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Ha temy: CunbHoJsieroBaH1 TOHKI IUTIBKU ZnO U1l COHAYHUX KOMIPOK

HaykoBuii kepiBHUK: 1. ¢.-M. H., mpodecop kadeapu 3aranbHOi (GI3UKKA Ta
mozentoBaHHs (piznunux nporeciB HTYY «KIII imeni Iropst Cikopebkoro» Hazapos

O. M.

AKTyaabHicTh: OKCU ITUHKY CTAHOBUTH 3HAYHUHN IHTEPEC JOCIIIHUKIB Y 3B'A3KY 3
MO>KJIMBICTIO MPUKIAAHOTO BUKOpUCTaHHsA. Lleil maTepian Mae BUCOKY paniaiiiiHy,
XIMIYHY 1 TEPMIYHY CTIMKICTh 1 B MEPCHEKTHBI MOXE HIMPOKO BUKOPHCTOBYBATUCS
IIPU CTBOPEHHI €JIEMEHTIB MIPO30PO1 €IEKTPOHIKU. 3aBISIKU MOETHAHHIO YHIKATBHUX
ONTUYHUX, EJEKTPUYHUX 1 T'€30€TMEKTPUUHUX BiIacTUBOCTEH, ZnO MoOXe
3aCTOCOBYBAaTUCSI B Ta30BUX CEHCOpaX, MPHUCTPOSIX TeHepalii MOBEPXHEBUX
aKyCTUYHHX XBWJIb, POTOHHUX KpucTanax, poromionax. Kpim Toro, okcuj 1MHKY €
NEPCIIEKTUBHUM KaTOJ0MIOMIHO(DOPOM. Y 3B'A3Ky 3 MIUPOKOIO 3a00POHEHOI0 30HOIO
HaniBnpoBiguukn 7ZnO (Eg = 3,37 eB) MoxHa BUKOPUCTOBYBaTH B SKOCTI
JETEKTOPHOr0 MaTepialy JUIs peecTpalii yiabTpadioneToBoro BUnpoMiHioBaHHsa. Ha
OCHOBI  IIMX  MaTepiajiiB  MOXJIMBO  TaKOX  CTBOPEHHS  €(pEeKTUBHUX
ceiTioBunpomintorwdux (LEDs) 1 nazepuux mionis. [IniBku ZnO Takox IpUBEPTaAIOTh
yBary JIOCJITHUKIB SIK aHTHUB1IOMBAIOY1, 3aXMCHI 1 CTPYMO3HIMaI0ul mapu («ONTHYHI
BIKHA») COHSYHUX €JIEMEHTIB BEJIMKOI TUIOIIII.

3B’A30K p000TH 3 HAYKOBUMH NPOrpaMaMu, IJIAHAMHU, TeMaMu Kaeapu: PoGoTu
MPOBOAATHCA B O€3mocepeIHhOMY 3B’ SI3KY 3 IIJIaHOM HAyKOBHX JIOCHIIKEHb Kadeapu

3aranibHOT (i3uku Ta mojaemoBaHHs (iznynux nporeciB HTYY «KIII im. Irops



Cikopchkoro», a came 3a TeMow — «DyHIaMEHTaJIbHI HAayKOBI JOCTIUKEHHS 3
HAalOUIbII BAXKIMBUX NOPOOJEM PO3BUTKY HAYKOBO-TEXHIYHOTO, COLIAJIbHO-
€KOHOMIYHOIO, JIIOJICBKOTO MOTEHIIaTy TUISL 3a0e3MeYeHHS
KOHKYPEHTOCTIPOMOKHOCTI YKpaiHU y CBITI Ta CTaJOTO PO3BHUTKY CYCHIJILCTBA 1

JEPIKaBI.

O0’exkT moOCHiIKeHHSA: €NeKTPO(]i3WyHI BIACTUBOCTI IUIIBOK OKCUAY IIMHKY B

3aJIEKHOCTI B1J] YMOB OCA/I’)KCHHSI.

IIpeamer aocCJaiI:KeHHS: TOHKI IUTIBKM OKCHUIY IIMHKY CHJIBHOJETOBaHI BOJHEM
ZnO:H, saxi 6yn1u OTpuMaHi METOJIOM BHCOKOYACTOTHOTO PEAKTUBHOTO OCA/KCHHS B

aTMoc(epax aproHy 1 BOJHIO Ta aproHy 1 METaHy.

