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Scope of Symposium

The emphasis of this symposium is on Nanoelectromechanical Systems (NEMS)/Microelectromechanical Systems 
(MEMS) technology and devices. Particularly applications that involve MEMS design, modeling, fabrication processes 
(e.g. semiconductors, polymers, etc.) lab-on-a-chip, and biophotonic medical devices (e.g. DNA, protein and cell sorting, 
etc.) are preferred. This symposium will explore new devices and processes innovation and engineering applications, 
especially related to NEMS/MEMS technology and devices.

Symposium Topics

•	 Theory,	Design,	Analysis	of	MEMS	and	NEMS	
•	 Materials	and	Device	Characterization	
•	 Fabrication	Technologies	
•	 Packaging	and	Assembly	Technology	
•	 Mechanical	and	Physical	Sensors	
•	 Chemical	Sensors	and	Microsystems	
•	 BioMEMS	and	Fluidic	Systems	
•	 Actuators	and	micro-structure	modeling	
•	 Optical	MEMS	and	nanophotonic	(PBG,	QD	and	plasmonics)	
•	 RF	MEMS	devices	and	switching	circuits	
•	 Sensing	System,	Algorithm	and	Sensor	Networks	
•	 Nanotechnology	and	NEMS	Devices	
•	 Lab-on-a-chip	and	uTAS	devices	
•	 Plasmonic	MEMS	and	devices	
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Abstracts

  A00017-00479 

Design and Analysis of Micromixers on a 
Centrifugal Platform

Chih-Hsin SHIH; Chia-Hui LIN;	Hou-Jin	WU
Chemical Engineering, Feng Chia University, Taichung, 
Taiwan

This work presents novel batch-typed mixing designs 
on	 the	 centrifugal	 platform	 and	 the	 flow	 field	 analysis.	
Mixing is an important procedure for the applications in 
chemical reactors and biological assays especially in the 
field	of	microfluidics.	Due	to	the	small-sized	geometry	in	
microchannel,	it	is	difficult	to	achieve	turbulence	to	assist	
mixing. To solve this problem, a few mixing designs on 
the centrifugal platform are proposed. It is found that the 
mixing	 efficiency	 is	 greatly	 promoted	 by	 the	 reduction	
of the effective cross section area in the bending section, 
which is resulted from increasing of the body force on 
the centrifugal platform. In addition, a dimensionless 
number, which is formulated by the geometric factors 
and the operating conditions, is proposed as the design 
and operating guidelines. The experimental results shows 
that satisfactory mixing for the aqueous solution can be 
achieved within one second using the proposed designs.

  A00017-00538 

Supernatant Decanting on a Centrifugal Platform 

Chih-Hsin SHIH; Wei-Ling CHIANG
Chemical Engineering, Feng Chia University, Taichung, 
Taiwan

This	research	work	reports	a	novel	microfluidic	decanting	
function using the effect of elastic deformation and recovery 
of the plastic chamber lid on a centrifugal platform. 
Supernatant	 decanting	 is	 an	 important	 fluidic	 function	
which is often performed for plasma extraction from the 
whole blood and the water quality test. This function 
can be performed by controlling the deformation of the 
plastic chamber lid, which is governed by the centrifugal 
induced pressure and its recovery. Both theoretical and 
experimental analyses are performed and a quantitative 
model is proposed to predict the volume of deformation. 
The experimental results show that plasma with high 
purity can be obtained by this approach and the variation 
of hematocrit has little effect on the decanted volume. This 
microfluidic	design	is	simple,	easy	to	operate	and	can	be	
fabricated in a low-cost method. In addition, this approach 
can	be	integrated	with	other	fluidic	functions	to	perform	a	
complete whole blood assay.

  A00041-00064 

Fiber-top Micromachined Devices: Ideas on the 
Tip of Fiber 

Davide IANNUzzI
Dep. of Physics and Astronomy, Vrije Universiteit 
Amsterdam, Amsterdam, Netherlands

Fiber-top	 sensors	 (D.	 Iannuzzi	 et al., patent application 
number PCT/NL2005/000816) are a new generation of 
miniaturized	 devices	 obtained	 by	 carving	 tiny	 movable	
structures	directly	on	the	cleaved	edge	of	an	optical	fiber.	
The	light	coupled	into	the	fiber	from	the	opposite	end	allows	
measurements of the position of the micromechanical parts 
with sub-nanometer accuracy. The monolithic structure 
of the device, the absence of electronic contacts on the 
sensing head, and the simplicity of the working principle 
offer unprecedented opportunities for the development 
of	 scientific	 instruments	 for	 applications	 in and outside 
research laboratories. For example, a fiber-top scanning 
probe microscope (also in the form of a PenFM, where a 
fiber-top	atomic	force	microscope	would	be	incorporated	
in a pen-like stylus) could be routinely used in harsh 
environments and could be easily handled by untrained 
personnel	or	through	remote	control	systems	─	a	fascinating	
perspective	 for	 utilization,	 among	 others,	 in	 surgery	
rooms and space missions. Similarly, the development of 
fiber-top biochemical sensors could be exploited for the 
implementation of portable equipment for in vivo and 
Point of Care medical testing.

In this talk I will review the results that our group has 
obtained with this new technology over the last three 
years. I will also discuss our future plans, and I will 
analyze	the	main	challenges	that	we	will	have	to	face.	In	
particular, I will illustrate how we intend to overcome the 
problems of fabrication costs and series production, and 
I will introduce, as a possible solution, our align-and-
shine	photolithography	 technique	 (Iannuzzi	et al., patent 
application number US/61/117503) - a new technology 
that allows series production of arbitrary photolithography 
patterns	on	the	cleaved	facet	of	an	optical	fiber.
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  A00045-01976 

A MEMS Pendulum-like Structure for Design of 
Oscillators

Venkatesh CHENNIAPPAN;	Reza	MOHEIMANI; 
Mehmet YUCE 
School of Electrical Engineering and Computer Science, 
University of Newcastle, NSW, Australia

This work deals with the design of a novel MEMS 
pendulum-like resonator and its application in design of an 
oscillator. Nonlinear analyses of the resonator have been 
done. Simulations are carried out to study the working of 
the resonator.

The structure has been designed to suit SOI-
MUMPS process. The resonator consists of a pendulum-
like	structure	placed	horizontally.	A	cantilever	structure	of	
certain length (200-500µm), width (3-10µm) and thickness 
(25µm-	fixed	in	SOI	MUMPS	process)	is	formed.	At	the	
end of the beam a comb structure is placed. These combs 
can be moved by laterally moving the cantilever. Another 
set	of	fixed	combs	are	placed	facing	the	movable	combs.	
There	 is	 a	 capacitance	 between	 the	 movable	 and	 fixed	
combs (combs are not overlapping). When the movable 
combs	 are	 moved	 laterally	 the	 finger	 engagement	 and	
hence the capacitance between the combs vary. If a voltage 
is	 applied	 between	 the	 two	 sets	 of	 combs	 current	 flows	
according to the variation of capacitance,

i = V (dC/dt)

Where i is the current, V is the voltage between the sets 
of combs and C is the capacitance. The central idea of this 
work	is	to	design	the	profile	of	the	gap	between	the	combs	
to generate different waveforms like sinusoidal waveform, 
triangular waveform etc, i.e.

i = V(dC/dt) = Sin(t), C = εA/g(x)

Where g(x)	 is	 the	profile	of	gap,	C1 is a constant t is the 
time and Sin (t) is the sinusoidal waveform generated. A 
triangular waveform is generated if the gap between the 
combs is constant.

To move the cantilever structure laterally actuation plates 
are placed on either side of the cantilever. When a voltage 
is applied on the plates, electrostatic force moves the 
cantilever. When alternating pulses are applied on plates 
the cantilever oscillates resulting in continuous signal from 
the combs. Instead of actuating plates, which create highly 
nonlinear force (with applied voltage) a comb actuator can 
be used. Comb actuator creates much smoother variation 
in force with voltage. 

Depending on the position of the actuator plates (or 
combs), the actuation voltage needed to move the comb 
through a particular distance varies. Thus actuation voltage 

required can be easily tuned. This is an advantage of using 
a pendulum-like structure.

When the cantilever oscillates the capacitance variation 
across the combs produces the desired AC signals. 
However, the position of cantilever (at a particular voltage) 
needs	to	be	known	to	shape	the	profile	of	the	gap	between	
the combs. This can be extracted from simulations. 
Coventorware has been used in this case to obtain the 
position of the cantilever at particular voltage. The gap is 
shaped appropriately to obtain sinusoidal and triangular 
waveforms.

The resonator and some of its variants have been fabricated 
through	SOIMUMPS	process.	Characterizations	are	being	
carried out at present.

Apart from simulations the resonator and its variants have 
been analysed through phase-plane techniques. Results 
relevant to oscillator design will be presented with this 
work.

  A00079-02927 

Erectrophoretic Coulter Method for Analyzing 
Surface Properties of Particles Using a Micro-
fluidic Device

Naohiro TAKAHASHI; Atushi AKI; Tomofumi UKAI; 
Yoshikata NAKAJIMA; Tatsuro HANAJIRI; 
Toru MAEKAWA
Bio-Nano Electronics Research Centre, Toyo University, 
Saitama, Japan

Recently, many researchers have been intensively developed 
methodologies for detecting particles. Several research 
groups	have	incorporated	Coulter	method	into	micro-fluidic	
devices,	and	measured	the	size	and	the	number	of	micro-
particles simultaneously. In addition, there is growing 
demand for estimating of surface properties of particles in 
analytical chemistry and clinical assay. One of the simplest 
methods for estimating surface properties of particles is 
electrophoresis. Then, we proposed a new methodology 
by incorporating Coulter method and electrophoresis into 
a	micro-fluidic	 device,	which	 enables	 us	 to	 characterize	
the	 size,	 the	 number,	 and	 surface	 properties	 of	 particles	
simultaneously.

A polydimethylsiloxane (PDMS) micro-channel was 
fabricated on a glass plate. The micro-channel had an 
aperture at the center, which separate two electrolyte 
solutions. Analyte particles were inleted into the micro-
channel. To electrophorese the particles, a constant potential 
was applied to the micro-channel, and the resultant ion 
current were continuously monitored.

While each particle is passing through the aperture in the 
micro-channel, electric impedance of the micro-channel 
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continues to be higher, and consequently, the monitored 
ion current keeps being lower. Then, the number of pulses 
of ion current is corresponding with the number of single 
event of each particle, and the amplitude of each pulse 
corresponds	 to	 the	 size	of	 each	particle.	 In	 addition,	 the	
width of each pulse corresponds to the resident time of 
each particle in the aperture, from which velocity and 
resultant electrophoretic mobility are estimated easily. As 
a	result,	our	micro-fluidic	device	estimates	electrophoretic	
mobility of each particle as well as the number of particles 
and	the	size	of	each	particle	simultaneously	by	monitoring	
the pulse of ion current.

Our	micro-fluidic	device	recognized	single	event	of	each	
particle by monitoring the pulses. Furthermore, it estimated 
the	size	of	each	particle	in	the	range	of	2µm	to	4µm,	by	
analyzing	the	amplitude	of	each	particle	from	impedance	
modulation. Finally, it estimated the velocity of each 
particle from the width of each particle. The number of 
particles	and	the	size	and	velocity	of	each	particle	obtained	
by	our	system	are	confirmed	by	observation	with	a	high	
speed CCD camera system.

Electrophoreses	 and	 the	 resultant	 zeta	 potential	 are	
estimated with our electrophoretic Coulter method device, 
and it will enable us to develop portable systems for 
characterizating	bio-related	particles	with	practical	use.

  A00123-00735 

Design and Characterization of a Fourier 
Transform Micro-spectrometer

Shouhua WANG1; Hongbin YU1; Fook Siong CHAU1; 
Xiaosong TANG2

1. Department of Mechanical Engineering, National 
University of Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore

Conventional Fourier Transform spectrometers usually 
consist of numerous optical components and require 
precise optical alignment, which makes them bulky and 
costly	 and	 confines	most	 of	 their	 use	 to	 laboratory.	 It	 is	
always desired to make light and small spectrometers such 
that real-time analysis and on-site testing can be conducted. 
Microfabrication technology is a perfect way to implement 
such kind of spectrometers.

In this paper, a microfabricated Fourier Transform 
spectrometer is reported. The spectrometer model is 
essentially a lamellar grating interferometer which 
comprises	a	set	of	movable	facets	and	a	set	of	fixed	facets	
and works by dividing the wavefront of incident radiation. 
Compared to Michelson interferometer which splits the 
wave amplitude, it avoids the use of beamsplitter, thus 
having	 higher	 light	 utilization	 efficiency.	 Therefore,	 its	
optical performance is expected to be better. Moreover, 

the absence of beamsplitter makes it more compact. The 
proposed	design	is	realized	on	a	silicon-on-insulator	(SOI)	
wafer and is electrostatically driven by vertical parallel 
plate actuators. The movable plate of the actuators has 
movable grating facets attached to it and is symmetrically 
suspended by eight serpentine springs. When voltage is 
applied to the actuators, electrostatic force will displace 
the movable plate as well as the attached grating facets. 
The optical path difference (OPD) between the movable 
grating	facets	and	the	fixed	ones	which	protrude	from	the	
substrate is changed accordingly. 

Preliminary results show that the observed maximum 
OPD is about 48.7 micrometers under an input voltage of 
200V. The optical performance of the model is tested by 
measuring the emission spectrum of a diode-pumped solid-
state laser (532nm) and a laser diode (637.2nm). After 
applying Fourier Transform to the obtained interferogram 
of each light source, two sharp spectral peaks are located at 
530.5nm and 635.2nm respectively, indicating a position 
error of less than 2nm and a full width at half maximum 
(FWHM) resolution of 9.8nm at 532nm and 12.8nm at 
637.2nm. 

  A00131-00287 

Microstructure and Magnetic Properties of 
Rapidly Solidified Ni2(Mn,Fe)Ga Heusler Alloys

Venkata Satya Prasad RAGHUPATRUNI1; 
Raja	MANIVEL2; Phanikumar GANDHAM1

1. Department of Metallurgical and Materials 
Engineering, Indian Institute of Technology Madras, 
Chennai, India
2. Advanced Magnetic Materials Group, Defence 
Metallurgical Research Labs (DMRL), Hyderabad, India

Series of Ni50Mn(25-x)Fe(x= 2, 5, 8, 11)Ga25 alloys were prepared 
by vacuum arc melting and then the samples were 
subjected	 to	meltspinning	at	 constant	wheel	 speed	of	20	
m/sec. X-ray diffraction analysis of as-cast Ni2(Mn,Fe)Ga 
alloy	with	different	‘Fe’	concentrations	revealed	austenite	
phase with L21 Heusler atomic order at room temperature. 
However after meltspinning the TEM analysis reveals 
the precursor tweed structures due to magnetic tweed 
contrast	 when	 the	 ‘Fe’	 concentrations	 are	 8%	 and	 11%.	
In	 case	 of	 11%	 ‘Fe’	 substituted	 alloy	 we	 observed	 the	
evolution of martensite phase from the grain boundary 
triple	 junctions.	 Thermo	magnetic	measurements	 realize	
that,	as	the	‘Fe’	concentration	increases	from	2	to	11%;	it	
enhances the magnetic transition temperature from 375 to 
403 K. The increase in the magnetic transition temperature 
has	 significant	 impact	 on	 the	 above	 room	 temperature	
applications	in	the	field	of	sensors	and	actuators.	Present 
paper reports and discusses the detailed microstructural and 
magnetic	characterization	of	rapidly	solidified	Ni2(Mn,Fe)
Ga heusler alloys by melt spinning.
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  A00170-02217 

Nano-photonic & Electronic Structures Pattern 
and Fabrication

Selin H. G. TEO1; Guo Qiang LO1; Navab SINGH1; 
Mingbin YU1; Ai Qun LIU2

1. Institute of Microelectronics, Singapore
2. Nanyang Technological University, Singapore

In this paper, progress made in the area of lithography - 
such	 as	 optical	 projection,	 electron-beam,	 nano-imprint,	
etc	-	are	first	reviewed,	followed	by	presentation	of	their	
applications in the area of MEMS/NEMS technology 
and devices; such as in photonic crystals resonators and 
electrical bio-sensors etc.  In such applications, not only 
are  resolution enhancements important, it is also often 
imperative that critical dimensions uniformity (CDU) be 
kept as low as possible - since device performance often 
times scales directly with structural dimensions and its 
accuracy.  For such purpose, techniques such as phase 
shift masking, off-axis illumination, optical proximity 
corrections, and also multiple patterning and resist ashing 
etc; needs to be employed - which increases the number 
and complexity of processing steps and at the same 
time,	 implicates	other	specifications	such	as	 illumination	
apertures, mask designs, optical simulations, tool overlay 
accuracies etc.  Coupled with additional non-CMOS 
requirements of atypical pattern types, shapes and densities, 
such as rings, horse-shoe, sharp edges etc; a comprehensive 
study	of	the	flexibilities	involved	with	micro-lithography	
needs to be carried out for novel design prototyping.  Here, 
all the above described are illustrated in this paper, using 
practical examples of (i) a photonic gratings structure 
patterned with sharp edges, and (ii) a vertical-tube switch 
device structure, which are presented and discussed for 
their fabrication techniques and measurement  results.

  A00182-01985 

Separation and Manipulation of Particles using 
Traveling Wave Dielectrophoretic Force

Thitima MATUROS1; Kata JARUWONGRANGSEE1; 
Assawapong SAPPAT1; Anurat WISITSORAAT1;
Tanom LOMAS1; Pikul WANICHAPICHART2; 
Adisorn TUANTRANONT1

1. Nanoelectronics and MEMS Laboratory, National 
Electronics and Computer Technology Center, 
Pathumthani, Thailand
2. Biotechnology Unit, Prince of Songkla University, 
Songkhla, Thailand

In this work, we studied the particles separation and 
manipulation by using traveling wave dielectophoretic 
force. The devices consist of the 16 parallel gold 
electrodes array and PDMS microchamber. The Cr/
Au parallel electrode array of 100 µm wide and 300 nm 
thick was patterned on glass slide by sputtering through 

microshadow mask and PDMS chamber was fabricated 
using standard microfabrication techniques. In order 
to	 test	 twDEP	 devices,	 2	 different	 size	 of	 polystyrene	
microspheres	suspension	in	deionized	water	were	used	as	
the tested particles. The electrical conductivity of solution 
was	 adjusted	 to	 2	µS/cm.	Each	 type	 of	 polystyrene	was	
tested in both separated and mixed solution. A 10 µl of 
polystyrene microspheres was dropped in the chamber. 
The chamber was then closed on top by glass slide. The 
electrodes	were	energized	with	four	square	wave	signals	
with various amplitude and frequency. Particles response 
to	the	electric	field	in	various	mechanisms	depending	on	
the applied voltage and frequency of AC signals.  For 
4.5 µm polystyrene, particles were forced to locate in the 
center between electrode array and move along the channel 
and the travelling wave dielectrophoresis occur, when the 
applied voltage was 8 V and the frequency of the applied 
signals	 is	 in	 the	 range	 of	 50	 kHz-700	 kHz.	 For	 10	 µm	
polystyrene the twDEP occurs when the applied voltage 
was	7	V	and	frequency	was	 in	 the	range	40	kHz-1MHz.	
For the mixed solution containing equal amount of 4.5 and 
10 µm microspheres, the big microspheres were moved 
under twDEP force when the applied voltage was 7 V and 
the	 frequency	 was	 5	 kHz	 while	 the	 small	 microspheres	
were moved only over the electrodes. Moreover the 
voltage and frequency that big and small cells have started 
separating were investigated. Therefore, at the appropriate 
voltage and frequency, the twDEP device can separate 
the	microspheres	with	different	sizes	and	it	can	be	further	
applied for cells separation and manipulation.

  A00185-00382 

Performance Characterization of a Piezoelectric 
Micro SJA 

An-Shik YANG1;	Jeng-Jong	RO2; Wei-Han CHANG2

1. Department of Energy and Refrigerating
Air-Conditioning Engineering, National Taipei University 
of Technology, Taipei, Taiwan
2. Department of Mechanical and Automation 
Engineering, Da Yeh University, Chang Hua, Taiwan

Technology	 advancement	 is	 being	 realized	 by	 using	
piezoelectric	 synthetic	 jet	 actuators	 (SJAs)	 to	 generate	
managing	 forces	 and	 moments	 with	 zero-net-mass-flux	
oscillatory	 jets	 for	 various	 airflow	 control	 applications.	
The	objective	of	this	study	is	to	investigate	the	synthetic	
jet	 flow	 behavior	 for	 a	 dual-diaphragm	 piezoelectrically	
driven	 micro	 synthetic	 jet	 actuator.	 In	 the	 experimental	
investigation,	 a	 flow	 visualization	 system	 was	 utilized	
to acquire the particle-streak images scattered from red 
fluorescent	 spheres	 for	 examining	 the	 synthetic	 jet	 flow.	
The	centerline	velocity	of	the	jet	was	measured	with	a	hot-
wire anemometer. For exploring the formation progression 
of	 synthetic	 jets,	 the	 numerical	 analysis	 implemented	
unsteady three-dimensional conservation equations of 
mass and momentum with a standard k-ε two-equation 
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turbulent model adopted for turbulence closure. The 
moving boundary was also treated to represent the motion 
of	the	piezo	diaphragm	under	actuation.	For	a	full	sinusoidal	
actuation	cycle	at	an	operating	frequency	of	648	Hz,	 the	
synthetic	 jet	 flow	 pattern	 was	 simulated	 and	 compared	
with	the	visualized	image	and	measured	centerline	velocity	
distribution to validate the computer software. In general, 
the	far-field	flow	structure	was	fairly	similar	to	a	common	
continuous	turbulent	air	jet;	whereas,	the	predicted	time-
recurring formation of a vortex pair was observed in the 
near-field.	The	surrounding	air	close	 to	 the	slot	was	also	
drawn into the cavity of the actuator when the vortex pair 
advected	sufficiently	downstream.	Numerical	experiments	
were further extended to assess the performance of micro 
synthetic	jet	actuators	by	systematically	varying	the	driving	
voltage, relative phase delay of frequency, width of the slot 
and depth of the actuator cavity.

  A00185-00384 

Mixing Enhancement of a Passive Micromixer by 
Applying Boundary Protrusion Structures 

Chang-Yu HSIEH; An-Shik YANG
Department of Energy and Refrigerating
Air-Conditioning Engineering, National Taipei University 
of Technology, Taipei, Taiwan

Effective	mixing	is	of	vital	importance	to	many	microfluidic	
devices with applications in the areas of biotechnical 
industries, analytic chemistry and medical industries. In 
practice, passive micromixers are dependent on the proper 
layout	of	channel	geometric	configurations	with	obstacles	
deposited in microchannels to break-up and recombine the 
flow	as	well	as	to	reduce	the	diffusion	path	for	improving	
the	mixing	performance.	The	objective	of	this	study	is	to	
examine	 the	mixing	 behavior	 of	 two	 test	 fluids	 flowing	
via a passive micromixer with protruded structures 
arranged at the boundary of the mixer. In simulations, both 
fluids	were	 treated	 as	 laminar,	 incompressible,	miscible,	
uniform-property	 liquid	 flows	 with	 negligible	 effects	 of	
gravity and temperature variation over the computational 
domain. The theoretical model was based on the time-
dependent three-dimensional conservation equations of 
mass, momentum and species concentration; whereas, 
the governing equations were numerically solved using 
an	 iterative	 SIMPLEC	 algorithm	 to	 determine	 the	 flow/
transport	 properties.	 The	 predicted	 mixing	 efficiency	 at	
different axial locations was compared with measured 
results in the literature for code validation. In addition, the 
present research explored the progression of the temporary 
mixing	flowfield	in	a	micromixer	and	the	time	required	for	
realizing	one	mixing	event	in	detail.	The	simulation	results	
indicated that intense vortices were evidently induced in 
the boundary protrusion regions to augment the mixing 
efficiency	 along	 the	 flow	 course.	 To	 attain	 the	 design	
optimization	of	micromixers,	numerical	experiments	were	
further extended to investigate the effects comprising 

height, width, spacing, and shape of boundary protrusion 
structures on mixing enhancement of a passive micromixer 
with diamond-shaped obstructions.

  A00186-00475 

Use of Micro Synthetic Jet Actuators for Boundary 
Layer Flow Control 

Jing-Chuen	LIN; An-Shik YANG; Li-Yu TSENG
Department of Energy and Refrigerating
Air-Conditioning Engineering, National Taipei University 
of Technology, Taipei, Taiwan

Micro	 synthetic	 jet	 actuators	 (SJAs)	 are	 low	 power	
consumption,	 zero-net-mass-flux	 and	 highly	 compact	
microfluidic	 devices	 which	 have	 demonstrated	 their	
capability in modifying the pressure distributions and 
subsonic	 flow	 characteristics	 for	 boundary	 layer	 flow	
control	without	need	for	a	fluid	tank	and	plumbing	system.	
In order to facilitate the development of a practicable active 
flow	 control	 strategy	 based	 on	 implementation	 of	micro	
SJAs,	the	present	work	aims	to	investigate	the	formation	
and	interaction	of	unsteady	flowfield	of	a	synthetic	jet	with	
external	crossflow.	In	view	of	a	single	synthetic	jet	emitting	
into	a	turbulent	boundary	layer	crossflow	through	a	circular	
orifice,	the	theoretical	model	employed	the	time-dependent	
three-dimensional conservation equations of mass and 
momentum	 for	 compressible,	 turbulent	 flows	 with	 an	
insignificant	temperature	variation	over	the	computational	
domain. The motion of a movable diaphragm plate was 
also treated as the moving boundary by prescribing the 
displacement on the plate surface. The predictions by 
the	 computational	 fluid	 dynamics	 (CFD)	 code	 ACE+® 
were compared with measured transient phase-averaged 
velocities in literature for software validation. The 
simulated results evidently illustrated the time evolution of 
the	large	vortical	structure	originating	from	the	jet	orifice	
and	its	successive	interaction	with	the	crossflow	to	change	
the	flow	structure	inside	the	boundary	layer.	At	relatively	
high	velocity	 ratios	of	 the	 synthetic	 jet	 to	 the	 crossflow,	
a	 strong	 jet	flow	could	 significantly	 influence	 the	events	
of the boundary layer. To assess the effect of synthetic 
jet	 control	 on	 surface	 pressure	 distributions	 and	 wake	
flow	profiles	for	calculating	the	lift	and	drag	coefficients,	
numerical	 simulations	were	 extended	 to	 characterize	 the	
turbulent	flow	over	a	NACA0012	airfoil	with	and	without	
the	jet	actuation	at	a	Reynolds	number	of	1.89×106 based 
on the chord length and free stream velocity. In the case of 
16.6°	angle	of	attack	without	activating	a	micro	SJA,	the	
flow	tended	to	separate	at	the	location	slightly	behind	the	
midchord. In contrast, the predicted results indicated that 
the	synthetic	jet	flow	engendered	by	a	single	SJA	installed	
at	20%	chord	location	could	effectively	delay	the	start	of	
flow	separation	and	thereby	lead	to	a	substantial	increase	
in	the	lift	coefficient.	
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  A00186-00544 

A Novel Piezoelectric Valveless Micropump 
with an Integrated Diffuser/Nozzle Bulge Piece 
Design 

Tsung-Hsing CHAN1; Chiang-Ho CHENG1; 
An-Shik YANG2; Li-Yu TSENG2

1. Department of Mechanical and Automation 
Engineering, Da Yeh University, Chang Hua, Taiwan
2. Department of Energy and Refrigerating
Air-Conditioning Engineering, National Taipei University 
of Technology, Taipei, Taiwan

The modern micro-electro-mechanical-systems (MEMS) 
technologies	have	realized	the	vital	progress	of	micropumps	
as	 one	 of	 the	 essential	 fluid	 handling	 devices	 to	 deliver	
and	 control	 precise	 amounts	 of	 fluids	 flowing	 along	 a	
specific	 direction	 for	 meeting	 the	 emerging	 demand	 in	
biological and medical applications. The present paper 
aims to present the design, fabrication, and test of a novel 
valveless	 piezoelectrically	 actuated	 micropump.	 The	
proposed micropump mainly comprises a stainless-steel 
structured	chamber	with	a	piezoelectric	(PZT)	diaphragm	
as a driving source to propel liquid stream under actuation. 
An	 integrated	 diffuser/	 nozzle	 bulge	 piece	 was	 devised	
to	 produce	 a	 flow	 resistance	 difference	 across	 the	 fluid	
inlet	 and	 the	 outlet	 for	 delivering	 a	 net	 liquid	 flowrate.	
During tests, the micropump, operating at the frequency 
of	 250	 Hz	 and	 the	 voltage	 of	 160	 Vpp, engendered a 
mean	water	flowrate	up	to	0.779	ml/min.	In	the	analysis,	
the	 computational	 fluid	 dynamics	 (CFD)	 software	 ESI-
CFD	ACE+®	was	used	to	examine	the	time-varying	flow	
phenomenon inside a full-scale PzT micropump throughout 
an actuation cycle. The computational approach adopted 
the transient three-dimensional conservation equations 
of mass and momentum with the moving boundary 
specified	 to	 represent	 the	 movement	 of	 the	 diaphragm.	
To validate the computer package, the predictions were 
compared	with	measured	water	flowrates	generated	by	the	
micropump. The simulations revealed that the number of 
vortices and their rotating direction were determined by 
the driving amplitude and frequency of the diaphragm. At 
the	frequency	ranging	from	100	to	250	Hz,	the	vortex	pairs	
were clearly formed and thereby caused a relatively high 
pressure drop near the diffuser outlet inside the micropump 
chamber. In effect, the presence of vortex pairs could 
develop distinct resistance characteristics in the advancing 
and retreating phases of the PzT diaphragm to generate a 
net	pumping	flowrate	from	the	inlet	to	the	outlet	over	a	full	
actuation cycle. Numerical experiments were also carried 
out	 by	 varying	 the	 opening	 angle	 of	 the	 diffuser/nozzle	
module within the range of 8°-12°, the angle setting of 8° 
can provide the best performance in term of the maximum 
pumping	flowrate	achieved.

