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Abstract
 An increase in the research activity of industrial micromation made 
us to design the differential capacitive MEMS accelerometer. The 
simulation of static performance of accelerometer is accomplished 
with FEM analysis. A 3-Dimensional solid mechanics Finite 
Element analysis is conducted to calculate capacitance change when 
proof mass is subjected to acceleration. Design and simulations 
are done using the COMSOL multiphysics software.
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I. Introduction
An accelerometer is a sensor that measures the physical 
acceleration experienced by an object due to inertial forces or 
due to mechanical excitation. In these devices, piezoelectric, 
piezoresistive and capacitive techniques are most commonly 
used to convert mechanical motion into an electrical signal. The 
capacitive accelerometers provide high sensitivity, low noise floor, 
making them attractive for the areas where high performance is 
necessary. The open loop sensitivity of capacitive accelerometers 
are proportional to the seismic mass size and sense capacitance 
overlap area, and inversely proportional with the spring constant 
and square of the gap forming the sense capacitances. The sensing 
element is made of Silicon and is supported on all the four sides by 
the L-shaped beams.This paper deals with the working principle 
accelerometers being explained in Section II and the configuration 
of the accelerometer discussed in section III.The analytical design 
is given in section IV and  simulation results are discussed in 
section V. Section VI concludes the discussion on Capacitive 
accelerometer.

II. Working Principle
The principle of working of an accelerometer can be explained 
by a dashpot with damping coefficient(c), attached to the proof 
mass in parallel with spring of thickness (k) shown in schematic 
of an accelerometer in fig. 1. When an external acceleration is 
applied to the sensor, proof mass moves as a function of applied 
acceleration due to inertia thereby causing change in capacitance. 
This damped mass spring system with applied force constitutes a 
classical second order mechanical system.

Fig. 1: Schematic of an Accelerometer

III. Configuration of Accelerometer
The differential capacitive transduction method is adopted and the 
sensor is configured to have a three wafer configuration (glass-
silicon-glass) as shown in fig. 2. The central wafer consists of 
active proof mass which exhibits piston like movement and 
remains parallel to electrodes at all accelerations,causing a change 
in capacitance.

Fig. 2: Capacitive Accelerometer Configuration

Mechanical support for the proof mass is provided at the central 
plane of proof mass. Positioning of beams at central plane of 
proof mass will reduce the cross axis sensitivity of the sensor. The 
proof mass to electrode gap is selected as 22µ, this eliminates the 
requirement of complicated device level vacuum scaling.

IV. Analytical Design
The structural parameters of the proof-mass are optimized to 
achieve the required sensitivity. A 3-Dimensional view of the 
capacitive accelerometer is shown in fig. 4(a).

Fig. 4(a): A 3D View of the Capacitive Accelerometer

The optimized device dimensions are given below 
Proof-mass size (l1 X b1 X h1): 
2500 X 2500X 300 μm 
Length of beam (l2): 3200 μm 
Length of beam (l3): 640 μm
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Beam Width (b2): 150 μm 
Beam thickness (h2): 55 μm
Air gap: 22 μm.
The above mentioned geometrical details can be inferred from 
the fig. 4(b).

Fig. 4(b): Accelerometer Geometrical Details

Let ‘F’ be the force acting on the proof-mass, due to 1 g acceleration, 
which is given by the relation. 
F = m x a
Where ‘m’ is the mass of the proof-mass and ‘a’ is the 
acceleration.
F = 4.313 e-6 X 9. 81 X 1 = 0.0423 mN 
Force acting on each beam, W = F/4 = 0.01057mN

Moment of inertia of beam, = 2.07 e-18m4

The natural frequency ‘ nf ’ of the spring mass system is given 
by

    
The nominal capacitance and accelerometer sensitivity are 
calculated and found to be 2.514pF and 19fF/g respectively.        

V. Simulation Results
The response of the sensor for the displacement is linear with 
respect to the applied acceleration.The structure is subjected to 
acceleration in positive Z direction, to analyze the proof-mass 
displacement. The linearity of proof mass displacement with 
respect to acceleration can be observed in fig. 5(a).

Fig. 5(a):Applied Acceleration Versus Displacement of Proof 
Mass
Coupled solid mechanical simulation and electro mechanical is 

done for the accelerometer by applying force on the proof-mass. 
The accelerometer is subjected to acceleration ‘g’ in both + Z and – 
Z direction.  The capacitances across top electrode and proof-mass, 
bottom electrode and proof-mass are calculated from deflection. 
The resultant change in capacitance value for various values of 
acceleration is obtained from figure V (b) and the sensitivity of 
the accelerometer is 23.95fF/g 

 
Fig. V (b): Acceleration vs. Change in Capacitance

A stress analysis is required for the study and design of 
structures, under prescribed or static or dynamic loads. The aim 
of this analysis is usually to determine whether the element or 
collection of elements, usually referred to as a structure, can safely 
withstand the specified forces. The graph between arc-length and 
total displacement is shown in fig. 5(c) which says that the total 
displacement of the device increases with the arc length.

Fig. 5(c): Frequency Analysis of Capacitive MEMS Accelero-
meter

Maximum bending stress occurs in L-beams due to applied 
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acceleration in the Z direction. The maximum bending stress 
occurs at the point where the L-beam is anchored to the frame 
and at the sharp corner of the L beam; figure 29 gives the stress 
distribution in the model. The magnitude of maximum von Mises 
stress at 30 ‘g’ acceleration is 10 MPa, which is much less than 
the UTS value of silicon which is 7000 MPa which is obtained 
from fig. 5(d).

Fig. 5(d): Stress Distribution in the Accelerometer at 30 ‘g’

VI. Conclusion
A capacitive accelerometer with high sensitivity is designed and 
modeled. The key feature of this design is to use four supporting 
L-shaped beams. Finite Element modeling is done to verify the 
analytical model and evaluate the performance of the micro 
accelerometer. An accelerometer with a range of 30’g’ and with 
a sensitivity of 23.95 fF/g.The mechanical and electrical design is 
done using FEA simulation techniques and the results show that 
the design meets the required specifications of the sensor.
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