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PE®EPAT

JunmomHuas pabora 58 ctp., 18 puc., 7 tadma., 74 ucroyHuKa.

TOHKUE IVIEHKH Cu,ZnSnS4, CIIPEH-TTUPOJIN3, CYJIbDYPU3AIM, JIE-
IMPOBAHMUE Ag, CTPYKTYPA, MOP®OJIOT' U ITOBEPXHOCTH.

OOBEKTOM HCCNeOBaHUs SBISIIOTCS TOHKHE TieHKH CuaZnSnS4, CHHTE3UPOBAH-
HbIE METOAOM CIIPE-MUPOIIN3a, MOABEPrIINecs MOCIeyIONIeMy OTXKUTY B aTMochepe S
Y JIETUPOBAHHbBIE Ag.

Lens paboThl: ycTaHOBJICHHE BIUSHUS TEMIIEPATYPhl OTXKUTA U CTENIEHH JIeTUPOBa-
HUSl Ag Ha CTPYKTYPY U MOP(OJIOTHIO TOHKHX MIeHOK Cu2ZnSnS4, MoMydeHHBIX METOIOM
CIIPEU-TTUPOIJTU3A.

MeToabl HcclieTIOBaHUA: SIEKTPOHHBIA MUKPOAHAIN3, CKAHUPYIOIIAs JIEKTPOHHAs
MUKPOCKOIIHSI, CKAHUPYIOIIasi 30HA0Basi MUKPOCKOIUS, PEHTIeHOAU(DPAKIIMOHHBIA aHa-
Ju3, KOMOWHAIIMOHHOE PAcCEesTHUE CBETA U PETUCTPALIUS CIIEKTPOB ONTUYECKOTO OTpaXke-
HUS CBETA.

Tonkwue menku Cu2ZnSnS4 ObUTH CHHTE3UPOBAHBI METOJIOM CIIPEH-TTUPOJIN3A C T10-
CIEIYIOIIUM OTKUTOM TIpu Temrieparypax 425 °C, 475 °C u 525 °C u nerupoBanuem Ag
¢ koHueHTparusamMu 1%, 2% u 3%.

Ji1s 06paboTKH SKCIIEPUMEHTATBHBIX IAHHBIX OBLI UCTOIH30BaH MaKeT IpOrpaMm
OriginLab, mo3BositonIui aHAIM3UPOBATH YHCIEHHBIE U Tpadudeckue qaHubie. C ero mo-
MOIIIbIO, a TAK)KE HA OCHOBE TIOJYYEHHBIX YKa3aHHBIMU METOIAMH UCCIIEAOBAHUS PE3YJib-
TaTOB, ObUIM U3Yy4YeHBI (H)a30BBIM U DJIEMEHTHBINH COCTaB BBIOPAHHBIX OOPA3IIOB TOHKHX
wieHOK CuZnSnSs, oreHeHa MOPGOJIOTHS U CTPYKTypa UX MOBEPXHOCTH, PACCUUTAHBI
Tornorpaduueckue U CTpyKTypHbIE MapaMeTphbl U MIUPUHA 3alpeleHHONW 30HBI.

Bce mueHkM MMEIT TeTparoHaldbHYH KPUCTAINIMYECKYIO CTPYKTYpPY KECTEpUTa
Cu2ZnSnS4 ¢ mpenMyIIeCTBEHHON OpUeHTaIel 3epeH B iockoctH (112), a Taxxe Mop-
(b 0oJIOTHIO TIOBEPXHOCTH 0€3 3aMETHBIX MYCTOT M TPEIIUH U MIUPUHY 3aMPEIIEHHON 30HbI
ot 1,32 5B 5o 1,48 »B.

O6acThi0 BO3MOKHOTO TMPAaKTUYECKOTO MPUMEHEHHUS SIBISETCS UCIOJIb30BAaHUE
MOJIYYECHHBIX METOJIOM cHpe-nupoinsa mieHok CuzZnSnS4 B cOCTaBe reTepoCcTpyKTyp
JUISL COJTHEYHBIX 3JIEMEHTOB.



PO®EPAT

Heimomuas padota 58 crap., 18 main., 7 Tab:., 74 KpbIHILIBL.

TOHKISA TIJIEHKI CuxZnSnSs, CIIPRU-IIPOJII3, CYJIb®YPHI3AIIBIA,
JIETTPABAHHE Ag, CTPYKTYPA, MAPOAJIOI'TS ITABEPXHI.

AO'ektam nmacnmenaBaHHs 3'ayistonna TOHKIS TUIEHKI CuxZnSnSs, saxis Obuli
CIHTA3aBaHBI METAIaM CIPIU-MIPOITI3y 1 MAABEPTHYTHI JajieiiaMy aanary ¥ atMachepbl
S, 1 neripaBaHbis Ag.

