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The Materials Research Society of Singapore (MRS-S) organized four International and
two National Conferences in Singapore since 2001. The biennial “International
Conference on Materials for Advanced Technologies (ICMAT)” series were held in 2001,
2003, 2005, and 2007. The biennial National Conferences were held in 2004 and 2006.
MRS-S also sponsored/supported several other conferences, workshops, symposia and
public lectures. It instituted gold medals for the best outgoing students in Materials
Science at the National University of Singapore (NUS) and Nanyang Technological
University (NTU). It instituted the “MRS Singapore Student Bursary Fund” at the
National University of Singapore.
To reach out to the public, MRS-S has organized number of public lectures by Nobel
Laureates and also an Astronaut.
The Institute of Materials Research and Engineering (IMRE), Singapore conducted
the “Postgraduate Student Poster Competition” on August 27, 2007 in which 27 Posters
were presented from all the “clusters” of IMRE. A panel of judges evaluated the Posters
and selected the winners.
The “Prize of MRS-S” sponsored by MRS-S for the “2nd Best Poster”, was won by
Mr. Li Zhipeng, with the title, 'Kinetically constraint zero- and one-dimensional heteroepitaxial island growth’. The prize will enable him to participate in a Conference in
Singapore on or before August, 2009.
MRS-S will be organizing the third “National Conference on Advanced Materials”,
(incorporating MRS-S and MRS-I Mumbai-Chapter Joint Indo-Singapore Meeting) during 25–27 February 2008.
ICMAT 2009 will be held in July, 2009 in Singapore.
Highlights of Previous ICMAT Conferences
Year 2001 w 1–6 July 2001
16 Symposia
10 Plenary Lectures
4 Public Lectures by
Nobel Laureates
1400 Delegates
18 Best Poster Awards
36 Exhibitors

Year 2003 w 7–12 December 2003
16 Symposia
9 Plenary Lectures
2 Public Lectures by
Nobel Laureates
1500 Delegates
19 Best Poster Awards
29 Exhibitors

Year 2005 w 3–8 July 2005
25 Symposia
9 Plenary Lectures
2 Theme Lectures
3 Public Lectures by
Nobel Laureates
2200 Delegates
28 Best Poster Awards
43 Exhibitors

Year 2007 w 1–6 July 2007
18 Symposia
9 Plenary Lectures
2 Theme Lectures
2 Public Lectures by
Nobel Laureates
2050 Delegates
25 Best Poster Awards
41 Exhibitors
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Highlights of Previous National Conferences
Year 2004: 6 August 2004; 20 Invited Talks; 130
Poster Papers; 4 Best Poster Awards .
Year 2006: 18–20 January 2006; Includes the Symposium on ‘Physics and Mechanic of Advanced
Materials’; 60 Invited Talks; 200 Poster Papers; 1
Public Lecture; 5 Best Poster Awards.

Highlights of the Recent Literature
(Contributed by the Editor)

Ultrastrong and Stiff Layered Polymer
Nanocomposites
Recently, Podsiadlo et al. [1] employed the
bottom-up, layer-by-layer (LBL) assembly of a
montmorillonite (MTM)-clay/poly (vinylalcohol
(PVA)-polymer nanocomposite, and further
strengthened by cross-linking with glutaraldehyde (GA), for the preparation of a homogeneous, optically transparent material with planar
orientation of the alumosilicate nanosheets. Typically, the nanocomposite consisted of 200–300
bilayer ﬁlms with an average thickness of ∼5 nm
per bilayer. The stiffness and tensile strength of
these multilayer composites were found to be one
order of magnitude greater than those of analogous nanocomposites at a processing temperature that is much lower than those of ceramic
or polymer materials with similar characteristics.
Thus, the nanocomposite with MTM/PVA with
GA showed a tensile strength (σUTS ) of 400 (± 40)
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MPa and a modulus (E’) of 106 (± 11) GPa, and an
exceptional stability under humid conditions. The
authors state that “a high level of ordering of the
nanoscale building blocks, combined with dense
covalent and hydrogen bonding and stiffening of
the polymer chains, leads to highly effective load
transfer between nanosheets (of the MTM) and
the polymer (PVA with GA)”.
References
[1] P. Podsiadlo, A. K. Kaushik, E. M. Arruda,
A. M. Waas, B. S. Shim, J. Xu, H. Nandivada,
B. G. Pumplin, J. Lahann, A. Ramamoorthy, and
N. A. Kotov, Science (2007) 318, 80–83 (Oct., 5 Issue).

Microﬂuidic Adhesion Induced by
Subsurface Microstructures
The extraordinary ability of naturally occurring
adhesives of climbing and jumping animals and
insects, like lizards, tree frogs and grasshoppers,
is in part related to the complex and hierarchical structural morphologies of their attachment pads, which use mechanisms of adhesion
other than viscoelasticity (such as, friction, suction, and molecular interactions). Several studies in the literature on model textured surfaces
have shown that surface patterning can enhance
adhesive strength remarkably. However, the role
of subsurface structures such as the network of
microchannels has not been studied.
Recently, Majumder et al. [1] succeeded in
generating cross-linked elastomeric adhesive layers, with embedded air- or silicone oil-ﬁlled
microchannels, bonded to a rigid substrate, and
found remarkable enhancement of adhesion,
∼ 30 times, which results from the crack-arresting
properties of the microchannels, together with the
surface stresses caused by the capillary force. The
authors also examined the effect of the thickness
of the adhesive layer, channel diameter, interchannel spacing, and vertical position within the
adhesive. These ﬁndings can help in developing
an optimal design for this type of microﬂuidic
adhesive.
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References
[1] A. Majumder, A. Ghatak, and A. Sharma, Science
(2007) 318, 258–261 (Oct., 12 Issue).

Mussel-Inspired Surface Chemistry for
Multifunctional Coatings
Inspired by the composition of adhesive proteins
in mussels, Lee et al. [1] recently reported a facile
approach to surface modiﬁcation, by dip-coating,
in which self-polymerization of dopamine
(3,4-dihydroxy-phenethylamine, also known as,
3-hydroxytyramine: ((OH)2 C6 H3 CH2 CH2 NH2 ))
produced an adherent polydopamine coating on
a wide variety of inorganic and organic materials. The latter include noble metals, metals
with native oxide surfaces (Cu, Stainless steel,
Ni-Ti alloy), metal oxides (TiO2 , non-crystalline
SiO2 , Al2 O3 ), semiconductors (GaAs, Si3 N4 ),
ceramics (glass and hydroxyapatite (HAp)), and
large number of synthetic polymers, including the classically adhesion-resistant materials like, poly(tetraﬂuoroethylene) (PTFE). The
thickness of these thin- and adherent -ﬁlms
ranged from 5–50 nm depending on the dipping
time.
The authors found the polydopamine coating to be an extremely versatile platform for
secondary surface-mediated reactions, leading
ultimately to metal, self assembled monolayers
(SAMs) and grafted polymer coatings, thereby
tailoring of the coatings for diverse functional
uses. Thus, for example, formation of adherent and uniform metal coatings onto substrates
by electroless metallization was demonstrated
through deposition of silver and copper metal
ﬁlms via dip-coating of polydopamine-coated
objects into silver nitrate and copper(II) chloride solutions, respectively. Grafting of polymer ad-layers onto polydopamine coatings was
accomplished through the use of thiol- or
amine-functionalized polymers in the secondary
reaction step, giving rise to bioresistant and/or
biointeractive surfaces. The authors state, “This
two-step method of surface modiﬁcation is
distinctive in its ease of application, use of
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simple ingredients and mild reaction conditions, applicability to many types of materials
of complex shape, and capacity for multiple
end-uses”.
References
[1] H. Lee, S. M. Dellatore, W. M. Miller, and
P. B. Messersmith, Science (2007) 318, 426–430 (Oct.,
19 Issue).

Coaxial Silicon Nanowires as Solar Cells
and Nanoelectronic Power Sources
Recently, Tian et al. [1] reported the fabrication
and performance testing of p-type/intrinsic/ntype (p-i-n) coaxial silicon nanowire solar cells.
These tiny devices with physical dimensions of
∼300 nm in diameter and 3–22 μm in length
showed, under air mass 1.5 global (AM1.5G)
simulated solar irradiation, an open-circuit voltage Voc of 0.260 V, a short-circuit current Isc of
0.503 nA and a ﬁll factor Ff ill of 55.0%. The maximum power output Pmax for the nanowire device
at one solar equivalent (1-sun) illumination, was
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∼72 pW. The above values were found to be constant for measurements made over a seven-month
period, thus demonstrating excellent stability.
The apparent photovoltaic conversion efﬁciency
(η) was 3.4% (upper bound) and 2.3% (lower
bound). Scaling of the output characteristics, like
Voc and Isc was also demonstrated in the interconnected nanowire solar cells, as well as the
improvements in η at higher light intensity.
The authors demonstrated that individual
and interconnected nanowire photovoltaic elements can serve as robust power sources to
drive functional nanoelectronic sensors (e.g., silicon nanowire pH sensor) and logic gates (e.g.,
nanowire-based AND logic gate). They also suggested ways to improve the performance of the
nanowire solar cells, such as by surface passivation and, better coupling of light in to the devices
by vertical integration or multilayer stacking.