  A00201-02560 

Kelvin Force Microscope Immunoassay for 
Electrical Label-free Characterization

Shinkichi NUMATA; Shigeru YAMASITA; Atsushi AKI; 
Atsumu SHOJI; Toru MIzUKI; Yoshikata NAKAJIMA; 
Toru MAEKAWA; Tatsuro HANAJIRI 
Bio-Nano Electronics Research Centre, Toyo University, 
Saitama, Japan

Enzyme	 Linked Immuno Sorbent Assay (ELISA) has 
been	widely	recognized	as	one	of	the	useful	immunoassay	
methods, but it has many disadvantages ;it requires 
expensive markers and complicated processes. Therefore, 
various label-free immunoassay methods have been 
investigated intensively in analytical chemistry, bio 
science, and medical science, but they still have many 
problems to be improved.

Quite Recently, Kelvin Force Microscope (KFM) has been 
used to measure electrical change of surface potential 
caused	by	immune	reaction	at	immobilization	electrodes.	
KFM is a kind of  Scanning Probe Microscope (SPM), 
which can detect surface potential with high resolution 
by	 electrostatic	 force.	 However,	 KFM	 is	 difficult	 to	
incorporate into portable devices. In another label-free 
immunoassay methods using Ion-Sensitive Field Effect 
Transistor	 (ISFET)s,	 antibodies	must	be	 immobilized	on	
gate electrodes of ISFET directly, and then electrodes 
which	is	immobilized	with	antibodies	or	antigens	cannot	
be reused. 

In this study, we investigate electrical change of surface 
potential caused by immune reaction to develop portable, 
reusable label-free immunoassay methods. We propose a 
new label-free immunoassay method in which additional 
electrodes for measurement of surface potential are 
prepared	apart	from	electrodes	for	antibody	immobilization,	
and consenquently, it becomes much easier to exchange 
electrodes in case of reusing devices. We compare results 
from our method with those from ELISA.

Micro electrodes were prepared on silicon or glass 
substrates by sputtering and lithography thchnique. Then, 
antibody	 Rat-IgG	 was	 immobilized	 on	 wells	 fabricated	
on	 substrate.	 Antibody	 Rat-IgG	 was	 immobilized	 with	
aminoethanethiol and glutaraldehyde on substrate. The 
substrate was blocked with bovine serum albumin. After 
the	immobilization,	immune	reaction	was	caused	by	anti-
Rat-IgG	peroxides	conjugate.

The difference of surface potential at measurement 
electrodes before and after of immune reaction, ⊿φ	and	
absorbance Optical Density (OD) are measured by KFM 
and ELISA, respectively. ⊿φ	detected	by	KFM	showed	
correspondence to absorbance OD measured by ELISA, 
when Rat-IgG concentration is 10-3～10-4[g/ml].
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Our	 KFM	 result	 confirms	 that	 portable	 and	 reusable	
immunoassay	devices	will	be	realized	by	incorporating	our	
cartridge electrodes system into label-free immunoassay 
methods using ISFET, instead of KFM, and by integrating 
the total system into a chip.

  A00214-01808 

Design and Characterization of a MEMS-
microfluidic Sensor for Rheological Applications

Helene BERTHET1;2; Howard STONE2; 
Frédéric MARTY3; Bruno MERCIER3;	Jacques	JUNDT1; 
Dan ANGELESCU1;3

1. Schlumberger Research, Cambridge, United States
2. Harvard University, Cambridge, United States
3. ESIEE Engineering, Noisy-le-Grand, France

We present our efforts to design, manufacture, and 
characterize	a	capillary	viscometer	aimed	at	performing	very	
high	shear	rate	rheology	of	complex	fluids,	and	fabricated	
using	MEMS/microfluidic	technology.	Knowledge	of	flow	
properties at high shear rates is critical in applications like 
injection	molding,	spraying,	extrusion,	painting	etc.	Shear	
rates that are routinely achieved in such applications often 
surpass the measurement capabilities of standard laboratory 
equipment,	making	 flow	 characterization	 and	 equipment	
optimization	 a	 difficult	 task.	Efforts	 have	been	 aimed	 at	
building custom rheometers with extended measurement 
range, including recent reports of rheometers fabricated 
using MEMS technology which are capable of shear rates 
up to 80000s-1.

Our goal is to achieve single-package integration of the 
ensemble of functions required to perform capillary 
viscometry, thus eliminating the need for calibrated 
external pumps. The design consisted of a straight capillary, 
a differential pressure gauge to record the pressure drop, a 
time-of-flight	flow	meter,	and	a	temperature	sensor.	These	
blocks were integrated in a Glass-SOI-Glass laminated 
structure, using wet etching for machining the glass wafers 
and DRIE for structuring the silicon wafer. Lamination 
was achieved using two successive anodic bonding steps, 
having metallic traces buried in the oxide layer at the 
silicon-glass	interface.	The	dimensions	of	the	final	package	
were 10mmX23mm, with a thickness of 700µm. 

Device calibration was performed using commercial 
Newtonian viscosity standards as well as hexadecane, and 
characterization	 in	 non-Newtonian	fluids	was	 performed	
using a solution of polyisobutylene in pristane. The rheology 
of	the	non-Newtonian	fluid	at	several	temperatures	and	at	
shear rates up to 10000s-1 was measured with a commercial 
rheometer	and	observed	to	closely	fit	the	Carreau	viscosity	
model. This range of shear rates is characteristic of the rates 
encountered	in	the	flowrate	sensor	portion	of	the	device.

The	 response	of	 the	 thermal	 time-of-flight	flow	meter	 in	
Newtonian	 fluids	 showed	 excellent	 linearity	 over	 more	
than	 two	 orders	 of	magnitude	 in	 flow	 rate,	 however	 for	
non-Newtonian	fluid	a	strong	non-linearity	was	observed	
above a certain threshold corresponding to a shear rate 
of 500000s-1  in the measurement capillary, representing 
the upper shear rate limit of the current device. Excellent 
linearity	of	pressure	gauge	response	 to	 imposed	flowrate	
resulted in good agreement between sensor reading 
and	 fluid	 viscosity	 for	 Newtonian	 fluids.	 Modeling	
was	 performed	 using	 thermal/flow	 coupled	 simulations	
with	 Ansys/Flotran	 and	 Comsol	 finite	 element	 analysis	
packages, showing excellent agreement with measurement 
for	Newtonian	fluids.	The	nonlinearity	observed	with	non-
Newtonian	fluids	was	not	recovered	in	the	simulations,	the	
discrepancy being attributed to the existence of extensional 
flow	effects	in	the	wake	of	MEMS	structures.

In conclusion, we have demonstrated a microfabricated 
rheometer	for	low	viscosity	fluids	which	is	capable	of	shear	
rates up to 500000s-1, or almost an order of magnitude 
higher than the current state of the art. Further numerical 
and experimental studies are underway to understand the 
observed non-linearity in the response of the device at 
higher shear rates. 

  A00297-00734 

Gas Bubble Sizes Formed in Liquids at Different 
Resonant Frequencies

Chiang-Ho CHENG1; Li-Yu TSENG2; 
Tsung-Hsing CHIANG1

1. Department of Mechanical and Automation 
Engineering, Da Yeh University, Changhua, Taiwan
2. Department of Energy and Refrigerating
Air-Conditioning Engineering, National Taipei University 
of Technology, Taipei, Taiwan

The present research applies the microelectronmechanical 
system (MEMS)technology to design and fabricate a novel 
micro-bubble	generator	by	using	a	piezoelectric	actuator.	
The main structure of the proposed generator adopts an 
annular	 piezoelectric	 ceramic	 which	 is	 coupled	 with	 a	
nickel	 nozzle	 plate.	 When	 an	 electric	 field	 is	 applied	
across the	 piezoelectric thickness of the generator, the 
piezoelectric	 element	 deforms	 transversely.	 The	 radial	
strain	causes	the	surface	of	the	nozzle	plate	to	expand	or	
contract, which causes the entire structure to bend, and in 
turn transport gas micro-scaled bubbles into fluid	flow	for	
enhancing the oxygen content in fluid. In the experiment, 
a	flow	visualization	 setup	 employs	 a	 high	magnification	
microscope and a high speed charge coupled device (CCD) 
camera to photograph the time evolution of meniscus 
shape of gaseous bubbles dispensed from the micro-
bubble generator. The bubble formation process including 
the effects of inlet gas pressure as well as driving voltage 
and resonant	 frequency	on	generated	bubble	 size	 is	 also	
discussed in this study. 
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Characterization and Optimization of Seal-Off for 
Very Low Pressure Sensors (VLPS) Fabricated by 
CMOS MEMS Process 

Muhamad	Ramdzan	BUYONG;	Norazreen	ABD AzIz
Institute of Microengineering and Nanoelectronics 
(IMEN), Universiti Kebangsaan Malaysia, Selangor, 
Malaysia

In the world of MEMS processing today, fabrication of 
membrane can be performed using bulk micromachining 
(BMM). However, these techniques may not easiest 
to integrate with CMOS standard process due to not 
compatible	 of	 the	 processing	 flow.	 The	 alternative	
technique via implementation of surface micromachining 
(SMM). There is a trend to use surface micromachining 
to their advantage of simplicity in design and fabrication 
process compatibility. This paper presents process 
development of thin layer membrane for very low pressure 
sensor application. The structure of the membrane consists 
of parallel plate which both top and bottom electrodes 
were	fixed	at	both	sides.	Utilizing	CMOS	MEMS	process	
compatible	 process	 specifically	 surface	micromachining,	
fabrication of the thin layer membrane involved in three 
stages;	 i)	 hole	 opening	 etch,	 ii)	 sacrificial	 intermediate	
oxide release etch and iii) closing of etch holes. Thus 
closing	of	 etch	holes	or	 sealed	process	optimization	and	
characterization	 experiment	 are	 presented	 in	 this	 paper,	
will spur advancement in the development of a CMOS 
MEMS product for very low pressure sensor. 

  A00335-00623 

Analysis of Ionic Transport Interaction between 
Soft Smart Hydrogel and Solution in BioMEMS 
Channels

Rongmo LUO; Hua LI; Teng Yong NG; Khin Yong LAM
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

A multiphysics model is presented to simulate the ionic 
transport interaction between the smart pH-electric-
sensitive hydrogels and solution in micro-scale channel for 
BioMEMS application, when they are immersed into a pH 
buffer	solution	subject	to	externally	applied	electric	field.	
It is called the multi-effect-coupling pH-electric-stimuli 
(MECpHe) model, and covers chemo-electro-mechanical 
coupled	effect	and	the	fixed	charge	density	associated	with	
the buffer solution pH and electric potential. The model 
enables us to predict the distributive diffusive ionic species 
concentrations and the distributive electric potential in 
both hydrogel and surrounding solution as well as the 
fixed	 charge	 density	 and	 the	 displacement	 of	 hydrogel,	
especially to study the ionic transport interaction between 
the soft smart hydrogel and solution in the micro-channel. 
By the MECpHe model, the equilibrium response of the 

smart hydrogels is simulated to the interaction with the 
solution	pH	and	electric	coupled	stimuli.	Influence	of	the	
several key parameters including the externally applied 
electric	 voltage,	 solution	pH	and	fixed	 charge	density	 is	
discussed in detail on the distributions of ionic species 
concentrations and electric potential for the ionic transport 
systems in micro-scale channel.

  A00378-00696 

High Temperature Reliability Study of MEMS 
Capacitive Accelerometers 

Nazman	zAIYADI
Faculty Of Engineering, Multimedia University, 
Cyberjaya, Malaysia

MEMS accelerometers have widely been used in consumer 
electronics devices and automotive industries. They are 
mature devices which already manufactured more than 
two years by well-known company around the worlds. 
However, there are only a few attempts to assess their 
reliability in the literature and all results show that MEMS 
accelerometers are high reliability devices with low failure 
rates. This paper proposes the reliability study on 5 units 
of ADXL105, accelerometer from Analog Devices when 
imposing to high temperature by using High-Temperature 
Operating Life (HTOL) Acceleration Model.

HTOL is performed to measure the reliability of devices 
during	 the	useful	 life	and	wear	out	stages	of	a	product’s	
life cycle. The data generated from HTOL testing is used 
to calculate the device failure rates at end user operating 
conditions. The data generated at the accelerated testing 
conditions of HTOL (1,000 hrs at 120C or equivalent) is 
translated to lifetimes at the end user operating conditions 
(10 years at 55C), by using the Arrhenius Eq. (1) with an 
activation energy of 0.7eV. 

AT = Exp [Ea/KB (1/Tuse - 1/Tstress)];

Ln (tf ) = C + Ea/KB (1)

where AT is temperature acceleration factor, Ea is activation 
energy, KB	is	Boltzmann’s	constant,	Tuse is use temperature 
in Kelvin, Tstress is test temperature in Kelvin, tf  is time 
to failure and C is constant. The Chi Squared statistical 
distribution	 is	 used	 to	 calculate	 the	 confidence	 intervals	
(90%)	on	the	failure	rate	data	based	on	the	number	of	DUTs	
HTOL tested. The failure rates are inversely proportional 
Mean Time to Failure (MTTF) given by Eq. (2):

Failure rates = X2/2NHAT,

MTTF = 1/Failure rates (2)

where X2 is Chi Squared Distribution, N is number of DUTs 
HTOL tested and H is duration of HTOL testing.
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The apparatus known as tilting equipment is designed 
for gravitational test consists of two main parts: copper 
enclosure and holder. The PCB-mounted DUTs are 
placed inside the copper enclosure parallel with their axis 
of	 sensitivity	 while	 the	 holder	 firmly	 grips	 the	 copper	
enclosure.	The	 tilting	 equipment	 could	generate	0g,	+1g	
and -1g output level. The steel heater plate is positioned 
at the bottom of the copper enclosure to provide thermal 
stress up to 120°C through conduction to the DUTs.

The test results later then compare with the life test data 
extracted from Analog Devices website with show a 
little bit different because of amounts of sample using to 
conduct the testing. As the temperature increase, thermal 
energy is activated and easier to surmount the potential 
barrier height of Ea thus increase the probability of failure 
in a shorter time period.

  A00387-00715 

Evolutionary Algorithm Based Feedforward 
Control for Contouring of a Biaxial Piezo-actuated 
Stage 

Chih-Jer	LIN; Shu-Yin CHEN
Mechanical and Automation Engineering, Dayeh 
University, Taiwan

The	main	objective	of	this	paper	is	to	establish	a	precision	
contouring	 control	 of	 a	 biaxial	 piezoelectric-actuated	
stage.	 The	 positioning	 accuracy	 of	 the	 piezoelectric-
actuated stage is limited due to the hysteretic nonlinearity 
of	the	piezo-electric	actuators	(PEA).	To	compensate	this	
hysteresis problem, a feedforward controller based on 
an evolution algorithm is proposed. The dynamics of the 
hysteresis is formulated by the Bouc-Wen model and the 
evolutionary algorithms (EAs) are studied to identify the 
optimal parameters of the Bouc-Wen model. To verify the 
consistency, two micro-contouring tasks are implemented 
by the proposed feedforward controller with the feedback 
of linear optical scales in DSP based real-time control 
architecture. 

  A00392-00731 

Modeling of Cell Motion in Micro-scale 
Hydrodynamic-electrical Field 

Ting YE; Hua LI; Khin Yong LAM
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

A modeling of two-phase system is presented for 
investigation of the cell deformation and motion in the 
microchannel	 subject	 to	 the	 mechanical	 and	 electrical	
coupled forces. In order to evaluate the mechanical 
force developed by cell membrane, it is treated as an 
incompressible and elastic shell with uniform thickness 

capable of shearing and bending deformation. Due to the 
irregular	and	complex	cell	configuration	after	deformation,	
the Maxwell stress tensor method is successfully employed 
to	 analyze	 the	 dielectrophoretic	 force.	 The	 modified	
particle level set method is presented to accurately track 
the moving interface between the two phases, which is 
vital for a modeling of two-phase system. Afterwards 
a	 projection	 method	 is	 used	 to	 numerically	 solve	 the	
incompressible Navier-Stokes equations governing the 
entire	 flow	field.	On	 basis	 of	 the	 series	 of	methods,	 the	
motion of red blood cell (RBC) in the microchannel under 
the mechanical and electrical coupled forces is simulated 
to	show	the	deformation	process	and	the	moving	trajectory	
of RBC. The present study is not only of great value for 
in-depth understanding of some diseases caused by cell 
abnormality,	 but	 also	 of	 practical	 significance	 for	 cell	
manipulation and separation.

  A00405-00788 

A Continuum Theory for Simulation of Ionic-
strength-sensitive Hydrogel for BioMEMS 
Application

Fukun LAI; Hua LI; Khin Yong LAM
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

A continuum multiphysics theory is developed which covers 
the ionic-strength-sensitive hydrogel and surrounding 
solution. The theory considers the coupled effects of 
chemical, electrical and mechanical energy domains on 
the swelling behavior of ionic-strength-sensitive hydrogel 
and is thus called the multi-effect-coupling ionic-strength-
stimuli (MECis) model. The MECis model consists of 
several governing equations, including Nernst-Planck 
flux	 system,	 Poisson	 equation,	 fixed	 charge	 density	 and	
mechanical motion equation, in which the effect of the 
ionic	 strength	 is	 incorporated	 into	 the	diffusive	flux	 and	
fixed	charge	equations.	The	theory	is	capable	of	simulating	
the swelling/shrinking behavior of smart hydrogel in 
buffer	solution	subject	to	the	change	in	the	ionic	strength	
of the solution, and providing the distribution of the ionic 
concentration and electrical potential for the applications 
of the BioMEMS design. Apart from ionic strength as 
the	 main	 stimulus,	 the	 influence	 of	 several	 parameters	
is	 discussed	 in	 detail,	 including	 the	 initial	 fixed	 charge	
density	 and	 Young’s	 modulus	 of	 the	 hydrogel,	 on	 the	
distributions of ionic concentration, electrical potential 
and displacement. 
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Microfluidic Sorting System Based on Optical 
Force Switching

Siew Kit HOI1;2; Chammika UDALAGAMA1;2; 
Chorng Haur SOW1; Andrew A. BETTIOL1;2
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2. Centre for Ion Beam Applications, National University 
of Singapore, Singapore

The ability not solely to trap but indeed to separate or sort 
microscopic particles and cells is a topic of current interest 
within	the	broader	field	of	optical	micromanipulation.	We	
report a novel, versatile, and automatic method for sorting 
cells and particles in a three dimensional PDMS structure 
consisting of two cross-microchannels. As the microspheres 
or yeast cells are fed continuously into a lower channel, a 
line shaped focused laser beam is applied (perpendicular 
to	 the	 direction	 of	 flow)	 at	 the	 crossing	 junction	 of	 the	
two channels. The scattering force of the laser beam was 
employed	to	push	microparticles	matching	specific	criteria	
upwards from one channel to another. The force depends 
on the intrinsic properties of the particles such as their 
refractive	index	and	size,	as	well	as	the	laser	power	and	the	
fluid	flowing	speed.	The	combination	of	these	parameters	
gives a tunable selection criteria for the effective and 
efficient	 sorting	 of	 the	 particles.	 The	 proposed	 system	
provides a simple, low-cost, high-performance solution 
to isolate, separate or sort a wide variety of suspensions 
of microscale biological or colloidal particles within a 
microfluidic	system.

  A00507-00931 

A Transient Simulation for Analysis of Volume 
Transition of pH-sensitive Hydrogel in Micro-
channel

Hua zOU; Hua LI; Khin Yong LAM
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

Based	 on	 Donnan’s	 equilibrium,	 a	 chemo-mechanical	
model is developed to study the transient swelling 
behavior of the pH-sensitive hydrogel for design and 
optimization	 of	 hydrogel-based	 BioMEMS	 device.	 The	
model is mathematically composed of several governing 
equations,	 including	 Fick’s	 law	 which	 describes	 the	
diffusion	process	 in	 the	buffer	 solution,	 the	fixed	charge	
density formula associated with pH value of the buffer 
solution, and mechanical equation which gives the swelling 
ratio responding to pH. The model also considers several 
chemical	 conditions,	 including	 Donnan’s	 equilibrium	
condition which gives Donnan partitioning ratio relating 
the concentrations of ionic species in the interior hydrogel 
and the external solution, the electroneutrality condition 
in the interior hydrogel and bathing solution as well. The 
model is capable of predicting the kinetics process of the 

smart hydrogel immersed in buffer solution with change in 
pH. The simulation of the diffusion-swelling behavior of 
the pH-sensitive hydrogel is presented, and the swelling 
response of the smart hydrogel to the solution pH is 
discussed in detail.

  A00602-01100 

Novel Design and Fabrication of High Sensitivity 
MEMS Capacitive Sensor Array for Fingerprint 
Imaging

Mitra DAMGHANIAN; Burhanuddin YEOP	MAJLIS
Institute of Microengineering and 
Nanoelectronics(IMEN), Universiti Kebangsaan 
Malaysia, Selangor, Malaysia

A novel MEMS capacitive pressure sensor array is designed 
and	 fabricated	 for	 fingerprint	 acquisition	 application.	
Currently,	MEMS	fingerprint	sensors	are	widely	used	in	cell	
phones and PCs and are looking forward to an enormous 
market opportunity by being integrated into credit 
cards, smart cards and other identity and security cards. 
Capacitive	fingerprint	imagers	offer	many	advantages	over	
other existing technologies such as optical or ultrasonic 
imagers.	Consequently,	capacitive	fingerprint	sensors	are	a	
promising alternative due to their low power consumption, 
small	 size	 and	 no	 turn	 on	 temperature	 drift.	 Low	 cost	
and	 highly	 sensitive	 fingerprint	 imagers	 are	 required	
in various applications related to biometric extraction 
and	 identification.	 Based	 on	 analytical	 analyses,	 each	
capacitive cell in this new design employs a metallic wide 
micro	beam	as	the	deflecting	element,	which	will	cause	a	
capacitance change proportional to the applied pressure by 
pressing	the	fingertip.	The	behavior	of	the	designed	sensor	
is	simulated	using	state	of	 the	art	FEM	tools	specialized	
for	MEMS	design.	The	device	 is	optimized	 to	 fulfill	 the	
design constraints while considering existing fabrication 
process	and	material	limitations.	Simulations	confirm	that	
linearity of this design is superior compared to common 
membrane based capacitive sensors. Sensitivity of the 
sensor	as	a	critical	parameter	also	shows	a	major	boost	with	
the aid of a rectangular base, T-shaped protrusion on top 
of the wide micro beam for concentration of the pressure 
causing	an	axial	deflection.	Device	is	fabricated	on	glass	
substrate, using aluminum for the electrodes, a polyimide 
layer as the pressure concentrating unit on top of the upper 
electrode and common MEMS fabrication processes. 
The measurements on the fabricated sensor array show 
a good agreement with results from the simulations. The 
main	achievements	of	this	work	have	been	simplification	
of the sensor structure in terms of fabrication process, 
masks and material compared to previous prototypes as 
well as improvements on the output parameters in terms of 
sensitivity and linearity.
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Design and Analysis of Low-Power MEMS Speaker 
using Magnrtic Actuation Technology 

Fatima Lina AYATOLLAHI; 
Burhanuddin YEOP	MAJLIS
Institute of Microengineering and 
Nanoelectronics(IMEN), Universiti Kebangsaan 
Malaysia, Selangor, Malaysia

This paper presents parametric simulations of a 
micromachined mesoscopic acoustic speaker for hearing 
aid applications. The microspeaker has a single turn 
copper coil on a polyimide membrane, and a NdFeB 
permanent	magnet	beneath	the	membrane.	The	fields	due	
to the permanent magnet were computed using FEMM. 
Then,	 forces	 based	on	 the	fields	 and	on	 the	 coil	 driving	
current were computed.  The simulation of membrane 
displacements and stresses has investigated.  The device 
has a polyimide membrane diameter of 2.5 mm and 
thickness of 2 µm. The concept presented here is based 
on combination of assembling and fabricating the MEMS 
parts in order to build a microspeaker. Micromachining is 
used	to	make	the	key	component,	a	thin	flexible	polyimide	
membrane to which a single-turn circular copper coil 
is bonded.  It is held by an outer ring, which also holds 
a spacer, on the top of which is the strong permanent 
magnet.  Currents through the coil, which vary in time 
according	 to	 the	 desired	 sound,	 produce	magnetic	 fields	
that	 interact	with	 the	permanent	magnetic	 (NdFeB)	field	
to	 produce	 forces	 on	 the	 membrane.	 The	 forces	 deflect	
the membrane, which generates sound. The critical 
parameters to be chosen to turn this concept into a design 
include: the membrane material, diameter and thickness, 
the material, radius, width, thickness and current for the 
coil, the membrane-magnet gap and the magnet material, 
diameter and length.  The geometries and materials for the 
outer ring and the spacer, and adhesives to hold all parts 
together, are important practically, but do not directly 
impact the performance of the speaker. Applications of 
this research are hearing aids and cell phone. The small 
membrane	size	and	deflections	in	the	device	we	envision	
would not produce useful sound levels in open air.  But, 
in	the	confines	of	an	ear,	where	there	is	an	air	volume	of	
roughly	2	cubic	centimeters,	the	deflections	are	sufficient	
to achieve practical levels of sound .Sound Pressure Level 
(SPL)	is	defined	relative	to	the	threshold	of	hearing	without	
a hearing aid, which is 20 microPascals. Using the results 
of the simulations for a 100 mA current (16mW), we 
compute SPL of 98 dB within the ear. Based on the results 
presented in this paper, a compact and low-power MEMS 
microspeaker for hearing aids using magnetic actuation 
technology appears feasible.
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Prediction of Burr Formation in Fabricating MEMS 
Components by Micro End Milling

Mohammad ALI; Nurul HAJAR; Aliff OMAR; 
Khairul IRMAN
Manufacturing and Materials Engineering, International 
Islamic University Malaysia, Kuala Lumpur, Malaysia

In the recent years, there is a growing need for fast, direct, 
and mass manufacturing of micro electro mechanical 
systems (MEMS) components from metals, polymers, 
composites, and ceramics. Micro meso mechanical 
manufacturing (M4) is rapidly being used because of its 
viability to directly produce miniature three dimensional 
(3D) functional parts. These tool based micromilling 
processes	 can	 achieve	 high	 surface	 finish	 and	 material	
removal	 rate	 for	 sub-millimetre	 to	 few	millimetre	 sized	
microfeatures	such	as	microfludic	channels	for	Bio-MEMS,	
micromold cavity for replication of MEMS components 
from polymeric and ceramic materials. However, the 
formation of burrs and form accuracy in tool based micro 
milling are the critical issues. Burr is an undesirable 
projection	of	material	that	do	require	additional	finishing	
operations known a deburring. The deburring process can 
be	 very	 difficult	 to	 be	 done	 on	 micro	 sized	 workpiece.	
Moreover, the deburring operations sometimes damage the 
microstructures. This paper discusses the burr formation 
in micro end milling in fabricating MEMS structures. 
The	objectives	of	this	research	were	to	develop	statistical	
models for the prediction of burr height. 

In this study stainless steel AISI 304 was chosen as the 
substrate material due to the characteristics of high corrosion 
and wear resistance, machinability, polishability,and 
stability in hardening. This material is widely used as a 
mold material for both macro and microreplication of 
plastic products. Tungsten carbide cutting tools were 
selected due to its high hardness at elevated temperature. 
Its high strength and rigidity enabled it to machine tiny 
sized	features	without	any	significant	deformation.	A	multi-
purpose miniature machine tool (DT-110, Mikrotools Inc., 
Singapore) was used for this experimental analysis.

Experiments were conducted using 500 µm diameter 
tungsten	carbide	end	milling	tool	to	analyze	the	influence	
of the cutting parameters such as feed per tooth, cutting 
speed and application of coolant. These input variables 
and	 response	were	 analyzed	 by	Design	 Expert	 software	
to develop the empirical models for estimation of burr 
height. The empirical relationship showed that the feed 
rate	and	cutting	speed	are	 the	significant	factors	for	burr	
height. Application of coolant also played an important 
role on burr formation. When machining without coolant, 
the	burr	height	increases	about	50%	compared	to	that	by	
machining	with	coolant.	The	optimized	values	of	feed	rate	
and cutting speed are 1 mm/tooth and 78 mm/s respectively 
which produced minimum burr height of about 5µm. The 
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verification	experiments	showed	that	the	measured	values	
of	burr	height	and	surface	roughness	were	within	5-10%	
of predicted values.

