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C.A.lamt<peaudze, dormop mexHuqect<uxuayt<, npoQeccop, dupet<mopUCBrIil?PAH
S.A.Caml<relidze, doctor of technical sciences, professor, director oftuurse nas

lAactutyt cBepxBbrcoKoqacrorxora nonynpoBoA-
Hurosofi gneKrpoH14Ku Poccuitctcoit aKaAe-

Mhu HayK (l4cBqnl PAH) cosAau 15 anpenr
2OO2ro4a c qenbto npoBeAeHug Hay'{Hbrx uccne-

4oearri u np[KnaAHurx pa:pa6oror e o6nacrh
cBepxBbrcoKo,{acrorHofi (CBq) h rpafixe auco-
ro.racrorxoli nonynpoBoAHilxoeofr tneKrpo-
nnru. Peanu3oBaHHbre l4CBLln3 PAH npoerrur
e Heuanoi creneHh cnoco6creosanh roMy,
qro no ypoBHro parpa6orox e o6nacru CB9-

sneKrpoHr4Ku Poccus He ycrynaer BeAyquM
TexHonorhqecKhM AepxaBaM unpa. O HanpaB-

reHuex pa3Bnrns CB9-rexsrrr u pa6ore uHcrv-
ryra paccKa3afl AupeKrop l4CB9fl3 PAH Ceprefi
AHaror ueeilv Faurpenu4ae.

The lnstitu-rte of tlltna F"{igh Frequeney Senniconducton ENcetronies of RA5 (luHFSE RAS) was
established on April 16,2002 with the ainm of eanrying out seientific researeh and applied
developrnemts icr the field of nricrowave and extnennely high-frequency serniconduetor
eleetronies. The grnojeets irmplerncntecl Lay ttre institu'ee grcatlV eontributed to tlxc fact that

/ Rnssia is not inrferior to ttne world's ieaeiing teefirnology povl/ers in the field of mrierowave
eleetronies de:velopment" Ser"geV Ganir[<nelidze, Eircctor of the !tiHFSE RA5, toNd us about the
aneas of the developrnent of nrie nowave deviecs and the work of the institute.

BOIO MaTepHaIa BHarIaIIe HCIIOIIb3OBallc.s apC€-

rarIrL4g,,3areM Mbr cra.rru pa6orau c HoBbrMH Iu: i

Ko3oHHbrMri MarepnalraMl,z', B nocne4n€€ Bp:
aKr_leHr Aejlaerc.s Ha ferepocrpyr(rypbr Ha Hr{r_ |

tarrrrnsr, roropufr cr{HTaercq nav 6onee ilepcneK. I

HbrM Marepr4arroM Arr.fl CB9-rexHr4r<r4 KaK rpax<- i

cKoro. TaK H c[euHarlbHoto Ha3Har{enHq. B ..1

o6racrrz Mbr -sB[-seMc-s oAHHM H3 rrzAepoB He ro= i

cpeAL-r Lr:ucTtr'ry'ron PAH, Ho r{ B rlerroM B crpaHe.
B uacro-sulee BpeM-fl ocHoBHbre HanpaBrre:

pa3paooroK cBrl3aHbr c co3AaHHeM HoBbIX f€T:i
cTpyKTyp, MOHOTIHTHbIX CXeM pa3JrHqHbrx r{ar.

Hbrx AHana3oHoB, HaqHHa.rr oT AeuHMeTpoBbrx :

{

Ceprerr AHarorlesr4rr, r(aKoBbr 3aAagu H HarrpaB-
ileHvrs pa6orr'r I4CBr{lI3 PAH?
Lluctutyr 6mn coe4aH 15 ner Ha3aA 4n.a paapa6orxn
HoBbrx rrepcne KTr4 eu nx CB9-Tex HorrorHrZ :ne r<rp o-
IiVTKLI I.1 [OCIIeAyrOLIIero Llx BHeApeHHq Ha BeAyTIHX
|IpeAnpH-sTH-flx oTpacIIH c co3AaHr4eM Ha r4x ocHoBe
TpaH3HCTopoB, MoHolrarHbrx cxeM v npyrurx npu6o-
poe CB9-4zraha3oHa Hosbro roKorteHur rr. tzlgen co3Aa-

HHq I4CBHE3. PAH, rloily.uvila noAAep>Kr(y )I(opeca
l4eauoeu.ra AnQepoea, IOpvtx Bacv nlesnua f yl.aena
u Apyrwx BeAyrrIHX (frz:ur<oe crpaHbr. Hayvna-a reMa-
THKa H3Har{arrbHo 6rrna ceqsana c pa:pa6orrorZ npz-
6opon Ha ocHoBe rerepocrpyr<ryp. B r(ar{ecrBe 6a3o-

