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Abstract Electron nonradiative relaxation through the proton-irradiation-induced defects in CulnSe, solar cell

material were investigated by using a new developed piezoelectric photothermal spectroscopy (PPTS). Among the

observed three peaks at 1.01, 0.93 and 0.84 eV, it was concluded that the peak at 0.84 eV was

due to the proton-irradiation-induced defect. This is because this peak appeared after irradiation with the proton

energy of 0.38 MeV and the fluence of 1 X 10" cm™. The peaks at 1.01 and 0.93 eV were attributed

to free bandedgeexcitonandintrinsicdefectlevel,respectively. Theintensities for the latter

two peaks were not affected by the irradiation. Since the irradiation defect was clearly observed at room

temperature, we concluded that the PPTS technique was a very sensitive tool to study the defect level in the

irradiated semiconductor thin-film solar cell structures.
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Fig. 1 Incident light of energy hv excites electrons
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from valence band to conduction band. The excited
free electrons may return to ground state level
through radiative or nonradiative pathways. Incase of
radiative recombination, photon(s) is emitted
whereas, for nonradiative recombination heat waves

are generated.
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Fig. 2. Basic concepts of Jackson-Amer model. (a)
The central illuminated region causes expansion of

b) THERMELASTIC BENDING

both surfaces of the sample called thermal expansion
and (b) the illuminated region causes front surface
expands more than the rear surface, known as
thermoelastic bending.
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Fig.3 Experimental setup.
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Fig. 4 PPT spectra of GaAs substrates at room
temperature before and after proton irradiation.
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Fig. 5 PPT spectra of stoichiometric CulnSe,/GaAs
samples at room temperature before and after proton
irradiation.
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Fig. 6 Decomposition of the peak below band gap of
a stoichiometric CulnSe,/GaAs sample before proton
irradiation. Solid and dot lines indicate experimental
and Gaussian fitting data, respectively. Open circles
obtained by adding all Gaussian fitting data.
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Fig. 7 Decomposition of the peak below band gap of
a stoichiometric CulnSe,/GaAs sample after proton
irradiation. Solid and dot lines indicate experimental
and Gaussian fitting data, respectively. Open circles
obtained by adding all Gaussian fitting data.
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Fig. 8 PPT spectra of stoichiometric CulnSe,/GaAs
samples at 80 K before and after proton irradiation.
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Fig. 9 PPT spectra of the proton irradiated
stoichiometric CulnSe,/GaAs sample after 400 and
620 days annealing.
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Fig. 10 PPT spectra of Cu-rich CulnSe,/GaAs samples
at room temperature before and after proton irradiation.
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