  A00633-02258 

Parametric Study of Hot Embossing on Micro-
holes 

Cheng-Hsien WU; Ya-zhen HU
Department of Mold and Die Engineering, National 
Kaohsiung University of Applied Sciences, Kaohsiung, 
Taiwan

Many polymer-based microfabrication techniques have 
been explored for high-volume production. Particularly 
in	 the	 field	 of	 bio-	 and	 chemical-MEMS,	 products	with	
microstructure are in great demand. In recent years, plastics 
have begun to show great commercial potential especially 
in manufacturing micro-structured parts. Hot embossing 
is a method of replicating polymer microstructures. A 
polymer substrate is heated above its glass transition 
temperature. A mold with a master is then pressed against 
the substrate, allowing the pattern to be fully transferred 
onto the substrate. After a certain time of holding 
and cooling, the substrate is cooled below transition 
temperature. The pressed substrate is removed from the 
mold. To have better replication accuracy, the common 
problem of knowing and accurately controlling the state of 
the material during hot embossing must be solved. When 
the material characteristics are well known, the embossing 
conditions can be correctly determined.

This report describes the application of hot embossing to 
produce parts with microstructure. An embossing machine, 
designed for microfabrication, was used to emboss PC 
substrate. An insert with micro-holes of various diameters 
was applied in the hot embossing experiments. Effects 
of process parameters, such as embossing temperature, 
embossing force, embossing period and demolding 
temperature, on replicated heights were studied.

Results show that replicated heights on smaller holes are 
smaller. Embossing temperature is the most important 
factor. Demolding temperature hardly affects the replication 
ability. Replicated heights increase with embossing period. 
The height can reach a very high value with a large enough 
embossing period.

  A00633-02308 

Closed-Die Compression Molding for Precision 
Optical Lenses

Cheng-Hsien WU; Siao-Yi LI; Chun-Yu LIU
Department of Mold and Die Engineering, National 
Kaohsiung University of Applied Sciences, Kaohsiung, 
Taiwan

The	 precision	 of	 injection	 molded	 plastic	 products	
is	 the	 crucial	 factor.	 The	 injection	 molding	 of	 thick-
walled lenses especially requires more efforts to achieve 
satisfactory quality. Weldlines, residual stresses, shrinkage 
and	warpage	are	the	common	defects	of	injection	molded	
optical lenses. To produce a three-dimensional plastic part 
with good quality, closed-die compression molding can 
be applied. Polymer materials are heated above its glass 
transition temperature. A closed die is used to compress 
heated polymer materials, allowing the pattern to be fully 
transferred. After a certain time of holding and cooling, 
the substrate is cooled below transition temperature. The 
pressed substrate is removed from the mold. To study the 
effects of material types, substrates, particles and powders 
were all used.

Effects of process parameters, such as embossing 
temperature, embossing force, embossing period and 
demolding temperature, on replicated heights were 
studied. The shapes of the molded lenses were measured 
by	a	precision	surface	profiler.	The	radius	of	curvature	was	
measured for both optical lenses and mold inserts. Effects 
of process conditions on the replication accuracy were 
studied. The residual stresses of molded lenses were also 
measured.

  A00732-01296 

Analysis of Microelectromechanical Systems 
Using the Meshless Random Differential 
Quadrature Method 

Shantanu MULAY; Hua LI; Khin Yong LAM
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

Several devices of microelectromechanical systems 
(MEMS)	are	analyzed	in	the	presented	work,	using	a	novel	
numerical meshless method called the random differential 
quadrature (RDQ). The differential quadrature (DQ) is 
a	 derivative	 discretization	 technique,	 which	 requires	 all	
field	 nodes	 to	 be	 arranged	 in	 a	 collinear	manner	with	 a	
pre-defined	pattern.	This	 limitation	of	 the	DQ	method	 is	
overcome	in	the	RDQ	method	using	the	fixed	reproducing	
kernel	 particle	 method	 (fixed	 RKPM)	 interpolation	
function. The RDQ method extends the applicability of the 
DQ method over a regular as well as an irregular domain 
containing	 uniform	 or	 randomly	 distributed	 field	 nodes.	
Due to the strong-form nature, the RDQ method captures 
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local high gradient well. These features of the RDQ 
method	enable	it	to	efficiently	solve	the	MEMS	problems,	
with	 different	 boundary	 conditions,	 for	 the	 deflection	
and	 rotation	 at	 every	 field	 node.	 In	 the	 presented	work,	
several MEMS devices that are governed by the non-linear 
differential	equations	are	analyzed	using	the	RDQ	method	
for the static and dynamic analysis and their results are 
compared with the other simulation results. It is shown 
that the RDQ method can solve MEMS devices problems 
very	efficiently	and	accurately.
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Design and Fabricaiton of a MEMS-based Gas 
Sensor

Jin-Ho	YOON;	Jung-Sik	KIM
Department of Material Science and Engineering, 
University of Seoul, Seoul, South Korea

Microelectromechanical systems (MEMS)-based gas 
sensors with semiconducting materials have many 
advantages of small dimension, low cost, high sensitivity, 
short response time, and low power consumption. In this 
study, the micro gas sensors for NOx gas were fabricated 
by using a MEMS technology and sol-gel process. The 
sensing electrode and micro heater were designed to be 
a	co-planar	 typed	structure	 in	 the	Pt	 thin	film	 layer.	The	
thermal characteristics for a micro heater array were 
analyzed	by	a	finite	element	method	(FEM).	The	chip	size	
of	gas	sensor	was	about	2	×	2	mm.	The	fabricated	micro	
platform had a low power consumption of 67 mW at 2.0 
V of heater voltage and 300°C of operating temperature. 
Indium oxide as a sensing material for NOx gas was 
synthesized	 by	 a	 sol-gel	 process	 with	 three	 different	
precursors of indium isopropoxide, indium nitrate and 
indium	hydroxide.	The	particle	size	of	synthesized	In2O3 
was	 identified	 as	 about	 50	 nm	 by	 FE-SEM	 and	 XRD	
measurements. The maximum gas sensitivity as relative 
resistance (Rs = Rgas/Rair) occurred at 300°C with the value 
of 8.0 at 1 ppm NO2	gas.	Response	time	(70	%	saturation)	
was within 60 seconds. The recovery time was within 4 
minutes after NO2 gas was removed. The sensing property 
of NO2 gas showed a linear behavior with the increase of 
gas concentration. The fabricated gas sensor did not react 
on	CO	gas	which	is	one	of	the	major	automobile	exhaust	
gases.

  A00749-01325 

Fabrication of Reliable RF MEMS Switches in 
CPW Configuration

Jaibir	SHARMA
Electrical Engineering, Indian Institute of Technology 
Madras, Tamilnadu, India

This paper describes a new fabrication technique to 
achieve a planar and reliable membrane for RF MEMS 
switches	 in	 coplanar	 waveguide	 (CPW)	 configuration	
where the CPW is fabricated in a basin. In a process where 
positive	photoresist	(PPR)	is	used	as	the	sacrificial	layer,	
the	PPR	over	the	signal	line	must	be	planarized	to	achieve	
a	 planar	 and	 reliable	 membrane.	 Planarization	 of	 PPR	
in	 the	conventional	switch	can	be	realized	by	spinning	a	
thick	PPR	film.	But	this	results	in	a	large	gap	between	the	
membrane and signal line, due to which the pull-in voltage 
will	be	very	high.	On	the	other	hand,	a	planar	profile	and	
good coverage at the step in a basin can be more easily 
achieved	by	spinning	PPR	to	fill	the	basin.	A	lower	depth	
of the basin results in a lower gap between the signal line 
and the membrane leading to a lower pull-in voltage. 
Another advantage of the basin structure is that it provides 
flexibility	 in	 design	 of	 the	 length	 of	 the	 membrane.	 In	
the conventional structure, the length of the membrane is 
equal to the sum of the width of the membrane and twice 
the gap between the signal line and the post. Since these 
distances govern the characteristic impedance of the CPW, 
the	length	of	the	membrane	is	virtually	fixed.	On	the	other	
hand, in the basin structure the length of the membrane 
can be independently designed as it does not depend on 
the width of the signal line or its distance from the ground 
lines. It has been observed with the help of simulations 
that increasing the length of the membrane results in lower 
pull-in voltage and better isolation when the switch is 
activated. 

In the fabrication process, the recess etch using KOH 
solution to form the basin is followed by thermal oxidation 
to grow a 1µm thick layer of SiO2 for isolation. This is 
followed by depositing electroplated gold and patterning 
to form the CPW. Silicon nitride is then deposited and 
retained over the signal line after etching. A sequence of 
multiple	spinning	and	baking	steps	is	used	to	fill	the	basin	
with PPR and also ensure a planar surface. A gold seed layer 
is then evaporated and electroplated to achieve desired 
membrane thickness. After patterning the membrane 
using	desired	mask,	the	sacrificial	layer	is	removed	using	
Piranha solution (H2SO4: H2O2 :: 3:1) leaving the gold 
membrane hanging over the signal line. The importance of 
the piranha solution is that it removes most of the organic 
material under and above the membrane. In comparison to 
dry release, this process is simple and cost effective. The 
structures with the gap varying from 2 µm to 3 µm and 
the thickness of the membrane varying from the 1µm to 
2.2	µm	have	been	successfully	realized	by	optimizing	the	
process conditions.
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Exploring the Innovational Potential of 
Biomimetics for Novel 3D MEMS 
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3. TU BIONIK, Center of Excellence Bionik / 
Biomimetics, Vienna University of Technology, Vienna, 
Austria
4. Institute of Chemical Engineering & University 
Service-Center for Transmission Electron Microscopy, 
Vienna University of Technology, Vienna, Austria

For MEMS and NEMS technologies, macroscopic best 
practice in terms of, for example, lubrication and surface 
topography cannot be scaled down linearly. Effects of 
adhesion, stiction and contamination by third bodies, 
which are swamped by bulk continuum phenomena at the 
macroscale, become dominant at the micrometer length 
scale. Currently, the MEMS and NEMS industry puts 
great effort into investigating tribology on the micro- and 
nanometre scale. Novel three dimensional MEMS such as 
piezoelectric	 inkjet	 printer	 parts,	 accelerometers	 in	 cars	
for airbag deployment in collisions, gyroscopes used in 
modern cars to trigger dynamic stability control, disposable 
blood pressure sensors, or the several hundred thousands of 
digital micromirrors in a beamer would exhibit increased 
performance	as	soon	as	their	tribology	were	optimized.

Diatoms are single-celled organisms that generally multiply 
by cell division. One of the best-known properties of the 
diatom cell is that it is contained in a shell of amorphous 
hydrated silica, SiO2 . 2 H2O. It is known from the fossil 
record that colony formation by means of rigid linking 
structures in relative motion has a long history in the 
diatoms: there are impressive examples of sister valves 
remaining attached through linking structures in fossil 
deposits as many as 50 million years old. Diatoms already 
have well adapted and elaborate tribological properties on 
the micro- and nanometer length scale and, therefore, can 
provide	valuable	ideas	and	templates	for	optimized	MEMS	
and NEMS.

The	 BioScreen	 project	 analyses	 the	 rich	 flora	 in	 South	
East Asia concerning its biomimetic inspirational potential 
for technological applications. A central aspect in the 
implementation	of	the	project	is	the	cooperation	between	
institutions in the European Union with local institutions 
in South East Asia. Increasing awareness about the 
technological innovation potential of the rainforest and its 

abundance of species might cause a paradigm shift in the 
way	locals	view	virgin	forests.	BioScreen	is	a	pilot	project	
with	 one	 major	 task:	 the	 installation	 of	 collaborations	
between key institutions that shall then serve as base for 
further	projects.

In	 course	 of	 the	BioScreen	 Project,	 diatoms	 and	 further	
organisms that are present in impressive species abundance 
in the tropical rainforest are thoroughly screened for their 
innovational potential for novel 3D MEMS. First results of 
the screening study will be presented. 
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Compatibility Study of Diamond-like 
Nanocomposite Thin Films with Hydrazine 
Propellant for MEMS Microthruster

Pijus	KUNDU1; Ashesh RAY CHAUDHURI1; 
Soumen DAS3; Tarun Kanti BHATTACHARYYA2 
1. Advanced Technology Development Centre, Indian 
Institute of Technology Kharagpur, Kharagpur, India
2. E & ECE Department, Indian Institute of Technology 
Kharagpur, Kharagpur, India
3. School Medical Science and Technology, Indian Institute 
of Technology Kharagpur, Kharagpur, India

In	microelectronics	fabrication,	the	deposition	of	thin	films	
has been a key processing step, because of their versatile 
applications in masking, isolation and passivation layers. 
With the advancement of technology for MEMS (Micro-
Electro-Mechanical Systems) technology, further research 
for	growth	and	development	of	thin	film	materials	are	need	
of the day for possible application in chemical, biological, 
micro-fluidic	 or	 inertial	 sensors	 or	 actuators.	 Pertaining	
to silicon MEMS based micro-thruster application it has 
been noted that silicon cannot tolerate very high internal 
pressure or heavy mechanical shocks. In case of silicon 
MEMS based micro propulsion system; physical and 
chemical compatibility of different propellants with silicon 
poses restriction on the choice of propellants in terms of 
unwarranted surface reaction. 

For	 space	 applications,	 hydrazine	 is	 widely	 used	 as	 a	
propellant	due	 to	high	specific	heat	and	stability	 factors;	
on	 the	 other	 hand,	 hydrazine	 is	 a	 popular	 choice	 as	 an	
etching agent for silicon. In conventional metal body 
thruster	 where	 etching	 by	 hydrazine	 is	 not	 an	 issue,	
where	as	the	direct	contact	of	hydrazine	in	silicon	MEMS	
thruster is a problem. Hence in order to develop a silicon 
MEMS microthruster it is necessary to study a protective 
passivation layers. Diamond like nano composite (DLN) 
thin	film	as	a	potential	protective	coating	has	been	studied	
extensively in this work. A thorough  investigation of  etch 
rates	 of	 the	DLN	 films	 deposited	 on	 silicon	 for	 various	
concentration	of	hydrazine	(N2H4) at different temperatures 
and its chemical compatibility have been  carried out and 
reported.
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Diamond-like	nanocomposite	 (DLN)	films	 are	deposited	
on silicon substrate by plasma enhanced chemical vapor 
deposition	 (PECVD)	 process	 using	 siloxane	 or	 silazane	
based precursors or their combinations. Thickness of 
deposited	DLN	thin	film	is	around	1	µm.	DLN.	Samples	
are	treated	in	98%	hydrazine	at	25°C,	70°C	and	90°C	for	
different time and etch rates and then Refractive Index 
(RI)	 of	 the	 films	 is	 measured.	 From	 the	 experimental	
observation it can be concluded that DLN is very well 
compatible	with	hydrazine,	it	may	be	a	suitable	choice	as	
protective	layer	between	silicon	and	hydrazine.

  A00918-01611 

Modeling of Performance of Single Elastic 
Capsule in Time-dependent two-dimensional 
Micro Channel Flow 

Gang MA; Hua LI; Teng Yong NG; Khin Yong LAM
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

The mechanics and behavior of capsule in micro-scale 
flow	are	 increasingly	becoming	 important	 in	physiology,	
pharmaceutical	or	agricultural	industries,	fluid	mechanics	
and physics. In the present paper, the performance of two-
dimensional	capsule	in	time-dependent	micro	channel	flow	
is investigated by a numerical simulation method, which 
combines	 the	finite	volume	method	 for	 solving	 the	fluid	
problem with the front tracking technique for capturing and 
tracking the capsule membrane. Initially circular capsule is 
considered in the simulations, and the capsule is modeled 
as liquid medium enclosed by a thin membrane, for which 
linear elastic properties are taken into consideration. The 
membrane mechanics is adopted to calculate membrane-
fluid	 interaction,	 based	 on	 which	 the	 solution	 of	 fluid	
problem is obtained. The capsule membrane is advected 
explicitly	 according	 to	 fluid	 velocity	 results.	 Results	 of	
capsule position, capsule moving velocities, capsule shape, 
velocity	fields	of	fluids	inside	and	outside	the	membrane	
can be obtained from the numerical simulations. Based 
on these results, the effects of membrane mechanical 
property,	 viscosity	 ratio	 of	 inside	 fluid	 to	 outside	 fluid,	
and	frequency	of	change	of	background	fluid	velocity	on	
capsule behavior are studied in details.

  A00922-01616 

Parametric Study of Femtosecond Pulses Laser 
Hole Drilling of Silicon Wafer

Li Shi JIAO1; Eddie Yin Kwee NG1; Lee Mein WEE2; 
Hong Yu zHENG2
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Nanyang Technological University, Singapore
2. Singapore Institute of Manufacturing Technology, 
Singapore

Clark MXR femtosecond laser micro structuring (pulse 
duration 200 fs, wavelength 1030 nm, nominal frequency 
37	MHz.)	of	silicon	wafer	was	performed	in	air	condition	
using the direct focusing technique. Experiments are 
carried out to study laser affecting parameters such as 
laser power (mV), drilling speed (mm/s), radii of hole 
(mm), number of pulses. Their effects on the hole-quality 
drilled are investigated. It is found that the radii of hole 
and	 power	 input	 are	 the	 significant	 factors	 that	 can	
influence	 circularity	 (x/y)	 and	 drilled	 size	 (Rreal/Rexpected) 
ratios, otherwise drilling speed and number of pulses are 
not	the	important	factors	influencing	these	properties.	The	
continue effort is to obtain the lower ranges of, x/y and 
Rreal/Rexpected, ratios including the radii with ranges above 
0.1	mm	and	power	input	of	around	350mW.	To	minimize	
the	 heat	 affected	 zone	 (HAZ),	 drilling	 speed	 should	 be	
higher than 1.0 mm/s, and radius should be about 0.1mm, 
the power should be as low as possible. Lastly, number of 
pulses has however no obvious effect on HAz. 

  A01059-01839 

A Chip-level Disposable Optofluidic Device For 
Biosensing

Hong LIU1; Nan zHANG1; zi Chao SHIAH2; 
Donna Xiao Dong zHOU1
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Optofluidics	is	a	relatively	new	research	area	and	has	been	
rapidly	developed	in	recent	ten	years.	Optofluidics	which	
combines	 micro/nanofluidics	 and	 optics	 significantly	
offers	a	natural	optical	method	to	analyze	liquids	and	liquid	
solutions for the researchers from chemistry, physics and 
biology.	The	chip-level	implementation	of	optofluidics	can	
be	achieved	by	manipulating	ultra-small	amount	of	fluids	
using	 the	 well-developed	 and	 reliable	 micro/nanofluidic	
devices.	The	development	of	optofluidics	in	the	last	couples	
of years has shown two complementary focuses, i.e., the 
use	of	fluids	 to	manipulate	 /	control	optical	devices,	and	
the	use	of	optical	approaches	to	study	/	manipulate	fluids.	
The	 fast-growing	 interest	 in	 optofluidics	 has	 led	 to	 two	
of its promising applications, which are biosensing and 
biodetection.
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This	project	has	been	focused	on	fabrication,	testing	and	
characterization	 of	 an	 optofluidic	 sensor	 for	 biological	
sample (DNA) detection at nanoscale. This biosensor 
consists of a two-layer structure fabricated by micro- and 
nanofabrication	technology.	A	microchannel	and	its	fluid	
connections have been patterned and formed in the silicon 
and glass. Gold nanoparticles have been fabricated by 
nanosphere lithography (NSL) on glass.  The device has 
been	tested	and	characterized	by	localized	surface	plasmon	
resonance (LSPR) experiment using a UV/vis spectrometer 
to obtain the absorbance as a function of wavelength. 
This	device	has	 innovatively	 integrated	microfluidic	and	
plasmonic technology in chip-level and the testing results 
show that the sensitivity is very high and suitable for 
biosensing. This device exhibits great potentials to yield 
ultra-sensitive bio-detection and precise control of ultra-
small	amount	of	bio-fluids.

  A01092-01899 

Process Development of Sealing for Very Low 
Pressure Sensor 

Muhamad	Ramdzan	BUYONG;	Norazreen	ABD. AzIz; 
Burhanuddin YEOP	MAJLIS
Institute of Microengineering and Nanoelectronics 
(IMEN), Universiti Kebangsaan Malaysia, Selangor, 
Malaysia

In the world of MEMS processing today, fabrication of 
membrane can be performed using bulk micromachining 
(BMM). However these techniques may not easiest 
to integrate with CMOS standard process due to not 
compatible	of	the	processing	flow.	The	substitute	technique	
through deployment of surface micromachining (SMM). 
There is a trend to use surface micromachining to their 
advantage of simplicity in design and fabrication process 
compatibility. This paper presents process development 
of thin layer membrane for very low capacitive pressure 
sensor application. The structure of the membrane consists 
of parallel plate which both top and bottom electrodes 
were	fixed	at	both	sides.	Utilizing	CMOS	MEMS	process	
compatible (surface micromachining) fabrication of the 
thin layer membrane involved in three stages; i) hole 
opening	etch,	ii)	sacrificial	intermediate	oxide	release	etch	
and iii) closing of etch holes. Therefore seals-off process 
characterization	and	optimization	experiment	are	presented	
in this paper, will spur advancement in the development of 
a CMOS MEMS product for very low capacitive pressure 
sensor. 
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Process Characterization of Wet Etching for High 
Aspect Ratio Microneedles Development

Norazreen	ABD. AzIz;	Muhamad	Ramdzan	BUYONG; 
Burhanuddin YEOP	MAJLIS
Institute of Microengineering and Nanoelectronics (IMEN), 
Universiti Kebangsaan Malaysia, Selangor, Malaysia

Research on microneedles has been increasing rapidly as 
to overcome the drawbacks of conventional needle which 
can	results	in	painful	during	injection,	tissue	damage	and	
skin	 infection	 at	 the	 injected	 site.	 This	 paper	 presents	
characterization	 process	 of	 wet	 isotropic	 etch	 for	 solid	
microneedles	 array	 development.	 This	 approach	 utilizes	
HNA etchant to build the outer shape of solid microneedles. 
Works has been carried out to investigate the isotropic 
etching behavior of HNA in different temperature ranging 
from 20 to 50 degrees, various agitation rate ranging from 
0rpm	to	450rpm	and	on	the	various	window	size	ranging	
from	100	µm	to	500	µm.	Characterization	on	those	factor,	
determine the effect of vertical and lateral etch rate 
variations, surface quality and the geometry obtained. The 
experimental responses of vertical etch rate, lateral etch 
rate and high aspect ratio reported. The obtained etching 
properties will be applied to develop recipes to fabricate 
outer	shape	of	solid	microneedles’	tip.
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Mathematical Modeling of Hydrogels for 
Microfluidic Flow Control
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Microfluidic	 flow	 is	 the	 science	 and	 technology	 of	
designing and manufacturing devices that deal with 
the behavior, precise control and manipulation of small 
volumes	of	fluid,	typically	in	the	sub-millimeter	range.	A	
microfluidic	device	is	generally	an	integrated	device	which	
consists of electrical, mechanical or optical elements with 
individual	functions.	The	major	drawbacks	of	conventional	
microfluidic	 devices	 are	 that	 they	 require	 an	 external	
energy	 supply	 and	 that	 there	 are	 inherent	 difficulties	 in	
assembling its components into a single microsystem, 
which limit their use in numerous applications. In contrast 
to	the	conventional	microfluidic	devices,	stimuli-responsive	
hydrogels	can	be	used	as	a	microfluidic	device	without	the	
need for an external energy supply. In addition, stimuli-
responsive hydrogels can sense changes in its environment 
(role of a sensor) and then swell or shrink correspondingly 
(role of an actuator).
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We shall in this paper derive and discuss a mathematical 
model	of	a	microfluidic	controller	comprising	of	a	hydrogel	
in a typical T-channel and Y-channel, which takes into 
account conservation of momentum, mass and species for 
a	laminar	incompressible	flow	as	well	as	the	sensing	and	
deformation of the hydrogel. Here, the response of a pH-
sensitive hydrogel is considered, which has been validated 
with experimental equilibrium swelling curves. The model 
is then employed to study the behavior and interaction of 
the	hydrogel	and	the	fluid	flow	for	different	microfluidic	
flow	 channel/hydrogel	 configurations,	 e.g.	 flow	 in	 a	
channel with two hydrogels in series, commonly applied 
as	a	flow	sorter,	and	flow	in	a	channel	with	two	hydrogels	
in parallel to enhance the response of the hydrogel. Finally, 
we	 discuss	 how	 the	model	 can	 be	 generalized	 for	 other	
types of stimuli-responsive hydrogels.
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Silicide Thin Films for Silicon Micro-Machining: 
Masking and Structural Layers 

Madhu BHASKARAN; Sharath SRIRAM
Microelectronics and Materials Technology Centre, 
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The feasibility of using titanium and nickel silicide thin 
films	as	mask	materials	for	silicon	bulk	micro-machining	
is demonstrated. This investigation was carried out by 
synthesising	 thin	 films	 of	 metal	 silicide,	 by	 thermal	
reaction	with	 silicon.	These	films	were	 subjected	 to	wet	
etching in potassium hydroxide. The use of these layers as 
structural materials, by fabricating micro-beams of varying 
dimensions, is also demonstrated.

Silicon nitride (Si3N4) deposited by low-pressure chemical 
vapour deposition (LPCVD) is the material commonly used 
as a masking and structural layer for devices fabricated by 
silicon wet etching. This requires specialised equipment 
for nitride deposition. This presentation discusses the use 
of	the	silicide	thin	films	as	alternatives	to	Si3N4, for silicon 
bulk micromachining (by wet etching) using potassium 
hydroxide (KOH) solution. These metal silicides are 
also good conductors (with resistivity between 14 and 18 
µΩcm),	 and	 this	 would	 reduce	 the	 number	 of	 thin-film	
layers on devices, in turn reducing the complexity involved 
in system design.

Silicon substrates of (100) and (110) orientation were 
chosen to demonstrate differing micro-machined structures 
in silicon. The micro-structures consisted mainly of micro-
beams with widths in the range of 2-10 µm and lengths 
varying from 1-20 µm. Micrographs were obtained using 
a scanning electron microscope (with specimen stage 
at various tilt angles), in order to study the fabricated 
microstructures.

Nickel	silicide	thin	films	were	much	more	resistant	to	KOH	
etching	when	compared	to	titanium	silicide	thin	films,	with	
110	nm	thick	thin	films	withstanding	more	than	60	minutes	
of KOH wet etching with negligible change in thickness. 
Both small and large areas of fully released nickel silicide 
exhibit	the	desired	rigidity,	by	remaining	horizontal.	Most	
beams with very high length to thickness aspect ratios 
(which is ~ 90 for a 10 µm long beam for the 110 nm of 
NiSi) were intact, without buckling or curling up.
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Piezoelectric Micro-pump for Drug Delivery 
System Fabricated Using Two Optical Masks

Juliana	JOHARI; Jumril	YUNAS; 
Burhanuddin YEOP	MAJLIS
Institute of Microengineering and Nanoelectronics, 
Universiti Kebangsaan Malaysia, Selangor, Malaysia

In	 this	 study,	 a	 Piezoelectric	 Actuated	 Valveless	
Micropump (PAVM) has been successfully fabricated 
using MEMS fabrication processes. The PAVM consists 
of an actuator, a pump membrane, a pump chamber and 
two	nozzle/diffuser	 elements	 as	flow	directing	 elements.	
A PzT: Pb	(ZrTi)	Ox	(lead	titanate	zirconate) disc is used 
to actuate a silicon membrane by applying an alternating 
electrical	field	across	the	actuator.	A	100	µm thick silicon 
membrane is required to enabling the pump membrane 
deflection	of	4	µm. The resultant reciprocating movement 
of the pump membrane is then converted into pumping 
effect.	 Nozzle	 and	 diffuser	 elements	 are	 chosen	 due	 to	
its	many	advantages	 to	direct	 the	flow	because	 they	can	
overcome	 higher	 flow	 resistance	 hence	 improve	 the	
pump	 performance.	 Preliminary	 analysis	 of	 the	 fluidic	
characteristics of this micro-pump was performed using 
CoventorWare	Simulator	with	MEMs-FSI	module	to	find	
the	appropriate	optimized	design	of	the	pump	system.	The	
fabrication of the pumping system is based on a double 
sided processing of two silicon substrates with two mask 
patterns for the valves and pump chamber respectively. 
Double sided alignment structures using only two masks 
are necessary for both the inlet and outlet valves as well as 
for the pump chamber. Hence the structures can be etched at 
the same time from both sides of the wafer. This technique 
is simple because less fabrication process sequence needed 
as compared to the previous reported techniques. 650 µm 
thick silicon wafers <100> coated with 200 nm Si3N4 and a 
(10 x 10 mm2) PzT disc were used in the process. A 35%	
KOH solution at 80°C is chosen as etching parameter which 
enable controllable etch process with an etch-rate of about 
1	µm	 /minute.	The	defined	nitride	structures	are	used	as	
mask	for	anisotropic	silicon	etching.	In	the	final	step	of	the	
fabrication process, one silicon substrate is bonded onto 
another silicon substrate using adhesive epoxy material for 
capping the channel and the membrane. The tests carried 
out on the micropump have produced promising results to 
be used in the drug delivery system.
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NanoPlasmonic Sensor 
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Surface plasmons are coherent oscillations of free electrons 
on the metal surface. It is created due to the excitation of 
electromagnetic lighwaves at metal-dielectric interface. It 
field	of	 research	 is	known	as	plasmonics	and	has	shown	
great potential application in miniature optical devices, 
photonic circuits, sensors as well as medical diagnostics 
and therapeutics. The study of plasmonics has been under 
intense research in the last decade due to the vast range 
of device it could innovate. This is further fueled by the 
advances in nanofabrication methodologies and device 
characterization.