HIHO [$tit,r]lU0litilfilfi1 :;j:jlo itvv t 7t,etlt:/



yrrbTpaMvrurr4MeTpoBoro, a Tar(Xe cHCTeM Ha KpH-
cTa.[/re, B nepByro oqepeAb - rrorrHoQyHKrIHoHa.rrbHbrx
rpzeMolepeAarorIHX Mo4yrrez. B nepcnerraBe rrra-
HHpyeM B paMKax o6rqeunpororo rpeHAa co3AaBarb
czcreMbr, BKrrroqarcqze KaK CBg-6nora, rar< v 4lre-
poBbre cxeMbr 4nr o6pa6orKH Bropzr{HorZ zHeopma-
quu . T arue rom 6rz n rz p o B a H H br e p e In e H r.r.q |Io 3 B oII _s r
pearrLr3oB arb HoBbre rrep crreKTr4nHue npa6opbr An.s
cncreM cBg3r4 HoBoro [oKone HH.s, anrovto 6tz ns:r'ofi.
3 rr e KTp oH H Kut, p o 6 or o r e X:r.LTKLT, M H H H ar rop H br x Ko c -
MHqecr(Lrx an[apaToB. [aHHOe HanpaBrreHHe cqH-
TaeTC_s oAHr4M w3 trpvopvTeTHbrx H B cTpaHe, H B MHpe.

Kaxosrr TeHAeHTIHH p an.Blz.Tra s CBr{- uexrpoHkr KH
a uupe?
CB9-u:4enu.s pa3BHBarorc-f, B Harrp aBneHvrvl yBenr4-
r{eHH-s r{acror. Ecnrz ceriqac MHorr4e npn6opu pa6o-
Taror B caHTHMerpoBoM AZana3oHe, To n 4anrHerirueu
6yl e r B o c H oBH oM H c rI orl b 3 oB a'I b c g Mu Ir ilul,r e rp oe rr rZ

AHa[a3oH. EollruorZ rroreHuuarr HMeerc.s we o6na-
crH TaK Ha3brBaeMbrx reparepqoBbrx rexHonornh. Msr
B eAeM Aocraror{ Ho Macrrrra6H bre u ccrreAoB a H Lr_s rrp o-
6nelvr co:4auwnpu6opoB A[.s qacror4o 6 Tlq, B r{acr,
Hocru, B rrpourroM roAy pa3paloranu r(BaHToBo-
racrca4Hnrrz rra3ep, xoropnri noKa3arr y ct of,ruuny rc

reHeparIHro. B ,qanrnerZrueru 6yAelvr pa3BHBarb AaHHoe
HarrpaBrreHae, paapa6arbrBa-s H KBaHToBo-KacKaAHbre
/ra3epbr, H aHTeHHbr A[.S TepafeprloBoro AHarra3oHa,
:,z-npu6opw, Koropbre Moryr 6nrrl na HHX rrocrpoeHbr.

Tar<>r<e xoreJl 6rr ormerrzrb reHAeHrIHro K co3Aa-
H 11 ro B brcor(olr H r e rp H p o B a H H brx ro nn6rz H a p o B aH-
Hbrx cucreM, r4e rlraQpoBbre lr CBr{-:neneHTbr pa3-
Melqarorcq Ha oAHoM Kpacrarrle. Tar<oe pelreHze
fr o 3 B o rr H T M a Kc z M a rr b wo np w6 nuzu T b rr p o q e c c o p H y ro
r{acrb K rrpneMHr,rr<y CBY-czrHarra, .{ro o6ecueqlzr
yMe H brrre H H e ra6 apnroe nprz 6 op a, Mvr:r-vrMvl:a uuro
lorperrrHocreri, ylyvrueHHe HaAe>r(Hocrz lr crofi r<o-

cTH K BHerrrnnm Qarropau.

Kax srr orleHuBaere coBpeMeHnrrri yporeHb pa3pa-
6orox H rrpor.r3Bo4crsa CBg-gneKTpoHHKH s poccuu?
fl, cuvrrano, rrro B rrocleAHue roAbr B crpaHe 6uno c,qe-
IIaHO Or{eHb MHO|O Ang- pa3BvlTH_g 3TO|O HanpaBIIe-
unq,. Ecnu e 1990-e roAbr HaMerr4rrocb orcraBaHr4e, To
ceraqac MbI ero nocreneHHo Irz4KB:z-g.vrpyeM, B -{acr-
Hocrn, 6onrurori [poer(T rro opraHH3ar]Hlr rrpoH3BoA-
crBa rBepAorenrnofi 14 BaKyyMHori CBY-sneKrpoHHKH
pearru3yercc s HIIil "Zcror" nnl. A.Z.ilIoKHHa B noA-
MocKoBHoM Opa:auo. B f3 "llynlcap" (Mocxea) yxe
Ha craqr4u MoHTa>r(a o6opynoeaHurr HaxoAHTC_s

Mr. Camkrelidze, what are the
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 Culyaev and other leading
Russian physicists. The scien-
tific subject was initially asso-
ciated with the develooment of
devices based on heterostiuc-
tures. As a basc matelial, gal-
lium arsenide was first used,
then we began to work with new
wide-band materials. Recenrly,
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
- primariiy 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

communrcatlon s)/stems, 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 develoo 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.
Creat 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, Iast year we
developed a quantum-cascade
laser that showed stable gen-
eration. In the future, we will

