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Among the many technologies that seem to have vast potential for application, the Microsystems
Technology (MST) - microelectronics, micro machines, and MEMS (Micro-electro-mechanical sys-
tems) - seems highly promising. Coupled with the smart materials and systems technology, MST finds
applications from aerospace to automobile engineering, from environmental monitoring to structural
health monitoring, to biomedical and health sciences. Through the establishment of ISSS (Institute of
Smart Structures and Systems) and successful completion of a National Programmme on Smart Materi-
als (NPSM) (see Vol. I, No.1, p. 1), s.cientists and technologists in India have made considerable
progress in this area. Based on the success ofNPSM, a new National Programmme on Micro and Smart
Systems (NPMaSS) has been launched (see Vol. 3, No. I, p. I).

While the basic aim ofNPSM was to create awareness in India by launching HR related activities, by establishing certain basic infrastructure,
and by encouraging some R&D activities, the primary goal of NPMaSS is to push this technology to products and specific field applications.
Smart Materials Board (B-SMART), which is responsible for steering this national programme, has established five PARCs - R&D. HR.
Aero, Automobile and Bio - to implement the programme.

The structure of these prodLlct oriented PARCs has made provision for advisers to guide their developmental work and for industrial
representatives to define field requirements and help market the products. The role of the industrial representatives is crucial to achieve the
primary goal of NPMaSS in that they must help bridge the gap between the academicians/designers and the ultimate users of the
technology and products. Each of these PARCs has drawn a road map of their activities - we have broadly set a goal of at least one product
per year per PARC - and we expect to periodically report on their achievements in Sukshma. The Aero PARC ma:nly caters to the
requirements of LCA (ADA), Saras (NAL), and ISRO and has clearly defined some end products. Potential requirements of Unmanned
Aerial Vehicles (UAV s), Regional Transport Aircraft (RTA), and Structural Health Monitoring (including those for civil structures) are few
other activities included in the road map of this PARe. Bio-MEMS - for diagnosis and drug delivery - is clearly a fertile area of application.
Additionally. micro-fluidics, lab-on-a-chip, MEMS for environmental and food quality monitoring are areas this PARC is contemplating.
The primary aim of this PARC is to complete some of the work initiated under NPSM and bring technologists and medical doctors together
to define products, and hence find an R&D road map for biological and life sciences applications. Automobile industry is thriving in India
and automotive electronics with sensor systems for safety, stability and comfort, and increased efficiency are becoming more of a rule than
exception. This is a new area, which the National Programme is getting into, and the PARC on Automobiles is in touch with industries and
other national initiatives to define a well structured programme on sensors.

While development of technologies and application specific products are a must for justifying a National Programme of this magnitude, I
bel ieve that creating a pool of young and committed researchers and technologists is of paramount importance. Indeed, it is even germane
to achieving the primary goal ofNPMaSS. As such, the HRD will receive particular attention of B-SMARTand the HRD PARC has planned
several acti vities. Besides establishing additional design centers and other basic infrastructure across the country, this J;'ARCwill help run
workshops. training programmes, and special seminars. We are also looking into the possibility of conducting 'Student Competition
Awards' to attract youngsters to make a career in this exciting multidisciplinary technology. Over the last couple of years, concentrated
efforts have been made by ISSS to train a large number of teachers of the Visveswaraiah Technological University (VTU) (see Vol. I, No. I,
p. 6 and Vol. 2. 0.2, p. I) and introduce a course on MST in their Undergraduate Curriculum. There is even a program to write an appropriate
textbook on MST. The HRD PARC would pursue such activities and buttress the ongoing efforts of ISSS.

I have often mcntioned that the technology acquisition can happen through four Is - Importing, Imitating, Innovating and Inventing. The
route we havc to follow to excel in this MST (as in any other technology) is obvious. By and large technology seeding takes place in the
academic environment; hence, there is a crying need to support R&D activities in such and other institutions. The R&D PARC of NPMaSS
is in charge of the responsibility of mounting such programmes. While products are important, and indeed essential, to sustain programs
like NPMaSS. the future products depends on current R&D. However, the projects supported by this PARC would be highly selective-
both in content and groups performing the R&D tasks to fulfill the mandate set by the programme.

