O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0825U003317
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 06-08-2025

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KynbbaunHcbkuit Osekcanzip AHaTOiNOBUY

2. Oleksandr Kulbachynskyi

KBasmigikamis:

InenTudgikarop ORCID ID: 0000-0001-6657-5569

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crIeniaIbHOCTI: 105

Ha3zBa HayKoBoi creniaJbHOCTI: [TpukiajgHa disvka Ta HaHOMaTepiany

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i crneniajabHOCTI: 105 IIpuknanua ¢isnka Ta HaHOMaTepianyn

Jara 3axucTy: 01-10-2025

CnenianbHICTD 32 OCBITOIO: Mikpo- Ta HAHOCHCTEMHA TEXHIKA

Micue po6oTH 34,00yBayva: InctuTyT Gisuku HaniBIPOBiHVKIB imMeHi B. €. Jlamkapbosa HauioHanbHOI

akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 05416952

Micue3Haxoa KeHHs: npocrekt Hayku, Kuig, 03028, Vkpaina

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIIudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CIeNiaai30BaHOi BY€HOI pagH). PhD 10771

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT BisuKy HANIBIPOBiHVKIB iMeHi B. €. JlamkapboBsa

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05416952

Micue3Haxoa KeHHS: npocnekt Hayku, Kuig, 03028, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

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

IloBHe HaiMEeHYBaHHSI OPUAHUYHOI OCOOH: [HCTUTYT BisuKu HANIBIPOBiHVKIB imMeHi B. €. JlamkapboBa
HaujonasnpHoi akagemii Hayk YKpaiHu

Kopg, 3a €IPIIOY: 05416952

Micueanaxo,r.pxeﬂnﬂ: npocnekt Hayku, Kuis, 03028, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TeMaTHYHHUX py6puK: 29.19.15, 29.19.31, 47.09.29, 59.14.23, 29.19.11

Tema guceprauii:
1. CeHcopHi cTpykTypu i MmaTepianu 15 feTeKTyBaHHS BUIIPOMiHIOBaHHS iHQpauyepBOHOro Jiaria3oHy CIEeKTPy

2. Sensor structures and materials for infrared radiation detection

Pedepar:

1. B pucepTauii npencrasieHi pe3yibTaTi JOCiIPKEHb [IPOBEEHUX B X0 PO3POOKU Ta ONTUMI3allii
TEXHOJIOTIYHOI'O MapIIPyTy BUTOTOBJIEHHS JIaBUHHOTO (GOTOMiOAA HA OCHOBI KpeMHiI0, POTOAIOOHNX CTPYKTYp Ha
OCHOBi aHTUMOHIZy iHJIiI0 Ta Pe3yJIbTAaTU JOCIiIPKEHDb BJIACTUBOCTEN TOHKUX IIJIIBOK BaHAMi OKCULY, SIK MaTepiany
17151 MiKpO60JIOMETPUYHOTO 3aCTOCYBaHHsI. JlaHUI NlepeJiik MaTepialiB BUKOPHUCTOBYETLCS 17151 AE€TEKTYBaHHS B
IIMPOKOMY Jiana3oHi iH(ppauepBOHOro BUIPOMiHIOBaHHSL. [1py BUKOHaHHI fucepTauifiHOi po60TH OyJM 3aCTOCOBaHi
KOMILJIEKCHI MiIX0au [1J1 aHajli3y CTPYKTypU Ta iHTepdeicy NOCiIKyBaHUX 00'€KTiB, i BAKOPHUCTOBYBAJINCH TaKi
METO[H, SIK MaC-CIIeKTPOMETpisl BTOPMHHUX iOHiB, pEHTTeHiBChbKa AU PAKTOMETPIisl, aTOMHO-CUIOBA MiKPOCKOITif,
CIIEKTPOCKOIIi KOMOIHALITHOrO PO3CilOBaHHS, CKaHYI04a €JIEKTPOHHA MiKPOCKOIIisl, pEHTI€HiBCbKa
(oTOENIEKTPOHHA CIIEKTPOCKOTIisl, BOJIbTAMIIEPOMETPIs Ta iHIIi e1eKTpodi3uyHi MeTOAU NOCiIKeHb. [lucepTauis