#6 t77 | 20L7 1lA1l0 lll[usTnY



HHBecTHIIIZOHHbITi |IpoeI(T rIO CO3AaHAIO flepBoro

B cTpaHe cepzriHoro npoH38OACTBa MOHOTIHTHbIX

cxeM Ha HLrtpw[\e raililLrfr. Mlt corpyAHl4r{aeM

a c "ZcroroM", n c "llynrcapotr-". C nocle,4HnM BbIrIo[-

H.nercq coBMecrHaq OI(P, n paMKax Koroporo HaIITLI

p a :p a6 or ru s o 6 nact w C B9- o n e rrp oHvrr<vr AorI )KH bI

6ylyr BHeApqrbc.s e cepufrnoe rrpoLl3BoACrBo'

B uenom, .[enaprameHr paAHo3rlerrponHorZ npo-

M bI In rI e H H o c r n M n H n p o MT o p r a P o ccvrtt' n p H rI a r ae r
6 onnurrae y cvrnvrfl ''{ro 6li HaIIra 3rIeKTpoHHa's KoM-

[oHeHTHaq 6asa s],rrrrna Ha coBpeMeHHnri ypoBeHb'

n ero pa6ora 3ac/Iy)I(I4Baer camofi srrcol(oli oueHI(H'

lI o n o>tcrzr e I bHy Io p o rI b c t'I r p an a np o r p a M M a H M rtop -

r o 3 a Me Iq e H 14 fl ' r<or op a fl c't vMy nvpoB arl a p a ap a6 or ry
c o Bp e M e H H u x p o c c rz it c Kr4 x rI o rI y rr p o B oA H !I Ko B t'I x

rrp"6 op o" c qerlbro 3 aMeHbI HHo crp aHH stx uz renuf,t'
npH MeH fl eMbl x B oreqecreerl HoIZ paAHo3rleI(Tpon Hori

"rrrr"p"typ.. 
Tar<nlt o6pa:om, rro ypoBHIo paapa6oror

CB9-anerrp olvrr<r4Mbr y>I(e r'rAeM BpoBeHl c :apy6exc

HbIMH KOMnaHh-sMVl' a oTCTaBaHIZe Bo BHeApeHr4r',I

n cepuflnorw rIpoH3BoAcree 6yAer cBeAeHo I( MLIHH-

MyMy rlocle peaIIH3aIIHH nPoeKTOB, O KoTOpbIX 's

ynoMHHarI.

B pa:nux orpacnqx 3KoHoMHKH atfifexr or HMnop-

To3aMeuleH ug' 6ntn pa3nHqeH. Hacrolrxo 3Ta florll-
Tr4Ka rroMorla pa3Brrrnro CB9-anerrpourarra?

B p a4rlo ane KTp oH n Ke 6un p e anuzoB aH n p a B H n:'.ut'tf't

rroAXoA K HMrlopro3aMeIIIeHI4ro' noSToMy oHo ,4eficr-

BHTerIbHo rrpr4Hocvrr norlb3y orpaclrll' Mu ne rIo[rrII4

no flyrl4 I(on np oB aH Lr fl vrMnoprHrtx npr.r6 op oB' Ta K

KaK llpll 3TOM Ll3Har{aIIbHO 3aI(IIaAbIBaeTc-s oTcTa-

BaHHe or :apy6exnltr :=::=i--.{i:l{gats ira 5-10 ner'

Co:g,au ne xe npu6opog r-a --: r --=:i :'\Ho'-lorl'1qecrofi

6a:e, r<oropbre flo cBol'I\r Ira?al.'-';? al'1 co oTBercTByroT

a apy6 e>r<Hr rM vr3 ne ;rL4 s\l . E € ^{e1 i- i'' P\--s Il x Ko HCTpy K-

EHo, - 3Har{IlTerIbHo 6o.ree f aljilona'-tbuag' ltorLl-

T VIKa, fIO 3 B o[.s rc UI a fl H Op \1 a -l b H Lr p a 3 B I1 B aT b H CC IIe AO -

BaHLrtr, pa:pa6orrra H [pol138ua-JCTBL-',' B-\tecre c reM'

rro c KorI bKy s H a tue iI an lr ap ar \- p e I t' n Lr'-I b3 ]' e r c.s orre H b

6onrrrra-fl HoMeHKrIarypa I\lHKPoc\e-\t HHocrpaHHoro

rIPOr4 38OAC'IBa, Lr BocflpoH3BO-f HTb Kax<Jlrrc v3 Ilr4X

B orAerlbHocrl4 Helrelecoo6pa:Ho c roqKa 3peHufl

3aTpaT BpeMeHI4 I'I CpeACTB, nePCIeKTHBHbIM [yTeM

flB Ir s.er cfl co 3AaH He BbICoKoH HT e r PH p oB aH n rtx C BlI-

npn6opoe, I(oropble rro coBoK)rrlHocrn cBor4x rlapa-

MeTpoB rIo3BOrI.sT 3aMecrHTb HecKo'-IbKO THnOB 3apy-

6e>r<Htrx MoHoTILITHbIX HHTerPar bHbIx cxerur (Ml4C)'

Hanprzruep, MbI cefiqac BeAeM pa:pa6or<y BbICoKo-

H H T e f P 14 p o B a H H bl x rI p I4 e M o rI e p e A a Io Iq H X r'tto gy n eu'

Koropble 3aMeH.lr -.itu rnnoB :ap1'6exHrrx npn6o-

poB.