Most research and developments programs in India suffer from sub-criticality of resources - both funding and personnel power. Over the
last few years the total funding in micro systems (and nano technology) in India is, in my opinion, reasonably adequate to establish tht>
basic science andlechnology. However, there is clearly a shortage in the availability of adequate and speci fically trained personnel. While
NPMaSS cannot solve this inadequacy in the field of MST, it will make every attempt to address
certain issues of this problem.

NPMaSS, likc the earlier programme NPSM, is a unique program. Although they are R&D programs,
they are more directed and product oriented. Though they are programs wholly supported by
Defence R&D Organization (DRDO) through Aeronautical Development Agency (ADA), they are
endorsed by thc five departments - DRDO, DOS, DST, CSIR and DIT. They are basically run by ADA
and through B-SMART with guidance from an Apex Board of all the five corresponding Secretaries
to the Government of India. B-SMART. a multi-departmental committee with representatives from
academic institutions and industrial representatives, has its job well cut out - to run this unique
program and de\'elop this unique technology.

Dr. V.K.Aatre, the founding
president of ISSS, is a
former scientific adviser to
the Defence Minister and is
currently a visiting professor
in the ECE department in
IISc.



II Update on the ISSS International Conference in 2008
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ISSSInternational Conference on

Smart Materials, Structures and Systems
24-26 July 2008

National S<ience Seminar complex
Indian Institute of Science. 8angafore

The preparations for the ISSS International Conference on Smart Materi-
als, Structures, and Systems are in in full swing. More than 100 abstracts
have come in from academic, government, and industrial organizations. As
the full papers are arriving, the technical committee is gearing up to conduct
a thorough peer review of the papers. A website has been set up wherein
the authors can upload the papers, register, etc. Visit: www,isss.in.
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ISSS invites all its members to take part in this conference and requests to
spread the word about this conference to others who may be interested.

Revised dates to note
See e ebc; r ~ r

Abstract submission: (Closed)
Receipt of the full paper for review: April 8, 2008
Acceptance of the full paper after review: May 14, 2008
Deadline for receipt of the revised full paper: June 7, 2008
Last date for advance registration: June 15, 2008

Student paper contest: see website for details.

Best paper awards in three categories (MEMS, smart ma-
terials, and systems) based on submitted full papers and
presentation at the conference.

Awards will be presented in the awards function just
before the Annual Genera body Meeting (AG of ISSS
on the last day of the conference in late evening. Please
keep this in mind when you make you travel plans.

I-sss News

As all members know by now, ISSS is organizing its fifth international conference this year during July 23-26, 2008, at the 1. N. Tata
Auditorium in IlSc. This conference is jointly organized by ISAC, Bangalore-ISRO, NAL, and lISco This conference will be of special
significance due to rapid strides the country has made in the MEMS and smart systems technologies. This conference will be attended
by the e·minent personalities from India and from around the world. The conference details can be seen at the website: http://www.isss.in.
We request all the members to attend this conference in large numbers and take advantage of the reduced registration fee for life
members of rsss. We also thank those members who have submitted abstracts. The full paper review is in progress. The members are
requested to provide their help in the review process if the technical committee of the conference contacts them.
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ISSS will soon be moving over to a new website (www.isss.in).Presently.this website is the official ISSS-2008 conference website.

rsss has been striving hard to increase its membership base. From the current year, the executive board has decided to create Institutional
Membership to educational institutions and small R & D companies. The life-time fee for such institutional members is Rs 25,000/- with
an admission fee of Rs 200/-. We kindly request all the members from educational institutions and small R & D companies to solicit
membership from their organizations. The details can be obtained from the ISSS office at Department of Aerospace Engineering at lISc,
Bangalore (isss@aero.iisc.ernet.in) or from krishnan@aero.iisc.ernet.in.

ISSS would like to welcome its new members.

1. Dr. Madhavan K.T., Experimental aerospace division, NAL, Bangalore (madhavan kt@rediffmail.com)

2. Mr. Ajay Kumar Yadav, AR Division, ADE Bangalore (ajaykumar xyz@yahoo.co.in)

3. Dr. Makharand Joshi, R &DE(Engrs), Pune, (meenmak@hotmail.com)

4. Mr. Mukesh Kumar Sharma, Biosensor Development Division, DRDE, Gwalior. (muk drdo@yahoo.com)

5. Dr. Sanjay Upadhyay, Biosensor Development Division, DRDE, Gwalior. (sanjayupad@rediffmail.com)

6. Dr. Soma Dutta, Materials Division, NAL, Bangalore (som@css.nal.res.in)

G.K. Ananthasuresh, IISc (Editor)
S. Gopalakrishnan, IISc
J. Gurudutt, Bigtec
G.M. Kamath, NAL
K.J. Vinoy, IISc

Art Design: G. Bharathi

This newsletter is sent to all
ISSS members by postal mail.