CKJIQZIA€THCS 13 BCTYIy, TPhOX OCHOBHUX PO37ijliB, BACHOBKIB Ta CIIUCKY BUKOPUCTAHUX JPKEpel. Y BCTYIIi



IYcepTauiiHOi poGOTH BUCBITIEHO NPO6IEMATHKY, BU3HAYEHO O0'€KT Ta HAIIPSIMU JOCJiJIKEHHS, OO PYHTOBAHO
aKTyaJIbHICTb Ta HAYKOBY HOBU3HY P0o60TH, COOPMYJILOBAHO METY i 3aBAAHHS, BU3HAUEHO METOIU AOCIiIyKEeHHS,
BKa3aHO 3B'S130K pOOOTH 3 HAYKOBUMM IIporpamamu IHCTUTYTY, HaBeIEHO BiJOMOCTI ITIPO 0COOUCTUM BHECOK
3100yBaya, anpoballilo HAyKOBUX Pe3yJIbTaTiB, ybJIiKallil, CTPYKTYpy Ta 00CATr AUCEPTaLiliHOi po6oTU. Y nepmomy
PO31Iii mpuBeneHi pe3yabTari 1o po3poobiii KOHCTPYKIIi Ta HOCTiIKeHHIO ITapaMeTpiB JaBUHHOrO GoToAioAa Ha
OCHOBi BUCOKOOMHOTI'O KpEMHilo. JI7151 IPOrHO3yBaHHs BIaCTUBOCTEN JIABUHHOTO POTOi0a TpOBeieHe iHTerpoBaHe
TEOpPETUYHE MOJEJIOBAHHS, IApaMETPHU [1JIs1 SIKOTO BU3HAUYEHI IIJIIXOM aHaJli3y KpeMHieBoi IIJIaTiBKU 10 Ta Mics
TEXHOJIOTYHYX Ollepaliil. 3arporOHOBaHa OPUTiHaJIbHA KOHCTPYKIIiSl Ta TEXHOJIOTISI BUTOTOBJIEHHS, SIKA
arpo6oBaHa Ha BITYMBHSIHUX IIOTY>KHOCTSX. [[poMOIesIbOBaHO Ta 3aIIPOIIOHOBAHO BUKOPUCTAHHS MTePIOAUYHNX
MEeTaJIeBUX I'PATOK 17151 30y )KEHHS IOBEPXHEBOr0 — MJIa3MOHHOr0 pe3oHaHcy (II1P), o 103BoJ1sie CeNeKTUBHO
KOHTPOJIIOBATU CIIEKTP MOIJIMHAHHSA B CTPYKTYPi. [ToKazaHo, 0 BUKOPHUCTAHHS 30JI0TUX HAHOYACTUHOK JIJIs1
30ymxeHHs [1T1P 1o3BoJise 36iMbIINTH OTJIMHAHHS B [iana3oHi goBxuH XBuiib 0.9-1.1Mxm 67113bK0 Ha 10%. V
IPYroMy po3zisi BocaimpKyBanuch GizuyHi 3aKOHOMIPHOCTI OpMYyBaHHS Ta BIaCTUBOCTEN POTONIOAHUX CTPYKTYP
Ha OCHOBI aHTMMOHIAYy iHfjit0. [IpoBOANIOCH TEOPETUYHE MOJIE/IIOBAHHS [1J19 BU3HAUEHHS BILJIMBY Ha IIOTJIMHAHHS
rnbyHN GOpMyBaHHS 06J1aCTi IPOCTOPOBOTO 3apsy. Po3pobiissack METOMKA OOPOOKY MIOBEPXHI IJIATIBOK, sIKa
IIO3BOJIMJIA OTPUMATH IJIATiBKY i3 3HAYEHHSIM MIOPCTKOCTI MeHIe 1 HM Ta i3 36epeskeHO0 BUCOKO KPUCTATIYHOIO
IOCKOHAaJscTI0. ONTUMi30BaHUI ITPOLIEC aHOJHOIO OKUCJIEHHS], 110 J103BOJII€E OTPUMYBATH OJHOPITHUIN
>KepTBEeHHMH wap. JoCiIKyBaBCsl METOAMU CIIEKTPOMETPii BTOPMHHUX iOHIB IPO(iyb iMIIIIAHTOBAHOI JOMILIKU
Oepuiio i BU3HAYEHO IJIMOMHY 3aIIraHHs p-n nepexopy. [TokasaHo, mo Ais 3a6e3Mne4eHHs ONTUMAIbHOTO NPoQimio
