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MHCTUTYT CBEpXBbICOKOYACTOTHOM NOTYNPOBOAHUKOBOM 3JIEKTPOHUKU POCCUACKON akageMnm Hayk
(MCBYN3 PAH) co3zgaH 16 anpens 2002 roaa c Lenblo NpoBeaeHusa GpyHAaAMeHTaIbHbIX M MPUKIa4HbIX
Hay4HbIX UCCEA0BAHMIA M MPUKNAAHLIX pa3paboTok B 06/1aCTU CBEpPXBbICOKOYACTOTHOM (CBY)
M KpaiHe BbicoKo4yacToTHOM (KBY) nonynpoBOgHUKOBOW 31eKTPOHUMKU. PykosogcTteo MCBYMD
PAH ypensieT 60onbwoe BHUMaHME pasBUTUIO NMPOU3BOACTBEHHOW UHGPPACTPYKTYpPbl, B HACTHOCTH,
nocnepoBaTeNibHO peanusyetcs Mopgenb Fab light, koTtopas npeanonaraet npoBegeHue
MccnepoBaHUM, paspaboTok, MOAENIMPOBAHUS, NU3rOTOBJIEHUS OMbITHbIX 06pasLLOB, a TakXe BbIMyCkK
MaJiblX cepui Npu6opoB HEMOCPEACTBEHHO B UHCTUTYTE.

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 management of IUHFSE RAS pays much attention to the development of the production
infrastructure, in particular, the Fab light model is consistently implemented, which involves
research, development, modeling, prototype production, and the production of small series of

devices directly at the institute.

a 15 et pa60TbI HWCBUIID PAH pmoburincsa Beco-

MBIX HAaY4YHBIX M IIPAaKTHYeCKHUX pe3yjbTa-

ToB. COTPYAHUKH HHCTHUTYTa UCCIAELOBAU
dH3rUecKHe OCHOBBL U pa3paboTaau TeXHOJOTHIO
MOJIeKYJISIPHO-T1y4eBOH 3MHUTaKCHU FeTePOCTPYyK-
Typ Ha OCHOBe II0JIYyIIPOBOLHUKOBLIX COeTUHEeHU M
A3B5 c IByMepHBIM 3/IEKTPOHHBIM Ia30M [IJIsI H3T0-
toBreHHUs1 CBY- u KBU-npubopos, Briarouass HEMT,
PHEMT u MHEMT Ha nmoanokkax GaAs u InP. Insa
JAaHHBIX THIIOB FeTePOCTPYKTYP Ha IMOJI0KKaX
GaAs u InP, a TaKKe IIKMPOKO3OHHBLIX IIOJIYIIPOBOJ-
HuKoB AlGaN/GaN u AlGaN/AIN/GaN Ha moAIoskKax
M3 candupa U Kapbuma KpeMHHUS, pa3paboTaHsbl
NPUHILIUIIB IPOeKTUPOBAHUS U CO3aHBI 61bIHO-
TeKH IIAaCCUBHBIX M aKTUBHBIX 3/IeMeHTOB CBY
u KBY MHUC. PaszpaboTaHa TexXHOJIOTHS U3TOTOBIIE-
HHS MOHOMUTHBIX CXeM MHUJIJIMMETPOBOrO JHalia-
30Ha (59-64 ITu) ¥ npubOpPOB TPeXMHUJIIHUMETPO-
BOrO nAuarasoHa (89-93 I'Ti) ¢ IpUMeHeHHEeM 3JIeK-
TPOHHO-JIy4eBOK NTHUTOrpaduu. Co3gaHbl IPHUEeMO-
Mepefamoiiye MOAYIH C pa3MelleHHeM IPHeMHOU
Y Iepefalollell 4acTel Ha OJHOM KpHCTajje, IpU-
yeM Ha HUTPH/Je rajlIugd TaKue UHTerPUPOBaHHbIe
npubopsl IIOyUeHbl BIIepBEle B MUPe. B 2017 roxy
HCBYII3 PAH mepBBeIM B POCCHU peasn30Bajl TeXHO-
Joruio usrorosaeHus MHUC MIIIY u 'YH Ha ocHoBe
cTpyKTyp GaN Ha KpeMHHeBOU IIOAJIOKKE.
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J1st IpoBefeHHUs BCeCTOPOHHUX HUCC/IeJOBAaHUM
reTepPOCTPYKTYP HHCTUTYT pacliojlaraeT y4acTKOM
MOJIeKY/ISIPHO-Iy4eBOM 3nuTakcuu (MJIJ) ¢ ycra-
HoBkamu LITHA-9 u Riber 32P. 3tu cucTteMbl MJID
IpefHa3sHadyeHbl [/ SIIMTAKCHABHOTO POCTA TOH-
KHX CJI0eB coeHeHU N A3B5 B pe3ynbTaTe peakIuMu
MeXAy TePMUUYECKH CO3JaBaeMbIMH MOJIEKY/ISP-
HBIMH IIy4YKaMU KOMIIOH@HTOB H IIOBePXHOCTHIO
IIOJIJIOKKH, HAXOJSAIIEHCS B CBePXBBICOKOM BaKyyMe
IIpU MOBBIIIEHHON TeMIlepaType. LIHA-9 6p111a HU3ro-
TOBJIeHA B HbIHe y>Xe 3akpbeiToM HHUTH Psa3aHb.
Riber 32P ppannysckon ¢upmsl Riber nmeet pocto-
BYI0 KaMepy TOPU30HTA/JIbHON reOMeTPHUH U OCHA-
meHa aHATUTUYeCKUMH MoAyasiMU. Obe ycra-
HOBKM MJID HEOOHOKPATHO MOJEPHHU3HUPOBAIHCE.
BrlpallleHHbIe HAa HUX HAHOTeTePOCTPYKTYPhl SBJIS-
IOTCSI OCHOBOM 1151 pa3paboTku coBpeMeHHBIX CBY-
TpaH3uCcTOpOoB U MHUC.

