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Optical Switch Based on Electrowetting Liquid Prism
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School of Electronic and Information Engineering, Sichuan University, Chengdu, Sichuan 610065, China

Abstract Optical switch is an important part of a multi-path electronic switch. We propose an optical switch based
on a liquid prism. The device consists of a liquid prism and a non-transparent diaphragm with two holes. In initial
state, the liquid—liquid surface shows a shape of the positive lens, the incident light can be focused through the liquid
cell and then be blocked by the aperture slot. At this time, the device shows light—off state. When a voltage is applied
to one side of the liquid prism, the device shows light—on state. Meanwhile, when voltage is applied to both sides
of the sidewall electrodes, the liquid-liquid surface presents the shape of a negative lens and the incident light
divergence occurs. At this time, the device expresses the both light—on state. Our experiments show that the
proposed device has faster response time (rise time: ~85 ms; fall time: ~140 ms) and higher optical attenuation
(~965:1) in adaptive liquid optical switches. The device has potential application in light shutters, variable optical
attenuators and optical routers.
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Fig.1 Side view of the optical switch. (a) Initiate state; (b) applied voltage to the left side;

(c) applied voltage to the right side; (d) applied voltage to the both sides
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Table 1 Part of the physical properties of silicon oil and NaCl solution

Material Refractive index Density /(g/cm’) Viscosity /(mPa's) Conductivity Color
Silicon oil 1.39 0.98 10 No Clear
NaCl solution 1.41 1.15 8 Yes Clear

3OSk

O UM A — TR 9 A2 A A R T SR Dl 2 R X A A P R IE T D7 B OE TR O A R — A TR S
P (CCDYHILAIL SR B R A A B 3R 30 2% P R 1T -5 38 6 AL A A2 R B0 . — SO (RUBUMOE Ay, 1=632.8 nm)
AN K2 TR E R

= Tdser

u L<Jiquid prism

|~Mmmmé

computer = oo

B2 SCHd: B
Fig.2 Setup of the device
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Fig.3 Shape change of the fluid interface in a liquid prism module and corresponding light hole's diversification. (a) Initiatial state;

(b) applied voltage U,=75 V to the left side; (¢) applied voltage U>=75 V to the right side; (d) applied voltage U=75 V to the both sides
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Fig.4 Voltage—dependent normalized light intensity. (a) Mode 1; (b) mode I
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Fig.5 Time-dependent normalized light intensity. (a) Mode 1; (b) mode II
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Fig.6 Experimental results of 1X4 optical switch array. ( ) Initial state; (b)~(e) applied voltage to each side, respectively;

(f) applied voltage to the four sides at the same time
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