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OT3bIB
Beylledl OpraHM3aliy Ha JUCCEPTAIMOHHYIO pabory Xapnamosa Hukonas
Anekcannpopuda  «MOHHO-TUTA3MEHHOE — TIONyYeHHEe M BOSMOXHOCTD
HCIIONB30BAHMS CJIOEB TBEPAOrO pacTBOpa Ha OCHOBE (SiC);x(AIN)x Ha
MOHOKPHCTAUTHYECKOM KPEMHHUI» TPEJICTABIEHHYI0 Ha COMCKAHMe yYCHOH
cTelleHW KaHAWIaTa TeXHHYeCKUX HayK T0 CIENHaTbHOCTH 05.27.06 -
Texuonorus ¥ o0OpyIOBaHWe Ui TPOU3BOACTBA  IONYNPOBOIHHKOB,

MaTepHaoB ¥ MPUOOPOB JNEKTPOHHOH TEXHUKH

PaGoTa IMOCBSAIICHA TIOMCKY HOBBIX IIyTe# IIONYYCHHS CIOCB H
PACIIMPEHHIO BO3MOXKHOCTH MPAKTHYECKOTO MPUMCHCHM IMPOKO30HHBIX
HOHyﬁpoBOHHHKOB Ha OCHOBE KapOHJa KpeMHMs U €ro TBEPJBIX PACTBOPOB
(SiC)1x(AIN)y JUTS CHIIOBBIX U OMTOSEKTPOHHEIX YCTPOHCTB. N3BeCTHO, 4TO,
rarofaps yHUKaJIbHBIM CBOHCTBaM KapOuia KpEMHHUS, HUTPHJA ATFOMUHIA 1
WX TBEPIBIX PACTBOPOB MPUOOPHI HA UX OCHOBE MMEIOT PSII MPCHMYINCCTE
mepe]l TPAJUUUOHHBIMH KPEMHHUEBBIMU M HUTPHATA/UIMCBBIMU aHATOTAMH.
Ba)kHBIM HalpaBIeHHEM Pa3BUTHA TEXHOTOTUHA MUKPOIJICKTPOHUKH ABIACTCA
coBMemenre mupokosonHsx MartepuanoB (GaN, AIN) c KpeMHUEBOH
SNEKTPOHUKON. ~Baxuelmed mpobaeMod B TEXHOJIOTMH  CO3NAHHA
TOHKOTIEHOYHBIX Te€TepPOKOMITO3MIHMII Ha OCHOBE KapOHla KPEMHHS M €ro

TBEp/BIX PACTBOPOB SBIAETCA TaKke paspaboTka Haubonee YPPEKTUBHBIX U



DKOHOMHYECKH 11e1eCO00pasHbIX METONOB MX MOJYYCHHS TNPH BHICOKHX
TpeOOBaHUAX K COBEPIIEHCTBY ATOMHOH CTPYKTYPHI M 3JICKTPO(H3MUECKUM
napameTpam. B pabote paccmaTpuBaeTcst METO| MATHETPOHHOTO PACIIBUICHHS
MHOTOKOMITIOHCHTHBIX MHIIEHEH Pa3iIHYHOrO COCTaBa A (pOPMHPOBAHMA
coeB (SiC)ix(AIN)y, uMeIOmMA psifi HEOCTIOPUMBIX TPEHMYLIECTB nepen
rasodasHeIMH U kuako(hasHeIMU criocobamu. MCMoNb30BaHMe B KadecTBe
HCXOOHBIX TIOOJIIOXKEK MOHOKPHCTAJINIMYECKOT O KpEMHHS clIe GOHLHIE
[IOMYEPKUBACT  aAKTyalbHOCTH TeMbl. Bce oTMeueHHOEe  IO3BOIMIO
chopMyIupOBaTh ABTOPY LEJb U 3a7a49H HCCIICHOBAHMIA.

