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A thermoelastic microactuator with planar latch-up operation

Jong Hyun Lee*, Ho Nam Kwon, Jin Chul Jun, Sun Kyu Lee (Dept. of Mechatromes, KIIST)
Myuntg Lae Lee. Won Ick Jang, Chang Auck Choi, and Youn Tae Kim (Telecom. Basic Research Lab., ETRI)

ABSTRACT

We desipned and fabricated a planar-type thermoclastic microactuator with a latch-up cperation for optical switching,
Latch-up actuation 15 prerequisite 10 implement an optical switch with low power consumption and high reliability. The
prnposcd microacluator consists of four cantilever-shaped thermal actuators, four displacement linkages, two shallow arch-
shaped leaf springs, a mobile shuttie mass with a micromirror, and four elastic boundaries The structural layer of the planar
micreactuator 1s phosphorous-doped 12 gm-thick polysilicon, and the sacrificial laver 15 LTO (Low Temperature Chade) of 3
4am thickness The displacement of actuator is as large as 3 zm when the length of acluation Bar is 100 gm in length at 5V
mpul voltage. The proposed micreactuators have advantages of easy assembly with other optical component by way of {fiber
alignment in the subslrate plane, and its fabrication process features simpheity while retaining batch-fabrication economy.
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Fig. 1 Overall SEM image of a fabricated thermoelastic
microactuator  with  shatlow  arch-shaped leaf
springs (thickness of polysilicon: 12 zm, length of
clamped hinge: 14 zm, initial rise: 30 pm).
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Fig. 2 Schematic of a thermoclastic actuator utilizing 2
hinges in opposite directions.
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Fig. 3 Geometry of a shallow arch-shaped leaf spring with
cltamped ends
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Fig. 4 Buckling mode shapes of shallow arch-shaped leaf
spring. {2} 1¥ mode. (b} 2" mode, and (c) 3™ mode.
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Fig. 5 Fabrication sequence of the thermeelastic micio-
actuator with shallow arch-shaped leaf spring.
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Fig. 6 Detailed SEM image of the fahricated polysilicon
ihermoelastic microactuator, {a} a clamped hinge
af thenmoelastic actuator, and (b) a double-foldsd
spring and rolational hinge of displacement linkage
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Table 1 Material properttes of Si and Si0,

5i 810,
Elastic modulus {(GPa) 160 73
Poisson ratio 0.22 017
Thermal expansion coctl. (10} 16 0.53
Thermal conductivity (W/m K) 157 1.4
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Fig 7 Temperature distiibution and thermal deformation.
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Fig 8§ Distribution of principle stress in micro hinges.
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. 9 SEM image showing the buckling mode of 1wo
shallow arch-shaped leaf springs.
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