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B pamkax pelieHUs 3ajayuM UMMNopTo3aMelleHUus C LUefbio  obecneyeHUs TEXHOJIOrMYecKowm
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"ISTU" n MAO "CeetnaHa" B 0651acTM OpraHMsauuM OTEYECTBEHHOrO TEXHOJIOFMYeckoro mMapupyrta

msroTtossieHus DKb Ha ocHoBe Kapb6uaa KpeMHus.

As part of the import substitution task with the aim of ensuring technological independence
and state security, the strategic partnership of LETI and Svetlana PJSC in the field of

organization of the domestic technological

route for the manufacture of electronic

components based on silicon carbide was realized.

MIIOPTO3aMeIleHHe — COKpallleHHe UM 0TKa3
OT UMIIOPTa OIlpefeeHHOTO BHJa TOoBapa
B paMKaxX OpPraHM3alHHU ero cobCTBEHHOIO
IIPOM3BOJCTBA — SIBJISIETCS YPe3BBIYANHO aKTyaslb-
HOM 3aJa4yes AJ1s1 pafH0o3IeKTPOHHOT0 KOMIIJIeKca
PoccuM C 1Leblo obecredyeHU S TEXHONIOTHYECKOHN
HEe3aBHUCHUMOCTHU U 6e30IaCHOCTH IoCyAapCTBa.
M3BecTHBI 6230Bble KPUTEPUH IIPUHSITHUS PelleHUs
0 11eJ1eco06pPa3HOCTH UMIIOPTO3aMelleH U :
e BBHICOKHU YPOBeHb OTPAHHYEHHUM B IIOCTABKAX
Ha POCCHICKHH PBIHOK KPUTHUYECKHUX [IPOLYKTOB;
e KPUTHYHOCTb IPOAYKTA A/ obecrmedeHus be3-
ONACHOCTHU CTPaHBl U ero BOCTPeOOBAHHOCTH
Ha 0TedyeCTBEHHOM pBIHKE;
e HaJiM4He IPOU3BOLCTBEHHO-TeXHOJIOTUYECKON
6a3bI 15 BBIIIYCKA OTeUYeCTBEHHBIX AaHAJIOTOB;
e HaJW4YMe HAayYHO-TeXHHUYEeCKHX KOMIIETEeHILIHH
Y KaJpoBoro obecrieqeHusI.
JOIOMHUTEeNbHBIMHU YCAOBHUSIMHU [JIS peanusa-
LMY IIpoliecca UMIIOPTO3aMeleHU s SIBIISIOTCS:
e NOCTYIHOCTb MM HaJHU4YMe MHHOBAIMOHHBIX
TeXHOJIOTUH;

e 060CHOBAHHOCTbH U BO3MOXKHOCTb UHBECTUPO-
BaHUS B MOJEPHHU3ALMIO UIU CO3LaHHE HOBBIX
IIPOM3BOJCTB.

[Tpu GopMHUPOBAHUU IpOorpaMMel paboT B obia-
CTU MMIOpPTO3aMeIleHUS B PaJgHUO3JIeKTPOH-
HOM KOMIIJIeKCe, UCXOAs U3 MHOroobpasus 3jek-
TPOHHOY KOMIIOHEHTHOM 6a3bl, IPUOPUTETHBIMU
ObIIM MPHU3HAHBl UMIIOPTO3aMelleHUe 10 allapa-
TYPHO-OPHEHTHUPOBAHHOMY IPUHIIUIIY C aKIleH-
TOM Ha co3faHHe QYHKLHMOHAJIBHO 3aKOHUYEH-
HOTO U 06beKTUBHO BOCTPeOOBAHHOTO IIPOAYKTA.
IIpu 5TOM BeCh PBIHOK PaJHO031eKTPOHHOM MpoO-
OYKLUHHU OBIJI YCIOBHO IIOAEJNIeH Ha CIeLHaJib-
HYI0, IpodeCcCHOHATBHYIO U IIOTPeOUTEeNbCKYIO
PamKo3/1eKTPOHUKY.

Llenbio JAHHOM CTAThH SIBISIETCS IpefCTaBlIeHHe
OCHOBHBIX Pe3yJIbTaTOB GOPMHUPOBAHHU S [IOJTHOCTHIO
0TeYeCTBeHHOI'0 TeXHOJIOTUYeCKOT0 MaplIpyTa IIpo-
MBIIIJIEHHOTO ITpou3BoACcTBa JKb /15 3KCTpeMasb-
HBIX PeKMMOB U YCJIIOBHUM 3KCILJIyaTallMH Ha OCHOBE
MM POKO30HHOI0 a/IMa30I10406HOr0 10Ty POBOLHU-
KOBOTO MaTepHana - Kapbuna kpemuus (puc.l).

CaHKT-MeTepbyprckuin rocyAapCTBEHHbIN 31EKTPOTEXHUYECKUI yHMBEpCUTeT "ISTU" (CNBIMITY "N13TN") / Saint Petersburg Electrotechnical University "LETI".

2 MAO"CeeTnaHa"/ Svetlana PJSC.
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cneraTy "N13TU" - NAO "CBET/IAHA":
CTPATErMYECKOE NAPTHEPCTBO

Kak oTmeveHo B pabore [1], "B coBpeMeHHON MeXKIy-
HapOJHOH KOHKYPeHTHOU Cpejle, OPUeHTHPOBAHHOU
Ha pellleHHe 33/a4 B 06/1aCTH CO3[JaHUS 3JIeKTPOH-
HO KOMIIOHeHTHOU 6a3sl (3KB), ZOCTaTOYHO peKo
MO>KHO BCTPETHUTb CCBIJIKM Ha OTedyeCTBEHHBIE pas-
paboTKH, KOPpeHHBIM 06pPa30M H3MEeHHUBIIHE PHIHOK
MHHOBAILIMOHHOM MPOAYKLIHUHU 10 IPHOPUTETHHIM
HaIlpaBJIeHHUSAM, ONpefeNsSOIUM TeXHOJOrH4e-

dneKTpuyeckas
NPOYHOCTb, MB/cM
Electric strength,
MV/cm \ 5,0

3anpelyeHHas 30Ha, 3B
Forbidden band, eV

Diamond /
5,48

CKYI0 He3aBHUCHMOCTb U 6€30I1aCHOCTh TOCygapcTBa’. 10 [Ipeibosas
Cpenu psfa MeX/AYyHAPOAHO-TIPU3HAHHBIX HAyYHO- %‘;,'gggm oot e
TEeXHOJIIOTUYeCKUX popbiBoB CIIGIITY "I9THU", 6e3y- MU 10" cw/c '_
o fp rift saturation
CJIOBHO, CJIelyeT BHILEIUTH pa3paboTaHHBIM BIlep- slfgltl'crﬁt/yw Vel‘g)Fict%-/s
X

Bble B MHpe (PHC.2) MeTOA BhHIpallMBaHUS 0b6beM-
HBIX MOHOKPHCTA//I0B Kapbuga KpeMHHUS (MeTO[,
JISTH) [2]. T103BOIUB IOJy4aTh KapbULOKpeMHUEBBIE
[IOJJIOKKH, IIPUTOLHBIE /I OpTaHU3allMu UHTer-
PabHO-TPYIIIOBOrO IPOKU3BOJACTBA IIPUOOPOB, METO/,
JISTH onpenenun nepexo K IPOMBIIIIEHHOM TeXHO-
norum usrotosneHus DKB Ha Kapbuge KpeMHHUS BO
BCeM MHUPOBOM IIpaKTHKe.