Kaxona porlb rexHorrornarecKori nnarilopMbr
"CB9-rexn onoruu" B pa3BHTHn poccnricxofi CBrI-

TEXHI'IKI'I?

TexHonornqec Ka.s nnarQopr'ta Ko op.4 H HHpyer p a3 -

Br4Tze CB9-anerrpoHHKH B crpaHe - KaK Hayr<vr'

raK rz npoH3BoAcrsa. (DaxrzqecKu, oHa aKKyMy-

rrvpyeT rIepcrIeKTHBHbIe vp,eu H '4aeT vrMrrynbc

r4x- p a3Bvrr vto. B p a ru < a x r e x H on o r ra'r e c ro ri r rI ar -

Qopmrr MbI HarIa>KI'IBaeM H pa3BHBaeM corpyAHl4-
qe c T B O C flp oM bI I[/I e H H bI M H IT p e A [pH sT vr s'Mr4',

I(O TOP bI e p e f yn ,'IP H O n p e AC r a B rl.fl ro r c B o H LIIlLr\n a-

develop this area, develoPing
ouantum-cascade lasets, anten-
nas for the terahertz range and

devices that can be based on

them.
I wouid 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 receivPr-of. the micro-
wave signal, which will reduce
the dimensions of the device,
minimize errors, imProve reli-
ability and resistance to exter-
nal factors.

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-

ics is being imPlemented at the
RPC'"Istok" named after Shokin
tnEryazino. ln Pulsar (Moscow)

an investment Project is being
implemented to create the first

domestic serial Production of
monolithic circuits on galllum
nitride, in'hich is alreadl' at the
stage of installation of equiP-
ment. We cooPerate tvith both
lstol< and Pulsar. \\'ith the 1at-

ter, a joint R&D is carried out,
within which our deleloPments
in the field of microtvave elec-

tronics vvili have ro be intro-
duced into batch PiLrduction.

In general. the DePartment of
Radio Elecrior;c l:li-ustry of the
Ministrl ol l:*:s::r' and Trade

of the Ru=s- =:- .::etation is
making {:--: =:-l::s to ensure
that ou: =-= -.r: :---- :-amPonent
base i.t:---=i : :---^::rn level,

#6177120!7



THBHL,Te [poeKTbI. C.tataro, r{To aKTIzBHa.a pa6ora
crpyKryp rexHorlorHqecr<ofi nnarQopmu o6ecne-
r{ H B a e r a n r e n c u Q rz Ka II 14 Io p a3 Br4T vr fl p o c cwir ct<o it
CB9-rexnn r<r,r.

Karunru Hoy-xay o6naAaer r.rncrraryr?
Mlr n ueem xopollrae napa6ort<u e o6nacrsx co3Aa-

H H_rI MOHOTT LI THbIX CXeM MHIIIIHMeTp OB Or O Al,]ana-
soFra (59-64 ffu), npz6opoB rpexMr4rIrIHMerpoBoro

Anarra3oHa (89-93 lf r1), npneMonep eAaIoIIIHX MoAy-
nefr, r4e H rrpneMHa-s H [epeAaroqaq qacrb Haxo-
p\g.Tcg. Ha oAHoM KpHCTarIle. OrMe.{y, r{To HHTef-
papoBaHHue npr,r6oprr o6ecne.{HBalor Ba)KHbIe

!\rrfl, pfl!,a [pr,rMeHeHufi npeumyuecrBa c ror{Kli
3peHH.fl yMeHbIIreHIZ-fl uryMOB Ha BXOAe pI FIoBbIIrre-

HH-s BbrxoAHofi morquocru. Ha Hnrpn4e tarlrr4tr
oAHoKpHcrarrbHble HHrerpHpoBaHHbIe upn6opm
Co BCTpOeHHbIMH aHTeHHaMH IIOnyrIeHr,I HaIIIHM
vrHCTvrTy'toM B[epBbIe B MHpe.

B reryrueu roAy MbI nepBbIMr{ B crpaHe pa3-
pa6otanu MliC MIIIy zt fYH Ha ocHoBe crpyKryp
"Hvtrpvr1 taililvrfl Ha KpeMHr'Iw". 3a py6e>xolvr rro
HanpaBIreHHe Har{aIIo pa3Br,lBaTbc-g TaK>Ke coBCeM

HeAaBHo. Tar<ue npz6opu 3Haqr4TerlbHo AeIIreBrIe
H TCXHOIIOIHI{HCC B NPOH3BOACTBC I{EM, HANPHMCP,

u3D,eIrl,ffl, B KOTOpL,IX B Kar{eCTBe IIOAIIO>KKH Vrcno]trb-

3yerc.q r<ap 6u4 Kp e M H H -fl . C rpy r<ryprr " HL4Tp:z_!\ | ail-
IrLrg. Ha KpeMHrzrz coBMecTHMbI C K.rIaCCI4r{eCKTZMH

Kp e M H LI e B bI M H T e X H O II O I VI gMVr, 
P e a II rZ 3 O B a H H bI M H

H a Ir p eA n p u trT vr s.x o T e r{ e c T B e H u om p a guotrl e KT p o H-

norZ orpacnH, [ogroMy llo.sBlrqerc-s Bo3Mo)KHocrb
B eAHHoM 4aKrre co3AaBarb ra CB9-, rz qrzQponlte

3.rreMeHTbr. Ins pearrr43aIIHH TaKoro rlpoH3BoA-
crBa TaK>I(e Ba>KHO, r{TO CyqeCTByrOT TeXHOJTO| HH

H3roroBrre:nr4s. HvrrpLtA rarlrlneBrtx CB{ MI4C 6es

llc|IorIb30BaHH_fl 3O.[ora.

