OT3bIB
1a asropedicpar iccepraim
Capannna Januast Cepreesuua
«Texnonors KuaAKoasnoro MoyuCHis 1 JICrHPOBAIIHA TOHKOILICIIOUHBIX IICPOBCKHTOB
JUIR TOBLILICHMA IKCIIYATAIMONHLIX XapAaKTCPHCTHK collticunbiX Oarapeit Ha X OCHOBCY,
NpCACTARICHIOI Ha concKanue yudnoit crenenu
JIOKTOPA TEXHHYCCKHX HAYK I10 CICHHAIBLIOCTH
2.2.3 Texnonorus 1 06opy/loBalie JUIL IPOH3BOJICTBA MATCPHAJIOBR
U 1pHOOPOB NICKTPOHION TCXIHHKH

[Ipu paspaGorke sricokodpdexrupnmx doronpeobpazoparcacit (OIIT) oaumm U3
KIOUYCBLIX  (DH3NKO-TCXHONOIHUCCKUX dakropos, obccncuuBalomyM Ccpok  cayxObl K
ddpekTHBiOCT: NpcoGPA3OBANMA  MIITYUCHHA ABJIACTCH CrnocoGHOCTh KOHTPOJIHPOBATH
KOHICHTPALMIO M PACIIPCICICHHE NOCTOPOIIHX 1pHMeceit H coOOCTBCHHBIX JICPCKTORB BIHYTPH
Kpuctajuinucckoit pemérkn kpuctayuia OII1. B nocneme Heckonuko et rudpujuisic
neposckuThl Kiaacca APbXs (e A — opranuucckuit wiau ncopraumicckuit karmon, X —
rajjoren) 3asocsbiBaloT Bed Gonbummit  muTepec Onarojlaps  YHHKJIBHOMY COYMCTAHHIO
ONTHYCCKHX M ICKTPHUYCCKHUX CBOIICTB, @ TAKKC NOTCHIMANBHOM 1H3IKOH ccOecTOMMOCTH
u3roronicnnd. Oanako npoGiacMbl ¢ BLICOKHM YPOBHCM JICCKTHOCTH, NOABHAHOCTBIO
rajlorcHil-MOHOB M HCCTAaOMIBHOCTBLIO  CTPYKTYPHI B OTIMYHC  OT
MOJYINPOBOJANMKOBBIX ~ MATCPHAIOB  4acTO  NPHUBOJAT K

JPYIux

OBICTPONPOTCKAIONIHM
JCrpajalMOHHBLIM  niporieccam. B npeacramiennoif  auccepraunonnoii  pabore asrop

MCIIOJIB3YCT MOJIXO/IbI, XAPAKTCPHBIC JUIA HeeeoBalnit 0060 MHCTHIX NOYIPOBOIHKOB, TO
CCTH OCHOBHOC BHHMAHKC Y/IC/ACTCH THIATCIABHOMY YHPAWICHHIO TIPOICCCAMH JICTHPOBANNA
H BHCCCHHA NACCHBHPYIOUIMX AICHTOB, @ TAKKE JICTAILHOMY KOHTPOIIO $Ga30oBOIo cocTasa Ha
CTJINK CHHTC3A.

AKTYQJIBHOCTH TCMBI  ONPEACHACTCH  MOOAIBLIBIM  CTPEMICHHEM K CO3IANHIO
BLICOKOIDPCKTHBHLIX M JIONITOBCUILIX TOHKOIUIEHOMIBIX COJHCUNBIX MOJyJICHi, KOTOpHIC
cMorii OBl KOHKYPHPOBATL ¢ KOMMCPUCCKHMH (oTodiemenTamu na 6ase xpemuus, CdTe,
CIGS. Heemorps Ha 3naqsTe/bibie yenexu B saboparopruix yenosusx (KITJ1 cesune 25% na
MaaplX [womansx), nepopekuripic MO noka orpannycHsl CTabMIBHOCTBIO K BIlAre, K
BBLICOKHM TCMIICPATYPAM H K KOMIUICKCHBIM JKCIUIyaraunonneiy dakropam. B jmccepranmn
NPEUIOAKCHBI T10IX0J(bl, KOTOPBIC NO3BOJAIOT PEUINTH YACTh ITHX NPOGACM MY TEM BHCAPCHHSA
ueneswx sierupytoumx arcunros (TisCz, Xnopwi-cojicpxaume j106aBKi) K HACTPOIKK
TCXHOJOIHYECKOIO  MpOLCCca, HTO  NMOATBCPAKJICHO  AHAWIMTHYCCKHMH  MCTOJIAaMH ¢
PAKTHYCCKMMH HCIBITAHHAMH OTHOCHTC/ILHO KPYIHBIX MOJIyJICHi.