There are many kinds of metallic structures that produce 
plasmonics phenomena such as nanostrips, nanoparticles/
holes, nanoantenna (in different precisely controlled 
shapes	 and	 sizes	 and	 spacing)	 and	 other	 nanostructures.	
The optical properties of these metallic structures are 
investigated with the emergent of advance theory and 
sophisticated modeling tool for plasmonics. To innovate 
more diversify applications, the surface properties of the 
metallic	structure	are	modified	with	the	advance	fabrication	
methodologies	 to	 selectively	 bind	 and	 detect	 specific	
molecular	size	particle	for	chemical	and	biological	sensing.	
For sensing, two main types of plasmonic phenomena are 
often	used:	they	are	localized	surface	plasmon	reasonance	
(SPR) and propagating surface plasmon polariton (SPP). 
In this paper, the different types of sensors that arises from 
the two phenomena are discussed.

Some of the sensor devices that will be discussed include: 
photo-detector for electronic components analysis, energy 
conversion using solar cells, hetero-structure waveguide 
sensor and nanohole sensors. These sensing devices used 
the properties of plasmonic enhancement, propagating or 
localization	to	sensor	light	power.	The	detected	light	power	
is	converted	to	electrical,	optical	or	fluidic	for	analysis	and	
investigation.

The detection of light using a compound oxide/III-V 
material form electron-hole pairs. The output electrical 
signal can be used in either nanoscale as a photodetector 
or very large scale complex system as a solar cell energy 
convertor.	The	presence	of	plasmon	localized	the	lightwave	
enhanced	the	field	around	it	and	more	electron-hole	pairs	
are formed. For the heterostructure waveguide, different 
fluidic	buffer	in	between	metallic	structure	give	different	
dispersion spectra due to change in refractive index. 
The	different	fluidic	index	with	metal	films	given	rise	to	
different electron oscillation and hence, different light 
frequency are dispersed. For the case of cells detection, 
nanoholes are used to create a trench for buffer solution 

so that cell could be trapped. The interaction between the 
tainted cell with antibody chemical interact with the SPR 
in nanoholes to cause a red/blue shift in output spectrum. 
This is interaction is highly sensitive and useful for early 
stage detection of cancer cells.

In conclusion, plasmonic based sensor devices shows 
great potential in detecting refractive index changes with 
lightwaves. The results obtained after absorbing the light 
energy could be in many forms, from electrical, optical 
or even visible colour change. The advances in sensor 
development has illustrate the vast opportunities for 
application of plasmonics and it is believe much more 
progress	can	be	achieved	for	this	field.	
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Hybrid Simulation Approach on MEMS 
Piezoresistive Microcantilever-based Sensor for 
Biosensing Applications

Rosminazuin	AB. RAHIM; Badariah BAIS; 
Burhanuddin YEOP	MAJLIS
Institute of Microengineering and Nanoelectronic 
(IMEN), Universiti Kebangsaan Malaysia, Malaysia

This paper uses a hybrid simulation approach in 
CoventorWare	design	environment	which	combines	finite	
element analysis and circuit simulation modeling to obtain 
the optimal	performance	of	piezoresistive	microcantilever	
sensor. A 250 µm x 100 µm x 1 µm SiO2 cantilever 
integrated	with	0.2	µm	thick	Si	piezoresistor	applied	with	
250 µN force which represents biosensing application 
were used in this study. A comparison between simulated 
and calculated results shows that CoventorWare is an 
excellent	 tool	 to	 desribe	 the	 behaviour	 of	 piezoresistive	
microcantilever.	A	finite	element	analysis	on	piezoresistive	
microcantilever sensor was conducted in CoventorWare 
Analyzer	environment	which	incorporates	MemMech	and	
MemPzR modules. The sensor sensitivity was obtained 
by	measuring	resistivity	changes	in	piezoresistive	material	
in response to surface stress changes of microcantilever. 
The simulation results were later integrated with circuit 
simulation	 modeling	 to	 enable	 the	 optimization	 of	 the	
sensor circuit output. It involves a hybrid approach 
which	 uniquely	 combined	 FEM	 analysis	 from	Analyzer	
and	 piezoresistive	 modeling	 using	 circuit	 simulation	
environment from Architect. By integrating the FEM 
analysis with Wheatstone bridge circuit, the sensor output 
voltage as a function of applied force was obtained.
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Fabrication of Glucose Sensitive Actuator for 
DDS Microvalve 
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Glucose-Microvalve is a BioMEMS application in drug 
delivery system which allows better control of drug 
release through human bodies. Diabetic patients usually 
need long term diet management along with daily insulin 
injection	to	control	their	glucose	concentration.	With	this	
microvalve, the insulin can be released cordially to human 
body automatically based on the glucose concentration. 
This hydrogel-actuated microvalve responds to the 
changes in the concentration of glucose in an external 
liquid environment. The hydrogel which is highly water 
permeability will react with the glucose and swell due to 
the acid-base equilibrium. The use of responsive hydrogel 
materials	which	 to	regulate	flow,	eliminates	 the	need	for	
both external power and control and complex fabrication 
schemes.	The	thinner	the	hydrogel,	the	smaller	deflection	
of the membrane will produce. Thus decreasing the 
thickness of the hydrogel should be compatible with the 
force needed to open the microvalve. In this paper, the 
upper part of the microvalve which consists of silicon boss 
membrane, microchannel and the outlet were designed and 
fabricated. The boss membrane which has direct contact 
to	 the	 hydrogel	will	 deflect	 due	 to	 the	 swelling	 reaction	
of	 the	glucose	hydrogel.	Silicone	 rubber	with	 a	Young’s	
modulus of 1.18 MPa was used to simulate the diaphragm. 
It’s	high	tear	resistance	(42	kN/m)	and	capability	to	sustain	
elongation	as	high	as	1000%,	means	very	large	deflection	
can be achieved in valve membranes. The opening and the 
closing	of	microvalve	cantilever	by	the	deflection	will	allow	
the	insulin	to	flow	through	the	micro-channel	from	outlet	
to inlet. The microchannel which are essential to carry 
liquid samples were fabricated with 2 designs; rectangular 
and	 trapezoidal	 shape.	 Upon	 application	 of	 a	 high	 and	
constant	pressure,	the	flow	of	the	liquid	medium	is	defined	
by the geometry of the restriction due to common laws 
of	 laminar	flow.	Simulations	have	done	 for	both	designs	
cross section microchannels with 100 µm width and 2 mm 
length. These dimensions result the microchannels with 
hydraulic diameters from 40.91 µm to 52.674 µm. 
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Sidewall roughness of a microstructure is an important 
consideration for many applications, in particular in optics. 
In our work, both positive photoresist PMMA and negative 
photoresist SU-8 are used to manufacture high-aspect-ratio 
microstructures via deep X-ray lithography (DXRL) using 
X-ray masks patterned by proton beam writing (PBW) to 
investigate the sidewall quality of microstructures. These 
structures	range	in	size	from	0.5	µm	to	20	µm	pillars	for	
PMMA and holes for SU-8 with aspect ratio up to 150, 
respectively. 

A PBW mask with 11 µm thick Au absorber pattern 
supported by 1 µm Si3N4 membrane in a Si frame is 
used to pattern the structures into the resist via DXRL. 
This mask has very high lateral resolution and extremely 
smooth absorber edge due to the small lateral straggling 
and minimal proximity effects of the proton beam in the 
resist. With this mask, large aspect ratio microstructures 
with vertical and smooth sidewalls of roughness down to 
the 15 nm level were achieved. 

The sidewall quality of these microstructures is investigated 
by	 utilizing	 scanning	 electron	microscope,	 atomic	 force	
microscope,	 optical	 profiler,	 and	 X-ray	 reflection	 and	
scattering. The combination of these measurement 
techniques allows the qualitative and quantitative 
characterization	of	the	sidewall	roughness	of	the	samples	
in both resists.
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A novel micro multimirror system for focusing synchrotron 
radiation (SR) X-ray beams has been designed based 
on advanced micromanufacturing by means of X-ray 
lithography within the LIGA process network. Such mirror 
systems can be matched to the phase space of SR photon 
beams	and	provide	a	focused	beam	with	high	SR	flux.	

In this multimirror system, each mirror is designed to have 
its own curvature and inclination with respect to the axis 
of the beam for all mirrors to accurately focus X-rays to 
a common focal point and to have an optimal acceptance 
angle	to	collect	maximal	flux.	The	X-ray	flux	collected	and	
focused by this multimirror system is determined by the 
sum	 of	 the	 acceptance	 angles	 of	 each	 reflecting	 surface	
and	the	overall	reflectivity	of	the	mirror	system.	The	high-
aspect-ratio optical structure of this multimirror system 
is manufactured by shaping walls in X-ray resist such as 
SU-8 or PMMA on top of a Si substrate using synchrotron 
deep X-ray lithography (DXRL). Proton beam writing is 
used to directly pattern the mask for X-ray exposure in the 
DXRL	process	and	to	achieve	smooth	reflecting	surfaces	
of the mirrors. 

Comparing with existing focusing mirrors used in SR 
beamlines, this new X-ray focusing system that is designed 
on the concept of photon phase space matching can deal 
with radiation from an extended SR source. Having a big 
total acceptance angle, it can catch much more X-rays than 
conventional optics. It also is much smaller in scale and 
can ultimately be produced cost-effectively. 
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Thermoelectric power generator converts heat to electric 
energy. Heavily doped polysilicon have been widely 
used as thermoelectric material for power generator due 
to	its	CMOS	compatibility	and	high	Seebeck	coefficient.	
An	 efficient	 thermoelectric	 generators	 requires	 that	 the	
thermoelectric	material	possess	high	Seebeck	coefficient,	
low electrical resistivity and low thermal conductivity. 
In	 this	 paper,	 characterization	 is	 carried	 out	 to	measure	
Seebeck	 coefficient,	 electrical	 resistivity	 and	 specific	
contact resistance for  phosphorus and boron-doped 
polysilicon	films	

The polysilicon is deposited as 0.7µm in thickness by 
LPCVD. After patterned, the polysilicon is n-and p-doped 
by ion implanted respectively, and annealed at 1000°C for 
30min in furnace. Polysilicon layers with different doping 
concentration are studied. Subsequently, the n-type and 
p-type polysilicon are electrically connected in series by 
aluminum to form thermopile. The contact between the 
polysilicon and the aluminum layer is made from nickel 
as	silicidation	layer	 to	ensure	a	completely	filled	contact	
hole.

The	 Seebeck	 coefficient	 is	 characterized	 by	 measuring	
the temperature difference and voltage of two ends of a 
long planar polysilicon bar. Experimetal result shows 
that at room temperature, for the most heavily doped 
(doping dose=1e16 at/cm2) polysilicon thermocouples, 
thermoelectric	 coefficient	 values	 such	 as	 147µV/K	
for p-type and -132µV/K for n-type are achieved that 
correspond to 279µV/K for a thermocouple made up n- 
and p-type thermal elements.  The electrical resistivity is 
determined from van-der-Pauw structure, and is found to 
be 2.79*10-5	Ωm	for	p-type	and	1.93*10-5	Ωm	for	n-type	
polysilicon. The electrical contact resistance is derived via 
Kelvin structures. Before creating the nickel silicidation 
between	 polysilicon	 and	 alumimum	 layer,	 the	 specific	
contact	resistance	is	360	Ωµm2	for	p-type	and	477	Ωµm2 

for n-type polysilicon. However, after creating silicidation 
layer,	 the	 specific	 contact	 resistance	 is	 about	 one	 order	
lower	than	the	previous	one:	35	Ωµm2 for p-type and 53 
Ωµm2 for n-type polysilicon. These results provide good 
data reference to fabricate thermoelectric power generator 
with high output power. 
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ELECTROPORATION is a METHOD used to introduce 
polar molecules into a host cell through the cell membrane, 
and a wide variety of microfabricated systems have been 
studied for multicellular electroporation applications in 
which	 fluorescent	 markers	 have	 been	 incorporated	 into	
cells. We report the design and fabrication of a novel single 
cell electroporation biochip fabricated by the proton beam 
writing technique, which is a new technique capable of 
direct-writing high-aspect-ratio nano and microstructures.

The biochip features nickel micro-electrodes between 
which individual cells can be positioned. By applying 
electrical impulses across the electrodes, SYTOX® Green 
nucleic acid stain (S7020) has been incorporated into 
neuroblastoma cells. When the stain binds with DNA 
inside	 the	 cell	 nucleus,	 green	 fluorescence	 is	 observed.	
Many	 parameters	 have	 been	 considered	 and	 optimized	
for	the	single	cell	electroporation,	including	electric	field	
strengths, pulse durations, and numbers of pulses.

The single cell electroporation system may represent a 
promising	 method	 for	 optimizing	 the	 introduction	 of	 a	
wide	variety	of	fluorophores,	including	nanoparticles	and	
quantum dots, into cells.
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Computational Study of Nanoelectromechanical 
Device Using Bilayer Graphene Nanoribbon 
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Electrical and Computer Engineering, National 
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The application of carbon-based material in 
nanoelectromechanical (NEM) devices has generated 
much interest due to the unique mechanical and electrical 
properties of honeycomb structured carbon atoms, also 
known as graphene. Recent focus in this area includes 
the use of suspended carbon nanotubes in NEM switches, 

where studies had shown their potential applications in 
non-volatile memory devices. Similarly, recent study has 
been carried out on applying planar graphene in memory 
device, albeit based on chemical morphology rather than 
electromechanical principles. On the other hand, bilayer 
graphene nanoribbon (BGNR) was shown to change the 
electrical property with relations to the separation between 
the layers. As such, in this paper, we present an ab initio 
study on the application of BGNR in an NEM switch. The 
operation	principle	of	the	device	is	first	explained	in	terms	
of the change in the energy gap with reference to the change 
in the interlayer distance and the current characteristic of 
the device is then calculated. The interlayer atomic forces 
are	 then	 calculated	 to	 find	 the	 critical	 force	 required	 to	
switch the device.

The	device	 investigated	 is	 a	Schottky	barrier	field-effect	
transistor with a 1.11nm wide armchair-edged BGNR 
as the channel material, contacted with a corresponding 
zigzag-edged	BGNR	and	a	channel	length	of	10.1	nm.	The	
atomic structure is then relaxed to a maximum planar force 
of 0.5 eV/Å. The force applied on the device is assumed 
to be uniform and normal to the plane of the device and 
deformation of the channel material is ignored. The multi-
bodies interactions of the electrons are calculated using the 
density functional theory with local density approximation 
and the carrier transport was calculated using the non-
equilibrium	Green’s	function	approach.

The energy gap (Eg)	of	the	BGNR	is	first	calculated	with	
different interlayer distance and it is observed that Eg 
decreases from 0.99 to 0.47 eV as the separation decreases 
from 5.0 to 2.8 Å.  An electrostatic doping of 0.25 eV is 
applied such that the Fermi level of the channel material 
passes over the conduction band when the interlayer 
distance is at 2.8 Å, switching on the device.  The current 
characteristic is then calculated under a bias of 20 mV and 
it is observed that as the interlayer distance increases, the 
current decreases due to the larger Eg. An ION/IOFF ratio 
of approximately 4 order is observed, with an ION at 16.4 nA.  
In	addition,	the	atomic	force,	which	is	the	Coulomb’s	force	
between the monolayers in the absence of deformation, 
is extracted as a function of the interlayer distance.  The 
minimal force required to switch on the device is found 
to be 13.8 nN/nm2, where the interlayer distance is at 
2.8 Å. However, the ON-state interlayer distance can be 
changed by varying the electrostatic doping and hence, the 
corresponding force requirement can be tuned.

Supported by MOE Singapore (R263-000-416-112 and R263-
000-416-133) and A*STAR. SERC (0821010023).
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With the growing in the market of low power wireless 
sensor	nodes	and	wireless	electronics	devices,	miniaturized	
micro power source system are rapidly developed. Most 
of these devices use batteries as their energy supplying. 
Due	 to	 the	 finite	 lifetime	 and	 replacement	 issues	 of	 the	
batteries,	 especially	 in	 hazardous	 and	 low	 accessibility	
environments, development of devices harvesting energy 
from	ambient	vibration	is	an	attractive	R&D	subject	now.	
The resonant based energy transduction mechanisms 
working	on	electrostatic,	piezoelectric,	and	electromagnetic	
schemes are reported. Generally speaking, to obtain the 
maximum output power, vibration-based energy harvesters 
should be at their resonant frequency, i.e., matched with 
the mechanical vibration frequency of ambient sources. 
However, the ambient vibration frequency of various 
sources in most cases is random and varied. Thus, the 
vibration-to-electric energy conversion will be limited to 
the	applications	with	known	and	fixed	vibration	frequency.	
Therefore, it is necessary to develop wideband energy 
harvesters. In this paper, we report the preliminary results 
of low cost wideband electromagnetic harvester.

This	device	includes	five	FR4	(Fire	Resistant	4)	substrates	
stacked together. Each substrate contains twelve layers of 
copper coils. A center hole with diameter 4mm is created 
in all substrates. Thickness of each substrate is 2 mm. The 
minimum coil width, thickness and minimum gap are 
235um, 35um and 235um, respectively. We assembled an 
Nd magnet inside the center hole and sealed this hole by 
covering acrylic plate on both sides of hole. The covered 
acrylic plate with small air hole is used to reduce the air 
damping.	 To	 understand	 how	 the	 magnetic	 flux	 affects	
on surrounding coils with respect to the free-standing Nd 
magnet,	 we	 deployed	 the	ANSYS	 FEM	 (finite	 element	
method)	tool	to	analyze	it.	It	shows	the	magnetic	flux	lines	
distribution, and the effective area is about 1 cm x1 cm. 
Beyond	this	area,	the	magnetic	flux	line	distribution	starts	
to decay drastically. Thus the cupper coils are designed 
and made within this effective area, i.e., 1cm x 1cm. The 
measured results show that the open-circuit based output 
voltage was measured as 3.5±0.8 mV within frequency 
range	 from	 30	 Hz	 to	 75	 Hz.	 The	 internal	 resistance	 of	
cupper	 coils	 was	 measured	 as	 50Ω.	 When	 the	 loading	
resistance matched with the internal resistance of coils, 
the maximum output power is 0.4 µW in the case of 1.9g 
acceleration.
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Nowadays, vibrational energy harvesting devices, which 
convert mechanical energy into an electrical energy, have 
been attracted by researchers. Typically these devices use 
one of the following energy transduction mechanisms, 
e.g.	 electrostatic,	 piezoelectric,	 and	 electromagnetic	
mechanisms. In this paper, we investigated the energy 
harvesting	 efficiency	of	 an	 energy	harvester	with	hybrid	
energy	conversion	mechanism	which	works	on	piezoelectric	
and electromagnetic schemes at the same time.

First	of	all,	a	piezoelectric	bimorph	beam,	with	dimension	
of 25mmx9.6mmx0.65mm, is integrated with Nd magnets 
at end of bimorph beam. Besides, a PCB substrate with 
double-layer copper coils is placed at various positions 
nearby end of bimorph. The gap between coils and magnets 
is kept at 0.5mm.

In the experiments, we investigated the effect of the magnets 
number, shaker acceleration on the output voltages from 
piezoelectric	bimorph	beam	and	coils.	The	testing	results	
show that the output voltage of cantilever and coils is 1V 
and 0.35mV at the level of 5.7g (g=9.8m/s2), respectively. 
The	testing	platform	includes	the	dynamic	signal	analyzer,	
power	 amplifier,	 shaker	 and	 accelerometer,	 where	 the	
dynamic	 signal	 analyzer	 is	 used	 to	 tune	 the	 vibration	
amplitude and the excitation frequency of shaker, and the 
accelerometer is deployed to measure the acceleration of 
shaker.

Although	the	output	voltage	of	piezoelectric	bimorph	beam	
is much higher than coils, the output power of each case is 
at the same level. Since the internal resistance of coils is 
only	20Ω	which	is	far	lower	than	the	one	of	piezoelectric	
bimorph	 beam.	The	 energy	 harvesting	 efficiency	 of	 this	
hybrid mechanism is investigated and studied in this 
paper.
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A biological sensor using a radial-contour mode disk 
resonator has not been tried. We have found that the disk 
resonator has its own advantages, such as high Q-factor, 
acceptable mass sensitivity and simple fabrication, over 
existing counterparts for the biological sensor application. 
However, inherent uncertainties of MEMS fabrication 
processes can strongly affect to the disk resonator 
performances. The ranges of tolerance originated from these 
process uncertainties are relatively large, but improving 
the fabrication accuracy is often very expensive. In this 
work, we design the disk resonator to perform robust to 
the uncertainties. A metamodeling technique is introduced 
and	 used	 for	 the	 efficient	 uncertainty	 analysis	 which	 is	
the main challenge of simulation based robust design. 
In the screening process of the metamodeling technique, 
effective parameters among many input parameters were 
found using response surface method. Response variation 
due to the eliminated input parameters are modeled 
using	 generalized	 linear	 models,	 in	 which	 responses	
and heteroscedastic response variances are estimated 
iteratively in an integrated manner. In our case study, it is 
shown that the design results based on our metamodeling 
techniques meet the target performance and are less 
sensitive to geometric uncertainties than the results using 
the	traditional	optimization.
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Enabling Low Temperature Copper Bonding With 
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Typically, copper material is used as a bonding layer in 
MEMs devices for its excellent mechanical, electrical 
and hermetic properties. Direct copper bonding, however 
requires high temperature and pressure to forge a bond 
due to the oxidative nature of copper. In this study, using 
an alternative approach based on an organic monolayer 
coating, we demonstrate metallurgical bonding between 
two copper surfaces under ambient condition at low 
bonding temperature below 140°C. This monolayer is 
believed to behave as a passivation layer, protecting the 
copper surface against oxidation under ambient conditions. 

Compared to a bulk oxide layer, this layer can also be 
easily displaced during mechanical deformation at the 
bonding interface. 
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Direct metal thermocompression bonding is one of the key 
approaches used in creating interconnection in a MEMs 
device. It has been reported that by coating a monolayer 
of alkanethiols on metallic surfaces such as gold or copper 
prior to bonding, the bonding temperature required for 
forming	 joints	 is	 significantly	 reduced.	 In	 this	paper,	 the	
contact resistance between alkanethiols-coated copper 
bumps bonded to sputtered copper layers was measured 
using a 4-point test structure. We correlate the electrical 
measurements	 with	 the	mechanical	 strength	 of	 the	 joint	
and deduce how a monolayer of organic molecule affects 
the initiation of bonding at a sheared metallic interface.
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Lab-On-A-Chip Technology for Single Molecule 
Detection Using Quantum Dots, Embedded 
Optical Fibres & Microchannels
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The	 appearance	 of	 the	 Amyloid	 β-Protein	 (1-42)	 in	
cerebrospinal	fluid	serves	as	an	 indicator	of	 the	onset	of	
Alzheimer’s	 disease.	 Therefore,	 the	 early	 detection	 of	
the	Amyloid	 β-Protein	 (1-42)	 has	 far	 reaching	 medical	
benefits.	This	work	presents	preliminary	results	of	a	bio-
photonic (Lab-On-A-Chip) device that detects very low 
concentrations of the protein. The chip was fabricated 
in polydimethylsiloxane (PDMS) using soft lithography 
from a master mold that was fabricated using proton beam 
writing.	The	device	consists	of	a	microfluidic	channel	and	
several	 integrated	 optical	 fibres	 that	 collect	 fluorescence	
from	quantum	dots	flowing	in	the	channel.
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Streptavidin	conjugate	quantum	dots	(QD525	and	QD655)	
were used as the biomarker for two different biotinylated 
antibodies	of	Amyloid	β-Protein	(1-42).	A	solution	is	flowed	
through	 a	 microfluidic	 channel	 past	 two,	 pre-aligned,	
embedded	optical	fibres,	while	being	excited	by	a	488nm	
laser.	One	fibre	monitors	the	QD525	signal	while	the	other	
the QD655 using highly sensitive avalanche photodiodes 
(APD).	The	presence	of	an	Amyloid	β-Protein	is	detected	
via the coincident appearance of pulses in both channels. 
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AC-electrokinetics	 (ACEK)	 offers	 precise	 localized	
flow	 control	 in	 microfluidic	 and	 Lab-on-a-Chip	 (LOC)	
devices. Applications of ACEK include particle/cell 
transport,	trapping,	and	sorting,	fluid	pumping	and	mixing.	
Dielectrophoresis (DEP), AC-electroosmosis (ACEO) and 
AC-electrothermal (ACET) are the three main phenomena 
within	ACEK.	 Conventional	ACEO	 flows	 are	 generated	
via	coplanar	electrodes	energized	with	an	AC	voltage,	ions	
in	 the	 electric	 double	 layer	 response	 to	 the	 electric	field	
and	create	a	flow	movement	by	viscous	drag,	typically	in	
the form of rotating vortices. This mechanism is referred 
to as Capacitive charging. It has been widely used as an 
actuation mechanism in pumping and lately to enhance 
mixing.

Recently, the use of DC-biased AC-electrokinetics has been 
reported	by	our	group	for	a	highly	efficient	micromixer.	The	
new approach employed in the mixer is the combination of 
AC	voltage	with	a	DC	offset	to	generate	a	secondary	flow	
transversal	to	flowing	laminar	streams.	The	DC	bias	causes	
a charge imbalance on the surface of the electrodes due to 
the	injection	of	charges	from	incipient	Faradaic	hydrolytic	
reactions. This charge imbalance gives rise to asymmetric 
flow	vortices.	The	DC/AC	micromixer	has	demonstrated	
high	mixing	 efficiency	 up	 to	 92%	 and	 ultra	 fast	mixing	
time of less than 80 ms.

In	 this	 work,	 we	 investigate	 the	 mechanism	 of	 flow	
generation operating in DC biased AC voltage conditions. 
The	 formation	 and	 magnitude	 of	 the	 flow	 is	 studied	
through	 cross-sectional	 images	 of	 the	 flow	 profile	 in	 a	
microchannel. Information on the direction, velocity and 
expansion	of	the	flow	vortices	is	obtained	to	determine	the	
origin	of	the	flow	either	from	capacitive	or	charge	injection	
effects.

The testing device consists of a pair of coplanar 
symmetrical gold electrodes patterned on Pyrex glass 
substrate and enclosed within a microchannel. The 
working	 fluid	 typically	 consists	 of	 a	 potassium	 chloride	
electrolyte with a conductivity of 1 mS/m and 1 µm 
fluorescent	 microbeads	 are	 employed	 as	 flow	 tracers.	A	
stereo-microscope is used to image the cross-sectional 
flow	profile	inside	the	microchannel.	With	this	setup,	we	
can monitor the generation and formation of vortices at 
various experimental voltage-frequency conditions. The 
profile	of	the	rotating	vortices	is	determined	by	tracing	the	
flow	path	of	the	microbeads	and	superimposition	of	time	
images.

Our investigation demonstrates the formation of a 
distinctive	 dominant	 flow	 vortex	 across	 the	 width	 of	
the channel which originates from charges produced 
by Faradaic reactions. To achieve mixing, the dominant 
flow	vortex	is	aligned	perpendicularly	to	the	length	of	the	
channel and so, to the incoming laminar streams producing 
instantaneous	stirring	and	mixing	of	solutions.	The	findings	
of this work also shed light on the mechanistic principles 
of	flow	generation	in	electrokinetics.
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Manufacturing Issues and Considerations in the 
Thermal Bonding of Polymer Based Lab-on-a-
chip

Sum Huan NG; Yuxin KOH; zhiping WANG
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There has been huge growth in the use of polymers as 
the	 substrate	 for	 lab-on-a-chip	 or	 microfluidics	 chips.	
This is due to the lower raw material and manufacturing 
costs as compared to materials like silicon and glass. The 
availability of a wide variety of polymers, each with their 
own range of grades, also provided more options in the 
selection	of	materials	for	microfluidics	applications.	While	
polymers have limitations in high temperature applications, 
many of them have high optical transmission in the 
visible wavelength as well as good solvent and chemical 
resistance.	 In	 many	 microfluidics	 applications,	 optical	
detection	is	required	and	chemicals	are	flowed	through	the	
microchannels. Advanced engineering polymers such as 
polyetheretherketone	(PEEK)	and	polytetrafluoroethylene	
(PTFE) could withstand continuous temperatures in 
excess of 150°C and have excellent solvent and acid/base 
resistance. However, the processing temperatures and 
conditions are more extreme for these polymers. Commodity 
thermoplastics such as polymethyl methacrylate (PMMA) 
and polycarbonate (PC) are more commonly used in 
microfluidics	as	 they	are	cheap	and	easily	available,	and	
can be processed at lower temperatures. They have high 
optical clarity (commonly used in optical applications) and 
have good chemical resistance. 
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The most basic structure of a lab-on-a-chip consists of 
a microchannel embedded within a material, such as a 
polymer.	 There	 will	 be	 access	 holes	 where	 fluid	 flows	
in and out of the chip. The chip is usually manufactured 
by	first	creating	a	microchannel	pattern	on	the	surface	of	
one	polymer	substrate	using	techniques	such	as	injection	
moulding or hot embossing. Another blank polymer 
substrate	is	then	bonded	to	the	first	structured	substrate	so	
as to seal off the microchannel. For thermoplastics such as 
PMMA and PC, one commonly used technique is thermal 
bonding. Thermal bonding is driven by bonding pressure 
(forced	 flow),	 temperature	 and	 time.	 Interdiffusion	 of	
polymer molecules from each surface increases as a result 
of increased polymer segment or chain mobility. The 
strength of the bonding is increased due to the increased 
interdiffusion. The strength of the bond depends on 
the degree of chain entanglement and the thickness of 
the diffuse interface. However, the deformation of the 
microchannel is also driven by the same three factors. 
The better results are normally achieved at lower bonding 
pressures	and	temperatures	but	at	a	huge	sacrifice	of	a	long	
bonding time. 

