
Start-up Financing in the Current Economy
Fundamental strategic changes in the funding of start-up companies have occured 
since the economic meltdown of 2008. In more “normal” times, venture capitalists 
(VC) looked primarily at the 3 fundamental factors for Series A funding. In order of 
importance, these are 1) the Team should, ideally, have previous start-up experience 
and work well together, 2) the Market should be large, on the order of $1B, and 3) the 
Technology should have legs, that is, it should be capable of continuing improvements 
leading to increased market penetration. NovaSensor, Cepheid, and SiTime, which 
I co-founded (and which are, today, in high volume production), all comprised very 
experienced founding teams, huge addressable markets, and incredibly versatile 
technologies. Today, however, these factors would not be sufficient to secure Series A 
financing.

Since 2008, VCs have become MUCH more risk averse. The VC population today is less 
than half what it was in 2007. VCs are focusing more and more on internet and software, 
which require less capital and typically have much quicker exits than hardware and 
biotech start-ups. As an aside, I always say hardware start-ups take at least 7 years to 
begin to be successful. In addition, the realization that the VC industry actually had a 
net zero return on investment from 2000 through 2010 dramatically influenced the 
decision-making process for the VC funding of early-stage hardware start-ups.

In response to this much-less-friendly funding environment, the start-up commun-
ity has evolved in significant ways. First, start-ups today are much leaner and much 
“scrappier” than in prior years, operating for several years with very small, often 
unpaid teams. Second, start-ups are scrambling for early product and technology 
demonstrations, increasingly using government funds (DARPA, NIH, DOE, NSF). Third, 
start-ups are aggressively pursuing and engaging with large, strategic companies for 
product endorsements, for investments, for non-recurring engineering, and even for 
early exits by acquisition. Fourth, start-up companies pursue small angel investors, in 
lieu of typical VC investors, much more frequently than they used to. Fifth, start-ups 
are looking for funding in countries other than the U.S. including China, Singapore, 
and Russia. My last start-up, Verreon, secured a $750K DARPA contract. Verreon also 
put in place a very tight relationship with Qualcomm and even hired people who 
would be desirable Qualcomm employees. Eighteen months after founding Verreon 
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WIMS2’s Spring Industrial Advisory Board 
Meeting was held on May 11. Over 110 
industrial representatives, students, faculty, 
and staff attended the meeting in the 
Lurie Engineering Center on U-M’s North 
Campus. In total, 21 different organizations 
were represented. There were 7 faculty 
presentations. The students presented their 
work at both ‘shotgun’ oral presentations 
and at two poster sessions. There were 
also presentations by two of our associate 
members, Suyashree Bhonsle from Virginia 
Technologies and Tayfun Özdemir from 
Virtual EM. After the technical sessions, 
meetings of the Industrial Advisory Board, 
associate members, and the Strategic 
Advisory Board provided feedback for the 
Center. An excellent dinner at the Dahlmann 
Campus Inn was followed by an enlightening 
and entertaining talk by Mr. Roger Grace 
from Roger Grace Associates on “Critical 
Success Factors for the Commercialization of 
MEMS: The 2011 MEMS Industry Report Card.” 
The following day, several of the industrial 
members had private meetings with the 
faculty and students.  ■
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Guest Editorial

in late 2008, the company was 
acquired by Qualcomm. Similarly, 
Jyve, founded by Janusz Bryzek in 
2009, was acquired by Fairchild 18 
months after its founding.

As a member of the Band of 
Angels in Silicon Valley, an angel 
investment organization, I see 
many 4–5 person, very frugal 
start-up companies with modest 
company valuations, trying to 
raise a few $100K. More often than 
not, they already have customers 
and/or endorsements from large 
companies, as well as significant 
intellectual property in place (filed 
patents). In addition, the always-
difficult path toward production 
and commercialization has been 
considered by the team, much 
more thoughtfully and thoroughly 
than previous generations of start-
up companies.  

The path to production and 
commercialization is one of my 
“hot buttons”. In the past, many 
MEMS start-up companies have 
given short shrift to this all-
important aspect of the start-
up experience.  I have heard the 
claim “inventing the technology/
product is more important than 
manufacturing the product”. I 
have the totally inverse opinion, 
manufacturing the product is 
much more difficult, takes much 
more time, and requires much 
more skill and discipline than 
inventing the product.  

So, big changes are definitely un-
derway in the early stage financ-
ing of start-up companies. Some 
groups bemoan these trends, 
claiming that new inventions are 
being “lost” because funding is 
not as readily available. However, I  
believe these changes are good. 
They are forcing more frugality, 
more early market endorsements, 
more carefully considered prod-
ucts, and more commercialization-
savvy attitudes into the start-up 
mentality.  ■

WIMS2 Welcomes New Members

h t t p : / / w i m s 2 . o r g

New Associate Partners
Denso is a leading supplier of advanced automotive technology 
systems and components for all the world’s major automakers. It op-
erates in 35 countries and has joined WIMS2 as an associate for a one 
year trial. Next year it will upgrade to full member status.

ePack uses its technology and packaging expertise to help MEMS 
component companies bring new and exciting devices to market. A 
spinout from WIMS, ePack provides custom packaging solutions so 
customers can focus on the functionality of their devices.

Fleetilla, based in Trenton, Michigan, is a global provider of ve-
hicle tracking, asset tracking, cloud-based GPS fleet management 
and other telematics solutions. Fleetilla’s products and solutions are 
used to manage car fleets, bus fleets, truck fleets, delivery vans, ser-
vice vehicles, mobile generators, construction equipment, and other 
mobile resources in a wide variety of industries.

InvenSense is the leading providers of MEMS gyroscope, and 
motion processing technologies for consumer electronics products 
such as smartphones, tablets, game controllers, and wearable sen-
sors. Founded in 2003, InvenSense is publically traded fabless MEMS 
sensor manufacturer headquartered in Sunnyvale, California.

PicoCal develops micromachined sensors and actuators for semi-
conductor, nanotechnology, material characterization, and biologi-
cal applications. PicoCal’s core technology is a family of micro-can-
tilevers for atomic force microscopy, scanning probe microscopy, 
manufacturing, chemical sensing and biological sensing.

New Strategic Partners
The  MEMS  Industry Group (MIG) is the leading trade association 
advancing MEMS across global markets. MIG enables the exchange 
of non proprietary information among members, provides access to 
reliable industry data that furthers MEMS technology, and promotes 
greater commercial development of MEMS enabled products and 
devices.

Roger Grace Associates has been a technology marketing consult-
ing company since 1982, providing a broad range of services to cli-
ents including: business development, market research, integrated 
marketing communications, and strategy development. Roger 
Grace, the principal and founder, is a member of the WIMS2 Strategic 
Advisory Board.  ■

WIMS2 is pleased to introduce the following companies and partners who have joined since our 
January 2012 newsletter.  

