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The Influence of Strain Relaxation on the Properties of InAs
Quantum Dots with InGaAs Capping Layer

Student: You-Cheng Chang Advisor: Dr. Jenn-Fang Chen

Department of Electrophysics

National Chiao Tung University

Abstract

In this study, we analyze the optical and eleetrical properties of the strain-relaxed
InAs/InGaAs quantum dot (QD) samples with two different InAs deposition thicknesses,
3.06 and 3.3 ML, and discuss the influence of strain relaxation on the InAs QDs with
InGaAs capping layer. While the strain relaxation 15 observed from the photoluminescence
(PL) spectra of both QD samples, the carrier emission rate from the QDs, which can be
obtained from the capacitance-voltage (C-V) and admittance (C-F) measurements, is much
slower in the 3.3 ML sample than that in the 3.06 ML sample. It is attributed to the
different defect concentration of two samples, estimated from deep-level transient
spectroscopy (DLTS) measurements. The C-V simulation demonstrates the background
concentration in the bottom GaAs is lowered by the defect.

From the PL spectra and transmission electron microscopy (TEM) data of the 3.06
ML sample, we discover there are bimodal QDs in the samples. One of the QD families is
strain-relived by indium out-diffusion, and the low-energy QD family is strain relaxed by
the generation of misfit defect. PL properties of the 3.06 ML sample are studied as a

function of temperature from 10 to 300 K. At about 140 K, an enhancement of the
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integrated PL intensity of the low-energy QDs and a decrease of the FWHM of the
high-energy QDs are observed. These abnormal temperature behaviors are attributed to the
carrier transfer from the high-energy QD family to the low-energy one. From the C-F
measurements of the 3.3 ML sample, the interdot carrier transfer can be seen as the
electron emission rate from the QDs exhibiting an unusual reduction at about 140K.
Furthermore, the electron emission of the QD samples under illumination is
investigated. During illumination, more electrons are injected into the QDs. The electron
emission rate becomes faster due to the amount of electron on the conduction band is

increased.
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