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

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”
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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYGPHK: 29.19.31, 29.19.04

Tema guceprauii:
1. OCco6MBOCTi 3aCTOCYBaHHS HAHOTEXHOJIOTIN 30H4,0BOI MiKpOCKOIIii B IiarHOCTHULII Ta HallpasJieHiil mogudikaii

[TIOBEPXOHb HaIiBIIPOBITHUKOBUX 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 npucssiueHa po3pooLii KOMIIJIEKCHOTO MiX0y [0 AiarHOCTUKY MaTtepiasiB i CTPyKTyp NnpusafiB Mikpo- Ta
HaHOEJIEKTPOHIKU 3ac06aMy CKaHYI0U0i 30HI0BOI MiKpOCKOIIii Ta 100 3aCTOCYBAaHHIO ITPU JOCIIiIPKEHHSIX
JIOKaJIbHUX MOP(QOJIOTIYHUX Ta €J1eKTPOPiZMIHUX OCOOJIUBOCTEN KOHIEMIIITHUX eJIEMEHTIB Ha 6a3i ByrieLeBux
MarepiasiB Ta cTaHOrepMaHuziB. Bysio po3pobieHo MeTOAVKY iHIeKCyBaHHS IpaHeil MOHOKPHUCTAJIiB CUHTETUYHUX
HaMiBIPOBIAHMKOBUX aJIMa3iB Ta BiANOBigHOI ONITUMIi3allii CXeMHU iX PO3KPOIO AJ151 OTPYUMaHHS IJIACTUH 3
ONTUMAJIbHOIO KOHPIrypalieo cekTopis pocTy. ONTMMI30BaHO IapaMeTpy CEJIEKTUBHOTO TPaBJIEHHS
HaIMiBIPOBIIHUKOBUX MOHOKPUCTAJIIB aJIMa3iB 1151 BUSBJIEHHSI OCOOIMBOCTEN IMCIOKALIHOI CTPYKTYPH Ha