New Full Member
Ricoh is a global technology company specializing in 
office imaging equipment, production print solutions, 
document management systems and IT services. WIMS2 
is working with one of their subsidiaries, Ricoh Innova-
tions, Inc. (RII) in Menlo Park, CA. RII was founded in 1997 
with the challenge of creating new technology and busi-

ness opportunities for the worldwide Ricoh group. RII’s parent company, Ricoh Company, Ltd., is a 
75-year-old company with fiscal year 2010 sales in excess of $23 billion. With more than 100,000 
employees worldwide, Ricoh is also one of the world’s leading environmental companies, commit-
ted to sustainable business everywhere.
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Toxicology Research
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WIMS2 Center faculty Katsuo Kurabayashi and Ted Zellers, 
with their PhD students, Jung Hwa Seo and Sun Kyu Kim, 
have co-authored an article published in the journal Lab 
on a Chip on a micro-scale passive vapor preconcentrator/
injector. The article was featured on the cover of the Feb-
ruary 21, 2012 issue. This is the second cover of Lab on a 
Chip on which the Kurabayashi Group’s work  has been fea-
tured within the past 18 months. The previous article (co-
authored with Prof. Zellers, Prof. Ken Wise, former student 
Sung Jin Kim, and others) concerned a microfabricated ther-
mal modulator for comprehensive two-dimensional (micro) 
gas chromatography. A patent on the former device was 
filed through the U-M Tech Transfer Office with the U.S. Pat-
ent and Trademark Office in January 2012, and a patent on 
the latter was filed in October 2009.      

Lab on a Chip Features Micro Gas Chromatographs 
on the Cover

One of the μGC prototypes developed in Professor Zeller’s lab is INTREPID. This field-
able µGC is tailored for rapid determinations of trace-level vapor concentrations of 
marker compounds of the explosive TNT, specifically 2,4- dinitrotoluene (2,4- DNT) 
and 2,3-dimethyl-2,3-dinitrobutane (DMNB, an explosive taggant). INTREPID was 
designed for use as part of airport screening procedures. A top view of the current 
field prototype is shown. Similar to the SPIRON µGC, it uses a high-volume sampling 
module with a microanalytical module consisting of a microfocuser, a single micro-
column, and a nanoparticle-coated chemiresistor array detector. It is completely 
autonomous and completes a full analysis every 2 min. with calculated detection 
limits under 500 parts-per-trillion of each target. In the analysis of the mixture of the 
two markers and 20 other compounds, all targets were completely resolved from 
the interferences and unique response patterns were obtained. Post-doctoral fel-
low Hungwei Chang was responsible for the first INTREPID prototype, and graduate 
students Gustavo Serrano, Will Collin, and Lindsay Wright have done the latest as-
sembly, optimization, and characterization work. This project was funded by the U.S. 
Department of Homeland Security, Science and Technology Directorate.

Micro Gas Chromatograph for Detecting Explosives
Prof. Edward T. Zellers

One of the exciting recent developments at WIMS2 has been the development of several micro gas chromatograph (µGC) systems made using  
Silicon-micromachining technology. Because of the applications focus and the interdisciplinary aspect of the work, it is one of the flagship 
projects of the Center and we take a great deal of pride in it. Faculty contributors include: Professors Ted Zellers, Kensall Wise, Katsuo 
Kurabayashi, Xudong (Sherman) Fan, and Yogesh Gianchandani. Critical expertise in systems integration has been provided by Technical 
Director Robert Gordenker. A number of students and post doctoral scholars have contributed to these efforts. A few of these include: Forest 
Bohrer, Jonathan Bryant-Genevier, Hungwei Chang, Will Collin, Naveen Gupta, Sun Kyu Kim, Jing Liu, Dibyadeep Paul, Gustavo Serrano, 
Thitiporn Sukaew, and Lindsay Wright.

Inside the INTREPID µGC explosive detector. 



WIMS2 faculty member Ted Zellers (Thrust Leader for Environmental Sensors 
and Systems) has recently published the results of inaugural field tests of two 
identical prototype microfabricated gas chromatographs adapted for the in-
situ determination of trichloroethylene (TCE) in indoor air in support of va-
por intrusion (VI) investigations. Dubbed SPIRON, each µGC prototype has a 
pre-trap and partially selective high-volume sampler of conventional design, 
a micromachined-Si focuser for injection, dual micromachined-Si columns 
for separation, and an integrated array of four microscale chemiresistors with 
functionalized gold nanoparticle interface films for multi-channel detection.  
Scrubbed ambient air is used as the carrier gas. The projected single-sensor 
detection limit was 0.052 ppb for an 8-L air sample collected and analyzed in 20 
min. In recent field tests performed in homes near Hill Air Force Base in Utah, 
SPIRON μGC TCE determinations fell within ±25% of those from the reference 
method in the presence of up to 50 background VOCs. Temporal variations in 
TCE air concentrations in one house were monitored continuously for up to 
48 hrs near the primary entry location for TCE contamination. In the second 
house, with no TCE VI, spatial profiles derived from the μGC prototype data 
revealed an intentionally hidden source of TCE within a closet, demonstrat-
ing the capability for locating non-VI sources. Results demonstrate that this 
type of µGC instrument could serve the need for routine TCE determinations 
in VI-related assessment and mitigation efforts. Postdoctoral Fellow Hungwei 
Chang designed and built the first SPIRON prototypes with help from doctoral 
student Sun Kyu Kim. Mr. Kim led the field study, with help from fellow student 
Jonathan Bryant-Genevier. This project was a collaboration with IST, Inc. and 
involved personnel from Hill Air Force base. It was funded by the Department 
of Defense, Environmental Security Technology Certification Program.

Research Highlights

Microfabricated Gas Chromatograph for On-Site Determinations of TCE 
in Indoor Air Arising From Vapor Intrusion 
Prof. Edward T. Zellers

(Continued from page 3)

Mercury: A Palm-Size Gas Analyzer
Prof. Kensall D. Wise and Robert Gordenker

Other Contributors: Jeffrey Hayden, Dr. Sun Kyu Kim,  
Dr. Onnop Srivannavit, Prof. Ted Zellers 

Mercury is a palm-size micro gas chromatography system developed by 
Robert Gordenker and Prof. Ken Wise. The device uses no consumables and 
is composed of a preconcentrator, a separation column, a chemiresistive 
detector and associated electronics. It has been designed for deployment on 
a robotic crawler to allow the detection of explosives and chemical warfare 
agents in field areas that are potentially unsafe for personnel. The system 
separates a wide variety of compounds in seconds to tens of seconds with 
many detection limits below 1ppb. System power levels are a few watts using 
bulk silicon fluidic components and less than one watt using thermally-isolated 
components. Still more advanced versions of this system could reduce power 
dissipation by another factor of five, permitting system realization, including 
the pump and power supply, in the size of a cell phone. The attached image 
shows a complete “Mercury” µGC system. The fluidic components are based 
on wafer-bonded silicon-glass MEMS technology and consist of a single-stage 
preconcentrator, a 50cm-long microcolumn, a multi-element detector, and 
an off-board commercial minipump. Physically the system works by using a 
single-stage preconcentrator/focuser to accumulate the sample, that injects 
a plug of gas into the column where the gas separates into components that 
are detected by a multi-element chemiresistor. The system is implemented on 
three 10cm x 4cm printed circuit boards, housing the fluidic analysis system, 
the power electronics, and embedded microprocessor-based control. 