s maasMOXMUMHYECKOTO OCaXAeHUs OU3-
JeKTPUYECKHUX CJIOEB Ha IIJIaCTUHAX JHaMe-
TpoM 1o 100 MM npuMeHsieTcsi cucTeMa Plasmalab
System 100 ICP 180 ¢upmer Oxford Instruments.
TexHOJIOrMSA MAA3MOXMMHUYECKOTO OCaXAeHHUS
C UCTOYHHKOM HHIYKTUBHO CBS3aHHOU IIJa3MBbl
(ICP-CVD) xapaKTepH3yeTCs TeM, UTO IS pa3JiosKe-
HHS PeaKLMOHHOIO ra3a Ha aKTHBHBIE PaJMKaJIbl
KMCIIOJIb3yeTCs IJIa3Ma MHAYKTUBHOIO pa3psana.
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INoaoskKa pasMelaeTcs Ha 3/IeKTPofe, K KOTOPOMY
noaBoAUTCs BU-Hampsi>KeHUe AJ151 CO3AAHUS 3JIeK-
TPHUUYECKOIro CMelleHHU s, OIlpe/ie/Is oL ero SHepru
U IIJIOTHOCTH IIOTOKA MOHOB HAa II0BePXHOCTD IlJIa~
CTUHBL. YIIpaBJIeHHUe 3STUMU IIapaMeTpPaMU I103BO-
J5leT peaJiu30BaTh HU3KOTeMIIepaTyPHbIe Pe>KUMBbL
O0CakKAeHHs CJIoeB AU3JIeKTPUKOB. Ilomaua mon-
JIOKKH OCYIIeCTBJISIeTCS Yepe3 BaKyyMHBIH IIIIO3.
HuskosHepreruyeckoe IjIa3MeHHOe TpaBJ/IeHHe
MaTepHajoB BHIIOJIHALTCS Ha ycTaHOBKe SI-500 ICP
(Sentech Instruments, lepMaHUus), KOTOpas 3ame-
HHUJIa IPUMEHSBIIYIOCS paHee CUCTeMY I1J1a3MoO-
XMMHUYEeCKOr0 TPaBJIeHUS Ha OCHOBe 3JIeKTPOH-
HOTO0 LIMKJIOTPOHHOIO pe30HaHca (3LP). Sentech
SI-500 ICP - yHMBepcaJbHOe pelleHHe IJIsI BbICO-
KOCKOPOCTHOTIO CYXOr'0 TPaBJIeHU S B MHAYKTHUBHO-
CBSI3aHHOU IJa3Me, MO3BoNsWIlee paboTaTs

