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2. Photoelectric processes in photosensitive silicon structures with surface passivated

Pedepar:

1. B po6oTi y3arasibHeHi pe3yabTaTi KOMIIJIEKCHUX €KCIIEPUMEHTAIBHUX i TEOPETUYHUX JOCIiIKEHb 0COOIMBOCTEN
npoueciB GOTOENEKTPUIHOTO [IePETBOPEHHSI €HePrii B (POTOUYTIMBUX KPEMHIEBUX CTPYKTYPaX 3 IACMBOBAHOIO
IoBepxHelo. Po3risiHyTi 0cO6IMBOCTI TPOTiKaHHSI NIPOLieCiB reHepallii, pekomMbiHallii i 30MpaHHs HEPiBHOBXXHUX
HOCIiB 3apsy B LUX CTPyKTypax. [IpoaHasnizoBaHi 06’eMHi Ta NOBepxHEBi peKOMOiHAIiliHI IpolecH i ix BIJIUB Ha
eeKTUBHICTb (poTOnEepeTBOpeHHs. [IpoBeleHO DOCHiIpKEHHS e(EeKTUBHOCTI BUKopucTaHHs mapis ITO, ZnO, SiC,
D71 CTBOPEHHS TeTepoIlepexo/iiB Ha KPeMHIi 3 MeTOI0 3MeHIIeHHS peKOoMOiHaiHNX (e(PeKTUBHOI IIBUAKOCTI
[IOBEPXHEBOi peKOMOiHallii) i oNTUYHUX (KoedillieHT BinOnBaHHS CBiT/Ia) BTPAT B KDEMHIEBUX COHSIYHUX €JIeMEHTaxX
(CE). B npunyenHi, o pekoM6inanist B obsacti npoctoposoro 3apsny (OI13) Bu3Ha4YaeThCsl OHUM [JINOOKUM
piBHEM, BUKOHAaHO PO3PaxyHOK ii 3aj1e3KHOCTI Bif, yacy xkutts Lokmi-Pina-Xosia, aKuil peanisyeTbCs B By3bKi

ninsuni OI13. BusHayeHo 3Ha4eHHS BennynHy yacy KuTTd lokini-Piga-Xosnna B OI13 Ta npoBeneHo 1oro



IIOPIBHSIHHS 3 YaCOM JKUTTSI B KBa3iHEeNUTpasIbHill 06s1acTi 6a3u. OCTaHHil 3HaXOMBCS 3 BUMIPIB CIIEKTPaJIbHUX
3aJI€’KHOCTEN BHYTPIIHBOIO KBAHTOBOI'O BUXOAY CTPYMY KOPOTKOTr'O 3aMMUKaHHS. OLiHEHO XapaKTEPUCTUKU
IJIMOOKUX LIEHTPIB, sIKi BUBHAYalOTh MIBUAKICTh pekoMbinalii B OI13, 30kpema, eHepreTuuHy IMIMOMHY iX 3ajsraHHs,
KOHLIEHTPALIiI0 Ta [IePEPi3u 3aXOIJIEHHS €JIEKTPOHIB Ta AipOK LIMMU LIEHTPaMu. 3HaiiIeHO apaMeTp eKCUTOHHOI
6e3BUITPOMIHIOBAJIbHOI pekoMOiHaii, sskuii BusBuBcs piBHMM 8,2-1015 cm-3. JlocipKeHO BIIJIMB KaHaly eKCUTOHHOI
6e3BUITPOMIHIOBAIbHOI peKOMOiHaIlil Ha OCHOBHi poTOeNeKTpuYHi i GoToeHepreTnyHi mapameTpu kpemHierux CE, a
came, Halpyry po3iMKHEHOTO KOJla, YMHHUK 3alloBHEHHS BAX Ta e(peKTUBHICTb (poTonepeTBOpeHHs KpeMHieBux CE
y BUINIAJKY BEJIMKUX 1 y BUMIAAKY MaIMX 3Ha4eHb dacis xxuttd Hlokini-Piga-Xosa. [IpoaHanizoBaHO BHECOK
€KCUTOHHUX e(EeKTiB y BHYTPIIIHIN KBAHTOBUI BUXiJ, JIIOMiHecLeHLlii B KpeMHii. [Tpy iboMy BpaxoByBaBCS SIK
MO3UTUBHUY e(eKT, IOB’S13aHUI 3 HASBHICTIO BUIIPOMiHIOBAJIbHOI EKCUTOHHOI peKoMb6iHallii, Tak i HeraTUBHUH,
BUKJIMKaHUI BHECKOM 0€3BUIIPOMiHIOBAJILHOI €KCUTOHHOI pekomMbiHaji. [TpoananizoBaHi 3a/1€>KHOCTI
BHYTPIIIHbOTO KBAHTOBOTO BUXOJly JIIOMiHECLIE€HLil B KDEMHIi Bifl piBHIB jieryBaHHs i piBHS 30y)KEHHSI, @ TAKOX Bif]
IIBUJIKOCTI II0BEpXHEBOI pekoMbiHallii py KiMHaTHil Temneparypi. [TokasaHno, o rnpu yacax >kutts loxki-Piga-

Xoua, gKi epeBUILyIOTh OHY MiJTiCEKyHAY, JOMiHYy€E [T03UTUBHUM €(EKT, a IPU MEHIINX — 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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