1860

\

Temnepartypa [ebas, K
Debye temperature, K

TennonpoBogHoCTb, BT/(cM-K)
Thermal conductivity, W/(cm-K)

Puc.1. Mamepuansl 3kcmpemanbHoU 3AeKmMpoHUKU
Fig.1. Materials for extreme electronics

mport substitution as a reduc-

tion or refusal of import of a

certain type of goods within
the framework of the organi-
zation of its own production is
an extremely urgent task for
the radio electronic complex
of Russia in order to ensure
technological independence
and state security. Known are
the basic criteria for deciding
on the expediency of import
substitution:

« high level of restrictions in the
supply of critical products to
the Russian market;

« importance of the product to
ensure the country's security
and its relevance to the domes-
tic market;

« availability of production and
technological base for the
manufacturing of domestic
analogues;

« availability of scientific and
technical competencies and
staffing.

Additional conditions for the
implementation of the import
substitution process are:

« availability of innovative
technologies;

« reasonableness and possibility
of investing in modernization
or creation of new productions.
When creating a program of

measures in the field of import
substitution in the radio elec-
tronic complex, based on the
diversity of the electronic com-
ponents, import substitution
according to the hardware-ori-
ented principle with emphasis
on the creation of a function-
ally complete and objectively
demanded product was recog-
nized as priority. At the same
time, the whole market of radio
electronic products was condi-
tionally divided into special, pro-
fessional and consumer radio
electronics.

The purpose of this article is to
present the main results of the

formation of a completely domes-
tic technological route for indus-
trial production of electronic
components for extreme operat-
ing conditions based on a wide-
gap diamond-like semiconductor
material, silicon carbide (Fig.1).

STRATEGIC PARTNERSHIP

OF LETI AND SVETLANA PJsC

As noted in [1], "in the modern
international competitive envi-
ronment focused on solving prob-
lems in the field of creating elec-
tronic components, it is rare to
find references to domestic devel-
opments that radically changed
the market of innovative products
in the priority areas that deter-
mine the technological indepen-
dence and security of the state".
Among a number of internation-
ally recognized scientific and
technological breakthroughs of
LETI, it is absolutely necessary
to single out the world's first
method of growing bulk silicon
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SCHEMATIC DIAGRAMS OF THE CRUCIBLE SyYSTEMS FOP
BULK $iC CRYSTAL GROWTH
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Puc.2. Mod6opka 3apybexxHbix nybaukayul, noomeepx-
0alouUX ome4yecmaeHHbIl npuopumem 6 mexHoAo2uu pocma
06BeMHbIX MOHOKPUCMANN08 Kapbudd KpemHus

Fig.2. Selection of foreign publications confirming Russian prior-
ity in technology for growth of bulk silicon carbide single crystals

B KoHIle 2014 roa y4acTHUKY COBeIlaHus "Kapbun
KpeMHHUSs. UHTerpamnus Hay4HO-06pa3oBaTeNbHOTO
U ITPOMBIIITIEHHOTO ITOTeHIIMas1a PoccHu”, ITpoIIeIero
B CII6IITY "JISTHU" u cobpasuiero npejcTaBuTene 34
OTeueCTBEHHBIX OPraHU3aLUH, KOHCTATUPOBAIH OTCYT-
CTBHe CHCTeMHOTO II0[X0/ia K pellleHH 0 BOIIpoca o Gpop-
MHPOBaHHUU B POCCHH COBpeMEHHOI'0 IIPOMBIIIIEHHOIO
IIPOK3BOZICTBA [I0JTYITPOBOAHHKOBOI0 Kapb1ia KpeMHU S
1 OKB Ha ero ocHOBe 1 HeoOX0OMMOCTh CO3MaHU S Kap6n-
JOKPeMHHeBOH MHAYCTPHUH KaK OJHOTO U3 HaIlpaBJle-
HUH UMIIOPTO3aMellleHus 15 obecriedeHU s IIapyUTeTa
B TeXHOJIOTUSIX, OIlpeJe/ISIO X HayYHO-TeXHOJIorhye-
CKOe ITPeBOCXOJICTBO 1 6e30I1aCHOCTb FOCYAAPCTBa.

KoH1leHTpanusg HHPPACTPYKTYPHBIX PecypcoB, 3Ha-
HHH, KOMIIeTeHLIMI U KaZpoBOro MoTeHI[Hana B 0bna-
CTH KapbHU/I0OKPeMHHUEBOM 37eKTPOHHUKH OT BBIPAIHU-
BaHUS 06beMHBIX MOHOKPHCTAJIIOB IO IIOCTPOCTOBBIX
IIPOLIECCOB IVIAHAPHOM TEXHOJOTUH, COOPKU U HCIIBI-
TaHUS U3/Ie/INH II03BOJILIA B TeUueHHe II0C/IefHUX Tpex
neT cGopMHUPOBATh B paMKaX CTpPaTerM4ecKoro Imap-
THepcTBa CII6IITY "I9TU" u ITAO "CBeT/naHa" MOTHBIN
OTe4eCTBeHHBIM TeXHOJIOTMYeCKHH MapIIPYT U3IOTOB-
neHus DKb Ha kapbupe kpeMHUS. [IpeCcTaBIeHHbBIN
Ha PUC.3 UMIIOPTO3aMeIIAION UM TeXHOJIOTHUeCKUHN
MapIIpyT OPHeHTHPOBAaH Ha co3maHue JKb ¢ paHee
HeIOCTDKMMBIMH 3HEeProMMITY/IbCHBIMHU IIapaMeTpaMH
Y IIpUOOPOB CHJIOBO CHJIBHOTOYHOM BBICOKOBOTIBTHOM
37IeKTPOHHKH C IIOBBIIIEHHOMN YCTOMYHBOCTBIO K BO3JeH-
CTBHIO 3KCTPeMaJIbHBIX GaKTOPOB.