The complete three-board implementation of the Mercury analysis system.  
The circuit boards are 10cm x 4cm.

SPIRON (top) and experimental measurements from SPIRON (bottom)  
of TCE concentration inside a dwelling.
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Orion is a prototype gas analyzer that explores the limits of future µGC 
systems. Developed under the direction of Prof. Ken Wise, it consists 
of a carbon nanotube-loaded preconcentrator, a thermally-isolated 
microcolumn, a dual-element chemiresistive detector, and associated 
electronics. The fluidic portion of Orion is shown below in a micromachined 
alignment frame. The preconcentrator and detector chips plug directly 
into the column chip, eliminating bulky capillary interconnects and 
their associated band broadening. Experimental results from an alkane 
separation with a methane marker using the 25cm-long microcolumn are 
also shown. The three-chip fluidic system is sitting on a “Shuffle” MP3 player, 
representing the possible size for such a system with custom-integrated 
electronics for signal processing and communication. The small size of the 
microsystem also reduces power consumption and permits faster analysis 
using high-speed temperature programming. It should be pointed out 
that MEMS-based valves and pumps for such systems have already been 
prototyped; thus, such systems could soon become a reality for defense, 
homeland security, health care, food processing, environmental monitoring, 
and other applications. The system’s purpose is to help us understand the 
tradeoffs involved in designing and constructing an extremely small µGC.

Orion: Pushing the Limits 
Prof. Kensall D. Wise

Other Contributors: Robert Gordenker, Katharine Beach,  
Dr. Shaelah Reidy, Dr. Onnop Srivannavit, and Prof. Ted Zellers

A CNT-loaded preconcentrator, 25cm column, and detector is shown on a 
“Shuffle” MP3 player, representing the possible size of an eventual μGC-based 
gas analyzer. The outer ring of the white circle is about the size of a U.S.  
quarter. An alkane separation from the column is superimposed.

The last 12 months have seen more 
than a 50% growth in the number of 
both full and associate members in the 
WIMS2 Center. While we are gratified 
with the support of both our new mem-
bers as well as our continuing members, 
I’d like to take this space to discuss why 
many companies are part of WIMS2. 
Companies often join WIMS2 to transfer 
technology from the Center into their 

organizations. One of the mechanisms for full members of the 
Center to transfer technology from the Center is through pref-
erential access to the Center’s intellectual property. Full mem-
bers of WIMS2 are notified a year in advance of the general pub-
lic of technologies that are beginning the patent and licensing 
process. This provides Center members a valuable opportunity 
to acquire exclusive or non-exclusive technology licenses with-
out competing with non-Center members. While the Center of-
fers both full and associate members assistance with the tech-
nology licensing process, full members are granted a one-year 
head start. Another way to transfer intellectual property from 
the Center is through royalty-free, internal-use licenses that 
are granted to all full-member companies. WIMS2 also helps its 
members transfer technology through assistance with device 
fabrication. The Resident Engineer program provides prepaid 

access to the Lurie Nanofabrication facility, as well as office 
space to facilitate interactions with faculty, students, and staff.  
Stryker Corporation has used this program very successfully. Di-
rected research projects where the faculty and staff of the Cen-
ter participate in company research and development projects 
also give full center members opportunities to directly leverage 
WIMS2 research and expertise.   

An important way to transfer knowledge from the Center to 
industry is for companies to hire Center graduates. Many com-
panies attempt to recruit students through crowded career 
fairs where it is challenging to screen through a large number 
of inappropriate applicants. In contrast, membership in a re-
search center gives companies a chance to observe students 
over months or years, not just seconds or minutes and get to 
know them and their professors. At the same time, students 
are able to meet and screen potential employers. This long-
term relationship leads to a better and more compatible match 
between employers and potential employees. To support our 
members, we have begun posting job openings on the Center’s 
website. It could be argued that the most important product of 
the Center is not the research, but rather the students. If you 
have any questions about the benefits that WIMS2 membership 
could give your company or want to get more out of your exist-
ing membership, I invite you to contact me at 734-615-2325 or 
ado@umich.edu.  ■

Industrial Liaison Report

Dr. Andy Oliver 
Industrial Liaison and Principal Staff Scientist 



Dr. Xudong (Sherman) Fan
Associate Professor

Department of Biomedical Engineering

Dr. Xudong (Sherman) Fan obtained B.S. and M.S. degrees from Peking University in 1991 and 1994, respec-
tively, and a Ph.D. degree in physics and optics from the University of Oregon in 2001. Between 2000 and 
2004, he was a project leader at the 3M Research Lab. Then from 2004 to 2009, he was at the Biological Engi-
neering Department at the University of Missouri. In January of 2010, he joined the Biomedical Engineering 
Department at the University of Michigan as an Associate Professor.

Dr. Fan’s research includes photonic bio/chemical sensors, micro/nano-fluidics, and nano-photonics for 
analysis of biological and chemical molecules in the liquid and vapor phase. One of his efforts is focused on the development of smart and 
adaptive two-dimensional micro-gas chromatography, which may potentially lead to drastic improvement over current µGC performance. 
In this paradigm-changing design, an intelligent module that has the function of detection, decision-making, and flow routing is inserted 
between two conventional µGC columns to direct the vapor analytes to different downstream columns for further analysis. It is analogous to 
a telephone operator who connects incoming calls to different lines. This work was recently published at Analytical Chemistry (vol. 84, 4214 
(2012)) and was highlighted at the College of Engineering website (http://www.engin.umich.edu/newscenter/feature/gas-sensor)

Dr. Fan is a recipient of 3M Non-Tenured Faculty Award (2004, 2005, and 2006), the Wallace H. Coulter Early Career Award (2006 and 2008), the 
National Science Foundation CAREER Award (2008), and NSF-China Outstanding Overseas Chinese Young Scholar (2011). Presently, he serves 
as Associate Editor for Optics Express, a flagship journal at the Optical Society of America, where he is responsible for optical biological/ 
chemical sensors and optofluidics.  ■
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Personnel Focus

Katsuo Kurabayashi, is an Associate 
Professor of Mechanical Engineering 
with a courtesy appointment in the 
Electrical Engineering Department. 
Prof. Kurabayashi received the B.S. 
degree in precision engineering from 
the University of Tokyo, Japan, in 1992. 