In this research, we will study the manufacturing issues and 
considerations of thermal bonding such as microchannel 
deformation and bonding uniformity. Cross sectional 
analysis of chips before and after bonding will be conducted 
to identify and understand the types of deformation that 
can occur to the microchannel. The cause of deformation 
could either be attributed to the bonding process or to the 
structuring	 process	 (injection	 moulding,	 hot	 embossing,	
etc)	prior	to	the	bonding	step.	Surface	flatness	of	the	chip	
before	bonding	will	also	be	look	into	to	find	out	its	effect	
on bonding uniformity. Bonding strength tests will be 
conducted to study any trade off between bond strength 
and microchannel deformation.
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Single-walled carbon nanotubes (SWNTs) have been 
always used to assemble various nanodevices owing to their 
superior electrical and mechanical properties. However, 
to construct nanodevices using SWNTs, a key challenge 
remained	is	how	to	join	up	the	SWNTs	by	the	creation	of	
mechanically	strong	bonds	whose	size	and	chemistry	can	
be tailored to generate the desired functional properties 
such as electric conductivity. So far, a few irradiation 

techniques	 have	 been	 utilized	 for	 making	 the	 junction	
between/among SWNTs. For example, Florian B. reported 
that using the electron beam and the trace aggregation of 
hydrocarbons existed in a scanning electron microscope 
chamber,	amorphous	carbon	nanojunctions	were	generated	
at the crossing areas of carbon nanotubes. Nonetheless, the 
successes	in	creating	nanojunctions	through	the	irradiation	
procedures were based on high energy irradiation and 
high temperature, which cause the local composition or 
structure change of the SWNTs, and might further affect 
severely their properties. Here, we report a novel strategy 
for	 creating	 Ag	 nanojunctions	 between/among	 SWNTs	
using combined-dynamic mode dip-pen nanolithography 
(CD-DPN) and following a simple chemical reaction. In 
the typical CD-DPN procedure, an AFM cantilever tip 
was	 coated	 first	 with	 Tollens’	 reagent	 by	 immersing	 it	
into	Tollens’	reagent	(0.12M)	solution for 5 min, and then 
stayed in air for 10 min. Subsequently, the tip was used 
to	 image	 the	 SWNTs	 spread	 on	 the	HMDS	modified	 Si	
substrate in tapping mode. Once a targeting spot between/
among	SWNTs	was	located,	the	scanning	size	of	the	AFM	
tip	was	minimized	gradually	 to	100	nm	or	even	smaller,	
at this time, a negative lift mode (with height of ~20 nm) 
was turned on dynamically. Thus the AFM was run under a 
combined dynamic mode (combination of tapping and lift 
modes). The AFM tip was held at the lift mode for certain 
seconds	 so	 that	 the	 Tollens’	 reagent	 can	 transport	 from	
the tip to the targeting site. The sample was subsequently 
exposed	to	the	formaldehyde	vapor	to	convert	the	Tollens’	
reagent into silver. Finally, the sample was brought back 
to	AFM	and	the	topography	images	of	the	nanojunctions	
and surroundings were acquired in tapping mode. Due 
to the CD-DPN technique based on AFM system, the 
site	 of	 the	 nanojunctions	 could	 be	 located	 precisely	 and	
the	sizes	of	the	nanojunctions	could	be	tuned	properly	by	
varying the tip contacting time with the substrate. This 
may provide a convenient means to tune the dimension 
of	 the	 nanojunction	 according	 to	 the	 actual	 design.	 In	
comparison to the irradiation methods, the damages to 
carbon	 nanotubes	 during	 the	 nanojunction	 creating	 via	
CD-DPN can be ignored.
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Vibratory MEMS Gyroscope with Various Air 
Pressure Points
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This	paper	presents	 the	characterization	and	variation	of	
coupled error including in-phase and quadrature error 
and Q-factor of drive and sense modes in a vibratory 
microgyroscope with various air pressure points ranging 
from 1 Pa to atmosphere. All the parameters of a fourth-
order gyroscope prototype with coupled force were 
obtained	using	a	nonlinear	least	squares	fit	method	based	
on the measured data on each pressure point. Several 
reasons for the variation of bias drift induced by air 
condition have been discussed and a detailed analysis of 
variation of  phase angle in sense mode has been performed 
to determine that the offset of demodulation angle affected 
by pressure difference is the main cause of  the variation of 
in-phase error. The bias drift of MEMS gyroscope induced 
by in-phase coupled force is extraordinarily limited and 
will	be	much	less	significant	with	lower	air	pressure	based	
on the relationship between air pressure and the ratio of in-
phase and quadrature coupled force in resonant frequency 
of	 drive	 mode.	 The	 characterization	 of	 the	 vacuum-Q-
factor	 figure	 in	 drive	 mode	 and	 the	 vacuum-bias	 drift	
figure	in	sense	mode	provides	a	totally	new	thought	for	the	
implementation of low-pressure air package, which will 
improve the performance of vibratory MEMS gyroscope 
with lower production cost.
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Silicon-Air	 vertical	 Bragg	 reflectors	 have	 been	 used	 for	
long time in photonic devices based on guided, in-plane 
propagation of light. In this case, thickness is typically in 
the 100nm-1µm range. Such building block is also known 
as one dimensional photonic crystal (1D PC) and is used 
mainly	for	its	excellent	reflectivity	at	certain	wavelength	
range. 

More recently, 1D PCs have also been introduced in 
photonic	MEMS	devices	 including	 tunable	filters,	 lasers	
and Michelson interferometers.  When considering 
photonic MEMS, the structures including optical ones, are 
much deeper than waveguides, in the order of 70 microns. 
This depth is chosen to accommodate for the constraints 
of free-space propagation in air and for light coupling to 
optical	 fibers.	 The	 dimension	 control	 of	 the	 tiny	 silicon	
and air Bragg layers on such high thickness is critical and 
much more challenging from the technological prospect. 

Motivated by the great potential for novel photonic 
MEMS with special emphasis to tunable lasers, we study 
in this paper some novel building blocks based on DRIE-
micromachining of thick 1D PCs. FDTD simulations on 
RSOFT-5 were performed for this purpose. In particular, 
these simulations allow both spectral and modal analyses 
under gaussian light beam exposure as well as under 
different incidence angles. 

In	 the	 first	 part	 of	 the	 paper,	 previously	 reported	 basic	
building blocks (mirrors and FP cavities) are revisited 
through simulations in order to validate the modeling 
approach	 and	 to	 have	 a	 feeling	 of	 the	 influence	 of	
fabrication process, which is known to affect on one hand, 
the	critical	dimensions	of	the	Bragg	layers	(or	PC	filling	
ratio) and on the other hand, the surface quality of the 
sidewalls	(roughness	and	teflon	coating).	Comparison	with	
experimental results is performed for this purpose.

In the second part of the paper, we present a detailed 
analysis of new building blocks, with the prospect of their 
use in a new variety of tunable lasers. This analysis is made 
through computation of the spectral response, angular 
dispersion	 and	 corresponding	field	 distributions.	Mirrors	
under	oblique	incidence	are	analyzed	first.	Then,	FP	cavity	
made	 of	 tilted	 mirrors	 is	 also	 studied.	 Also,	 apodized	
structures are studied. Finally, we propose a simple laser 
architecture involving these new building blocks. 

  A01932-03336 

Fabrication of Mass Loaded MRFM Cantilever with 
Integrated Tip and Ultra-Low Spring Constant 

Xiaosong TANG1; Simon RAST2; Ernst MEYER2; 
Sujeet	K. SINHA3; Sean O’SHEA1

1. Institute of Materials Research and Engineering, 
Singapore
2. Department of Physics and Astronomy, University of 
Basel, Basel, Switzerland
3. Department of Mechanical Engineering, National 
University of Singapore, Singapore

To precisely measure forces in the atto-Newton range, 
as required for Magnetic Resonance Force Microscopy 
(MRFM), an ultrasensitive cantilever is required with very 
low spring constant and very high mechanical Q factor.  
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The cantilever tip must also be less than 50nm in radius to 
achieve adequate spatial resolution in non-contact AFM.  
In MRFM, the cantilever is positioned perpendicular 
to a sample at a distance less than ~30nm. Tip-sample 
interactions arising from localised spin cause a change 
in the cantilever eigenfrequency, which can be measured 
with high accuracy.  

We report on microfabrication techniques of ultra-thin 
silicon cantilevers with tip employed for MRFM and 
non-contact	AFM.	In	the	specific	cantilever	design	a	new	
feature is incorporated, namely an additional silicon mass 
load (~10-18 kg) fabricated close to the end of cantilever. 
The	extra	mass	minimizes	 the	deflection	of	cantilever	at	
the free end of the lever to enhance the force and imaging 
sensitivity.  However, this new feature leads to several 
challenges in microfabrication, namely the fabrication of 
a	defined	mass	load,	the	control	of	the	cantilever	thickness	
for very low spring constant (less than 0.4 µm in this 
case), a low interfacial stress between the extra mass and 
the cantilever beam, and the sharpening of the cantilever 
tip. Starting with a SOI wafer (2-3 µm device thickness) 
we successfully develop a fabrication technology to 
mass-fabricate such ultra-thin cantilevers with extra mass 
load and AFM-tip. By alternating the steps of oxidation/
lithography/etching with calculated timing, the mass at the 
end is fabricated and the cantilever is uniformly thinned 
to the thickness target sub-micron range.  The tips are 
sharpened in a thermal oxidation step. During the release 
step,	 a	 yield	 of	 ~50%	 for	 mass	 loaded	 cantilevers	 and	
~70%	for	ultra-thin	cantilevers	with	no	mass	is	achieved.	

The fabricated ultra-thin silicon cantilevers have thickness 
of 330nm or 130nm, length 150µm, width 5µm, and extra 
end mass ~2.10-15 gram.  Preliminary testing results show 
that the mass-loaded cantilever has a spring constant of 
0.003	N/m	and	a	first	resonate	frequency	of	20-22	kHz	at	
300K under high vacuum conditions. The measured data 
is in good agreement with expected theoretically values. 
The devices can be potentially improved to reach a force 
sensitivity of 1 aN/√Hz	at	10K.	
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Electrostatically actuated microvalves are critical and 
appealing	candidates	to	build	fully	integrated	microfluidic	
circuits because of the direct transduction of electrical 
signals into mechanical responses and the low power 
consumption level. Practical solutions, however, are still 
lacking	due	to	their	multi-layered	architecture	and	difficulties	
in incorporating heterogeneous materials. We report the 

design and fabrication process of an electrostatically 
actuated microvalve amenable to large scale integration 
for	gas	flow	control.	The	device	consists	of	an	upper	die,	
containing	 a	 flexible	 electrode	 sealed	 by	 a	 thin	 polymer	
membrane, and a lower die, containing U-shaped gas 
channels	and	fixed	electrodes.	Each	microvalve	is	defined	
by	one	fixed	electrode	spanning	the	floor	and	sidewalls	of	
the	U-shaped	gas	channel	and	one	corresponding	flexible	
electrode suspended above the channel. The upper die is 
fabricated by replica molding in polymeric material, the 
lower die is fabricated in a glass substrate by lithographic 
techniques, and the two dies are subsequently aligned 
and bonded using an adhesive layer. In contrast to the 
conventional parallel-plate arrangement of electrodes, the 
two electrodes are approximated starting from the edges 
of the U-shaped gas channel during the actuation step, 
which is advantageous for lowering the required actuation 
voltage. This reported low cost fabrication process could 
be implemented in any basic microfabrication facility.
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Polymeric materials have been widely used for the 
fabrication	of	microfluidic	devices	due	 to	 their	 excellent	
chemical resistance and bio-compatibility and their relative 
low cost as compared to silicon or glass materials. UV 
micro-casting, in particular, is a promising mass production 
method for polymer replication due to the non-stringent 
process conditions and fast curing time. The master mold 
for UV micro-casting was fabricated by laminating dry 
film	photoresist	on	100mm	x100mm	x	0.5mm	copper	clad	
laminate as base substrate. Copper clads are widely used 
in PCB fabrication and are more economically viable as 
compared	to	silicon	wafers.	By	subjecting	the	copper	clads	
to	micro-etching	prior	to	dry	film	photoresist	lamination,	
it	was	 found	 that	 the	contact	angles	of	de-ionized	water,	
glycerol	 and	 diiodomethane	 fluids	 measured	 using	 the	
sessile drop method had decreased by almost 2 to 4 times 
as compared to their as-received copper clads. The surface 
energy calculated for the micro-etched copper clads had 
increased by almost two times. Micro-etching was found to 
have enhanced the hydrophilicity of the copper clad, which 
resulted	in	an	increase	in	the	dry	film	photoresist	adhesion	
strength	to	the	copper	clad.	Dry	film	photoresist	(Etetec	HT-
120T) 50mm thick was laminated on both as-received and 
micro-etched copper clad. Experiments were conducted to 
determine the change in photoresist developing time when 
UV exposure time was increased while keeping the UV 



36     Symposium L - NEMS/MEMS Technology and Devices

intensity constant. The UV exposure energy employed 
ranged	from	50	mJ/cm2 to	110	mJ/cm2. Sodium carbonate 
(Na2CO3),	1%	by	wt.	was	used	as	the	photoresist	developer.	
In general, the copper clad that was micro-etched could 
sustain a longer photoresist developing time without 
encountering	 dry	 film	 delamination.	 An	 optimal	 UV	
exposure energy was necessary since higher UV exposure 
energy produced better line feature resolution. However, it 
also meant that the photoresist would become more brittle 
and it was more tedious to remove the masked areas on the 
photoresist	during	developing.	To	avoid	 this	difficulty,	 a	
two-part	Silastic	®	J	RTV	(Dow	Corning)	silicone	rubber	
with base to curing agent in a 10:1 weight ratio was mixed 
and cast over the copper clad micro-feature mold. The 
silicone rubber mold was degassed and later thermal cured 
for 12hrs. The hardened secondary mold was peeled off 
from the copper clad mold. Subsequently, photosensitive 
resin was dispensed onto the silicone rubber mold and 
degassed.	A	transparent	and	flexible	Mylar	 thin	film	was	
placed on top of UV curable prepolymer to reduce the 
occurrence of oxygen inhibition and to serve as a polymer 
substrate backing. The silicone rubber mold-resin-Mylar 
assembly was UV irradiated for tens of seconds. The 
crosslinked	 polymer,	 together	 with	 the	 Mylar	 film	 was	
peeled off from the mold and placed on top of a second 
layer	of	Mylar	film	dispensed	with	the	same	resin.	A	post-
UV curing process was used to complete the lamination 
procedure.	In	this	way,	a	complete	polymeric	micro-fluidic	
device	could	be	efficiently	produced.

  A02000-03451 

Numerical Simulation of Stretchable and Foldable 
Silicon Integrated Circuits 

Zhuangjian	LIU1; YongWei zHUANG1; 
Yonggang HUANG2

1. Institute of High Performance Computing, Singapore
2. Department of Mechanical Engineerin, Northwestern 
University, IL, United States

Wrinkling	 of	 a	 stiff	 thin	 film	 on	 a	 compliant	 substrate	
can be useful in stretchable electronics, which has many 
important applications, including eyelike digital cameras, 
comformable skin sensors, intelligent surgical gloves, 
and structural health monitoring devices. The designs of 
these systems can range from simple layouts consisting of 
uniform	films	on	flat	substrates	to	complex	lithographically	
patterned	 films	 on	 substrates	 with	 structures	 of	 relief	
embossed	 on	 their	 surfaces.	 The	 diversity	 of	 ‘wavy’	
geometries enabled by these strategies creates considerable 
engineering	flexibility	in	the	types	of	structures	that	can	be	
formed.

Mechanics plays a key role in the development of stretchable 
electronics.	Instability	and	buckling	of	thin	films	cause	the	
various kinds of surface patterns in the micrometer range. 
In the stretchable silicon system, there is an in-plane stress 

due	 to	 large	mismatch	 in	 the	Young’s	modulus	 between	
thin	film	and	substrate.	The	highly	ordered	wave	patterns,	
like as periodic wave, checkerboard, herringbone, wave-
interacted pattern etc., are caused by the interface stress. 
These	 wrinkle	 patterns	 can	 be	 analyzed	 by	 mechanics	
theory s and simulated by numerical method.  

In this study, the procedures of the stretchable silicon 
system	are	observed	at	first.	 In	 these	systems,	controlled	
buckling	 is	 realized	 in	 thin	films	deposited,	 typically	by	
vapor phase or physical transfer processes, onto prestrained 
elastomeric substrates. The closed-form solutions of 
these buckling analyses are successfully applied. The 
analytical results give useful results, like the wavelength 
and	amplitude	directly	 in	 terms	of	 the	film	and	substrate	
elastic	properties,	the	thin	film	thickness,	and	the	prestrain.	
But there are some limitations. The three-dimension FE 
models have been built up for numerical analysis under 
more realistic conditions, especially, in three dimension 
silicon integrated circuits. The wrinkling patterns generated 
due	to	the	buckling	in	the	thin	silicon	film	on	a	polymer	
substrate. The results show there are well agreements with 
experimental observation. From simulation results, the 
periodic, “wave”-like geometry can represent well using 
the FE model; the wave amplitude and wave length change 
with pre-strain changing; Stress and strain are obtained thin 
film	and	different	layers.	The	simulations	are	show	when	a	
film	of	a	stiff	material	is	suitably	patterned	on	a	compliant	
substrate, a large elongation of the substrate induces small 
strains	 in	 the	film,	 and	 the	film	accommodates	 the	 large	
elongation by twisting out of the plane.

  A02069-03587 

Transmission Properties of Physical Waves in 
Photonic/Phonon Crystals

Jiu	Hui	WU1; H. L. CHEN1; Boris LUK’YANCHUK2; 
A.Q. LIU3

1. School of Mechanical Engineering, Xi’an Jiaotong 
University, Xi’an/Shaanxi, China
2. Data Storage Institute, Singapore
3. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Development of modern materials and structures is 
among the actual challenges for the development of future 
nanotechnologies. Here we discuss the peculiar properties 
of physical waves in photonic and/or phonon crystals, 
including nanoclusters, and their potential applications. 
Firstly, based on a two-dimensional photonic-bandgap 
(PBG)	structure	with	N	 layers	of	air-filled	circular	holes	
and	an	air-filled	line	defect,	a	PBG-like	Fabry-Perot	(FP)	
resonator is presented with a group of resonant peaks of 
high quality-factor Q (>2000) and of equal spacing (>80 
nm) between two photonic bandgaps. The resonant peaks 
have large tun-ability in wavelength by varying the incident 
angle of light, which can be continuously tuned from 1.23 
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to 2.08 µm. The Q value of the resonant peaks increase 
linearly at small incidence and sharply at large incidence. 
The proposed PBG FP resonator can be applied in 
wavelength-divsion-multiplexed optical communications. 
Secondly, a new nonlinear physical phenomenon, i.e. 
modulational transparency and femtosecond pulse train in 
Bragg	 reflectors	 with	 time-varying	 dielectric	 constant,is	
discussed. When the dielectric constant is modulated 
temporally,	 the	 distributed	 Bragg	 reflector	 exhibits	
different throughputs depending on the modulation 
amplitude. Below or at the critical value, a periodic and 
stable femtosecond pulse train is generated; above this 
critical value, the modulational transparency is observed. 
These excellent optical properties may enhance the 
potential	 applications	 of	 the	 periodic	 stratified	 structure	
in optical switches and laser optics. Thirdly, large phonon 
band gap of annular steel tubes with periodic narrow slits 
are reported. Due to the multicavity resonance, the starting 
frequency of the band gap is reduced and the gap width 
is enlarged by using the periodic narrow slits. Last, light-
driven acoustic band gap is presented by considering two 
metal nanospheres illuminated simultaneously by laser and 
acoustic waves. The interaction between the photonics and 
phonons is investigated through optical distribution force, 
van der Waals distribution force, and acoustic pressure 
upon these nanospheres. Based on the optical force and 
van der Waals force, the acoustic form functions for the 
metal nanoaggregates with different optical intensity 
are calculated, and the light-driven acoustics band gap 
at low frequency band has been found. It is shown that 
the band gap width can be widened with increasing the 
incident laser intensity, or by using proper metal materials 
and background media. This could provide potential 
applications	in	optical	nanoswitches	and	acoustical	filters.

  A02117-04461 

Kinetics Analysis of UV-Curable Epoxy Resins 
for Micromachining Applications

Feng Lin NG1; Vanda Yu VOYTEKUNAS1; 
Chai Ling KOH2; Marc J.	M.	ABADIE2

1. Forming Technology Group, Singapore Institute of 
Manufacturing Technology, Singapore
2. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Many of the micromachining applications require the 
epoxy	resins	to	be	spin-coated	to	achieve	thick	films	that	
have excellent sensitivity, high resolution, and low optical 
absorption, thermally stable and chemically resistant. 
Epoxy materials have been an attractive candidate for this 
application since they are available in a wide variety of 
physical properties. 

Multifunctional epoxy (acrylate) monomers systems 
have also been extensively used in printed circuit boards 
as	 dry-film	 negative	 photoresists.	 Upon	 irradiation,	 the	

multifunctional monomers undergo cross-linking. The 
insolubilization	 typically	 prevents	 their	 analysis	 by	
conventional techniques. Photocalorimetry is one of the 
best techniques allowing in-situ analysis of the photo-
reaction and its kinetics. 

Multifunctional epoxy resin Epiclon HP-7200, derived from 
poly-addition compounds of Dicyclopentadiene (DCPD) 
and	phenol	is	classified	under	the	high	performance	series.	
This series of epoxy is well known for its application in 
electrical encapsulation as it exhibits excellent mechanical 
and electrical properties. In addition, they have an 
advantage of an ultra low moisture absorption compared 
to other conventional epoxy resins cresol novolac (ECN) 
and biphenyl, which potentially makes it the next new 
mainstream of epoxy resins in electronics application. In 
this paper, kinetic study of various concentration of Epiclon 
HP-7200	 (40-70	wt	%)	with	 divinyl	 ether	 (DVE)	 as	 the	
reactive solvent has been performed by Photo-Differential 
Scanning Calorimetry (photo- DSC).

The thermal stability of the Epiclon HP-7200 solutions 
have	 been	 analyzed	 by	 DSC	 and	 showed	 promising	
results with a TM	of	376.8°C	at	70	wt%	of	Epiclon.	The	
kinetics based on the 3 formulations of Epiclon HP-7200 
showed that activation energies followed a logical trend as 
concentration of DVE increases. 

Photo-DSC was also used to study the cure kinetics 
of	 UV-initiated	 cationic	 photo-polymerization	 of	 two	
epoxy resin monomers -3,4-epoxycyclohexylmethyl-
3,4-epoxycyclohexane carboxylate and Bis-(3,4-
epoxycyclohexyl) adipate which will be the possible 
alternative solvents for Epiclon HP-7200 in the presence 
of different photo-initiators. Different kinetics analysis 
results, including Enthalpy of the reaction, Induction time, 
Peak maximum, percentage Conversion were obtained 
for both epoxy systems for different concentrations of 
photoinitiator and at different isothermal temperature (30-
70°C). 

  A02247-03832 

Micro and Nano Patterning on Phase Change 
Materials

Luping SHI1; Tow Chong CHONG1;2; 
Eng Keong CHUA1; Rong zHAO1; Ming Hui HONG1;2; 
Gaoqiang YUAN1;	Jia	Yin	SzE1

1. Data Storage Institute, Singapore
2. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

Macro and nano patterning is very important for 
many applications, such as semiconductor, integrated 
optoelectronics, machine fabrication and memory. In this 
paper the recent progress of micro and nano patterning on 
phase change materials is reported.  
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The phase change materials have two phases, crystalline 
and amorphous. The resistance of the two phases are 
different. The phase change can be induced by heating the 
phase change material. This feature was used to generate 
different patterns for memory, sensor and MEMS devices. 

The detailed and systematic theoretical and experimental 
results will be presented in the conference. 

  A02349-04222 

Gray Scale Maskless Lithography for One Step 
Fabrication of 3-Dimensional Structures in SU-8 

Amritha RAMMOHAN; Prabhat DWIVEDI; 
Ashutosh SHARMA
DST Unit on Nanosciences, Department of Chemical 
Engineering, Indian Institute of Technology Kanpur, India

We propose a novel and easy method to make 3-dimensional 
structures in SU-8 using grey scale lithography in concert 
with a maskless exposure system. Various levels of grey 
scale	are	filled	in	different	areas	forming	a	particular	pattern	
on a design.  This design is used to vary the exposure 
intensity	 on	 different	 areas	 of	 a	 thick	 SU-8	 film	 coated	
on a substrate, by using a maskless lithographic system. 
The pre-baking and post baking processing conditions 
of SU-8 are controlled so as to limit the diffusion of the 
photoacid catalyst thereby achieving variation in extent of 
cross	linking	of	the	polymer	across	the	depth	of	the	film	in	
addition	to	across	the	area.	On	developing	for	a	sufficient	
amount of time the variation in cross linking is transformed 
into 3-dimensional structures of SU-8. We have obtained 
diverse structures using grey scale lithography such as 
embedded channels and pillars, cantilevers or hanging 
structures and lens structures. These can be used as such 
for	microfluidic	 applications	 such	 as	micromixing	 or	 as	
moulds for complicated negative replicas in other polymers 
such as PDMS etc. The structures in SU-8 can also be 
converted into complex carbon microstructures for use in 
C-MEMS applications. We therefore demonstrate a facile 
method for fabrication of 3-dimensional microstructures in 
SU-8 some of which are hard to obtain by other fabrication 
routes in a single step or using a single layer. 

  A02371-04058 

Study on Packing Experiment of Biodegradable 
Micro Drug Delivery System 

Xiaopeng WANG; Tianning CHEN
Mechanical Engineering School, Xi’an Jiaotong 
University, Xi’an, China

The biodegradable polymer micro-structure with large 
array of micro drug chambers is a new kind of implantable 
drug delivery system, which is made by the non-silicon 
fabrication technology of MEMS. Compared with 

commonly used drug delivery system of matrix type that 
the biodegradable polymer and the drug are mixed evenly, 
the new drug delivery system has some unique advantages 
in controlled long-term drug delivery: the higher drug 
loading; the stronger controllability, and so on. It also can 
load many kinds drug and improve the effect of therapy 
because of the large array of micro chambers in the new 
drug delivery system.

In the research, it is found that the sealing propriety of the 
micro	device	is	the	key	to	the	device’s	function.

The micro structure of the implantable drug delivery 
system is made from biomaterial(Poly (lactic-co-glycolic 
acid)(PLGA)),	and	the	whole	micro	structure	size	is	about	
10000µm×10000µm×300µm,	 and	 a	 micro	 chamber	 size	
is	about	200µm×200µm×200µm.The	sealing	film	is	PLA	
and its thickness is 100µm. Four packing methods are 
proposed based on the adsorption and diffusion theory and 
the characteristics of PLGA materials. (1) Latex Packing: 
the PLA solution is used as the latex, and the two part of 
the micro device is bonded by the latex. (2) Heat Melt 
Packing: the two part of the micro device is bonded when 
the	material	temperature	is	high	because	of	the	polymer’s	
thermoplasticity. (3) Heat Wind Packing: local heat wind 
is	employed	and	the	polymer	film	become	rubber	state	and	
the bonding is implemented under certain pressure. (4) 
Hot	Press	Packing:	the	packing	is	finished	by	a	hot	press	
machine. The packing experiments are carried out and 
packing parameters are studied in the paper. Finally, their 
advantages and disadvantages are analysed.

The research establishes the foundation on the further 
development of the new kind of implantable drug delivery 
system and provides the reference to the similar micro 
devices.