Cucmema monekyasipHo-ay4esoli anumakcuu LiHA-9
CNA-9 molecular beam epitaxy system

or 15 years of work, the
FIUHFSE RAS has achieved sig-

nificant scientific and prac-
tical results. The researchers of
the Institute studied the physi-
cal foundations and developed the
technology of molecular beam epi-
taxy of heterostructures based on
A3B5 semiconductor compounds
with two-dimensional electron
gas for fabricating microwave
and extremely high-frequency
devices, including HEMT, PHEMT
and MHEMT on GaAs and InP sub-
strates. For these types of hetero-
structures on GaAs and InP sub-
strates, as well as for wide-gap
AlGaN/GaN and AlGaN/AIN/CaN
semiconductors on sapphire and
silicon carbide substrates, the
design principles have been devel-
oped and libraries of passive and
active elements of microwave and
EHF MMIC have been created.
The technology of manufacturing
monolithic IC of millimeter range
(59-64 GHz) and devices of a three-
millimeter range (89-93 GHz) with
the use of electron-beam lithog-
raphy is developed. Transceiver
modules with receiving and trans-
mitting parts on a single crys-
tal are created, and on gallium

nitride such integrated devices
being obtained for the first time
in the world. In 2017, IUHFSE RAS
was the first in Russia to imple-
ment the technology of fabricat-
ing MMIC LNA and MMIC VCO
based on GaN structures on a sili-
con substrate.

To carry out comprehensive
studies of heterostructures, the
Institute has a section of molec-
ular beam epitaxy (MBE) with
the CNA-9 and Riber 32P systems.
These MBE systems are designed
for the epitaxial growth of thin
layers of A3B5 compounds as a
result of the reactions between
thermally generated molecular
beams of components and the
surface of a substrate located in
ultrahigh vacuum at high tem-
perature. CNA-9 was manufac-
tured by the now-closed NITI
Ryazan. Riber 32P of the French
company Riber has a growth
chamber of horizontal geometry
and is equipped with analytical
modules. Both MBE systems were
upgraded several times. Nano-
heterostructures grown on them
are the basis for the development
of modern microwave transistors
and MMIC.

The Plasmalab System 100 ICP
180 (Oxford Instruments) is used
for plasma-chemical deposition
of dielectric layers on up to 100
mm wafers. The technology of
chemical vapor deposition with
an inductively coupled plasma
source (ICP-CVD) is characterized
in that an inductive discharge
plasma is used to decompose the
reaction gas into active radicals.
The substrate is placed on the
electrode to which the RF voltage
is applied to create an electrical
bias that determines the energy
and density of the ion flux on the
surface of the wafer. Control of
these parameters allows to real-
ize low-temperature modes of
deposition of dielectric layers.
The substrate is fed through a
vacuum load lock.

Low-energy plasma etch-
ing of materials is performed on
the SI-500 ICP system (Sentech
Instruments, Germany), which
replaced the previously used
plasma-chemical etching system
based on electron cyclotron reso-
nance (ECR). Sentech SI-500 ICP
is a universal solution for high
rate dry etching in inductively
coupled plasma, which allows
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Cucmema monekyasspHo-ny4esoli 3numakcuu Riber 32P
Riber 32P molecular beam epitaxy system

Cucmema nnazmoxumuyeckozo ocaxkdeHust Plasmalab System 100
Plasmalab System 100 ICP-CVD
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C HONYyHPOBOAHMKaMHU A3B5, KpeMHUEM, AH3JIeK"
TPUKAMHM, MeTa/lJ/lAMH U IPYTHUMH MaTepHalaMHu.
CucrteMy oTaHM4YaeT NPHUMeHeHHEe 3alIaTeHTOBAH-
HOI'0 MCTOYHHKA HHIYKTHBHO CBI3aHHOU IIJIa3MBI,
TeIHeBOro OXJIaKAeHUS U JUHAMUYECKOIO pery-
JHMPOBAHUS TeMIIEPATyPhl 3/IeKTPoJa MOAJIOKKH,
obecrneuyrBalOMUX ONTHMATbHYIO TeMIepaTypy
npounecca He3aBUCHUMO OT MOIIHOCTH IIJIa3MBI,
53¢ PeKTHBHON ABYXCTYNeHYATONM BaAaKyyMHOMU
CHCTeMBI, a TaKKe HaJe>XHOro BAKyyMHOIO 3arpy-
304HOro nio3a. OCHOBHBIE IIapaMeTphl IIpoliecca
TpaBJ/IeHHUS KOHTPONUPYIOTCS aBTOMAaTHYECKH.
MaKkCHMalbHBIH JHAMETP IJIaCTHH — 200 MM.