U3 asropedepara cicjyer, YTO JIMCCCPTAIMA COJICPXKHT BBC/ICHHC, NATH IMAB H
JaKII0MCHHE, @ TAKKC BKIIOMACT pPa3sBepHYTHIE CIIHCOK JIMTCPATYpPbl, OTPAXKAIOLIMIL
COBPEMCHHOC COCTOAHHE MUpPOBOLT Hayunoii 6a3kl 110 TCME HCC/IC/IOBAHMA.

Bo Beesenny  chOpMY/IHpOBaNbl [10CTAHOBKA 3aJauM M UEAH  paboTwl, [C
nojiuepKuBacTcs HCOOXOAMMOCTEL OOCCIeHeHHA BBICOKOH CTCICHH YHCTOTRI B TNPOLCCCC
CO3/IANNA TICPOBCKUTHBIX CIAOYB C UENBIO CHIAKCHUA PCKOMOMHAUMONHBIX TOTCPb W



HOBLICHUA  yCTOluMBOCTH K BHCHINM  Bo3jciicToiaM. Jlansl u&rkuc GopMy/IHpOBKH
HAYHHOM HOBMINLL It 30AMHMOCTH, HCXOJA M3 TONNMANMA HOJABHAKIOCTH npiMeceii B
THOPMIBIX CHCTEMAX 1 YA3BHMOCTCH MCKDAIIBIX rPAIHIL

[leppast rasa  nocesuena o6sopy coppeMenupX  Heciacaosanuii B chepe
TOHKOMACHOMHLIX  1ICPOBCKITOB, OIHCLIBACT MX KPHCTALIOXHMHUCCKHC 0COGCHHOCTH M
KPATKO  CPABHHBACT C TPAMUMONILIMI  [1OJYIIPOBOJAUMKOBLIMH  MarcpHaiaMu. Asrop,
OIHPAACH HA ONLIT MaTcpHATOBE/ICHIA 0c000 HHCTBIX noiynposotkos (kpesintii, GaAs),
AKHCHTHPYCT BHHMAMIC 1A TOM, YTO XOTh B IHMOPIUUILIX [ICPOBCKHTAX MIOIHC IPOICCCHI
(Hanpusmep, MHUIpaius 1oNos) passubaloTcs GuicTpee, 6aloBLIC NPHHIMIBL YIIPABRJICHHA
JCPCKTHOCTBIO  (CINLKCHHC  JIOBYIICK, OITHMM3AIMA 301111051 CTPYKTYPbl, KOHTPOIL
XHMHYCCKOIO COCTABA) OCTAOTCH KPHTHYIIO BAXKIIBIMI.

Bo sropoii raase sicranniio paceMoTpennl clocobh AMAKohaIHOro OCAKACHHA M
Kpuctamsaii.  Onucwpactes  Mcrojionorns — caor-marpuunoli  (slot-die)  neuars,
[03BOJIAIOMICH J1I06HTLCA pasloMepiOro HopMooGpazOBaIHS ILICHKI Ha GOIBIINX IIOMAIAX,
a4 Take Bakyymnas obpaborka Mokpuix 1aénok (OMIIB), cniocoGernyionmas BRITCCHCHHIO
OCTATOMHLIX PACTBOPUTC/CH M HCKCIATCIBHBIX MOJICKYJAAPHRIX npumcceit. Tlpusojsrcs
HPIYIHEL BLIOOPA ONPEACAENILIX NPCKYPCOPOB, MINAIAUOTCH TCXHMMCCKHC YCAOBHA W
MapaMeTpsl (TeMiepaTypa, cKOpocTs Hanecelus, Gopmyna pacTsopuTescii), IPH KOTOPHIX
AOCTHIACTCHA  MHHHMM3AIMA  NPUMCCHONO doHa 1 MAKCHMAILHAA  KPUCTALIMYCCKAR
OJIHOPONOCTS.

