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CbOroiHi AleNEKTPUYHI MaTEpiaiy BIIITPAIOTh KIOYOBY POJIb Y IEPEIOBUX
CJIEKTPOHHUX TPUCTPOSAX, TaKUX SIK, KOHJEHCATOPH, CYNEPKOHAECHCATOPH,
CEHCOPH, TPAH3UCTOPH, TOIO. B KOHTEKCT! HUHIIIHBOI TEHJICHIIIT 10 MiHIMI3a1lli
pPO3MIpiB, MIATOTOBKA Ta (DyHKIIOHATI3AIIS HAHOPO3MIPHHUX JIEICKTPUUHHUX
MaTepiaiB € OJHHMM 13 TPIOPUTETHUX HanpsMKiB gociimkenHs. Cepen
IIMPOKOr0 CHEKTPY MIeJIEKTPUKIB OJHUM 13 HAWIIKaBIIUX € MaTepiayid 3
BUCOKOIO JIIEJIEKTPUYHOIO CTAJIOI0, TaK 3BaHl MaTepiajid 3 BUCOKOI KOHCTAHTOIO
nienexktpuyHoi npoHukHOCTi (high-K). OmHuMu 3  Ha#MOLIBII  sICKpaBUX
MPEICTABHUKIB BUCOKOKOHCTAHTHUX MAaTepiayliB € OKCUIHI IICICKTPHUKH, IO
AKUX MOXXHA BIJTHECTH TMEPOBCKITH Oapil0 TUTAHATy Ta IIMiHENIl HAa OCHOBI
XpoMiTiB. {1 1Ba THIH CHIOTYK BUKJIMKAIOTh 3pOCTAlOYUI IHTEPEC, OCKIIIBKH BOHU
BOJIOJIIOTh ~ BHCOKOIO  JICICKTPUYHOI  CTalol,  (PepoeneKTpHIHOIO,
IT'€30€JIEKTPUYHOI0, MIPOEIIEKTPUYHOIO Ta 1HIIUMH BJIACTUBOCTSAMH, IO POOUTH
iX 11eaTbHUMH KaHAUJATaMH JIJIs 3aCTOCYBaHHS B MIKPO- Ta HAHOCJIEKTPOHIIIi.

B 1mpomy KOHTEKCTI, AaHa AHMCEpTallis 30CEPeKYEThCsl Ha TMiATOTOBII,
¢dyHKLIOHAMI3aMIi Ta 1HTerpauii HaHOPO3MIpHUX NEepoBckiTiB Tuly BaTiOs3 Ta
mmidenedt tuny ZnCr,Os y IUIOCKI KOHJAEHCATOPH 3 BHUCOKHUM 3HAUYEHHSIM
KOHCTaHTH J1€JICKTPUYHOT TPOHUKHOCTI.

JlucepTariisi opranizoBaHa HaCTYITHUM YHHOM;

Y Berymi OOTpyHTOBaHO BHOIp TEeMH Ta aKTYalbHICTH TUCEPTAIIITHOTO
JOCIIKEHHS, BKa3aHO HOro 3B’S30K 3 HAyKOBUMH NpOrpaMamMu Ta TeMaMu,

chopMyILOBaHO METY Ta 3aBIaHHs JUcepTallii, BKa3aHe ii HAyKOBe Ta MPaKTUYHE



3Ha4YCHHS, HaBeAcHO 1HGoOpMaII0 Tpo MyOdikamii ¥ 0COOMCTHH BHECOK
3m00yBava, armpoarlito pe3yabTaTiB poOoTH, 11 CTPYKTYpy 1 oOcsT.