He received the M.S. degree in Materials Science and Engineering 
from Stanford University, in 1994 and his Ph.D. from Stanford in the 
same field in 1998. He has been on the University of Michigan fac-
ulty since January 2000. Among his many honors, he received the 
Pi Tau Sigma Outstanding Professor Award in 2007, was awarded a 
visiting professorship at the Tokyo Institute of Technology from May 
through August of 2006, and obtained an NSF CAREER Award. In 
2005, he received the Robert Caddell Memorial Award for significant 
joint graduate student/faculty research contributions from the Uni-
versity of Michigan.

One of his more recent prominent projects has been the develop-
ment of MEMS-based thermal modulators for 2 Dimensional Gas 
Chromatography systems or GCxGC. GCxGC employs two separation 
columns (small channels) with different chemical coatings inside 
their inner walls. The complementary separation processes in these 
columns enable the system to attain the ability to detect a much 
larger number of compounds than conventional single column de-
vices. In order to regulate the flow of gas, GCxGC systems require a 
thermal modulator. Existing modulators are extremely large, how-

ever, and must cycle between -40 degrees and 570 degrees Fahren-
heit within just three to four seconds. To do so, they require coolant 
as well as 1,000 Watts of power.  

Prof. Kurabayashi and his team are the first in the world to have de-
signed, fabricated, and tested a MEMS-based thermal modulator 
for GCxGC. Their modulator, microfabricated in conjunction with 
the U-M Lurie Nanofabrication Facility, is comprised of two micro-
channels that cryogenically trap analytes in the sample from the 
first-dimension column and thermally deliver them to the second-
dimension column in a rapid, predictable, and programmable way. 

The device not only improves selectivity and sensitivity, it is capable 
of cycling between -40 and 570 degrees Fahrenheit within 100 milli-- 
seconds. The rate of change is more than 6000 degrees Fahrenheit a 
second. The on-chip, solid-state micro-cooling unit does not require 
coolant, and the entire modulator requires just 10 watts of power, 
two orders of magnitude less than conventional thermal modula-
tors. 

The project builds off Prof. Kurabayashi’s earlier work developing mi-
crosystems that analyze large numbers of chemical components in 
the atmosphere. His work on the microscale thermal modulator was 
initially funded by NASA. More recent support has been provided  
by Agilent Technologies, which has expressed interest in incorpo-
rating the technology into its future GCxGC gas chromatography  
products.  ■



 

Recent Events

Hilton Head Conference
 
15th Biannual Hilton Head Solid State Sensors, Actuators, and Microsystems 
Workshop Conference was held from June 3 to June 7 on Hilton Head 
Island in South Carolina. The Hilton Head Conference alternates with 
the Transducers meeting and is the premier meeting for MEMS in North 
and South America. WIMS2  has traditionally had a strong showing at this 
conference and this year was no exception with eleven papers including 
a plenary talk by our own Prof. Ken Wise. Prof. Wises’ talk was entitled 
“Wireless Implantable Microsystems: Creating a Revolution in Health Care”.  
The talk was well received and heavily referenced during succeeding 
talks at the conference. In addition to Prof. Wises’ talk, there were 5 oral 
presentations and 5 poster presentations from WIMS2 faculty and students. 
The total includes a joint paper between Prof. Gianchandani’s group and 
Agilent, a WIMS2 member company. WIMS2 was a commercial sponsor of 
this event with both a booth and an open poster.  

Prof. Ken Wise and some 
of his former graduate 
students at ‘Wise Guys’ 
Restaurant in Hilton 
Head, South Carolina.
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ISSCC
 
On February 21, Prof. Mike Flynn organized 
and hosted a networking reception at the 
59th ISSCC (International Solid State Circuits 
Conference) in San Francisco. This is the 
fourth time the Michigan event was held at 
ISSCC. The event is sponsored by individual 
faculty members, the Electrical and Com-
puter Engineering Department, and WIMS2. 
The purpose of the event is to reunite fac-
ulty, students, colleagues and friends. “It 
was really great to see everyone,” said Prof. 
Michael Flynn, the organizing host of the 
event. “We all feel it’s a great opportunity to 
connect with people in a relaxing environ-
ment.” ISSCC is the flagship conference of the  
Solid-State Circuits Society, and is the pre-
mier forum for the presentation of advances 

in solid-state circuits and systems-on-a-chip. There were nine University of Michi-
gan authored papers at ISSCC this year. These includes a paper a bandpass sigma 
delta modulators and and a paper on a noise-shaping successive approximation 
ADC from Flynn’s group. One of five ISSCC 2012 papers co-authored by Profs. 
Blaauw and Sylvester describes an ultra low power timer for wireless sensor node 
synchronization.   

The University of Michigan
Department of 

Electrical Engineering 
and

Computer Science

Invites you to attend the 

University of Michigan 
Alumni and Friends Mixer

at the
International Solid-State Circuits 

Conference (ISSCC)

Tuesday, February 21, 2012
5:30 p.m. – 7:30 p.m.

2nd Floor, Atrium Level, Foothill E

San Francisco Marriott
55 Fourth Street 

San Francisco, CA  94103

Please RSVP to 
isscc@eecs.umich.edu

Send inquiries to the same address.

www.eecs.umich.edu

Dr. Rajinder Khosla 
NSF Program Director 
(Retired)
 

The WIMS2 Center is pleased to announce that 
Dr. Rajinder P. Khosla has joined our Strategic 
Advisory Board. Dr. Khosla had a distinguished 
career at the National Science Foundation 
from 1996 to 2012 as a Program Director, Act-
ing Director, and Program Manager. Previous-
ly, he worked at Kodak from 1966 to 1996 and 
was the General Manager of Eastman Kodak’s 
Microelectronics Technology Division from 
1985–1996.  He received a PhD in physics from 
Purdue University in 1966. Dr. Khosla is Fel-
low of the IEEE, APS, OSA, and the AAAS. He 
was awarded the 1990 IEEE Frederick Philips 
Award for “initiating and leading the develop-
ment of a microelectronics program that led 
to his company’s preeminence in high-density 
imaging sensors.”

New WIMS2 Strategic 
Advisory Board Member
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California Outreach Event

As part of a continuing efforts to broaden the Center’s Industrial Program, 
WIMS2 held an outreach event in Sunnyvale, CA on April 18. More than seventy 
people attended the event that consisted of research overviews, tutorials and 
an overview of the Center. The topics were wireless devices, low-power circuitry, 
MEMS, RF MEMS and microfabricated gas chromatographs, as well as a Center 
overview and a summary of Center benefits. These talks were given by Professors 
Gianchandani, Flynn, Rais-Zadeh, Sylvester, and Kurabayashi, as well as Dr. Oliver 
The purpose of the event was to raise the visibility of the Center’s research 
program in Silicon Valley and to attract potential industrial collaborators and new 
Center members. We have generated one new associate membership from this 
meeting and have furthered several more relationships.  