Tperbst rnasa chokycuposana na npuMcCHBIX 1 JACHEKTHBIX COCTORINGIX B
NCPOBCKHTHLIX TOTIOWAIONMX MACHKAX M JICTANBHOM anaiu3e uX wiausuus na KITJ1 u
JIO/ITOBCHHOCTE. ABTOP JICMONCTPHPYCT, YTO KOHTPOJIMPYCMOC JICTHPOBANMC XJAODHIHBIMH
nouamu (CI7) u uenoaszosanne 2D-maxcenos Ti3Ca B Kaucerne MOJIHpHKATOPOB MEKDAINBIX
TPAHHIL  NO3BOMRCT  HCJICHANPABICINO  MIMCHNTL  YPOBUM  JICEKTIOCTH,  YNPABAATE
JHCPreTHHCCKUMH GaphepaMi M CIIKATL MHIPALMIO NMOABIKILIX HOHOB K ICKTPOJIaM.
Hceaenionanns ¢ nomowsio aaMuTrancioii cnexrpockomiit, DLTS, obparitoit R-DLTS
PACKPBIBAIOT MCXAHH3MBI PCKOMOHIAILH 112 JIOBYLIKAX I NOTBEPAAAIOT >dPeKT noaansICHiR
IIYOHHHBIX COCTOANMIT B YC/IOBHAX BICCCHHA KOHKPCTHBIX JICTHPYIOMINX AreHTOB,

B uerséproii rnase nojpo6HO OmMcanbl TEXNOMOIHMCCKHE T tdopMupoBanus
Mojtyacii 1 0co0CHNOCTH CTPYKTYPHPOBAHHMA CJIOEB MCTOJIaM nasepuoit abusunn (P1, P2,
P3) na jummne sonusl 355 num. Yieneno ocoGoe BHuManie NICKTPOJIHBIM TOKPBITHAM H HX
COBMCECTHMOCTH € HICpoBCKHTION nadnkoii. [lokasano, 4ro koppekmisie napaMerpm
CKpaliGupoBanuA 1103BOAIOT JI06HTLCH TpeGyeMmoii FCOMCTPHH AYCCK NPH MHHHMANBHOM
YPOBNC JICPCKTOB 110 KpasM pe3a, YTO CYWICCTBCHHO JUIS HAAGKHON MOKBRYCCHNOI
KoMMyTatm. TToguépkusaeres, UTo TaKHE MEPONPHATHA 0COGCHIHO KPHTH'IIBI, KOIJla pcub
MAET O BBLICOKOYHCTBIX TCXNHOJIOIMAX, TAK KaK JIOGAA MCXANMMCCKAN N XHMMUCCKAs
HEO/THOPO/IHOCTE MIOTOKPATIIO YCH/IMBACT KOPPO3HOMIEIC H PCKOMGHIALIMOHHBIC NPOLCCCHI,

ITsras r1aBa CONCPKHUT OCHOBHLIC PE3Y/ILTATHI anpobauu Co3IANNBIX CONHCHHBIX
Mojty/eH 1 Garapeli: o1eHHBAIOTCS CTAGHIBHOCTD, MOUHOCTILIC NOKA3ATE/H (4,7-6,4 Bt jus
anemenros 100% 100 MM 1 packnaibiBacMuIX naneneit), a Takke PCCYPCHBIC HCIIBITAHNA J10



3000 wacos B ycioBuax oTonackiuicusg 1 TepMuucckoii narpy3ku. Ilpumeuarebio, UTo
pazpaboTaneic NOJX0/IbI NMO3BOIAIOT MOJAMBHIPOBATL MCKICPCHIILIC IPANUILL! TaK, YTOOL!
MHHHMH3HPOBATE BKJIAJ NOJBHAKHBIX HpuMeccit u coxpanus npy otoM seicokuii KITJ[ 1axe B
MacurabuposantisiX Kondurypanusx.

Hayunas nosusna janinoii paGorsl, B KOHTCKCTE BLICOKOUHCTOIO MATCPHAJIOBCICHHA,
JAKIIOYACTCH NMPCHKJIC BCCIO B TOM, YTO ABTOP YCICUIHO AJIANTHPYCT MPHHIMITEI CCICKTHBIIOIO
Jicruposanus M ryOoKoli naccuBaiy, TPAMIMONHIO NPHMCHACMBIC JUIA KPEMHHCBLIX H
apCCHM-TAJINCBBIX CHCTCM, K OblcTpopassusaioulcics o0acTH NMCPOBCKHTHBIX TUICHOK.
ABTOp TOKA3BIBACT, YTO BHC/IPCHHC XJIOPHJI-COICPAKALIMX arcHToB MOACT dPHCKIHBHO
BO3JICHCTBOBATE  HA  (OPMHUPOBAHHC COOCTBCHHBIX TOYCHILIX JICHCKTOB, T[IPH  ITOM
MOBBILACTCH TCPMHUCCKAA M XMMHUCCKas crabMibHoCTh KpucTauiMTa, Takke BICPBBIC
NpCUIaracTes HCNoib30BaTh B AHAKO(asnoM uMkiIc nanecenus csepxronkue cion TizCo,
BRINOJIHAIONUEC pojib GapbCPHOIO MOKPBITHSA JUIS MHTHOHPOBaHHA MHIPAIMH HOJM/I-HOHOB K
ICKTPOIaM.

