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Hucepraiiist Ha 3100yTTS HAYKOBOI'O CTYNEHS AOKTOpa (i3MKO-MaTeMaTUYHUX HAYK
3a cremanbHicTIO 01.04.18 «®i3uka 1 xiMmis MoBepxHi». — HarioHansHUN yHIBEpCUTET
«JIpBiBCbKa TMoOMiITEXHIKa», MiHICTEpCTBO OCBITH 1 Hayku Ykpainu, JIbBiB, 2024. —
[IpukapnaTcekuii HalioHanbHUM yHIBepcuteT iMeHl Bacunsa Credanuka, MiHicTEepCTBO
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VY nucepraiiitHiii poOOTI pO3B’SI3Y€ThCS aKTyallbHA 3ajlaya 3 HaIiBIPOBITHUKOBOTO
MaTepianio3HaBCTBA, (PI3UKHU 1 TEXHOJIOT1i MOBEPXHI, SIKA CTOCYEThCSI CUHTE3Y, MOUDIKaIii
Ta ONTHUKO-CJIEKTPOHHUX JOCIIP)KEHh TOHKOIUIIBKOBUX MATEpialiB 3 METOI0 iXHBOIO
BUKOPUCTAHHS Yy COHAYHUX €JIEeMEHTax Ta ceHcopax. CTpyKTypHi, onTu4Hi, (JOHOHHI Ta
CJICKTPOHHI BIIACTHBOCTI TOHKMX IUTiBOK Matepianie rpymu A"BY' sanexurs Bix meromy
OCQ/IKCHHS, JIETYIOUOi JIOMIIIKK YU 3aMIN[yI0401 KOMIIOHEHTH. B 3a1eXHOCT1 BiJl METOlY
OCaJKEHHs TOHKI IJTiBKU XaibkoreHiaiB kaamito (CdSe, CdS) MOXKyTh KpUCTaII3yBaTHCh B
KyOl4HIi Ta rekcaroHajabH1i cTpyKkTypi. I[IpoBeneHHs neryBanHs, abo 3aMillleHHS B TaHHUX
cnoaykax (CdTej,Se,, CdSe.,Sy, CdiyMn,Te) mpusBoauth 10 (HOpPMyBaHHS TOHKHX
TUTIBOK PI3HOI KPUCTAIIYHOI CTPYKTYPH, IO 3aJEKUTh BIJ METOAY OCA/HKCHHS Ta BMICTY
3aMilIyr0u0i KOMIIOHEHTH. BpaxoByrouW, MmO B SKOCTI aKTHBHOTO IIapy COHSIYHOTO
eJIEMEeHTY OakaHa Juile KyOluyHa CTPYKTypa MOTIMHAIOUYOTO IIapy, ska € (POTOAKTUBHOIO
Ta MOXE IEpPETBOPIOBATU CBITIO Yy (OTOCTPYM, IMOCTa€ Mepuia MnpodiieMaThka ska
O3S AAETHCS B poooTI. A came, OCaPKCHHS TOHKHX TLJTIBOK
CdTe;«Sex Tta CdysMn,Te kpucramizoBaHux B KyOiuHiiH  cTpykTypi. IHIIOMO
po0JIEMaTUKOI0, SKa BUHUKAE B COHSYHHMX €JICMEHTaX € HEY3TOJKCHICTh IPATOK MiX
mapamu CdTe 1 CdS. Jlana Hey3roJKeHICTh NMPU3BOAUTH 1O BUHUKHEHHS (DOTOCTpyMY,
KWW HETATUBHO BIUTMBA€E HA pOOOTY Ta €PEKTUBHICTh COHIYHOTO €JIEMEHTa. Y pe3yJbTarTi

BUHUKAE MpoOJeMaTUKa 3MEHIIEHHS JaHOI HEY3rOJIKEHOCTI I'PAaTOK MK MOTJIMHAIOYUM
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mrapomM Ta emitepoM. Jlany mpoOieMy MOKIMBO BHUPIIIUTH MIISIXOM BHUKOPHUCTAHHS B
sikocTi normmHaroyoro mapy CdTe;,Sey, a B skocti eMitepa — CdSe;.,Sy.

