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Pedepar:

1. Incepraliis npucBg4YeHa JOCTiIPKEHHIO MOP(OJIOTIYHMX, CTPYKTYPHUX, ONITUYHHUX, Ta €JIEKTPUYHUX BJIACTUBOCTEN
TOHKOILJIIBKOBUX HaIiBIPOBiTHNKOBUX MIKPOCTPYKTYP Ha OCHOBI TOHKMX IJTiBOK HAHOKPUCTaJIiYHOTO KPEMHIIO (nC-
Si) Ha miokcuny BaHagio (VOZ2), nepCrneKTUBHUX IJ1s1 CTBOPEHHS IPUCTPOIB Cy4aCHOI MiKpOEJIEKTPOHIKU Ta
CEHCOPHMUX cucTeM. [Ipy BUKOHAaHHI IucepTaLiiiHoi po60TH BUKOPHCTAHO Cy4acHi BUCOKOUYTJIMBI 1iarHOCTUYHI
METOJY, 30KpEMa PaMaHiBChKy Ta iHppauepBoHy Oyp'e MiKpO-CIIEKTPOCKOIIiI0, aTOMHO-CUJIOBY MiKPOCKOIIiIO,
CKaHYyIOUy MiKPOCKOIIIO OITOPY pO3TiKaHHS, iHppauyepBOHYy TEPMOrpadito, peHTTeHIBCbKY TU(PPaKTOMETPIIO i
es1eKTpodi3niHi MEeTOU NOCTiIKeHb. Ha OCHOBI KOMIIJIEKCHUX JOCTiIKeHb CTPYKTYPHUX, ONITUYHUX Ta

€JIEKTPUYHUX BJIACTMBOCTEN MIKpOKpHUCTaiYHUX I1iBOK VOZ2 /Si mokazaHo, 110 3HIKEHHS TemIiepaTypu $pazoBoro



