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Pedepar:

1. Inceprauiiina po60Ta NpUCBSYEHA BUBUEHHIO NIPOLECiB KpUcTasisalii aMmop@HOro KpemHilo iHIyKOBaHOi 0JI0BOM
Ta MeXaHi3MiB (OpMyBaHHS HAHOKPUCTAJIiB KPEMHIIO y IIapyBaTUX CTPYKTypax a-Si/Sn. JloCiIkeHO MOXKIINBICTh
BMKOPHMCTaHHS Pi3HUX BUIB JIa3€PHOTO BUIIPOMIHIOBAHHS [IJIs CTBOPEHHSI YMOB KpUCTaJizallii aMOppHOTo KpeMHilo
iHIyKOBaHy 0JIOBOM Ta OJJHOYACHO KOHTPOJIIO IKOCTi HAHOKPUCTAJIiB KpeMHilo. [lucepTaliis CKi1afaeThCs i3 BCTYIy,
IT'SITY PO37iJiiB, BUCHOBKIB Ta CIIMCKY LIUTOBAHOI JliTepaTypu. BoHa BukiazeHa Ha 134 cropiHkax Ta MicTUTb 68
PUCYHKIB, 2 TabauLj i CIMCOK JliTepaTypHux mkeper ( 82 HaliMeHyBaHb). B nucepTauiiiniili poboTi oTpumaHo
HACTYIIHI HAyKOBi pe3ysbTaTu: Briepiuie: 1. BusiBsieHoO (ppakTasbHUM XapaKTep CTPYKTypU3allii aMOP(pHOT0 KPEMHIIO B
MIKpO- i HAHOMETPOBOMY MacuITabi py MOro ocakKeHHi i3 razoBoi ¢pa3u Ha MOBEPXHIO PiIKOTo 0JI0Ba. 2.