JlOCTOBCPHOCTL JIOCTHIACTCH UIMPOKHM CHEKTPOM OJKCICPHMCHTOB. YIIOMHHACTCH
CCpHA NATCHTOB M aKTOB BHCAPCHHA, YTO IOJATBCPAK/IACT NPHUMCHHMOCTH PC3Y/ILTATOB B
pecasibioit Texnonornyeckoii cpesie. Illnpora ananuriueckux Meronos (peHrrenodasoBsiii
AHAIM3, CIICKTpOCKONHsA Iy0oKHX yposici, npoduiaupoBanue a¢)CKToB) COOTBCTCTBYCT
NpOQCCCHOHAIBHOMY — YPOBHIO  MCC/cioBalMit B o61acTH  (GH3MUCCKMX  CBOMCTB
NOJ1IYTIPOBOIHHKOB.

C npaxTHyecKoit TOUKH 3PCHHA BHICOKOYMCTBIC NMCPOBCKHTHBIC TUICHKH MO3BOISIOT
AocTHb cTabwibio Beicokux 3nauchuit KITJI u noaroseunocr. B paore manoxens
TCXHO/IOIHYCCKHC KAPTBI, OIHCLIBAIOUIHC, KAK HMCHIIO HYXKHO nojdupars konuentpatuio Cl-,
KakuM oOpa3zom uirrerpuposarh TizCz B MeKdasnbIic CI0H 1 B KAKHE MOMCHTEI IIPOH3BO/IHTH
BaKyymHylo nocrobpaborky. Onmcan npouecce uiesesoro sxkerpysuu (slot-die) u BaKyyMHOI1
CYUIKH, KOTOPbIH NOTCHUHAILHO COBMCCTHM C NPOMBILLICHHBIMK KOHBCHCPHBIMH JIHHHAMM
H3FOTOBJICHHS COMHCUNBIX MOJIY/ICH. DKCIEPHMCHTHI JICMOHCTPHPYIOT, YTO NPH MPABHIBHOM
KOHTpONIC ~ COCTaBa  MOKHO  YMCHBUIMTH  ypOBEHb  micpexsara  (oToHocHreeii
PCKOMOMHALHMOHHBIMK LICHTPAMM H, TAKHM 06pasoM, YBCIHUHTE pecype yerpoiicrsa (T80,
2000-3000 uyacoB u Gosice), UTO ABJIACTCH BECOMBIM MOATBCPAKJICHHCM  ONTHMAIBLHOI
WHHCTOTBI» IUIEHKH,

B kauccrse 3amcuanuii o paGore ciaesyer oT™METHTS cneayrouee. Murepecuo 6s110

Obl  paccMOTPCTL  NOBCICHHC — CHITC3MPOBAHNBIX MCPOBCKHTOB  NPH  UHKIHYCCKOIT
TeMrcparyphoii Harpyske (Hanpusmep, Gonee 100-200 uukios or —40 jo +85 °C), uro0nt
NOATBCP/INTH OTCYTCTBHC HIIH 3AMCJUICHHC «PACTION3aHMA» NPHMECEii WIH CYLICCTBCHHOIO
H3MCHCHHA T'PAHHIL pasjiena 3a CHCT MCXAHHYCCKHX HanpsKeluit. [TepeneKTHBHBIM MOXCT
CTarh IICPCHOC NPC/UIOKCHHON MCTOAMKH Ha cHcTeMsl Sn-Pb, e cBHHEll YacTHMHO
3AMCHACTCA MCHCC TOKCHUIHBIM 0J10BOM. Bu10 ObI nosIe3Ho nonstTs, coxpausior i Cl- u TizCa
TakHe e Gapbepibic H cTaGiin3upyiomue GpyHKIuy B CIIyUasX HHBIX BAJICHTHBIX COCTOAHMIA
H XHMH'UCCKHX B3aUMOJICHCTBHIA. Jlanubic 3aMcyanus He YMAISIOT BHICOKOTO ypoBHs paboTh!
H NOJIy4CHHBIX PC3y/ILTATOB.