After the tutorials, there was a mixer and networking session. In total, the 
attendees represented more than 45 different companies ranging from small 
businesses to Fortune 500 firms. A large percentage of the people attending the 
event had no previous connections with WIMS2 or with the University of Michigan.  
Mr. Roger Grace from the WIMS2 Strategic Advisory Board was very instrumental 
in advising us on the marketing of this event. This event was partially supported 
by the College of Engineering as well as the Electrical Engineering and Computer 
Science Department.

 

March 14, 2012 
Professor Koji Ikuta 
Department of Information Physics and Computing 
Graduate School of Information Science and Technology,  
The University of Tokyo, 
“Three Dimensional Polymer-based Micro/Nano  
Devices for Future Biomedicine” 

 
March 22, 2012 
Zhong He, PhD 
Professor 
Nuclear Engineering and Radiological Sciences  
Department, The University of Michigan, 
“3-D Position-Sensitive Room-Temperature  
Semiconductor Gamma-Ray Imaging Spectrometers  
and Their Applications” 

 
April 5, 2012 
David D. Wentzloff, PhD 
Assistant Professor 
Department of Electrical Engineering  
and Computer Science, 
The University of Michigan, 
“Energy- and Volume-Constrained Wireless  
Communication” 

Seminar Series

Visit our website at http://wims2.org to find out more information about  
these seminars and to view them on streaming video. 

October 9, 2012 
Lurie Engineering Center 

North Campus, 
University of Michigan

IAB
‘12

Fall 
Industrial Advisory 

Board Meeting



Conference Publications

M. G. Rezaie, X. Wang, B. Mishra, C. Collins, 
and N. Chronis, “Microfluidic Chips for In 
Vivo Imaging of Cellular Responses to Neu-
ral Injury in Drosophila Larvae,” PLoS ONE, 
vol. 7, iss. 1, pp. e29869-1-8, January 2012.

M. Ghannad-Rezaie, L. Yang, H. Garton,  
and N. Chronis, “A Near Infrared Opto- 
mechanical Intracranial Pressure Microsen-
sor,” (JMEMS) IEEE/ASME Journal of Micro-
electromechanical Systems, vol. 21, no. 1,  
pp. 23–33, February 2012.

A. Tripathi, T. C. Marentis, and N. Chronis, 
“Microfabricated Instrument Tag for the  
Radiographic Detection of Retained For-
eign Bodies During Surgery,” Proceedings of 
SPIE, vol. 8313, pp. 83134H1-8,  
February 2012.

M. H. Ghaed, M. M. Ghahramani, G. Chen, 
M. Fojtik, D. Blaauw, M. P. Flynn, and D. 
Sylvester, “Low Power Wireless Sensor 
Networks for Infrastructure Monitoring,” 
Proceedings of SPIE, pp. 8347OU1-10,  
March 2012. (Invited).

Z. Wu, Y. Shim, and M. Rais-Zadeh,  
“Miniaturized UWB Filters Integrated With 
Tunable Notch Filters Using a Silicon-based 
Integrated Passive Device Technology,” 
IEEE Transactions on Microwave Theory and 
Techniques, vol. 60, No. 3, pp. 518–527, 
March 2012.

M. Seok, S. Hanson, D. Blaauw, and  
D. Sylvester, “Sleep Mode Analysis and 
Optimization With Minimal-Sized Power 
Gating Switch for Ultra-low Vdd Opera-
tion,” IEEE Transactions on Very Large Scale 
Integration (VLSI) Systems, vol. 20, no. 4,  
pp. 605–615, April 2012.

Y. Shim, Z. Wu, and M. Rais-Zadeh, “A Multi-
metal Surface Micromachining Process for 
Tunable RF MEMS Passives,” (JMEMS) IEEE/
ASME Journal of Microelectromechanical 
Systems, 8 pages, April 2012.

S. W. Yoon, S. Lee, and K. Najafi, “Vibration-
induced errors in MEMS Tuning Fork Gyro-
scopes,” Sensors and Actuators A: Physical, 
vol. 180, pp. 32–44, June 2012.  ■

IEEE International Conference on  
Micro Electro Mechanical Systems,  
Paris, France, January 2012

A. Besharatian, K. Kumar, R. L. Peterson,  
L. P. Bernal, and K. Najafi, “A Scalable,  
Modular, Multi-stage, Peristaltic, Electro-
static Gas Micro-pump,” pp. 1001–1004.

Y. C. Chen, X. Lou, P. Ingram, and E. S. Yoon, 
”Cell Pairing Ratio Controlled Micro-
Environment with Valve-less Electrolytic 
Isolation,” pp. 792–795.

J. Y. Cho, J. A. Gregory, and K. Najafi, “High-
Q, 3KHz Single-crystal-silicon Cylindrical 
Rate-integrating Gyro (CING),” pp. 172–175.

N. K. Gupta, S. An, and Y. B. Gianchandani, 
“A Monolityic 48-stage Si-micromachined 
Knudsen Pump for High Compression 
Ratios,” pp. 152–155.

N. T. Huang, S. Truxal, Y. C. Tung, and  
K. Kurabayashi, “Multi-spectral Tunable 
Excitation Fluorescence Microscopy with 
a Nanoimprinted PDMS-on-silicon Grating 
Optical Filter,” pp. 648–651.

A. C. Johnson and K. D. Wise, “A Self-curling 
Monolithically-backed Active High-density 
Cochlear Electrode Array,” pp. 914–917.

(Continued on page 10)

U-M grad and research fellow Dr. Christine Eun (BSE MSE PHD, EE ‘04 ‘06 ‘11) 
and Prof. Yogesh Gianchandani describe the diversity of applications possible 
for sensors based on microscale plasmas (or microdischarges) in the paper, 
“Microdischarge-Based Sensors and Actuators for Portable Microsystems: 
Selected Examples,” published in the IEEE Journal of Quantum Electronics, vol. 48, 
no. 6, and featured on the cover of the May-June print issue.  Microdischarges 
are attractive because they can provide relatively large signals even as the size 
of the device is reduced; they are also less sensitive to temperature than most 
of the conventional options.  Some of the applications that are being explored 
for sensors involving microdischarges include the chemical sensing of gases and 
liquids for environmental monitoring, medical diagnostics, and space exploration; 
pressure sensing for oil exploration and subterranean mining; and radiation 
detection for homeland security. 

Micro Discharge Sensor on Cover  
of IEEE Quantum Electronics

Journal Articles (From January – June 2012)
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K. J. Owen, B. VanDerElzen, R. L. Peterson, 
and K. Najafi, “High Aspect Ratio Deep 
Silicon Etching,” pp. 251–254.

