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MEMS 2015 PROGRAM SCHEDULE

Monday, 19 January

07:55 Opening and Welcome Address
Jirgen Brugger, EPFL Lausanne, SWITZERLAND
Wouter van der Wijngaart, KTH Royal Institute of Technology, SWEDEN

Invited Plenary Speaker I
Session Chairs:
J. Brugger, EPFL Lausanne, SWITZERLAND
H. Toshiyoshi, University of Tokyo, JAPAN

08:15 THE LONG PATH FROM MEMS RESONATORS TO TIMING PRODUCTS 1
E. Ngl, Y. Yangl, V.A. Hongl, C.H. Ahn', D.B. Heinz', L. Flader!, Y. Chen!, C.L.M. Everhart', B. Kim?,
R. Melamud?®, R.N. Candler’, M.A. Hopcroftz, J.C. Salvia®, S. Yoneoka®, A.B. Graham?, M. Agarwalz,
M.W. MessanaZ, K.L. Chen?, HK. Lee?, S. Wangz, G. Bahl>, V. Qu%, C.F. Chiang2, Thomas W. Kenny, Ph.D.!,
A. Partridge3, M. Lutz’, G. Yama* and G.J. O’Brien*
!Stanford University, USA, PhD Alumni of Stanford University, USA, *SiTime Inc, USA, and *Robert Bosch RTC, USA

Session I - Micro and Nanofluidics
Session Chairs:
B. Stoeber, University of British Columbia, CANADA
F.G. Tseng, National Tsing Hua University, TAIWAN

09:30 GRAPHENE OXIDE MEMBRANES FOR PHASE-SELECTIVE MICROFLUIDIC FLOW CONTROL .......... 2
J. Gaughran, D. Boyle, J. Murphy, and J. Ducrée * Award Nominee
Dublin City University, IRELAND

We investigate the unique properties of Graphene Oxide (GO) as a barrier selective to the solvent and state of aggregation of the fluid. To this end, we developed
novel processes for the assembly of GO as membranes into polymeric microfluidic systems. We show that GO completely blocks pressurized air and organic
solutions while it is permeable to water. These GO membranes are then employed as a flow control element in a microfluidic system.

09:45 STRUCTURE-BASED SUPERHYDROPHOBICITY FOR SERUM DROPLETS 6
T. Liu and C.-J. Kim
University of California, Los Angeles, USA

We report that superhydrophobic (SHPo) surfaces based purely on surface structuring shows a robust super-repellency under a prolonged contact with serum
droplet as an example of protein-rich biological fluids. In contrast, normal SHPo surfaces, which are based on surface chemistry and surface structuring, lose
repellency and eventually get wetted by the same tests. This is the first report of a SHPo surface not degraded by a biological fluid.

10:00 MICROFABRICATED LIQUID CHAMBER UTILIZING SOLVENT-DRYING
FOR IN-SITU TEM IMAGING OF NANOPARTICLE SELF-ASSEMBLY 8
W.C. Lee'?, J. Park®>*®, D.A. WeitZ’, S. Takeuchi'?, and A.P. Alivisatos®*
"University of Tokyo, JAPAN, *Japan Science and Technology Agency (JST), JAPAN
3University of California, Berkeley, USA, *Lawrence Berkeley National Laboratory, USA, and *Harvard University, USA

We present a microfabricated liquid-sample chamber for real-time TEM (Transmission Electron Microscopy) of nanoscale processes driven by liquid evaporation.
The present chamber (TEM liquid-cell) uses intended leakage/failure in its bonding process in order to generate solvent-drying during in-situ TEM imaging. The
captured real-time nanometer-scale TEM movies visualize critical steps in the self-assembly process of 2 dimensional nanoparticle arrays.

10:15 SYNTHETIC MICROFLUIDIC PAPER 10
J. Hansson, H. Yasuga, T. Haraldsson, and W. van der Wijngaart
KTH Royal Institute of Technology, SWEDEN

We demonstrate a polymer synthetic microfluidic paper with the aim to combine the high surface area of paper or nitrocellulose with the repeatability, controlled
structure, and transparency of polymer micropillars for lateral flow devices. It consists of a dense, high aspect ratio, stiff polymer micropillar array with thin
slanted pillars that are interlocked, and is manufactured with multidirectional UV lithography in Off-Stochiometry-Thiol-Ene-Epoxy polymer.



10:30  Break & Exhibit Inspection

Session II - Actuators
Session Chairs:
M. Kohl, Karlsruhe Institute of Technology, GERMANY
F. Niklaus, KTH - Royal Institute of Technology, SWEDEN

11:00 ASSEMBLED COMB-DRIVE XYZ-MICROSTAGE WITH LARGE
DISPLACEMENTS FOR LOW TEMPERATURE MEASUREMENT SYSTEMS 14
G. Xue, M. Toda, and T. Ono
Tohoku University, JAPAN

In this research, we report the novel design, fabrication and testing of an assembled comb-drive XYZ-microstage that produces highly decoupled motions into
X-, Y-, and Z-directions for the 3D scanning stage of magnetic resonance force microscopy. It is demonstrated that the assembled XYZ-microstage can achieve
large displacements of 20.4 micrometre in X direction, 25.2 micrometre in Y direction and 58.5 micrometre in Z direction.

11:15 PNEUMATIC BALLOON ACTUATOR WITH TUNABLE BENDING POINTS 18
L. Zhengl, S. Yoshida', Y. Morimoto'?, H. Onoe'?, and S. Takeuchi'*
"University of Tokyo, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

We propose a pneumatic balloon actuator capable of controlling its bending points. Local stiffness of the balloon actuator can be controlled by injected
low-melting-point-alloy. The bending point can be changed depending on the position of the rigid low-melting-point-alloy. We believe that the proposed actuation
mechanism will be useful in designing highly flexible actuators for soft robotics.

11:30 SELF-LIFTING ARTIFICIAL INSECT WINGS VIA ELECTROSTATIC FLAPPING ACTUATORS ........... 22
X. Yan'"?, M. Qi', and L. Lin®
!Beihang University, CHINA, *Collaborative Innovation Center of Advanced Aero-Engine, CHINA, and
SUniversity of California, Berkeley, USA

We present a self-lifting artificial insect wings using electrostatic actuation for the first time. Excited by a DC power source, biomimetic flapping motions have
been generated to lift the artificial wings under an operation frequency of 50-70Hz. Three achievements have been accomplished: (1) first successful
demonstration of electrostatic flying wings; (2) low power consumption as compared to other actuation schemes; and (3) self-adjustable rotating wing design to
provide the lifting force.

11:45 SELF-ASSEMBLED HYDROGEL MICROSPRING FOR SOFT ACTUATOR 26
K. Yoshida and H. Onoe
Keio University, JAPAN

We found that the hydrogel microspring was formed by extruding sodium alginate pre-gel solution into calcium chloride using a bevel-tip microfluidic capillary.
The formation of the microspring depends on the diameter of the capillary, flow rate and tip angle. As an example of soft actuator, the microspring including
magnetic colloids was actuated by applying magnetic fields. We believe that the microspring will be used to various application including mechanical elements
using soft materials.

12:00 Lunch & Exhibit Inspection

13:00 Poster/Oral Session 1
Poster presentations are listed by topic category with their assigned number starting on page 14.

15:00 Break & Exhibit Inspection



Session III - Gyroscopes
Session Chairs:
F. Ayazi, Georgia Institute of Technology, USA
A. Seshia, University of Cambridge, UK

15:30  PARAMETRIC DRIVE OF A TOROIDAL MEMS RATE INTEGRATING
GYROSCOPE DEMONSTRATING < 20 PPM SCALE FACTOR STABILITY 29
D. Senkal', E.J. Ng?, V. Hong?, Y. Yang?, C.H. Ahn’, T.W. Kenny?, and A.M. Shkel'
"University of California, Irvine, USA and *Stanford University, USA

In this paper, we report parametric drive of a MEMS rate integrating gyroscope for reduction of drifts induced by drive electronics, resulting in < 20 ppm scale
factor stability. Due to the parametric pumping effect, energy added to each (x & y) mode is proportional to the existing amplitude of the respective mode. As a
result, errors associated with finding the orientation of the standing wave and x-y drive gain drift can be bypassed, demonstrating > 20x improvement in scale
factor stability.

15:45 A 7PPM, 6°’HR FREQUENCY-OUTPUT MEMS GYROSCOPE 33
LL Izyuminl, M.H. Kline', Y.C. Yeh', B. Eminoglu], C.H. Ahn?,
V.A. Hong2, Y. Yangz, EJ. Ng2, T.W. Kennyz, and B.E. Boser'
"University of California, Berkeley, USA and *Stanford University, USA

We report the first frequency-output MEMS gyroscope to achieve <7 ppm scale factor accuracy and <6 deg/hr bias stability with a 3.24mm"2 transducer. By
employing continuous-time mode reversal, the rate measurement is made insensitive to the resonant frequency of the transducer. The scale factor is almost entirely
ratiometric; scale factor sensitivity to transducer and circuit parameters is significantly reduced compared to conventional open-loop and force-rebalance operating
modes.

16:00 LARGE FULL SCALE, LINEARITY AND CROSS-AXIS REJECTION IN LOW-POWER
3-AXIS GYROSCOPES BASED ON NANOSCALE PIEZORESISTORS 37
S. Dellea', F. Giacci', A. Longonil, P. Reyz, A. Berthelot?, and G. LangfelderI
!politecnico di Milano, ITALY and *CEA-Leti, FRANCE

The work presents 3-axis rate gyroscopes based on nanoscale piezoresistive readout and eutectic bonding between a bottom wafer, where the sensor is formed, and
a cap wafer, where routing and pads are fabricated. The design features a central levered sense frame, to maximize symmetry, compactness and vibration rejection.
Operation on a £3000 dps full-scale shows competitive performance, with linearity errors <0.2% and cross-axis rejections 50x better than state-of-the-art
consumer gyroscopes.

16:15 THE ELECTROMECHANICAL RESPONSE OF A
SELF-EXCITED MEMS FRANKLIN OSCILLATOR 41
S. Shmulevich, I. Hotzen, and D. Elata
Technion - Israel Institute of Technology, ISRAEL

We present a self-excited MEMS Franklin oscillator, which responds in steady state vibrations when subjected to a dc voltage. The system is constructed from a
floating rotor, which transfers charge between a source and drain electrodes. Current flows through the system only when the rotor is in transition. Surprisingly, at
contact of the rotor with either the source or the drain electrodes, there is no current, and the charge transfer mechanism is essentially a recombination of opposite
charges.

Session IV - Photonics
Session Chairs:
J. Conde, Instituto Superior Tecnico, PORTUGAL
C. Lee, National University of Singapore, SINGAPORE

16:30 A NANOMACHINED TUNABLE OSCILLATOR CONTROLLED
BY ELECTROSTATIC AND OPTICAL FORCE 45
J. G. Huang'?*?, B. Dong®*, H. Cai®, Y. D. Gu’, J. H. Wu', T. N. Chen',
Z.C. Yang® Y.F.Jin*, Y. L. Hao*, D. L. Kwong®, and A. Q. Liu’
Xi'an Jiaotong University, CHINA, *Agency for Science, Technology and Research (A*STAR), SINGAPORE,
*Nanyang Technological University, SINGAPORE, and *Peking University, CHINA

We develop a miniaturized electrically tunable optomechanical oscillator, whose frequencies can be electrostatically tuned by as much as 10%. By taking
advantage of the optical and the electrical spring, the oscillator achieves a high tuning sensitivity without resorting to mechanical tension. Particularly, the high-Q
optical cavity greatly enhances the system sensitivity, making it extremely sensitive to the motional signal, which is often overwhelmed by spurious coupling or
background.

16:45 NANO-OPTOMECHANICAL STATIC RANDOM ACCESS MEMORY (SRAM) 49
B. Dongl'2, H. Cai®, Y. D. Gu?, Z. C. Yang3, Y.F.Jin®, Y. L. Hao®, D. L. Kwongz, and A. Q. Liu'
'Nanyang Technological University, SINGAPORE, *Agency for Science, Technology and Research (A*STAR),
SINGAPORE, and *Peking University, CHINA

We develop an on chip NEMS optomechanical SRAM, which is integrated with light modulation system on a single silicon chip. In particular, a doubly-clamped
silicon beam shows bistability due to the non-linear optical gradient force generated from a ring resonator. The memory states are assigned with two stable
deformation positions, which can be switched by modulating the control light's power with the integrated optical modulator.



17:00

A LOW-POWER MEMS TUNABLE PHOTONIC RING RESONATOR
FOR RECONFIGURABLE OPTICAL NETWORKS 53
C. Errando-Herranz, F. Niklaus, G. Stemme, and K.B. Gylfason
KTH Royal Institute of Technology, SWEDEN

* Award Nominee

We experimentally demonstrate a low-power MEMS tunable photonic ring resonator with 10 selectable channels for wavelength selection in reconfigurable
optical networks. The tuning is achieved by changing the geometry of a silicon slot-waveguide ring resonator by vertical electrostatic parallel-plate actuation. Our
device provides static power dissipation below 0.1 pW, a wavelength tuning range of 1 nm, and a bandwidth of 0.1 nm, i.e. 10-8 watts per selectable channel, the
lowest number reported.

17:15

NEMS OPTICAL CROSS CONNECT (OXC) DRIVEN BY OPTICL FORCE 57
H. Cai', J. X. Lin?, J. H. Wu?, B. Dong'?, Y. D. Gu', Z. C. Yang”, Y. F. Jin®,

Y. L. Hao*, D. L. Kwong', and A. Q. Liv®

! Agency for Science, Technology and Research (A*STAR), SINGAPORE,

’Xi'an Jiaotong University, CHINA, *Nanyang Technological University, SINGAPORE, and *Peking University, CHINA

We report a nano-silicon-photonic optical cross connect driven by optical gradient force, which demonstrates the all-optical OXC system on silicon. A switching
time of 170 ns is experimentally demonstrated, which is much faster than that of conventional optical switches. In addition, the proposed switch system has the
advantages of compact size (35 pum x 35 um for switching element), high extinction ratio and low power consumption.

17:30

Adjourn for the Day



Tuesday 20, January

08:25 Announcements

Invited Plenary Speaker 11
Session Chairs:
H. Toshiyoshi, University of Tokyo, JAPAN
J. Brugger, EPFL Lausanne, SWITZERLAND

08:30 THE FUTURE OF MEMS SENSORS IN OUR CONNECTED WORLD 61
Gerhard Lammel, Ph.D.
Bosch Sensortec GmbH, GERMANY

Session V - Micro-Optics
Session Chairs:
L.-J. Cho, Korea Institute of Science and Technology, SOUTH KOREA
B. Legrand, LAAS-CNRS, FRANCE

09:15 FABRICATION AND CHARACTERIZATION OF A NEW VARIFOCAL LIQUID LENS
WITH EMBEDDED PZT ACTUATORS FOR HIGH OPTICAL PERFORMANCES 65
S. Nicolas', M. Allain', C. Bridoux', S. Fangetl, S. Lesecql, M. Zarudniev', S. Bolis?,
A. Pouydebasque?, and F. Jacquet?
'CEA, LETI, MINATEC Campus, FRANCE and *“WAVELENS, FRANCE

This paper reports the fabrication and characterizations of a compact Varifocal microlens with an embedded MEMS actuator. Optical aperture is typically between
1.5 mm to 3 mm diameter with a total component thickness down to 400um. High power efficiency (< 0.1 uW), high speed response time (down to 1 msec), high
electro-optical performances (10 diopters optical power variation at 10V) and good optical quality (wavefront error lower than 50 nm) are reported through this

paper.

09:30 IMPLEMENTATION OF NANOPOROUS ANODIC ALUMINUM OXIDE
LAYER WITH DIFFERENT POROSITIES FOR INTERFEROMETRIC
RGB COLOR PIXELS AS HANDHELD DISPLAY APPLICATION 69
P-H. Lo', G.-L. Luo?, and W. Fang'
!National Tsing Hua University, TAIWAN and *dsia Pacific Microsystems Inc., TAIWAN

This study employs the nanoporous anodic aluminum oxide (np-AAO) for interferometric modulation color pixels. Advantages of the proposed color-pixel are, (1)
porosity of np-AAO layer can be adjusted to modulate therefractive index, (2) color-pixels of different porosities can be implemented on single np-AAO layer for
different colors modulation, (3) the morphology of np-AAO with Al half-reflector could scatter reflect light to enhance view-angle, and (4) anti-stiction coating is
not required.

09:45 LOW-NOISE ALN-ON-SI RESONANT INFRARED DETECTORS USING A
COMMERCIAL FOUNDRY MEMS FABRICATION PROCESS 73
V.J. Gokhale', C. Figueroa', J.M.L. Tsai’, and M. Rais-Zadeh'
!University of Michigan, USA and *Invensense Inc,, USA

This work presents the first measured results for resonant AIN-based IR detectors fabricated in a proprietary AIN MEMS process. Resonators fabricated in the first
fabrication run achieved high electromechanical performance (Q of ~1400 at 115 MHz), an infrared responsivity of 10.7%/W, and low noise, as evidenced by an
NEDT of 51 mK and an NEP of 52.7 pW/Hz"0.5. The resonators are fabricated in a hybrid MEMS/CMOS wafer level packaged die, allowing for CMOS-based
routing and readout.

10:00 Break & Exhibit Inspection

Session VI - Novel Fabrication
Session Chairs:
A. Dietzel, Technische Universitit Braunschweig, GERMANY
H. Moon, University of Texas, Arlington, USA

10:30 HARD MASK FREE DRIE OF CRYSTALLINE ST NANOBARREL WITH
6.7NM WALL THICKNESS AND 50:1 ASPECT RATIO 77
P. Liu, F. Yang, W. Wang, W. Wang, K. Luo, Y. Wang, and D. Zhang * Award Nominee
Peking University, CHINA

Crystal Si barrel with wall thickness of 6.7nm and aspect ratio of 50:1 were fabricated using IC/MEMS compatible process. PR mask was generated by e-beam
lithography then etched into Si by fluorine based DRIE directly, without hard mask transfer. To achieve high anisotropic etching, a model of ions transportation
around barrels in DRIE was established and studied. This tactic with high repeatability and manufacturability provides an arsenal for the next generation of 3D
nano devices fabrication.



10:45 SELF-HEALING METAL WIRE USING AN ELECTRIC FIELD TRAPPING
OF GOLD NANOPARTICLES FOR FLEXIBLE DEVICES 81

T. Koshi and E. Iwase * Award Nominee
Waseda University, JAPAN

We developed a self-healing metal wire for flexible devices. A cracked metal wire on a stretchable substrate can get its conductivity again by the self-healing
ability using an electric field trapping of gold nanoparticles. First, we analyzed the electric field trapping. Next, we fabricated cracked wires on a glass substrate
and verified the self-healing by experiments. Finally, we demonstrated the self-healing on the stretchable substrate to show a usefulness for flexible devices.

11:00 CONTROLLED FABRICATION OF NANOSCALE GAPS USING STICTION 85
F. Niroui, E.M. Sletten, P.B. Deotare, A.I. Wang, T.M. Swager, J.H. Lang, and V. Bulovié¢
Massachusetts Institute of Technology, USA

Utilizing stiction, a common mode of failure in electromechanical systems, our work develops a method for the controlled fabrication of nanometer-thin gaps
between electrodes. In this approach, through nanoscale force control, stiction promotes formation of nanogaps of controlled widths within the range as small as
sub-15 nm. Our work demonstrates that through modifications of device design, the nanogaps can be optimized for applications in nanoelectromechanical and
molecular devices.

11:15 DIFFERENTIAL MICRO-PIRANI GAUGE FOR
MONITORING MEMS WAFER-LEVEL PACKAGE 89
Y.-C. Chen, W.-C. Lin, H.-S. Wang, C.-C. Fan, K.C.-H. Lin, B.C.S. Chou, and M.C.-M. Liu
Taiwan Semiconductor Manufacturing Company, TAIWAN

We proposed a multiple-sensor-solution, where two Pirani gauges were constructed under different pressures; one in sealed micro-cavity for measuring pressures
and the other one in opened micro-cavity as a reference. The differential scheme compensates errors, allowing accurate pressure determinations, and it was
successfully used in examining reliabilities and monitoring processes of wafer-level packages.

11:30 MICROFABRICATED ELECTROSTATIC PLANAR LENS ARRAY
AND EXTRACTORS FOR MULTI-FOCUSED ION BEAM SYSTEM
USING IONIC LIQUID ION SOURCE EMITTER ARRAY 93
R. Yoshida, M. Hara, H. Oguchi, and H. Kuwano
Tohoku University, JAPAN

To develop multi-focused ion beam system, we fabricated the electrostatic planar extractors and lenses, and integrated those with the field-emission ion source
emitter array. Focusing ability of the integrated device was verified by confirming divergence angle reduction to ~70% of that without focusing effect. In addition,
to find suitable ionic liquid for Si etching, we adopted various ionic liquid as an ion source and investigated etching characteristics by microscopy and mass
spectrometry.

11:45 NOVEL IONIC LIQUID - POLYMER COMPOSITE AND AN APPROACH
FOR ITS PATTERNING BY CONVENTIONAL PHOTOLITHOGRAPHY 97
N.A. Bakhtina', A. Voigt 2 N. MacKinnon!, G. Ahrens?, G. Gruetzner?, and J.G. Korvink! % Award Nominee
1 . . . 2 . .
University of Freiburg-IMTEK, GERMANY and “micro resist technology GmbH, GERMANY

We report a novel composite material based on an ionic liquid and a photoresist. In addition, an approach for the patterning of the composite material by
conventional photolithography is introduced. The unique properties of the material are utilized for direct manufacturing of highly transparent, electrically
conductive microcomponents.

12:00 TEEE 2015 Andrew S. Grove Award Recipient
Dr. Masayoshi Esashi, Ph.D.
Tohoku University, JAPAN

12:15 Lunch & Exhibit Inspection

13:15  Poster/Oral Session II
Poster presentations are listed by topic category with their assigned number starting on page 14.

15:15 Break & Exhibit Inspection



Session VII - Power & Energy 1
Session Chairs:
H. Kim, University of Utah, USA
P. Woias, Albert-Ludwig-University Freiburg, GERMANY

15:30 TRIBOELECTRIFICATION BASED ACTIVE SENSOR FOR POLYMER DISTINGUISHING ......ccccceueuue. 102
B. Meng, X.L. Cheng, M.D. Han, H.T. Chen, F.Y. Zhu, and H.X. Zhang * Award Nominee
Peking University, CHINA

We present a novel sensor to realize polymer distinguishing based on triboelectrification and electrostatic induction. Multiple cells of single friction layer and
electrode are integrated on a flexible substrate. For different polymer groups, the friction layers can be selected according to the triboelectric serials. As an
example, the distinguishing of PDMS, PE and PET has been well demonstrated by employing PI and PS friction layers, showing potential applications in robotics
and industry use.

15:45 SKIN BASED FLEXIBLE TRIBOELECTRIC NANOGENERATORS
WITH MOTION SENSING CAPABILITY 106
L. Dhakar, F.E.H. Tay, and C. Lee * Award Nominee
National University of Singapore, SINGAPORE

This paper presents a novel triboelectric nanogenerator (TENG) using outermost layer of human skin i.e. epidermis as an active triboelectric layer for device
operation. The human skin also has an advantage of high tendency to lose electrons relative to PDMS, which leads to improved performance of triboelectric
mechanism. TENG is also demonstrated as a wearable self-powered sensor to track human motion/activity.

16:00 FLEXIBLE TRIBOELECTRIC AND PIEZOELECTRIC COUPLING NANOGENERATOR
BASED ON ELECTROSPINNING P(VDF-TRFE) NANOWIRES 110
X. Wang, B. Yang, J. Liu, Q. He, H. Guo, C.S. Yang, and X. Chen
Shanghai Jiaotong University, CHINA

We fabricate and characterize a triboelectric and piezoelectric coupling nanogenerator based on MEMS technology which is more flexible and thickness
controllable than conventional process fabricated. The electrospinning PVDF-TrFE nanofibers and MWCNTSs doped PDMS films are function and friction layers.
To characterize the sandwich-shaped nanogenerator's performance, its open-circuit output voltage and energy power density under two kinds of energy generation
mechanism are tested and discussed.

16:15 HIGHLY RELIABLE MEMS RELAY WITH TWO-STEP SPRING SYSTEM
AND HEAT SINK INSULATOR FOR POWER APPLICATIONS 114
Y.-H. Yoon, Y.-H. Song, S.-D. Ko, C.-H. Han, G.-S. Yun, M.-H. Seo, and J.-B. Yoon
Korea Advanced Institute of Science and Technology (KAIST), SOUTH KOREA

This paper reports remarkably reliable MEMS relays having a unique two-step spring system and a heat sink insulator. The two-step spring system is designed to
reduce Joule-heating by lowering contact resistance. The heat sink insulator is proposed for efficiently removing heat generated in the contact area. These two
features are adopted in the MEMS relay for minimizing thermal damage in high current level, thus enhancing reliability significantly.

Session VIII - Power & Energy 11
Session Chairs:
H. Kim, University of Utah, USA
P. Woias, Albert-Ludwig-University Freiburg, GERMANY

16:30  SOLIDIFIED IONIC LIQUID FOR HIGH-POWER VIBRATIONAL ENERGY HARVESTERS .................. 118
S. Yamada', H. Mitsuyaz, S. Ono’®, K. Miwa3, and H. Fujita1
"University of Tokyo, JAPAN, *SAGINOMIYA SEISAKUSHO, Inc., JAPAN, and
3Central Research Institute of Electric Power Industry, JAPAN

We propose a high power-output vibrational energy harvester based on ionic liquid. Ionic liquid enables very large capacitance (1.0-10 uF cm-2) on the electrode
at bias voltage less than 1.9 V due to its extremely thin (~ 1 nm) electrical double layer. By mechanical squeezing and drawing the ionic liquid solidified with a
polymer addictive between a pair of electrodes at 15 Hz, we stably obtained the current output of 22 pAp-p cm-2 at 1.5 V.

16:45 FERROFLUID LIQUID SPRING FOR VIBRATION ENERGY HARVESTING 122
Y. Wang, Q. Zhang, L. Zhao, and E.S. Kim
University of Southern California, Los Angeles, USA

We developed a ferrofluid liquid spring to suspend a magnet array for harvesting vibration energy. For the first time, the concept of ferrofluidbased suspension is
demonstrated for low resonant frequency and high reliability. A ferrofluid liquid spring has reduced the resonant frequency of a microfabricated electromagnetic
energy harvester to around 340 Hz. 36 nW is delivered into a load of 2.3 Q from 7 g acceleration.



17:00 AN ELECTROSTATIC ENERGY HARVESTER EXPLOITING
VARIABLE-AREA WATER ELECTRODE BY RESPIRATION 126
M.-H. Seo, D.-H. Choi, C.-H. Han, J.-Y. Yoo, and J.-B. Yoon * Award Nominee
Korea Advanced Institute of Science and Technology (KAIST), SOUTH KOREA

This paper reports an electrostatic energy-harvester exploiting water-layer formed by respiration as a variable-area electrode. We discover that electrically
conductive water-layer (~45 Mohms/sq under 5 V) is instantly formed on a silicon-dioxide surface by exhaled-breath. We adopt this layer as variable capacitive
electrodes for electrostatic energy-harvesting. The capacitance change was evaluated using a theoretical modeling and finite-element-method (FEM) simulation,
and theoretical power-generation was estimated (~2 uW/cm”2 at 1 V). We then fabricated the prototype device and verified the capacitance change
experimentally. Finally, the prototype showed charging and discharging characteristics by respiration successfully for being used as an energy-harvester driven by
human-breath solely.

