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1. ®opmyBaHHS TOHKOIIIBKOBUX CTPYKTYP Ha MOJIIPHUX TpaHsx kpucraiuis LINbO3



2. Formation of Thin Film Structures on the Polar Faces of LINbO3 Crystals

Pedepar:

1. Incepraist NpUCBsY€Ha AOCIIIPKEHHIO 0CO0IUBOCTEN (OPMYBaHHS METAJIEBUX Ta [1i€JIEKTPUYHUX TOHKHUX IIJIIBOK
Ha MOBEPXHSIX MOHOKpucTaniB LiINDO3, Ha sIKMX IPUCYTHINl HECKOMIIEHCOBAHUI €JIEKTPOCTAaTUYHUIL 3apsi]l, TPU
3aCTOCYBaHHi iX y IpUCTPOSX (PYHKIIOHAIBHOI €J1IeKTPOHIKU. Briepie 1oCliIxKeHO BIIJIMB HECKOMIIEHCOBAHOTO
€JIEKTPOCTATMYHOTO 3aps/ly Ha XapaKTep 3aPOJIKOYTBOPEHHS IIPU OCA/I)KEHHi TOHKOIJIIBKOBUX METAJIEBUX Ta
IieJIEKTPUYHUX TIOKPUTTIB Ha TIOBEPXHSIX MOHOKpHUCTaa Hiobaty Jiitiio LiNbO3. [TokasaHo, 110 MJ1iBKY, HAaHECEHi Ha
HETaTUBHO 3apsIyKEHY ITIOBEPXHIO, BiI3HAYAIOTHCS KPALLOI0 OJHOPIAHICTIO Ta aATe3i€10 OPiBHSIHO 3 IJIIBKaMU,
HaHECEHMMH Ha MO3UTUBHO 3apsIKEHY IOBEPXHIO. BCTaHOBIIEHO, 10 HAMIKpalli 32 €KCILTyaTalitHUMU
BJIACTUBOCTSMU CTPYKTYPHO OJHOPIiJIHI TOHKI IUIIBKA OTPUMYIOTHCS Ha IOJISIPHO 3aPSIPKEHUX ITOBEPXHAIX KPUCTAJIIB
Hio6aTy JIiTii0 33 JOMOMOTOI0 METOly MarHETPOHHOTO PO3MUJIEHHS ¥ BaKyyMi. [IpoBeieHO PO3PaxyHOK PO3NOLiTy
HAHOYaCTOK CpibJia 0CaIP>KeHUX TePMiYHMM HallWIeHHSIM Ha TIO3UTUBHO 3apskeHy nosepxHio LiNbO3 3a
paziycamu, BUCOTaMU Ta BiZICTaHSIMU MiXK HUMU. BCTaHOBJIEHO, 1110 IJIiBKa CpibJia MaCcOBOIO TOBIIMHOIO ITPUOJIN3HO
10 A cknafaeThbca B OCHOBHOMY 3 HAHOYACTOK Y BUIJISIi CILTIOCHYTUX CEPOiNiB 3 cepeiHim pajiiycom 7 HM Ta
BHCOTOIO 6/IU3bKO 1,2 HM. BCTaHOBJIEHO, IO CIIEKTPAJIbHE MOJIOKEHHS MakcuMmymy TP y HaHOPO3MipHUX ILTiBKax
METaJliB, 0CaJKEHUX Ha MOJISIPHUX I'PaHsIX MOHOKPHUCTAJIB HiobaTy JIiTil0, CyTTEBO BU3HAYAETHCS KOHILIEHTPALi€I0
BiJIbBHMX HOCIIB Ha €JIEKTPUYHO 3aPSJI>KEHIN [MOBEPXHi Ta TOBIIMHOIO [UIiBKU. BHSIBIEHO JOBrOXBUIbOBE 3MillleHHS
Makcumymy cmyru [1T1P B HaHOIIIBKax Ag, HaHECEHUX Ha NOJsIpHUX rpansx LiNbO3. Makcumym nornnHanss TP
B ITiBKaxX Ag Oca/iKeHUX Ha MMO3UTHBHO 3apSIKEHIil MiAKIaaLi Kpuctany HiobaTy JiTio Bifmnosinae 564 HM, a Ha
HEeraTUBHO 3apsiIpKeHin nigkianui — 587 um. CrioctepesxyBaHe JOBrOXBUJIbOBE 3MillleHHsI MakcumyMy cmyru T1ITP B
HaHOILIiBKax cpi6sia Ha 23 HM 3yMOBJIEHO BilHOCHUM 30ibIIEHHSIM KOHILEHTpallii Bi/IbHMX HOCIiB Ha HETraTUBHO
3apsIPKEHIN OBEPXHI MiIKIAAKK 3 KPUCTAJy Hio6aTy JIiTito Ha 8 %.

