TECHNOLOGY

Military Applications of Microsystems

Microelectromechanical systems
(MEMS), one of the critical new tech-
nologies revolutionizing U.S. military
weapons and information systems, provide
precisely the broad applications that mod-
ern warfare demands. The infusion of
advanced technologies, including MEMS,
into military systems is accelerating
because of the necessity for the Armed
Forces to keep pace with the exponential
growth in information collection and acces-
sibility. In the post—-Cold War era, U.S.
forces must be able to

conduct prompt, sus-

tained, and synchro-
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our allies in specific
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innovative technologies and devices so
that they will be readily available for pro-
curement by the military in large quantities
for use in its weapons and other systems.

Knowledge is power
Information, information processing, and
communications networks are at the core of
every military activity. Throughout history, mil-
itary leaders have regarded information
superiority as an important key to victory.
Advanced electronics have been a vital ele-

and give the soldier a binocular readout of chemical species present

solely by trying to prevent other and in what concentration.

nations from gaining access to our
high-tech information. If for no other rea-
son, technological innovation will remain
the driving force behind the military’s trans-
formation to more agile and lethal fighting
forces. Today, the nation’s investment in
defense research and the transition of tech-
nology to weapons and to other military sys-
tems are increasing quite aggressively.

The information in this article is unclas-
sified, as is a significant portion of the
work that the Defense Advanced Research
Projects Agency (DARPA) supports in indus-
try and academia. DARPA is motivated to
see that industry develops and markets
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ment in military modernization. However,
rapid, accurate, and comprehensive access
to information on today’s battlefields
requires automatically linking the physical,
chemical, and biological worlds to the elec-
tronic world. Traditionally, foot soldiers have
gathered battlefield information and relayed
it to central commands. MEMS-fabricated
sensors and actuators will replace much of
the human role in gathering data, transfer-
ring it into electronic form, and transmitting it
to military commanders.

MEMS fabrication techniques allow ultra-
miniaturization of mechanical components
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and their integration with microelectronics,
while improving performance and making
new capabilities possible. These integrat-
ed, microassembled, multicomponent sys-
tems play vital roles in applications such as
aerodynamic control, signal processing
using heat- and radiation-resistant MEMS
microcomputers, inertial measurement and
guidance, and microfluidic-chip technolo-
gies for use in biological detection, toxin
identification, DNA analysis, cellular analy-
sis, drug preparation, and drug delivery.

Several materials
other than silicon are
available for making
MEMS devices,
including silicon car-
bide, plastic, and
glass, and these
materials can be inte-
grated compatibly
with electronic com-
ponents. Silicon car-
bide is much harder
than silicon, and as a
result, machining the
material into microm-
eter-scale MEMS
devices has been dif-
ficult until recently.
Glass and plastics
are already used in
biological “lab-on-a-
chip” sensors, which
are fabricated by
essentially the same
photolithography techniques used to make
integrated circuits. Integration simply
requires fashioning a MEMS device on, say,
a silicon carbide chip and bonding it with a
traditional silicon or gallium arsenide elec-
tronics chip.

Picosatellites

MEMS devices already provide signifi-
cant technical advances in military and
national security activities. One example of
space applications is the picosatellite, an
ultraminiature craft that by definition weighs
less than 1 kg. Two prototype craft, PicoSat



1 and PicoSat 2, were launched
in January 2000 into a circular
orbit about 750 km above
Earth. Each of the satellites,
which were developed by
DARPA, measures 1 ¥ 3 ¥ 4 in.
and weighs only 250 g (0.55
Ib). Their on-board MEMS radio-
frequency switches survived
the harsh conditions during
launch and in space, and they
have functioned well in commu-
nicating with ground-based
antennas.

Picosatellites are meant to
augment the military’s fleet of
surveillance, communications,
and radarranging satellites, not
replace it. Strategic planners
envision the craft playing critical
roles in combat or peacekeep-
ing situations. For example,
because they are so small, hun-
dreds of picosatellites could be
launched quickly into orbit on a
single rocket from the ground or
from an F-16 aircraft whenever
needed. Within days of a
“launch-on-demand,” the tiny
craft would be strung out around
Earth in such a way that several
of the satellites would always be
over the geographic area of con-
cern. A dozen or so picosatel-
lites might also be carried
aboard standard-sized satel-
lites. When servicing is neces-
sary or some problem arises
with the mother satellite, one or
more of the picosatellites could
be released for maintenance
duties or to diagnose a problem
and perhaps fix it.

Naval applications also illus-
trate the usefulness of MEMS
devices to the Armed Forces.
One example is their use in an
antitorpedo weapon being devel-
oped for U.S. Navy submarines
and surface ships. Torpedoes

carry a fuze/safing and arming
(F/SA) device, a system whose
sensors determine when condi-
tions are right for a torpedo to
detonate—it must be in water;
traveling at high speed, and near
a target, among others—and
guard against an unintended or
premature explosion. The bulky
F/SA devices used in conven-
tional 22-in.- diameter subma-
rine torpedoes contain many
mechanical parts. Using MEMS
devices,researchers have built a
new F/SA system that fits inside
a 6.25-in.-diameter antitorpedo
torpedo, which a standard F/SA
unit could never do.

This “smart” F/SA system
includes commercially available
MEMS accelerometers, gyro-
scopes, pressure sensors, and
custom-designed and devel-
oped actuators that are inte-
grated with signal-processing
electronics and an algorithm
that determines when and
when not to arm the torpedo.
Fully functional prototypes have
been demonstrated in two
experimental torpedoes, and
further development is being
planned to bring the device to
full-scale production.

