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Abstract
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Molecular beam epitaxy (MBE) is a basic equipment in the preparation of quantum structures
for nanoelectronic applications, Quantum well structures, GaAs/GaAlAs and InGaAs/GaAs/GaAlAs,
were studied in order to understand the basic principles of nanostructures using lattice-matched
materials. Through these understandings, we have been able to propose a composite multi-quantum
well for solar cell application. The later main part of research was devoted to quantum dot structures,
especially to lattice-mismatched InAs/GaAs quantum dots through self-assembly via Stranski-
Krastanow growth mode. Various growth parameters, e.g. substrate temperatures, growth rates, and
capping temperatures, were varied in order to study the quantum dot size, the dot uniformity and the
dot density by atomic force microscopy (AFM) and photoluminescence (PL) measurements. The PL
peaks provide the information about dot sizes, while AFM provides the information about dot
geometry. Typical dot diameter ranges between 30 and 50 nm and dot height 5~8 nm. The fullwidth
at half maximum (FWHM) of PL peaks reflects the dot uniformity. The best value at room
temperature was 21 meV. Large dot sample provides emission at 1.3 lm, a suitable candidate

wavelength for optical communication systems.

Keywords : Nanoelectronics, Quantum Structures, Motecular Beam Epitaxy
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Executive Summary

Quantum structures, quantum wells (QW) and quantum dots (QD), have been fabricated by
molecular beam epitaxy (MBE) for nanoelectronic applications. Various 1I-V compound
semiconductors, for example, GaAs/GaAlAs, InGaAs/GaAs, and InAs/GaAs, have been widely
investigated. Composite quantum wells based on InGaAs/GaAs/GaAlAs were investigated both
theoretically and experimentally. As a result, the composite has been proposed as a novel quantum
well solar cell with improved performance due to confined wave functions in the composite quantum
well structure. Growth of InAs on GaAs, with a 7 % lattice mismatch, leads to a strain field at the
interface. Beyond a certain critical thickness of InAs, self-assembled InAs quantum dots are formed in
order to release the strain energy. These self-assembled quantum dots are defect-free and applicable to
nanoefectronic devices. Basic research on InAs self-assembled quantum dots was focussed in this
project in order to improve their basic properties like dot size, dot uniformity, dot density and dot
quality by controlling various growth parameters: substrate temperature, growth rate, capping
temperature, etc. It is found in our experiment that high quality dots were obtained at optimal substrate
temperature of around 500 °C. Slower growth rate (0.01 Ml /sec) gives larger dot size but lower dot
density. Lower capping temperature (450 °C) gives better dot uniformity and leads to a better FWHM
{21 meV), from photoluminescence peak, and a stronger emission at room temperature. Emission at
1.3 pm was realized by quantum dot structure at room temperature, Quantam dot laser for optical
communication systems is a candidate for future applications because of its expected low threshold
current due to delta function density of states in this zero-dimensional structure. The quantum dot
formation at different growth conditions and growth processes, including growth interruption, was
confirmed by atomic force microscopy (AFM) through research collaborations with Max Planck
Institute, in Germany, and Tokyo Institute of Technology, in Japan. AFM images give information
about dot size, dot density, dot uniformity, and dot geometries like dot diameter and dot height.
Typical dot size is 30~50 nm in diameter and 3~8 nm in height with dot density of 1~9x 10" cm'?'_
Multistacked quantum dots with vertical alignment were also prepared and evaluated for practical use
in device fabrication in the future. As a result of our extensive efforts in the research for the last two
years, our output includes several journal publications and conference presentations, both at the

intermational and national levels.
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