OT3bIB
oHMIHAIEHOTO OMNIIOHEHTa Ha JMCccepTalMoHHYI0 paboTy Muxaiinosuya Cepres
Bukroposuua ((qaC%OTHLIe W IIyMOBBIE MapaMeTpbl HAHOIeTEepPOCTPYKTYPHBIX
noJieBbIX TpaHsucTopos Ha ocHoBe AlGaN/GaN ¢ pa3Hoii ToNIHHON 6apbepHOro
ClIOs», TIPEACTABIEHHYI0 Ha COMCKaHHe YYEHOH CTeneHH KaHaujaaTta (U3HKO-
MaTeMaTHYeCKuX Hayk, mno crnenuanbHocTt: 05.27.01 — «TBepaorensHas

3JICKTPOHHKA, pPaAHOJIEKTPOHHBIE KOMIOHEHTBHI, MHKPO- H HaHO3JICKTPOHHKA,

npuOOpHI Ha KBAHTOBBIX ddeKTax».

AKTYaJIbHOCTD IHCCEPTALHH

B  auccepraumonHoit pabore MuxaiinoBuua Cepres Bukroposuua
uccnenyrorcs mymoBele cBoiictBa CBUY moneBbIX TPaH3MCTOPOB C BBICOKOM
noaswkHocTEI0 3ekTporoB (HEMT) Ha ocHoBe rerepoctpyktyp AlGaN/GaN c
pa3nu4yHOM  TonuHOM OapeepHoro cnos. Ilo cpaBHeHMIO ¢ JApYTrUMH

MBY (GaAs, InP), GaN o61aaeT cymecTBeHHO 6obleii

COeJJMHEeHUsIMU KJlacca A
IIMPUHON 3arpeliéHHON 30HbI, BBICOKOH ApeH(OBOH CKOPOCTBIO M IIOTHOCTBIO
HOCHTEJIEN, a TaK)Ke BBICOKOM TEIlJIONPOBOIHOCTBIO.

Jlo mociieqHero BpeMeH! TpaH3ucTophbl Ha ocHOBe GaN Mo3HIMOHMPOBAITUCH
Npesk/ie BCEero Kak MOIHbIE PHOOPBI, XapaKTePH3YIOLIHECs] BEICOKUM NPOOHBHBIM
HanpsHDKeHHEM, HO BMeCTe C 3THM U BBICOKMM YpoBHeM miyma. OHako mo mepe
HAKOIUIEHHs 3HaHWH B JaHHOM 001acTH ¥ pa3BUTUS TEXHOJIOTHH SMIUTAKCHATILHOIO
pocta rerepoctpykTyp AlGaN/GaN c¢ manoii TommuHON Oapbepa CTaHOBUTCS
scHOo, 4yTo GaN-TpaH3uCTOPHI BIOJIHE MOTYT ObITh OCHOBOH CXEM MAaJIOIIyMSIIIHX
yCHJIMTENel B MM-AMana3oHe 4YacToT, COXpaHss IIPH 3TOM BCe MPEHMYIIECTBA,
CBsI3aHHBIE C BLICOKOM IIMPHUHOMN 3ampeinéHHoi 30Hbl. Mcxos u3 aToro, Tpedyercs
rny6okoe M3ydeHHe IIyMOBBIX M YaCTOTHBIX XapaKTEPHCTHK TPaH3MCTOPOB Ha
ocHoBe rerepoctpyktyp AlGaN/GaN, nostoMmy BblOpaHHas JMCCEPTAHTOM Tema

ﬂHCCGpTaL{HOHHOﬁ paﬁorbl SABIACTCA qpe3quaﬁHo aKTyaHBHOﬁ KaK B HAay4YHOM,

TaK 1 B IPAaKTHYE€CKOM IlJIaHE.




AHaJIM3 ¥ OLIEHKA COJIePKAHHS JHCCePTALHH

Huccepramus Muxainosuda C.B. uznoxxena Ha 112-Ti cTpaHuuax u COCTOUT
W3 BBEJCHHUSA, 4YeThIpeX TIJiaB, 3aKJIIOUYEeHMs, CIHUCKAa COKpALEHWH M YCIOBHBIX
0003HaYeHMI1, a TaK)Ke CIIUCKA LIUTUPYEMOI JINTEPaTyphI.