Recent Books
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References
[1] B. Tian, X. Zheng, T. J. Kempa, Y. Fang, N. Yu,
G. Yu, J. Huang, and C. M. Lieber, Nature (2007) 449,
885–889 (Oct., 18 Issue).

Recent Books and Review Articles in the Area of Materials Science,
Engineering and Technology
(Contributed by the Editor)

Books
• Handbook of Magnetism and Advanced Magnetic Materials, Edited by H. Kronmüller, and
S. Parkin, July 2007, 5 Volumes, 3064 pp., Hardcover, ISBN 978-0-470-02217-7. 1299. Handbook/Reference Book.
• Liquid Phase Epitaxy of Electronic, Optical and
Optoelectronic Materials, Edited by P. Capper
and M. Mauk, July 2007, 464 pp., Hardcover.
ISBN 978-0-470-85290-3. 205.
• Plasma-Aided Nanofabrication: From Plasma
Sources to Nanoassembly, By K. Ostrikov and
S. Ken, July 2007, XIV, 301 pp., Hardcover. ISBN
978-3-527-40633-3. 89. Monograph.

• Computational Materials Engineering: An
Introduction to Microstructure Evolution. By
Koenraad George Frans Janssens, Dierk Raabe,
Ernest Kozeschnik, and Mark A. Miodownik,
Academic (Elsevier Science), San Diego, 2007,
357 pp., illus., Hardback, ISBN 9780123694683.
$99.95.
• Biomaterials: An Introduction, 3rd ed., By Joon
Park and R. S. Lakes. 3rd Edition. Springer,
New York, 2007, 573 pp., illus., Hardback, ISBN
9780387378794. $89.95.
• Materials Chemistry, By Bradley D. Fahlman,
Springer, Dordrecht, Netherlands, 2007,
497 pp., illus., Hardback, ISBN 9781402061196.
$89.95.
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• Nanotechnology: Understanding Small Systems, By Sumita Pennathur and Jesse Adams,
CRC Press, 2007, 328 pp., ISBN 9780849382079.
$89.95.

Review Articles
• Multiphoton Fabrication, by C. N. LaFratta,
J. T. Fourkas, T. Baldacchini, and R. A. Farrer,
Angew. Chem. Int. Ed., 46 (33) 6238–6258
(2007).
Abstract
Chemical and physical processes driven by multiphoton absorption make possible the fabrication
of complex, 3D structures with feature sizes as
small as 100 nm. Since its inception less than a
decade ago, the ﬁeld of multiphoton fabrication
has progressed rapidly, and multiphoton techniques are now being used to create functional
microdevices.
This review discusses the techniques and
materials used for multiphoton fabrication, the
applications that have been demonstrated, as well
as those being pursued. Also included is the outlook for this ﬁeld, both in the laboratory and in
industrial settings. 173 References.

• From One-to Three-Dimensional Organic Semiconductors: In Search of the Organic Silicon?,
by J. Roncali, P. Leriche and A. Cravino, Adv.
Mater., 19 (16), 2045–2060 (2007).
Abstract
Organic semiconductors (OSCs) based on
p-conjugated systems are the focus of considerable interest in the emerging area of soft or ﬂexible photonics and electronics. In recent years, the
performances of devices such as organic lightemitting diodes (OLEDs), organic ﬁeld-effect
transistors (OFETs), or solar cells have undergone considerable progress. However, a number
of technical and fundamental problems related
to the low dimensionality of OSCs based on linear p-conjugated systems remain to be satisfactorily solved. This low dimensionality results in
an anisotropy of the optical and charge-transport
properties, which in turn implies a control of the
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material organization/molecular orientation during or after device fabrication.
This review illustrates possible alternative
strategies based on the development of OSCs
with higher dimensionality which are capable
of exhibiting isotropic electronic properties. 78
References.

• Click Chemistry: Versatility and Control
in the Hands of Materials Scientists, by
H. Nandivada, X. Jiang and J. Lahann, Adv.
Mater., 19(17), 2197–2208 (2007).
Abstract
The increasing need for materials with tightly
controlled structures will continue to fuel the
induction of synthetic organic concepts into
materials science. One powerful example is the
embracement of “click chemistry” by the materials science community. Because of their high
selectivity, near-perfect reliability, high yields,
and exceptional tolerance towards a wide range
of functional groups and reaction conditions,
“click reactions” have recently attracted increased
attention, speciﬁcally for use in polymer synthesis as well as for the modiﬁcation of surfaces and
nanometer- and mesoscale -structures.
In this Review, examples of “click chemistry”, such as the Cu (I)-catalyzed Huisgen 1,3dipolar cycloaddition and the Diels–Alder reaction are shown to present a synthetic concept that
lends itself superbly to the controlled preparation
of multifunctional materials. Thus for instance,
incorporation of iridium complexes by “click
chemistry” resulted in functional polymeric
materials with potential applications in organic
light-emitting diodes (OLEDs), whereas ﬂuoropolymers synthesized by poly(cycloaddition)
showed good thermal stability and solubility in
common organic solvents. 123 References.

• Evolution of Ceramics with Medical Applications, by A. J. Salinas and M. Vallet-Regı́, Z.
norg. Allgem. Chem., 633 (11–12), 1762–1773
(2007)
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Abstract
Bioceramics can be deﬁned as those ceramics
designed to be implanted into the human body.
In the last ﬁfty years these materials experienced
an enormous evolution: Initially, the objective
was bio-inertness (minimum interaction with the
living organism). These bioceramics are nowadays called ﬁrst generation. The second generation bioceramics were widely investigated in the
1980s with the goal of a positive interaction with
living tissues. This group collects bioactive- and
resorbable- bioceramics. At the beginning of this
decade it was clear that the medical paradigm
of tissue substitution must be replaced with
tissue regeneration. Thus, bioceramics must be
supplemented with cells and biologically active
molecules. The investigation in third generation
bioceramics has just started.
This review presents a description of the main
second generation ceramics, and new advanced
ceramics currently under investigation at the
Authors’ laboratory aimed to be used as scaffolds
and templates in third generation biomaterials.
174 References.
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• Carbon-based electronics, by P. Avouris,
Z. Chen, and V. Perebeinos, Nature Nanotechnology, 2 (10), 605–615 (2007).
Abstract
In this review article, the authors examine the
electronic structure, electrical transport and optoelectronic properties of carbon nanotubes (CNTs)
with a focus on the associated physical phenomena. The emerging area of study involving
two-dimensional graphene layers and narrow
graphene nanoribbons (GNRs) has been discussed. The switching mechanism and characteristics of single-CNT ﬁeld-effect transistors (FETs),
GNR FETs, and efforts towards device integration
were critically analysed. Also described are the
principles of simple CNT optoelectronic devices
such as electroluminescent light emitters and
photodetectors. The authors are highly optimistic
of the emergence of the carbon-based electronics.
98 References.
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Materials Education & Research in Singapore
There are two Universities and several Research Institutes in Singapore involved in teaching,
research and development in the broad area of Materials Science, Engineering and Technology.
These are listed below along with the Websites and provide information on the available courses
and opportunities for undergraduate, graduate and post doctoral research. They also entertain
queries regarding openings for Research Scientists and Faculty positions.
National University of Singapore: www.nus.edu.sg
Nanyang Technological University: www.ntu.edu.sg
Institute of Materials Research and Engineering (IMRE): www.imre.a-star.edu.sg
Institute of Microelectronics (IME): www.ime.a-star.edu.sg
Data Storage Institute: www.dsi.a-star.edu.sg
Institute of Chemical & Engineering Sciences: www.ices.a-star.edu.sg
Institute of High Performance Computing: www.ihpc.a-star.edu.sg
Singapore Institute of Manufacturing Technology: www.SIMTech.a-star.edu.sg
Institute of Bioengineering and Nanotechnology (IBN): www.ibn.a-star.edu.sg
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About the Theme Article Authors
Dr. Akkipeddi Ramam
Head, SERC Nanofabrication and Characterization,
Institute of Materials Research and Engineering (IMRE),
A*STAR (Agency for Science, Technology and Research),
3 Research Link, Singapore 117602
Dr. Ramam has been in the ﬁeld of semiconductors for the last over
20 years. He started his career with the Defense R & D labs in India
working on GaAs based millimeter wave (mmW) devices and Monolithic Microwave Integrated Circuits (MMICs). He was awarded the
“Young Scientist” award for developing the multi-mask process for
beam lead Schottky diodes and latter sent to Plessey III-V in UK to get
involved in the technology development of MMICs. He then moved
to SGS-Thompson Microelectronics, Singapore as a senior manufacturing engineer before joining the National University of Singapore. Here, he specialized on the growth
of arsenide based ternary/quaternary epitaxial materials by MBE and their optical/structural characterization for optoelectronic devices. For the last nine years he has been with IMRE, involved in the
fabrication aspects of GaN based LEDs/Lasers and other III-V based opto-electronic devices, speciﬁcally in the integration of InP based photonic devices with MEMS concepts. He is a senior member of
IEEE and has organized and chaired a number of symposia in international conferences. He is currently
a senior scientist and manages the nanofabrication and characterization group at the institute.