Ba3oBble COCTaBISIONIYE JOPOSKHOM KapThl KMIIOPTO-
3aMelleHUs KapbugokpeMHUeBor KB UIIIIOCTpUpYeT
Tabn.l.

carbide electronics from the

carbide single crystals (LETI
method) (Fig.2) [2]. By allowing to
obtain silicon carbide substrates
that are suitable for organization
of integrated group production
of devices, the LETI method has
determined the transition to an
industrial technology for fabri-
cating electronic components on
silicon carbide in the entire world
practice.

At the end of 2014, the par-
ticipants of the conference
"Silicon Carbide: Integrating
the Scientific, Educational and
Industrial Potential of Russia",
which was held at LETI and
gathered representatives of 34

HAHO MHOVCTPHA #8/79/2017

domestic organizations, noted
the lack of a systematic approach
to solving the problem of the
formation in Russia of modern
industrial production of semi-
conductor silicon carbide and
electronic components based on
it and the need to create a sili-
con carbide industry as one of
the areas of import substitution
to ensure parity in technologies,
determines scientific and techno-
logical superiority and security of
the state.

The concentration of infra-
structure resources, knowledge,
competencies and personnel
potential in the field of silicon

growth of bulk single crystals to
the build-up processes of planar
technology, assembly and test-
ing of products has made it possi-
ble within the last three years to
form within the framework of the
strategic partnership of LETI and
Svetlana PJSC a complete domes-
tic technological route of manu-
facturing electronic components
on silicon carbide. The import-
substituting technological route
presented in Fig.3 is oriented to
the creation of electronic compo-
nents with previously unattain-
able energy-impulse parameters
and high-current high-voltage
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Tabauua 1. dpazmeHm dopoxkHol Kapmbl uMnopmo3ameueHus kapbudokpemHuesol Kb, peanusyemoli 8 pamKax Cmpamezuyeckozo
napmuepcmea Cr6r3TY "JI2TU" u MAO "Céemaana”
Table1. Fragment of import substitution road map for silicon carbide electronic components, implemented within framework of strategic

partnership of LETI and Svetlana PJSC

HasBaHue pa6oTbl, wun¢p, popmat

Work title, code, format

Cpoku npoBeaeHus
Dates

OKP "Pa3paboTka TeXHONOrMM U OCBOEHWE MPON3BOACTBA TNHENKN ANOAHbBIX KOMMYTUPYIOLLMX 3/1EMEH=
TOB C HAHOCEKYHAHbLIMW U MUKOCEKYHAHLIMW BPEeMEHaAMW NepeKkIto4eHms U Pabo4MMM HANPSIXKEHNSIMN
30...3000 B" (wmop "AnnapaTt-10"), 3akazymk — MUHNpOMTOpPT
R&D project "Development of technology and mastering the production of a serie of diode switching
elements with nanosecond and picosecond switching times and operating voltages of 30...3000 V"
(Apparatus-10), customer — the Ministry of Industry and Commerce

16.11.2015 - 30.11.2017

YUK — MUHOBPHAYKMN.

OKP "Co3aaHue NpoMbILLIEHHOr 0 3NUTAKCUANbHOMO NPOM3BOACTBA KAPOMAOKPEMHMEBLIX MHOT O~
C/TIOAHbIX CTPYKTYP A/151 OTEHECTBEHHOMO 3/IEKTPOHHOMO NpUB0pOoCTpoeHuns” (Lunop "Pecypc-K"), 3akas-

KOMMNIeKCHbIV MPOEKT NO CO34aHMI0 BbICOKOTEXHOIOTMYHOMO NPOM3BOACTBA B COOTBETCTBUN
c MNocTaHoBneHneM MpasBuTenscTea PO Ne 218 ot 09.04.2010 r. (IX o4epeab)
R&D project "Creation of industrial epitaxial production of silicon carbide multilayer structures for domes-
tic electronic instrumentation" (Resource-K), customer — the Ministry of Education and Science.

A comprehensive project to create high-tech production in accordance with the decree of the Government
of the Russian Federation No. 218 of 09.04.2010 (phase IX)

27.04.2017 - 31.12.2019

Ministry of Industry and Commerce

OKP "Pa3paboTka 1 0CBOEeHWe CEpUMNHOro NPOM3BOACTBA PAAMALMOHHO-CTONKNX BbICOKOBOJIbTHbLIX TPAH-
3UCTOPOB C MakKCUMasbHbIM HanpsaxeHnem 1700 B 1 TokoM A0 25 A 1 AUOL0B Ha OCHOBE 3NMUTaKCHManbHbIX
CTPYKTYp Kapbuaa KpeMHms Ha HanpskeHne A0 1700 B 1 ToK A0 20 A A9 KECTKMX YCAOBUIM SKCNIyaTa-
unn" (wrop "BonbT-U13-T"), 3aKaszymk — MUHNPOMTOPFr
R&D project "Development of serial production of radiation-resistant high-voltage transistors with maxi-
mum voltage of 1700 Vand current up to 25 A and diodes based on silicon carbide epitaxial structures for
voltage up to 1700V and current up to 20 A for harsh operating conditions" (Volt-I113-T), customer — the

01.12.2017 - 20.11.2019

Bce YKa3aHHBbIE B ,ELOPO}KHOI;I KapTe ITPOeKTHhI peasli-
3YIOTCd COBMECTHO BBIIIE€YKA3daHHBIMH OPrdHHK3d-
oOUAaAMHU, U Bas>KHEHIIUM YCJIOBHEM HX BBIIIOTHEHH S

electronics with increased resis-
tance to the influence of extreme
factors.

The basic components of the
road map for import substitution
of carbide-silicon electronics are
illustrated in Table 1.

All projects listed in the road
map are implemented jointly by
the above organizations and the
most important condition for
their implementation is the orga-
nization on the basis of Svetlana
PJSC of industrial production
of import-substituting prod-
ucts. Special mention should be
made of the project "Creation of
industrial epitaxial production

of silicon carbide multilayer
structures for domestic elec-
tronic instrumentation”, which
has been implemented since
April 2017 in accordance with RF
Government Decree No.218 of
09.04.2010 (phase IX). Epitaxial
growth of silicon carbide will be
carried out within the frame-
work of a joint scientific and edu-
cational laboratory created on the
basis of a specialized clean room
in Svetlana PJSC. The technology
of epitaxial growth of SiC is per-
formed by the employees of LETI
on the equipment of the univer-
sity. Alloyed substrates for power
electronics are manufactured by

SIBJISIeTCSI OpraHu3anus Ha 6ase ITAO "CBeTsiaHa" IIpo-
MBIIIIEHHOTO ITPOM3BOACTBA HMIIOPTO3aMellaoIer
npopyKuuu. CriefyeT ocobo OTMETHTB ITPOeKT "Co3aaHHe

LETI, and semi-insulating sub-
strates for microwave electron-
ics - by Svetlana PJSC. In fact,
the implementation of the proj-
ect will ensure the independence
of the Russian Federation in the
field of silicon carbide semicon-
ductor materials in the form of
epitaxial multilayer structures on
single-crystal SiC substrates of its
own production.

