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Abstract— This paper brings in the design of MEMS accelerometer actuated by a rectangular comb drives. By
altering the no. of combs and the space, the comb geometries are designed and there result is analyzed. Finite element
analysis is used to establish the concept of controlled displacement of the movable comb fingers, achieved by setting
down the amount of electrostatic force produced by the device and to reduce power consumption.
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I.
INTRODUCTION
Capacitance based actuators have been widely used in MEMS devices. Among different devices, the most commonly
used and examined is the comb drive. The MEMS comb drive is a laterally driven mechanical actuator activated by
electrostatic interaction. A typical rectangular shaped comb drive design involves simple fabrication steps and it is
characterized by low power consumption. [6, 7, 11].
II.
DESIGN AND NUMERICAL MODELLING
The electrostatic problem can be physically illustrated by equation 1.1:
It tracks that, since the comb drive is a capacitive gadget with air as the dielectric material, the area where the problem
is distinct is charge free (ρv = 0). The electrostatic problem is then explained by the Laplace equation 1.2 in rectangular
coordinates.

The purpose of the FEM study is to find the potential distribution which satisfy equation 1.2 for a given electrode
geometry at a predefined actuation potential V. The coupled electrostatic-mechanical problem is solved by a FEM
parametric study, which uses the ALE formulation. modeling is performed in the FEM software package COMSOL using
three multiphysics modes: electrostatics, plane stress and moving mesh. The material used for structural part is
polysilicon as it has excellent mechanical properties and its electrical properties can be modified by doping boron or
phosphorous [2, 4]. The designs have few dimensions in common except the distance between the fixed and movable
combs numbers of comb fingers. The dimensions of the actuator are shown in table 1.1. There are three main design
ingredients in the structure designed fixed combs, movable combs and folded spring as shown in figure 1.1:

Figure 1.1: Actuator Geometry.
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Table 1.1: Dimensions of Actuator
DIMENSIONS OF ACTUATOR
Geometry
Comb length(l)
Comb width(w)
Gap between moving and fixed
combs(d)
Initial engagement (A)
Spring length( kl)
Spring width( kw)
Gap b/w spring legs( kg)
Thickness of actuator (t)
No. of moving combs

Value
40 µm
3 µm
d µm
20 µm
280 µm
2 µm
19 µm
2µm
N

The design shown in figure 1.1 consists of 5 fixed combs which are grounded as this type of actuator work on the
principle of electrostatic actuation so, it is necessary to develop negative and positive charge in the fixed and movable
combs. Due to this reason the fixed combs are grounded. As the electric potential is applied to the movable combs an
electrostatic force is generated which provides the actuation in the direction of the length of the comb fingers. In the
folded flexure spring the beams are anchored near the movable combs and the truss allows expansion or contraction of
the beams along axis. This spring exhibits a much larger linear deflection range so; it is suitable for large deflection
actuators. Another important effect that is considered is the stiffness of the folded flexure beam in the x-direction reduces
with increasing displacement in y- direction [3, 6, 7]. The fixed combs are grounded and the electric potential is applied
on movable combs. Applying a voltage difference between the comb structures will result in a deflection of the movable
comb structure by electrostatic forces as shown in the figure.1.2. This deflection causes change in area between the
combs i.e. (y+y̥), as the overlapping area changes, the capacitance between the fixed and movable combs changes. The
capacitance can be expressed as in equation 1.3:
Where, n is the number of combs, ε̥ is the dielectric constant in air, h is the height of the comb fingers, y̥ is the initial
comb finger overlap, y is the comb displacement and d is the gap spacing between the comb fingers and V is the applied
voltage between the movable and fixed combs.. The lateral electrostatic force in the y-direction can be expressed in
equation 1.4 as:

For understanding the basic design specifications and their effects 5 fixed and 4 movable combs structure was
designed using COMSOL Multyphysics. The gap spacing between the fixed and movable comb fingers was taken as
7μm. The main requirement of these types of actuators is low driving voltage with large deflection and this can be
achieved by increasing the number of comb fingers, the height of comb fingers and by reducing the distance between the
comb fingers.

