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Abstract: An electrowetting-based double-liquid lens was developed to realize the small volume and au-
tomatic focusing without mechanical components for the focus-variation lens. The electrowetting-
based double-liquid lens was designed and fabricated based on the dielectric wetting principle. Then,
the focal length of liquid lens for different voltages was measured by a CCD image measurement sys-
tem and it was compared with the theoretical value calculated by Gauss optical theory. Finally, COM-
SOL was employed to analyze the curvature radius of the double liquid interface at different voltages
and to discuss the effect of dynamic viscosity on the response time and stability of the liquid lens. The
results indicate that the double liquid interface bends to the conductive salt solution initially and then
changes into a plane and finally bends to the insulating oil when the applied voltage is increased. Ac-
cordingly , the liquid lens changes from a concave lens to a convex lens, and the critical voltage is 50 V. How-
ever, the focal length of the liquid lens does not decrease any more when the applied voltage increases to
65 V. The whole focal length of the lens ranges from —=° to —22. 83 mm and from 33. 47 mm to +°°, and

it is adjusted continuously in a wider range. Moreover, when the dynamics viscosity of insulating oil is
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0. 03, the response time is 0. 015 s and the corresponding performance of the device is optimal.
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Fig. 1 Schematic diagram of liquid optical lens based
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Fig. 2 Diagram of focal length detection based on

CCD measuring system
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Tab.1 Parameter settings

Parameter Value
Zero voltage contact angle 6, 160°
Surface tension ¥ 0.02 N/m
Insulating fluid viscosity g 1.3 Pass
Relative dielectric constant e, 2. 65
Dielectric thickness d_{ 1.5 pm
Applied voltage U,,, 80 V

5 Bt FE v, 82 LR TR R, R 2 ik
HHLR AR IR I . 2 2 BT RNIRIE AR R AH O
YIS,

®2 BESHIEE

Tab. 2 Parameters of liquid materials

Density Index of Dynamic
Liquid , i i
/(kg * m™*) refraction viscosity/(Pa * s)
NaCl 1 000 1.3 2.7X10°
Silicone oil 1 000 1.65 1.3
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Fig. 3 Shapes of liquid interface at different applied
voltages (gray scale represents velocities of

liquids and arrows represent directions)
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