B d4ucne OCHOBHBIX 3a7au HEOOXOZMMO OTMETHTH BHISBICHHE
KHHETHYCCKUX 3aKOHOMEPHOCTEH MarHeTPOHHOTO pacibUIeHus
MHOTOKOMIIOHEHTHOH onHopoaHod wmumeHn (SiC)i(AIN), u momyuenus
HAaHOpAasMCPHBIX  CIIOCB,  ONpENENeHHE  YCIOBHM  (hopMHpOBaHus
MOHOKPHCTAIUTMICCKUX CJIOEB Ha MOHOKPHCTaUIMYECKOM KPEMHHM ITyTeM
STHTaKCHH U SHAOTAKCUH, HCCIICOBAHKUE CTPYKTYPHBIX U 3EKTPODU3NYECKIX
napaMeTpoB TETEPOKOMITO3HITHH (S1C)1x(AIN),/SH, obocHOBanMe
OCOOCHHOCTEH MEXaHH3Ma MAarHETPOHHOTO pPACIbUICHUS U ¢buznko-
XMMHYECKOH MOJEIN 00pa3oBaHMs TBEPIABIX PACTBOPOR (SiC)1«(AIN), npu
HU3KUX TEMIIEpAaTypax.

Kp()Me TOTO, ITYTEM MOI[CHHpOBaHHH IMOKa3aHa BO3MOXHOCTH
[IPUMECHEHUS TI0JIY9aeMbIX T€TEPOKOMITO3UITHI (TeMruIciiTOR)
(SiC)1x(AIN) /Si U1 IMOHEIX M OITOANEKTPOHHBIX YCTPOHCTS.

Pabota coCTOMT U3 4-X I1aB, BKIIOYAd 0030p M3BECTHBIX Iy OIMKaImi,
TEOPETHIECKOE OOOCHOBaHWE (POPMUPOBAHMSA CIOEB TBEPIOTO pacTBopa u
FCTCPOKOMITO3UIIUH, TIOTYYEHHUS CII0eB HA MOHOKPHCTATTHYECKOM KPEMHHUH H
OIMCAaHUEe BO3MOXKHBIX 00ONacTeil NMpHMEHEHHS CIIOEB M reTePOKOMITO3UIUIA
(S1C)1x(AIN)y, MOIYUeHHBIX MarHETPOHHBIM pacnbUICHHEM,

Jns TIPOBEACHHS OKCIICPHMEHTOB MCII0JIb30BAJIACh
MOJICPHU3UPOBAHHAS CEpHIHHAs yCTAHOBKA MArHETPOHHOTO PAcHbLICHHS Ha

MTOCTOSIHHOM TOKe, obecreunBaronas npeaenkHOoe OCTaTOYHOE AaBiicHue 107



[a, wnanpskenwe w©a wmumenn 0,3-1 kB, paspagmeii tox 1,5 A.
Hcnop30Baiack CHCTEMA IO0rpeBa MUIIEHH H HarpeBa MOIIOKEK.

[TonydyeHHBle  CIOM M TETEPOCTYKTYpbl ~ MCCICIOBAIMCH  C
HCHOJIb30BAHUEM  PEHTTEHOBCKOW JU(PPAKTOMETPUM, JJIEKTPOHHOM H
ONTHYECKOW MHKPOCKOIIUH, O0XKE-CHEKTPOCKOIIMM M Macc-CICKTPOMETPHH,
unrepodoromerpun. MccnenoBansl  BOJABT-aMIIEPHBIE  XapaKTEPHCTHKU
CTPYKTYDP.

MoxHO cornacutbes ¢ (GOPMYITMPOBKAMH OCHOBHBIX TTOJOKEHHH,
BBIHOCHMMBIX Ha 3alIUTy, HAYYHOH HOBH3HBI, MPAKTUUECKOM 3HAYMMOCTH,
yYKa3aHHBIMU B JUCCEPTALIHU.

