OT3bIB

OdunnansHoro onmoHeHTa Ha AMCCEPTALMOHHYIO pabory Xapnamosa Hukonas
Anekcangposuya 1o TeMe «MOHHO-IIa3MEHHOE MOJyYEeHHE M BO3MOYXKHOCTH
MCIIONIb30BaHUA CJI0€B TBeprnoro pactBopa Ha ocHoBe (SiC),x(AIN)x Ha
MOHOKDHUCTAINIMYECKOM KPEMHHH», IPEICTaBICHHYI0O Ha COMCKaHHME Y4YEeHOM
CTEIIEHM KaHAMJATa TEXHHYECKMX Hayk 0o cnenuansHoct 05.27.06 —
«TexHomoruss W 00OOpylIOBaHWe Uil INPOM3BOACTBA  IIOJTYIPOBOTHHKOB,

MaTepHAaloB U IIPUOOPOB 3NEKTPOHHOM TEXHUKI

AKTYalbHOCTBb T€MbI JHCCEPTALHH

PaspaboTka TeXHONOTMHM MOyYeHHs IETEpPO3NMTAKCHANILHBIX CTPYKTYp Ha
OCHOBE LIMPOKO3OHHBIX MATE€PHAIOB SBIAETCS OJHUM M3 Haubonee JHHAMUYHO
Pa3BHBAIOINMXCS  HANpaBICHHA B  COBPEMEHHOH  DIEKTPOHUKE.  YCHIHA
HCCIIeNOBATENle M  IPOMU3BOAUTENEH 3JIEKTPOHHOM KOMIIOHEHTHOH 6as3bl
HalpasJICHbI Ha pacuIdpeHue SKCILTyaTallMOHHBIX XapaKTEepUCTHK
NOJTYIIPOBOJHUKOBBIX [PHOOPOB M yCTPOKCTB: yBENHYEHHE TEMIIEPATYPHOTO
Auana3oHa, IMOBBIIEHUE DPAJMALMOHHOW CTOMKOCTH, HHEPTHOCTh K XMMHYECKH
arpecCUBHBIM cpelaM U T.1. Kommiekcy nepedyucieHHBIX TpeGOBaHHI CIIOCOGHEI
YAOBJICTBODHTE MaTE€pHabl C OOJBIIOH INMPUHON 3aNPEIIEHHON 30HBI: KapOu
KPCMHHS, HHTPUIbl raJUIMs W QAIIOMUHHS, a TAKXe TBEpJble PacTBOPhl HAa HX
ocHoBe. OJIHO# U3 OCHOBHBIX Ipo6J1eM B 061acTH POPMUPOBAHUS IMHPOKO3OHHBIX
MaTEepHAJIOB SBIISETCS OTCYTCTBHE KOMMEPYECKH MOCTYIHBIX COOCTBEHHBIX
nognoxex HUTpunoB 1l rpymmer. Haumbonee Osu3koi KpucTasIm4ecKoi
CTPYKTYPOH 00JIaJal0T MOJUTOKKH Kapbuaa kpemHus. OmHAKO STH IUIACTHHBI 10
CHX TIOp ABJAKOTCA AOCTaTOYHO JOPOTMM H TPYAHOAOCTYNHBIM MaTepuaioMm. B
CBA3H C OTHOCHTENBHO HU3KOH TEIUIOMPOBOJHOCTHIO caldupa ero nmpHMeHEHHE
AU pEINEHUs] YKa3aHHOM 3a]aull OTPaHHYeHO UCIIONBE30BAaHUEM B MAJOMOIIHBIX H
ONTO3NIEKTPOHHBIX MpHbOOpax. AJIbTEpDHATHBOM B 3TOM ClIy4ae SBISIOTCS
MO/TIOXXKH M3 KPEMHHS, KOTOpble JOCTATOYHO TEXHOJIOTHYHBI U MOSTOMY OYEHb