[TepBas rnaBa mocesieHa 0030py JIMTepaTypbl, KOTOPbI COCTOUT U3 aHalu3a
HampaBlieHUsT Pa3BUTHS TEXHOJIOTMM IIOJI€BBIX TPAH3UCTOPOB Ha OCHOBE
IIMPOKO30HHBIX TrerepocTpykTyp AlGaN/GaN, aHanw3a HMCTOYHHKOB IIyMa H
MOAXOAOB Il omucaHus KodddulMeHTa IIyma, a TakXKe aHajlu3a METOJIOB
IOCTPOEHHs IIIYMOBBIX MOJieJiell TPaH3UCTOPOB. B KOHIle I1aBbl (pOpPMyIHPYIOTCS
OCHOBHBIE BOTIPOCHI, pacCMaTpHBaeMbIe B JUCCEpTALlMOHHON paboTe.

Bo BTOpOi#i rmaBe paccMaTpHUBAIOTCS IKCIEPUMEHTANbHBIE H TEOPETHYECKHE
METOJIbl Hcclie/ioBaHus. B mepBoM paszene ONUCHIBAIOTCS TEXHOJIOTHYECKHE
MapIIpyThl H3TOTOBJIEHHS TPAH3KUCTOPOB Ha retepocTpykrypax AlGaN/AIN/GaN c
TOJILIMHOM OapkepHoro cios ot 11.2 no 33 M. PaccmaTtpuBaroTcs ocobeHHOCTH
co3nanusi T-o00pa3HbIX 3aTBOpoB. Bo BTOpoM pa3znene OCBEIAIOTCS METOMAbI
HU3MEPEHHSI COINPOTHBIIEHHS OMMYECKMX KOHTAaKTOB, YaCTOTHBIX IapaMeTpOB M
koaddunmenta myma. TpeTHil pasgen nNocBAWEH pa3pabOTaHHOMY aBTOPOM
METONy OIpejesieHuss 3HAYEeHWI 3JEeMEHTOB 3KBUBAJICHTHOM CXEMBI IIOJIEBOIO
TpaH3ucTopa. OrnpeneneHre 3HAYEHWH SJIEMEHTOB 3aKJIOYaeTcs B IIOMCKe
MHHHEMYMa IIeJIeBOi (QYHKUMH, SBISIOUICHCS Pa3HOCTBIO MEXy W3MEpEeHHBIMH
TPAH3UCTOPHBIMM  XapaKTEPUCTHKAMM M  PAcCYMTAaHHBIMM C  IIOMOUIBIO
SKBHBaJIeHTHOH cxeMbl. (OOocHOBBIBaeTcs crnoco® BbiOOpa  HayaJabHOIO
npuOJIMIKeHUsT U TpaHMll odllacTU noucka. B cieayrolieMm pasjene ONMMCHIBAETCS
METO/IMKA OIpeJeseH!sl 3HAaYeHWH HCTOYHHMKOB BBICOKOYACTOTHOIO IIyMa Ha
OCHOBe M3MepeHui ko3 dunmenta mryma. MeToJ OCHOBaH Ha NpeoOpa3oBaHHUAIX
MaTpHI] CHEKTpPaJbHBIX IUIOTHOCTeH KoyleOaHUM TOKa Ha BXOJE€ H BBIXOJE
YeThIPEXTIOIIOCHHUKA.

Tperbs riaBa mocBsllleHa TeopeTHUYecKOMY aHainu3dy. B mepBom pasaene
paccMaTpUBaeTCs 3aBUCHMOCTh KO3(ULMEeHTa UIyMa OT TOJILMHBI OapbepHOro