Hayunas HOBHM3HA pabOTHl COCTOMT B TOM, 4YTO IIOKa3aHa
SKCIIEPUMEHTAIbHAS BO3MOXKHOCTh (DOPMUPOBAHUS MOHOKPHCTATHYECKHUX
HaHOpa3MepHBIX citoeB TBepaoro pactBopa (SiC)o7(AIN)ys 1 (SiC)os(AIN)os
HAa MOHOKPHCTANIMYECKOW KPEMHUEBOH MOANI0KKE ¢ opueHTauueit (111) npu
temneparype 1070-1270 K MarHeTpoHHBIM paclbUIEHHEM OJHOPOJHOM
MHIIEHH KAaK B VYCIOBHUAX OSIMTAaKCHM, Tak M 3H#oTakcuu. IlokaszaHa
1e1eco00pa3HOCTh,  UCIIONB30BAHUS KJIACTEPHOM MOIENM  PACHBUICHUS
TBEPIOrO  pacTBOpa,  (U3MKO-XUMHYECKOW  Mojaend  oOpa3oBaHUA
HETIPEPhIBHOTO psAJia TBEPABIX pacTBOPOB TPHU HHU3KOM TeMmIieparype.
Pa3paboTansl MOJENM CBETOAMOAA C JAIBHUM  YJIbTPa(UOIETOBBHIM
U3TyYeHUEM M pas3THUYHBIM YUCIOM KBAHTOBBIX $M, (OTOAMONA W JAHOJA
[IoTTkH.

[MpakTudyeckass 3HAYUMOCTH paboOTBI 3akKIOYaeTcs B pas3paboTke
TEXHOJIOTHYECKOTO mporecca HUOHHO-TITA3MEHHOTO MONTYYEeHUS
TeTepOCTPYKTYp  (TEMIUICHTOB)  MOHOKPUCTAJUIMYECKUH  KPEMHHUH  C
opuenrtanmeit (111) — MoHOKpHcTamTUUeckWi CcIOW TBEpPIOro pacTBopa
(SiC);x(AIN)x 1 TEXHOTOTHYIECKHX PEXUMOB (POPMHPOBAHHS HAHO-, MUKPO- U
HOJMMKPUCTAJUIMYECKHX  CJIOEB  TBEPJAOr0  pacTBOpa  MAarHeTPOHHEBIM
pacnbUICHHEM O,E[II()pOI[II()ﬁ KOMITAKTHOH MHIIEHH. KpOMe TOTO, IIOKa3aHa

HpHHuHHHaﬂLHaH BO3MO>XKHOCTB HUCITOJIB30BaAHUA PaBpa6OTaHIIOTO



TEXHOTIOTUYECKOTO MpoLecca Ul CO3IaHUS CBETOJAMOMOB, (DOTOLHONOB M
auonoB IIoTTkY ¢ mpUMeHeHHEM TeMILIEHTOR (SiC)1x(AIN),/Si.

OTKpBIBaETCA ~ BO3MOMKHOCTB  HMCTIONB30BAHUS pa3paboTaHHbIX
TEMIUIEHTOB JUIA CO3MaHUS ONTOMIEKTPOHHBIX YCTPOHCTB C NpHMEHEHHEM
APYTUX MIHPOKO30HHBIX MOIYIIPOBOIHUKOB.

JIOCTOBEPHOCTE  MpPENCTABICHHBIX B JHCCEPTALIHH pE3yNbTaToOB
TMOATBCPIKIIACTCSA UX SKCIIEPUMEHTANLHON BOCTIPOM3BOMMOCTBIO ¢ 3a1aHHOMN
[OTPCIIHOCTBIO  U3MEPEHHH, NPUMCHEHHEM  COBPEMEHHBIX  METOIOB
MCCICAOBAHMH, COIIIACOBAHUEM TEOPETHYECKHX M  SKCIIEPUMEHTANBHBIX
AAHHBIX MEXKIY COOOH M M3BECTHBIX PE3yNbTATOB, a TAKXKE IPaKTHYCCKOM
anpobauueil. PesynbraThl  paGoTHI mepemaHbl B 3aUHTEPECOBAHHbIE
OpTaHM3alMH, OT KOTOPEIX UMCIOTCS aKThl MX MCIIOJIb30BAHHS.

