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NIST
MEMS in Action: RoboCup Nanogram 2009
Richard A. Allen and Craig McGray, National Institute of Standards and Technology (NIST)
Gaithersburg, Maryland, U.S.A
From June 29 through July 5, 2009 teams from around the world participated in the
International RoboCup competition, held in Graz, Austria. In addition to humanoid robots playing
soccer on turf fields, “companion” robots demonstrating their ability to help around the house, and
rescue robots traversing complex terrain looking for simulated disaster victims, there were MEMSscale robots competing on fields the size of a grain of rice.
Instead of sitting in stands cheering, the spectators were watching TV monitors as the
robots performed under the eye of a microscope. These robots are actually untethered MEMS
devices. The researcher wanting to fabricate a functioning microrobot faces, in a single package, all
of the technical challenges faced in the production of functional MEMS devices including power
distribution, friction, and communication.
This nanogram demonstration was organized by the National Institute of Standards and
Technology (NIST). NIST provided a number of universities from around the world with starter
kits that included standard operating environments and IC interfaces for microrobot operation.
The microrobots were asked to meet a series of progressively more difficult challenges.
Root mean square scoring of multiple event trials focused this year’s competition on microrobot
reliability. The first challenge was the two-millimeter dash. Figure 1below is a series of images of the
ETH robot performing the two-millimeter dash.

The second challenge was the slalom drill. The microrobot was tasked with traveling across the
playing field with a number of obstacles placed in its path.
The final challenge was the ball-handling drill. The microrobot was given a playing field with
a number of obstacles and a number of balls and tasked with placing as many balls in the goal as
possible in a two-minute period.

Article continues on page 6
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Chairperson’s Notes——A brief look at some of the market trends in MEMS and Microsystems is informative for researchers and
industrial practitioners alike. According to the market research firms Yole Research and Isuppli, the total worldwide
market for MEMS components in 2009 will be between six and seven billion dollars. When the revenue generated
not just by the silicon components themselves, but by complete Microsystems (e.g., readout and driver electronics,
packaging and software) is considered, this figure increases to more like $40B in annual revenue. The MEMS and
Microsystems market has grown on average at a healthy 10%-15% annually for at least the last decade, and is
expected to continue to do so for the foreseeable future. While it is still a small fraction (less than 5%) of the total
worldwide market in semiconductors, the growth of MEMS has been outpacing that of semiconductors overall.
At the same time, the nature of the Microsystems market has changed dramatically. Whereas just a few
years ago the market was dominated by a few key areas including automotive sensors (pressure and inertial
sensors) and computer peripherals (inkjet print heads and display chips) the current market is much more diverse.
The consumer market is booming, with inertial sensors finding their way not only into cell phones and the gaming
industry, but toys and low cost consumer goods as well. At the same time, after years of development, low-cost
silicon resonators are poised to make substantial inroads into the cell phone market and begin replacing more
costly quartz oscillators. The cell phone MEMS market alone is expected to reach $1.5B in 2009. At the same time,
bioMEMS, microfluidics and lab-on-a-chip applications are expanding rapidly and accounting for a greater proportion
of total revenue.
It’s interesting to consider what all of this means for the MEMS Alliance. First of all, the increased market
for Microsystems translates directly into a demand for well-trained engineers with experience in these areas. In
particular, one would expect that a combination of academic research and industrial experience would prepare
students ideally for new roles in the burgeoning Microsystems industry. To me, this emphasizes the important role
that a cooperative organization like the MEMS Alliance can play. Secondly, the large proportion (80% or more) of
the value added in the Microsystems supply chain outside of the actual components might indicate that it would be
wise for professors, project managers and start-ups alike to ponder the importance of effort and training in the
electronics and packaging areas. And finally, the proliferation of novel devices, new markets, and different business
models into the market place indicates that there is a great potential for viable funding and business strategies that
capitalize on emerging markets and new devices. In fact, there are signs that venture capital is beginning to flow
more rapidly into MEMS startups, following years of caution prompted largely by over-hype in the optical switch
market in the early part of this decade.
In all, it appears that even in this troubled economy we are lucky enough to be a part of a vibrant and
growing field. The Steering Committee has great hopes that the MEMS Alliance can continue to find ways to
provide leadership for the growth of MEMS and Microsystems in the mid-Atlantic area, and we encourage readers
to contact any one of us with your ideas. We can be contacted directly from the web site at www.memsalliance.org.
Best regards,