Po3ninn 1 cknagaerbest 3 YOTUPHOX OCHOBHMX YacTUH: (1) CydyacHUM CTaH
JTOCIDKeHb, (11) BJIACTUBOCTI HAHOPO3MIPHHUX JICICKTPUYHUX OKCHUIHUX
YaCTUHOK, (ill) METOIM HAHOCTPYKTYpyBaHHS Ta OpraHizauii JieTeKTPUIHHX
HAHOYACTHHOK Y BUIJISAJI TOHKMX IUTIBOK Ta (1V) IHTErpaiis IIeIeKTPUUYHUX
HAHOYACTHHOK B €JIEKTPOHHI MIPUCTPOI B IKOCT1 aKTUBHUX KOMITOHEHTIB. Po31in
3aKIHUY€TbCSI BUCHOBKAMHU. Y TiJ po3auil (1) HaAWOUIbII akTyaldbHI METOAU
CUHTE3Y JII€JICKTPUUYHUX OKCUTHUX HAHOYACTUHOK 1 BIUTUB MOP(OJIOTii Ta rpaHei
YaCTUHOK Ha iXH1 (I3WYHI BJIACTUBOCTI. Y mig po3aunl (i1) mpeacTaBiieHi
JEJIeKTPUYHI, ONTHUYHI, CETHETOEJCKTPHUYHI, I1'€30€JIEKTPUYHI BIACTUBOCTI
HAHOPO3MIPHUX YACTHUHOK JIEJICKTPUYHUX OKCHIB. Y TijJ po3aim (iil) onucaHo
METOJIM HAHOCTPYKTYpYBaHHSI Ta OpraHizailii MieJICKTPUYHUX HAHOYACTUHOK B
OJIHOPIIHI TOHKI TUTBKU. Y MiJ po3aial (1v) MpOUTIOCTPOBAHO 3aCTOCYBAaHHS
MarepiaiiB AI€JIEKTPUYHOTO THUIY B MPUCTPOSX HAKOMUYEHHS EHEeprii,
KOHJIEHCAaTOpax, CyNepKOHAEHCAaTOpax, TPAH3UCTOPaX Ta IHIIUX MPUCTPOSIX.

Y po3aini 2 omucaHO OCHOBHI METOH, IO BUKOPUCTOBYBAJIMUCS JIJIS
XapaKTEPUCTUKHU JIENEKTPUYHUX OKCHJIHUX HaHomatepiamiB. Tak, sl aHami3y
Mopdosorii  HaHOYACTMHOK  BUKOPHUCTOBYBAJIM  CKAHYIOUY  CJIEKTPOHHY
MIKPOCKOIIII0 Ta MPOCBIYYIOYY €JIEKTPOHHY MIKpocKoIi. [HppauepBoHa
CHEKTpOCKoMis 3 nepeTBopeHHsIM Pyp'e Ta/abo PamaHIBChbKa CIEKTPOCKOMIS, 10
3a3BUYail BUKOPUCTOBYIOTHCS JJII OTPUMaHHS JOCTYyNy JO BiOpamiiHUX
BJIACTUBOCTEH KPHUCTANIYHOI CTPYKTypH, O€3MOoCepeHh0 TOB'SI3aHUX 3
XIMIYHUMH ~ 3B'A3KaMU  aHAJI30BaHUX  CIOJIYK. I[li ™meroau TaKoOX
BUKOPHUCTOBYIOTHCS JIsl aHali3y (QyHKIIOHai3amii moBepxHi. X - MpoMeHeBa
MOPOIIKOBa AU(pakiis Ta eHeproaucnepciiHa X MpoMeHeBa CHEKTPOCKOITisS
BUKOPHUCTOBYIOTBCSl NIl €JIEMEHTHOIO Ta CTPYKTYpHOro aHamizy. Immenanc

CHEKTPOCKOMisl OYB BUKOPUCTAHUH JJIs OLIHKH BIACTUBOCTEN MEPEHOCY 3apsiiy.



JUist  XapakTEepUCTUKU IT'€30€JEeKTPUYHUX BJIACTUBOCTEH Ha pPIBHI OKpPEMHUX
YaCTMHOK BUKOPUCTOBYBABCSA METO/I I'€30€IEKTPHUYHOT CHIIOBOT MIKPOCKOII.

