O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHUH 00J1iKOBHI HOMeP: 0823U100030
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peecrtpaunii: 20-01-2023

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Mamota Ceprii BacunboBrd

2. Maliuta Serhii Vasylovych

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniajIbHOCTI: 153

HasBa HayKOBo'l' cneniaﬂbHOCTi: ABTOMaru3alis Ta npunanobynysaHHs. Mikpo- Ta HAQHOCUCTEMHA TexHiKka
T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3actocoByeTsbcs
Jlara 3axHcTy: 12-01-2023

CnenianbHICTB 32 OCBITOIO: Mikpo- Ta HAHOCHCTEMHA TEXHIKa

Micue po6otu 3,qo6yBaqa: HanjionasnpHu# TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [Tepemoru, 6ya. 37, M. Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi Cleliagai3oBaHOi BYE€HOI pazgu). 1O 26.002.03

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoo KeHHS: npocrekt [lepemory, 6yx. 37, M. Kuis, 03056, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu
InenTugikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuyHuil yHiBepeuteT Ykpainm "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocrekt [lepemory, 6yx. 37, M. Kuis, 03056, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu
InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TemaTHYHHUX PYOpPHK: 29.19.31, 29.19.04

Tema gucepranii:
1. Oco6MBOCTi 3aCTOCYBaHHS HAHOTEXHOJIOTIN 30H4,0BOI MiKpOCKOIii B IiarHOCTHULI Ta HaINlpaBJeHiil Mogudikaii

[IOBEPXOHb HAIIBIIPOBITHUKOBYX HAHOCTPYKTYP i 2D MaTepiasis.

2. Peculiarities of scanning probe microscopy nanotechnologies application in diagnostics and direct surface
modification of semiconductor nanostructures and 2D materials.

Pedepar:

1. PoboTa npucesueHa po3pooLi KOMIJIEKCHOTO MiIX0y 40 AiarHOCTUKY MartepiasiB i CTPYKTYp NpuajiB Mikpo- Ta
HaHOEJIEKTPOHIKU 3aCc06aMl CKaHYI0UO0i 30HI0BOI MiKPOCKOIIii Ta 100 3aCTOCYBAHHIO MIPU JOCIIiIPKEHHSIX
JIOKaJIbHUX MOP(OJIOTIYHUX Ta eJIeKTPO(Di3MIHUX 0COOINBOCTEN KOHLENITHUX eJIeMEeHTiB Ha 6a3i ByryieneBux
MarepiasiB Ta cTaHOrepMaHuziB. byso po3pobsieHo MeTOAMKY iHIeKCYyBaHHS IpaHeil MOHOKPUCTAJIiB CUHTETUYHUX

