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1. dotomoMiHecLieHIIis Ta JIOKaJIbHI €1eKTPUYHI 110J1 B ABOBUMIPHUX CTPYKTYpPax MaKpOIIOPUCTOrO KPEMHIIO 3

HAHOIIOKPUTTAMU

2. Photoluminescence and local electric fields in two-dimensional structures of macroporous silicon with

nanocoatings

Pedepar:

1. Incepraist Ha 3000YTTSI HAYKOBOTO CTYyIIeHs KaHuaTa Gisuko-mMaTeMaTUYHUX HayK 3a crewianbHicTio 01.04.18 -

¢disuka i ximig noBepxHi. — [HcTUTYT Ximii noBepxHi iM. O.0.Uyiika HAH Vkpainu, m. Kuis, 2021. IlucepTaniiina
po60Ta NpUCBAYE€HA BU3BHAYEHHIO BIUIUBY JIOKAJIbHUX €JIEKTPUYHUX OB B IBOBUMIPHUX CTPYKTypax
MaKpOIIOPHCTOr0 KPEMHII0 3 HaHOKpucTasiamy CdS Ha 3HMKeHHS 6€3BUIIPOMiHIOBAILHOI peKOMOiHaLil y
CBITJIOBUIIPOMIHIOIOUMX €JIEMEHTAX HA OCHOBI CUCTEMU «MAKPOIIOPUCTUIN KPEMHIN — HAHOIIOKPUTTSI».
BcraHOBIIEHO, 110 MaKCUMaslbHa iIHTEHCUBHICTb (POTOJIIOMIHECHEHLIiI Oysla ofep>kaHa B yMoBax: 1) MakcUMasbHOI
HaIpY>KEHOCTI €JIEKTPUYHOTO M0JIs Ha rpaHuLi Si - SiO2 CTPYKTYyp MakKpOIIOPUCTOrO KPEMHIIO 3 HAHOIIOKPUTTAM

CdS; 2) 36ibL1€HHS [TOTOKY €JIeKTPOHIB 3 KpEMHI€EBOI MaTpulli y HANpSIMKy 10 HaHOKpucTtaiis CdS; 3) pocTy yacy



nepe6GyBaHHS eJIeKTPOHIB Ha rpaHuli Si - SiO2, 1m0 CyTTEBO 3HMUKYE MBUIKICTh 6€3BUITPOMIHIOBATIBHOI
pexkombinarnii Ha rpanuni «CdS - SiO2». Takoxx 6yJ10 BCTAaHOBJIEHO, 1[0 MaKCHMaJlbHa HANIPYXEHICTh eJIeKTPUIHOTO
I10J151 Ha TPaHUIi «KpPEMHIN — HAHOMTOKPUTTSI» BiATIOBiae MakCUMasbHill iHTEHCUBHOCTI (POTOMIOMIHECIeHIIi.
KBaHToBUI Buxif poTosmoMiHeclieHLii HaHOYacTUHOK CdS Ha MOBEpPXHi OKUCHEHOTO MaKpPOIIOPHUCTOTO KPEMHII0
301/IbIIY€EThCSI IPOTSTOM NEepUINX 2-X TWXKHIB Y 3 — 4 pa3u 3aBISKU BUIIAPOBYBAHHIO MOJIEKYJI BOJHU 3 IIapy
HAaHOYaCTUHOK B NosiiMepi Ta mocsrae 28%. [Ipu noganbuiomy 36epiraHHi 3pasKiB ClIeKTp Ta KBAHTOBUH BUXif
doTromomiHeclLieHIIii Maike He 3MiHIOIOThCS. Kil04oBi c10Ba: MAaKpOIIOPUCTUI KPEMHIH, rpaHuls Si-SiO2,
HaHokpucTtanu CdS, enexktpoonTuyHuil epext Banbe-1llTapka, porosnmomineceH s, GOTONPOBITHICTS,

€JIEKTPOBiIOMBaHHSL.

2. Thesis for a Candidate of Phys.-Math. degree in specialty 01.04.18 - Physics and chemistry of surface. - O.0.
Chuiko Institute of Surface Chemistry of the National Academy of Sciences of Ukraine, Kyiv, 2021. The dissertation
on competition of a scientific degree of the candidate of physical and mathematical sciences on a specialty physics
and chemistry of surface. The dissertation is devoted to the determination of the influence of local electric fields in
two - dimensional structures of macroporous silicon with CdS nanocrystals on the reduction of nonradiative
recombination in light - emitting elements bazed on the system «macroporous silicon - nanocoating». The
oscillations of IR absorption determine the intensity of local electric fields in oxidized structures of macroporous
silicon with SiO2 layers with a thickness of 5 - 800 nm, which reaches values (8 10)-105 V/cm due to the
attenuation of electrical energy in the oxide during the formation of quasi-directional waveguide modes silicon
matrix. Light-emitting structures based on oxidized macroporous silicon with a SiO2 nanocoating thickness of 5 o
30 nm and a layer of ZnO and CdS nanoparticles with a thickness of 8 o 25 nm were fabricated. The maximum
photoluminescence intensity was obtained under the following conditions: (1) the maximum strength of electric
field at the Si - SiO2 boundary for both previously crude and purified structures of macroporous silicon with CdS
nanocoating; (2) increasing the flow of electrons from the silicon matrix towards the CdS nanocrystals; (3) an
increase in the residence time of electrons at the Si - SiO2 interface, which significantly reduces the rate of
nonradiative recombination at the CdS - SiO2 interface. It was also found that the maximum strength of electric
field at the «silicon - nanocoating» interface corresponds to the maximum photoluminescence intensity. The
quantum yield of photoluminescence of CdS nanoparticles on the surface of oxidized macroporous silicon with the
optimal thickness of the SiO2 layer increases 3 - 4 times during the first 2 weeks due to evaporation of water
molecules from the nanoparticle layer in the polymer and reaches 28%. During further storage of the samples, the
spectrum and quantum yield of photoluminescence are almost unchanged. The technology of manufacturing light-
emitting nanocrystals on the surface of oxidized macroporous silicon allows to increase simultaneously the
quantum yield of photoluminescence, the strength of structures and to protect the surface from degradation.
Keywords: macroporous silicon, Si - SiO2 boundary, CdS nanocrystals, Wanier-Stark electrooptical effect,
photoluminescence, photoconductivity, electro-optical reflection.
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