Dr. J. Arokiaraj
Senior Research Engineer,
Institute of Materials Research and Engineering,
A*STAR (Agency for Science, Technology and Research),
3 Research Link Singapore 117602
Dr. J. Arokiaraj is a Senior Research Engineer with the Institute of Materials Research and Engineering (IMRE), Singapore since year 2004. He
is specializing on wafer bonding techniques for III-V and III-N devices
with Si substrates. Presently he is developing modiﬁed CNT’s as thermal interface materials and has a keen interest to develop new Technologies for heat dissipation for GaN devices using wafer bonding
schemes. Prior to IMRE, he had worked at Nangyang Technological
University/School of EEE for two years on Widely Tunable InP lasers
using quantum well intermixing. He has worked at Nagoya Institute of Technology, Japan after his PhD
from India (Anna University) for a period of ﬁve years. He was involved in the development of high
efﬁciency GaAs solar cells on Si substrate. He has won the Young scientist researcher award from the
Japanese Physical Society in the year 1999 and has published over 40 research papers in referred journals
and conferences.
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Mr. Vicknesh Shanmugan
Senior Research Ofﬁcer, Temasek Laboratories @ NTU
Research TechnoPlaza,
8 th & 9 th Storey, BorderX Block,
50 Nanyang Drive, Singapore 637553
Mr. Vicknesh is presently working in the area of compound
semiconductor-based, Monolithic Microwave Integrated Circuit (MMIC).
His expertise include, device fabrication related to thin ﬁlm deposition
and plasma etching of various compound semiconductor materials to
realize opto and microelectronic devices. He holds a Masters degree
in Photonics from School of Electronics and Electrical Engineering of
Nanyang Technological University (NTU). He is currently employed
with the MMIC Design Centre (MDC) at the Temasek Laboratories at
NTU, Singapore.

Mr. Mithilesh Ashok Shah
4552 Rue Drolet,
Montreal H2T 2G4, Canada
Mr. Mithilesh A. Shah has worked in the area of microﬂuidic switches
and III-V semiconductor MEMS. He has investigated ﬂuid behavior at
high pressure pulses for microﬂuidics, thermal behavior of polymers
for adhesive-bonding of dissimilar ceramic substrates and conducted
failure analysis of AlGaAs based LEDs. His work on thin ﬁlm heater
reliability has resulted in 100-fold increase in the average life-cycles
to failure for thin-ﬁlm resistance heaters on ceramic substrates. His
expertise includes microfabrication, failure analysis, surface micromachining, and sublimation drying technique for MEMS, ﬁnite element
modeling (FEM) of MEMS, optical characterization techniques in thin
ﬁlms. He has authored 9 publications in international journals and conferences. He holds a masters
degree in “Advanced Materials for Micro and Nano Systems” from Singapore-MIT Alliance program of
National University of Singapore.
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Theme Article
Indium Phosphide Based MEMS for Tunable Devices
Ramam Akkipeddi, J. Arokiaraj, S. Vicknesh and S. Mithilesh
Institute of Materials Research and Engineering, Agency for Science Technology and Research (A*STAR),
3 Research Link, Singapore 117602
The article is organized in the following form:
The introduction part discusses the motivation and importance of III-V based MEMS
structures in WDM applications. The Finite
Element Analysis (FEA) modeling of various
architectures for a membrane structure is then
discussed. The simulation work encompasses
a new ﬁlter design and an investigation of
electro-mechanical response. The consequent
evolution of a criterion while trying to optimize the dimensions of a ﬁlter (based on
mechanical/optical considerations) has led to
four ﬁlter designs. The branched beam type
novel ﬁlter design has a lower compliance as
compared to other ﬁlter designs, and is the
one used for fabricating into a Electro-static
(E-S) actuator. The fabrication schemes, their
optimization and release of InP membranes
using an improvised freeze-dry technique is
presented next. Side-wall protection for the
InP membrane structures was introduced by
depositing SiO2 layer and etching it selectively over the beam regions thus avoiding
the undercutting for the support regions. The
fabricated actuators were characterized under
DC and quasi-static conditions, with a deﬂection of about 350 nm, pull in voltage of 7 V and
with a response time of about 100 μsec.

1 Introduction
The increasing demand for more and more data
transmission capacity has driven the telecommunications to seek answers in WDM (Wavelength Division Multiplexing) technology. Using
this technology, different closely spaced wavelength channels are able to carry optical signals
from different sources, simultaneously through
a common ﬁber. The implementation of this
technology requires devices in the ﬁber optic
network to combine and/or separate the various
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wavelength channels. A WDM network typically
consists of a number of channels each of which
is related to a different wavelength. Channel manipulations especially channel selection
and detection of bit-stream on selected channel/wavelength is an important function in such
optical data transmission networks. There exist a
few competing technologies for the wavelength
ﬁltering component of the tunable receiver however each one has its own disadvantages. A ﬁltering mechanism in tunable photo-receiver should
essentially possess the following important features: low insertion loss, narrow bandwidth, high
side lobe suppression, simple control mechanism,
small size, and cost effectiveness. A diffraction
grating type of ﬁlter, for example, is capable of
wide tunable range but high polarization is a
problem.
Another widely used conﬁguration in photonic applications is Mach-Zehnder (MZ) interferometer [1, 2]. In a typical MZ type ﬁlter an
incident beam is split in two ways and recombined after a short distance. The combining light
ﬁelds interfere according to the phase difference
between the two ﬁelds. If a time delay is introduced in one arm, e.g. by a phase modulator, a
periodic frequency dependent phase difference is
formed according to which the ﬁelds get combined. Hence the intensity of the output is periodic function on optical frequency, usually with
a small Free Spectral Range (FSR). Losses are a
major disadvantage of MZ type ﬁlters. MZ ﬁlters
suffer from low ﬁnesse and are therefore usually
combined with additional wavelength selective
elements.
Another class of ﬁlters, include, AcoustoOptic Tunable Filter (AOTF) and Electro-Optic
Tunable Filter (EOTF). In Acousto-Optic Tunable
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ﬁlters, a light wave and a surface acoustic wave
(SAW) interact and cause a polarization shift of
the Electromagnetic (EM) wave only at frequencies that satisfy the following phase matching
conditions [3].

| β TE − β T M | = |k ac |

(1)

where, ßTE , ßT M and kac are the wave numbers of the light wave at TE and TM polarizations and the SAW respectively. This mechanism
combined with two TE/TM polarization splitters, forms an efﬁcient ﬁlter by selecting only the
wavelengths that satisfy the phase-matching condition. By applying several SAWs in different frequencies, the AOTF can simultaneously ﬁlter out
several channels. There are numerous problems
that plague AOTF which include high insertion
loss (∼5 dB), strong side lobes of the transfer function that damage the ﬁltering efﬁciency, some
polarization sensitivity and some frequency shift
due to non linearity in the device; also their bandwidth is not very narrow. An Electro Optic Tunable Filter (EOTF) works on very similar principle
as AOTF i.e. by using the TE-TM mode coupling.
However instead of a SAW, here the perturbation
in incident band of light is introduced by electrooptic effect using electrodes positioned in equal
spaces along the waveguide. Tuning is achieved
by a uniform electric ﬁeld that changes the average refractive index. The EOTF like AOTF suffers from the wide bandwidth and strong side
lobes [4]. Arrayed Waveguide Gratings (AWGs)
are also used for wavelength ﬁltering applications. AWGs basically utilize an integrated array
of waveguides as a grating to produce an interference pattern. However, an AWG by itself is not a
tunable device and needs other components such
as a thermo-optic switch to achieve tunability.
The micro-machined Fabry–Perot Interferometer type ﬁlter is increasingly becoming a viable
alternative. A Fabry–Perot ﬁlter comprises of an
optical cavity conﬁned between two Bragg mirrors. Of the several constituent wavelengths in the
incident multiplexed signal, the ﬁlter transmits
only the wavelength that satisﬁes the resonance
condition [5] for a given cavity length (Lcavity)
ncavity Lcavity = mλ

v2n3

(2)