Takox, ONTUKO-ENIEKTPOHHI TMPUCTPOi TOBUHHI €(PEKTUBHO TMpalloBaTH 3a
HOpMaJbHUX Ta HECTAaHAAPTHUX YMOB. A camMe, Taki IPUCTPOi MOBUHHI MpAIlOBATH 3a
PI3HUX THCKIB, TEMIIEpATyp Ta B PI3HUX cepeaoBHINax. ToMy, B JaHIi poOOTI MPOBEICHO
JTOCIIIJIKEHHS BIUIMBY T1IPOCTAaTUYHOTO TUCKY Ha ONTHUKO-EJIEKTPOHHI BIACTUBOCTI CIIOJIYK
rpymu A"BY' ta B3aemonis ix moBepxmi 3 pizaumu razamu (CO, H, ta NO,). Ha ocmoBi
(OHOHHOIO EHEPreTHUYHOTO CHEKTPY MPOBEACHO aHaji3 TeMIepaTypHUX 3aJeKHOCTEH
TEPMOJUHAMIYHHUX NTapaMeTpPIB.

B po0oTi mnpoBeneHO KOMIUIEKCHI JOCHIKEHHS (DI3UKO-TEXHOJOTIYHUX YMOB
OCa/PKeHHsI TOHKHX IUTiBoK Matepiamis rpymu A'"BY' Ta TBepaux posumuiB Ha ix OCHOBI
METOJIJaMU KBa3133aMKHEHOTO 00’€My, BHCOKOYACTOTHOTO MAarHETPOHHOTO HANMMICHHS 1
XIMIYHOTO OBEPXHEBOT'O OCAIKEHHS. 3alpONOHOBAHO MOIU(DIKOBAHUN METOJT OCaIKEHHS
TBEPIMX PO3YMHIB 3aMilleHHs Ha ocHOBi Martepiamie rpymu A'BY'. PospoGreno Ta
TEXHIYHO peai3oBaHO CIIOCiO JeryBaHHS TOHKHMX MTiBok MarepianiB rpymn A'BY, na
MPUKJIIA1 TOHKOI IJTIBKK OKCUIY ITUHKY.

[IpoBeneHO CTPYKTypHHUH, €JIEMEHTHUM Ta MOP(OJOTIYHUI aHaIi3 OCaKEHUX
TTiBOK. BUsiBIEHO 3HaYHO BUIILY ONTHYHY SKICTh TOHKUX IJTIBOK OCA/KEHUX BaKyyMHUMU
METO/IaMH B MOPIBHSHHI 13 METOJOM XIMIYHOTO IMOBEPXHEBOTO OCaKEHHS. BcTanoBieHo,
mo ToHki miiBku (CdSe, CdS ta CdSe;,Sy) ocamkeHi XIMIYHUM METOJIOM MOTPEOYIOThH
MOJAJIBIIOTO TEPMIYHOTO BINATY JUIsl IEpEeKpUCTai3allii.

Businena 3MiHa CKiIaly B TOKHMX IUTIBKax B MOPIBHSAHHI 13 3aBAHTAKEHOIO HIUXTOIO
(BUKOPHUCTAHOIO MILIEHHIO) ISl BAKYYMHHUX METO/IIB OCAKEHHS TOHKUX TUTIBOK, IO MOXKE
OyTH BUKJIMKAaHO HEPIBHOBAXKHICTIO MPOIECIB OCA/DKEHHS IUIIBOK. 3a pe3yjbTaTaMu
CTPYKTYpPHOTO aHaji3y MiaATBepKeHo oaHodasHicTs crnoiayk Cd;,Mn,Te, CdSe;,Sy i
CdTe;Sex. PesymbraTéi peHTreH-¢IyOpeCEHTHOrO aHali3y BKa3ylOTh Ha BIJICYTHICTBH

JIOMIIIIOK B OCAJDKEHUX TOHKHX IUTIBKaX. 3a pe3ysibTaTaMu aHasizy Mop(oorii moBEpXHi
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Ta EHEProAMCIEPCIHOrO aHali3y BCTAHOBJICHO pPIBHOMIPHHMM pO3MOALT XIMIYHHX
€JIEMEHTIB B CHHTE30BaHHUX 3pa3Kax.