CJIOA TE€TCPOCTPYKTYPbBI M HJIHWHBI 3aTBOpA. AHanus IMIPOHU3BOAUTCA Ha OCHOBC
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npeo6pa3oBaHys MaTPHLL CIIEKTPATBHBIX MUIOTHOCTEH KoneOaHWH TOKOB Ha BXOZE
M BBIXOJE 4YETHIPEXTONIOCHUKA. Ilpu TakoM momxoje KOo3(p(HUIMEHT IIymMa
BBIpa)kaeTcs yepe3 Ge3pasMepHbIil MapameTp, KOTOPbId 0OpaTHO NPOIOPIHOHATEH
NpOM3BEJIEHHIO KBajpaTa MAaKCHMAIbHOW YacTOTBl YCHIICHMS TIO TOKY Ha
BBIXOJHOE CONpPOTHBIEHHe. Mcronb3yst pesylbTaThl KPYMHOW —3apyOexHOH
SKCIIEPUMEHTANBHOR paboThl, aBTOp IOKA3BIBAET, YTO IIPH (UKCHPOBAHHOM
ToNIMHe GapbepHOTo COs W IepeMeHHON JumHe 3aTBopa oT 60 no 250 HM
3HaueHHs Kod((HIMEHTa LIyMa COCPEeJOTOYEHBI B ONpeNeNEéHHOH o0nacTy,
KOTOpas TP yMEHBLIEHHH TOJIIMHBI Oapbepa MABIXKETCS B HalpaBiCHHH
yMeHblIeHHs Kod(uuumenta myma. Bropod pasgen NOCBAIEH —aHAIA3Y
MAaKCHMAJIBbHOM YaCTOThl YCHIIEHHSI IO TOKY NoseBbIX GaN-TpaH3HCTOpOB.
UerB&pTas I7aBa CONEPXKHUT SKCIIEPHMEHTabHble NaHHble. 1lepBbIi pasjen
COJEpXHUT OCHOBHBIE TNapaMeTphl M3rOTOBIEHHBIX 00pasios mnoneBbix (GaN-
TpaH3ucTOpoB. Bo BTOpOM pasjese 3KCHEPUMEHTANBHO AEMOHCTPUPYETCS, {TO
ko3¢ uimenT nryma noneBsix GaN-TpaH3MCTOPOB € UTHHOH 3aTBOpa MEHEE 200
HM ONpEJeNseTcs He TOIbKO 4YacTOTOH OTCEYKH MO TOKY, HO M BBIXOJIHOH
TIPOBOJIMMOCTHIO. B 4acTHOCTH, MOKa3bIBAETCs, YTO Yy TPaH3MCTOpA C KpPYTHU3HOM
500 MC/MM ¥ BBIXOZHOM NpoBomuMocThio 45.5 MC/MM KoaQduuUHeHTa HIymMa
cocrapisieT 1.7 nb na yacrore 35 I'Tn, a y Tpansucropa ¢ kpyTusHoit 450 MC/MM 1
BBIXOJHON nposoauMmocThio 18.5 MC/Mm — 1 ab, uro na 0.7 nb Mmenbine
BClIe/ICTBHE GoJiee HU3KOTO 3HA4eHMs BBIXOAHON NMpoBoauMocTH. B ciemyromiem
pasjiesie SKCIEePUMEHTaIbHO IMOKa3bIBAETCS, YTO TPU YMEHBIIEHWH TOJIIHMHEL
6apbepa AlGaN ¢ 33 1o 11 HM KO3(QOHUIMEHT ITyMa yMEHbIIAETCS € 5 JI0 1 nb. B
yeTBEPTOM pasjielie aHATU3UPYETCs BIUSHUE EMKOCTHOH CBA3H MEX]Ty 3aTBOPOM U

CTOKOM Ha KO3 PUIMEHT IIyMa.

ABTopedepaT uznoxKeH Ha 24 CTPaHMIAX, BKJIIOYAET 6 PUCYHKOB, 1 TabIMILy
W CIHCOK OCHOBHBIX pabOT JUCCepTaHTa, a TAaKXe TMOJIHOCTbIO COOTBETCTBYET

OCHOBHOMY COJAEPKaHHUIO M BBIBOJaM JUCCEPTAILHH.




HoBu3Ha H 10CTOBEPHOCTH IHCCEPTALHOHHOMH paboThI

Cucremarryeckoe HCClIEOBaHUE 3aBUCUMOCTH Kod(dduuueHta 1myma
IIOJIEBBIX TPAaH3UCTOPOB OT TONIUMHBI OapbepHOro CIOsi T'EeTEPOCTPYKTYP
AlGaN/AIN/GaN npu pa3nuyHOi [UIMHE 3aTBOpa SIBJISETCS OCHOBHBIM
KOMIIOHEHTOM Hay4HO! HOBH3HBI paborel Muxaiinosuua C.B. Takxke B pabote
BIIEpBbIe II0OKa3aHa oOpaTHas IPONOPLUHUOHAIBHOCTh Ko3(QdHUlIMeHTa IIyMa
NPOM3BEJICHAIO KBaJpaTa YacTOThl OTCeYkM Mo ToKy F; Ha BeIXOoAHOE
COIpOTUBIIEHHE Ry Ul TpaH3MCTOPOB C KOPOTKMM 3arBopoM (MeHee 200 HM).
HoBbIM Taxxke sBisgercs U pa3paboOTaHHBI aBTOPOM METOJ HSKCTPAKIMH
napamMeTpoB IIyMOBOH MO/ TPaH3UCTOPA.

