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Abstract:

MEMS, macroscopic devices posses characteristic length of less than
1um and integrate mechanical and electronic components on a single chip.
Sensitivity is the major concern in existing MEMS/NEMS devices which are
mostly made of elastic cantilever beam. In this work porous MEMS cantilevers
are designed using Silicon dioxide, Polysilicon, Silicon nitride & Aluminium.
The designed cantilevers are in the micrometer range with optimized
dimension as 1=120, w=10 and t=1.5 (all are in micrometers). Sensitivity is
measured on Silicon dioxide based cantiliver with different type of hole on
fixed end as rectangle, circle and ellipse. The ellipse hole gives better result
(maximum resultant stress 1767.5 N/m?) in terms of sensitivity of the device.
Futher elliptical hole parameters (position, number and dimension) are varied
in order to achieve maximum stress and in response maximum deflection of
microcantilevers. The optimized design achieved is implemented with two
more materials viz. polysilicon and silicon nitride for comparison.

Keywords: MEMS, Microcantilevers, COMSOL Multiphysics.

I. Introduction

MEMS, which integrate moving microdevices, radiating energy
microdevices, microscale driving/sensing circuitry and controlling/ processing
integrated circuits, are widely used [VI,VII]. MEMS cantilevers are main
microstructures used for sensors and actuators. These are used in physical,
chemical and biological sensing [XI]. The microcantilever resonance
responses such as resonance frequency, deflection [VI1II], amplitude, and Q-
factor[111] undergo variation due to external stimuli. The resonance response
change is because of mass loading, surface stress, or damping[ll-X-
IX]. Researchers used different shapes to design MEMS cantilevers to
enhance output sensitivity[V].
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I1. Previous Workdone

Initial MEMS cantilever is designed with 120um of length, 20um in
width and 2um of thickness. After the load application and simulation output
stress is measured then different physical parameters such as length and
thickness are varied and respective results are compared to obtain optimum
beam size. Material properties also change the device performance that’s why
different materials(Silicon dioxide, silicon nitride, polysilicon and aluminium)
are used for cantilever formation. Respective results are compared and found
that Silicon dioxide gives the maximum stress on fixed end. For further
cantilever’s design same optimum dimensions and silicon dioxide as material
is used. All these approaches for design of cantilevers prove the Stoney’s
formula[1V].

_ 3g(1-4) .L.3
ZT 7% (d:]
Next section Il demonstrate the comparative analysis of different
porous cantilevers. Section IV uses different approaches to increase sensitivity

of the device with elliptical hole formation on fixed end of beam. Section V is
the conclusion of the research paper.

I11. Design of Porous MEMS cantilevrs

Sensitivity enhancement is performed with formation of Porous
MEMS cantilevers. From the given formula it is clear that stress of cantilevers
is increased with reducing the effective surface area of the device:

F
og=-
A

With formation of holes on surface of MEMS cantilevers, effective surface
area of Microcantilever is reduced and in response stress is increased [I].
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Fig.1: Designed MEMS cantilever with circular hole.
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Surface: von Mises stress (N/m?)

A1737.1

¥ 0.6401

Fig.2: Simulated model on COMSOL Multiphysics.

Table 1: Resultant stress change

1. | 120 X10X 1.5

Simple 1596
cantilever
Rectanglar | 1741.1
hole

Circlar 1737.2
hole

Elliptical 1767.5
hole

In the observations we observed that maximum stress is obtained with
elliptical hole formation with 10.74 % increase in stress with respect to
cantilever without any hole formation.

IV. Sensitivity enhancement approaches

a) Change in location of Elliptical hole

As from previous point it is clear that sensitivity enhancement is
achieved with elliptical hole formation and designed shape have size of 3*1*2
(micrometers). Now the location of designed hole is changed in X-axis. With
this change corresponding change in stress is achieved. Simulated results are
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analyzed and compared which shows that maximum stress (1907 N/m? ) and
sensitivity is obtained when hole is placed 10 micrometer from fixed end.

Surface: von Mises stress (N/m?)

W
A 1583.7

v 0.6884

Fig.3: Simulated result with elliptical hole formation

Table 2: Resultant Stress with change in location of Elliptical hole

b) Sensitivity enhancement with increase in number of Elliptical holes
Further stress is increased by formation of increased number of elliptical holes
on the MEMS cantilevers. Location of cantilevers is changed in different
combinations and all ressults are compared. Optimum positioning of the
cantilevers is found which is shown in tabular form.
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Surface: von Mises stress (N/m?)

v 0.4427

Fig.4: MEMS crocantilever with three elliptical holes

Surface: von Mises stress (N/m?) W

A1767.7

¥ 0.556

Fig.5: MEMS crocantilever with three elliptical holes on same end.

Table 3: change in stress with formation of mre number of holes
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c) Variation in size of Elliptical holes

Sensitivity enhancement is the main concern of research so next
methodology is used to further increase the sensitivity of cantilevers. The
dimension of elliptical holes are changed i.e. effective surface area is reduced
while the cantilever’s physical dimensions remain the same as in initial case.

Surface: von Mises stress (N/m?)

A1767.7

¥ 0.556

Fig.6: Resultanat beam with variation in dimension of Elliptical holes

Surface: von Mises stress (N/m?)

A 4382

¥ 0.5206

Fig.7: Resultanat beam with further change in dimension of Elliptical holes
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Table 4: resultant stress change with respective variation in dimensions of
Elliptical holes.

1. | al=5um, 3*1%2 1768
2. | a2=10um, 3%2%2 1850
3. | a3=15um. 3*%3*2 2173
4. 3*4*2 4383

V. Conclusion

Different MEMS cantilevers are designed and simulated with

observation that formation of elliptical holes enhances the resultant stress and
achieved higher deflection. Single elliptical hole placed at 10 wm from fixed
end gives higher stress. Sensitivity of device is further enhanced by creation of
more number of holes on cantilever’s surface. Higher resultant stress is
achieved with formation of three elliptical holes starting from 5um from the
fixed end. After that effective surface area of cantilevers is furter reduced by
increasing the size of MEMS cantilevers and higher resultant stress and
increased deflection is achieved with formation of holes with dimension a=3,
b=4, c=2 (all in micrometers).
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