Po3ain 3 npucBsYeHO CUHTE3Yy Ta XapaKTEPUCTHI JIEICKTPUYHUX CUCTEM
HAHOYACTUHOK TUIY MEPOBCKITY. 30KpeMa, EKCIEPUMEHTAIbHUM IUIIXOM OYyJI0
OTPUMAHO pAJ CHUCTEM HAHOYACTUHOK THUTaHATy Oapii0 3 KOHTPOJIHOBAHOIO
MopdoJIoTi€l0 Ta po3MipoM: KyOiuHI HAHOYACTUHKHU (cepeaHii po3Mip OJIU3BKO
15 HM), ycideni KyOoinanpHI HAHOYACTUHKH (cepeaHii po3mip 6an3pko 100 HM)
Ta YCIUEHHUX pPOMOOI0JIeKaeAPUUHUX HAHOUYACTUHOK (CEepeIHIN po3Mip OIU3bKO
110  swm). Cmig  3a3Ha4dTH, [0  HAHOYACTMHKA 3  YCIYEHOIO
poMOOI0IeKaeAPUYHOI0 Ta YCIU€HOK KyOoimanbHO Mopdoorieto BaTiOs
Oynu oTpuMaHi Ta onucani Brepiie. JlocaimpkeHo BIUTMB MOp(dOIIOorii YaCTHHOK
Ha JieJeKTPUYHI BJIACTUBOCTI HAHOYACTHHOK Ha OCHOBI THTaHary Oapitro. B
pe3yiabTaTi OTPMMAHO HACTYNHI 3HAYEHHS JIEJIEKTPUYHOI MPOHUKHOCTIL: ISt
KyOIYHMX HAHOYACTHMHOK 13 CEPEHIM pO3MipoM OJu3bKO 15 HM HmieneKTpuyHa
MIPOHUKHICTh CTAHOBUTH 54 - 265, nis ycideHHX poMOOJ0AEKACIAPUUHHUX
HAHOYACTUHOK po3MmipoMm 110 HM 95-1625, a nns yciueHuX KyOoimambHUX
HaHOYacTHHOK po3mipoM 100 HM - Big 375 mo 8734 B miama3oni yacToT Bif 1
MI'1 o 1 T'u. Kpim Toro, nociiakeHo TeMnepaTypHy 3aJI€KHICTb 11€JIEKTPUYHOT
npoHukHocTi. [Y-Dyp'e anani3z nokaszas ycmimHy (QyHKI[IOHAII3AIIIO0 MOBEPXHI
OJIETHOBOIO KHCJIOTOIO, 1110 B MOAAJBLIOMY JI03BOJIMJIO MPUTOTYBAaTH CTAOUIbHI
KOJIOITHI PO3YWHU TSI OCAJKEHHSI TOHKUX TUTIBOK 1 BUTOTOBJICHHS TIPUCTPOIB.
[TopomkoBa X-nmpomeneBa nudpaxiiis Ta PamaHiBChKa CIIEKTPOCKOITiS TOKA3aJIH,
IO BC1 3pa3Ku KPUCTANI3yIOThCA B TeTparoHayibHy (ha3y. HasiBHICTH mOCTIHHOI
dbepoenekTpuyHOi Mospu3allii Ha piBHI OKPEMHUX YACTUHOK OyJia TOBEJeHa 3a
JIOTIOMOTOI0  IT'€30€JIEKTPUYHOT  CHJIOBOI MIKPOCKOII MpU  MPUKIATICHOMY
30BHINTHBOMY TI0JT1 Bif -15 10 15 B.

VY po3aiii 4 onricaHO METOMKY BapirOBaHHS MOP(OJIOTIEI0 CHCTEM THUITY
MmiHeal Ta 11 BIUIMB Ha JIGJEKTPUYHI BJIACTUBOCTI. [l oTpuMaHHS

HaHokpuctamiB MgCr04 1 ZnCr,O4 OyJI0O BUKOPUCTAHO METOJI 30JIb-Telb



aBTOTOpiHHA. Pe3ynbTaTh eKCnepuMEeHTY CBiAYaTh, 10 HA PO3MIp, IIUPUHY
3a00pOHEHOT 30HHM Ta MICJEKTPUUYHI BIACTHBOCTI OTPUMAHUX HAHOYACTHHOK
IIIiHeNl BIUIMBAIOTh JICKUJIbKa (akTopiB, 30KpeMa dYac TOpPIHHS Telo,
TeMIlepaTypa TOPIHHSA Ta EHTaJbIlid TOPIHHS TBEPJIOTO XEJIATHO-3BS3YIHOUOTO
areata. OHAK, HE3BAXKAIOUM HA YCIIIIHANA CHHTE3 000X THUITIB HAHOYACTHHOK
MgCr;04 Ta ZnCr04 3 KOHTPOJIHLOBAHOK MOP(QOJIOTI€I0, JIUIE HAHOYACTUHKHU
[IUHK XpOMITY Oyiu 0OpaHi il BUKOPUCTAHHS B SIKOCTI aKTHBHOT'O KOMITOHEHTA
IIPY BUTOTOBJIEHHI KOHIeHcaTOoPiB. Lle 0yj10 MOTHBOBaHO BUCOKMMU 3HAUEHHSIMU
JEJIeKTPUYHOT MPOHUKHOCTI, OTpuMaHuMu B Aiana3oHi Big 400 (mpu 10 MI') o
1500 (mpu 10 I'm).