JloCTOBEpHOCTD pe3ysbTaTOB AMCCEPTALMOHHON paboThl Muxaiinosuya C.B.
o0yclloBlIeHa MCIIOJIb30BAHUEM COBPEMEHHBIX M OOLIENPHU3HAHHBIX METOIMK
U3MEPEeHHUs]  NapaMeTpoB  TPAaH3MCTOPOB, a  TakKkKe  COBPEMEHHBIMH
TEXHOJIOTHYECKMMHM METOJaMH M3TOTOBIEHUsI TpaH3UCTOpoB. [losnydeHHble B
AUccepTallMOHHONW paboTe pe3ynbTaThl He MNPOTHBOpEYAT paHee M3BECTHBIM
JIaHHBIM.

ITosHoTa ony0/1HKOBaHHBIX padoT

OcHOBHBIE pe3yNbTaThl M BBIBOJIBI AUCCEPTALMOHHOM paboThl B MOJIHOM Mepe
OTPaXXE€Hbl B HAy4yHbIX M3JaHMAX M TMpeAcTaBleHsl Ha Poccuiickux #
MexnyHapoaHslX KOH(epeHIHsIX W Hay4dHbIX cemMuHapax. [lo pesynbTaTam
JauccepTaumy onyonrkoBaHo 12 paboT B Hay4HBIX JKypHallax ¥ COOpHHKaX TPY/I0B
MEXIYHAPOIAHBIX U POCCUHUCKMX KOH(EpeHLMH, 5 U3 KOTOPHIX OMyOJIMKOBaHBI B
peueH3upyeMsix xypHaiax u3 nepeudss BAK Muno6pnayku Poccun.

IlpakTH4Yeckoe 3HaYeHHe Pe3yIbTATOB JHCCEPTALIHH

IlonmydyeHHble pe3ynabTaThl HMMEIOT KaK HaydyHOe, TaK W IIPaKTHYeCcKoe
3HadyeHue. OHu kpaitHe BaxxkHbl 111 CBY anexrponuku. Kpome Toro, noayueHHbie
pe3yabTaThl MOryT ObITh Hcnonb3oBaHbl B HULL «KypuaroBckuit uncTuty™, 3A0
«Csetrnana-Poct», OAO «HIIIT «Ilynscap», AO «HIIII «Mctox» um. Illokuna,

AO «Hay4no-npown3BoactBeHHas ¢pupma « MUKpany.




O60CHOBAHHOCTH HAYYHBIX MOJIOKEeHHH H BbIBO10B

Pemass mocrtaBineHHble B pabore 3amayd, aBTOp aAKTMBHO M I'PaMOTHO
MCIIOJIB30BaJl Pa3BUTHIE allapaTbhl TEOPHUU IIyMa, TEOPHH YEeThIPEXIOJIIOCHUKOB.
[TpakTuyeckue naHHbIe ObUIM B3SThl aBTOPOM KaK M3 JIMTEPATYPHBIX HCTOYHHKOB,
TaK U U3 pe3yJIbTaTOB U3MEpPEeHHH OOJIBIIOro KOJNWdecTBa 00pa3loB TPaH3UCTOPOB.
[IpumedarenbHo, 4YTO OBUIM HCIIONB30BaHbl TPU pasjM4YHbIE TEXHOJOIHMM HX
MU3rOTOBIIEHHUS.

Hay4Hble TOJIOKEHHs] W BBIBOJBI IOATBEPIKAAIOTCS aBTOPOM C IIOMOIIBIO
YHCJIEHHOTO pacuéra (PU3WYecKuX Mojelieid U TEOPEeTUYECKOIo aHallu3a ¢ y4EToM
paHee W3BECTHBIX pe3yJbTaTOB, a TaKXe Ha IpaKTHKe INpPH HCCIENO0BaHUU
nzrotoBieHHbix HEMT mMm-nnana3zona 4acTor.