Figure 1.2: Deflected Combs.
As given in equation 1.3 and equation 1.4 the number of combs and the thickness of combs is directly proportional to
the electrostatic force, so if the number of combs are increased, there is increase in capacitance as well as the electrostatic
force. Large deflection comb drive actuators at low driving voltages should employ large number of comb fingers [8, 9].
If the distance between the comb fingers is reduced, then the electrostatic force and the capacitance between the fixed
and movable combs gets increased. The 3D effects like fringing fields, comb finger end effects are neglected [1, 12].
The design consists of 4 movable combs on which electric potential is applied and 5 fixed which are grounded. These
comb structures are designed using polysilicon as material as shown in figure 1.3 and its properties specified in table 1.2.
In this structure as the applied potential difference electric potential is applied on the movable comb fingers and ground
to the fixed combs, the electrostatic force, due to which there is some displacement along movable combs and spring as
shown in figure.1.3.
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Table 1.2: Polysilicon Properties

Figure 1.3: Actuator with Polysilicon Material
II.
RESULT
Using polysilicon as the structural material this design shows maximum displacement of 8.132μm at 700.1V
(maximum voltage) in figure 4.5. Corresponding to this displacement, capacitance measured i.e. 0.4402x10 -3 μF and the
electrostatic force in y-direction is 1.7902μN. As discussed earlier by increasing the number of comb fingers and by
reducing the distance between the combs there is large deflection at low actuating voltage and increase in capacitance
and electrostatic force across the combs.
 Firstly, by reducing 7μm spacing to 1μm spacing between the 4 movable and 5 fixed combs as shown in figure 1.4.

By increasing the number of combs i.e. 9 movable combs having 7μm distance between fixed and movable combs
as shown in figure 1.5.
 Then by reducing the distance 7 μm to 1 μm for 9 movable comb structures as shown in figure.1.6.

Figure 1.4: Actuator with 1 μm Spacing and 4 Moving Combs.
Table 1.3 shows that by comparing 4 comb actuator structure having 1μm spacing it can be seen that the maximum
voltage get lower to 80.1V and at such a lower actuation voltage, acceptable displacement is obtained.

Figure 1.5: Actuator with 7 μm Spacing and 9 Movable Combs.
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Figure 1.6: Actuator with 1 μm Spacing and 9 Movable combs.
Then it is seen that by increasing the number of combs (4 movable combs to 9 and 7µm spacing) the maximum of
7.719µm displacement occurs at 201V and total capacitance is 0.8595x10 -3µF and force is 0.8043µN. So, by increasing
the number of combs there is acceptable change in displacement, capacitance and force at lower actuation voltage as
compared to design consist of 4 movable combs with 7 µm spacing. Then it can be seen that by increasing the number of
the maximum of 7.719µm displacement occurs at 201V maximum voltage and total capacitance is 0.8595x10 -3µF and
force is 0.8043µN.
Table 1.3: Displacement Vs Number of Combs Fingers.
No.
Moving
4
comb
9
comb
combs
fingers
fingers
Gap b/w combs
d
d =
d =
d =
=1(µm) 7(µm) 7(µm) 1(µm)
Max.
80.1
700
201
80.
Voltage(V)
.1
1
Displacement(µ
2.41
8.1
7.7
4.0
m)
1
32
19
80
Capacitance
1.85
0.4
0.8
4.4
402
595
13
(µF) 8
Force (µN)
0.39
1.7
0.8
1.0
9
902
043
19
The table 1.3 shows the comparison between 4 moving combs versus 9 movable combs and it can be concluded that
the all the geometries should consists of the set of 10 fixed combs and 9 movable combs.
The rectangular comb device as shown in figure 1.4 has a constant force-to-displacement relationship, which is a
function of the change in capacitance with respect to engagement, rather than total capacitance.

Figure 1.8(a): Displacement Vs Voltage Curve.
The displacement shown in figure 1.8 (b) increases very slowly between 0-5V, then it increases linearly between 5-10
V, then there is sharp change in the force w.r.t. actuation voltage.
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Figure 1.8(b): Force Vs Voltage Curve.
The force shown in figure 1.8 (b) increases very slowly between 0-5V, then it increases linearly between 5-10 V, then
there is sharp change in the force w.r.t. actuation voltage.

Figure 1.8(c): Capacitance Vs Voltage Curve.
III.
CONCLUSIONS
It can be concluded that by increasing the number of combs there is acceptable change in displacement, capacitance
and force at lower actuation voltage as compared to 4 movable combs with 7 µm spacing. Then by increasing the
movable combs and reducing the distance between the movable and fixed combs i.e. 7 µm to 1 µm. The geometry with
large numbers of comb and fewer gaps between comb fingers can give low power consumption and greater sensitivity.
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