Bcranosieno, mo ToHki miaiBku CdTeq,Se, 3 BMICTOM Se KOMIIOHEHTH MEHIIIE
x< 0.3 kpucTanizyoTbcs B KyOiuHii cTpykTypl (F-43m), a 3pa3ku i3 BMICTOM CEJIEHY BUIIIE
x> 0.7 — B rekcaronanbHii (P63mc). HatomicTs, ToHki miiBku CdSe; Sy KpUCTami3ytoThCs
B CTpYKTYpi BroptiuT (P63mMC) mis BMicTy cipku X= 0—1. BcTtanoBneHo, 110 TOHKI IUTIBKU
CdyxMn,Te (x> 0) kpucTamnizyroThes B KyOiuHilt crpykrypi (F-43m).

[IpoBeneHO KOMIUIEKCHHM aHali3 KOHIICHTPALIMHOI 3aJIeKHOCTI MapaMeTpiB
KPUCTAJIIYHOI IPAaTKH, PO3MIPIB KPUCTANITIB, JAepopMalliid, IIJIBHOCTI AMCIOKALli Ta
TEKCTYpHOTO KoedilieHTa B TOHKUX ITiBkax CdSe; Sy i CdTe;,Sey.

ExcniepuMenTansHo BHU3HA4Y€HO TpaHchopMallito KoeillieHTIB MPOIMyCKaHHS 1
BIIOMBAHHSA B 3aJICKHOCT1 Bl TOBIIMHH INIIBOK, KOMIIOHEHTHOI'O CHIBBIJHOIIICHHS Ta
METO/Y OCaJDKEHHS. 3a pe3ysibTaTaMH aHaji3y CHEKTPAIbHOI 3aJIEKHOCTI KOE(IIIE€HTIB
MPOIMYCKAHHS 1 BiJIOMBAHHS BU3HAYEHO IHTETPAJIbHY BEIIMYMHY CIEKTPIB Ta ONTHYHY
mmprHy 3a00poHeHo1 30HU. s ToHkmMX TTiBoK CdSe;,Sy BHSBIICHO BIIXWJICHHS Bij
JHIAHOT 3aJIeKHOCTI ONTUYHUX MapaMeTpiB (IHTErpaIbHOI BETUYMHHU MPOIMYCKAHHS Ta
ONTHUYHOI IIUPUHU 3a00POHEHOT 30HM). BiIxXuineHHs BiA JIHIAHOT 3a1€KHOCTI TIOB’sI3aHE 3
ebekToM 00'eMHOI aedopMaliii, TMEPEpO3NOIITIOM 3apsAay MK PI3HUMH 3B'SI3KaMU B
HEPETyJIbOBAaHOMY TBEPJOMY PO3YMHI Ta peJiaKcalli€lo MO3HUllii 10HIB B IPaTIll TBEPIOTO
po3uMHY. 30KpeMa, AaHe SBUIE MOXHa MOACHUTU NposiBoM edekTy bypureitna-Mocca B
toHkux TutiBKax CdSe;4Sy. BcranoBineHo, iHTErpanbHy BETUYUHY MPOTUHY JJIS ONTUYHOI
IIUPUHA 3a00pOHEHOT 30HU Ta CIHIH-OPOITATLHOTO PO3ILICIUIEHHS B TOHKUX ILIIBKax
CdSe;..Sx. BusiBIeHO 3MEHINCHHS CTPUIM TPOTUHY Ta BEIMYUHH CHIH-OPOITAILHOTO
PO3IICIICHHS MPH IEPEXO0/1 BiJl MOHOKPHUCTAIIIYHOTO 3pa3Ka A0 TOHKOI IUTIBKH.

Ontuuni QyHKuii (MOKa3HUK 3ajioMJieHHS N(A), KoedilieHT mnoriauHaHHg o(A),
koedimieHT exkcTuHkiii K(A), ONTHYHI JieJeKTPUYHI MPOHUKHOCTI €12(A) 1 ONTHYHA
npoBiAHICT, G(A)) TOHKHMX IUTIBOK 1 iX ToBmMHM d Oyau BU3HAYEHI i3 CIEKTPaIbHOI