Mera po6otu: OTpumaHHS 3arajJbHUX 3aKOHOMIpHOCTEW (GopMyBaHHS (DI3UIHUX
BJIACTUBOCTEH 1 CTPYKTYpH MOKPHUTTIB 3 ZnO, OTPUMAHUX METOJOM MarHETPOHHOTO
PO3NMJICHHSM, B 3aJIEXKHOCTI B1JI YMOB 1 IMapaMeTpiB OCaIKEHHS NIl (POpMYyBaHHS

e(hEeKTUBHUX KPEMHIEBUX COHSIYHUX €JIEMCHTIB.

Metoan aocaiIKeHHSI: CKaHYIOUOi EJEKTPOHHOI MIKPOCKOMIii, peHTreHorpadii,
YOTUPBOX30HI0BUI MeTof, MeTol Ban nep Ilay, meron Xoina, MeToa AOBroi JdiHii,
METOJI Mac-CIIEKTPOCKOIIi, METO/I aHaJi3y BOJbT-aMIIEPHUX XAPAKTEPUCTUK 1 BOJIBT-

€MHOCTHHX XapaKTEPUCTUK I'€TePOCTPYKTYP, METO MOPIBHSUIBHOTO aHAI3Y.

BinomocTi npo o0csAr 3BiTy, KiJbKicCTH ijdlocTpaniii, Tadjauub, A0AATKIB i
JiTepaTypHUX HailiMeHYBaHb 3a mepejikom Bukopucranux: 103 cropinku, 34
pUCyHKH, 6 TaOnuIb, 53 MOCUIIaHHS.

MeTa iHAMBIAYaJLHOrO 3aBJAAaHHSl, BHKOPHUCTAHI MeETOAM Ta OTPUMAaHI
pe3yJbTaTH: METOI0 1HAMBIAYaJbHOTO 3aBJIaHHSA € JOCHIKEHHS CTPYKTYpHHUX Ta
eNIEKTPO(DI3UIHNX XApPAKTEPUCTUK TOHKHX IUIIBOK OKCHAY IHHKY, OTPHUMaHHUX
METOJIOM PEAaKTUBHOI'O MAarHETPOHHOT'O OCAXKEHHs B aTMOc(epax aproHy 1 BOJHIO Ta
aproHy 1 MeTaHy, B 3aJIe)KHOCTI BiJ YMOB iX OCAQJ)KCHHSI Ta aHaJll3 BUKOPUCTAHHS
IeTEPOCTPYKTYP Ha X OCHOBI y SIKOCT1 COHSYHOT KOMipKU. Ha 0CHOBI po3paxyHKIB 3a

meronamu Ban gep Ilay ta Xomia O6ysio npogeMOHCTPOBAHO, IO OTPUMAaHI TUTIBKU



MalOTh BHMCOKMI CTymiHb neryBaHHs 10 ~10%1 cM™ ta moBomi HM3BKY pyXJMBiCTH
enextponis 0,1+7 cm?B ¢!, Jlo Toro x 3paskm ocamkenni B armocdepi aprosy i
METaHy MarOTh Ha MOPSIOK OUIBITY €IeKTPUYHY MPOBITHICTh, @ TAKOK KOHIIEHTPAIIO
JIETyBaHHS, HXK OCAJKEH1 B aproHi 3 BOAHEM, Ta ~1,5 pasu BUIy pyXJIUBICTh MpPH
BIJIMTOBITHUX KOHIICHTPAIISIX PEAKTUBHOTO Ta3y.

