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FOREWORD

In the “good old days” of the early 1980s, before the name “MEMS” was used to
describe the various types of microfabricated devices that have a primary function-
ality other than electronic, there was a sense among the pioneers that what later
came to be called “MEMS” was a single field, with a common core technology,
a cadre of investigators, and a sense that anyone in the field could and would
work on any of the many applications which this technology could impact.

At the 1995 International Conference of Solid-State Sensors and Actuators
(Transducers "95) held in Stockholm, one of those pioneers, Dr. Kurt Petersen,
noted that a major change was taking place. No longer could MEMS be considered
“a field.” MEMS had become “an enabling technology” with such widespread
applications that individual disciplines were adopting MEMS and setting up
new conferences and journals that focused on the needs of each discipline. Histori-
cally, MEMS had grown out of the efforts of primarily electrical and micro-
electronic engineers (although the MEMS acronym itself was proposed in the
mid-1980s by the mechanical engineering robotics group at the University of
Utah). As MEMS migrated from being a field to becoming an enabling technology,
specialists from the many disciplines that were adopting MEMS changed the
nature of the discourse. By bringing the knowledge base of these diverse disci-
plines into contact with MEMS technology, wholly new sets of applications and
opportunities were identified and became the subject of an innovative and
highly creative effort. The fact that real products that addressed real markets
could be manufactured at competitive prices provided opportunities for bold
leaders to invest in, and create, new lines of business based on paradigm-shifting
device designs. This was not confined to the large, established companies. Where
promising markets could be identified, venture capitalists invested in many start-
up companies (with all the associated hyperbole that accompanies such high-risk
activities). While the reality has been that some of this venture investment resulted
in disappointment (not because of the technology but rather because of the market
readiness for some of the newest concepts), some of the venture investment has led
to high-profile buyouts and to new publicly traded companies with real product
lines based, in some fashion, on MEMS technology.

Optics is one of these disciplines. The adoption of MEMS technology by optical
practitioners has been so complete that a new acronym “MOEMS” has been
invented and is now widely used. With experienced optics people now thinking
about MOEMS, the scope of effort has spread across a diversity of product
areas (sensors, optical communication devices, scanners, displays) and brought
with it the need to address real product needs such as alignment aids, lens
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arrays, and hermetic wafer-scale packages. MEMS remains, however, as the
enabling technology, and many of the concepts and fabrication technologies that
were originally developed for pressure sensors or accelerometers have turned up
in a variety of optical device applications. This is right and proper. Enabling tech-
nologies enable.

However, enabling technologies do not define the scope of their ultimate appli-
cation. Rather, that is done by the practitioners, with thinking that has now gone
well beyond the elementary idea of an actuator moving a shutter or mirror. The
wave nature of light offers many opportunities to exploit interference and diffrac-
tion, and the marriage of MEMS to active optical devices offers the opportunity to
build electromechanically tuned lasers.

This volume, commendably assembled by Ed Motamedi, one of the pioneers in
the MOEMS field, addresses the full scope of the overlap of electromechanics,
microfabrication, and optics. Some of the chapters use the case-study method,
drawing on successful practical examples as teaching tools. Others are structured
more as survey articles, with almost encyclopedic collection of relevant work. The
book is thoroughly referenced and provides the reader with cited pathways for fol-
lowing up on the many examples presented here. A good measure of a book like
this is to ask, “If you know everything in this book, do you know something
important and useful?” The answer here is clearly, “yes.”

Stephen D. Senturia

Professor of Electrical Engineering, Emeritus
Massachusetts Institute of Technology
September, 2004



PREFACE

The integration of micro-optics and micro-electro-mechanical systems (MEMS)
has created a new class of microsystems, termed micro-opto-electro-mechanical
systems (MOEMS) that are capable of unprecedented levels of performance
and functionality. Born from the relatively new fields of micro-optics and
MEMS, MOEMS are proving to be an attractive solution to a range of
optical problems requiring high functionality, high performance, and low
cost. In this early stage of MOEMS, the majority of devices demonstrated
are miniaturized versions of macroscopic systems, leveraging the low-cost
manufacturing technologies of integrated circuits. In the near future, it is
expected that entirely new classes of microsystems will emerge that do not
have a macroscopic counterpart and are fully enabled by MOEMS. It could
be argued that the future development of high-density optical switch matrixes
is an example of this trend.

The purpose of this book is to introduce this exciting and fast-moving field to
graduate students, scientists, and engineers by providing a foundation of both
micro-optics and MEMS to enable future research in the field of MOEMS. This
book is not intended to be a summary of leading-edge research results, although
state-of-the-art devices are used as examples throughout the text and chapter pro-
blems. The intent is to cover the topics in sufficient detail as to provide researchers
with the foundation to proceed in the design, fabrication, and analysis of state-of-
the-art MOEMS.

The book begins with a short history of integrated circuits and the development
of micromachining. Then, the reader is given an overview of MEMS and micro-
optics and the potential for merging the two fields. Following the introduction,
the book is divided into four distinct parts. The first part of this book provides the
necessary foundation in MEMS technology covering micromachining (Chapter 2)
and micro-optics (Chapter 3). The second part of the book describes microfab-
ricated sensors and actuators (Chapter 4), which hold promise for use in MOEMS,
and micro-optical components and testing (Chapter 5), which serve as the building
blocks of integrated microsystems. The third part of the book describes several
major application areas for MOEMS from the perspective of device design and
fabrication as well as systems integration. Since the list of applications for MOEMS
is growing on a daily basis, we have focused on four major areas: fiber-optics
(Chapter 6), optical scanning (Chapter 7), display and imaging (Chapter 8), and
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adaptive optics (Chapter 9). Finally, in the last part of the book we discuss the
recent advances in MOEMS CAD and simulation (Chapter 10), in major packaging
issues (Chapter 11), and in material properties (Chapter 12).

M. E. Motamedi
January 2005
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