where, ncavity is the refractive index of cavity
medium i.e. air, m is an integer and λ is the
resonant wavelength. In a tunable type Fabry–
Perot ﬁlter the optical cavity consists of an airgap and one of the mirrors is suspended by
micromechanical structures to enable vertical
translation of suspended mirror by electrostatic
actuation. The optical cavity length can thus be
varied resulting in a corresponding change in resonant wavelength and thus wavelength tuning is
achieved.
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2 III-V materials in MEMS
Material systems like AlGaAs/GaAs and
InGaAsP/InP have shown great promise for
micro-machined Fabry–Perot type ﬁlters. Since,
devices such as photodiodes, LEDs, and lasers
are fabricated out of III-V materials systems the
micro-machined ﬁlters are preferentially fabricated from the same materials system for the
ease of integration. Besides this, there are several
advantages of micromachining in III-V semiconductor system. Intrinsic properties, viz. piezoelectricity, optical band gap, high mobility, heterostructure based quantum effect have not been
fully exploited in the MEMS arena for novel
applications. Additionally, the epitaxial tools
for growing III-V materials offer very sharp
interfaces (mono-layers), excellent composition
selectivity for creating very thin smooth optical
grade beams or membranes (<0.1 μm), which are
favorable for MEMS devices. A wide variety of
etchants, with orientation dependent etch proﬁles are also available to execute the sacriﬁcial
layer etchings. The hetero-epitaxial layers in these
material systems can be etched by wet or dry
means with an excellent compositional selectivity
[6]. These reasons make the GaAs and InP based
heterostructure systems very suitable for micromachining of Fabry–Perot type tunable receivers.
There is interest for WDM systems operating at
1550 nm wavelength and the photo-detectors for
1550 nm are typically based on InP/InGaAs materials system. Major work has been done on both
GaAs based and InP based micromachined FP
ﬁlters, tunable VCSELs and tunable detectors
[7–9]. Strassner et al. demonstrated a tunable
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Fabry–Perot ﬁlter based on InP-InGaAs(P) system
with a tuning range of 45 nm with electrostatic
actuation [10]. Spisser et al. demonstrated a micromachined InP based Fabry–Perot ﬁlter comprising of two InP-air type Bragg mirrors [11]. They
achieved a tuning range of 62 nm for a tuning
voltage of 14 volts. These are however examples
of “stand-alone” Fabry–Perot, ﬁlters with no integrated photodiode.
3 Modeling and Simulation
Compound semiconductor substrates and their
hetero-structures are generally much more expensive to process. It was envisaged that the prior
simulation of the devices would help reduce costs
by shifting trial and error on computing platform and minimizing the same on actual MOCVD
grown samples. In keeping with this cost effective
strategy, ﬁnite element modeling, and simulations
were conducted for various designs and design
parameters were optimized using the ANSYS
software.
A device incorporating a monolithically integrated photo-detector and a micromechanically
tunable Fabry–Perot ﬁlter is described here. The
Fabry–Perot ﬁlter acts as a wavelength selective
component while the integrated photo-detector
gives electrical response corresponding to the
selected wavelength. The Fabry–Perot ﬁlter comprises of two distributed Bragg reﬂector mirrors
separated by an air cavity, created by micromachining of a sacriﬁcial layer. Wavelength tuning
is achieved by varying the air cavity spacing
between the two mirrors for which purpose one
of the mirrors is kept ﬁxed while the other mirror
is made movable. The movable mirror is mounted
on top of a membrane supported by beams which

in turn are supported by a ﬁxed platform all
of which are micro-machined out of a semiconductor layer. The membranes and the supporting beams are actuated on electrostatic actuation
principle. This however, is an example of “standalone” Fabry–Perot ﬁlters with no integrated photodiode. A simpliﬁed schematic of such a device
is depicted in the Fig. 1 below.
The Fabry–Perot ﬁlter comprises of two Bragg
mirrors with a cavity deﬁned between them.
Of the several constituent wavelengths in the
incident multiplexed signal (normal incidence,
θ =00 ), the ﬁlter transmits only the wavelength
that satisﬁes the resonance condition [5] for a
given Fabry–Perot Cavity length (Lcavity). The
wavelength thus transmitted forms the input to
the integrated photo-detector. A ﬁlter with ﬁxed
cavity length is able to select only the corresponding single wavelength. For a ﬁlter to be tunable,
the cavity length should be variable which can be
achieved by making one mirror movable while
the other remains ﬁxed. By varying the cavity
length i.e. by displacing movable Bragg mirror
with respect to the ﬁxed mirror, using electrostatic
actuation mechanism, it is possible to select different wavelength channels contained in the incoming multiplexed signal. For separation of different
wavelength channels, ﬁnesse of Fabry–Perot ﬁlter
is required to be high which in turn depends on
planarity of mirrors [12]. The maximum tolerable slope of movable top Bragg mirror is 0.0060
and hence for a spot size of 20 μm of light on
top mirror, the maximum allowed center to edge
deﬂection is 1 nm [13]. In the simulation work,
four different ﬁlter designs have been investigated for their electro-mechanical response to
the tuning voltage and the effective tuning range

Fig. 1. A diagonally cut section schematically depicting the various parts of a tunable ﬁlter.
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Fig. 2. One quarter of a ﬁlter with mirror suspended diagonally with branching beams. Due to its four-fold symmetry only one
quarter is modeled with appropriate symmetry boundary conditions.

when limited by Bragg mirror ﬂatness. The modeling has been done using ﬁnite element analysis using sequentially coupled-ﬁeld technique. In
sequential coupling, the electrostatic model and
the mechanical model feedback to each other in
an iterative manner to better simulate the nonlinear nature of electrostatic actuation.
a) Design of Membranes
The Fabry–Perot ﬁlter consists of two Bragg mirrors, one movable at the top and one ﬁxed, at
the bottom. The bottom Bragg mirror consists of
alternating layers of InP and InGaAs of thickness λ/4 grown epitaxially over InP wafer substrate. On the top of bottom Bragg mirror there is
a sacriﬁcial InGaAs layer of thickness 1.55 μm. It
is this sacriﬁcial layer, which upon etching forms
an air-gap for the Fabry–Perot cavity. Above this
sacriﬁcial layer, there is a structural layer of pdoped InP. This structural layer is patterned to
form membranes and cantilevers which deﬂect
upon electrostatic actuation. The membrane patterned out of this structural layer carries the top
Bragg mirror at its center. The top mirror consists of alternating Si and SiO2 layers of λ/4 thicknesses. There are different ways of suspending
the top mirror. Using FEM we investigated, four
different types of ﬁlter designs, three of which
have been reported in the literature cited here and
the fourth type is a novel ﬁlter design introduced
by the authors. The ﬁrst design is the simplest and
consists of a square mirror at the free end of a

cantilever [14]. The second design is of a bridge
type with a square mirror at its center [6, 14].
Third design is a square mirror suspended diagonally by four cantilever type beams [6].
The fourth design is a novel conﬁguration
comprising of a diagonal beam (length L1 , <110>
direction) splitting into two mutually perpendicular beams (length L2 , <010> and <100> directions) and the length of the mother beam (L1) is
equal to length of branch beam (L2). The equivalent diagonal beam
√ length for branched beam
design is L (L=L1 + 2 L2 ). A symmetric quarter
of this type of, structure is shown in Fig. 2.
b) Finite Element Model
The investigation of all the four models described
in the design section was done to determine the
ﬁlter’s mechanical response to applied electric
ﬁeld. When the device structure is comprised of
one movable and one ﬁxed Bragg mirror, only
the movable part and the adjacent support on
which rigid constraints apply are considered. So
the region under consideration includes the top
Si/SiO2 mirror the membrane supporting the top
mirror, the beam(s) supporting the membrane, the
platform anchor to which the beams are ﬁxed
and the under-etched region of InGaAs sacriﬁcial layer that supports the platform. A 3D ﬁnite
element analysis of this model was done using
ANSYS software package.
The rigid boundary constraints were applied
at the base of InGaAs post supporting the
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Fig. 3. Schematic illustrating the bending within the mirror (δ) due to mechanical deﬂection (y) of the membrane-beam structure
under excitation by an applied voltage.