3QJIEKHOCTI  Koe(illieHTa MPOMyCKaHHs MeToJAoM oO0BiIHUX. [loka3HUK 3a10MIICHHS
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eKCTPAIoIOBAIM 3a JOMOMOIOI0 JucHepciiHuX criBBiaHomeHbs Komr Ta 3enmaiiepa.
Jlucnepcis MOKa3HUKA 3aJIOMJICHHS OOTOBOPIOETHCS B MEXKax OJHOOCHUIISITOPHOI MOJEeNi
Bemmuia 1 [li Jlomeniko. CrnekTpaibHy MOBEIIHKY ONTHYHUX J1EIEKTPUYHUX (PYHKIIN
JOCTIPKEHO B paMKax MoOJeNl BUIBHUX eJekTpoHiB J[lpyne. BusHaueno enepriio
onuHouHoro ocmuwisatTopa (Eg), enepriro mucnepcii (Ey), mMoka3HUK 3aloMJIeHHS N,
MOMEHTH M_; Ta M_3 ONTHYHHX CIHEKTPiB, cuiy ociuisgropa (f), BigHOIMIEHHS IIiIBHOCTI
HOCIiB 10 epexTHBHOI Mach (N/M’), ONTHYHY PYXJIHUBICTH (Mopt), MUTOMUM ONTUYHUI OMIP
(Popt) Ta 9ac penakcamii ().

[IpoBeneHo MOCHIHKEHHSI CHEKTPIB HU3BKOYACTOTHOIO BIIOUTTA (B oOmacti 20—
600 cm™ 3a kimMHATHOI TemmepaTypu) st ToHkHX miiBok ZnO:Re (Re=Cd, Nd, Sm, Eu,
Tb, Er, Yb). Bussneno ta kinacugikoBaHO OCHOBHI CMYTH BiIOUTTS.

JlocnmipKeHO €NeKTpOHHY Ta ()OHOHHY 30HHY CTPYKTYpY, TEpPMOAMHAMIYHI Ta
omrnuni BmactuBocti cmomyk rpyma A'BY' 3a HOpMambHEX YMOB Ta HpH BIUTHBY
rIPOCTaTUYHOTO THUCKY. 3 BHUKOPUCTAaHHSAM METOLy Teopii (QyHKIIOHANA TYyCTHUHH
PO3pPaxOBaHO JUCHIEPCIIO €IEKTPOHHOIO 1 ()OHOHHOTO €HEPreTUYHOTO CIEKTPY, HIUIBHICTh
CJIEKTPOHHUX 1 (POHOHHUX CTaHIB, TEMIEPATYPHY 3aJIEKHICTH CIEKTPIB KOMOIHAIIHOTO
pPO3CIIOBaHHS, TEIJIOEMHICTh, BUIbHY €HEPril0, €HTPOII0, €HTAIbMII0 Ta TeMIepaTypy
Hebas. [ns moCHiKeHHS ONTUYHUX BIACTUBOCTEH BUKOPUCTOBYBAIM KOMILUICKCHY
nienexktpuuny ¢yHkmito  €(hw). Bu3HaueHO cHeKkTpajgbHy TOBEIIHKY IOKa3HUKa
3aJIOMJICHHSI, KOoe(IiliEHTa €KCTUHKIIT 1 MOTJIMHAHHS, ONTUYHHUX JIENEKTPUYHUX (YHKIINA
Ta omrmunoi mposizHocti cmomyk rpymn A'BY. PospaxoBano moTeHmian 06'eMHOI
nedopmailii, MOXIJHI THCKYy MEpPIIOrO Ta JPYyroro MOPSAKY s MNPSIMO30OHHUX 1
HENPSIMO30HHHX TIEPEXOiB Ta JUHAMIKY iX 3MiHHM B Matepianax rpymu A'BY'.

[IpeacraBneHo pe3yabTaTd TEOPETUIHHUX JOCTIIKEHb KOHIIEHTPAIIIHHOT 3aJI€KHOCTI
OCHOBHUX OINTHYHUX Ta EJIEKTPOHHUX BIacTUBOCcTe. Ha ocCHOBI TeopeTHuHUX
PO3PAaXyHKiB BHSBICHO, IO TBEpAl pO3YMHH 3amimenHs cmoxyk rpymn A'BY

XapaKTEPHU3YIOThCA TPSIMOI0 3a00POHEHOI0 IIIJIMHOI0, JIoKamizoBaHoto y I Toum BZ,
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XapakTep AKOi HE 3MIHIOEThCS MPH il TIAPOCTATUYHOTO THCKY. BCTaHOBIIEHO TeHE3UC
30HU MPOBIAHOCTI Ta 3a00pPOHEHOT 30HHU.