ISSS admission fee: Rs. 200
Member:

Rs. 200 (annual); Rs. 2,000 (life)
Student member: Rs. 75 (annual)

Corporate member:
Rs. 10,000 (annual): Rs. 50,000 (life)
Institutional member: Rs. 25,000 (life)

Payable to "ISSS, Bangalore".--------

http://www,isss.in.
http://www.isss.in.
mailto:krishnan@aero.iisc.ernet.in.


I Industry Watch: SITAR

SITAR (Society for Integrated circuit Technology and Applied
Research) is an autonomous Government oflndia society, founded
with a mission to meet the microelectronic circuit requirements of
various customers.

SITAR has two fabrication facilities, one in Hyderabad and the
other in Bangalore. The Hyderabad facility is manufacturing
MMICs. The silicon fabrication facility is located in Bangalore and
is in the business of ASICs and MEMS.

SITAR has decades of experience and expertise in manufacturing
high-reliability CMOS ASlCs from Concept to Chip (C to C) and is
armed with design, fabrication, packaging and testing facilities.

SITAR's product portfolio includes CMOS ASICs, discrete
MOSFETs, and MEMS components for as diversified applications
as telecommunications, computing, imaging, and sensing.

About a couple of decades ago as the microelectronics division of
the premier telecommunications industry, ITI Ltd., SITAR has
pioneered the five -micron CMOS process and realized products
for numerous applications and migrated later to both front-end
and back-end processing in three and two micron CMOS
technology. The present 1.0 micron CMOS fabrication facility was
established in mid 1990s, the first of its kind in southern India.

Today, SITAR routinely churns out several high-reliability CMOS
products for varied applications. SITAR, while producing ASICs
in the silicon technology realm is moving briskly to new frontiers
such as MEMS components and integrated MEMS, to address
not only the electrical but also the sensing and actuation
requirements (see Fig. I). The wafer fab is equipped with
sophisticated processing equipment and clean rooms, and Class
10 and contained Class I along with necessary support services.
The current technology is 1.0 micron technology with single poly
and double level metall ization. See box items for details.

The entire fab line is also capable of producing 0.8 micron devices.
The salient features of the fab are:

Six-inch silicon wafer fabrication facility towards realization of
1.0 micron CMOS ASICS

Assembly and packaging facility for IC packaging needs

Process equipment tuning and calibration through trend chmts

Contamination control

Class 10 Clean Room as per US federal standard (see Fig. I)

Uninterrupted clean electrical power supply

§ Environmental pollution control & safety control

SITAR's major fab processes include: lithography, ion implantation,
sputtering, PECYD, APCYD, diffusion, wet etch, dry etch, and
characterization, in-line QC. The photolithography processing is
through reduction stepper (step and repeat on wafer) and is capable
of printing 14 mm x 14 mm die. For marketing and sales purposes,
interested readers may use the following contact information.

Socict~ rm·lntq~nlh.'d cirmit Technology and Applied Research
PO Bo '0. 16-W

Oil Old \Iddrds ROdd. Doon ani :-lagar PO.
Bangalore 560016. India.

I'-mall: info(rositarindia.com
Tel: + 91 gO 25653588
Fa\: + 91 8025653590

Dr. P.V.S. Subrahmanyam is the
Deputy General Manager of SITAR-
Bangalore. He can be reached at
pvssubrahmanyam@sitarindia.com.

CMOS digital process
Twin well
Two metal and single poly
1.0 micron Singly doped poly silicon gate
LDD
Typical gate delay of 165 ps
Library contains more than 130 Cells
5Y operating voltage

CMOS-compatible MEMS structures
Yaractors
Cantilevers (e.g., 200 /Jm x 2 /Jm x 2/Jm)
Fixed-fixed beams
Metal and Oxide as sacrificial material

ASIC: CADENCE
MEMS: Coventorware, Intellisuite

Supports both cell based and full custom designs
Cell based design up to 100,000 gates
Customized designs of much larger gate counts and/
or specific requirements
Design support options:

Full contract design starting from functional
descri ption
Shared design starting from layout stage
Full customer Design up to GDS II tape stage

Auto test vector generation capability

mailto:pvssubrahmanyam@sitarindia.com.


