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Fig. 2. Schematic diagram of carrier relaxation in SbySe; film.
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Fig. 3. (a) Absorbance spectra of SbySe; and SbySes/CdS film; (b) XRD diffraction spectra of SbySe; and SbySes/CdS film; (c¢) sur-
face morphologies of Sb,Se; film; (d) cross-sectional morphology of SbySe; film.
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Fig. 4. (a) Two-dimensional image of relative reflectivity change AR/R of SbySe; film excited by 550 nm laser (300 nlJ);

(b) AR/R with various probe wavelengths at three typical time delays; (c) evolutions of AR/R of four typical probe wavelengths.
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Fig. 5. (a) Comparisons of kinetic curves of AR/R at probe wavelength 860 nm with different excitation photon energies; (b) carri-
er thermalization and band gap renormalization times with different excitation photon energies; (¢) comparisons of kinetic curves of
AR/R with different carrier concentrations (excitation wavelength of 550 nm); (d) carrier thermalization and band gap renormaliz-

ation time with different carrier concentrations.
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Fig. 6. (a) Comparisons of kinetics IT of AR/R at 760 nm with different excitation photon energies; (b) decay lifetime of kinetics II

of AR/R with different excitation energies.
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Fig. 7. (a) Relative reflectance change AR/R spectra of SbySe;/CdS at three time delays (excitation wavelength of 650 nm);
(b) comparison of kinetic curves of AR/R at 495 nm for Sh,Se; and SbhySes/CdS.
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Fig. 8. Comparisons of kinetics of AR/R at 760 nm for ShySe; and SbySe;/CdS under four different carrier concentrations of
(a) 4.79 x 1019 ecm3, (b) 9.59 x 10Y cm™®, (c) 1.44 x 102 cm3, (d) 1.92 x 10% cm 3.
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Fig. 9. Main carrier processes at the interface of ShySe;/CdS (CB, conduction band; VB, valence band).
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Ultrafast carrier kinetics at surface and interface of Sb,Se;
film by transient reflectance”
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Abstract

Antimony selenide (SbySes) is a promising low-cost and environmentally-friendly semiconductor
photovoltaic material. The power conversion efficiency of SbySe; solar cells has been improved to ~10% in the
past few years. The carrier recombination transfer dynamics is significant factor that affects the efficiency of
Sb,Se; solar cells. In this work, carrier recombination on the SbySes surface and carrier transfer dynamics at the
CdS/SbhySes heterojunction interface are systematically investigated by surface transient reflectance. According
to the evolution of relative reflectance change AR/R, the carrier thermalization and band gap renormalization
time of SbySe; are determined to be in a range from 0.2 to 0.5 ps, and carrier cooling time is estimated to be
about 3—4 ps. Our results also demonstrate that both free electron and shallow-trapped electron transfer occur
at the SbySe;/CdS interface after photo excitation. Our results present a method of explaining the transient
reflectance of Sby,Se; and enhancing the understanding of carrier kinetics at Sby,Se; surface and Sb,Ses;/CdS

interface.

Keywords: Sb,Se;, surface transient reflectance, carrier recombination, electron transfer
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