JlocaikeHO TPY)KHI BJIACTHBOCTI TBEpAMX po3uuHIB 3amimenns CdSe;,S, i
CdTe,.,Se, B pamkax Teopii ¢pyHKIioHATY TYCTHHH. Moayib KOHra, Moyiis 3cyBy, MOIYJIb
00’emHOoro crtucHeHHs i koedimient Ilyaccona cmomyk CdSe;,Sy i CdTei,Se, Oymm
po3paxoBaHi 3 nepumx npuHIUMiB. [IpoaHanizoBaHo 3aeKHOCTI MPYKHUX BIACTUBOCTEH
BiJl BMICTY 3aMilIyrodoro exeMenTa (S i Se, BianmoBigHO). 3rigHo npaBmia OpaniieBrya Ta
3HaueHHs1 Koedimienta Ilyaccona watepianum Oynau  kiacugikoBaHI K IJIACTHYHI.
Koedimient anizorponii 3eHepa Ta mapamerp KieilMaHa po3paxoBYIOTbCS Ha OCHOBI
npyxkHux koHcTaHT Cj. Takoxk, po3paxoBaHO KOHLEHTpALIMHY 3aJI€KHICTh HIBHIKOCTI
MO3/IOBXHBOI 1 TIOMEPEeYHOi MPYKHOI XBHWJII Ta CepeAHbOI IMIBUAKOCTI 3BYKY. Ha ocHOBI
CepeIHbOI IBHUJIKOCTI 3BYKY OYyJIO PO3paxOBaHO KOHUEHTpPAIIiHY MOBEAIHKY TEMIIEpaTypu
Jlebast.

Po3paxyHku 3 nepuimx mpUHIUIIB €JIEKTPOHHOI 30HHOI CTPYKTYPH, T'YCTUHU CTaHIB
1 MoKa3HUKa 3ajJ0MJICHHS TBepAuX po3uuHiB Cdg7sXgosTe (X=Cu, Ag i Au) oriHeHi 3a
JIOTIOMOT'OI0 y3arajibHEHOTO T'PaJlIIEHTHOTO HaOmmxkeHHs. byno BHUKOpHCTaHO (QYHKITIOHAT
[lepnpro—bepka—EpH3zepxoda. Enepris yTBOpeHHS po3paxoBaHa 3a pe3yJibTaTaMu
3arajbHOi €Heprii JOCHIKyBaHUX 3pa3kiB. Ha OCHOBI €JIeKTPOHHOI 30HHOI CTPYKTypH
Oys0 po3paxoBaHO €()EKTHBHY Macy €JIEKTPOHIB 1 Jipok. OOTOBOPEHO BIUIMB 3aMIIICHHS
aTOMIB Ha €JEKTPOHHY MPOBIAHICTh 1 PYXJUBICTh. JIJIsI JOCHIIKEHHS ONTUYHUX
BJIACTUBOCTEH  BHUKOPUCTOBYBAIM  KOMIUIEKCHY  jAienekTpuuHy  dyukmiro  g(ho).
CnekTpajibHa TMOBEJIHKA [OKa3HMWKa 3aJ]OMJIEHHA Oylla po3paxoBaHa Ha OCHOBI
JIETEKTPUYHOI (PYHKIIII.

[IpoBeneno mocnipkeHHS TpaHcpopMallii eIeKTPOHHOTO €HEPreTHYHOTO CIEKTPY 1
ONTUYHUX BJIACTUBOCTEH TBepmoro posunHy 3amimeHHs CdSe; Sy npu mepexomi Bia
MOHOKPHCTAIIYHOTO 3pa3ka 70 TOHKOI IutiBkH. [logaHo pe3yiabratu ab initio po3paxyHkis
CJIEKTPOHHUX €HEPTreTUYHUX CIEKTPIB 1 ONTUYHUX (DYHKIIIT JJIT TOHKHUX TUTIBOK TBEPJOTO