17:15 SILICON ANODE SUPPORTED BY CARBON SCAFFOLD FOR
HIGH PERFORMANCE LITHIUM ION MICRO-BATTERY 130
X. Li"% X. Wangl’z, and S. Li'?
"Tsinghua National Laboratory for Information Science and Technology, CHINA and *Tsinghua University, CHINA

This paper reports a novel Si/void/C anode for lithium ion batteries, with high specific capacity and superior cyclability. SiNPs at anode make a significant
contribution to specific capacity increase. Nano void spaces provide enough space for expansion and contraction of SiNPs to ensure a long cycle life. The porous
carbon scaffold is obtained from a photoresist (SU-8) with SiNPs templates. As such, it's possible to implement direct prototyping of three dimensional (3D)
micro-battery on chip.

17:30  Adjourn for the Day



Wednesday 21, January

08:25 Announcements

Invited Plenary Speaker I11
Session Chairs:
W. van der Wijngaart, KTH - Royal Institute of Technology, SWEDEN
X. Wang, Tsinghua University, CHINA

08:30 STATUS AND FUTURE TRENDS OF THE MINIATURIZATION OF MASS SPECTROMETRY ................ 134
Richard R.A. Syms, Ph.D.
Imperial College London, UK

Session IX - Acoustic Sensors
Session Chairs:
Y.-K. Kim, Seoul National University, SOUTH KOREA
T. Seki, OMRON Corporation, JAPAN

09:15 SHORT-RANGE AND HIGH-RESOLUTION ULTRASOUND IMAGING
USING AN 8 MHZ ALUMINUM NITRIDE PMUT ARRAY 140
Y. Lu', H.-Y. Tangz, S. Fungl, B.E. Boser?, and D.A. Horsley1 * Award Nominee
"University of California, Davis, USA and *University of California, Berkeley, USA

We demonstrate short-range (~mm) and high-resolution (<100pum) imaging based on piezoelectric micromachined ultrasonic transducers (PMUTSs) and a 1.8V
interface ASIC. The PMUTs use piezoelectric Aluminum Nitride (AIN), which has the advantages of low-temperature (<400°C) deposition and compatibility with
CMOS fabrication but has a relatively low piezoelectric constant (e31=-0.5C/m2), making detection of ultrasound signals from tiny (50um) PMUTs a challenging
task.

09:30 MEASUREMENT OF SURFACE ACOUSTIC WAVES PROPAGATION
USING A PIEZORESISTIVE CANTILEVER ARRAY 144
N. Minh-Dung, P. Quang-Khang, N. Thanh-Vinh, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

We presents an approach for measuring the propagation of surface acoustic waves (SAW), using a piezo-resistive cantilever array. SAW was measured by
cantilevers designed at the liquid-substrate interaction area by utilizing the structure of liquid-cantilever-air, which is highly sensitive and is able to measure
acoustic wave at high frequency. Experiment results demonstrate that the measurable range was from 0.1 MHz up to 100 MHz.

09:45 BROADBAND PIEZOELECTRIC MICROMACHINED ULTRASONIC
TRANSDUCERS BASED ON DUAL RESONANCE MODES 146
Y. Lu', O. Rozen', H.-Y. Tangz, G.L. Smith®, S. Fungl, B.E. Boser?, R.G. Polcawich?®, and D.A. Horsley1
"University of California, Davis, USA, *University of California, Berkeley, USA, and *US Army Research Lab, USA

We demonstrate broadband PZT pMUTs that achieve a 97% fractional bandwidth by utilizing a thinner structure excited at two adjacent mechanical vibration
modes. A front side XeF2 release process reduces fabrication cost and allows higher fill factor relative to pMUTs requiring through wafer DRIE. To reduce the
frequency variations that result from non-uniform or inaccurately-controlled release etching, a 4pum thick metal layer defines the effective boundary of each
pMUT.

10:00 WHEN CAPACITIVE TRANSDUCTION MEETS THE THERMOMECHANICAL LIMIT:
TOWARDS FEMTO-NEWTON FORCE SENSORS AT VERY HIGH FREQUENCY 150
S. Houmadi'?, B. Legrand3’4, J.P. Salvetat’, B. Walter’, E. Mairiaux’, J.P. Aimé!, D. Ducatteau’,
P. Merzeau?, L. Buisson?, J. Elezgarayl, D. Théron®, and M. Faucher’
'CNRS, CBMN, FRANCE, °CNRS, CRPP, FRANCE, *CNRS, LAAS, FRANCE,
“University de Toulouse, FRANCE, and "IEMN, CNRS, FRANCE

We show that the capacitive transduction associated with a microwave detection scheme achieves the measurement of the thermomechanical noise spectrum of
high-frequency (>10 MHz) high-stiffness (>105 N/m) microresonators, reaching the outstanding displacement resolution of 1fm/\Hz. This paves the way for
vibrating sensors with exquisite force resolution in the fN/VHz range, enabling large-bandwidth measurements of mechanical interactions at small scale and
rheology of fluids at high frequency.

10:15 Break & Exhibit Inspection



Session X - Medical Microdevices
Session Chairs:
A. Hierlemann, ETH Zurich, SWITZERLAND
W. Li, Michigan State University, USA

10:45 MEMS OXYGEN TRANSPORTER TO TREAT RETINAL ISCHEMIA 154
D. Kangl, K. Murali®, N. Scianmarello', J. Park', J.H.-C. Changl, Y. Liu', * Award Nominee
K.-T. Chang', Y.-C. Tai', and M.S. Humayun®
!California Institute of Technology, USA and *University of Southern California, Los Angeles, USA

A paradigm shift of treating diabetic retinopathy is proposed in the sense of using MEMS devices to bring more oxygen to retina. A passive MEMS oxygen
transporter was designed, built, and tested both in mechanical models and pig eyes to confirm its feasibility. The results predict that the proposed approach can
even treat a complete retinal ischemia, although our current on-going live animal experiments must finish before going for human trials.

11:00 A NEW MONOLITHICALLY INTEGRATED MULTI-FUNCTIONAL MEMS
NEURAL PROBE FOR OPTICAL STIMULATION AND DRUG DELIVERY 158
Y. Son', H.J. Lee!, J. Kim', C.J. Lee', E.-S. Yoon', T.G. Kim?, and L.-J. Cho'
'Korea Institute of Science and Technology (KIST), SOUTH KOREA and *Korea University, SOUTH KOREA

We present a monolithically integrated multifunctional MEMS neural probe by integrating both an embedded microfluidic channel for drug delivery and a SU-8
waveguide for optical stimulation using controlled glass reflow process. Using our multifunctional neural probe, we conducted successful in vivo experiments and
recorded neural spike signals from individual neurons with a good SNR. In this work, we present distinctive changes in neural signals induced by both optical and
chemical stimulation.

11:15 MINIATURIZED 3x3 OPTICAL FIBER ARRAY FOR OPTOGENETICS WITH INTEGRATED
460 NM LIGHT SOURCES AND FLEXIBLE ELECTRICAL INTERCONNECTION 162
M. Schwaerzle, P. Elmlinger, O. Paul, and P. Ruther
University of Freiburg-IMTEK, GERMANY

We report on the design, fabrication, assembly, and optical and thermal characterization of a novel MEMS-based optical probe array for optogenetic research in
neuroscience. Nine high-efficiency light emitting diodes (LED) are integrated as a 3x3 array in a micromachined silicon (Si) housing that ensures the mechanical
stability and precise alignment of the nine 5-mm-long optical fibers. The overall housing volume of less than 2.2 mm® is compatible with chronic implantation.

11:30 FLEXIBLE END-EFFECTOR INTEGRATED WITH SCANNING ACTUATOR AND OPTICAL
WAVEGUIDE FOR ENDOSCOPIC FLUORESCENCE IMAGING DIAGNOSIS 166
Y. Muramatsu, T. Kobayashi, and S. Konishi
Ritsumeikan University, JAPAN

This paper presents a flexible end-effector integrated with a scanning actuator and optical waveguide for endoscopic fluorescence imaging diagnosis. Pneumatic
balloon actuator (PBA) is used as the scanning actuator for the end-effector in consideration of its soft and safe features. SU-8 optical waveguides are integrated
onto the PBA structure made of PDMS. Our developed device has successfully scanned, excited, and detected fluorescence beads distributed in a pseudo tissue.

11:45 FULLY IMPLANTABLE AND RESORBABLE WIRELESS MEDICAL
DEVICES FOR POSTSURGICAL INFECTION ABATEMENT 168
H. Tao', S.W. Hwangz, B. Marelli®, B. An®, J.E. Moreau®, M. Yang3,
M.A. Brenckle®, S. Kim?, D. Kaplan3, JA. Rogersz, and F.G. Omenetto’
'Shanghai Institute of Microsystem and Information Technology, CAS, CHINA,
University of Illinois, Urbana-Champaign, USA, and *Tufts University, USA

We present a therapeutic application of a microfabricated implantable and resorbable medical device by demonstrating in vivo elimination of bacterial infection by
wireless activation of the device after implantation. The device disappears upon its completion, requiring no retrieval.

12:00 MEMS 2016 Announcement
12:15 Lunch & Exhibit Inspection

13:15 Poster/Oral Session 111
Poster presentations are listed by topic category with their assigned number starting on page 14.

15:15 Break & Exhibit Inspection



Session XI.a - Resonant Sensors
Session Chairs:
C. Nguyen, University of California, Berkeley, USA
L. Sorenson, HRL Laboratories, LLC, USA

15:30 TUNING THE FIRST INSTABILITY WINDOW OF A MEMS MEISSNER PARAMETRIC
RESONATOR USING A LINEAR ELECTROSTATIC ANTI-SPRING 172
S. Shmulevich, I. Hotzen, and D. Elata
Technion - Israel Institute of Technology, ISRAEL

We demonstrate frequency tuning of the first instability window of a MEMS Meissner parametric resonator. We achieve parametric excitation by time-modulation
of a negative electrostatic stiffness. In our device this negative electrostatic stiffness is not affected by motion. In contrast, all state of the art MEMS parametric
resonators are either detrimentally affected by a nonlinear electrostatic stiffness, or are more sensitive to fabrication tolerances relative to our design.

15:45 A VISCOMETER BASED ON VIBRATION OF DROPLETS
ON A PIEZORESISTIVE CANTILEVER ARRAY 176
N. Thanh-Vinh, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

This paper reports a method to measure viscosity based on the resonant vibration of droplets on a piezoresistive cantilever array. We demonstrate that viscosity of
small droplets (3 pL) can be estimated from the attenuation rate of the cantilever output during free-decay of the droplet vibration. Moreover, we show that the
optimized location of a cantilever should be on the periphery of the contact area where the force change is largest.

16:00 HOLLOW MEMS MASS SENSORS FOR REAL-TIME PARTICLES
WEIGHING AND SIZING FROM A FEW 10 NM TO THE pM SCALE 180
C. Hadjil’z, C. Berthet'?, F. Baléras'?, M. Cochet', B. Icard"?, and V. Agachel’2
"University Grenoble, FRANCE and *CEA, LETI, MINATEC, FRANCE

We report hollow MEMS plate oscillators for mass sensing in liquid with an expected mass resolution of 3 femtograms. The performances reached by our
sensors — 10,000-range Q factor and ppb-range frequency stability — make them amenable to individual particles metrology from a few 10 nanometers up to the
micrometre diameter range. Our devices are operated in air inside a customized "plug and play" test platform and do not need to work in vacuum sealed package.

16:15 DEVELOPMENT OF MICROFLUIDIC RESONATORS
VIA SILICON-ON-NOTHING TECHNIQUE 184
J.Kim and J. Lee
Sogang University, SOUTH KOREA

We report wafer-level batch fabrication of microfluidic resonators based on Silicon-on-Nothing (SON) structures resulting from high temperature argon annealing
of silicon wafers with periodic cylindrical pits. Besides the process optimization of SON structures, elemental fabrication techniques such as planarization, device
release, metallization, and packaging are developed. These techniques reduce fabrication cost and time significantly and enable switching of the resonator
materials.

Session XI.b - Cell Handling
Session Chairs:
N. Tas, University of Twente, THE NETHERLANDS
W. Wang, Peking University, CHINA

15:30 A MICROFABRICATED, FLOW DRIVEN MILL FOR THE MECHANICAL LYSIS OF ALGAE ............... 188
J. Millis, L. Connell, S.D. Collins, and R.L. Smith
University of Maine, USA

We report the micrfabrication, computer modeling and experimental testing of a novel, new means of mechanically lysing algae using a flow-driven grinding mill.
The mill is demonstrated to have 96% efficiency in lysing the dinoflagellate genus Alexandrium, a neurotoxin producing algae, responsible for Red Tide and
paralytic shellfish poisoning. Lysate DNA is demonstrated to be viable through successful PCR amplification using primers specific to Alexandrium.

15:45 CLUSTER SIZING OF CANCER CELLS BY RAIL-BASED SERIAL GAP
FILTRATION IN STOPPED-FLOW, CONTINUOUS SEDIMENTATION MODE 192
M. Glynn, C. Nwankire, D. Kinahan, and J. Ducrée
Dublin City University, IRELAND

We have developed a centrifugal microfluidic strategy for the isolation and sizing analysis of multicellular clusters from a blood sample. The strategy is based on
passing the sample over a size exclusion rail that gates entry of clusters to underlying bins, allowing estimation of clustering extent in the sample.

16:00 TUNABLE DIELECTROPHORESIS FOR SHEATHLESS 3D FOCUSING 196
Y.-C. Kung, D.L. Clemens, B.-Y. Lee, and P.-Y. Chiou
University of California, Los Angeles, USA

We report on a novel tunable insulator-based dielectrophoresis (TiDEP) for three-dimensional, sheathless, single-stream cell and bacteria focusing. For the first
time, objects as small as sub-micron sized infectious bacteria are continuously focused in the center of a channel without sheath flows. Compared to prior DEP
works, this new TiDEP can provide an extremely long DEP interaction distance to migrate small objects with weak DEP forces to a focused single stream at high
speed flows.



16:15 CELL MANIPULATION METHOD BASED ON VIBRATIN-INDUCED
LOCAL FLOW CONTROL IN OPEN CHIP ENVIRONMENT 200
T. Hayakawa, S. Sakuma, and F. Arai
Nagoya University, JAPAN

We present a novel cell manipulation method using vibration-induced local flow control in open-chip environment. By applying circular vibration to micropillars
on a chip, whirling flow is induced around it. This phenomenon is theoretically analyzed considering an effect of convective flow. Based on it, we show two
important applications; transport and 3D rotation of oocytes for 3D observation of oocyte. We succeeded in the transportation of oocytes with 25 pm/s and rotation
with 184 degrees/s.

Session XII.a - Magnetic & Resonant Sensors
Session Chairs:
M. Rais-Zadeh, University of Michigan, USA
M. Sasaki, Toyota Technological Institute, JAPAN

16:30 ULTRA SENSITIVE LORENTZ FORCE MEMS MAGNETOMETER
WITH PICO-TESLA LIMIT OF DETECTION 204
V. Kumar, M. Mahdavi, X. Guo, E. Mehdizadeh, and S. Pourkamali * Award Nominee
University of Texas, Dallas, USA

This work presents ultra-high sensitivities for Lorentz Force resonant MEMS magnetometers enabled by internal thermal-piezoresistive vibration amplification.
Up to 2400X sensitivity amplification has been demonstrated with the noise floor calculated to be as low as 18 pt/VHz. This is by far the most sensitive MEMS
Lorentz force magnetometer demonstrated to date.

16:45 HIGH FREQUENCY MICROWAVE ON-CHIP INDUCTORS USING INCREASED
FERROMAGNETIC RESONANCE FREQUENCY OF MAGNETIC FILMS 208
K. Koh', D.S. Gardner?, C. Yangl, K.P. O'Brien’, N. Tayebiz, and L. Lin'
"University of California, Berkeley, USA and *Intel Corporation, USA

The fabrication and characterization of high frequency on-chip inductors using sputtered magnetic films with an improved frequency range is presented. Reducing
the sputtering power in the deposition process was found to result in smoother film surfaces and stronger uniaxial magnetic anisotropy and increased the FMR of
CoZrTaB from 1.48 GHz to 2.13 GHz. A magnetic-core, on-chip inductor was fabricated using the CoZrTaB films. Results have shown 150% higher inductance
and a larger Q-factor up to 1.2 GHz as compared to an air-core inductor.

17:00 FUSION OF CANTILEVER AND DIAPHRAGM PRESSURE SENSORS
ACCORDING TO FREQUENCY CHARACTERISTICS 212
R. Watanabe, N. Minh-Dung, H. Takahashi, T. Takahata, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

This paper reports on an approach to measure sensitive barometric pressure by fusing a cantilever-based differential pressure sensor (DPS) and a commercial
available diaphragm-based absolute pressure sensor (APS). At high frequency, the DPS can detect smaller absolute pressure change than the APS. At low
frequency, the APS show absolute pressure of less drift than the DPS. By utilizing the DPS and APS at each advantageous frequency, we propose high sensitive
measurement of barometric pressure.

17:15 DYNAMICALLY-BALANCED FOLDED-BEAM SUSPENSIONS 215
S. Shmulevich, I. Hotzen, and D. Elata
Technion - Israel Institute of Technology, ISRAEL

We present a design methodology and experimental evidence of a dynamically balanced folded-beam suspension. This suspension responds as a linear spring at
the fundamental resonance, which is in sharp contrast to the response of standard folded-beam suspensions. The dynamic response of standard suspensions
becomes strongly nonlinear for motions larger than the width of the flexure beams. The resonance response of the new dynamically-balanced suspension is linear
over a wider range of motions.

Session XII.b - BioSensing
Session Chairs:
E. Iwase, Waseda University, JAPAN
R. Yokokawa, Kyoto University, JAPAN

16:30 MEMBRANE-BASED CHEMOMECHANICAL TRANSDUCER FOR
THE DETECTION OF APTAMER-PROTEIN BINDING 219
J.-K Choi' and J. Lee?
'Small Machines Incorporation, SOUTH KOREA and *Seoul National University, SOUTH KOREA

We report a membrane-based chemomechanical transducer for the sensitive detection of surface molecular reaction through a highly reliable common mode
rejection (CMR) technique. Chemomechanical transduction, originally based on the micro-cantilever, offers potential benefits: label-free assay, and real-time
monitoring of molecular interaction via mechanical deformation. Here we show clear-cut detection of molecular binding using a membrane transducer fabricated
with conventional MEMS technology.



16:45 HIGHLY SENSITIVE SERS DIAGNOSIS FOR BACTERIA BY THREE DIMENSIONAL NANO-
MUSHROOMS AND NANO-STARS-ARRAY SANDWICHED ON BACTERIAL AGGREGATION ............ 223
C.-W. Lee', J.-K. Wu', and F.-G. Tseng"2
!National Tsing Hua University, TAIWAN and *Research Center for Applied Sciences, Academia Sinica, TAIWAN

This paper reports a highly sensitive SERS Diagnosis system by incorporating three dimensional Nano-Mushrooms and Nano-Stars-Array sandwiched on
Bacterial Aggregation. Through the action of ACEOF and nano-mushroom/bacteria/nano-stars-array self-aggregation process, the signal can be much enhanced by
5 orders of magnitude in 5 minutes. Detection limit can approach 1 bacterium/ml from the analysis result.

17:00 SIMULTANEOUS IMPEDANCE SPECTROSCOPY AND STIMULATION OF HUMAN
IPS-DERIVED CARDIAC 3D SPHEROIDS IN HANGING-DROP NETWORKS 226
S.C. Bﬁrgell, Y. Schmid', I. Agarkovaz, D.A. Fluri%, JM. Kelm?, A. Hierlemann', and O. Freyl
'ETH Zurich, SWITZERLAND and *InSphero AG, SWITZERLAND

We present a platform for in-situ electrical impedance spectroscopy (EIS) measurements and electrical stimulation of human iPS-derived cardiac 3D microtissue
spheroids in hanging drop networks. Electrical stimulations and EIS measurements were performed in parallel through the same electrodes. Stimulation was
performed with sine-wave signals. Our results reveal beating frequency modulation upon tuning the stimulation signal amplitude.

17:15 DROPLET FLOW FOCUSING FOR MOLECULAR BINDING DETECTION 230
S. Kim and J. Lee
Seoul National University, SOUTH KOREA

We report the detection of interfacial molecular binding via droplet generation in a flow focusing device. We introduce the detection of DNA hybridization based
on the mode of droplet production caused by interfacial tension shift at the oil-water boundary. Our report includes a molecular protocol to functionalize the
interface with single-strand (ss) DNA as receptor, and flow condition tuning for an unambiguous distinction of complementary binding.

17:30  Adjourn for the Day

19:00 - Conference Banquet
22:00



Thursday 22, January

08:40 Announcements

Invited Plenary Speaker 1V
Session Chairs:
X. Wang, Tsinghua University, CHINA
W. van der Wijngaart, KTH - Royal Institute of Technology, SWEDEN

08:45 SEMICONDUCTOR IC PACKAGING, THE NEXT WAVE 234
CP Hung, Ph.D.
Advanced Semiconductor Engineering Inc., TAIWAN

Session XIII - BioMEMS
Session Chairs:
T. Kawano, Toyohashi University of Technology, JAPAN
N. Roxhed, KTH - Royal Institute of Technology, SWEDEN

09:30 ROTATIONAL CHAMBERS ON FLUIDIC CHANNELS FOR THE REPETITIVE
FORMATION OF OPTICALLY OBSERVABLE LIPID-BILAYER MEMBRANES 235
F. Tomoike!, T. Tonooka', T. Osaki?, and S. Takeuchi'
"University of Tokyo, JAPAN and *Kanagawa Academy of Science and Technology, JAPAN

We develop a device adapted for repetitive formation of horizontal lipid bilayer membranes. This device enables simultaneous optical and electrophysiological
measurements of the membranes. We integrated a rotational chamber on a fluidic channel via parylene micropores. The rotational motion enables us to
form/reform the bilayer repeatedly. The formation of the bilayers was confirmed from the bilayer thickness and nanopore incorporation into the bilayer.

09:45 MICROTUBULE SORTING WITHIN A GIVEN ELECTRIC
FIELD BY DESIGNING FLEXURAL RIGIDITY 238
N. Isozaki', H. Shintaku', H. Kotera', E. Meyhéferz, and R. Yokokawa'
'Kyoto University, JAPAN and *University of Michigan, USA

We propose a method to control gliding directions of kinesin-propelled microtubules (MTs) corresponding to their flexural rigidity (EI). We prepared two kinds of
MTs having different EI and their trajectories within an electric field were clearly separated. Therefore, this study demonstrated the El-altered MTs can be
workhorses to sort/concentrate various combinations of molecules with techniques of loading MTs with target molecules and capturing the sorted MTs.

10:00 CARVING OF PROTEIN CRYSTAL BY HIGH-SPEED MICRO-BUBBLE
JET USING MICRO-FLUIDIC PLATFORM 242
S. Takasawa', T. Syul, and Y. Yamanishi'?
!Shibaura Institute of Technology, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

This paper reports a novel processing method for protein crystal with electric-induced-bubble. This minimally invasive micro-processing method overcomes the
difficulties of processing fragile material such as protein crystal under water. The combination of electrically-induced bubble knife and glass capillary provide
effective carving of protein crystal by ablation crystal and suction of chips respectively. Also, we successfully made a new micro-fluidic platform for processing
protein crystal.

10:15 Break & Exhibit Inspection



Session XIV - Tactile and Force Sensors
Session Chairs:
N. Miki, Keio University, JAPAN
E. Sarajlic, SmartTip B.V., THE NETHERLANDS

10:45 A NOVEL CONFIGURATION OF TACTILE SENSOR TO ACQUIRE THE
CORRELATION BETWEEN SURFACE ROUGHNESS AND FRICTIONAL FORCE 245
R. Kozai, K. Terao, T. Suzuki, F. Shimokawa, and H. Takao
Kagawa University, JAPAN

We propose a novel configuration of MEMS tactile sensor that can interact with micro surface roughness at a high resolution are proposed and reported for
quantification of the fingertip sense. Two-axis movements of the contactor-tip are independently detected by the two independent suspensions. In the evaluation
experiments, correlation between the surface shape and the local frictional force were successfully obtained at the same time and at the same point for many
samples for the first time.

11:00 TUNNELING PIEZORESISTIVE TACTILE SENSING ARRAY FABRICATED
BY A NOVEL FABRICATION PROCESS WITH MEMBRANE FILTERS 249
C.-W. Ma, T.-H. Ling, and Y.-J. Yang
National Taiwan University, TAIWAN

In this work, a highly-sensitive tactile sensor array using the tunneling piezoresistive effect is presented. The sensing element, which is made of multi-wall carbon
nanotubes and polydimethylsiloxane conductive polymer, was patterned with microdome structures by a novel fabrication process on a membrane filter substrate.
The tunneling piezoresistive effects of the interlocked microdome structures with different MWCNT concentrations are demonstrated.

11:15 A TACTILE SENSOR WITH THE REFERENCE PLANE FOR DETECTION ABILITIES OF
FRICTIONAL FORCE AND HUMAN BODY HARDNESS AIMED TO MEDICAL APPLICATIONS ......... 253
Y. Maeda, K. Terao, T. Suzuki, F. Shimokawa, and H. Takao
Kagawa University, JAPAN

In this study, a highly sensitive tactile sensor with detection abilities of both human body hardness and frictional force is reported. Employing the new structure,
hardness signal becomes less sensitive to the contact pressure, and hardness is stably measured even under an unstable contact force. Surface frictional force was
successfully measured in real time. Also, shore A hardness was successfully measured in the range from 1HS to 54HS corresponding to the human organs.

11:30  6-AXIS FORCE/TORQUE SENSOR FOR SPIKE PINS OF SPORTS SHOES 257
H. Ishido, H. Takahashi, A. Nakai, T. Takahata, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

This paper reports on the method of force measurement of spike pins for sports shoes. It is important to measure force acting on spike pins, because they are
related to the increase of GRF (ground reaction force) in running. We fabricated a 2 x 2 x 0.3 mm’ size 6-axis force/torque sensor chip that can be embedded in
spike pins. The sensor chip consists of 6 straight piezo-resistive beams. We calibrated the spike-pin-shaped sensor, and confirmed that 6-axis force/torque was able
to be detected.

