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Abstract - MEMS (Micro-Electro-mechanical System)
technology is one of the prominent technologies which has
many advantages such as high accuracy, low cost and small
size. Conventional rectangular beam cantilever are based on
detection of the surface stress of the beam, generated due to
the speed of the wind. Stress induced in the microcantilever
beam is affected by the area of the cantilever. In this paper we
have designed a piezoresistive microcantilever based wind
speed sensor. The finite element method (FEM) is used to
investigate the shape distortion and stress dissemination. The
software Comsol multiphysics 4.4 is used to examine the
linking characteristics between the material and the fluid. A
comparative study for different shapes of paddle such as
hexagonal, rectangular and triangular has been performed.
The effect of different shapes on the stress induced has been
compared, keeping the area of the shapes constant. The
simulation results show that the triangular shaped paddle
results in higher sensitivity of the sensor. The sensitivity of the
respective wind speed sensor comes out to be 0.20402825
mV/msL,
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1. INTRODUCTION

Microcantilever is a component which is widely used in
micro system devices and provides a good platform for
various sensitive sensors. A cantilever is a device which is
fixed on one end and movable on the other [1, 2]. Load is
applied at the free end of the cantilever that results stress at
the surface of the cantilever. A micro cantilever detects the
change occurred in stress when the cantilever bends or
change in the frequency due to vibration, hence widely used
as physical, chemical or biological sensor. Micro cantilevers
have become so popular from past few years because of their
selectivity, high sensitivity and flexibility of on-chip circuits
and ease of fabrication. It provides a wide range in industrial
applications due to convenience to regulate and readily
adjustable into unified electromechanical system. Micro
cantilever sensors can be used in any medium such as air,
vacuum or liquid.

This paper provides details about the finite element method
(FEM) to acquire the accurate performance of
microcantilever sensor with different shapes of paddles such
as hexagon, rectangle and triangle. Finite element method
(FEM) is used for simulations and analytical calculations for
various shapes and geometries of the cantilever paddles [3,
4]. Different shapes of paddle of the cantilever beam using
structural mechanics module of Comsol multiphysics 4.4 has
been designed and simulated. The result of stress induced
due to the different shapes are compared to obtain the
sensitivity of the sensor

2. DESIGN AND OPERATING PRINCIPLE
2.1 Basic Structure

Static and dynamic characteristics are firstly considered
for designing a micro-sensor. The structure of the
microcantilever should have enough strength and should be
suitable for external connections and easy to install.

PEDESTAL

O TRIANGULAR
~PADDLE

CANTILEVER

Fig -1: Structure of the sensor

As shown in Fig -1, the sensor consists of pedestal, cantilever
and triangular shaped paddle. Pedestal, cantilever and
triangular shaped paddle have the same thickness. By
placing the paddle at the free end of the cantilever, the
sensitivity can be enhanced. Poly-Si is used as a material for
the structure of the sensor. Then, a piezoresistive layer of the
P type Si has been placed over the Poly-Si layer. One out of
four piezoresistor is incorporated on the cantilever and a
Wheatstone bridge is formed, as shown in the Fig -2.
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Fig -2: Placement of piezoresistors

When the fluid flows through the sensor, differential
pressure occurs between top and bottom surface of the
cantilever, the cantilever produces deformation and
resistance of the piezoresistor changes thereby, breaking the
balance of the Wheatstone bridge [3]. Then this change in
resistance can be detected in the form of voltage at the
output terminal of the bridge.

2.2 Principle

In this design, the sensor consists of piezoresistive sensing
layers and the supporting layer. When the fluid flows
through the sensor, differential pressure AP occurs between
top and bottom surface of the cantilever that can be written
as follows [5]

2 (1)

Where p is the fluid density, V is the flow velocity and Cyis
the drag coefficient, which is related to the Reynolds
number. The Reynolds number is given by

L

R, ==
ST (2)

Where V is the flow velocity, L is length of flow and k is
kinematic viscosity of fluid respectively. According to the
differential pressure 4P, the force AF on top surface of the
cantilever can be calculated as follows

AF = AP x 4 (3)

Where A is area of the cantilever. When the force caused by
the wind speed acts on the cantilever, it causes a
displacement D which is given by modified Stoney’s formula

D=3xax ()% C) ”

Where o is stress gradient generated, v and E are Poisson’s
ratio and Young’s modulus of the material of the cantilever. L
and t are the length and thickness of the cantilever
respectively. The sensitivity of the sensor can be optimized
by the stress analysis.

3. MEMS SENSOR MODEL

In this study, a MEMS based wind speed sensor is designed
using the software Comsol multiphysics 4.4. A comparative
study is done among three different shapes of the paddle
placed at the free and of the cantilever.

