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Effect of composition fluctuation in

InGaAsN/GaAs single quantum well

Student : Pei-Chen Hsieh Advisor : Dr. Jenn-Fang Chen

Department of Electrophysics

National Chiao Tung University
Abstract

Effect of the composition fluctuation in InGaAsN/GaAs single quantum well is
investigated by photoluminescence (PL), capacitance-voltage (C-V), admittance
spectroscopy, deep-level transient spectroscopy (DLTS) and cross-sectional
transmission electron microscope (TEM). Three samples were grown by molecular
beam epitaxy (MBE) with different growth rates, 4.4, 2.8 and 0.506 A/s,
respectively. PL studies show that the composition fluctuation causes a splitting of
the InGaAsN emission into a main emission and a low-energy bump. Lowering the
growth rate degrades the composition fluctuation, as indicated by the broadening of
the InGaAsN emission and enhancement of the low-energy bump, suggesting the
presence of the local N-rich regions in the well. Further lowering the deposition rate
leads to a three-dimensional growth, destroying the size-quantization effect of the
well.

According to the carrier distribution in the well, the existence of a carrier bump
following an accumulation peak suggests the presence of an energy state below the
ground state of the well. The activation energy of this energy state is comparable to
the energy separation between the InGaAsN emission and the low-energy bump.
Therefore, the local N-rich region probably induces an electron state below the
ground state of the InGaAsN layer. From admittance and DLTS results, two defect

states, one shallow at 0~83 meV and the other deeper at 0.21~0.25 eV, are present in



the 0.506 A/s sample due to composition fluctuation. Decreasing the growth rate is
found to increase the activation energy of the deeper energy state from 0.1 eV(4.4
and 2.8 A/s) to 0.25 eV(0.506 A/s). Furthermore, the activation energy of the deeper
state is more bias-dependent in 0.506 A/s sample than others, implying that this
state broadens into a band as a result of increased composition fluctuation. As to the
shallow state, it is probably related to structural defects produced by lattice

expansion or localized state due to composition fluctuation.
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