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Effect of Excitation Light Intensity on Temperature Dependence of
Photoluminescence Peak Energy in GaAs Quantum Dots
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Takeshi NODA, Tetsuo IKARI, Atsuhiko FUKUYAMA

Abstract

Photoluminescence (PL) measurements of GaAs quantum dots (QDs) were carried out from 4 K to room
temperatures. The results showed an unusual temperature dependence of the PL peak energy. When the temperature
increased, the peak energy showed a red-shift from the so-called Varshni's curve around 50 K followed by an additional
blue-shift above 150 K. This unusual temperature dependence has been explained by using a steady-state model with
the size distribution of the QDs. Our recent model calculation revealed that the shift of the peak energy from Varshni’s
curve should be decreased when a sufficient number of carriers are supplied to the QDs. Therefore, PL measurements
with changing the excitation intensity were performed. Although the expected decrease was experimentally confirmed,
the amount of the shift was not sufficient to explain the obtained data by our steady-state model. Therefore, we
considered a modified model where the three kinds of size distribution functions appeared in the QDs. This is because
the PL spectra at 4 K seem to be decomposed into three broad peaks and the atomic-force -microscopy measurements
suggested that the size distribution consisted of three dominant maxima. This model is easier for understanding the
capture and emission of the photoexcited carriers in the QDs. The results showed that observed unusual temperature
dependence was explained by considering both the size distribution of the QDs as well as the carrier redistribution

caused by the capture and the emission processes between the QDs and the barrier layer.
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