OcHOBHBIC pE3yNbTATHI, MOJOKEHUS WU BBIBOJbI, M3JIOXKEHHBIC B
JCCEPTALUH, OBITH alpOGUPOBAHEI B HAYYHBIX MyGIMKALUAX, A TAKKE B xXoj1e
MEXILYHAPOIHBIX HayIHO-TIPAKTHYCCKUX KOH(epeHumit. TTo pesynsraram
AHCCEPTALHOHHOM padOThl omybiuKoBaHbl 20 HayqHBIX pabort, U3 Hux 3
CTaThH B BENyIIMX PELHECH3UPYEMBIX HAYYHBIX KypHATaX W3 nepeunss BAK
MunncrepcTsa o6pa3oBanus u nayku PO,

ConepxaHue IMCCEPTALUN H3NOKCEHO B JIOTHYECKH TTOCICIOBATEBHOI

opme. Tucceprauus ophopmizena B COOTBETCTRBHH ¢ TpeboBanusmMu BAK.

ABTOpedepaT  NOIHOCTBIO  OTpakaer COACPXKAHUE  PYKOIHMCHU

JUCCEpTAIMH.
B menom nuccepramus XapnamoBa Hukonas Anexcanaposuda

3aCIy’)KHBa€T BBICOKOW OlleHKH. B Toxke Bpems mo NpeJICTaBICHHOM paboTte

MOXKHO CeJ1aTh CICAYIONIUE 3aMeYaHusl

I. Tloyemy mpw mccnenoBanmu mpouecca MarHETPOHHOTO pacbUIEHUS
HCIIOJIL30BaJIMCh TaAKHE ITapaMeTPHhI KaK IJIOTHOCTh HOHOB U UX SHEpPrus,
a HE yaclbHasa MOIMHOCTh, TEM 6OJTC€, YTO IIOTOK HOHOB H SHEeprus;

B3aUMOCBA3aHBI qacpes BOJIbT-aMIICPHYIO XdpaKTEPUCTHKY.



2. TpeOyer MmosiCHEHHs, KAKMM TEXHOJOTHYECKHM CIOCOOOM y1aBajoCch
BO30YAMTH paspsal Ha MOCTOAHHOM TOKE M CTaOMIM3HpOBATh €ro MpH
MCITI0JIb30BAaHUH BHICOKOOMHOW MHITICHH.

3. MoxHO 1M C WM3BECTHOM CTENEHBIO TMPHONMMIKEHHA OLICHUTH
SHEProIKOHOMUUCCKYIO 3D PEKTUBHOCTH TpearacMbIX TeMIIEHTOB Ha
OCHOBE MOHOKPHUCTAIIMYECKOTO KPEMHHS W TBEPIOTO pacTBOpa
(S1C)1 x(AIN)y.

4. He scHO, B 4eM K€ pa3iIduue MEKIYy IPeaNoXKeHHOH aBTOpOM
TEPMOJMHAMHYECKOI MOJENBIO paclbUICHUS MHOTOKOMITOHEHTHOM
MHUIIEHU U U3BECTHOM CTATHCTUYECKOM.

BMecTe ¢ TeM JaHHBIE BONPOCH M 3aMeYaHHUs HE CHHXAKT OOIIEro
OnaronpuATHOrO BIEYATIEHHS OT pabOTBl, 4 HX YCTPAaHEHHE MOXKHO
paccMaTpUBaTh B KAYECTBE PEKOMEHIALMM 1S JaIbHEHIIEero UcclieJOBaHHs.