11:45 Award Ceremony

12:00 IEEE MEMS 2015 Conference Adjourns



Poster/Oral Presentations
M — Monday (13:00 - 15:00) T — Tuesday (13:15 - 15:15)
W — Wednesday (13:15 - 15:15)

Generic MEMS and Nanotechnologies
Generic MEMS and NEMS Manufacturing Techniques

M-001 3D PRINTED RF PASSIVE COMPONENTS BY LIQUID METAL FILLING 261
C. Yangl, S.-Y. Wu'?, C. Glick', Y.S. Choi®, W. Hsu?, and L. Lin'
"University of California, Berkeley, USA, *National Chiao Tung University, TAIWAN, and
*Samsung Electronics Co., Ltd., SOUTH KOREA

We present a novel method to form three-dimensional (3D) micro-scale electrical devices by using 3D printing and a liquid-metal-filling technique. Various RF
passive components including inductors, capacitors and resistors are fabricated and characterized as proof-of-concepts. This technique establishes an innovative
way to form arbitrary 3D structures with highly efficient, labor-saving metallization process.

T-002 A CONVENIENT METHOD TO FABRICATE MULTILAYER
INTERCONNECTIONS FOR MICRODEVICES 265
J. Li, S. Chen, and C.-J. Kim
University of California, Los Angeles, USA

We report a new method to fabricate multilayer interconnection without wet or dry etching or deposition of insulating layers. Electrical connections are completed
by merely depositing metal layers and anodizing them after lithographically defining a photoresist. Without the need to etch metal layers or deposit and pattern
insulation layers, the overall process is simple, cheap, safe, and of low temperature.

W-003 DEVELOPMENT OF AN ATMOSPHERIC PRESSURE AIR MICROPLASMA
JET FOR THE SELECTIVE ETCHING OF PARYLENE-C FILM 268
H. Guo, J. Liu, Z. Wang, X.Z. Wang, X. Chen, B. Yang, and C. Yang
Shanghai Jiao Tong University, CHINA

We develop a novel and simple process device based on the atmospheric pressure air microplasma jet for the selective etching of parylene-C film. The main
feature of this process device is that it can be easily integrated with roll-to-roll systems for large-scale manufacturing of flexible electronic devices due to its
operating at ambient conditions. In order to realize the selective etching, a quartz glass microtube (100 um I.D) is employed to fabricate the microplasma jet
source.

M-004 ELECTROPLATED STENCIL REINFORCED WITH ARCH STRUCTURES
FOR PRINTING FINE AND LONG CONDUCTIVE PASTE 272
P.-H. Chen and C.-H. Lin
National Sun Yat-sen University, TAIWAN

This study presents an electroplated stencil reinforced with arch structures and a surrounding buffer reservoir for printing conductive paste of fine and long lines.
The developed reinforced stencil successfully solves the problems came with the conventional stencil structure including limited printable line width and ease of
facture. This work presents a novel process for fabricating a thin yet robust MEMS-based stencil by using two AZ4620 layers and one SU-8 layer as the
electroplating molds.

T-005 FABRICATION AND CHARACTERIZATION OF SINGLE CRYSTALLINE
4H-SIC MEMS DEVICES WITH N-P-N HOMOEPITAXIAL STRUCTURE 276
F. Zhao and A.V. Lim
Washington State University, Vancouver, USA

We report single crystalline 4H-SiC MEMS with homoepitaxial n-p-n structure. Single crystalline fully exploits the superior material properties of SiC for
operations in harsh environments. The n-p-n structure makes electrostatic actuation applicable which is essentially important for applications of resonators and
actuators to sensor devices, and extends the capability of monolithic integration between SiC MEMS and electronic devices/circuits with n-p-n configurations such
as BJTs and MOSFETs.

W-006 INTEGRATION OF DISTRIBUTED GE ISLANDS ONTO SI WAFERS BY ADHESIVE
WAFER BONDING AND LOW-TEMPERATURE GE EXFOLIATION 280
F. Forsbergl, N. Roxhed!, C. Colingez, G. Stemme', and F. Niklaus'
'KTH Royal Institute of Technology, SWEDEN and *California State University, USA

We present a novel and highly efficient wafer-level batch transfer process for populating silicon (Si) wafers with distributed islands of 1 micrometer-thick single-
crystalline germanium (Ge). This is achieved by transferring Ge from a Si donor wafer containing thick Ge dies to a Si target wafer by adhesive wafer bonding and
subsequent low-temperature Ge exfoliation.



M-007 MULTILAYER ETCH MASKS FOR 3-DIMENSIONAL FABRICATION OF
ROBUST SILICON CARBIDE MICROSTRUCTURES 284
K.M. Dowling, A.J. Suria, A. Shankar, C.A. Chapin, and D.G. Senesky
Stanford University, USA

This paper demonstrates the fabrication of 3-D microstructures in 4H-silicon carbide (4H-SiC) substrates for the first time using a plasma etch and multilayer etch
masks. This process was developed using a variety of thin film masks and demonstrated SiC etch rates as high as ~1 pm/min, a SiC:Ni etch selectivity as high as
60:1, and aspect ratio dependent etch characteristics. The microfabrication of complex SiC microstructures (mechanical gears, Lego®-like bricks, and poker chips)
is presented.

T-008 NEMS BY MULTILAYER SIDEWALL TRANSFER LITHOGRAPHY 288
D. Liu, R.R.A. Syms, and M.M. Ahmad
Imperial College London, UK

We report an extension of a recently demonstrated technique to fabricate NEMS based on sidewall transfer lithography (STL). The process uses two STL steps to
form intersecting nanoscale features such as suspension beams, breaking an important restriction of single-layer STL NEMS. The new process only requires
optical lithography, making it suitable for low-cost mass parallel fabrication for complex NEMS on wafer scale. Current nanoscale features have a width of 100
nm and 50:1 aspect ratio.

W-009 NEW SCALABLE MICROFABRICATION METHOD FOR SURFACE ION
TRAPS AND EXPERIMENTAL RESULTS WITH TRAPPED IONS 292
S. Hong', M. Lee', H. Cheon', J. Ahn?, M. Kim?, T. Kim?, and D.D. Cho'
!Seoul National University, SOUTH KOREA and *SK Telecom, SOUTH KOREA

This paper presents a new microfabrication method for surface ion traps and experimental results with trapped ions. Using SiO, timed-etch method or copper
sacrificial layer method, the ion trap chips with electrode overhang structures are fabricated. The ion trap chips are implemented in a 1 x 10" Torr vacuum
environment for ion trapping experiments. Successful results in trapping strings of '"'Yb" and '*Yb" ions as well as manipulating '"'Yb" ions for qubit operation
are demonstrated.

M-010 POST-RELEASE STRESS-ENGINEERING OF SURFACE-MICROMACHINED
MEMS STRUCTURES USING EVAPORATED CHROMIUM AND IN-SITU
FABRICATED RECONFIGURABLE SHADOW MASKS 296
R. Majumdar, V. Foroutan, and I. Paprotny
University of Illinois, Chicago, USA

We develop a novel post-release stress engineering process to provide an out-of-plane curvature to initially plane MEMS microstructures. The stressor
layer(Chromium) is applied post-release and patterned appropriately with help of in-situ fabricated reconfigurable shadow masks. In addition to avoiding
photolithography step, these shadow masks also provide variable coverage for underlying structures. A modified model is also shown which considers non-
uniform Cr thickness on released structures.

T-011 SELF-ASSEMBLY OF MICROCOMPONENTS USING THE ENTROPIC EFFECT 300
U. Okabe, T. Okano, and H. Suzuki
Chuo University, JAPAN

We propose the use of the entropic effect (the depletion volume effect) for the self-assembly of microcomponents. When the solution contains macromolecule at
relatively high concentration, microcomponents formed assembled structures. The bonding energy is not originated from the surface; it is generated by increasing
the translational entropy of macromolecules in the solution. We expect that use of the depletion volume effect promotes the search of the global free-energy
minima in the system by avoiding being trapped to the local minima in the self-assembly process.

W-012 THREE-DIMENSIONAL INTEGRATION OF SUSPENDED SINGLE-CRYSTALLINE
SILICON MEMS ARRAYS WITH CMOS 304
Z. Song', Y. Du', M. Liu}, S. Yangl, D. Wu', and Z. Wangl’2
!Tsinghua University, CHINA and *Innovation Center for MicroNanoelectronics and Integrated System, CHINA

We present a generic three-dimensional (3-D) integration method to fabricate suspended single-crystalline silicon (SCS) MEMS arrays on CMOS. This method is
applicable to a large variety of SCS MEMS including accelerometers, gyroscopes, micromirrors, RF MEMS switches, and resonators. Key challenges including
fabrication process, mechanical reliability, and residue stress induced deflection have been addressed.

M-013 TRAJECTORY CONTROL OF MEMS FALLING OBJECT FABRICATED BY SU-8
MULTILAYER STRUCTURE 308
H. Yamane and S. Nagasawa
Shibaura Institute of Technology, JAPAN

We propose a trajectory control method for a MEMS falling object. The MEMS falling object is consisted of two units, an autorotation part and a non-rotation
part. By using large falling objects, aerodynamics of the falling object was characterized. Then the MEMS falling object was designed considering with
aerodynamics. The MEMS falling object was fabricated with a method of the SU-8 multi-layer structure. A MEMS autorotation part was fabricated and it rotated
successfully in the wind-tunnel.



T-014 WAFER-SCALE INTEGRATION OF CARBON NANOTUBE TRANSISTORS
AS PROCESS MONITORS FOR SENSING APPLICATIONS 312
K. Chikkadi, W. Liu, C. Roman, M. Haluska, and C. Hierold
ETH Zurich, SWITZERLAND

We report on the fabrication of carbon nanotube transistors designed as process control monitors for applications such as gas and pressure sensing. We
demonstrate the concept for an integration process used for gas sensor fabrication on a 100 mm wafer. Our analysis on 4463 (including 2702 semiconducting)
devices allows the extraction of distributions of threshold voltage, minimum device resistance, hysteresis width, process yield and wafer uniformity data on a 100
mm wafer.

Manufacturing for Bio- and Medical MEMS and Microfluidics

W-015 FABRICATION OF A MONOLITHIC CARBON MOLD FOR PRODUCING
A MIXED-SCALE PDMS CHANNEL NETWORK USING A SINGLE MOLDING PROCESS .......cccceeesurueee. 316
Y. Lee, Y. Lim, and H. Shin
Ulsan National Institute of Science & Technology (UNIST), SOUTH KOREA

We introduce a batch fabrication technique for a mixed-scale monolithic carbon mold producing a mixed-scale PDMS channel. A SU-8 structure fabricated by UV
lithography was converted to a carbon structure trough the pyrolysis. The carbon mold dimension could be easily controlled from micrometer-scale to nanometer-
scale when the pyrolysis accompanies enormous volume reduction. The mixed-scale PDMS channel network has a functionality for the nanochannel
electroporation (NEP) without roof collapse.

M-016 FABRICATION OF PATTERNABLE NANOPILLARS FOR MICROFLUIDIC
SERS DEVICES BASED ON GAP-INDUCED UNEVEN ETCHING 320
Y. Wangl’z, L.C. Tangl’3, H.Y. Mao'?, C. Lei"®, W. Ou'?, J.J. Xiong3, Y. Ou'?,
All. Mingl’z, D. Li* and D.P. Chen'*?
!Chinese Academy of Sciences, CHINA, “Jiangsu R&D Center for Internet of Things, CHINA,
*North University of China, CHINA, and *Stanford University, UNITED STATES

We report a novel, simple and time-saving lithography-free approach for fabricating patternable nanopillars. The key technique of the approach is to introduce a
gap by covering it with a cap, which contains through holes and the material on its lower surface has a similar etching rate with the substrate. By adjusting sizes
and profiles of the perforations, nanopillars with desirable patterns can be obtained. Thus a new way for fabricating microfluidic SERS devices is further
developed.

T-017 A LOW-COST AND LABEL-FREE ALPHA-FETOPROTEIN SENSOR
BASED ON SELF-ASSEMBLED GRAPHENE ON SHRINK POLYMER 324
S. Sando, B. Zhang, and T. Cui
University of Minnesota, USA

We develop a shrink-induced grapheme sensor for label-free biomolecule detection. While Enzyme-linked immunosorbent assay (ELISA) is the most popular
method to detect specific proteins in the current medicine, label-free biosensors have attracted great attention due to simplicity and ease of use. The sensor
described in this work demonstrates the ability to detect alpha-fetoproteins (AFP), one of the most important tumor markers associated with liver cancer and
ovarian cancer.

W-018 HIGH-TOPOGRAPHY SURFACE FUNCTIONALIZATION BASED ON
PARYLENE-C PEEL-OFF FOR PATTERNED CELL GROWTH 328
F. Larramendyl, D. Serien?, S. Yoshida®, L. Jalabert?, S. Takeuchi?, and O. Paul'
"University of Freiburg - IMTEK, GERMANY and *University of Tokyo, JAPAN

We develop a new technique for patterning functionalization layers on substrates with high topography. The method is based on a parylene-C template shaped by a
structured, sacrificial photoresist layer and attached to the substrate where functionalization is not intended. We successfully demonstrate the technique with the
guided growth of PC12 cells on honeycomb-shaped protein patterns on micropillars and microwells.

M-019 LASER TREATED GLASS PLATFORM WITH RAPID WICKING-DRIVEN
TRANSPORT AND PARTICLE SEPARATION CAPABILITIES 332
M. Ochoa, H. Jiang, R. Rahimi, and B. Ziaie
Purdue University, USA

Wicking and particle separation are two required capabilities for many microfluidics and lab-on-a-chip devices, but they often require multiple materials and
structures (e.g., paper, polymer filters) which are difficult to integrate with established microfabrication techniques and materials. In this work, we combine both
properties into a single glass platform with a straightforward and economical fabrication process. By laser machining soda lime glass with a specific power and
laser speed, we create channels defined by an array of micro cracks (3—4 um) which provide particle separation properties and simultaneously enable rapid liquid
transport (up to 24.2 mm/s) as a result of capillary forces from the crevices and laser-induced surface hydrophilization.

T-020 LIPOSOME ARRANGEMENT CONNECTED WITH AVIDIN-BIOTIN
COMPLEX FOR CONSTRUCTING FUNCTIONAL SYNTHETIC TISSUE 336
H. Hamanol, T. Osakiz, and S. Takeuchi'
"University of Tokyo, JAPAN and *Kanagawa Academy of Science and Technology (KAST), JAPAN

This paper describes a method to arrange liposomes into organized structures with biochemical binding of avidin biotin complex, inspired by the biological
anchoring junction. This approach enhances the stability of the liposome structure, which would provide an improved model for a liposome-based tissue in
synthetic biology.



W-021 MAGNESIUM-EMBEDDED LIVE CELL FILTER FOR CTC ISOLATION 340
Y. Liu', J. Park!, T. Xu?, Y. Xu?, I.H.-C Chang', D. Kang', X. Zhang', A. Goldkorn®, and Y.C. Tai'
!California Institute of Technology, USA and * University of Southern California, USA

We develop a novel Magnesium-embedded cell filter for Circulating Tumor Cell (CTC) capture, release and isolation. The new and novel feature is the use of
thin-film Mg to release the captured CTCs based on the fact that any CI- containing culture medium can readily etch Mg away. The releasing and the isolation of
each individual CTC are demonstrated. The top PA-C filter pieces break apart from the bottom after Mg completely dissolves, enabling captured CTCs to detach
from the filter.

M-022 MICRO FLUIDIC CHAMBER WITH THIN SI WINDOWS FOR
OBSERVATION OF BIOLOGICAL SAMPLES IN VACUUM 344
H. Hayashi, M. Toda, and T. Ono
Tohoku University, JAPAN

A micro fluidic chamber with 178 nm-thick thin Si windows on a micro channel has been developed. Using this windows, the aquatic structure inside of the
channel has been monitored by scanning electron microscopy. Secondary electrons from a sample in the channel are able to be detected in vacuum with an
acceleration voltage of 15 kV. The micro fluidic chamber is possibly applied to cell imaging via the single crystal Si thin window in vacuum using magnetic
resonance force microscopy.

T-023 RAPID, LOW COST FABRICATION OF CIRCULAR CROSS-SECTION
MICROCHANNELS BY THERMAL AIR MOLDING 348
T.-Q. Nguyen and W.-T. Park
Seoul National University of Science and Technology, SOUTH KOREA

This paper demonstrates a simple fabrication process of polydimethylsiloxane(PDMS) circular cross section microfluidic channels by using a PDMS master mold
and thermal air molding. Based on this technique, circular cross section microchannel can be easily produced in a wide range of dimensions from 10pm to 500um
with simple bench top equipment. This technique can create perfect circular channels without any plasma activated bonding and alignment process. We can also
apply this technique to fabricate micro concaves for spheroid culture, micro nozzles for droplet generation, and micro patch clamps for cell immobilization.

W-024 SKIN-EQUIVALENT INTEGRATED WITH PERFUSABLE CHANNELS ON CURVED SURFACE .......... 351
N. Mori!, Y. Morimoto'?, and S. Takeuchi'
!University of Tokyo, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

We constructed a skin-equivalent on a curved surface. The skin-equivalent consists of not only the epidermis/dermis but also perfusable channels. We embedded
an anchoring structure in our device to prevent horizontal contraction of the tissue. Owing to perfusion, we can culture epidermis at the air-liquid interface for
cornification. Our method enables the skin-equivalent construction on a curved surface that is necessary for the construction of 3D skin surface such as biohybrid
robots' skin.

M-025 TFT DISPLAY PANEL TECHNOLOGY AS A BASE FOR BIOLOGICAL CELLS
ELECTRICAL MANIPULATION - APPLICATION TO DIELECTROPHORESIS 354
A. Tixier-Mita, B.-D. Segard, Y.-J. Kim, Y. Matsunaga, H. Fujita, and H. Toshiyoshi
University of Tokyo, JAPAN

This paper reports for the first time the use of TFT (Thin Film Transistor) technology of display panels for biological cells electrical manipulation. This
technology allows to have high density distributed transparent micro-electrodes, independently controllable, covering centimeter-size glass substrates. This
technology is much superior to usual micro-technology used for Multielectrode Arrays (MEAs).The chosen application, to demonstrate the capability of such
technology, is dielectrophoresis.

Materials for MEMS and NEMS

T-026 3D MORPHOLOGY RECONSTRUCTION OF HIGH ASPECT RATIO MEMS
STRUCTURE BY USING AUTOFLUORESCENCE OF PARYLENE C 358
L. Zhang, Y. Liu, F. Yang, W. Wang, D. Zhang, and Z. Li
Peking University, CHINA

We reported a MEMS fabrication compatible, damage free method for in-process 3D morphology reconstruction of high aspect ratio microstructure. As a novel
morphology tracer, Parylene C thin film was conformally deposited onto the structure and annealed at high temperature under N2. By scanning with a confocal
microscopy, 3D morphology of the microstructure was reconstructed from the autofluorescence information of Parylene C.

W-027 A NANOWIRE GAUGE FACTOR EXTRACTION METHOD FOR
MATERIAL COMPARISON AND IN-LINE MONITORING 361
I. Ouerghi, J. Philippe, C. Ladner, P. Scheiblin, L. Duraffourg, S. Hentz, and T. Ernst
CEA-LETI, FRANCE

We propose a new extraction method of gauge factor of nanowires for in-line monitoring of this parameter and piezoresistive material properties comparisons.
Unlike conventional techniques which are destructive and suffer from reproducibility issues, this method allows a direct measurement of the GF locally at the
nanoscale and at the wafer level. GFs have been reliably measured on a wide range of silicon-based NEMS resonators with different designs,crystalline structure
and doping level.



M-028 A THREE-STEP MODEL OF BLACK SILICON FORMATION IN DEEP
REACTIVE ION ETCHING PROCESS 365
F. Zhu', C. Wang’, X. Zhang', X. Zhao?, and H. Zhang'
!Peking University, CHINA and *Nankai University, CHINA

A three-step model used for modeling and simulation of black silicon formation in DRIE (Deep Reactive Ion Etching) process is presented. It combines quantum
mechanics, sheath dynamics and diffusion theory together based on plasma environment. The simulation results show very good coincidence with experimental
SEM images, proving the applicability of this theory and it's very promising to make black silicon formation in DRIE process to be controllable.

T-029 ANOMALOUS RESISTANCE CHANGE OF ULTRASTRAINED INDIVIDUAL
MWCNT USING MEMS-BASED STRAIN ENGINEERING 369
K. Yamauchi, T. Kuno, K. Sugano, and Y. Isono
Kobe University, JAPAN

This research clarified the anomalous electric resistance change of ultrastrained multi-walled carbon nanotube (MWCNT), as well as its mechanical properties,
using the in-situ SEM nanomanipulation system with Electrostatically Actuated NAnotensile Testing device (EANAT). Although the resistance change ratio was
almost constant during the interlayer sliding of MWCNT, it showed a sharp raise at the end of the sliding in spite of the MWCNT not breaking mechanically.

W-030 FABRICATION OF TETRAPOD-SHAPED AL/NI MICROPARTICLES WITH
TUNABLE SELF-PROPAGATING EXOTHERMIC FUNCTION 373
K. Inoue', T. Fujitol, K. Fujitaz, Y. Kuroda®, K. Takane?, and T. Namazu'
"University of Hyogo, JAPAN and *Gauss Co., Ltd., JAPAN

This paper reports tetrapod-shaped Al/Ni microparticles fabricated by injection-molding and electroless-plating. We realize, for the first time, fabricating the 3D
microtetrapods with self-propagating exothermic function that is able to tunable by changing Al powder's diameter and simultaneously by keeping porous Al
tetrapod's void fraction constant. The maximum surface temperature and high-temperature duration during the reaction differ from sputtered Al/Ni multilayer
film's exothermic performances. The tetrapod's exothermic performances can be freely controlled in response to the applications.

M-031 HIGH-PRODUCTIVE FABRICATION METHOD OF FLEXIBLE PIEZOELECTRIC SUBSTRATE .......... 377
H. Hida, S. Yagami, Y. Sakurai, and I. Kanno
Kobe University, JAPAN

This paper reports a simple and high-productive fabrication method of flexible piezoelectric substrate using a new transfer technique. We experimentally clarified
that Pb(Zr,Ti)O3 (PZT) thin films deposited on metal substrates can be transfer to PDMS substrates by using metal wet etching process. By characterizing crystal
structures and electric properties, we confirmed that transferred PZT thin films have piezoelectric properties.

T-032 MECHANICAL CHARACTERIZATION OF THIN FILMS USING A MEMS DEVICE INSIDE SEM ......... 381
C. Cao, B. Chen, T. Filleter, and Y. Sun
University of Toronto, CANADA

A MEMS device was developed for mechanical characterization of 2D ultra-thin films. The device utilizes electrothermal actuators to apply uniaxial tension. The
robust design makes the device capable of withstanding both dry and wet transfer of 2D ultra-thin film materials onto the suspended structures on the device.
Fracture stress of thin graphene oxide (GO) films was measured.

W-033 ROOM TEMPERATURE SYNTHESIS OF SILICON DIOXIDE THIN
FILMS FOR MEMS AND SILICON SURFACE TEXTURING 385
A. Ashok and P. Pal
Indian Institute of Technology Hyderabad, INDIA

In this paper, SiO2 thin films deposited at room temperature using anodic oxidation method are explored for the fabrication of MEMS components and the surface
texturing for solar cells applications. The anodic oxide is used as structural layer for the formation of freestanding structures (e.g. cantilever) of nanometer
thickness on Si{100} wafers using anisotropic etchants. Further, the oxide film is employed as mask in KOH to texturize the silicon surface without using
lithography.

M-034 SIZE EFFECT ON BRITTLE-DUCTILE TRANSITION TEMPERATURE
OF SILICON BY MEANS OF TENSILE TESTING 389
A. Uesugi, Y. Hirai, T. Tsuchiya, and O. Tabata
Kyoto University, JAPAN

We report the size effect on BDTT of single crystal silicon using different width specimens (120-pm long, 5-um thick and 4 or 9-um wide). The BDTT was
characterized by tensile testing in vacuum up to 600 °C with IR light heating. The fractured specimens showed slips on (111) planes at 500 °C and above, which
indicated that the BDTT of micrometer-sized silicon decreased from millimeter-sized specimens. We found that the length along slip-propagation direction might
dominate the BDTT.

T-035 STICTION FORCES AND REDUCTION BY DYNAMIC CONTACT
IN ULTRA-CLEAN ENCAPSULATED MEMS DEVICES 393
D.B. Heinz', V.A. Hongl, T.S. Kimbrell', J. Stehle?, C.H. Ahn', E.J. Ngl,
Y. Yangl, G. Yama’, G.J. O’Brien’, and T.W. Kenny1
!Stanford University, USA and *Robert Bosch RTC, USA

We demonstrate the consistent and manageable surface adhesion and stiction forces in epitaxially encapsulate MEMS devices. Data from over 2000 test structures
of 80 design variations from three different fabrication runs were gathered. The measured adhesion forces (18- 25uN) are small enough for inertial sensors and are
independent of contact geometry. In addition, we demonstrate anti-stiction bump stops with springs for a sliding contact and reduce the probability of stiction by
over 50%.



W-036 STUDY OF THE HYBRID PARYLENE/PDMS MATERIAL 397
D. Kangl, S. Matsuki?, and Y .-C. Tai'
!California Institute of Technology, USA and *Northeastern University, USA

This paper reports the mechanical behaviors and barrier properties of hybrid PDMS-Parylene materials and presents a novel approach of implementing in-situ
heating deposition to facilitate the diffusion and penetration of parylene coatings into PDMS, demonstrating enhanced pore sealing capability, for which a
mathematical model was proposed and the average PDMS pore size was determined.

M-037 SYNTHESIS OF CARBON NANOTUBES-NI COMPOSITE FOR
MICROMECHANICAL ELEMENTS APPLICATION 401
Z. An, M. Toda, G. Yamamoto, T. Hashida, and T. Ono
Tohoku University, JAPAN

We present the fabrication and characterization of a silicon micromirror with carbon nanotubes -nickel composite beams. A novel electroplating method is
developed for synthesis of the CNTs-Ni composite. The maximum variation of the resonant frequency of the fabricated micromirror during a long term stability
test is about 0.3%, and its scanning angle is about 200. It shows the potential ability of the CNTs-Ni composite for micromechanical elements application.

Packaging and Assembly

T-038 3D STRUCTURAL FORAMATION UTILIZING GLASS TRANSITION OF A PARYLENE FILM .............. 405
T. Kan, A. Isozaki, H. Takahashi, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

We reports on a fabrication of 3D micro structures supported by a Parylene thin film. The 3D structure formation procedure starts with an out-of-plane actuation of
the Si micro structure coated with a Parylene film. At the same time, the environmental temperature was elevated above the glass transition temperature of the
Parylene, and then cooled down below Tg. The rearrangement of the Parylene film happens above Tg, and the consolidated Parylene after the cooling down
maintains the structure.

W-039 A NOVEL FABRICATION AND WAFER LEVEL HERMETIC
SEALING METHOD FOR SOI-MEMS DEVICES USING SOI CAP WAFERS 409
M.M. Torunbalci, S.E. Alper, and T. Akin
Middle East Technical University (METU), TURKEY

This paper presents a novel and inherently simple all-silicon (glass-free) fabrication and hermetic packaging method developed for SOI-MEMS devices, enabling
lead transfer using vertical feedthroughs formed on an SOI cap wafer. The processes of the SOI cap wafer and the SOI-MEMS wafer require a total of five
inherently simple mask steps, providing a combined process and packaging yield as high as 95%.