HaHOPiBHI. BCTaHOBIEHO 3aKOHOMIPHOCTI 3MiHM I'YCTUHU AMCJIOKALIH B3[JOBXK OCi pPOCTY Ta B OKOJIi



MIXKCEKTOpaJIbHUX I'PaHULb. BUSIBIIEHO €(PEKTH NEKOPYBAaHHS OUCIOKaLill (POHOBUMHU JOMIIKaMU. AIAITOBAaHO
METOAVKU CUI0BOi KesbBiH-30H7, MIKpOCKOIIi Ta MIKpOCKOTIii ONTOPY PO3TiKaHHS IJ151 BUSBJIEHHS JIOKAJIBHUX
€J1eKTpOodi3nYHUX 0COBIMBOCTEN MIKCEKTOPATIbHUX IPAHUIIb Ta OKPEMUX AUCJIOKAIIil i KacTepiB AOMIIIOK B
MOHOKPHUCTaJIIYHUX IJIACTUHAX HAMiBIPOBITHMKOBOIO ajMa3y. BCTaHOBJIEHO, 1J0 MIXKCEKTOPaJIbHi IPaHULLi €
KOrepeHTHHMY, 6e3 CKYITYeHHs AUCIIOKALiHUX AedeKTiB, a sifpa TUCcIoKaliil Ay>Ke ¢1abo, y IOPiBHSAHHI 3
I'PaHULISIMYU CEKTOPIB, IPOSIBJISIIOTh €JIeKTPUYHY aKTUBHICTb [1pY KapTorpadyBaHHI KOHTAKTHUM CTPYMOYYTIUBUM
METOJIOM CKaHyI040i MiKpOCKOIIii 011opy po3TikaHHs. [Ipy 6€3KOHTAaKTHUX €JIEKTPOCUJIOBUX KapTOrpadyBaHHSIX
JIOKAJILHOTO ITIOBEPXHEBOT0 MOTEHIIialy METOLOM KesbBiH-30H, MIKPOCKOIIii IXCIIOKALiMHI SIMKU TPaBJIEHHS €
€JIEKTPOHEUTPAJIbHUMMU i He BUSIBJISIOTh IOTEHLIAJILHOTO KOHTPACTY. BCTaHOBIIEHO, 10 3aBASIKY BilCYTHOCTI
CTPYKTYPHUX JleeKTiB MDKCEKTOpaJIbHI IpaHuMlli 3a6€e311e4yIoTh Pi3KUil Ilepernaj OBEPXHEBOro OTEHLaTy
nopsaxy 1B, mo Moxke 6yTH BUKOPUCTAHO NpU PO3pOo6LLi CTPYKTYPHUX €JIEMEHTIB €JIEKTPOHHUX [IPUJIALiB.
AnanToBaHO METOAMKY HAaHOIHIEHTYBaHHS, 0 6a3ye€ThCSl HA aTOMHO- CUJIOBIH CIIEKTPOCKOIIii 10 BUMIPIOBaHHS
MOJIyJIS IPY>KHOCTI TOHKMX IIJIIBOK CTAaHOT€PMAaHUiB. BUSBI€HO HEMOHOTOHHI 3MiHM ITPUBEAEHOIO MOJTYJIS
IIPY>XHOCTI IIiBOK GeSn npu 3MiHi BMicTy osoBa Bif, 1 1o 12%. Lleit epeKT nosicHeHUI 0COOINBOCTIMU N1EPEDIry
IIPOLIECIB CTPYKTYPHOI pesakcalii npyu 3MiHax TOBIIMHY i KOMIIOHEHTHOTO CKJIaay I1iBOK GeSn. BpaxyBaHHS 1jei
HEJIHIHOCTI 3MiHU MOYJISl IPYKHOCTI IIPY 3MiHi KOMIIOHEHTHOTO CKJIQZly € KPUTUYHO BaKJIMBOIO B 33/4a49aX
nedopmaniiiHoi inkeHepii 3oHHOI cTpykTypu GeSn 17151 peasisallii nepexoay HEIPsIMO30HHNUI /TIPSIMO30HHUMN
HaIliBIPOBIIHUK. METOAOM CKaHyl040i eMHICHOI MiKpOCKoIIii Ta CHj10BOI KeslbBiH-30H[ MIKPOCKOIIiI JOCIIiIKEHO
€JIEKTPOHHI BJIACTUBOCTI MiKpOHNUTOK Ge99Sn1 Ha NOBepxHi eniTakciiiHuX M1iBOK Ge88Sn12. BusiBieHo epexT
iHBepcii Ty npoBigHOCTI Takux p-GeSn MIKPOHMTOK MPpY NMPUKIIALAHHI HAIIPYTY 3MilleHHS MiXK 30HIIOM
MIKpOCKOIly Ta IJIAHAPHUM OMiYHUM KOHTaKTOM Ha MOBepxHi I1iBku Ge. Lleit epekT Moke 6yTH BUKOPUCTAaHUM
IIPU pO3pOOLi IPOTOTHIIIB AiOAHUX CTPYKTYP. BHsiBlI€HO camoiHIyKOBaHe (POPMYBaHHS HAHOHUTOK GeSn 3 BMiCTOM
osioBa noHan, 40%. [TosicHeHO MexaHi3M iX yTBOPEHHSI Ta IIPOIJIIOCTPOBAHO iX JIOKaJIbHI eJ1eKTPOodi3uiHi napameTpu
CTPYMOYYTJIMBUMU METOAAMU 30HA0BOI MiKpocKomii. OTpuMMaHi pe3ysbTaTy MOXXYTb OYTH BUKOPUCTaHI 1715
MOKpAIlleHHS XapaKTePUCTHUK MIPUJIAJiB MiKPOEJIEKTPOHIKU Ta IIPU PO3POOLi iX MOXKIMBUX KOHLENTYaJIbHUAX

€JIEMEHTIB Ha 6a3i ByIJlel,eBuX MaTepiajiB Ta CTaHOrepMaHUIiB.

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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