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a asropedepar aucceprammu
Capamnna Jamuini Cepreesuya
«Texnonorus xuaxodauoro NOTY CHHA I ICTUPOBAHNHS TOHKOIICHOYHBIX NCPOBCKHTOB
AT NOBBIICHHS IKCILTYATALOMIBIX XAPAKTCPHCTHR connetnunix Garapeii ma ux ocHose»,
NPCACTARICHHOI 1A COMCKanHe yulnolt cTencny
AOKTOPA TEXINMYMCCKHX HAYK M0 CHCUMAILHOCTI
2.2.3 Texuonorus u obopynosanue 1as npomsoacroa marepuasios i npiGopos

WICKTPOHNOIT TeXHHKH

nasuev mpoGnemoit B coBpeMcHHOMN (oToBobTaHKE OCTalTes AOCTHKeHHe Gananca
MCKLY BhicOkOit adpexTHBHOCTBIO M IKOHOMHYHOM TexHOMOrHEH (GOPMHPOBANMA AKTHBHBIX
cnofs. Tpammumonnsie TOHKOMAEHOUHEIC CB (CdTe, CIGS, aMopduuiit xpemuuii) ycneurso
PCAUTHIYIOTCR B MPOMBILICHHOCTH, HO HX H3TOTOBICHHE OGLITHO BKJIIOYACT MHOIOCTYNICHYAThIC
BAKYYMHBIC M TCPMHYCCKHMC omepauuu (Mcmapenme, PCAKTHBHOC OCAX/CHHE, JICTHPOBAHHC B
Gessoanymmoft  cpene), TpeOylomme  cymecTBeHHbIX KanuTanosnoxeuuit. 'nGpuannie
TICPOBCKHTEI, HANPOTHB, NOTCHUMANLHO NO3BOJARIOT mepeiTit K Gonee NPOCTBIM M JICIEBLIM
KHIKODAIHBIM METOAM HAHCCCHMA, HO TIPH ITOM HYyK1AI0TCR B 0c0GOM KOHTpOne Mopdonori
H XiMuucckoro cocrasa. Mmenno sro M paccmarpupacres B paGore JI.C. Capanuua:
AMCCEPTALMA ICMOHCTPHPYET, YTO IPAMOTHOC COMETAHMC KHIAKOPAIHBIX METONOB 1 BAKYYMHBIX
oncpauuit (o6paborka MOKpHIX MICHOK, nasepuas abnsuMs B rasonofl cpene) cnocobuo
obecneynTs BHICOKYIO CTENCHD OHOPOAHOCTH H HAAEKHOCTL TOHKOIUIEHOYHEIX CTPYXTYp Ha

ConbmMx nomansx.

AKTYQILHOCTD NPEACTABACHHON TeMBI MOATBEPKAACT MHpPOBOH TpeHs, Korma nake B

TPATHUHOHHBIX TNPOH3BOACTBECHHLIX  JIMHHAX (mc AOMHHHDYIOT BAKYYMHbIC npouccenl
MAariCTpOHHOIO pacnbUICHHA HJIH TCPMHYCCKOINo llCll&pCllﬂﬂ) BHCAPAIOTCA YMACTHUHLIC JTANb

Auakopastol nevaru (slot-die, crpyitnas MeYaTs) UK YACIICBICHHA npoussoncrsa. Ho nepexon
K rabapHTHBIM NCPOBCKHTHBIM MOIYISAM CBBILIC 100100 AKTYQIHIHPYET BONpOC ©O
COBMCIUCHHH KH/IKOPAIHLIX MCTOJOB C BAKYYMHBIMH CTaausaMy, TakHMH Kak oGpaGorka
MOKPBLIX NOKPHITHI npy Hu3koM nasnennn (OMIIB) wnn FEPMETH3AUMA C NOMOLIBIO GapbepHbIX
C/10€B, 3a4YaCTYI0 HAHOCHMBIX B BaKyyMme. Hucceprant akxyparxo PaccMaTpHBacT JlaHHbIE
4CMCKTLI, HALCTHBAACH HA TO, YTOGB! 1aTh TEXHONOTHYECKH CBA3INOE PCUICHHE, HE YBCIHUNBASK
KanHTATBHBIC 3aTPATLI Ha 0GopynoBanie.