MbTa npansl: ycTaHayaeHHe YIUIBIBY TAMIIEPATYphl ailaty 1 CTYTEeHi JeTipaBaHHs
Ag Ha cTpyKTypy 1 Mapdanarito ToHKIX maéHak CuaZnSnS4, aTpbIMaHBIX METaIaM CITPI-
mipoJIi3zy.

Mertanpl nacienaBaHHsS: AJEKTPOHHBI MIKpaaHalli3, CKaHAaBaJIbHAs SJEKTPOHHAs
MIKpacKaris, CKaHaBajbHas 30HJaBas MIKpacKaIms, PIHTTCHAAbI(PPAKIBIAHBI aHai3,
KaMmOiHaIplifHae pacceiiBaHHE CBATIA 1 PAricTpalblsl CIEKTpay anTbhlyHara aaltocTpa-
BaHHS CBATJIA.

Tonkis mi€Hki CuxZnSnSs ObUTI CIHTI3aBaHbl MeETaJlaM CIPAIU-MIPOTIZY 3 Ja-
nedmbiM aananaM npsl TaMneparypax 425 °C, 475 °C 1 525 °C 1 neripaBanHeM Ag 3
KaHIpPHTpaubsMi 1%, 2% 1 3%.

Jlisa anpanoyki SKCrepbIMEHTAIbHBIX JaHBIX OBIY CKAapbhICTaHBI MAKeT Mparpam
OriginLab, sixi ga3Baisie aHaji3aBallb JIKaBbIsA 1 TpadivyHbIA AaHBIA. 3 AT0 JamaMorai, a
TaKcaMma Ha aCHOBE aTPhIMAHBIX HAa3BaHBIMI METaJaMi JaclieJJaBaHHsS BbIHIKAY ObLII BbI-
By4aHbl (Da3aBbl 1 2JIEMEHTHBI CKJIaJ BBIOpaHBIX y30pay TOHKIX TI€HaK CuZnSnSs,
arpHeHa Mapdaoris i CTpyKTypa iX MaBepXHi, pa3aidyanbl TanmarpadivyHbls 1 CTPYKTYPHBIS
napaMeTphl 1 MIBIPBIHS 3a0apoHeHall 30HBI.

VYce mnénki Marolb TATparaHAJIbHYIO KPBIITAIIYHYIO CTPYKTYPY KECTIPBITY
Cu2ZnSnS, 3 nepaBakHal apbICHTALBISAN 3epHY y miockacti (112), a Takcama mapda-
JIOT110 MaBepXHI 0€3 MPBIKMETHBIX MYCTAY 1 PACKOJIH 1 IIBIPBIHIO 3a0apOHEHAN 30HBI a1
1,32 3B nma 1,48 »B.

["anmiHo¥ MarypiMara mpakThIuHAra Y>KbIBaHHS 3'syIIsSella BbIKapbICTAaHHE aTphIMa-
HBIX MeTaJlaM crpai-mipoaizy mwi€Hak CuxZnSnS, y ckiaaze reTapacTpykTyp JJisl COHEU-
HBIX BJIEMEHTAY.



ABSTRACT

Graduation work contains 58 pp., 18 fig., 7 tab., 74 sources.

Cu2ZnSnSs THIN FILMS, SPRAY PYROLYSIS, SULFURIZATION, Ag AL-
LOYING, STRUCTURE, SURFACE MORPHOLOGY.

The object of the study are CuzZnSnS4 thin films synthesized by spray pyrolysis,
subjected to subsequent annealing in an S atmosphere and alloying with Ag.

The purpose of this work is to determine the influence of the annealing temperature
and the degree of Ag alloying on the structure and morphology of Cu,ZnSnS; thin films
obtained by spray pyrolysis.

Research methods are electron microanalysis, scanning electron microscopy, scan-
ning probe microscopy, X-ray diffraction analysis, Raman scattering of light and registra-
tion of optical reflection spectra of light.

Cu2ZnSnS4 thin films were synthesized by spray pyrolysis followed by annealing at
temperatures of 425°C, 475°C, and 525°C and alloying with Ag at concentrations of 1%,
2%, and 3%.

To process the experimental data, was used the OriginLab software package, which
makes it possible to analyze numerical and graphical data. With its help, as well as on the
basis of the results obtained by the indicated methods of research, the phase and elemental
composition of the selected samples of Cu2ZnSnS; thin films were studied, the morphol-
ogy and structure of their surface were estimated, the topographic and structural parame-
ters and the band gap were calculated.

All the films have a tetragonal crystal structure of kesterite Cu2ZnSnSs with (112)
plane as preferred orientation. The samples had morphology without appreciable voids
and pinholes and band gap from 1,32 eV to 1,48 eV.

The area of possible practical application is the use of Cu,ZnSnS4 films obtained
by spray pyrolysis in heterostructures for solar cells.
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