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Preface

Mechanically flexible systems for photovoltaics, electronics, sensing and en-
ergy storage/harvesting provide capabilities that cannot be achieved with con-
ventional technologies. Examples include light weight, rugged form factors,
wearable designs and rollable layouts. Most work in these areas involves the
use of amorphous and/or polycrystalline thin films of organic or inorganic
active materials that yield mechanically flexible systems when integrated on
bendable substrates, such as plastic sheets or stainless steel foils. The main
disadvantage of such systems is that the morphologies of the active films
typically limit the performance to levels that are much lower than those
obtainable with single-crystalline materials. A number of books and compre-
hensive reviews have been published on such approaches. This book sum-
marizes newer work that exploits nanoscale, monocrystalline semiconductor
building blocks to achieve simultaneously mechanical flexibility and high
performance. Chapter 1 presents an overview of the synthesis of organic
semiconductor microcrystals and nanowires with single crystallinity as well
as flexible thin-film transistors (TFT5s) that incorporate them. Inorganic nano-
wires, nanoribbons and nanomembranes synthesized via both bottom~up
chemical synthesis and top—down lithographic fabrication are reviewed in
Chapters 2 and 3, respectively, together with demonstrations of flexible elec-
tronic devices and circuits based on the resulting nanomaterials. Performance
in these cases is similar or even superior to those of comparably designed
devices on traditional rigid substrates. Carbon nanotubes can also be used
as active materials for high performance of TFTs and circuits (Chapter 4) and
field emitters (Chapter 5). Nanotubes offer potential advantages in mechan-
ical and electrical properties over inorganic nanomaterials.

In addition to electronics, this book covers flexible devices for energy har-
vesting and conversion, energy storage and chemical sensing. Chapter 6
reviews flexible photoelectrochemical cells made of highly ordered arrays of
nanowires and nanotubes for converting solar energy into electricity. Flexible
solar cell modules based on arrays of monocrystalline silicon microcells are
also extensively discussed in this chapter. Converting mechanical energy
{vibration, motion, etc.) into electricity based on piezoelectric properties of
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ZnO nanowires is highlighted in Chapter 7, with details covering the growth
of ZnO nanowires and device fabrication and characterization. Some exarm-
ples of energy storage devices with mechanical flexibility are presented in
Chapter 8. By taking advantage of the high surface areas and chemical reactiv-
ities associated with nanomaterials, flexible chemical sensors with high sen-
sitivities can be achieved. Such designs have potential for sensing widely
ranging classes of analytes including biological molecules, pollutants and
explosives {Chapter 9). Through clever mechanical designs, devices that offer
not only flexibility but also fully reversible responses to large strain deforma-
tion, i.e. stretchability, are possible. This type of mechanical response can be
used to advance electronic eye imagers, bending actuators, synthetic sensitive
skins, structural health monitors and other devices that demand more than
simple flexibility. The last chapter reviews the mechanics of nanoribbons with
controlled wavy geometries on rubber substrates as one approach to stretch-
able devices.

Finally, we would like to thank all of the contributing authors for their time
and effort in preparing the manuscripts presented in this book. Their work and
that of others in this emerging area are essential to the vibrancy and fast pace of
progress in this field. The community includes research sectors in academia,
national laboratories and industry, spanning disciplines from chemistry and
materials science to mechanical engineering, device physics and electrical
engineering. We hope that this book can serve as a useful reference for those
new to this field of research or already engaged in it, from graduate students to
postdoctoral fellows and practicing researchers, from scientists to engineers.

Yugang Sun
John A. Rogers
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