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Pedepar:

1. O6’eKT mOCiTKeHHS — BIJIMB Pi3HUX TEXHOJIOTIYHUX MapaMeTPiB OCAMIKeHHSI TOHKUX HaTiBIIPOBITHUKOBUX IJ1iBOK
i reTepOCTPYKTYp Ha iX ONTUYHI i CTPYKTYPHI BJaCTUBOCTi. MeTa ucepTaliiHoi po60TH — BCTAHOBUTU
3aKOHOMIPHOCTI BIUIMBY TEXHOJIOTIYHMX ITapaMeTpiB pouecy ¢i3nyHOro OCAIKEHH 3 IapoBoi a3y y BaKyymi Ha
ONITUYHI, CTPYKTYPHI Ta (OTOEJNIEKTPUYHI XapaKTepUCTUKM GiHAPHUX Ta JIETOBAaHUX TOHKUX ILJIiBOK Ha ocHOBi CdTe,
CdS Ta reTepoCTpyKTYp, 5IKi BU3HAYaIOTh iXHIO IPUIATHICTD M1 3aCTOCYBaHHS B (POTOEIEKTPUYHOMY [1€PETBOPEHHI
eHeprii. Metonu pocaimkeHHs: ToHKI I1iBKU CdTe i CdS oTpumyBanu pisuyHUM OCAIKEHHSIM Y BaKYyMi, TOBIIAHY
BuMiproBanu npoginomerpom Bruker Dektak XT. OnTuyHi xapakTepruCTUKU BU3HA4YaIu criekTpodporomerpom Cary
Series UV-Vis—NIR. CTpykTypy i Mmop¢oJiorito BuB4anu MmeTogom ontruyHoi mikpockornii, CEM (Tescan Vega3), ACM



(CSM Instrument), ximiunuii cknag - EDS (Quantax, Bruker Nano GmbH) i XPS (AXIS Supra). @oToenekTpuyHi
XapaKTepUCTUKU MomesoBain B cepenoBuii SCAPS. OnTryHi KOHCTAaHTU OGYMCITIOBAIN MeTOAoM CBaHEMoIsl.
TeopeTuyHi i TpakTU4HI pe3ybTaTU: TEOPETUYHO OOIPYHTOBAHO Ta €KCIIEPUMEHTAJIBHO i TBEPI)KEHO BILJINB
TEXHOJIOTIYHUX (PAKTOPiB Ha €PEKTUBHICTb (POTOENIEKTPUUHOI KOMipKU. SCAPS-MOI€/1I0BaHHS 103BOJIAIIO
BU3HAYUTU ONTHAMAJIbHI TOBLUIVMHMY MIAPIB, IPU SIKUX MOKHA OTPUMATU MAaKCUMaJIbHi (POTOETEKTPUYHI €(PeKTUBHOCTI.
[TokazaHO MOKJIMBICTh yTBOpeHHs NpoMixkHoro mapy CdoTeSo 3a paxyHOK MixKiapoBoi audysii, Ikuii nokparye
IlapaMeTpy reTepoCTPyKTypU. KOHTPOJIb TEXHOJIOTIYHUX PEKMMIB OCAIPKEHHS TIJTiIBOK J03BOJISIE TIJIaBHO
KOPUTYBaTU NMAPAMETPHU IJIiIBKYA YU FETEPOCTPYKTYPH 32 PAXYHOK 3MiHU SIK TOBIIVHU (4aC OCaIKEHHS MaTepiaiy Ta
J10TO KiJIbKICTB), TaK i CKJIaly TAKOT'O IIPOMIPKHOTO 1Iapy (Bif, SIKOTO CYTTEBO 3aJI€KUTh 3HAUE€HHS IINPUHU
3a00poHeHoi 30HM). HaykoBa HOBM3HA: IPOaHali3oBaHO (popMyBaHHs pomixHux mapis Tuny CunTe i CdoTeSno
BHACJIiIOK B3aeMouysii if yac ocafpKeHHs y BakyyMi. BctanoBsieHo, mo jseryBaHHsl CdTe inzieM cripusie
yTBOpPeHHIO riceBnobinapHoi ¢pasu CdTe-InoTen, mo nigBuiye oNTUYHY IPO30PicTh. [IpoBefieHO po3paxyHOK
onTtuyHux KoHCTaHT 115t CdTe:In meTonom Ceanenosst. MopemoBaHHs rerepoctpykrypu CdTe/CdS B cepenosuii
SCAPS nokasasno e(peKTUBHICTb €HEPreTUYHOTO IEPETBOPEHHS 10 ~23% i3 BpaxyBaHHSM BILIMBY [IPOMDKHUX LIapiB.
[TpoaHasizoBaHO BILJIMB TOBLIMHY TPOMIXHOTO 1Iapy Ta MOT0 MMUPUHYU 3a00POHEHOI 30HH, SIKy MO>KHA 3MiHIOBAaTU
KOHTPOJIEM TEXHOJIOTIYHUX [TapaMeTpiB, Ha GPOTOeNIeKTpUYHY e(peKTUBHICTb. EQEeKTUBHICTb BIIPOBaI KEHHSI:
Pe3yJbTaTU MalOTh IIPUKJIAJHE 3HAUEHHSI 11711 CTBOPEHHS BUCOKOE(EKTUBHUX TOHKOILJIIBKOBUX COHSTYHUX
eJleMeHTiB. ['ayy3b BUKOPUCTAHHS: MaTepiany i TEXHOJIOri MOXKyTb OyTH BUKOPUCTaHi B €HEPreTUlli, €JIEKTPOHILli Ta

