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Robust Optimization of a Resonant-type Micro-probe
Using Gradient Index Based Robust Optimal Design M ethod
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Abstract

In this paper we present a simple and efficient robust optimal design formulation and its application to a
resonant-type micro probe. The basic idea is to use the Gradient Index (Gl) to improve robustness of the
objective and constraint functions. In the robust optimal design procedure, a deterministic optimization for
performance of MEMS structures is followed by design sensitivity analysis with respect to uncertainties such
as fabrication errors and change of operating conditions. During the process of deterministic optimization
and sensitivity analysis, dominant performance and uncertain variables are identified to define GI.  The Gl is
incorporated as a term of objective and constraint functions in the robust optimal design formulation to make
both performance and robustness improved. While most previous approaches for robust optimal design
require statistical information on design variations, the proposed Gl based method needs no such information
and therefore is cost-efficient and easily applicable to early design stages. For the micro probe example,
robust optimums are obtained to satisfy the targets for the measurement sensitivity and they are compared in
terms of robustness and production yield with the deterministic optimums through the Monte Carlo simulation.
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Table 1 Design variables and performances at deterministic and robust optimums

Desgn Initia _M=4% _M=8%
vaiable design  Deterministic  GI-based Determinigic  Gl-based
method method ' method method "
Xy pm 1000 1000.0 1000.0 1000.0 1000.0
X pm 2000 1994.6 1999.7 1988.1 20133
X pm 300 3104 253.3 291.3 208.8
Xs pm 500 498.3 489.7 496.1 468.3
Xs pm 20 351 80.0 494 79.9
X um 5 49 8.7 49 7.3
X7 pm 50 27.2 49.1 36.0 36.4
Xg  pm 100 112.2 146.0 1181 200.0
Xg pM 205 25.0 25.0 24.8 25.0
AT % 0.26 4.00 3.99 7.98 7.99
Gl %upm* 012 2.24 1.09 4.16 2.62
f, Hz 10024 10000 17453 10000 14486
f, Hz 10011 9797 17100 9591 13894
f, Hz 10037 10197 17798 10390 15052

T Feasibility robustness by ¥, with «;=2.0, 5=2.0, 1,=2.0

Maximize Af/f (%)

Pattern by lithography Sio,
. Etching in BHF 7\
subjectto  f; >10000Hz si — /1
fy —f; <0.001 © .
f3 > 20000Hz Deep etching @
by ICP-RIE
O max < Gyield front side etch
si back side etch
10 Etching in HF
20 kHz . —
M . _ oxide etch
Fig. 6 Fabrication process
6
RIE (reactive ion etching)
fr
fri ’
g M=8 %
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Table 2 Results of the Monte Carlo simulation for a design variation of AX;=AX,=AX3=AX,=£2.0 um,
AXs=AXg=AX7=AXg=11.0 um and Axg=+0.5 um

Optimization formulation Detogirm[}lrﬁ IC roqustI O%atisr?1dum robugtI O%atisr%dum i
Aflf % 4.00+0.79 3.99+ 042 3.99+0.37
uto f, Hz 9999 + 667 18677 + 608 17453 + 663
B f3 Hz 19988 + 155 19992 + 138 20151+ 139
omx MPa  7.3£0.06 16.4+0.06 16.3+0.06
M=4% 0
Violation 0 % 50.0 0.0 0.0
0 % 44.6 42.6 95
Yield SY % 81.8 93.8 99.2
AfIf % 7.98+1.46 7.99£091 7.99£0.90
wio fi, Hz 10000 + 671 14276 + 664 14486 + 655
B f3 Hz 20003 + 145 19980 + 139 20182+ 143
omx MPa  10.2+0.06 16.4+0.06 16.4+0.06
M=8 %
Violation . % 50.0 0.0 0.0
0 % 41.0 46.5 7.1
Yield SY % 50.8 72.9 73.0

" No feasibility robustness

* Feasibility robustness by \P; with k;=2.0, k5=2.0, 1,=2.0
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[
P
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1
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