NICPCIICKTHBHBI C TOYKH 3PEHUs SKOHOMHUYHOCTH NPOM3BOACTBA. OHHU JOCTYIIHBI,



ACHICBBI, XapaKTCpHU3YIOTCA JOCTAaTO4YHO BBICOKOH TEIJIOIIPOBOAHOCTBIO, HE
OrpaHHY€HBbl 110 AMaMETpy MNIAcTHH M JIETKO IOAJAIOTCH YTOHBIIEHHIO, YTO
ynpomaer (opMHpOBaHHE B HHX CKBO3HBIX OTBepcTHil. OmHako 6onbmioe
paziuyue KO3pOUIUEHTOB TEIUIOBOTO pPACIIMPEHMs M TapaMeTpOB pelIeTKH
KpeMHUst ¥ HUTPHAOB Il rpynner Bieyer 3a coboit HEOGXOAUMOCTD pelleH s psiia
B3aHMOCBA3aHHBIX HaYyYHO-TCXHOJOTHYCCKHUX 3ajad, HallpaBJICHHbIX Ha
MOJy4YCHHUE TIETePOCTPYKTYyp mpHeMieMoro KkavectBa. IlosTtomy pa3zpaboTka
TEXHOJIOTHM IIOJYYECHHUS TIeTEPOINUTAKCHAIBHBIX CTPYKTYP TBEPAOTO pacTBOpa
(SiC)x(AIN)x Ha miacTHHaX KPEMHHS SBISETCA aKTyalbHOH 3amadelf B 061acTH

MaTepHalioB ¥ NMPHOOPOB 3NEKTPOHHON TEXHHKH.

Ieasio  paGorbl  ABIANOCHE OOOCHOBaHME BO3MOXHOCTH  IIOJIYy4EHHS
reTepoCTPYKTYp Ha OCHOBE HaHOPAa3MEpHBIX CIIOeB TBepAslXx pacTBopoB (SiC);.
x(AIN), Ha MOHOKPHMCTA/LIMYECKON MOMIOKKE KPEMHHS IyTeM MAarHeTPOHHOTO
pacblIICHHSA MHOTOKOMIIOHEHTHOH MHUIIECHH. HOHXOI[I:J K JOCTHXXEHHIO
NOCTABJICHHOM I€IM aBTOPOM 4YEeTKO CHOPMYIMpPOBaHBl B  IOJIOKEHHUSX,

BBIHOCUMBIX HA 3AIUTY.

CreneHr  000CHOBAHHOCTH  HAYYHBIX  NOJIOK€HHH, BbLIBOJOB U
peKOMeHaanni

OcHoBHBIE pe3yabTaThl paboThI ONMYOIMKOBaHBI B 3 jKypHalaxX, BXOIAIIUX B
nepeieHb BAK, anpobupoBaHbl B psige MEXIYHapOAHBIX M BCEPOCCHHCKHX
KOH(QEPEHIHAX, UYTO SBIACTCA CBUIAETENHCTBOM JOCTOBEPHOCTH MONYYEHHBIX
pe3yIbTAaTOB U BBHIBOIOB, & TAKXKE HAYYHBIX IOJIO)KEHUH, BLIHOCUMBIX Ha 3alMTY.
Oco0pifi MHTEpEeC NpEeACTaBIACT PEKOMCHIOBAHHBIE aBTOPOM TEXHOJIOTHYECKHUE
peXHMBbI (HOPMUPOBAHKS MOHOKPHCTAJIMYECKUX CIIOEB TBEpAOro pactaopa (SiC);.
x(AIN)x Tomuuro# 0 100 HM Ha MOANOXKKaX KpeMHHUsL. [10ydeHHBIE CIIOM MOTYT
OBITh MCIIOJIb30BaHBI B KA4€CTBE TEMILIEHTOB JUIs TIOCTENYIONIEro GOPMUPOBAHUS
NpHOOPHBIX CTPYKTYp. OGOCHOBAHHOCTh PEKOMEHMAlMi IOATBEPHKIeHA aKTaMH

HCII0JIb30BAHUS PE3YIILTATOB PAOOTHI.