M-040 BONDING MECHANISM IN THE VELCRO CONCEPT SI-SI
LOW TEMPERATURE DIRECT BONDING TECHNIQUE 413
S. Keshavarzi'?, U. Mescheder', and H. Reinecke?
'Furtwangen University - IAF, GERMANY and *University of Freiburg - IMTEK, GERMANY

In this paper, we present the bonding mechanism of two Velcro-like (needle-like) surfaces for low temperature Si-Si direct bonding at ambient environment based
on capillary force approach. The model considers both deformation and interaction mechanisms of the needles during bonding which makes it superior to other
presented models.

T-041 FET PROPERTIES OF SINGLE-WALLED CARBON NANOTUBES
INDIVIDUALLY ASSEMBLED UTILIZING SINGLE STRAND DNA 417
K. Hokazono, Y. Hirai, T. Tsuchiya, and O. Tabata
Kyoto University, JAPAN

A new assembly process for isolated single-walled carbon nanotubes (SWCNTSs) on MEMS structures and the electrical properties of SWCNT field effect
transistor (FET) are reported. Mono-dispersed SWCNT solution is prepared by biotin modified single strand DNA's wrapping and the tubes are assembled onto
gold electrodes using biotin-avidin bindings. The isolated SWCNT bridges over electrode gaps are successfully demonstrated. The Id-Vg curves of SWCNT show
both conductor and semiconductor properties.

W-042 IMPACT-INDUCED HARDENING PACKAGE FOR
TACTILE SENSORS USING DILATANT FLUID 421
T. Takahata, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

To realize high-sensitive and shock-resistant tactile sensor, the sensing element was surrounded by dilatant fluid, which is soft to a static force and hard to an
impact, force. The applied static force was concentrated to the sensor, whereas the impact force was dispersed to the substrate. We have experimentally shown that
the shock-resistant nature of the sensor with dilatant fluid package was 4 to 16 times as large as that of without the fluid.



M-043 MICRO DEVICES INTEGRATION WITH STRETCHABLE SPRING
EMBEDDED IN LONG PDMS-FIBER FOR FLEXIBLE ELECTRONICS 423
W.-L. Sung, C.-L. Cheng, and W. Fang
National Tsing Hua University, TAIWAN

This study presents a PDMS (Polydimethylsiloxane) fiber integrated with multi-devices scheme using stretchable electroplating copper spring. Each device was
located on the node and embedded in PDMS-fiber. Thus, devices are mechanically connected by PDMS-fiber and electrically connected by inner stretchable
spring. Advantages of this approach: (1) length magnification by stretchable spring; (2) thicker stretchable spring embedded in PDMS provides well
mechanical/electrical characteristics; (3) node acts as a hub for devices implementation and integration; (4) partially stretched spring could reduce the resistance
variation by external loads.

T-044 PREPARATION OF WAFER LEVEL GLASS-EMBEDDED HIGH-ASPECT-RATIO
PASSIVES USING A GLASS REFLOW PROCESS 427
M. Ma, J. Shang, and B. Luo
Southeast University, CHINA

We develop an innovative, uncomplicated and inexpensive method based on a glass reflow process to fabricate void-free glass-embedded passives for 3D MEMS
packaging. The embedded structures include cylindrical, annular cylindrical and coaxial cylindrical conductive through-holes, plate and coaxial torus trench
capacitors, square spiral, circular spiral and folding type trench inductors, and filters. These void-free structures have vertical and smooth sidewall, large signal
pathways.

Micro- and Nanofluidics
Lab-on-Chip Medical Diagnostic Devices

W-045 "CELL PINBALL'": WHAT IS THE PHYSICS? 431
R. Murakami', M. Kaneko', S. Sakuma?, and F. Arai’
' Osaka University, JAPAN and *Nagoya University, JAPAN

During the deformability test of Red Blood Cell (RBC) by utilizing a micro fluidic channel, we found an interesting phenomenon where some RBCs behave just
like elastic pinball. This phenomenon is called "Cell Pinball". Through visualization, we found that the RBC being in cell pinball mode rotates around the
perpendicular axis to the flow line and its direction is one-to-one relationship with the moving direction. We also found that the rotating axis exists slightly behind
the center of gravity

M-046 A FULLY MONOLITHIC MICROFLUIDIC DEVICE FOR COUNTING
BLOOD CELLS FROM RAW BLOOD 435
J. Nguyen', Y. Wei', Y. Zheng', C. Wang? and Y. Sun'
"University of Toronto, CANADA and *Mount Sinai Hospital, CANADA

We develop a monolithic microfluidic device capable of on-chip sample preparation for complete blood count from raw blood. For the first time, on-chip sample
processing (e.g. dilution, lysis, and filtration) and downstream measurements were fully integrated to enable sample preparation and single cell analysis from raw
blood on a single device. RBC and WBC concentration, WBC differential, mean corpuscular volume and cell distribution width are determined by electrical
impedance measurements.

T-047 A MICROWELL DEVICE FOR MEASUREMENT OF
MEMBRANE TRANSPORT OF ADHERENT CELLS 439
Y. Okada, M. Tsugane, and H. Suzuki
Chuo University, JAPAN

We developed the microwell device for measurement of membrane transport for single adherent cells. When cells were cultured on the microwells with ~10 um
opening, they spread to form the closed picoliter space. Thus,molecules exported from cells accumulate in such a space and be detected by imaging. We show that,
by employing horizontal microwell design,materials exported from the cell membrane can be visualized. Efflux of the cancer drug transported by the multidrug
resistance protein was tested.

W-048 ALGINATE HYDROGEL BASED 3-DIMENSIONAL CELL CULTURE AND
CHEMICAL SCREENING PLATFORM USING DIGITAL MICROFLUIDICS 443
S.M. George and H. Moon
University of Texas, Arlington, USA

We develop a method for creating arrays of individually addressable cell seeded calcium alginate hydrogels for 3D cell culture using electrowetting on dielectric
(EWOD) digital microfluidics (DMF). Combined with EWOD DMF's multiplexing abilities, we demonstrate how a single integrated DMF device is capable of
forming cell seeded alginate hydrogels, generating different concentrations of chemicals and delivering these to different gels to observe the effect of chemical
concentrations on 3D tissue

M-049 AN ELECTROCHEMICAL MICROFLUIDIC PAPER-BASED GLUCOSE
SENSOR INTEGRATING ZINC OXIDE NANOWIRES 447
X. Li, C. Zhao, and X. Liu
McGill University, CANADA

We develop an electrochemical microfluidic paper-based analytical device, featuring a working electrode decorated with semiconductor zinc oxide nanowires
(ZnO NWs), for glucose detection in human serum. The integration of ZnO N'Ws into the paper device is realized via facile, low-cost hydrothermal synthesis of
ZnO NWs on paper, and leads to superior analytical performance (high sensitivity and low limit of detection) and enhanced device stability (by removing light-
sensitive electron mediators).



T-050 DRY REAGENT STORAGE IN DISSOLVABLE FILMS AND LIQUID TRIGGERED
RELEASE FOR PROGRAMMED MULTI-STEP LAB-ON-CHIP-DIAGNOSTICS 451
G. Lenk, G. Stemme, and N. Roxhed
KTH Royal Institute of Technology, SWEDEN

A capillary driven lab on a chip system using dissolvable films for on-chip reagent storage, volume metering and timing of a multi-step sequence is demonstrated.
Activation of the chip with a single liquid causes rehydration of four different reagents stored in dissolvable polymer layers and sequential release of the reagents
to a common reaction zone. This capillary driven, single-liquid triggered multi-reagent sequence can potentially be used for multi-step PoC immunoassays.

W-051 ON-CHIP DETECTION OF WILD 3R, 4R AND MUTANT 4R TAU
THROUGH KINESIN-MICROTUBULE BINDING 455
S.P. Subramaniyan', M.C. Tarhan?, S.L. Karsten®, H. Fujitaz, H. Shintaku', H. Kotera', and R. Yokokawa'
'Kyoto University, JAPAN, *University of Tokyo, JAPAN, and *NeuroInDx Inc., USA

We report demonstration of on-chip tau detection based on difference of landing rate and binding density of microtubules on kinesin surface. Tau detection device
comprises of a MT reservoir, channel and collector region with overhung structures. We assayed MTs decorated with three tau types in the kinesin coated device.
Since the increase of fluorescent intensity at collector regions reflected the type of tau decorated on MTs, thus by measuring FI we distinguish wild 3R, 4R and
P301L mutant tau.

M-052 THE CAPILLARY NUMBER EFFECT ON THE CAPTURE EFFICIENCY OF
CANCER CELLS ON COMPOSITE MICROFLUIDIC FILTRATION CHIPS 459
C. Zhao', R. Xu!, K. Songl, D. Liv, S. Ma!, C. Tangl, C. Liangl, Y. Zohar?, and Y.-K. Lee'
'Hong Kong University of Science and Technology (HKUST), HONG KONG,
’Guangzhou First Municipal People's Hospital, CHINA, and *University of Arizona, USA

We present a systematic study of the Capillary number effect on the capture efficiency of cancer cells on a composite microfluidic filtration chip. A phase diagram
for the capture efficiency of microfiltration chips as a function of normalized cell diameter and Capillary number has been obtained, which will be useful for the
designing the next generation of microfiltration devices for isolating circulating tumor cells.

Materials for Bio- and Medical MEMS and Microfluidics

T-053 3D CULTURE OF MOUSE IPSCS IN HYDROGEL CORE-SHELL MICROFIBERS 463
K. Ikeda1’2’3, T. Okitsu', H. Onoe'?, and S. Takeuchi'?
"University of Tokyo, JAPAN, *Japan Science and Technology Agency (JST), JAPAN, and
SUniversity of Tsukuba, JAPAN

This paper reports the culturing and expansion of mouse induced pluripotent stem cells (iPSCs) in hydrogel core-shell microfibers; the core consists of iPSCs with
or without extracellular matrix (ECM) proteins, and the shell is composed of calcium alginate. We revealed mouse iPSCs cultured in the micro-scale space with
ECM proteins sustain their pluriotency efficiently. This 3D culture system may be useful tool to expand iPSCs for clinical use.

W-054 ALIGNMENT OF COLLAGEN NANOFIBERS IN 2D SUBSTRATES USING CYCLIC STRETCH ............. 465
E.R. Nam'?, W.C. Lee'?, and S. Takeuchi
"University of Tokyo, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

In this work, collagen nanofibers are self-aligned in fully 2-dimensional substrates by applying cyclic stretch during the gelation process of collagen solution, and
the fabricated collagen sheet induce the alignment of cells without any mechanical force within the cultivation period. We believe that our new aligned collagen
sheet contributes to the regenerative medicine, which needs a scaffold that has biological structures and microenvironment.

M-055 BONDING-FRIENDLY PCPDMS: DEPOSITING PARYLENE C INTO
PDMS MATRIX AT AN ELEVATED TEMPERATURE 467
Y. Liu', L. Zhangl, W. Wang1’2’3, and W. Wu'??
!Peking University, CHINA, *National Key Laboratory of Science and Technology on Micro/Nano Fabrication, CHINA,
and *Innovation Center for MicroNanoelectronics and Integrated System, CHINA

This paper reported a simple and effective process of bonding-friendly Parylene C-caulked PDMS (pcPDMS) for low-permeability required microfluidics.
Parylene C was deposited into PDMS matrix at an elevated temperature (higher than 135°C) to caulk the permeable sites. The so-prepared pcPDMS can be
directly bonded with oxygen plasma treatment just as pristine PDMS. SEM EDAX and Laser scanning confocal microscopy (LSCM) were introduced to
characterize the Parylene C caulked status in the PDMS.

T-056 CHEMICALLY RESPONSIVE PROTEIN-PHOTORESIST HYBRID ACTUATOR 470
D. Serien' and S. Takeuchi'?
"University of Tokyo, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

We report the multiphoton fabrication of hybrid microstructures of photoresist and chemically responsive protein hydrogel for microactuation, such as a lever and
a rotary stepper.

W-057 CORE-SHELL MICROPARTICLE SYNTHESIS IN DROPLET MICROFLUIDICS
USING A SINGLE STEP POLYMERIZATION 472
X. Zhou, Y. Sun, A. Finne-Wistrand, W. van der Wijngaart, and T. Haraldsson
KTH Royal Institute of Technology, SWEDEN

We present, for the first time, a method for the synthesis of core-shell microparticles in a single polymerization step using two-phase droplet microfluidics. We
verify the successful generation of core-shell microparticles using the novel synthesis approach.



M-058 VASCULAR NETWORK FORMATION FOR A LONG-TERM SPHEROID
CULTURE BY CO-CULTURING ENDOTHELIAL CELLS AND FIBROBLASTS 476
T. Hayashil, H. Takigawa-Imamuraz, K. Nishiyama, H. Shintaku', H. Kotera', T. Miura’, and R. Yokokawa'
IKyoto University, JAPAN, 2Kyushu University, JAPAN, and 'Kumamoto University, JAPAN

We developed a PDMS microfluidic device to create a vascular network for a long-term spheroid culture, which consists of co-culture of human umbilical vein
endothelial cells (HUVEC) and normal human lung fibroblasts (LF). Although network formation has been reported in several microfluidic devices, we
successfully visualized that HUVEC networks formed by the co-culture with LFs reached a LF-based spheroid. Moreover, perfusability of the network was
evaluated by injecting fluorescent microbeads.

T-059 HIGHLY CONTROLLABLE THREE-DIMENSIONAL SHEATH FLOW
DEVICE FOR FABRICATION OF ARTIFICIAL CAPILLARY VESSELS 480
J. Ito, R. Sekine, D.H. Yoon, Y. Nakamura, H. Oku, H. Nansai, T. Chikasawa, T. Goto, T. Sekiguchi,
N. Takeda, and S. Shoji
Waseda University, JAPAN

We developed a highly controllable three-dimensional (3D) sheath flow device for fabrication of artificial capillary vessels. In order to fabricate double-layer
coaxial Core-Sheath microfibers applicable to long micro capillary vessels, three step sheath injection type 3D flow device which realizes wide core and sheath
structure variations by simply flow rate control was applied, and vascular endothelial cells embedded to inside of the fabricated microfiber were cultured.

W-060 MODELING NON-WETTING PERFORMANCES OF SUPERLYOPHOBIC
SURFACES BASED ON LOCAL CONTACT LINE 484
Z. Wang and T. Wu
Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, CHINA

Superlyophobic surfaces (SLS) are promising as the novel universal platform for microfluidics due to the unique super-repellency and extremely low adhesion for
almost all liquids. This paper proposed the pressure stability criteria and CAH estimation based on the local contact line analysis and were in excellent agreement
with the experimental results. The achievements may shed new light for designing high-performance SLS for microfluidics and other MEMS fields.

Microfluidics and Nanofluidics

M-061 MICROFLUIDIC SELECTION OF APTAMERS USING COMBINED
ELECTROKINETIC AND HYDRODYNAMIC MANIPULATION 488
T. Olsen, J. Zhu', J. Kim', R. Pei’, M.N. Stojanovic', and Q. Lin'
!Columbia University, USA and *Chinese Academy of Sciences, CHINA

We present a microfluidic device that is capable of closed-loop, multi-round SELEX without manual intervention or use of off-chip instruments, as demonstrated
by selection of DNA aptamers against the protein IgE with high affinity (KD = 12 nM) in a rapid manner (4 rounds in 10 hours).

T-062 A NOVEL DENSITY-BASED DIELECTROPHORETIC PARTICLE
FOCUSING TECHNIQUE FOR DIGITAL MICROFLUIDICS 492
E. Samiei, H. Rezaei Nejad, and M. Hoorfar
University of British Columbia, CANADA

A new particle focusing technique based on negative dielectrophoretic (DEP) manipulation of non-buoyant particles is developed for digital microfluidic (DMF)
platforms. This technique is compatible with conventional DMF electrode designs and does not require geometrical modification. Non buoyant particles can be
concentrated on an electrode, followed by droplet splitting, resulting in two daughter droplets one with a high, and the other with a very low concentration of the
particles.

W-063 ACTIVE CONTROL OF CHEERIOS EFFECT FOR DIELECTRIC FLUID 496
J. Yuan and S.K. Cho
University of Pittsburgh, USA

Using di-electrowetting we achieved on-demand control of Cheerios effect for dielectric(non-conductive) fluids. Additionally, our theory and experiment
discovered that the tilting angle of wall is critical in this control. The present control would provide an efficient tool in many micro/nano particle
manipulation/processes on phase interfaces.

M-064 BIOMECHANICAL CANAL SENSORS INSPIRED BY CANAL
NEUROMASTS FOR ULTRA SENSITIVE FLOW SENSING 500
A.G.P. Kottapallil’z, M. Asadnia'?, J.M. Miao', and M.S. Triantafyllouz’3
!Nanyang Technological University, SINGAPORE,
2Singapore-MIT Alliance for Research and Technology, SINGAPORE, and
*Massachusetts Institute of Technology, USA

Fishes use their mechanosensory lateral-line system to detect minute disturbances underwater. The lateral-lines consist of superficial and canal neuromast (SN and
CN) sensory sub-systems. In this paper, for the first time, we present the design, fabrication and experimental characterization of arrays of zero-powered and
ultrasensitive MEMS piezoelectric haircell sensors encapsulated into biomimetic canals.



T-065 BAKING-POWDER DRIVEN CENTRIPETAL PUMPING CONTROLLED
BY EVENT-TRIGGERING OF FUNCTIONAL LIQUIDS 504
D.J. Kinahan', R. Burgerz, A. Vembadi', N.A. Kilcawleyl, D. Lawlor!, M.T. Glynn1 and J. Ducrée'
'Dublin City University, IRELAND and *Technical University of Denmark (DTU), DENMARK

This paper reports radially inbound pumping by the event-triggered addition of water to on-board stored baking powder in combination with valving by an
immiscible, high-specific weight liquid on a centrifugal microfluidic platform. This technology allows making efficient use of precious real estate near the center
of rotation by enabling the placement of early sample preparation steps as well as reagent reservoirs at the spacious, high-field region on the perimeter.

W-066 CONTINUOUS-FLOW DIELECTROPHORETIC SORTING OF PARTICLES
VIA 3D SILICON ELECTRODES FEATURING CASTELLATED SIDEWALLS 508
X. Xing and L. Yobas
Hong Kong University of Science and Technology (HKUST), HONG KONG

This paper for the first time describes continuous-flow dielectrophoretic (DEP) separation of particles using a simple microfluidic design incorporating 3D silicon
electrodes featuring castellated sidewalls. The 3D electrodes generates non-uniform electric field along the channel depth which drive the particles into distinct
layer. Meanwhile, continuous flow transport the separated particles into different outlets simultaneously.

M-067 ELECTRON BEAM SWITCHED TRAPPING AND RELEASE OF
NANOPARTICLES ON NANOPORE ARRAY 512
T. Hoshino and K. Mabuchi
University of Tokyo, JAPAN

We demonstrated switching of trap and release of nanoparticles using an inverted-electron beam lithography (I-EBL). 240-nm nanobeads suspended in pure water
were trapped and released on nanopore array. The nanopores in a silicon nitride membrane generated trapping flows for the beads by infinitesimal leakages toward
directly connected high vacuum via the nanopores. The incident electron beam selectively induced release of the trapping beads into the solution by Coulomb
force.

T-068 ENCODING AND MANIPULATING MICROCOMPONENT
ON ELECTROMICROFLUIDIC PLATFORM 516
M.-Y. Chiangl, S.-Y. Chen', and S.-K. Fan’ * Award Nominee
!National Chiao Tung University, TAIWAN and ’National Taiwan University, TAIWAN

Microcomponent encoding and manipulation were performed on an electromicrofluidic platform using electrowetting and dielectrophoresis to drive particles and
cells on micrometer scale for encoding and liquid or solid microcomponents on millimeter scale for larger structures assembly. 3D cell culture with reorganized
fibroblasts in hydrogel microcomponents is demonstrated on the platform. The technology is applicable to heterogeneous structure formation and alternative 3D
bioprinting.

W-069 IN VITRO DYNAMIC FERTILIZATION BY USING EWOD DEVICE 519
L.-Y. Chung', H.-H. Shen', Y.-H. Chung', C.-C. Chen', C.-H. Hsu?, H.-Y. Huang’, and D.-J. Yao'
'National Tsing Hua University, TAIWAN, *National Health Research Institutes, TAIWAN, and
’Chang Gung Memorial Hospital, TAIWAN

The result of EWOD chip culturing 2-cell to Blastocyst (B.C.) is shown on Table 1. The probability of 2-cell to 4-cell is 76.19%, 2-cell to 8-cell is 42.85%, and 2-
cell to B.C. is 33.33%. This result is proved that the chip biocompatibility of EWOD has kept as a stable ratio. Figure 3 shows oocyte and sperm droplet mixed
inside EWOD chip with the process from (A) to (D) with smooth situation prospectively. Table 2 is the comparison result of EWOD (Dynamic) and traditional
IVF (Static) development.

M-070 LIPOPHILIC-MEMBRANE BASED ROUTING FOR CENTRIFUGAL
AUTOMATION OF HETEROGENEOUS IMMUNOASSAYS 523
R. Mishra', R. Alam? D.J. Kinahan', K. Anderson?, and J. Ducrée!
'Dublin City University, IRELAND and *Arizona State University, USA

We have devised strategic routing of flow from the reaction chamber in heterogeneous bead based ELISA to a distinct optical measurement chamber using
lipophilic film valves which remain intact in aqueous solutions and selectively dissolve only when exposed to an ancillary, oleophilic solvent. We have integrated
this routing feature on a "Lab-on-a-Disc" platform for the multi-step detection of anti-p53 antibodies from whole blood using event-triggered rotational flow
control.

T-071 LOW RESISTANCE LIQUID MOTION FOR ENERGY HARVESTING 527
A. Goswami, S. Gowda, A. Tripathy, D. Roy, V. Bharadwaja, and P. Sen
Indian Institute of Science, INDIA

We demonstrate low resistance motion of liquid bulge on a well-defined path for energy harvesting application. A liquid bulge which arises due to an instability in
a pre-wetted strip moves with very small hysteresis due to absence of a contact line. The pre-wetted strip confines the bulge and defines it motion path. Resistance
to initiate motion of a bulge was studied experimentally and compared to other cases. An electrostatic energy harvesting device based on bulge motion is also
demonstrated.

W-072 MICROFLUIDIC SWITCHING DEVICES SHOWING CONTROLLABLE HYSTERESIS ......ccvceevinennnes 531
S. Ortiz and J.A. Lell
Comision Nacional de Energia Atomica, ARGENTINA

We present a microfluidic MEMS device that is capable of switching among different states, thus behaving as an effective flip-flop. The devices consist of linear
microfabricated deLaval nozzles with three exit channels, and we analyze the response as a function of input and output pressures, feed gas, and dimensions. In all
cases, we have seen the appearance of a vortex, whose direction of swirl changes sign according the input pressure, and showing hysteresis.



M-073 MICROFLUIDIC HANGING-DROP PLATFORM FOR PARALLEL
CLOSED-LOOP MULTI-TISSUE EXPERIMENTS 535
S. Rismani Yazdil’z, A. Shadmanil, A. Hierlemannl, and O. Frey1
'ETH Zurich, SWITZERLAND and ’Politecnico de Milano, ITALY

We present a new on-chip pumping approach for microfluidic hanging-drop networks that are used for experiments with 3D microtissue spheroids. Several
independent hanging drop networks can be operated in parallel with only one single pneumatic actuation line. The pump concept enables closed-loop medium
circulation between different organ models for body-on-a-chip applications and allows for multiple simultaneous assays in parallel.

T-074 ONE CORE-FIVE SHEATHS COAXIAL FLOW FORMATION USING
MULTILAYER STACKED FLOW FOCUSING STRUCTURE 539
D.H. Yoon, J. Ito, N. Takeda, T. Sekiguchi, and S. Shoji
Waseda University, JAPAN

We proposed multilayer coaxial sheath flow formation by stacking multilayers of a single flow focusing structure. One core and five sheaths are simply formed
with low diffusion between different core and sheaths. Only one point alignment for the sheath area is relatively free from misalignment, and the number of
samples is infinitely expandable by increase in the number of stacking layers. The coaxial sheath flow is useful for biological fiber formation such as artificial
blood vessel.

W-075 RECONFIGURABLE MICROFLUIDIC DILUTION GENERATION FOR QUANTITATIVE ASSAY ......... 543
J. Fan', B. Li’, and T. Pan'
"University of California, Davis, USA and *University of Science and Technology of China, CHINA

We report the first reconfigurable microfluidic dilution generator, producing discrete logarithmic dilution concentrations from a fixed sample volume of 10uL,
without assistance of continuous fluid pumps or vacuum source. This portable chip serves as a facile tool for automatic generation of standard curves, indicating
that it could be potentially employed for running generic quantitative assays for daily monitoring tasks in fields and biochemical laboratories.

M-076 SELF-MIXING BY ON-CHIP PREPARATION OF AQUEOUS TWO
PHASE SYSTEMS AND ITS INFLUENCE ON EXTRACTION KINETICS 547
P.A.L. Wijethunga and H. Moon
University of Texas, Arlington, USA

This paper introduces an advantageous self-mixing phenomenon created on a digital microfluidic (DMF) device, and its influence on enhancing on-chip extraction
kinetics, for the first time, highlighting a significant mixing capability in the absence of forced mixing. Such self mixing could contribute to achieve portable
micro fluidics where only basic operations should be implemented and powered.

T-077 SINGLE-LAYER MICROFLUIDIC CURRENT SOURCE VI4A OPTOFLUIDIC LITHOGRAPHY .....ccccceuue. 551
C.C. Glick, S. Peng, M. Chung, K. Korner, M. Veale, C. Liu, J. Moore, A. Chu, A. Buckley, K. Iwai,
R.D. Sochol, and L. Lin
University of California, Berkeley, USA

We develop and test a microfluidic current source which auto-regulates fluidic flow rate. We construct the device using optofluidic lithography in a single-layer
PDMS channel.

W-078 THIN-FILM EDGE ELECTRODE LITHOGRAPHY ENABLING LOW-COST
COLLECTIVE TRANSFER OF NANOPATTERNS 555
Y. Li', A. Goryul, K. Chen? H. Toshiyoshiz, and H. Fujita2
"Toshiba Corporation, JAPAN and *University of Tokyo, JAPAN

This paper reports a new lithography method using thin-film edge electrodes (TEESs) to collectively transfer nanopatterns by generating oxide on the substrate
surface via an electrochemical reaction (ECR). Nanometric thick TEEs are formed on the sidewall of insulating structures. ECR-based oxide patterns have the
same width and shape as the TEEs because ECR is induced only between the conductor and the substrate. Oxide nanopatterns of 300nm and 70nm wide were
collectively transferred on Si substrate in millimeter-scale area

M-079 ULTRAFINE PARTICLE COUNTER USING A MEMS-BASED PARTICLE PROCESSING CHIP ............. 559
H.-L. Kim, J.S. Han, S.-M. Lee, H.B. Kwon, J. Hwang, and Y.-J. Kim
Yonsei University, SOUTH KOREA

We develop a microfluidic chip based ultrafine particle counter which is more compact and cost-effective than commercially available particle detection
instruments. Unlike a conventional liquid-based microfluidic chip, the proposed particle processing chip handles a mixture of particles and air. We also develop a
signal processing circuit which can process output signal from the microfluidic chip.

