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Pedepar:

1. B pucepTauii npencrassieHi pe3yibTaTi LOCiIKeHb [IPOBEIEHNUX B X0 pO3POOKU Ta ONTUMi3alLii
TEXHOJIOTIYHOI'0 MapIIPyTy BUTOTOBJIEHHS JIaBUHHOTO (OTO/1i0ia HA OCHOBI KPEMHII0, (POTOAIONHUX CTPYKTYp Ha
OCHOBI aHTUMOHIZy 1H/iI0 Ta Pe3yJIbTaTh LOCIiIPKEHb BIACTUBOCTEN TOHKUX IIJIIBOK BaHaMill OKCULY, SIK Marepiany
17151 MIKpOOOJIOMETPUYHOTO 3aCTOCYBaHHS. JlaHUI NIepeJiik MaTepianiB BUKOPHUCTOBYETLCS [IJIs1 E€TEKTYBaHHS B
IIMPOKOMY Aiana3oHi iHppauepBoHOro BUnpomiHioBaHHs. [Ipy BUKOHaHHI fucepTauifiHoi po60oTH OyJiv 3aCTOCOBaHi
KOMILJIEKCHI MiX0Au [ aHajli3y CTPYKTYpU Ta iHTepdeiicy NOoCiI)KyBaHUX 00’€KTiB, i BUKOPUCTOBYBAJIUCH TaKi

