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ummer was a busy time here, and

the single event that stands out the

most was the WIMS Retreat
(“Defining the Future”) that was held in
July. Now I confess I'm not sure why these
things are called “retreats.” Rather, we
were trying to define how best to
advance, taking the WIMS ERC to new
heights after the cessation of National
Science Foundation support in 2010.
That funding started to taper off this September, putting a dent
in our annual research budget that we clearly need to fill, but
just filling it isn’t adequate either. We need to find a way to go
further, increasing our impact on the University and the
nation.

In order to define how best to do that, we gathered together
forty faculty and industrial personnel at the Crystal Mountain
Resort up in northern Michigan for three days of talks, break-
out sessions, and brainstorming. About
half of the attendees had not previously
been associated with WIMS and repre-
sented the University of Michigan’s
College of Engineering, School of
Medicine, School of Public Health, and
School of Literature, Science, and the
Arts. They presented 14 of the 17 talks,
exploring microsystem applications that
ranged from smart farming and wearable/
implantable health monitors to energy
production and small low-power instru-
ments for planetary probes. It was exciting
to see the enthusiasm of these speakers for
WIMS and learn more about their areas. There was strong sup-
port for continuing the WIMS ERC as an endowed institute,
centered in the College of Engineering but spanning the
University and beyond. Emerging applications and the organi-
zational form such an institute should take were examined in
five parallel breakout sessions focusing on materials and
nanotechnology, opportunities in biomedicine, environmental

applications, microsystems for energy production, and
university-industry partnerships.

The industrial breakout group suggested an exciting new
three-tiered partnership structure that is being explored fur-
ther. There was strong support for continuing the present test-
beds (neural interfaces and -&C-based environmental
monitors), as well as for expanding into new areas. Many of
the breakout groups, with participants representing the
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microsystem user community, stressed the need to field proto-
types for use in addition to continuing to develop smaller,
lower-power devices. Microsystems, even at their present
stage, could revolutionize many areas, with prototype demon-
strations leading to industrial products having impact on a
global basis. While important breakthroughs can be expected
in the continued development of microsystems, still others
will be possible through their application. They also felt that
the primary emphasis should remain at the micro level, using
nanotechnology as it becomes available. One group suggested
that “nano is useless without a micro connection, and micro
needs to connect to macro,” and while the former may not be
true in all contexts, it does make an important point.
Contributions ranging from carbon nanotubes to ultra-wide-
band communications, sensor networking, and adaptive deci-
sion making within complex systems will all play important
roles in solving the difficult problems that confront us in
health care, security, infrastructure, energy, and the environ-
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he WIMS Retreat “Defining the Future,” July 2008.

ment. And one of the real attractions of microsystems is that
its core technologies can be applied in all of these areas.

The Retreat was very valuable in defining the appropriate role
and form of a WIMS Institute. Such an Institute could play an
important role in expanding collaborations in WIMS technol-
ogy and its applications, but it will need endowed support from
which to seed work in emerging areas and underpin the staff
needed to continue outreach activities and work on system
integration. Through such an Institute, we hope to energize
groups extending far beyond the University to solve problems
of national and global importance. !

HQ' :LVH

Director, Engineering Research Center for
Wireless Integrated MicroSystems |
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A key challenge in realizing implantable multi-electrode micro-
systems for neural interface applications is the integration of the
front-end electrodes with their interface circuitry. A low profile
is important to allow the dura to be replaced over the implant,
decoupling it from the skull and allowing it to move with the
brain. A new approach to array formation uses a parylene over-
lay cable to connect a 3-D microelectrode array to a custom-
designed signal conditioning chip and thence to the external
world. Interconnect area is virtually eliminated, and the height
of the array above the cortex is limited to one wafer thickness. A
64-site, 16-shank, 3-D array is shown (a), interfaced to a 16-
amplifier circuit chip providing a per-channel gain of 1000 and a
bandwidth from 100Hz to 9kHz. The chip was realized in 0.5 -
CMOS. Neural activity recorded from a guinea pig inferior col-
liculus is also shown (b). The activity from two different sites is shown
in response to an acoustic noise burst (an 80dB log up-sweep from

