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2. Havryliuk Yevhenii Olehovich
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IIIndp HayKoBOi crieniaIbHOCTI: 01.04.10
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Jara 3axHcTy: 12-12-2018

CreniaJIbHICTh 32 OCBiTOIO: Qizuka
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Micuesnaxo;pxeum:: np. Hayku, 41, m. Kuis, Kuiscbka 06:1., 03028, Ykpaina

dopma BaacHOCTI:
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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CIeliai30BaHOi BYE€HOI pagH): [ 26.199.02

IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [HCTUTYT (isnKyu HaNiBIPOBiAHMKIB iMeHi B.€.JlamkapboBa
HAH Ykpainu

Kopg 3a €IPIIOY: 05416952

Micqesﬂaxon)KeHHﬂ: np. Hayku, 41, m. Kuis, KuiBceka 06:1., 03028, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOH: [HCTUTYT (isnKyu HaNiBIPOBiAHUKIB iMeHi B.€.JlamkapboBa
HAH Ykpainu

Kopg, 3a €IPIIOY: 05416952

Micuesnaxo,szeHHﬂ: np. Hayku, 41, M. Kuis, Kuiscbka 06:1., 03028, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHUX PyOPHK: 29.19.31

Tema guceprauii:
1. DoHOHHI CIIEKTPU KPUCTAJIiB Ta HAHOPO3MIPHUX CTPYKTYP HaIliBIIPOBIIHMKOBUX Y€TBEPHUX XaJIbKOTEHITiB

MeTaJIiB

2. Phonon spectra of crystals and nanosized structures of semiconductors of quaternary chalcogenides of metals

Pedepar:

1. Hocnimkeni (OHOHHI CIIEKTPU YETBEPHUX XaJIbKOTEHi/liB MeTasiB Tuity Cu2ZnSn(S,Se)4, sKi € nepcrnekKTUBHUMU
L7151 BAKOPUCTaHHS y POTOBOJIbTAILl. [HTepipeTallis 0co6MBOCTe MOSPU3ULIIHUX HU3bKOTEMIIEPATYPHUX
CIIEKTPiB PaMaHiBCBKOTrO pO3CiloBaHHS CBiTJIa MOHOKpUCTasiB Cu2ZnSiS4 Ta BifHECEHHS CIIEKTPAJIbBHUX CMYT 10
KOHKPETHMX TUIIIB BJIACHUX KOJIMBaHb I'PATKM BUKOHAHI HA OCHOBI CIiBCTaBJICHHS €KCIIEPUMEHTAIbHUX PE3YJIbTATIiB
i3 TEOpETUYHMMY PO3PaxyHKaMu. BcTaHOBIIEHO 0cO6MBOCTI TpaHchopMalii GOHOHHOTO CIIEKTPY 3i 3MiHOIO
KOMIIOHEHTHOTO CKJI[ly y 3MilIaHuX crionykax Cu2ZnSnl-xGexS4, Ki OJISAraloTh y OGHOYACHOMY IPOSIBI SIK
OJJHOMOJIOBOTO, TaK i ABOXMO/IOBOTO TUIIIB NTepeby[0BU CIIEKTPY B 3aJI€XKHOCTI Bif TOTO, SIKi aTOMU NIPAMMAIOTh
y4acTh Y BiIIOBIIHUX KOJIMBAaHHAX. [j1g m1iBKOBUX 3paskiB CZTSe nmpogeMOHCTPOBAHO 3aJIEXKHICTL 3MIHU

cTexioMeTpii Ta IKOCTi KPUCTaTiYHOI rpaTKU 3i 3BMiHOIO TOBIIMHU ILTiBKYU. JIOCIiIKEHO OCOOINBOCTI MOBEIiHKU



(OHOHHUX CHIEKTPIB IIpyU Nepexo/ii Bifi 06’eMHUX MaTepiajiB 10 HAHOKPUCTAiB crioayku Cu2ZnSnS4, a TaKOX BCiX
MOXJIUBHX ii BropuHHUX ¢da3. [Ioka3zaHo BIJIMB YMOB YTBOPEHHS IJIiBKM HAHOYACTUHOK Ta O6POOKY iX METOIIOM
¢duem-Binnany Ha sIKiCTh KiHIIeBOro maTepiany. BctaHoBseHO 0c061MBOCTI epeby 0B (POHOHHOTO CIIEKTPY 3i
3MiHOI0 KOMIIOHEHTHOTO CKJIaAy B crionykax AgxGaxGel-xSe2, epCreKTMBHUX AJ1s HEJIiHIMHOI ONITUKYU CEPENHbOTO
IY niana3ony, Ta MOKa3aHO MOXKJIMBY IPUCYTHICTb BTOPUHHUX AedeKTHUX (Pa3 GeS Ta Se y BUTIIsALi MiKpOBKIIOYEHb

B 00’eMHOMY MaTepiai.