HoBu3Ha: Bmepie nokaszaHo, 1o ocajpkeHHs ZnO merogom BY MarneTpoHHOrO
PO3MOPOLIEHHS MOPOIIKOBOI MillIeHI B aTMOcdepi 13 J0JJaBaHHSIM METaHy PU3BOIUTh
10 (opmMyBaHHSI CHJIBHO JIETOBAHOT'O Marepialy N-TUITYy 13 OUIBIIOI KOHIEHTparlil
JIETYI04Oi JIOMIIIKH, HIK B aTMocdepi 13 J0/IaBaHHSAM BOJHIO 32 THUX CaMHX YMOB,
TaKOX BIIEpIE OTPUMaHi1 pe3yjbTaTH, IO CBIIYATh MPO HEMOKIUBICTh OTPUMAHHSI
e(eKTUBHOTO AaHI30TUITHOTO pP-N TETEPONEePexoay NEPexXoay JUisi TOHKHX ILIIBOK
ZnO:H Ha migkaazani 3 p-THILy JIETOBAHOIO KPEMHIO Ta (OpMyBaHHs i30THIHOTO n-n*
nepexoay 13 301JHEHOI0 TPHUIIOBEPXHEBOIO 00JIACTIO KPEMHII0, IO J03BOJISE

dbopMyBaTH KPEeMHI1€B1 COHSIYHI KOMIPKH HEBHCOKO1 €(DEKTUBHOCTI.

BucHOBOK: oTprMaHi pe3yibTaTH JOCHIIKEHHS TOHKUX TutiBok ZnO:H moka3yiothb
BHUCOKY ONTHYHY MPO30PICTh, CTPYKTYPHY OJHOPIJHICTb Ta HE3HAYHY KUIbKICTb
HasSBHUX JE(EKTIB pa3oM 13 BUCOKHUM CTYIEHEM JIETYBaHHS Ta KOHIIEHTPAIIEIO
CJICKTPOHIB Ta HU3BKUM IUTOMHUM OINOPOM, OCOOJMBO JJIsi TUTIBOK OCa/PKEHUX B
atMocepi MeTaHy 3 aproHoM, sKi B IUJIOMY [OKa3ylOTh OUIbII BHCOKI
xapaktepuctuku. Lle mae 3mory mpumyckartu, mo pociijkyBaHi miiBku ZnO:H e
NEPCHEKTUBHUM MaTepiasioM Juis GoToeneKTpoHiku. [IpoTe pe3ynbTraTtu 10CHiIKEHb
rerepocTpyktyp ZnO:H/Si cBiggaTh mpo HASBHICTH MPOMINKHOTO IIapy WMOBIPHO
SiOx, sKui MICTUTh HETATUBHUN 3apsiji, 10 Y€pe3 CBOIO EJIEKTPUYHY AKTUBHICTH
3HAYHO TOTIPIIy€ TNOKAa3HHKM TETEPONEPEXO/iB Ha p-TUIl KPEMHIO. 3 ILbOrO
BUIUIMBAE HEMOXKJIMBICTh BUKOPHUCTAHHS JAHUX TETEPOCTPYKTYp came B SKOCTI
COHSIYHOI'O €JIEMEHTY, ajle MOKAa3HUKH came TOHKUX IumBokK ZnO:H cBimuaTe mpo
MOTEHI[IITHY MOMJIMBICTh iX BHKOPHUCTAHHS y COHSYHIN EHEpPreTHil, SK OJWH 3
KOMIIOHEHTIB y 0araTromapoBUX COHSYHUX KOMIpPKax, HalpUKIAJ], Ha OCHOBI
XaJIBKOMIPHUTIB, a00 TIpH OcapKeHi dyepe3 OydepHuil map Ha KPEMHIEBY MiAKIAAKY,

100 3armo0IrTH YTBOPEHHS 3apsKEHOT 00J1acTi HAa MEXI1 1X TMOLTY.



Iepenik KJIWYOBHX ¢JiB: okcuy LMHKY, ZnO, BOJEHB, JIETOBaHMUU BOIHEM,
CWJIBHOJETOBaHWM, HAIMIBIPOBIAHUK, TOHKI IUIIBKH, METOJ MAarHEeTPOHHOIO

PO3NUIICHHA, COHAYHA KOMipKa
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On the topic: Highly doped thin ZnO films for solar cells

Scientific supervisor: PhD of physics-mathematical sciences, professor Oleksiy
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Topicality: Zinc oxide has considerable interest to researchers due to the possibility
of application. This material has high radiation hardness, chemical and thermal
resistance and in the future could be widely used in a fabrication of elements of
transparent electronics. Due to the combination of unique optical, electrical and
piezoelectric properties, ZnO can be used in chemical gas sensors, surface acoustic
wave generators, photonic crystals, photodiodes. Additionally, zinc oxide is a
promising cathodoluminophore. Due to the wide band gap (Eg = 3.37 eV), ZnO can
be used as a detector material for detecting ultraviolet radiation. Based on these
materials, it is also possible to create efficient light-emitting (LEDs) and laser diodes.
ZnO films are also attracting the attention of researchers as anti-reflective, protective
and current-discharging layers ("optical windows") of large-area solar cells.