Kar srr orleHr{Baere nepcrreKTHBbI rrpHMeHeHr4.s
pa:pa6oroK HHcrHTyra B rpa)KAaucxori rexrrnr<e?
Haruu npra6opn Moryr [pzMeHrrbc.fl B cr,IcreMax
mo6rznrnoft csflzvr [oKoleHLr -s 5C, anrouo6unn'
Hbrx rroKaropax, Aarr{L.I Kax 4n-a po6oroB pa3[Hr{-
HOIO Ha3H aqe[Lrg., BKrIroqa.g uanora6apHTHble
MeAZrIrrHc rze. Pa:p a6orr<rl e o6 nacr vr rep arepllo-
sofr rexHut<w uafi.gyt [pr-rMeHeHue, HarIpI4Mep,
n o 6 o p y4 o e aHvrr4 A [ -fl M e A H II ra H c ro fr A I,I a r H o c r 14 K H

14 B BbI C OKOI{ Y B C T B H T E II bH bI X A ATI{ H KA X X IZ M H I{ C 
_

CKHX BCIIICCTB.

Karosnr HcrorrHHKH Qunancup oBarrrzs. frpoeKToB
B rpa)KAaHcxoli cQepe?
llo c r<on n r<y M br q B rt q e MC.s r o c yA ap c r B e H H bI M y.{p e -

)r(AeHrzeM, To nolyqaem QunaHcnpoBaHrze B paM-
Kax yrB epxAeH Horo roAoBoro nrlaHa uccne r,oeaur4fr.
.{ononnare/rbHble cpeACTBa Ha Hayr{Hble HCcleAoBaHH.s

npnBrreKaeM B paMKax KoHrpaKroB c MnHo6pHayrz
Poccuvt, a rrorryqlrB sKcrlepHMeHrarlbHble o6pa:r1lt
BbrrolH.rreM OKP An-s Mannpouropra Poccua. Tar<x<e

IIOII}TIAEM NP-SMbIE 3AKA3bI OT IIPOMbIIXIIEHHbIX trPCA'

npwxtuft, rrpz 3ToM r{acro perrb aAer o pa6orax oco6ofl
crro>KHocrpr. HarrpzMep, HeAaBHo rvru pa:pa6orarla Tex-

Ho/ror14ro Qopmzrpona u:zn quQparcqltoHHorz perrerKH
Ha [rracrHHax c 3rIeMeHTaMH na3epHbIX AHOAOB A[.S
orrro3neKTpoHHbrx rrno4ynefi CBYzaana: oHa ro 3 aKa3y

and its work deserves the high-
est appreciation. A positive role
was piayed 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 a1'ready on par
with foreign coffIpanies, 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, sjnce in
this case, 1ag 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 Rgl
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 repiace several types
of foreign monolithic integrated
circuits (MIC). For example, we
are currently developing highly
integrated transceiver modules
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HIALI"lIonrcc" HM. M.@.Crennnaxa. I(pome Hac HHKro
HH a Poccar4, Hr4 n Eenopyccnn He cMor perrrzTb 3Ty

3aAarIy.

Mo:rcro rrv noBbrcHrr aQQerruBHocrb cHcreMbr rocy-
AapcrBeHHoro QunaHcapoBaHr{q HHOKP s PoccHLr?

YponeHr QuHaucnpoBaHvrs. HayKH B crpaHe B rlerroM
HeAocraror{eu. Cpe4crB, BbrAerrqetrnx OAHO, HaM
xBaraer Ha (f zHaHcrzpoBaHr4e rpnMepHo 25% :nayu:no-
LrccIIeAoB aTeIIbcKH X tlp O eI(TOB, O CTaITbHO e Mbr BbIHy-
>KAeHbr H3brcKnBarb caMH. Ecnra 611 6rrla npnu.ara
orAelbHa.s nporpaMMa QzuaHczpoBaHHs Qysla-
MeHTarIbHbIX TIoHCI(oBbIX HCCTIeAoB aHuiz, To cKopocrb
n eQQer<rnBHocrb pa:pa6orrz H BHeApeHH.fl HoBbrx
texHolorzrZ 6r,tnu 6s Bbrrrre.