platform. In doing so, even the compliance of
the post supporting the structural layer has been
taken into account. During the sacriﬁcial layer
wet etching to release the structure, there is
always some under-etching below the platform
supporting the beams. Due to this reason, neither
the root of the beams nor the entire base of the
platform can be considered as ﬁxed. The minimum expected under-etching is at least half the
dimension of the widest free standing structure.
The square membrane is 30×30 μm2 therefore the
undercut below the platform is taken as 15 μm.
For separation of different channels, ﬁnesse
of the Fabry–Perot ﬁlter is required to be high
which in turn depends on planarity of mirrors. As
explained before, the maximum allowed center to
edge deﬂection for the top mirror is 1 nm. Here we
deﬁne a term Mirror Bending Limited Deﬂection
(MBLD) as the least deﬂection (of the movable
mirror) for which the bending within the mirror
has reached 1 nm. This is schematically illustrated
in Fig. 3.
From mechanical point of view, the maximum achievable deﬂection in the ﬁlter is equal
to one-third of the cavity length, because beyond
this, the structure “pulls-in”. But the optical
considerations ordain that the deﬂection in the
ﬁlter should not exceed the Mirror Bending
Limited Deﬂection. The mechanical limit (pull-in
distance) cannot be extended but the MBLD can
be extended and made equal to pull-in deﬂection.
When this happens, the ﬁlter is utilized to its maximum deﬂection capability without violating the
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optical limits. This can be done if the beams suspending the mirror are made longer. In such a
case the beams become more compliant and bending is localized to the beams thereby keeping the
mirror relatively ﬂat.
For the cantilever type ﬁlter, as shown (with a
scale factor of 100) in Fig. 4, the MBLD increases
initially with increase in beam length, reaches
a maximum of 1.86 nm at 80 μm beam length
and then drops with further increment in beam
length until it ﬁnally becomes zero. The Mirror
Bending Limited Deﬂection (MBLD) is zero for
beam lengths 180 μm and above because even
in the absence of applied voltage the displacement under self-weight is so large that the mirror
bending exceeds 1 nm. For bridge type ﬁlter
(Fig. 4), the MBLD increases with beam length
(of each of the two beams) up to 70 μm length
and thereafter it becomes constant (∼500 nm).
Below 70 μm length, the mirror curvature limit
is reached before pull-in phenomena but beyond
70 μm length, the structure pulls-in before mirror bending limit is reached and the pull-in
distance is constant, therefore MBLD is constant. For the diagonal suspension type ﬁlter, the
MBLD increases with increase in beam length
up to 90 μm beyond which it becomes constant
∼550 nm (Fig. 4).
To conclude, a bridge design with each of
the two beams 70 μm long, a diagonal suspension design with each of the four beams 90 μm
long and a branched beam design with effective
diagonal length of 110 μm for beams are suitable
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Fig. 4. Variation of Mirror Bending Limited Deﬂection (MBLD) of different types of ﬁlters with the change in length of the beams
suspending the DBR mirror.

for micro-machined Fabry–Perot ﬁlter application. Out of these three designs, the bridge type
achieves the same maximum deﬂection as the
other two with lower actuation voltage and is
therefore the most favorable design. Using the
surface micromachining technology, the designs
under investigation here have been practically
realized. The structures are released by sacriﬁcial
etching of InGaAs layer with H2 SO4 :H2 O2 :H2 O
(1:1:8). The released structures are rinsed with DI
water until the solution reaches a neutral pH. The
solution is frozen and the freestanding structures
are obtained by sublimation drying from frozen
DI water. The yields of the freestanding structures with branched beam design are generally
observed to be higher than other structures due
to lower compliance and robust suspension. The
micro-machined Fabry–Perot ﬁlters incorporating
a movable mirror based on MEMS technology
have applications in tunable photodetectors and
also for adding tunability to VCSELs which can
enhance the existing optical networks.

4 Simulation of Dielectric Based Mirrors
and Filters
A highly selective photodetector is required to
detect only one wavelength ignoring all others for
use in Wavelength-Division Multiplexing (WDM)
systems, spectroscopy etc. Since bare p–n or p–i–n
photodetectors absorb continuous band of wavelengths, these detectors alone cannot be used to
detect different wavelengths separately in WDM
scheme. The conventional p–i–n photodiode is
not suited to high-speed optical systems which
require both high quantum efﬁciency and high
speed of response [15–16].
One solution to address at this trade-off incorporating wavelength selectivity is to place a p–i–n
diode inside a Fabry–Perot (FP) cavity and use
distributed Bragg reﬂectors (DBR) as mirrors,
which is popularly known as resonant cavity
enhanced (RCE) p–i–n photodetectors [16]. The
DBR mirrors are usually made of quarter wave
stacks with a periodic modulation of refractive
indices [17–19].
Single wavelength, selective optical ﬁlters
play important roles in communication networks,
optical source and detectors etc. The addition
of tunability, in addition to the ﬁltering of the
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Fig. 5. Transmittance of dielectric based optical ﬁlter operating at C-band. Peak transmission of 80% has been obtained on fabricated ﬁlters.

optical waves, reduces the inventory cost in optical networks. Moreover, the center wavelength
might shift due to the environmental conditions
(e.g., temperature ﬂuctuation, humidity etc.),
and electronic properties of materials during
the operation of the opto-electronic devices. The
desired wavelength can be tuned to correct this
problem, only if the detector or ﬁlter can be made
tunable. These two aspects form the motivation to
conduct research and to fabricate tunable optical
ﬁlter/photo-detector.

a) Single Wavelength Selective Filter at 1550 nm
Low-cost dielectric based optical ﬁlter for operation at C-band (1550 nm) has been designed and
optimized. SiO2 cavity is sandwiched between
two highly reﬂective mirrors and capped by
Si3 N4 layer for passivation. The reﬂectance R
and transmittance T of the ﬁlter has been simulated using transfer matrix method (TMM) and
the fabricated ﬁlter measured using spectrophotometer. Figure 5 depicts the transmittance along
with the simulation result. This ﬁlter has applications in optical channel add/drop multiplexing
(OADM), spectroscopy (identiﬁcation of atmospheric gases, e.g., CH4 ), optical sources, detectors. The ﬁlter speciﬁcations are with a center
wavelength tolerance of ±5 nm, Full Width Half
Maximum (FWHM) of 2 nm, peak transmission
of 80% and quality factor of 100.
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b) Tunable RC Filter at 1550 nm
A tunable resonant cavity ﬁlter using epitaxial
distributed Bragg reﬂector (DBR) material and
dielectric based DBR has been designed. The simulated ﬁlter transmission at various wavelengths
is plotted in Fig. 6 by changing the cavity spacing.
c) Dielectric Based DBR Mirrors
High reﬂectivity Distributed Bragg Reﬂector
(DBR) mirrors comprising of quarter wavelength
stacks of semiconductors [20] and dielectric [20–
22] periodic structures are utilized in both active
and passive opto-electronic devices. These highly
reﬂective DBR mirrors are used to enhance device
performance by ﬁltering (i.e. transmit what it
does not reﬂect) [22] or “recycling” of optical
signals. Fabrication of Bragg mirrors in resonant
cavity ﬁlters is a key process in the realization
of highly efﬁcient devices resulting in narrow
wavelength selection [23] and high speed operation. Examples of devices that have successfully
demonstrated Bragg mirrors for enhanced performance are, Vertical Cavity Surface Emitting
Lasers (VCSELs) [24] exhibiting low thresholdcurrent densities [25], Resonant Cavity Photodetectors (RECAP’s) [26] exhibiting narrow
line widths, high quantum efﬁciencies and high
speeds, Fabry–Perot ﬁlters [27] and reﬂection
modulators [28]. These devices beneﬁt from two
possible effects, ﬁrst the intensity enhancement of
electromagnetic waves within the active medium
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Fig. 6. Simulation plot of ﬁlter transmission as cavity spacing is varied by electro-static actuation. Wavelength tunability range
is 100 nm.

of the resonator formed by both the Bragg mirrors while the second being, the resonators supporting only certain wavelengths (cavity modes)
so that they act as spectral and spatial ﬁlters. Such
devices have promising future in high speed and
wavelength-division-mulitplexing applications.
The highly reﬂective DBR mirrors are multilayer structures consisting of alternating pairs
of two materials with different or large refractive indices. They (i.e. DBR mirrors) can be tailored to obtain any reﬂectivity between 0% and
almost 100% for a speciﬁc operating wavelength,
λ depending ﬁnally on the application requirements. The effect of refractive index contrast
available at each interface, the number of pairs
in the mirror and the polarization of the incident light determines the net reﬂectivity. Thus
to increase the net reﬂectivity, one has to either
increase the number of pairs or select materials of large refractive indices as the polarization
and the angle of incidence are usually limited
by the applications. Murtaza et al.. [20] has mentioned that the reason for high peak reﬂectivity
in a classical λ/4 stack is that, all the reﬂections
are perfectly in phase with each other and bandwidths are large. Also, as the wavelength separation from the center wavelength increases,
the phases in the reﬂected beams get in phase.
Since most available optoelectronics devices are
fabricated using III-V semiconductor materials
for the visible and near infrared spectral range,

epitaxial Bragg mirrors, grown by sequential
Molecular Beam Epitaxy (MBE) or Metal Organic
Vapor Phase Epitaxy (MOVPE), of single crystalline quality are most popular and have been
discussed extensively in the literature [20, 24, 28,
29, 30]. In contrast, all dielectric-based high reﬂective DBR mirrors, comprising of quarter wavelength stacks, uniformly deposited by plasma
enhanced chemical vapor deposition (PECVD)
onto a novel tunable resonant cavity device in
MEMS conﬁguration is introduced. Reﬂectivity of
more than 99% is achieved through the optimized
process comprising of 10.5 periods of alternating
quarter wavelength stacks of Si3 N4 and SiO2 . In
terms of reﬂectivity, the dielectric-based mirrors
are equivalent to those obtained in epitaxial Bragg
mirrors. As such, the advantage of using dielectric
based DBR mirrors would be in the lower number
of pairs to achieve high reﬂectivity thus saving in
the cost of mirror formation.
Individual dielectric pairs (i.e. 5.5, 7.5 and 10.5
stacks) deposited in a continuous cycle without,
venting the chamber to atmosphere in between
deposition of materials is reported. For example,
in the case of 5.5 pairs of Si3 N4 /SiO2 DBR stacks,
the sample is not removed until all 11 layers,
including Si3 N4 capping layer is deposited on InP
substrate and similarly for 7.5 and 10.5 pairs of
Si3 N4 /SiO2 .
Upon characterizing these highly reﬂecting
DBR mirrors, we utilized them to realize in two
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Fig. 7. SEM image of 7.5 pairs of Si3 N4 /SiO2 , etched using ICP showing highly anisotropic walls. (Inset 1 shows microscope
image of patterned 7.5 pairs of Si3 N4 /SiO2 ).