D. Paul, G. Serrano, E. T. Zellers, and  
K. Kurabayashi, “Comprehensive Two-
Dimensional Gas Chromatography Using a 
MEMS Thermal Modulator,” pp. 96–99.

Y. Shim, J. Ruan, Z. Wu, and M. Rais-Zadeh, 
“An Integrated RF MEMS Tunable Filter,”  
pp. 15–18.

IEEE Radio and Wireless Symposium,  
Austin, TX, February 2012

M. H. Ghaed, G. Chen, D. Blaauw, and  
D. Sylvester, “Analysis and Measurement of 
the Stability of Dual-Resonator Oscillators,” 
pp. 219–222.

IEEE International Solid-State Circuits 
Conference, San Francisco, CA,  
February 2012

H. Chae, J. Jeong, G. Manganaro, and  
M. P. Flynn, “A 12mW Low-Power Contin-
uous-Time Bandpass ΔΣ Modulator with 
58dB SNDR and 24 MHz Bandwidth at 
200MHz IF,” pp. 148–149.

J. Fredenburg, and M. P. Flynn, “A 90MS/s 
11MHz Bandwidth 62dB SNDR Noise-Shap-
ing SAR ADC,” pp. 468–469.

Y. Lee, B. Giridhar, Z. Foo, D. Sylvester, and 
D. Blaauw, “A 660pW Multi-Stage Temper-
ature-Compensated Timer for Ultra-Low-
Power Wireless Sensor Node Synchroniza-
tion,” pp. 46–47.

Y. Lee, G. Kim, S. Bang, Y. Kim, I. Lee,  
P. Dutta, D. Sylvester, and D. Blaauw, “A 
Modular 1mm3 Die-tacked Sensing Plat-
form With Optical Communication and 
Multi-Modal Energy Harvesting,”  
pp. 402–403.

D. Yoon, D. Sylvester, and D. Blaauw,  
“A 5.58nW 32.768kHz DDL-Assisted XO for 
Real-Time Clocks in Wireless Sensing  
Applications,” pp. 366–368.

SPIE Defense, Security, and Sensing 2012, 
Baltimore, MD, April 2012

R. J. M. Gordenker, and K. D. Wise, “A Pro-
grammable Palm-Size Gas Analyzer for Use 
in Micro Autonomous Systems,” (Invited), 
vol. 8373, pp. 837310-1-6.

V. J. Gokhale, Y. Sui, and M. Rais-Zadeh, 
“Novel Uncooled Detector Based on  
Gallium Nitride Micromechanical  
Resonators,” (Invited).

M. Rais-Zadeh, “Gallium Nitride Micro-
mechanical Resonators for IR Detection,” 
(Invited).

M. M. Sadeghi, R. L. Peterson, and K. Najafi, 
“Hair-based Sensors for Micro-autonomous 
Systems,” (Invited), vol. 8373, pp. 83731L-
1-8.

IEEE/ION PLANS 2012, Myrtle Beach, SC, 
May 2012

J. A. Gregory, J. Cho, and K. Najafi, “Charac-
terization and Control of a High-Q MEMS 
Inertial Sensor Using Low-Cost Hardware”.

J. A. Gregory, J. Cho and K. Najafi, “Novel 
Mismatch Compensation Methods for 
Rate-Integrating Gyroscopes.”

Solid-State Sensors, Actuators, and  
Microsystems Workshop (Hilton Head), 
Hilton Head Island, SC, June 2012

S. An, N. K. Gupta, and Y. B. Gianchandani, 
“A Monolithic 162-Stage Two-Part Knudsen 
Pump for High Compression Ratio,”  
pp. 14–17.

J. Beroz, M. Bedewy, and A. J. Hart, “Direct-
Write Self-Assembly of 3D Colloidal  
Microstructures,” pp. 129–132.

E. E. Aktakka, R. L. Peterson, and K. Najafi, 
“Wet Etching & Uniform Wafer-Level  
Thinning of Bulk Piezoelectric Ceramics on 
Silicon,” pp. 256–259.

G. Bahl, K. H. Kim, W. Lee, J. Liu, X. Fan, and 
T. Carmon, “Microfluidic Optomechanical 
Oscillators,” pp. 96–99.

V. J. Gokhale, J. Roberts, and M. Rais-Zadeh, 
“Sensitive Uncooled IR Detectors Using 
Gallium Nitride Resonators and Silicon 
Nitride Absorbers,” pp. 46–49.

T. Li, Q. Bai, and Y. B. Gianchandani, “Using 
Drie Silicon as a Cutting Tool for High  
Precision Micromachining of Metal Alloys,” 
pp. 477–480.

T. Li, K. Ding, W. E. Seyfried, Jr., and  
Y. B. Gianchandani, “A Micromachined 
Chemical Sensor for Sea Floor Environ-
ments: Initial Results,” pp. 173–176.

J. Tang, S. R. Green, and Y. B. Gianchandani, 
“Miniature Wireless Resonant Rotary Motor 
Actuated by Lithograhically Microma-
chined Magnetoelastic Foil,” pp. 86–89.

V. Thakar, Z. Wu, and M. Rais-Zadeh, “A High 
On/Off Ratio MEMS Capacitive Switch With 
Applications in Solar Energy Harvesting,” 
pp. 385–388.

K. D. Wise, “Wireless Implantable Microsys-
tems: Creating a Revolution in Health Care,” 
Plenary Address, pp. 26–29, (Invited).

S. Y. Yee, R. L. Peterson, L. P. Bernal, and  
K. Najafi, “High-Frequency Large-Deflection 
Electrostatic Diaphragm Actuators With 
Maximized Volume Displacement,”  
pp. 393–396.

IEEE Symposium on VLSI Circuits,  
Honolulu, HI, June 2012

Y.-P. Chen, M. Fojtik, D. Blaauw, and  
D. Sylvester, “A 2.98nW Bandgap Voltage 
Reference Using a Self-Tuning Low Leakage 
Sample and Hold.”

I. Lee, S. Bang, Y. Lee, Y. Kim, G. Kim, D. 
Sylvester and D. Blaauw, “A 635 pW Battery 
Voltage Supervisory Circuit for Miniature 
Sensor Nodes.”

H. G. Rhew, J. Jeong, J. A. Fredenburg,  
S. Dodani, P. Patil, and M. P. Flynn,  
“A Wirelessly Powered Log-based Closed-
loop Deep Brain Stimulation SoC With 
Two-way Wireless Telemetry for Treatment 
of Neurological Disorders.”

