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Preface

Nanowires, nanobelts, nanoribbons, nanorods ..., are a new class of quasi-one-
dimensional materials that have been attracting a great research interest in the last few
years. These non-carbon based materials have been demonstrated to exhibit superior
electrical, optical, mechanical and thermal properties, and can be used as fundamen-
tal building blocks for nano-scale science and technology, ranging from chemical and
biological sensors, field effect transistors to logic circuits. Nanocircuits built using
semiconductor nanowires demonstrated were declared a “breakthrough in science” by
Science magazine in 2001. Nature magazine recently published a report claiming that
“Nanowires, nanorods, nanowhiskers, it does not matter what you call them, they are
the hottest property in nanotechnology” (Nature 419 (2002) 553). There is no doubt
that nanowire based quasi-one-dimensional materials will be the new focal point of
research in the next decades.

Volume 1: Metal and Semiconductor Nanowires covers a wide range of mate-
rials systems, from noble metals (such as Au, Ag, Cu), single element semiconductors
(such as Si and Ge), compound semiconductors (such as InP, CdS and GaAs as well
as heterostructures), nitrides (such as GaN and Si3N,) to carbides (such as SiC). The
objective of this volume is to cover the synthesis, properties and device applications
of nanowires based on metal and semiconductor materials. The volume starts with a
review on novel electronic and optical nanodevices, nanosensors and logic circuits
that have been built using individual nanowires as building blocks. Then, the theoret-
ical background for electrical properties and mechanical properties of nanowires is
given. The molecular nanowires, their quantized conductance, and metallic nanowires
synthesized by chemical technique will be introduced next. Finally, the volume covers
the synthesis and properties of semiconductor and nitrides nanowires.

Volume 2: Nanowires and Nanobelts of Functional Materials covers a wide
range of materials systems, from functional oxides (such as ZnO, SnO, and In,03),
structural ceramics (such as MgQO, SiO, and Al,03), composite materials (such as Si-Ge,
SiC-Si0,), to polymers. This volume focuses on the synthesis, properties and applica-
tions of nanowires and nanobelts based on functional materials. Novel devices and appli-
cations made from functional oxide nanowires and nanobelts will be presented first,
showing their unique properties and applications. The majority of the text will be devoted
to the synthesis and properties of nanowires and nanobelts of functional oxides. Finally,
sulphide nanowires, composite nanowires and polymer nanowires will be covered.

The materials covered in both volumes are very diverse and rich in properties. Most
of the nanowire and nanobelt structures are structurally controlled with respect to
growth directions and side surfaces, resulting in controlled and tunable electrical and
optical properties, which offer huge advantages for applications in nanotechnology.
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X Preface

The chapters were written by leading scientists worldwide whose groups have
been the pioneers in the field and have done substantial work in their specific disci-
plines. Both volumes review the most up-to-date progress in nanowires and nanobelts.
The books are intended as research books for advanced students and researchers with
background in physics, chemistry, electrical engineering, mechanical engineering,
chemical engineering, biology and bioengineering.

Z. L. WANG
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Chapter 1

Nanowires as Building Blocks for
Nanoscale Science and Technology

Yi Cui,! Xiangfeng Duan,' Yu Huang,' and
Charles M. Lieber!-?
'Department of Chemistry and Chemical Biology;

2Division of Engineering and Applied Sciences, Harvard University,
Cambridge, MA 02138, USA

1. Introduction

1.1. Bottom-up paradigm for nanoscale science and technology

The field of nanotechnology represents an exciting and rapidly expanding research
area that crosses the borders between the physical, life and engineering sciences {1, 2].
Much of the excitement in this area of research has arisen from recognition that new
phenomena and unprecedented integration density are possible with nanometer scale
structures. Correspondingly, these ideas have driven scientists to develop methods for
making nanostructures. In general, there are two philosophically distinct approaches
for creating small objects, which can be characterized as top-down and bottom-up. In
the top-down approach, small features are patterned in bulk materials by a combina-
tion of lithography, etching and deposition to form functional devices. The top-down
approach has been exceedingly successful in many venues with microelectronics
being perhaps the best example today. While developments continue to push the res-
olution limits of the top-down approach, these improvements in resolution are associ-
ated with a near exponential increase in cost associated with each new level
manufacturing facility. This economic limitation and other scientific issues with the
top-down approach have motivated efforts worldwide to search for new strategies to
meet the demand for nanoscale structures today and in the future [3-5].

The bottom-up approach, in which functional electronic structures are assembled
from chemically synthesized, well-defined nanoscale building blocks, much like the
way nature uses proteins and other macromolecules to construct complex biological
systems, represents a powerful alternative approach to conventional top-down meth-
ods [4, 6, 7]. The bottom-up approach has the potential to go far beyond of the limits
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Fig. 1. Schematic outlining key challenges (open rectangular) and specific research areas
(ellipses) required to enable the bottom-up approach to functional nanosystems.

of top-down technology by defining key nanometer scale metrics through synthesis
and subsequent assembly—not by lithography.

To enable this bottom-up approach for nanotechnology requires a focus on three
key areas, which are at the heart of devices and integration (Fig. 1). First, the bottom-
up approach necessitates nanoscale building blocks with precisely controlled and tun-
able chemical composition, structure, size, and morphology since these characteristics
determine their corresponding physical properties. To meet this goal requires devel-
oping methods that enable rational design and predictable synthesis of building
blocks. Second, it is critical to develop and explore the limits of functional devices
based on these building blocks. Nanoscale structures may behave in ways similar to
current electronic and optoelectronic devices, although it is also expected that new and
potentially revolutionary concepts will emerge from these building blocks, for exam-
ple, due to quantum properties. Third and central to the bottom-up concept, will be the
development of architectures that enable high-density integration with predictable
function, and the development of hierarchical assembly methods that can organize
building blocks into these architectures.

Addressing and overcoming the hurdles in these three major areas of the bottom-
up approach could revolutionize a wide range of technologies of today. Moreover, it
is very likely that the bottom-up approach will enable entirely new device concepts
and functional systems, and thereby create technologies that we have not yet imag-
ined. For example, it is possible to combine seamlessly chemically distinct nanoscale
building blocks, which could not be integrated together in top-down processing, and
thus obtain unique function and/or combinations of function in an integrated nanosys-
tem. Small and highly perfect building blocks may also lead to quantum electronic

devices that enable quantum computing in architectures that have common features to
digital systems.




