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Miniature sensors with the ability to
accurately and precisely measure free
space potentials could impact fields
ranging from human-machine interfaces to security. But perhaps the
immediate impact would be felt in
medicine. For example, in both
research and clinical environments the
measurement of bio-potentials (EEG,
EMG, ECG) provide important
biometric information to physicians
and researchers. Unfortunately, obtaining high-quality physical electrical
contacts is a significant challenge,
even in a controlled environment, even
for short periods of time. Non-contact
electrometer-based proximity electrodes would provide a paradigm technology shift in terms of ease of use, as
well as reliability and signal quality.
Electrometers have been in use for
well over 100 years. In 1932 Gunn
demonstrated a macroscopic electrometer capable of measuring 4fC
(25,000 e). High performance mechanical electrometers have been
historically designed based on a macroscopic vibrating reed electrode. The
vibrating reed serves to provide a time

varying capacitance. When a charge is
placed on this vibrating electrode, a
time varying voltage is established at
the same frequency as the mechanical
vibration. By modulating the signal to
a higher frequency and detecting only
in a narrow signal bandwidth, lock-in
amplifier techniques allow the rejection
of noise at frequencies outside the
measurement band as well as (1/f)
noise and amplifier offset associated
with the measurement instrument.
In recent years the focus of research
relating to electrometers has largely
shifted to integrated CMOS electrometers and super-cooling. Modern
electrometers employ high input
impedance field effect transistors such
as JFETs and MOSFETs with low
noise and low leakage currents to
realize the trans-impedance amplification stage. Although significant effort
has been put into integrated circuit
based electrometer technologies without the use of super-cooling, overall
sensitivity of such approaches has not
significantly improved compared to the
vibrating reed relay. For example, the
resolution of a state-of-the-art Keithley

laboratory electrometer is about 10fC
(~63,000 e).
A promising approach for roomtemperature ultra-sensitive electrometers involves the use of MEMS.
Previously, BSAC researchers Riehl,
Scott, Muller & Howe demonstrated
electrometers based on mechanical
resonators with a charge resolution of
4.5aC (28 electrons) in a 0.3Hz
bandwidth at room temperature and
pressure. The SEM shows Riehl et al
direct bonding of JFET amplifier to
MEMS variable capacitor.

Based on this work, Prof. Norman
Tien and Dr. Dan McCormick of
BSAC are collaborating with Dr. Neil
Continued on page 4

CAPACITIVE SENSE FEEDBACK NEW DEPARTMENT CHAIRS
CONTROL FOR MEMS MIRRORS
FROM
MEMS mirrors in optical beam steering applications,
BSAC
scanners, and optical cross-connects can benefit greatly
from electronic feedback control. Problems well known to
designers include ‘poor’ device dynamics causing long
settling times, restricted actuation range from electrostatic
pull-in, and position drift due to dielectric charging of
actuators. Although carefully implemented closed-loop
control can alleviate most of the problems related to device
dynamics and actuator instabilities, BSAC researchers have
recently published results on active damping using closedloop feedback control. The resulting MEMS dual-axis
scanner utilizes vertical comb drive actuation with fully
electronic capacitive position sense. With electronic damping,
underdamped
Laser path
mirrors (Q>50 due to
insufficient air dampY-axis mirror
600 µm
diameter
ing) settle more than
100x faster (400µS
Reflector
vs. >60mS).
The
optical steering range
(>20 degrees) of
X-axis mirror
beam steering mirrors
Continued on page 4