METOJIH, K Mac-CIHEeKTPOMETPisl BTOPUHHUX i0OHiB, PEHTT€HIBCbKa AU(PPAKTOMETPIisl, aTOMHO-CUJIOBA MiIKPOCKOIIi,



CIIEKTPOCKOIIi KOMOIHALITHOTO PO3CilOBaHHS, CKaHYI04a €JIEKTPOHHA MiKPOCKOIIis, PEHTI€HiBCbKa
(oToenekTpoHHa CIIEKTPOCKOITisl, BOJbTAMIIEPOMETPIis Ta iHIIi eseKTpodi3snyHi MeToau AOCTiIKeHb. [lucepTaritis
CKJIaIA€THCS 13 BCTYIy, TPhOX OCHOBHUX PO37ijliB, BUCHOBKIB Ta CIIUCKY BUKOPUCTAHUX IpKEpel. Y BCTYIII
IVCepTaLifHOi pOOOTH BUCBITIEHO IPOOJIEMATUKY, BUBHAYEHO 00'€KT Ta HAIPSIMU JOCJKEHHS, OO PYHTOBAHO
aKTyaJbHICTh Ta HAYKOBY HOBU3HY POOOTH, C(POPMYIbOBAHO METY i 3aBIaHHS, BU3HAYE€HO METOIM NOCIiIPKEHHS,
BKa3aHO 3B'S130K pOOOTH 3 HAYKOBUMM IIporpamamu [HCTUTYTY, HaBeleHO BiZJOMOCTi ITIPO 0COOUCTUM BHECOK
37100yBaya, anpoballito HAyKOBUX Pe3yJIbTaTiB, ybJIiKallii, CTpPyKTypy Ta o0CAr AucepTaliliHoi po6oTu. Y nepuomy
PO37iJi TPUBEAEHI PE3ybTaTi 10 PO3POO1Ii KOHCTPYKIi Ta AOCTII>)KEHHIO TapaMeTpiB JJaBUHHOTO (OTOAi0Ia Ha
OCHOBi BUCOKOOMHOTI'O KpeMHilo. []715 IPOrHO3yBaHHS BIaCTUBOCTEN JIABUHHOTO POTOfi01a ITPOBeieHe iHTerpoBaHe
TEOPETUYHE MOJEJIIOBAHHS, ITApaMETPH IJ15 IKOTO BU3HAYEHI LIJISIXOM aHaJli3y KDEMHI€BOI IIJIaTiBKU 10 Ta MiCs
TEXHOJIOTIYHUX Ollepaliil. 3apoNoHOBaHA OPUTiHA/IbHA KOHCTPYKIIiS Ta TEXHOJIOTiSI BUTOTOBJIEHHS, sIKa
anpo60BaHa Ha BITYM3HSIHUX [TOTY>KHOCTSIX. [IpOMOJ€/IbOBAaHO Ta 3alIPOIIOHOBAHO BUKOPUCTAHHS EPiOANYHUX
MeTaJleBUX I'PaTOK J71s1 30y/I>KEHHSI [I0BEPXHEBOro — IJ1la3MOHHOro pe3oHaHcy (I1I1P), mo 103Bosisie ceneKTUBHO
KOHTPOJIIOBATU CIIEKTP NOIJIMHAHHS B CTPYKTYPi. [TokazaHo, 1110 BUKOPUCTAHHS 30JI0TUX HAHOYACTUHOK JIJ1s1
30ymxeHHs [1T1P no3BoJisie 3611bIINMTY MOTJIMHAHHS B Jiana3oHi foBXuH xBuib 0.9-1.1MkM 67113bK0 Ha 10%. Y
IPYroMy po3Zisi BocaimKyBaauch GiznyHi 3aKOHOMIPHOCTI GOpPMYyBaHHS Ta BIAaCTUBOCTEN POTONIOAHUX CTPYKTYP
Ha OCHOBI aHTUMOHiAY iHAi0. [IpoBOIMIIOCE TEOPETUYHE MOZEIIIOBAHHS 1711 BUBHAYEHHS BIUIUBY Ha IIOTJIMHAHHS
rM6uHM (GOPMYBaHHS 00J1aCTi IPOCTOPOBOrO 3apsay. Po3pobisiiack MeToAuKa 06pOOKY IIOBEPXHI IJIATIBOK, sIKa
I03BOJINJIA OTPUMATH IJIATiBKY i3 3HAUE€HHSM IIOPCTKOCTI MeHIIe 1 HM Ta i3 36epe’KeHO0I0 BUCOKOIO KPUCTAiYHOO
IOCKOHAJIICTIO. ONTUMI30BaHUI ITPOLIEC aHOHOTO OKUCJIEHHS, 1O JT03BOJIsIE OTPUMYBATH OAHOPIIHUN
>KepTBEeHHMH wap. JlociIpKyBaBCcsl METOAMU CIIEKTPOMETPii BTOPMHHUX i0HIB IPO(isb iMIIJIAHTOBAHOI JOMIIIKU
6epuiio i BU3HAYEHO [JIMOUHY 3aJIIraHHs p-n nepexony. [TokasaHo, o Ais 3a6e3ne4eHHs ONTUMAIbHOrO Npodimio
pO3IIoziNy DOMIlIKY HeoOXifHe BUKOPUCTaHHS JKEPTBEHHOTO Iapy B CYKYITHOCTI 3 AIBOXCTAAiIHHOIO iOHHOIO
iMIyaHTanjen. MeTonoM peHTreHiBChKOi 1 pakTOMEeTpil JOCiIKyBaBCs BIVIUB iOHHO] iMIIJIaHTAallii Ta pe>XKUMiB
[TOCTIMIIAaHTALIMHOTO Bifillajly Ha CTPYKTYPHY JOCKOHAJICTh KPUCTAIIYHOI I'PATKU, BU3HAYEHO PEXMMU BiAmany,
1[0 MAaKCUMAaJIBHO 3a6€311eYyI0Th YCYHEHHS PO3YNOPSAIKYBaHHS I'PATKU. JI0CIiIKyBaBCsl CTaH MOBEPXHI aHTUMOHITY
inpiro micys nacuBauii HaTPiN cyibdinoM, 3aIIPOIIOHOBAHUM METO]I, IIEPELIKOKAHHS Jerpasallii 1acuBy040oro
mapy. ONTUMi30BaHUI TEXHOJIOTIYHUI MapIIPYT 3a0€3MeYnB OTPUMaHHS QOTOAIONHUX CTPYKTYP 3i 3HAUEHHSIMU
IOOYTKY AudepeHLifHOro Onopy Ha M0y, IPU HYJIbOBOMY 3MilleHi, Ha piBHi 20000 Om-cMm2. TpeTiit po3ain
30CepEIPKEHN Ha OCiIKEHi TOHKUX IJIiIBOK BaHaT il oKcuay. JJOCTiI>KEHO BIJIMB YMOB OCA/I)KEHHS Ta TEPMIYHOTO
Bignainy (atmocdepa, TeMrnepaTypa, TUI NiJKIagK1) Ha MOp¢OoJoriio MOBepxHi, pa3oBuil CKIAL i XapaKTEepPUCTUKU
(dazosoro nepexony y VO2-1iBKkax, OTpPUMaHUX METOJOM MarHETPOHHOTO HaNujeHHs. PO3po6s1eHO KOMILJIEKCHUI
mizxizg 7o aHasisy ¢azoBOro CKjasy TOHKUX ITiBOK VOZ2, sSIKUii I'PYHTYETbCSl HA KOMOiHallii pe3aoHaHCcHOI PamaH-
CIIEKTPOCKOIIii 3 BApilOBaHHSIM JOBXUHU XBUJIi 30yI>)KEHHSI Ta pEHTT€HOCTPYKTYpHOTOo aHaidy (XRD), 1m0 103BoIsIE
IIPOBOJIATHU AOCTOBIpHY ineHTUdiKawilo 5K ocHOBHOI VO2-da3zy, Tak i somimkosux ¢gas V205, V307 Ta V409.
JocinKeHHs iIHTeHCUBHOCTI MiKy KOMOiHaLliHOTO PO3CisiHHY 617 cM-1 Ha CUHTE30BaHMX 3pa3Kax Jajlo 3MOTy
BM3HAYUTY ONTUMAJIbHY TEMIIEpaTypy Bifmainy, ajs orpumanss ¢asu VO2, sika ctaHoBuTh 430C. BuzHavyeHo, mo
HasBHICTb JomimKkoBux ¢a3 VxOy He YMHUTL CYTTEBOTO BIUIMBY Ha xapakrepuctuku @IT ocHoBHOI VO2 - dasy, a
KJIIOYOBY POJIb y MOBEHI (pa30BOr0 NEPEXOY BilirpaloTh OCOOGIUBOCTI IOYATKOBOI CTpyKTypu VO2 Ta TUN
nigknagky. JocmigKeHo BIIMB iMIIJIaHTallii iOHiB aproHy Ha CTPYKTYPHI Ta €JIEKTPUYHI XapaKTePUCTUKU IIBOK
VO2. Haii6inbl1i 3HaueHHs! HeraTUBHOI'O TeMIIEpPATypHOro 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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HanjionanbpHoi akazemii Hayk YKkpainu

