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Present State of

the Micro-Electro-Mechanical Systems
(MEMS) Industry and Its Prospects

By Iihama Mika

What are Micro-Electro-
Mechanical Systems?

Interest in micro-electro-mechanical
systems (MEMS) technology has been
on the rise lately in various fields.
MEMS generally refers to micro-sized
devices fabricated based on integrated
circuit (IC) manufacturing technology.

To make our description of MEMS
easier to understand, we will use actu-
al examples of commonplace devices.
We are all familiar with “switches,”
which are widely used for purposes
such as turning lighting on/off, but
they can be made using MEMS tech-
nology as well. The basic structure
and function of a common light switch
and a MEMS switch are the same.
Both serve to turn electric current
on/off by connecting/disconnecting a
lever and a point of contact.
However, the critical difference
between them is their size. As can be
seen in the example of the MEMS
switch in Figure 1, the width of the
lever (moving part) is 100 microns or
less. Considering the fact that the
average thickness of a hair is 80
microns, you can probably imagine
just how small the switch is. 1C man-
ufacturing technology is employed to
create such tiny MEMS devices. As
most people know, IC manufacturing
is fundamentally similar to photo
developing technologies. (Fig. 2) A
thin film is formed on a silicon sub-
strate, a coat of photosensitive materi-
al (photoresist) is applied on top of it,
and then a desired circuit pattern is
created using a laser over a mask. A
developer is used to dissolve and wash
away the exposed areas, and then all
areas except those covered by the pho-
tosensitive material are removed by
etching, thereby forming the desired
circuit pattern on the silicon substrate.

The difference between how MEMS
are manufactured compared to ICs lies

in the “positive” use of these process-
es to create not only two-dimensional
structures such as circuits, but also
three-dimensional structures (machi-
nes). In this respect, MEMS manufac-
turing technology is an applied form
of 1C manufacturing technology that
achieves MEMS-specific technical
advances such as highly precise three-
dimensionality (depth gauge), but it is
also suited to high-precision mass pro-
duction (low-cost production), a fea-
ture of IC manufacturing technology.

Both overseas and Japanese compa-
nies are actively conducting research
and development on applying such
MEMS switches to element devices
for mobile communications such as
cell phones by exploiting the micro-
miniaturization, high precision and
low cost of MEMS.

Current State of the MEMS
Industry and Its Future

Where are these tiny, high-perfor-
mance MEMS actually being used?
Although most people do not realize
it, MEMS products are already being
widely used around us, and their glob-
al market is said to exceed ¥500 bil-

Figure 1 Magnetic MEMS Switch

lion. Typical examples include the
acceleration sensors built into auto-
mobile air bags (Fig. 3), pressure sen-
sors used to measure blood pressure
(Fig. 4) and the sprayers in ink jet
printers that spray minute ink droplets
from nozzles (Fig. 5). The develop-
ment and product history of some of
these goods spans 10 years or more,
and some automotive parts and IT
device manufacturers have already
established businesses based on them.
As mentioned earlier, the features of
MEMS technology, which can supply
tiny, high-precision products at a low
cost, something that is impossible
with conventional technology (normal
mechanical technology), contribute
tremendously to increasing the perfor-
mance of systems (such as automo-
biles and printers) that employ such
components.

The applications of MEMS are fur-
ther expanding by making the maxi-
mum use of such features. This is
expected not only to dramatically
improve device performance in a wide
range of fields, but also potentially to
become a key technology for com-
pletely new products and services.
The MEMS switches introduced in the
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Figure 2 Overview of MEMS Manufacturing Process
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previous section are a typical example
of this sort of new MEMS, and as
already mentioned, leading Japanese
and overseas companies are compet-
ing with each other to incorporate
them into cell phones and other
devices. Cell phone multifunctionali-
ty is expanding each year, but there
continues to be a strong demand for
compact and low-cost handsets. In
addition, the semiconductor switches
used in current cell phones have, in

principle, difficulty in supporting fur-
ther increases in the radio wave fre-
quencies that are used for cell phones,
and it is said that they are reaching
their limit in performance (for exam-
ple, proper switch “off” performance)
and power loss. MEMS switches are
considered to be an improvement over
conventional semiconductor switches
in terms of performance because they
turn on/off by means of an extremely
casy mechanical structure. They are

Figure 3 Acceleration Sensors Built into Automobile Air Bags

also seen as having great potential as
components for cell phones, which
particularly demand reduced power
consumption, with the additional ben-
efits of being tiny and inexpensive.
There are more than a few issues that
must be resolved, such as mechanical-
specific durability, but full-fledged
practical application is expected
somewhere around 2005. MEMS
technology is also expected to be
applied to other cell phone-related
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Figure 4
Pressure Sensor for Blood Pressure Meters
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Figure 5
Ink Jet Printer Head (Sprayer Section)
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components such as filters, resonators
and antennas. Research is underway
on the future integration of switches
and these other components with logic
circuits.

