIKOCEPUHHOMY NPon3BoAcTBY CBY-npubopos,
OCBOCHME HOBOH IJIOMANKH B MBITHIIAX U TIepe-
BOJ| Ty/Jla 4acTHU 060PyLOBAHMS, CO3MAaHLe HOBOIO
TIOKOJIeHH T IPUOOPOE Ha HUTPUAHBIX CTPYKTypax
Ha KpeMHMH, BBIXOA B HOBBIE YaCTOTHBIE AMalla-
30HBI, B3aHMOLEHCTBHE C IPeAIPUITUSMU MUKPO-
3/IeKTPOHHKU IO CO3[MaHUI0 KOMOMHHPOBAHHEIX
CHUCTeM Ha KpHcTasie. OTMeYy, YTO MBI IIOCTOSHHO

cheaper and more technologi-
cally productive than, for exam-
ple, products in which silicon
carbide is used as the substrate.
The "gallium nitride on silicon"
structures are compatible with
the classical silicon technolo-
gies implemented at the enter-
prises of the domestic radio elec-
tronic industry, so it becomes
possible to create both micro-
wave and digital elements in a
single cycle. To realize such a
production, it s also important
that there are technologies for
manufacturing gallium nitride
microwave MIC without using
gold.

How do you assess the pros-
pects for applying the
Institute's developments in
civil technology?

Our devices can be used in 5G
mobile communication systems,
car locators, sensors for robots
for various purposes, includ-
ing small-sized medical robots.
Developments in the field of tera-
hertz technology will find appli-

.cation, for example, in equip-

ment for medical diagnostics
and in highly sensitive chemical
sensors.

What are the sources of financ-
ing for civilian projects?

Since we are a government
institution, we receive fund-
ing within the approved annual
research plan. Additional funds
for research are attracted in the
framework of contracts with
the Ministry of Education and
Science of Russia, and having
obtained experimental sam-
ples we carry out developments
for the Ministry of Industry and
Trade of Russia. We also receive
orders directly from indus-
trial enterprises, and often it
s a question of works of spe-
cial complexity. For example,
recently we developed a tech-
nology for the formation of a
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KOMNETEHTHOE MHEHME

Metpy MNasnosu4yy Mansbuesy 70 nert!

28 ceHTABPS HayHHOMY pyKOBo-
autenio MEBHINS PAH, mokTopy
TEXHIHECKIX HAYIC, Mpoheccapy
hE‘l'p.\; Mapnosuay MansLesy ui-

nonHunecs 70 net,

fletp: Fasrosuy Gomee 40
JIET paboTder B |POLcHMcKEN
PAAWOBNEKTPUHHON  OTPCAHK,
3aHiAMan  GTBETCTEEHHBIE  [flon
crbl Bl 22 UHMKMK MiHoBopa-
Hbl, Celly MpruKkaaaHeX npos
Bnewm’ npu lNpeangpyme PAH,
HITK "TexHomormseckui LeHTp!
MWST, a ¢ 2000 g 20016 rodbl
Boirmasnan  MEBHMS:  RPAH.

[0l Maniswes = asrop QKoo
200 paGor, B TOM Yuene 12 na-
TEHTOB 1 BOChMW MOHOTPaMKIT,
VAOCTOEH ZBaHNA SachyKeHH b
fesTens Hayki Poccuickoln de-
Aepauny’ (2014 r.), naypeat npe-
nuK MpaeyTeberea Pacenickon
Degepadli B ObhACTH Hayien 1
TexHMKV 3a 1999 roa (2000 ).

Wagarensengo "TEXHOCBERPA"
nogapasnaer eypa Magnopyta
C BIeaN M KenaeT BN O
JIET NOLOTEOPHON paborkl Ha
B/1aro!paccucKon HayKia i npa-
MblLTeHHOETH]

Cco374aeM HOBBIe TEXHOJNIOTUH, OPUEHTHPOBAHHEIE
Ha pellleHHe NPUKAATHBIX 3aga4. Cpegu HUX €CThb
yHHKaIbHBEIEe pa3paboTKku, HaIpHUMep TeXHOJIO0"
THsl, KOTOpas MOXKET II03BOJIMTh B OYeHb KOPOTKUE
CpoxrU co3maBaTh CBY-M3MeMM s PA3HBIX YaCTOT-
HBIX JUalla30HOB U QYHKIIMOHAJIBHBEIX Ha3HaYe-
HHUI Ha OCHOBE pPsi/ida YHUQHUIMPOBAHHBIX KOMIIO-
HEeHTOB. BrpoueM, 6onee mogpobHO 0 Hell paccka-
3bIBaTh [IOKA PaHO.

B 3akjodeHMe X0TeJ OB CKa3aTh, YTO PoccHs
He MOeT CyIeCTBOBaTh 6e3 3JeKTPOHHOTIO

[IPOM3BOACTBA MU POBOIO YPOBHS. B yC/IIOBHSX KO-
HOMHWYECKHUX CAHKIIUH TObKO HayUHble OPraHM3a-
LMY MOTYT CO3/1aBaTh KOHKYPEHTOCIOCOOHEIe TeX-
HOJIOTMM MU POBOTO yPOBHsI. I103TOMY X0TenoCh 6bl,
4yTO6BI HAMI Y IPOMBIIIEHHBIE IPeAIIpUATHA 6onee
AKTHUBHO COTPYLHHUYAJNU C HHCTUTYTaMHu PAH.
HoBermue TeXHOJOTUH HAM HUKTO He IIPOAACT,
UX MOXKHO pa3paboTaTh TONBKO BHYTPH CTPaHBI,
Y Halll MHCTUTYT FOTOB 3TO [le/1aTh.