po3Ioziny JOMIlIKY HeoOXifHe BUKOPHUCTaHHS )KEPTBEHHOTO Iapy B CYKYITHOCTI 3 IBOXCTaAiiHHOIO iOHHOIO
iMIyaHTanje. MeTogoM peHTreHiBChKOi 1 PaKTOMETpil JOCiIKyBaBCs BIVIUB iOHHO] iMIIJIaHTAallii Ta pe>XKUMiB
[IOCTIMIIAHTALIMHOTO Bifillajly Ha CTPYKTYPHY JOCKOHAJIICTh KPUCTAIIYHOI I'PATKU, BU3HAYEHO PEXXUMMU BiAmany,
1110 MaKCHMaJIbHO 326€e311e4yI0Th YCYHEHHS PO3YyIIOPsIKyBaHHS I'paTKU. JJoCinKyBaBCs CTaH [10BEPXHi aHTUMOHIZY
iHpiro micys nacupauii HaTPi Ccyib(inoM, 3alIPOIIOHOBAHUN METO]I, IIEPELIKOKAHHS Jerpajaliii 1acCuBYy040ro
mapy. ONTUMIi30BaHUH TEXHOJIOTIYHUI MapIIPYT 3a0e3Me4YnB OTPUMaHHS (QOTOAIOOHUX CTPYKTYP 3i 3HAUEHHSIMU
IOOYTKY nudepeHLiHOro ONopy Ha IJI01ly, IPY HyJ1bOBOMY 3MileHi, Ha piBHi 20000 Om-cMm2. TpeTiit po3ain
30CepEeIPKEHNI Ha OCiIKEHi TOHKUX IJIiIBOK BaHaZill OKcuay. JJOCiI>KEHO BIJIMB YMOB OCAI)KEHHS Ta TEPMIYHOTO
Bignany (atmocdepa, TeMrnepaTypa, TUIl NiJKIagK1) Ha MOP(OJIOriio MOBEPXHI, Pa3oBUil CKIAL i XapaKTEPUCTUKU
(dazosoro nepexony y VO2-1jliBKax, OTPMMaHUX METOJOM MarHETPOHHOTO HanujeHHs. PO3po6J1eHO KOMILJIEKCHUI
niaxin no aHasnizy GpazoBOro ckiaamy TOHKUX IiBOK VO2, sKUH I'PYHTYEThCS HAa KOMOiHallii pe3oHaHCHOI PamaH-
CIIEKTPOCKOIIii 3 BApilOBaHHSIM JOBXUHU XBUJIi 30y/I)KEHHSI Ta PEHTT€HOCTPYKTYPHOT0 aHaidy (XRD), 110 103BoJIsIE
IIPOBOJUTHU AOCTOBIpHY ineHTU}iKaLilo sIK ocHOBHOI VO2-da3zy, Tak i somimkosux ¢as V205, V307 Ta V409.
JocnigskeHHs iHTeHCMBHOCTI MKy KOMOiHaLiHOTO po3cCisiHHSA 617 cM-1 Ha CUHTE30BaHUX 3pa3Kax J1ajlo 3MOTY
BM3HAUUTU ONTUMAJIbHY TEMIIepaTypy Bifmainy, s orpuManHs ¢asu VO2, sika ctaHoBUTh 430C. BuszHaueHo, 110
HasBHICTb JOMIlIKOBUX (a3 VXOy He YMHUTL CYTTEBOTO BIUIMBY Ha xapakrepuctuku OIT ocHoBHOi VO2 - ¢asy, a
KJIIOYOBY POJIb y MOBeiHIi (a30BOro nepexony BilirpaloTb 0COGIMBOCTI TOYATKOBOI cTpykTypu VO2 Ta TUI
nigknanky. JocsmigkeHo BIMB iMIIJIaHTallii iOHiB aproHy Ha CTPYKTYPHI Ta €JIEKTPUYHI XapaKTePUCTUKU IIJTIBOK
VO2. Haii6inbl1i 3HaueHHsI HeraTUBHOI'O TEMIIEPATypPHOro KoedillieHTy onopy 6y/u OTpUMaHi IIpu 1031
1,5x1014cm-2.

