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Electron emission mechanism of InAs quantum dots containing a

misfit defect state

Student: Yu-Hsiang Fu Advisor: Dr. Jenn-Fang Chen

Department of Electrophysics

National Chiao Tung University

Abstract

Electron emission mechanism from InAs quantum dots (QDs) containing a
misfit-related defect state induced by strain relaxation is investigated by electrical
measurements. By changing oscillation level in the Capacitance-Frequency (C-F)
measurement at a low temperature and fitting with a theoretical curve, we find that the
tunneling barrier height is equal to the thermal activation energy in the ground state.
Therefore, Electron escaping from the QDs shows a thermal activation process at high
temperatures and a tunneling emission at low temperatures.

The capture cross section for relaxed QDs grown with InAs deposition thickness of
3.3 ML, obtained from the thermal emission in C-F measurement, is decreased from 107'°
to 10?° cm” with increasing electron occupation to about four electrons in each QD. This
effect is explained by a Coulomb repulsive force which averagely reduces the capture
cross section by one order of magnitude with increasing one electron occupation in the
QDs. A comparison with non-relaxed QDs shows that strain relaxation can reduce the
capture cross section of the electron ground state by about two orders of magnitude. In
view of the defect state which is spatially localized near the QDs, we attribute the capture

cross section reduction to a Coulomb repulsive effect due to the electrons trapped in the
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defect state.

From C-F measurements, the electron emission rate from the 3.3 ML QDs exhibits a
unusual reduction with increasing temperature at about 120~140K, which is attributed to
a carrier transfer between two different groups of QDs with different emission rates.
Comparing with Photoluminescence (PL) spectra, the two groups of QDs are considered
to be the relaxed and non-relaxed QDs. The PL spectra show a strong intensity for
relaxed QDs at low temperature, and as temperature increases, the intensity becomes
weaker. Hence, the unusual phenomenon in the C-F measurement reflects the carrier
transfer between the two groups of QDs.

Furthermore, the electron emission of the 3.3 ML QDs under illumination is
investigated. The value of the capacitance plateau in the C-V spectra has increased during
illumination and, from the C-F measurement, the electron emission rate become faster
during illumination. These observations suggest that more electrons are injected into the
QDs upon illumination, and the amount of electrons in the depletion region are increased,

pushing additional electrons into the QDs.
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3.3 ML As grown
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