Huccepranusa Xapinamora H.A. na temy «oHHO-11I1a3MeHHOE TTONTyYeHHE
U BO3MOXHOCTB HCHOJB30BAHUSA CIOEB TBEPIOrO0 pacTBOpa Ha OCHOBE
(SiC)ix(AIN)x Ha MOHOKPHUCTAIIMYECKOM KPEMHUHW» TpeACTaBIsSeT coboi
CAMOCTOATEIbHYI0  3aKOHYEHHYH) Hay4YHO-HCCIIECOBATEIbCKYI0 padoTy, B
KOTOPO# COJEPKUTCS HOBOE pENICHUE aKTyaJbHOW HAyYHOU 3a1auul (hU3MKO-
TEXHOJIOTHYECKOTO 0OOCHOBAHHMSA BO3MOKHOCTH TIOJYYEHHUs TETECTPYKTYp Ha
OCHOBE  KPUCTAUIOOPUEHTHPOBAHHBIX HAHOPAa3MEPHBIX CIOEB  TBEepJBIX
pactBopoB (SiC)ix(AIN)y Ha MOHOKPHCTAUIHYECKOH IMOMIOKKE KPEMHHS €
NIPUMEHEHNEM HOHHO-TUIa3MEHHBIX IpolieccoB. PaGoTa BhINMOIIHEHA Ha BBICOKOM
TEOPETHYECKOM, MH(OPMALMOHHOM U aHATTUTHYECKOM YPOBHE.

Huccepranus Xapnamona H.A. na Temy «Monno-muiasMennoe nmomydenue
U BO3MOXHOCTh HCIIOJIB30BaHHs CJIOEB TBEPIOrO0 pacTBOpa Ha OCHOBE
(SiC)1x(AIN)x Ha MOHOKPHCTAIUIMYECKOM KPEMHHU» COOTBETCTBYET
tpedoBanuaM BAK P® (n.7 «[lonoxkenne o nopsaake mpuCykICHUA YUCHBIX
cremnenen», yreepxaentoe 30.01.2002 r., Ne 74 B pen. IlocTaHoBICHHA
IIpasutensctea PP or 20.06.2011 Ne475), ee aBrop Xapnamor Huxonait

AJIICKCaHAPOBHUY 3aCITy’KUBACT TPHUCYXKJICHUS YYECHOW CTEINEHU KaH/IMIaTa



TEXHHUYECKUX HAYK 10 crienuansHocty 05.27.06 - TexHomorus u o0opynoBaHue
JIJIS TIPOM3BOJICTBA TTONIYIIPOBOJHUKOB, MATEPUAIIOB M IIPUOOPOB 3IEKTPOHHOM
TEXHHUKH.

Conepxanue pabOTBl M OT3BIB Ha Jucceprauuio Xapiaamosa H.A.
Ipe/ICTABICHHOW HAa COMCKAHUE YUEHOM CTENECHH KaHH laTa TEXHUIECKUX HaYK
paccMoTpensl U onodpensl Ha 3acemanun HTC OAO «HUMBT um. CA.

Bexkmmmuackoro» 02 urons 2015 r.

[Tporokon 3acenanus HTC Ne2.

3aMECTHTEIb T€HEPAIIBHOTO
mupektopa OAO «HUUBT um.
C.A. BekimmHCKOro» 110 Hay4HOM

pabote, 1.T.H., Ipodeccop C.b. Hecrepos

Hauannuuk nadboparopuu, K.T.H. /é )2 O.I'. JlJomakuHa
VYuenslii cexperapp HTC } 7;/ 74 f I"'H.1BaHoRa
ST Ll

Hauanbuuk otaena CrnenuaibHOTro
BaKyyMHOI'O TEXHOJIOTHYECKOIO

o0opyioBaHMsl, J.T.H. C.b. CumakuH




