OT3bIB

na apropedepar auccepTaunm
Capannua Januas: Cepreesutia
«Tex11010r 1S AUAKODAIHOro MOMYHCH IS I JACrHPOBANNS TONKONICHOUHBIX NEePOBCKHTOB
JUISE TTOBBILICITHS IKCIIYATAUOHIBIX XaPAKTCPHCTHR COTHEUHBIX Garapeii Ha HX OCHOBE?,
NpeACTaBICHHON HA COMCKAHHE yuéHol CTeNnCHH
AOKTOPA TEXHHYECKHX HAYK 10 CHeUHATLIIOCTH
2.2.3 Texuosiorus i oGopyoBaite 4151 NPON3IBOACTBA MATCPHAIOB H npubopos
WICKTPOHHOIT TEXHHKH

[pu nepexone K KPyMHOGOPMATHBIM H3JACTHAM (MoyNIAM H nanesAM) aaxe HeGoNbLIHE
HECOBCPIICHCTBA B MCTOJAX MNEHaTH MOTYT MPHBOAHTL K 3AMCTHLIM HEOAHOPOHOCTAM B
MICHKAX, YTO B KOHEYHOM MTOIC CKa3bIBACTCA HA JJICKTPHUCCKHX XApAKTCPHCTHKAX H
fonroseyHocTH npuGopa. I'MGpuaHble NEPOBCKHTHI, HECMOTPA Ha  HX 3aMeyarc/ibHbIC
ONTHYECKHE M TPAHCMOPTHHIC CBOHCTBA, [0 CHX nop cnabo ananTHPOBAHbI K CepHHHOMY
BBITYCKY, NOCKOJIKY TPeGylOT CTPOroro KOHTPOJS COCTaBa, KPHCTALIH3ALMHH H COBMCUICHHA
HECKONBKHX CJIOUB B CAMHOM TEXHONMOrH4YeckoM uuxie. JlucceprauHoHHad pabora JI.C.
CapaHHHa HANPAMYIO OTBeyaeT 370l 3ana4e, NOAPOOHO pacCMaTpPHBAA sonpocs! nevar (slot-die

B Ap.), MCTONMKHM ODKHIOB, BBCJCHHA JIETHPYIOUHX areHToB M  MOCACAYIOUICro
CTPYKTYPHPOBaHHMS.

AKTYaNbHOCTB NOATBEPKAACTCA IMOOAIBHBIM TPCHAOM HA CHHKCHHE NPOHIBOACTBCHHBIX
3aTpaT NpH CO3JaHHH CONHEYHBIX Oarapeii, r1¢ BaKyyMHbIC MCTO/bI Bcd e npeobnanaloT H
XapaKTepH3yIOTCA 3HAYMTENBHBIMH pacxofami. JKuaxodasHble TEXHHKH, BKIIOYAA CTpylinylo,
SKCTPY3HOHHYIO M TpouHe crnocobbl HAHECEHHA, NOTCHUHAIBHO TNO3BOAIOT YACLICBHTH
npotece. OIHAKO JIHIIb MPH ITYOOKOM MOHHMAHHH MEXAHH3MOB POCTA MICHOK, HX Ae(PEKTHOCTH
n nocneayiomell cTaGuaM3auMM yIabTcA NeEpeXoaMTh OT aGopatopHBIX 00pasuos K
nojHoUeHHEIM MoaynsM. Pabora amccepranTa COJICP)KUT BCC HEOOXOAMMBIC KOMIOHEHTBI: OT

BEIGOpa MPEKYPCOPOB H PacCTBOpHTENEH 10 HTOrOBOMH cOOpKH H repMEeTH3aLHH NMAHEeNeH.

CornacHo aBropedepary, AMCCEPTAHA COCTOHT H3 MATH [71aB, BBEICHHA H 3AKIIIOUCHHA, &

TAKKE CONCPIKHT CIHCOK MyOMHKALHH H NATEHTHBIX IOKYMEHTOB.

Bo BBeacHun obocHoBana uenb uccneposanus — mnosbicHTs KIIZL u  pecype
NEPOBCKMTHBIX CONHEUHbIX Oarapei, COXpaHHB IKOHOMHYHOCTE H MaclTabupyeMocTs 3a cuér
skHAKODA3HOro HAHECEHHA (BYHKUHOHANMBHBIX CIOEB. KimOUeBbIM BEI3OBOM HA3BAHBI 3A/1a4H MO
naccuBauMy Je(eKTOB, YCTPAHEHHIO KOPPO3HOHHBIX I(D(pEKTOB HA MEK(A3HBIX rpaHHUAX H

BHEAPEHHIO CTAGH/IM3HPYIOUIMX JICTHPYIOLMX AreHTOB, KOTOPhIC JO/DKHBI OBITh COBMECTHMBI C

npoueaypoi neyart.



