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Abstract

A robust optimal design considering fabrication influence has been performed for the decoupled vibratory
microgyroscope fabricated by the bulk micromachining. For the analysis of the gyroscope, a design tool has
been developed, by which user can perform the system level design considering electric signal process and the
fabrication influence as well as mechanical characteristics. An initial design of the gyroscope is performed
satisfying the performances of scale factor (or sensitivity) and phase delay, which depend on the frequency
difference between driving and sensing resonant frequencies. The objective functions are formulated in order
to reduce the variances of the frequency difference and the frequency in itself by fabrication error. To certify
the results, the standard deviations are calculated through the Monte Carlos Simulation (MCS) and compared
initial deviation that is measured fabricated gyroscope chip.
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Fig. 4 A unit model of sensing electrode
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Table 1 Gyroscope design parameters

Voltage Q factor Mass Stiffness | Frequency
Vv ug uN/pum Hz

V,=0.5

V=135 0,=3000 | m,=67.8 | k,=164.26 | f,=7834

V”_ 15 | 97300 | m=2886 | k=715 Af=88

=1.

Table 2 Gyroscope performance

Input Angular Velocity

Performance

Qp= 10 degree/s

ff=5Hz

S.F. = 2.7 mV/deg/s
P.D. =0.95 degree
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Table 3 Object function formulations for robust
optimization
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Table 4 Design variables condition (um)

D.V. | Initial Low Limit | Upper Limit
x; 5 4 6
X 4.83 4 6
x3 145 100 174
X4 296 200 690

Table 5 Robust optimization results (um)

DV Optimize | Optimize | Optimize | Optimize
U I 1I-1 1I-2 11
X; 5.28 4.72 4.89 5.23
X3 6 4.96 5.17 5.53
X3 174 103.56 131.79 169.59
X4 376.07 304.76 319.51 344.06
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Fig. 15 Frequency difference plot with respect to LOE
for optimization results
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Fig. 16 Distribution of frequency difference by Monte
Carlo simulation results for robust optimization
results

Table 6 Improvement of standard deviation over
initial design using robust optimization (%)

Standard | Optimize | Optimize | Optimize | Optimize
deviation 1 I1-1 1I-2 111
a(&f) 244 -80.1 -79.3 -78.2
a(f,) -10.0 11.6 4.1 -8.4
o(f.) 344 4.6 -11.9 225
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