PoccHUIHCKHe IPOHM3BOJHUTENH TeXHOIOTHUeCKOro
obopymoBaHUS TaKKe IIOy4aCTBOBA/IH B OCHaIllle-
HuU npoussoacTsa MCBYII3 PAH. Ha ycraHoBKe
Semiteq STE EB715 BBIIIONHSIETCS 37IeKTPOHHO-JIy4e-
BOe HaIlbl/leHHe TOHKOIIJIEHOUHBIX KOMIIO3ULIUH
B CBEPXBBICOKOM BakyyMme. CHcTeMa UMeeT pabouyio
KaMepy 13 Hep>KaBelleH CTaJIU C HHTeTPUPOBaH-
HBIM BOZSIHBIM OXJIaXKJeHHeM CTeHOK, be3amacisH-
HYIO0 CMCTEMY OTKa4YKH Ha OCHOBE HOHHOTIO Hacoca,
BOJSHOM 3KPaH [JIs NpeJoTBpallleHHs 3arpss-
HeHMS KaMephl PAaCIIblISEMbBIMH MaTepHallaMU.
HeogHOpOoAHOCTh TONIIMHBE HAHOCHMOIO MaTe-
puana coctaBisgeT MeHee 2% Ha IIOJJIOKKAX JHa~
MeTpoM o 180 MM. Pacxon MaTepua MOXKeT 6BITh
OIITHMH3HUPOBAH 32 CYET U3MEHEHUS PaCCTOSHUA
Me>KJy ITOJJIOKKOM U UCIIapUTeIeM.,

HOns yTOHeHHS MJIACTHH IIPUMEHSETCT yCcTa-
HoBKa Logitech PM-5 ¢ MUKPOIpPOLIECCOPHBIM
yIIpaB/leHHeM, BCTPOeHHO aBToIoadeli abpasus-
HOM CMeCH U CHCTeMOH 3/1eKTPOHHOI0 KOHTPOJS
IIJIOCKOCTH IIKNGOBaHUA. [JaHHAd MOJE/Ib OCHA-
IleHa NPelHU3HOHHBIM AepkKaTejleM, KOTOPHIH
obecreunBaeT MJIOCKOCTHOCTD U IIapajjielbHOCTh
obpabaTbiBaeMbIX IIJIACTUH. YIIpaBlleHHe BCeMU
GYHKIHMSIMHU BBIIIOJHSAETCS C IOMOILBIO JKOM-
CTHKa, a Heobxomumas nHbOopManus otobpa-
KaeTcs Ha JKK-gucIijiee, pacnojio’keHHOM Ha Iepe-
JHEeH IIaHeJH.

OmuuM u3 Hoy-xay MCBUYIID PAH saBisercs Tex-
HoJIoTHsI pOPMHUPOBAHUS 3aTBopa IpuboobpasHoro
ceueHusi. Takast popMa obecriedrBaeT yMeHbIIeHHe
€MKOCTH U COIIPOTHBJIEHH I 3aTBOPA, I103BOJIsAS MaK-
CMMU3HUPOBaTh 3¢ PerTUBHOCTL CBU-TpaH3ucTOpa.
Jlns mosy4eHUs: CTPYKTYPHOIO 3/leMeHTa Heobxo-
AYMMON GOPMELI IIPUMEHSIETCS 3JIeKTPOHHO-JIyUe-
Bast TUTOrpadusi. MHCTUTYT CTal IIepBBIM POCCHU M-
CKHM 1 OLHUM U3 [I1ePBbIX MUPOBBIX [10/Ib30BaTe/Ier
YCTaHOBOK 3JIeKTPOHHO-JIy4eBOM HaHOJIUTOIrpadHH
BBICOKOrO0 paspemeHnus RAITHI5S0-TWO u VOYAGER
IIPOM3BO/JICTBA HeMeI[KOkM KOMIaHUHU Raith.
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Cucmema nnasmeHHo20 mpasneHus SI-500 ICP
ICP-RIE plasma etcher SI-500