500Hz to 16kHz with a duration of 164msec). This is the most compact : _ . cr"almsl 1”
recording array ever reported and will be the basis for neural mapping |2l i i ol L
studies underway in the WIMS ERC. W
[0
(a) New é64-site, 16-shank, 3-D electrode array on a fingertip. A 1 ol A S O R S PR 0 S S | S
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Sites are on 200um centers. (b) Single-unit driven neural ? I
activity recorded in guinea pig inferior colliculus. Integrated . d ks,
amplifiers provide a band-limited gain of 1000x.
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The use of microsystems for many emerging wireless sensing applications has increased the demand for on-site, small-volume, and
replacement-free energy sources as opposed to conventional batteries. On-site energy scavenging from various environmental sources
including ambient heat, solar energy, and vibration has been introduced as efficient and promising approaches. This work focuses on
the use of body heat generated by beetles as an energy source. The goal of this project
is to develop a micro thermoelectric generator (TEG) with the area of approximately
lem? that is capable of generating 20-50 W /cm?/°C from a beetle’s body heat. Flying
insects can increase their body temperature by as much as 10°C during flight.

;::*"j“"}"!" Bulk bismuth telluride and antimony telluride have been chosen as thermoelectric
' materials due to their good thermoelectric properties. A micro-TEG composed of mul-
Exposedareato '\ . .
,L,W,:,.w, - . tiple thermocouples with an embedded

exposed to air area of 2 X 4mm’ and exposed area of 6 X
seneratorterminals  4mm’ is shown in Figure 1. After releasing
the device from the support wafer (Figure
2), the exposed area, including heat pipes,
integrated thermistors and terminal pads,
is flexible. The micro-TEG has achieved
generated power density of 10 -W/cm’
at 11°C temperature difference. This
device has demonstrated power genera-
tion capability at the maximum tempera-

Figure I - (a) lllustration of an implantable  ture difference produced during the
micro-TEG. (b) Fabricated device on Si beetle’s flight. W Figure 2 - Flexibility of the fabricated
substrate. micro-TEG.




ENGINEERING REsSeEARCH CENTER FOR WIRELESS INTEGRATED MICROSYSTEMS Summer 2008 3

‘Nano Nano’: Exploiting Electron-Beam Lithography for Chemical Detection
Elizabeth Covington, Forest Bohrer, Cagliyan Kurdak, and Edward T. Zellers

Applying nano-scaled materials and technologies to microsystems has been a primary
theme of the research conducted in the WIMS Center since its inception. Nowhere is
this more clearly illustrated than in the chemiresistor (CR) arrays we have developed for
the WIMS uGC detector. In the latest advancement, we have employed electron-beam
lithography to create interdigital electrodes (IDE) with individual Au/Cr fingers and
spaces measuring just 300nm in width (~8um in length). Each IDE occupies 100um?,
and an array of four such devices occupies only ~600um* (see Figure 1). A set of thin
films, each with a different chemical sensitivity, is required to achieve sensitive and
selective vapor detection. The challenge was then to deposit the different chemically
sensitive thiolate-monolayer protected gold nanoparticles (MPN) interface films, on
each individual device. To solve this problem we turned again to electron-beam irradi-
ation in order to crosslink the MPN films. By carefully controlling the radiation dose it

&IGURE n 3%- OF CROSSLINK

was possible to render the films insoluble while still retaining their responsiveness to 50 -
volatile organic compounds. Iterative deposition of an MPN film, irradiation of the 40 -
region over one IDE, and rinsing the unexposed soluble residue produced a functional 30 -

array with a different cross-linked MPN film on each device. Exposure to test atmos-

pheres of toluene, n-propanol, and n-octane vapor gave unique sensitivity patterns 20 A

(Figure 2) and verified the success of the technique. This is the smallest CR array ever 10 1
produced. It is being incorporated into WIMS uGC prototypes intended for use as 0 A
pocket-size microsystems for monitoring human exposures to air pollutants. ! Toluene Propanol Octane

&IGURE n #ROSSLINKED NANC

Making Bridges “Smarter”: Wireless Sensors Activated on Yeondae Bridge in Korea
Junhee Kim, Andrew Swarty, Andrew Zimmerman, and Jerome P. Lynch

The Narada wireless sensor platform has been under development at the WIMS Center since 2005. Narada is designed for field deploy-
ment in large-scale infrastructure systems where long communication range, power efficiency, and reliability are all necessities. This past
summer, the platform was field tested on the Yeondae Bridge, located in Icheon, Korea (Figure 1). A dense network of 60 wireless sen-
sors was installed on the bridge along with MEMS-based accelerometers. The sensors were installed on the bridge deck to measure its
vertical acceleration upon traffic loading. One week of testing produced a substantial amount of high-quality data (Figure 2). In addi-
tion, data interrogation algorithms embedded within the computing cores of the Narada wireless sensors were tested. Specifically,
embedded modal analysis software was executed to determine the vibration characteristics of the bridge. Accurate mode shapes and
modal frequencies were autonomously identified by the wireless monitoring system. Future field testing is planned with the Korea
Expressway Corporation, where the Narada wireless sensors will be placed permanently on several bridges in Korea. !