Cornacio  asropedepary, JMCCCPTAUMA BKIIOMACT MATL Pa3feNioB, BBOACHHE M
JAKTIOYCHHE, & TAKKC NPHIIOKEHHS, CIIHCOK MyGMHKaLit 1 NaTeHTOB.



Bo sneaenmn cranures uens nopsimenns IKCIUTYATALHOHHBIX CBOHCTB TOHKOMMEHOUHBIX
fICPOBCKHTOB, 4TO obecneunBacT KOHKypenTHOE NIPCHMYIICCTBO MO OTHOMICHHIO K BAKYYMHBIM
AHANOraM. ABTOP HAMCYACT MYTh: HCMOMBIOBATS Kiakopaznoe GopMHPOBAHHE, JONOMHEHHOE
CICUHATLHO  NONOOPAHHBIMH  BAKYYMHBIMH  HJIH nonysakyymubiMe  (paspexdunas cpena)
ONCPAUHAMH JUIA ONTHMH3AUHK CTPYKTYPSI H 3AUHTE! OT ACTpanaIu,

Hepnuiii Paytenr naér  noapoGusii 0630p cocrosnus HAYYHO~TCXHOJMOMHYCCKHX
PaspaboTok B o6nacTu neposckuTHOI doTosonsTaNKH, XapaKTepH3yR ¢ MmOCH (Bercoxuit KITJ,
HH3KAR TCMNCPATYPA OCAKICHHA) H MHHYCHI (moaBEPKEHHOCTE KOPPO3MH 1 MHIPALHH HOHOB) B
CPABHCHHH C TOHKOIUIEHOMHBIMH TEXHOMOMMAMH Ha OCHOBE CdTe, CIGS, GaAs, rae pakyymusie
nponeccsl (co-evaporation, sputtering) oGecneussator HCTOPHYCCKH OTIAKCHHYIO TEXHOMOIHIO.
ABTOp noTuEpKHMBaCT, YTO, XOTH rHOpHIHBIC MEPOBCKHTHI JACMOHCTPHPYIOT BNCYATAAIOUIHE
noxasarerd  npu  naGoparopuoii  noma, MacuTabHpoBaHHE BLIILIBACT  TPYIHOCTH,
obycnonnennsle HEOGXOAUMOCTIO YCTPaHeHHA 1ePEKTOB 1 BHCAPEHMA cTammii cTabHIH3auuy B
MPOLECCe HAHCCCHUA.

Bo sTopom painene manoxens: ocHopubie TEXHOMOTHYCCKHE NMpHEMBI XuaxodasHoro
CHHTC3Q: OT pACTBOPCHHA MNPCKYPCOPOB 10 (GOPMHPOBAHHA MIEHOK MeTonoMm  slot-die,
ConmpoBoxjiacMOro  Bakyymmoit cymxoit (OMIIB). 3necs aBTOp JICTAIMIHPYET, NOYeMy
BAKYYMHBIC CTAIIHH BAKHBI JUIA YAICHHA OCTATOYHBIX PacTBOPHTENeH M noGoTLIX NPOIYKTOB,
KOTOPAIC, OCTaBIIHCEL B IUIEHKE, NMPHBOMAT K MOBLILCHHOMN ACPCKTHOCTH M CYmECTBEHHO
CHHAQIOT pecype. ONMHCaHB! PeXHMBI OTKAYKH, BAMAIOUNME Ha CKOPOCTb KPHCTRUTH3AIMH M

KOHTPOIHPYIOUIHE MOP(OJIOrHIO 3EPCH, YTO B KOHEUHOM HTOre Gopmupyer crpykTypy
NCPOBCKHTHOM IJIEHKH C 30IaHHBIMK CBOHCTBAMH.