The first stage of the implemen-
tation of the road map for the cre-
ation of a silicon carbide electronic
components in the framework of
the R&D project "Development
of technology and mastering
the production of a serie of diode

#8/79/2017 NANO INDUSTRY
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@ CM6IraTY <A3TU»
- MEPBbIA DAEKTPOTEXHUYECKWNIA

MHHOBaLMOHHas
vMnopTo3amMellatoLas
npoaykums Ha SiC
CHopOoUHbIe Innovative
POCT MOHOKpMCTanos SiC SnuTakcus kapbuaa kpemHusa  MoCTPOCTOBbIE TEXHOI0r K TEXHONOTnN import-substituting
Growth of SICsingle crystals  Epitaxy of silicon carbide Post-growth technologies Packaging products on SiC

00—

Cy6HaHOCeKYHAHbIEe
BbICOKOBOJIbTHbIE AMOAbI
Subnanosecond
high-voltage diodes

-

Cunosble
MZAM-TpaH31CTOopbI
Power MIS-transistors

MUKpPOMOLLHbIE
BbICOKOYACTOTHbIE
MUKpOMEXaHuyeckme
K04 N

Micro-power
high-frequency
micromechanical
switches

MoanoXKn Kapbmuaa KpeMHUs:
NlernpoBaHHbIe 415 CUJTOBOW
3nekTpoHuKkn (CA6Ir3TY "N3TN")
v nosiyusonupytoLme ans
CBY-31eKTPOHUKN

(MAO "CeeTnaHa")

Silicon carbide substrates:
alloyed for power electronics
(LETI) and semi-insulating for
microwave electronics
(Svetlana PJSC)

SnuTakcmanbHble
CTPYKTYpbl Kapbuaa
KPeMHMA N- 1 p-TUMNOB
NpOBOAMMOCTH
Epitaxial structures

of silicon carbide of n-
and p-types

of conductivity

TexHONOrM4eckmnm MapLupyT

n3rotoeneHnsa 4mnos SiC SKb
Workflow for manufacturing

SiC chips

CrekoBas cbopka
BbICOKOBOJIbTHbIX YAMOB
Stacking of high-
voltage chips

Puc.3. TexHonozuyeckuli mapwpym u3zomosneHus omevecmeeHHol KB Ha Kapbude KpemHUs 0s IKCMpPemManbHbIX Pexxumos U yc-
Aosull IKCnAyamauuu, peaausyembill 8 pamkax cmpamezu4eckozo napmuepcmea CIeraTyY "1I3TN" u MAO "CeemaaHa”
Fig.3. Workflow for manufacture of domestic electronic components on silicon carbide for extreme operating conditions, implemented

within framework of strategic partnership of LETI" and Svetlana PJSC

switching elements with nano-
second and picosecond switch-
ing times and operating voltages
of 30...3000 V" (Apparatus 10)
commissioned by the Ministry
of Industry and Trade of the
Russian Federation was success-
fully completed by the organiza-
tion of industrial production with
the letter "A" of the domestic elec-
tronic components of subnano-
second high-voltage electronics,
which are intended for solving the
problems of ultra-wideband com-
munication, radar and radio-elec-
tronic counteraction.

From the end of 2017, the R&D
project "Development of serial
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production of radiation-resistant
high-voltage transistors with
maximum voltage of 1700 V and
current up to 25 A and diodes
based on silicon carbide epitax-
ial structures for voltage up to
1700 V and current up to 20 A
for harsh operating conditions"
(Volt-U13-T) commissioned by
the Ministry of Industry and
Trade of the Russian Federation
is being implemented. This proj-
ect is aimed at creation of elec-
tronic components for domestic
high-performance power com-
muting and transforming mod-
ules, designed for high volt-
ages and currents. Currently,

employees of LETI have created
field-effect transistors with an
isolated gate (MOSFET) on sili-
con carbide [3]. Silicon carbide
components have a number of
advantages over silicon, includ-
ing high values of breakdown
voltages, low resistance of the
active region, low switching
losses, high maximum operat-
ing temperature and increased
radiation resistance.

During 2018-2019 years, it is
planned to create on the base of
Svetlana PJSC a full technological
line for fabricating a silicon car-
bide components for power high-
voltage electronics.
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IIPOMBIIIJIEHHOTO SIMHTAKCHAIBHOIO IIPOMU3BOACTBA
KapbUJOKPeMHHUEBbIX MHOTOCIOMHBIX CTPYKTYP JJIs
0Te4YeCTBEHHOI0 NPUOOpPOCTpOeHUs", peannu3yeMbli
c ampesis 2017 roma B COOTBETCTBUH C IIOCTAHOBIEHHEM
IIpaBuTenbcTBa PP N2 218 oT 9 ampens 2010 roga (IX
odepe/ib). DIIUTAKCUAIBHBIN POCT Kapbuga KpeMHHUS
6yneT OCyLeCcTBISTHCS B pAMKaX COBMECTHOM HayYHO-
obpasoBare/nbHOM 1a60paTOpPUH, CO3aBaeMOM Ha base
CIeLIMATU3NPOBAHHON "UMCTOM KOMHATH" Ha Tep-
putopuu ITAO "CBeTnaHa". IIoCTaHOBKY TeXHOTOTHHU
3MMTaKCHAIBHOro pocTa SiC BHIIIONHSIOT COTPYAHUKHU
CII6I3TY "JI3TH" Ha 060pyAOBaHUU yHHUBEPCUTETA.
JlerupoBaHHBIe IIOAJIOKKH [JISI CHIOBOM 3JIeKTPO-
HUKH HU3roTaBiauBaet CII6IITY "JISTH", a monyuso-
nupyoniue ans CBY-3nekTpoHuKH - [TAO "CBeTnaHa".
®aKTHUYECKU peanHn3alys IpoeKTa 0becredyuT Hesa-
BUCHUMOCTb Poccurickon ®efepaniuu B o06mactu Kap-
6UIOKpeMHHUEBBIX II0JIYIIPOBOAHHUKOBBIX MaT€PHAJIOB
B BHJe SIIHUTAaKCHAIBHBIX MHOTOCTOMHBIX CTPYKTYP
Ha MOHOKPHCTA/UTHYeCKHUX II0JI0KKaX SiC cobcTBeH-
HOTO ITPOM3BOACTBA.