B neppoit maBe paccMarpHBalOTCA  (YHIAMCHTAJIBHBIC CBOACTBA MECPOBCKHTHBIX
NOMYNPOBOAHWKOB M TPYAHOCTH, BO3HMKaouute npH (GopMHPOBAHHH MATHOK Ha GonbiuHx
NIomWAansX. ABTOP NPHBOAHT CPABHEHHE C APYTHMH TOHKOIUICHOUHBIMH TCXHOMOIHAMM (CdTe,
CIGS), axucutnpys punmanue na Gonee npocteix cnocobax MPHroTOBACHHA MEPOBCKHTHBIX
CTPYKTYP, HO H Gonee BLICOKOH MX YMYBCTBHTCABHOCTH K YCIOBHAM BIMKHOCTH, pacTBOPHMOCTH

H B3aHMOJCIICTBHIO ¢ cyOCcTpaToM.

Bropas raapa npeiacrabiaser coGoit passepHyTsit aHAMH3 PASTHYHBIX KHIKODAIHBIX
MCTOZHK: YNOMMHAIOTCH TPAMHMIUMOHHBIC Crocobhl, TakWe Kax UeHTpH]yrnposanue (spin-
coating) ® crpylinas nevars (inkjet), ommaxo mauGonee moapoGHO pasGupacTcs ule/CBAA
axkeTpy3ua (slot-die), KOTOpas MO3BOASCT PABHOMEPHO PACMpPCAC/IATL PACTBOP HA MOUTOKKAX
Gonbwoft muomanu. INokaspiBaercs, WTO NMPaBHJIBHAA KOMMO3HUMA pacTBOpHTE/ICH, CKOPOCTH
MOMAYH M TEPMHYCCKHE YCIOBHA OTXKHIA HIPAIOT KPHTHYCCKYIO POJTb B 3apO/IbILICOOPa30OBAHHH
H POCTE NCPOBCKHTHBIX KpHcTamnos. OtaensHo onucano, kak sueapeune CI° B cocras
NPEKypCcOpa BIMACT HA KHHETHKY nepexoaa u3 xuaxoi ¢assl B TBEPAYIO, @ TAKKC yMCHBIIACT

MOABIKHOCTb HEXENATCIbHBIX HOHOB, crnocoGerys Qopmuposanuio Gonee cTabiibHOI

MHKPOCTPYKTYPBI.

Tperba raasa NOCBALICHA AaHAIH3Y ACPEKTHBIX UCHTPOB H MCXAHHIMY MACCHBALH 32
cuét makceHoB Ti3C; 1 xyopHaHBIX NerHpylowmx areHToB. [Toau€pkuBacTea HX COBMECTHMOCTD
C OpraHMYCCKHMH PacCTBOPHTE/AMH B XOJIC MEYaTH W OTCYTCTBHE (A30BBIX MCKAKCHHIT mocse
oTxura. Pesynsrars! mmpoxoro xpyra uaMepenuit (DLTS, penrrenosckoit GoToa1eKTpOHHOM
CHNEKTPOCKOINMHH, AIMHTTAHCHOH CNIEKTPOCKONHH) CBHACTC/IBCTBYIOT O CYIIECTBCHHOM CHHIKCHHH
NJOTHOCTH peKOMOHHAUHOHHBIX NioBywiek B HHTepBane 0.4-0.7 9B. ABTOp NOKA3LIBACT, YTO ITH
3¢ dexTs 0COGEHHO BAXHBI B CiTydae KpynHopopMaTHOro HAHECCHIMA, KOrJa HEOHOPOAHOCTH B
KOHUEHTpauHy AchekToB MOMMH Obl JaBaTh PE3KHC NEPENabl HANPAKCHHI H NPHBOAHTHL K

noTepaM NnpH NocAeA0BATCIbHOM COCAHHCHHH NOABLAYICCK.

B uersépToit raBe paccMaTpHBACTCA NMPOLECE JIA3CPHOIO CTPYKTYpHpoBanus (P1-P3) n
dopmupoBanne  cyOmoxmyned.  OnucaHbl  TEXHOJNOTHYMECKHE  QCHEKTBI:  Cnocolbl
NO3HUHOHHPOBAHHA JIy4a, PEKHMBI HAKAYKH, 3ALIMTA MEPOBCKHTHLIX MAEHOK OT JIOKAILHONO
neperpesa. IToapo6uo obGcyxnaerca sanaya obecneueHus CTAGHILHONO NPOBOAALICIO KaHAna
npy nepexofe ot oaHoit moawvsvuelkH x aApyroHf, urtobul xoaduument sanonuenus (FF) u

OMHYCCKHE MOTepH OCTABAIHCH B JOMYCTHMBIX Npeaciax.