ACM/IEEE Design Automation Conference, 
San Francisco, CA, June 2012

Y. Lee, Y. Kim, D. Yoon, D. Blaauw, and  
D. Sylvester, “Circuit and System Design 
Guidelines for Ultra-Low Power Sensor 
Nodes,” pp. 402–404.  ■
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Doctoral Dissertations
Jonathan K. Brown (May 2012) 
“Low-Power RF Integrated Circuits for  
Wireless Sensor Network Synchronization 
and Communication” 
Chair: David D. Wentzloff

Jae Yoong Cho (January 2012) 
“Environmentally Resistant Rate and  
Rate-Integrating Gyroscopes” 
Chair: Khalil Najafi

Niloufar Ghafouri (May 2012) 
“Bismuth Telluride Based Co-evaporated 
Thermoelectric Thin Films: Technology,  
Characterization and Optimization” 
Co-chairs: Khalil Najafi and 
Rebecca L. Peterson

Jeff Gregory (June 2012) 
“Characterization, Control, and Compensa-
tion of MEMS Rate and Rate-Integrating 
Gyroscopes” 
Chair: Khalil Najafi

Sun Kyu Kim (January 2012) 
“A Micro-Analytical System for Complex 
Vapor Mixtures– Development and  
Application to Indoor Air Contaminants” 
Chair: Edward T. Zellers

Li Li (May 2012) 
“Fully Integrated CMOS Phased-Array  
PLL Transmitters” 
Chair: Michael P. Flynn

David Lin  (March 2012) 
“Flexible Digital-Intensive Wireless  
Receivers in Nanometer CMOS” 
Chair: Michael P. Flynn  ■

Member Partners
Agilent Technologies, Inc.
ATRM, LLC (A Johnson & Johnson Company)

Honeywell International
Ricoh
Stryker Corporation
Texas Instruments, Inc.

Associate Members
Cochlear Corporation
DENSO International America
Dexter Research Center, Inc.
ElectroDynamic Applications, Inc.
ePack
Fleetilla
InvenSense
PicoCal
Sandia National Laboratories
Twisthink, LLC
Virginia Technologies, Inc.
Virtual EM Inc.
 
Strategic Partners
MEMS Industry Group 
Roger Grace Associates

Visit our new website at  http://wims2.org
WIMS2 Patents are Now Online
WIMS2 is very pleased to announce that 
we have put our library of pending and 
issued patents on our website. Thanks to 
the hard work of our webmaster, Jona-
than Plummer, our website has under-
gone a radical transformation over the 
past several months with lots of new 
content including project descriptions, 
upcoming events, seminars, publications, 
and webinars. We invite you to visit at  
http://wims2.org. We included the full 
pdf files of over 50 issued and 15 pending  
patents from the Center. 

.
Horizons
Horizons is published by the  
Center for Wireless MicroSensing  
& Systems (WIMS2)
 
2114 Electrical Engineering and  
Computer Science Bldg. (EECS) 
1301 Beal Ave. 
Ann Arbor, MI 48109-2122 
Telephone: 734-647-1779 
Fax: 734-647-2342 

http://wims2.org
The Regents of the University of Michigan
Julia Donovan Darlow, Ann Arbor 
Laurence B. Deitch, Bingham Farms 
Denise Ilitch, Bingham Farms 
Olivia P. Maynard, Goodrich 
Andrea Fischer Newman, Ann Arbor 
Andrew C. Richner, Grosse Pointe Park 
S. Martin Taylor, Grosse Pointe Farms 
Katherine E. White, Ann Arbor 
Mary Sue Coleman, ex officio

Microsystems for the Next Generation

Ken Wise Inaugurates  
WIMS2 Webinar Series   

WIMS2 is pleased to announce a new 
series of webinars that will feature 
the latest research results, conference 
presentations, and technology over-
views. The first webinar will be by our 
own Professor Ken Wise on “Wireless 
Implantable Microsystems: Creating a 
Revolution in Health Care” on July 24 
at 3 pm ET. We plan for this to be the 
first in a series of educational and in-
formative webinars. There will be a link 
to upcoming webinars on the WIMS2 
homepage http://wim2.org. Pease visit 
it to learn about this or other upcom-
ing webinars, to sign up for a webinar, 
or for more information. 

July 24 at 3 pm 
http://wims2.org

.
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Y. B. Gianchandani, S. Green, and M. T. Rich-
ardson, “Wireless Biliary Stent System With 
Wishbone-array Resonant Magnetoelastic 
sensor and Conformal Magnetic Layer,”  
U.S. Patent No. 8,212,552, issued July 2012.

M. N. Gulari, K. D. Wise, and Y. Yao, “Wafer-
level, Polymer-based Encapsulation for 
Microstructure Devices,” U.S. Patent No. 
8,193,645, issued June 2012.

Y. B. Gianchandani, T. Li, and R. Y. Gianchan-
dani, “In Situ Tissue Analysis Device and 
Method,” U.S. Patent No. 7,927,288 B2,  
issued April 2012.

Y. P. Kong, H. Y. Low, S. W. Pang, and  
A. F. Yee, “Imprinting of Supported and 
Free-standing 3-D Micro- or Nano-struc-
tures,” U.S. Patent No. 8,025,831 B2, issued  
September 2011.

K. D. Wise, M. N. Gulari, and Y. Yao, “Wafer-
level, Polymer-based Encapsulation for 
Microstructure Devices,” U.S. Patent No. 
7,790,493 B2, issued September 2010.

L.-R. Bao, L. J. Guo, X. Huang, Y. P. Kong, S. 
W. Pang, L. Tan, and A. F. Yee, “Imprinting 
Polymer Film on Patterned Substrate,”  
U.S. Patent No. 7,618,510 B2, issued  
November 2009.

D. M. Aslam, E. Z. Zellers, and Y. Lu,  
“Analyte Accumulation Device,” U.S. Patent 
No. 7,615,189, issued November 2009.

A. B. Kahng, P. Gupta, D. Sylvester, and  
J. Yang, “Method for Correcting a Mask 
Layout,” U.S. Patent No. 7,614,032 B2,  
issued November 2009.

H. Kulah and K. Najafi, “Method and Micro 
Power Generator for Generating Electrical 
Power From Low Frequency Vibrational  
Energy,” U.S. Patent No. 7,579,757 B2,  
issued August 2009.

Y. B. Gianchandani and K. Udeshi,  
"Mechanical Self-reciprocating Oscillator 
and Mechanism and a Method for Estab-
lishing and Maintaining Regular Back and 
Forth Movement of a Micromachined 
Device Without the Aid of Any Electronic 
Components," U.S. Patent No. 7,456,698 B2, 
issued November 2008.

Y. B. Gianchandani, K. Takahata, K. D. Wise, 
and A. D. Dehennis, “Antenna Stent Device 
for Wireless Intraluminal Monitoring,” U.S.  
Patent No. 7,452,334 B2, November 2008.

R. W. Hower and R. B. Brown, “Microsensor 
With a Well Having a Membrane Disposed 
Therein,” U.S. Patent No. 7,438,851 B2,  
issued October 2008.

