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Preface

The goal in nanotechnology is to make high-performance nanodevices. For nan-
odevice fabrications, novel bottom-up approach, fabricating devices and systems
by hierarchical assembly or controlled growth of nanoscale materials, has attracted
tremendous interest. Because this bottom-up method allows single-crystalline
nanostructure growth on a variety of substrates, the bottom-up method has been
used to prepare high-quality nanomaterials even on amorphous glass, plastic, and
graphene substrates. In the bottom-up approach, one-dimensional (1D) semicon-
ductor nanostructures, including nanorods, nanowires, nanobelts, and nanotubes,
are vital components for fabricating optoelectronic and photonic nanodevices. In
particular, 1D semiconductor nanostructures such as nanowires, nanorods, and
nanotubes open up significant opportunities for the fabrication of high-performance
optoelectronic nanodevice. For the fabrication of high-efficiency optoelectronic
devices including light-emitting diodes (LEDs) and solar cells, 1D heteroepitaxial
nanostructures with well-defined crystalline interfaces must be essential building
blocks since embedding quantum structures in individual nanostructures would
enable novel physical properties such as quantum confinement to be exploited,
such as the continuous tuning of spectral wavelength by varying the well thickness.
Sophisticated optoelectronic nanodevices can be readily fabricated by composition
and doping controls of semiconductor nanostructures. Furthermore, nanodevices
based on vertically ordered 1D nanostructures permit extremely small size and
ultrahigh density. Here, this book introduces the current status of semiconduc-
tor nanostructures for optoelectronic devices and outlines the processing and
characterizations of semiconductor nanostructures and their optoelectronic device
applications.

In Chaps. 1-6, current research activities related to the synthesis of 1D semi-
conductor nanostructures by various growth methods and their optoelectronic
device applications are reviewed. Chapter 1 provides an overview of vapor—
liquid—-solid growth process, which has widely been employed for preparation of
semiconductor nanowires. Using this technique, Si, Ge, GaAs, InP, GaP, ZnO,
and GaN nanowires have been synthesized and several nanodevices including
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p—n junction semiconductor nanowire LEDs and solar cells have been fabricated.
In Chaps. 2 and 3, catalyst-free metal-organic vapor phase epitaxy to prepare high
purity semiconductor nanostructures is introduced. Here, the processes to control
positions, conductivities, and compositions of nanostructures for fabricating coaxial
nanostructure LEDs are also described. Chapter 4 describes synthesis methods and
characteristics of AIN nanostructures for UV optoelectronic device applications.
Chapter 5 reviews the research progress on the controlled synthesis of a wide variety
of nanowire heterostructures such as branched heterostructures, which includes
solution phase and template-based methods. Meanwhile, the semiconductor nanos-
tructures can be hybridized with graphene, which has recently been attracting much
attention as a novel nanomaterial system for flexible optoelectronic devices as
details are described in Chap. 6.

In Chaps.7 and 8, structural and optical characterizations of semiconductor
nanomaterials and nanostructures are reviewed. Chapter 7 introduces research on
structural properties of ZnO and GaN nanostructures using X-ray absorption fine
structure. As described in Chap. 8, optical properties of semiconductor nanostruc-
tures were investigated using luminescence characterization techniques, which are
nondestructive, nonintrusive, and sensitive to the presence of defects or impurities
in nanomaterials.

The last three chapters describe nanodevice applications of 1D semiconductor
nanostructures. In Chap. 9, lasing characteristics of single and assembled nanowires
are reviewed. Chapter 10 introduces near-field optical evaluation and the use of
nanorod quantum structures for nanophotonic devices such as a nanophotonic
gate. Finally, Chap. 11 presents the overview of nanowire solar cell studies, and
integration strategies for practical device applications.

This book entitled “Semiconductor Nanostructures for Optoelectronic Devices —
Processing, Characterization and Applications” is being introduced to review the
recent works in the field of 1D nanomaterials and their optoelectronic device
applications. Each chapter is written by leading scientists in the relevant field.
Thus, I hope that high-quality scientific and technical information is provided to
students, scientists, and engineers who are, and will be, engaged in fabrications of
semiconductor nanostructures and their optoelectronic device applications.

I extend my acknowledgment to Dr. Claus Ascheron of Springer-Verlag for his
guidance and suggestions.

