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ACTUATION CHARACTERISTICS OF A MICROMIRROR FOR FINE-TRACKING

Youngjoo Yee', Jong Uk Bu', and Soo-Kyung Kim*

ABSTRACT

A micromirror actuated by piezoelectric unimorph cantilevers is proposed as a fine-tracking device for high-density
optical data storage. Bending motions of the metal/PZT/metal unimorphs translate an integrated micromirror along the
out-of-plane vertical direction. The micromirror alters the optical path of the incident laser beam and linearly steers the
reflected laser beam by its out-of-plane parallel actuation. Numerical analysis shows that the actuated micromirror can
satisfy the tracking speed imposed by the requirement on the access time for the high-density optical data storage up to
few tens Gbit/in®> owing to the light mass of the micromirror. In this paper, preliminary characteristics of the micro-
machined PZT actuated micromirror (PAM) are reported. Only a 360 nm-thick PZT film deposited by sol-gel process
shows both good electrical and mechanical characteristics for the fine-tracking actuator. The micromirror can be easily
actuated up to several micrometers under low voltage operation condition well below 10 volts.
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Fig. 1. Schematic drawing of a igh—density optical data storage
using dual-servo tracking mechanism.
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Fig. 2. Pickup head and fine-tracking mechanism using the
actuated micromirror for high-density optical data storage.
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Fig. 3. Device structure of the PAM for nano-steering of the
laser beam. (a) Three-dimensional schematic of the PAM. (b)
Plain and cross-sectional device structure of the PAM.
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Fig. 4. Bending motion of the cantilever PZT unimorph due to
the applied actuation voltage.
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Fig. 5. Principle of steering the laser beam by the PAM.
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Fig. 6. Reflectivity of the 80 nm-thick gold film with respected
to-the wavelength of the incident laser beam.
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Fig. 7. FEM simulation results by ANSYS. (a) First mode
resonance of PAM. (b) Stress distribution during actuation.
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Fig. 8. Plain (a) and Three-dimensional view (b) of the PAM
during actuation.
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Table 1. Simulated resonance frequency of PAM
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Fig. 9. Fabrication process of the PZT actuated micromirror.
Schematic cross-section is depicted at each step of the fabrication
along the A-B line marked in the topmost figure,
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Fig. 10. SEM image of the fabricated PAM with 500x500 pm?
micromirror plate.
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Fig. 11. Leakage current:in the RuO,/PZT/Pt capacitor. Total
-area of the measured capacitor is about 1.5x10° pum’

40t

wN
o

J Maximum Bias

P (uClem’)
[=

20k PR 10V 3
""""" 15V
40F —_—20V
~20 -10 0 10 20
VMPM(V)

Fig. 12. Pblarization curves of the 360 nm-thick PZT capacitor.
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Fig. 13. Two different optical setups to measure the actuation
characteristics of the PAM.
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Fig. 14. Fringe patterns observed at the 250 x 250 pm?
micromirror under no bias (a) and 5 V DC bias applied at the
PZT cantilever unimorphs (b).
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Fig. 15. Actuation characteristics of the PAM having 250 x
250 um’? micromirror.
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