[IepBBIF 3TAIl peaTH3aluU JJOPOKHOM KapThl CO3/1a-
HUS KapbunokpeMHUeBor Kb B paMKax BBHITIONHSIe-
Mo 110 3aKa3y MuHnpomTopra P® OKP "Pa3paboTka
TEeXHOJIOTHUU U OCBOEHHEe IIPOU3BOACTBA JTHHEHKHU
OHOAHBIX KOMMYTHPYIOIIHX 37IeMeHTOB C HAHOCEKYH-
OHBIM U IIHKOCEKYHAHBIM BpPeMeHeM IepeKiue-
HUS 1 pabouuMu HanpsskeHUIMHE 30...3000 B" (mmudp
"Anmapart 10") ycrenrHo 3aBepIueH OpraHH3aIHer Ipo-
MBIIIIEHHOTO ITIPOM3BOJICTBA C IUTEPOK "A" 0TeueCcTBeH-
Hou 9KB cy6HaHOCeKYH/HOM BBICOKOBOJIBTHOM 3JIeK-
TPOHHUKH, NpeJHA3HAYeHHOH /I PelleHHUs 3aAad

Puc.4. Dkcno3uyus "Cmpamezuveckoe napmHepcmeo
CM6 raTY "I3TN" u MAO "CeemaaHa’. Me>KdyHapooHas 8bicmag-
Ka ChipEXPO-2017, Mockea

Fig.4. Exposition devoted to strategic partnership of LETI and
Svetlana PJSC. International exhibition ChipEXPO-2017, Moscow

CBepXIIHPOKOIIONIOCHOM CBSI3H, PAIHO/IOKALIUH 1 PaHO-
37IeKTPOHHOI0 IIPOTHBOJEHCTBH .

C koH1a 2017 roga 1o 3akasy MuHmnpomropra PO pea-
nu3yercsi OKP "Pa3paboTka 1 0CBOEHHE CePUUHOTO
[IPOM3BO/JCTBA PaAHUALIMOHHO-CTOMKHX BBICOKOBOJIb-
THBIX TPAH3MCTOPOB C MAKCMMaJ/IbHBIM HaIlPSKeHHUEM
1700 B 1 ToxOoM 10 25 A ¥ IHOI0OB Ha OCHOBE 3IIMTAK-
CHAJIBHBIX CTPYKTYP Kapbra KpeMHUSI Ha HaIllpsDKReHHe
1001700 B v Tok 710 20 A 117151 5KECTKHX ycnom/lﬂ 3KCITyaTa-
uuu” (mudp "BonsT-M13-T"). JaHHBIN IPOEKT HallpaB/ieH

Silicon carbide in the power
electronics market occupies the
niche of the material for devices
that increase the efficiency of
energy conversion in harsh con-
ditions and under extreme oper-
ating conditions due to the use
of high voltages and current den-
sity, high-speed switching.

JOINT EXPOSITION OF LETI

AND SVETLANA PJSC

AT INTERNATIONAL EXHIBITION
CHIPEXPO-2017

The strategic partnership of
LETI and Svetlana PJSC, as a
result of long-term cooperation
in the fields of power pulse and

high-frequency electronics, as
well as of vacuum and X-ray elec-
tronics, was presented at a spe-
cialized joint exposition at the XV
International electronics exhibi-
tion ChipEXPO-2017 (October 31 -
November 2, the Expocentre exhi-
bition complex, Moscow).

At the joint exposition of LETI
and Svetlana PJSC (Fig.4), named
"Strategic partnership”, innova-
tive domestic products were pre-
sented (Table 2).

In fact, for the first time, inno-
vative developments were demon-
strated that were associated not
only with the defense industry
but also with a socially oriented

sphere, including micro- and
nanosystems for the medical,
biological (laboratory-on-chip)
and food (sensor platform with
RFID) safety. Special attention
should be paid to developments
in the field of electromagnetic
and information security, as well
as to systems for energy recovery
from the environment.
Describing future priorities
in joint development, vacuum
and X-ray electronics should be
clearly distinguished, in view
of the considerable progress
achieved in the creation of highly
effective stable field emission
cathodes based on the "silicon
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HAHOTEXHONOMrMM

Ha obecIieyeHue 371eKTPOHHBIMU KOMIIOHEHTaAMHU OTe-
YeCTBEeHHBIX BbICOKOI)GEKTUBHBIX CUIOBBIX KOMMYTH-
PYIOLIUX U I1peobpasyomuX MOAY/Iek, PACCAUTAHHBIX
Ha BBICOKHE HAIIPS’KeHHU s U TOKH. B HacTod1ee BpeMs
corpygHuKkamu CII6IITY "JISTH" co3maHBI IONeBbIe
TPaH3HCTOPHL C U30JIMPOBaHHBEIM 3aTBOpoM (MOSFET)
Ha Kapbuze kpeMmHus [3]. KapbugokpeMHUeBble KOM-
IIOHEHTHl CHJIOBOM 3JIeKTPOHHUKHU XapaKTepHU3yITCs
PS/IOM IIPeUMyIIeCTB 10 CPaBHEHUIO C KpeMHHEBBIMHU,
BKJIIOYasl BBICOKHE 3HAYeHHs HalpsiKeHUN mpobos,
HM3KOe COIPOTHUBJIeHHEe aKTUBHOM 00/1acTH, HU3KHe

IIOTEPU IIPHU [ePeKII0YeHHH, BbICOKAs MaKCUMaIbHas
pabouas TemIlepaTypa U IIOBbIIIEHHAs PaJHallMOHHAS
CTOMKOCTb.

B Teuenue 2018-2019 romos IIaHUPYyeTCs CO3LaHMe
Ha 6ase [TAO "CBeTnaHA" IIOTHOM TeXHOTOTHYECKOM
JTMHUU U3TOTOBIeHU S KapbugokpeMuueBoi KB cuio-
BO BEICOKOBOJIBTHOM 37IeKTPOHUKH.

