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Effect of Dot Size on the Temperature-Dependent Photoluminescence
Signal in Droplet-Epitaxy-fabricated GaAs Quantum Dots
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Abstract

We observed an additional blue-shift of photoluminescence (PL) peak energy in the temperature dependence above
150 K in addition to a well-known red-shift in the GaAs Quantum Dots (QDs) grown by a droplet epitaxy method.
Although a red-shift has been explained by a steady state model with the QD size distribution, carrier capture, relaxation,
and re-trapping, a blue-shift could not be explained. The frequencies of height and diameter of QDs from an atomic
force microscopy observation were investigated and calculated transition energies for each QD size. A calculated
maximum frequency for GaAs QDs showed a good agreement with the obtained PL spectrum. Therefore, we concluded
that the PL spectrum was caused by the ensemble of several size of QDs. The PL spectrum at 4 K could be decomposed
into three peaks with a Gaussian function, corresponding to the large-, middle-, and small-size QDs, respectively.
Although the integrated PL intensity for middle-size QDs was the largest up to 200 K, it suddenly decreased and those
for middle- and small-size QDs became comparable. As a result, the PL energy as the ensemble of QDs moved to the
higher energy side. We concluded that this caused the observed additional blue-shift of PL peak.
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