Microsystems and -

e

i
-




Zhaoying Zhou
Zhonglin Wang
Liwei Lin

W ERGEMPREBIAR

Microsystems and
Nanotechnology

With 586 figures, 148 of them in color

@ Springer



mAEE T

MARZNGK R RUKARBEARNHE N EEHRIS, FHXHFRR. MR
GEMBKBARR—MFNN . BEREXMRETE. A 5H 40 ZAENTELER.
RENERE, HHRAGRGAPEHAER. MARGER. KR, NHRE. &
RAREELANRSY, 323 8. UL, FEML, HRAE. BEIURR. &85
AR —AEEFAERRT . £, %, HAIRENRE FERRENFREAR IR
RRFFL R, iR T -ER W R RN R RE, ARHEREN
PR LA BORGORFHE S R I BT B R 38

AT UMENHRTRARE, FRENEITREZS L, FHFTFHERKRA
RAB%.

BEHIERE, BI5. SsERHEiE: 010-62782989 13701121933

B H /RS B (CIP)H#E

A e MK 5 R= Microsystems and Nanotechnology: #3/FIJkZ, Edak, ML
FR. b5 HHERFHIRAE, 2011.7
ISBN 978-7-302-24307-6

LO#- N.OF- @FE- @k [LOBHFEAR-FEL @GKRH -
IV.OTN4 @TB383

o E R A B T CIP BB (2010)3 252775 5

HEHRE. HEWE K B

BERR . BAAT A

BERH.: Fak

HR&ZIT: HHRRFE HERHE H M AL EIEHE R ETRE A B
http; /www, tup. com. cn Hp #%: 100084
# B #. 010-62770175 B . 010-62786544
HEEIEFERS: 010-62776969, c-service@ tup. tsinghua, edu. cn
R B K . 010-62772015,zhiliang@ tup. tsinghua. edu. cn

. R EEXRADHARAH

. 2EFERE

X, 153X235 EP #.59.75 B W:37 F ¥.1332FF

¥/

#

@t

.

: 2011 11 HE 1 /R En Y. 20114F 11 A% RER
: 1~1400
: 198,00 74

AaSgEHED

R4S 025584-01



From the Editors

It’s a great honor for me to cooperate with Prof. Zhonglin Wang, Regents’
Professor at the Georgia Institute of Technology and member of the European
Academy of Sciences, and Prof. Liwei Lin, Co-Director of the Berkeley Sensor
and Actuator Center, University of California at Berkeley, in the compilation and
publication of this book. In this multi-disciplinary field characterized by rapid
development it is extremely hard, if not impossible, for an individual to complete
a comprehensive and accurate monograph, given that hundreds or even thousands
of relevant papers might be submitted at some international conference. Hence,
our decision to collaboration on this book.

Early in 2003, after much discussion, we decided on an outline of chapters
divided into four sections: Fundamentals of MEMS and Nanotechnology, MEMS,
Nanotechnology, and Applications of MEMS and Nanotechnology. Subsequently,
more than forty experts and scholars were invited to cooperate in developing the
book with us, among whom are Prof. Li Zhijian, Tsinghua University, Academician
of the Chinese Academy of Sciences (CAS); Prof. Hou Jianguo, the University of
Science & Technology of China, Academician of CAS; Prof. Chih-Ming Ho,
University of California, Los Angeles, Member of the National Academy of
Engineering; Prof. Yu-Chong Tai, California Institute of Technology; and Prof.
Roland Zengerle from Germany, etc. Some authorities and experts of world-renown
in this field, such as Academician Richard S. Muller from the US, Prof. Wolfgang
Menz from Germany, Prof. Masayoshi Esashi from Japan as well as Dr. Geoff
Beardmore from the UK, described their own experience of decades of research
as well as their perspectives for the future of MEMS. Their views together with
the achievements from the scientific and technological frontier constitute the
substance of this book,

We are indebted to these more than 40 experts for their contributions to the book,
and sincerely hope that this work will stimulate discussions and communications
well into the future. We are also grateful to those experts and scholars who intended
to contribute but failed to meet the deadline of publication of this book, and hope
that their writing will enrich this book when reprinted afterwards.



MEMS and nanotechnology, or micro-nanotechnology, is a rising field of science
and technology. Many scientific workers have been inspired by the prophecy
of several Nobel Prize winners, such as Richard Feynman’s famous speech at
the California Institute of Technology (CIT) in 1959: “There’s Plenty of Room at
the Bottom.” Many scientists and scientific and technological research contributors
have incisively explained the problem using the inductive method. For instance,
some people regard Biological Engineering, Information Technology and
Micro-Nano technology as the three most important fields of the scientific
frontier in the 21st century, whose combination and development will cause a
new technological revolution. Some others think that science and technology
develops towards two opposite extremes, with space technology at the large scale
and micro-nanotechnology at the small scale. Because of its growing importance-
nanotechnology has received strong support, but also sometimes too urgent
demands, from governments as well as corporations. Confident in their knowledge
of this field, the authors of this book have explained the stages of micro-
nanotechnology development according to the developmental laws of science
and technology, and thus responsibly promoting its development.

