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Modeling and Simulation of MEMS Comb
Accelerometer for Sensitivity Improvement
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Abstract: In this paper, we designed three axes comb type
capacitive accelerometer and simulated under conditions of
varying integrated finger width from 1 to 9 pm and applied
acceleration from 1g to 10g. The width of the fingers and length of
the fingers must be optimized to realize the linear change between
displacement and acceleration. When the width of the fingers
increases under constant finger length, then capacitance found to
increase that could be due to decrease in distance between plates
and displacement of proof mass. But, when increase in finger
length for given finger width, then displacement found to increase
significantly. The mechanical sensitivity is evaluated using
displacement against acceleration in terms of applied force.
Simulation results have shown linear change in the displacement
with acceleration. From the analyses of results, it has been
evidenced that the minimum and maximum mechanical
sensitivities are found to be 1.41um/N and 2.51um/N respectively.

Key Words: Capacitive Accelerometer, COMSOL Multiphysics
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I. INTRODUCTION

MEMS accelerometers have been found vital role in various
industrial applications like automotive, aerospace, mobile
applications etc. There has been growing demand to the
investigations on improving sensitivity of MEMS
accelerometers with variety of designs. The key part of
accelerometer is displacement of proof mass in response with
the applied load. MEMS accelerometers are highly sensitive
and unbreakable structure that makes them suitable in harsh
environments without affecting their specifications. In order
to detect acceleration, three conventional working
principles/methods such as Capacitive, piezo resistive,
piezoelectric have been used. The piezo resistive detection
system has the some limitations on sensitivity due to its low
resolution and more expensive than the capacitive
accelerometers. The piezo electric accelerometers generates
electric potential when mechanical stress is applied, its
potential usage in MEMS devices is limited due to poor
processing capacity and incompatibility with modern micro
machining techniques. The capacitive type accelerometers
have non linearity nature in output capacitance. These draw
backs can be overcome by utilizing a proper design
methodology, which explains the dominance of MEMS
capacitive accelerometers in the market of inertial motion
sensors. Although, good number of studies available on
improvement of sensitivity of capacitive MEMS
accelerometers, still there is a lot of scope to carry out the
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investigations on capacitive accelerometers to realize the
high sensitivity. Various attempts have been made to improve
performance and sensitivity of capacitive accelerometers that
includes change of finger width, shape of proof mass, and
applied load etc. M. Benmessaoud et al. reported increase in
sensitivity with increase in distance between plates of
capacitive accelerometer [1]. Z. Mohammeda et. al have
presented the optimization of finger width, applied load and
gap between fingers resulting high-sensitivity, high-linearity,
large bandwidth and low cross-axis sensitivity for MEMS
accelerometer by using software tool Coventorware [2]-4].
A. Joshi etal have investigated that the process of the
analysis and testing using various design parameters is
helpful for characterization of any MEMS capacitive
accelerometer sensor [6]. K. N. Khamil has reported that by
increasing the number of fingers and beam length, the
sensitivity of the device improved [7]. By considering
various investigation attempts mentioned above, the present
work is mainly focused to model a MEMS based comb type
capacitive accelerometer and to increase the sensitivity by
means of optimizing the integrated finger width and applied
acceleration using COMSOL MultiPhysics v 4.4b.

Il. DESIGN

The comb type capacitive accelerometer consisting of
movable proof mass, fixed fingers, movable fingers, two
anchors and springs. As shown in Fig. 1(a), movable mass is
connected to two anchors through the springs. There are
movable fingers connected from one side of the movable
proof mass. Arrangement of movable and fixed fingers has
been made in such a way that two fixed fingers are placed to
the both sides of the movable finger. It helps us to form a
differential capacitance pair. When the load is applied on the
proof mass then it deflects the beam leading to deformation.
Hence the differential capacitance gap will change. By
measuring this differential capacitance change, acceleration
can be measured. The dimensional details of central mass,
movable & fixed fingers, anchors and other physical
properties are presented in Table I. The combination of one
movable and fixed finger forms a capacitor. For zero
acceleration on the proof mass, the displacement is zero and
the capacitance also becomes zero. When the acceleration
applied in the horizontal direction to the device, the proof
mass experiences the force along the opposite direction. As a
result, the beam deflects, movable mass and movable fingers
are moved to a certain displacement x along the direction of
force, the left and right capacitances gap is changed, therefore
the differential capacitances C1 and C2 also be changed.
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Fig. 1(a) & (b): 2D and 3D Designs of capacitive
accelerometer respectively.