Hnmepsbio: Imumpuli Tyduaun

diffraction grating on wafers
with laser diode elements for
microwave optoelectronic mod-
ules ordered by the POLYUS
Research Institute named after
M.F. Stelmakh. Except for us, no
one in Russia or Belarus could
solve this problem..

Is it possible to improve the
efficiency of the system of pub-
lic funding for R&D in Russia?

The level of funding fof sci-’

ence in the country as a whole
is insufficient. Funds allocated
by FASO are sufficient for fund-
ing about 25% of research proj-
ects, the rest we should to find
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ourselves. If a separate program
for financing basic research were
adopted, the speed and effi-
ciency of the development and
introduction of new technologies
would be higher.

As for design and develop-
ment, at state contests the
advantages are enjoyed by large
companies that have the nec-
essary free funds to secure the
contract. We, as a state-owned
enterprise, do not have such
funds and we can not attract
them. Therefore, the most ratio-
nal scheme is cooperation with
industrial enterprises, when we
develop technologies for them,

o e === T = e = oo —apae S

produce prototypes of devices,
conduct tests and then trans-
fer the solution to the customer
who will mastering the serial
production,

What industrial infrastructure
does the institute have?

We consistently implement the
Fab light model, which involves
research, development, model-
ing, prototype production, and
the production of small series
of devices in the institute. In
many cases, such a scheme is
optimal, since the production
of small batches in large enter-
prises is not beneficial to either
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the customer or the performer.
Small series of products that
need to be quickly manufac-
tured and quickly implemented,
are required, for example, in the
space industry. I believe that for
organizations like ours, engaged
in both research and experimen-
tal production, this vector of
development is justified.

Unfortunately, we can not
implement large investment
projects, as budget financing
is limited to a rather narrow
framework, and bank loans are
not available. Nevertheless, we
regularly expand and update
the equipment base. For exam-
ple, this year we will install the
atomic layer deposition system.
We are trying to buy something
for extrabudgetary funds. In par-
ticular, now with a number of
commercial structures the issue
of leasing of equipment for the
implementation of the project in
the field of civil mobile commu-
nication is being studied.

"Bottleneck" of our production
so far is the group processing of
wafers. However, there are also
occasions for pride. For example,
when we were the first in the
country to release a batch of LNA
and VCO on the "gallium nitride
on silicon" structures, the chip
yield was about 80%, this is sev-
eral times higher than in domes-
tic industrial enterprises.

Does IUHFSE RAS participate in
international projects?

Within the framework of the
Union State of Russia and
Belarus, we plan together with
Radiofizika PJSC to implement
a program for-the creation of
active phased antenna arrays
of millimeter range and elec-
tronic components for them.
Cooperation with non-CIS coun-
tries is mainly limited to the

exchange of information about
R&D in the framework of confer-
ences and other scientific events
common to the scientific com-
munity. Since our institute par-
ticipates in the implementation
of the state defense order and
our technological developments
belong to the state customers,
we are serious about protect-
ing our know-how. Besides, for-
eign colleagues did not offer full-
fledged cooperation that would
provide mutual enrichment with
knowledge and technology, and
of course we are not interested in
giving our achievements unilat-
erally for implementation some-
where abroad.

What is the role of the institute
in training personnel for the
industry?

We have post-graduate studies,
we carefully select candidates
and, as a result, almost 100% of
its graduates defend their the-
ses, after which they work in our
institute or other organizations
of the industry. Craduate stu-
dents come mainly from MEPhI,
MIREA and MIET.

Please tell us about the plans
and prospects for the develop-
ment of the institute,

Given the financial indicators of
the institute, FASO decided to
implement a new autonomous
form of work, When all the nec-
essary documents are approved,
we will receive the status of
a "Federal State Autonomous
Scientific Institution”. A gov-
erning body will be formed -

the supervisory board, which

without coordination with the
FASO, usually requiring weeks
or even months, will make deci-
sions concerning the operational
management of the institute's
work. We will be able to receive

bank loans and implement leas-
ing schemes. At the same time,
the TUHFSE will remain a state
institution. This is the nearest
perspective,

The development plans include
the upgrading of our techno-
logical line and the transition
to small-scale production of
microwave devices, the develop-
ment of a new production site in
Mytishchi and transferring part
of the equipment to this site,
the creation of a new generation
of devices on nitride structures
on silicon, the development of
new frequency ranges, inter-
action with microelectronics
enterprises in the development
of combined systems on a chip.
I would like to note that we are
constantly creating new technol-
ogies that are oriented towards
the solution of applied problems.
Among them there are unique
developments, for example tech-
nology, which can allow in very
short time to create microwave
products of different frequency
ranges and functional assign-
ments on the basis of a number
of unified components. However,
it is too early to tell about it in
greater detail.

In conclusion, I would like
to say that Russia can not exist
without world-class electronic
production. In the conditions
of economic sanctions, only sci-
entific organizations can cre-
ate competitive world-class tech-
nologies. Therefore, our indus-
trial enterprises should cooper-
ate more actively with the insti-
tutes of the Russian Academy
of Sciences. No one will sell the
newest technologies, they can be
developed only within the coun-
try, and our institute is ready to
do it.

Interview: Dmitry Gudilin
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