HAIiBIPOBIAHMKOBUX aJIMa3iB Ta BiAIOBigHOI ONITUMIi3aLlii CXeMU IX PO3KPOIO J1s1 OTPUMAHHS IIJIACTUH 3



ONITMMAaJIbHOIO KOH(pirypalieio cekTopis pocty. ONTUMI30BaHO apaMETPU CEJIEKTUBHOTO TPABJIEHHS
HaIMiBIPOBIIHUKOBUX MOHOKPUCTAJIIB aJIMa3iB 1151 BUSIBJIEHHSI OCOOJIMBOCTEN [MCJIOKALiHOI CTPYKTYPH Ha
HaHOPiBHI. BCTaHOBIEHO 3aKOHOMIPHOCTI 3MiHU I'YCTUHU AMCJIOKALIN B3[IOBXK OCi pPOCTY Ta B OKOJI
MIi’KCEKTOpaJbHUX TpaHUllb. BusBieHo edeKkTy JeKOPYyBaHHS AUCIIOKallill POHOBUMU AOMIlIKaMU. ATalITOBAaHO
METOAMKU CU0BOi KelbBiH-30H7, MIKPOCKOIIi Ta MIKpOCKOIIii OITOPY PO3TiKaHHA [J1s1 BUABJIEHHS JIOKAJIbHUX
€J1eKTpOodi3NYHUX 0COBIMBOCTEN MIKCEKTOPATIbHUX IPAHUIIb Ta OKPEMUX AUCJIOKAIIiN i KacTepiB JOMIIIOK B
MOHOKPHUCTaJIiYHUX IJIaCTUHAX HaMiBIPOBITHMKOBOIO ajiMasy. BCTaHOBJIEHO, 1J0 MIXKCEKTOPaJIbHi IpaHUlli €
KOTE€PEHTHUMMU, 6€3 CKYITYEHHS AUCIOKALiHUX NedEKTIB, a 4apa TUCIOKaLil ayXe c1abo, y TOPiBHSAHHI 3
I'PaHULISIMU CEKTOPIB, IPOSIBIISIIOTh €JIeKTPUYHY aKTUBHICTb [1pY KapTorpadyBaHHI KOHTAKTHUM CTPYMOYYTJIUBUM
METOJIOM CKaHyI040i MiKpOCKOIIii onopy po3TikaHHsl. [Ipy 6€3KOHTAaKTHUX €JIEKTPOCUJIOBUX KapTorpadyBaHHSIX
JIOKaJIbHOTO TIOBEPXHEBOTO MOTEHIiany MeTonoM KesbBiH-30H7, MIKpOCKOIIIi AYCIOKaLifiHi IMKU TPaBJIE€HHS €
€JIEKTPOHENTPAJIbHMMMY | HE BUSIBJISIIOTH [IOTEHLIaJIbBHOTO KOHTPACTY. BCTaHOBJIEHO, 1110 3aBISIKU BiICyTHOCTI
CTPYKTYpPHUX JlePeKTiB MDKCEKTOpaJIbHI IpaHulli 3a6e311e4yioTh Pi3Kuil Ieperna OBepXHEBOro MOTeHLiay
nopsaxy 1B, mo Moxke 6yTH BUKOPUCTAHO NpY PO3po6Lii CTPYKTYPHUX €JIEMEHTIB €JIEKTPOHHUX [IPUJIATiB.
AanTOBaHO METOJIMKY HaHOIHJIEHTYBaHHS, 10 6a3y€eThCSl HA aTOMHO- CUJIOBIll CIIEKTPOCKOMIi 0 BUMipIOBaHHS
MOIyJIsl IPY>KHOCTI TOHKUX IIJIIBOK CTAaHOT€PMAaHU/IiB. BUsIBJI€EHO HEMOHOTOHHI 3MiHU IPUBEJNEHOTO MOMYJIS
IIPY>XHOCTI I71iBOK GeSn nipu 3MiHi BMicTy osoBa Bif, 1 1o 12%. Lleit epeKT nosicHeHui 0COOINBOCTIMU N1EPeDIry
[IPOLECIB CTPYKTYPHOI peJlakcalii Ipy 3MiHaxX TOBIIMHYU i KOMIIOHEHTHOTO CKJIany I1iBOK GeSn. BpaxyBaHHA 1€l
HEJIHIMHOCTI 3MIHU MOJYJISl IIPY>KHOCTI IIPY 3MiHi KOMIIOHEHTHOTO CKJIaZly € KDUTUYHO BaKJIMBOIO B 334a4ax
nedopmariiiHoi inkenepii 3oHHOI cTpykTypu GeSn 17151 peaisaliii nepexoay HEIPsIMO30HHUI /TIPSIMO30HHUHN
HAaIliBIPOBIIHUK. METOLOM CKaHyl040i EeMHICHOI MiKpOCKOIIii Ta CHJ10BOI KeslbBiH-30H[ MIKPOCKOIIiI JOCIIiIKEHO
€JIEKTPOHHI BJIACTUBOCTI MiKpOHUTOK Ge99Sn1 Ha MoBepxHi emniTakcilHux M1iBoK Ge88Snl12. BusiBneHo edekr
iHBepcii Tuny npoBigHOCTI Takux p-GeSn MiIKPOHMTOK MY NMPUKJIALAHHI HAlIPYTY 3MillleHHS MiXK 30HIIOM
MIKpOCKOIly Ta IJIAHAPHUM OMiYHUM KOHTaKTOM Ha MOoBepxHi I1iBku Ge. Lleit epeKkT Moke 6yTH BUKOPUCTAaHUM
IIpU pO3pOOLi IPOTOTHIIIB Ai0AHUX CTPYKTYP. BusiBiI€eHO camoiHyKOBaHe (PpOPMYBaHHS HAHOHUTOK GeSn 3 BMiCTOM
osioBa noHag 40%. [1osicHEHO MexaHi3M iX yTBOPEHHS Ta IIPOIJIIOCTPOBAHO iX JIOKA/IbHI €JIEKTPO(i3NdHi TapaMeTpu
CTPYMOUYYTJINBUMU METOAAMU 30HA0BOI Mikpockomii. OTpuMaHi pe3ysibTaTi MOXKYTb OYTH BUKOPUCTaHI /1715
IIOKpaIlleHHs XapaKTePUCTUK IIPUJIAJiB MiKPOEJIEKTPOHIKU Ta IIPU PO3POOLi X MOXKIMBUX KOHLENTYaJIbHAX