9ro r<acaerc.fl OI(P, To Ha rocyAapcrBeHHbrx r(oH-

Kypcax [peHMyrrlecTBa HMeroT KpynHbre KoMraHrrH,
HMeroulre neo6xoAumue cno6o4nbre cpeACrBa Arrs-
o6ecne.renu.f, KoHTpaKTa. Mbr, r(aK rocyAapcrBeHHoe
IlpeAnplz_sTHe, Tar(nx cPeAcTB He r{MeeM rz [pHBner{b
He Mo)r(eM. lloarouy nar,r6onee parlHoHarrbnofi cxemofi
flB rr g.eT ctr coTpyAHHr{ecTBo c frpoMbrrIIIIeHHbrMr4 trpeA-
npr4flTns.Mu, KorAa rvrnr pa:pa6arbrBaeM Arr.fl HHX Tex-
Horror:z:z , rrortyqaeM orbrrHbre o6pa:r1u npz6opoa,
rrpoBoAHM r4cfrbrTaEkrtr H 3aTeM nepeAaeM BCe Hapa-
6orr<n 3aKa3qHKy, xoropurft ocBaHBaer cepnltuufi
BbrrrycK npoIyKrJuv.

Kaxori rp oH38 oAcreeHHofi r.ru<f pacrpy xrypori pac-
nolrafaeT nucruryr?
Mrr nocneAoBarerrbHo peanr43yeM MoAenl Fab
Iight, Koropa.s npeArrortaraer npoBeAeHHe ricc.le-

,qo n a H n li, p a : p a6 o r o x. -..i o e.. ; i p !r B a a L1 s., r{ 3 f o ro B -

IreH:afl, oTIbITHbIX o6pa:uoa. a ;a.{xe BbIn)rcK Ma/rbrx
cepuft n p n 6 op o e H e n o c p e-1. r 3 e i-i H o B ri H c r?rryr e.

Bo nnHorax c[]/qaqy raKat a\e-'..^a orrrHI,rarrbHa,
TaK Kar( rrpoH3BoACTBo -\ra.-ibr \ ;aprlrrl Ha 6onlurzrx
|IpeA|IPH.STHg.X He BbIro-lHer HIi 3aXa3r{kIKy, }tl4
HcrrolrHHTenro. He6o.r ltu H e ceprrrr lr r:e.rrari, roto-
pble HaAo 6ucrpo H3roroBI{rl r', 6lrcrpo BHeApr.rrb,
rpe6ymrcn, HarpHxep. xoc.\r rrqecxori orpacrkr.
.fl C'rararo, r{To A[-q opraultlaUlrri. no4O6HrtX
u a nre rl, 3 a H H M a ro [I H xc q rl rl cc-l e -] o B aHr4 g,MLr,

11 orrbrTHblM npoH3BOACTBO\1. STOT BeKTOp pa3BZ-
rz.rr onpaBAaH.

I( co>r<aneHHro, Mbr He \roxe-\r pea.rH3oBbrBarb
I(pyn H ble I.jIlBe cT vrrIIdoHH br e |I p o e KT br. IIo cKoII bKy
6ro,qx<erHoe Qw nancupoBaHrle Lri pari r{qeHo Aocra-
TorrHo y3r<r4Mvr paMKalla, a 5aeiiorc;<ile KpeArzTbI
IO C yA ap CT B e H H bI M opla H I'I 3 a U I i c -'.1 :- e - !r a T \- II H bI . Te M
He MeHee, pelyll.flpHo paclxIlPsel.', ;: --i--:..ts.lqeM naPK
o6opy4oaanux. Hanpulrep. B 3ro-','- :,--\' roryr{HM
yCTaHOBKy aTOMHO-CIIOeB OrO rr Ji)i - 3:- i: 9. KOe-.IrO
crapaeMc.s 3aKylarb na eHe5r.-^a:.::-3 cpeACTBa.
B .racrnocru, celivac c pg.lot.t ,{u--',1-,,,-=t {!J;iHX crpyK-
ryp npopa6arbrBaercrr B onp o. rr u-. -,.' :=.- il -E o 6 opylo -

B aH]u g. B III43I4]FI D\II q p ea :IH 3a i: ;'- : : - ;,- : -{ : a S o 6n aC rZ
rpa)K.uaHcr( om tto6u ntuoli ceq l ;r .

"YgKraN{ MecroM" Hf,rII€|er -l,-;.-l:-rlcrBa ltoKa
LB n s.eT C s. H€AO O CH arII e H H o C : :'.'. : -^ : -{ a : pr- n nOnolr
o6pa6orrz rIIacrHH. O.]^-^a:t.- :a,'.:=:--::r r{ noBoAbI
A[.s fopAocra. Hanprl].1e;. -{--:-; -,.!:- ilepBbrMLr
B CTpaHe BbrljlycT]Hnr4 [apr;1i-. -'.1--'\-;: - \-H I{a cTpyK-
Typax "H:,z-Tpu!\ ra-r.rl:r:-:. -{:=r.r---!--;a ro BbIXoA

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 develooment
of microwave electronics in the
country, of both science and
production. In fact, it accu'
mulates promising iileas and
gives impetus to their develop-
ment. Within the framework of
the technological platform, we
establish and develop coopera-
tlon with industrial enterprises,

which regulariy 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 ir.
the areas of creating MIC of t:.
mil'limeter range (SS-O+ CH: .

