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C nomowb1o KOMNLIOMEPHO20 MOOETUPOBAHUS UCCIEO08AHbl CHEKMPATbHO-3APA008ble C8OICBA 2eme-
pocmpykmypbl nienku ouoxcuoa mumana (TiOz2) n-muna npogodumocmu monwurou 100 um Ha KpemHuesol
noonodicke p-muna nposooumocmu 8 ouanazone 300—I1200 nm conneunoco usnyyenus. Yumeno nanuuue
nogyuteunvix cocmosanui @ naenke Ti0z cnocobcmeyiowux noxkanusayuu Hocumenei sapaoa. Mooenupoga-
HUe NPOBOOUNIOCH C UCNOAb308AHUEM MOOeu AHOepCoHa st NOYNPOBOOHUKOBbIX 2emeponepexo0os, peuie-
Hus ypasuenus Ilyaccona, ypagnenuii HenpepblgHoCmu OJis 91eKMpPOHO8 U ObIpoK u ypasHenuti Maxkceenna
O/l NIeKMPOMACHUMHBIX 8ONH 6 npozcpammHom naxkeme Comsol Multyphysics. Paccuumanul pacnpedenenue
ckopocmell 2eHepayuu U KOHYeHmpayuu Hocumenetl 3apsoa 6 2emepocmpykmype, pacnpeoeietue niomHo-
cmu 3apsaoa u dIeKmpuUYecKko20 NOMeHYuana om OauHbl 8onnbl A nadaiowezo Ha nienky Ti0; conneurnozo
UBNYUEHUs, a maKoice om IHepauu 108yuweynsvlx cocmoanull E;, xomopas 3adasanace éuympu sanpewjentoi
30HbL, Cuumas, om OHa 30Hbl NPo6oOUMOcmuU. Mumezpanbras nIOMHOCMb CONHeuHo20 usnyyenus 1 kBm/m’
NPUHUMALACH OOUHAKOBOU 07151 8CeX ONUH GOJIH. BblsieiieHbl HEMOHOMOHHbBLE 3A8UCUMOCTIU CKOPOCTHU 2eHepa-
yuu Hocumernetl 3apsoa ¢ TiOz 6 oonacmu A = 325—375 um. Yemanosneno, umo 015 OMHOCUMETbHO MEKUX
nosyuwiek (E; = 0.2—0.3 2B) 6 ob6wveme naenxu TiO: ¢popmupyemcsi nonosicumenbuulil 3apso ¢ NIOMHOCHbIO
1.6 mKn/em?®, cnabo sasucsuuii om onunst 6onmvl. C pocmom suepauu 108yuex 06bemHas niomHocmy 3apsi-
oa ¢ nuenxe TiO> crudcaemes u mensem 3nax, oocmuzas —3.4 mKn/em’ npu E; = 0.8 3B u A = 900 Hm.
IInomnocme nogepxnocmmozo 3apsoa na nienke Ti0; ompuyamensHas, ee 6eIUYUHA 603pACMAen ¢ pOCMOM
sHepeuu 108ywex E; u onunvl onuul usnyuenus, oocmuean —2.8 - 107 mxKn/cm? npu E;= 0.8 2B u A = 900 um.
Tonyuennvie pezyromamol 00BACHAIOMCA 63AUMOCEAA3bI0 npoyeccos unmepgepenyuu ¢ TiO> naoaroweri u
OMPACEHHOU OM 2panuybl paszoeida 801H, pazo0eneHUeM 2eHEPUPOBAHHBIX COIHEUHbIM CE8emMOM HOCumenetl
3apa0a Ha Mol cpanuye, a MaKice J0KaAIU3ayuell d1eKmporHos Ha nogepxnocmuvix cocmosanusx TiO:.

Knrouesnle cnosa: ouoxcud mumana, KpemHutl, 2emepocmpykmypd, COTHeYHoe UsLydeHue, 3apsoogule
cgolicmea, 108yWKU, MOOEIUPOBAHIUe.

The spectral-charge properties of the heterostructure of a 100-nm-thick n-type titanium dioxide (TiO>)
film on a p-type silicon substrate in the solar radiation wavelength range of 300—-1200 nm studied by com-
puter simulation. The presence of trap states in the TiO: film, which contribute to the localization of charge
carriers, is taken into account. The simulation has been carried out using the Anderson model for semicon-
ductor heterojunctions, the solution of the Poisson equation, the continuity equations for electrons and
holes, and the Maxwell equations for electromagnetic waves in the Comsol Multyphysics software package.
We have calculated the distribution of the generation rates and concentration of charge carriers in the het-
erostructure, the distribution of charge density and electric potential on the wavelength A of solar radiation
incident on the TiO; film, and also on the energy of trap states E, which has been set inside the band gap,
counting from the bottom of the conduction band. The integral density of solar radiation 1 kW/m’ is assumed
to be the same for all wavelengths. Nonmonotonic dependences of the generation rate of charge carriers in
TiO; in the wavelength range A = 325-375 nm are revealed. It has been established that for relatively shal-
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low traps (E: = 0.2-0.3 eV) a positive charge with the density of 1.6 mC/cm® is formed in the volume
of a TiO: film, which weakly depends on the radiation wavelength A. As the trap energy increases, the vol-
ume charge density in the TiO: film decreases and changes sign, reaching —3.4 mC/cm’ at E; = 0.8 eV
and A = 900 nm. The surface charge density on the titanium dioxide film is negative, its value increases with
increasing the trap energy E, and the radiation wavelength A, reaching —2.8 - 107 uC/em’ at E, = 0.8 eV
and A = 900 nm. We explain the results obtained by the interrelation between the interference processes
in TiO; of the incident and reflected waves from the interface, the separation of charge carriers generated
by sunlight at this interface, and also by the localization of electrons on the surface states of TiO:.
Keywords: titanium dioxide, silicon, heterostructure, solar radiation, charge properties, traps, modeling.