€JIEMEHTIB Ha 6a3i ByIJIeLeBUX MaTePiaJliB Ta CTAHOTE€PMaHN]B.

2. Thesis is devoted to the development of a multipurpose approach to the diagnostic of materials and structures
of micro- and nanoelectronics devices using scanning probe microscopy and its application in the study of local
morphological and electrophysical features of concept elements based on carbon materials and tin germanides. A
method of indexing the faces of single crystals of synthetic semiconductor diamonds and corresponding
optimization of their cutting scheme to obtain plates with an optimal configuration of growth sectors was
developed. The parameters of selective etching of semiconductor diamond single crystals were optimized to reveal
the features of the dislocation structure at the nano range. The regularities of the change in the density of
dislocations along the axis of growth and in the vicinity of intersectoral borders have been established. The effects
of decorating dislocations with background impurities have been revealed. The techniques of Kelvin probe force
microscopy and spreading resistance microscopy were adapted to detect local electrophysical features of
intersectoral boundaries and individual dislocations and impurity clusters in single crystal semiconductor diamond
plates. It was established that the intersectoral boundaries are coherent, without the accumulation of dislocation
defects, and the nuclei of dislocations very weakly, in comparison with the boundaries of the sectors, show
electrical activity during mapping by the contact current-sensitive method of scanning microscopy of the
spreading resistance. In non-contact electrostatic mapping of the local surface potential by the Kelvin-probe force
microscopy method, the etching dislocation pits are electroneutral and do not reveal a potential contrast. In non-
contact electrostatic mapping of the local surface potential by the Kelvin-probe microscopy method, the etching
dislocation pits are electroneutral and do not reveal a potential contrast. It was established that due to the absence
of structural defects, the intersectoral boundaries provide sharp interface of the surface potential with a



difference of the order of 1V, which can be used in the development of structural elements of electronic devices.
The nanoindentation technique based on atomic force spectroscopy was adapted to measure the modulus of
elasticity of thin films of tin germanides. Non-monotonic changes in the reduced modulus of elasticity of GeSn
films were revealed when the tin content changed from 1 to 12%. This effect is explained by the peculiarities of the
process of structural relaxation during changes in the thickness and component composition of GeSn films. Taking
into account this nonlinearity of the change in the modulus of elasticity when changing the component
composition is critically important in the tasks of deformation engineering of the GeSn band structure for the
implementation of the indirect /direct-band semiconductor transition. Properties of self-induced Ge99Sn1 micro-
stripes on the surface of epitaxial films Ge88Sn12 were investigated using scanning capacitive microscopy and
Kelvin probe force microscopy. The effect of conductivity type inversion of p-GeSn micro-stripes when applying a
bias voltage between the microscope probe and the planar ohmic contact on the surface of the Ge film was
revealed. This effect can be used in the development of prototypes of diode structures. The self-induced formation
of GeSn nanowires with a tin content of more than 40% was revealed. The mechanism of their formation is
explained and their local electrophysical parameters are illustrated by current-sensitive probe microscopy
methods. The obtained results can be used to improve the characteristics of microelectronics devices and in the
development of their possible conceptual elements based on carbon materials and tin germanides.
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Cdepa ynpasiriHHS:
InenTudikarop ROR: He zacrocosyerscs
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VIII. 3ak1104Hi BiZOMOCTI

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

ByacHe IlpizBumie Im's ITo-6aThKOBI

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUI 3a HiATOTOBKY

00JIiKOBHX JOKYMEHTIB

Bep6unpkuit Bonogumup I'puroposuy

Bep6uupkuii Bonogumup I'puroposuy



PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko T.A.

OistJIBHOCTI