Tperuit paszen nocesen Bonpocam nedexTHol u NCTHPYIOWEH  HIDKCHCPHH.
[Iposenensr nccnesosanus csoficTs VICKTPHYCCKH AKTHBHBIX JeeKTOB, o6CyXaaeres Hx
BO3MOXKHas npHpona. OGcyxuaercss, Kax T¢ MM HHble MPHMECH MM BAKAHCHH BAMSIOT Ha
PC3YNLTAT BaKyyMHOH CYIIKH H MOCHCAYIOUIHE NoCcT-06paboTKH NPH NOHMKCHHOM NARICHHM.
ABTOp YKQ3bIBACT, YTO MMCHHO COYCTAHME XHMHYECKOM MACCHBALMH MCH3ICPCHHBIX IPAHHL H
BAKYYMHOro ynancuusi nobounsix (a3 coama¥t xoMmnekcHai apdekt, nossnuaouit
CT2OHILHOCTL.  CHCKTPOCKONMHYCCKHE  laHHble (DLTS,  pentrenodasonsiit ananus)
NOATBEPAAAIOT, YTO MPABHIILHO Opraii3oBanHas 0GpaboTka AadT 3HAYHTENBHO Gonee CHHCTYION

MEPOBCKHTHYIO a3y,

Yerséproiii  pazaen PAaCCMaTpHBACT BAKYYMHYIO COCTARLIONYIO B NA3CpHOM
ckpaiiGuposaniti (P1, P2, P3). B camom npouecce aGnsuus [0J1 BAKYYMOM HJIH B OHHXCHHOMH



ra3oBoil CPEAC CYLICCTBCHHO CHHAKACTCH PHCK 0OPa30OBAHUA OKHCIOB HJIH HCKOHTPOTHPYEMBIX
PCAKUMIT MCXAY PacnaBNCHHBIMK YaCTHLAMH M OCTATOMHBLIMH razamy, ABTOP ONHCALIBACT,
KAKHC NapaMmMeTphl JaBJICHHA H MOIUIHOCTH J1a3cpa MCHONB3YIOTCHA, 4TOOB HE pa3pylIHTDH
NCPOBCKHTHYIO MUIEHKY MO MyOHHE M COXPAHATSL AArC3HIO K IMOUIOKKE i CCCKTHBHBIM CIIOAM.
910 0cOGEHHO BAKHO HA MactITaGHPYEMBIX MOUIOKKAX, I/IC MoGOE MOBPEHACHHE MTPHBOIKT K

WYHTaM M naacHmio spdexruprocTy.

B naroM pajtenc npuBOAATCR  MTOrHM PeCYpCHBIX  MCNBITaHHH  MoayncH,
NOATBCPANAIOWIMX BLICOKYIO CTOMKOCTH K Biare H TCMICPaTypHbIM Harpy3kasm. [Toxazamsr
momuoctd 4,7-6,4 Br (uin ¢opmara 100x100 mm), a ppemst HapaboTku 10 ceps&suoit
acrpanawy (T80 Gonee 2000-3000 uacos) ykassisaet Ha NpaBHABHOCTS BHGPaHHON cTpareriy
COBMCIICHHR XHAKODAZHBIX NMPOLEAYP C BAKYYMHBIMH CTAAMAMH, BKIIOYAS ICPMCTH3ANMIO M
NIAMHHALHIO,

Hosusna paGorn: cocTouT B TOM, 4TO aBTOp NpeaiaraeT TCXHOJIOTHYCCKYIO CXEMY, IJ1¢
AHAKODAIHOE HAMECCHHE OCHOBHOIO (POTOAKTHUBHOIO C/IOA MEPOBCKHTA OpPraHHYHO JONOJIHCHO
BAKYYMHBLIME ONEPAUUSMH, TAKHMH KAK OTKAYKa pactopurens, dopmuposanne GydepHnix
C10€8 M NasepHas abnAUMK B HH3KOM JaBnenuH. Taxol ruGpuanbii nomxon noxazan yayqieHue
CTPYKTYPHOR OZIHOPOAHOCTH ¥ YHCTOTH! NCPOBCKHTHOMN MAEHKH, YTO CYIICCTBCHHO YBEIHUHBACT
pecypc Garapeii. Merons! CneKTpanisHOro # AMQpPaKUHMOHHOIO aHamH3a MOATBCPKAAIOT, YTO
ONTHMH3HPOBAHHBIC M0 AABJICHHIO PCXKHMBI HOHHOI/MAPOBOI OTKAYKH YCTPAHAIOT OCTATOYHEBIC

CIIC/Ibl PACTBOPHTESICH H CHHIKAIOT PHCK THIPOCKONHYCCKHX POAYKTOB B 0OBEME MIEHKH.