Save the date ….add DARPATech to your 2010 Plans. Currently the next DARPA Tech is
scheduled for August 2010. They only happen every few years (last one was August 2007)
TEDCO Continues Its Support of Federal Laboratories at the September 2009 Federal Lab Consortium - Mid
Atlantic Region (FLC MAR) Annual Conference!
The FLC MAR Annual Conference is on September 15 - 17, 2009 in Gettysburg, PA. The Conference will provide a range
of opportunities to learn how to access and benefit from Federal laboratory expertise, intellectual property and physical
assets. The agenda includes sessions on academic/government collaboration, motivating innovation, unique ways to
accomplish technology transfer, the marketplace for inventions, the role of inventors in moving toward commercialization,
the "human element," ways to conquer the FDA approval process, and more. TEDCO will have a presence at this year's
Annual Conference as a sponsor.Registration is open. To register, visit www.flcmidatlantic.org
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Upcoming—ABSTRACTS DUE NOW

SPIE Micro‐ and Nanotechnology Sensors, Systems, and
Applications II
Conference DS109 Part of program track on Emerging Technologies

This conference has an open call for papers: See submission guidelines
for Authors & Presenters
Submit an abstract
April 5‐9 2010 Orlando, FL
Papers are solicited on the following and related topics:



innovative micro- (MEMS) and nanofabrication, assembly and mass-manufacturing technologies



novel MNT-based physical, chemical and biological sensor materials, devices and systems



novel MNT harsh environment materials and sensors

 miniaturized laboratories, such as lab-on-a-chip consisting of advanced MNT electronic, optoelectronic, and
photonic biosensor and imaging devices


nanoscale materials such for novel diagnosis and treatment methods



systems-level integration of micro- and nanotechnology-enabled health care tools



micro- and nanophotonics



high frequency micro- and nano-electronic devices and components

 "micro-nano" solutions for reliable, high-density integrated energy storage and power generation with either
single or multimodal energy harvesting (e.g. photovoltaics, thermoelectric, piezoelectric)


Integration of MNT devices with CMOS electronics on flexible, conformal substrates



low-cost, environmentally conscious, fabrication and integration techniques



nano-micro-macro integration challenges and strategies,



systems based on micro- and nanotechnologies



reliability considerations for micro- and nanotechnologies



advanced algorithms for improving the performance of systems and networks based on micro- and
nanotechnologies

micro- and nanosensor and actuator networks.
http://spie.org/app/program/index.cfm?
fuseaction=conferencedetail&conference_id=900602&event_id=894275&list=1
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Upcoming Events

MEMS Alliance Fall Symposium
MEMS, Nano and Microsystems in the Green Revolution …..This conference will feature explore
the role that micro– and nano– technology will play a role in the development of “green” solutions to
environmental and energy issues. A :”Stone Soup” problem solving session will link industry and
government needs with technology solutions. There will be a poster session with a student award
for best presentation. Washington DC November 30, 2009. www.mems-alliance.org
Power MEMS 2009
The 9th International Workshop on Micro and Nanotechnology for Power Generation and Energy
Conversion Applications Washington DC Dec 1-4, 2009. www.powermems.org
SPIE Photonics West MEMS MOEMS San Francisco CA 23-28 January 2010
Micro- and Nanofabricated Electromechanical and Optical Components at MOEMS-MEMS
Submit your work and be part of the exceptional growth in micro- and nanofabrication at MOEMSMEMS.
The MOEMS-MEMS technical program explores how micro- and nanofabricated electromechanical
and optical components will provide the missing link to the mass-produced miniaturized products
and systems of the future.

Local Interest

Kudos and Press… MEMS Alliance Mid Atlantic folks in the
news:
Check out Elizabeth Smela and Pam Abshire at the scientist.com
http://www.the-scientist.com/article/display/55703/

Check out Reza Ghodssi’s new TEDCO award at:
http://www.ece.umd.edu/News/news_story.php?id=4013

Check out more wins by Reza at:
http://www.umerc.umd.edu/news/news_story.php?id=4262

Check out Ann Darrin on FoxNews.com for her new book:
http://www.foxnews.com/story/0,2933,533536,00.html
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PROCUREMENT/PROPOSAL OPPORTUNITIES