EKCHepI/IMEHTaI[bHO IMIOKa3aHo, 110 CTI/IM}/JIIOIOLII/H;I BIIJIUB JIA3€PHOTO OHpOMiHeHHH Ha 0JIOBOM iH,ILYKOBaHy



KpHCTasi3alio aMmop(HOro KpeMHilo Mae He TeIJIOBY (TOOTO He BIIJIMBAIOYY HAa TEMIIEPATYPY 3Pa3Ky) CKIAIOBY.
BucynyTa rinoresa mexanismy ii aii yepes 36iypIIeHHS] pO3YMHHOCTI aMOp¢HOTro Si B 0JI10Bi Ha iHTepdeiici ix mapis
nig yac OIK B Hac/ifok ocsabaeHHs i 0OpUBYy KOBaJIEHTHUX 3aB’3KiB a-Si, BUKJIMKaHUX POTO-i0Hi3alli€lo Ja3epHUM
CBITJIOM Ta €KpaHyBaHHSIM HEPiBHOBAXHUMH (POTO-€JIEKTPOHAMU. 3. EKCIIepUMEHTAaIbHO NI0KA3aHO, 10 came
HETEIJIOBA CKJIa/I0Ba BIUIMBY JIA3€PHOIO CBiTJIa BUKJIMKAE HEJIIHIMHUN 33 IHTEHCHBHICTIO «4€PBOHUI» 3CYB
PaMaHiBCBKOTO CIIEKTPY HAHOKPUCTAJIIYHOrO KPEMHIIO, HA BiIMiHY BiJl CIIEKTPY MOHOKPUCTAJIIYHOrO Si. Lle moxe
CBiZJUATH HA KOPUCTb TiNOTE3U PO HEPIBHOBAXXHY 3aCEJIEHICTb (POHOHIB Yepes eJIeKTPOH-(POHOHHY B3a€EMOZII0
(POTOIHAYKOBAHMX HOCIIB 3apsiy BHACIIIOK BUCOKOrO TEMITYy TeHepallii OCTaHHIX IPYU BUCOKIY MOTY>KHOCTI
30yIPKEHHS JIa3ePHUM CBITJIOM. YIOCKOHaJIEHO: 1. YIOCKOHAIEHO TEXHOJIOTiI0 BUTOTOBJIEHHS IAaPYBaTHX IIJIiBOK
Si/Sn/Si 3a METOLIOM TEPMIYHO-BAaKyyMHOTI'O OCaJI)KEHHS i3 ra3oBoi a3y B IJ1aHi NOKPAI€HHsI KOHTPOJIIO iX SIKOCTi
3aBJISKU 3'CYBaHHIO BIUIMBY CIIiBBiIHOIIEHHS TOBIIMH 1IapiB HA MIKPOCTPYKTYPY 00’eMy Ta pesibedy MOBEPXHi
IIJIIBOK. 2. Y,OCKOHAJIEHO TOYHICTb OLiHKYA PO3MipiB HAHOKpUCTAJIIB Si i3 aHasi3y ix PamMaHIBCbKUX CIIEKTPIB 3aBIAKU
€KCIIEPUMEHTAJIbHOMY BUSIBJIEHHIO HEJIHIMHOI YyTJIMBOCTI TAKUX CIIEKTPIB 10 iHTEHCUBHOCTI CBITJIOBOTO
30yIpKeHHS KOMOiHaLiiHOTro po3citoBaHHS. Habys0 nopansumoro po3sBUTKy: 1. PO3yMiHHS BIJIMBY FOJIOBHUAX
[IapaMeTpiB JIa3€PHOT0 BUIIPOMIHIOBAHHSL: JOBXXUHM XBUJIi BUIIPOMIHIOBAHHS, TPUBAJIOCTI JIA3€PHOrO iMITyJIbCY Ta
IHTEHCUBHOCTI JIJa3epHOTrO OIIPOMIHEHHS Ta TeMIlepaTypu Ha (OPMYBaHHS HAHOKPUCTAJIiB KPEMHIIO B IIapyBaTHX
cTpyKTypax Si/Sn, Si/Sn/Si npu pisHMX yMOBax TelnaoBinsony. 2. EkcneprMeHTanbHe NifTBEPIyKEHHS Uy TINBOCTI
PaMaHiBCLKOTO CIIEKTPY HAHOKPUCTAJIIB KPEMHIIO 1O iHTEHCHMBHOCTI JIa3€pHOTO ONIPOMIHEHH HABITh I1PU
cTabinbHill TemnepaTtypi Ha BiMiHY Bifj CIIEKTPy MOHOKPHUCTAIiYHOTrO KpeMHilo. Lle (pakT inTeprnpeToBaHO
BCTAHOBJICHHSIM B 00J1aCTi BUMIPIOBaHHS HETEIJIOBOTO PO3NOiny GOHOHIB, 3aJ1€5KHOTO BiJi PiBHS ONITUYHOTO
30yIpKEHHS, 10 B PE3YJIbTaTi BIVIMBAE€ HA PAMaHiBCbKUI CIIEKTP HAHOKPUCTAJIIB Y BUIJISIAi HU3bKOYACTOTHOTO 3CYBY
(POHOHHOI CMYr HAHOKPUCTAJIIB. 3. OLiHIOBAaHHS CTUMYJIIOI0YOrO BIUIMBY iHTEHCMBHOCTI JIA3€PHOTO
BUIIPOMIHIOBAaHHS Ha IIpoLiecy KpucTasizallii aMoppHOTo KpeMHilo iHlyKOBaHy 0JIOBOM Ta BCTAHOBJIEHO 110T0O
IIOpPOroBUi xapakTep. laHuil pe3ysbTaT iHTeprpeToBaHo (Ha30BUM IIEPEXOIOM 0JI0BA i3 TBEPAOrO Y PiKUil CTaH
IIpY BiZTOBigHIN iIHTEHCMBHOCTI JIa3€PHOTO BUNIPOMIiHIOBaHHA. Lle MOXKe CBiIYMTH HAa KOPUCTb MEXaHI3MY
KpucTanisalii aMop(HOro KpeMHilo iHyKOBaHy 0JI0BOM Yepe3 YTBOPEHHS €BTeKTUKU Sn-Si. [[pakTuiHe 3HaYeHHS
Pe3yJbTaTiB MpeJCTaBleHUX y nucepralii nossrae B: 1. [TinTBepkKeHi MOXKIJIMBOCTI BUKOPUCTaHHS 6e3[1epepBHOTO
JIa3€pHOTO BUIIPOMiHIOBAHHSI [1J19 CTBOPEHHSI TEMIIEPATYPHUX YMOB KpUCTasizallii aMOpQHOro KpEMHiIo
ingyKoBaHoOi 0710BOM. Ta 0GHOYACHO [J11 KOHTPOJIIO TEMIIEpATypu 06POOKU, pO3Mipy HOBOCTBOPEHUX KPUCTAJIIB Ta
JaCTKY HAaHOKPHUCTAJIiYHOI KpeMHieBOi a3y B mapyBaTux CTPYKTypax Si/Sn 3a 1OMOMOro0 aHali3y ClIeKTpiB
KoMbiHalliiiHOro po3ciloBaHHs CBiTJa . 2. OTpuMaHi B po60Ti pe3ysbTaTh MOXKYTb OyTU BUKOPUCTAHI AJ1s1
BJIOCKOHAJIEHHS TEXHOJIOTii BUTOTOBJIEHHSI aMOP(HO-KPUCTATiYHUX HAHOKOMIIO3UTIB Ha OCHOBI KPEMHIIO i
KOHTPOJIIO SIKOCTi apyBaTUX CTPYKTYP Si/Sn/Si [ BUPOOHULITBA €JIEKTPOHHUX NPUIIALiB (POTOETEKTPUIHOTO

IIePETBOPEHHS.