JocTOBEpHOCTL  BBLIBOAOB  MOAKPCIVICHA  AKTAMH BHCAPCHHA H  marcHTHOI
ROKyMeHTaUHEH. DKCNCPHMCHTUIBHBIC HCC/CAOBAHHA OXBATHIBAIOT BECh WHKI —  OT
NPHIOTORICHHA pacTBopa M HACTPOiKHM BakyymMHOM cymku a0 cGopku Monynet M mx
JUMTC/IBHBIX HCIBITAHHI. ABTOp ONMHPACTCA HA COBPEMCHHBIC NPCACTABNCHHS O ¢pH3HKe
rHOpHIHEIX MATCpHANOB H YGEAHMTEC/NLHO MOKA3LIBACT, 4TO Ge3 BAKYYMHBIX NpOUeIyp NpH
KHAKO(PAZHOM IYTH H3rOTOB/ICHHA MEPOBCKHTOB HE JOCTHYb TpeGyemoit crabunsnoct s

NPOMBIIJICHHONO BBIMYCKA.

[IpakTH4eckan wennocTs paGoTsl B TOM, YTO NpeiaraeTes Xopouo npopaGoraunsii
NO/IXOA, HACTHYHO HCKMOYAIOUIHH BAKYYMHBIC METOAL! NIPH GOPMHPOBAHKH AKTHBHOIO CJIOS, HO
COXPaHAIOUMA BAKYYMHBIC CTAIHH TaM, IIC OHH NPHHOCKT HaubGonsuylo nomssy. dto
obecrieunBaeT CHUKCHHE OBGIUIX HINEPIKEK, HE MPHBOAR K CHONKHOCTAM B JTHHHH NPOH3BO/ICTBA
(BakyymHble CTaHUHH BCE PaBHO MOTYT HCIOMBIOBATHCA JUIN yRaNEHHBIX ITanos). JInuTeabHbe
PECYPCHBIC HCBITAHHA NOKA3BIBAIOT, YTO HAICKAWAA BAKyyMHas post-o6paboTka moasonser



HITOTARIHBATE  MOAYMH € YAOBNCTBOPAIOUMMH  TPeGOBAHHAM pPhIHKa napaMeTpamMy
crabunbHocTH M JloroBeunocTH. JlocTHKeHHE KIIX 15-17% wua Gonbuux ¢opmarax npu
MolHocTH Monyneii 4,7-6,4 Br u cpoke xuann cssimue 2000 yacos scuo CBHJICTC/ILCTBYET O

FTOTOBHOCTH JIQHHBIX NMOJAX0A0B K MHJIOTHBIM MPOMBILUICHHBIM BHCAPCHHAM.

Cymmupys, MOXHO ckasars, 4TO B astopedepare yeTko 06O3HAYCHBI LEML M 3A7a9H
neenenopanus. IMonyuennsie pesynsrarsl o6nanaior HAY4YHOH HOBH3IHON ¥ mNpaKkTHYCCcKOl
JHAYHMOCTBIO. 3ALMINACMBIC MTOMOKCHHSA copmypoBansl rpaMoTHo. OCHOBHEIE BBIBOJBI 110
pabore cooTsercTBYIOT MOMYHUCHHBIM  JIAHHBIM. Pesynsrarsl  auccepranHoHHOM pabotsr
OnyG/IHKOBAHB! B PCLCHIHPYCMBIX HAy"HBIX H3laHHAX, pexomennopanubix BAK, narenrax, a
TAKKC anpoOHPOBAHEI HA MHOINOYMC/ICHHBIX MCKIYHAPOIHBIX H BCCPOCCHHCKHMX HAayYHBIX
xoH(eperunax. OCHOBHEIE pesynbTaThi, HAYYHBIC MOJNIOKCHHA M BBIBOJABL! IAHCCEPTAlKH HE
BEIIBIBAIOT COMHCHHUH C TOYKH 3PCHHA HX JOCTOBCPHOCTH.