Otiensioc Buumanie B pabore yae/icHo CONPAKCHHIO [CPOBCKHTHAIX IEHOK €
MCTALTHIHPOBANHBIMH KOHTAKTAMM, NIOCKO/LKY HMCIHHO HA IPAHHIAX «IICPOBCKHT-MCTALI
4ACTO 3apPOAJIAIOTCH KOPPO3HOHHIBIC NPOLCCCH M BHC3ANNBIC JICTpajlaliii. PazpaGoranmbii
cnocod Muorocrynenuaroro Jjasepuoro ckpaiibuposanus (P1, P2, P3) MHHMMH3HDYCT
JONONHUTEIbIBIC ACPCKTHI 110 KPasM OTPE3a, COXPaHs POBHYIO TONorpadHio H TpcOyemyIo
YHCTOTY  IPANMILY, YTO  CYMICCTBCHHO  YNpPOIACT ICPMCTH3AIMIO M TOBBIIACT
NPOU3BOACTBCHHbI BLIXOJI I'OJUNBIX MOJLYJICH.

Conepxanue asropedepara 1MoJNHOCTBIO COOTBCTCTBYCT COJICPAKAHHIO 3aABJICHHOMN
TCMBI, NCAHM M 3aj@4aM Jucceprauuonnoit paborel, a ¢€ pesynsTarsl  OJIHO3IHAYHO
CBIJICTC/ILCTBYIOT O [OJHOM COOTBCTCTBHH TpcOOBalMAM, TNPCABABIACMBIM K JIOKTOPCKHM
aMccepTanMaM 1o cneuuansuoct 2.2.3 — «Texnosnorus u obopy/iosanue JUIs 1poOH3BOACTRA
MaTrepHaIon  NpHOOPOB NCKTPOHHOIT TCXHHKHY.

PeKOMCHAYIO NOJNOKNTCIBHO OLCHHTH NPC/ICTARICHHYIO paboTy M CYMTalo, 4TO ¢
asrop, Capauun J1.C., 3aciyKuBacT NPHCYAKJICHHA HCKOMOI yu&HOH CTCNCHH JIOKTOpa
TCXHHUYCCKHX HayK. Jluccepranmonias pabora 3acy:KHBacT PHCYKJICHHA YUCHOH CTCIICHH
JIOKTOpa TCXHHYCCKHX Hayk 10 crnennansiocti 2.2.3 — «Texuonorus 1 o60py/loBaHHe JUIA
NPOM3BOJICTBA MaTcpHasioB H NPHOOPOB ICKTPOHHON TCXHHKHY.

Conepxanne asropedepara auccepranmu «Texnonorus KuikopasHoro nmojryucHus 1
JACIHPOBAHMA  TOHKOIUICHOMHBLIX IICPOBCKMTOB JUIS  TOBBICHHA  OKCIUIYaTallHOHHBIX
XapakTCpHCTHK coiHcynbiX Oarapel Ha HMX OCHOBC» M BBIBOJBI B IOJHOH MCpC
coOTBCTCTBYIOT TpeOoBauuaM [losoKeHuas O nopsjike NPHMCYXACHHA YUCHBIX CTCICHCH B
HUTY MHUCHUC II 710.05-24, npcavspisicMbIM Ha COHMCKaAHMC CTCIICHHM JIOKTOpa
TEXHHYCCKHX Hayk, a e¢ asrop, Capauun Jlanuna Cepreesuy, 3aciyKHBACT NPHCYAKJICHHA
CMY CTCINCHH JOKTOpa TEXHHYCCKHX HayK no cncupasbHoctH 2.2.3 — «Texuonorus
o0opy/10BaHHE JUIA NIPOH3IBOJICTBA MATCPHAJIOB H NPHOOPOB WICKTPOHHOI TCXHHKHY.

Ot3uiB cocrasui: Jlaros Ilerp bopucosuu
HavanpHuk o1/1c/1a HAy4HOIO 1ICHTPA
cepTHOHKAILMH JICMCHTOB M 000py/IOBaHHA
AO «PoccHiCKHE KOCMHYCCKHC CHCTCMBIY :
(arn., cneumansiocts 05.27.01 «Tse p
KOMITOHCHTBI, MHKPO- H HaHO-2JICKTPOHHKA, NPHOOPH! HA KBAHTOBBIX 20}
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