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Change of stochastic properties of MEMS structure in terms of dimensional variations using
function approximation moment method

J. S. Huh(Mecha. Eng. Dept. KAIST), B. M. Kwak(Mecha. Eng. Dept., KAIST)

ABSTRACT

A systématic procedure of probability analysis for general distributions is developed based on the first four moments
estimated from polynomial interpolation of the system response function and the Pearson system. The function
approximation is based on a specially selected experimental region for accuracy and the number of function evaluations is
taken equal to that of the unknown coefficient for efficiency. For this purpose, three error-minimizing conditions are
proposed and corresponding canonical experimental regions are formed for popular probability. This approach is applied to
study the stochastic properties of the performance functions of a MEMS structure, which has quite large fabrication errors
compared to other structures. Especially, the vibratory micro-gyroscope is studied using the statistical moments and
probability density function (PDF) of the performance function to be the difference between resonant frequencies
corresponding to sknsing and driving mode. The results show that it is very sensitive to the fabrication errors and that the
types of PDF of each variable also affect the stochastic properties of the performance function although they have same the
mean and variance.
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Step 1. Considering one-dimensional problem about each
random variable, x;, for / = 1 to p, the positions of three
interpolation points are optimized by three error-
minimizing conditions as suggested below.

Step 2. A p-orthotope is defined by the optimized points as
a canonical experimental region.

Step 3. On this constructed region, a design of experiments
with (p + D(p + 2)/2 function evaluations is performed,
and the coefficients of g(x) determined.

Step 4. The first four moments of §(x) are easily
obtained as the estimates for g(x).

Step 5. ldentify the proper type of the Pearson system and
obtain the probability of failure.
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these moments, respectively.
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Table 1 Optimal positions of three experimental points
of various distribution types
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Fig. 1 Construction of canonical experimental region.
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Fig. 2 Vibratory micro-gyroscope(Comb structure){5]
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Table 2 Designed and measured dimensions of the
micro-gyroscope in [6 ]

Specifications Designed Measured
Beam width (um) 35 4+0:27
Beam length (um) 300 3001

Spring constant (N/m) 5.7 6.77
Mass (ug) 2.36 2.61
Resonant frequency (kHz) 7.82 9.45
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Table 3 Component variables for micro-gyroscope T A ETY 21g AT 8o Ui 2 v F
Component (x) Mean SD Parameter 7hshe €lo) "ol 4 #x).
Ly(mm) Normal  0.350  0.0005/3
Ly(mm) Normal  0.200  0.0005/3 . Table 4 Results of CASE 1 and CASE 2
a\=a;=a; CASE 1 CASE 2
Normal 0.0036  0.0002/3 -
{(mm) Mean 471.1900 471.0585
H\=H,=H, S.D. 193.3033 184.6621
Normal  0.01¢  0.0001/3 .
(mm) Skewness -1.02513 -0.429893
Normal - Kurtosis 4.52788 3.30131
Adyd; o 0925 00253 0825, Prig(x)<0 ] 2.359x 1072 1.189x107
r=101.75
Normal -
E .  Log éf,(: 15GPa » 000259
normal 0.0020
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Fig. 5. Probability density function of the system
response function (CASE 1 and CASE 2)
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Fig. 6 Comparison of probability density functions

from different methods
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