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Study of Blue-Shift Effect in InAs QDs’ Photoluminescence

Student: Chien-Chung Tien Advisor: Dr. Sheng-Di Lin

Institute of Electronics
National Chiao Tung University

Abstract

In this paper, we are talking about the optical properties of single layer
self-assembled InAs/GaAs QDs. At the low temperature (20K ) , we have found that
the peak position of the photoluminescence spectrum will have a blue-shift as the
power of the photoluminescence increasing. This phenomenon comes from the
tunneling time of the carriers between QDs is-compatible to the carrier recombination
time in QDs. The carrier will ‘re-distribute in QDs during the radiative process, so
each QD couldn’t be treated as independent-one.-The amount of the blue-shift is
strongly affected by the density and the ground state energy of QDs. The higher
density and the higher ground state energy, the bigger shift of the PL peak position.

Based on the experiment above, we also set up a model to check out our
explanation of “blue-shift” phenomenon. In the model, beside the “tunneling effect”
we also introduce the “bi-exciton effect”. In high density QDs’ sample, simulated PL
peak moves like experiment’s doing. So the blue-shift phenomenon comes from the
carrier’s “re-distribution” in QDs in high density QDs’ sample. But in low density
QDs’ sample, the simulated PL peak doesn’t change whether having “tunneling
effect” or not. Until we introduce “bi-exciton effect” to our model, it moves like
experiment’s doing. So the blue-shift in low density QDs’ sample comes from the

“bi-exciton effect”.
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