Marana raasa oboOwaer pesynsrars! anpobauuyt M TecTHpoBanua Moayncit (obiwas

smowocts 4,7-6,4 Br, crabunsnas pabora ao 2000-3000 wacos nmpH pazyIM4HBIX BHELIHHX



GaxTopax). Jlenaeres DMDOA, WTO TEXHOJOMIA CAOT-MATPIMHON newarst B xoMGunawm ¢
UPABILILHO  noso0panumM  aeripopaniieM  neponckumiofl  crpykrypwt  obecnewnnaer
BOCHPONIBOMMYIO 1t oopoany10 naduxy no neeft naowamr. JIonoanuTensio npupoasTes
AQHHKNC O PACCCANHOM cBeTe M paloTe D MECTANAAPTHRIX YCAODBUAX OCHEIENHOCTH, MTO

CBILICTENILCTBYCT O BMCOROIT yHunepcansnocTit peuenuit.,

Hopusna pafornl ocnonana ma CHCTEMHOM NOAXOAC K BHEAPCHINO MAcuITaGupyeMuIx
nevarnuX Meroaon (slot-die) ann coanannsg GynKUHOHANLUBIX NEPODBCKHTILIX YCTpofleTn, AbTOp
HE TOALRO onucniBacT noswiwenne KIYL no n nocneaoparenviio oburcuser, nowemy nobasku
CI" 1t TiyC; OKILIBAIOTCR COBMECTIHMBI € PACTBOPEHILIMIL IIPEKYPCOPAMIL It KAK OHIE NOMOTAIOT
CTAOIAMINPOBATL NPOMEKYTOMNBIC CTAMMN npit GOPMUPOBANIMK MASHKN (3aPOALILIN, POCT
KpHCTAIMTOB,  yawienne  pactsopurens).  [Ipeuiokennas  METOA0/0MHMA  coveTaCT
¢ymnavenTansusie npunununs Gpopmuposanns Toépaoit $aw u3 pacroopa (ynpanasemas
Jngdy3nsn KOMIONCHTOB, KONTPO/IL KOHUCHTPALIH 1 BAIKOCTIH PACTBOPA) € TOMHBIMH PEKIMAMI
TepMooOpaGoTKiL, uTo noaTnepxaacTes uenoit cepuedt wimepennit no aedexriocT. Yposens
JOBCPHA K PE3YJILTATAM BLICOK, NOCKOALKY MACTHL pelueHuil YIKe 3aUMINCHA NATCIHTAMI, & CAMM
MOAYAM  NPOBCPAINCH B NMPOQMIALNLIX  OPralM3AUMAX, T[AC TEXHOMOTHMCCKHE NPOLCCCH

MacwTabupyloTes ¢ 1a6opaTopiuiX GOPMATOB J10 MOAY-IIPOMBILLICHIBIX.

C npaxtiucckofl TOUKH 3IPCHMA, NPHMCHUCHMC TNCHATHLIX NPOUCCCOB MOIDONKCT
SHAMHTC/ILHO YNPOCTHTD JIMKHIO HITOTORACHHA, HCKITIOUAA IPOMOMIKHE BAKYYMHBIC YCTAHOBKI I
cmpkas  croumocth obopynosanns. To, wro aprop A0GMACA PABHOMEPHOCTH NIACHOK HQ
mromanax 100x100 My 1 cmor cocrasuts Moaynn emg Gonvwero dopmara (600x400 am b
packnaabBacMOft  KOHGUIYpaiii), CBUACTE/ALCTBYCT O XOPOWIMX NCPCHEKTHBAX BHEAPCHIA,
HJannsie o crabunvnolt paGore b TCUCHHE NCCKONLKHX THICKY YACOB 101 HEMPEPBLIBIBIM
o0nyqeHHeM  JACMOHCTPHPYIOT, YTO BLOPAHHAN CXCMQ  JICTHPOBAHMA M NACCHBALUMN
ACHCTBHTENBHO CMATHACT NPOGICMHLIC ACMEKTHI KHAKODAIHBLIX NEPOBCKITHBIX TeXnonoruit
(KOppo3MI0, MHIPALMIO HOHOB, JCTPAIALMIO  MEX3epenusiX  rpanmu).  Tem  cambim
npeacTapnenas  pabora  Aa¥T  KOMIVICKCHOC  PCLUCHHE,  NOIBOJAIOWICE  NPOMIBONTD
TOHKOIIEHOUNBIC  poTOBONLTAMMECKHE nanean 0e3  YXYAUWUCHHR  TEXHITKO-DKOHOMUYCCKHX
noxazareneit, 4ro kpaftne puKIO VIR KOHKYPENTOCNIOCOGHOCTH HOBOS TeXHoNnornm.

