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cumulation, and high power consumption of thermo-optic waveguide switches, the high transmission loss of
electro-optic waveguide switches, and the complex feedback control, difficulty in large-scale array integra-
tion, and narrow operating bandwidth commonly found in traditional photonic integrated circuit (PIC) wave-
guide switches, to meet the future demands of on-chip all-optical switching technologies for optical switches
with fast response, low power consumption, broad bandwidth, low cost, and large-scale array fabrication cap-
abilities, this study investigates micro-electro-mechanical systems (MEMS) driven silicon-based waveguide
optical switch devices. By integrating silicon photonic waveguide technology with MEMS technology, we
designed and fabricated an electrostatically driven MEMS 2x2 silicon waveguide optical switch (silicon
photonic MEMS switch) capable of routing optical signals. The monolithic integration of silicon photonic
waveguides and MEMS microactuators on a silicon wafer was achieved using electron-beam lithography
combined with complementary metal-oxide-semiconductor (CMOS) processes. With a footprint of 192 pum x
192 um, the device successfully demonstrated 2x2 optical switching functionality. The switching response
times were measured at 20 ps and 15 ps, with optical signal rise and fall times of 15 ps and 10 ps, respect-
ively. At a wavelength of 1550 nm, the device achieved an extinction ratio (ER) of 35 dB and an insertion
loss (IL) of —0.8 dB. Over the 1500—-1 600 nm wavelength band, the ER remained above 20 dB, and the hold-
ing power consumption in the ON state was less than 0.5 pyW. Experimental results demonstrate that this sil-
icon photonic MEMS optical switch features fast response, low modulation power consumption, and excel-
lent broadband performance. Furthermore, it can be fabricated into large-scale arrays with simple control
mechanisms using existing process platforms, indicating significant application potential in future on-chip

all-optical switching networks.
Key words: photonic integrated circuit; micro-electro-mechanical system; silicon photonic MEMS; optical
switch; all-optical switching
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Fig. 1 Working principle of a 2x2 MEMS optical switch.

(a) 3D structure; (b) Optical signal transmission
path in the OFF state; (c) Optical signal transmis-
sion path in the ON state.
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Fig. 9 Device fabrication inspection and simulation veri-
fication. (a) SEM image of the cross-sectional struc-
ture of the silicon photonic MEMS optical switch;
(b) modified model and process tolerance simula-

tion of the vertical coupling waveguide structure
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