Dean
Richard
Newton has announced that BSAC
Directors Albert
Pisano and Dorian
Liepmann
have
Dorian Liepmann accepted appointAlbert P. Pisano
ments as Department Chairs in the UC Berkeley College of
Engineering. Starting July 1, 2004, Professor Pisano will
become Chair of the Mechanical Engineering Department,
and Professor Liepmann will become Chair of the
BioEngineering Department.
As head of the second largest department within the
College of Engineering, Al Pisano, formerly Director of the
Electronics Research Laboratory, will now represent the 42
faculty, 500 undergraduates, and 300 graduate students of
ME. Mechanical Engineering has, for the past decade, been
consistently ranked from #2 through #4 among all ME
Departments in the United States. Departing Chair Karl
Hedrick’s department is in good hands. Al will promote core
Continued on page 4
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USA – KOREA JOINT
MEMS SYMPOSIUM
From July 20-22, UC Berkeley will
host a 2½ day educational symposium on MEMS technologies.
The faculty hosts are BSAC coDirector and Chair of Mechanical
Engineering Albert Pisano, and,
from the Korean Advanced Institute of Science and Technology
(KAIST), Professor Young-Ho Cho.
BSAC alumnus Cho is Director of
the
Digital
Nanolocomotion
Center at KAIST.
The hosts, along with BSAC coDirectors Roger Howe, Luke Lee &
Liwei Lin, will conduct 15 hours of
in-depth presentations over the 3
days covering electromechanical
models; interface circuit design;
parametric design of MEMS; packaging schemes for MEMS; and
basics of biophotonic MEMS.
This UCB Symposium is open to all
industry practitioners, and available to UC researchers and BSAC
members at no cost.
Guest
registrations with waived fees for
industrial members of CITRIS or
Berkeley Wireless Research Center
are available on a limited basis.
Register and contact us at:
-RL

www-bsac.eecs.berkeley.edu/
korea_symp_july2004/

BSAC REGIONAL IAB,
RESEARCH REVIEWS,
AND SYMPOSIA
We continue to present our
research reviews in regions of
membership concentrations, to
allow broader dissemination of
research results to member companies. We usually also conduct
a general (open to non-members)
technical Symposium on a day
adjacent to the regional IAB.
Meeting information is linked from
our home page.
Our Summer 2004 European
meetings have been supported
by donations from Bosch, Suss
MicroTec, & Siemens Corporation.
Europe: Munich, Germany
June 29: Symposium
June 30: IAB/Research Review
(members only)
Japan: Kyoto
December 1: Symposium
December 2: IAB/Research Review

BSAC WEB RESOURCES
If you have not yet signed up for a secure password to the BSAC website, please do so!
New resources available on the site include multiple navigational indexes of the 100+
BSAC research projects and programs; full downloadable versions of all research review
documentation provided in our semiannual 500+ page IAB proceedings; copies of
powerpoint presentations from recent BSAC Symposia; profiles of BSAC graduate
students; listings by member companies of internship and employment opportunities; and a
searchable downloadable database of most publications of BSAC researchers. We will
soon add the ability for members to search eligible invention disclosures. To register, click
on the “Apply for Password (Industry Member)” link at the following BSAC Website:

https://www-bsac.eecs.berkeley.edu/login/login.php

TRUTH IN LABELING : DEEP MICROTECHNOLOGY
Executive Director Perspective
Nanotechnology: The term was coined by MIT “/nan'-oh-tek-nol’-ah-jee/ Any fabrication technology in
graduate Dr. K. Eric Drexler in his book “Engines of which objects are designed and built by the specification
Creation” (1986), inspired by Richard Feynman’s 1959 and placement of individual atoms or molecules [and
talk entitled “There's Plenty of Room at the Bottom” in here comes the apostasy-JMH] or where at least one
which Feynman discussed “microtechnology as a dimension is on a scale of nanometers.”
Since its popularization, nanotechnology has become
frontier to be pushed back, like the frontiers of high
pressure, low temperature, or high vacuum”. Drexler the mantra of scientists, technologists, educators, and
jumped to the endpoint of this notion and defined science fiction writers seeking publication, start-ups
Nanotechnology as technology based on the manipu- seeking funding, and governmental agencies awarding
research funds. We are all aware of virtual hijacking of
lation of individual atoms and molecules.
As conjectural as his futuristic vision was, Drexler the term to enhance interest in particular research,
offered some objective criteria to differentiate nano- proposals, and soon, marketing of products where no
non-linear or revolufrom microtechnoltionary materials or
ogy: “Present microstructural
properties
technology handles
are presented. Is this
statistical populations
justified by a researchof atoms.
As the
choking fixation from
devices shrink, the
funding
agencies?
atomic graininess of
Respected
research
matter creates irregu©University of Arizona 1997
institutions and the
larities and imperfections, so long as atoms are handled in bulk, rather than seminal journals and conferences that give them voice,
individually. Indeed, such miniaturization of bulk may be giving up far more in the search for attention
processes seems unable to reach the ultimate level of than the current funding and publication sweepstakes
microtechnology – the structuring of matter to complex can ever repay.
So, let us not scare the children, and let us not
atomic specifications.”
Dr. Drexler and his vision have become controversial. compromise academic integrity in the search for
Richard Smally, 1996 Nobel Prizewinner in Chemistry, attention. Let us be guided not by the popular press, but
publicly criticized Drexler’s more fanciful notions. by Feinman’s observation nearly 50 years ago, that
Chemical & Engineering News (December 2003), “microtechnology is a frontier to be pushed back, like
reprints their rather hostile exchange. Smalley’s final the frontiers of high pressresponse to Drexler:. “You and people around you have ure, low temperature, or
scared our children. I don't expect you to stop, but I high vacuum”.
Let us
hope others in the chemical community will join with provide the nano-macro
me in turning on the light, and showing our children transductions and extend
that, while our future in the real world will be dimensions naturally into
challenging and there are real risks, there will be no the deep sub micron range
such monster as the self-replicating mechanical nanobot and claim the benefits in the
of your dreams.”
name of deep microtechBut controversy ‘sells’, and ‘selling’ funds research. nology, confident that we
The original definitions have been subsumed by the will create impacts as large
popular press, funding agencies, and alas, researchers, as
anything
currently
to extend the term ridiculously beyond what was promoted as nanotechnoloriginally envisioned. Witness: (Computing Dictionary) ogy.
–JMH
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TOWARD A TUNABLE SPHERICAL OPTICAL IMAGER
Elastomer-based devices have potential to open many new applications in
tunable micro-optical components.
In particular, integration of an array
of semiconductor devices such as
interconnected photodetectors on a
flexible elastomer membrane has
utility as a wide field of view or
directional optical sensor/detector.
As such an optical detection membrane is “inflated” from planar to
near-hemispherical, changes in array
light intensity profile could map
directionality of incident light, or
provide up to 180 degree imaging.
The main challenges in constructing such an imager relate to
compatibility between elastomer
processing and microfabrication
technologies. A major problem is that
for imaging applications, a distinct
imaging signal must be collected for
each detector (pixel). For a 2D array,
the photodetectors would preferably
be interconnected in an individually
addressable fashion, and the image
signals would further be connected to
an image processor.
The
inflexible
photodetectors
would ideally be interconnected in

Fabricated Device
batch fashion by conducting,
flexible members that would
maintain constant conductivity as
the membrane is stretched from
planar into hemispherical form.
Previous results using metallic thin
films for detector interconnection
have been unacceptable because of
fatigue and breaks in the metallic
films. BSAC researchers Paul Hung
and Professor Luke Lee have
recently reported success utilizing a
microfabricated, released, metallic
coated silicon dioxide interconnect
suspension ‘web’. The interconnect
elements, while nominally inflexible, are folded into a “Z” shape such
that they retain their integrity when
stretched.
The flexible, tunable elastomer
membrane, PDMS (polydimethalsiloxane), is attractive because of its

chemical inertness and biocompatibility. The array of interconnected
silicon chips retained connectivity
and demonstrated an interconnect
resistance change of less than 5% as
the 1000µ diameter membrane was
deflected from planar to 100µ,
corresponding to a numerical aperature change from 0 to 0.2.
Additional work on this project (a
best paper at the Spring 2004 BSAC
IAB) is underway to functionalize
the passive silicon used in the array
development, and to refine and
optimize the multi-substrate deposition and patterning process used in
the prototype membrane-bonded
array.
– JMH

UC BERKELEY CAMPUS
SEPTEMBER 20-22, 2004
Monday, September 20
Pneumatically Inflated
PDMS/Silicon Array

RESONATOR BENCHMARK

20µm
An AlN (Piezo) thin-film UHF
ring-shaped, contour-mode resonator.

A team from Al Pisano’s DARPA
Chip-Scale Atomic Clock project
(Gianluca Piazza et al, Hilton Head
2004) has very recently fabricated
and demonstrated AlN (Piezo) thinfilm UHF ring-shaped, contourmode resonators with Q’s of 3,000,
resonance as high as 470 MHz, and
new benchmark motional resistances
of just ~80 ohms. Unlike FBAR’s,

these new devices, with resonance
frequencies set by mask lithography,
will enable arrays of piezoelectric
microresonators with different frequencies on a single chip. The fabrication process is low temperature,
therefore allowing MEMS-after
CMOS integration. Research now
focuses on extending this promising
technology to GHz frequencies.