Caenyer Bbickasats HecKoBKO 3aMevanuii K TeKCTy aBTopedepara:

1. Beicokuit KITJ] anemenTon NpH HH3KOH OCBCIICHHOCTH NPECTARNACT HHTEpeC, OIHAKO

ObU10 661 NONE3HO BRIABHTE NPHYHHY TAKOIO NMOBLILLICHHA.

2. Omuum m3 Hanpasnennit pa3paboTKH COMHETHBIX JICMCHTOB HA OCHOBC IrHOPHAHBIX
NICPOBCKHTOB ABJIACTCA pa3paloOTKAa MATEPHANOB, HC COACPXKAUIMX CBHHEL. Bsulo OBl nonesxo

XoTst GBI KPaTKO, OGCYIMTH 3TO HANPABNCHHE B nuro63ope.

3. Cnenyer BhicKa3aTh 3aMEYAHHA H 110 oopmienmio aBropedepara. B nen CONCPKATCH
rPaMMaTHYCCKHE OIHOKH, €CTh MOBTOPEI TEKCTA.

Tem He Menee, yKasauHbIC HEOCTATKH HE SRJIRIOTCS NPHHUHINHATBHBIMH H HE CHHKAIOT
obmero xopomero Bneuarichus ot pabotsi. IIpencranncHuas paboTa BHOCHT 3HAYMTENLHBIT
BIJIan B MOHHMAHHC H MPAKTHKY COBMCIICHHA XHIKODA3HBIX H BAKYYMHEIX NpOLECCOB NpH
CO3NaHHH  NEPOBCKHTHBIX  oTompeoGpasosarencit.  Arrop PaCKpLIBACT  MEXAHH3MBI
B3aHMOCHCTBHA MexAy (a3oit MEPOBCKHTA H OCTATOMHBIMH PaCTBOPHTE/IAMH, ACMOHCTPHpPYET
BUKHOCTE BaKyyMHBIX CTa[Hii CYIWIKH H CTPYKTYDHPOBAHHA, @ TaKKe MOATBEPXKIALT
3P HEKTHBHOCTD KOMILIEKCA MEP JUTHTEIEHBIMH HCIIBITAHHAMK peanbHbIX Moaynei. Kak cnenyer
H3 asropedepara, paGora J.C. Capamuna npencrasnser coGoit 3aKOHYCHHYIO pabory,
BBIMO/IHCHHYIO HAa BBICOKOM YPOBHC M OTBevaloulyro TpeGosanusm ITonowemns o nopsxe
NPHCYKACHHA yqeHbIX creneneit B HUTY MHCHUC IT 710.05-24, NPEABABNACMBIM Ha
COHCKAHHC CTCMCHH JIOKTOpA TCXHHYCCKHX HayK, a e asTop, Capanun Jlanuna Cepreesuuy,



3ACNYKHBACT NPHCYK/ICHHA CMY CTCIICHH JIOKTOPA TEXHHYCCKHX HAYK 110 CreHHaIbHOCTH 2.2.3 -
«Texnonornsa u obopynopaume Ul NPOH3IBOACTBA MATCPHAIOB M NpHOGOPOB 3NMEKTPOHHOMH

TCXHHKH).

[nasubiit mayunsiit coTpyiHnk Qeacpansioro rocy1apeTBeHHOro GIO/UKETHOrO YUpEeKIACHHA
HaykH HMHCTHTYT npobneM TCXHOJNOrHH MHKPOICKTPOHMKH M OCOGOYMCTHIX MarepHaIoB

Poccuiickoli axameMHH HayK, JOKTOp (PHIMKO-MATCMATHYCCKHX HayK (CHCHHANLHOCTD

01.04.10- ¢u3nxa nonynpoBOAHHKOB H mt:oncuc}uxon), npodeccop
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