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Abstract: All mechanical-system parameters have uncertainty, and this uncertainty directly affects system
performances and results in a decrease in the manufacturing outputs. In particular, since the size of a MEMS system is
extremely small, the manufacturing tolerances of a MEMS system are relatively large when compared to the tolerances
of a macro-scale system. High manufacturing tolerances result from an increase in the uncertainty of the system
parameters, thereby affecting the performances and manufacturing yields. In this paper, the performance uncertainty of
a MEMS accelerometer due to system parameter uncertainty is analyzed by using several uncertainty analysis methods.
Finally, the performance distributions and manufacturing yields of the MEMS accelerometer are predicted.
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Fig. 1 Configuration of a MEMS accelerometer

Fig. 2 Idealized model of the MEMS accelerometer
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Table 1 Material and geometric data of the MEMS

accelerometer
Notation Description Data

Y Density 2330 kg/m’
E Young’s modulus 190 GPa
L, Beam length 600 pm
w, Beam width 600 pm
T, Beam thickness 30 um
L, Mass length 2000 pm
w, Mass width 2000 pm
T, Mass thickness 250 um
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—ANSYSmodel  f,=1504Hz
02t

Displacement (um)

- - -Idealized model f1=1569Hz

Time (ms)

(a) Result with no damping
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(b) Result with damping ratio 0.707

Fig. 4 Transient responses of ANSY'S and idealized
models undergoing a step input force
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Fig. 5 Sensitivity variations versus system parameter
variations
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Table 2 Standard deviations of material and geometric
data of the MEMS accelerometer

Notation Description Data
Density 3
% standard deviation 100 kg/m
Young’s modulus
Tx standard deviation 10 GPa
Beam length

o
b standard deviation I pm

o Beam width 1 um
i standard deviation H

o Beam thickness 2 um
% standard deviation H

Mass length

o
I standard deviation I pm

. Mass width 1 um
W standard deviation H

- Mass thickness 2 um
T standard deviation H
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Table 3 Comparison of manufacturing yields by uDR

and MCM

Manufacturing | Manufacturing Error

yield by uDR yield by MCM (%)

(%) (%) °

B 99.6 99.7 0.10

P, 99.1 99.4 0.35

P 98.7 99.1 0.45
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