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Abstract
Project Code : RTAS5080003
Project Title  : Basic Research on Self-Assembled Semiconductor Nanostructures by Molecular Beam
Epitaxy
[nvestigator ~ : Prof. Dr. Somsak Panyakeow Assoc. Prof. Dr. Montri Sawadsaringkarn
Assoc. Prof. Dr. Banyong Toprasertpong Assoc. Prof. Dr. Choompol Antarasena

Assoc. Prof. Dr. Somchai Ratanathammaphan ~ Assoc. Prof. Dr. Songphol Kanjanachuchai
Lecturer Dr. Chanin Wissawinthanon Mr. Supachok Thamoi

Mr. Pornchai Changmoang

Semiconductor Device Research Laboratory, Department of Electrical Engineering,

Faculty of Engineering, Chulalongkorn University

Project Period : 3 years

191086

Basic research on self-assembled quantum dots from compound semiconductors having potential
applications on nanoelectronics and nanophotonics during 2007-2010 is continued from the previous
activity during 2004-2007. The research works have been performed at the Semiconductor Device
Research laboratory (SDRL), Electrical Engineering Department, Faculty of Engineering, Chulalongkorn
University. Various patterns of quantum dot structures, such as bi-quantum dots, quadra quantum dots,
quantum dot rings, aligned quantum dots, cross-hatched quantum dots and quantum rings, were developed
by thin-capping-and regrowth process and droplet epitaxy technique using Molecular Beam Epitaxy
(MBE) machine.

The development of quantum dot structures leads to several potential applications like bi-quantum
dots for spintronics, quadra quantum dots and quantum dot rings for quantum computing based on
quantum cellular automata, as well as aligned quatum dots and cross hatched quantum dots for
nanoelectronics and nanophotonics. The novel growth technique of high density quantum dot molecules is

also vital in the development of high performance quantum dot lasers and quantum dot solar cells.

Keywords : Nanoelectronics, Quantum Structures, Molecular Beam Epitaxy



Executive Summary

“Basic Research on Self-Assembled Quantum Dots and their Potential Applications on
Nanoelectronic and Nanophotonics™ has been conducted since 2000 and received the financial support
from Senior Researcher Fellowship of Thailand Research Fund (TRF) and Office of the Higher Education
Commission (OHEC)during 2004-2007 and during 2007-2010.

Self-assembled quantum dots, which are defect-free nanostructures, are grown by both solid-
source and gas-source molecular beam epitaxies (MBE). With an original development of our MBE
process called thin-capping-and-regrowth technique and droplet epitaxy, different patterns of quantum dot
nanostructures such as bi-quantum dots, quadra-quantum dots, quantum dot ring, aligned quantum dot and
cross hatched quantum dots as well as quantum dot rings are created at different growth conditions. These
nanostructures are useful for various device applications in spintronics, quantum computing,
nanoelectronics and nanophotonics. High density quantum dot molecules having high dot quality are also
vital for high performance quantum dot lasers and quantum dot solar cells.

In this full report, a research background prior to quantum study is introduced and followed by
experimental results based on quantum dot growth by solid-source and gas-source MBE and related
evaluations, such as quantum dot morphology by Atomic Force Microsopy (AFM), cross-sectional
nanostructures by Transmission Electron Microscopy (TEM), basic optical properties by
Photoluminescence (PL). Finally, we have demonstrated to fabricate a prototype of quantum device
having high density quantum dots as an active part, i.e. quantum dot solar cells. The high performance of
quantum dot solar cells showing broad spectral response confirms that this basic research is paving a way
10 potential development of energy efficient nanoelectronics and nanophotonics in Thailand.

In addition, reprints of international publications and manuscripts of all papers presented in all
journals and conferences are attached. During 2007-2010, authors were invited to give talks, plenary
lectures and keynote lectures at conferences and field-wise seminars. List of graduated students at
bachelor, master and Ph.D. levels and their thesis titles are also presented. Parts of this research work are

conducted through some research collaborations with foreign institutes as listed at the end of this report.
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