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1. 3aKOHOMIPHOCTI BIZIMBY YMOB OCAJIP)KEHHS, JIECYBAaHHS Ta TEPMIYHOTO Bifillasly Ha CTPYKTYPHi, ONTUYHi Ta

€JIEKTPUYHI BJIaCTUBOCTI MJIIBOK OKCUZY LIMHKY

2. Regularities of the deposition parameters, doping and thermal annealing influence on the structural, optical and
electrical properties of zinc oxide films

Pedepar:

1. B po60Ti mocnigkeHo BIaCTUBOCTI MOJMIKPUCTANIYHUX IIJTiBOK ZnO, ocamkeHux metogomM PEMOCVD B niana3oHi
temnepatyp 200 - 500 C. BusiByieHO IiiBULLIEHHS CTPYKTYPHOI JOCKOHAJIOCTI IJIiBOK - MOKPAIleHHs TEKCTYypHU
B3[IOBX OCi C Ta PO3MIipy 3€peH i3 30ibLIIEHHSIM TEeMIIEPATYPH T IPUCYTHICTh MOJiXPOMATUYHOTO CIIEKTPY
soMiHecneHwLii. [TokazaHo, 1[0 BUKOPUCTAHHS TOMOeIiTakciiiHoro 6ydepHoro mapy ZnO npusBOAUTD 1O
IIOKpallleHHs! CTPYKTYPHOI JOCKOHAJIOCTI IJTiIBOK - 3POCTaHHSI CTYIIEHIO TEKCTYPH, 301IbII€HHS pO3Mipy 3€peH Ta
3MEHIIEHHs HaNpyr y mwiiBLi. [IpoieMOHCTpOBaHO TEPMiUHY nu(y3ito BOLHIO i3 minkaanku B ZnO B poLeci pocTy
1iBKY. Bussneno, mo niiBku ZnO, BupoueHi npu 350 C Ha SiNx:H /Si BUSIB/ISI0Th iHTEHCUBHY MOHOXPOMATUYHY

KpaeBy eMiciio B yipTpadioneToBomy HianaszoHi criekrpy (380 HM). BrijiuB BOHIO MTOSICHIOETHCS [IACUBALIIEI0



nedexTiB ZnO, BignoBiganbHUX 32 TIIMO0KOPiBHEBY JIOMiHeCLeHIIi10. [[poneMoHCTpoBaHo, 110 JieryBaHHS Ga
IIPUBOAUTD O 3MEHILIEHHS TMTOMOTO €JIEKTPUYHOro onopy miiBok ZnO (10™-2 - 10™-4 OM cM), IpU BUCOKIi
crerneHi ix nposopocrti (T > 90%) B pianazoni ciexrpy 400 - 800 HM. BusiBnieHo, mo serysanss Ga (1 %, npu Trn=250
C) mpuBOUTH [0 36i/IbIIEHHS KOHLEHTpaLlil es1IeKTpoHiB 5,2x10719 cm”™-3 npu ix pyxsnuocTi 3,4 cm”™2 /B-c Ta
CYIIPOBOIPKY€EThCS TIOKPAIIEHHSIM TEKCTYPH IIiBOK B3/I0BX OCi ¢. [IoKa3aHo, 1[0 HACTyIHe 30iIbIIeHHS
koHueHTpauii Ga (3-10 %) npuBoguTh 10 3MiHU IIePEeBaKHOI opieHTalii KpucrtaiTiB y nmisi Big (002) no (101),
3MEHIIEHHIO pO3Mipy 3€peH Ta 3IJ1aJp)KEHHIO 10BepxHi. [1pu 36inbienHi koHUeHTpauii Ga B ZnO
npoAeMoHCTpoBaHoO 3 dekrt bypureitna - Mocca. Bussineno, mo remneparypa 800 C cnpusie akTuBalii
€JIEKTPOHEUTPanbHUX aToMiB Ga B ZnO B npolieci TepmivHoro Binnasny. [lokazaHO MOKJIUBICTb 3MEHIIEHHS ONOPY

niBok Big 3,5x107™-2 no 2x10™-4 OM ¢M METOZOM LIBUAKOTO TEPMIYHOTO Bifiliaiy.

2. The thesis is devoted to the investigation of the properties of the polycrystalline ZnO films, deposited by
PEMOCVD at temperature range 200 - 500 °C. The improvement of the films structural properties via increase of
the films texture along c-axis and grain size enlargement were observed with the increase of the deposition
temperature; however, the films possessed the polychromatic luminescence spectra. At application of the
homoepitaxial ZnO buffer layer the structural quality improves via texture increase, grain size enlargement and
decrease of the biaxial strain in the ZnO film. The thermal diffusion of the hydrogen from the substrate into
growing ZnO films is demonstrated. It is revealed, that films, deposited at 350 °C on SiNx:H /Si, demonstrate the
most intense monochromatic near band edge emission in the ultraviolet range of spectra (380 nm). The hydrogen
effect on the luminescence properties of ZnO is explained by hydrogen passivation of the deep level defects,
responsible for the defect luminescence. Gallium doping of the ZnO films results in the gradual decrease of the
electrical resistivity of the ZnO films (10™-2 10"-4 Ohm cm) at their high optical transmittance within visible range
400 - 800 nm (T > 90%). Gallium doping (1 wt. % at substrate temperature 250 °C) causes the increase of carriers
concentration to 5,2x1019 cm-3 at their mobility 3,4 cm”™2/V's and is assisted by c-axis texture increase. The
further gallium concentration increase (3 - 10 wt.%) results in the change of the films preferential orientation from
(002) to (101), decrease of the grain size and films surface smoothing. The Burshtain - Moss effect is demonstrated
with the increase of the Ga concentration. It is revealed that the annealing temperature as high as 800 °C is
favorable for activation of the electrically neutral Ga atoms in ZnO films. The possibility to decrease the resistivity
of ZnO:Ga films from 3,5x10"-2 to 2x10™-4 Ohm cm is demonstrated by application the rapid thermal annealing

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHI HanIpsIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui# NpiopUTETHUI HAIIPSIM iHHOBaLiHHOI AiSJILHOCTI:
ITiZCyMKH BOCIiI>KEHHS:

Iyo6sikarrii:

HayKkoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
Conia;ibHO-€KOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:
BrnpoBazyKeHHs pe3yJIbTaTiB AucepTalii:

3B'SI30K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I10-6aTbKOBI:



1. JlJamkaproB I'eopriit Bagumosuy

2. Lashkarev Georgij Vadimovich

KBasmigikanis: 1.¢.-m.H., 01.04.07
InenTudikarop ORCID ID: He 3acrocosyetses
JoparkoBa indopmamnist:

IToBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasitiHHS:

Inentugikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. Baynnuuui fIpocnas BacuiboBuy

2. 3aynuyHuii SIpocnas BacuiaboBuy
KBasidikanis: 1.¢p.-m.1., 01.04.07
InenTudgikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Xomuenko Bikropiga CepriiBHa

2. Xom4eHKO BikTopig CepriiBHa

KBasigikanis: k.¢.-m.u., 01.04.10
InenTudgikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHs IOPHAHYHOI OCOOH:

Kopg 3a €IPIIOY:



Micue3HaxoaKeHHS:
dopma ByracHoCTI:
Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acigaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HAayKOBOIi

OisIIBHOCTI

®ipcros Cepriit OnexciiioBuy

®ipcros Cepriit OnekciitoBuy

IOpuenko T.A.