T-080 VERTICAL MEMBRANE MICROVALVES IN PDMS 563
J. Hansson, M. Hillmering, T. Haraldsson, and W. van der Wijngaart
KTH Royal Institute of Technology, SWEDEN

We present the design, realization and evaluation of the first leak-tight vertical membrane pneumatic microvalve. In comparison to horizontal membrane valves,
our novel design features a 3D, instead of 2D, microchannel design, in which a vertical membrane actuates a vertical flow channel section. The valve closes under
similar pneumatic control pressures to those for horizontal membrane microvalves but allows for a flow throughput per footprint area that is increased two orders
of magnitude.



Bio and Medical MEMS

Biochemical Sensors

W-081 3D HUMAN CARDIAC MUSCLE ON A CHIP: QUANTIFICATION OF
CONTRACTILE FORCE OF HUMAN IPS-DERIVED CARDIOMYOCYTES 566
Y. Morimoto'?, S. Mori'?, and S. Takeuchi'?
"University of Tokyo, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

We propose a method for constructing fiber-type 3D tissue of human iPS-derived cardiomyocytes and quantifying its contractile force in response to the addition
of drug. By culturing the cardiomyocytes in micropatterned hydrogel with anchors, we successfully obtained the fibers with aligned cardiomyocytes and fixed the
fiber edges to the anchors. The contraction of aligned fibers in a single direction provides us to measure the contractile force reproducibly.

M-082 A MICROFLUIDIC APTASENSOR INTEGRATING SPECIFIC ENRICHMENT WITH A
GRAPHENE NANOSENSOR FOR LABEL-FREE DETECTION OF SMALL BIOMOLECULES ................ 569
J. Yang', C. Wang', Y. Zhu', G. Liu?, and Q. Lin'
!Columbia University, USA and *Nankai University, CHINA

We develop a microfluidic biosensor that combines aptamer-based specific enrichment and graphene conductance-based nanosensing on a single microchip,
allowing label-free, specific, and quantitative detection of small biomolecules at low concentrations via aptamer-based competitive binding assay.

T-083 A MICROSIZED MICROBIAL FUEL CELL BASED BIOSENSOR FOR FAST
AND SENSITIVE DETECTION OF TOXIC SUBSTANCES IN WATER 573
H. Lee, W. Yang, X. Wei, A. Fraiwan, and S. Choi
State University of New York-Binghamton, USA

We demonstrate a microliter-sized (140 uL) microbial fuel cell (MFC)-based biosensor integrated with electrochemical sensing functionality and air-bubble trap,
in which microorganisms act as the sensor for toxic substances in water. The small-scale MFC biosensor (i) reduces measurement time by increasing the
probability of cell attachment and biofilm formation in the micro-sized chamber and (ii) enhances sensitivity by preventing air-bubbles on the sensing surface.

W-084 A PAPER-BASED 48-WELL MICROBIAL FUEL CELL ARRAY FOR RAPID AND
HIGH-THROUGHPUT SCREENING OF ELECTROCHEMICALLY ACTIVE BACTERIA ..........cccceeueeeeueeee 577
G. Choi', A. Fraiwan', D.J. Hassett’, and S. Choi'
!State University of New York-Binghamton, USA and *University of Cincinnati College of Medicine, USA

We demonstrate the use of paper-based sensing platform for rapid and high-throughput characterization of microbial electricity-generating capabilities. A 48-well
microbial fuel cell (MFC) array was fabricated on paper substrates, providing 48 high-throughput measurements and highly comparable performance
characteristics in a reliable and reproducible manner. Within just 15 minutes, we successfully determined the electricity generation capacity of ten bacterial species
with two controls.

M-085 AN INTEGRATED MICROFLUIDIC SYSTEM WITH FIELD-EFFECT-TRANSISTOR-BASED
BIOSENSORS FOR AUTOMATIC HIGHLY-SENSITIVE
C-REACTIVE PROTEIN MEASUREMENT 581
C.-H. Chu, W.-H. Chang, W.-J. Kao, C.-L. Lin, K.-W. Chang, Y.-L. Wang, and G.-B. Lee
National Tsing Hua University, TAIWAN

In this study, a new microfluidic device with a new methodology for measuring field-effect-transistor (FET)-based biosensors is presented. Not only can the
proposed system work in a solution with physiological salt concentration but it also detects C-reactive protein with ultra-high sensitivity in an automatic fashion.
This is the first time that a FET-based biosensor can effectively and automatically detect proteins in a physiological salt concentration without decreasing the
sensitivity.

T-086 BATCH-FABRICATED HYDROGEL/POLYMERIC-MAGNET
BILAYER FOR WIRELESS CHEMICAL SENSING 585
J.H. Park, A. Kim, and B. Ziaie
Purdue University, USA

We introduce a fabrication and wireless chemical sensing scheme using a hydrogel/polymeric-magnet bilayer. Polymeric permanent magnets are batch
fabricated/integrated on top of a hydrogel thin film. The swelling/shrinking of the hydrogel in response to chemical stimuli is remotely detected by a giant
magneto resistance (GMR) sensor. The described device is the first integrated wireless hydrogel/polymeric-magnet transducer with potential applications in
biomedical and environmental sensing areas

W-087 CELL-LADEN HINGED MICROPLATES FOR MEASURING
THE CONTRACTILE FORCES OF CARDIOMYOCYTES 589
H. Matsumoto', S. Yoshida', Y. Morimoto'?, N. Mori', D. Serien!, and S. Takeuchi'?
!University of Tokyo, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

We report a method to measure contractile forces of cardiomyocytes at cellular level using microplates; pairs of microplates are connected by a flexible hinge at
the center. Cardiomyocytes repeatedly contract and expand, and thereby fold the microplates at the flexible hinge. By measuring the change of the angle between
folded microplates, we estimate contractile forces of cardiomyocytes. We believe that this method is a useful tool to study the dynamics of cardiomyocytes.



M-088 DROP TO MEASURE: A NOVEL NANOFLUIDIC CRYSTAL SENSING
SCHEME WITH IMPROVED CHIP-TO-CHIP DATA CONSISTENCY
FOR PORTABLE BIOCHEMICAL DETECTION 593
B. Wang', W. Zhao', R. Zhang', and W. Wang'**
!Peking University, CHINA, *National Key Laboratory of Science and Technology on Micro/Nano Fabrication, CHINA,
and *Innovation Center for MicroNanoelectronics and Integrated System, CHINA

We proposed a novel "drop to measure" nanofluidic crystal sensing scheme with improved chip-to-chip data consistency. Nanoparticles were self-assembled in a
confined space guided by a well-designed surface chemistry treatment. The electrical readouts from different chips (n=5) varied within 4.8%. Biotin (using
streptavidin-modified nanoparticles) and Pb*" (using DNAzyme probed nanoparticles) were successfully detected by the present nanofluidic crystal sensor with a
limit of detection of 1 nM.

T-089 ELECTRICAL DETECTION OF PESTICIDE VAPORS BY
BIOLOGICAL NANOPORES WITH DNA APTAMERS 596
A. Nobukawa'?, T. Osaki'?, T. Tonooka', Y. Morimoto', and S. Takeuchi'
!University of Tokyo, JAPAN and *Kanagawa Academy of Science and Technology (KAST), JAPAN

We developed a vapor sensor using two robust biological molecules: A biological nanopore formed in a lipid bilayer and a DNA aptamer. The aptamer selectively
binds to the target molecule, while the target molecule-aptamer complex clogs at the nanopore and blocks ionic current under electrical detection. A feasibility test
was performed using a vapor phase sample, omethoate, demonstrating long-and-deep current blockades.

W-090 HIGH-PERFORMANCE AND LOW-COST LUNG CANCER SENSOR
ARRAY BASED ON SELF-ASSEMBLED GRAPHENE 600
B. Zhang and T. Cui
University of Minnesota, USA

We develop a lung cancer sensor array (LCSA) based on layer-by-layer (LbL) self assembled grapheme, showing features including high performance and low
cost in lung cancer biomarker detection due to graphene material properties in nature, self assembly technique, and multiple antigens detection within a single
chip.

M-091 NOBEL DETECTION PLATFORM FOR ALZHEIMER'S AMYLOID-BETA
USING MAGNETIC BEADS IN ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY .....cccceuereeurrcrcnes 604
K.-S. Shin, M.J. Kim, S.H. Lee, and J.Y. Kang
Korea Institute of Science and Technology (KIST), SOUTH KOREA

In this work, we proposed noble detection platform to detect Alzheimer's amyloid-beta (A-beta) using pre-treated magnetic beads in Electrochemical Impedance
Spectroscopy (EIS), for the first time. Without any immobilization on the electrodes of the EIS device, it shows ability to detect a few pg/ml of amyloid-beta
oligomers and compared to the result of a conventional ELISA, which allows to simplify the measurement procedure, recycle the device by only changing magnet
beads.

T-092 ULTRASENSITIVE SURFACE-ENHANCED RAMAN SPECTROSCOPY
USING DIRECTIONALLY ARRAYED GOLD NANOPARTICLE DIMERS 608
K. Suganol, D. Matsui?, T. Tsuchiyaz, and O. Tabata®
'Kobe University, JAPAN and *Kyoto University, JAPAN

This paper reports an ultrasensitive nanostructure for surface-enhanced Raman spectroscopy (SERS). The gold nanoparticle dimer, which has been reported as the
highest Raman enhancing structure, was directionally arrayed on a substrate for the first time, in order to match all dimers direction to polarization direction of the
incident light. The strong enhancement can be achieved at all dimers. Optimizing the dimer arrangement, 10 pM limit of detection and 0.5 s rapid detection were
achieved.

W-093 WATER-PROOF 'n-DIVING SUIT' DRESSED ON RESONANT
BIOCHEMICAL SENSOR FOR ONLINE DETECTION IN SOLUTION 612
H. Yu, Y. Chen, P. Xu, F. Yu, and X. Li
Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences, CHINA

This paper reports a new method to ensure resonant micro-sensor long-time resonating in solution for real-timebiochemical sensing/analysis. By design of a water-
proof 'diving-suit' for the cantilever resonator and an antileakagenarrow 'slit' to free the cantilever vibration, only the sensing-region of the cantilever contacts to
analytesolution, while the other parts remained in air for free resonance. The sensor experimentally realizes liquid-phase detection to ppb-level pesticide residue.

Medical Microsystems (Probes, Implantables, Minimally Invasive, Etc.)

M-094 A POLYCRYSTALLINE DIAMOND-BASED, HYBRID NEURAL
INTERFACING PROBE FOR OPTOGENETICS 616
B. Fan', K.-Y. Kwon', R. Rechenbergz, A. Khomenko', M. Haq ! M.F. Becker 2, A.J. Weber', and W. Li'
'Michigan State University, USA and *Fraunhofer USA-CCL, USA

This paper reports a hybrid optoelectronic neural interfacing probe, combining microscale light emitting diode (1LED) and microelectrodes on a polycrystalline
diamond (PCD) substrate for optogenetic stimulation and electrical recording of neural activity. PCD has superior thermal conductivity, which allows rapid
dissipation of localized LED heat to a larger area to improve heat exchange with surrounding perfused tissues, and thus significantly reduce the risk of thermal
damage to nerve tissue.



T-095 AN IMPLANTABLE TIME OF FLIGHT FLOW SENSOR 620
L. Yu, B.J. Kim, and E. Meng
University of Southern California, Los Angeles, USA

A micro time of flight (TOF) electrochemical impedance (EI) flow sensor was developed for characterization of in vivo flow dynamics. The transducer utilizes EI
measurement between electrode pairs to monitor the passage of an electrolytically generated gas bubble within flowing solution. Biocompatible construction, low
power consumption, and low profile thin film format make it ideally suited for chronic in vivo monitoring with immediate application in monitoring of
hydrocephalus.

W-096 APPLICATION OF PERIODIC LOADS ON CELLS FROM MAGNETIC
MICROPILLAR ARRAYS IMPEDES CELLULAR MIGRATION 624
F. Khademolhosseini', C.-C. Liu'?%, C.J. Lim"?, and M. Chiao'
"University of British Columbia, CANADA and *Child and Family Research Institute, CANADA

We conduct an experimental study on the application of active micropillar structures to control cell migration. In contrast to passive micropillar structures which
cause no significant alterations in cell migration rates, active micropillar structures actuated at 1 Hz decrease cell migration rates by up to 80%. The magnetic
micropillar structures presented can be actuated remotely, making them a viable candidate for the development of smart materials for tissue engineering
applications in vivo.

M-097 CELL MOTILITY REGULATION ON STEPPED MICRO PILLAR
ARRAY DEVICE (SMPAD) WITH DISCRETE STIFFNESS GRADIENT 628
S. Lee, B. Saha, and J. Lee
Seoul National University, SOUTH KOREA

We report a micro pillar array device that provides discrete rigidity gradient to a cell with constant focal adhesion area. This goal is achieved through the use of
"stepped" micro pillar array device (SMPAD) whose top area in contact with a cell is kept constant while the diameter of pillar bodies vary for variable mechanical
stiffness. We show manipulating cell behavior using this simple, artificial platform that produces a pure physical stimulus.

T-098 FIBERED REFLECTIVE MICRO OBJECTIVES FOR MINIATURIZED
SCANNING CONFOCAL FLUORESCENCE MICROSCOPY 632
S. Xie', E. Shaffer', L. Jacot-Descombes', D. Joss', B. Rachet!, D. Kosanic?, and J. Brugger1
'Ecole Polytechnique Fédérale de Lausanne (EPFL), SWITZERLAND and
’SamanTree Technologies AG, SWITZERLAND

We report on a design, fabrication and characterization of a novel micro-optical system for imaging based on a miniaturized reflective objective, which is
fabricated by combing two additive micro-fabrication techniques, inkjet printing to create the spherical mirror shape and stencil lithography for local metal
deposition. This novel fabrication process produces reflective micro-objectives of different optical properties tailored for targeted bio-imaging application.

W-099 FLEXIBLE SILICON-POLYMER NEURAL PROBE RIGIDIFIED BY DISSOLVABLE INSERTION
VEHICLE FOR HIGH-RESOLUTION NEURAL RECORDING WITH IMPROVED DURATION .............. 636
F. Barz', P. Ruther', S. Takeuchi?, and O. Paul'
"University of Freiburg-IMTEK, GERMANY and *University of Tokyo, JAPAN

We present a novel concept for flexible, intracortical neural probes delivered into the neural tissue by bio-dissolvable insertion vehicles. A completely implantable,
silicon-based electrode array constitutes the probe tip. It is interfaced by a flexible ribbon cable that reduces stiffness and volume of the probe system. This is
expected to increase the longevity of high resolution neural recording. The probes are encased in the insertion vehicles by means of a centrifuge-based molding
process.

M-100 FLOW SPEED MEASUREMENT WITH DOPPLER EFFECT USING
ULTRASONIC RECEIVER FOR SMALL-SIZED SMART CATHETER 640
R. Matsui, Y. Takei, N. Minh-Dung, T. Takahata, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

We propose a wide range frequency receiver which has "liquid / piezoresistive cantilever / air" multilayer structure. This structure can measure acoustic waves
from Hz to MHz order frequency because the cantilever vibrates obeying the surface waves on liquid. Experimental results demonstrated that our device can
measure flow speed in a cylindrical pipe ranging from 6 to 25 mm/s, which is equal to blood flow speed of an arteriole, with MHz order Doppler Effect within one
percent error.

T-101 HUMAN ADIPOSE-DERIVED STEM CELL FIBER FOR BREAST RECONSTRUCTION ......ccccecerurrueeneenee. 643
A.Y. Hsiao!, T. Okitsu'?, and S. Takeuchi'
"University of Tokyo, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

We describe the construction and differentiation of human adipose-derived stem cell (ADSC) fibers into the adipocyte lineage for breast reconstruction. Human
ADSCs cultured as fiber-shaped constructs were induced for adipogenic differentiation. Accumulation of lipid droplets of significant size was observed in the
cells, and viability assay showed that most of the cells were alive. These findings suggest the use of ADSC fibers as a promising approach for breast
reconstruction.

W-102 MEASURING THE PROPAGATING TEETH VIBRATION OF HUMAN CHEWING 646
C. Suzuki, Y. Takei, T. Takahata, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

We measured the propagation waves of teeth's vibrations when chewing food. Human senses texture of chewing food by teeth's vibrations. Therefore, measuring
the teeth's vibrations will allow us to quantify the food texture which human actually senses. We made the acoustic sensor that is small enough to be attached to
teeth. For sensor evaluation, we conducted the rice cracker chewing test with our sensor attached to the real scale 3D jaw model, and propagation waves of around
500Hz are observed.



M-103 MICRO-NEEDLE-BASED ELECTRO TACTILE
DISPLAY TO PRESENT VARIOUS TACTILE SENSATION 649
N. Kitamura' and N. Miki'?
'Keio University, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

In prior work, micro-needle electrodes were developed, however they could only stimulate the tactile receptors that located very close to the surface and therefore,
they could only present stinging sensation. We developed a newly electrotactile display which has a micro-needle electrode array and a counter flat electrode. The
display can stimulate all the tactile receptors, which resulted in even lower voltage required to tactile stimulation and successful display of various tactile
sensation.

T-104 MICROMACHINED ULTRASOUND TRANSDUCER ARRAY FOR
CELL STIMULATION WITH HIGH SPATIAL RESOLUTION 651
K. Ko', J-H. Lee', HJ. Lee', S.-J. Oh', Y.E. Chun', T.S. Kim', C.J. Lee', E.-S. Yoon', K.-S. Yun’, and I.-J. Cho'
'Korea Institute of Science and Technology (KIST), SOUTH KOREA and *Sogang University, SOUTH KOREA

We present a piezoelectric micromachined ultrasonic transducer (pMUT) array for localized stimulating on cultured cells or brain slice with high spatial resolution
for the first time. We observed an increase in the level of Ca2+ in more than 15 percent of TRPA1 expressing HEK293T cells under ultrasound irradiation, which
confirms that TRPA1 channel in HEK293T cells is activated by ultrasound which produced mechanical stress on cells.

W-105 MINIMALLY INVASIVE NEEDLE-FREE BUBBLE INJECTOR FOR GENE THERAPY .......vcivvvvvureuenee 655
K. Takahashi', S. Omi', and Y. Yamanishi'?
!Shibaura Institute of Technology, JAPAN and *Japan Science and Technology Agency (JST), JAPAN

We have successfully developed minimally-invasive needle-free bubble injector designed for the usage in air. The novelty is that the minimally-invasiveness of
injection whose resolution is less than 10 um, and injection can be possible without any pain. The injector can be used for any kind of materials with various
hardness, owing to the strong impact of cavitation phenomenon when the high-speed micro-bubbles are collapsed. The developed injector can be used for wide
range of biomedical study.

M-106 OPTIMIZATION OF DRUG COCKTAIL ON AN INTEGRATED MICROFLUIDIC SYSTEM .....ccccceeuveeee. 658
W.-Y. Huang', K. Wang?, and G.-B. Lee'
'National Tsing Hua University, TAIWAN and 2Academia Sinica, TAIWAN

The present study demonstrates a new microfluidic platform capable of automatically dispensing a small amount of drugs to expedite screening of drug cocktails.
It could significantly decrease manual bias and enhance the throughput of drug cocktail formulation on an automated and minituriazed microfluidic system.

T-107 MEMS ELECTROCHEMICAL PATENCY SENSOR FOR
DETECTION OF HYDROCEPHALUS SHUNT OBSTRUCTION 662
B.J. Kim, W. Jin, L. Yu, and E. Meng
University of Southern California, USA

We present the first Parylene-based electrochemical (EC)-MEMS patency sensor module for direct and quantitative diagnosis of patency in hydrocephalus
drainage shunts. The impact of electrode size, temperature, flow conditions, and H,O, plasma sterilization on sensor functionality was evaluated and sensor
operation in the presence of static and dynamic obstruction was demonstrated. This device will enable simple quantitative monitoring of shunt state and more
importantly, a more accurate and timely diagnosis of shunt failure.

W-108 PDMS BALLOON PUMP WITH A MICROFLUIDIC REGULATOR
FOR THE CONTINUOUS DRUG SUPPLY IN LOW FLOW RATE 666
Y. Mukouyama, Y. Morimoto, S. Habasaki, T. Okitsu, and S. Takeuchi
University of Tokyo, JAPAN

This paper describes small sized balloon pump for providing liquid in low flow rate without batteries. The balloon pump is composed of a balloon tank and a
microfluidic regulator with a micro valve. The balloon tank can work as a driving source to pump liquid. By connecting the micro valve to the balloon tank, we
achieved extremely low flow rate of the liquid. Therefore, our system will be applicable to implantable passive pumps for the continuous drug supply in low flow
rate without batteries.

M-109 PULSE WAVE MEASUREMENT IN HUMAN USING
PIEZORESISTIVE CANTILEVER ON LIQUID 670
T. Kaneko, N. Minh-Dung, P. Quang-Khang, Y. Takei, T. Takahata, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

We propose a device that can measure pulse waves at various points on human body with high sensitivity. Pulse wave velocity was calculated from a synchronized
measurement on two points. The device has a piezoresistive cantilever placed on silicone oil. Pressure waves from arteries can be well conveyed to the cantilever
through human issues, for the human-skin-like acoustic impedance of the silicone oil. The SNR of the device was ~80 dB in 10-100 Hz, when excited ~1 pm of
displacement.

T-110 THE MICRO SADDLE COIL WITH SWITCHABLE SENSITIVITY
FOR MAGNETIC RESONANCE IMAGING 674
K. Murashige and T. Dohi
Chuo University, JAPAN

We fabricated a micro saddle coil with switchable sensitivity for MRI (magnetic resonance imaging). Since the coil is embedded in polydimethylsiloxane (PDMS)
tube, the saddle-shaped coil deforms to planar shape by pushing. By placing the saddle-shaped coil in the luminal tissue, we can take large area MR images. By
deforming the coil, the sensitive area is concentrated in one side and the sensitivity becomes higher. Therefore we can take both large area MR images and high
sensitive MR images.



W-111 ULTRA-SENSITIVE AND STRETCHABLE STRAIN SENSOR BASED
ON PIEZOELECTRIC POLYMERIC NANOFIBERS 678
M. Asadnia', A.G.P. Kottapalli’, ].M. Miao', and M.S. Triantafyllou’
!Nanyang Technological University, SINGAPORE,
“Singapore for MIT Alliance for Research and Technology (SMART), SINGAPORE, and
*Massachusetts Institute of Technology (MIT), USA

There have been increasing demands for stretchable and high-sensitivity sensors for use in structure health monitoring, human motion capture, sport performance
monitoring and rehabilitation. Here, we present a novel, highly stretchable, self-powered and ultra-sensitive strain sensor based on piezoelectric PVDF electrospun
nanofiber. Complete studies on mechanical and piezoelectric characteristics of the single PVDF nanofiber are presented.

M-112 ULTRACOMPACT OPTOFLEX NEURAL PROBES FOR HIGH-RESOLUTION
ELECTROPHYSIOLOGY AND OPTOGENETIC STIMULATION 682
M. Chamanzar', D.J. Denman?, T.J. Blanche?, and M.M. Maharbiz'
"University of California, Berkeley, USA and *Allen Institute for Brain Science, USA

Here we report on our recent development of high-density neural probes for high resolution, multiscale electrophysiology. Our 64-channel hybrid silicon-parylene
probes provide at least three-fold better spatiotemporal resolution compared to the state of the art and minimize the tethering force on the brain tissue by two
orders of magnitude. We demonstrate, for the first time, the design of ultracompact polymer optical waveguides that can be monolithically integrated with our
neural probes.

T-113 VERTICALLY ALIGNED EXTRACELLULAR MICROPROBE
ARRAYS/(111) INTEGRATED WITH (100)-SILICON MOSFET AMPLIFIERS 686
H. Makino, K. Asai, M. Tanaka, S. Yamagiwa, H. Sawahata, I. Akita, M. Ishida, and T. Kawano
Toyohashi University of Technology, JAPAN

We report a heterogeneous integration of vertically aligned extracellular microscale silicon (Si)-probe arrays/(111) with MOSFET amplifiers/(100), by IC
processes and subsequent vapor-liquid-solid (VLS) growth of Si-probes. To improve the extracellular recording capability of the microprobe with a high
impedance of > 1 Mohm at 1 kHz, here we integrated (100)-Si source follower buffer amplifiers by ~700 degree VLS growth compatible (100)-Si MOSFET
technology.

W-114 WEARABLE FLEXIBLE MICRO ELECTRODE FOR
ADULT ZEBRAFISH LONG TERM ECG MONITORING 690
X. Zhangl, T. Beebe?, Y. Liu', J. Park!, T. Hsiai®, and Y.-C. Tai'
!California Institute of Technology, USA and *University of California, Los Angeles, USA

All published adult zebrafish ECG recorded to this date have been done acutely with anesthetized fish. This work presents, for the first time a wearable flexible
parylene (PA) micro-electrode that monitors the Adult Zebrafish ECG in longer term. We show here the design, fabrication and testing of the flexible electrode
along with a micro-molded ultrasoft density adjusted silicone jacket, allowing ECG recording to be carried under water, in the fish's natural habitat with no need
for anesthesia.

Nanobiotechnology

M-115 A METHOD FOR CONTROLLING MICROTUBULE VELOCITY
USING LIGHT IRRADIANCE ON A PATTERNED GOLD SURFACE 694
T. Nakahara, H. Shintaku, H. Kotera, and R. Yokokawa
Kyoto University, JAPAN

We report a method to control the velocity of gliding microtubules by light irradiance and a gold pattern. The irradiance controlled a temperature in the assay
condition by heat transfer from the gold pattern. The result showed that the velocity of microtubule increased approximately 1.8 folds from initial velocity at the
irradiance of 13.5 W/cm?2 in the gold pattern. This is first demonstration to perform the control and the switching velocity on the patterned gold surface.

T-116 CULTURING AND PROBING PHYSICAL BEHAVIOR OF INDIVIDUAL
BREAST CANCER CELLS ON SiC MICRODISK RESONATORS 698
H. Jia, X. Wu, H. Tang, Z.-R. Lu, and P.X.-L. Feng * Award Nominee
Case Western Reserve University, USA

This work describes the first exploration of directly culturing and measuring breast cancer cells, at single-cell level, by using silicon carbide (SiC) microdisk
resonators. Enabled by the superior biocompatibility of SiC, individual breast cancer cells are observed to attach and spread on device surface within 3hrs of
culturing. Multimode responses of SiC microdisk resonators (20-30pm in diameters) to single MDA-MB-231 cell loading are characterized by taking advantage of
their robust high-frequency multimodality in water and biological solutions.

W-117 EARLY CHARACTERIZATION METHOD OF PLANT ROOT
ADAPTABILITY TO SOIL ENVIRONMENTS 702
K. Ozoe', H. Hida', I. Kanno', T. Higashiyama2‘3, and M. Notaguchiz'3
'Kobe University, JAPAN, *Japan Science and Technology Agency (JST), JAPAN, and *Nagoya University, JAPAN

This paper reports a microfluidic platform for studying physical mechanisms of plant root at early growth stage. To measure driving force of root growth precisely
and quantitatively, we developed a silicon microchannel device integrated with force displacement sensor which mimics a barrier in soil. By using developed
microsystem, we successfully measured the driving forces of root growth in three kinds of plants including Arabidopsis thaliana known as model organism.