The proof mass can be evaluated by using below
formula by using length of the proof mass, width of the proof
mass, number of fingers, width of the fingers and length of
the fingers [1].

Ms = ph(Wp. Ly + Ne.Wr L) eneeeneecnnecnnnne, (1)
Where ‘p’ is the Density of Copper material, h is the device
thickness.

The spring constant (K;) is defined as

Ke=Z2 W3, ©)

2.Lp3
where Ks= Spring Constant, E = Young’s Modulus.

COMSOL Multiphysics v 4.4b is used to model the proposed
MEMS Capacitive accelerometer. Solid Mechanics and
Electrostatics are the two physical interfaces used. Solid
Mechanics enable to apply mechanical input and explore the
mechanical deformation of structures. Electrostatics is used
to apply terminal and ground to the electrodes that facilitates
to measure the capacitance. Density and young’s Modulus
values can vary depends on material. The density is directly
proportional to displacement whereas young’s modulus is
inversely proportional to displacement [1]. Comb type
accelerometer basically consists of two finger structures,
called fixed finger and movable finger. The movable fingers
attached to proof mass and fixed fingers attached to
accelerometer frame. When there is no acceleration, the
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capacitance gap between each movable finger and fixed
finger is do When there is no acceleration, the capacitance of
accelerometer is [2],

C10=C20=Co=8 NgLf A (3)
0

Assume there is an acceleration along left direction,the
movable mass expeiences an inertial force towardsright by
‘x” as shown in Fig. 2. Assume small deflection (x << dy), the
left capacitance and right capacitances C1 and C2 are
changed to

_ Nfo _ ENfot' _ENfot' _x

Crog L= = = 4)
—eNrlr _ ENpLpt _ENglgt..  x

Comt gl = TP =l 2 5)

The differential Capacitance change is
AC=Cy-Cp=2 €L ¢(2)=2C(Z) ©)
—\l1t2— do 10 - 0 B R REELRLRERERRCERRY

Table | Geometrical parameters of proposed
accelerometer.

S.No Parameter Value
1 Capacitance gap (do) 5um
2. Device thickness (h) 5um
3. Mass width (Wp,) 100 pm
4 Mass length (L) 30 um
5 Beam width (W) 10 pm
6 Beam length (L) 10 pm
7 Finger width (Ws) 5um

8 Finger length (L) 20 um
9 Number of sensing fingers | 10

10. g\:)fu)ng’s Modulus of Copper | 110x 10°Pa

11. Dielectric Constant of air (&) 2081524 X

12. Density of Copper 8700 kg/m’

13. Movable sensing mass (M) | 0.174 ug

14. Spring constant (Kot ) 8 x 10°
N/m

I1l. RESULTS AND DISCUSSIONS

When the acceleration is applied on the proof mass,
deformation will occur and capacitance is changed as the
distance between plates is changed. We consider the widths
of the fingers are parameterized from 1 to 9 um to increase
the sensitivity. When the width of the plates is increased
while the distance between plates is decreased, then
capacitance is increased. From the simulation analyses, it has
been observed that the beam width found to be vital
parameter that resulting changes in sensitivity. The numbers
of vertex, edge and boundary elements are 124, 422, 1300
respectively.
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As proposed, acceleration is applied on proof mass by means | X
of equivalent force ranging from 10 to 100 N to realize the
significant displacement causing high mechanical sensitivity.
The force is applied on proof mass with integrated fingers of
varying width from 1 to 9 pm & length of 20 and 40 pm.
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=100, w=5 Surface: Total displacement (um) Z ! o Table II

Length of the fingers 20 pm

Fin |9 7 5 3 1

ger

Wi

dth

Ws

("

m)