devices of the three millii:=
ter range (89-93 CHz), tra.-j
ceiver modules, where boti: :-=
receiving and transmittin: :=::
are located on a single ii'-

: :: I Aat rnte -

---t,lp imnnr-

=--: -,: -- = - :l--: input and
:: .--- - ---:: lott,ef, On
..--::. --::-:= ..Uf inSti-

:--. ..-.: -..:- -,ne in the
, -.--=-,^hin intp-'---t--

' ,'. -::- built-in

:.-- =::. \\re WeIe

= -:l a nUm-
--. -r terms Of

- "-ir\/ dorrol-
:l-- \, LU DaSeCl

-. --- -.----de on sil-
:: .-----oad, this
_. = _ _- --r also very
-: --=> afe mUCh
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roAHbrx Kpr4crarrrroB c rrlacraHbr cocraBn.rr B0% - slo
B HeCKO.ribKo pa3 BbIIIIe, r{eM Ha oTer{ecTBeHHbIX npo-
MbrrrrneHHbrx npeAnpH flTVrq.X.

Yuacrnyer npr HCBHfIS PAH B Me>KAyHapoAHbrx
npoexrax?
B parrrax coro3Horo rocyAapcrBa p occuu u Benopyccutr
Mbr rr.rraHapyeM BMecre c IIAO "pa4rzoea:HKa" pea-
rra3oBarb nporpaMMy rro co3AaHHro aKTHBHbrx ea:w-
poBaHHbIX aHTeHHbrx perreToK Mr4.rI.rIHMeTpOBOfO
.qHala3oHa H 3neKTpoHHbrx KoMrroHeHTOB Lrrs. ]Ij-LLX.

CorpyAuz.recrBo co crpaHaMr.t AarrbHero :apy6ex<rx
B ocHoBHoM orpaHLIrIHBaercq o6ltqHbrM !\ng, Hayr{Horo
coo6rqecrea o6lweuovr rzHQopma4zerl o HZOI(p B paM-
rax roHQepeHrlari v qpytnx Hayr{Hbrx weponpunult.
llocr<onrr<y Harrr r4HCTHTyr yr{acrByer B BbrnorrHeHHH
r o c o 6 o p o u : a Ka 3 a vr :r^arJJL4 T e x H o rI o r H r{ e c K r,r e p a 3 p a,
6 orrpi npHHaArre>Kar rocyAapcrB eH HoMy 3 aKa3r{ HKy,
Mbr cepbe3Ho oTHoculMcq K Borrpocy oxpaHbr cBoHX
Hoy-xay. I( romy >Ke npe4rrox<esrzri o [orrHor]eHHoM
corpyAHur{ecrBe, Koropoe npeAycMarpuBarro 6tr e:a-
HM Ho e o6 orauleHue 3H aHI4;IMH H TexHorr or 14 flML4,
or HHocrpaHHbIX Ko.[rler He nocrynalo, a B tolt, vto6r,I
B oAHocropoHHeM nop-flAKe orAarb caour napa6o-rKvr F,nst
pearlu3aqlra rAe-To aa py6ex<olr, Mbr, ecrecrBeHHo, He
3aHHTepecoBaHbr.

Karosa ponb HHcrHTyra B rroAroroBKe KaApoB Anc
orpacnu?
Y sac pa6oraer aclzpaHTypa, Mbr AocrarorrHo
)KecrKo rro4XoAHM r< o16opy r(aHAHAaroB r4, Kar(
pe3yrrbrar, [or{Tr{ 100% ee BbrnycKHHKoB 3arrlHUIaror

Al4cceprarlz'vr, nocile vero pa6oraror rro crreqrzanb-
HocTH B HarrreM T4HCTI{Ty-te vrrw [pytvx opraHrz3a-
I1r4.sx orpacnu. AcnupaHTbr npnxoA-rrr B ocHoBHoM
uz MItlQlrI, MI4P3A u MLIJT.

Paccxax<are, noxalyricra, o rlraHax H nepcneKTH-
Bax pa3BrrTas. vtHcTIdTy T a.
Yq ra r rr e a.s Q a n a H c o n tI e r o Ka 3 ar e lrr4 I4:r'C-I HT y ra,
OAHO rrpvHs,no perxeHHe nepeBecrrl Hac Ha HoByro
aBroHoMHyro Qoplry pa6orrr. I(or4a 6ylyr yrBep-
>KAeHbr ece Heo6xo4HMbre AoKyMeHTbr, Mbr rrorryr{HM
craryc "Qe4epantnoro rocyAapcrBeHHoro aBroHoM-
Horo Hayr{Horo yqpe)KAeHH_s". Eyler o6pa:onaH
yrrpaBrrqrcqari opraH - ua6nro4arenlnrrri coBer,
r<oropuri 6eg cornacoBa:n:zs. c @AHO, o6uvuo rpe-
6yroqero HeAenb H Aa>Ke MecqrreB, 6yl,er npv.,
HHMaTb perueHlz.s, KacarcIl{Hec.s onepaTHBHOrO
y n p a B rr e H H x p a6 ot oft vrHCT vrr y r a. M ri c uo>xelvr
n olyr{arb 6a rt r<on c rae Kp eAr,rrbl H p ea nr43 oBbr B arb
rIH3HHfoBbre cxeMbr. Ilpra :rotv- I,ICBqil3 ocraHerc_s
rocyAapcrBeHHbrM yqpe)KAeHnera. Taxo ea 6nu,
>r<ariura-fl nepc[eKTHBa.