Nanotube Composites

Late eighties and early nineties saw a big carbon revolution with the

invention of fullerenes and carbon nanotubes, which gave birth to
what is called the 1I{/1I(}I('(hll(}I(}~-". The potential of this technology
is so huge that it has applications cutting across many disciplines in
science and engineering. These include energy generation, frictionless
gear drive, disease diagnosis, light-weight bullet proof vests, etc. In
this article, wc will address how nanotechnology can be used to design
new materials for structural applications, whose essential function is
to carry largc structural loads without failure. One way of designing
such material is to reinforce carbon nanotube particles in a suitable
matrix to form a nano composite structure.

Why do we need composite materials?

Composites, which are formed from two or more distinct materials,
have desirable combinations of properties that are not found in the
individual components. For example, fibre-reinforced composites are
engineered structures that commonly comprise soft matrix - typically
polymer - encapsulating stiffer, load-bearing filler in the form of fibres
or particles. For high-strength composite~, the fibres should be stiff
and have a high aspect ratio (length-to-width ratio). This allows a
good transfer of load from the matrix to the filler when the composite
is put under mechanical stress, in much the same way that steel bars
reinforce concrete.

What are Carbon nanotubes (CNT)?

Carbon, the sixth elcment in the periodic table of elements, has an
electronic configuration Is22s22p2 with two electrons in the K shell (Is
orbital) and four electrons in the L shell (2 in 2s and 2 in 2p orbital) with
the two electrons in the 2p orbital providing the valence electrons. In
its ground state, the s orbital of the carbon atom has a spherical
symmetry and the 2p orbital can be represented by an elongated bare
bell which is symmetric about its axis. While the s orbital is non-
directionaL the p orbital has directional properties. Carbon atoms form
covalent bonds in the carbon allotropes and these exist in four different
forms, namely the dialllond, graphite, fullerenes and nanotubes.
These forms are shown in Fig. I.

CNTs were discovered by lijima in 1991. CNT can be visualized to be
formed by rolling of graphene sheets in a specific direction with a
specific radius for the cross-section as shown in Fig. 2. CNT exists in
two different forms. If a single graphene sheet is rolled as shown in
the Fig. 2, we get what is called single wall carbon nanotube (SWCNT).
However. if multiple Graphene sheets are rolled, we get multi-wall
carbon nanotube (MWCNT).ln the nanotube form, the multiple sheets
in the MWCNT are held together by van der Waals forces. The atomic
structure of the nanotube is characterized by the chiral vector, Ch,

and chiral angle theta, and these are related by the equation: Ch = n a I

+ 11/ a,. By varying //1 and n, we can get different types of nanotubes.
For eJZample, if 11/=0, we get what is called Zig-Zag CNT and ifm=n,
we get what is called Arlllchair CNT. These are shown in Fig. 3.

Why is Nanotube attractive as a reinforcement material?

CNTs, due to their high aspect ratios (1000-10,000) and hir:h intrinsic
strength of the Sp2_Sp2 covalent bond between carbon atoms, have
exceptionally high mechanical properties: high elastic modulus (1-4
TPa), high tensile strength (200 GPa), high fracture strain (10-30%),
high thermal conductivity (stable up to 28000 C), better electrical
property (1000 times that of copper), and density one sixth that of
steel. It is found that 1% by weight CNT mixed in matrix material can
yield 36-42% increase in stiffness and 25% increase in tensile
strength. Hence, a CNT reinforc~d nano composite structures will be
oflight weight and high strength and will be of tremendous potential
to be used as structural material.

What makes carbon nanotubes special compared with other
reinforcing fibres?

The reason is the combination of their small size and particular physical
properties. Nanotubes, in many respects resemble the polymer chains
used as composite matrices; both have covalently bonded structures,
similar dimensions, and mechanical flexibility. This makes nanotubes
entirely different from traditional fibres such as carbon or glass, which
are relatively large (with diameters on the scale of micrometers) and
brittle. Furthermore, nanotubes can conduct heat and electrici~y along
their long axes as efficiently as metals - a great improvement on
traditional fibres.

How do nanotubes affect the properties of composites?