  A02460-04197 

Fabrication of a Microfluidic Device with Locally 
Insulated Electrodes on both Top and Bottom 
Sides of the Channel 

Lujun	zHANG; Andre BOSSCHE
Microelectronics, Delft University of Technology, 
Delft, Netherlands

The device that will be presented in this paper is a micro-
separator, which is designed for micro-/nano- particle 
separation. The curved part of serpentine micro-channel 
that causes performance deterioration in capillary 
electrophoresis (CE) due to the plug dispersion will be 
effectively used in our design for dielectrophoretic (DEP) 
separation. The dielectrophoretic separation happens in the 
curves	due	to	the	field	gradient.	In	the	straight	segments,	
top-and-bottom electrodes are employed to bring all the 
particles to an equal entering point for the next curve. In 
order to prevent the potential disturbance, the focusing 
electrodes	have	to	be	isolated	with	an	insulating	film.
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The device was successfully fabricated using a glass and 
a silicon substrate, with and an SU-8 layer sandwiched 
in between. Ti was used as the electrode material. SU-8 
2035 was applied to form the sidewall of the channel. The 
adhesive bonding was performed with a misalignment error 
below	5	micrometer.	The	process	flow	is	summarized	as	
follows: on the silicon substrate (a) 2 micrometer PECVD 
oxide deposition; (b) sputtering and plasma etching of 200 
nm Ti electrodes; (c) 200 nm PECVD oxide deposition 
to cover the electrodes; (d) plasma etching of the oxide 
with soft landing on the electrodes; (e) deposition of 6 
micrometer oxide on the backside and window etching; (f) 
deep reactive ion etching of the access holes; on the glass 
substrate (g) sputtering and plasma etching of 200 nm Ti 
electrodes; (h) 200 nm PECVD oxide deposition to cover 
the electrodes; (i) plasma etching of the oxide with soft 
landing	 on	 the	 electrodes;	 (j)	 applying	 a	 20	micrometer	
SU-8 layer; (k) side wall patterning with photolithography 
process; (l) adhesive bonding with SU-8 glue. The detailed 
method on how to achieve a high accurate alignment and a 
tight bonding will be explained in the paper.

The fabricated device had a very good performance during 
the experiments. The focusing electrodes were examined 
experimentally with 2 µm polystyrene particles. Then, the 
4 µm particles were used together with the 2 µm particles 
to evaluate the separation.  The retention time of these 
two	size	particles	was	measured.	When	a	voltage	of	7.1	V	
(RMS,	2	MHz)	applied	on	the	curves,	the	4	µm	particles	
took	an	average	10%	longer	retention	time	than	the	2	µm	
particles, which proves the concept.

  A02471-04256 

Microfluidic Devices Fabricated by LTCC 
Combined with Thick Film Lithography

Young	Joon	YOON1;	Jaekyung	CHOI1;3; 
Jong-woo	LIM1;3; Hyo Tae KIM1;	Jihoon	KIM1; 
Youn-Suk CHOI2;	Jong-Heun	LEE3;	Jong-hee	KIM1

1. IT Convergence Lab., Korea Institute of Ceramic 
Engineering and Technology, Seoul, South Korea
2. Kyungwon Tech Inc., Sungnam-si, Kyunggi-do, South 
Korea
3. Department of Materials Science and Engineering, 
Korea University, Seoul, South Korea

There	 has	 been	 a	 great	 advance	 in	microfluidics	 for	 the	
application of biology and biotechnology using a Si, glass 
and polymer materials. Recently, the integration a lot 
of components, such as micro-chamber, microchannel, 
micropump, microvalve, and transducer, on a small 
substrate, is a critical issue to achieve the application 
of micro total analysis system and lap-on-a chip (LoC). 
However, Si technology requires high cost to manufacture 
a	 fully	 integration	 system.	 In	 the	 microfluidic	 system	
fabricated polymer materials, the problems of integration 
of each device on a chip are still remained. On the other 

hand, considering the unique properties of ceramic material 
and related process, it could be a promising candidate as 
a	substrate	to	integrate	the	individual	microfluidic	module	
because it is possible to make three dimensional integrated 
microstructures effectively through low temperature co-
fired	ceramic	(LTCC)	technology.	

In this work, the applicability of ceramic materials and 
process	 to	 fabricate	microfluidic	 devices	was	 evaluated.	
We fabricated passive and active mixers, employing LTCC 
technology	 combined	 with	 thick	 film	 photolithography.	
It was achieved by using the mixture of cordierite 
(Mg,Ca)2Al4Si5O18 and photoimageable organic materials. 
After manufacturing the various kinds of mixers, the 
microfluidic	 test	 was	 progressed	 and	 their	 performance	
was	evaluated.	In	addition,	the	application	of	microfluidic	
mixers to bio-medical device and fuel cell system will be 
discussed. 

  A02551-04390 

A Release Mathematical Model and Manufacturing 
Process of a Novel Controlled Drug Delivery 
System with Micro-porous

Yang GAO; Tianning CHEN; Xiaopeng WANG
School of Mechanical Engineering, Institute of Vibration 
and Noise Control, Xi’an Jiaotong University, Xi’an, 
China

This work presents the research about a novel controlled 
drug delivery system with microporous structure. First, a 
mathematical model is developed to describe the transient 
mass transfer about drug diffusion in microporous and 
degradation of PLGA matrices with different initial 
concentration, drug diffusivities, diameter/number and 
distribution of microporous. Simulation model is built 
to analysis affect of different parameters, quantitative 
prediction of the effects of different formulation and 
processing parameters on the resulting drug release 
kinetics. Then, the carrier matrix structure of the drug 
delivery system manufacturing process was studied. 
Injection	 method	 and	 hot-pressing	 method	 are	 used	 to	
prepare micro-porous structure. Comparing different 
preparation process and to determine optimum program.
Experiment result combined with simulation data proved 
that the microporous structure on packaged matrix made 
the mass transfer mechanism was changed from diffusion 
to	both	diffusion	and	degradation	which	greatly	optimized	
drug release effect. Changing parameters of drug delivery 
matrices, for example diameter and distribution of 
microporous/drug loading mass, can get different drug 
release concentration and release time convenient to meet 
different drug demand. Importantly, a stable drug release 
concentration in the whole release process was get and 
micro-porous structure manufacturing process has new 
progress.
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  A02577-04710 

All-Optical Signal Processing Based on Nonlinear 
Effects in Semiconductor Optical Amplifiers 

Jian	WU; Minxue WANG; Bingbing WU
Key Laboratory of Optical Communication and 
Lightwave Technologies, Beijing University of Posts and 
Telecommunications, Beijing, China

All-optical processing of high-speed signals, enabled by 
nonlinear-optical devices, represents critical technology 
for future optical communications and computing 
applications. These processing techniques based on 
semiconductor	 optical	 amplifiers	 (SOAs)	 have	 attracted	
considerable attention during the past years due to their 
features such as small footprint, low power consumption, 
and potential photonic integration with other optical 
components. In this paper, the recent advances in 
developing nonlinear techniques in SOAs for all-optical 
signal processing at high-speed are reviewed, with a focus 
on	 simple	 configurations	 employing	 commercial	 SOAs	
for several key all-optical network applications. Several 
all-optical logical techniques were demonstrated in this 
paper. First, a novel technique combined NPR in SOAs 
with	red-shifted	filtering	is	proposed.	With	this	technique,	
an all-optical logic OR gate is investigated. Also a 40 
Gb/s NOR gate is demonstrated using NPR and blue-
shifted	 filtering	 technique.	 Further	 more,	 a	 scheme	 for	
simultaneously	 realizing	 all-optical	 logic	 OR	 and	AND	
gates for NRz, Rz and CSRz signals is presented based 
on both degenerate and non-degenerate four-wave mixing 
(ND-FWM) effect in an SOA. Then based on ND-FWM in 
a single SOA, a 40 Gb/s all-optical multi-function format 
conversion scheme with wavelength multicast capability 
is	investigated.		Finally,	a	tunable	Lyot	birefringent	filter	
with variable channel spacing and wavelength using NPR 
in	an	SOA	is	shown.	Such	tunable	comb	filter	has	found	
various important applications for both all-optical signal 
processing	 and	 tunable	 multi-wavelength	 fiber	 laser.	
Unique	features	such	as	polarization	controlling,	fast	and	
continuously	 wavelength	 tuning,	 independent	 adjusting	
are highlighted.

  A02613-04466 

Micro/Nano Science Uncovering the Mysteries of 
Silicon Wet Etching for the Fabrication of MEMS 
Structures

Kazuo	SATO; Mitsuhiro SHIKIDA; 
Miguel A. GOSALVEz; Prem PAL
Department Micro/Nano Systems Engineering, Nagoya 
University, Nagoya, Japan

We are investigating wet anisotropic etching physics of 
single	crystals	such	as	Si	and	quartz	to	meet	demands	from	
MEMS industries, where engineers are still facing mysteries 
in fabrication processes. We established the method for 

characterizing	etch-rate	anisotropy	as	functions	of	crystal	
orientations.	We	thus	developed	and	commercialized	etch-
rate database and etching simulation system for more than 
a decade. 

We are further investigating etching physics. This type of 
research needs a multidisciplinary approach combining 
scientists	 from	 different	 fields	 such	 as	 physics	 and	
chemistry. Our recent collaboration partners are Helsinki 
Univ.	Tech.	in	etching	model	and	first-principle	calculation,	
and Tohoku Univ. in solid-liquid interface analysis. As 
results of our collaboration, it turned out that some of 
the conventional common knowledge in etching must be 
rewritten as follows.

(1) Etch rate ratio among orientations must not be 
explained by the number of dangling bonds of an atom on 
an	ideally	flat	crystal	surface.	ATOMIC STEPS existing on 
a crystal surface which are easily attacked by solutions are 
dominating etch rates of silicon.

(2) EFFECTS OF CATIONS so far neglected in etching 
reaction	 became	 evident.	 Using	 the	 first-principle	
calculation, it was proved that a small amount of Cu-ion 
can pin up the movement of Si atomic steps.

(3) Anisotropic etching of Si (100) was so far believed 
providing	 a	 rectangular	 etched	 recess	 defined	 by	 (111).	
However, recess of ANY ROUND PROFILES can be 
etched using TMAH with a surfactant. The working 
mechanism	of	the	surfactant	was	very	recently	clarified	by	
solid-liquid interface analysis.

  A02621-04479 

Building a Lensless, High-resolution On-chip 
Microscope for $10 

Changhuei YANG
Electrical Engineering and Bioengineering, California 
Institute of Technology, United States

I	will	talk	about	one	of	the	major	projects	in	my	group	–	the	
optofluidic	microscope.	This	microscopy	technology	fuses	
the	 advantages	 of	 optical	 and	 microfluidic	 technologies	
to create small-and-cheap imaging systems that do not 
contain any optical elements. The working principle is 
similar	to	the	way	we	see	floaters	in	our	eyes.

This technology can also be adapted to incorporate 
additional imaging functionalities, such as phase contrast, 
fluorescence	 and	 darkfield	 capability.	 The	 application	
range of this invention is wide: it can change the way 
biologists think about and use microscope, it can enable 
clinical point-of-care blood and urine analysis, and it can 
improve Third World heathcare by providing cheap and 
rugged microscope units.
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Professor Yang graduated from MIT in 2002 and has 
steadily moved towards warmer climate thereafter. After 
short stints at ESPCI (Paris) and Duke University, he settled 
down in Caltech in Dec 2003. Professor Yang received the 
NSF CAREER award and the Coulter Foundation Early 
Career Phase I and II Awards. Professor Yang was recently 
named as one of the top 20 under 40 scientists in Discover 
magazine’s	list	of	Best	Brains	in	Science	2008.

  A02623-04490 

Bioelectronics – The Next Wave 

Levent YOBAS
Bioelectronics, Institute of Microelectronics, Singapore

Bioelectronics is an emerging discipline with the recent 
convergence of biology and electronics. Through the years, 
both disciplines have undergone a dramatic change as the 
complexity and information capacity of the man-made 
systems have ever increased. Today, a microprocessor 
chip can pack more than a billion transistors while a 
biochip contains half a million gene spots. Behind the 
industrialization	of	either	discipline	is	the	miniaturization	
based on photolithography technique.

This talk will highlight some of our key achievements 
in the area of Bioelectronics. Main emphasis will be on 
the	 integrated	 biomicrosystems	 inclusive	 of	microfluidic	
modules for sample preparation, biosensor modules for 
sample	detection,	and	application-specific	integrated	circuits	
(ASICs) for readout electronics and signal processing. 
The species to be detected by these biomicrosystems 
cover a wide spectrum of disease biomarkers in clinical 
samples such as rare cells, proteins, and nucleic acids. The 
microfluidic	modules	separate	blood	cells,	extract	and	purify	
nucleic acids and subsequently amplify target sequence 
through	 enzymatic	 reaction.	 The	 biosensor	 modules	 to	
be presented involve a highly-ordered silicon nanowire 
array which can electrically detect the target nucleic acid 
or protein through intrinsic molecular charge without any 
external label required. Practical applications of these 
systems for point-of-care diagnostics will be discussed. 
The talk will also feature some of our developments for 
the pharmaceutical applications, particularly for screening 
drug compounds on cell-based assays.

  A02646-04541 

Gas Permeation in PDMS (polydimethylsiloxane) 
in-situ Monitored by Silicon Pressure Sensors

Lung-Jieh	YANG; Yu-Cheng OU
Mechanical & Electromechanical Engineering, Tamkang 
University, Tamsui, Taiwan

This	paper	presents	a	modified	way	of	using	silicon	pressure	
sensors to detect the gas leakage history of PDMS, and we 
extract the diffusion time (half pressure loss) for verifying 
the	derived	diffusion	coefficient	with	the	data	of	2.2×10-9 
m2/s for CO2 in previous works.

PDMS	has	become	a	popular	material	in	microfluidics	and	
lab-chips. Gas permeation in PDMS is apparent, however. 
Several works of conventional testing have been proposed, 
and	the	diffusion	coefficient	of	PDMS	subject	to	different	
cases still needs unifying.

The authors have ever modeled the gas leakage through 
PDMS by one-dimensional diffusion equation for verifying 
the sensing data measured by bulk-machined pressure 
sensors. The pressure sensors were packaged with PDMS 
substrates. The thickness of PDMS is 45 µm, 500 µm and 
2000 µm. The diffusion length x and the diffusion time t 
corresponding to the half pressure loss obey Eq. (1):

Diffusion	length	x	=	square	root	of	(diffusion	coefficient	
* time t) (1)

Herein, we found several distinct gas diffusion paths 
existed for PDMS with different thickness:

For the case with the diffusion throat of only 45 µm, i.e., 
the thickness of PDMS, it is much smaller than the distance 
from V-groove cavity edge of pressure sensor to the outer 
periphery (1072.5 µm). Therefore, the gas molecule at 
the middle of V-groove cavity has no way but takes the 
longer path penetrating the PDMS from the ambient. So 
the “equivalent” diffusion length should be larger than the 
periphery length (1072.5 µm), even though the theoretical 
value still waits for investigation. On the other hand, for the 
extreme case of very thick PDMS, near to or even larger 
than 1072.5 µm, all the gas molecules take this shortest 
path for small impeding resistance to gas diffusion.

We measured the time history of the output signals of the 
fore-mentioned PDMS-packaged sensor as the pressure 
varying history in the V-groove cavity by a pressure testing 
machine. We take the moment of half (leaking) pressure 
to	precisely	define	the	diffusion	length	and	diffusion	time	
in Eq. (1). The diffusion time for the sensors with the 
thickness of PDMS 45 µm, 500 µm and 2000 µm are 1535, 
464 and 455 s, respectively. We assume the case of 2000 
µm thick PDMS have the diffusion length x as 1072.5 µm, 
so	the	diffusion	coefficient	can	be	calculated	reversely	by	
Eq. (1) as 2.2×10-9 m2/s for CO2. This data matches with 
the	diffusion	coefficient	of	previous	work	very	well.
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Additionally, we can predict the “equivalent” data for the 
case of very thin PDMS (45 µm) by the known diffusion 
coefficient	 (2.2×10-9 m2/s) and Eq. (1). The “effective” 
diffusion length evaluated as 1838 µm is reasonably 
smaller	than	the	half	chip	size	(2000	µm).

Restated, this work introduces an integration way of 
bonding silicon pressure sensors on PDMS to detect 
CO2 leakage and could further interpret the “equivalent” 
diffusion length novelly.
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MEMS Optical Switches 

Ramya RAJU; SHANMUGAPRIYA
Communication Systems, Anna University, Chennai, India

Optical switches have become important because of 
the	 telecommunications	 industry’s	 focus	 on	 all-optical	
networks. The development of WDM transmission 
systems provide us with terabits-per-second transmission 
bandwidth by transmitting multiple low bit rate optical 
signals	of	different	wavelengths	 in	a	 single	optical	fiber.	
However, they require an optical cross-connect (OXC) 
architecture	that	makes	a	large	number	of	fiber/wavelength	
counts to switch signals in the optical domain. Among the 
optical switching technologies reported for building OXCs, 
the optical micro electro mechanical (MEMS) switch has 
been regarded as the most promising candidate for the 
large-port-count switch fabric due to several advantages 
of low loss, cross talk, wavelength independence etc,. As 
demand for bandwidth grows, due to increased Internet 
traffic	and	the	advent	of	data-	and	video-centric	networks,	
the need to eliminate this bottleneck at the switches 
becomes more critical. Optical switches that manipulate 
optical signals directly without converting the optical 
signal to an electronic signal have been developed to 
replace the O-E-O switches. One approach has been the 
use of MEMS technology to fabricate tiny mirrors that 
perform the switching function. These tiny mirrors (micro 
mirrors)	 switch	 optical	 signals	 by	 reflecting	 the	 light	
beams, and switches using these tiny mirrors are known 
as MEMS optical switches.Generally two approaches are 
taken in implementing MEMS optical switches: the two-
dimensional or digital approach, the three-dimensional or 
analog	approach.	The	aim	of	this	project	is	to	analyze	the	
optical switches with their performance. 
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Embedded substrate will be a fundamental component in 
the coming ubiquitous society. 

Since there is a great demand for the mobile electronics 
toward	 downsizing	 while	 increasing	 performance,	 it	 is	
necessary to establish a new packaging technology for such 
request. Many kinds of electronic components are mounted 
onto the present substrate of mobile phone, including MPU, 
LSI, condenser, resistance, and inductance. The average 
number of such components is over 100 that is equal to the 
half of the all surface of the substrate.

It is necessary to develop a new technology, called as an 
embedded substrate, that passive elements are mounted 
not onto the surface but into the interlayer of the substrate. 
This embedded substrate will play an essential part in 
the system-in-packaging (SiP) technology, which will 
contribute the high performance and reliability in addition 
to the trend of small, thin and light. Among such passive 
components, the low-dielectric type of condenser or tip-
embedded type has been mainly used because of the 
difficulty	 of	 the	 high	 temperature	 process	 over	 600°C.	
Until	now	there	were	some	reports	using	composite,	filler,	
particle. But the dielectric constant is under 100. But 
high-dielectric type one over 1000 will be necessary for 
the	 low	 frequency	 filter	 and	 decoupling	 condenser.	 The	
electrostatic capacitance is determined by the surface area 
and the dielectric constant. However the surface area is 
always requested to be more smaller than it was, so the 
dielectric constant is actually the only candidate to be 
improved. And its fabrication technology has not been 
established until now.

Piezoelectric	 film	 has	 been	 developed	 on	 Si	 substrate 
in application for micro-electro-mechanical systems 
(MEMS).	High-dielectric	film	has	been	prepared	as	one	of	
the process procedure of MEMS fabrications.
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Protein plays key role in cellular processes and diseases 
diagnosis. This paper reports a label-free detection of 
proteins	 through	 localized	 surface	 plasmon	 resonance	
(LSPR)	 and	 realized	 Au	 nanoparticles	 immobilized	 on	
glass	 slide.	 Glass	 slide	 is	 first	 sonicated	 with	 5%	 v/v	
glassware detergent in ultrapure water for 30 mins, and then 
in	ultrapure	water	for	another	30	mins.	A	5%	v/v	APTES	
solution in ultrapure water is prepared and the glass slide 
is	 immersed	in	 the	5%	v/v	APTES	solution	for	20	mins.	
The glass slide is sonicated for 60 mins in ultrapure water. 
The purpose of the sonication is to remove the multi-
layers of APTES which are formed on the glass surface. 
The	silanized	glass	slide	is	immersed	in	gold	nanoparticle	
solution for 40 mins. Finally, the protein solution is added 
on the surface of the slide. The surface absorption of 
proteins	induces	a	significant	difference	of	environmental	
refractive index around the gold nanoparticles. The shift in 
the wavelength of the LSPR spectra is very sensitive to the 
change in the surface refractive index of the nanoparticles. 
The shifts in the LSPR spectra are primarily determined by 
the volatility and refractive indices of the protein species. 
In this paper, the LSPR-nanobiosensor is designed and 
fabricated. The LSPR band responses are measured by a 
real-time UV–vis spectrometer with a CCD array detector. 
The response time of the protein–LSPR spectrum is less 
than 3 s and the response is reversible and reproducible.
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THz-wave	MEMS	generator	may	have	high	potential	 in	
security, public health and defenses applications. The low 
noise,	 high	 integration	 and	 easy	 configuration	 can	meet	
wide applications. This paper reports a new heterodyne 
tunable	 terahertz-wave	 (THz-wave)	 generator	 using	 two	
MEMS tunable lasers which are developed based on 

free-carrier effect (FCE) and thermo-optic effect (TOE). 
Initially, the lasing modes of laser 1 and laser 2 are the 
same	due	to	the	overlapping	of	the	same	reflective	mode	of	
FP etalon. When the current I1 with a little change is applied 
to laser 1, the output wavelength is shifted to second stage. 
Therefore, the wavelength difference between two light 
beams is tuned. In this paper, the result both simulation 
and experiment has been given. By employing HP 8565E, 
a	41.46	GHz	high	speed	signal	generation	is	detected	by	
HP	8565E,	with	an	extremely	low	phase	noise	(-60	dBc/Hz	
@	50	MHz).		The	generator	provides	a	wide	tuning	range	
from	0	to	1.5	THz	by	adjusting	the	current	of	laser	diodes	
and heating up common silicon Fabry-Perot (FP) external 
cavity. Compared to the conventional optical generation 
methods, the photonic MEMS generator has fast tuning 
speed (<15 µs),	 small	 size	 (2.5	mm	*0.8	mm),	and	high	
integration without movable components and complex 
feedback loop circuit. 

  A02704-04682 

A Photonic Mems Polarization Switch

Weiming zHU1; Wu zHANG1; Tarik BOUROUINA2; 
Aiqun LIU1

1. School of Electrical & Electronic Engineering, 
Nanyang Technological University, Singapore
2. Ecole Superieur des Ingenieurs en Electronique et 
Electrotechnique, University of Paris-Est, France

Compared to the traditional optical switches, a narrow 
band	polarization	switch	which	can	switch	the	polarization	
state	 of	 an	 un-polarized	 light	 is	 presented	 in	 this	 paper.	
This	 polarization	 switch	 (PS)	 is	 realized	 by	 introducing	
an optical tunneling structure into microelectromechanical 
systems (MEMS). The resonant tunneling condition 
is controlled by thermo-optical effect of the silicon 
rib	 structure.	 The	 MEMS	 part	 help	 to	 adjust	 the	 intial	
condition for the tunnling structure which can be preset 
at	 different	 working	wavelength	 and	 polarization	 states.	
In	 experiment,	 it	 measures	 polarization	 extinction	 ratio	
(PER) of more than 20 dB and tuning speed of less than 
20 µs. The transmission spectrum shows the free spectrum 
range (FSR) is larger than 20 nm and the band width is 
approximately 0.8 nm. The PS is tuned by the thermo-
optical effect of silicon material introduced via electrical 
pumping current which has many merits such as high PER, 
high tuning speed, single working wavelength and small 
device	scale	(400	×	400	µm).



44     Symposium L - NEMS/MEMS Technology and Devices

  A02704-04698 
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This paper presents a tunable de-multiplexer with micro-
scaled	FTIR	(frustrated	total	internal	reflection)	ring-down	
resonators. FTIR ring down resonators often refer to the 
total	 internal	 reflection	 ring	 cavity	 of	 regular	 polygonal	
geometry where light enters and exits the resonator by 
photon	 tunneling.	The	FTIR	reflector	provides	 the	broad	
band	reflection	with	the	reflection	coefficient	approaches	
100%	which	 ensure	 the	 high	Q	 of	 the	 FTIR	 resonators.	
The	 coupling	 efficiency	 can	 be	 controlled	 by	 adjusting	
the space between the resonator and the coupler (usually 
a	 FTIR	 prism)	 which	 makes	 the	 Q	 factor	 adjustable.	
With the aid of MEMS technology, a four-channel de-
multiplexer is demonstrated to prove the concept. The 
working wavelength of each channel is chosen from the 
resonant modes of the ring down resonator and separated 
by the tunneling condition of each output. It functioned as 
de-multiplexer by separating different wavelengths.  The 
tunneling	condition	of	each	output	can	be	adjusted	via	the	
thermo-optical effect of silicon. Therefore, it can change the 
output wavelength at each port. In experiment, the tuning 
time of each output port is measured to be around 20 ms. 
Compared with traditional de-multiplexers, this MEMS 
tunable de-multiplexer has merits such as tunability and 
small	scale	size	which	are	capable	for	mass	integration	in	
photonic circuit.
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A MEMS liquid tunable diffractive/refractive hybrid 
lens which combines the use of diamond turning and soft 
lithography is developed in this work. This diffractive/
refractive hybrid lens comprises of a Fresnel lens and a 
refractive lens automatically aligned during fabrication 
processes. 

Since diamond turning is capable of producing smooth, 
continuous and rotational-symmetric surfaces on different 
types of substrate material with little fuss and at a low cost, 

this method is being developed to fabricate a diffractive 
Fresnel lens to serve as a more attractive alternative to 
other more conventional MEMS fabrication methods such 
as X-ray lithography and the use of gray scale masks. 
These methods are costly and designs are often restricted 
to low aspect ratio structures that have to be uniformly 
distributed on the substrate to ensure uniform etching. 
Binary lenses have also been used to approximate Fresnel 
lenses. However, its performance pales in comparison with 
lenses	that	have	a	smooth	profile.		

In this work, a 45o-0o facet-cut diamond tip insert is used to 
first	turn	a	cylindrical	hole	with	a	Fresnel	lens	profile	at	the	
bottom surface on a PMMA substrate to produce a master 
mould. Water channels are cut using shaping process on 
the same diamond turning machine. PMMA is chosen due 
to its good surface properties after diamond turning, the 
affordable cost and its easy accessibility. With that PMMA 
master mould, an inverted PDMS mould is obtained, which 
is in turn used to replicate the hybrid lens structure through 
a second cycle of moulding process. Subsequently, the 
PDMS	replica	will	be	bonded	with	a	 thin	film	of	PDMS	
to complete the hybrid tunable lens structure. When water 
is	pumped	in	to	deform	the	PDMS	film	above	the	Fresnel	
lens, the structure can act as a tunable diffractive/refractive 
lens. 

The structure consists of parts that have dimensions that 
range from a few microns to a few millimetres. In addition, 
the annular rings of the Fresnel lens have a gradually 
narrowing width although their heights remain the same. 
If this kind of structure is fabricated by etching, the largely 
varying dimensions may make process optimisation very 
difficult.	Diamond	turning	easily	overcomes	this	problem.	
This type of hybrid lens is also automatically aligned when 
the	thin	PDMS	film	is	bonded	onto	the	PDMS	replica	as	
the tunable refractive lens shares the same optical centre as 
the cylindrical hole which corresponds to the optical centre 
of the Fresnel lens. No time consuming manual alignment 
between the diffractive and refractive lenses is required. 

After	 characterizing	 the	 surface	 quality	 of	 the	 PDMS	
mould’s	 surface	 using	 white	 light	 interferometry	 and	
tapping-mode AFM, it can be shown that the it follows 
the contours of the PMMA master mould very well, and 
has a surface roughness Ra of less than 40nm, which 
is considered good for optical element properties. 
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In the broadband communication network, the wavelength-
division-multiplexed (WDM) system is widely used to 
maximize	 the	 information	 that	 the	 signals	 can	 carry.	As	
a result, the number of channels which are carried by 
different	 optical	 wavelengths	 in	 the	WDM	 optical	 fiber	
network also keeps increasing. To separate the huge number 
of	different	wavelength	signals,	optical	filter	 is	 required.	
The	optical	filter	based	on	semiconductor	has	been	widely	
studied due to the maturation of semiconductor fabrication 
technology	and	that	it	is	possible	to	integrate	the	filter	with	
the stable semiconductor devices such as laser diodes and 
MOSFETS. 

The	 tunable	 optical	 filter	 is	 basically	 a	 selective	 optical	
resonator that only allows the resonant modes passing 
through. Various mechanical methods are studied to 
achieve the tunable effect by tuning the physical structure 
of	the	filter;	however,	there	is	not	much	research	on	how	
the semiconductor material will affect the tuning function. 
In	this	paper,	the	author	studied	the	influence	of	refractive	
index	of	the	multi-silicon-slabs	on	the	filter,	whereby	the	
tuning of refractive index is reached by thermal effect. It is 
found by simulation that when heating the silicon slabs, the 
increasing refractive index of silicon will lead to a shift of 
the resonant mode wavelength. This shift is almost linear 
with the change of the temperature, which is about 1nm 
with every 20K temperature increase.  For certain devices, 
the result of the simulation showed it is possible to tune the 
resonant mode from C band to L band in the Fiber Optical 
Communication. 
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The optical sensor achieves its sense function generally by 
measuring the change of intensity or the phase of the light 
beams. Compared to conventional sensor types, the optical 
sensor	 enjoys	 the	 advantages	 such	 as	 great	 sensitivity,	
wide dynamic sense range and multiplexing capabilities. 
In recent years, MEMS technology is widely used on the 
design of optical sensor due to the small feature of MEMS, 
which could be high sensitive with tiny change of the 
detected	objective.	