r------rrrrdHbr pd3tsn'Iufl BK.IIrcqaIOT AOOCHalqeHHe
Hanrefr TexHorrorH.recr<ori rruHVL4 14 nepexoA
K Me rr Ko c ep uft u.o tuy n p oH 3 B oA c r n y C B g-n p rz 6 o p o e,
ocBoeHae Hosofi [norIaAKH e Mr,rrnllax a [epe-
BoA TyAa qacrr4 o6opy4ona]Hvls., co3AaHHe HoBOro
floKorr e H H.s npz6op on Ha Hr4Tpl,u- AH brx crpy Kryp ax
Ha KpeMHZH, BbIXOA B HOBbre r{acToTHble nuarla-
3 O H br, nz aumo \efi.c TB H e C n p eA ilp t4_s T 14 s,MU M H Kp O -
9.[ e KTp oH H r( L.r rr o c o 3 A a H H ro r<on6 a n rz p o B a H H br x
cI4CTeM Ha KpI,rcTaIIne. oruevy, r{To Mbr flocTo-sHHo

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 ls also important
that there are technologies for
manufacturing gallium nitride
microwave MIC without using
eold.

How do you assess the pros-
pects for applying the
Institute's developments in
civil technology?
Our devices can be used in 5C
mobile communication svstems.
car Iocators, sensors foi 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 ih highly sensitive chemicai
sensors.

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

)rnce we are a government
institution, we receive fund-
ing within the approved annual
research plan. Additional funds
for research are attracted in the
fram'ework 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
is 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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co34aeM HoBble rexHorlorI4vr, opve}lTHp oBaH H ble

Ha pe[reHl4e [pHKnaAHbIX 3aAar{. Cpe4n HHX ecrb
yHHKarrbHrre pa:pa6orKH, HanpuMep rexHorlo-
fVt, r(oTopa-fl Mo>Ker [o3BorIHTb B Or{eHb KOpOTKHe

cpor(H co3AaBarb CB9-n:Aelr,I.q pa3HbIX r{acror-
HI,rx AHana3oHoB tz QyHrqnoHarlbHbtx Ha3Haqe-
ttv.fi. ua ocHoBe ptF,a yuvtQlrqlrpoBaHHblx KoMno-
HeHroB. Bnpouem, 6onee uo4po6Ho o Heri paccKa-
3brBaTb noKa paHo.

B gar<nro.{eHr,Ie xore[ 6nr cr<a:arb, r{To Poccug.
He Mo)Ker cytqecrBosarl 6es 3rIeKTpoHHoro

frpoa38oACrBa MHpoBoro ypoBHs. B ycnosuxx 3Ko-

H oM H rre c I(H x c a H rI1 rz fi T orl bl(o H ayr{ H ble opr aH H 3 a-

r{ur rz Moryr co3AaBarb KoHKypeHTocuoco6Hue rex-
Horrotr4vr Mr.rpoBoro ypoBH.s. lIo:rolvry xotelocl 6lt,
-{ro6lr HarrrLl npoMbrrnrreHHble rrpeArrpu.sr ns. 6 o nee
a KT 14 B H o c o r p yA H r,r q a I[r4 c :a:r.CT vrr y'I au l't PA H .

HoseLItune rexHorloful H HaM HHI(To He rlpoAacr,
HX Mo)r(Ho paapa6orarb rorlbl(o BHyrplr crpaHbl,
LI HaIn HHCTI,ITyT IOTOB 3To AeIIaTb.

I4nmep e un : !,mump uil lyd utuu

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 for sci-'
ence in the country as a whole
is insufficient. Funds allocated
by FASo are sufficient for fund-
lng about 25% of research proj-
ects, the rest we should to find

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,

produce prototypes of devices,
conduct tests and then trans-
fer the solution to the customer
who will masterins 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 smali series
of devices in the instltute. 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 INA
and VcO on the "gallium nitride
on silicon" structures, the chip
yield was about B0%, this is sev-
eral times higher than in domes-
tic industrial enterprises.

Does IUHFSE RAS parricipate in
international proj ects?
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 rhe

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 rhat would
provide mutual enrichment with
knowiedge 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 I00% of
its graduates defend their the-
ses, after which they worh in our
institute or other organizations
of the industry. Craduare sru-
dents come mainly from MEphI,
MIREA and lztttt.

Please tell us about the plans
and prospects for the develop-
ment of the institute.
Civen 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 IUHFSE will remain a srate
institution. This is the nearest
perspective.

The development plans include
the upgrading of our techno-
logical line and the transition
to smail-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

--,1 f"-^r i^--l -^^:^^r4rtSEJ 4rru I LLIIL LtUlId. I d55IB, Il

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 lil<e
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 wiil sell the
newest technologies, they can be
developed only within the coun-
try, and our institute is ready to
do it.

Inte r v i e w : D mitr v C u dili n
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