forms of applications, namely, as DBR mirrors on
InP freestanding membrane and in a ﬁxed cavity
ﬁlter with SiO2 material as the cavity. 7.5 pairs
of highly reﬂecting DBR layers are deposited on
InP based epitaxial layer sample used in realizing electro-static (ES) actuation. Using lithography and plasma etching, we are able to pattern
these 7.5 pairs of Si3 N4 /SiO2 onto an InP based
membrane, which is shown in Fig. 7. Microscope
image of 7.5 pairs of Si3 N4 /SiO2 residing on the
membrane is shown as inset 1. In conclusion,
3 different stacks (5.5. 7.5 and 10.5) have been
deposited on InP using PECVD and the reﬂectivity was measured to be 99.8% for 10.5 pairs of
Si3 N4 /SiO2 pairs, which is fairly near to the simulated results.

the ﬁltered wavelength and ﬁnally 8.5 pairs of
Si3 N4 /SiO2 top mirror, as shown in Fig. 8b.
Characterization of the ﬁxed cavity ﬁlter is done
using spectrophotometer in transmission mode,
where the sample is placed with the top mirror facing the light input (refer to Fig. 8b) but in
Fig. 8a, reﬂectance is plotted to highlight the ﬁltering mechanism observed for 3 different cavity
thickness.
The SiO2 cavity thickness is varied from
0.51 μm to 0.63 μm with a variation of ± 0.02 μm,
and a single wavelength ﬁltering is assured for
each cavity, starting at 1473 nm to 1532 nm within
the broad pass-band. The intensity of ﬁltered
signal is not high and as it is suspected that
to absorption within the glass slide, could have
affected it.

d) Dielectric Based Optical Filters
A dielectric based ﬁxed cavity optical ﬁlter, using
SiO2 layer as the cavity, sandwiched between
two highly reﬂecting mirrors was fabricated to
ﬁlter a single wavelength. At ﬁrst 8.5 pairs of
Si3 N4 /SiO2 bottom mirror was ﬁrst deposited
followed by a SiO2 cavity layer, determining
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5 Releasing Technique for InP Based
Freestanding Structures
One of the major challenges in MEMS microfabrication is overcoming the problems of
adhesive failures popularly known as ‘stiction’.
When the released microstructures are dried, they
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Fig. 8. (a) Reﬂectivity measurement of a SiO2 cavity. Cavity thickness ranging from 0.51 μm to 0.63 μm, sandwiched between two
8.5 pairs SiN/SiO2 highly reﬂecting mirrors. (b) Layers structure with SiO2 as a cavity between two 8.5 pairs of highly reﬂecting
mirrors.

usually stick to the substrate or to the adjacent
microstructures. This common problem known as
stiction is attributed to the surface tension forces
arising from the drying of water in the narrow
gaps between microstructure and substrate. From
the post rinsing stage at which the microstructures are in released state but submerged under
pure DI water with no residual etchant, there are
several divergent ways to render the freestanding
microstructures.
One such technique is sublimation drying in
which, the microstructures are obtained as freestanding by freezing and subliming the liquid.
In another approach described by Mulhern et al.
[31], the problem of capillary forces is circumvented by transfer of microstructures to CO2 in
supercritical state where there is no meniscus
separating the liquid and vapor state and therefore no capillary forces. In practice the DI water
is generally replaced by another liquid with a
lower surface tension than water from which
these different approaches can be implemented.
In supercritical drying the general approach as
reported in the literature is to replace the DI water
completely with methanol over several rinsing
cycles. This methanol itself is then replaced in a
pressure, vessel equipment by liqueﬁed CO2 for

subsequent drying of the microstructures by turning the liquid CO2 into a supercritical state. In
case of sublimation drying, there are a number
of liquids that replace and substitute for the DI
water. One of them is tertiary-butyl alcohol. However in our case we used the sublimation of frozen
DI water to dry the microstructures.
Since in this case water itself was to be frozen,
extreme care was taken to ensure that there were
no residues of the residual etchant from the etching step. It is necessary to do so since the freezing point of water lowers due to presence of even
trace impurities. Bearing in mind the requirement
of doing all processing from etching to rinsing to
solvent substitution while maintaining specimen
in a submerged condition a special processing station referred to as surface micromachining workstation was set-up. The specimen is placed in a
perforated bed vessel which is a module detachable from the main station. The solvent inﬂow
and outﬂow to this vessel is manually synchronized by two ﬂow regulators. This balance in the
inﬂow and outﬂow maintains a constant level of
solvent in the vessel thereby ensuring that specimen is submerged at all times.
After the rinsing is complete the specimen
lies in the neutral solution. The vessel then
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Fig. 9. Topography of the freestanding structure generated using a white light interferometer. 3D plot is shown wherein the
bending in the beams is quite evident.

containing the specimen is detached from the
micromachining station and placed in the prefreezer. The vessel is maintained in the pre-freezer
for a time long enough to freeze all the water. To
ensure complete freezing the water conﬁned sample is frozen to 20 to 30 degrees below the freezing point. Once the sample is frozen it is quickly
transferred to the sublimation dryer. The transferred sample is immediately subjected to high
vacuum. It is imperative that the transfer from
freezer to the vacuum chamber be fast enough
to prevent any melting. Once inside the vacuum chamber, the vacuum itself maintains the
specimen in the frozen state. The sublimation
under vacuum is endothermic process wherein
the latent heat of vaporization is extracted from
the sample itself thereby keeping it frozen at
all times without any in-situ cooling in the vacuum chamber. Using this process it was possible to obtain freestanding structures. The sample
when observed under SEM showed freestanding
structures with air gaps below the membranes
and beams. White Light Interferometer is able to
show heights of various features, based on interference pattern and is thus possible to make out
a collapsed membrane at a lower height from
the freestanding one. It was also discovered from
the 3D Interferometer plots that the freestanding
microstructures are deformed out of plane as
shown in Fig. 9.
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The passive microstructures that were realized
using this technique used to have deep undercuts below the platforms supporting them causing the platforms to have freely bending edges
which contributed to additional overall bending
in the beams and membranes structures. Therefore, to prevent this, a protective dielectric (SiO2
/Six Ny ) layer was added to the sample to protect
the sidewalls against the etchant. The released
freestanding structure is shown in Fig. 10.
Stiction and adhesive failures pose a significant threat to yield and reliability of micromachined freestanding structures. Problems
owing to stiction could arise either at the ﬁrst
stage during drying of the released microstructures or during the operation. Even though
the microstructures may be rendered freestanding with aid of techniques such as sublimation
drying, supercritical CO2 drying or SAM (Self
Assembled Monolayer) technique, the structures
are still susceptible to adhesion to nearby surfaces
during operation or storage. Adhesive failures
can occur and cause surfaces of microstructures
to bond permanently if (a) during the physical
handling or transportation, the surfaces accidentally come in contact (b) during the operation
built-up electrostatic potential between the free
surfaces exceeds a certain threshold value (pull-in
voltage) (c) condensation of humidity from the
ambient during the device operation.
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SEM micrograph of a freestanding membrane of InP released by etching the underneath InGaAs epilayer with FeCl3 :H2 O