MaTepiaso3HaBCTBI.

2. The research object is the influence of various technological parameters of deposition of thin semiconductor
films and heterostructures on their optical and structural properties. The purpose of the research is to establish
the regularities of the influence of technological parameters of the process of physical vapor deposition in a
vacuum on the optical, structural and photovoltaic characteristics of binary and doped thin films based on CdTe,
CdS and heterostructures, which determine their suitability for use in photovoltaic energy conversion. Research
methods: CdTe and CdS thin films were obtained by physical deposition in a vacuum, the thickness was measured
by a Bruker Dektak XT profilometer. The optical characteristics were determined by a Cary Series UV-Vis-NIR
spectrophotometer. The structure and morphology were studied by optical microscopy, SEM (Tescan Vega3), AFM
(CSM Instrument), and chemical composition by EDS (Quantax, Bruker Nano GmbH) and XPS (AXIS Supra). The
photoelectric characteristics were modeled in the SCAPS environment. Optical constants were calculated by the
Swanepoel method. Theoretical and practical results: the influence of technological factors on the performance of
solar cells was theoretically substantiated and experimentally confirmed. SCAPS simulations made it possible to
determine the optimal thicknesses of layers for achieving maximum photoelectric efficiency. The formation of an
intermediate CdoTeSo layer due to interdiffusion was shown, which improves the parameters of the heterostructure.
Control of the deposition parameters allows for the adjustment of film or heterostructure properties by varying
both the thickness (deposition time and material quantity) and the composition of the intermediate layer, which
significantly affects the bandgap width. Scientific novelty: the formation of intermediate layers such as CuoTe and
CdoTeSo as a result of interdiffusion during vacuum deposition was analyzed. It was established that doping CdTe
with indium promotes the formation of a CdTe-InoTen pseudobinary phase, increasing optical transmittance. The
optical constants for CdTe:In were calculated using the Swanepoel method. Modeling of the CdTe /CdS
heterostructure in SCAPS demonstrated energy conversion efficiency of up to ~23%, considering the influence of
interfacial layers. The effect of the intermediate layer thickness and its bandgap width controllable through
deposition parameters on photoelectric efficiency was analyzed. Implementation potential: the results have
practical significance for the development of high-efficiency thin-film solar cells. Fields of application: the
developed materials and technologies can be used in energy, electronics, and materials science.
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