posuuny CdSe,,S,. KonnenTpauiiini 3ane;xxsocti ontuunux nepexonis B CdSe;,S,, I's'—
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[e" i I';'~T" (piBHi B Touni I' 30nu Bpiniroena; miacuMBoM V i C BiNOBIigalOTh BaJ€HTHIN
30HI Ta 30H1 MPOBIIHOCTI, BIAMOBIIHO), HOCHIIXYIOTbCS Ta OI[IHIOETHCS BEITWYMHA CIIiH-
opOiTaibHOrO po3derieHHs. [lokazaHo, 10 KOHIIEHTpAIlIHI 3aJIEKHOCTI €HEePreTUUHUX
1M € KBaAPaTHYHUMH, 3 TApaMeTpoM nporuny (8) pisaum 0.13 1 0.12 qna [g'™—T¢" i I'7'—
I's", BiamosimHo. KoHLEHTpaliliHi 3aJ1eKHOCTI ONTUYHMX BIACTUBOCTEH BHMBYAIOTHCSA HA
MIPUKJIAJIl OKa3HUKA 3aJIOMJICHHS TIPH TOBXKHUH1 XBUJI1 cBiTiia 500 HM.

B3aemonis Tonkux tumiBok CdSe; Sy 3 monekynoro CO Hakiagae TEHICHIIO JI0
JiH1AHOI. TakoX BHSBJIEHO, 11O ONMCAaHA BHILE B3a€MOJIS BIANOBIAAE €K30TEPMIYHOMY
MpOIECy 1 BU3HAUEHO BIMOBIAHY eHeprito aacopOiii. Kpim Toro, 3'scoByeTbcsl BIUIMB
ancop6iis rasy CO, mio BimOyBaeThcs Ha HOBEpXHI TOHKHX IuiiBok CdSe;,S, Ha ix
ONTHUYHI (PYHKIII].

BcranoBneno TtpaHcdopmarllito €JIeKTPOHHOTO CEHEPreTHYHOrO0 CIIEKTPY TOHKHUX
mwrBok CdSe;,S, y Bumanky B3aemofii 3 moiekymnamu H, ta NO,. JocmimkeHo 3MiHY
3HAQYCHHS IMPUHU 3a00POHEHOT 30HH B 3aJICKHOCTI B TUIY B3aemoii S(Se)—N Tta S(Se)—
H. Bu3HaueHO OCHOBHI €HEpPreTHYHl IapaMeTpyd Ta 3MiHY ITOKa3HHMKa 3aJIOMJICHHS Y

BUTIAAKY aacopOrii mosekyn H, Ta NO, Ha moBepxHi ToHKHX m1iBok CdSe; ,S,.

KirouoBi cjioBa: ToHKa TUTIBKA, CTPYKTYPHUM aHami3, MopQoJioris MOBEpXHI,
€JIEMEHTHUM aHali3, KPUCTAIITH, NPOIMYCKaHHS, BiAOUTTS, MOKA3HUK 3aJOMJICHHS,
JeNeKTpUYHl (YHKII, €HEepreTU4yHl MapaMeTpH, CJIEKTPOHHA EHEpPreTHYHA CTPYKTYpa,

(hOHOHHA eHepreTUYHa CTPYKTYpa, MOBEPXHS, aCOPOIlis, COHAYHI €IEMEHTH, CEHCOPH.



ABSTRACT

Kashuba A.l. Transformation of the electron and phonon spectra in thin films
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— Vasyl Stefanyk Precarpathian National University, Ivano-Frankivsk, 2024,

The thesis solves an actual problem in semiconductor materials science, physics and
surface technology, which concerns the synthesis, modification and optoelectronic research
of thin film materials for their use in solar cells and sensors. The behaviour of structural,
optical, phonon, and electronic parameters of thin films of materials of the A"BY' group
depends on the deposition method, alloying impurity, or substituting component.
Depending on the deposition method, thin films of cadmium chalcogenides (CdSe, CdS)
can crystallize in a cubic or hexagonal structure. Doping or substitution in these
compounds (CdTe,,Se,, CdSe;,S,, Cd;Mn,Te) leads to the formation of thin films of
different crystal structures depending on the deposition method and the content of the
substituting component. Considering that only the cubic structure of the absorbing layer,
which is photoactive and can convert light into a photocurrent, is desired as the active layer
of the solar cell, the first problem that is considered in the paper appears. Namely, the
deposition of thin films CdTe,,Se, and Cd.,,Mn,Te crystallized in a cubic structure.
Another problem that arises in solar cells is the lattice mismatch between CdTe and CdS
layers. This inconsistency leads to the occurrence of photocurrent, which negatively affects
the operation and efficiency of the solar cell. As a result, the problem of reducing this
lattice mismatch between the absorbing layer and the emitter arises. This problem can be
solved by using CdTe,.Se, as an absorbing layer, and CdSe;,S, as an emitter.