August 1, 2009

The Intelligence Advanced Research Projects Activity (IARPA) announces Pre-Solicitation
Notice
Potential new BAA to be released Circuit Analysis Tools (CAT)
Background: The semiconductor electronics industry continues to scale in accordance with Moore's law, and is currently
developing the processing and design infrastructure to realize the 22nm technology node and beyond. However, analysis
tools, instrumentation, and methods have not kept pace with the need for improved analytical capability. Numerous
challenges arise in the wake of such rapid progress. Rapidly decreasing critical dimensions lead to die-level visual and nonvisual defects at the nano- and atomic-scale, which will demand increased resolution in tools that are still able to analyze
areas as large as 10 microns. Increasing numbers of transistors require more levels of metal interconnect (approaching 12
by the 22 nm node), which further complicates fault isolation, circuit edit and analysis techniques. In many cases, the only
access to the transistors is through the back-side of the silicon, which requires extensive sample preparation and the need to
work with creative approaches from both front- and back-side to test individual transistors. In some cases it will be necessary
to advance or develop entirely new techniques to address nano-scale analysis at a comparatively large working distance and
through intervening materials. Advanced packaging solutions to address the problem of increasing power dissipation and
integration will require new back-side and through-packaging fault isolation approaches. The test time and hence the cost
will become prohibitive with the increasing density and complexity of the logic chips.
The CAT program is specifically interested in tools that are necessary for analysis at future technology nodes, specifically,
the 22nm node and beyond. This also includes analysis tools capable of working with the packaging of these advanced
technology nodes including but not limited to stacked die. Furthermore, the CAT program is interested in tools and
techniques that can address fault isolation, circuit edit, logic analysis and image analysis for which there is currently no
solution. This is analogous to the "red" boxes for technology issues in the International Technology Roadmap for
Semiconductors (ITRS) annual reports (http://www.public.itrs.net/). The goal of the program is to address challenges for
which existing techniques have no clear evolutionary path to the 22nm node. The CAT program is looking for significant
improvements in tool technology, including revolutionary tools and techniques that provide the ability to make electrical and
physical measurements on future ICs. Questions regarding the program can be sent to
dni-iarpa-baa-09-09@ugov.gov.

IN THE WASHINGTON AREA
Senate Nanotechnology Bill Introduced
On July 21, Senator John Kerry (D-MA) introduced the National Nanotechnology Initiative Amendments Act
of 2009. The bill will be considered in that Committee's Communications and Technology Subcommittee,
which Senator Kerry chairs.
Like the House bill, Senator Kerry's bill maintains a national commitment to basic research, while taking steps
to facilitate the translation of that research into useful applications. The bill supports goal-oriented research,
access to user facilities, and translational research programs, all of which will help bring the benefits of
nanotechnology to consumers rapidly, while generating high-quality American jobs.
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Through the “Nanogram” microrobotics events, thousands of participants and visitors to RoboCup
2009 were exposed to the capabilities of MEMS devices, many of them for the first time. In addition to the
competitions, visitors viewed continuously running demonstrations and video. Figure 2 shows some future
MEMS engineers looking at robots at the ETH table.
Highlighting the challenge faced by the competitors,
four
of
the
teams, who were expected to participate in
Figure 2
RoboCup 2009, dropped out at the last minute, citing inability
to successfully perform the specified tasks or cost associated
with traveling to Austria.
The two remaining teams performed well, with yearover-year advances showing progress in key technical areas:
the ETH Zurich team overcame previous limitations on their
robots’ reliability when starting up from a dead stop, and the
team from the U.S. Naval Academy (USNA) demonstrated
continuous operation for over 5 minutes. Figure 3 shows
images of the USNA robot in action. In addition, a new world
record was set for the two-millimeter dash at 326
milliseconds.
Although both teams did not fully share the technical
successes, the RoboCup nanogram achieved the goal of
Figure 3
introducing the spectators and many of the other participants
to the challenges and capabilities of MEMS devices.
In addition to the RoboCup attendees, this event
was relayed to the wider MEMS community by one of the
authors of this article (Allen) through the MEMS Industry
Group blog (MEMSblog.wordpress.com).
NIST is now deciding how to continue its
microrobotics outreach in 2010. All of this year’s teams,
including those that did not attend, have expressed
intentions to participate next year. In addition, NIST has
received, from about 10 other universities, expressions of
interest in participating in future microrobotics
competitions.

To subscribe email: memsalliancemidatlantic@jhuapl.edu
Subject: SUBSCRIBE
To unsubscribe email: memsalliancemidatlantic@jhuapl.edu
subject UNSUBSCRIBE
If you need to speak to a live person try emailing ann.darrin@jhuapl.edu.
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