3ameuyaHus No JUCCEPTAIIHOHHOH paboTe

1. B nuccepraumoHHOW paboTe aBTOp paccMaTpuUBall IPEXIe BCEro
TPaH3UCTOPHl C HAWIY4YIIMMHU IapaMeTpaMH KakK Cpelld JOCTYIHBIX B Ipejernax
OHOM IJIACTHHBI, TAaK ¥ CPEIM pa3NuyHbIX IIacThH. K coxalleHHIo, TeM caMbIM He
paccMaTpUBaJICSi BONPOC BIMSHHUA MOPQOJOrMM TIOBEPXHOCTH M KayecTsa
reTeporpaHul] Ha  IIYMOBbI€  XapaKTepPUCTHKH  IpHOOPOB,  MMEIOIIUMN

TEXHOJIOI'HYECKOC 3HAYCHHC.

2. OOBIMHO TIPH W3MEpPEeHHH S-napameTpoB TPaH3UCTOPOB IS MOCTPOECHHS
Mojielieli IPUMEHsSeTCs TaK Ha3bpiBaemasl Mpoleaypa IedMOeAnuHra KOHTaKTHBIX
romanok. M3 Tekcra auccepraldu He sSICHO, ITPOBOJMIIACH JIM TakKas IpoLeaypa
TIPH OMpeJie/ieHHH NapaMeTpoB MoJiesield TpaH3UCTOpa U IlapaMeTpoOB HCTOYHHKOB

ryma.

3. B pabore wuccremyrOTCsi TPaH3UCTOPbl HAa CTPYKTypax, BbIpallleHHBIX
metojioM MOCVD c Tommmuoit 6apeepa ot 11 no 33 mm. Ilpu stoM Takxke
MIPUBOJUTCS CpaBHEHHE CO CTPYKTYypoH, HMerouleil TonmuHy Oapeepa 6 HM,
JaHHbIE O KOTOpPOW B3STHI M3 3apyOeKHOW nuTepaTypbl. bbuio Obl MHTEPECHO

TAKKe IMPOBECTHU HUCCIIECO0BAHUA TPAH3HUCTOPOB Ha OCHOBE I'€TCPOCTPYKTYP C Oomee




TOHKMM 0OapbepoM (HECKOJbKO HM), BbIpamleHHbIX MeTtogom MJID B HHIL

«Kyp4aToBCKUNA HHCTHTYTY.

B ocHOBHOM yKa3aHHble 3aME€YaHHMs KacaroTCi IIOJIHOTHI IIpeCTaBICHHS
MOJIyYEHHBIX aBTOPOM pe3yJbTaTOB M HUCKOJIBKO HEe INPHHHKAIOT HAyYHYIO H
NPaKTHYECKYI0 IEHHOCTh JUCCEPTAMOHHOH pabOThl M He CHMXKAIOT oblel
BBICOKOM OIIEHKH JMCCepTaloHHON pabotel. [luccepranuonHas pabora
«YacToTHbIE M UIYMOBBIE TNapaMeTpbl HAHOIETEPOCTPYKTYPHBIX IOJIEBBIX
TpaH3ucTopoB Ha ocHoBe AlGaN/GaN ¢ pa3HOH TONMHONH OapbepHOIro CIIOs»
yIOBJIETBOPSiET BceM HeoOXoauMbIM TpeboBaHusAM «llonoxenus o mnopsake
npucyxaenus  yu€Hsix  creneneii»  BAK  Poccwuiickoii = ®enepanum,
NpeabsABIseMbIM K KaHIWJATCKMM JAHMccepTalusaM, a e€ aBrop MuxainoBud
Cepreii BukropoBuu 0€3yCIOBHO 3acCiy)KMBAaeT IIPUCYXK/IEHHUS eMy YdYEHOM
CTeNneHH KaHauaaTa pU3MKo-MaTeMaTH4ecKuX Hayk mo cneuuansHoctd 05.27.01 —
«TBepnoTenbHas 3NEKTPOHWKA, PAaTUOIICKTPOHHBIE KOMIIOHEHTBI, MHKPO- H

HAHOXJIEKTPOHUKA, IPHOOPHI Ha KBAHTOBBIX I eKTax».

OduunanbHbIi ONMOHEHT:
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Kanaunar ¢pusuko-MaTeMaTHYeCKHX HayK, [ b{j { L(, M.JI. 3anaBeCcKUH
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123182 Poccus, MockBa,

. Akagemuka Kypuatosa, 1. 1.

E-mail: Zanaveskin ML(@nrcki.ru,
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