BSAC RESEARCHERS WIN 2004 BUSINESS PLAN AWARD
Every year, Haas Business School at UC Berkeley
sponsors an entrepreneurial business plan contest. This
is not “just” a student contest. It includes teams from
launched, funded startups. And, it seems every year
BSAC students and graduates receive one or more award
designations at the prestigious competition. Last year,
the Medifuel Corporation team included BSAC graduate
Dr. Mu Chiao (PhD 2002, Lin) and BSAC PhD
candidate Kien Lam (Lin). The Medifuel team won both
the $5,000 3rd prize and $5,000 People's Choice Award.
The previous year, a BSAC team including Dr. Michael
Helmbrecht (PhD 2003, Muller) received the $25,000
grand prize and used it to help launch start-up Iris AO.
The 2004 UC Berkeley Business Plan Competition
involved 40 competitive ‘teams’ that were reduced to
seven finalists. Again, a BSAC team, Silicon Clocks, led
by BSAC’ers Dr. Emmanuel Quevy (Howe) and Sunil
Bhave (Howe), was among the finalists and walked
away with one of three awards given, the $7,500 “Best of
UC Berkeley / UCSF Technology Prize” award from
Sevin Rosen Funds. “Silicon Clocks is focused on freq-

BSAC FALL 2004
INDUSTRIAL ADVISORY
BOARD MEETING AND
RESEARCH REVIEW

uency reference oscillators using microelectromechanical resonator fabrication technology developed at
UC Berkeley.” While participation in the competition
does not require that teams actually have or start a
business based on their business plans (Silicon Clocks
as yet has not), the prestigious competition has proven
to be a predictor of future entrepreneurial activity for
the winners.
– JMH

12:00 pm
Registration & Light
Refreshments
2:00 pm
BioMEMS & Microphotonics
Faculty Presentations
6:00 pm
Dinner, Mixer, and
Keynote Address
Tuesday, September 21
8:00am-5:30 pm
Research Review &
Poster Sessions
7:00 pm
Dinner & Awards Banquet
Wednesday, September 22
9:00 am
Member-only Industrial
Advisory Board Meeting
12:00 pm
Adjourn
Registration and details will
soon be available on the
BSAC Website at:
www-bsac.eecs.berkeley.edu

BSAC’ers Sunil Bhave, Emmanuel Quevy
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MEMS ELECTROMETER
Continued from page 1
McDonald and Dr. Andrew Hibbs of
BSAC member QUASAR, to develop a
MEMS
variable
capacitor-based
electrometer that can be integrated with
free-space capacitive electrodes. It is
anticipated that this work will set a
benchmark in ultra-sensitive charge
measurement, enabling unprecedented
measurement of free-space potentials
using miniature, economical components.
The MEMS based electrometer is
analogous to that of vibrating reed
relays. The charge on the capacitor is
given by Q=CV, where Q is the charge,

NEW DEPARTMENT CHAIRS
Continued from page 1
Berkeley strengths in mechatronics,
dynamic, controls, fluidics, and heat
transfer as the department accelerates
new thrusts into bioengineering,
MEMS, and nanotechnology. These
specialties, fertile for innovation, are all
areas familiar to him, and areas of
significant BSAC research.
Dorian Liepmann assumes the reins of
the newest (but already the third largest)
COE department, Bioengineering, from
Prof. Thomas Budinger. This department

C is the capacitance and V is the
voltage; so for capacitor with a given
charge Q the voltage is given by
V=Q/C. A micro machined variable
capacitor is employed to provide a time
varying capacitance that modulates the
voltage seen across the capacitor.
The voltage across the inputcapacitance contains both ac and dc
components. Charge can be optimally
resolved by measuring the ac, rather
than the dc, component. Just as with
macroscopic vibrating reed electrometers, performing the measurements in a
very narrow bandwidth rejects noise at
other frequencies, and minimizes 1/f
noise associated with the electronics.
A basic schematic diagram of the

input-capacitance modulation circuit is
shown in the figure where, Cp denotes
the undesired parasitic capacitance
(minimized utilizing MEMS technology) and Cvar, the tunable capacitor.
Research-in-progress on this exciting
unpublished project will be presented
in poster session at the Fall 2004
BSAC Industrial Advisory Board
meeting on Sep 20-22, and in a plenary
talk sometime later.
–JMH

germinated from the Joint UC San
Francisco/UC Berkeley Bioengineering
Graduate Group (co-chaired by
Dorian). Dorian believes the relative
newness of the department creates
flexibility at a time of unprecedented
bioengineering industry growth and
metamorphosis, while its historical
association with the internationally
recognized UCSF creates foundations
unusual in a young department. The
highly selective student acceptances
imposed by the new department over
the past three years has created among
the strongest student populations in the

