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Abstract
In this paper we have designed a piezoresistive detector to detect 
the displacement of an accelerometer. We have used a flexible 
contact force and impact time detector for sensing the acceleration 
in the time domain. The advantage of using this mechanism is good 
linearity, compactness, scalability, and the potential to realize a 
higher precision accelerometer due to time-based measurement. 
The estimated mechanical and electrical parameters of beam 
detector are presented. We used COMSOL Multi physics for 
designing the detector and MATLAB for analysis.
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I. Introduction
The design of a high-performance piezoresistive MEMS based 
accelerometer intended for application in civil structures 
is explored. MEMS (Micro Electromechanical Systems) 
based accelerometer is one of the most important types of the 
mechanical silicon sensors, since there have been large demands 
for accelerometers in automotive applications, where they are 
used for crash detection, and for vehicle stability systems. In 
addition, due to small size and light weight, they are also used in 
biomedical and robotics applications for active motion monitoring, 
and in consumer for stabilization of pictures in camera, head-
mounted displays. These accelerometers have been developed 
based on piezoelectric, capacitive, piezoresistive and other 
sensing principles In addition; pull-in voltage and pull-in time 
have been reported as alternative mechanisms for acceleration 
sensing. The field of MEMS accelerometers can be segregated 
into two dominant micro system architectures: capacitive and 
piezoresistive.  While both types of accelerometers employ internal 
proof masses that are excited by acceleration, the architectural 
differences are in the transduction mechanism used to correlate the 
movement of the internal proof mass to acceleration.  Capacitive 
accelerometers employ a differential capacitor whose balance 
is disrupted by the movement of the proof mass.  Piezoresistive 
accelerometers generally rely on strain induced within a flexural 
element that attaches the proof mass to the sensor housing for 
identification of the mass movement. Generally, the sensitivity of 
piezoresistive accelerometers is not as high as that of the capacitive 
and tunneling accelerometers. Sensitivity of piezoresistive sensors 
can be increased by using high value gauge factor materials A 
more recent approach was based on contactless capacitive sensing, 
that aimed at improving the device sensitivity, resolution and 
reliability using a large set of sense electrodes that additionally 
serve as dampers. But this approach required a large electrode 
area and presented a higher system complexity. To overcome 
some of the limitations mentioned above, this work proposes a 
new pull-in time-based accelerometer utilizing a flexible contact 
mode 1-DOF piezoresistive contact-force[4] and impact-time 
(event) detector.

 

II. Design of Piezoresistive Accelerometer
The model of the echo waveform is given as in When miniaturizing 
any device, it is critical to have a good understanding of the 
scaling properties of the transduction mechanism, the overall 
design, the materials and the fabrication processes involved. The 
scaling properties of any one of these components could present 
a good barrier to adequate performance or economic feasibility.
The accelerometer consists of consists of a movable proof-mass 
with two sets of  electrodes along with a pair of flexible contact-
mode piezoresistive detectors, placed opposite to each other .By 
applying the force to the proof-mass,the corresponding proof-mass 
deflection is measured using contact mode piezoresistive detectors.
when the proof-mass comes into contact with the piezoresistive 
detector,the acceleration is measured by using resistive half 
–bridge and an event detection circuitary.

A. Materials/Coefficients Library

Fig. 1: Schematic of an Accelerometer With 4 Sets of Radial 
Fingers

B. Borosilicate
Parameter Value
Heat capacity at constant pressure (C) 754[J/(kg*K)]
Young’s modulus (E) 63e9[Pa]
Thermal expansion coeff. (alpha) 3.3e-6[1/K]
Relative permittivity (epsilonr) 4.8

Thermal conductivity (k) 1.13[W/
(m*K)]

Poisson’s ratio (nu) 0.20
Density (rho) 2230[kg/m^3]
Electric conductivity (sigma) 0[S/m]

C. Si(c)
Parameter Value
Heat capacity at constant pressure (C) 700[J/(kg*K)]
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Young’s modulus (E) 170e9[Pa]
Thermal expansion coeff. (alpha) 2.6e-6[1/K]
Relative permittivity (epsilonr) 11.7

Thermal conductivity (k) 130[W/
(m*K)]

Poisson’s ratio (nu) 0.28
Density (rho) 2329[kg/m^3]

The above tables indicate the material properties used in the 
accelerometer. The design structure of the accelerometer is shown 
in the fig. 2. The mesh structure of the designed accelerometer 
is as shown below.

Fig. 2:

The fabricated comb structure accelerometer is undergone for 
Piezo plane stress (smpps) analysis at a displacement on y axis 
and the output is given here.

Fig. 3:

III. Flexible Contact-Mode Piezoresistive Detector
Based on the design criteria, several possible detector designs 
(shown below in fig. 3) were considered and compared. The 
simulated dependencies, obtained using COMSOL FEA[6], 
between the applied pull-in force and the deflection and thereby 
induced stress responses for all detector designs exhibited good 
linearity, see fig. 4 & 5.  The stress/deflection performance ratios 
were computed from the above graphs.

Fig. 2: Design of I-Shaped Piezoresistive Contact-Force and 
Impact-Time (Event) Detector
Analyses indicates the I-shaped beam design, shown in fig. 2 to 
be the best design choice due to a maximum stress/deflection ratio 
of 1.17x1013 Pa/m and yet a smaller deflection than the other 
designs considered. Under nominal pull-in condition, a threshold 
resistance value can be readout using a resistive half-bridge when 
the proof-mass impinges onto the flexible I-shaped beam detector. 
Thus,acceleration could be determined with an event detection 
circuitry that computes the difference in the pull-intransition time 
(∆t=t1-t2) based on impact events in comparison with the nominal 
value, used as a threshold.

IV. Results
For the I-shaped detector, FEA simulation done with COMSOL 
shown in fig. 6 reveals a resultant displacement of 2.61×10-11 um 
and a corresponding stress of 10 MPa when a nominal pull-in force 
of 50 μN is applied, which is experienced during normal device 
operation in the absence of any external acceleration.

Fig. 4: Force Vs Stress Plot for I-Beam Detector

Fig. 5: Force Vs Displacement Curve for I-beam Detector
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Using MATLAB modelling tool [8], it was found that the detector 
returns to its original state, after experiencing an impact with the 
proof-mass, in about 1ms. 

Fig. 6: FEM Simulation of the I-beam Detector

Fig. 7: Displacement of the Detector With Respect to ARC 
Length.

Fig. 8: Transient Response of the I-beam Detector

Fig. 9: Frequency Response of the I-beam Detector

V. Conclusion
A pull-in time-mode accelerometer based on a flexible contact-
mode 1-DOF piezoresistive detector was presented. An optimized 
I-shaped detector design was chosen that fulfils the design criteria 
offering a maximum stress/deflection ratio of 1.37x1057 Pa/m and 
yet a smaller deflection. The detector is able to sense a minimum 
force (MDF) of 2.43 μN and a minimum displacement (MDD) of 
1.2×10-11um, and the overall detector sensitivity is about 43.6 μV/
μN. The key advantages of the presented contact-mode detection 
mechanism are the use of simple readout circuitry, compactness, 
good linearity, scalability, and the potential to realize a higher 
precision accelerometer due to time-based measurement. The 
presented sensing method could be leveraged to realize low-
cost high resolution accelerometer for application in tilt control, 
platform stabilization, space applications, structural monitoring, 
etc. 
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