Also, optoelectronic devices must work effectively under normal conditions and
under non-standard conditions. Namely, such devices must work under different pressures

and in different environments. Therefore, in this work, a study of the effect of hydrostatic
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pressure on the optical-electronic properties of compounds of the A"BY! group and the

interaction of their surface with various gases (CO, H, and NO,) was carried out.

In the work, comprehensive studies of the physical and technological conditions of
deposition of thin films of materials of the A"BY' group and solid solutions based on them
were carried out by methods of quasi-closed volume, high-frequency magnetron sputtering
and chemical surface deposition. A modified method of precipitation of solid solutions
based on materials of the A"BY' group is proposed. A method of alloying thin films of
materials of the A"BY' group was developed and technically implemented, using the
example of a thin film of zinc oxide.

A structural, elemental and morphological analysis of the deposited thin films was
carried out. A significantly higher optical quality of thin films deposited by vacuum
methods compared to the method of chemical surface deposition was revealed. It was
established that thin films (CdSe, CdS and CdSe,,S,) deposited by the chemical method
require further thermal annealing for recrystallization.

A change in the composition of liquid films in comparison with the loaded charge
(used target) for vacuum methods of deposition of thin films was revealed, which may be
caused by the imbalance of film deposition processes. According to the results of structural
analysis, single-phase compounds CdTe,Se,, CdSe;,S, and Cd;,Mn,Te were confirmed.
The results of X-ray fluorescence analysis indicate the absence of impurities in the
deposited thin films. According to the results of the analysis of surface morphology and
energy-dispersion analysis, a uniform distribution of chemical elements in the synthesized
samples was established.

It was established that CdTe,.Se, thin films with a Se content of less than x<0.3
crystallize in a cubic structure (F-43m), and samples with a selenium content above x> 0.7
crystallize in a hexagonal structure (P6smc). Instead, CdSe;.Sy thin films crystallize in the
wurtzite structure (P6smc) for sulfur content x= 0-1. It was established that thin films of
CdiMn,Te (x> 0) crystallize in a cubic structure (F-43m).
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A comprehensive analysis of the concentration dependence of crystal lattice

parameters, crystallite sizes, deformations, dislocation density, and texture coefficient in
CdSe;.,S, and CdTe,Se, thin films was carried out.

The transformation of transmission and reflection coefficients was experimentally
determined depending on the thickness of the films, the component ratio and the deposition
method. Based on the results of the analysis of the spectral dependence of the transmission
and reflection coefficients, the integral value of the spectra and the optical width of the
band gap were determined. For CdSe.,S, thin films, a deviation from the linear
dependence of optical parameters (integral transmittance and optical bandgap) was found.
The deviation from the linear dependence is associated with the effect of volume
deformation, charge redistribution between different bonds in the disordered solid solution,
and relaxation of the position of the ions in the lattice of the solid solution. In particular,
this phenomenon can be explained by the Burstein-Moss effect in CdSe;.,S, thin films. The
integral value of the deflection for the optical band gap and spin-orbit splitting in the
CdSe;.4S, thin films has been established. A decrease in the deflection arrow and the value
of the spin-orbit decoupling during the transition from a single-crystal sample to a thin film
was revealed.

The optical functions (refractive index n(L), absorption coefficient a(A), extinction
coefficient k(A), optical permittivity €; »(A) and optical conductivity (1)) of thin films and
the thickness d were determined from the spectral dependence of the transmission
coefficient by the Swanepoel method. The refractive index was extrapolated using Cauchy
and Zellmeier dispersion relations. Refractive index dispersion is discussed within the
single-oscillator model of Wemple and Di Domenico. The spectral behavior of the optical
dielectric functions was investigated within the Drude model of free electrons. The energy
of a single oscillator (Eo), dispersion energy (Eg), refractive index no, moments M_; and
M_; of optical spectra, oscillator strength (f), carrier density to effective mass ratio (No/m"),

optical mobility ([opt), Optical resistivity (popt) and the relaxation time (t) were determined.
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A study of low-frequency reflection spectra (in the region of 20-600 cm™ at room

temperature) for ZnO:Re thin films (Re= Cd, Nd, Sm, Eu, Tb, Er, Yb) was conducted. The
main reflection bands were identified and classified.