nepexoay Ha =3 K Ta po3muypeHHs TEMIIEPATyPHOTo ricTepes3ucy 06yMOBJIeHi aHi30Tpomielo Npy>KHUX Aedopmaliii,
CIIPUYMHEHOIO HEBiAOBIAHICTIO TapaMeTPiB I'PATKXA KPEMHIIO Ta AiOKCUYy BaHALI0, Ta JIOKAJIbHUMU
HEOJHOPIIHOCTSIMU po3MOoLiny nedopmaliiil i po3amipiB KpUCTasliTiB y MiBLi. MeTozamMu peHTreHiBCbKOi fudpaKLii
Ta MiKpO-paMaHiBCbKO]I CIIEKTPOCKOIIIi BUSIBJIEHO TEMIIEPATYPHY 00JIaCThb CIiBiCHYBaHHS (a3, sIKa 3HAXOAUTbCSI
no6m3y Temnepatypu ¢asoporo nepexony (338-344 K). [TokazaHo, 1o TeMIiepaTypHO-iHAYKOBaHU YaCTOTHUM
3cyB GPOHOHHUX cMyT 11pu 387, 444, 504, 588, 624, 669 cMm-1 B pamaHiBcbKOoMy crieKTpi VO2 € mpsiMUM HACHiIKOM
3MiHM IOBXUH 3Bs13KiB V-O B KUCHEBUX OKTaegpax. JJocliIpkeHo TeMIepaTypHO-3aJIeXHi paMaHiBCbKi KapTu
MIPOCTOPOBOTrO PO3M0ofiny $a3 B MiKpOKpUCTaJiYHUX ITiBKax VO2 Ta BCTAHOBJIEHO, 110 3aPOI’KEHHS METaJeBOi
PYTUJIOBOi CTPYKTYPHOI (pa3u Bifj0yBaeTbCsl HA IPAHULSAX 3€PEH Ta [IOCTYIIOBO MOMMPIOETHCS O LEHTPY 3€PEH 3
pocTtoM Temneparypu. [lokazaHO HEOZHOPIAHICTb €JIEKTPUYHOTO ONOPY PO3TIKaHHS MiKPOKPUCTAIIYHUX IJTIBOK
VO?2 B i3o50104ii1 (asi 3 NigBUIIEHUM OIIOPOM Ha Mi’K3€PEHHHUX FPAHULISIX, 00yMOBJIEHY BapiallisiMU JIOKAJIbHUX
nedopmaliiii, nedekriB Ta crexiomeTpii. BcTaHOBIIEHO, IO €/1eKTPUYHO-IHIyKOBaHUI (a30BuUil Iepexia y MiiBKax
VO2 mae npoCcTOpOBO-HEONHOPINHUI XapaKTep i CYIIPOBOIKYETHCS 3HAYHO OiIbIIMM 3MEHIIEHHSIM OIIOpY Ha
MIK3EPEHHUX IPaHMLX TIOPIBHAHO 3 OKPEMUMU 3€pHaMU. JJOCIiIpKeHO BIIMB iMIIJIaHTalii iOHiB aproHy Ha
OIITVYHi, CTPYKTYPHI Ta €JIEKTPUYHI BJIACTUBOCTI TOHKUX ITiBOK VOZ2. [ToKka3aHo, 0 iMIIJIaHTalis ioHaM1 aprony 3
nmosamu Bif 2.15x1015 mo 1.18x1016 cM-2 npu3BoaUTb 10: 36iMbIIEHHS MOPCTKOCTI Ta pparmMeHTarlii moBepxHi MJTiBKY;
4acTKOBO] pesiakcallii Npy>kHUx nedopmaliiil, SIKi BUHUKAIOTh YePe3 HeBiJIOBiAHICTb I'PAaTOK AiOKCULY BaHAiIoO Ta
Si-nigknaaaxy, Ta gedpopMaliiiHOI JUCTOPCii e1eMeHTapHOI KOMIPKY, 110 CIIpYs€E 3MEHILIEHHIO TEMIIEpaTypu
¢dasoBoro nepexony Ha 9-210K Ta 36i/bIIEHHIO LIMPUHU TEMIIEPATYPHOI NETJI TiCTEPE3nCy; CYyTTEBOTO 3pOCTaHHS
TeTJI0BOi BUIPOMIHIOBaJILHOI 3IaTHOCTI B MeTasieBiil pa3di Ta 3SHUKHEHHS XapaKTE€PHOTO IiABUIIIEHHS
BUIIPOMIHIOBaJIbHO] 3[aTHOCTI 106113y TEMIIEPATypy (PA30BOTO N1EPEXOAY, IPUTAMAHHOMY IIPOMI’)KHOMY CTaHy
crniBicHyBaHHS (pa3. BcTaHOBJIEHO, 10 TPU [j03aX iMIIIaHTallii aprony 6inpmux 1.18x1016 cm-2 ¢azosuil nepexin,
MeTas-i3osaTop B miiBkax VO2 He criocTepiraetscs. JJocaimKeHo 0CO6IMBOCTI MeTal-iHyKOBaHOI KpUCTasi3arii
aMop(HOro KpeMHil0 B OJHOLIAPOBUX OGaraTomapoBux CTPyKTypax (SiOx/Sm), a TakoX LapyBaTUX CTPYKTypax a-
Si/Sn/a-Si. BuBueHO 0CO6IMBOCTI [IpoLeCiB KpucTasizallii aMOp(pHOTo KPEMHIIO B IAPYBATUX TOHKUX IJIiBKaX a-
Si/Sn/a-Si B 3a71€>KHOCTI Bifi TeMniepaTypu Biinasny, iH-TEHCMBHOCTI JIa3€PHOTO OITPOMiHEHHS Ta TOBIMHUI
IIpoMi>kHOro 1apy osoBa. [TokasaHo, 110 30ibIIeHHS TOBIIMHY I1apy 0J10Ba Y AapyBaTUX CTPYKTypax a-Si/Sn/a-Si
IIPaKTUYHO He BILJIMBA€ HA PO3Mip yTBOPEHUX HAHOKPUCTAJIiB, IPOTE IIPU3BOJUTD 10 CYTTEBOTO 3POCTAHHS ixX
KOHILleHTpaLii. Ha 0CHOBI aHasi3y paMaHiBCbKUX CIIEKTPIB IIPOJEMOHCTPOBAHO, 110 JIETYBAHHS CaMapieM y
baraTtomapoBux cTpyKTypax (SiOx/Sm) 36inburye edekTHBHICTh KpuCTasisalii aMOppHOT0 KPEeMHiIo ITOPIBHSHO 3
OJIHOpPiAHO JleroBaHUMHU ITiBKamu SiOx:Sm, 3a6e3nedyioun GopMyBaHHS HAHOKPUCTAITIB nc-Si 6ib110ro po3mipy
i 3 BULIIMM BMiCTOM KPUCTAIIYHO]I (pa3y MpyU HIDKYMX TEMIIEPATypax TepMidHOro Bifnany. OTpumaHi B
IycepTaliiiHill poOOTi pe3ybTaTy 6y BUKOPUCTAaHI IPY BUKOHAHHI HACTYITHUX NPOEKTIB: AePKOI0IKeTHA TeMa
Ne4.4 /23-11 Bin 02.01.2023 «Po3pobka TexHOJIOrii esleMeHTapHOoi 6a3u cyyacHoi iHppauepBoHOi GOTOEIEeKTPOHIKI»
, IPOEKT «IHHOBalliliHa cCUCTeMa MYJIbTUCIIEKTPATIbHOTO MOOIJIBHOTO KaMy(JIsDKy B pafiosioKaliliHOMY,
iHppauepBOHOMY Ta BUIUMOMY AianazoHax» N2125/0026 Big 01.08.2024 no koHKypcy «Hayka /151 3MiljHEeHHS
oboponosparHocTi Ykpainu» HOJI Ykpainu , rpant HAH Ykpainu gociigHULIBKUM J1a60paTopisim /TpyriaM MOJIOANX
BueHux HAH Vkpainu «Po3pobka TexHosorii cuHTe3y n1iBok VOX Ta CTBOPEHHS €KCIIEPMMEHTaIbHUX 3Pa3KiB
HEOXOJIO/KYBaJIbHUX MIKpOOOJIOMETPIB /1J1s1 IPUJIafiB HiYuHOTO 6aueHHs» N20104 /09-2024(6) Bin 15.11.2024
.OCHOBHI pe3ysibTaTu po60TH OMyOJIIKOBAHO B 4 CTATTIX B Mi>KHapO4HMX (axOBUX BUAHHSIX, 110 BXOASTH 110
HayKOMeTpU4YHUx 6a3 Scopus, Web of Science, Crossref, Ta 5 Tesax y marepiasax KoH}pepeHuiil. Cepen HUX TPU
CTaTTi y BUJAHHSX, BilHECEHUX [I0 Ipyroro KeapTuiwo (Q2) Ta ofilHa CTaTTs y BUAAHHI, BiIHECEHOTO 10 IIEPIIOTO
kBapTuio (Ql).

