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npuctpois. — Kanidikanifina HaykoBa Ipalis Ha [paBax pykomnucy. Jlucepraiist Ha 3500yTTs HAYKOBOT'O CTYIIEHS
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POJIb y IEPEIOBUX E€JIEKTPOHHUX IIPUCTPOSIX, TAKKUX SIK, KOHIEHCATOPHU, CYIIEPKOHIIEHCATOPHU, CEHCOPH,
TPaH3UCTOPY, TOIIO. B KOHTEKCTI HUHIIIHBOI TeHeHLii 10 MiHiMi3alii po3mMipiB, niAroToBka Ta QyHKIioHaMi3allis
HaHOPO3MIipPHUX JieJIEKTPUYHUX MaTEpPialiB € OAHUM i3 IIPIOPUTETHUX HAIIPSIMKIB JociigkeHHs. Cepel, IMPOKOTro
CIIEKTPY Li€JIEKTPUKIB OJHUM i3 HAWIIiKaBIlIMX € MaTepiann 3 BUCOKOIO Ii€JIEKTPUYHOIO CTAJIOK, TaK 3BaHi
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[IPECTaBHUKIB BUCOKOKOHCTAHTHUX MaTepialiB € OKCUIHI AieJIEKTPUKY, [0 AKX MOKHA BiJHECTU IIEPOBCKITH
Oapito TUTaHaTy Ta LIIiHe i Ha OCHOBI XpOMITIB. 1]i Ba TUIM CIIOJIYK BUKJIUKAIOTh 3POCTAIOUNIL iHTEpec, OCKiIbKU
BOHU BOJIOZ{IOTb BUCOKOIO J1ieJIEKTPUYHOIO CTajI00, PepoesIeKTPUYHOIO, I1'€30€JIEKTPUYHOIO, [TiPOEJIEKTPUYHOIO Ta
iHIIMMU BJIACTUBOCTSIMU, IO POOUTS iX ileasbHUMU KaHIUATAMU [1J151 32CTOCYBAHHS B MIKpO- Ta HAHOEJIEKTPOHILli.
B oMy KOHTEKCTI, JaHa IMCcepTaLisi 30CepepKyeThCS Ha MiAroToBLi, GyHKIioHami3anii Ta iHTerpamii
HaHOPO3MipHUX NEePOBCKiTiB Tuiy BaTiO3 Ta mmninesnen tuiy ZnCr204 y MI0CKi KOHAEHCATOPU 3 BUCOKUM
3HAQUYEHHSIM KOHCTAHTH JieJIeKTPUYHOI IPOHMUKHOCTI. JlucepTallist OpraHizoBaHa HaCTyIIHUM YMHOM; Y BCTYIIi
OBIPYHTOBAHO BUOIp TEMU Ta aKTyaJIbHICTh AUCEPTALIHOTO OCIIiI>KEHHS], BKA3aHO OT0 3B'I30K 3 HAYKOBUMU
rporpamamu Ta remamu, cGopMyJIbOBAaHO METY Ta 3aBAAaHHS AUCEPTalii, BkazaHe ii HayKoBe Ta [IpaKTU4YHe
3HAYEHHS, HaBeeHo iHopmaliito po ny6stikalii 1 ocobucTuil BHECOK 37100yBaya, alpoballilo pe3yibTaTiB poboTH,
ii cTpyKTypy 1 06cAr. Po3zin 1 ckianaeTbest 3 YOTUPbOX OCHOBHUX YACTUH: (i) CydacHUI CTaH NOCiIXeHb, (ii)
BJIACTUBOCTi HAHOPO3MipHUX JIi€JIEKTPUYHUX OKCUAHUX YACTUHOK, (iii) METOIM HAHOCTPYKTYPYBAaHHS Ta OpraHisaiii
IieJIeKTpUYHUX HAHOYAaCTUHOK y BUIJISIZI TOHKUX ITiBOK Ta (iv) iHTerpanis fieleKTpUYHUX HAaHOYaCTHUHOK B
€JIEKTPOHHI IIPUCTPOI B SIKOCTi aKTUBHUX KOMITOHEHTIB. PO311ij1 3aKiHUy€eTbCS BUCHOBKAMU. Y PO3MiJi 2 OIIMCaHO
OCHOBHi METOJIY, LII0 BUKOPHCTOBYBAJIACS [1J11 XaPAKTEPUCTUKN Ai€J€KTPUYHUX OKCUIHUX HaHOMaTepialiB. Po3min
3 IPUCBAYEHO CUHTE3Y Ta XapaKTEPUCTULLi IieJIEKTPUYHNX HAHOYACTHMHOK TUITY IIEPOBCKITY. 30Kpema,
