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Design and Fabrication of Low-Voltage Twisting-Type Thermal Actuators
for Micromirrors

Dong Hyun Kim, Yong Chul Park, Seungho Park, Ohmyoung Kwon, Young Ki Choi and
Joon Sik Lee

Key Words :  Micromirror(7}©] L2 7]-2), Thermal Actuator(& -5 7]), Twisting-Type(H] & H &)
Abstract

Micromirrors have a wide range of applications such as optical switches, laser scanners, and digital
projection displays. Due to their low performances and high costs, however, practical applications of
micromirrors are quite limited. At present micromirrors demand not only a better design but also a simple
fabrication process. In this study a twisting-type micromirror that can be driven by two thermal bimorph
actuators bending in opposite directions is designed from electro-thermo-mechanical theories and fabricated
through a simple MEMS process. Each actuator consists of SiO, and gold thin-film layers. Simplified
analytical model has been built to optimize the performance of micromirror. Due to unexpected resistance
increase of metal film and alignment mismatch during fabrication process, experimental rotation angles of
micromirrors are about 11° at applied voltages less than 0.6V. From numerical simulation and analytical
studies, however, the next design can provide rotation angles over 20° at the same applied voltage
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Table 1 Properties of materials for microactuators

Au[14] | SiO,[12]
Elastic Modulus [GPa] 55 70
Poisson Ratio 0.42 0.17
e e | s
Therma[liVC/;)r?Iglctivity 315 015
Resistivity [Qm] 2.2x10° 1012

Fig. 4 Deformed shape of micromirror system for input
voltage of 0.57 V
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Table 2 Calculated and measured results of double-actuator

actuations of micromirrors

Analytical | Simulation | Experiment
Voltage[V] 0.57 0.57 0.57
Deflection[um] 25.5 22.0 18
Angle[°] 15 14.5 11
Temperature[ C] | 536.72 531.52

Mises MPa
284.747
258.861
232.975
207.089
181.203
155.317
129.431
103.545
77.659
51.773

25.887
0.00

Temperature(C®)
704.811

642.795
580.779
518.763
456.747
394.731
332.716
270.7
208.684
146.668
84.652
22.636

(b)

Fig. 8 Results from FEM simulation: (a) stress and (b)
temperature distributions of micromirror system
at input voltage of 0.5 V
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