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Dear Students,

“The spirit of engineering lies in
innovation”, with the same spirit, it gives
me immense pleasure to present you all
with the Students’ Technical Consortium
[STC] of SRM University, Chennai.

The aim of our university is to inspire and
motivate the students to pursue their
dream, capabilities and to reach their aim
with full force. The right direction needs to
be provided to students. SRM University
being a multi streamed university has a lot
to offer to the world. Workshops, research
projects, competitions, fests, in addition to
the college academics, all have a lot to play
in developing the personality ofa  science
and technology student. Apart from the
expectations of the Industry, a student
himself expects an environment which
provides for this overall development
opportunity.

Students’ Technical Consortium is one
such initiative to motivate and inspire the
student institution towards the innovative
knowledge, exchange and development.STC
aims to provide students with a technical
platform to find their talent and enhance
their skills. The idea in itself is unique and

and enhance their skills. The idea in itself is
unique and exclusive. The first outcome of
STC, the e-journal provides me with one
more reason to be proud of the fact the first
step has already been taken.

Happy reading to all the readers and to
the great Isaac Newton's saying -“we build
too many walls and less of bridges.”, let us
build a bridge to carry forward with our
journey!

Dr. C. Muthamizhchelvan
Director, [E&T], SRM University
Chief Patron, STC



CONVENOR'S

Dear Students,

It gives me immense pleasure to
write about the inauguration of Students’
Technical  Consortium [STC] of SRM
University, Chennai.

| am delighted to share this message on this
important occasion of initiating a bimonthly
e-journal. The main mission of STC is to
imbibe in students the spirit of innovation
and harness their full potential.

We aim to create a milieu for seamless
exchange  of  knowledge and the
proliferation of scientific avenues in the best
interest of the society and common person.

The journal is an excellent vehicle for sharing
various events happening at various chapters
and will enable us to learn from each other's
experiences. STC can play a major role in
bringing awareness among young generation
and help in implementation of projects
covering various domains of science and
technology.

This initiative promises to be an exciting one,
bringing together people

FROM THE

from a range of disciplines to showcase
research developments while providing a
collegial  atmosphere  for  scientific
exchange. We have a stimulating technical
program that boasts an array of highly
regarded plenary and keynote speakers,
drawn from all across the country.

A warm thank you must also be extended to
our Director[E& T] and management for the
unending support. Also, we thank the
organizing committee for their
commitment to this initiative which is
greatly appreciated.

Wishing you a very productive academic
year ahead and may we all be successful in
bringing smiles to many more person on
this planet.

Mr. A. Rathnam

Asst. Professor

Convenor, STC

It is our privilege to welcome the readers to explore the first edition of Students’ Technical
Consortium’s e-journal: The Engineers’ Beacon of SRM University, Chennai. It was really
tenacious for us to compile this journal, distributing our work, sorting the articles,
planning a whole new idea and executing it.With the right direction and guide provided
by our Convenor and Director (E&T), we are now set to release for you all the first edition
of The Engineers’ Beacon

We have discussed and debated for months and agreed on the structure and working of
the STC and with that the topics and nature of the contents of this journal. We tried our
best to make this journal as informative as we could and with that we hope to give our
readers a good reading experience.

Happy Reading!



Measurement of Mechanical Properties of
Low Stress Silicon Nitride

Instruciors : Gale Petrich: Principal Research Scientist at Massachusetts Institute of Technology Past Research Scientist at Massachusetts

Institute of Technology Jurgen Michel :Senior Research Scientist Microphotonics Center at Massachusetts Institute of Technology, Scott J Poesse

Technical Instructor at MIT.

Vijaya Rana : Student in Department of Physics and Nanotechnology, SRM University, Chennai, India.

Abstract- Low Stress Silicon nifride beams were fabricated to
determine Young’s modulus and residual stress of the thin film.
The structures were mechanically loaded and the corresponding
deflection was measured. From the load versus deflection curves,
an effective spring constant was calculated. The spring constant
was used to analytically determine a fundamental material
property, the Youngs Modulus, of the silicon nitride. A
decrement in the Youngs Modulus of the cantilever was observed
and the percentage error found was approximately forty-four
percentage. The value of the Residual Stress of thin films
decreased from the expected value and the deviation was
estimated to be twenty-two percent.

Index Term-Youngs Modulus, Residual Stress, Silicon Nitride
thin films.

I. INTRODUCTION

HE evaluation of the mechanical properties of thin

films is indispensable for designing Microsystems

(MEMS) devices, since the properties are closely
connected to the device performance. Elastic properties, such
as Youngs Modulus, Poisson’s ratio and shear modulus etc.
are related to the functionality of the micro systems. The
Youngs Modulus of the thin films is proportional to the
stiffness of a device structure.

During the experiment Youngs Modulus and the Residual
Stress of the low stress silicon nitride structures were
determined. The structures were mechanically loaded and the
corresponding deflection was measured. From the load versus
deflection curves, an effective spring constant was calculated
which is used to determine the Young’s Modulus of the
silicon nitride. The cantilever showed linear elastic behavior
and the fixed -fixed beam varied in non-linear fashion. The
Youngs Modulus determined was 146.42GPa and the residual
stress was calculated to be 0.179 GPa. Analysis of these
mechanical properties of the thin film of silicon nitride was
done using a Hysitron TriboIndenter.
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Fig.1. Force /' being applied to the cantilever at three precisely
separated locations for measuring the of the force constant K .