Nanotubes in plastic composites - which are anticipated to be the
largest bulk application of these reinforcers - would serve to increase
stiffness, strength, and toughness and provide other properties such
as electrical and thermal conductivity. Because, at present, nanotubes
can be manufactured only at lengths up to the sub-millimetre scale
(so falling into the short-fibre category), for the foreseeable future,
their dominant role in composites is likely to remain as matrix modifiers
and providers of multifunctional attributes. But once nanotubes can
be efficiently assembled on a macroscopic scale, they could become
serious competition for the continuous carbon fibres that are woven
and stacked to form load-bearing elements in structural composites
used in the building and engineering industries.

Are nanotuhe composites easy to make?

Unfortunately not. The biggest challenge is to fully disperse
individual nanotubes in the matrices, because nanotubes tend to
form clusters and tundles. These aggregates persist unless high
shear forces are applied, for example, by vigorous mixing of the
polymer. But such mixing often damages nanotube structures,
compromising their properties. Another issue is that the polymer-
nanotube mixtures are highly viscous (owing to the large surface
area of nanotubes). This creates engineering problems,because the
composites do not flow easily and are difficult to mould. Processing
is also rendered difficult by the poor solubility of nanotubes in most
solvents and polymers. Nevertheless, several approaches have Jeen
successfully adopted to obtain intermediate mixing of nanotubes
with polymer phases, including dry powder mixing, melt mixing,
polymerization of monomers onto nanotube surfaces, and surfactant-
assisted mixing.



Does a nanotube's small size directly affect the properties of nanotube composites?

Certainly. The reinforcement effect of filler should improve markedly as its fibres get smaller because of the increased surface area (per
volume of filler) available for interaction with the mattix. For example, nanotubes of about 10 nm in diameter have an interfacial area with

.matrices that is almost 1,000 times greater than that of ]0,000 nm fibres of the same volume. This intimate contact can innuence the
properties of the polymer matrix, affecting its chain entanglements, its morphology and even its crystallinity. Therefore, the resulting
composite can be much tougher and stronger than would be expected on the basis of the properties of the isolated filler. Furthermore,
nanotubes, with aspect ratios of tens of thousands to one, can percolate: they form an inter-nanotube connective pathway throughout the
matrix at exceedingly small volume fractions, and thus strengthening the composite and making it electrically conductive.

Why aren't nanotube composites already widely available?

Because there are still a few manufacturing problems to be overcome. ]nitial attempts to make these materials often yielded lackluster
results, mostly because of the poor interfaces that form between the nanotubes and the surroundi~g matrix. Strong bridges between the
polymer and the nanotubes are necessary for good load transfer between the two. Such difficulties are not new, and also arose in the early
days of carbon-fibre composites. However, thl.::problem is more acute for nanotubes, both because their surfaces are atomically smooth
(which rEsults in p:)or matrix adhesion) and because the interfacial area for such tiny filler particles is huge.

Are there an)' other manufacturing issues?

Poor dispersion of nanotubes in the matrix is also a problem. Large aggregates of nanotubes initiate cracks in composites, rather than
reinforcing them. Bundle structures comprising many parallel nanotubes held together by weak bond also tend to form. Under stress, the
nanotubes in the bundles can slip past each other, splitting off in layers from the host and weakening the composite. Examining the fracture
surfaces of these composites can help determine whether proper load transfer is occurring. If the matrix-filler interface is strong, the
nanotubes break under stress. But for poorly fastened interfaces, nanotubes are pulled out of the matrix due to interfacial slippage.

What has been done to enhance the interfacial properties of nanotubes?

Several methods have been used to modify nanotube surfaces chEmically. One
approach is to attach chemical groups covalently. Unfortunately, this strat~gy creates
defects in the nanotube lattice, which can lower the electrical and thermal conducti vity
of the nanotubes and compromise their mechanical properties. Alternatively, non-
covalent interactions can be used to either wrap surfactants or polymers around
nanotubes, or to absorb aromatic structures to the side-walls. These surface-
modification methods are milder than the covale:lt approach, and usually cause little
disruption to the structure or conductivity of the nanotubes. The idea of chemically
modifying fillers to increase their interfacial strength is not new. The surfaces of
carbon fibres are also modified before use. But the near-perfect structures of
nanotubes make the process challenging, as there are no defects on which to anchor
a pendent group, and nanotubes are chemically quite inert. Nevertheless, surface
modification is cleaner and more controllable than carbon-fibre modification.

