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Rotational Viscous Damping of On—-substrate Micromirrors

¢ E=-BEF T kL2 & it
(Eung-Sam Kim - Ki~Ho Han * Young-Ho Cho - Moon-Uhn Kim)

Abstract - In this paper, we present theoretical and experimental study on the viscous damping of the on-substrate
torsional micromirrors, oscillating near the silicon substrates. In the theoretical study, we develop theoretical models and
test structures for the viscous damping of the on-substrate torsional micromirrors. From a finite element analysis, we
estimate the theoretical damping coefficients of the torsional micromirrors, fabricated by the surface-micromachining
process. From the electrostatic test of the fabricated devices, frequency-dependent rotational velocity of the micromirrors
has been measured at the atmospheric pressure using the Mach-Zehnder interferometer system. Experimental damping
coefficients have been extracted from the least square fit of the measured rotational velocity within the filter bandwidth
of 150 kHz. We have compared the theoretical values and the experimental results on the dynamic performance of the
micromirrors, The theoretical analysis overestimates the resonant frequency in the amount of 15%, while
underestimating the viscous damping in the factors of 10%.
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Table 1 Damping test structures, T1 and T2, for the torsional
micromirror of Fig. 1

Test structure & dimensions
Components | Materials [4m]
T1 T2
width 60 93
Mirror Au on Ti length 60 93
thickness 0.2 0.2
width 80 113
Plate polysilicon length 80 113
thickness 4 4
width 4 4
Torsion bar | polysilicon length 250 62
thickness 4 4
Damping gap air thickness 1.5 15
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Table 2 Comparison of the theoretical and experimental
values of the resonant frequencies, f, and the
damping coefficients, b, for the test structures, T1

and T2
Test structure T1 T2
f. [kHz]. 97897 101£10.0
fe [kHz] 85.0+0.7 885125
b [10* N m-s] 1.01+0.10 8.06£0.81
be [10* N-m - s] 1.21+0.03 8.68+0.56
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micromirror
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