In this paper, instead of observing the change of intensity 
and phase, the author studied how the shift of wavelength 
spectrum	can	be	utilized	to	sense	 the	physical	change	of	
the	 object	 such	 as	 the	 pressure,	 vibration,	 velocity	 and	
electrical	 field.	 The	 author	 designed	 a	 FP-resonator-like	
structure which consists of 2 resonant cavities with 2 multi-
layer mirrors located on two ends and 1 multi-layer mirror 
in the middle of the two cavities. The mirror in the middle 
is movable by physical pressure. In the simulation, it was 
found that this structure is able to have certain wavelength 
light resonate inside the cavities. The resonant mode will 
shift 1nm when the mirror in the center moves forward/
backward for every 14nm, which is sensitive enough to 
detect	the	small	change	of	the	objectives.
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Understanding the dynamical processes in bone 
development at the cellular and sub-cellular level will be an 
important key for understanding and developing effective 
treatments for bone formation disorders. In order to study 
living bone cell function, a method using micrometer-
scale	materials	 process	 technology	 to	 create	 an	 artificial	
environment to study bone cells under the microscope is 
being developed. In this study murine pre-osteoblast cells 
have been grown on lithographically produced substrates. 
The	 Si	 substrates	 were	 first	 coated	 with	 a	 thin	 layer	 of	
hydroxyapatite-like material by sputtering or atomic 
layer deposition. Subsequently, 2D patterns were written 
using electron beam lithography and mass production for 
substrates can be made using Step & Stamp imprinting 
lithography at VTT. After culturing the cells they were 
fixed	 and	 stained	 with	 a	 fluorescent	 stain	 to	 image	 the	
cytoskeleton	under	the	confocal	fluorescence	microscope.	
Cell-growth substrates where a hydroxyapatite-like surface 
is exposed or covered in micrometer-scale geometric 
patterns are used to investigate how this signal effects 
pre-osteoblast cell proliferation, function and cytoskeleton 
organization.
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In order to promote the MEMS tunable laser into the 
commercial industry, a lot of packaging design factors 
need to be address to ensure the stringent performance 
requirements. Thermal effect and misalignment are two 
critical problems in optical MEMS packaging. Alignment 
of	 the	photonic	chip	or	waveguide	 to	 the	fiber	 is	one	of	
the	most	time-consuming	processes	for	single-mode	fiber-
optic components. But in MEMS tunable laser packaging, 
it has the merit of low insertion loss due to the precise 
alignment	 in	 horizontal	 position	 and	 vertical	 position.	
Thermal effect is another big issue that can affect the 
output wavelength and power, which is very important in 
optical communication. 

Until now, we have reported four MEMS tunable-laser 
schemes	 which	 realize	 a	 big	 tuning	 range	 by	 changing	
the	distance	of	mirror	or	rotating	the	blaze	gratings.	The	
mechanical	 tuning	 configures	 have	 a	 big	 advantage	 of	
less heat sources, which endue MEMS tunable laser with 
more	 benefits.	 Packaging	 technology	 is	 a	 key	 point	 in	
MEMS tunable laser design, which can affect the coupling 
efficiency	and	output	stability	both	wavelength	and	power.	
In our works, the insertion loss is greatly induced less than 
0.4	 dB	 due	 to	 take	 advantage	 of	 horizontal	 and	 vertical	
alignment	 of	 optical	 fiber.	 Moreover,	 the	 high	 stability	
of output has been reached with the help of thermal 
management strategies in tunable laser packaging design. 
The wavelength detuning is around 0.02 nm after running 
10	hours	 and	 the	fluctuation	of	 output	 power	within	 0.1	
mW	 at	 rated	 output.	 These	 specifications	 can	 meet	 the	
specifications	of	WDM	communication.	
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Proton beam writing (PBW) is a MeV ion beam lithography 
technique that has the unique capability of being able to 
direct-write patterns in thick (1-30µm) polymer resist layers 
with straight vertical sidewalls. This capability makes it 
attractive	for	fabricating	microfluidic	devices	for	Lab-On-
a-Chip (LOC) applications. In particular, the large depth to 
width aspect ratio (20:1, or greater) attainable with PBW, 
makes the method attractive for devices where capillary 
forces	are	important	for	fluid	flow.	A	recent	development	of	
the technique, where the direct-writing of an entire pattern 
element is carried out in parallel rather than serially on 
the pixel-by-pixel basis used in conventional focused ion 
beam lithography approaches, makes PBW especially well 
suited for Bio-MEMS LOC applications. This is because 
LOC patterns comprising both large (600 µm) and small 
(deep	 sub-µm)	pattern	elements	 (e.g.	 for	fluid	 reservoirs	
and capillary valve devices) can be rapidly written in 
10-30 min, without the need for time-consuming beam 
refocusing.

In	 this	 study	 we	 have	 studied	 the	 flow	 dynamics	 of	
deionised	water	 and	biofluids	 in	fluidic	 channel	 patterns	
written by PBW using video microscopy and tested non-
specific	binding	effects.	The	test	LOC	structures	comprise	
fluid	 reservoirs,	 capillary	 sections	 and	a	 capillary	pump.	
The capillary sections are of different dimensions 
allowing	 the	 fluid	 flow	 rates	 to	 be	 studied.	 The	 test	
devices were fabricated in 12 µm thick 950 kDa poly-
(methylmethacrylate) (PMMA) resist deposited on polished 
Si substrates. The patterns were written using 3 MeV 4He2+ 
ions and developed in a 7:3 isopropanol-water mixture. 
The exposure was carried out using the programmable 
proximity aperture MeV ion beam lithography system in 
Jyväskylä.	The	fluid	flow	was	measured	by	 imaging	 the	
advancing	fluid	 front	as	well	as	nanoparticles	suspended	
in	the	fluid	using	a	video	microscope.	

The exposure data shows that the fabrication of complex 
patterns that would take days to complete using 
conventional Electron Beam Lithography (EBL) and 
require many subsequent process steps can be carried 
out using the programmable proximity aperture MeV ion 
beam lithography on a time scale of 1-2 hours. Analysis of 
the video microscopy data demonstrates that the wetting 
behavior	of	 the	surface	strongly	 influences	 the	dynamics	
of	 fluid	 flow.	 This	 simple	 modification	 of	 the	 surface,	
which could be applied as part of the lithographic process, 
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can	be	used	to	control	the	dynamics	of	fluid	flow	through	
modification	of	the	electrical	double	layer.	This	makes	new	
approaches for LOC fabrication feasible and powerful. 
Moreover,	 different	 fluid-flow	 behaviors	were	 observed,	
including	 an	 evaporation-driven	 mode	 that	 could	 find	
application for quasi-continuous pumping.
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This paper presents a liquid grating for phase shift 
refractometer	on	a	microfluidic	chip	based	on	transmission	
phase grating. Compared to the traditional solid gratings, 
the liquid gratings which provide more tuning possibilities 
are different with liquid crystal materials and polymers. 
Liquid tunable gratings can be developed in various devices 
such as optical switch, wavelength splitter, refractometer 
and	etc.	 In	specific,	 the	on-chip	 refractometer	developed	
is foreseen to have broad potential applications in the 
refractive index measurement for biological and chemical 
analysis. 

The refractometer consists of a light source, a collimating 
lens,	 a	 microfluidic	 chip,	 a	 collecting	 lens	 and	 a	 CCD	
camera.	 Liquid	 samples	 are	 injected	 by	 syringe	 pumps	
into	 the	 microfluidic	 chip.	 An	 optical	 fiber	 and	 the	
collimating lens are used to couple input light beam to 
liquid transmission grating. The output light is collected 
by the collecting lens and detected by the CCD camera. 
When different types of biological or chemical solutions 
with	 different	 refractive	 indices	 are	 injected,	 output	
diffraction	patterns	change	accordingly.	The	microfluidic	
chip is fabricated by PDMS material with soft lithography 
technology. The liquid samples in microchannels and 
PDMS structures form alternative grating structure. In 
the experiments, the wavelength of the input light beam is 
632.8 nm and the light source is a He-Ne semiconductor 
laser. The thickness of the microchannel is 32.3µm.

The diffraction pattern of the liquid tunable phase shift 
refractometer is tuned by the refractive index of the liquid 
samples. The change in the refractive index of the IPA 
solutions	(the	volume	ratio	of	the	IPA	from	82%	to	98%),	
alters the intensities of 0th order and ±1st order accordingly.  
The intensities of the 0th order diffraction are measured 

by	injecting	different	concentrations	of	the	IPA	solutions.	
The measured resolution is up to 10-5. Additionally, the 
wavelength of the input beam and the thickness of the 
microchannel can also affect the diffraction pattern. The 
ratio of the intensities of the 0th order to the 1st order 
with	 the	 refractive	 index	 contrast	 varies	 from	 -1.25	 ×	
10-3	to	1.25	×	10-3. Three different types of IPA solutions 
are measured and the measured results agree well with 
theoretical values.

In conclusion, a liquid grating for a phase shift refractometer 
on	a	microfluidic	chip	is	developed.	The	refractomenter	can	
be used to measure the refractive index of liquid samples 
by measuring the intensity of the diffraction patterns.The 
resolution reaches 10-5.
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UV-visible Spectra Character of Larger Diameter 
of Gold Nanoparticles (AuNPs) 
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The dependence of the optical properties of spherical 
gold	nanoparticles	on	particle	 size	 and	wavelength	were	
analyzed	theoretically	using	Mie	theory,	where	the	complex	
refractive index of gold was corrected for the effect of 
a reduced mean free path of the conduction electrons 
in small particles. The simulation results indicated that 
larger diameter AuNPs have high sensitivity and the 
resolution compared to the small diameter AuNPs. Two 
different fabricated methods for synthesis larger diameter 
AuNPs have been proposed. One is the directly synthesis 
50nm AuNPs, the other method is separated to two steps 
(prepared 13nm AuNPs, then synthesis 50nm AuNPs).  
Comparing the UV-vis spectra and SEM image of the 
AuNPs	synthesized	by	these	two	method,	we	find	that	the	
symmetry of the directly synthesis method is better than 
the other method. The experiment results show that the 
synthesis	AuNPs	are	uniform.	The	major	aim	of	this	work	
is to provide a simple and fast method to synthesis larger 
diameter AuNPs and research the optical properties of the 
nanoparticles.
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On-Chip Liquid Waveguide with Gold 
Nanoparticles Dispersion 

Sha XIONG; Yi YANG; Ai-Qun LIU
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

This paper presents a liquid waveguide with dispersing 
gold nanoparticles (Au NPs) in a microchannel. Light 
is guided and scattered along the microchannel. For 
biosensing of molecules and cells, a well-designed path for 
light illumination is very important to achieve the highest 
exciting	efficiency	and	 the	smallest	 light	delivering	 loss.	
The liquid waveguide is achieved by sandwiching three 
layers	 of	 laminar	 flow	 in	 a	 square	 microchannel	 for	
delivering light energy in liquid with low loss. Dispersing 
Au	NPs	 in	 the	core	flow	stream	of	 the	 liquid	waveguide	
can combine the unique properties of Au NPs with the 
guiding and scattering of light along the microchannel.

The chip is fabricated using polydimethylsiloxane (PDMS) 
soft	 lithography.	 DI	 water	 is	 used	 as	 the	 cladding	 flow.	
When	 the	core	flow	stream	is	 the	suspension	of	Au	NPs	
in aqueous solution, the waveguide does not exist. While 
the core layer is the CaCl2	solution,	light	is	confined	in	the	
core	flow	 stream	which	has	higher	 refractive	 index	 than	
the	DI	water	cladding.	The	 light	 is	also	well	confined	in	
the	core	flow	stream	with	suspended	Au	NPs,	and	shows	
limited decay along the propagation direction.  Bright 
scattering light can be observed from the top view from 
the	core	flow	stream	with	suspended	Au	NPs,	which	is	not	
seen in the liquid waveguide with pure CaCl2 core. The 
width of the core stream is tunable. Increasing the core 
flow	rate	broadens	the	width	of	the	core	flow	stream.	

In conclusion, an on-chip liquid waveguide with Au NPs 
dispersion is designed, fabricated and experimented. Light 
in	the	waveguide	can	be	delivered	through	the	core	flow	
stream and scattered by the Au NPs in colloidal solution. 
The waveguide provides broad applications in biomedical 
and biological material detection.
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Liquid Prism with Tunable Transmission/
Reflection 

Sha XIONG; Yi YANG; Ai-Qun LIU
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Recently lots of research efforts have been put into combining 
integrated	 micro-optical	 devices	 with	 microfluidic	
systems. The ultimate goal is to integrate different optical 
components	such	as	lenses,	filters,	and	interferometers	onto	
a single chip that encapsulates different capabilities. As a 
wide used optical component, prism can be used to break 

light up into its constituent spectral colors,	to	reflect	light,	
or to split light into components. But the traditional prism 
has limitted tunability which can not meet the requirement 
of relexible facility and integration of optical components 
into an adaptive detection system. This paper reports the 
tunable	liquid	prism	using	two	laminar	flows	injected	into	
a poly(dimethylsiloxane) (PDMS) microchannel. Light 
splits into two beams which are separately contributed 
from	 the	 reflection	 and	 transmission	 at	 the	 interface	
between	two	laminar	flows.	The	intensity	ratio	and	angle	
between the two light beams can be tuned through the 
control	of	flow	rates	and	the	refractive	index	of	the	flow	
liquid. The splitting capabilities of the liquid prism in the 
microchannels with different shapes are demonstrated. 
The tunable liquid prism is promising as a tool for the 
fabrication of tunable optical splitters, switches which can 
be integrated onto a microchip.
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An Integrated Fabry-Pérot Resonator using Liquid 
Tunable Microlenses 

Lip Ket CHIN; Ai-Qun LIU
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

This paper presents an integrated Fabry-Pérot (FP) resonator 
in	 a	 microfluidic	 chip	 using	 liquid	 tunable	 microlenses.	
Previously, on-chip FP resonator and Fiber Bragg grating 
resonator are developed to measure the refractive index and 
the thickness of a single cell simultaneously. In both cases, 
two	fibers	are	aligned	and	separated	by	a	microchannel	in	
which sample cell is trapped for measurements. However, 
the optical performance deviates from the ideal situation 
due to the losses in the cavity. One of the factors is the 
diverging	beam	exerted	from	the	optical	fiber.	Therefore,	
to overcome this problem, liquid microlenses are used to 
collimate the light beams and provide real-time tunability for 
optimized	performance.	The	main	advantages	of	realizing	
beam collimation with liquid microlenses are the smooth 
interfaces	and	real-time	tunability.	The	lens	profiles	can	be	
tuned	using	microfluidic	flow	to	optimize	the	performance	
of	 the	 resonator.	 The	 microfluidic	 chip	 is	 fabricated	
with polydimethylsiloxane (PDMS) material using soft-
lithography	 process.	 One	 fiber	 is	 connected	 to	 a	 SLED	
light source (central: 1275 nm, bandwidth: 70 nm) and 
another	fiber	is	connected	to	an	optical	spectrum	analyzer	
to detect the transmission spectrum. The experiment 
results	show	that	the	finesse	of	the	FP	resonator	is	greatly	
improved with the liquid microlenses. The bandwidths of 
the	peaks	are	 reduced	by	230%,	such	 that	 sharper	peaks	
and lower transmission-minima are achieved. In summary, 
an integrated FP resonator with liquid microlenses is 
designed, fabricated and demonstrated. The result shows 
that the bandwidth is reduced and a Q-factor of 1037 is 
achieved.
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An On-chip Michelson Interferometer Realized 
using Droplet Microfluidics 

Lip Ket CHIN; Ai-Qun LIU 
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Nanyang Technological University, Singapore

This	 paper	 presents	 the	 realization	 of	 Michelson	
interferometer	using	droplet	microfluidics.	Previously,	an	
on-chip liquid grating is demonstrated using a stream of 
multiphase plugs. In this paper, the liquid grating is used 
to form a Michelson interferometer. The streams of plugs 
are formed using immersion oil and calcium chloride 
solution.	The	size	of	the	plugs	and	the	separation	between	
two	plugs	can	be	easily	 tuned	by	changing	 the	flow	rate	
ratio	between	the	two	fluids.	A	fiber	is	inserted	from	one	
end of the stream of plug and the other end is coated with 
a thin layer of gold. Another microchannel is designed 
between	the	stream	of	plugs	and	the	reflecting	surface	to	
inject	 buffer	 solution.	 The	 light	 emerged	 from	 the	 fiber	
propagates	 into	 the	microchannel	filled	with	a	 stream	of	
uniform	plug,	and	the	one	with	buffer	solution	and	finally	
reflected	back	by	the	gold	layer.	An	interference	pattern	is	
obtained in the output spectrum detected from the same 
fiber.	 The	 optical	 performance	 can	 be	 easily	 tuned	 by	
changing	the	size	and	the	period	of	the	plugs.	This	system	
can be used for buffer solution analysis by measuring the 
interference patterns with different buffer solutions being 
injected	into	the	system.
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The Design and Fabrication of 
Poly(dimethylsiloxane) Single Mode Rib 
Waveguides for Lab-on-a-chip Applications 
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This paper reports on the design and fabrication of 
Poly(dimethylsiloxane) (PDMS) single mode rib 
waveguides. PDMS has been the material of choice 
for numerous lab-on-a-chip applications due to its 
biocompatibility, low cost and ease of fabrication for rapid 
prototyping. Moreover, PDMS exhibits excellent optical 
transparency from UV to near infrared, making it ideal 
for	 the	 realization	 of	 various	 microphotonic	 devices.	 In	
particular,	we	have	explored	the	miniaturization	of	PDMS	
waveguides	with	microfluidics	for	biosensing	-	a	solution	
providing high levels of integration with no misalignment 
problems.	 To	 date,	 just	 a	 few	 PDMS	 waveguides	 have	
been	 reported,	 and	 only	 with	 large	 sizes	 (>50	 µm),	
therefore featuring multimode waveguiding. Here we 

demonstrate	for	the	first	time	single	mode	rib	waveguides	
fabricated in PDMS for operation in the visible range, and 
we also present the effect of various design & geometrical 
parameters	on	the	waveguide’s	performance.	

The well-known single mode propagation condition in a rib 
waveguide requires that its width and height should be on 
the order of micrometers (5 to 10 µm). The design aimed to 
strongly	confine	the	fundamental	mode	in	the	waveguide	
while inducing strong leakage of other higher order modes 
to the substrate, resulting in the propagation of only the 
fundamental mode. Additionally, to reduce coupling 
losses	we	achieved	a	nearly	circular	mode	field	profile	in	
the waveguide, with a beam diameter around 8 µm, i.e. 
which	matches	the	mode	field	of	the	feeding/output	optical	
fiber(s).	Both	the	single	mode	propagation	and	mode	field	
profiles	 measured	 practically	 were	 confirmed	 by	 Finite	
Difference Time Domain (FDTD) simulations and further 
verifications	 using	 Beam	 Propagation	 Method	 (BPM).	
From these simulations the required design parameters for 
single mode propagation in the PDMS rib waveguide were 
then determined.

The waveguide was fabricated using soft lithography 
with a SU-8 2007 master mold of the desired thickness 
that	 was	 also	 plasma	 coated	 with	 a	 layer	 of	 fluorinated	
hydrocarbon in order to ease the release of cured PDMS 
from SU-8 and also to reduce sidewall roughness. The 
PDMS	waveguide	had	a	 tri-layer	structure:	 the	first	core	
layer used pure PDMS (n = 1.412), the second cladding 
layer	 was	 made	 of	 pure	 PDMS	 diluted	 10%	 w/w	 with	
hexane (n =1.411), and the third layer was pure PDMS 
employed as substrate (n = 1.412).

Transmission losses in the fabricated PDMS rib waveguides 
were then measured using a cut-back approach from 
7 cm to 1 cm with steps of 1.5 cm, yielding a value of 
0.47 dB/cm. The measurements were carried out using a 
635 nm laser source and a CCD imager as detector. The 
mode	profiles	captured	at	1,	2.5,	4	and	5.5	cm	were	also	
studied and compared with the simulation results. Both 
results	from	characterization	and	simulation	concur	well,	
confirming	the	single	mode	propagation.

The obtained results clearly indicated that the single 
mode PDMS rib waveguide is a promising candidate for 
integrated microphotonics for lab-on-a-chip sensing.
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Modeling of Micro-Fluidic Droplet Resonator 
Based on Whisper Gallery Mode

Bin DONG; Ye Feng YU; Ai Qun LIU
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Whisper	 Gallery	 Modes	 were	 first	 observed	 by	 elastic	
light scattering from spherical dielectric particles in liquid 
resonators. Currently most of the optical ring/sphere 
resonator based on whisper gallery mode is fabricated by 
wafer fabrication technology, which is high in cost and can 
not be achieved on-chip. 

The	micro-fluidic	 droplet	 resonator	 is	 formed	 by	micro-
scale droplet in solution; light will be coupled into the 
droplet from waveguide via evanescent wave. Since the 
droplet is formed by surface tension, the surface will be 
quite smooth, so that whisper gallery modes can be formed 
near the surface of the droplet, which means the light will 
be transmitted by total internal refraction near the surface 
and get accumulated. The smooth surface will assure a 
high Q-factor by reducing the surface scattering loses. 
The	micro-fluidic	droplet	resonator	can	be	easily	realized	
in chip made by PDMS, which is low in cost and easily 
manipulated. 

Micro-fluidic	 droplet	 resonator	 can	 be	 used	 for	
biosensing like protein detection by embodied in the 
droplet and for measurement of refractive index of droplet 
with high accuracy. The whisper gallery modes within the 
droplet	will	 be	 investigated	 and	 simulated.	Various	 size,	
refractive index and geometry of the droplet resonator will 
also	be	simulated	to	optimize	the	detection	precision	and	
guide the manufacturing of the droplet resonator on-chip.
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mixing Process using Nature’s Golden Spiral 
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Optimization	 of	 micro-mixing	 components	 is	 vital	 for	
the	 efficient	 micro-electromechanical	 systems	 (MEMS)	
and lab-on-a-chips. In this area, it is ideal to have optimal 
parameters for the passive micro-mixers as a universal 
solution for different processes. At the micro-level, surface 
properties	of	fluid	has	 significant	effects,	 thus	geometric	
design of micro-mixers is extremely important. It is 
interesting to note that previous works have discovered that 
blue-prints for such designs have already been imprinted in 
nature, as optimal micro-mixing have been achieved using 

vascular systems (multilayer channels design) and neural 
network (staggered herringbone groove) models. In this 
paper,	 the	optimization	of	micro-mixing	 in	 spiral	micro-
channels which are becoming increasingly popular due to 
its small footprint area and ease of fabrication was carried 
out	 for	 various	 Reynolds	 numbers.	 Computational	 fluid	
dynamics numerical solution was performed to investigate 
the mixing process in micro-channels modeled after the 
natural-occurring golden spiral ratio. Essentially this work 
aims to establish a universal geometric layout that can be 
applied	to	all	micro-fluidic	systems.
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Dynamic Liquid Optical Splitters and 
Interferometers Integrated into Micro-Fluidic-
Systems 

Yi YANG; Sha XIONG; Ai Qun LIU
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Micro-Fluidic-Systems (MFS) refer to the integration of 
systems	 in	which	microscale	 behavior	 of	 fluidic	will	 be	
precisely controlled and manipulated. MFS has the glory 
potential	of	influencing	a	wide	range	of	subject	areas,	from	
chemical synthesis and biological analysis to optical and 
information technology. It offers many advantages such 
as low cost, short analysis time and most importantly, 
dynamic to control compared to traditional solid devices. 
As a result, MFS has attracted increasing attention and 
emerged	as	a	new	field.	Photonic	devices	play	the	key	role	in	
overcoming the drawbacks of electronic (semi-conductor) 
devices as the eager requirement of information time. As 
the	field	of	MFS	is	still	at	it	early	stage	of	development,	
only some simple optical devices such as liquid waveguide 
and liquid optical switches have been reported. The lack of 
in-depth analysis makes some novel photonic phenomena 
unexplained and uninvestigated in MFS. Solutions to these 
problems require a lot of imagination and ingenuity. In this 
paper, dynamic liquid optical splitters and interferometers 
have	been	demonstrated	by	diffusion	coefficient	and	flow	
rates are reported. In the case of the Y splitters, light from 
a single source can be split into two directions with angle-
controlled dynamic. To the interferometers, light from a 
single source can be split and then combined to interference. 
The lengths of the interferometers can be controlled from 
2000um	 to	 300um	 via	 control	 of	 diffusion	 coefficient	
and	flow	rate.	It	implies	that	the		Micro-Photonic-Fluidic	
–Systems may establish a new branches to MFS and has 
potential applications in biological, chemical and medical 
solution detectors.



Symposium L - NEMS/MEMS Technology and Devices     51

  A02775-04743 

A Liquid Optical Tip via Control of Diffusion 
Coefficient and Flow Rate 
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Efficient	energy	interconversion	between	light	propagation	
and	 the	 localized	 field	 of	 light	 is	 important	 for	 highly-
sensitive biological and chemical detectors. Solid optical 
tip can effectively enhance optical intensity for the 
measurement of nanoscale single molecule imaging. 
However, it lacks dynamic control mechanisms and is 
difficult	 to	 realize	 a	 smooth	 interface	 which	 may	 result	
in serious loss of scattering. Liquid can be dynamically 
controlled and the interfaces are optically smooth. 
Recently, liquid waveguides are reported to exhibit various 
advantages of dynamic, cheap and low optical loss. In this 
paper, a liquid optical tip in a microchannel controlled by 
diffusion	coefficient	and	flow	rates	is	reported.	In	the	design	
of	the	optofluidic	chip,	the	core	flow	stream	of	the	liquid	
waveguide is formed as Calcium Chloride (CaCl2)	 flow	
stream,	and	the	cladding	flow	stream	is	formed	as dioionzed	
(DI)	water	flow	stream.	The	diffusion	of	CaCl2 between the 
microfluidic	laminar	flows	establishes	a	gradient	refractive	
index distribution to make an optical tip. For the optical 
system, laser source with central wavelength of 633 nm 
is used as input. The microchannel has a height of 80 µm 
and	a	width	of	100	µm.	The	diffusion	coefficient	is	1	×	10-9 
m2/s. The original refractive index of CaCl2 solution and 
deinized	(DI)	water	are	1.442	and	1.332,	respectively.		The	
optical intensity at the optical tip is increased by 15 times 
sing Finite-Difference Time-Domain (FDTD) method. 
Thus, light be guided to form a sharp optical tip through 
the control of liquid. The on-chip optical tip has potential 
applications in biological, chemical and medical solution 
detectors. 
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Droplet-based Lattice as Diffraction Gratings for 
Cell Analysis 

Jiaqing	YU; Lip Ket CHIN; Ai-Qun LIU
School of Electrical and Electronic Engineering, 
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This paper presents an on-chip tunable 2D diffraction 
gratings	which	is	realized	using	multiphase	microfluidics.	
Light modulation using microelectromechanical devices 
has	generated	considerable	interest	in	scientific	community	
due to the wide variety of possible applications. There 
have been several demonstrations of deformable solid 
diffraction	gratings	for	modulation	of	light.	However,	fluid-
based optical components represent a class of components 
that is intrinsically well suited for dynamic, reversible 
control over optical properties. In the microchip, PBS 

buffer droplets were generated in immersion oil based on 
T-junction	geometries.	A	simple	scaling	 relation	predicts	
the	size	of	droplets	produced	in	the	T-junctions	over	a	range	
of	rates	of	flow	of	the	two	immiscible	phases.	It	allows	the	
size	of	 the	droplets	 to	be	controlled	over	 a	broad	 range.	
The	droplets	can	form	a	flowing	regular	two-dimensional	
lattice by dynamic self-assembly. The structure of the 
lattice	 can	 be	 tuned	 by	 controlling	 the	 size	 of	 droplets	
to get different diffraction pattern. This on-chip tunable 
diffraction grating can be used for cell based biophysical 
study such as morphology and protein content analysis.

  A02780-04753 

Bandstop Filters with Comb-like Electromagnetic 
Bandgap Structures on CPW Stubs 
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Microwave	 filter	 has	 a	 wide	 application	 in	 modern	
communication system in recent years, Emerging 
applications such as wireless communications continue to 
challenge	RF/microwave	filters	with	ever	more	stringent	
requirements,	including	higher	performance,	smaller	size,	
lighter weight, and lower cost.

In this paper, a unit cell of BSF is proposed with novel 
comb-like EBG structures on CPW stubs. The RF 
characteristics of the EBG unit cell are obtained using the 
commercial simulation software of ADS2005. The 3-dB 
bandwidth	is	13.6GHz,	from	8.5	to	22.1GHz.	The	20-dB	
bandwidth	 is	1.7GHz,	 from	13.7	 to	15.4	GHz.	From	 the	
simulation results, the lumped-element equivalent circuit 
is derived by cascading two parallel resonant circuits to 
model this EBG unit cell. The parameters of equivalent 
circuit are extracted and available. The simulation results 
from the equivalent circuit are well agreement with that of 
the EM simulation.