2. Investigation of the phonon spectra of quarternary chalcogenides of metals, such as Cu2ZnSn(S,Se)4, which are
promising for use in photovoltaic, was done. The interpretation of the peculiarities of the polarization low-
temperature Raman scattering spectra of orthorhombic wurtzstannite Cu2ZnSiS4 single crystals, prepared by the
chemical transport method, and the assignment of spectral bands to specific types of lattice eigenmodes was made
on the basis of comparison of experimental results with theoretical calculations, based on density functional lattice
dynamics theory. The transformation of the vibrational spectrum of Cu2Zn(Sn1-xGex)S4 single crystals upon
variation of composition is studied experimentally by low temperature Raman scattering. It is shown that fully
symmetric “breathing” modes of GeS4 and SnS4 octahedra exhibit the so-called two-mode type of behavior,
despite the closeness of their frequencies (360 and 340 cm-1, respectively). This implies the existence of
corresponding modes with a virtually unchanged frequency over the entire composition range (0 < x < 1) and their
weak interaction with other modes of the system. Density functional lattice dynamics calculations confirm this
experimental finding. Other vibrational modes are found to show the typical one-mode type of transformation
with composition. Resonant Raman scattering experiments, which are realized for the Ge-rich alloys of Cu2Zn(Sn1-
xGex)S4, allowed the observation of the second- and the third-order scattering processes. Along with overtones
and combinations of LO-lines that are typical for resonant Raman spectra of polar semiconductors, we also
observed overtones of non-polar fully symmetric A-lines, as well as the combinations nA + mLO. The effects of
structural (positional) disorder of mixed crystals were analyzed based on Raman scattering as well as the
photoluminescence results. For film samples CZTSe the dependence of the change of stoichiometry and the
quality of a crystal lattice with a change in film thickness is demonstrated. The peculiarities of the behavior of
phonon spectra in the transition from bulk materials to nanocrystals (NCs) of the compound Cu2ZnSnS4, as well as
all possible secondary phases, are studied. Size-selected CZTS NCs reveal phonon confinement that manifests
itself in an upward shift of the main phonon peak by about 3-4 cm-1 by varying the NC diameter from 3 to 2 nm. A
non-monotonous shift and narrowing of the main peak are attributed to the special shape of the phonon
dispersion in this material. The possibility of secondary phases formation in the same synthesize conditions was
shown. The Raman spectra of most of them are qualitatively similar to the spectra of bulk materials. One The
Raman spectra for Zn-Sn-S was not studied before. The strongly different from convention picture was Raman
spectra for ZnS NCs. The absence of LO mode, but the presence of a lot of two-phonon modes we explain by very
strong electron-two-phonon interaction due to ultrasmall (= 2 nm) size of ZnS NCs. The influence of the
conditions of the formation of nanoparticle films and their processing by flash annealing method on the quality of
the final material is shown. The method of sample preparation, the nature of the supporting substrate and the
photoexcitation regime are found to crucially influence the Raman spectra of the CZTS samples. Particularly, the
possible oxidation and hydrolysis of CZTS NCs with the concomitant formation of a Cu-S phase are systematically
investigated. The flash-lamp annealing with low power density found to be very useful to improving quality of
CZTS nanocrystals. The improving of quality of NCs also was observed and for high annealing power density, in the
same time, the decay of CZTS NCs to secondary phases in intermediate power density was observed. The
peculiarities of the rearrangement of the phonon spectrum with the change in the component composition in
AgxGaxGel-xSe2 compounds promising for the nonlinear optics of the medium IR range have been established,
and the possible presence of secondary defective phases GeS and Se is shown as microinclusions in the bulk
material.
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KBasigikanis: 1. ¢.-m. n., 01.04.10
InenTudikarop ORCID ID: He 3acrocosyetbcs
JopaTrkoBa iHdpopmamnist:
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1. XukyHn Ouser KOnianHoBrY
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KBasmigikanis: 1. .-m. 1., 01.04.07
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HoparkoBa indopmamist:
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Micue3HaxoaKeHHS:
dopma ByracHoCTI:
Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Axniok HOpiit MukosiaiioBu4

2. Azhniuk Yuriy

KBasigikanis: 1. ¢.-m. n., 01.04.10
InenTudikarop ORCID ID: He 3acrocosyerncs
JoparkoBa iHdpopmamnist:
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Penensentu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY
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Kouesnan B'suecnaB OnekcaHgpoBUY
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FOpuenko T.A.



