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Abstract - Micro-Electro Mechanical Systems are widely 
used for measuring the acceleration because they are small 
in size and less in weight. In this paper effort was done on 
the study of different parameters such as beam length and 
beam width of capacitive MEMS accelerometer and their 
effects on the change in differential capacitance. A 2D model 
of accelerometer was prepared and the modal analysis was 
performed on model to find the mode shapes of moving 
finger. In modal analysis 100 numbers of modes were 
extracted with frequency range 0 to 1000 Hz. and mode 
shapes were found out. The deformation of moving finger 
for extracted modes is observed. Among them at frequency 
230.80 Hz and 792.31 Hz finger showed deformation along 
acceleration measuring axis. At these frequencies, the effect 
of deformation of finger on capacitance value was analyze. 
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1. INTRODUCTION  
 
To measures the acceleration, different types of 
accelerometer are available as piezoelectric and 
piezoresistive and MEMS capacitive type accelerometer. 
Among them MEMS are used widely because they are 
small in size and weight as compared to piezoresistive and 
piezoelectric accelerometer. Currently they are used in 
automobiles to set the correct time for air bag deployment. 
Micro Electro-Mechanical System (MEMS) were firstly 
developed in 90’s century. Capacitive type woks on the 
principle of capacitance change in parallel plates. 
Capacitance change is directly depending upon the 
distance between plates and area of plates. Acceleration is 
sensed by mass and causes the change in the distances of 
the plates and ultimately the capacitance. This capacitance 
is ultimately used to measure the acceleration. Force is 
applied on the mass due to acceleration sensed by device 
is determines by Newton’s second law of motion. To 
analyse the displacement of mass of accelerometer, it can 
be compare to equivalent model of mass, spring, damper 
system. 

1.1 Working of MEMS Accelerometer 
 
Accelerometer is a device used to measure the acceleration 
or decelerations of device. Works on the Newton’s second 
law of motion which states that force applied by anybody is 
equal to product of mass of body and acceleration of body. 

This force on the mass makes it to displace from mean 
position. This displacement is proportional to the 
acceleration of device. Fingers are attached to the mass.. 
Fingers moves with mass and the distance between moving 
finger and fixed finger changes. It changes the capacitance 
in fingers which is used to measure the acceleration 
 
1.2 The broad objectives of the study are 
 

1. To study the working principle of capacitive MEMS 
accelerometer 

2. To study the effect on capacitance change for variable 
distance between two plates due to deformation occurs in 
moving finger and find the error in measurements of 
capacitance 

The current need of the manufacturing industry in the 
any machine development consist of various factors such 
as vibration analysis, balancing the masses of rotating 
machines. Vibration of machine leads to failure of machine 
parts. Therefor accurate result should be shown by 
vibration sensors such as accelerometer which is used to 
find the magnitude of acceleration of machine with respect 
to time. 

 
2. LITERATURE 
 
The sensitivity of the device is desirable parameter while 
designing a transducer. Most of the work done before have 
kept their focus on the increasing the sensitivity of device 
by optimizing the device parameters. 
 
Zakriya Mohammed et al [1] focus their work on 
optimizing the gap between moving and fixed finger. As the 
gap between moving and fixed finger directly affect the 
change in capacitance between them. The designs utilize a 
simplified comb structure to detect capacitance change 
between moving and fixed fingers. By finding the optimum 
gap the device is designed to get the high capacitance 
which is the function of displacement of proof mass. They 
found that there is critical anti-gap spacing at which the 
device shows the highest sensitivity. The main focus of 
their work was to achieve high-sensitivity while keeping 
the device dimension as small as possible. A complete 
parametric study was performed to calculate the optimum 
design values. The key parameters which were carefully 
studied are the total mass, spring constant, the finger 
length, and the anti-gap spacing. The spring constant is 
varied by changing the beam length and width. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 
                Volume: 07 Issue: 03 | Mar 2020                  www.irjet.net                                                                     p-ISSN: 2395-0072 
 

© 2020, IRJET       |       Impact Factor value: 7.34       |       ISO 9001:2008 Certified Journal       |     Page 156 

Yi Ma et al [2] work on the parameters of the flexible 
beam. As the length and width of flexible beam directly 
affect the stiffness of beam and ultimately the displacement 
of the proof mass. They conducted their work by taking the 
flexible element as a cantilever beam and optimize design 
for beam as its length and width is found. They found that 
the performance of capacitive accelerometer with 
cantilever beam is highly depending on the length, width 
and thickness of beam. The beam design optimization has 
performed, and the optimized design parameters have 
achieved, including beam length 500um, beam width 
600um, and beam thickness 6um. By increasing the length 
of beam, sensitivity of accelerometer can increased but 
there are limitations to increase the length up to certain 
level. Because beyond limit if the length is increased the 
sensitivity of device become over sensitive and may 
damage the structure of the accelerometer. Results also 
show the effect of beam design on the resolution, which is 
the minimum and maximum acceleration the 
accelerometer, can sense. 
 