Physical Sensors
Fluidic Sensors (Flow, Pressure, Density, Viscosity, Etc.)

M-118 A CANTILEVER WITH COMB STRUCTURE MODELED BY
A BRISTLED WING OF THRIPS FOR SLIGHT AIR LEAK 706
H. Takahashi, A. Isozaki, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

This paper reports a cantilever with comb structure, mimicking a bristled wing of thrips which acts as a continuous membrane wing because of the effects of low
Reynolds numbers. The comb structures are formed at the edges of the cantilever and its surrounding. When differential pressure is applied to the cantilever, both
comb structures act as airflow suppression through the gap. The leakage of the fabricated comb cantilever was smaller than the normal cantilever.

T-119 AIRFLOW SHEAR STRESS SENSOR USING SIDE-WALL DOPED PIEZORESISTIVE PLATE ............... 710
R. Kazama, H. Takahashi, T. Takahata, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

We report an airflow wall shear stress sensor consisting of a plate and surrounding membrane with narrow gap. The plate is supported by side-wall doped beams,
which can detect the horizontal deformation of the plate due to airflow wall shear stress. The sensor structure does not disturb target airflow circumstance because
of flat surface, and measures shear stress directly. Wind tunnel test shows our sensor was able to measure laminar airflow shear stress with the resolution under 1.0
Pa.

W-120 MICRO TRIPLE-HOT-WIRE ANEMOMETER ON SMALL SIZED
GLASS TUBE FABRICATED IN 5DOF UV LITHOGRAPHY SYSTEM 714
S. Liu!, Z. Yangz, Y. Zhang3, F. Xue', S. Pan', J. Miao', and L K. Norford*
'Nanyang Technological University, SINGAPORE, *Shanghai Jiao Tong University, CHINA,
National Institute of Advanced Industrial Science and Technology, JAPAN, and
*Massachusetts Institute of Technology, USA

We develop novel designed and fabricated micro airflow sensors based on the hot-wire sensing principle, i.e. gas cooling of electrically heated resistance. With
three micro Ti/Pt hot-wire components fabricated on a glass tube in five degrees of freedom (SDOF) UV lithography system with multi-layer alignment, the
sensors on a cylindrical base have demonstrated high sensitivity, fast response time and ability to detect wind speed and direction.

M-121 MULTI ROOF TILE-SHAPED VIBRATION MODES IN MEMS
CANTILEVER SENSORS FOR LIQUID MONITORING PURPOSES 718
G. Pfusterschmiedl, M. Kuceral’z, V. Ruiz-Diez’, A. Bittner', J.L. Sénchez-Rojas3, and U. Schmid'
"Vienna University of Technology, AUSTRIA, *AC2T research GmbH, AUSTRIA, and
3Universidad de Castilla-La Mancha, SPAIN

We realized piezoelectrically self-actuated self-sensing cantilever sensors for liquid monitoring purposes excited in higher roof tile-shaped modes. This advanced
class of vibration modes supports very high Q-factors in liquid media and very high volume strain values which result in combination with an optimized electrode
design in very high strain related conductance peaks. Therefore, precise fluid property measurements even for highly viscous liquids like D500 (~ 430 cP) are
feasible.

T-122 ON-CHIP PRESSURE SENSING BY VISUALIZING
PDMS DEFORMATION USING MICROBEADS 722
C.-H.D. Tsai and M. Kaneko
Osaka University, JAPAN

A novel pressure sensing technique is proposed here for measuring local pressure inside a microfluidic device. By the proposed method, the local pressure can be
directly "seen" without any wire foils but simply microbeads patterns. The experimental results show that microbeads pattern is stable and repeatable where the
variation for the same given pressure is less than 1%. The correlation between the pressure obtained from the proposed method and a commercial pressure
connected outside is 0.995.

Force and Displacement Sensors (Tactile, Force, Torque, Stress and Strain Sensor)

W-123 3-AXIS ALL ELASTOMER MEMS TACTILE SENSOR 726
A. Charalambides, J. Cheng, T. Li, and S. Bergbreiter
University of Maryland, College Park, USA

This paper reports the first 3-axis (normal and shear force) all-elastomer capacitive MEMS tactile sensor. Sensor area is 1.5 x 1.5 mm and uses vertical capacitive
structures with 20 pm electrode gaps to achieve high shear force sensitivities of 8.8 fF/N, shear force resolutions of 50 mN, and shear range up to 700 mN; this
aligns with the developed finite element prediction. Fabrication utilizes a simple elastomer molding process with reusable DRIE silicon molds for inexpensive
manufacturing.

M-124 6-AXIS FORCE-TORQUE SENSOR CHIP COMPOSED OF 16 PIEZORESISTIVE BEAMS .......cccceeeeecueenns 730
A. Nakai', Y. Morishita®, K. Matsumoto', and 1. Shimoyama]
"University of Tokyo, JAPAN and *Touchence Inc., JAPAN

We propose the 6-axis force-torque sensor chip composed of 16 piezoresistive beams whose area, 2 mm square in size, is one-third of that of the state of the art,
which will enhance the mounting density of sensor array and also reduce the cost in case of volume production. This paper will show the design, a part of the
fabrication process in MNOIC, 8-inch MEMS foundry in Japan, especially ion doping method by oblique ion implantation, the calibration method and
experimental results.



T-125 A 0.25mm® ATOMIC FORCE MICROSCOPE ON-A-CHIP 732
N. Sarkar'?, D. Strathearn'?, G. Lee'?, M. Olfat'?, and R.R. Mansour'*
"University of Waterloo, CANADA and *ICSPI Corp, CANADA

We report the highest resolution achieved with a single-chip atomic force microscope (sc-AFM). Images of a 20nm AFM calibration standard were obtained to
show, for the first time, that a single-chip instrument may obtain a vertical resolution comparable to state-of-the-art instruments at a minuscule fraction of the size
(1/1,000,000) and cost (1/1000). The reported performance represents a four-fold improvement in resolution when compared to previously reported sc-AFMs.

W-126 AN INSTRUMENTED TOOTH 736
F. Becker', C. Sander', F. Schmidt?, B. Lapatkiz, and O. Paul'
"University of Freiburg - IMTEK, GERMANY and *University of Ulm, GERMANY

We developed a tool for orthodontic research and education, namely an instrumented tooth (IT) that allows measuring all six applied force and moment
components. The core component is an 11.6-mm-high and 3.5-mm-diameter sensor module based on a CMOS stress sensor chip sandwiched between two metal
pins. In the IT, the sensor module constitutes the root. The stiff and robust sensor module is capable of measuring orthodontically relevant forces up to 60 N and
moments up to 10 Ncm in all directions.

M-127 ASYMMETRIC FAN-SHAPE-ELECTRODE FOR
HIGH-ANGLE-DETECTION-ACCURACY TACTILE SENSOR 740
S.-T. Chuang, T.-Y. Chen, Y.-C. Chung, R. Chen, and C.-Y. Lo
National Tsing Hua University, TAIWAN

This paper reports an up to 95.9% angle detection accuracy enhancement for capacitive tactile sensors, which entails asymmetric and intentionally shifted
electrodes. The asymmetric electrodes containing one fan- and one square-shape in capacitors reduced unexpected and rotational-shift induced errors, by keeping
the same overlap area of the electrodes. The minimal angle detection resolution was improved from 5.8 to 0.3-degree, making the tactile sensor practical and
reliable in artificial skins.

T-128 CARBON NANOTUBES-ECOFLEX NANOCOMPOSITE FOR
STRAIN SENSING WITH ULTRA-HIGH STRETCHABILITY 744
M. Amjadil and I. Park’
'Electronics & Telecommunications Research Institute (ETRI), SOUTH KOREA and
’Korea Advanced Institute of Science & Technology (KAIST), SOUTH KOREA

We developed ultra-stretchable, flexible and very soft conductors based on the carbon nanotubes (CNTs)-siliconrubber (Ecoflex®) nanocomposite thin films.
Highly stretchable conductors were utilized as skin-mountable and wearable strain sensors. The resistance of the CNTs-Ecoflex nanocomposite thin film was fully
recovered undercyclic loading/unloading for strains as large as 510%. Finally, motion detection of finger and wrist joints was conducted using CNTs-Ecoflex
nanocomposite thin film.

W-129 DEVELOPMENT OF A MINIATURIZED LASER DOPPLER VELOCIMETER
FOR USE AS A SLIP SENSOR FOR ROBOT HAND CONTROL 748
N. Morita!, H. Nogamil, Y. Hayashidal, E. Higurashiz, T. Ito®, and R. Sawada'
'Kyushu University, JAPAN, *University of Tokyo, JAPAN, and *Kyushu Institute of Technology, JAPAN

We have developed a miniaturized laser Doppler velocimeter (LDV), designed for use as a slip sensor in the control of a robot hand. This sensor is only 1/10,000th
of the volume of commercial LDVs, which enables the sensor to be attached to a robot hand. Our LDV was able to detect scattering objects moving at velocities
ranging from 10 pm/s to 20,000 pm/s. The output of this sensor is independent of the type of material measured, which included aluminum, cardboard, or rough-
surface black plastic.

M-130 MICROCANTILEVER SYSTEM INCORPORATING INTERNAL RESONANCE
FOR MULTI-HARMONIC ATOMIC FORCE MICROSCOPY 752
C. Pettit!, B. Jeongz, H. Keum?, J. Lee!, J. Kim', S. Kim? D.M. McFarland®, L.A. Bergmanz,
A.F. Vakakis?, and H. Cho'
"Texas Tech University, USA and *University of Illinois, Urbana-Champaign, USA

We report a new design concept of a micromechanical cantilever system incorporating the internal resonance during dynamic mode AFM. The passive
amplification of nth harmonic triggered through the mechanism of 1:n internal resonance enables AFM to utilize multiple harmonics. Detailed theoretical and
experimental studies of the proposed design demonstrate that the multi-harmonic AFM is capable of simultaneous topography and compositional mapping with
10-fold enhanced sensitivity.

T-131 PRINTABLE FLEXIBLE TACTILE PRESSURE AND TEMPERATURE
SENSORS WITH HIGH SELECTIVITY AGAINST BENDING 756
K. Kanao, S. Harada, Y. Yamamoto, W. Honda, T. Arie, S. Akita, and K. Takei
Osaka Prefecture University, JAPAN

Conventional flexible tactile sensors detect the bending of a substrate in addition to a tactile pressure, and that is the one of bottlenecks to realize stable operation
of flexible device such as an artificial electronic skin. To achieve high sensitivity, a cantilever type strain sensor and a temperature sensor in a flexible substrate are
developed by using a fully printed method.



M-132 SOFT FLEXION SENSORS INTEGRATING STRETCHABLE METAL CONDUCTORS
ON A SILICONE SUBSTRATE FOR SMART GLOVE APPLICATIONS 760
H.O. Michaud, J. Teixidor and S.P. Lacour
Ecole Polytechnique Fédérale de Lausanne (EPFL), SWITZERLAND

We have designed and implemented a sensory skin that monitors in real time finger flexure (3 sensors per finger) of a user’s hand. Compared to current
technologies, the electronic skin is made entirely of stretchable materials integrating silicone rubber, low resistivity liquid metal interconnects and highly strain
sensitive, microstructured thin metal films. We incorporated the skin on a textile glove and demonstrated its function as an interface for finger motion detection.

Gas and Chemical Sensors

W-133 A CIRCUMFERENTIALLY GROWN ZNO NANOWIRE FOREST ON A
SUSPENDED CARBON NANOWIRE FOR A HIGHLY SENSITIVE GAS SENSOR 764
Y.Lim, Y. Lee, J. Lee, and H. Shin
Ulsan National Institute of Science and Technology (UNIST), SOUTH KOREA

We develop a suspended ZnO nanowire forest as a highly sensitive gas sensor. The nanowires were grown selectively on a suspended single glassy carbon
nanowire using hydrothermal method so that the detrimental effects from the substrate inclusive of contamination, stagnant layer and limited mass transfer could
be alleviated. The novel geometry of the radially grown ZnO nanowires resembling burs of a chestnut is expected to enhance the gas sensing capability because of
enhanced mass transfer.

M-134 A CMOS CAPACITIVE VERTICAL-PARALLEL-PLATE-ARRAY HUMIDITY SENSOR WITH
RF-AEROGEL FILL-IN FOR SENSITIVITY AND RESPONSE TIME IMPROVEMENT ......ccceceeuvvuecenrennes 767
V.P.J. Chung, C.-L. Cheng, M.-C. Yip, and W. Fang,
National Tsing Hua University, TAIWAN

This paper reports a high-sensitivity and high-speed capacitive humidity sensor with resorcinol-formaldehyde (RF) aerogel fill-in. A novel capacitive vertical
parallel-plate (VPP) array topology was designed and implemented based on standard TSMC 0.18um CMOS process and subsequent in-house post-processes.

T-135 AN INTEGRATED CHROMATOGRAPHY CHIP
FOR RAPID GAS SEPARATION AND DETECTION 771
M. Akbar, H. Shakeel, and M. Agah
Virginia Tech, USA

This paper reports the first implementation of a highly sensitive micro helium discharge photoionization detector in a silicon-glass architecture and its monolithic
integration with a separation column. The new detector requires a two-mask fabrication process, is universal, non-destructive, low power (<SmW), and insensitive
to flow and temperature variations. It has yielded a minimum detection limit of ~10pg which is on par with the widely used destructive flame ionization detector.

W-136 FABRICATION OF SILVER NANOPARTICILES ON CYLINDRICAL
SURFACE OF U-SHAPED FIBER ATR SENSOR BY MATERIAL REDUCTION 775
D. Li, C. Sun, S. Yu, H. Yu, and K. Xu
Tianjin University, CHINA

An implantable fiber ATR sensor enhanced by silver nanoparticles on circumferential surface was presented for continuous glucose monitoring. U-shaped
structure was addressed to increase optical length for sensitivity enhancement. A novel method to fabricate silver nanoparticles on circumferential surface of fiber
sensor based on chemical reduction of its silver halide material directly without any preliminary nanoparticles synthesis and the following covalent bond or self-
assembly was proposed.

M-137 INTRINSIC ZnO NANOWIRES WITH NEW SENSING MECHANISM OF
SULFURATION-DESULFURATION TWO-STEP REACTION FOR HIGH
PERFORMANCE SENSING TO ppb-LEVEL H,S GAS 779
P. Xu!, H. Huangz, D. Zhengz, and X. Li'
!Chinese Academy of Sciences, CHINA and *Shanghai Institute of Technology, CHINA

The paper reports a novel H2S sensing-effect for intrinsic ZnO nanowires (NWs) chemiresistive sensor. Herein50nm-diameter ZnO-NWs are found and verified to
be sulfurized by H2S to form ZnS that can be latterlydesulfurized back to ZnO by ambient oxygen, which is different from conventional ZnO sensing-mechanism
where resistance of semiconductor ZnO is changed via electron depletion-layer variation by surface adsorbed ambientoxygen.The ZnO-NWs have realized
detection to S0ppb H2S.

T-138 IONIC-GEL-COATED FABRIC AS FLEXIBLE HUMIDITY SENSOR 783
Y. Takei, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

We fabricated flexible humidity sensor which responds 10 times faster than commercial CMOS humidity sensor. Our sensor is based on Ionic-Gel-coated Fabric
(IG-Fabric). IG-Fabric has wide surface area and high gas permeability so that gases can be easily absorbed and detached. As a demonstration, we fabricate
flu-mask-type 1G-fabric humidity sensor and measured the relative humidity change caused by human breath.



W-139 DOG-BONE RESONATOR WITH HIGH-Q IN LIQUID FOR LOW-COST
QUICK 'TEST-PAPER' DETECTION OF ANALYTE DROPLET 785
F. Yu, P. Xu, J. Wang, and X. Li
Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences, CHINA

Imitating on-site liquid-droplet analysis/assay with test-papers, a novel tri-beam structure dog-bone resonator is proposed for low-cost quick detection of trace-
amount biochemical liquid sample. Effective depression to signal feed-through effect is realized by independent piezoresistive readout with the specifically
designed central beam, thereby, the new tri-beam resonator exhibits high-Q resonance of extension-mode in liquid and liquid-droplet detection of ppb-level
mercury ion in water.

Inertial Sensors (Gyros, Accelerometers, Resonators, Etc.)

M-140 A DYNAMICALLY MODE-MATCHED PIEZOELECTRICALLY TRANSDUCED
HIGH-FREQUENCY FLEXURAL DISK GYROSCOPE 789
M. Hodjat-Shamami, A. Norouzpour-Shirazi, R. Tabrizian, and F. Ayazi
Georgia Institute of Technology, USA

This paper presents, for the first time, the design and implementation of a dynamically mode-matched high-frequency piezoelectric silicon disk gyroscope utilizing
a unique pair of in-plane flexural gyroscopic modes. A linear bidirectional frequency tuning scheme compatible with piezo-only transduction is introduced to
achieve dynamic mode-matching via electromechanical feedback. A fabricated AIN-on-Silicon solid disk gyroscope was frequency tuned by 500 ppm to yield a
sensitivity of 410 pA/°/s.

T-141 A TEMPERATURE-STABLE MEMS OSCILLATOR ON AN OVENIZED
MICRO-PLATFORM USING A PLL-BASED HEATER CONTROL SYSTEM 793
Z. Wu and M. Rais-Zadeh
University of Michigan, USA

In this work, an oxide-refill process is used to realize passive TCF compensation for silicon MEMS resonators as well as integrated thermal isolation structures.
The technology enables fabrication of a low-power ovenized micro-platform on which multiple MEMS devices can be integrated. Intrinsic frequency drifts of two
MEMS resonators are utilized for temperature sensing, and closed-loop oven control is realized by phase-locking two MEMS oscillators at a specific temperature.

W-142 ALN PIEZOELECTRIC ON SILICON MEMS RESONATOR WITH BOOSTED Q
USING PLANAR PATTERNED PHONONIC CRYSTALS ON ANCHORS 797
H. Zhu and J.E.-Y. Lee
City University of Hong Kong, HONG KONG

We report an approach to suppress anchor loss in thin-film piezoelectric-on-silicon MEMS resonators by patterning 2D phononic crystals (PnCs) externally on the
anchors. According to our measurements, adding the PnCs helps to double the unloaded quality factor (Q), while reducing the motional resistance by half. The
results suggest significant reduction of acoustic leakage to the substrate by the PnCs.

M-143 BATCH-FABRICATED HIGH Q-FACTOR MICROCRYSTALLINE
DIAMOND CYLINDRICAL RESONATOR 801
D. Saito', C. Yangl, A. Heidari, H. Najarz, L. Lin', and D.A. Horsley2
"University of California, Berkeley, USA and *University of California, Davis, USA

We report, for the first time, a 1.5mm batch-fabricated polycrystalline diamond Cylindrical Resonator (CR) for gyroscope applications. A quality factor (Q) of
313,100 is measured at the 23kHz 2theta elliptical wineglass modes, producing a ring-down time of 4.32seconds. Annealing CRs at 700°C in a nitrogen
atmosphere improved Q from 75,000 to over 300,000 with an excellent frequency mismatch of 3Hz (130ppm) between the 2theta degenerate wineglass modes
without applying any tuning voltage.

T-144 DESIGN, FABRICATION, AND CHARACTERIZATION OF A MICROMACHINED
GLASS-BLOWN SPHERICAL RESONATOR WITH IN-SITU INTEGRATED
SILICON ELECTRODES AND ALD TUNGSTEN INTERIOR COATING 805
J. Giner', .M. Gray?, J. Gertsch?, V.M. Bright’, and A.M. Shkel'
"University of California, Irvine, USA and *University of Colorado, Boulder, USA

The paper reports on design, fabrication, and characterization of micromachined spherical resonators with integrated high-aspect ratio silicon electrodes. The
electrical connection of the spherical, non-conductive micromechanical resonator is possible thanks to Atomic Layer Deposition (ALD) of Tungsten inside the
shell. Operating frequencies in the range of MHz have been measured providing one of the highest frequencies in spherical resonator shells up to date.

W-145 IN-SITU OVENIZATION OF LAME-MODE SILICON RESONATORS
FOR TEMPERATURE COMPENSATION 809
Y. Chen, E.J. Ng, Y. Yang, C.H. Ahn, 1. Flader, and T.W. Kenny
Stanford University, USA

We demonstrates an inside-encapsulation ovenization method for the temperature compensation of Lamé-mode epi-sealed silicon resonators. With this method,
the square Lamé-mode resonator itself acts both as a thermometer and a heater, which allows for simultaneous in situ sensing and control of the operating
temperature. In this device, only the resonating element is heated, minimizing the time constant and the heating power.



M-146 ON-CHIP CHARACTERIZATION OF STRESS EFFECTS ON
GYROSCOPE ZERO RATE OUTPUT AND SCALE FACTOR 813
E. Tatar, T. Mukherjee, and G.K. Fedder
Carnegie Mellon University, USA

This paper presents stress effects on a vacuum packaged MEMS gyroscope zero rate output (ZRO), scale factor (SF), and resonance frequencies by using on-chip
environmental sensors measuring the temperature and stress separately, for the first time. Environmental sensors comprise released SOI-silicon resistors.
Experimental results show that a system model can be established to compensate the gyroscope ZRO using the environmental sensor outputs.

Manufacturing Techniques for Physical Sensors

T-147 A FACILE FABRICATION TECHNIQUE FOR STRETCHABLE
INTERCONNECTS AND TRANSDUCERS VIA LASER CARBONIZATION 817
R. Rahimi, M. Ochoa, W. Yu, and B. Ziaie
Purdue University, USA

We present a facile, low-cost approach to fabricate highly porous conductive carbon patterns on elastomeric substrates using laser carbonization of polyimide and
subsequent transfer of locally pyrolyzed features onto a PDMS sheet. Using this technique, we fabricated stretchable interconnects and an array of piezoresistive
tactile sensors. Characterizations of the stretchable patterns showed linear sensitivities of 8.912k€/e% and 518C/N to strain and normal force, respectively.

W-148 A HIGH-Q ALL-FUSED SILICA SOLID-STEM WINEGLASS HEMISPHERICAL
RESONATOR FORMED USING MICRO BLOW TORCHING AND WELDING 821
J.Y. Cho and K. Najafi
University of Michigan, USA

We report a new fabrication technology for making complete wineglass resonators through forming thin fused silica (FS) shell resonators integrated with
arbitrarily sized FS solid stems through a simultaneous process of micro blow-torching and micro welding. The fabricated wineglass resonator operates at 22.6
kHz with long ring down time (35.9 s) and high quality factor (2.55 million). The ring down time and Q are the best reported values for micro FS devices.

M-149 GRAPHITE-ON-PAPER BASED TACTILE SENSORS
USING PLASTIC LAMINATING TECHNIQUE 825
H.-P. Phan, D.V. Dao, T. Dinh, H. Brooke, A. Qamar, N.-T. Nguyen, and Y. Zhu
Griffith University, AUSTRALIA

We report for the first time a highly sensitive paper-based tactile sensor using laminated graphite drawn on paper.Due to a high gauge factor of 26.2, as well as its
excellent humidity-resistance, plastic-laminated graphite-on-paper has a high potential for mechanical sensors. Additionally, the plastic lamination combined with
the laser cutting technique proposed in this study will bring a step forward to the mass production of cleanroom-free fabrication and low-cost MEMS devices.

T-150 HIERARCHICAL WRINKLE STRUCTURING ON INSIDE WALL OF CLOSED MICRO CHANNEL ...... 829
A. Takei and H. Fujita
University of Tokyo, JAPAN

This paper presents a surface structuring method for a closed micro channel. Because fine photolithography can only be made on a flat surface, it has been difficult
to make complicated patterns on the inside walls of non-planar microfluidic channels. Here, we demonstrated that micro-scale hierarchical patterns can be formed
on the inside walls of the micro channel simply by depositing a plastic thin film in the channel and stretching the micro channel.

W-151 MICROFABRICATION OF WIDE-MEASUREMENT-RANGE LOAD
SENSOR USING QUARTZ CRYSTAL RESONATOR 833
Y. Murozaki, S. Sakuma, and F. Arai
Nagoya University, JAPAN

We present a wafer level fabrication process of the QCR load sensor that has three-layer structures; two Si-hold layers and a quartz layer. Using microfabrication
and atomic diffusion bonding, the assembly process was simplified. The proposed sensor is easily integrated in outer package and design the measurement range.
We succeeded in multi-biosignals (heartbeat, body motion) detection using fabricated QCR sensor and outer case.

M-152 SELF-CURVED DIAPHRAGMS BY STRESS ENGINEERING FOR HIGHLY RESPONSIVE PMUT ......... 837
S. Akhbari', F. Sammoura'?, C. Yangl, A. Heidari®, D. Horsley3, and L. Lin'
"University of California, Berkeley, USA, *Masdar Institute of Science and Technology, UAE, and
3University of California, Davis, USA

A process to make self-curved diaphragms by engineering residual stress in thin films has been developed to construct highly responsive piezoelectric
micromachined ultrasonic transducers (pMUT). This process enables high device fill-factor to achieve better than 95% wafer utilization with controlled formation
of curved membranes.

T-153 THERMOCOUPLES ON TRENCH SIDEWALL IN
CHANNEL FRONTING ON FLOWING MATERIAL 841
M. Shibata, T. Yamaguchi, S. Kumagai, and M. Sasaki
Toyota Technological Institute, JAPAN

Thermocouples on the trench sidewall fronting on the flowing material are fabricated by applying 3D photolithography. The first novelty is the fabrication
technique to realize the device. And, the fabricated thermocouple is confirmed to work having the advantage sensing the flow temperature directly. The metals on
the sidewall do not make the shadow allowing the observation inside the microchannel using the optical microscope.



W-154 VACUUM CAVITY FORMATION FOR HIGH THERMAL
ISOLATION IN FLEXIBLE THERMAL SENSOR 845
P.Kim', S Shibata', and M. Shikida’
'Nagoya University, JAPAN and *Hiroshima City University, JAPAN

To realize MEMS sensors in the flexible fashion, we proposed to apply a Cu On Polyimide (COP) substrate as a starting material, and introduced a sacrificial
etching for producing a cavity and an electrical feed through into the COP substrate. We also newly introduced a vacuum cavity realizing high thermal isolation in
flexible thermal sensor, for the first time.

Materials for Physical Sensors

M-155 A STUDY OF ADHESION FORCES IN THICK EPITAXIAL
POLYSILICON UNDER DYNAMIC IMPACT LOADING 849
S. Dellea’, R. Ardito', B. De Masi', F. Rizzini®, A. Tocchio?, and G. LangfelderI
!Politecnico di Milano, ITALY and *ST Microelectronics, ITALY

We present a structure and a method for the characterization of impact and adhesion between MEMS moving and fixed parts: the focus is to monitor an inertial
mass colliding with a stopper. From the measurements we evaluate the energy balance during impacts. The work analyzes the adhesion evolution after a number of
collisions comparable to a 5-year operation. Results show growing and stabilizing adhesion forces of 170 nN. We also show the possibility to change and track the
impact kinetic energy.

