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Photoluminescence due to inelastic scattering processes of excitons
under intense excitation conditionsin a GaN thin film
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We have investigated photoluminescence (PL) properties of a high quality GaN thin film grown by
metal organic vapor phase epitaxy under intense excitation conditions in a wide temperature range from
10 to 300 K. It isfound that there are two types of PL band peculiar to intense excitation conditions. In
a low temperature region below 80 K, the exciton-exciton scattering dominates the PL, the so-called P
emission. On the other hand, in a high temperature region above ~120 K, a PL band, which is different
from the P emission, appears. The energy spacing between the new PL band at the threshold excitation
power and the fundamental A exciton linearly increases with an increase in temperature. In addition, the
energy spacing is estimated to be zero at absolute zero temperature by extrapolation of the temperature
dependence. These PL profiles indicate that the PL band observed in the high temperature regime
originates from the exciton-electron scattering. Furthermore, we have demonstrated that the
exciton-electron scattering process produces optical gain at room temperature from measurements of
photoluminescence with a variable stripe-length method.
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Fig. 1. a Reflectance and photoluminescence A
PL spectraat 10 K in the GaN thin film grown Ep
by MOVPE. b PL spectra under intense En H

excitation conditions at 10 K. E, indicates
A-exciton energy, and Epy, means the peak energy
of the P band at the threshold excitation power.
The inset shows the intensity of the P band as a
function of excitation power.
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Fig. 2. PL spectra under intense excitation
conditions at room temperature. E, indicates
A-exciton energy, and Ey_, means the peak energy
of the H band.
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Fig. 3. a PL spectra at the threshold excitation
power for appearance of the P and H bands in the
temperature range from 10 K to room temperature.
b Energy spacing AE between the PL-peak
energy at the threshold excitation power and the
A-exciton energy as a function of temperature.
The horizontal dashed line indicates the binding
energy of the A exciton. The solid lines
corresponds the fitted result based on Eq. 2 .
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Fig. 4. a PL spectra emitted from the cleaved
edge face of the sample at room temperature under
stripe excitation conditions, where stripe lengths
are0.18and 0.44 mm. b Optical gain spectrum
calculated from the PL spectrashownin a . c
Stripe-length dependence of the H-PL intensity.
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