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An Optical Microswitch Integrated with Silicon Waveguides,
Micromirrors, and Electrostatic Touch—-Down Beam Actuators
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Abstract

- We present an integrated optical microswitch, composed of silicon waveguides,

gold-coated silicon

micromirrors, and electrostatic contact actuators, for applications to the optical signal transceivers. For a low switching
voltage, we modify the conventional curved electrode microactuator into a electrostatic microactuator with touch-down
beams. We fabricate the silicon waveguides and the electrostatically actuated micromirrors using the ICP etching process
of SOI wafers. We observe the single mode wave propagation through the silicon waveguide with the measured
micromirror loss of 4.18%+025dB. We analyze major source of the micromirror loss, thereby presenting guidelines for
low-loss micromirror designs. From the fabricated microswitch, we measure the switching voltage of 31.74V at the
resonant frequency of 6.89kHz. Compared to the conventional microactuator, the present contact microactuator achieves
77.4% reduction of the switching voltage. We also discuss a feasible method to reduce the switching voltage to 10V
level by using the electrode insulation layers having the residual stress less than 30MPa.
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Figure 1. Top view of the optical microswitch (off-state),
composed of rib-type silicon waveguides, gold-coated
silicon micromirrors and electrostatic curved electrode
actuators,
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Figure 2. Cross—sectional view of the rib-type silicon
waveguides.
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Figure 3. Estimated mode profile of the silicon waveguide.
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Figure 4. Schematic view of the electrostatic curved
electrode microactuators: {(a) conventional beam
design; (b) touch-down beam design.
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Figure 5. Schematic diagram of the curved electrode
microactuator of Fig. 4. {section A in Fig. 4b).
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Figure 6. Beam electrode model (A-B of Fig. 4a) with a
uniformly distributed load, wa, and virtual load, P.
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Figure 7. Microactuator prototypes: (a) conventional beam

design: (b) touch-down beam design.
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Table 1. Dimensions of the microactuator prototypes shown
in Fig. 7.

Microactuator Prototype Dimension [gm]
Conventional beam | Touch-down beam
design (Fig. 4a) design (Fig. 4b)

Initial 15 0
gap, da ) (after voltage applied)
Insulator
thickness, d; 05
Maximum
deflection, 3
Beam
thickness, ¢
Beam
height, h
Beam
length. 11
Beam
length, I
Beam
length, /5
Beam
length, 4
Beam
length, 5
Truss
length, [
Truss
thickness, t:

Design
variables
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Table 2. Estimated switch performances.

conventional beam|touch-down beam
design (Fig. 4a) | design (Fig. 4b)

Switching voltage 170 V 6V
Resonant Frequency 18.64 kHz 6.89 kHz
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Figure 8. Fabrication process for the optical microswitch of
Fig. 1. (cross-section of A-A’).
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Figure 9. Cross-sectional view of the vertical surface
fabricated by an ICP RIE process; (a) before the
sidewall smoothing out process; (b) after the sidewall
smoothing out process.
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Figure 10. SEM photographs of the fabricated microswitch:
(a) waveguides and mirrors; (b) enlarged view of
mirror (section A in (a)).
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Figure 11. SEM photographs of the fabricated microactuator;
(a) conventional actuator of Fig. 4a; (d) touch-down
actuator of Fig. 4b.
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Figure 13. Experimental set-up for micromirror loss
measurement and optical l0oss source.
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Table 3. Measured data from the fabricated waveguide.
Measured value
Input coupling efficiency 104%0.1 %
Output coupling efficiency 65605 %
Free space coupling efficiency 252%09 %
Insertion loss (OFF state) 2034 dB
Insertion loss (ON state) 599 dB
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Table 4. Measured switch performances.

touch-down beam
design (Fig. 4b)

conventional beam
design (Fig. 4a)

Switching

1402 V
voltage

31.70+x4 V
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