T-156 EXPLORING THE Q-FACTOR LIMIT OF TEMPERATURE
COMPENSATED CMOS-MEMS RESONATORS 853
M.-H. Li, C.-S. Li, and S.-S. Li
National Tsing Hua University, TAIWAN

This work presents an in-depth study on the Q-factor of the passively temperature compensated CMOS-MEMS resonators through the collected
material/experimental database and finite-element simulation. By adapting an anchor-loss-free double-ended tuning fork (DETF) resonator design, the intrinsic
material loss is expected to be the major loss mechanism in CMOS-MEMS resonators that limits the maximum Q-factor below 3,400 at the frequency of interest
(300 kHz-3 MHz).

W-157 NANOFIBER FORESTS AS A HUMIDITY-SENSITIVE MATERIAL 857
C.Lei'?, L. C. Tang'?, H.Y. Mao'?, Y. Wang'~, I.J. Xiong?, W. Ou'”, Y. Ou'”,
A.J.Ming'?, D. Li*, Q.L.Tan?, W. B. Wang'”?, D. P. Chen'”, and T. Liang’
!Chinese Academy of Sciences, CHINA, *North University of China, CHINA,
3 Jiangsu R&D Center for Internet of Things, CHINA, and *Stanford University, USA

Nanofiber forests with high hydrophilicity are reported in this work. They are fabricated from polyimide(PI) by a plasma-stripping technique. In a relative
humidity range of 50%-80%, nanofiber forest-based devices have a capacity ~50% larger than those of PI-based sensors. Besides, the absorption and desorption of
moisture take less time. It is expected that the performance of such devices can be improved owing to the simple and fast processes for both nanofiber forests and
the humidity sensors.

M-158 PIEZOELECTRIC PAPER FOR PHYSICAL SENSING APPLICATIONS 861
S.K. Mahadeva, K. Walus, and B. Stoeber
University of British Columbia, CANADA

We have developed robust and mechanically flexible piezoelectric paper and we have demonstrated its suitability for physical sensing at the example of a tactile
sensor. This piezoelectric paper is mechanically strong and has the largest piezoelectric coefficient reported for paper to date (d;;=45.7014.2 pC/N); this coefficient
is comparable to that of commercially available piezoelectric polymers (polyvinylidene fluoride; PVDF d33=30 pC/N).

Nanoscale Physical Sensors

T-159 A GRAPHENE ACCELEROMETER 865
AM. Hurst'?, S. Lee', W. Cha', and J. Hone'
!Columbia University, USA and *Kulite® Semiconductor Products Inc., USA

This work presents an SU-8 clamped graphene nano-electro-mechanical-systems (GNEMS) accelerometer, with a SU-8 proof mass located at the center of the
membrane. This GNEMS accelerometer is approximately three orders of magnitude smaller than state-of-the-art MEMS accelerometers with the graphene
diameter of 3-5 um and its proof mass diameter of 1-3 um. The fabrication and experimental periodic calibration results show a repeatable response to a periodic
input acceleration levels of ~40 gs.

W-160 A SOLID-GATED GRAPHENE FET SENSOR FOR PH MEASUREMENTS 869
Y. Zhu!, C. Wangl'z, N. Petrone', J. Yu', C. Nuckolls', J. Hone', and Q. Lin'
!Columbia University, USA and *Nankai University, CHINA

We develop and model a graphene field effect transistor (GFET) nanosensor that, with a back gate provided by a high-« solid dielectric allows analyte detection in
liquid media at low gate voltages (~1.5 V). On the basis of the experimental observations and quantitative analysis, we are able to propose that the charging of the
electrical double layer capacitor, instead of the surface transfer doping, is the major mechanism responsible for the pH sensing.



M-161 MULTI-MODAL GRAPHENE POLYMER INTERFACE CHARACTERIZATION
PLATFORM FOR VAPORIZABLE ELECTRONICS 873
V. Gund, A. Ruyack, K. Camera, S. Ardanuc, C. Ober, and A. Lal
Cornell University, USA

We report a novel graphene-based micromechanical resonant platform with resistive and mass-dependent frequency-sensing for thermal-response measurements
of thin-film analytes. Resistance-temperature variation of atomically thin graphene, which also serves as the resistive heater, due to surface-interactions with spun-
on analytes, and mass-sensing with silicon-nitride as structural layer provides unique dual-signal electrical and mechanical signatures of analytes.

T-162 TWO-DIMENSIONAL MoS; NANOMECHANICAL RESONATORS FREELY-SUSPENDED
ON MICROTRENCHES IN FLEXIBLE SUBSTRATE 877
R. Yang', Z. Wang', P. Wang', R. Lujan’, T.N. Ng? and P.X.-L. Feng'
ICase Western Reserve University, USA and 2Palo Alto Research Center, USA

We demonstrate the first high-frequency ultrathin MoS2 nanomechanical resonators, freely-suspended on microtrenches (~13pm wide and 14pm deep) fabricated
on flexible substrates, with bendability and stretchability. Through investigations of the device resonances via optical excitation and detection, we observe
multimode resonances up to ~S0MHz with the PDMS substrate under different bending and stretching conditions. This platform will enable studies of strain
coupling effects in 2D crystals.

Other Physical Sensors

W-163 A SENSOR FOR STIFFNESS CHANGE SENSING BASED ON THREE
WEAKLY COUPLED RESONATORS WITH ENHANCED SENSITIVITY 881
C. Zhao', G.S. Wood', J. Xie?, H. Chang?, S.H. Pu'*, HM.H. Chong', and M. Kraft*
"University of Southampton, UK, *Northwestern Polytechnical University, CHINA, and
3University of Southampton Malaysia Camput, MALAYSIA, and *University of Liege, Montefiore Institute, BELGIUM

A novel MEMS resonant sensing device consisting of three weakly coupled resonators that is ultra-sensitive to stiffness change was designed, fabricated and
electrically tested. By measuring amplitude ratio change of two resonators caused by mode localization, due to a change of spring stiffness of one resonator, a 49
times improvement in sensitivity compared to a previously reported 2DoF resonator sensor, and 4 orders magnitude enhancement compared to a 1DoF resonator
sensor has been achieved.

M-164 CHIP-SCALE AEROSOL IMPACTOR WITH INTEGRATED RESONANT MASS BALANCES
FOR REAL TIME MONITORING OF AIRBORNE PARTICULATE CONCENTRATIONS ......cccceveeruenunen. 885
M. Maldonado-Garcia', E. Mehdizadeh', V. Kumar', J.C. Wilson?, and S. Pourkamali
"University of Texas, Dallas, USA and *University of Denver, USA

This work presents chip-scale integration of a MEMS resonant mass balance along with an aerosol impactor on a single SOI. A three mask microfabrication
process has been developed to produce the main components; mass balance, impactor nozzle, and impaction micro-chamber. In addition to extreme
miniaturization of a conventionally bulky setup and allowing real-time particulate mass concentration data collection, this approach addresses misalignment issues
between MEMS resonators and nozzle.

T-165 HARBOR SEAL WHISKER INSPIRED FLOW SENSORS
TO REDUCE VORTEX-INDUCED VIBRATIONS 889
A.G.P. Kottapalli"z, M. Asadnia'?, J.M. Miao', and M. Triantafyllouz’3
!Nanyang Technological University, SINGAPORE, *Singapore-MIT Alliance for Research and Technology,
SINGAPORE, and *Massachusetts Institute of Technology, USA

Harbor seals (Phoca vitulina) are able to track their prey underwater by detecting minute water movements using their whiskers. Through comparative
experimental study conducted using two MEMS sensors -one possessing a circular cylindrical haircell and the other processing a haircell with whisker-like
undulations, we validate the VIV reduction of in case of whisker geometry to be 50 times lower.

W-166 ISOTROPIC 3D SILICON HALL SENSOR 893
C. Sander, C. Leube, T. Aftab, P. Ruther, and O. Paul
University of Freiburg-IMTEK, GERMANY

This paper reports the first 3D Hall sensor with isotropic sensitivity for the three spatial components of the magnetic field. The silicon device has the shape of a
hexagonal prism with symmetric sets of three contacts on its top and bottom surfaces. Sending currents obliquely across the device allows one to operate it as three
mutually crossing, identical, and effectively orthogonal Hall sensors. We demonstrate a design achieving sensitivities of Sx=33.0 mV/VT, Sy=33.9 mV/VT and
Sz=33.3 mV/VT.

M-167 MASS-FABRICATION COMPATIBLE MECHANISM FOR
CONVERTING IN-PLANE TO OUT-OF-PLANE MOTION 897
I. Hotzen, O. Ternyak, S. Shmulevich, and D. Elata
Technion - Israel Institute of Technology, ISRAEL

We present a mechanism that converts in-plane to out-of-plane motion, which is fully compatible with mass-fabrication technology. The motion conversion ratio
of the mechanism is constant over a wide range of motion, and this ratio can be easily tuned by adding or subtracting modular elements into the design of an
otherwise unchanged planform. The mechanism enables harnessing well behaved in-plane comb-drive actuators to achieve a well behaved out-of-plane motion.



T-168 MONOLITHIC INTEGRATION OF MICRO MAGNETIC PILLAR
ARRAY WITH ANISOTROPICMAGNETO-RESISTIVE (AMR) STRUCTURE
FOR OUT-OF-PLANE MAGNETIC FIELD DETECTION 901
W.-M. Lai, F.-M. Hsu, W.-L. Sung, R. Chen, and W. Fang
National Tsing Hua University, TAIWAN

A novel integrate micro magnetic pillar array with anisotropic magneto-resistive (AMR) structure for out-of-plane magnetic field detection has been proposed and
demonstrated. Through the Nickel pillar to be as magnetic concentrator, the out-of-plane magnetic field can be detected by AMR sensor, and this study propose
the micro magnetic pillar array to enhance the magnetic conversion efficiency.

W-169 MULTI-COLOR IMAGING WITH SILICON-ON-INSULATOR DIODE
UNCOOLED INFRARED FOCAL PLANE ARRAY USING THROUGH-HOLE
PLASMONIC METAMATERIAL ABSORBERS 905
D. Fujisawa], S. Ogawal, H. Hata', M. Uetsuki', K. Misaki', Y. Takagawaz, and M. Kimata®
'Mitsubishi Electric Corporation, JAPAN and “Ritsumeikan University, JAPAN

We report a silicon-on-insulator (SOI) diode uncooled infrared focal plane array (IRFPA) with through-hole plasmonic metamaterial absorbers (TH-PLMAs) for
multi-color imaging with a 320x240 array format. Through-holes formed on the PLMA can reduce the thermal mass while maintaining both the single-mode and
high absorption due to the plasmonic metamaterial structures, which realizes fast response and high responsivity.

M-170 PASSIVE WIRELESS TEMPERATURE SENSING WITH
PIEZOELECTRIC MEMS RESONATORS 9209
H. Fatemi, M.J. Modarres-Zadeh, and R. Abdolvand
University of Central Florida, USA

For the first time, a piezoelectric MEMS resonator is utilized for passive wireless temperature sensing with an accuracy of less than 0.1°C at Im with a signal
power of 500mW and 5dBi gain antennas. The high quality factor and low motional resistance of a 991MHz thin-film piezoelectric-on-silicon (TPoS) resonator
are exploited to accurately determine the temperature from the change in the resonance frequency by taking the Fourier transform of the resonator’s time-gated
response.

W-171 SNR IMPROVEMENT IN AMPLITUDE MODULATED RESONANT MEMS
SENSORS VIA THERMAL-PIEZORESISTIVE INTERNAL AMPLIFICATION 913
M. Mahdavi, A. Ramezany, V. Kumar, and S. Pourkamali
University of Texas, Dallas, USA

We studied, the effect of thermal-piezoresistive internal amplification on signal to noise ratio (SNR) of amplitude modulated resonant MEMS sensors showing the
possibility to significantly improve the detection limit. It has been shown that as the thermal-piezoresistive amplification sets in, noise rms value increases with a
slower rate than the boost in quality factor (Q) and output signal level, therefore the SNR value increases.

Sonic and Ultrasonic MEMS Transducers (Microphones, PMUTs, Etc.)

T-172 A RESONANT PIEZOELECTRIC MICROPHONE ARRAY FOR
DETECTION OF ACOUSTIC SIGNATURES IN NOISY ENVIRONMENTS 917
A.A. Shkel, L. Baumgartel, and E.S. Kim
University of Southern California, USA

We report a MEMS acoustic resonator array with improved Automatic Speech Recognition (ASR) and signature detection characteristics in environments with
high levels of acoustic interference. ASR experiments are performed, showing an increase of 62.7 percentage points in transcription accuracy with -15 dB Signal-
to-Noise Ratio (SNR). The results of this study support the development of highly resonant acoustic sensors for a variety of pattern recognition applications.

W-173 AIR-COUPLED ALUMINUM NITRIDE PIEZOELECTRIC MICROMACHINED
ULTRASONIC TRANSDUCERS AT 0.3 MHZ TO 0.9 MHZ 921
0. Rozen', S.T. Block?, S.E. Shelton’, R.J. Przybyla®, and D.A. Horsley'
"University of California, Davis, USA and *Chirp Microsystems, Inc., USA

For the first time, air-coupled piezoelectric micromachined ultrasonic transducers (PMUTs) operating at frequencies ranging from 300 to 900 kHz were designed,
fabricated and characterized. We also increased the fractional bandwidth by about 35% by patterning the diaphragm center into a ring or structural ribs, resulting
in a reduction of the PMUT’s mass. Fabrication was conducted using wafer-level bonding of a MEMS PMUT wafer to a CMOS wafer using a conductive metal
eutectic bond. This process allows for close integration of PMUT arrays and signal processing circuitry and is used here to study the effects of wafer-level
packaging on acoustic performance.

M-174 SOUND FOCUSING IN LIQUID USING A VARIFOCAL ACOUSTIC MIRROR 925
R. Aoki, N. Thanh-Vinh, K. Noda, T. Takahata, K. Matsumoto, and I. Shimoyama
University of Tokyo, JAPAN

This paper reports a method to concentrate sound in liquid in a desired location using a PDMS-based varifocal acoustic mirror. We used PDMS-air boundary as a
parabolic sound reflector to concentrate sound. By adjusting the curvature radius of the acoustic mirror, we could change the position where sound was
concentrated. We confirmed that our method was able to make the output of the acoustic sensor ten times larger than that without focusing in water.



T-175 BIMORPH PMUT WITH DUAL ELECTRODES 928
S. Akhbari', F. Sammoura', C. Yang', M. Mahmoud?, N. Aqabz, and L. Lin'
"University of California, Berkeley, USA and *Masdar Institute of Science and Technology, UAE

We have successfully demonstrated "bimorph" piezoelectric micromachined ultrasonic transducers (pMUT) with unique advantages, dramatically improving the
device capabilities in the process. The bimorph pMUT utilizes two active AIN layers in a CMOS-compatible process. This innovative design is the first bimorph
pMUT with two active piezoelectric layers separated by a common electrode.

MEMS for Electromagnetics
DC and Low Frequency Magnetic and Electromechanical Components and Systems

W-176 A LOW-NOISE SUB-500pW LORENTZ FORCE BASED INTEGRATED
MAGNETIC FIELD SENSING SYSTEM 932
S. Brenna, P. Minotti, A. Bonfanti, G. Laghi, G. Langfelder, A. Longoni, and A.L. Lacaita
Politecnico di Milano, ITALIA

A complete 1-D magnetic field sensing system including a z-axis Lorentz force MEMS sensor and an integrated circuit (ASIC) is presented. Measurement results
show an achievable sensor resolution of 220 nT-mA/\Hz with an achievable bandwidth 100 Hz. The ASIC low-noise performance does not impair the minimum
detectable magnetic field, mainly limited by the MEMS thermo-mechanical noise. Dissipating only 400 pW, the circuit satisfies the consumer electronics low-
power requirements.

M-177 CHIP-SCALE ELECTRODYNAMIC SYNTHETIC JET ACTUATORS 936
S.G. Sawant', E.A. Deem?, D.J. AgentisS, L.N. Cattafesta’, and D.P. Arnold'
"University of Florida, USA, *Florida State University, USA, and *Virginia Tech, USA

We report the first chip-scale electrodynamic synthetic jet actuator that integrates both a coil and permanent magnet via micro-fabrication. This is achieved by
integrating bonded NdFeB powder magnets into standard silicon micro-machining processes. The device has a volume of 7.5 mm x 7.5 mm x 1.1 mm and
generates a fluidic jet with a peak velocity of 2.1 m/s while operating at 180 Hz with 20 mW input power. The actuator has applications in flow control and active
cooling of electronic devices.

T-178 FULLY-POLYMERIC NEM RELAY FOR FLEXIBLE, TRANSPARENT,
ULTRA-LOW POWER ELECTRONICS AND SENSORS 940
Y. Pan, F. Yu, and J. Jeon
Rutgers, The State University of New Jersey, USA

A fully-polymeric NEM relay based on a conductive polymer, Poly(3,4-Ethylenedioxythiophene):Polystyrene-Sulfonate (PEDOT:PSS), and dielectric polymers is
proposed for the first time to enable flexible, transparent, ultralow-power electronics and sensors, and the first functional prototype fabricated using a five-mask
low-thermal-budget process is demonstrated. Exploiting the water-absorption behavior of PEDOT:PSS, the potential use of the relay as a biochemical sensor is
also demonstrated.

W-179 UHF PIEZOELECTRIC QUARTZ MEMS MAGNETOMETERS BASED ON
ACOUSTIC COUPLING OF FLEXURAL AND THICKNESS SHEAR MODES 944
H.D. Nguyen, J.A. Erbland, L.D. Sorenson, R. Perahia, L.X. Huang, R.J. Joyce, Y. Yoon,
D.J. Kirby, T.J. Boden, R.B. McElwain, and D.T. Chang
HRL Laboratories, USA

We report for the first time piezoelectric Quartz MEMS magnetometers based on acoustic coupling between resonance modes. The magnetic sensors employ a
novel transduction scheme to upconvert the desired near-DC magnetic field signal (using the fundamental flexural mode) onto frequency modulated (FM)
sidebands of the primary quartz thickness shear (TS) oscillation. First-generation devices exhibit flexural and TS resonances at 2.77kHz and 583.31MHz,
respectively, and a magnetic sensitivity of 63.6V/T.

Free Space Optical Components and Systems (Displays, Lenses, Detectors)

M-180 A 45°-TILTED 2-AXIS SCANNING MICROMIRROR INTEGRATED
ON A SILICON OPTICAL BENCH FOR 3D ENDOSCOPIC OPTICAL IMAGING 948
C. Duan', W. Wangl, X. Zhangl, J. Dingz, Q. Chen?, A. Pozzi', and H. Xie'
"University of Florida, USA and *WiO Technology Limited, CHINA

This paper presents a 2-axis electrothermal single-crystal-silicon (SCS) micromirror that is tilted 45° out of plane on a silicon optical bench (SiOB). The tilt of the
mirror is achieved with the bending of a set of stressed bimorph beams and the stop provided by the silicon sidewall. To the best of our knowledge, this is the first
demonstration of an integrated SiOB with a 2-axis SCS mirror tilted at a fixed angle without assembly.

T-181 COMPACT NEAR-EYE DISPLAY SYSTEM USING A SUPERLENS-BASED
MICROLENS ARRAY MAGNIFIER 952
H.S. Park', R. Hoskinson”, H. Abdollahi’, and B. Stoeber'
"University of British Columbia, CANADA and *Recon Instruments Inc., CANADA

We present a new approach to make a very compact near-eye display (NED) using only two layers of microlens arrays (MLA) working in conjunction as a
magnifying lens (MLA magnifier). The purpose of the MLA magnifier is to generate a virtual image of a display, positioned within several centimeters from the
eye, at optical infinity to minimize the optical disparity between the surrounding scenery and the image on the display.



M-182 OPEN-STRUCTURE ELECTROWETTING DISPLAY
WITH CAPACITIVE SENSING FEEDBACK SYSTEM 956
S. Choi and J. Lee
Seoul National University, SOUTH KOREA

We report an open-structure electrowetting-based reflective display with capacitive sensing feedback that enables an effective self-dosing of ink, high contrast, and
the precise control of color level. We introduce an display that can achieve such improvements via an open structure design and a capacitive feedback system
including the effective ink dosing process, off color area being ~ 8% of viewable area, and precision control of color area even under a large variation of interfacial
tension.

W-183 TUNABLE METAMATERIAL LENS ARRAY VIA METADROPLETS 960
Q.H. Song'* W.M. Zhu’, W. Zhang®, P.C. Wu’, Z.X. Shen’, Z.C. Yang*, Y.F. Jin*,
Y.L. Hao*, T. Bourouina®, Y. Leprince-Wangl, and A.Q. Liu®
"UPEM, Université Paris-Est, FRANCE, ZNanyang Technological University, SINGAPORE,
SESIEE, Université Paris-Est, FRANCE, and 4Peking University, CHINA

This paper reports a liquid based tunable metamaterial which is using droplets as unit cell structures. It can function as a tunable lens array, whose focus spot can
be continuously tuned, for the first time, from defocusing to sub-wavelength focusing in THz region. This work also develops a new tuning method to reconfigure
the shapes of the liquid micro-droplets, which is using air pressure to expand the height of the micro channel so that the height of the droplets will be enlarged.

Manufacturing for Electromagnetic Transducers

M-184 FABRICATION OF PATTERNED MAGNETIC MICROSTRUCTURES
USING MAGNETICALLY ASSEMBLED NANOPARTICLES 964
C. Velez, I. Torres-Diaz, L. Maldonado-Camargo, C. Rinaldi, and D.P. Arnold
University of Florida, USA

Modeling and experimental characterization of a fabrication method for forming magnetic microstructures with complex shapes using self-assembled iron oxide
(Fe304) magnetic nanoparticles. This method can potentially be used in roll-to-roll production of magnetic structures either patterned onto substrates or lifted off
to create free-floating micromagnetic actuators.

Other Electromagnetic MEMS

T-185 ELECTRIC CONTACT STABILITY AND READOUT RESOLUTION
OF THE ANTIWEAR PROBE WITH A GROOVE AND OIL LUBRICATION
SLIDING SYSTEM FOR PROBE-BASED ARCHIVE MEMORIES 968
Y. Tomizawa, K. Toya, A. Oonishi, Y. Li, J. Hirota, M. Yabuki, I. Kunishima, and H. Shinomiya
Toshiba Corporation, JAPAN

The authors have proposed the novel concept of a sliding system called "AGO" (antiwear probe with a groove and oil lubrication) for probe-based archive
memories. The system has been proven to have the ability to endure a meter-scale probe slide, not only in terms of electric contact stability but also in regards to
the readout resolution degradation of the recorded pattern. This demonstrates the possibility of bringing probe-based memories into actual products used in data
archiving, which requires limited time data access.

W-186 NEMS VARIABLE OPTICAL ATTENUATOR (VOA) DRIVEN BY OPTICAL FORCE 972
B. Dongl‘2, H. Cai®, Y.D. Gu%, Z.C. Yang3, Y.F.Jin®, Y.L. Hao®, D.L. Kwongz, and A.Q. Liu'
Nanyang Technological University, SINGAPORE, *Agency for Science, Technology and Research (A*STAR),
SINGAPORE, and *Peking University, CHINA

We develop a NEMS optomechanical VOA driven by optical gradient force. The VOA is realized via waveguide based optical directional coupler. The gap
between the directional coupler is controlled via optical force driven actuator. The doubly clamped silicon beam actuator is controlled by tuning the wavelength of
control light. The NEMS VOAs have merits such as small dimension, low power consumption and good capability for all optical integration as compared with
conventional MEMS based fiber VOA.

Photonic Components and Systems

M-187 A SUPER-REGENERATIVE OPTICAL RECEIVER BASED
ON AN OPTOMECHANICAL OSCILLATOR 976
T. Beyazoglu, T.O. Rocheleau, A.J. Grine, K.E. Grutter, M.C. Wu, and C.T.-C. Nguyen
University of California, Berkeley, USA

We present a super-regenerative optical receiver that detects on-off key modulated light input via the radiation-pressure gain of a self-sustained electro-opto-
mechanical oscillator (EOMO). With oscillation amplitude a function of the intensity of light coupled into the oscillator, this device now allows data to be directly
demodulated using only silicon-compatible materials, i.e., without the expensive I1I-V compound semiconductor materials often used in conventional optical
receivers.



T-188 INTEGRATED PIEZOELECTRICALLY DRIVEN ACOUSTO-OPTIC MODULATOR 980
S. Ghosh and G. Piazza
Carnegie Mellon University, USA

This paper presents a new type of acousto-optic modulator based on the conjunction of a piezoelectric contour mode resonator with a photonic whispering gallery
mode resonator. The monolithic aluminum nitride device exhibits coupling of piezoelectrically-generated lateral vibrations into a traveling-wave photonic ring
resonator in a fully-integrated platform with electrodes directly patterned on the resonator body. We demonstrate the optical sensing of an actuated mechanical
mode at 654 MHz.

W-189 SPECTRALLY SELECTIVE INFRARED DETECTOR BASED
ON AN ULTRA-THIN PIEZOELECTRIC RESONANT METAMATERIAL 984
Y. Hui and M. Rinaldi
Northeastern University, USA

We report on the first demonstration of a spectrally selective uncooled MEMS resonant IR detector based on an ultra-thin piezoelectric resonant metamaterial.
High quality factor of 1407 and electromechanical coupling coefficient of 1.9%, and spectrally selective absorption (~40%) of long wavelength infrared radiation
(8.8 um with FWHM of 1.88 um) in an ultra-low volume device were achieved, resulting in a fast (~650 ps) and high resolution (NEP ~7 nW/rt-Hz at 200 Hz
bandwidth) MEMS IR detector.

RF MEMS Components and Systems

M-190 A CMOS-MEMS ARRAYED RGFET OSCILLATOR USING
A BAND-TO-BAND TUNNELING BIAS SCHEME 988
C.-H. Chin, C.-S. Li, M.-H. Li, and S.-S. Li
National Tsing Hua University, TAIWAN

This work reports a CMOS-MEMS Resonant-Gate Field Effect Transistor (RGFET) oscillator comprising only one single transistor.A band-to-band tunneling
(BTBT) charging technique is implemented for the first time. Furthermore, this charging phenomenon on the floating gate can be well preserved for more than one
day. Finally, a CMOS-MEMS RGFET self-sustained oscillator with only one active transistor is demonstrated with a decent far-from-carrier phase noise of -122
dBc/Hz.

T-191 ACTIVE REFLECTORS FOR HIGH PERFORMANCE
LITHIUM NIOBATE ON SILICON DIOXIDE RESONATORS 992
L. Shi and G. Piazza
Carnegie Mellon University, USA

We design, demonstrate and optimize active reflectors for enhancing the electromechanical coupling (k) and suppressing spurious modes in Laterally Vibrating
Resonators (LVRs) based on X-cut ion-sliced Lithium Niobate (LN) thin film on silicon dioxide (SiO,). Optimized active reflectors that resort to 100% metal
coverage of the A/4 extensions at the two ends of the resonant plate enable: (i) a considerable improvement of &’ (up to 13%) (ii) spurious mode suppression,
robustness to processing (iii) misalignment and (iv) over/under-etching.