Three shapes of paddle selected for the comparative study
are hexagon, rectangle and triangle. Cantilever beams are
made of two layers, top layer is sensing layer and the bottom
layer is the supporting layer. Poly-Si is used for the
supporting layer and sensing layer is made of P-type Si with
dopant density of 1.32x101°(1/cm?3). Dimensions of the
cantilever, piezoresistor and paddles are shown in the Table
-1 and Table -2 given below:

Table -1: Dimensions of the cantilever and piezoresistor

Length Width Thickness

Cantilever 1000pm 200um 20pm

Piezoresistor 110pm 70um 400nm
Table -2: Dimensions of the paddles

Shape of paddle Dimensions Thickness

Hexagon Side=277.5pm 20pm
Rectangle L=500pm, B=400pum 20pm
Triangle Side=680pm 20pum

The Fluid structure interaction (FSI) module of Comsol
multiphysics 4.4 is used for the interaction of the solid and
the fluid.

4. RESULTS AND DISCUSSION

The result shows the stress induced due to various shapes of
the paddles. It can be seen from the Fig -3 that in case of
Poly-Si, triangular shaped paddle gives the maximum stress
but by changing the material, the results can be altered. In
Table -3, the stress of different geometries has been
compared at a same pressure of 200 Pa, based on the
simulated geometries in the Comsol Multiphysics 4.4. For
comparison of the effect of the shapes on the generated
stress the area of all the shapes has been kept constant i.e.
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x2x105um?2. From the following comparisons, we can lead
towards the best suited geometry for the wind speed sensor
which gives us the optimum sensitivity as discussed in the
later section.
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Fig -3: Stress in cantilever due to: (a) Hexagonal paddle (b)
Rectangular paddle (c) Triangular paddle

Table -3: Stress and displacement analysis

Shapes Stress(N/m?) Displacement

(um)

Hexagonal paddle 5.13x106 1.92

Rectangular 5.16x106 1.71

paddle

Triangular paddle 5.17x106 2.02

From the results we can see that cantilever with triangular
paddle gives maximum stress as well as displacement. Now
we apply sensing layer of piezoresistive material P-type Si
and Fluid structure interaction (FSI) module of Comsol
multiphysics 4.4 to analyze the interaction between the solid
and the fluid. As the wind passes through the surface of the
cantilever, the wind exerts pressure on the cantilever which
results in stress and displacement induced on the surface of
cantilever as shown in the Fig -4.
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Fig -4: (a) von Mises stress generated at wind speed 40m/s
(b) Total displacement at wind speed 40m/s

The wind speed ranges from 20m/s to 40m/s. Fig -5
represents the variation in the sensor stress as the wind
passed over the cantilever surface at different wind speed. It
is shown that the value of induced stress increases as we
increase the wind speed. The value of stress and
displacement at different wind speed is shown in Table -
4.The stress is converted into change in electrical resistance
by the piezoresistor. This change in electrical resistance is
converted into voltage change using Wheatstone bridge
circuit.

Line Graph: von Mises stress (N/m?)

Wind Speed Stress Displacement
(m/s)
(N/m2) (nm)
20 1.34x107 3.2
25 2.08x107 4.95
30 2.99x107 7.1
35 4.06x107 9.65
40 5.3x107 12.6
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Fig-6: Output (voltage) of the sensor at different wind speed

(m/s)

Table -5: Device output and variation in resistance at
different wind speed

Wind Speed Device Output (mV) Change in Resistance
(m/s)
@
20 -1.82997 3.246043429
25 -3.01815 5.317753757
30 -4.46823 7.848354482
35 -6.18239 10.84298291
40 -8.16113 14.30384904
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Fig -5: Graphical representation of von Mises stress at
different wind speed (m/s)

Table -4: Stress and Displacement analysis at different
values of wind speed

Fig -6 presents the output voltage signal of the sensor at
different wind speed. The measured values of the sensor at
different wind speed 20, 25, 30, 35 and 40 m/s are shown in
Table -5. Itis inferred that there is increase in the resistance
variation as the wind speed increases. The proposed wind
speed sensor exhibits a sensitivity of 0.20402825 mV/ms1.
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In addition to its high sensitivity the model also has a wide
wind speed range.

5. CONCLUSION

The microcantilever based wind speed sensor has been
designed. A comparative study is done among the three
different shapes of the paddles, placed at the free end of the
cantilever and Fluid structure interaction (FSI) is used for
the interaction between the solid and the fluid to determine
the sensitivity of the sensor. It is observed that the triangular
shaped paddle produces maximum stress i.e. 5.17x106. The
wind speed varies between 20 m/s to 40 m/s. In the sensing
operation, the wind speed is observed by measuring the
change in resistance of the piezoresistive layer deposited on
the cantilever beam'’s surface as the cantilever beam deforms
under the effect of the passing wind speed. The observed
maximum sensitivity is 0.20402825 mV/ms-1.
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