2. The dissertation presents the results of research conducted during the development and optimization of the
technological route for the manufacture of silicon-based avalanche photodiodes, photodiode structures based on
indium antimonide, and the results of research on the properties of thin vanadium oxide films as a material for
microbolometric applications. This list of materials is used for detection in a wide range of infrared radiation. In
the dissertation, comprehensive approaches were used to analyze the structure and interface of the objects under
study, and methods such as secondary ion mass spectrometry, X-ray diffraction, atomic force microscopy, Raman
spectroscopy, scanning electron microscopy, X-ray photoelectron spectroscopy, voltammetry, and other
electrophysical research methods.The dissertation consists of an introduction, three main sections, conclusions,
and a list of references. The introduction to the dissertation highlights the issues, defines the object and directions



of research, justifies the relevance and scientific novelty of the work, formulates the purpose and objectives,
defines the research methods, indicates the connection of the work with the scientific programs of the Institute,
provides information about the personal contribution of the applicant, the testing of scientific results,
publications, and the structure and scope of the dissertation. The first chapter presents the results of the design
development and research of the parameters of an avalanche photodiode based on high-resistance silicon. To
predict the properties of the avalanche photodiode, integrated theoretical modeling was performed, the
parameters for which were determined by analyzing the silicon wafer before and after technological operations.
An original design and manufacturing technology was proposed, which was tested at domestic facilities. The use of
periodic metal gratings for exciting surface plasmon resonance was modeled and proposed, which allows selective
control of the absorption spectrum in the structure. The use of gold nanoparticles has been investigated, which
allows increasing absorption in the wavelength range of 0.9-1.1 um by about 10%. The second chapter investigates
the physical laws governing the formation and properties of photodiode structures based on indium antimonide.
Theoretical modeling was performed to determine the effect of the depth of the space charge region on
absorption. A method for processing the surface of wafers was developed, which made it possible to obtain wafers
with a roughness value of below 1 nm and with preserved high crystalline perfection. The anodic oxidation process
was optimized, which allows obtaining a homogeneous sacrificial layer. The profile of the implanted beryllium
impurity was studied using secondary ion spectrometry, and the depth of the p-n junction was determined. It was
shown that to ensure an optimal impurity distribution profile, it is necessary to use a sacrificial layer in
combination with two-stage ion implantation. The effect of ion implantation and post-implantation annealing
modes on the crystal lattice was studied by X-ray diffraction, and annealing modes that ensure the elimination of
lattice disorder were determined. The state of the indium antimonide surface after passivation with sodium sulfide
was studied, and a method for preventing degradation of the passivation layer was proposed. The optimized
technological route ensured the production of photodiode structures with values of the product of differential
resistance per area, at zero bias, at the level of 20,000 Ohm-cm2. The third chapter focuses on the study of thin
vanadium oxide films. The influence of deposition and thermal annealing conditions (atmosphere, temperature,
substrate type) on the surface morphology, phase composition, and phase transition characteristics in VO2 films
obtained by magnetron sputtering was investigated. A comprehensive approach to the analysis of the phase
composition of VO2 thin films has been developed, based on a combination of resonance Raman spectroscopy with
varying excitation wavelengths and X-ray diffraction (XRD), which allows reliable identification of both the main
VOu phase and the impurity phases V205, V307, and V409. The study of the intensity of the 617 cm-1 combination
scattering peak on the synthesized samples made it possible to determine the optimal annealing temperature for
obtaining the VO2 phase, which is 430°C. It was determined that the presence of impurity phases VxOy does not
significantly affect the characteristics of the main VO2 phase, and that the key role in the behavior of the phase
transition is played by the features of the initial structure of VO2 and the type of substrate. The effect of argon ion
implantation on the structural and electrical characteristics of VOo films was investigated. The highest values of the
negative temperature coefficient of resistance were obtained at a dose of 1.5x1014cm-2.
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Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CapikoB Anppint BikropoBuy

2. Andrii V. Sarikov

KBasidikanis: 1. d.-m. n., c.z., 01.04.07
InenTudgikarop ORCID ID: 0000-0001-9123-7203
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: [HCTUTYT BisuKy HANIBIPOBiHVKIB imMeHi B. €. JlamkapboBa

HaujonasnbHoi akagemii Hayk YKpaiHu

Kog, 3a €IPIIOY: 05416952

Micqesnaxo;pxeuna: npocnekTt Hayku, Kuis, 03028, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: HauionasnbHa akajieMis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJIr04Hi BiZoMOCTi



Biacue IpizBume Im's I10-6aThKOBI [u6piii 3inoBia GenopisHa
TOJIOBH pajgu

Biiacue IlpisBume Im's ITo-6aTbKOBI [nGpiit 3inoBis GenopisHa
rOJIOBYIOYOrO Ha 3acCimaHHi

BinnosimasnbHui 3a IIi,Z;I‘OTOBKy [Tonomapenko BaneHtuna BosnogumupiBHa
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