2. The dissertation is devoted to the investigation of morphological, structural, optical, and electrical properties of
thin-film semiconductor microstructures based on nanocrystalline silicon (nc-Si) and vanadium dioxide (VO2),
which are considered promising for the development of advanced microelectronic devices and sensor systems.
The research employs a range of modern high-sensitivity diagnostic techniques, including Raman and infrared
Fourier transform (FTIR) micro-spectroscopy, atomic force microscopy (AFM), scanning spreading resistance



microscopy (SSRM), infrared thermography, X-ray diffractometry, and electrical characterization methods. Based
on comprehensive studies of the structural, optical, and electrical properties of microcrystalline VO2 /Si thin films,
it has been shown that the reduction of the phase transition temperature by approximately 3oK and the broadening
of the thermal hysteresis loop are caused by the anisotropy of elastic strain induced by the lattice mismatch
between silicon and vanadium dioxide, as well as by local heterogeneities in the distribution of strain and
crystallite sizes within the film. X-ray diffraction and micro-Raman spectroscopy revealed a temperature range of
phase coexistence near the transition point (338-3440K). It was demonstrated that the thermally induced frequency
shifts of the Raman phonon modes at 387, 444, 504, 588, 624, and 669ocm-1in VO2 are directly correlated with
variations in V-O bond lengths in oxygen octahedra. Temperature-dependent Raman mapping of phase
distribution in VO2 microcrystalline films showed that nucleation of the metallic rutile phase occurs at grain
boundaries and gradually propagates toward the grain centers with increasing temperature. The spreading
resistance in the insulating phase was found to be spatially inhomogeneous, with higher resistance at the grain
boundaries due to variations in local strain, defects, and stoichiometry. The electrically induced metal-insulator
transition (MIT) was also shown to be spatially non-uniform, with a significantly greater reduction in resistance at
grain boundaries compared to individual grains. The effect of argon ion implantation on the optical, structural, and
electrical properties of thin VO2 films was investigated. Implantation with doses ranging from 2.15x1015 to
1.18x1016ncm-2 leads to increased surface roughness and fragmentation, partial relaxation of elastic strains caused
by lattice mismatch between VO2 and the Si substrate, and deformation of the unit cell, which together result in a
reduction of the transition temperature by 9-21o0K and an increase in the hysteresis width. Implantation also causes
a notable increase in emissivity in the metallic phase and the disappearance of the characteristic emissivity peak
near the transition temperature associated with the intermediate phase coexistence state. It was established that
at implantation doses above 1.18x1016ocm-2, the MIT is no longer observed in VO2 films. The features of metal-
induced crystallization of amorphous silicon were investigated in both single-layer and multilayer (SiOx/Sm)
structures, as well as in layered a-Si/Sn/a-Si films. The crystallization behavior of amorphous silicon in a-
Si/Sn/a-Si thin films was studied as a function of annealing temperature, laser irradiation intensity, and the
thickness of the intermediate tin layer. It was shown that increasing the thickness of the Sn layer in a-Si/Sn/a-Si
structures has little effect on the size of the resulting nanocrystals but significantly increases their concentration.
Raman spectral analysis demonstrated that samarium doping in multilayer (SiOx/Sm) structures enhances the
crystallization efficiency of amorphous silicon compared to homogeneously doped SiOx:Sm films, leading to the
formation of nc-Si nanocrystals with larger sizes and higher crystalline phase content at lower annealing
temperatures. The results obtained in this dissertation were used in the implementation of the following projects:
state-funded project No. 4.4 /23-P dated 02.01.2023 «Development of technology for the element base of modern
infrared photoelectronics» (2023-2026); project «Innovative system of multispectral mobile camouflage in radar,
infrared and visible ranges» No. 125/0026 dated 01.08.2024 within the framework of the NRFU competition
«Science for Strengthening the Defense Capability of Ukraine» (2024-2025); and the NAS of Ukraine grant for
research laboratories /groups of young scientists “Development of a synthesis technology for VOx films and
development of experimental prototypes of uncooled microbolometers for night vision devices” No. 0104 /09-
2024(6) dated 15.11.2024 (2025-2026).
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