Onenka HOBH3HbBI HAYYHbIX Pe3yibTATOB

Hayunas HOBH3HA paboThl 3aKiTIO¥AeTCS B YCTAHOBJEHMH 3aKOHOMEPHOCTEH
(hOpMHPOBAaHHA MOHOKPHCTAUIMYECKMX HAHOPA3MEPHBIX  CIIOEB TBEPAOIO
pactBopa (SiC);x(AIN), Ha MOHOKPHCTAIHYECKOH KPEMHHEBOM MOMIOKKE C
opueHTauue# (111) mpu MarHeTpOHHOM pacHbUIEHHH OJHOPOJHON KOMIAKTHOM
MHUIIIEHH AaHaJOTHYHOro coctaBa. IlokazaHa BO3MOXHOCTH HCHOJIB30BaHUSA

NPUHIUIIOB  SHAOTAKCHH JUId IOJyYE€HHS MOHOKPHCTAUIMYECKHX  CJIOEB
(SiC)o,7(AIN)g 5 1 (SiC)y 5(AIN)g 5.

3HayeHHe NONyYeHHBIX Pe3yIbTATOB /ISl TEOPHH H NPAKTHKH

Ilpaktyeckas 3Ha4UMOCTb paboThl  3aKMIOYAETCS B  ONTHMM3ALUK
TEXHOJIOTHIECKOTO MpoTiecca MoIyYeHus cioeB TBeporo pactaopa (SiC), x(AIN)x
Ha MIacTHHAX KPEMHHS, TI03BOJISIOMEro GOopMHUPOBATE IIEHKH 33aJaHHOTO COCTABA
CO cKopocThio 110 0,1 HM/C M CIIOM € IEPOXOBATOCTHIO MOBEPXHOCTH He Huke 14
KJacca. IToxazana BO3MOXXHOCTb HCIIOJIb30BaHUS pa3paboTaHHOTO
TEXHOJIOTHYECKOT0 IPOLIecca sl CO3[IaHMs ONTOIEKTPOHHBIX MPUGOPOB U Moa

HIoTTKH, B TOM YHCIIE HA OCHOBE TEMILIEHTOB (S1C)1.x(AIN),/Si.

PexomeHnaanuu 06 HCOIL30BAHNH Pe3y/ILTATOB MCCJIEA0BAHMIA

Pe3ynbraThl NpOBENEHHBIX MCCIENOBaHMA MOTYT OBITH MCIIONB30BAHBEI Ha
NPEANPHSATHAX SJIEKTPOHHOH MNpOMBINIUIEHHOCTH P® u HccienoBaTenbckux
HHCTUTYTaX INpH pa3paboTKe U H3rOTOBIIEHHH TBEPAOTENbHBIX NpPHOOPOB Ha
OCHOBE INIMPOKO30HHBIX MAaTEepPHANIOB, a TAKXKe B BBICIIHX Y4YEOHBIX 3aBeeHHAX

IPH NPOBE/ICHUHN JIA0OPATOPHBIX U MPAKTHIECKUX 3aHATHH 110 COOTBETCTBYIOLIHM

AHCIIUITIIHHAaM.

IloaTBepkIeHHE JTHYHOIO BKJIAAa aBTOpa
Jlnanoe  yyactue H.A.  XapnamoBa B NONyYeHHH ~ pe3yILTATOR
AMCCEPTAlMOHHOM pAbOTHI TOATBEPXKTAETCS €ro y4yacTMeM B NPOQHILHBIX

MEXIYHapPOIHBIX U BCEPOCCHUCKMX KOHGEpeHIMAX, a Takke B MyOIHKALMAX,

OTPaXKAIOIIUX OCHOBHEIE Pe3yNbTATEI HCCIIEJOBAHHIA.



OO0mue 3ameyaHus

1. XKenarenbHo MOACHAT, B Y€M COCTOMT NPHUHIMIAAILHOE OTIHYHE MEXIY
pe3yibTaTaMd MCCICOBaHUN II0 MOJYYEHHIO CIIOEB TBEPALIX PpAcTBOPOB B
cucteme SiC — AIN myTeM MarHeTPOHHOTO PaCHbLIEHHS OJHOPOIHON H COCTABHOM
MHIIIEHEH.