II. EXPERIMENT
I1.a. FABRICATION PROCESS

The wafer was treated with Hexamethyldisilazane (HMDS)
vapor followed by deposition of 4micron thick film of positive
photoresist using the spin-on process. A hot plate at 90°C was
used for the soft baking of the wafer. Then the wafer was
exposed to Ultra-Violet light for 5 seconds using a mask
aligner and subsequently post baking is done at 130°C for
Sminutes. A microscope was used to inspect the wafers and
for assessment of the overall result of photolithography. Dry-
Eich of Silicon Nitride was done in plasma and Sulfur
Hexafluoride. The photoresist was removed in the asher with
the ashing time of 8 minutes per wafer. Silicon is etched in
wet Potassium Hydroxide (KOH) bath at 80°C. Anisotropic
etching of Silicon is done by addition of 20% KOH in 3 liters
of (DI) Deionized Water. Afier KOH wet etching for 1-2
hours the wafer was rinsed again with Deionized Water (DI)
water and sprayed with isopropanol. Isopropanol spray is used
to avoid the stiction of the released cantilevers to the <111>
side walls. The wafer was dried and the etching results were
inspected under a microscope. A Diamond scribe was used to
cut the wafer into individual groups, each of four dies.

I1.b. TESTING BY NANOINDENTATION

The cantilever and fixed-fixed beams were mechanically
tested to determine Youngs Modulus and the Residual Stress
of the material. The structures were mechanically loaded and
the corresponding deflection was measured. From the load
versus deflection curves. an effective spring constant (k) was
calculated as in Fig. (3) The spring constant was used to
analytically determine a fundamental material property, the
Young’s Modulus, of the silicon nitride thin film.
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Fig.2.Force constants k;=0.0571, k> =0.0192, and k;
by plotting Force versus Deflection.

=0.0082 is calculated

The residual stress was calculated by plotting a graph between
F/z and z, where F is the normal force and z is the deflection.
Gradient of the straight line is influenced by the Youngs
Modulus of the material while the Y- intercept gives
information about the geometry and the residual stress of the
structures.

I11. RESULTS AND DISCUSSIONS

The data from one force— deflection cyele  was  considered
for the determination of the Youngs Modulus. The gradu.nl
of a F-z graph was assumed to be equal  to 3EVL®
for a long narrow beam., where F' is the normal force
acting  on the beam, z is the deflection, £ is the Youngs
Modulus of the Silicon Nitride thin films and L 1s the
length of the beam , / is the moment of inertia of the material,
estimated by using 3£/ [(1- v)L'], for a plate and by
elimmating the offset from the force measurements. This
method was straightforward, but because the position of the
Nano indenter tip relative to the end of the beam was
known to be within no fewer than a few micrometers, the
estimate of F was a subject to substantial uncertainty.,

A refined ::xlrac.tion approach was used to determine
the spring constant k& = F/z of a beam at each of the
three locations where the nanoindenter tip made contact
with the beam. Graph was plotted between & '“and L,
the nominal distance from the cantilever’s root to the
locatlon of the Nanoindenter tip. The gradient of the
(k")-L graph was assumed o be equal o BED " for
a beam or [3EL (1-%)] '° for a plate. In this way
the uncertainty was reduced while extracting

the value of
Young’s modulus. Where E 1s Young's  modulus, v 1s

Poisson’s ratio and z is the deflection, [/ is the moment
of inertia w is the widthand 7 is the thickness.
I=wr/12, (1)
z=FL*/3EI for a long narrow beam, (2)

= (1-V’) F LY/3E, for a plate. 3)

One cantilever, 50nmx>100nm was tested. with a load F
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Fig.3. Graph is plotied between K" and L, the gradient of the line is used to
determine the Youngs Modulus by using b= (GED . The Youngs Modulus is
calculated to be 106.421GPa.
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being applied to cantilever at three precisely separated
locations. Force was applied at [0um, 20 um and 30um
away from the free end of the cantilever beam. The normal
forces applied at three different points were 50uN, 100uN
and 200uN. The force constant k was calculated by using
F=k x, by plotting a graph of load versus displacement. The
force constants k;, k> and k; were calculated for the cantilever
beam at the three different points of loading as shown in
Fig. 2. The values of Force constants calculated is £,=0.0571,
k;=0.0192, and k; =0.0082.Then graph was plotted against
(K )" and x and the slope b= (3EI™"" was determined, as
shown in Fig. 3. The Youngs modulus was calculated by
using the formula
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The Youngs Modulus for the cantilever beam was calculated
to be 146.421GPa.

One of the fixed-fixed beams, 10nm x50nm,of length Z,
width w and thickness ¢, with a residual stress in the film
of 6, was loaded with force / at its center. The width was
measured to be 8.39um, the length was 49.uym  and the
thickness was around Ipm.The fixed-fixed beam was
deflected and is loaded until the beam was fractured. The
forces applied were 3000uN, 6000uN and 120000uN. The
beam fracture occurred at  9000puN  force. When a graph
was plotted between F/z and z° a straight line was formed
whose gradient depends on E and F/z intercept
depends on  geometry, E and residual  stress.
By using  equation (5) the Residual stress was calculated to
be 0.179 GPa. The force at the center 1s given as:

F= (D @ EA+ BB

It was noted that the nominal beam ‘width’ of 10 pm was
measured parallel to the edge of the etch pit. The bridges were
oriented at an angle of arc tan (4/3) to the edges of the etch
pits, so that the actual transverse width of this bridge (as it
appeared on the photolithographic mask) was around 8pm.
Berkovich indentation test was performed on SiN,/Si wafers

after deposition but before patterning or etching. Nano
indenter tip was pressed into the film and the gradient of the
force—displacement trace was used to estimate the reduced
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