Po3aia 5 imrocTpye, 30kpeMa 1HTErpalil0o HAHOYaCTUHOK THUITY IIIIHEN Ta
MEPOBCKITY B €JIEKTPOHHI MpHUCTpoi. [lepmmm KpokoM Ha 1bOMY HUISXY Oyia
(yHKLIOHATI3aM1s] TOBEPXHI HAHOYACTUHOK 3 METOI OTPUMAHHS CTaOUIbHHMX
CyCIeH31H, iK1 Oy1yTh BUKOPUCTOBYBATHUCS JIJIsl OCAJPKEHHS TOHKUX TUTIBOK. {7151
BUTOTOBJICHHS TOHKHX IUTIBOK OyJM BHUKOPUCTAHI JIBa METOAM, a CaMe:
nienexktpodopes Ta “drop casting”. HesBaxarounm Ha Te, IO METOJ,
nienexkTpodopesy N03BOJSAIOTH OTPUMYBATH TOHKI TUTIBKA 3 BUCOKUM CTYTICHEM
BIIOPSITKOBAHOCTI HAHOYACTHHOK, € METOAM OOMEXKEHHM HENepepBHICTIO
TOHKMX IIapiB Ha BeNUKUX NoBepxHsAX. L[ro mpobrmemy Oyno mojosiaHo 3a
J0moMoror Meroay “drop casting”. Jlsis HaHOMaTepiajiB NEPOBCKITY Ta HIIHEN]
TOBIIMHA OTPUMAHUX TOHKUX IJT1BOK BapitoeThbes Big 400 uM 10 4300 M. SKicTh
MOBEPXHI Ta EJIEMEHTHUU CKJIad IUNBOK OyJI0 JOCHIIKEHO 3a JOTOMOTOI0
CKaHYIOUO1 €JIEKTPOHHOT MIKPOCKOIIIi Ta €HEProAUCIEPCIMHOTO X-MPOMUHEBOTO
aHanizy. HacTymHUM KpOKOM MicIisi BU3HAYEHHS XapaKTePUCTUK TOHKHX TUTIBOK
OyJ10 BUTOTOBJICHHS KOHJIEHCATOPIB MUISIXOM OCa/[XKEHHS CPIOHUX €JIEKTPO/IIB HA
OoOM/IBI CTOPOHU JICNEKTPUUYHMX TUIIBOK. EQEKTUBHICTh BUTOTOBJICHUX
KOHJICHCATOPIB OyJIO TOCHIPKEHO METOAOM IMIENaHC CHEKTpocKomii. Takum
YUHOM, MU OTPUMAJIM HACTYIHI 3HAYEHHS E€JEKTPUYHOi eMHOCTi: 1 HD s

KoHJieHcaTopa Ha ocHOBI ZnCr;Os, 200 H® nysi KOHIEHCATOpIB HAa OCHOBI



yclueHux KyOoinaapHux HaHoyacTHHOK BaTiOsz 1 2 H® s KOHJIEHCATOpIB Ha
OCHOBI yCiueHUX poMO0 10/ IeKacIpUIHUX HaHOYacTHHOK BaTiOs.