YCmaHosKka 3nekmpoHHO-1y4e8020 HanbineHus Semiteq STE EB715
STE EB715 e-beam evaporation system

RAITHI50-TWO uMeeT 3Hepruio nyuka go 30 kaB
U [103BOJIeT OPMHUPOBATH CTPYKTYPHBIE 37Ie MeHThHI
C pasmepom MeHee 10 HM, 3KCIIOHUPYS IIJIaCTUHBI
guaMeTpoMm mo0 200 mMm. [eHepaTop C 4acTOTOH

20 MTu obecreunBaeT 6BICTPYIO pa3BepTKYy H30-
OpaskeHUs. DIeKTPOHHO-ONTHYeCKass KOTOHHA
XapaKTepH3yeTCsl BBICOKOM CTabUIBHOCTHIO TOKA
ny4ka. CucTeMa obecreqrBaeT BEICOKYIO TOUHOCTD

to work with A3B5 semiconduc-
tors, silicon, dielectrics, met-
als and other materials. The sys-
tem is distinguished by the use
of a patented ICP plasma source,
helium backside cooling and the
substrate electrode with dynamic
temperature control that provide
a constant temperature regard-
less of the plasma power, an
effective two-stage vacuum sys-
tem, and a reliable vacuum load
lock. The main parameters of the
etching process are controlled

automatically. The maximum
walfer size is 200 mm.

Russian producers of process
equipment also took part in equip-
ping the production of the IUHFSE
RAS. The Semiteq STE EB715 sys-
tem performs electron beam depo-
sition of thin-film compositions
in ultrahigh vacuum. The sys-
tem has a stainless steel process
chamber with integrated water
cooling of walls, an oil-free pump-
ing system based on an ion pump,
a water-cooled screen to prevent

the camera from contaminat-
ing by the evaporated materials.
The thickness uniformity of the
deposited materials is less than
+2% on up to 180 mm substrates.
The material consumption can be
optimized by changing the sub-
strate-evaporator distance.
Logitech PM-5 with micropro-
cessor control, built-in auto-feed-
ing of abrasive mixture and elec-
tronic control of grinding plane
is used for mechanical processing
of wafers. This model is equipped
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HaJIOKeHHSI IPU MHOTOCJOHHOMN JNUTOTrpaduu
U CIIKBKe [10/1eH 3KCIIOHH POBAHHUS.
YcraHoBneHnHas B 2014 romy cucrema
VOYAGER - pa3paboTka HOBOIrO IIOKOJIEHHUS,
IIOCTPOeHHAasA Ha TeXHOJOTHHU Raith eWRITE,
KoTopas obbeJHHsSIeT HOBYIO 3/J1eKTPOHHYIO
ONTUKY MU MHHOBALIMOHHYIO CUCTEeMYy pa3Bep-
TKU (IaTTepH-TeHepaTop). YCTaHOBKA IpefHa3-
HayeHa [ 3KCIIOHHMPOBAHUSA IIOJJIOKEK pa3Me-
poM 10 200 MM C IPOM3BOAMUTENBHOCTHIO Hosee
1 cM?/4. ABTOMaTHU3UPOBAHHAS CUCTEMA KajlH-
6poBKU "Ha neTy" obecrmeunBaeT BEICOKYIO 3ddek-
THUBHOCTb paboThel. MaKCHMaJibHOe pa3pelle-
HHe - MeHee 10 EM. [IpegaramoTcs IpegBapyuTe/b-
Hble HACTPOMKH [IJIsI Pe>KHMOB BEICOKOIO pa3pelle-
HHS U BEICOKOM IPOM3BOSHUTEJIBHOCTH, a TaKKe
paspaboranHBle Raith-MeTombl HeIpepsIBHOTO
1 6eCIIOBHOIrO 9KCIIOHMPOBAHUS traxx U periodixx.
CucTeMa xapaKTepHU3yeTCd HU3KOH UyBCTBUTE/Ib"
HOCTBIO K YCJIOBHSIM OKPY>Kalolllel CpeAbl U yPOBHIO
myma. biarogaps romy, 4to MoimHocTh VOYAGER

pocturaetr 50 K3B, dpopMmMuHpoBaHHE "HOXKH'
U "miasnku” rpuboobpa3Horo 3aTBopa TpPaH3HU-
CTOpa MOKeT BBIIIOJIHATHCSA 33 OJHH LIUKII.