6 Fabrication of MEMS Structures
The MEMS structures are formed by the typical
micro-fabrication techniques, but with an extra
challenge of forming lattice matched epitaxial
layers with sharp interfaces. InP-based epitaxial
layers (InP/InGaAs/InP) were grown by metalorganic-chemical-vapor-deposition (MOCVD) on
a 2-inch n+ InP substrate. The samples were initially treated with the conventional organic solvents cleaning process. This was followed by a
series of patterning and etching steps to form the
membrane structures. A sidewall protection layer
was formed by depositing silicon nitride (Si3 N4 )
which was optimized in our previous work [33]
to protect the undercutting below the support
structure. The metal contacts were made by
evaporating AuGe/Ni/Au metals, followed by
a lift-off process. The membranes patterns were
subjected to etching in the sacriﬁcial layer etchant
[H2 SO4 :H2 O2 :H2 O (1:1:8)] and ﬁnally released by
the sublimation method. Figures 11 (a)–(g) show
the sequence of masking layers formed on the
active sample to realize the ﬁnal E-S actuator
device.
Figures 12 (b)–(d) show SEM images of the
undercut protection deﬁned on the sidewalls of
the support structures. It is easily seen that the
nitride layer is protecting the support structure
and does not ﬂow over the beams, which would
eventually be subjected to sacriﬁcial etching for
forming free standing structures. As the nitride
ﬁlm is impervious to the sacriﬁcial etchant, it

would restrict the amount of etchant ﬂowing
under the support structure and result in strong
support structures.
The resulting device in the form of a free
standing membrane structure is similar to a
pin-diode formed by the InP/InGaAs/InP layers. The two metal contacts placed on p and n
type of InP serve as anode and cathode electrodes for the E-S action. The junction capacitance is small providing a faster response and
larger impedance thus becoming more effective
as an open circuit. This is ideal for actuating III-V
based (p)InP-(i)InGaAs-(n)InP capacitive tunable
platforms that are formed in parallel with the
pin-diode. The movable platform was manually
removed to “reveal” only the pin diode conﬁguration without the capacitance contribution from
the tunable platform. The movable platform was
conﬁrmed to be free-standing from earlier inspection of the device using the ZYGO optical proﬁler. A reverse voltage was applied and slowly
increased while making measurements at discrete
points, typically in an interval of 0.2 V. A displacement of about 300 nm was achieved at a reverse
voltage of 7 V, before the pull-in ﬁnally took over.
7 Conclusions
The potential of combining novel movable
structures based on MEMS understanding with
InP photonic devices is explored for tuning
and coupling applications. Tunable devices have
advantages in photonics industry especially
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Fig. 11. (a) – (g) Microscope pictures taken at 10x magniﬁcation, starting from structural deﬁnition to ﬁnal device with both pand n-metals deﬁned.

Complete Si3N4 coverage
on sidewalls of support

(d)

(c)

InP
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Si3N4
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Fig. 12. (a) Microscope picture taken at 10x magniﬁcation after Si3 N4 etching using CHF3 plasma and PR removal, (b)–(d) SEM
images showing Si3 N4 undercut protection over the beams and edges.

in optical communication for saving on the
inventory of devices. The techniques of micromachining of III-V materials and processes like free
drying, selective etching, dielectric based ﬁlters,
metal contacts, etc, can be extended to other
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photonic devices. There are however, issues of
repeatability and reliability of certain free stranding structures formed out of InP material. III–V
materials would primarily have applications in
devices/systems where light emission/detection,
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Fig. 13. Displacement versus applied reverse bias voltage in a E-S actuated device. The pull in voltage sets in at about 7 volts
and makes the membrane collapse.

high speed, high power and mechanical movement can be integrated.
Using ﬁnite element modeling and simulation work, a new ﬁlter design and electromechanical response of ﬁlter designs has been
realized. The fabrication scheme adopted an
improvised freeze-dry release technique for InP
membranes and side-wall protection was introduced by depositing SiO2 layer and etching it
selectively over the beam regions. The fabricated actuators were characterized under DC and
quasi-static conditions, with a deﬂection of about
300 nm and pull in voltage of 7 volts.
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Conference Report

IUMRS–ICAM 2007
8–13 October 2007, Bangalore, India
The International Conference on Advanced Materials (ICAM) is one of the prestigious conferences
of the International Union of Materials Research
Societies (IUMRS) and is held in alternate years.
The earlier conferences in this series were held
in Beijing, China (1999), Cancun, Mexico (2001),
Yokohama, Japan (2003), and Singapore (2005).
The IUMRS-ICAM 2007, organized by the
Materials Research Society of India (MRSI)
was held during 8–13 October 2007 in
Bangalore, India, under the Chairmanship of
Prof S. B. Krupanidhi (Co-chair: Prof. K. T. Jacob).
It consisted of 23 Technical symposia and 8
Plenary lectures, and an Exhibition. Each symposium had invited talks, contributed oral and
poster presentations. A range of topics of contemporary importance for science, engineering
and technology of materials were highlighted.
Around 1100 delegates from various countries
attended.
The list of Symposia are: (A) Intelligent Materials,(B) MEMS, (C) Functional Materials, (D)
Self Assembly and Nanomaterials, (E) Magnetic
and Spintronics Materials, (F) Semiconductors
for Optoelectronics, (G) Materials for Biomedical
Applications, (H) Soft Condensed Matter, (I)
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Polymer Materials, (J) Sensor Materials, (K) Photonic Materials / Active Organic Materials, (L)
Multilayered Materials, (M) Hybrid Materials,
(N) Energy Materials, (O) Composite Materials,
(P) High Performance Structural Materials, (Q)
Computational Materials Science, (R) Materials
for Catalysis, (S) Characterization of Materials,
(T) Microscopy of Materials, (U) Materials Synthesis: Novel Approaches, (V) Nanomaterials and
Devices, and (W) Materials Education.
“Meeting Scene Highlights” were provided
on all the days of the Conference by Dr. Gopal
Rao, Dr. Michael Driver, and Dr. Betsy Fleischer
(MRS, USA). Consisting of salient features of
the presentations, along with impressive photographs of the selected topics and people, these
every-day “Highlights” of the Conference were
promptly e-mailed to all the delegates, and all
the IUMRS members world-wide. No doubt the
“Highlights” were received excellently well by all
the members of the Materials community.
For online archives of the “Meeting scene
highlights” of IUMRS-ICAM 2007,
see: http://www.mrs.org/s mrs/sec.asp?CID=11254
& DID=202229
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Forthcoming Conferences
3rd MRS-S Conference on Advanced Materials
(incorporating MRS-S and MRS-I Mumbai-Chapter Joint Indo-Singapore Meeting)
25 – 27 February 2008, Singapore
For further information and correspondence:
Prof. B. V. R. Chowdari, Conference Chair
Physics Department, NUS, Singapore.
Email: phychowd@nus.edu.sg

The 2nd IEEE International Nanoelectronics Conference (INEC 2008)
in conjunction with
Shanghai Nanophotonics & Electronics Forum

Conferences: Forthcoming

May 5, 2008

24–27 March 2008, Shanghai, China
For further information and Abstract submission, see:www.ieeenec.org

International Symposium on Integrated Ferroelectrics (ISIF2008)
9–12 June 2008, Singapore
The ISIF2008 is organized by the Institute of Materials of Research and Engineering (IMRE) and Agency
for Science, Technology, and Research (A*Star), Singapore.
The science and technology of ferroelectric thin ﬁlms and their applications have attracted many
researchers and experienced tremendous progress in the past 20 years. The recent worldwide increase
in commercial applications of ferroelectric devices is a symbol of both the maturity and the acceptance
of the technology.
ISIF2008 explores all the aspects of ferroelectric, piezoelectric and high K dielectric materials, particularly ferroelectric thin ﬁlms and other ferroelectrics of small sizes, including materials theories and
modeling, materials processing, properties, characterization techniques, materials integration issues,
ferroelectric devices and their various applications. In addition, the ISIF2008 will feature discussions
of alternative non-volatile memory concepts and materials, such as phase change memories, research
on multiferroics and magnetoelectric materials, and new directions on the science of perovskites such
as biomolecular/polarizable interfaces.
The conference program includes tutorial lectures, plenary presentations, parallel sessions of oral
presentations and poster sessions.
The following topics will be covered in 12 Technical Sessions: Materials Theory and Modeling; SmallDimensional Ferroelectrics, Interface and Size effects; Device Integration and Reliability; Ferroelectric
Polymers, Composites and Liquid Crystals; Ferroelectric and Alternative Memories; Multiferroics and
Magnetoelectrics; High K Dielectrics and Capacitors; Ferroelectrics for RF Applications; Compositions
and Processing of Ferroelectric Materials; Piezoelectrics and Opto-Electrics for Sensors, Actuators and
Transducers; Functional Mechanisms and Emerging Applications of Ferroics; Ferroelectrics and Inorganics in Medicines and Health Care.
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ISIF2008 General Chairs:
Carlos Paz de Araujo, Univ. of Colorado at Colorado Springs, and Symetrix Corp., USA
Orlando Auciello, Argonne National Laboratory, USA
Rudy Panholzer, Naval Postgraduate School, USA
ISIF2008 Program Chairs:
K. Yao, IMRE, Singapore
M. Alexe, Max Planck Institute, Germany
M. Shimizu, University of Hyogo, Japan
ISIF2008 Local Organizing Committee:
Kui YAO (Chair), IMRE
Weiguang ZHU (Co-Chair), Nanyang Technological University
Jofelyn LYE Mei Lian (Secretary), IMRE
Details about the plenary talks and tutorial lectures are available in the conference website
at: www.isif.net
Abstract submission deadline: 12 January 2008
Acceptance of abstract: 12 February 2008