Land applications include
smart, shock-resistant instru-
mentation for munitions, pro-
jectiles, and other weapons
using MEMS inertial guidance
systems that can withstand
shocks up to 50,000g. MEMS
tire-pressure sensors are
embedded in the tires of Army
tank carriers to monitor them
for signs of deterioration and
impending blowout. The use of
MEMS technology enables
drastic size reductions, which
leads directly to improved
ruggedness and survivability in
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Two tethered picosatellites (a, right), were launched from a mother ship (left) in January to test a microswitch (b) that is

far superior to the previous generation of switches. Capable of being manufactured by photolithography on a wide range

of substrates, it has a lower power loss and is less leaky and more linear.

such applications.

For aeronautic uses, MEMS pressure
sensors have been tested in the booster
rocket of the ejection seat used in the F-14
fighter. Researchers are also using materi-
als suitable for harsh environments to
develop a suite of MEMS sensors intended
to ascertain the dynamic internal behavior
of prototype jet turbine engines. The tem-
perature profile of such engines can vary
rapidly, and temperatures reach 1,800 °C.
To improve engine efficiency and power,
researchers would like to obtain better
measurements of temperature, pressure,
turbine speed, coolant temperature, and
stress and strain in different components,
among other engine parameters.

On the battlefield

For battlefield applications, researchers
are developing MEMS components for
micropower sources and microcommunica-
tions components in sensor-communications
devices. These new microsystem chips will
provide warfighters and unmanned aerial
vehicles (UAVs) with precise geolocation,
communications, and what the military calls
extended-awareness capabilities—informa-
tion exchanges between troops in the field
and the central combat command center
that keep both better informed.

One means of extended awareness
would be a widely distributed and com-
pletely autonomous sensor network to sup-
ply vital information to the combat center.
For example, a UAV could carry thousands
of seismic sensors—each with its own

communications capability yet only a few
cubic millimeters in size—and drop them
over an area of conflict. The sensors would
activate on hitting the surface and transmit
ground-vibration data to the UAV for relay to
the combat center, so that it could track
troop and vehicle movements. As a power
unit, researchers are working on a MEMS
device that uses propane or methanol in
order to generate electricity.

In the future, we will likely find urban bat-
tles more common, with soldiers moving
from building to building and through streets
and alleys. Such settings make it difficult for
field commanders to clearly know the loca-
tions of their troops, an important piece of
information when calling in air or artillery
support, for example. We envision a time
when personal MEMS-based sensors and
transmitters will keep commanders informed
of each trooper’s status, from geolocation to
degree of fatigue or injury. At the same time,
the troops in the streets will know the where-
abouts of their comrades, and their leaders
will be able to direct them more effectively
and with fewer casualties.

To protect troops against biological- and
chemical-warfare attacks, researchers are
developing integrated MEMS-based biofluidic
microprocessors. These devices, which are
far more sophisticated than those now com-
mercially available for DNA sequencing, will
reconfigure themselves to measure various
physiological parameters for each warfighter.
These small devices will monitor the blood
and the interstitial fluid, the fluid between
the body’s cells. The processor will compare
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the readings it takes with data stored in the
chip to assess such things as chemical
exposure and infection.

Integrated fluidics will allow the sensor chip
to perform multiple assays. Microfabrication
processes that integrate the fluidic compo-
nents (structures,sensors, and actuators),dif-
ferent materials, and different analytic
processes onto chip-size devices are in devel-
opment. MEMS technologies will integrate on-
chip fluidic transport components with tiny
sensors to dynamically control certain proper-
ties, such as the surface tension of fluids.
Chip-scale devices with the capability of sam-
ple-to-answer solutions are also in develop-
ment. Sturdy, lightweight, and easy-to-use,
these devices will be about the size of a wrist-
watch and probably will be worn like one.

These minimally invasive biofluidic chips
will enable the unobtrusive assessment of
the warfighter’'s medical condition through
continuous sampling of blood and intersti-
tial fluids. Ultimately, MEMS technology will
integrate rapid detection, diagnostics, and
drug delivery capabilities on a single chip.
In a biological attack, the chip would first
detect evidence of a deadly bacterium,
determine the type, and then begin imme-
diate treatment. The chips must make an
early diagnosis. If symptoms have already
appeared, it likely will be too late to save a
life. One day, commanders will have real-
time knowledge about the readiness-for-
war status of their troops, from evidence of
drug use to infection with biological
agents.

Furthermore, the chips will improve triage



among combat casualties by helping medical
personnel to determine the priority for treat-
ing each of the wounded. MEMS biofluidic
chips could also be used in testing. In this
scenario, the commander could correlate the
warfighter’'s performance with his or her
health status by assessing sensitive bio-
markers—often the levels of specific pro-
teins circulating in the blood and interstitial
fluids. Performance-enhancement drugs
could be administered in real time during
urgent, high-stress missions, such as those
of Air Force pilots or missile-launching crews.
Testing of this entire integrated system
should begin in 7 to 10 years.

The ultimate benefit

The revolution of information technology
will increasingly permit us to integrate the
traditional forms of intelligence collection—
such as spies, foot patrols, and air observa-
tions—with new, sophisticated intelligence,
surveillance, and reconnaissance data-gath-

ering technologies into a fully synchronized
information package for commanders. One
of the key technical enablers to this infor-
mation flow will be the smart MEMS sen-
sors that will collect raw data, refine it, and
feed it to the central commander. This infor-
mation interface will result in weapon plat-
forms that are smarter, more precise, and
more lethal. It will also give our forces an
unprecedented degree of awareness and
control over areas of conflict in a timely
manner. The rapid infusion of MEMS tech-
nology into military applications will be one
of the crucial strategies to maintaining our
advantage over adversaries to ensure
national security and global stability.
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