W-192 APPLICATION OF STATISTICAL ELEMENT SELECTION TO 3D INTEGRATED
ALN MEMS FILTERS FOR PERFORMANCE CORRECTION AND YIELD ENHANCEMENT ................. 996
A. Patterson', E. Calayirl, G.K. Fedder!, G. Piazza', B.W. Soon?, and N. Singh2
!Carnegie Mellon University, USA and
2Agency for Science, Technology and Research (A*STAR), SINGAPORE

By 3D integration of an array of 12 nominally identical AIN MEMS sub-filters with a CMOS switching matrix and application of statistical element selection to
the same system, we have built a self-healing filter offering 495 unique filter responses and a tuning range of 500 kHz for both center frequency and bandwidth.
This system enables correction of intrinsic, fabrication-induced variation in filter performance that would otherwise severely limit the manufacturing yield of
standalone filters.

M-193 DAMPING IN 1 GHZ LATERALLY-VIBRATING COMPOSITE PIEZOELECTRIC RESONATORS ...... 1000
J. Segovia-Fernandez and G. Piazza
Carnegie Mellon University, USA

This work experimentally proves the physics of damping in this class of MEMS resonators. We first confute a previously developed theory of interfacial
dissipation that assumed a stress (or Young modulus) jump between different materials and then find that damping is instead related to either interfacial dissipation
due to a velocity jump or thermoelastic dissipation (TED) in the electrodes.

T-194 DUAL-CLOCK WITH SINGLE AND MONOLITHICAL 0-LEVEL
VACUUM PACKAGED MEMS-on-CMOS RESONATOR 1004
A. Uranga], G. Sobreviela', N. Barniol', E. Marig()z, C. Tay-Wee-Songz, M. Shunmugamz, A.A. Zainuddin?®,
A. Kumar-Kantimahanti®, V. Madhaven?, and M. Soundara-Pandian®
"Universitat Autonoma de Barcelona, SPAIN and °Silterra, MALAYSIA

This paper demonstrates the feasibility of a novel fabrication approach of MEMS resonators above standard CMOS circuitry and with zero-level vacuum package.
As a proof of concept a monolithical CMOS-MEMS-closed loop oscillator showing dual-clock capabilities (11.9 MHz and 24.5 MHz) is presented. These two
frequencies correspond to two different resonator modes, specifically the torsional and vertical out of plane, of a paddle shaped MEMS resonator.



W-195 EXPERIMENTAL INVESTIGATION ON MODE COUPLING
OF BULK MODE SILICON MEMS RESONATORS 1008
Y. Yangl, E. Ngl, P. Poluninz, Y. Chen', S. Strachan?, V. Hongl,
C.H. Ahn', O. Shoshani’, S. Shaw”, M. Dykman®, and T. Kenny'
!Stanford University, USA and *Michigan State University, USA

We present the effect of nonlinear elasticity on the coupling between different bulk modes of silicon MEMS resonators. From experimental data, the coupling has
a strong dependence on the order and the shape of the coupled resonant modes, as well as the doping type/concentration, and crystal orientation, leading to a
variety of complex and potential useful phenomena.

M-196 MEMS-BASED RF PROBES FOR ON-WAFER MICROWAVE
CHARACTERIZATION OF MICRO/NANOELECTRONICS 1012
J. Marzouk, S. Arscott, A. El Fellahi, K. Haddadi, T. Lasri, L. Buchaillot, and G. Dambrine
University Lille 1, FRANCE

We demonstrate a radio frequency (RF) probe based on microelectromechanical systems (MEMS) design and processing technologies. The probe responds to the
current needs of microelectronics requiring microwave characterization of nanoscale devices and systems having sub-micron pad sizes. The use of MEMS
technologies enables the probe contact pad area dimensions to be reduced by a three orders of magnitude compared to existing commercial RF probes.

T-197 MICROMECHANICAL RING RESONATORS WITH A 2D PHONONIC CRYSTAL SUPPORT FOR
MECHANICAL ROBUSTNESS AND PROVIDING MASK MISALIGNMENT TOLERANCE .......ccccereeeeee 1016
B. Figeysl’z, B. Nauwelaers, H.A.C. Tilmans', and X. Rottenberg1
'imec, BELGIUM, °KU Leuven, BELGIUM

This paper reports on the design of ring-type electrostatically transduced bulk acoustic wave resonators designed for increased shock and vibration resistance. This
was achieved through a 2D Phononic Crystal (PnC) support, simultaneously a mechanically strong and acoustically well-confined support. We manufactured
SiGe-resonators at 137.8MHz with a Q-factor around 15k. Another feature to this design is the process tolerance of the Q-factor towards mask misalignment for
the center support.

M-198 SILICON-MICROMACHINED SPACERS FOR UHF CAVITY RESONATORS 1020
D. Psychogiou, M.D. Sinani, and D. Peroulis
Purdue University, USA

This paper reports on a novel hybrid integration concept that enables the realization of high-quality (Q) factor, low-frequency cavity resonators with well-
defined capacitive-loading and variable center frequency. It is based on a silicon-micromachined spacer that is mounted on top of a conventional CNC-machined
metallic cavity to functionalize the resonator’s capacitance. For the first time, it is demonstrated that low-frequency resonators with micrometer-scale gaps (10s of
microns), relatively large O-factor (459-505) and tunable response (18.5%) can be constructed without the need for post-fabrication tuning. To demonstrate these
benefits, a resonator assembly was designed, built and experimentally tested at UHF band and for a frequency tuning range between 1424-1711 MHz.

W-199 SIMULTANEOUS MULTI-FREQUENCY SWITCHABLE OSCILLATOR
AND FSK MODULATOR BASED ON A CAPACITIVE-GAP MEMS DISK ARRAY 1024
T.L. Naing, T.O. Rocheleau, and C.T.-C. Nguyen
University of California, Berkeley, USA

An array of capacitive-gap MEMS resonators with different frequencies combined with an ASIC amplifier, provides a first MEMS-based multi-frequency
oscillator generating simultaneous oscillation outputs around 62MHz while employing only a single amplifier. Enabled via a softening non-linearity, amplitude is
limited here for each MEMS resonator individually. Furthermore, electrical stiffness frequency tuning enables FSK modulation of the output waveform, offering a
simple multichannel transmitter.

M-200 TAPERED PHONONIC CRYSTAL SAW RESONATOR IN GAN 1028
S. Wang, L.C. Popa, and D. Weinstein
Massachusetts Institute of Technology, USA

This paper presents a new Phononic Crystal (PnC) resonator design in which a tapered PnC is used to confine a 970 MHz SAW resonance in a GaN-on-Si
platform. The use of a tapered PnC reflector in this work reduces the footprint of SAW resonators by >100X relative to the case of conventional metal grating
reflectors while maintaining high Q. A 3.5X improvement in Q is experimentally demonstrated relative to uniform PnC reflectors of comparable dimensions.

THz MEMS Components and Systems

T-201 ENHANCED CONTROLLABILITY IN MEMS METAMATERIALS 1032
P. Pitchappal, C.P.Ho', Y. Qian', Y.-S. Lin', N. Singh2, and C. Lee!
!National University of Singapore, SINGAPORE and
Agency for Science, Technology and Research (A*STAR), SINGAPORE

We demonstrate a method to improve the controllabilty of the MEMS tunable metamaterials by individually actuating the alternate lines in the metamaterial array.
This is the first step towards the realization of Programmable metamaterial, where each of the unit cell can be addressed independently.



PowerMEMS and Actuators
Actuator Components and Systems

W-202 BI-DIRECTIONAL EXTENDED RANGE PARALLEL PLATE ELECTROSTATIC
ACTUATOR BASED ON FEEDBACK LINEARIZATION 1036
E.E. Moreira!, F.S. Alves', R.A. Dias®, M. Costa®, H. Fonseca?, J. Cabral', J. Gasparz, and L.A. Rocha'
"University of Minho, PORTUGAL and *International Iberian Nanotechnology Laboratory, PORTUGAL

A bi-directional extended range parallel-plate electrostatic actuator using feedback linearization control is presented in this paper. The actuator can have stable
displacements up to 90% of the full-gap (limited by mechanical stoppers) on both directions, i.e, the device can move +2um within a £2.25um gap. The system has
successfully tracked references until 1 kHz (limited by the dynamics of the device) and it presents a capacitor tuning rage of 17, using an actuation voltage from 0
to 10V.

M-203 BIOCOMPATIBLE CIRCUIT-BREAKER CHIP FOR TEMPERATURE
REGULATION OF ELECTROTHERMALLY DRIVEN SMART IMPLANTS 1040
Y. Luo, M. Dahmardeh, and K. Takahata
University of British Columbia, CANADA

We present a thermoresponsive circuit breaker micromachined in a form of titanium-packaged chip for biomedical applications with a focus on electronic
implants. This micro breaker has a temperature-sensitive cantilever actuator to serve as an absolute temperature limiter for the device of interest being protected
from overheating, a critical safety feature for smart implants including those that are electrothermally active. Temperature regulation of a wireless heater powered
by external RF field

T-204 CONTROLLABLE 'SOMERSAULT' MAGNETIC SOFT ROBOTICS 1044
T.S. Zhang, A. Kim, M. Ochoa, and B. Ziaie
Purdue University, USA

This paper reports controllable somersault magnetic soft robotics consisting of polymeric magnet embedded in a high friction silicone polymer. The soft structures
are actuated by the rotation of a permanent magnet at fixed position and exhibit controllable linear movement in a flip-and-forward manner for extended distance
on both horizontal and vertical non-magnetic surfaces. The control of direction of motion is also achieved.

W-205 CYBORG BEETLE: THRUST CONTROL OF FREE FLYING BEETLE
VIA A MINIATURE WIRELESS NEUROMUSCULAR STIMULATOR 1048
T.T. Vo Doan, Y. Li, F. Cao, and H. Sato
Nanyang Technological University, SINGAPORE

We have developed a cyborg beetle, which is the hybrid of a miniature wireless communication system and a living beetle platform. We can remotely stimulate
neuromuscular sites of the living beetle platform via the miniature system. In this study, we stimulated the subalar flight muscle, a major muscle directly inserted
to the wing base of beetle, and demonstrated the thrust control of the cyborg beetle with graded response.

M-206 CYLINDRICAL HALBACH MAGNET ARRAY FOR
ELECTROMAGNETIC VIBRATION ENERGY HARVESTERS 1051
1. Shahosseini and K. Najafi
University of Michigan, Ann Arbor (WIMS®), USA

This paper reports the design, optimization, and test results of a new magnetic structure for kinetic energy harvesters allowing seven-fold increase in power density
compared to single-magnet configuration. For the first time, electromagnetic energy harvesters with "single cylindrical Halbach array" and "double-concentric
Halbach array" magnetic structures are fabricated and tested.

T-207 FLUID SEPARATED VOLUMETRIC FLOW CONVERTER (FSVFC)
FOR HIGH SPEED AND PRECISE CELL POSITION CONTROL 1055
T. Monzawa', S. SakumaZ, F. Arai’, and M. Kaneko'
!Osaka University, JAPAN and *Nagoya University, JAPAN

This paper proposes the on-chip Fluid Separated Volumetric Flow Converter (FSVFC) capable of high speed cell position control with high resolution, while the
actuation fluid is physically separated from working fluid for biological considerations. By utilizing the newly developed on-chip comb shaped FSVFC, an online
high speed vision sensor and a high speed PZT, we succeeded in controlling the position of a cell in microfluidic channel with the time constant of 12 ms and the
resolution of 240 nm

W-208 ON-CHIP ENUCLEATION USING AN UNTETHERED MICROROBOT
INCORPORATED WITH AN ACOUSTICALLY OSCILLATING BUBBLE 1059
L.S. Park, Y.R. Lee, S.J. Hong, K.Y. Lee, and S.K. Chung
Myongji University, SOUTH KOREA

This paper reports a novel on-chip enucleation method using an untethered microrobot incorporated with an acoustically excited microbubble, which will allow
minimally invasive cell surgery for cloning techniques and biomedical applications. The proposed microrobot mainly consists of a compressible bubble for the
manipulation of cells and twin permanent magnets for the manipulation of the microrobot in an aqueous medium.



M-209 OUT-OF-PLANE MICRO-FORCE FUNCTION GENERATOR WITH INHERENT
SELF-FEEDBACK FOR MICRO-DEFORMATION MODIFYING 1063
X. Wang, D. Xiao, X. Wu, Z. Hou, Z. Chen, and H. He
National University of Defense Technology, CHINA

We propose a novel concept of out-of-plane micro-force function generator for micro-deformation modifying. The proposed generator is based on batch
micro-fabricated polymer thermal actuators array and could actively modify micro-substrate warpage. This strategy constructively utilizes the inherent self-
feedback for in-situ deformation control and has the potential for solving stress-induced problems of micro-fabricated devices.

Manufacturing for Actuators and PowerMEMS

T-210 A PAPER-LIKE MICRO-SUPERCAPACITOR WITH PATTERNED BUCKYPAPER
ELECTRODES USING A NOVEL VACUUM FILTRATION TECHNIQUE 1067
C.-W. Ma, P.-C. Huang, and Y.-J. Yang * Award Nominee
National Taiwan University, TAIWAN

This study reports a paper-like micro-supercapacitor with in-plane interdigital buckypaper electrodes on a filter membrane substrate. A vacuum filtration method
assisted by lithography techniques is proposed for patterning buckypaper. The proposed micro-SC features advantages including a flexible structure, simple
fabrication, easy chip integration, and high specific capacitance. The specific capacitance measured by cyclic voltammetry was 107.27 mF/cm?2 at a scan rate of 20
mV/sec.

W-211 A POTASSIUM ELECTRET ENERGY HARVESTER FOR 3D-STACK ASSEMBLY 1071
K. Misawa', T. Sugiyama®, G. Hashiguchi®, H. Fujita', and H. Toshiyoshi'
"University of Tokyo, JAPAN and *Shizuoka University, JAPAN

We report an electrostatic energy harvester based on the potassium ion (K+) electret that could be stacked up into a 3D structure to multiply the output power.
Vertical comb electrodes are implemented in a silicon-on-insulator (SOI) wafer with a relatively heavy mass in the handle layer to lower the resonance. A single
substrate formation exhibited a 0.34 pW output at 310 Hz for a load resistance of 1 MOhm.

M-212 FABRICATION OF A THREE DIMENSIONAL CANTILEVERED
VIBRATIONAL ENERGY HARVESTER USING SILVER INK 1075
S.-J. Chen, Y.-Y. Feng, and S.-Y. Liu
National Central University, TAIWAN

This paper reports a 3D micro electromagnetic energy harvester. Compared to state of the art, multiple layers of conductive coils are dispensed on the micro-
machined cantilever diaphragm by an injecting machine, which will increase the potential power density of the harvester.

T-213 WAFER-LEVEL FABRICATION OF A TRIBOELECTRIC ENERGY HARVESTER 1078
M. Han, B. Yu, Z. Su, B. Meng, X. Cheng, X.-S. Zhang, and H. Zhang
Peking University, CHINA

We present a wafer-level fabrication method for triboelectric energy harvester (TEH), which, for the first time, fabricates the TEH completely in MEMS process,
without any manually assembly. Compared to state of the art, the proposed TEH is batch fabricated in CMOS-compatible process and the reduced size allows it to
be integrated with other electronic devices (e.g., keyboards). This device can produce 235 mV peak voltage at the frequency of 30 Hz, under the 100 MQ external
resistance.

Materials for Actuators and PowerMEMS

W-214 DISPLACEMENT MAGNIFICATION OF GEL ACTUATOR
USING pNIPAAmM-SUS8 HYBRID STRUCTURE 1082
T. Kogure, R. Okada, S. Maeda, and S. Nagasawa
Shibaura Institute of Technology, JAPAN

A fabrication method for a hybrid structure of the poly-N-Isopropylacrylamide (pNIPAAm) gel as a soft material and the SU-8 as a solid material is proposed.
This pNIPAAm-SU8 hybrid structure is utilized various applications such as gel actuators. Our hybrid structure was not broken through repeating swelling-
shrinking states for 10 times. The SU-8 solid structure magnified a minute displacement of the gel which is occurred by the phase transition.

M-215 LIQUID-TOLERANT ELECTRET USING SUPER-LYOPHOBIC PILLAR SURFACE 1086
Y .-C. Chen, K.-Y. Song, K. Morimoto, and Y. Suzuki
University of Tokyo, JAPAN

For the first time, electret that can be used in the liquid environment has been realized toward higher energy density of electret generators and actuators. By using
super-lyophobic overhanging pillar surface with SiO2 layer, stable Cassie-Baxter state for low-surface-tension liquid is sustained even with high surface potential.
The pillar surface is successfully charged with soft X-ray photoionization. Surface potential after liquid contact has been significantly improved with the pillars.

T-216 GRAPHENE ONE-SHOT MICRO-VALVE: TOWARDS VAPORIZABLE ELECTRONICS ......ccoceeeeueeueene 1090
V. Gund, A. Ruyack, S. Ardanuc, and A. Lal
Cornell University, USA

We report a micro-scale arrayable single-trigger valve of graphene transferred on silicon-nitride for vaporizable electronics. Graphene serves as a nanoscale barrier
to oxygen diffusion and as a resistive heater for pulsed-power thermomechanical cleaving to expose sealed alkali metals for heat generation to vaporize polymer
electronics. Our valve demonstrates long-storage lifetime, durability under pressure and low-power triggering.



W-217 PIEZOELECTRIC MICRO ENERGY HARVESTERS EMPLOYING
ADVANCED (MG,ZR)-CODOPED ALN THIN FILM 1094
L.V. Minh!, M. Hara!, H. Kuwano', T. YokoyamaQ, T. Nishihara?, and M. Ueda®
"Tohoku University, JAPAN, *Taiyo Yuden Co., Ltd., JAPAN, and *Taiyo Yuden Mobile Technology Co., Ltd., JAPAN

We report the new doped-AIN thin film, (Mg,Zr)AIN, based micro energy harvester. By co-doping Mg and Zr into AIN crystal, (Mg,Zr)AIN shows giant
piezoelectricity and preserves low permittivity. (Mg,Zr)AIN has higher figure of merit (FOM=e;,*(¢))) than conventional PZT. The 13 at%-(Mg,Zr)AIN had the
experimental FOM of up to 16.7 GPa. The micromachining harvester provided the high normalized power density of 3.72 mW.g”.cm™. This achievement was 1.5-
fold increase compared to state of the art.

M-218 PULSE POLING WITHIN 1 SECOND ENHANCE THE PIEZOELECTRIC
PROPERTY OF PZT THIN FILMS 1098
T. Kobayashil, Y. Suzuki'?, N. Makimoto', H. Funakubo®, and R. Maeda'
'National Institute of Advanced Industrial Science and Technology (AIST), JAPAN,
’Ibaraki University, JAPAN, and *Tokyo Institute of Technology, JAPAN

We present simple but fast poling technique to enhance the piezoelectric property of PZT thin films. Application of pulse voltage to the PZT thin films on MEMS
microcantilevers has resulted in large piezoelectric constant (d31) as high as 105 pm/V. It took only 1 second for poling the PZT thin films.

Nanoscale Actuators and PowerMEMS

T-219 A BETAVOLTAIC MICROCELL BASED ON SEMICONDUCTING SINGLE-WALLED
CARBON NANOTUBE ARRAYS/SI HETEROJUNCTIONS 1102
M.G. Li and J. Zhang
Peking University, CHINA

This paper reports a novel betavoltaic microcell based on semiconducting single-walled carbon nanotubes (s-SWCNTSs). The aligned arrays of p-type s-SWCNTs
were prepared onto n-type silicon forming the p-n heterojunction as the energy conversion. This heterojunction displays good rectification characteristics with
I;=1.5pA and n=1.83. Under 7.8mCi/ecm’® ®Ni irradiation, the microcell achieves higher performance of Voc=62mV, JSCZS.SHA/cmZ, FF=33.4% and n=9.8%
compared with our previous devices.

Other Actuators and PowerMEMS

W-220 A MICROGRIPPER WITH A RATCHET SELF-LOCKING MECHANISM 1106
Y.C. Hao, W.Z. Yuan, H.M. Zhang, and H.L. Chang
Northwestern Polytechnical University, CHINA

This paper reports a novel electrostatic actuated microgripper with a ratchet self-locking mechanism which enables the longtime gripping without continuously
applying the external driving signal such as electrical, thermal or magnetic fields. This greatly reduces the influence and damage on the gripped micro objects
induced by the external driving signals.

PowerMEMS Components and Systems

M-221 A HIGH-EFFICIENT BROADBAND ENERGY HARVESTER BASED ON
NON-CONTACT COUPLING TECHNIQUE FOR AMBIENT VIBRATIONS 1110
X. Wuand D.W. Lee
Chonnam National University, SOUTH KOREA

In this work, a high-efficient piezoelectric energy harvester based on non-contact coupling technique is proposed and characterized, which allows it, for the first
time, to take advantage of multi-cantilevers and frequency-up conversion technique to enhance the power generation efficiency for ambient excitation. The unique
energy harvester can effectively scavenge environmental vibration energy with a wide bandwidth. Aiming for high space efficiency, folded cantilevers are
designed.

T-222 BIDIRECTIONAL THERMOELECTRIC ENERGY GENERATOR BASED ON
A PHASE-CHANGE LENS FOR CONCENTRATING SOLAR POWER 1114
M.S. Kim, M.K. Kim, H.R. Ahn, and Y.J. Kim
Yonsei University, SOUTH KOREA

This paper reports a bidirectional thermoelectric energy generator (TEG) with double type lenses for concentrating solar power. When solar power was applied to
the TEG, solar energy is concentrated by PMMA lens firstly. The concentrated energy is absorbed as heat energy through phase-change of PCM. And then, the
liquid PCM lens focuses energy on the TEG. After removing energy source, the latent heat in PCM is released. Therefore, the proposed TEG generates energy
steadily.

W-223 BIOTEMPLATED HIERARCHICAL NICKEL OXIDE SUPERCAPACITOR ELECTRODES ................... 1118
S. Chu, K. Gerasopoulos, and R. Ghodssi
University of Maryland, College Park, USA

We present hierarchical Ni/NiO supercapacitor electrodes utilizing Tobacco mosaic virus (TMV) as bio-nanotemplates. The hierarchical electrodes were
fabricated by integrating high aspect ratio silicon micropillars with thermally oxidized nickel-coated TMVs. An ultra-high areal capacitance of 585.9mF/cm2 was
achieved with hierarchical Ni/NiO electrodes, exceeding the capacitance of nanostructured only and planar Ni/NiO by a factor of 3.4 and 29.7, respectively.



M-224 DOUBLY RE-ENTRANT CAVITIES TO SUSTAIN BOILING NUCLEATION IN FC-72 ....cuevvererusneneas 1122
T. Liu and C.-J. Kim
University of California, Los Angeles, USA

We report a micro/nano-machined surface cavity on which boiling nucleation resumes after ceasing in refrigerant FC-72 for a short time. Having the lowest
surface tension of all liquids, FC-72 completely wets any existing material including Teflon so that all existing cavities get flooded once nucleation stops and
could not restart boiling without excessive heat. We experimentally confirm the half-century old idea of doubly re-entrant cavities as a boiling site, encouraging
further development.

T-225 EXPERIMENTALLY VERIFIED MODEL OF ELECTROSTATIC
ENERGY HARVESTER WITH INTERNAL IMPACTS 1125
B.D. Truong, C.P. Le, and E. Halvorsen
Buskerud and Vestfold University College, NORWAY

We present experimentally verified progress on modeling of MEMS electrostatic energy harvesters with internal impacts on transducing end-stops. The model
includes nonlinearities of the electromechanical transduction, the squeezed-film damping and the impact force. The comparison between simulation and
measurement shows that these effects are crucial and gives good agreement for phenomenological parameters. This is a significant step towards accurate modeling
of this complex system.

W-226 MONOLITHIC 2-AXIS IN-PLANE PZT LATERAL BIMORPH ENERGY
HARVESTER WITH DIFFERENTIAL OUTPUT 1129
S. Nadig, S. Ardanug, and A. Lal
Cornell University, USA

We report a novel 2-axis (X-Y) piezoelectric energy harvester, whose sensitive axis in-plane is rotationally invariant, a result achieved by spiral cascading of
lateral bimorphs. This is different than conventional piezoelectric energy harvesters that are sensitive only along one axis or can realize multi-axis sensitivity
through integration or assembly of multiple devices at different orientations.

M-227 SOLID-STATE FLEXIBLE MICRO SUPERCAPACITORS
BY DIRECT-WRITE POROUS NANOFIBERS 1133
C. Shen', G. Luo', A. Kozinda', M. Sanghadasaz, and L. Lin'
!"University of California, Berkeley, USA and *US Army, USA

We report solid-state flexible micro supercapacitors based on direct-write porous polymer nanofibers. Compared with state-of-art supercapacitors, key innovations
include: 1) porous 3D nanostructure of conductive nanofibers via the near-field electrospinning process; 2) flexible solid-state micro electrodes with high energy
density using the pseudocapacitive effect; (3) simple and versatile process compatible with different substrates and surfaces.

T-228 STRETCHABLE WIRELESS POWER TRANSFER WITH A LIQUID ALLOY COIL 1137
S.H. Jeong' and Z.G. Wu'*
"Uppsala University, SWEDEN and *Huazong University of Science and Technology, CHINA

A stretchable wireless power transfer (WPT) device was fabricated with a liquid alloy coil, which was integrated with rigid electronic chips in elastomer
packaging. Tape transfer masking with spray deposition was applied for patterning a long coil of the liquid alloy. The WPT efficiency reached 10% at 140 kHz
and worked with 25% strain. Different sizes of liquid alloy coils and soft magnetic composite cores were tested for a higher efficiency system.

W-229 THREE-AXIS PIEZOELECTRIC VIBRATION ENERGY HARVESTER 1141
E.E. Aktakka and K. Najafi
University of Michigan, USA

This paper reports for the first time a piezoelectric harvester for scavenging vibrational energy in all three-dimensions. The device is formed of optimized PZT/Si
unimorph crab-legs such that the first three resonance modes are linear in-plane and out-of-plane vibrational modes with closely spaced frequencies. Partitioned
electrodes collect vibrational energy in the transverse piezoelectric mode, and have different phases in their outputs according to the axis of the applied vibration.

M-230 VERTICAL CAPACITIVE ENERGY HARVESTER POSITIVELY USING CONTACT BETWEEN
PROOF MASS AND ELECTRET PLATE - STIFFNESS MATCHING BY SPRING SUPPORT
OF PLATE AND STICTION PREVENTION BY STOPPER MECHANISM 1145
T. Takahashi', M. Suzuki', T. Nishida?, Y. Yoshikawa®, and S. Aoyagi1
'Kansai University, JAPAN and ‘ROHM Co. Ltd., JAPAN

In a vertical capacitive energy harvester, two methods to effectively use the contact between proof mass and electret plate are proposed; one is to match the
stiffness between plate and mass, which is effective to increase their contact duration. For this purpose, instead of a gel shock-absorber, a soft spring for
supporting plate is employed. Another is to surely detach mass from plate after their contact, opposing electrostatic attraction. The output power was improved by
5 times up to 50 pW.





