O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHI HOMeP: 0513U000826
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 11-07-2013

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. €poxos Banepiit FOpilioBuy

2. Yerokhov Valerij

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: nokrop Hayk
AcnipaHTypa//IOKTOpPaHTypa: Hi

IIIndp HayKoBOi crIeniasIbHOCTI: 05.27.06

HasBa HayKOBo'l' cneniaﬂbHOCTi: TexHoJiorisi, 0671aTHAaHHS Ta BUPOOGHULITBO €JIEKTPOHHOI TEXHIK1

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JaTa 3axHcTy: 26-06-2013

CreniaJbHICTh 32 OCBITOIO: 0629

Micue po6oTH 3400yBava: Haujonanbuuii yHiBepcuteT "JIbBiBCbKA MOMIiTEXHIKA"

Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: 79013, Ykpaina, m.JIbBiB, Bys1. C.bangepy, 12

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CleNiagai30BaHOi BYE€HOI pagu): [l 35.052.13
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. C. Bangepy, 12, M. JIbBiB, JIbBiBCbKa 00151., 79013, YKpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3Haxo KeHHs: 79013, Ykpaina, m.JIbBiB, Bys1. C.Bangepu, 12

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHX PYOPHK: 47.14.11

Tema gucepranii:
1. MopndikyBaHHS BIaCTUBOCTEN KPEMHI€BUX (PYHKIIOHAJIBHUX IOPUCTUX MaTepiamiB 1151 GOTOEIEKTPUIHUX

[IepPETBOPIOBAYIB

2. The modification of the functional properties of porous silicon materials for photoelectric converter

Pedepar:

1. lucepTaliis mpucBsyeHa po3pobJIeHHIO Ta BIOCKOHAJIEHHIO TEXHOJIOTii OTPUMaHHS KpeMHi€BUX
(POTOENIEKTPUYHNMX [IE€PETBOPIOBAYIiB COHSYHOI €HEPrii 3 BUKOPUCTAHHSM IIapiB (PYHKLIOHAJIbHOTO IOPHUCTOTO
KpeMHiIo, 110 3a6e3mnevyye ofHOYaCHe MifBULeHHS e(eKTUBHOCTI IepeTBOPEHHS Ta CIIPOIIEHHS TEXHOJIOTI X
BUTOTOBJIEHHS. Po3pob6sieHa TexHooriss popMyBaHHS HaHO-, MIKpO- i MAaKPOTEKCTYP MOHO- i MyJIbTUKPUCTAIIYHUX
KPEMHi€BUX MiIKIa0K (POTOENEKTPUYHUX [I€PETBOPIOBAYIB, IJISIXOM MOAUQIKyBaHHS €JIeKTPOXiMIiUHOI TEXHOJIOTI]
OTPUMaHHS IOPUCTOTO KPEMHIIO, 110 MOJISITA€ B KOMIIJIEKCHOMY 3aCTOCYBaHHI PO3YMHIB-TPABHUKIB Ha OCHOBI
dropucroBogHeBoi kucaotu 3 gopasaHHaM ((CH3)2NCOH) ogHovacHO 3 PyHKLIOHATIBHUMU CKJIaTHUKAMU
(C2H50H, (CH3)COOH, H20, CH30OH, C2H602), 1110 103B0J1sI€ OTPUMATU Habip TEKCTYp (KparyenofioHoi ta
KOJIOHOINOJiOHOI (POpMU) KPEMHIEBUX (POTOEJIEKTPUYHUX [1IEPETBOPIOBAUIB i3 €(DEKTUBHICTIO NePeTBOPEHHS 16,4%
npu AM 1,5. Po3p0671€HO HOBY €J1IeKTPOXiMi4HY TEXHOJIOTiI0 CTBOPEHHS 6araTomapoBOro MyJIbTUIIOPUCTOTO

aHTUBINOUBHOrO MOKPUTTS TUIly "Black Si" Ha OCHOBI TOPUCTOr0 KpeMHi0. BcTaHOB/IEHI 3aKOHOMIPHOCTI T€XHOJIOTI]