Kapbuz kpeMHUsI Ha PbIHKE CHJIOBOM 3/1eKTPOHUKHU
YCTOMYMBO 3aHHMMaeT HUIIY MaTepHaJa /15l yCTPOMCTB,
obecrieYnBaOIUX IOBbIIIeHHE 3pGeKTUBHOCTH IIpe-
06pa30oBaHUs SHEPTHUH B KeCTKHUX YCIOBUSX U IPHU

Tabauya 2. OmevecmeeHHast UHHOB8AUUOHHAS NpodyKUUS Ha cosmecmHol 3kcnouuuu Cr6raTy "I3TU" u MAO "CeemaaHa” Ha 8bi-

cmaske ChipEXPO-2017

Table 2. Domestic innovative products at joint exposition of LETI and Svetlana PJSC at ChipEXPO-2017 exhibition

MoHOKpuUCTaA/ibl U MOHOKpUCTA/I/ZINYECKUE NMOAJIOXKU Kap6una KpeMHus

Monocrystals and single-crystal silicon carbide substrates

MoHoKkpucTanamyeckue caMTku kapéuaa
KpeMHus 3 1 4 aronmMa, noamTun 6H,
nosiyusonusyiowme

Single-crystal 3 and 4 inches ingots

of silicon carbide, 6H polytype,
semi-insulating

OTeyecTBEHHOE NPOV3BOACTBO MOHOKPU-
CTANINYECKUX CIUTKOB BbICOKOOMHOO
Kap6vaa KpeMHWS AJ1s BbICOKOYACTOTHOM
3NIeKTPOHWKM

Domestic production of single-crystal ingots
of high-resistance silicon carbide for high-
frequency electronics

* [unametp: 76-100 MM

e [lonntun: 6H

e Diameter: 76-100 mm

e Polytype: 6H

SBEEE

MoHoKpucTananyeckue noaao0XxKm Kkap-
6upa KpeMHus 3 1 4 aronuMa, NoAUTUN
6H, nonymusonusyouiue, epi-ready
Single-crystal 3 and 4 inches silicon
— carbide substrates, 6H polytype, semi-
insulating, epi-ready
OTeyeCcTBEHHOE MPON3BOACTBO MOHOKPU-
CTaNNNYeCKNX BbICOKOOMHbIX MOAYN30IUN-
3YHOLLMX NOAJTOXKEK KAp6uaa KpeEMHUS Ans
BbICOKOYACTOTHOWN 3/1€KTPOHUKM
Domestic production of single-crystal high-
resistance semi-insulating silicon carbide
substrates for high-frequency electronics
YaenbHoe conpoTmeieHme: 108, 10'° OM- cm
AvameTp: 76-100 MM
MAOTHOCTb ANCAOKaLMKU: 103 cM—2
MNOTHOCTb Nop: 1-5 cm?
Monntun: 4H
Specific resistance: 106, 10'° Ohm s
Diameter: 76100 mm
The dislocation density: 10> cm™
e Pore density: 1-5 cm?
e Polytype: 4H

SGEETIERE

HAHO UHAVCTPUA #8/79/2017

MoHoKpucTananyeckue ciMTkn kapémpaa
KpeMHus 3 1 4 aonMa, noantun 4H,
NlernpoBaHHble

Single-crystal 3 and 4 inches ingots

of silicon carbide, 4H polytype,

alloyed

OTeyecTBEHHOE MPOM3BOACTBO MOHOKPU-
CTAN/INYECKUX CIMTKOB HU3KOOMHOTO 1ermn-
pOBaHHOroO Kapbuaa KpeMHWS Aas CUN0BOW
31€KTPOHUKMN

Domestic production of single-crystal
ingots of low-resistance alloyed silicon
carbide for power electronics

e Jnametp: 76-100 Mm

e [onntun: 4H

e Diameter: 76-100 mm

e Polytype: 4H

SGEETSRS

MoHoKpUcTannyeckue noaaoxKn Kap-
6uaa KpeMHus 3 1 4 aronMa, noanTun 4H,
JlernpoBaHHble, epi-ready

Single-crystal 3 and 4 inches silicon carbide
substrates, polytype 4H, alloyed, epi-ready
OTeyecTBEHHOE NPOM3BOACTBO MOHOKPYU-
CTaNINYECKUX IErMPOBAHHbIX MOAOXEK Kap-
6uaa KpeMHWS A8 CU0BOW 3NEKTPOHUKM
Domestic production of single-crystal
alloyed silicon carbide substrates for power
electronics

* YpaenbHoe conpoTtueieHme: 5-103-107Om-cm
Avametp: 76-100 MM

MAOTHOCTb AMCAOKaLMMK: 103 cm?
MNOTHOCTb Nop: 1-5 cm?

Monntun: 4H

Specific resistance: 5-1073-10""Ohm-'s
Diameter: 76-100 mm

The dislocation density: 10° cm?

e Pore density: 1-5 cm?

e Polytype: 4H
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MMnNy/ibCHas U BbICOKOYACTOTHas 3/1IeKTPOHUKA
Pulse and high-frequency electronics

KpeMHueBbI apelidoBbii A0S C pes- CeMenCcTBO Kap6uaoKpeMHUeBbIX Apendo-
KUM BOCCTaHOB/IEHMEM 06paTHOro BbIX AVO/A0B AJ1S reHepaL My CBepXKOpOT-
conpoTusaeHus B kopnyce SOT-23 3 KUX UMNY/1bCOB

-“ Silicon drift diode with sharp restoration Family of silicon carbide-silicon drift diodes

r'e

of reverse resistance in the SOT-23 for generating ultrashort pulses
package e Pabouyee HanpsixeHne: 80—3000 B
[na reHepaumm u KOMMyTauum nukoce- * Bpems nepekntoveHms: 50—-900 nc
KYHAHbIX UMMNY/1bCOB = e Operating voltage: 80-3000V

For the generation and switching of pico- OEEELE e Switching times: 50-900 ps
second pulses

MNnacTyHa c reTepocTpyk-
Typamu Tuna "GaN Ha SiC"
A1 CBepXBbICOKOYACTOTHbIX

BbICOKOBONbTHbIE MMMYJIbCHbIE SiC Anoa- CunoBoii SiC-TpaH3ucTop HEMT-TpaH3ncropos

Hble c60pKU Power SiC transistor Wafer with GaNonSiC
High-voltage impulse SiC diode assemblies MakcuManbHoe pabodee HanpshkeHue: heterostructures for ultrahigh-
Vicnonb3oBaHa TEXHOIOT 1Sl CTEKOBOM V21000 B frequency HEMT transistors
c60pKM KapbMAOKPEMHMEBbIX KPUCTANIOB MNOTHOCTb TOKA: J4, 2 200 A/CM? * D=50,8Mm

ANOAHbBIX CTPYKTYP C KOMMYTUPYIOWMMM ConpoTUBNEHUE: Ry cpec(on) 2 20 MOM - CM? * D=50.8mm
Hanps)eHnamm ao 3 KB HanpsxeHune BioyeHns: Vy, =1,8 B,

