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Abstract 

In current scenario the application of MEMS accelerometer is increasing 

rapidly in our day-to-day life; different approaches have been successfully 

developed in order to design high sensitive and high-resolution 

accelerometers. This paper reports a novel approach to design an MEMS 

accelerometer for dual axis sensing. Capacitive approach is used in 

accelerometer design and is based on different type of supports provided to the 

proof mass. Designing and modeling of the device is carried out on the 

COMSOL Multiphysics a 3-D simulation tool based on SOI-MUMP’S 

technology provided by the MEMSCAP foundry. 

Keywords: Capacitive; Comb configuration; Dual axis sensing; Lateral 

movement; Transverse movement; 

 

I. INTRODUCTION 

Micro-electro-mechanical system (MEMS) accelerometer is one of the most 

important inertial sensor in the MEMS industry having wide application area. Over 

the last three decades extensive efforts have been made to develop highly efficient, 

precise and robust Micromachinedinertial sensors mainly accelerometers and 

gyroscopes. Accelerometer is a device that senses the acceleration, force, shock, 

vibrations etc. and converts it into an equivalent voltage form with the help of some 

external digital circuitry. Different types of accelerometers are well developed and 

available in the market for various applications. 

Accelerometers are classified on the ground of either fabrication technique [1][2] or 

sensing technique. There are mainly two techniques to fabricate accelerometers, 

which are bulk-micromachining, a subtractive process and surface micromachining, 
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an additive process [3]. Capacitive and piezoresistive sensing techniques are the two 

dominant techniques whereas some other less popular techniques are piezoelectric, 

thermal, optical and current tunneling. 

Capacitive sensing technique is used to design accelerometer in the paper here 

presented due to its different advantages over other techniques. Capacitive approach 

based accelerometers have high resolution, good DC response, linear output, low 

power dissipation [4], high sensitivity and easy incorporation with CMOS IC [5]. The 

acceleration determination is based on the change of capacitance between the 

capacitors plates when an acceleration/displacement producing force changes the 

plate positions [6-8]. 

 

II. ACCELEROMETER DESIGN 

A basic accelerometer is modeled as a simple spring-mass-damper system as shown in 

Fig 1. 

 

Fig 1. Basic accelerometer model. 

When under the influence of some force the accelerometer is excited towards its 

sensing axis ‘y’ than due to inertial force the proof mass moves in the direction 

opposite to it. Displacement of proof mass per unit of gravitational acceleration 

describes the mechanical sensitivity of an accelerometer. The basic equation of the 

spring-mass-damper system is given by 

𝑚
𝜕2𝑥

𝜕𝑡2
+ 𝑑

𝜕𝑥

𝜕𝑡
+ 𝑘𝑥 = −𝐹 = 𝑚𝑎  (1) 

Where, m= proof mass, d=damping coefficient, k=spring stiffness, a=acceleration and 

x= displacement of proof mass. 

 

III. PROPOSED ACCELEROMETER MODEL 

The accelerometer designed in this paper is for dual axis sensing application. Sensing 

axis depends upon how many axis an accelerometer can freely displaced on the 

application of force. Change in capacitance depends upon the change in overlapping 

area of plates or change in distance between plates.In this paper we have incorporated 

both the sensing techniques to determine the acceleration. A cantilever beam support 

is provided to provide out-of-plane movement which results in change of capacitance 
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due to the change in the overlapping area of the plates. Spring attached to the proof 

mass is responsible for the in-plane transverse movement which results in change in 

capacitance due to the change in distance between the plates. The accelerometer 

structure with dual axis sensing mechanism is shown in Fig 2. 

 

Fig 2. Proposed accelerometer model. 

 

A rectangular proof mass is at the center of the design at which the force is applied, a 

series of comb structure and spring support is directly attached to the proof mass. For 

the transverse movement of proof mass the maximum displacement of proof mass 

should always less than the gap between the fingers or capacitive plates, large 

displacement may damage the comb fingers. A series of comb fingers are attached to 

sense the change of capacitance, capacitance incorporated per pair of fingers increases 

as the number of fingers increased. 

 

IV. SIMULATION AND ANALYSIS 

Accelerometer performance depends upon the supports provided to the proof mass. 

System operating frequency, proof mass displacement depends upon the modeling of 

support attached to the proof mass. 

 

A. Proof mass support modeling 

The proof mass support provided in this design is basically a combination of two 

types of support which is a beam and a spring. Beam support has no effect of the 

spring movement while the effect of spring can’t be ignored when movement is 

associated with beam support. The structure of support is shown in Fig 3. 
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Fig 3. Spring and beam support provided to proof mass. 

 

Anchored point is kept fix and proof mass is attached to the free point. The parameter 

of the support for the designed accelerometer is shown in table 1. 

 

Table 1. Proof Mass Support Parameters 

Parameters Beam Spring 

Length 20 100 

Width 10 5 

Height 10 10 

 

1) Mass associated with proof mass support 

The total mass of the proof mass support is given by the sum of spring, beam and 

connecting points. 

Support mass = 0.055896 µg. 

2) Spring stiffness: The spring stiffness (K) depends upon the number of folds, length, 

width and height of the spring, which is given by 

𝑘𝛼 =
1

𝛼
𝐸
ℎ𝑤3

𝑙3
 

Where α= number of folds, E= young’s modulus, h= height of spring, w= spring 

flexure width, l= spring flexure length. 

