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Abstract 

A design scheme of a piezoresistive accelerometer with four sensitive beams is proposed. 
The structure is simulated and verified by the finite element method (FEM). The results 
show that the range of the piezoresistive accelerometer can reach 20,000 g, the natural 
frequency is 435.73 kHz, the sensitivity is 10.35 μV/G. The research results show that 
the structure can effectively improve the performance of piezoresistive accelerometers. 

Keywords  

Piezoresistive accelerometer; FEM; natural frequency; sensitivity. 

1. Introduction 

With the rapid development of sensing technology, various sensors have appeared in recent 
years to meet the measurement needs of different occasions [1]. Piezoresistive accelerometers 
are widely used in civil and military measurement applications due to their high linearity, good 
DC response, and simple processing circuit [2-4]. In 2014, R. Varatharajan et al. [5] proposed a 
piezoresistive single axis accelerometer with electroplated gold on the proof mass to improve 
its performance. In 2018, Han et al. [6] put forward a novel piezoresistive accelerometer. The 
gravity centre of the proof mass lies within the neutral plane of supporting beams to minimize 
its cross-axis sensitivity. However, the performance of piezoresistive accelerometers should be 
further improved. 

In this paper, a piezoresistive accelerometer structure is proposed and the finite element 
analysis software is used to simulate the structure. The sensitivity of the structure is 10.35 μV/G, 
the natural frequency reaches 435.73 kHz. 

2. Design of piezoresistive accelerometer structure 

The accelerometer structure shown in Fig. 1 is a Z-axis sensitive structure. The structure 
consists of four sensitive micro beams, two mass blocks, a frame, and two supporting beams. 
The sensitive micro-beams are used to concentrate stress and improve the sensitivity of the 
accelerometer. The structure parameters is shown in table 1. 

 
Fig. 1 Accelerometer schematic diagram 
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Tab.1 Structure parameters 

 Supporting beam 
Sensitive micro 

beams 
Mass blocks Frame 

Value(μm) 400,360,120 60,20,15 130,120,185 600,720,200 

3. Simulation analysis 

The sensitive structure uses silicon material, its density is 2330 kg/m3, Young’s modulus 
1.7×1011MPa, Poisson's ratio is 0.28. ANSYS workbench finite element analysis software is used 
to build the model, mesh and simulate the structure of the accelerometer. According to the 
results shown in Figure 2, under the external acceleration of 20,000 g, the maximum 
deformation of the accelerometer sensitive structure is 0.325 μm. According to the results 
shown in Fig. 3, the maximum Von-mises stress is 73.885 MPa, which less than the permissible 
stress of silicon. So the range of the piezoresistive accelerometer can reach 20,000 g. 

 
Fig. 2 Deformation 

 

 
Fig.3 Von-mises Stress 

The first four modes of the accelerometer are shown in Fig. 4. The frequencies is shown in table 
2.The first-order mode is characterized by the mass block as a whole perpendicular to the xoy 
plane and reciprocating along the z-axis, which is the main mode; The second-order mode is 
characterized by the rotation of the x-axis as the axis; The third-order mode is characterized by 
reciprocating motion along the z-axis; the fourth-order mode is characterized by internal 
fluctuations in the xoz plane. 

   
(a) The first mode                     (b) The second mode 
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(c) The third mode                    (d) The fourth mode 

Fig. 4 Modes and frequencies 

 

Tab.2 Frequencies of the first-four vibrating modes 

Mode 1 2 3 4 

)(kHzf  435.73 522.79 1002.9 1034 

Wheatstone bridge circuit of the accelerometer is shown in Fig. 5. The accelerometer uses a 5V 
constant voltage source as the input signal Uin. When the sensitive structure is not affected by 
acceleration, the sensitive resistor will not be strained. At this time, the output of the 
Wheatstone bridge is zero. When there is an external acceleration input, the sensitive resistor 
on the sensitive beam generates stress due to deformation.  

Uin

Uout

A

B

C

D

 
Fig. 5 Wheatstone bridge circuit  

The sensitivity can be calculated by: 
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Where, 
1l and 2l respectively represent the longitudinal stress of the sensitive resistance 1R

and 2R , 1t and 2t respectively represent the transverse stress of the sensitive resistance 1R

and 2R . 

 
Fig.6 The transverse stress and longitudinal stress distribution of R1 and R2 
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According to the simulation results shown in Fig. 6, when the external input is 20,000 g 
acceleration, the sensitivity of the accelerometer of this structure calculated by formula (1) is 
10.35 μV/G. 

4. Summary 

A novel structure of a piezoresistive accelerometer with sensitive micro beams is proposed to 
enhance the sensitivity of piezoresistive accelerometer. The performance of the accelerometer 
structure is analyzed by finite element software simulation. The results show that the natural 
frequency of the piezoresistive accelerometer is 435.73 kHz, the sensitivity is 10.35 μV/G. 
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