Many people have made contributions to the development of micro-
nanotechnology, which is, according to the developmental laws of science, a long-
term development. With the strong support of governments, micro-nanotechnology
has been promoted, relevant mechanisms innovated, strong research teams formed,
and a high level development platform for micro-nanotechnology is under
construction. Surely, micro-nanotechnology has bright prospects. Therefore, the
knowledge, experience and achievements of the authors of this book are well
worth studying. My gratitude also goes to Miss Lijuan Wang and Miss Xiaoli Liu,
who have helped sort through the contents, chapters, and pictures of the book.

During publication, we express our thanks to the support of National Science
and Technology Publication Fund and the State Key Laboratory.

Zhaoying Zhou, Tsinghua University, Beijing, China

Over the past few decades, microelectronics has been developing following
Moore’s Law, which predicts that the number of electronic components that can
be integrated onto a silicon chip doubles every 18 months. One of the important
characteristics of microelectronic technology is the size of components, such as
the 90-nanometer technology and the 60-nanometer technology. However, when
its size shrinks to under 50 nanometers, the performance of the component may
depend strongly on the device size due to surface and interface effects, thus
electronics inevitably enters into the Nano Era.

Nanotechnology is the integration and application of functional systems at the
atomic or molecular scale; the integration and application of nanometer-scale
functional structures involves at least the one spacial dimension. It is one of the



two technologies characterized by length scale, and its future development and
application are mainly in the following three fields: the integration with micro-
systems, life sciences and medical technology based on nano-processing technologies,
and the application of nanomaterials in energy and environmental technologies.
This book is about the integration of nanotechnology with micro-systems.

The dominant material of the first Industrial Revolution is steel. Silicon is the
material for the second industrial revolution. When nanotechnology was first
introduced, it was believed that it might replace micron technology and that
silicon might be replaced by other materials. However, no matter on how small a
scale the technology is based, even pico-scale technology, it has to be connected
with the real world. In other words, a technology with practical importance should
be the one based on multi-scales from nanometer to micrometer, and then to the
millimeter, etc. Therefore, the application of nanotechnology in microsystems
involves the integration of new nanomaterials, components and nanotechnology.
This book is to present this subject as well as its prospects to the reader.

It’s my honor to have collaborated with Prof. Zhou Zhaoying and Prof. Liwei
Lin in editing this book. First I would extend my thanks to all the authors of this
book, and I am indebted to Prof. Zhou for his leading role and elaborate planning
of the editing. I hope that this book will be instrumental in promoting the
integration of micro-nanotechnology world-wide.

Zhonglin Wang, Georgia Institute of Technology, Atlanta, USA

Over the past few decades, microelectronic technology has been applied in the
manufacturing of micro-components of movable mechanical parts, which in turn has
prompted research into micro/nanometer sensors and actuators. Multi-functionality
of semiconductor materials and microminiaturization of VLSI technology provide
the new system with higher performance and more reasonable performance/price
ratio compared with traditional components. Key components and general
components of such a system mainly depend on the following two factors. Firstly,
various micro-manufacturing processes, such as surface processing, volume
processing and hot embossing plastic mold and injection mold design, and
manufacture of innovative concepts will be updated. As devices get better,
multifunctional systems become cheaper. Secondly, new and existing basic
sciences and technical basis prompt new discoveries. Earlier research results, such
as micro-pressure sensors, acceleration sensors and gyroscopes, have become
mature products.

With the research on MEMS and nanotechnology, significant capital and vast
resources have been invested in many fields. Traditionally, the United States,
Japan and Europe have been the three typical powerhouses, predominating in the
research activities around the world. Research on MEMS and nanotechnology
fields are no exception. However recent research in many fields in Asia have



made rapid progress, which has brought remarkable progress on MEMS and
nanotechnology. Korea, for instance, hosted the 13th International Conference of
Solid-State Sensors, Actuators and Microsystems in 2005, which is the largest in
the field of MEMS, held on a two-year rotational schedule in the United States,
Europe and Asia. China is the host of this conference in 2011, which clearly
demonstrates that the research carried out in China are well accepted worldwide.
Now in China more than 100 universities and over 500 academic researchers are
engaged in research on MEMS, and it is estimated that China will invest more
than 150 million dollars in this field in the next five years. All these facts indicate
that China will become one of the powerhouses for micro-nanotechnology
activity in the near future.

With its emphasis on MEMS and nanotechnology, this book has integrated
knowledge of mechanics, material science, manufacturing and products. I owe
my gratitude to these senior researchers in MEMS and nanotechnology who have
contributed different chapters to the book. Here I would like to extend my special
thanks to Prof Chih-Ming Ho from UCLA, who contributed Mechanics in
MEMS, and Prof. Yu-Chong Tai from Caltech, author of the Introduction to
MEMS; Prof. Ming Wu from UC Berkeley, who wrote Optical MEMS, and Prof.
Yu-Chuan Su from Hsinchu Tsing Hua University, who provided MEMS Design;
Prof. Mu Chiao from British Columbia University and Prof. Yu-Ting Cheng from
Tainan Chiao-Tung University, co-authors of MEMS Packaging; Dr. Weijie Ynn,
author of Microaccelerometer, and Dr. Scott Chang, who contributed MEMS in
Automobiles. Obviously, this book could not have been produced without their
contributions. And it might be important to know that these experts and other
researchers look forward to improvements in quality and increases in quantity of
research in the near future, just as progress has been made in recent years. We hope
that this book will be among the works in the field of MEMS and nanotechnology
that will fuel the research on MEMS and nanotechnology.

Liwei Lin, University of California, Berkeley, USA
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