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Abstract

The paper deals with the numerical analysis and design optimization of polysilicon micro thermal flexure actuator.
The deflection of a thermal actuator is implicitly related to the actuation time so that such deflection is to be maximized
under the consideration of structural performances such as maximum stress and natural frequencies. At first, the
structural formulation of a thermal actuator is reviewed, and its CAE based simulation is performed to verify the
numerical model. A parametric study is then conducted to identify the mainly effective design variables. Finally, the
design of a micro thermal actuator is explored in the context of deterministic optimization and reliability based design

optimization in the present study.
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Fig. 1 Polysilicon thermal actuator
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Fig .7 Behavior of 2nd natural frequency

Case-1) Maximize the tip deflection subjected to the
maximum stress smaller than the allowable stress limit.

Case-2) Maximize the tip deflection subjected to the 1st
natural frequency larger than the allowable frequency
limit.

Case-3) Maximize the tip deflection subjected to the 2nd
natural frequency larger than the allowable frequency
limit.

Case-4) Maximize the tip deflection subjected to the 1st
and 2nd natural frequencies larger than their allowable
frequency limits.

Case-5) Maximize the tip deflection subjected to the
maximum stress smaller than the allowable stress limit
and the 1st and 2nd natural frequencies larger than their
allowable frequency limits.

Case-6) Maximize the tip deflection and minimize the
maximum stress subjected to the 1st and 2nd natural
frequencies larger than their allowable frequency limits.
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Table 2 Distribution of stochastic design variables

Helstg e,
SAE UM

Distribution Standard

type Mean deviation

dl Normal 2 um 0.5 pm
d2 Normal 5 pm 1 um
d3 Normal 15 um 4 pm
d4 Normal 160 um 20 um
ds Normal 2 pm 0.5 pm
dé Normal 2 um 0.5 pm
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Table 3 Results of deterministic optimization
Baseline Deterministic optimization (DO)
design I II 111 v v VI
dl (um) 2.0 1.50 1.03 1.62 1.63 2.10 2.00
d2 (um) 5.0 4.74 5.25 5.59 5.71 4.99 4.99
d3 (um) 15.0 15.25 15.79 16.82 17.15 14.96 15.0
d4 (um) 160.00 161.87 173.34 184.64 184.52 160.01 160.00
d5 (um) 2.0 1.43 2.18 2.13 2.13 2.13 2.00
d6 (um) 2.0 2.05 1.90 2.12 21.6 2.03 2.00
Deflection, 8 (um) 3.046 4.000 6.780 5.680 5.680 2.920 3.049
Stress, o (MPa) 81.10 80.34 252.65 320.90 322.71 81.44 80.95
Temperature, T (°K) 935.78 935.79 935.79 935.79 935.79 935.79 935.79
1st mode (Hz) 35276 31053 35298 38840 38555 36114 35291
2nd mode (Hz) 76826 57692 62950 76259 76264 81484 76806
Table 4 Result of reliability based design optimization (RBDO)
Baseline design DO (V) RBDO
dl (um) 2.0 2.10 2.0
d2 (um) 5.0 4.99 4.99
d3 (um) 15.0 14.96 15.0
d4 (um) 160.0 160.0 160.0
d5 (um) 2.0 2.13 2.0
d6 (um) 2.0 2.03 2.0
Deflection, & (um) 3.046 2.920 3.048
Stress, o (MPa) 81.10 81.44 81.06
Temperature, T (°K) 935.78 935.79 935.79
1st mode (Hz) 35276 36114 35292
2nd mode (Hz) 76826 81484 76807

HEXMHANAESS| =28 /M43 M1ZF,20085 38



HEMEA

b

i
]

1z

[1] Pelesko, J. A., and Bernstein, D. H., 2002, Modeling
MEMS and NEMS, Chapman & Hall/CRC.

[2] Fujita, H., 1996, “Future of Actuators and
Microsystems,” Sensors and Actuators (A), Vol.56,
pp-105~111.

[3] Conant, R. A., and Muller, R. S., 1998, “Cyclic
Fatigue Testing of Surface-Micromachined Thermal
Actuators,” Proceedings of the ASME International
Mechanical Engineering Congress and Exposition,
Fairfield, NJ.

[4] Huang, Q.-A., and Lee, N. K. S., 1999, “Analytical
Modeling and Optimization for a Laterally-Driven
Polysilicon = Thermal  Actuator,” Microsystem
Technologies, Vol.5, No.3, pp.133-137.

[5] Huang, Q.-A., and Lee, N. K. S., 1999, “Analysis and
Design of Polysilicon Thermal Flexure Actuator,”
Journal of Micromechanics and Microengineering, Vol.
9, pp.64-70.

[6] Lee, C.-C., and Hsu, W., 2003, “Optimization of an
Electro-thermally and Laterally Driven
Microactuator,” Microsystem Technologies, Vol 9,
pp-331-334.

[7] Chen, S.-C., and Culpepper, M. L., 2005, “Design
and Optimization of Thermomechanical Actuator via
Contour Shaping,” Proceedings of IMECE 2005,

ASME International =~ Mechanical  Engineering
Congress and Exposition, IMECE2005-79780,
Orlando, FL.

[8] Sharpe, Jr., W. N., Yuan, B., and Vaidyanathan, R.,
1997, “Measurements of Young’s Modulus, Poisson’s
Ratio, and Tensile Strength of Polysilicon,”
Proceedings of the 10th IEEE International Workshop
of Micro-electro-mechanical System, pp.424-429,
Nagoya, Japan.

[9] Kreith F., and Bohn, M. S., 2002, Principles of Heat
Transfer, 6th Edition, Science & Technology.

[10] ANSYS Tutorials, Release 9.0, 2004, MPI Software
Technology, Inc.

[11] Kaymaz, I, and McMahon, C. A. 2004, “A
Probabilistic Design System for Reliability-Based
Design Optimization,” Structural and
Multidisciplinary Optimization, Vol.28, pp.416-426.

[12] Qu, X., and Haftka, R. T., 2004, “Reliability-Based
Design Optimization Using Probabilistic Sufficiency
Factor,” Structural and Multidisciplinary Optimization,
Vol.27, No.5, pp.314-325.

[13] Haftka, R. T., Giirdal, Z., 1993, Elements of
Structural Optimization, Kluwer Academic Publishers,
The Netherlands.

12

, M4 HM13, pp. 6~12

HEXMEHA A S =228/ 4H M 15,2008 38



