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ABSTRACT

We present a plezoslectric actuator using stiffness control and stroke amplification mechanism in order to make large
lateral displacement. In this work, we suggest stiffness control approach that generates lateral displacement by increasing
the vertical stiffnsss and reducing the lateral stiffness using additional structure.  In addition, an additional structurs of a
serpentine spring amplifies the lateral displacement like leverage structure. The suggested lateral PZT actuator {bellows
actuator) consists of serpentine spring and PZT/electrode layer which iz located at the edge of the zerpentine spring. The
edge of the serpentine spring prevents the vertical motion of PZT layer, while the other edge of the serpentine spring makes
stroke amplification like leverage structure. We have determined dimensions of the bellows actuator using ANSYS
simulation. Length, width and thickness of PZT layer are 135um, 20pum and 0.4pm, respectively. Dimensions of the
silicon serpentins spring are thicknsss of 25um, length of 300um, and width of Spm. The bellows actuator has bsen
fabricated by 30T wafer with 25pm-top silicon and 1pm-buried oxide layer. The bellows actuator shows the maximum
3.9340.2pm lateral displacement at 16V with 1Hz sinuzoidal voltage input.  In the frequency response test, the fabricated
bellows actuator showed consistent displacement from 1Hz to 1kHz at 10V, From experimental study, we found the bellows
actuator using thin film PZT and silicon serpentine spring generated mainly laterally dizsplacement not vertical displacement

at 16V, and serpentine spring played role of stroks amplification.
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Fig.1 Perspective view of the lateral PZT actuator based
on stifthess control and stroke amplification. (Bellows
actuator)
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Fig.2 Working principle of the present bellows actuator:
(a) Voltage OFF; (b) Voltage ON.
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Fig.3 Fabrication process of the bellows actuator.



A2k bellows AFoolElE 2Sum-top H2 2
3}, 1pm-buried 422 4FEE-S 713l SOI Ho]|HE
Agate] AFadtk.  Spin coating FAHE 24
PZT gel ©] ZEB 5 2= serpentine spring = SOI wafer
o AR o AZH AlelE AY Hem FAS
Abgstdth. B 7oA e polysilicon & T8
A+ CMP & S#A HtdE AZET  Thin fim
PZT € #HE|dF F polysilicon = XeF2 & AR
o #AAsn nALo=2 BOE € A4S 7
E5 release AATE o9 2 AL FHA A
A 72EY HaF Azl SEM ARl S Figd o
LpERA AT

Fig.4 SEM and microscope photographs of the fabricated
bellows actuator: (a) Overall view; (b) Enlareed view
of the end of the bellows actuator; (c) Enlarged view
of the PZT layer and contact pads.
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Fig.5 Experimental apparatus for the measurement of the
lateral displacement using laser interferometer.

Operation Condition : 1Hz Sinusoidal Input
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Fig.6 Measured lateral displacement for varying applied
voltage with 1Hz sinusoid.
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Operation Condition : 500Hz, 10V Snusoidal Input
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Fig.7 Measursd lateral displacsment for varying frequsncy
of the input voltage with 10V and 500Hz sinugoid.
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