OTpUMaHHS TeKCTyp Tumy "Honeycomb" MmeTom0M XiMi4YHOTO TPaBJIEHHS, IPU TOMY HOBi TPaBHUKM HA OCHOBI
po3unHy ¢pTopuctoBoaHeBoi i a3oTHOI KucynoT (HF:HNO3=1:2) 3 inru6iropamu nosepxHesux peakuiii (C3H8O3 uu
C2H602) Ta opraniyHux cnoiyk 3 ¢yHkuionansHuMu aminaumu rpynamu ((CH3)2NCOH) 3 no6aBieHHsIM
cxianHukis (C6H6, C3H60) nossosstoTs nigsumuty KK COHSYHUX €JIEMEHTIB 3 TeKCTypoto Tuny "Honeycomb" B
1,26 pa3. Po3po6yieHnii MeToz, OTPUMaHHS OPUCTOTO KPEMHII0 MOJM(IKOBAaHMM XiMiYHUM 6araTocTafiiiHuM
TpaBJIEHHSIM i BU3HAU€HO, 1110 BUKOPUCTaHHS Takoi TexHosorii 3a6esneydye nigsuineHHs: KK OEIT Ha ocHOBI

MyJIbTUKPUCTAJIIYHUX MiK/Ia0K KpeMHilo Baysix o 18% npu AM 1,5.

2. The current scientific and applied task of developing and improving the technology of silicon solar cells using
functional porous silicon layer that provides simultaneous increase efficiency and simplify their production
technology is solved in the thesis. Based on a complex study of the properties of porous silicon layers a technology
of micro- and macrotexture of mono- and multicrystalline silicon photovoltaic substrates by electrochemical
modification technology of porous siliconi is developed. It is an integrated application of solutions, etchants based
on hydrofluoric acid with the addition of ((CH3)2NCOH) simultaneously with functional components (C2H50H,
(CH3)COOH, H20, CH30H, C2H602). It is shown that using permanently-periodical current density sets allowes to
control the porosity (40...90%) with thickness (10 nm ... 35 ?m) and refractive index (1,2...3,25) of porous silicon
layers. It provides to get a set of silicon photovoltaic cells (columnar and teardrop-shaped) textures with a 16.4%
efficiency under AM 1,5 in the wavelength range 400 ? 1000 nm. The elemental analysis of the silicon
multicrystalline substrates surface Baysix type was realised by the secondary ions mass spectroscopy used at
different technological stages of porous silicon formation. It allowed to compare a clear surface before etching and
the surface after the etching in the electrolyte based on hydrofluoric acid as well as after hydrogenation both at
secondary ions specra and at 2D images of elements distribution along the surface (ion microprobe mode and
mass-spectroscopy ion microscope mode). As it is evident from the secondary ions mass spectra of the silicon
surface before the etching the oxygen clusters as well hydrogen links are presented on the surface. After the
etching the spectrum appeared to have energetic peaks corresponding to the ions CH3+. The hydrogen
concentration definded using the secondary ions H2+ intensity is larger at the surface and shows a steadily
decreasing deep into the sample. Based on studies of structural features of silicon substrates was developed a new
electrochemical technology of porous silicon by stepped reduction in the current density and an increase in the
duration of the electrochemical process for each layer creating a multiporous multilayer antireflective coating
such as "Black Si". This enabled us to increase the number of layers in a multilayer antireflective coating from 2...4
to 10...20 or more. It was found that an effective tool for influencing the functionality and nanoporous of silicon
substrate surface textures for solar cells is the use of chemical etching of the surface. The next step is to fill of the
newly created texture by silicon organic adsorbent created by the sol-gel technology. The technology of
"Honeycomb" type textures is modified by chemical etching on the solar cells silicon substrates surface.
Dependences of the etching rate on the proportion of the etchant, permittivity and values of surface tension of
organic components were determined. New etchants based solutions of hydrofluoric and nitric acids
(HF:-HNO3=1:2) of the inhibitor surface reactions (C3H803 or C2H602) and organic compounds with amide
functional groups ((CH3)2NCOH) with added ingredients (C6H6, C3H60) were developed. The texture, obtained by
this method, allowes to reduce optical losses caused by the integral index reflection from the silicon substrates
surface from 37% to 11,5% at AM 1,5 in the spectral range 400...1000 nm. The method for porous silicon obtaining
by the modified multistage chemical etching was developed. It was determined that the use of such technology
increases the efficiency of solar cells based on Baysix multicrystalline silicon substrates to 18% at AM 1,5.
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