Y. B. Gianchandani and S. P. McNamara, 
“Packaged Micromachined Device Such 
as a Vacuum Micropump, Device Having 
a Micromachined Sealed Electrical Inter-
connect and Device Having a Suspended 
Micromachined Bonding Pad,” U.S. Patent 
No. 7,367,781 B2, issued May 2008.

Y. B. Gianchandani and A. S. Basu, “Liquid 
Flow Actuation and Suspension Manipula-
tion Using Surface Tension Gradients,” U.S. 
Patent No. 7,358,051 B2, issued April 2008.

C.T.-C. Nguyen and S.-S. Li, “High-Q Micro-
mechanical Resonator Devices and Filters 
Utilizing Same,” U.S. Patent No. 7,295,088, 
issued November 2007.

S. M. Martin, R. H. Olsson, III, R. B. Brown, 
and R. K. Franklin, “Microsystem for Deter-
mining Clotting Time of Blood and Low-
cost Single-use Device for Use Therein,”  
U.S. Patent No. 7,291,310 B2, issued  
November 2007.

K. D. Wise and J. A. Potkay, “Thermopneu-
matic Microvalve,” U.S. Patent No. 7,192,001 
B2, issued March 2007.

M. S. McCorquodale and R. B. Brown, 
“MEMS-Based, Computer Systems, Clock 
Generation and Oscillator Circuits and LC-
Tank Apparatus for Use Therein,” U.S. Patent 
No. 7,157,984 B2, issued January 2007.

Y. B. Gianchandani and C. G. Wilson, “Micro-
fabricated Radiation Detector Assemblies 
Methods of Making and Using Same and 
Interface Circuit for Use Therewith,”  
U.S. Patent No. 7,157,718 B2, issued  
January 2007.

Y. B. Gianchandani, C. G. Wilson, L. Que, 
B. Mitra, and P. Selvaganapathy, “Micro-
Discharge Optical Source Apparatus 
and Method and System for Analyzing a 
Sample,” U. S. Patent No. 7,142,303 B2,  
issued November 2006.

M. S. McCorquodale, R. B. Brown, and M. K. 
Ding, “Linearizing Apparatus and Method,” 
U.S. Patent No. 7,132,874 B2, issued  
November 2006.

C. T. C. Nguyen and Y. Xie, “Micromechani-
cal Resonator Device Having a Desired 
Mode Shape,” U.S. Patent No. 7,119,636 B2, 
issued October 2006.

Y. B. Gianchandani, L. L. Chu, K. Takahata, P. 
Selvaganapathy, and J. L. Shohet, “Micro-
machined Probe Apparatus and Methods 
for Making and Using Same to Character-
ize Liquid in a Fluidic Channel and Map 
Embedded Charge in a Sample on a Sub-
strate,” U.S. Patent No. 7,116,115 B2, issued 
October 2006.

K. Najafi, J. M. Giachino, and J. Chae, 
“Method of Fabricating a Package With 
Substantially Vertical Feedthroughs for  
Micromachined or MEMS Devices,”  
U.S. Patent No. 7,098,117 B2, issued  
August 2006.

Y. B. Gianchandani, S. P. McNamara, J. Lee, 
and A. Base, “Micromachined Arrayed Ther-
mal Probe Apparatus, System for Thermal 
Scanning a Sample in a Contact Mode 
and Cantilevered Reference Probe for Use 
Therein,” U.S. Patent No. 7,073,938 B2,  
issued July 2006.

R. Azadegan and K. Sarabandi, “Slot  
Antenna,” U.S. Patent No. 7,075,493 B2,  
issued July 2006.

B. H. Stark, and K. Najafi, “Low Temperature 
Method for Forming a Microcavity on a 
Substrate and Article Having Same,” U.S. 
Patent No. 7,029,829 B2, issued April 2006.

K. Najafi, H. S. Kim, L. P. Bernal, A. A. Astle, 
and P. D. Washabaugh, “Micropump  
Assembly for a Microgas Chromatograph 
and the Like,” U.S. Patent No. 7,008,193 B2, 
issued March 2006.

P. P. Chang-Chien and K. D. Wise, “Method 
and System for Locally Sealing a Vacuum 
Microcavity, Methods and Systems for 
Monitoring and Controlling Pressure 
and Method and System for Trimming 
Resonant Frequency of a Microstructure 
Therein,” U.S. Patent No. 7,004,015, issued 
February 2006.

C. T. C. Nguyen and M. A. Abdelmoneum, 
“Micromechanical Resonator Device and 
Method of Making a Micromechanical 
Device,” U.S. Patent No. 6,985,051 B2, issued 
January 2006.

M. S. McCorquodale and R. B. Brown, 
“MEMS-Based, Computer Systems, Clock 
Generation and Oscillator Circuits and LC-
Tank Apparatus for Use Therein,” U.S. Patent 
No. 6,972,635 B2, issued December 2005.
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K. Najafi and C. Zhang, “Method of Making 
a Thick Microstructural Oxide Layer,”  
U.S. Patent No. 6,962,831 B2, issued  
November 2005.

W.-T. Hsu and C. T.-C. Nguyen, “Mechanical 
Resonator Device Having Phenomena- 
Dependent Electrical Stiffness,” U.S. Patent 
No. 6,958,566 B2, issued October 2005.

A. B. Ucok, K. Najafi, and J. Giachino, “Multi-
Substrate Package and Method for Assem-
bling Same,” U.S. Patent No. 6,958,531 B2, 
issued October 2005.

T. A. Chou, K. Najafi, L. P. Bernal, and  
P. D. Washabaugh, “Low-Temperature Pat-
terned Wafer Bonding With Photosensitive 
Benzocyclobutene (BCB) and 3D MEMS 
(Microelectromechanical Systems) Struc-
ture Fabrication,” U.S. Patent No. 6,942,750 
B2, issued September 2005.

T. J. Harpster and K. Najafi, “Method of 
Joining an Insulator Element to a Sub-
strate,” U.S. Patent No. 6,939,778 B2, issued 
September 2005.

K. K. Das and R. B. Brown, “Low-Leakage  
Integrated Circuits and Dynamic Logic  
Circuits,” U.S. Patent No. 6,933,744 B2,  
issued August 2005.

D. M. Sylvester, H. Kau,l and D. T. Blaauw, 
“Actively-Shielded Signal Wires,” U.S. Patent 
No. 6,919,619 B2, July 2005.

W. C. Tian, S. W. Pang, and E. T. Zellers,  
“Microelectromechanical Heating  
Apparatus and Fluid Preconcentrator  
Device Utilizing Same,” U.S. Patent No. 
6,914,220 B2, issued July 2005.

D. F. Lemmerhirt and K. D. Wise, “Method 
for Electrically and Mechanically Connect-
ing Microstructures Using Solder,” U.S.  
Patent No. 6,893,885 B2, issued May 2005.
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