Keya Sanyal et al [3] from their paper they have shown 
the variation of capacitance change and sensitivity with 
respect to the length and width of the beam. Sensitivity 
and capacitance change both these term are related to 
each other. To increase the sensitivity of accelerometer 
there should be more change in capacitance change for 
certain acceleration sensed. They analyzed the variation of 
capacitance change of the device with applied 
acceleration, and also analyzed the sensitivity of the 
device. The performance analysis of the device is done 
using ANSYS Multiphysics software. For simulation 
purpose a 2D model is prepared using the ANSYS software 
and the displacement of the proof mass is measured from 
the deformed structure. 
 
Meftah Hrairi et al [4] focused their work on Finite 
Element Analysis of MEMS accelerometer and they in 
additionally they also consider the effect of temperature 
on the device performance. The temperature of 
accelerometer was varied from 100C to 500C and the 
displacement was measured to check whether the 
temperature has any impact on the displacement. From 
the result, it is found that as the temperature increases the 
displacement also increases. However, the displacement is 
very small. 
 
Table-1: PHYSICAL AND GEOMETRICAL PARAMETERS[3] 
 

 

 
3. WORKING PRINCIPLE OF ACCELEROMETER  
 
Capacitive type Micro Electro-Mechanical System 
accelerometer is equivalent to single degree of freedom 
spring, mass and damper system. It consists of spring mass 
which is attached to the spring which is here beam 
element. And also the damping effect occurs in the gap 
between moving and stationery finger. 

 
Fig 1: Mass-Spring-Damper System [6] 

 
According to Newton’s second law force applied on the 
system when the mass (m) subjected to the acceleration 
(a) is  
                  Fapplied = maapplied .…… ……………….……………...(1)  
The proof mass is attached to the spring which get 
extended or compressed depend on the direction of 
applied acceleration on the mass. Which causing the mass 
to displace by amount x. Resisting force apply by the 
spring is :  
                     Fspring = kx ..…………………………........................(2)  
There is also a damping effect (c) in the system which 
affects the performance of the accelerometer. The 
damping is due to air damping between stationery and 
moving fingers, which resist the movement of the proof-
mass. The damping force can be defined as :  
                    Fdamping = cẋ..…………………………………………..(3)  
Now according to the second law the relation between is 
that the sum of all forces acting on proof mass is equal to 
inertia force on proof mass :  
                    Fapplied - Fspring - Fdamping = mẍ.……….…...(4)  
Finally, the motion of the spring mass damper system as a 
function of the applied acceleration is given by:  
           mẍ + cẋ + kx = Fapplied = maapplied.. …………… .. .(5)  

  
Parameters Value 
Capacitance gap (d)  2 μm  
Device Thickness (h)  5.2 μm  
Mass Width (Wm)  34 μm  
Mass Length (Lm)  812 μm  
Beam Width (Wb)  6 μm  
Beam Length (Lb)  150 μm  

Finger Length (Lf)  120 μm  
Young’s modulus of poly-si (E)  1.72*10^11 Pa  
The Dielectric constant of air (ɛ)  8.854*10-12 F/m  
The Density of poly-si (ρ)  2330 kg/m3  
Gravity Acceleration (g)  9.8 m/s2  
Total mass (m)  2.81*10^-10 kg  
Spring Constant (K)  1.13*102 N/m  
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This equation can be used to analyses the system. Where 
natural frequency of the system is:  

                                ωn = √ 

 
…………………….……........................(6)  

The movement of the proof mass gives a change in 
capacitance between the movable finger attached to the 
proof mass and the fixed finger attached to the structure. 
In this method, the acceleration can sense by measuring 
the changes of capacitance. When acceleration is applied 
in the X-direction, the proof mass gets displaced and the 
finger gap spacing of fingers changes. At one side, the 
capacitance increases while it decreases at the other with 
same acceleration 
 
3.1. Capacitance calculation 
 
 The capacitance when the mass is at its mean position and 
which is same in both sides  

                        C0 = 
      

 
 ………………………………………......(7)  

When mass displace and move by the distance x the value 
of capacitance will be  

                       C1(x) = 
      

   
 …………………………...……….…….8)  

and  

                       C2(x)  =  
      

   
 ………………...………………..….(9)  

The differential capacitance change is  
                         ▲C= C2 – C1. …………………..…………..……… .(10) 
 
4. ACCELEROMETER MODEL 
 
Magnitude of capacitance measured by single pair of fixed 
and moving finger is very low. So for further processing 
the measured capacitance for getting acceleration value, 
sufficient value of capacitance magnitude should get from 
fingers.  
 