Relationship of work with scientific programs, plans, themes department: The
works are carried out in direct connection with the research topic of the Department
of General Physics and Modeling of Physical Processes of Igor Sikorsky KPI -
"Fundamental scientific research on the most important problems of development of
scientific, technical, socio-economic, human potential to ensure Ukraine's

competitiveness in the world and sustainable development of society and the state".



Object of research: study of electrophysical properties of zinc oxide films depending

on deposition conditions.

Subject of research: thin highly-doped with hydrogen zinc oxide films ZnO:H, which
were obtained by high-frequency reactive deposition in argon and hydrogen and argon

and methane atmospheres.

Purpose of work: Obtaining general rules for the formation of physical properties and
structure of ZnO coatings obtained by magnetron sputtering, depending on the
conditions and parameters of deposition for the formation of efficient solar cells on a

silicon substrate, analyzing the possibility and feasibility of using such solar cells.

Research methods: scanning electron microscopy, X-ray diffraction method, mass
spectroscopy method, four-point method, Van der Pauw method, Hall method.
Transmission Line Measurement method, method for analyzing the volt-ampere
characteristics and volt-capacitance characteristics of heterostructures, method of

comparative analysis

Information about the volume of the report, the number of illustrations, tables,
applications and literary names in the list of used ones: 103 pages, 36 figures, 6

table, 53 references.

The purpose of the individual task, the methods used and the results obtained:
The aim of the individual task is to study the structural and electrophysical
characteristics of zinc oxide thin films obtained by reactive magnetron deposition in
argon and hydrogen and argon and methane environments, depending on the deposition
conditions, and to analyze the application of heterostructures based on these films as
solar cells. According to the calculations based on the Van der Pauw and Hall methods,
it was demonstrated that the obtained films have a high degree of doping up to ~10%1
cm and a rather low electron mobility of 0,1+7 cm?V-!c!. In addition, the samples
deposited in argon and methane environments have an order of magnitude higher
doping concentration than those deposited in argon with hydrogen and ~1.5 times

higher mobility at the corresponding concentrations of the reactive gas.



Research novelty of the results: for the first time, it is shown that the deposition of
ZnO by RF magnetron sputtering of a powdery target in an atmosphere with the
addition of methane leads to the formation of a highly doped n-type material with a
higher concentration of dopant than in an atmosphere with the addition of hydrogen
under the same conditions, and for the first time, results are obtained that indicate the
impossibility of obtaining an effective anisotropic p-n heterojunction for ZnO:H thin
films on a p-type doped silicon substrate and the weak severity of the n-n™ transition,

which makes it impossible to use this technology in the formation of silicon solar cells.

Conclusion: the obtained results of the study of ZnO:H thin films show high optical
transparency, structural homogeneity, and a small number of defects, along with a
high degree of doping and electron concentration and low resistivity, especially for
films deposited in a methane atmosphere with argon, which generally show higher
characteristics. This suggests that the studied ZnO:H films are a promising material
for photonics. However, the results of studies of ZnO:H/Si heterostructures indicate
the presence of an intermediate layer, probably SiOH, which contains a negative
charge, which, due to its electrical activity, significantly worsens the performance of
heterojunctions on p-type silicon. This implies the impossibility of using these
heterostructures as a solar cell, but the performance of ZnO:H thin films indicates the
potential for their use in solar energy as one of the components in multilayer solar
cells, for example, based on chalcopyrite, or when deposited through a buffer layer on

a silicon substrate to prevent the formation of a charged region at the interface.

Keyword list (no more than 20): zinc oxide, ZnO, hydrogen, hydrogen-doped, highly

doped, semiconductor, thin films, magnetron sputtering method, solar cell.

Signature of the scientific i, — Alexei N. Nazarov

supervisor
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