11th Asian Conference on Solid State Ionics (ACSSI-11)
9–13 June 2008, Coimbatore, India
The ACSSI-11 is organized by the BU-DRDO centre for Life sciences, Bharathiar University, Coimbatore,
India for the Asian Society for Solid State Ionics (ASSSIS).
Solid State Ionics is a growing interdisciplinary branch of science and technology. It deals with ionically conducting materials in the form of inorganic solids, ceramics, glasses, polymers, and composites,
and nanostructures with applications in a wide variety of solid state devices.
Speciﬁc topics to be covered at the ACSSI-11 are: Cathode/anode materials and interfaces; Electronically conducting polymers; Ion dynamics and theoretical modeling; Nanomaterials and devices;
Advanced biomaterials; Electrochemical devices: Batteries, Fuel cells, Sensors, Solar cells, Supercapacitors, Electrchromic displays and Molecular electronic devices.
The Conference will provide an international forum for scientists, engineers and technologists to
discuss the latest developments and share knowledge in the discipline of Solid State Ionics, encourage
young research scholars, and promote the collaboration among the Solid State Ionicists.
Important dates:
Abstracts due: 30 January 2008, to be sent by Email to: acssi11@gmail.com
Notice of acceptance: 10 February 2008
Manuscripts due: 15 March 2008
Registration due: 1 April 2008
Late Registration due: 30 April 2008
For further information, contact:
Prof. S. Selvasekarapandian (Convener), ACSSI-11
Email: acssi11@gmail.com
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The 4th International Conference on Technological Advances of Thin Films &
Surface Coatings (ThinFilms2008)a in conjunction with
The 1st International Conference on nanoManufacturing (nanoMan2008)b
14–16 July 2008, Singapore
For further information and Abstract submission
see: www.thinﬁlms-Singapore.org; www.tju.edu.cn/nanoMan2008
a Chair: Sam Zhang; Co-Chair: Frank F. S. Shieu
b Chair: Fengzhou Fang; Co-Chair: Jack Luo

‘Theme Articles’ appeared in ‘MRS-S OUTLOOK’, Vol. 1 (Nos.1–4) &
Vol. 2 (Nos.1–2)
• “Perovskite structure: A versatile and perennial host for oxide functional materials”, by G. V. Subba Rao and
B. V. R. Chowdari (Department of Physics, National University of Singapore), MRS-S OUTLOOK,
1 (1) 8–14 (2006).
Abstract: Presents a brief review of the perovskite-structure adopted by a large number and wide variety of mixed-oxides and their importance as functional materials for applications in devices.
• “Drug eluting biodegradable polymers for biomedical stent implants”, by Xiong Ying, Subbu Venkatraman,
Loo Say Chye and Freddy Boey (School of Materials Science & Engineering, Nanyang Technological
University, Singapore), MRS-S OUTLOOK, 1 (2) 40–51 (2006).
Abstract: After a brief review of the area and its importance for biomedical applications, this paper
presents some of the results of the work carried out by the authors in recent years.
• “The National University of Singapore Nanoscience and Nanotechnology Initiative (NUSNNI)”, by
Teik-Cheng Lim, Xian-Ning Xie, Andrew Thye Shen Wee and Seeram Ramakrishna, (National
University of Singapore (NUS), Singapore), MRS-S OUTLOOK, 1 (3) 80–100 (2007).
Abstract: This paper highlights some of the nanomaterials-related research work carried out by various Project Investigators under the NUSNNI.
• “Spin engineering: Ferromagnetic antidot mesostructures”, by C. C. Wang, N. Singh and A. O. Adeyeye
(Department of Electrical and Computer Engineering, National University of Singapore, and Institute
of Microelectronics, Singapore), MRS-S OUTLOOK, 1 (4) 114–131(2007).
Abstract: This paper presents a study of the magnetic and spin dependent transport properties of
lithographically deﬁned antidot mesostructures using a combination of characterization techniques
and simulation tools. Potential practical applications are also highlighted.
• “From Applied Science to Commercial Application – Synchrotron Radiation as a Broad R&D Platform: Part I”,
by H. O. Moser1 , K. Banas1 , B. D. F. Casse1,5 , A. Chen1 , M. Cholewa1,6 , C. Z. Diao1 , X. Y. Gao2 ,
S. P. Heussler1 , L. K. Jian1 , S. M. P. Kalaiselvi1 , Z. J. Li1 , G. Liu1 , T. Liu2 , Shahrain bin Mahmood1 ,
S. K. Maniam1 , A. T. S. Wee2 , P. Yang1 , Y. Adam Yuan3,4 , MRS-S OUTLOOK, 2 (1) 11–23(2007).
1 Singapore Synchrotron Light Source, National University of Singapore, Singapore.
2 Department of Physics, National University of Singapore, Singapore.
3 Department of Biological Sciences, National University of Singapore, Singapore.
4 Temasek Life Sciences Laboratory, National University of Singapore and Nanyang Technological
University, Singapore.
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Materials Research Institute, Northeastern University, Boston, USA
ANKA, Forschungszentrum Karlsruhe, Germany.
Abstract: In this Part I of theme article are illustrated the capabilities and scope of synchrotron radiation applications using the example of the Singapore Synchrotron Light Source (SSLS) with selected
sections on micro/nanofabrication.
Applications in the areas of X-ray diffraction, reflectometry, absorption fine structure spectroscopy,
photoemission spectroscopy, phase contrast imaging, and the development of new sources will be
described and discussed in the near future.
6

• “From applied science to commercial application – synchrotron radiation as a broad R&D platform: Part II”,
by H. O. Moser1 , K. Banas1 , M. Cholewa1 , C. Z. Diao1 , X.Y. Gao2 , L. K. Jian1 , S. M. P. Kalaiselvi1 , Z. J.
Li1 , G. Liu1 , T. Liu2 , S. K. Maniam1 , A. T. S. Wee2 , P. Yang1 and Y. Adam Yuan3,4 , MRS-S OUTLOOK,
2 (2) 42–52(2007).
1 Singapore Synchrotron Light Source, National University of Singapore, Singapore
2 Department of Physics, National University of Singapore, Singapore
3 Department of Biological Sciences, National University of Singapore, Singapore
4 Temasek Life Sciences Laboratory, National University of Singapore and Nanyang Technological
University, Singapore
Abstract: Applications of Synchrotron radiation in the following areas of materials science are discussed with illustrative examples: High resolution X-ray diffractometry; Rietveld refinement of the
X-ray powder data; Structure of La10− x Nax (SiO4 )6 O3− x from resonant diffraction; Super-structure in
(GaIn)P2 epi-layer; Mapping in reciprocal space – epi-layer inclination, Mapping in reciprocal space
–clarification of crystal structure, and X-ray topography -surface inclusion in Si wafer.
The above can be accessed through the website: http://www.mrs.org.sg/outlook/

MRS-S Membership
Readers are invited to become members of the Materials Research Society of Singapore (MRS-S).
Professional Membership is open to any person engaged in activities associated with materials science,
engineering and technology.
Student Membership is open to any bonafide student of a tertiary institution genuinely interested in
the practice of materials science, engineering and technology.
Corporate Membership is open to any organisation, government or private, commercial or otherwise,
that is in any way engaged in any activities that deal with any aspect of material science, engineering
and technology. A Corporate Membership is entitled to nominate two of its employees as its official
representatives and to change its nominees from time to time provided the Committee has no objection
to any such nomination.
Annual Subscription Fee:
Professional Membership: S$50
Student Membership: S$5
Corporate Membership: S$500
For details and application form, please visit: www.mrs.org.sg
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INVITATION
MRS-S members are welcome to
contribute to ‘MRS-S OUTLOOK’

Invitation

May 5, 2008

• To suggest topics and prospective author(s) for ‘thematic’ articles pertaining to
the areas of materials science, engineering and technology. These will be of
general interest to the students, teachers as well as active researchers. These
can be 10–15 pages (A4-size, single spaced) with figures, tables and select
references.
• To contribute reports on the recently held conferences and information on the
forthcoming conferences.
• To contribute ‘Highlights from Recent Literature’ in the areas of materials
science, engineering and technology. These must pertain to the years 2007
and 2008, and be of general interest to non-specialists, students, teachers as
well as active researchers. Each ‘Highlight’ must not exceed 250–300 words,
including reference(s). Contributing author(s) and e-mail address(es) will be
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