Although interfacial shear is detrimental to stifhess and strength, it could produce high mechanical damping, as the large number of
nanotube-polymer interfaces involved in nanotube slippage creates a lot of friction and energy dissipation. Viscoelastic behavior at the
interfaces causes this effect. Such damping is vital for many commercial applications, such as isolating objects from vibration. Once again,
good dispersion of nanotubes in the matrices is essential to optimize this effect.

Is it possible to order the arrangement of nanotubes in composites?

Certainly. Nanotubes have been aligned in composites using magnetic fields, but this is
unlikely to be practical because of the very high field strengths required. One of the best
ways to orient nanotubes is to put them under shear, for example, by extrusion.

Closure

(

Fig. 3. (left) arm-chair CNT and (right) zig-zag CNT

With their wide range of excellent properties, nanotubes could act as fillers in diverse
multifunctional composites. Adding nanotubes to plastics provides materials that could
be used to shield microelectronics from electromagnetic interference. Similarly, experiments
show that the microwave-absorbing capability of nanotubes could be exploited to heat
temporary housing structures, and may have applications in space exploration. Furthermore,
applying mechanical stress to nanotubes modulates their electrical conductivity. This
effect could be exploited in advanced materials that have embedded sensors and actuators
made of nanotubes, which could be used for real-time monitoring of stress distribution
and for active control of the composite structures. Finally, thin nanotube layers might also
be used in transparent conducting composites. At present, the most widespread use is in
electrostatic-discharge components, in which multiple-walled nanotubes slightly enhance
the electrical conducti vity of plastics. Some manufacturers of high-end sporting goods,
such as tennis rackets, also claim to make their products from nanotube composites to
deliver superior performance. In the short term, the biggest markets for nanotube
composites will undoubtedly be for high-value applications that can absorb the added
costs sectors such as aerospace (which needs light weight, high-strength, high-
temperature-resistant composites) and energy (for example, in nanotube-reinforced rubber
seals for large oil-recovery platforms). These are exciting times for nanotube composites.



~ The department of electronic science at the University of Pune is engaged in training the post-graduate and doctoral students
~ in the field of semiconductor science and technology since 1984. The department focuses its research activities in the field of

sensors and sensor instrumentation. The topics of research include semiconductor sensors, fiber optic sensors, inorganic and
polymer based sensors, neural networks, embedded systems for human pulse detection, sugar production process control, etc. The
development of MEMS-based sensors started in 2000. The department is also identified as a MEMS Design Center in the NPSM program
(see Vol. I, No. I, p. I). The laboratory has research-grade equipment for fabrication of sensors. The equipment include: vacuum evaporation,
sputtering systems (DC, RF and Magnetron), photolithography exposure system, in-house developed e-beam lithography system based
on SEM-S 120 from Cambridge Instruments, diffusion and oxidation furnaces, D1 water plant, Class 100 clean and chemical benches, spin
coater etc. In addition to their own, the research group also uses the microfabrication facilities of Bharath Electronics Limited (BEL) (see

Vol. 3. No. I, p. 3-5). The lab has ANSYS, Coventorware, EM3DS, IntelliSuite, Matlab, and MEMSPro for carrying out the simulation and
design work.

One of the completed MEMS projects of the University of Pune is a piezoresistive accelerometer funded by ARDE, Pune. As shown in Fig.
I, it consists of a large plate (which serves as a proof-mass) suspended with a narrow flexural beam. This was simulated using Coventorware
software. Several designs were analysed to ascertain different parameters such as sensitivity, resonant frequency, cross-axis sensitivity,
maximum stress, proof-mass displacement, etc. The values of stress, bandwidth and displacement for a finalized design were found to be
81.2 MPa, 1513 Hz and 16.25 mm respectively. The sensitivity was calculated as 53.63 mVIV/g. This work was reported in the Ph.D thesis
ofB.P. Joshi, a student who finished in 2007 (see the list of publications in the box). A new idea of adding an additional mass and locating
it suitably to maximize a performance factor (which is the product of sensitivity and bandwidth) was also attempted.

A design of this accelerometer was fabricated on n type, double-side polished 3" silicon wafer with thickness 01'225 um, using silicon bulk
micromachining. The boron-implanted resistors were used for stress measurement. The Wheatstone bridge structure was fabricated on
the device in order to compensate for change in resistance measurement. Figure 4 shows the SEM image of the completed accelerometer.
The fabrication work was carried out at BEL, Bangalore, and was funded by ARMREB, DRDO.