HOnsg GopMHPOBAHUSA OPYrUx 371eMeHTOB CBY-
TpaH3ucTtopoB B MCBYII3 PAH npuMeHseTCs KOH-
TakTHas ¢oTonuTtorpadus, B HaCTHOCTH, yCTa-
HoBKa SUSS MJB4 IR npoussoncTtsa SUSS MicroTec
(TepmaHHus). 3Ta MoJenb obecrmedyrBaeT BBHICOKO-
TOYHOe COBMellleHHe B CYOMHUKPOHHOM JHala3oHe
U ITpefHa3Ha4veHa AyIs 06paboTKU IIAaCTHH pa3Me-
poM o 100 mm.

Kak pacckasan gupekrop MCBYIID PAH Cepren
AHaTonbeBUY [aMKpe/lH/3e B MHTePBbIO HAllleMy
sxypHany (HAHOMHIOYCTPUS, 2017, Ne 6(77), 2017,
c. 8-15), myaHbl Pa3BUTHUS HHCTUTYTa BKIOYAKOT
pacmupeHHe mapka 060pyoBaHUS U Hauyaao Mes-
KOCepUHHOTO IIpou3BoAcTBa CBY-npubopos, co3ma-
HUe HOBOI'O II0KOJIeHU S IPpUOOPOB Ha HUTPUIHBIX
CTPYKTypax Ha KpeMHHKH, BEIXOJ, B HOBble YaCTOT-
Hble JHala30Hbl, faJbHEeHIIYI0 pa3paboTky KoMbu-
HHUPOBAaHHBIX CUCTEM Ha KpPHUCTaJJe. |

with a precision holder, which
ensures the flatness and parallel-
ism of the processed wafers. All
functions are controlled with the
joystick, and the necessary infor-
mation is displayed on the LCD
display located on the front panel.
One of the know-how of IUHFSE
RAS is the technology of forming
a gate of a mushroom-like section.
This form provides a reduction in
capacitance and gate resistance,
allowing to maximize the effi-
ciency of the microwave transis-
tor. Electron beam lithography is
used to obtain the structural ele-
ment of the required shape. The
Institute became the first Russian
and one of the first world users
of high-resolution electron beam
nanolithography equipment
RAITH150-TWO and VOYAGER
produced by Raith (Germany).
RAITH150-TWO has a beam
energy up to 30 keV and allows the
formation of structural elements
with a size of less than 10 nm,
exposing up to 200 mm wafers.
A generator with a frequency of
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20 MHz provides a fast creation of
the pattern. The electron column
is characterized by high stability
of the beam current. The system
provides high overlap accuracy at
multilayer lithography and fine
matching accuracy.

Installed in 2014, the VOYAGER
is a system of the new generation,
built on Raith eWRITE technol-
ogy, which combines new elec-
tronic optics and an innovative
pattern generator. The equipment
is designed for exposing sub-
strates up to 200 mm in size with
a speed of more than 1 cm?/h.
Automated calibration system "on
the fly" provides high efficiency.
The maximum resolution is less
than 10 nm. Preliminary settings
for high resolution and high per-
formance modes are offered, as
well as modes of continuous and
seamless writing (traxx and peri-
odixx) developed by Raith. The
system is characterized by low
sensitivity to environmental con-
ditions and noise level. Due to
the fact that the beam energy of

VOYAGER reaches 50 keV, the for-
mation of the "leg" and "cap" of
the mushroom-like transistor gate
can be performed in one cycle.

For the formation of other ele-
ments of microwave transistors,
contact photolithography, in par-
ticular, the SUSS MJB4 IR mask
aligner (SUSS MicroTec, Germany)
is used in the IUHFSE RAS. This
model provides high-precision
alignment in the submicron
range and is designed for up to 100
mm wafers.

As the director of IUHFSE RAS
Sergey Gamkrelidze explains in
an interview to our magazine
(NANOINDUSTRY, No. 6(77), 2017,
P. 8-15), plans for the develop-
ment of the institute include the
expansion of the equipment base,
the beginning of small-scale pro-
duction of microwave devices, the
creation of a new generation of
devices on nitride structures on
silicon, the development of new
frequency ranges and further
development of combined systems
on a chip. [ |