2. PyKOBOZCTBYSICH pe3ysTbTaTamy, IpeACTaBIeHHBIMU Ha PUC. 3.8, CKOPOCTH
pocta nuieHok TBepaoro pactsopa (SiC); x(AIN)x NMHEHHO 3aBHCHT OT 3HEprUm
HoHOB Ar’. Ilo3ToMy He COBCEM MOHSTHO, I04YeMY MpH JajbHEHIIHX
HCCIeloBaHMAX 3Ta BenuuyuHa BelOpaHa E = 500 aB. SBnserca nu 310 3HaueHMe
ONTHMANbHON BEJIMYMHOMN HIIH HMEIOTCS TeXHOJIOIHYECKHE OrPaHHIeHHS?

3. OrcytcTByer oGocHoBaHHE BEIOOpa reTepocTpyKTyphl (SiC)os(AIN)os mms
$hopmuposanus auozna IToTTkH. IMEIOTCS JIM MPEHMYIIECTBA €€ HCIIOIb30BAHMS B
YKa3aHHOM NpUOOpe M0 CPaBHEHHIO C reTepocTpyKTYpoit (SiC)g7(AIN)g3?

4. 3atpynHeHa cpaBHMTeIbHas OLEHKA 3aBUCHMOCTeH TOKOB YTEUKH AHOZA
IIoTTKH, BO3pAcCTAIOIMX Ha 3 MOpSAKA NPH YBEIHYECHUH TeMIieparypsl Ha 100 °
AT TEOPETHYECKH pacCUMTaHHOro nmpubopa B mporpamme Sim Windows (puc. 2.7)
¥ Ha 20 MKA s 3KcnepuMeHTanbHoro obpasua (puc. 4.4). Ilenecoo6pasHo
NpHBECTH 00€ 3aBHCHMOCTH B MOJIyJIOrapu(pMU4YecKOM MaciuTase.

5. He npeactaBneHBI TeOpeTHYECKH pPAaCCYMTaHHBIE —(YHKIMOHAIBHBIE
napametpsl Y® cseromuona Ha ocHoBe (SiC)i.x(AIN)x (BAX, TOK-MOIIHOCTHAS
XapaKTepHCTUKAa W T.J.), & TAKKe OTCYTCTBYET CPaBHHTEJbHAs XapaKTEPUCTHKA

paspabatbiBaeMoro npubopa ¢ HMEIOIUMACH aHAJIOTAMH HA OCHOBE HHTDHIA

rajuias (pasaen 4.2).

3akiauenune

OT™MeueHHble HEJOCTATKH HOCAT YaCTHBIN XapakTep U HE CHHMXKAIOT BBEICOKOM
TIOJIOXHTEIbHOH OlleHKH paboTsl. [TomydeHHbIe aBTOpOM pe3yJIbTaThl JOCTOBEPHBI,

BBIBOJIBI M 3aKJIFOYEHHE O0OOCHOBAHBI. Pe3yJIbTaTI:I pa60TBI A0CTAaTOYHO IIHPOKO

OMyONIMKOBaHEl M ampoOHpOBaHEL. ABTOpehepar COOTBCTCTBYET OCHOBHOMY

COOEPXKKaHHIO THCCEPTAILIHHA.



Ilo axTyanbHOCTH, Hay4yHOM HOBHM3HE M IPAaKTHYECKOH I[EHHOCTH
auccepraunonHas pabora Xapnamosa Hukonast AsekcanapoBuya ynoBIETBOPSET
TpeboBanuaM BAK P® k kaHAMIAaTCKHM JHMCCEPTALMsM, a €€ aBTOP 3aCIyKUBAET
OPUCYXICHHUS YYEHOH CTElIeHH KaHAWOAaTa TeXHHYECKHX HayK IO CIEHaIbHOCTH
05.27.06 — Texnonorus u o6opynoBaHWe Ul MPOU3BOACTBA MOTYIPOBOIHUKOB,

MaTepHasoB H IPHOOPOB IIEKTPOHHON TEXHUKH.
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