Along with radio communication,
another promising field for MEMS is
optical communication. Research on

Figure 6 Optical Switch

Source: Canon Inc.

optical switches is very active (Fig.
6), and various companies from Japan,
the United States and Europe have
already announced their trial products.
Most of them feature an array of tiny
mirrors with high-precision angle con-
trol, enabling incoming light to be
switched to the desired direction.

Source: R. Sawada, et al., “Single Crystal 1024ch MEMS Mirror Based on Terraced Electrodes and High-Aspect

Ratio Torsion Spring for 3-D Cross-Connect Switch,” Technical Digest of IEEE/LEOS International Optical
MEMS Conference (Aug. 20-23, Lugano, Switzerland), pp.11-12 (2002).

Source: Canon-Sales Inc.

Compared to the photoelectric switch-
es employed in current optical com-
munication systems, optical switches
are smaller, less expensive and lower
in power consumption. They are even
expected to be employed as devices
that can implement highly flexible
systems. After the IT bubble burst in
the United States, research on MEMS
optical switches temporarily suffered
a downturn, but their practical appli-
cation is anticipated because they are
a vital technology for the mid to long
term. Although it may seem strange
in many ways at first glance, the new
mechanical manufacturing technology
known as MEMS is being focused on
as one of the crucial technologies sup-
porting the creation of a ubiquitous
society that is based on radio and opti-
cal communications. The market size
for MEMS products employed in
these fields is expected to grow at a
fevered pitch, with some forecasters
predicting sales of more than ¥1 tril-
lion worldwide by 2010.

Expectations for chemical and bio-
related MEMS products are also high,
although a slight delay is expected
compared to products for the commu-
nications field. There are various
types of and applications for MEMS
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Figure 7 Lab-on-a-Chip
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in these fields, and a great deal of
research is currently underway. One
particularly promising device is a lab-
on-a-chip that handles fluids (Fig. 7).
A lab-on-a-chip incorporates micro-
scopic channels, pumps, valves and
other such mechanisms on a several-
centimeter-square substrate, enabling
it to implement compact, high-speed
chemical analysis, measurement and
production systems utilizing highly
efficient chemical reactions at the
microscopic level. If this comes into
practical use, activities like diagnos-
tics in the medical field such as blood
tests, environmental measurement for
river water, and even the small-lot
production of high-value-added chem-
ical products are expected to be made
faster, easier and performable on-site.
This will cause revolutionary change
toward the current situation of chemi-
cal research, bio-analysis, measure-
ment and production, and has the
potential to alter the world through the
creation of new industries and ser-
vices.

Japan’s MEMS Efforts and Future
Issues

In addition to existing businesses
centered on such devices as accelera-

tion sensors and pressure Sensors as
already noted, MEMS are a promising
technology for creating new markets
in the fields of radio and optical com-
munications, chemistry, and biotech-
nology. Large numbers of companies
are expected to get involved in such
MEMS technology, including electri-
cal equipment, precision machinery
and telecommunications firms. The
Japanese government, too, has been
attempting to establish element tech-
nology and systematization technolo-
gy through such efforts as the “Micro-
machines Project” from 1991 to 2000.
Moreover, to further accelerate
MEMS manufacturing technology, it
is expected to launch the “MEMS
Project,” a three-year effort that starts
in fiscal 2003.

In many cases, MEMS products are
key parts that influence the perfor-
mance of the final product (system)
into which they are built, and this
trend is expected to further intensify
as even more features are integrated
into MEMS. Securing the manufac-
turing technology for such key parts is
extremely crucial for maintaining and
enhancing competitiveness in manu-
facturing industry, and gaining the
upper hand in MEMS technology is of
great importance for the future of
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Japan’s manufacturing-based econo-
my. Japan boasts superior semicon-
ductor manufacturing and mechatron-
ics technology, and is said to have
hidden potential for getting ahead of
the United States and Europe in
MEMS as well by making use of these
accumulated technologies. In the
automotive field, a current key appli-
cation area for MEMS, Japanese com-
panies are actually considered to be
just as competitive as those in the
United States and Europe. There are
many issues, including the establish-
ment of infrastructure for further
accelerating MEMS manufacturing
technology and nurturing industry, but
in light of the previously discussed
importance of MEMS, efforts based
on close collaboration between indus-
try, academia and government are
required for securing MEMS markets
in the new fields mentioned in the pre-
vious section, as well as strengthening
competitiveness in existing areas. il
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