K conepxannio paGornl eCTb HECKO/BLKO 3amedanitit, Xorenocsh Obl yTONHHTL, HACKOJILKO
TiyC; wanmensier nopepxuoctunie cooficTsa madnku nocae gopmuponanud. Boauukaor am npu
JUIMTENbHOM BO3ACHCTBHK BRary M3 BucwHeHl cpeabl AOMONMMTENBHLIC (A3Ll, CBAAHNBIC ©
OKHCICHHEM MAKCCHOB I MECPEXO/IOM HX B HHBIC XHMituecKite GpopMm? [lepenekTinisin MoXeT

CTaTH PACLIMPCHHE MEYATHBIX METOAMK 30 CHET MPUMEHCHHA pyNnoHKoro Hatecenus (roll-to-roll),



e ypacres noOGurTshes Taxoff ke crabGunbHocTH momowaomux cioés, B Gyayuwem pabora
MOrna Obl OXBATHTB MCNBLITAHMA HA ACHCTBHTE/BHO HENMPEPBIBHBIX NPOHIBOACTBEHHBIX JTHHHAX.
3aMCUAHHA HMMCIOT peKOMENJATEBHBIE XapakTep M HE YMQIfIOT Kauecrsa paGorel M

MONYYCHHBIX PE3YyNIBTATOB,

Hayunoe conepxanue, 060CHOBAHHOCTL H JIOCTOBCPHOCTH MONOKCHHH
BBIHCCCHHBIX HA 3aWMHUTY COMHCHHII HC BBI3BLIBACT, T.K. OHH cOpMYIHpPOBaHBl Ha
OCHOBC PC3y/NbTATOB, NMpPEACTABICHHLIX HA POCCHICKHX KOHEpEeHUHAX H B CTATHAX,
onyOAHKOBAHHEIX B XypHanax, BXOAAIMMX B nepedeHs Scopus ¥ WoS. Kpome Toro,
BCC OKCNCPHMCHTANbLHBIC PE3YAbTATH MNOAYYECHb XOpowo pa3paloTaHHBIMH H

anpoOHPOBAHHBIMH METOMHKAMH.

Cyns no astopedepary, auccepraumonnas paGora Kynanumxosa lOpus Onerosuua
ABNACTCA 3AKOHYCHHBIM HCCJICNIOBAHHEM, BK/IIOYAIOUIHM HOBLIC HAy4YHBIC H IPAKTHYCCKH
3naunMele pesynbrarel. Cuutalo, yto asropedepar aucceprauny «TexHONMOrHA KHAKODA3IHOrO
NOMYYCHHA H JICFHPOBAHHA TOHKOIUICHOYHBIX IICPOBCKHTOR VIS MOBLILICHHA dKCIUTYATAlHOHHBIX
XapaKTepHCTHK CONHEYHBIX Garapeit HA HX OCHOBE» M BBLIBOJALI B MOMHOH MEpe COOTBETCTBYIOT
tpeboBanuam [Tonoxenus o nopaaxke npucyxacHus yqensix creneneit 8 HUTY MUCHUC I1
710.05-24, npeabABIAEMbIM HAa COMCKAHHMC CTCMNCHH JOKTOpAa TEXHHYECKHMX HayK, a e¢¢ aBTop,
Capanun Jauuna CepreeBuy, 3acayXHBacT NPHCYAKACHHA MYy CTCNCHH JOKTOPA TEXHHYECKHX
Hayk 1o cneuHansHoCTH 2.2.3 - «Texnonorus u o6opynoBanue Ui NPOH3BOACTBA MATEPHAJIOB

H NpHOOPOB EKTPOHHOH TEXHHKH),

LLImsar Haranus Muxaitiosna W’f/f / WImuar HM./

JIOKTOP (hH3.-MAT.-HAYK N0 CNEeLHANLHOCTH (GH3HKa
IMOJIYNPOBOJHHKOB H JIHIICKTPHKOB,
rnaHbift Hayunsiit coTpyaHuk OTHU um. A.O.Hodde

(Denepansroe rocypapcTBeHHoe  OrojukeTHoe  yupexacHHe HaykH Ousmuko-
texHHdeckuit HECTHTYT uM. A.D. Hodde Poccuiickoit akanemun nayx, 194021, r. Cauxr-
[erepbypr, yn. [Tonurexuugeckas 26, Ten. (+7) 911-167-12-36, Ten. 89111671236, e-mail :
Natalia. Shmidt@mail.i
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