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Study on photoluminescence and Raman scattering in GaAs by ion irradiation
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Abstract Background: GaAs is widely used as the second generation semiconductor material in the fields of
aerospace and radiation detection. Purpose: Study of the irradiation effects of GaAs is of guiding significance for the
evaluation of the radiation resistance of GaAs devices. Methods: Semi-insulating GaAs were irradiated by 250-keV
H" and 4.5-MeV Kr'”* ions with fluences ranging respectively from 1x10'2 cm™ to 3x10"cm™ and 3x10" cm™ to
3x10" ecm™. Photoluminescence (PL) spectrum and Raman scattering spectra were used to measure GaAs samples
before and after irradiation. Results: PL spectrum shows that the intensity of C,¢ peaks and phonon replicas decrease
with increasing fluence of H' irradiation. The Ig,-Va, peak in 913 nm was increased at lower fluence and decreased at
higher fluences. But all the peaks completely disappeared with Kr'”* irradiation. The results of Raman spectra show
that the longitudinal-optical (LO) phonon peak at 295-cm™ slides towards the low-frequency side and broadens its
width asymmetrically by Kr'”* irradiation, while it has no obvious change by proton irradiation. Conclusion: The
difference between the effect of proton and Kr'’" irradiation is due to the difference of the displacement damage by

three orders of magnitude at least. The evolution process of damage defects in GaAs is obtained by using Multi-step
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damage accumulation (MSDA) model, and then the trends of optical properties and crystalline structure are well

explained.
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Fig.1 PL spectrum for SI-GaAs irradiated by 250-keV proton
and 4.5-MeV Kr'”" ions.
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Fig.2 913-nm defect peak in PL spectrum.
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Fig.3 First-order Raman spectra of SI-GaAs. (a) Proton irradiation, (b) Kr
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