The electronic and phonon band structure, thermodynamic and optical properties of
compounds of the A"BY' group under normal conditions and under the influence of
hydrostatic pressure were studied. The dispersion of the electronic and phonon energy
spectrum, density of electronic and phonon states, temperature dependence of Raman
scattering spectra, heat capacity, free energy, entropy, enthalpy and Debye temperature
were calculated using the density functional theory method. The complex dielectric
function e(hw) was used to study the optical properties. The spectral behaviour of the
refractive index, extinction and absorption coefficient, optical dielectric functions, and
optical conductivity of compounds of the A"BY' group were determined. The volume
deformation potential, first- and second-order pressure derivatives for direct-band and non-
direct-band transitions and the dynamics of their change in materials of the A"BY' group
were calculated.

The results of theoretic studies of the concentration dependence of the main optical
and electronic properties are presented. On the basis of theoretical calculations, it was
found that solid substitution solutions of compounds of the A"BY' group are characterized
by a direct forbidden gap localized at the I" point of BZ and do not change under the action
of hydrostatic pressure. The genesis of the conduction band and band gap has been
established.

The elastic properties of CdSe,,S, and CdTey,Se, substitution solid solutions were
investigated within the framework of the density functional theory. Young's modulus,
shear modulus, bulk modulus, and Poisson's ratio of CdSe;,S, and CdTe;Se, compounds
were calculated from first-principles. The dependence of the elastic properties on the
content of the substituting element (S and Se, respectively) was analyzed. According to
Frantsevich's rule and the value of Poisson's ratio, the materials were classified as plastic.

The Zener anisotropy coefficient and the Kleiman parameter are calculated on the basis of
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the elastic constants Cj. Also, the concentration dependence of the speed of the

longitudinal elastic wave, the speed of the transverse elastic wave and the average speed of
sound was calculated. Based on the average speed of sound, the concentration behaviour of
the Debye temperature was calculated.

The theoretical first-principle calculations of the electronic band structure, density of
states, and refractive index of solid-state Cdg75Xo25Te (X= Cu, Ag, and Au) solutions are
estimated by the generalized gradient approximation (GGA). A Perdew—Burke—Ernzerhof
functional (PBE) was utilized. Formation energy is calculated based on the results of the
total energy of the study samples. The effective mass of the electrons and holes was
calculated based on the electronic band structure. The influence of atom substitution on
electron conductivity and mobility is discussed. To study the optical properties was use a
complex dielectric function e(hw). The spectral behaviour of the refractive index was
calculated based on the dielectric function.

A study of the transformation of the electronic energy spectrum and optical
properties of the CdSe,,S, solid solution during the transition from a single-crystal sample
to a thin film was carried out. Ab initio calculations of the electronic energy spectra and
optical functions for the thin films of solid-state solution CdSe.,S, are present.
Concentration dependences of the energy gaps associated with the main optical transitions
in CdSe.,S,, I's—T¢ and I'''-I'¢" (levels in the I' point of Brillouin zone; v and ¢
subsymbols correspond to the valence band and conduction band, respectively), are studied
and a spin-orbit decoupling is evaluated. It is demonstrated that the concentration
dependences of these energy gaps are quadratic, with a characteristic ‘bending’ parameter
equal to 0.13 and 0.12, respectively, for the I's'I's" and I';'-I'¢° transitions. The
concentration dependences of optical properties are mainly studied on the example of
refractive index at the light wavelength 500 nm.

Interaction of the thin films with CO imposes a tendency to increasing bandgap and
transforming its concentration dependence to linear one. It is also revealed that the above

interaction corresponds to exothermic adsorption processes and the corresponding
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adsorption energy is determined. Moreover, we elucidate the influence of adsorption of CO

gas occurring on the surface of CdSe;.,S, thin films on their optical functions.

The transformation of the electronic energy spectrum of CdSe;,Sy thin films in the
case of interaction with H, and NO, molecules was established. The change in the value of
the band gap depending on the type of S(Se)-N and S(Se)-H interaction was investigated.
The main energy parameters and the change in the refractive index in the case of
absorption of H, and NO, molecules on the surface of CdSe.,S, thin films were

determined.

Keywords: thin film, X-ray diffraction analysis, surface morphology, elemental
analysis, crystallites, transmission, reflection, refractive index, dielectric functions, energy
parameters, electronic energy structure, phonon energy structure, surface, absorption, solar

cells, sensors.
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