 
Fig 2: MEMS with one pair of fixed and moving finger 

 
To get the higher value of capacitance multiple finger pairs 
are added in series with finger as shown. But for 
simplification only one finger pair is considered. 

Simplified diagram of capacitive accelerometer is shown in 
figure 2. Similar model is prepared on ANSYS to analyses 
the behaviour of system. The thickness of finger and mass 
is varied and the displacement of the finger is observed. As 
a part of simulation, a 2D model is prepared using ANSYS 
and the displacement of the finger is observed from the 
deformed structure.  
 
When acceleration is applied, proof mass displaced from 
its original position. Depending on value of displacement, 
the capacitances are also changed. The relation between 
capacitances and displacement has shown in equation 8 
and equation 9 of changed capacitance 
 
5. MODAL ANALYSIS 
 
Bandwidth of device is the frequency range over which the 
device can take the readings. Higher the bandwidth of the 
device means better is the device because one device with 
large bandwidth can be used for various applications. To 
find the bandwidth of the device the mode shapes and 
resonant frequencies are need to be known.  
 
The model of accelerometer with single finger attached to 
mass is prepared in ANSYS software and modal analysis is 
done to find the mode shapes and resonant frequencies. In 
modal analysis, 100 numbers of modes have extracted 
with frequency range 0 to 1000 Hz. and mode shapes have 
found. The thickness of mass and finger is varied from 3 
μm to 6.5 μm. The effect of thickness on the resonant 
frequency is found. The graphs of thickness verses 
resonant frequencies are plot. A graph shows that change 
in thickness of finger does not much affect the resonant 
frequency of finger. But at resonant frequencies the 
moving finger is not parallel to the fixed finger and the 
distance between them is not same along length. Due this 
change in distance the capacitance between fingers will be 
changed and the acceleration shown will be different than 
the actual value 
 

 
Fig 3 : Thickness Vs Resonant frequencies of moving  

finger. 
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The mode shapes have found from the software and 
among them first mode of finger found at node number 21 
with frequency 230.802 Hz and second mode found at 
node number 40 with frequency 792.312 Hz. Difference 
between two mode shapes is found as 562 Hz which is 
determined as bandwidth of the accelerometer.  
 
Decreasing the thickness value of finger shows same 
bandwidth so that the size of the device can reduced but 
due to reduced thickness, area between fingers decreases 
and reduces the capacitance value 
 

 
Fig 4: Deformed shape of finger at 230.802 Hz 

 

 
Fig 5: Deformed shape of finger at 792.312 Hz 

 
As the capacitance value is directly depend upon the area 
of plates. Therefor decreasing thickness will decrease the 
area and ultimately the capacitance. 

 
Fig 6: Deformed shape of finger at 215.626 Hz 

If we consider at particular acceleration the finger and 
mass moved with the distance 1 μm. The difference 
between actual value of differential capacitance and the 
capacitance measured by the devices found are found out 
 

Table 1: Error in differential capacitance due to 
deformation in finger 

 
Sr. No.  Freque

ncy 
(Hz)  

▲C 
(pF) for 
parallel 
fingers  

▲C 
(pF) for 
deform
ed 
fingers  

Error %  

1  230.802  5.0106  13.148  61.89  
2  792.312  5.0106  10.95  54.24  

 
As the acceleration measured by the accelerometer is 
proportional to differential capacitance measured. At 
those two frequencies 230.802 Hz and 792.312 Hz the 
device will show the wrong value with error as shown in 
table 1. 
 
6. CONCLUSION 
 
The modal analysis for single finger is done on ANSYS 
software and the mode shapes are found. The capacitance 
values for different values of frequencies are calculated. 
From above observation it is shows that, two modes are 
obtained at 230 Hz and 792 Hz. At these frequencies finger 
deform due to which device shows an error in acceleration 
value. From above range of frequencies the bandwidth of 
the device is found to be 562 Hz. In this range the 
accelerometer will give accurate value of acceleration 
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