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Effect of Bimodal Size Distribution on the Temperature Dependence for
Photoluminescence Peak Energy in Droplet-Epitaxy-fabricated GaAs

Quantum Dots

Yudai MIYAUCH]I, Taiju NAKAMURA, Kosuke KAWABATA, Takaaki MANO,
Takeshi NODA, Tetsuo IKARI, Atsuhiko FUKUYAMA

Abstract

GaAs-based Quantum dot (QD) laser diodes have been studied because they have advances of low threshold
current density and high thermal stability. Since a Photoluminescence (PL) measurement is sensitive for the electronic
structures in the QD, this is very useful tool for understanding the physical properties. A PL peak energy of GaAs QDs
first obeyed the Varshni’s curve up to 100 K and deviated to lower energy around 150 K. This red-shift had been
explained by QD size distribution and steady state model. In contrast, we have found an additional thermal behavior
that PL peak energy increased and followed again to the Varshni’s curve above 200 K. For such the anomalous
temperature dependence, we focused on the difference in the inclination of temperature dependence between low and
high temperature regions. We applied the temperature variation of transition energy described by the Bose-Einstein
equation to the anomalous temperature dependence for red and blue-shift, respectively. It was found that small QD (QD
height of 4.2 nm) and large QD (QD height of 5.7 nm) were dominant PL emission at below and above 200 K,
respectively. It was suggested an anomalous temperature dependence was come from a change of dominant PL emission
from small to large QD with increasing temperature. The change for the inclination of the temperature dependence
could be explained by the relationship between QD size and electron-lattice interaction.
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