Thank you.
Today |'mgoing to talk about MEMS-- Mcro Power Generation -- or MPG

MEMS i s one of the core enabling technol ogi es upon whi ch many
i nnovati ve programs are built.

It | everages the fabrication techniques fromthe I-C industry to create
ultra-mniaturized conponents including nmechani cal devices, photonic
devi ces, chenical devices, biological devices, as well as electronic
circuits.

Using this approach, we can create a broad range of radically new
applications.

Exanpl es of MEMS fabrication techniques include bul k mcronachining,
surface m cronachi ni ng, wafer bonding, and the LI GA process using deep
X-ray lithography and plating, plus many nore.

The four unique attributes of MEMS are that:

1. It's based on IC fabrication technol ogy, and thus it enables the
integration of nultiple functions on the same substrate or
pl at f or m

2. Mcronmachining is inherently precise, and so the devices perform
better than their traditional counterparts.

3. It is batch fabricated, and therefore it reduces manufacturing
cost and tine.

4. And nost inmportant of all, it creates miniaturized devices.

As a result, we reap many benefits, including portability, ruggedness,
| ow power consunption, easy and nmssive depl oynent, easy nai ntenance,
and minimal harmto the environnent.

Here is an exanple that illustrates the advantages of MEMS in
aeronautic applications.

A mcro shear-stress sensor created at Caltech has been fl own side-by-
side with the state-of-the-art Stanton sensor on an actual flight test
on board of an F-15.

This device is 4 orders of nagnitude snaller than the Stanton
counterpart, consunming far |ess space and power.

But nost inportantly, it out-perforns the conpetition, exhibiting 10
tinmes the response bandwidth as illustrated in this plot.

The MEMS shear stress sensor accurately resolved the high-frequency
fluctuations in shear stress resulting fromturbulent flow.

The Stanton sensor did not have the required bandwi dth and m ssed a | ot
of inportant information.

Satellites are classified by weight. A pico satellite weighs |ess than
1 kg.



The goal of the DARPA pico satellite programis to devel op a | ow cost
space platformto denonstrate MEMS sensors, actuators, and
conmuni cati on conmponents in space.

Potentials for using these ultra-mniaturized satellites include
cooperative constellations, sparse aperture antennas, inspection and
servicing mssions for other space vehicles, and | aunch-on-demand
robust comuni cations and surveillance systens for short-term m ssions.

In January this year, we successfully launched the first pair of pico
satellites linked by a tether

The 100-foot tether was used to allow easier ground tracking and to
prevent the pair fromdrifting too far apart.

Shortly after the pair was in orbit, we successfully established RF
conmuni cati on and operated the MEMS RF switches in space.

In the future, we will denonstrate additional capabilities like mcro
propul sion, MEMS inertial reference, inspection, and optica
conmuni cation |links in space.

One of the nost critical factors in establishing battlefield
superiority is tinmely and accurate information and assessnment of the
theatre.

A distributed wireless mcro sensor network that can be quickly

depl oyed can allow for surveillance and intelligence gathering in a
manner that has never been possible before. Also, with the availability
of these sensor networks, we can inplenent condition-based nai ntenance,
heal th nonitoring, and environmental nonitoring on board of a broad
range of platforns including battleships, aircrafts and rotorcrafts,

| and vehi cl es, and space-borne platforns.

We have denonstrated such a sensor network on board the USS Rushnore,
and field-tested at 29 Palns for detecting |and vehicles and troop
novement using seisnc and acoustic sensors.

One of the key technical advances that enable a broad spectrum of MEMS
applications is packagi ng.

Since MEMS devices serve as the interface fromthe physical, chem cal
and biological worlds to the electronic world, the packagi ng technol ogy
for MEMS is significantly different than that for el ectronics.

One of the comon needs is a micro vacuum chanmber, with well -
controlled humdity, in which the MEMS devices can operate. These MEMS
devices include IR sensors, RF switches, variable capacitors,

accel eroneters, and gyroscopes. W have denonstrated a wafer-|evel
vacuum packagi ng technol ogy for use with an array of IR inmager. W have
al so denonstrated a nicro encapsul ation technique to protect MEMS
devices with noving conponents, such as accel eroneters, gyroscopes, and
resonat ors.