Three different dimensions of the EBG unit cells are 
evaluated. The resonant frequency of the EBG unit 
cell	 decreases	 as	 the	 size	 of	 the	 gap	width	 of	 the	 comb	
structures	increases.	The	length	of	the	comb	fingers	is	very	
important for the resonant frequency. When the length 
of	 the	 comb	fingers	 increases,	 the	 resonant	 frequency	 is	
reduced.	As	the	number	of	the	comb	fingers	increases,	the	
inductance increases, and the capacitance does not vary 
much compared to the inductance. Therefore, the resonance 
frequency of the equivalent parallel circuit is reduced. The 
ripples in pass-bands deteriorate the characteristics of EBG 
band-stop	filters.	From	the	study	of	ripples	in	pass-bands	
of	series	loaded	EBG	filters,	it	has	been	found	that	loaded	
elements	have	a	more	significant	effect	on	the	magnitude	
of the ripples in pass-bands than the periodicity of the 
structure. 
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A BSF can be designed by cascading several EBG unit 
cells. As an example, the BSF using the cascade of two 
EBG unit cells is presented here to demonstrate its good RF 
performances.	The	3-dB	stopband	bandwidth	is	10.6GHz,	
from	11.8	to	22.4GHz.	The	20dB	stopband	width	is	about	
6.8GHz,	from	13.6	to	20.4	GHz.	The	minimum	insertion	
loss	in	the	pass-band	of	the	filter	is	about	1.7dB	and	its	out-
of-band	rejection	level	is	below	-45dB.	
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In nowadays electronic devices, thermal management is 
an	important	issue.	This	is	because	if	the	waste	heat	can’t	
be dissipated fast enough it would lower the performance 
of the device. Since essentially all electronic devices 
are	composed	of	 layers	of	 thin	films,	knowing	 the	films’	
thermal properties would aid in designing a better 
thermal	 management	 device.	 Thus,	 thin	 film	 thermal	
characterization	 becomes	 important	 and	 is	 necessary	
because	 the	 thermal	 conductivity	 of	 thin	 films	 can	 be	
significantly	different	from	their	bulk	values.	

We	developed	a	pulsed	photothermal	reflectance	technique	
and demonstrated that it can measure thermal conductivity 
of	thin	films	down	to	20	nm.	Various	materials	including	
tetrahedral amorphous carbon, carbon nanotubes, 
aluminum nitride … etc., have been measured. Moreover, 
the	 interface	 boundary	 resistance	 between	 the	 film	 and	
substrate could also be determined.    

In recent years, photothermal technique has also been 
applied for studying live cells. Monitoring live cell and 
extracting its information is challenging. This is because 
traditional	 imaging	 technique	 relies	 on	 fluorescence	
labeling and the technique suffers from photobleaching 
effect. Moreover, even pictures of a bioassay can be 
obtained	 the	 changes	 are	 so	minute	 that	 it	 is	 difficult	 to	
monitor the cellular activity.

We developed a Photothermal Imaging (PTI) system that 
doesn’t	require	fluorophores	and	has	theoretical	resolution	
limit of less than 1 nm. In addition, we developed a 
Photothermal Response (PTR) system that can capture 
thermal response of a live cell. By integrate laser trapping 
and PTR, the thermal diffusivity of human red blood cell 
can be extracted and the system has the potential of live 
cell monitoring.
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On-Chip Spherical Cavity for Fluorescence 
Emission Enhancement 
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On-chip multiphase droplet is used as spherical cavity 
for	fluorescence	emission	enhancement	in	this	paper.	The	
micro-opto-fluidic	system	includes	an	on-chip	T-junction	
for micro-droplets generation and two integrated optical 
fibers	for	excitation	laser	input	and	fluorescence	detection.	
Compared with the aerosol droplets in the measurement 
of	 PH	 value	 by	 fluorescence	 [1],	 the	 on-chip	T-junction	
generated multiphase droplet features higher stability 
and easier manipulation. The spherical cavity (droplet) 
enhances	the	fluorescence	emission	because	that	it	enhance	
the excitation light once the wavelength of excitation laser 
is tuned to meet the resonant wavelength of the cavity. 
The	 fluorescence	 emitted	 from	 region	 near	 the	 droplet	
surface is enhanced due to low order resonant mode of 
the	spherical	cavity	and	the	fluorescence	emitted	from	the	
central core region of the droplet has the same intensity 
as	free-space	fluorescence	emission	[2].	Integrated	optical	
fiber	 for	 detection	 permits	 near-field	 intensity	 detection	
when	the	fiber	facet	is	sufficiently	close	to	the	droplet	[3].		
The	 intensity	 of	 spherical	 cavity	 enhanced	 fluorescence	
emission is much higher than the intensity of free space 
fluorescence	 (reach	 6	 times),	 which	 promises	 wide	
applications in biological detection and measurement.  
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An	 On-chip	 micro-droplet	 optical	 filter	 based	 on	 the	
evanescent	wave	 coupling	 by	 fiber	 taper	 is	 presented	 in	
this	 paper.	The	 optical	 filter	 consists	 of	 a	T-junction	 for	
micro-droplets	generation	and	an	 integrated	optical	fiber	
taper for light input and output. When the broadband light 
pass	 through	 the	 fiber	 taper,	 some	 light	 with	 the	 same	
wavelengths as the Whispering Gallery Modes of droplet 
is coupled into the droplet cavity and absorbed by the 
medium	[1].	The	coupling	efficiency	can	be	adjusted	by	
tuning	the	distance	between	the	droplet	and	the	fiber	taper	
using	laminar	flow.	Compared	with	the	solid	sphere	or	ring	
optical	filter	 using	fiber	 taper	 coupling	 [2],	 the	diameter	
and refractive index of liquid droplet can be easily tuned, 
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which means the characteristic resonant modes are also 
tuned.	The	diameter	of	the	droplet	is	controlled	by	the	flow	
rate	ratio	before	T-junction.	The	micro-droplet	optical	filter	
also has advantages as wide wavelength tuning range, easy 
fabrication process, simple manipulation, and low cost, 
which promise for many applications in optical analysis 
on	micro-optical-fluidic	chip.
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Virus Infection 
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In	this	paper,	a	microfluidic	cell	culture	array	for	on-chip	
virus infection is reported. It consists of a 2 x 2 cell culture 
chambers with typical culture medium and virus been 
separated in double layers. Each cell culture chamber (the 
individual units constituting the array) with a diameter of 
800 μm are surrounded by 5μm width perfusion channels, 
which allows a uniform distribution of the culture 
medium inside the chamber. With only one channel open 
thoroughly, the cell loading process becomes much easier 
as compared to the previous work. Medium refreshing 
and	trypsinization	process	are	manipulated	in	the	opposite	
direction.	The	microfluidic	 chip	was	 fabricated	by	using	
soft-lithography technology and replicate molding. SU-8 
negative photoresist was used as the master template. 
Typical cell culture manipulations were performed on the 
microfluidic	 chip,	 including	 the	 cell	 loading,	 attaching,	
growing	 as	 well	 as	 trypsinization	 process.	 As	 such,	
traditional virus infection assays can be carried out in a 
much smaller volume but with a higher throughput and 
higher accuracy. 

In	summary,	a	microfluidic	cell	culture	array	is	designed,	
fabricated and experimented for on-chip virus infection. 
This	method	 can	 be	 utilized	 for	 the	microsystem	which	
incorporates cell culture, reactions, and microscale assays 
into simple portable devices for on-chip experimentations. 
It is of high potential to be alternative tool for rapid virus 
detection, disease diagnosis etc. 
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Tunable lasers have been of interest for some time. 
Applications	 range	 from	 fiber	 optic	 telecommunication	
systems to broadband sensors. One of the key current trends 
in optical networking is redirecting of a time-division 
multiplexed (TDM) trend towards wavelength-division 
multiplexed (WDM) systems.  To provide an access to laser 
sources with the precise emission wavelengths required by 
the system becomes thus a great challenge in setting up 
any WDM network.

This paper presents a special design of MEMS tunable 
laser	 that	 utilizes	 a	 special	 designed	 micromachined	
silicon etalon to construct the external cavity. The merit 
of	this	design	is	that	the	reflectivity	of	the	MEMS	etalon	
is	wavelength	dependent	and	can	be	modified	by	thermo-
optic effect (TOE). In the experiment, a wavelength tuning 
range of 12.01 nm has been demonstrated with a tuning 
current below 15.2 mA. As the wavelength tuning is 
obtained by thermo-optic tuning, it avoids the mechanical 
movement and related problems such as the response speed 
limit and mechanical reliability as occur in the previously 
demonstrated MEMS lasers.
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Flows in Micro-Channels and Cavities - Visco-
Elastic, Faradaic Charging and Surface 
Roughness Effects
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Nanyang Technological University, Singapore

Two	phenomena	for	flows	in	microchannels,	namely	visco-
ealstic	flows	and	Faradaic	charging	effects,	are	discussed.	
In addition, the surface roughness effects in the modeling 
of	 micro-	 plastic	 injection	 molding,	 a	 process	 for	 the	
making of polymeric micro-channels, are highlighted.

Aqueous solutions, which do not exhibit elastic behaviors, 
will behave visco-elastically with the addition of a 
small	 amount	 of	 polymers.	 The	 flow	 behaviors	 through	
a constriction in microchannels of these visco-elastic 
solutions are distinctly different from aqueous solutions 
without these additions. Effects which are normally 
neglected	become	increasingly	significant	as	channels	and	
cavities	reduce	in	size.	Visco-elastic	flow	instability	can	be	
induced, which will promote mixing.
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Faradaic	 charging	 injects	 co-ions	 into	 the	 electrolytes	 at	
the electrodes through electrolytic reactions, giving rise 
to charge layers above the electrodes. Faradaic charging 
has recently been proposed as a mechanism to explain the 
reversal	of	flow	direction	in	AC	micropump.	Hitherto,	this	
hypothesis is yet to be proven experimentally in a direct and 
convincing manner. We recently show experimentally that 
Faradaic charging indeed exists. Together with capacitive 
charging, they can be exploited effectively for the control 
of micro-pumping and the enhancement of mixing. 

Lastly,	 micro-	 plastic	 injection	 molding	 is	 a	 convenient	
technology for the making of polymeric micro-channels 
and	 cavities.	 The	micro-injection	molding	 process	 itself	
involves	the	flow	of	polymer	melt	in	micro-cavities.	Our	
recent	 investigations	 demonstrate	 that	 the	 flow	 model	
for macro-cavities could be employed satisfactorily to 
simulate	the	flow	in	micro-cavities	if	roughness	effects	are	
considered in an appropriate manner.
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This paper presents the development of miniature pressure 
sensors	 on	 top	 of	 the	 tips	 of	 optical	 fibers.	 Such	 sensor	
have recently attracted extensive interests of research and 
development due to their small diameter (typically 100 – 
500 µm), high sensitivity, lightweight, easy light guiding 
through	 the	fibers	and	 immune	 to	electromagnetic	noise.	
They are particularly useful for pressure monitoring in 
the narrow tube-like space and harsh environment such as 
animal bodies (e.g., blood vessels, bones, bladders, middle 
or inner ears) and turbo engines.

Such sensor typically features an extrinsic Fabry-Pérot 
(FP)	cavity	fabricated	directly	on	the	fiber	tip.	In	most	of	

the developed work including ours, the FP cavity shares 
the	same	axis	with	 the	optical	fiber,	 this	configuration	 is	
named as co-axial configuration.	Such	configuration	has	
a	limitation	that	the	pressure	field	has	to	be	parallel	to	the	
fiber	axis.	It	is	not	a	problem	for	monitoring	the	pressure	
of a few points, but becomes inconvenient to measuring 
the	 pressure	 field	 of	 a	 surface.	 In	 our	 recent	 project	 of	
aerodynamic pressure monitoring of the rotor blades of a 
helicopter,	it	requires	a	minimal	influence	of	the	sensors	on	
the	weight	and	pressure	field	distribution	of	the	blade.	The	
miniature	fiber-optic	sensors	are	very	suitable	as	it	is	small	
and	 lightweight,	 and	 the	 optical	 fibers	 can	 be	 mounted	
onto the blade surface easily. The only problem lies in the 
positioning	of	the	fiber	sensors.	The	fiber	ends	of	the	co-
axial sensors have to be bent to the perpendicular direction 
of the blade surface. To tackle these problems, we develop 
a	surface-mountable	configuration	by	using	polished	45-
deg	fibers.	As	 the	fiber	axis	makes	an	angle	with	 that	of	
the	 FP	 cavity,	 this	 configuration	 is	 called	 cross-axial 
configuration.

The	cross-axial	configuration	consists	of	a	45-deg	angled	
fiber,	 a	 housing	 structure	 and	 a	 sensing	 diaphragm.	The	
key concept here is to steer the optical axis by 90 degrees 
using	the	polished	fiber	end.	Such	configuration	facilitates	
the	use	of	the	FP	sensing	cavity	on	the	sidewall	of	the	fiber	
and	thus	responds	to	the	pressure	field	perpendicular	to	the	
fiber	axis.	When	the	sensor	is	used	to	measure	the	pressure	
field	on	the	surface	of	a	target	object	(e.g.,	the	rotor	blade),	
it can be mounted directly onto that surface,. An array of 
such sensors can be constructed to measure the pressure 
field	distribution	on	a	surface.	

Due	to	the	very	limited	space	on	the	fiber	tip,	micromachining	
process	has	 to	be	modified	 to	address	 to	 the	 issues	 such	
as strict optical alignment, layered structures, targeted 
sensitivity and biocompatibility. However, the process 
is strongly dependent on the actual design of the sensor. 
This paper will elaborate the processes for the co-axial and 
cross-axial sensors.

In conclusion, the paper will discuss design and fabrication 
issues	 of	 the	miniature	 fiber-tip	 pressure	 sensors,	which	
hold great potential in the pressure monitoring in animal 
bodies, turbo engines and aerodynamics of helicopters. 
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The resolution of conventional optical microscopy is 
limited to the diffraction effect of light (~250 nm). Hence, 
nano-particles and sub-cellular structures, such as cell 
organelles	 can’t	 be	 resolved	 using	 optical	 microscopy.	
However, it has been well accepted that image acquired 
in the cellular and molecular level is useful in early 
detection and diagnosis of cancer disease and anti-cancer 
drug	 discovery.	 Although	 fluorescence	 microscopy	 has	
a resolution up to 50 nm, the required labelling tags can 
interfere with the original biological process. In addition, 
fluorescence	signals	suffer	from	the	photo	bleaching	effect.	
Scanning electronic microscope although can provide 
resolution in 1 nm, the technique requires a vacuum 
environment which is impossible for live cell. 

In this paper, we present Photo-thermal imaging (PTI) is an 
imaging technique that can provide a resolution exceeding 
the diffraction limit. The theoretical resolution limit is less 
than 1 nm, which is particularly suited to analyse particles 
in	nano-size,	such	as	gold	nano-particle.	It	is	also	a	non-
labelling, high temporal resolution technique that can 
be conducted in a normal live cell environment. These 
advantages made PTI an ideal imaging technique for the 
study of intracellular nanostructures and bioassays, like 
cell apoptosis. 

Photo-thermal imaging is based on irradiating intracellular 
chromophores with a short laser pump pulse in nano-
second, followed by a time-resolved monitoring of the 
non-radiative relaxation process. The monitoring is 
achieved through a phase contrast microscope and a short 
probe laser pulse that produces a two-dimensional, depth-
integrated temperature distribution image of the irradiated 
sample plane. 

Integrity	of	 the	PT	 imaging	system	 is	verified	 through	a	
series of experiments on different samples, including gold 
nano-particles and live cells. Experiments on lymphocyte 

cells have shown that while the phase contrast microscope 
visualizes	only	the	outer	membrane	of	a	cell,	the	PT	imaging	
system is able to image the sub-cellular organelles with 
higher contrast. In another experiment, the cell was left on 
a microscope slide and was expected to undergo apoptosis 
process due to the unsuitable living environment. Photo 
thermal image shows that the signal level drops drastically 
over	the	first	45mins,	and	continued	to	drop	further	as	time	
progresses. These experiments have demonstrated that PTI 
can	possibly	reveal	fine	organelle	structures	that	are	smaller	
than	the	diffraction	limit	of	optical	system	and	PTI	can	find	
promising applications in cell apoptosis monitoring, which 
provides important information for early cancer detection 
and anti-cancer drug discovery.
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Micromachine or MEMS technology can provide various 
interfaces to allow encounters with multi-scale targets in 
bio	 and	medical	 field.	 Living	 organism	 has	 hierarchical	
structure composed of cell, tissue, organ, and so on. 
Various MEMS-based interfaces have been designed and 
developed under our research on multi-scale interfaces for 
BME.
 
At the bottom of scale, micro devices for cellular interfaces 
have been studied. Micro channel array (MCA) as 
developed	at	first	in	order	to	improve	conventional	micro	
electrode array. MCA was integrated with through holes 
for individual micro electrodes to clamp cells. It becomes 
possible to manipulate and arrange cells on a chip while 
it	 is	 possible	 to	 utilize	 channels	 as	 fluidic	 I/O	 interface.	
Surface treatments for biocompatible condition become 
important in our study. 

This paper also presents small, soft, and safe (S3) 
micromachine as multi-scale interfaces at rather large 
scale. We have developed all polymer pneumatic balloon 
actuator (PBA) as S3 actuator. The PBA made of PDMS 
(polydimethylsiloxane) bends by swollen pneumatic 
balloon.	We	 developed	 a	 sealing	method	 of	 PDMS	film	
which is permeable in nature in order to improve device 
performance. Details of parylene-caulked PDMS for PBA 
will be explained. 

S3 micromachine has become important to handle living 
organisms in biotechnology and medical applications. 
These features are expected to provide precise tools suitable 
for advanced medical tools for minimally invasive medical 
operations. The PBA-based medical tool was applied to a 
retractor for spacing in front of the endoscope at our early 
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stage. The PBA was also applied to a surgical tool for a 
retinal pigment epithelium transplantation.
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Appeared	in	stained	color	glass	and	fine	china	art-pieces	
dating back to the seventeenth century, metallic Nano 
Particles (NPs) have gained great attentions again in the 
new century in a variety of state-to-art technologies. They 
are often interestingly regarded as nano absorbers, nano 
scatterers,	 nano	 amplifiers	 and	 nano	 stoves.	Affected	 by	
the	 quantum	 confinement,	 NPs	 behave	 quite	 differently	
with the bulk state as well as the atomic state. They exhibit 
many extraordinary and desirable properties with respect 
to their responses to optical irradiation, electromagnetic 
field,	chemical	reaction	and	mechanical	strength/stability.	
These	properties	are	normally	related	to	their	shapes,	sizes	
and compositions. 

The peak positions of the absorption and scattering spectra 
of nano spheres are relatively insensitive to particle 
diameter, while the surface plasmon resonance and the peak 
absorption	 efficiency	 of	 nano	 rods	 can	 be	 readily	 tuned	
from the visible into the infrared by changing the aspect 
ratio of the nano rods. Thus nano rods can be considered 
as easy-engineered/tailored “plasmonic absorbers” and 
“scatterers” with comparatively simpler shape. They have 
intrinsic advantages when served as contrast agents, bio-
markers and heat mediators. 

On	 the	other	 hand,	fluorescence	 technology	 is	 attributed	
to one of the most astonishing inventions in science, and a 
vital tool in bio-chemistry and life science. As a result of 
rapid development in life science, drug discovery and nano 
scaled vision/detection, there have been endless quests and 
urges for higher and higher detection sensitivity. Among all 
the	viable	fluorescence	enhancement	approaches,	the	most	
promising one is to use metallic nano particles for Surface 
Plasmon	induced	fluorescence	enhancement,	which	is	also	
termed	as	metal-enhanced	fluorescence.	

A	dye/fluorophore	molecule	in	the	excited	state	exhibits	the	
properties of an oscillating dipole. The excited dye molecule 
can induce oscillations of the electrons in the metal, and 

the	electric	field	created	by	the	metal	can	interact	with	the	
excited	fluorophore	and	alter	its	emission.	This	interaction	
is bi-directional so that light-induced oscillations in 
the metal can affect the dye molecules. The distance 
between a dye molecule and the nearby NP is a critical 
factor to determine whether quenching or enhancement 
of	 fluorescence	 occurs	 under	 light	 illumination.	 The	
interaction	of	fluorophores	with	metallic	surfaces	can	have	
a number of useful effects, including increased quantum 
yield, increased photo stability, increased distance for 
resonance energy transfer, and decreased lifetime. These 
changes can result in increased sensitivity, increased 
photo stability, and decreased interference from unwanted 
background emission. 

If	dye	molecules	directly	conjugate	with	metallic	NPs	or	a	
metallic surface, upon light irradiation, the energy which 
a dye molecule received from a photon would transferred 
to	 the	metal	molecule	 directly	 and	 thus	 no	 fluorescence	
emission. This effect is referred as quenching. If a protein 
molecule	is	directly	conjugated	with	or	absorbed	to	a	metal	
surface, the protein would unfold and therefore changes 
from its nature form.  To prevent these effects happen, 
in current applications, metal-core and dielectric-shell 
nano colloids and metallic nano structured sample plates 
with a thin layer of dielectric material are designed and 
fabricated. Ag and Au are selected to compose the NPs due 
to	their	large	local	EM-field	enhancement	capabilities.	The	
shapes of the NPs are ranging from spherical to spheroidal 
and cylindrical. Silicon dioxide (SiO2) is employed as the 
dielectric shell, and the surface layer for cases of sample 
substrates. To generate such plates by depositing metallic 
NPs on a glass substrate is intended to enhance the 
fluorescence	signal	of	immobilized	bio-molecules.	

SiO2 being selected is due to its bio-chemical stability and 
affinity,	as	well	as	the	easiness	of	synthesis.	The	function	
of the SiO2 shell/surface layer is to maintain an optimum 
distance	between	the	NP	and	fluorophore	molecules.	The	
dependence	of	fluorescence	on	NP-fluorophore	separation	
is used to guide the synthesis of the metallic core-shell 
structure. 

In	this	paper,	we	firstly	report	the	approaches	for	gaining	
control	 of	 the	 size	 of	 the	Au	 and	Ag	 NPs	 in	 chemical	
replacement assays, and the thickness of the SiO2 shell 
during	 the	 chemical	 synthesizing	 process.	 Then	 we	
present	 test	 results	 of	 fluorescence	 enhancement	 using	
tailor-made Au/Ag nano colloids and colloid coated thin 
films.	The	results	are	compared	with	those	obtained	from	
simplified	 analytical	models	 and	 those	 from	 simulations	
using commercial FDTD software. Both solution-based 
and	 solid	 plate-based	 fluorescence	 tests	 show	 promising	
fluorescence	enhancement.	
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The microcantilevers have emerged as a versatile biosensor, 
and showed excellent performance such as high sensitivity, 
high selectivity, and label-free detection. They have been 
successfully used for the detection of nucleic acids, 
disease marker proteins, cells, and pathogens including 
small molecules. So far, our group has successfully 
demonstrated the marker protein detection using the 
actuating layer (PzT)-embedded microcantilevers for the 
last decade. Here, we introduce in/ex-situ monitoring of 
the DNA binding events using performance improved 
actuating layer-embedded microcantilever sensors. To 
obtain the stable and reliable resonant frequency shifts, the 
microcantilevers	were	passivated	with	parylene-C	film	for	
in-situ	detection	and	perfluorosilane	 (PF-Si)	film	 for	 ex-
situ detection. To achieve the recognition layer, the probe 
DNA	 (37-mer	 including	 T10	 spacers)	 specific	 to	 HBV	
DNA	was	immobilized	on	the	gold-coated	microcantilever,	
and	 followed	 by	 backfilling	 of	 ethylene	 glycol	 spacer	
(HSC11-EG3-OH)	to	increase	the	DNA	binding	efficiency.	
After the surface treatment, the detection of HBV DNA 
(27-mer) was performed through two manners, in-situ and 
ex-situ. Target DNA in the range of 1 to 20 µM and 10 nM 
to 5 µM were applied for the in-situ and ex-situ detection 
respectively, and the resonant frequency shifts according 
to the concentration was examined quantitatively. From 
the results, we explained the relationship between the 
DNA	 hybridization	 and	 the	 nanomechanical	 response.	
In addition, we presented a hypothesis on the different 
tendency of in-situ and ex-situ results. 
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Electrostatic Parallel Plate microactuators play an 
important role in MEMS. Compared with other types of 
microactuators, these are the more common and easy to 
use	and	 it’s	because	of	 the	 fact	 that	 they	generate	 lower	
force and consume relatively no electrical power. 

Electrostatic microactuators are normally driven by DC 
voltage source scheme which is called static open-loop 
voltage	control	 scheme.	A	major	problem	 in	 this	control	
strategy	 is	 that	 at	 a	 distance	 of	 two-thirds	 of	 the	 zero-
bias capacitive gap, full gap, the movable plate becomes 
unstable	and	collapses.	In	fact	when	the	deflection	of	the	
top plate exceeds one third of the initial gap, full gap,  the 
mobile electrode collapses and snaps to the bottom plate.  
This phenomenon is known as “snap-through” or “Pull-
In”. For the MEMS devices that require an analog control 
of stable position within the entire gap such as variable 
capacitors, wavelength division multiplexing (WDM) 
filters	and	tunable	LEDs,	it	is	desirable	to	extend	the	stable	
and controllable range to the full gap. 

The purpose of this paper is to improve the performance of 
MEMS parallel plate actuators and RF switches systems 
to provide the stable and controllable range to the full 
gap and controlling movable plate through whole gap to 
achieve desired switching on-off time. 

There are lots of existing control method of the electrostatic 
microactuators to avoid this instability such as extending 
the capacitive gap to be much larger than the desired 
operating range, series capacitance, leverage and nonlinear 
stiffening springs and current drive control strategy. The 
significant	 limitations	 of	 the	 aforementioned	 control	
schemes have resulted in the gradual usage of the closed-
loop feedback voltage control techniques in extending the 
desired operation range of electrostatic microactuators to 
the full gap. 

A primary idea of this technique has been proposed in [1]. 
Despite the closed-loop feedback voltage control technique 
proposed in [1] can avoid the “Pull-In” instability problem 
of the electrostatic microactuators, but the simulation 
results show that the nonlinear control method proposed 
in	 [1]	 causes	 extra	ordinary	fluctuations	which	 is	due	 to	
the control signal function. This drawback makes the 
nonlinear control method proposed in [1] useless for the 
real time tests implementation. 

A better technique has been proposed in [2] to modify 
the previous results by elimination of extra ordinary 
fluctuations.	This	 technique	 uses	 the	 auxiliary	 controller	
beside the nonlinear control method proposed in [1]. The 
auxiliary controller is designed according to the state 
feedback theory. Although the closed-loop feedback 
voltage control technique proposed in [2] is applicable for 
the real time tests, but the simulation results show that it 
causes overshoot problem. 

In this paper, a now closed-loop feedback voltage control 
technique is proposed. This control scheme is designed 
according to the state feedback theory. The closed-loop 
system performance is improved in comparison with control 
scheme proposed in [2] by eliminating the overshoot.  In 
this scheme, one of the state variables of the MEMS device 
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model is considered as a new control signal to shape other 
state variables as desired. The simulation results show 
that the stable, controllable and full gap displacement 
are	achieved	without	any	extra	ordinary	fluctuations	and	
overshoot problems. 
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[2]. M. H. Nikpanah, Y. Wang, F. L. Lewis and A. Q. Liu, “Real 
Time Controller Design to Solve the “Pull-In” Instability of 
MEMS Actuators,” The 10th International Conference on Control, 
Automation, Robotics and Vision (ICARCV08), 17-20 December, 
2008, Hanoi, Vietnam. 
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Capacitively Coupled Contactless Conductivity 
Detection with Dual Top-Bottom Cell Configuration 
for Microchip Electrophoresis 

Kambiz	Ansari	MAHABADI1; Isabel RODRIGUEz1; 
Liu HONG1; Peter C. HAUSER2; Nico F. DE	ROOIJ3 
1. Institute of Materials Research and Engineering, 
Agency for Science, Technology and Research, Singapore
2. Department of Chemistry, University of Basel, Basel, 
Switzerland
3. SAMLAB Institute of Microtechmology, University of 
NeuchÃ¢tel, NeuchÃ¢tel, Switzerland

A new approach for dual capacitively coupled contactless 
conductivity (C4D) detection in microchip electophoresis 
is presented. The detector consists of a pair of top-bottom 
RF emitting electrodes and a pair of receiving electrodes 
disposed	downstream	onto	a	very	thin	plastic	microfluidic	
chip. The detection cell formed by the electrodes is encased 
in a metal housing and shielded form environmental 
electronic noises. 

The	 dual	 C4D	 electrode	 geometry	 in	 conjunction	 with	
thin electrophoresis microchips doubles the total cell 
capacitance	and	enables	a	more	efficient	signal	coupling	
into and extraction from the detection volume in the 
electrophoretic microchip. 

As a result, an improved signal to noise ratio and detection 
sensitivity is obtained compared to the conventional top-
top C4D electrode geometry. A detection limit as low as 
1µM has been demonstrated. 

The improved detector performance is illustrated by 
simultaneous electrophoretic analysis of  cations (NH4

+, 
K+, Ca2+, Na+, Mg2+, Li+) and anions (Br-, Cl-, NO2

-, NO3
-, 

SO4
2 -, F-) in water samples. 
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