Truck speed : 30 kmhr
s 0.04 v —r r r ! ]
2 nne;: S 1
8 o2l o 1
& foel N N
0 10 20 £ a0 50 70 80 0
Truck speed - 40 kmhr
~ 004 v v
8 oagf e i T A (—
* » 1
foz : ;
t 10 20 30 40 50 70 1] ]
Truck speed : 50 ke
0.04 r v —_——r - v r v !
? ;i - ]
1
g 002t o ]
0.04 -
(] 10 0 0 40 50 0 &0 w0
Truck speed : 60 kmhr
s 0.04 : . r : 1
oozt 4
- - 1
E .02 1
0.04 - L — - L L - A ~
0 10 n 0 a0 50 80 70 80 %0
Truck speed : 70 kmhr
~ 004 T T
S o2l 1
i o— - R - —
E 002t 1
'n'mn 10 20 0 40 50 B0 70 80 80

&IGURE n 9EONDAE "RIDGE IN +O&RIBAJRE n 7IRELESS SENSOR RESPONSE DA
TRUCK S PASSAGE OVER THE BRIDGE AT FI\



3UMMER %.').%%2)." 2 %3%!12#( # %.4%2 &2 7 )2%,%33 ).4%'214%$ - )#2/ 3 934%-3

-ULTIVARIATE #URVE 2ESOLUTION %NHANCES THE #APABILITIES
#HUNGUANG *IN AND %DWARD 4 :ELLERS

4HE ANALYSIS OF COMPLEX MIXTURES OF VOLATILE ORGANHE TOM P QGSNHBSABR#
DETECTOR CAN BE GREATLY ENHANCED BY THE APPLICATION OF ABNVANEEBEDGC
DESIGN SHOWN CONCEPTUALLY IN &IGURE CAN RESULT IN CERTAIN MIXTURE
COMPONENTS BEING ONLY PARTHLIOULWMNVME RESOLVED BY THE

#OMPOSITE PEAKS CONSISTING OF TWO
AS EITHER A SINGLE LARGER PEAK OR
PLE WHICH REPRESENTS THE OUTPUT C
ARRAY )N SUCH CASES MULTIVARIATE
ARE REQUIRED TO DECONVOLUTE THE (
KNOWN APPLICATIONSEPARATIONS WE C
IMPLEMENTED A NOVEL HYBRID ALGORIT
TOR ANALYSIS WITH ALTERNATING LEAS
5S5ING EXPERIMENTAL DATA FROM A NAN
#2 ARRAY DETECTOR ESTIMATES OF 1
COMPOSITE PEAKS AS WELL AS THE ELUT . Cc v v iner tmmo rriive vmor waveon 0o 0|
OF THOSE COMPONENTS WERE READILY DERIVED VIA %&! I,3 WITHOUT

ANY PRIOR KNOWLEDGE OF THE PEAK COMPOSITION 4HE SENSOR #2

QWU

&IGURE n#ONCEPTUAL DESIGN OF A

ARRAY EMPLOYED IN THIS STUDY PRODU~T ™ < n "7 mearninrae nTr AT
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FUNCTION OF SEVERAL RELEVANT VARI260! { 60 R
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R2ECENT %VENTS

$ETROIT 'REA ORECOLLEGE 3TUDENTS %XPERIENCE 7)-3 ICTIVITI

IVER RECENT YEARS THE ANNUAL $ETROIT 'REA ORECOLLEGE %NGINEERING O
$!0#%0 IS AN EDUCATIONAL PROGRAM DESIGNED TO RAISE INTEREST IN ENGI
SCHOOL STUDENTS IN THE GREATER $ETROIT AREA $URING THE PROGRAM ST
IN VARIOUS LEARNING ACTIVITIES SUCH AS SEMINARS AND LECTURES PROVIDE
.ANOFABRICATION &ACILITY ,.& AND ENGAGE IN INTERACTIVE SESSIONS MEN
WORK WITH 7)-3 %2# MENTORS TO SOLVE VARI(
WHILE EMPLOYING SOFTWARE PROGRAMMING N
4HE RELATIVELY YOUNG $!0#%0 PROGRAM IS AL
FIRST YEAR GRADUATES OF $!0#%0 RETTURNED -