IIpakTHyHe 3HAYEHHSI OTPUMAHUX Pe3yJIbTATIB

OTpumani pe3yJbTaTu JAOCTIIXKEHHSI MAlOTh BEJIMKE MPAKTUYHE 3HAYCHHS.
Cepisi HaHOCHCTEM 13 KOHTPOJBOBAHMMHU IapamMeTpamu, siki OyJIu CTBOpEHI,
BIJIKpUBA€ HOBI MOXJIMBOCTI y c(epi MIKpo- Ta HaHOEIEKTpOHiIKU. OcoOIMBO
BOXJIMBO BIA3HAYUTH METOAMKY KOHTPOJHOBAHOTO CHHTE3Y HAHOKPHUCTANIB 3
BHCOKOIO JIIEIEKTPUIHOIO CTAJIOI0, SIKa I0O3BOJIUTH 3aCTOCOBYBATH IIi CUCTEMH Y
BUIJISI/II KOMITOHEHTIB JIJIs1 KOHJIEHCATOPIB, CYTIEPKOHIEHCATOPIB, TPAH3UCTOPIB,
CEHCOPIB Ta 1HIIKX MIKPO- Ta HAHOPO3MIPHUX MPUCTPOIB.

CucremMaTHuHUN MiIX17 10 METOJUK CUHTE3y HaHOMATepialliB B 1[I poOOTI
JI03BOJISi€ BCTAHOBJIIOBATH KJIIOUOBI (DaKTOPU 1 YMOBH, 3a SKHX MOYKHA JTOCSTTH
HE JIMIIE IEBHOT MOP(}OJIOTIi HAHOCTPYKTYP, ajle i KOMIJIEKCHO OKPAIIUTH iXH1
JIeJIEKTPUYHI BIAcTUBOCTI. Lle BiAKpHUBae MEpCHEKTUBU ISl CTBOPEHHS HOBHX
MarepiaiiB 3 pi3HOMaHITHUMU MOPQOJIOTISIMU, 10 B CBOK YEPry pO3LIUPIOE
CHEKTp IXHBOTO MPAKTUYHOI'O BUKOPUCTAHHS.

3anpornoHoBaHa METOJMKAa HAaHECEHHS TOHKHUX IUTIBOK TAKOXK Ma€ BEJUKE
3HAYEHHS, OCKIJIbKH BOHA JI03BOJISIE OTPUMYBATH BUCOKOSIKICHI IUTIBKM Ha OCHOBI
PI3HHX THUIIB HAHOYACTUHOK. L[5 MeToIMKa He TOTpedy€e 3HAYHNUX CHEPTETUIHUX
BUTpAT, CIELIAII30BAaHOr0 O0JIaIHAHHA YU CHEHU(PIYHUX YMOB, IO POOUTH ii
JOCTYITHOIO Ta MPAKTUYHO 3aCTOCOBHOIO B PI3HUX c(hepax HAYKH Ta TEXHOJIOT1H.

KurouoBi cioBa: po3mip HanokpuctaniB BaTiOs, gienexkTpudHi OKCHUITHI
MaTepianu, eJIeKTpUuHi BIacTuBOCTI, Dyp’e mepeTBoprorounii 1HPpauepBOHUIA
CHEeKTp (CIEeKTPOCKOIisi), JIerOBaHa KepaMika, MIKPOCTPYKTypa (TyCTHHA),
dbepoenextpuunuii dazoBuii nepexin, YO-Bun onrtuune mormmHanHsA, (TI'm)
PamaniBcbka — CIEKTPOCKOMIS, CKaHyio4a eyiekTpoHHa Mikpockoris (CEM), X —
npomeneBa audpaxiis (XIIJ), ctpykrypa, kaTtami3, METOI 30Jb-T€Ib CaMO-

3aropsinHs, HaHoYacTUHKU MgCrO4 (LITTIHEIBHOTO — THITY)



ABSTRACT

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, also called high-k materials. 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 ZnCr,04 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 1 is structured in four main sections which consist of (i) state of

the art, (ii) properties of nanosized dielectric oxide particles;



(iif) 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. In section (i) are
presented the most relevant synthesis methods of dielectric oxide nanoparticle
systems and the influence of the particles morphology onto their physical
properties. In the section (ii) the dielectric, optical, ferroelectric, piezoelectric,
properties of nanosized dielectric oxide particles are presented. Section (iii)
describes the nanostructuration and organization methods of dielectric
nanoparticles into uniform continues thin films. In the section (iv) is illustrated
the application of dielectric type materials in energy storage devises, capacitors,
supercapacitors, field effect transistors and other devices.

