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1. Ontumiszauis BaactuBoctei naiBok Cu2ZnSn(Ge)S4, OTpMMaHUX CIIPeN-Nipoi30M, IJ1s1 COHSIYHUX €JIEMEHTIB

TPETHOTO IMOKOJIIHHS

2. Optimization of the properties of Cu2ZnSn(Ge)S4 films obtained by spray pyrolysis for third-generation solar
cells

Pedepar:

1. Inceprauifina po60Ta IpUCBsIYeHa BU3HAYEHHIO YMOB CUHTe3Y IJ1iBoK CZTS MeTomoM CIipeii-nipoisy 3
ONTUMI30BaHUMMU BJIACTUBOCTSIMHU, IPUIATHUX [J1s1 IPUIIAJIOBOTO BUKOPUCTAHHSI; pO3POOLi TEXHOJIOTIYHOTO MiTX04y
[LJIs1 JIETYBAHHS IUIIBOK aTomaMu Ge Ta JOCIiIKEHHIO MEXaHi3MiB 3aMillleHHs aTOMIB Sn Ha Ge Mif yac 0CaJyKeHHs
mapiB CZTGeS; koMILieKCHOMY AocimpkeHH!o miBoK CZTSi CZTGeS y 3ayeskHOCTi Bif, pisHuX ¢i3uKo- Ta xiMiko-
TEXHOJIOTIYHMX YMOB OCAJI)KEHH$ Ta IiCIIPOCTOBOIO JIA3€PHOIO BiJlllajly 3 METOIO OIITMMIi3allii X XxapaKTepUCTHUK
1714 BUKopucTtanHa y CE TpeTbOro noKoJIiHH; LOCIIIKEHHIO BIUIMBY KOHLUEHTPALl CIpKU y IPEKypCcopi Ha
CTPYKTYPHI xapakrepuctuku miiBok CZTS Ta ii noganpmomy BrmBy Ha po6odi napamerpu CE; BU3HaY€HHIO

BIJINBY ONITUYHMX BTPaT, KOHIEHTpalii aToMiB Ge i Sn y nornuHansHoMy wapi CZTGeS, matepiany pisHUX



6ydepHux mapis (CdS, ZnS, ZnMgO, SnS2) Ta 3MiHU eHeprii pob0TH BUXOY €JEKTPOHY TUJIBHOTO KOHTAKTHOTO
mapy Ha OCHOBHI ¢oToesieKTpruyHi xapakrepuctuky CE; BU3HAUeHHIO IapaMeTpiB HEOOXimHUX i onTUMizallii
KoHCTpyKUii Takux CE 3 nokpameHnMy pobounMU xapakTepucTukamu. Po3pobieHa MeToyKa Ta yCTaHOBJIEH]
3B'SI3KM MiX (i3UKO-XiMiYHMMHU YMOBaMU cuHTe3y MiiBok CZT(Ge)S, ix NicapoCcTOBMMY JIA3€PHUMU BiillalaMu Ta
CTPYKTYPHUMU, CYOCTPYKTYPHUMU, ONTOEIEKTPUIHUMU XaPAaKTEPUCTUKAMU i €JIEMEHTHUM CKJIaIOM MOXYTb OyTH

BUKOpUCTaHi 1151 ctBopeHHs CE 3 BUCOKOI0 e(pEeKTUBHICTIO (POTOTIEPETBOPEHHSI Ta HU3bKOIO COOIBaPTICTIO.

2. The dissertation is devoted to the determination of the conditions for the synthesis of CZTS films by the spray
pyrolysis method with optimized properties, suitable for instrument using; the development of a technological
approach for alloying films with Ge atoms and the study of the mechanisms of the replacement of Sn atoms by Ge
during the deposition of CZTGeS layers; the comprehensive analysis of CZTS and CZTGeS films depending on
various physical and chemical technological conditions of deposition and post-growth laser annealing in order to
optimize their properties for use in third generation solar cells (SC); the study of the effect of sulfur concentration
in precursors on the structural characteristics of CZTS films and its further influence on SCs operational
parameters; the determination of the impact of optical losses, the concentration of Ge and Sn atoms in the
CZTGeS absorber layer, the material of various buffer layers (CdS, ZnS, ZnMgO, SnS2) and the change in the energy
of work function of back contact layer on the basic photoelectric characteristics of SC; the determination of the
parameters needed to optimize the design of such solar cells with improved working characteristics. The
developed technique and the established relationships between the physicochemical conditions of the synthesis of
CZT(Ge)S films, their post-growth laser annealing, and structural, substructural, optoelectrical characteristics,
together with elemental composition can be used to produce SCs with high photoconversion efficiency and low
cost-price.
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