7)-3 %2# STUDENT -AHDI 3ADEGHI HELPS $!0#%D)-3 %2# $IRECTOR +EN 7ISE LECTURE!
STUDENTS DESIGN A PROGRAMMABLE ROBOT ON -%-3 TECHNOLOGY
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MSU Education and Outreach Programs:
Creative, Challenging, and Continually Changing

-ICHIGAN 3TATE 5NIVERSITY -35 HAS DEVELOP
CESSFUL AND EXPANDING 7)-3 BASED EDUCATI(C
TIVES HAVE BEEN OFFERED IN SUCCESSIVE YEA
AND THE SPECIFIC PROGRAMS AND ACTIVITIES
AS WELL &OR EXAMPLE THIS PAST SUMMER T
ATTRACTED PARTICIPANTS REPRESENTING A
PROGRAM IS AIMED AT THE YOUNGEST CHILDRE
ACTIVITIES PRIMARILY AND YEAR OLDS (IG
PLACE IN THIS PROGRAM ALSO AS TEACHING A
ENTHUSIASM 4HUS THIS PROGRAM EFFECTIVE

Motorola funded WIMS for Teens program at the
Formula SAE team presentation.

TEACHING A NEW CROP OF STUDENTS IN A SEPA
VATIVE PROGRAM WAS OFFERED AS AN ELECTIV
'RANDPARENTS 5NIVERSITY '5 AND IT BOASTE
TION SPLIT OVER THREE SESSIONS 4HE PART
NOTEWORTHY SCHOOL AGE GIRLS AND THEIR G
EACH !S JUST ONE OF MANY ELECTIVES THAT
SELECT WHILE ATTENDING '5 THE .84 20BOT
CHOICES AND THE LOCAL MEDIA CONCENTRATH
GRAM S TWO SUB COMPONENTS BUILDING AND

OERHAPS THE FLAGSHIP OF ALL THE INITIATIVES
DENTIAL PROGRAM 71TH A RECENTLY AWARDED
HAS DOUBLED ITS PARTICIPATION FROM LAST YH
FROM "AND HAS EXPANDED FROM A WEEK AFF
PROGRAM HAS RECRUITED TALENTED MIDDLE SC
WAS NO EXCEPTION WITH FEMALE FROM

FROM OUT OF STATE [/VER ENGINEERING FAC
TO THE PROGRAM WHICH HAS BEEN PROVEN T(Q
AND INTEREST IN SCIENCE TECHNOLOGY ENGI
DENTS ARE TAUGHT WITH HANDS ON MATERIALS
POSTERS BY THE END OF THE SUMMER SESSIO
7TOMEN IN %NGINEERING 7)% PROGRAM HELPS ST
PREPARE TO APPLY FOR AND ATTEND COLLEGE

ON ONE PRE COLLEGE PLANNING WITH THE 7)-
-35 PROGRAMS THE 7)% PROGRAM SAW A BIG J
STUDENTS WITH OF PARTICIPANTS FROM UND
OUTREACH EDUCATIONAL ACTIVITIES ARE CONTI
PRAISE FUNDING AND RECOGMTION FROM THE
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David Wentzloff received

the B.S.E. degree in electrical
engineering from the Univer-
sity of Michigan, Ann Arbor,
in 1999, and the S.M. (2002)
and Ph.D. (2007) degrees in
electrical engineering from
the Massachusetts Institute of Technology,
Cambridge. In the summer of 2004, he
worked for Intel’s Portland Technology
Development group in Hillsboro, Oregon. He
joined the faculty at the University of Michigan
in 2007, and he is currently an Assistant
Professor in the Department of Electrical
Engineering and Computer Science.

Professor Wentzloff recently joined the
Center under the Micropower Circuits
Thrust. His research group is working as a
part of the WISP project in collaboration
with Professors Sylvester and Blaauw. This is
an on-going project to develop a 1Tmm? sen-
sor node capable of energy storage, sensing,
processing, and wireless communication. His
group’s focus is on the energy processing and
wireless interface of the WISP sensor nodes.
They are developing energy-efficient wireless
links incorporating integrated antennas that
conform to the strict volume requirements.
The use of wireless communication among
energy-constrained sensor nodes must be
minimized to conserve energy; therefore,
communication radios must be turned off
most of the time. In order to synchronize
communication among these nodes, Profes-
sor Wentzloff’s group is also developing
ultra-low-power wakeup radios that rely on
existing wireless infrastructure to recover
timing information. These wakeup radios will
achieve synchronization by leveraging exist-
ing signals from prolific sources such as cellu-
lar phone base stations or WiFi hot spots.