Stack assembly of silicon carbide diode struc- l4s =10 MKA

tures with switching voltages up to 3 kV Maximum operating voltage: V., 21000V

* U =3-35KB Current density: J 4 = 200 A/cm?

e typ <THC Resistance: Ry spec(on) 2 20 mQ-cm?

e U, =3-35kV Switching voltage: Vy, = 1.8V, l ;=10 pA

* te<ins

O EEIERE

OAHokackapHbIn ycunuTenb dasoBpatliaTesib HA MUKPOMEXaHNYeCKMX Klovax
— e MOLLYHOCTM Ha 6ase GaN HEMT Phase shifter with micromechanical switches
,  One-stage power amplifier Co34aH Ha ocHoBe M3M-371eMeHTOoB Tna SPAT
=g=re=g-- | basedonGaN HEMT W o, C 3N1eKTPOCTaTUYECKMM YripaBieHeM
3 l . CO3AaH Ha OCHOBE KpWCTANIOB " ‘ff Created on the basis of SP4T MEM-elements with
£ cobcTBeHHoro MPCESOYICITEE] electrostatic control
—— &/  Createdon the basis of own pro- « [lManasoH yactoT: 2,4-25,5 T,
duction chips  Frequency range: 2.4-25.5 GHz

MM6Kas neyaTHas 31EKTPOHMKA
Flexible printed electronics

CeHcopHas niatdopma c RFID-meTkom NFC meTKa Ha KapToHe —

Ha rmbKoi NoIMMepHO OCHOBE MHTe/IeKTyasIbHas yNaKkoBKa
Sensor platform with RFID tag on a flexible NFC label on cardboard -

polymer base intelligent packaging

MuieBas 6e30nacHOCTb. KOHTPOL Temnepa- dapmaveBTmyeckas 6e3omacHoCTb.
TYpbl M ra3oBblaeneHs Npy TPAHCMOPTUPOBKeE MapK1poBKa 1eKapCTB U MPOAYKTOB

MULLEBbLIX MPOAYKTOB nUTaHns
Food safety. Control of temperature and gas- Pharmaceutical safety. Marking of
sing during transportation of food products medicines and food products

CNeraTy «<A3Tu» CNeraTy «A3Tu»
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HAHOTEXHO/OrUU

SKb ans 3aWuUTbl OT 3/IEKTPOMArHUTHbBIX BO3J,eNCTBUN

Electronic components for protection against electromagnetic influences

— MnacTuHa c KpucTaniamm guoa-

HOW peLeTKu Si-pin Ang 3aWmUTHbIX
YCTPOCTB 8 MM gManasoHa

Wafer with Si-pin diode array for safety
devices of 8 mm range

ssoscs

-

Siz3sss

Mopaynb 3aWMTHOro yCTPOMCTBA
Protective device module
MonynpoBOAHNKOBLIM MOAY/bL NPpeaHas-
HayeH A9 3aWnTbl NPUEMHbIX KaHan0B

OT CUHXPOHHbIX M HECUHXPOHHbLIX MOMeX

C YPOBHEM MMMY/IbCHOM MOLLLHOCTM

[0 1KBT. 3ameHsaeT rasopa3spsagHoe 3aLmT-
HOe yCTPOMCTBO 8 MM AManasoHa
Semiconductor module designed to protect
the receiving channels from synchronous
and non-synchronous interference with a
pulse power level of up to1kW. Replaces
the 8 mm gas-discharge protective device

CEEIELR

SKCTpEMAJIPHBIX PEXKHMdAX 3KCIJIyaTallMH 34 CUeT
HCIIOJIb30BAHHK A BBICOKHX HaHpH)KEHI/II;I, IIJIOTHOCTH
TOKa, BI:ICOKOCKOPOCTHOI;I KOMMYTallkH.

COBMECTHAS 3KCMO3uULUSA CN6raTy "N3TN"

M NAO "CBETNAHA" HA MEXXAYHAPOZLHOW BbICTABKE
ChipEXP0-2017

CtpaTerudeckoe mapTHepcTBo CII6TITY "JIOTH"
u ITAO "CBetrnaHa" Kak pe3ynbTaT AJIHUTENIBHOTO
COTPYAHUYECTBA B 06J1aCTH CHUJIOBOM HUMITYIbCHOM
Y BBICOKOYACTOTHOM 3JIeEKTPOHUKH, & TAKKE BAKyyM-
HOU U PeHTIeHOBCKOH 3JIeKTPOHUKH OBIIO ITpe/iCTaB-
JIEHO Ha CIeIMaIM3UPOBAaHHOM COBMECTHOM SKCII03H-
MU Ha XV MeXX/IyHapOAHOM BBICTABKe 3IeKTPOHUKH
ChipEXPO-2017 (31 okTs16ps1 — 2 HOSIOPSI, BBICTABOYHBII
KOMILJIEKC "DKCIIOLeHTP", MOCKBa).

Ha coBMmecTHOM »53Kcmosuuuu CII6TITY
"I9THU" u ITAO "CBetnaHa" (puc.4), Ha3BaHHOM
"CTpareruveckoe IIapTHEPCTBO', bblJIa IIpenCcTaB-
JleHa MHHOBAIMOHHAs OTeYeCTBEeHHAs IIPOLYKIHS
(Tabn.2).

daKTHYeCKHU BIIepBbIe OBIIM MPOAEMOHCTPUPO-
BaHBl MHHOBALIMOHHBIE pa3paboTKu, CBSI3aHHBIE

HAHO MHOVCTPHA #8/79/2017

AvioaHas peweTtka Si-pin 418 3alWMUTHbIX
YCTPOWCTB 8 MM gManasoHa

Si-pin diode array for protective devices of
8 mm range

MaTtpuua SiC MMKpOMeXxaHU4ecknx

K/Ilo4en

Matrix of SiC micromechanical switches

e YacToTa KOMMYTUPYEMOrO CUrHana:
no20T0Tuy

e BHoCKMbIe noTepu: meHee 0,35 b
(20TTw)

* U3onauus: 6onee 27 o6 (20 I'rw)

RS ¢ [1oTepu Ha OTpaXkeHue: MeHee 18 Ab
(20w

e Bpems nepeknto4eHUs: He 6onee 10 MKC

e  MUWHMManbHOEe 3HaYeHne YNpaBasio-
Lero Hanps»keHns: 13 B

e Frequency of the switched signal: up to
20 GHz

e Insertion loss: less than 0.35 dB (20 GHz)

» [solation: more than 27 dB (20 GHz)

e Losson reflection: less than 18 dB
(20 GHz)

e Switching time: no more than 10 us

e Minimum control voltage: 13V

He TOJIBKO ¢ obecreyeHHueM 06OPOHHO-TIPOMBIII-
JIEHHOTO0 KOMIIJIeKCa, HO U COLIMAJIbHO-OPUEHTH-
POBAHHOM chepsl, BKIIOYAST MHUKPO- M HAHOCH-
CTeMBl s MeAHKo-bmonoruveckon (maboparo-
pUsi-Ha-4HUIIe) U IUILeBoM (CeHCOpHAas I1aTdopMa
¢ RFID) 6e3omacHocTH. Ocoboro BHUMaHHUS 3aCIy-
SKUBAIOT Pa3paboTKy B 06J1aCTH 3JIeKTPOMArHHUT-
HOM U MHGOPMALIMOHHOM 6€30I1aCHOCTH, a TaKXke
CHUCTeMBI /I peKyIlepalluy SHepruy M3 OKpy>Kalo-
IIeH Cpefibl.