𝑘𝛼 =643.94 kN/m 

3) Resonance frequency of proof mass support when movement is associated with 

spring support:The spring support is responsible for in-plane movement, the force is 

applied in the direction to compress and expand the spring. The resonance frequency 
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with the parameters from table 1 is 1.75 MHz and bandwidth 1 MHz as shown in Fig 

4. 

 

Fig 4. Resonance frequency of support provided to proof mass. 

 

4) Effect of change in spring finger height on the free point displacement: As the 

spring flexure height increases the mass of spring increases and the effect on the 

displacement of free point is analyzed as shown in Fig 6. 

 

 

Fig 6. Free point displacement Vs. structure height for different frequencies. 

 

As the structure height increases the displacement of free end decreases for all the 

frequency range. The system shows maximum displacement for the height of 2µm as 

shown in Fig 7. 
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Fig 7. Total displacement vs. frequency for different height. 

 

5) Resonance frequency of proof mass support when the movement is associated with 

beam support: Beam support is responsible for the movement of proof mass in out-of-

plane, force applied on proof mass oscillates the system in the direction of its height, 

the maximum displacement should be less than or equal to the height of the whole 

structure. The resonance frequency of the support is found as 1.1 MHz and the 

bandwidth as 1 MHz as shown in Fig 8. 

 

 

Fig 8. System resonance frequency for beam support. 

 

6) Effect of change in beam support height on the free end displacement: Change in 

free end displacement for various beam height at different frequency is observed as 

shown in Fig 9. 
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Fig 9. Free point displacement vs. beam height for different frequency range. 

 

 
Fig 10. Total displacement vs. frequency for different beam height. 

 

The free point displacement decreases with increase in the beam height. 

B. Accelerometer modeling 

The accelerometer is now modeled using the spring and beam support, pair of comb 

structures are attached to the proof mass, parameters of accelerometer model are 

shown in table 2. 

Table 2. Accelerometer Parameters 

Parameters Comb Proof mass 

Length(µm) - 200 

Width(µm) - 100 

Finger length(µm) 50 - 

Finger width(µm) 5 - 

Finger overlap(µm) 2.5 - 

Finger gap(µm) 40 - 

Capacitor pair 52 - 

Height 10 10 
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1) Analytical analysis: The analytical analysis is carried out to determine the 

accelerometer total mass and capacitance, the total mass for the accelerometer, when 

the chosen material is silicon with density of 2329 Kg/m3, is given by 

Mass TOTAL= Proof mass+Comb finger mass+support mass 

Mass TOTAL= 0.892 µg 

Capacitance per pair of finger is given by 

𝑐 = 𝜀
𝐴

𝑑
 

Where ε=permittivity of the material between fingers, A=overlapping area, d= 

distance between two consecutive fingers [6]. 

C=1.41667 nF 

Total number of capacitors = 52 

Total capacitance = 73.6668 nF 

2) Frequency domain analysis: The frequency domain analysis is carried out to 

determine the system resonance frequency and bandwidth. 

a) Analysis for in-plane sensing: During in-plane sensing spring support is used and 

the proof mass oscillates in transverse direction. As the proof mass and comb fingers 

are attached to the spring support there is change in system resonance frequency 

which is observed as 0.3 MHzand bandwidth as 0.4 MHz as shown in Fig 11. 

 

 

Fig 11. Resonance frequency for in plane sensing. 

 

b) Analysis for out-of-plane sensing: beam support is used to determine the out of 

plane sensing, an force producing acceleration is applied on the proof mass which 

oscillates it in the out-of-plane direction, the capacitance change is now due to the 

change in overlapping area. The system resonance frequency and bandwidth is 

observed as 0.32 MHz and 0.25 MHz respectively as shown in Fig 12. 
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Fig 12. Accelerometer resonance frequency for out-of-plane sensing. 

 

3) Eigen frequency analysis: This analysis is performed to determine the system 

displacement at different Eigen frequencies. 

a) Analysis for in-plane sensing: The system performance is observed for different 

Eigen frequencies as shown in Fig 13. 

 

 

Fig 13 (a). Eigen frequency of 0.3229 MHz and a maximum  

displacement of 2.9176 µm. 
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Fig 13 (b). Eigen frequency of 0.724 MHz and a maximum displacement  

of 4.0316 µm. 

 

 

Fig 13 (c). Eigen frequency of 1.28 MHz and a maximum displacement of 4.848µm. 

 

With the increase in system frequency the chances of device failure and damage 

increases. 

 

b) Analysis for out-of-plane sensing:The system performance is observed for different 

Eigen frequencies as shown in Fig 14. 
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Fig 14 (a). Eigen frequency of 0.3229 MHz and a maximum displacement of 2.917 

µm. 

 

 

Fig 14 (b). Eigen frequency of 7.24 MHz and a maximum displacement of 4.031 µm. 

 

 

Fig 14 (c). Eigen frequency of 1.2835 MHz and a maximum displacement  

of 4.8489 µm. 
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V. RESULTS AND CONCLUSION 

The accelerometer is designed for dual axis sensing, the accelerometer resonance 

frequency for in-plane sensing is 0.3 MHz having bandwidth of 0.4 MHz and the 

resonance frequency for out-of-plane sensing is 0.32 MHz with bandwidth of 0.25 

MHz The designed accelerometer is applicable in moderate frequency applications. 
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