Kopg 3a €IPIIOY: 05416952

Micuesnaxo,zm(eﬂna: npocnekT Hayku, 6ya. 41, Kuis, 03028, Ykpaina
dopma BiracHocTi:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemis HayK YKpainu
InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkafemivyHui1

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. CapikoB AHppii1 BikTopoBrY

2. Andrii V. Sarikov

KBasidikanis: . ¢.-m. 1., c.z., 01.04.07
Imentudikarop ORCHID ID: 0000-0001-9123-7203
HoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0COOH: [HCTUTYT PisvKY HaMiBIPOBiTHMKIB iMeHi B. €. JlamkapboBa

HanjonasnpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 05416952



Micue3HaxoaKeHHS: npocnekt Haykuy, 6ya. 41, Kuis, 03028, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkaneMiqHuit

VIII. 3aKkJIl04Hi BiZOMOCTi

BaacHe IlpizBume Im's I10-6aTbKOBI LuGpiit 3iHoBist eznopiBHa
rOJIOBH pagu

ByiacHe IlpizBuie Im's ITo-6aThKOBI Lin6pit 3inosis depopisHa
rOJIOBYIOYOTO Ha 3aciJaHHi

BignosigasnbHuil 3a IIi,ZLI‘OTOBKy [Tonomapenko BaneHtnHa BosogumupiBHa

00JIIKOBHX JOKYMEHTIB

PeecTtparop VYkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZasIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