Seoul Gyu-Chul Yi
Republic of Korea
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Chapter 1
Vapor-Liquid-Solid Growth of Semiconductor

Nanowires

Heon-Jin Choi

Abstract Nanowires make possible to manipulate light in novel methods and thus
are promising materials for advanced optoelectronics. To exploit the potential,
the growth behavior has to be controlled since it dominates the physical and
chemical states and, in turn, the optical properties of nanowires. In this chapter, the
vapor-liquid-solid (VLS) mechanism for the growth and modulation of nanowires
was discussed. The chapter first reviewed the fundamental aspects of the VLS
mechanism. Then the state of the art of the growth and modulation of nanowires
for optoelectronics were discussed from the point of view of the critical issues
pertaining to this mechanism. Some examples of optoelectronic devices that had
been fabricated based on the VLS mechanism were also reviewed in an effort
to cover the cutting edge technology in this area. Lastly, a summary and several
different perspectives on the VLS mechanism were presented.

1.1 Introduction

Nanowires are hair-like, one-dimensional (1D) nanomaterials with diameters in the
sub-one hundred nanometer scale and lengths ranging from several hundreds of nm
to as high as a few cm. Owing to their nanoscale dimensions in the radial direction,
they have size confinement effects that give them novel physical properties as
compared to bulk materials. Their one-dimensional geometry on the nanometer
scale provides an extremely high surface area with a nanoscale radius of curvature
and great mechanical flexibility with near theoretical strength. These properties are
advantageous in many chemical and mechanical applications. The geometry also

H.-J. Choi (b4)

Department of Materials Science and Engineering, Yonsei University, 50 Yonsei-ro,
Seodaemun-gu, Seoul 120-749, Korea

e-mail: hjc@yonsei.ac.kr

G.-C. Yi (ed.), Semiconductor Nanostructures for Optoelectronic Devices, I
NanoScience and Technology, DOI 10.1007/978-3-642-22480-5_1,
© Springer-Verlag Berlin Heidelberg 2012



2 H.-J. Choi

provides anisotropic properties that should be interesting from the point of view of
nanomaterials science and engineering. Their length, reaching as high as the cm
scale, makes them easy to manipulate for device fabrication.

Nanowires are promising materials for advanced optoelectronics. In addition to
the unique aspects of their physical, chemical, and mechanical properties, the size
of these materials is comparable to visible light in wavelength from 400 to 650 nm.
This implies that nanowires can be used to handle light on a nanometer scale and
thus can be used as building blocks for advanced optoelectronics. Indeed, novel
methods of the manipulation of light with nanowires, including nanoscale Fabry—
Perrot mode stimulated emission, wave guiding of photons, random lasing action,
highly efficient luminescence, and extremely sensitive photodetection, have recently
been demonstrated. The concept of many advanced nanowire-based optoelectronic
devices including light-emitting diodes (LEDs), lasers, optical sensors, photo
diodes, and photovoltaic cells have also been demonstrated.

The physical and chemical states of nanowires dominate their optical properties.
The length and diameter of nanowires as well as their alignment affect the emission
and absorption properties. The composition, impurity, or doping level, defect
concentration, crystal structure, growth direction, and nature of the facets are also
critical to the emission and/or stimulated emission and absorption. It should be
noted that these physical and chemical states are closely related to the growth of
nanowires. Therefore, one must fully understand the growth behavior of nanowires
and develop rational, reliable growth processes to exploit the potential of nanowires
in optoelectronics.

Nanowires are a result of anisotropic, 1D crystal growth on a nanometer scale.
Therefore, the key issue related to the growth of nanowires is how to induce
1D crystal growth in a controlled manner. Regarding this, many approaches have
been studied, including the use of the metal-catalyst-assisted vapor-liquid—solid
(VLS) mechanism, the vapor—solid (VS) mechanism, and the template-assisted (TA)
mechanism. Among these, the VLS mechanism is the most widely used owing to its
simplicity and versatility when applied in many semiconductor systems.

This chapter reviews the growth of semiconductor nanowires by the VLS
mechanism in the area of optoelectronics. As mentioned earlier, the growth process
is critical to the physical and chemical state of nanowires and thus their optical
properties. Therefore, a review of the growth process may be helpful so as to
facilitate the preparation of superior nanowires for optoelectronics. This chapter
focuses on the VLS mechanism. This may, however, limit our viewpoint regarding
the growth of nanowires, as other mechanisms are also available. However, the VLS
mechanism is a mainstay at present. Therefore, it may be sufficient to review the
state of the art of this area. This chapter seeks to explain the understanding of what
the VLS mechanism is as well as the manner in which better nanowires can be grown
for optoelectronics. Accordingly, the chapter first reviews the fundamental aspects
of the VLS mechanism. The growth of nanowires and a number of critical issues
pertaining to VLS mechanism follow. Some examples of optoelectronic devices that
have been fabricated based on the VLS mechanism are also reviewed in an effort



