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1. TpaHcIOpT 3apsiAy B TOHKOILIIBKOBUX HAAIIPOBiTHUX reTepocTpykTypax MoRe-Si(W)-MoRe 3 ribpunHum
6ap’epoM i3 HamiBIIPOBiAHMKA 3 HAHOKJIACTEPAMU METAIy

2. Charge transport in thin film superconducting heterostructures of MoRe-Si(W)-MoRe with a hybrid barrier
from semiconductor with metal nanoclusters

Pedepar:

1. Inceprarnis Ha 3000YTTSI HAYKOBOT'O CTYIEHS KaHauaTa (isuko-mMaTeMaTUYHUX HayK 3a crewlianbsHicTio 01.04.07
- ¢i3uka TBepAoOro Tina. — Inctutyt Mmetanodisuku im. I'. B. Kyparomosa HAH Vkpainu, Kuis, 2018. JIucepratiiio
IIPUCBSIYE€HO BUBYEHHIO 3 BUKOPUCTAHHSIM €KCIIePUMEHTAJIbHUX i pO3paxyHKOBUX METOZiB 0COOJIMBOCTEN
TPaHCIIOPTY 3apsily B TOHKOILJIIBKOBUX HAJIIPOBITHUX reTepoCcTpykTypax MoRe-Si(W)-MoRe 3 riopunHum 6ap’epom
i3 HamiBIPOBiAHMKA 3 HAHOKJIACTEPAMU MeTaily. B pamkax po60TU BIeplle BUTOTOBIEHO TOHKO I1J1iBKOBI
rerepocTpykTypu MoRe-Si(W)-MoRe 3 ribpugHrM 6ap’epoM y BUTJIST] HAIiBIIPOBIAHMKA 3 HAHOKJIACTEPaMU
MeTaJly Ta AOCJIIKEHO ixHi TPaHCIIOPTHI BJIACTUBOCTI. Brieplie BCTaHOBJIEHO, 110 HA BOJIbT-aMIIEPHUX
xapakrepucTtukax (BAX) uux rerepocTpykTyp (npu nW < 4 aT.%) BUHMKae Pe30HAHCHUH ITiK CTPyMY, KU
00YMOBJIEHUH CYMIIlIEHHSIM T10 eHeprii Kpa HaANPOBigHOI MiTMHY OJHOTO 3 HAAIIPOBITHUX €JIeKTPOLiB

reTepoCTPYKTYPH i3 JO3BOJIEHUM €HEePreTUYHUM PiBHEM B KJlacTepi MeTasy BcepelyHi 6ap’epy. BctaHoBIeHO, 110



CTBOpEHi reTepocTpykTypyu MoRe~-Si(W)-MoRe (y BumaziKy BifHOCHO BUCOKOTO BMicTy Bosibdpamy B H6ap’epax Si(W)
— npu nW ~ 7-10 at.%) eMOHCTPYIOTh HasIBHICTh HAAIIPOBIAHOTO CTPYMY Ta BEJIMKOTO HAAJIMIIKOBOIO CTPyMy lexc
yepes HUX, TPUYMHOI0 BUHUKHEHHS SIKUX € aHAPiiBChKi BiiOMBaHHS KBa3iyaCTUHOK Ha iHTepdeiicax Ta pe30HaHCHO-
NEPKOJISILIMHNN TPAHCIIOPT 3apsifiB yepe3 HUX. [Ipy oMy reTepoCTPYKTYpY MAIOTh MiJIBUILIEHI 3HAYEHHS
XapakTepucTuuHOi Hanpyru — #o6yTKy ICRN. Ha BAX reTepoCTpyKTyp CIIOCTEpIiraloTbCsl BeJIMKi HaIJIMIIKOBI
CTpyMH, IO B paMKax Mogedi binoronoscekoro-Illateprika-IllanoBanosa-CyBopoBa—-/lopinra-IlImigra-3ainens
CBiZJYMTb IIPO Te, 10 IPO30PiCTh PE30HAHCHO-TIEPKOJISILIMTHUX JIAHIIIOKKIB, 110 SIKUM BifJOyBa€TbCSl TPAHCIIOPT
3apsy, € 6JIM3bKOIO 10 ONUHUILL. BcTaHOBEHO, 10 Ha BAX reTepoCTpyKTyp, 110 3HAaXOAThCS Mif, Ji€lo
30BHimHbOr0 HBY onrpoMiHeHHS, MOXKYTb 3'IBJIATHCS XapaKTePHi MOXWJi CXOAUHKY, popMa Ta IIOJIOKEHHS SKUX T10
BiCi HaINpyr 3MillleHHS 3aJI€XKaTh Bifl TOTYKHOCTI IpUKJageHoro HBY onpomMiHeHHs, 0 CBiTYUTh IIPO TeE, 10 B
reTepOCTPYKTypax NpY NEePEeBUILEHHI AesSKOr0 KpUTUYHOTO 3HAUYE€HHS HaAIPOBigHOTO cTpyMy 1C MOXYTb

YTBOPIOBATUCS LIEHTPU a0 JliHil IPOKOB3yBaHHS (Pa3u.

2. The thesis is a study of peculiarities of charge transport in thin film superconducting heterostructures of
MoRe-Si(W)-MoRe with a hybrid barrier from semiconductor with metal nanoclusters. Firstly, there are fabricated
the thin film superconducting heterostructures of MoRe-Si(W)-MoRe with a hybrid semiconductor barrier with
metal nanoclusters. Their transport properties have been investigated experimentally. The results of studies of
silicon-tungsten Si(W) films obtained using an atomic force microscope in a noncontact mode indicate the
presence of a quasiperiodic two-dimensional grid of tungsten clusters in them. It has been revealed (at nW < 4 at.%
in the barrier) that on the heterostructures’ I-V curves the current resonant peaks appear which are caused by
matching of the superconducting energy gap edge of electrode with a discrete energy level in the metal cluster
inside the barrier. It was obtained (at nW ~ 7-10 at.% in the barrier) that the fabricated heterostructures become
superconducting Josephson junctions with a resonance-percolating charge transport in them. These junctions
have the increased values of the characterisitic voltage—it means the increased values of the ICRN product. These
junctions are demonstrating large enough excess currents on the I-V curves so it evidence (in the frame of
Belogolovskii-Shaternik-Shapovalov-Suvorov-Doring-Schmidt-Seidel model) that the transparency of
resonance-percolating chains (through which charge transport appears) is close to unit. It was obtained (at n(W~
6-7 at.% in the barrier) that the heterostructures at TC < T < 20 K demonstrate the conductance Gres decreasing
(dGres(T) < 0, d(dGres)/dT < 0) and at T > 20 K the conductance (Gres) increasing. In the frame of Kirpichenkov
with coauthors model this evidence that there are quantum resonance-percolating trajectories in the N-I-N
heterostructure barriers and that the single-impurity and double-impurity quantum shortcircuits contributions in
the conductance of the dirty N-I-N junction become the main. It has been revealed that the obtained experimental
IC(T) curves of the fabricated junctions have the positive second derivative d2IC/dT2(T). It means that in these
junctions electron is tunneling through single or two discrete states in the metal clusters (resonancepercolating

transport) and the resonance band is not narrow.
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