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Abstract

This dissertation studies the self-assembled InAs/GaAs wire-like quantum structures
grown in InGaAs/InAlAs matrix lattice matched to InP substrates by solid source molecular
beam epitaxy. The optical and electrical properties of these wire structures and their

applications were explored.

This study begins with the investigation of growth conditions of self-assembled InAs
and GaAs quantum structures in InGaAs matrix on (100) InP substrates. The morphology of
the grown structures was studied by the atomic force microscopic technique. In a suitable
growth condition, both InAs and GaAs formed wire-like quantum structures elongated along
[110] direction. However, the growth behaviors for the InAs wires and the GaAs wires are
different. The growth parameters that influence the formation of InAs and GaAs are

discussed.

By the cross-sectional transmission electron microscopic technique, the stacking
behaviors of InAs/GaAs nano wires in InGaAs/InAlAs matrix on (100) InP substrates were



studied. In the InGaAs matrix, InAs and GaAs wires are vertically aligned. However, the InAs
wires in InAlAs matrix are arranged in a cross staggered pattern, similar to a b.c.c. structure.
The composition modulation caused by the periodic strain distribution was observed. Based
on the composition modulation, the mechanism of the stacking behaviors of InAs/GaAs nano

wires were explained.

The polarization dependence photoluminescence of well-formed InAs quantum wires
was investigated. The results show obvious anisotropy in the light polarization. The intensity
of the light with its electric filed polarized parallel to the wires is stronger than that with the
electric field perpendicular to the wires. The InAs quantum wires were than utilized for laser

application. The lasing wavelength is about 1.7pam. In order to investigate the anisotropic
optical behavior, two laser cavity directions, along [110] and [110], were both fabricated.

From the L-I curves and the lasing spectra, lasers in two orientations have obvious different
behaviors. The temperature dependence of the lasing behaviors is also found to be dependent
on the cavity orientations. Transition from the ground state lasing to the excited state lasing is

observed when the quantum wires are perpendicular to the laser cavity.

The electrical transport property of InAs quantum wires was also investigated. The InAs
quantum wires were embedded in the InGaAs/InAlAs heterostructure. In order to measure the

electron anisotropic transport behavior, two sets of Hall bar samples with orientations along

[110] and [110] directions were fabricated. Hall measurement, from 10K to room

temperature, show that the mobilities along [110] and [110] directions are very different.

When the conduction channel is parallel to the quantum wires, the mobility is much higher
than the mobility when the conduction channel is perpendicular to the wires. This mobility
anisotropy is explained by the difference in the cross section of the scattering centers caused

by wires.



Finally, the conclusion of this thesis research is given. The nano wires not only provide
a medium for us to study the optical transition and the transport in one-dimensional systems,

but also provide opportunities for interesting device applications.
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