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Abstract: The transient analysis for the output voltage of a piezoresistive microaccelerometer takes a relatively high
computation time because at least two iterations are required to calculate the piezoresistive-structural coupled response at each
time step. In this study, the high computational cost for calculating the transient output voltage is considerably reduced by an
approach integrating the mode superposition method and the least square method. In the approach, data on static displacement
and output voltage calculated by piezoresistive-structural coupled simulation for three acceleration inputs are used to develop a
quadratic regression model, relating the output voltage to the displacement at a certain observation point. The transient output
voltage is then approximated by a regression model using the displacement response cheaply calculated by the mode
superposition method. A high-impact microaccelerometer subject to several types of acceleration inputs such as 100,000 G shock,
sine, step, and square pulses are adopted as a numerical example to represent the efficiency and accuracy of the suggested
approach.
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Fig. 4 Finite element model for structural-piezoresistive
coupled-field simulation
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Table 1 Model specification

Type Value
Size (WxHxT) [mm’] 3200%900x1000
Young’s Modulus [GPa] 160
Poisson’s ratio 0.22
Density [kg/m’] 2400
Excitation voltage [V] 5DC

Table 2 Piezoresistance coefficients for the model

Type |Resistivity| 7 T2 T4

Unit Qmm [10"Pa’| 10""Pa | 10"'Pa’

n-type 117 -102.2 53.4 -13.6
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Table 3 Relation between displacement and output
voltage calculated by static structural-
piezoresistive coupled-field simulation

(a) Input acceleration in the X-direction

Acceleration | Ux Vi vV, Vout
G) (pm) V) V) (mV)
0 0 2.50000 | 2.50000 | 0.00000
50,000 |-0.0262(2.49718|2.49718|0.00611
100,000 |-0.0523|2.49437|2.49435|0.01972

(b) Input acceleration in the Y-direction

Acceleration | Uy Vi vV, Vout
Q) (pm) V) V) (mV)
0 0 2.50000 | 2.50000 | 0.00000
50,000 |-0.05962.49335|2.50667 {13.32366
100,000 |—0.1193|2.48667|2.51336 |26.68675

(c) Input acceleration in the Z-direction

Acceleration | Uz Vi vV, Vout
G) (pm) V) V) (mV)
0 0 2.50000 | 2.50000 | 0.00000
50,000 |-0.0760|2.49999|2.49999 | 0.00150
100,000 |-0.15202.49999 |2.49999 | 0.00300

Table 4 Coefficients of regression

(a) Input acceleration in the X-direction

b VP AT
ag 2.50000 2.50000
b, 0.10786 0.10795
Cy 0.00274 -0.00274

Eq. (21) V() = ag + by Ux(t) + ¢;Ux(t)”

(b) Input acceleration in the Y-direction

b VP AT
ag 2.50000 2.50000
b, 0.11144 —0.11168
Cy —0.00276 0.00279

Eq. (21) V() = ag + by Uy(t) + ¢;Uy(t)’

(¢) Input acceleration in the Z-direction

b Vlapp Vzapp
ap 2.50000 2.50000
by 2.04x107° 5.97x1077
¢ 1.71x1077 —1.71x1077
Eq. (21) V(1) = ay + b Ug(t) + ¢, Ux(t)?
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