€KCIIEPMMEHTAJIbHUM LJISIXOM 6YJI0 OTPUMAHO psiJi CUCTEM HAaHOYACTUHOK TUTAHATY 6apilo 3 KOHTPOJIbOBAHOIO
MOpQoJIori€lo Ta po3MipoM: KyOiuHi HAHOYACTHUHKY (CepeLHiil po3mip 6;113bK0 15 HM), yciueHi KyboinanbHi
HAHOYACTUHKMU (cepenHiil po3amip 6s113bKko 100 HM) Ta yciueHnX poMO0L0IeKaeIpMIHNX HAHOYACTUHOK (CepeHii
po3mip 6:113bK0 110 HM). Crrif 3a3HAYUTH, 1[0 HAHOYACTUHKY 3 YCiYE€HOI0 poMOOIoZieKaeIpUYHOI0 Ta YCi4eHOI0
KyboinanbHO0 Mopdoutoriero BaTiO3 6ynu oTpumaHi Ta onucati snepiue. JJocifakeHo BIIJIMB MOPQoIIorii
YaCTMHOK Ha JlieJIEKTPAYHi BJIaCTUBOCTI HAHOYACTUHOK HAa OCHOBI TUTaHATy 6apilo. Y po3isi 4 OnMcaHo METOOUKY
BapiloBaHHS MOPQOJIOTi€0 CUCTEM THUITY IITIiHeJIi Ta ii BIIJIMB Ha JiesleKTPUYHi Bl1acTUBOCTI. Pe3ysbTaTi
€KCIIEPMMEHTY CBil4aTh, 1IJ0 HAa PO3Mip, IIMPHHY 3a60pOHEHOI 30HU Ta JlieJIeKTPUYHi BJIaCTUBOCTi OTPUMAHUX
HAaHOYACTUHOK LIMiHeJIi BIJIMBAIOTh JIeKilbKa AaKTOPiB, 30KpeMa 4ac ropiHHA reJlo, TEMIepaTypa TOpiHHS Ta
€HTaJIbllisl TOPiHHS TBEPIOTO X€JaTHO-3BsI3yl040ro areHTa. Po3fin 5 intocTpye, iHTerpallito HAHOYaCTUHOK TUITY
HITiHeJsIi Ta IePOBCKITY B €JIeKTPOHHI prcTpoi. [lepmum KpOKOM Ha 1IbOMY LISIXY OyJia GyHKIioHai3allis
[IOBEPXHi HAHOYACTUHOK 3 METOI0 OTPUMAaHHSI CTabiIbHUX CYCIIEH3iH, Ki OyAyTb BUKOPUCTOBYBATUCS [J15
OCAPKEHHSI TOHKMX IUTiBOK. JIJ1s1 BUTOTOBJIEHHSI TOHKMX ILTIBOK OyJIM BUKOPUCTAHI jBa METOJHY, a CaAME:
nienexktpodopes ta “drop casting”. He3Baxaiouu Ha Te, [0 METO[, AieIeKTPoPOopesy N03BOJISIOTh OTPUMYBATH
TOHKI IJIIBKY 3 BUCOKMM CTYII€HEM BIIOPSIKOBAHOCTI HAHOYACTHUHOK, 1€l MeTOAY OOMeXXEeHNI HellepePBHICTIO
TOHKUX IIapiB Ha BEJIMKMX NIOBEPXHSX. L[I0 mpobyemy 6yJI0 0J01aHo 3a JOIIOMOroo Merogy “drop casting”. [ls
HaHoMaTepiasiB IIePOBCKITY Ta LIMiHesli TOBIMHA OTPUMAHUX TOHKUX IIJIIBOK BapitoeTbes Big 400 HM 10 4300 HM.
SIkicTp moBepxHi Ta eJleMeHTHUH CKJ1af, [IJIiBOK 6YJI0 JOCiI)KeHO 32 JOIIOMOI0I0 CKaHyI040i eJIeKTPOHHOI
MIKPOCKOIIii Ta €HEProJUCIIEPCiHOro X-rpoMUHEBOro aHaizy. HacTylnHUM KPOKOM IiCJIsl BUBHAYEHHS
XapaKTePUCTUK TOHKUX IJIiBOK OyJI0 BUTOTOBJIEHHS KOHIEHCATOPiB. EQEKTUBHICTh BUTOTOB/IEHUX KOHAEHCATOPIiB
0yJI0 IOCTiIP)KEeHO METOJO0M iMITIEJaHC CIIEKTPOCKOIIii. TakuM YMHOM, MU OTPUMAJIU HACTYIIHI 3HAYEeHHSI
esleKTpuyHoi eMHocTi: 1 HO 17151 KoHAeHcaTtopa Ha ocHOBi ZnCr204, 200 H® 11 KOHJEHCATOPiB Ha OCHOBI yCiueHux
Ky6oinanbHUX HaHOYacTUMHOK BaTiO3 i 2 HO 111 KOHAEHCATOPiB Ha OCHOBI yCiY€HUX POMOOJ0ieKaeIPUIHUX