Chapter 2 describes the main techniques used for dielectric oxide
nanomaterials characterization. Thus, Field-emission Scanning Electron
Microscopy and Transmition Electron Microscopy have been used in order to
analyze the nanoparticles morphology. Fourier Transform Infrared and/or Raman
Spectroscopy are usually used to get access at the vibrational properties of the
crystallographic structure directly related with the chemical bonds of the analyzed
compounds. These technigues have been also used in the analysis of the surface
functionalization. X-ray powder diffraction and Energy-dispersive X-ray
spectroscopy are used for elemental and structural analysis. Broadband Dielectric
Spectroscopy technique has been used to evaluate the charge transport properties.
Piezoresponse Force Microscopy (PFM) analyses were used to characterize the
piezoelectric properties at single particle level.

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 the mean size of about 100 nm) and truncated rhombic

dodecahedron (with the mean size of 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. The
Impact of particles morphology on the dielectric properties of barium titanate-
based nanoparticles was investigated. Consequently, we obtained the following
values for the dielectric permittivity: for cubic nanoparticles with a mean size of
about 15 nm, the permittivity is between 54-265, for 110 nm truncated rhombic
dodecahedron particles, it is 95-1625, and for 100 nm sized edge truncated
cuboidal nanocrystals, it ranges from 375 to 8734 in a range of frequencies
between 1MHz and 1Hz. Moreover, the temperature dependence of the dielectric
permittivity has been also investigated. FTIR analyses revealed the successful
surface functionalization with oleic acid which farther allow the preparation of
stable inks for thin film deposition and devices fabrication. Powder X-ray
diffraction (XRD) and Raman spectroscopy reveal that all samples are crystalized
in tetragonal phase. The presence of a permanent polarization at single particle
level has been proved by PFM measurements under ab applied external field
spanning from -15 to 15V.

Chapter 4 describes the methodology of morphology tailoring in spinel
type systems and its impact on the dielectric properties. The sol gel auto-
combustion method has been used to prepare MgCr,O, and ZnCr,Oq4
nanocrystals. 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. However, despite the
successful synthesis of both types of MgCr,0, and ZnCr,O4 nanoparticles with
controlled morphology, only zinc chromite nanoparticles were chosen to be used
as active element in planar capacitors fabrication. This has been motivated by the
high values obtained for the dielectric constant which ranges from 400 (at 10
MHz) to 1500 (at 10 Hz).



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. VVarious 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 ZnCr,O, based
capacitor, 200 nF for cuboidal BaTiO3 based capacitors and 2 nF for the truncated
rhombic dodecahedron BaTiO3 based capacitors.

Practical significance of the obtained results

The results of the study are of great practical importance. The series of
nanosystems with controlled parameters that have been obtained opens up new
opportunities in the field of micro- and nanoelectronics. It is especially important
to note the method of controlled synthesis of nanocrystals with high dielectric
constant, which will allow the use of these systems as active components for
capacitors, supercapacitors, transistors, sensors, and other micro- and nanoscale
devices.

The systematic approach to nanomaterials synthesis methods in this work

allows us to identify the key factors and conditions under which it is possible to



achieve not only a certain morphology of nanostructures but also to
comprehensively improve their dielectric properties. This opens up prospects for
the development of new materials with various morphologies, which in turn
expands the range of their practical use.

The proposed method of thin film deposition is also of great importance, as
it allows to obtain high-quality films based on different types of nanoparticles.
This technique does not require significant energy costs, specialized equipment,
or specific conditions, which makes it accessible and practically applicable in
various fields of science and technology.

Cnucoxk my0Jikanii 3a TeMOIO JUcepTauil

Hayxosi npayi y nepioouunux Haykosux GUOAHHAX, NPOIHOEKCOBAHUX Y
Haykomempuunux oasax oanux Web of Science Core Collection ma Scopus:

1. Moradi, P., Taheri-Nassaj, E., Yourdkhani, A., Mykhailovych, V.,
Diaconu, A. and Rotaru, A., 2023. Enhanced energy storage performance in
reaction-sintered AgNDbO; antiferroelectric ceramics. Dalton
Transactions, 52(14), pp.4462-4474. (Scopus, Web of Science) (Q1)