2. The dissertation is devoted to the study of the processes of tin-induced crystallization of amorphous silicon and
the mechanisms of the formation of silicon nanocrystals in a-Si/Sn layered structures. To investigate the
possibility of using laser radiation simultaneously to create the conditions for tin-induced crystallization of
amorphous silicon and the quality control technology of film nanocrystalline silicon with a given bandgap in the
process of its manufacture, for solar cells of the cascade type. The dissertation consists of an introduction, five
chapters, conclusions and a list of cited literature. It is laid out on 134 pages and contains 68 figures, 2 tables and a
list of literary sources (82 names). The following scientific results were obtained in the dissertation work: 1. The
fractal nature of the structuring of amorphous silicon on the micro- and nanometer scale during its deposition
from the gas phase onto the surface of liquid tin was revealed. 2. It was experimentally shown that the stimulating
effect of laser irradiation on tin-induced crystallization of amorphous silicon has a non-thermal (that is, does not
affect the temperature of the sample) component. The hypothesis of the mechanism of its action is put forward
due to the increase in the solubility of amorphous Si in tin at the interface of their layers during tin-induced
crystallization as a result of the weakening and breaking of a-Si covalent bonds caused by photoionization by laser
light and shielding by non-equilibrium photoelectrons. 3. It was experimentally shown that the non-thermal



component of the laser light effect causes a nonlinear "red" shift in the intensity of the Raman spectrum of
nanocrystalline silicon, in contrast to the spectrum of monocrystalline Si. This may testify in favor of the
hypothesis of non-equilibrium population of phonons due to the electron-phonon interaction of photoinduced
charge carriers due to the high rate of generation of the latter at a high power of excitation by laser light. 12
Improved: 1. The technology for preparing spherical Si/Sn/Si smelts using the method of thermal-vacuum gas
phase deposition has been improved in terms of improving the control of their hardness due to the influx of the
thickness of the balls on the microstructure of the This gives the relief of the surface of the spittle. 2. The accuracy
of estimating the sizes of Si nanocrystals from the analysis of their Raman spectra has been improved due to the
experimentally revealed nonlinear sensitivity of such spectra to the intensity of light activation binational
dissolution. Further development took place: 1. Understanding the influence of the main parameters of laser
radiation: radiation wavelength, laser pulse duration, laser radiation intensity, and temperature on the formation of
silicon nanocrystals in Si/Sn, Si/Sn/Si layered structures under different heat dissipation conditions. 2.
Experimental confirmation of the sensitivity of the Raman spectrum of silicon nanocrystals to the intensity of laser
irradiation even at a stable temperature, in contrast to the spectrum of monocrystalline silicon. This fact is
interpreted by establishing in the measurement area a non-thermal distribution of phonons, depending on the
level of optical excitation, which as a result affects the Raman spectrum of nanocrystals in the form of a low-
frequency shift of the phonon band of nanocrystals. 3. Evaluation of the stimulating effect of the intensity of laser
radiation on the crystallization processes of amorphous silicon induced by tin and its threshold character was
determined. This result is interpreted as a phase transition of tin from a solid to a liquid state at the appropriate
intensity of laser radiation. This may indicate in favor of the tin-induced crystallization mechanism of amorphous
silicon due to the formation of the Sn-Si eutectic. The practical significance of the results presented in the
dissertation is: 1. The confirmed possibility of using continuous laser radiation simultaneously to create the
temperature conditions of tin-induced crystallization of amorphous silicon, to measure the temperature of the
object of processing, the size of the nanocrystals formed, and the fraction of the volume occupied by them can be
the fundamental basis for a new technology of quality control film nanocrystalline silicon with a specified band gap
in the process of its manufacture, in particular, for solar cells of the cascade type. 2. The results obtained in the
work can be used to improve the manufacturing technology and quality control of Si/Sn/Si layered structures for
the manufacture of electronic photoelectric conversion devices.
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Micue3HaxoaKeHHS: OyJsibB. AkazieMika BepHagcbekoro, 6ya. 36-6, Kuis, 03142, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CaBueHko [lapis BikTopiBHa

2. Dariia V. Savchenko

KBasigikanis: n. ¢.-m. u., nor., 01.04.07
ImenTudikarop ORCID ID: 0000-0002-0005-0732
HoparkoBa iHpopMamist: Scopus: 6508026634.

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Tarapuyk IMutpo IMUTPOBUY

2. Dmytro D. Tatarchuk

KBasigikanis: 1. 1. 1., nou., 05.27.01
ImenTudikarop ORCID ID: 0000-0003-1171-6701
HoparkoBa iHdopMmamist: Scopus: 6506664530.

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Bnacue IIpizBume Im's [10-6aTbKOBI MownacTtupcekuii ['enHazin €BreHoBuY
rOJIOBH pagu

Bnacwue IpizBume Im's I1o-6aTbKOBI Momnacrtupcekuii ['eHHazinn €BreHoBrY
rOJIOBYIOYOTO Ha 3acCiiaHHi

BinnosimasabHHUi 3a Hi,I[I‘OTOBKy OnbxoBuK lnng Bosogumuposuy

00JIIKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PeeCTpalLio HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OisIJIBHOCTI