These packagi ng techni ques have been shown to provide a stable 10mTorr
vacuum for two and a half years. They have al so shown to survive 10, 000
g of shock, further inproving the robustness of MEMS devi ces.



It should be noted that these approaches are | ow cost and nass
produci bl e as two additional benefits.

M cro Power Ceneration (MPG is one of the |latest thrust areas enabl ed
by MEMS t echnol ogy.

The goal is to generate power at the micro scale to enabl e stand-al one
mcro sensors and micro actuators.

These stand-al one packages will have wirel ess conmuni cati on and on-
board el ectronics, as illustrated in this conceptual draw ng.

In order to achieve that goal, we nust explore alternatives to existing
batteries. Chemical energy storage in the forns of solid or liquid
fuels is inherently much higher in density than the best lithiumion
batteries.

For exanple, the energy density of nmethane is nore than 12,000 W
hr/ kg, which is at |east 100X higher than the best batteries.

Assum ng a nodest conversion efficiency of 10% a nethane-based
electric generator is still 10X smaller than an equival ent battery.

The success of this programw || enable new strategi es for weapons
systens and battlefield nmonitoring.

There are several approaches in extracting chemnmical energy in the nicro
scal e.

One is to create mcro conbustion engines to generate nechani ca
outputs, as in the case of the UC Berkeley mcro rotary engine.

The Princeton conbustion chanber, on the other hand, converts thernal
energy into electricity with thernoel ectric generation

In both cases, we have denonstrated the capability to machi ne high-
tenperature materials such as SiC and alunmina to create these micro
conbusti on engi nes and conbustion devi ces.

One of the nost inportant breakthroughs is that we have denonstrated a
sel f-sustai ned conbustion within a 1 m®B chanber using hydrogen and
air.

USC is funded to pursue another project based on thernoelectric
conver si on.

In this approach, a counterflow Swi ss-roll conbustor is created using
3-D solid free form nmachi ni ng.

The I ong counterfl ow channels are rolled up in 3 dinmensions to naxinze
the thernoelectric el enent surfaces between the cool in-coning
reactants and the hot comnbustion products.

This design also mnimze the loss of thermal energy to the
envi ronnent .



One of the keys to this approach is the ability to fabricate and
integrate thernoelectric elenents on the surfaces of the counterfl ow
channel s.

The advantage of this approach is that there are no nmoving parts in the
core of the el ements.

Anot her approach to micro power generation is the nmicro fuel cel
concept funded at Case Western Reserve University. A conventional fue
cell consists of a proton exchange nenbrane, or PEM for short, that
extracts electrical energy from hydrogen and oxygen, generating water
as the by-product.

One of the key innovations in this mcro fuel project is the use of
pal | adi um hydri de as the source for hydrogen, elimnating the need for
a cylinder of conpressed hydrogen gas.

In parallel to this approach, Battelle is developing a nicro fue
refornmer to extract hydrogen fromliquid fuel. This fuel reformer wll
be integrated with a variation of the mcro fuel cell

However, during fuel reformng, a snmall ambunt of CO w |l be generated,
which is detrinmental to a conventional PEM

We are devel oping a novel polyner naterial to be used as the PEM for
t hi s approach.

As illustrated in this plot, we have denobnstrated operation at an
el evated tenperature and in the presence of CO

So in conclusion, we will continue our conmtnment to the maturing MEMS
projects as well as the new thrust area in Mcro Power Generation. W
wi | I enphasi ze transitioning the many research results in the MEMS
programinto DoD systems as well as comercial applications.

As a core enabling technol ogy, MEMS will continue to serve as the
foundati on for nmany new and exciting prograns.

In addition to micro power generation, a new program has been approved
to pursue the next generation in ultra mniaturization and power
reduction for RF comunication

Thi s new program "Nano Mechanical Array Signal Processors," uses
arrays of nano- precision resonators that operate at the UHF band to
function as an RF communi cat or

This will allow a 100 tines reduction in size, and a 100 times
reduction in power consunption.

I will be available to talk with you about the Mcro Power Generation
program the new NVMASP program and other MEMS- rel ated issues during
t he sidebar sessions tonorrow afternoon and Friday norning.

You are also welcome to visit our display booths.

"Il be happy to chat with you during breaks and |lunchtine as well.



Thank you for you attention.