2. Thesis is devoted to the study of the peculiarities of the formation of metallic and dielectric thin films on the
surfaces of LiNbO3 single crystal with uncompensated electrostatic charge. The influence of an uncompensated
electrostatic charge on the nature of nucleation during the deposition of thin-film metal and dielectric coatings on
the surfaces of a single crystal of lithium niobate LiNbO3 was first investigated. It is shown that the films deposited
on a negatively charged surface are characterized by better homogeneity and adhesion as compared to the films
deposited on a positively charged surface. It was found that structurally homogeneous thin films with the best
performance properties are obtained on polarly charged surfaces of lithium niobate crystal using the method of
magnetron sputtering in vacuum. It has been found that the spectral position of the surface plasmon resonance
maximum in nanoscale metal films deposited on the polar faces of a lithium niobate single crystal is significantly
determined by the concentration of free carriers on the electrically charged surface and the film thickness. The
distribution of silver nanoparticles deposited by thermal sputtering on a positively charged LiNbO3 surface has
been calculated in terms of radii, heights, and distances between them. It was found that the silver film with a
thickness of about 10 A consists mainly of nanoparticles in the form of flattened spheroids with an average radius
of 7nm and a height of about 1.2 nm. It is shown that the structure of metal and dielectric films obtained on the
polar surfaces of a lithium niobate single crystal depends significantly on the deposition methods, the
characteristics of the substrate surface, the temperature and the deposition rate. Based on the analysis of different
methods of vacuum deposition of metallic and dielectric films, it is shown that the films obtained by the magnetron
method on negatively charged surfaces of lithium niobate crystal LiNbO3 have a higher uniformity due to an
increase in the proportion of positively charged ions in the flux of transfer of target material to the substrate,
which allows obtaining continuous layers already at a thickness of 2 nm; It was found that the maximum
absorption of the surface plasmon resonance (SPR) in Ag films deposited on an electrically neutral glass substrate
corresponds to 532 nm, while the maximum absorption of the SPR in Ag films deposited on a positively charged
lithium niobate crystal substrate corresponds to 564 nm and on a negatively charged substrate to 587 nm. The
observed 23 nm long wavelength shift of the maximum of the TEM band in silver nanofilms is due to a relative
increase of 8% in the concentration of free carriers on the negatively charged surface of the lithium niobate crystal



substrate. Based on the study of the peculiarities of the use of thin metallic and dielectric films deposited on the
polar surfaces of active elements made of lithium niobate single crystals, constructive and technological solutions
are proposed for the manufacture of active elements for an acousto-optic modulator on a standing acoustic wave,
an electro-optical shutter, and acoustic delay lines.
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Kopg 3a €IPIIOY: 02125266

Micue3HaxoaKeHHS: ByJ. llleBueHka, 6yz. 57, IBano-PpankiBerk, 76018, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bepbuupkuii Boogumup ['puroposuy

2. Volodymyr H. Verbytskyi

KBasidikanis: n. . u., npodecop
InenTudikarop ORCHID ID: He sactocoByerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: 02070921HanioHabHUIl TEXHIYHMIT YHiBEpCUTET YKpaiHu

«KuiBcbKuii nositexHiyHmii inctutyT iMeHi Irops Cikopcbkoro”
Kopg 3a €IPIIOY: 03070923

Micue3HaxoaKeHHS: np-t [lepemoru, 37, Kuig, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

PeuenseHTu

VIII. 3aKkJIl04Hi BiZoOMOCTi
Biacue IpizBume Im's I1o-6aThKOBI Voiscpkuit Cepriit Bopucosny

TOJIOBH pagu

Biiacue IlpisBuime Im's ITo-6aThKOBI Voiscekuii Cepriii Bopucosuy
TOJIOBYIOYOTO Ha 3acCiaHHi

BignmoBizansHMiA 32 NiATOTOBKY Knum Tanvna IsanisHa

00JIIKOBHX JOKYMEHTIB

Peectparop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