HaHovacTHHOK BaTiO3.

2. Mykhailovych V. V. Design and production of oxide dielectric materials at the nanometric scale for electronic
devices. Thesis on search for the Doctor of Philosophy degree in specialty 104 «Physics and Astronomy». - Yuriy
Fedkovych Chernivtsi National University, Ministry of Education and Science of Ukraine, Chernivtsi, 2023.
Nowadays, dielectric materials play a key role in main electronic devices, like for example capacitors,
supercapacitors, sensors, field effect transistors, etc. Towards the minimalization trend, the preparation and
functionalization of nanoscale dielectric materials are of primary interest. Among a wide range of dielectrics, one
of the most interesting are the materials with high dielectric constant (high-k). One of the brightest
representatives of high-k materials are oxide-based dielectrics, from which barium titanate perovskites and metal



chromite spinels can be figured out. These two types of compounds show a growing interest as they possess high
dielectric, ferroelectric, piezoelectric, pyroelectric and other properties, which makes them a perfect candidate for
application in micro- and nano-electronics. In this context, the present thesis focusses on preparation,
functionalization and integration of nanoscale perovskite-type BaTiO3 and spinel-type ZnCr204 in planar high-k
capacitors. The thesis is organized as following; The Introduction justifies the relevance of the topic of the
dissertation research, indicates its connection with scientific programs, plans and topics, formulates the purpose
and tasks of the dissertation, emphasizes its scientific and practical significance, presents information about the
publications and personal contribution of the recipient, approves the project results, their structure and amount.
Chapter 1is structured in four main sections which consist of (i) state of the art, (ii) properties of nanosized
dielectric oxide particles; (iii) nanostructuration and organization methods of dielectric nanoparticles as thin films
and (iv) integration of dielectric nanoparticles in electronic devices as active elements. The chapter ends with
partial conclusions. Chapter 2 describes the main techniques used for dielectric oxide nanomaterials
characterization. Chapter 3 is devoted to synthesis and characterization of perovskite-type dielectric nanoparticle
systems. Thus, a series of barium titanate nanoparticles systems have been obtained, with controlled morphology
and size: cubic nanoparticles (with the mean size of about 15 nm), edge-truncated cuboidal nanoparticles (with a
size about 100 nm) and truncated rhombic dodecahedron (with a size about 110 nm). It has to be mentioned here
that the truncated rhombic dodecahedron and cuboidal edge-truncated morphologies for BaTiO3 has been
obtained and described for the first time. Chapter 4 describes the methodology of morphology tailoring in spinel
type systems and its impact on the dielectric properties. The experimental results strongly suggest that several
factors, including the burning time of gel, the combustion temperature, and the enthalpy of combustion of the
solid chelating /fuel agents, influence the size, band gap and dielectric properties of the obtained spinel
nanoparticles. Chapter 5 is dedicated to the integration of the spinel and perovskites nanoparticles in electronic
devices. First step on this road was the surface functionalization of the nanoparticles in order to obtain a stable ink
suspensions which will be used for the thin films deposition. Various methods were used for the thin film
fabrication, namely drop casting, dielectrophoresis and spin coating. Despite the dielectrophoresis and spin
coating methods allowed as to obtain thin films with a high order degree of the nanoparticles, these techniques are
limited by the continuity of the thin layers on large surfaces. This issue has been overcome by using drop casting
method. For both, perovskite and spinel nanomaterials the thickness of the prepared thin films vary from 400 nm
to 4300 nm. The surface quality and elemental composition of the films has been investigated by Field-emission
Scanning Electron Microscopy, and EDX analyses. As a next step, after elaboration of characterization of thin films
the planar capacitors have been fabricated by deposition of silver electrodes onto the both sides of the dielectric
films. The performance of the fabricated planar capacitors was studied by Broadband Dielectric Spectroscopy.
Thus, we obtained the following values for the electrical capacitance: 1 nF for ZnCr204 based capacitor, 200 nF for
cuboidal BaTiO3 based capacitors and 2 nF for the truncated rhombic dodecahedron BaTiO3 based capacitors.
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PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi

OisIJIbHOCTI

l'onoBaupkuii Botogumup AHaTONOBIY

l'osmoBaupkuii Boogumup AHaTOIINOBIY

Camina Aunpiii IleTpoBuy

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



