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2. Photoelectric processes in photosensitive silicon structures with surface passivated

Pedepar:

1. B po6oTi y3arasibHeHi pe3yabTaTi KOMILJIEKCHUX €KCIIEPUMEHTAIbHUX i TEOPETUYHUX NOCIiIKeHb 0COOIMBOCTEN
npoiieciB GOTOeJIeKTPUYHOTI0 IEPETBOPEHHSI €Heprii B (POTOUYTINBUX KPEMHIEBUX CTPYKTYPax 3 1aCUBOBAHOIO
IIOBEPXHEI0. PO3ryIsiHyTI 0COGIMBOCTI TPOTiKaHHS NPOLECIB reHepallii, pekoM0iHallii i 30MpaHHsI HEPiBHOBXXHUX
HOCIIB 3apsy B LUX CTPyKTypax. [IpoaHamnizoBaHi 06’eMHi Ta MoBepxHEBi peKOMOiHAIilHI TpoliecH i ix BIJIMB Ha
edexTuBHICTh poTONEpeTBOPeHHS. [IpoBenieHo mocimkeHHs epeKTUBHOCTI BukopucTtanHs mapis ITO, ZnO, SiC,
IIJIs1 CTBOPEHHSI reTepoIiepexo/liB Ha KpEMHIi 3 MEeTOI0 3MeHIIIeHHsI peKoMObiHalilHUX (e(DeKTUBHOI NIBUIKOCTI

[IOBEPXHEBOi peKOMOiHalli) i ONTUYHUX (KoedillieHT BiOnBaHHS CBiT/Ia) BTPAT B KDEMHIEBUX COHSIYHUX €JIEMEHTaX



(CE). B mpunymenHi, mo pekom6iHanis B o6sacti nmpoctoposoro 3apsay (OI13) BU3Ha4YaeThCsl OJHUM ITINOOKUM
piBHEM, BUKOHAHO PO3PaxXyHOK ii 3ay1e>KHOCTI Bift 4acy kuTTs Llokmi-Pina-Xosa, sKuil peanisyeTbCs B By3bKil
ninauni OI13. BusHayeHo 3Ha4eHHS Ben4ynHy yacy KuTTd lokii-Piga-Xosa B OI13 Ta npoBeneHo 1oro
MOPiBHSIHHS 3 4aCOM KUTTSI B KBa3iHEUTPasbHiN 06s1aCTi 6a3u. OCTaHHIN 3HAXOMUBCS 3 BUMIPiB CIEKTPaJIbHUX
3aJI€;KHOCTEN BHYTPIIHLOI'O KBAHTOBOI'O BUXOAY CTPYMY KOPOTKOTr'O 3aMUKaHHS. OLIHEHO XapaKTePUCTUKHU
IJIMOOKUX LIEHTPIB, sIKi BU3HA4YalOTh MIBUAKICTh pekoMbinarlii B OI13, 30kpema, eHepreTuuHy IMIMOMHY iX 3ajsraHHs,
KOHLIEHTPALlil0 Ta [1IepPePi3y 3aXOIJIEHHS €JIEKTPOHIB Ta AipOK LIMMU LIEeHTpaMu. 3HaiileHO NapaMeTp eKCUTOHHOI
6e3BUITPOMIHIOBaJIbHOI pekoMbiHaii, sskuii BusBuBcs piBHMM 8,2-1015 cm-3. JlocimpKeHo BIIJIMB KaHaTy eKCUTOHHOI
6e3BUITPOMIHIOBAIbHOI peKOMOiHaIlil Ha OCHOBHI poTOeneKTpuyHi i poToeHepreTnyHi mapameTpu kpemHierux CE, a
came, HaIIpyry po3iMKHEHOTO KOJla, YMHHUK 3alloBHeHHS BAX Ta epekTuBHiCTh (poTonepeTBopeHHs KpeMHieBux CE
y BUMNAJKY BEJIMKMX i y BUMAJKy MayIUX 3Ha4eHb yaciB xxutTs llokmi-Pina-Xosna. [IpoaHanizoBaHO BHECOK
€KCUTOHHMX €(EKTIB y BHYTPIIIHI/ KBAHTOBUI BUXif, JIIOMiHEeCLeHLii B KpeMHii. [Ipy LIbOMYy BpaxOBYBaBCSI SIK
MO3UTUBHUY e(eKT, TOB’SI3aHUI 3 HASBHICTIO BUIIPOMiHIOBAJIbHOI €EKCUTOHHOI peKoMGiHallii, Tak i HeraTUBHUH,
BUKJIMKaHUI BHECKOM 0€3BUIIPOMiHIOBAJIbHOI €KCUTOHHOI pekombiHalji. [TpoananizoBaHi 3a/1€>KHOCTI
BHYTPIIIHbOTO KBAaHTOBOI'O BUXOZY JIIOMiHECLI€HLIii B KDEMHIi Bifl piBHIB JIeTyBaHHs i PiBHS 30yI)KE€HHS, a TAKOX Bi|
IIBUJIKOCTI IIOBEPXHEeBOi pekoMbiHallii pu KiMHaTHil Temneparypi. [lokasaHo, mo npu yacax kutts loxksi-Piga-

Xouna, Ki NepeBuILyIOTh OHY MiJTiCEeKyHAY, JOMiHY€E [TI03UTUBHUM €(EKT, a IPU MEHIINUX — HETaTUBHUM.

2. The thesis examines the processes of photoelectric energy conversion in silicon photosensitive structures with
passivated surface. The paper summarizes the results of complex experimental and theoretical research of the
peculiarities of the photoconversion in photosensitive silicon structures with passivated surface. The peculiarities
of the processes of generation, recombination and collection of nonequilibrium charge carriers in these structures
are considered. The bulk and surface recombination processes and their influence on the photoconversion
efficiency of are analyzed. Investigated on the decrease of surface recombination losses in photosensitive silicon
structures by formation of heterojunctions on silicon. Experimental data on the influence of the creation of
heterojunctions ITO/Si, n-ZnO /Si, p-ZnO/Si, SiC/Si on the surface recombination velocity are obtained.
Calculation of the recombination velocity in the space charge region (SQR) is performed in the assumption that the
recombination in the SQR is determined by one deep level, the calculations of its dependence on Shockley-Reed-
Hall lifetime, which is realized in SQR. The magnitude of the values Shockley-Reed-Hall lifetime in SQR was
determined and its comparison with the lifetime in the quasineutral base region was determined. The latter was
from measurements of the spectral dependencies of the short-circuit current. The characteristics of deep centers
that determine the recombination velocity in the SQR are estimated, in particular, the their energy position, the
concentration and cross sections of the capture of electrons and holes by these centers. Found non-radiative
recombination parameter was equal 8,2-1015 cm-3. The influence of the exiton non-radiative recombination in
silicon on the main photoelectric parameters of silicon solar cell, namely, the open circuit voltage, the fill factor
and the photoconversion efficiency in the case of large and in the case of small values Shockley-Reed-Hall
lifetimes is investigated. The contribution of exciton effects to the internal quantum yield of luminescence in
silicon is analyzed. It was taken into account as a positive effect associated with the presence of radiative exciton
recombination, as well as the negative, caused by the contribution of non-radiation exciton recombination. The
dependences of internal quantum yield of luminescence in silicon of the levels of doping and excitation levels, as
well as on the rate of surface recombination at room temperature have been analyzed. It is shown that at
Shockley-Reed-Hall lifetimes > 1 ms, the positive effect is dominant, and at <1 ms - negative.
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