XapakTepu3ys 6yayiiye NIpHOPUTETH B COBMeECT-
HBIX pa3paboTkax, cienyeT, 6e3yciI0BHO, BBIENTUTD
BaKyyMHYIO U PEHTTeHOBCKYIO 3JIeKTPOHUKY BBUIY
3HAYMTEJIbHOI0 IIporpecca, JOCTUTHYTOIO B CO3Ma-
HHUU BBICOKO3)PEeKTHUBHBIX CTAOUIBHBIX aBTOIMHUC-
CHOHHBIX KaTOJO0B Ha OCHOBe KOMITO3UIIMHU "Kapbun
KPeMHHS —~ HAHOKPUCTAJZIMYeCKUH anmas” [4].

3AK/NIIOYEHUE

CoBpeMeHHBIM 3Tall pelleHUs aKTyaJbHOM I
PoccuH 3a[jauu UMIIOpTO3aMelleHuUs B chepe BbICO-
KHX TeXHOJIOTHH, ONpeJle/III0I X TeXHOJIOoru4e-
CKYI0 He3aBUCHMOCTH U 6€30I1aCHOCTD FOCYAAPCTBA,
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M, B YaCTHOCTH, IIPHMeHHTeJbHO K KB IIg 3KC-
TpPeMaJIbHBIX PeKKMMOB M YCJI0BHUH 3KCIIIyaTallHH,
peanusyeTrcs B paMKaX CTpPaTeru4ecKoro rmapTHep-
cTBa CII6IITY "JISTH" u ITIAO "CBeTnaHa" B obnacTu

OpraHM3alMH OTeYeCTBEHHOI0 TeXHO/JIOTUYeCKOT0

MapmpyTa usrorosaeHus Kb Ha ocHoBe Kapbuna

KpeMHMS - IIMPOKO3OHHOIO ajaMa30momo06HOro

MaTepuaa.

Bribop maHHOIO HAaIIpaBIeHUS OIpefdesieTcCs

CnenyromuMU GakKTOpaMMU:

e IIPUOPHUTETHOCTHIO MHHOBAIMOHHBIX pa3pabo-
TOK B JAHHOM 061acTU 1151 o6ecrieueHU S TeXHO-
JTOTHYeCKOHM HEe3aBHUCHUMOCTHU U 6e30macHOCTH
roCyHapCcTBa;

¢ KOHKYPeHTHBIMH IpeumymecTtBaMu CII6IITY
"IDTU" u IIAO "CBeTnaHa" Kak Ha HAal[MOHAb-
HOM, TaK ¥ Ha MeXJYHapOAHOM YPOBHSAX B PaM-
KaX NOCTUTHYTBIX U IPU3HAHHBIX KOMIIeTeHLIU;

* BOCTPeOOBAHHOCTBIO JJAHHOM HAayKOeMKOM IIPo-
OYKUHUKA U HaJHU4YHeM YCTOMYHBOH QHUHAHCO-
BOM IOZJEPXKH CO CTOPOHBI TOCYAapPCTBEHHEIX
3aKa34YHKOB.

[IpuMep pelreHH 3aJaYd MMIIOPTO3aMeIleHU

B peasM3alUu Mpor3BoAcTBa OKb Ha Kapbuie kKpeM-

HHM S C UCII0/Ib30BAHHEM CTPaTeruy4yecKoro mapTHep-

CTBa MHHOBAIlMOHHOTO By3a, BXOAALIEr0 B paM-

Kax mporpammsl "TOII5-100" B 4HCJIO BeAYIIUX

MHXeHEPHBIX YHUBEPCHUTETOB POCCHH, M IIPOMBIIII-

JIEHHOTO BBICOKOTEXHOJIOTUYHOTO IIPeAIIPHUATHUS

c 60MBIIMMU TPALULIUSIMU OTPa’kaeT COBpeMeH-
HBIH II0AXO0[, K JOCTH>KeHHUIO IapHUTeTa U IIPeBOCXO]-
CTBa B BBICOKOTEXHOJIOTMYHBIX 06/1aCTSAX 33 CYeT KOH-
LeHTPAlMH 3HaHUH, HHPPACTPYKTYPHEIX PeCYypPCoOB
U IpodeCcCHOHATBHOM 3JIHUTHL.

Ipoexm Ne 03.G25.31.02.43 noddepskan Mutobprayku P®.
Ilocmarosaenue npasumeascmea PO Ne 218 om 9 anpeas 2010
200a (IX ouepeds).
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carbide-nanocrystalline dia-
mond" composition [4].

CONCLUSION

The current stage of the solution
of the import substitution in the
Russian Federation in the sphere
of high technologies, which deter-
mine the technological indepen-
dence and security of the state
and, in particular, with regard to
electronic components for extreme
operating conditions, is being
implemented within the frame-
work of the strategic partnership
of LETI and Svetlana PJSC in the
field of organization of the domes-
tic technological route for the
manufacture of components based
on silicon carbide, a wide-band
diamond-like material.

The choice of this area is deter-
mined by the following factors:

« priority of innovative develop-
ments in this field to ensure
technological independence
and state security;

 competitive advantages of LETI
and Svetlana PJSC both at the
national and international
levels within the framework
of achieved and recognized
competencies;

+ demand for this science-inten-
sive product and the avail-
ability of sustainable finan-
cial support from government
customers.

An example of solving the
import substitution problem in
the realization of the produc-
tion of electronic components on

silicon carbide, using the strate-
gic partnership of the innovative
higher education institution that
is part of the TOP5-100 program
among the leading engineering
universities of Russia, and of the
industrial high-tech enterprise
with great traditions, reflects
the modern approach to achiev-
ing parity and excellence in high-
tech areas through to the concen-
tration of knowledge, infrastruc-
ture resources and professional
elite. [ |
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