In another project, the non-availability of a facility for silicon nitride deposition has prompted the Pune MEMS group to work on the
development of low-temperature masking materials. The work was undertaken as a PhD Project. Poly tetrafluoro ethylene (PTFE) and poly
methyl methacrylate (PMMA) were chosen as masking materials. These materials were deposited by DC & RF Sputtering and plasma
polymerization techniques, and their performance as masking materials was evaluated. The
measured etching characteristics show that the materials chosen are suitable for the
development of various MEMS structures.

The group has also undertaken the design of a DC-contact RF MEMS series switch for DC
to 3 GHz applications. The fabrication of the switch will be done in collaboration with the
Indian Institute of Technology, Bombay. The work of this MEMS group has published in
national and international journals (see box).

I) "Study on performance enhancement and Design ofMEMS Piezoresistive
acceleration sensor with a special consideration to Sensitivity and Bandwidth
optimization" B.P. Joshi, Ph.D thesis, University ofPune, 2007,
2) "Optimising performance of a cantilever type rnicroaccelerometer sensor",
B.P. Joshi, A.S. Chaware, S.A. Gangal, Defence Science Journal, 57(3), 2007
pp.261-269.
3) "Performance improvisation of cantilever type silicon microacceleration
sensor using stress concentration regions", B.P. Joshi, Aditee Joshi, S.A.
Gangal, Defence Science Journal, 57(3), 2007, pp. 271-279.
4) "RF sputter deposition of polytetrafluoro ethylene films as masking
materials for silicon micromachining," Dhananjay S. Bodas, Sheetal 1. Patil,
AB Mandale and SA Gangal, ,J. Appl. Polym. Sci., 91,2004, p. 1]83.
5) PTFE as a masking material for MEMS fabrication, Dhananjay S Bodas
and SA Gangal, J. Micromech. Microeng, 15,2005, pp. 802-806.
6) "RF sputtered po!ytetrafluoroethylene-a potential masking material for
MEMS fabrication process," Dhananjay S. Bodas, S.A. Ganga], , J.
Micromech. Microeng. 15,2005, pp. 1102-1113.
7) "Comparati ve study of spin coated and sputtered PMMA as an etch mask
material for silicon micromachining," Dhananjay S. Bodas, 1, S.K. Mahapatra,
S.A. Gangal, ,Sensors and Actuators A ]20(2),2005,582-588.

Dr. SA Gangal is a professor in the
department of electronic science in the
University of Pune. She can be reached
at sag@electronics.unipune.ernet.in.

Piezoresistive accelerometer (top) Fig. 1. schematic,
(bottom) Fig. 2 SEM image.

mailto:sag@electronics.unipune.ernet.in.


Recently, scientists at the International Center for Young Scientists, National Insti-
tute for Materials Science, Ibaraki, Japan, have reported the realization of a multi-
level switch in 2,3,5,6-tetramethyl-I-4-benzoquinone (duroquinone, DRQ) which
generates four logic states (0, 1,2, and 3) when instructed by a scanning tunneling
microscope (STM) pulse. This is the latest example of a molecular machine, which
is a system that generates physical motion of its components at the atomic level,
controlled by an external stimulus. DRQ alkyls rotate like machines with change in
logic states 0 to I, I to 2, and 2 to 3. DRQ single molecule demonstrates double
negative di fferential resistance (NDR) peaks, which creates four differenfstates.

Several nano machines have been realized over the last two decades by rearranging
the constituent naturally occurring materials such as proteins and DNA. The
emphasis has been to increase the number of versatile instructions and generate
multiple operations by increasing the complexity of design by various assembly
approaches. The machine in this case, has a molecular assembly consisting of 17
identical molecules of DRQ. The DRQ at the center of a circular ring formed by 16
other DRQs, upon excitation by the STM pulse, controls the operation the 16
others in parallel through hydrogen-bond channels. Each molecule is a logic ma-
chine and generates four instructions by rotating its alkyl groups. Therefore, a
single instruction can be executed in four billion (416) different ways.

The authors of this article (see ref. below) believe that this invention has the poten-
tial to realize remotely operated nano robots that may be used for treating diseases
or to remotely operate on a tumor. The logic machines invented could one day
guide themselves through the blood flow in the body and control their functions

A. Bandyopadhyay and S. Acharya, "A 16-bit parallel processing in a
molecular assembly," Proc. Nation. Acad. Sci., vol. 105, pp. 3668-
3672, Mar. 11,2008)
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