Other research activities on-going in
Professor Wentzloff’s group include oscilla-
tor-based analog circuits synthesized from
standard digital CMOS libraries, and wireless
chip-chip communication through stacked die
for system-in-package. Professor Wentzloff
has taught a senior-level analog integrated
circuits class and a graduate-level RF inte-
grated circuits class. He is currently teaching
a junior-level analog circuits class. He is also
serving on the technical program committee
for the International Conference on Ultra
Wideband 2008-2009. W
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.AYDA 3ANTIAGO 2ECEIVES (%.!!# 'WARD

For twenty years, the Hispanic Engineer National Achievement Awards Corporation
(HENAAC) has recognized the achievements of America’s best and brightest engineers and sci-
entists within the Hispanic community. The 2008 Award Winners in Science, Technology,
Engineering, and Mathematics were selected by the HENAAC Selection Committee comprising
representatives from industry, government, military, and academic institutions. The Selection
Committee convened in Houston, Texas, on July 18, 2008, and was chaired by Dr. Sallie Keller-
McNulty, Dean of the George R. Brown School of Engineering at Rice University, HENAAC's
2008 Conference Academic Host. WIMS ERC Professor Nayda Santiago was one of the winners
honored at the HENAAC Awards Show Gala on October 11, 2008, and throughout other events
at the Hilton Americas Hotel in Houston, Texas, during the 20th Anniversary Career Conference
& Awards Show, October 9-12, 2008. Professor Santiago is an Associate Professor in the
Electrical and Computer Engineering Department, University of Puerto Rico at Mayagiiez. !

4WO 7)-3 &ACULTY 2ECEIVE THE "EST OAPER 'WARDS AT #/-3

.AYDA S ACCEPTANCE ¢

COMS 2008 (Commercialization of Micro and Nano Systems Conference) is the world’s most important meeting place for all those
bringing emerging small technologies from concept to the marketplace. It addresses issues on an international front, gathering input from
micro- and nano-technology leaders representing regions all over the globe. Dean Aslam received the Best Paper Award for innovations
in education. Also, a paper on microsystems for energy scavenging and power generation from environmental sources was presented by a
collaborative, inter-school group of students and faculty from the University of Michigan and Michigan Technological University. This
paper won the Best Paper/Presentation Award. It is entitled “Micro Energy Scavengers,” and the authors are E. Romero, M. Neuman, and
R. Warrington from Michigan Tech; T. Galchev, E. Aktakka, N. Ghafouri, H. Kim, and K. Najafi from Michigan. COMS 2008 was held

in Puerto Vallarta, Mexico, in September. !

|andustr-ial Liaison’s Report

#ON

This summer, the WIMS ERC held a retreat to
discuss how to continue moving forward in the
coming years. Among the items addressed were
broadening the application areas of our
research making our technology transfer to
industry even more efficient. These items are at
the core of our mission to enable students, fac-
ulty, and industry to collaborate in solving
challenging system problems. A key measure of
our success is turning ERC research into successful products.

Collaborative research provides an excellent way to apply the
research, facilities, and expertise of the ERC to a company’s spe-
cific needs. Collaborative research is also an excellent way to have
our students understand a company and for a company to recruit
graduates. The ERC has long recognized that technology transfer
occurs with people, not through institutions. It is our goal to con-
tinue to foster interactions among our member companies’ per-
sonnel, the ERC faculty, and the students. After all, the major
contribution of the ERC to industry is the well-trained student.

In October of every year, the ERC makes available to our mem-
ber companies the resumé of students seeking internships for the
coming year, as well as those students who are seeking full-time
employment. This allows member companies to attract people
with exceptional technical backgrounds and common interests

into difficult-to-fill positions. The Resident Engineer opportu-
nity is another avenue where the ERC fosters collaboration.
The Lurie Nanofabrication Facility permits the unique opportu-
nity for industry and academia to work side-by-side and transfer
technology in a very efficient manner.

At the retreat, which included industrial members as well as uni-
versity personnel, we discussed ways to improve collaboration
and technology transfer with members. The recommendations
from the retreat were further discussed with our member compa-
nies at the Industrial Advisory Board meeting this fall. From
these discussions we jointly developed a system that would allow
both industry and the Center to move forward and continue to
meet the goals of member companies, as well as the educational
mission of the university.

If you, or one of your colleagues, is interested in giving a seminar,
please contact me to schedule a date at (734) 615-3096 or
giachino@eecs.umich.edu.

As always, please visit the Center when in the Ann Arbor area,
so we can share our latest technical developments and have you
tour our Lurie Nanofabrication Facility. !

-RVHSK 0 *LRFKLOQR

Associate Director, Industry <
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