2. Mihai, L., Caruntu, G., Rotaru, A., Caruntu, D., Mykhailovych, V.,
Ciomaga, C.E., Horchidan, N., Stancalie, A. and Marcu, A., 2023. GHz-THz
Dielectric Properties of Flexible Matrix-Embedded BTO
Nanoparticles. Materials, 16(3), p.1292. ISSN: 1996-1944 (Scopus, Web of
Science) (Q2)

3. Kavey, B.D., Caruntu, D., Mykhailovych, V. and Caruntu, G., 2022.
Ferroelectric monodisperse La-doped barium titanate cuboidal nanocrystals
prepared by a solvothermal route. CrystEngComm, 24(40), pp.7089-7102.
(Scopus, Web of Science) (Q2)

4, Mykhailovych, V., Kanak, A., Cojocaru, S., Chitoiu-Arsene, E.D.,
Palamaru, M.N., lordan, A.R., Korovyanko, O., Diaconu, A., Ciobanu, V.G.,
Caruntu, G. and Lushchak, O., 2021. Structural, Optical, and Catalytic Properties



of MgCr,O, Spinel-Type Nanostructures Synthesized by Sol-Gel Auto-
Combustion Method. Catalysts, 11(12), p.1476. (Scopus, Web of Science) (Q2)
Hayxosi npayi, siki 0ooamkoso 6i00bpasicaroms HAYKOBI pe3yivmamu
oucepmayii
5. Muxaiinosuu B.B., Muxaitnosuu M.II., ®ouyk I[1.M., XanaBka O.b.,
2020, BrnmB TemmepaTypd TOpIHHS XeJaTHO-3B’SI3yBAJIBHOTO areHTra Ha
Mopdonorito HanodactTuHOK ZnCr,O4, HaykoBuii BicHHK YepHiIBEUBKOTO
yHiBepcurety. - Bunyck 827.: Ximis. — Yepnisiii, 2020 — ctopinku -23-27
Hayxosi npayi, sixi 3aceiouyroms anpobayiro mamepianie oucepmayii-
1. V. Mykhailovych, G. Caruntu, I-M. Risca, A. Graur, A. Diaconu, A.
Rotaru. Colloidal solution based BaTiO; thin films, 14th International
Conference on Physics of Advanced Materials, September 08-15, 2022,
Dubrovnik, Croatia. P. 165-167.
2. V. Mykhailovych, A. Graur, A. Diaconu, Y. Khalavka, A. Rotaru.
Multiferroic Materials as Active Components for Electronic Devices. IX
International Scientific-Practical Conference Physical and Technological
Problems of Transmission, Processing and Storage of Information in
Infocommunication Systems 21-23 October 2021, Chernivtsi-Suceava (Ukraine-
Romania). P. 48.
3. V. Mykhailovych, A. Kanak, M. Mykhailovych, etc., Synthesis of uniform
ZnCr,04 spherical nanoparticles: Nanotechnolegy and nanomaterials: Abstract
book of international research and practice conference, 27-30 August 2019. Lviv,
Ukraine. P. 263.
4, Muxaiimopuu B.B., Muxainosuuy M.II., Kanax A.l., XamaBka 1O.b.
JlocmikeHHsT BIUIMBY TEMIIEPATypH Ta Yacy TepMOOOpOOKH Ha MOPQOJIOTiI0
HaHO4YacTUHOK ZnCry04. Jlawxapvoscvki wumanusn — 2019, 3-5 kBitas 2019,
KwuiB, Ykpaina, c. 27 — 28.
5. V. Mykhailovych, A. Kanak, M. Starchuk., P. Fochuk. Synthesis of

ZnCr,04 nanoparticles with certain size and morphology, International research



and practice conference: Nanotechnolegy and Nanomaterials, 27 — 30 August
2018.Kyiv, Ukraine, P. 237.

6. MuxaiinoBuu B., Muxainosuu M., Kanak A., XanaBka 1O., ®ouyk II.
Cunre3 ta xapakrepuctuka HaHo4acTUHOK CoCr204. XVII naykosa kongepenyis
«JIvsiscoki ximiuni yumanna — 2019»: 36ipHUK HayKoBHUX mparib, JIbBiB, 2-5
yepBHa 2019 poky. JIpBiB: BumaBHuuuii 1meHTp JIbBIBCHKOIO HalllOHAJIBHOTO

yHiBepcurety imMeHi [Bana ®panka, 2019. c. 351.



