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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

ToHKOIIIBKOBI HaNiBIPOBIIHUKOBI MaTepianu 1151 GOTOUYTIMBUX €J1EMEHTIB COHSIYHUX OaTapeit

Ha3sBa po6oTH aHIJIilICbKOIO:

Thin-film semiconductor photosensitive materials for solar cells

Pedepar yKpaiHCBKOIO:

O6'eKT DOCIIKEHHS - XiMiYHi CUCTEMHU 3 KOMIJIEKCOM Pi3HOQYHKIIOHAIBHUX BIACTUBOCTEH; XiMi4Hi IIPOLIECH i
¢disnyHi ABMIIA, SKi CYTPOBOIPKYIOTH IiIPOXiMiYHMI CUHTE3 TOHKMX HaMiBNPOBiIHUKOBUX IJIiBOK CdS i CdSe,
BM3HAYaIOTh iXHill cKkjlafl, CTPYKTYPHi, MOpQOIOriyHi, ONTUYHI BJIaCTUBOCTI; CTBOPEHHS IJIiBKOBUX CTPYKTYP Ha
aMOop(pHUX i KpUCTANIYHUX MiJKIAKax, X ONTUYHI, eJeKTpodi3nyHi Ta POTOENEKTPUYHI BIaCTUBOCTI. MeTa poboTH
- PO3pOO6JIEHHS TEOPETUYHUX i IPAKTUYHMX OCHOB TEXHOJIOTIYHO ITPOCTOTO, MAJI03aTPATHOTO, THYYKOr'O B KEPYBaHHI
IIpoliecy CUHTe3y TOHKUX ITiBOK CdS i CdSe nij1s BUpOOHULITBA TOHKOILIIBKOBUX (POTOUYTIMBUX €JIEMEHTIB
COHSIYHUX 6aTapeil. MeTou OCiKeHHS - HalliBeMIIIPUYHUN METO/I CXO/I)KeHHs peakiifiHOi CUCTEMU JI0
MiHIMyMy €Heprii Ipy1 KBaHTOBO-XIMIYHOMY MOJe/II0BaHHI y cepenosuii "MOPAC 2012"; MeTonu riipoxiMiyHOro
cuHTe3y miBok CdS i CdSe, TBepaux po34MHiB Ta CTPYKTYP Ha ixHill OCHOBI; peHTreHiBCbKa AupaKLis ajs
TOCJIiIPKEHHS CTPYKTYPH ILTiBOK, OITUYHA Ta PEHTIeHO(IIyOPUCL,EHTHA CIIEKTPOCKOMiS [J151 BU3HAYEHHS ONITUYHUX
XapaKTEPUCTHK i €IeMEHTHOTr0 CKJIafly; CKaHyl04a €JIEKTPOHHA Ta aTOMHO-CUJIOBA MiKPOCKOIIis 117151 BUBYEHHS
Mopdouiorii moBepxHi, NpodisoMeTpis Ta iHBepciiiHa BOJIbTaMIIEPOMETPIs 11711 BUMiIPIOBAHHS TOBIIMHU ILTiBOK,
METOI MOJIEKYJIIPHO-a0COPOLIHOIO aHai3y AJ1s1 KIHeTUYHUX NOCinKeHb. Po3paxoBaHO rpaHUYHi yMOBU
yTBOpeHHsI Masiopo3unHHUX Gopm CdS i CdSe 6e3 nomimox Cd(OH)2 3 BukopuctaHHIM 11 KOMIIJIEKCOYTBOPIOIOYMX
PEeareHTiB, O J03BOJIMJIO 3aIIPOIIOHYBATU OOI'PYHTOBAHUI BUOIP CKJIaly peaKLiHUX CUCTEeM. BCTaHOBIEHO
IIPOMDXKHI CTaflii Ta reOMETPUYHI ITapaMeTpy MOJIEKYJI IIPYU CMHTE3i TOHKUX ITiBOK CdS y cuctemax "Cd2+-
C6H5073--N2H4CS" i "Cd2+- NH3--N2H4CS" ta CdSe y cucremax "Cd2+- SeSO32-" i "Cd2+-SeSO32-C6H5073-".
CunresoBano niiBku CdS i CdSe i mocifkeHo ixHi BracTuBocTi. EKClepuMeHTalbHO BU3HAUEHI 3HAUEHHSI €Heprii
aKkTuBalii mpouecy cuHTe3y miiBok CdS. 3anponoHoBaHo croci6 36inbmenHs aaresii rmniBok CdSe 1o ckisiHOT
niAKIaaKy yepes yTBopeHHs TBepaoro po3unHy CdSxSel-x. BcTaHOBIEHO ONTMMAaJIbHI YMOBU XiMiYHOTO
roBepxHeBoro ocaakeHHs wiBok CdS i CdSe, ski 3a cBoiMU IMapameTpamMu MOBHICTIO BifMTOBIAI0Th BUMOTaM JJisl
3aCTOCYBaHHS y COHSIYHUX eJleMeHTaX. Po3pobiieHo cnocib cunTe3y 1miiBok HgSe (atomHe cniBBinHOmeEHHS Hg:Se =
49,90:50,10) ky6iunoi mopudikarii 3 Bukopuctanasam Na2S203 K KOMIIJIEKCOYTBOPIOIOUOT0 peareHTa.
CuHTe3o0BaHO MNJ1iBKOBI TBepi po3urHu CdxZnl-xS i ZnSxSel-x, 6iHapHi noagiiHi cTpykTypu CdSe/CdS, CdS/CdSe.
OTpumaHo 1iBKY ZnSe 6e3 NpUMyCcoBOi OpieHTallii 10 MaTepiany MigKIanokK, siKi MO>KHA BilOKPEMUTH Bif

MIOBEPXHI.

