2008

2E AKE o] 4T TEA % rlo]aZ YFololele]
R

*

olzE . 0|2 A

ol

. olgH'. oy

L~ E
“r'rr“a‘

N,

*
= H

Thermal Frequency Tuning of Microactuator with Polymer Membrane
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Abstract

Resonant frequency tuning of micro devices is essential to achieve performance uniformity and high
sensitivity. Previously reported frequency tuning methods using electrostatic force or mass deposition are not
directly applicable to non-conducting polymer devices and have limitations such as dielectric breakdown or
low tunable bandwidth. In this paper, thermally frequency-tunable microactuators with poly-dimethylsiloxane
membranes are proposed. Permanent and/or nonpermanent frequency tunings are possible using a simple
temperature control of the device. Resonant frequency and Q-factor variations of devices according to
temperature change were studied using a micro heater and laser Doppler vibrometer. The initial resonant
frequencies determined by polymer curing and hardening temperatures are reversibly tuned by thermal cycles.
The measured resonant frequency of 9.7 kHz was tuned up by ~ 25% and Q-factor was increased from 14.5 to

27 as the micro heater voltage increased from 0 to 70 V.
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Fig. 2 Fabrication process of (a) resistive micro heater
and (b) PDMS membrane. (¢) Schematic view of
the fabricated PDMS membrane mounted on a

gold resistive micro heater.
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Fig. 3 Photographs of (a) the micro-heater and (b) the
PDMS membrane mounted on the heater.
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Fig. 4 (a) Photograph and Schematic view of optical
measurement system for the PDMS membrane
microactuator.
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Fig. 5 Measured resonant frequency of a 3 mm x 3 mm
x 10 pm membrane after curing at 50, 100, and
150C compared with the plate theory, fy < o,
Inset: Resonant frequency of PDMS membrane
cured at 100C is 5.34 kHz. The corresponding
Q-factor is about 12.7 at room temperature.

Table 1 Measured resonant frequency, Q-factor and
residual stress of PDMS membrane (3 x 3 x 0.01 mm?)
at various curing temperatures

Curing Resonant Residual Q-factor
temp. ()  freq. (kHz)  stress (kPa)
50 3.48 5.34 11.9
100 5.36 12.7 15.5
150 7.40 26.4 26.4
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Fig. 6 Measured resonant frequency of the PDMS
membrane with respect to the membrane length.

Table 2 Measured resonant frequency, Q-factor and
residue stress of PDMS membrane

Length of Resonant Residual Q-factor
membrane  freq. (kHz) stress (kPa)
1 mm 121 7.14 12.0
2mm 7.10 9.90 10.8
3mm 5.36 12.7 15,5
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Fig. 7 In-use frequency tuning by heating up the device.
Initial resonance can be tuned by annealing
which causes the polymer hardening permanently.
Reversible tuning behavior was showed before
each hardening process.
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Fig. 8 Reversible resonant frequency (a) and Q-factor
(b) with respect to applied voltages. Resonance
of a2 mm x 2 mm x 10 um device with f of 7.9
kHz was tuned up in frequency by ~ 20%. Inset:
Q-factor increases with the device temperature.
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