College of Engineering. Dorian believes this flexibility combined with
the faculty and student strength, will
create national ranking growth for the
department.
These appointments bring to four,
the Department or Division chairs held
by BSAC faculty. Roger Howe is
Division Chair for Electrical Engineering within EECS. Norman Tien is
Department Chair for Electrical and
Computer Engineering at UC Davis. It
would be hard to imagine a more
influential Center faculty than you
have at BSAC.
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Electromechanical Amplitude Modulation (EAM) & the control loop
In closed-loop operation, the capacitive position sense
circuit measures the mirror position simultaneously with high
voltage (up to 100V) actuation across the drive capacitor.
Separate drive and sense capacitors are provided. Because
parasitics to various physical elements exist physical
separation of these capacitors is not sufficient; additional

Normalized optical rotation [deg]

imply actuation voltages as high as 100V with detection/
sense signals in the millivolt range, further complicating
design. The reported results are for a discrete implementation
of the non-MEMS portions. The implementation could yield
to integration with suitable process technology. Prior
attempts at closed-loop feedback extend the drive range
suffering from nonlinearities associated with electrostatic
parallel plate actuation and other factors. Those designs used
optical detection techniques for position sense. While optical
systems may use external optical detectors for position sense,
that implies multiple technologies and complexity unacceptable for cost-sensitive applications.
The control loop is illustrated in simplified form. This
system was described at the Hilton Head conference in June
2004 (Cagdaser et al), and a more complete description of the
system is available from a publications search on the BSAC
website.
Vcontrol

DEGREES EARNED
Lance Doherty, PhD

Jongbaeg Kim, PhD

UC Berkeley
Silicon Processed Microstructures Using Self-Aligned Plastic Deformation

Boris Murmann, PhD
UC Berkeley
Digital Calibration for
Low-Power, HighPerformance A/D
Conversion

Vladimir Petkov, PhD

UC Berkeley
High-Order Sigma-Delta
Interface for Micromachined Inertial Sensors

Wen-Pin Shih, PhD
Cornell University
Tunable Inductive Microelectromechanical
Devices Actuated by
Linear Vibromotors and
the Reliability of
Microchannels

UC Berkeley
Electrosynthesized Nanocomposites for MEMS
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UC Berkeley
Energy Measures for
Sensor Networks

Kwok-Siong Teh, PhD
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Small angle step response: closed-loop and open loop
measures are required to prevent drive and sense signal
feed-through interference.
The two signals are also separated in the frequency
domain utilizing electromechanical amplitude modulation
(EAM). A high frequency 3MHz carrier modulates the
common node of the drive and sense capacitors. Because
the sense capacitor varies with mirror rotation, the
amplitude of the resulting sense current also changes. In
other words, position change modulates the amplitude of the
sense current (Isns). The sense signal consists of a carrier
and sense sidebands. In addition to these components, the
low frequency drive signal Vdrv also couples into the sense
through parasitic paths. Demodulation is used to bring the
sense signal down to baseband where it can be low-pass
filtered to separate it from the drive feed-through, which has
been modulated to the carrier frequency.
Phase compensation and loop gain consistent with control
loop step response and stability are controlled through an
analog phase lead filter (not shown here).
The linear control in the system has experimentally met
the settling time goal (<1mS) for a range of 5 degrees to 20
degrees optical rotation. The small angle step response at
50V actuation (8 degrees) is shown to be less than 400µs.

MEMS 2005
CONFERENCE
Conference information
for the 18th IEEE International Conference on
Micro Electro Mechanical
Systems: MEMS 2005 is
now available at:

www.mems2005.org
The conference will be
held on 30 January to 3
February 2005 at the
Fountainebleau
Hilton
Resort in Miami Beach, FL.
Initial Abstracts are due
by 17 August 2004.