Fo Displacement (um)

rce

(N)

10 |14 14.9 15.4 17.1 17.5

20 | 27.9 29.9 30.8 34.1 35.1

30 |41.9 44.8 46.1 51.2 52.6

40 |55.8 59.8 61.5 68.3 70.2

50 | 69.8 74.7 76.9 85.4 87.7
e Efcadaifosnuibln ,\ < 60 | 83.8 89.7 92.3 102 105

’ 70 | 97.7 105 108 120 123

80 | 112 120 123 137 140

90 | 126 134 138 154 158

10 | 140 149 154 171 175

0

Table 11

Length of the fingers 40 um

Finger |9 7 5 3 1
Width
Wi
(Lm)
Force Displacement (um)
(N)
10 191 | 211 22.7 23.9 | 251
20 38.3 | 421 455 47.8 | 50.1
(d) 30 57.4 | 63.2 68.2 718 | 75.2
Fig. 3.Displacement of proof mass under the applied load 40 765 | 843 91 95.7 | 100
of 100 N for Finger length 40 um, different finger widths 50 95.7 | 105 114 120 | 125
a) 1 um b) 3 pm c) 5 um d) 9pm. 60 115 126 136 144 150
With increase in the width of the fingers for the constant load 70 134 | 147 159 167 | 176
of 100 N, the displacement of proof mass is found to 80 153 | 169 182 191 | 201
decrease. It could be due to the fact that increase in finger 90 172 190 205 215 226
width causes decrease in distance between plates. Further, it 100 191 | 211 227 239 | 251

is also evidenced that increase in finger width from 1 to 9 um
and load 100N causes variation of displacement of proof
mass from 175 to 140 um with finger length 20 um and 251
to 191 um with finger length 40 um. There was a linear
change in displacement with respect to various loads ranging
from 10 to 100 N that could be seen from the Table 111 & IV.
Table Il & I11. Displacement of proof mass in response of
applied force, Length of fingers and width of Fingers.
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Fig. 4 & 5 .Variation of displacement of proof mass with
applied load for different finger widths of comb drive
capacitive accelerometer.

The displacement sensitivity [12] is calculated for the
different finger widths (9, 7, 5, 3, 1 um). When the width
of the fingers decreased, then the sensitivity is found to
increase. The corresponding values are presented in Table
(\VA

Table IV Displacement Sensitivity variation with finger

width
Le(Hm) | Wi (um) 9 7 5 3 1
20 1
142|149 | 154|171 7
Sensitivity 5
40 (um/N) 2
191 | 2.11 | 2.27 | 2.39 5
1
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Fig. 6. Displacement Sensitivity variation with finger
width.

The sensitivity is the ratio of displacement to applied force.
From the results, it is clear that the sensitivity is increased
with respect to the increase in width of the fingers, length of
fingers. The length of fingers is changed from 20 pm to 40
pUm so that sensitivity is increased.
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Fig. 7(a) & (b): Capacitance at Force 100N and width
1pum and 9um respectively
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Table V. Capacitance Values with finger width from
1to9 pum.
Capacitance (nF)

-4.62¢8

3.80e™®
3.78e®

7.30e®
6.19¢™

Width (pm)

©| N glWw| -~

IV CONCLUSION

A comb type capacitive MEMS accelerometer has been
designed and simulated under conditions of varying
integrated finger width (1 to 9 um) for the applied force of 10
to 100 N. With increase in the width of the fingers for the
constant load of 100 N, the displacement of proof mass is
found to decrease. It could be due to the fact that increase in
finger width causes decrease in distance between plates.
Further, it is also evidenced that increase in finger width from
1 to 9 um causes variation of displacement of proof mass
from 175 to 140 pum for the load of 100 N. From the
simulation results, it is clear that with increase in the length of
the finger, the displacement of proof mass also increased
while keeping load and widths of fingers constant. Thus it can
be allowed us to conclude that there is an absolute linear
relationship between applied load and displacement of proof
mass including length of the fingers. These results would be
useful for the development of a low noise and highly
sensitive MEMS Capacitive accelerometers with wide range
of capacitance.
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