Pedepar aHIJIiHCBKOIO:

The object of study is chemical systems with a complex of diversified properties; chemical processes and physical
phenomena accompanying the hydrochemical synthesis of CdS and CdSe semiconductor thin films, determine
their composition, structural, morphological, and optical properties; the creation of film structures on amorphous
and crystalline substrates, their optical, electrophysical and photoelectric properties. The aim of the work is the
development of theoretical and practical fundamentals of a technologically simple, low-cost, flexible process
control synthesis of CdS and CdSe thin films for the production of thin-film photosensitive solar cell elements.
Investigations methods - a semiempirical method of convergence of the reaction system to a minimum of energy
in quantum-chemical modeling in the environment "MOPAC 2012"; methods of hydrochemical synthesis of CdS
and CdSe films, solid solutions and structures based on them; X-ray diffraction to study the structure of films,
optical and X-ray fluorescence spectroscopy to determine the optical characteristics and elemental composition;
scanning electron and atomic force microscopy to study the surface morphology, profilometry and inversion



voltammetry for measuring the thickness of films, molecular absorption analysis methods for kinetic studies. The
boundary conditions for the formation of low-soluble forms of CdS and CdSe without Cd(OH)2 impurities using 11
complexing reagents were calculated, which allowed to propose a reasonable choice of the composition of the
reaction systems. Intermediate stages and geometrical parameters of molecules were established in the synthesis
of CdS thin films in the systems "Cd2+ - C6H5073- N2H4CS" and "Cd2+ - NH3 - N2H4CS" and CdSe in the systems
"Cd2+ - SeS0O32-" and "Cd2+ - SeSO32- C6H5073-". CdS and CdSe films were synthesized and their properties
were investigated. The activation energies of the synthesis of CdS films were experimentally determined. A method
is proposed for increasing the adhesion of CdSe films to a glass substrate through the formation of a CdSxSel-x
solid solution. The optimal conditions for chemical surface deposition of CdS and CdSe films, which by their
parameters fully meet the requirements for use in solar cells, were established. A method for the synthesis of HgSe
films (atomic ratio Hg: Se = 49.90: 50.10) of a cubic modification using Na2S203 as a complexing agent has been
developed. Film solid solutions CdxZn1-xS and ZnSxSel-x, binary double structures CdSe /CdS, CdS/CdSe were
synthesized. ZnSe films were obtained without forced orientation to the substrate material, which can be
separated from the surface.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)
Hassa HTTI yKpaiHCBKOIO: Touki riiBku CdS ta CdSe

Haszsa HTII anrJificbKo¥0: Thin films of CdS and CdSe

HTII, aKy nepenba4asiocsi CTBOPHTH:

IIpuunnu, yepe3s saki HTII e Gysio cTBOpeHO:

OTpHuMmaHi pe3yJIbTaTH:

l'asmy3b 3acToCyBaHHS: 72.19 JlocifKeHHs i eKCliepuMeHTaIbHi PO3po6KY y cdepi iHINX IPUPOIHUYNX i

TEXHIYHMX HayK
PeecTparifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: [nisku kagmi cynbodiny (CdS) i kagmiit ceneniny (CdSe) HaseskaTh 10 IPyIV HATIBIPOBIIHUKIB TUITY
AIIBVI. CdS BoJsiogie BUCOKOIO POTOUYTIUBICTIO i aiCOPOLiMHICTIO, Ma€ 330BIJIbHY LIMPUHY 3a00pOHeHOi 30HU (EQ)
2,4 eB i poronposigHicTk (?) 102 OM-1cM-1 Ta He 3MiHIOE CBOIX XapaKTE€PHCTHUK [IPY 3pOCTaHHI TEMIIEpATypU
IIOBEPXHi COHSIYHUX €JIEMEHTIB B n1poneci po6otu. CdSe 3aCTOCOBY€ETbCS Y BUCOKOE(EKTUBHUX COHSIUHUX
€JIEMEHTAX, 3aBJSKU OCOOIMBUM BJIACTUBOCTSAM Y iHPPauepBOHiil 06J1aCTi, B ONTUKO-€JIEKTPOHHUX MTPUIAJAX,
JIa3epHUX Aionax, 6ioMeAUyHil Bidyasizalii, 1j1s1 BATOTOBJIEHHSI TOHKOILIIBKOBUX TpaH3ucTopis (TEFTs). OxepxaHi

HaMM IVTiBKY € OAHOPIIHUMY, TTIATKUMU 3 TOOPOIO afresielo 10 MOBEPXHi.
CouiasibHO-eKOHOMIYHA cipsimoBaHicTh HTII:
Bnius HTII Ha moBKiJj1s:
BnpoBaaykennss HTII: He snposamxeno
ITpakTnyHa peasnisanis HTII
IToyaTok eramy: 1 pik
3aKiHYeHHs eTamy:
Crnio>KHMBavi NPOAYKILii: nifnpreMcTsa 10 BUTOTOBJIEHHIO GOTOYYT/IMBUX €JIEMEHTIB
IlepcneKTHBHI PHHKH: Vkpainu, €8pornu
XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM
IToTpiOHUI 06CAT iHBECTHILiH, THC. TPH.: 1000
IIpagBa, 10 HaAAIOTHCS iIHBECTOPY MicJIsA 3aBEPIIEHHS POOGOTH:
HasiBHicTb Gi3Hec-mjIaHy: Hi
TexHiKO-€eKOHOMiYHE OOrpyHTYBaHHSI. Hi
IToTeHUiaILHUI 00CAT MPOJAKY, THC. TPH.: 3000
OuiKkyBaHHI TepMiH OKYIHOCTi (POKiB): 3

HopaTkoBa iHdopMaist: 3a jorosopamu
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