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Fig. 1. Schematic diagram of particles subjected to dielec-
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Fig. 2. Schematic diagrams of the structure and principle of
aspherical double-liquid lens based on planar annular elec-
trode: (a) Schematic diagram of planar annular electrode;

(b) schematic diagram of the structure and principle of lens.
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The models of double-
liquid lens under different
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fitted interface are obtained
with Matlab software
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The corresponding optical
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lens are established with
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Fig. 3. Simulation flow chart of aspherical double-liquid lens

modeling with softwares.
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Fig. 4. Aspherical double-liquid lens model in Comsol: (a) Side

(a) 0 17 1AL

view; (b) stereoscopic oblique view.
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Fig. 6. Schematic diagram of spherical double-liquid lens

based on planar electrode.
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Fig. 7. Optical path diagrams of aspherical and spherical double-liquid lenses surface at 140 V: (a) Aspherical double-liquid lens;

(b) spherical double-liquid lens.
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Fig. 8. Comparison of variable range of focal length of as-

pherical and spherical double-liquid lenses.
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Abstract

In order to study an aspherical liquid lens with simple structure and easy realization, an aspherical double-
liquid lens based on planar electrode is designed based on the dielectrophoretic effect. The droplet in the
dielectric electrophoretic liquid lens is polarized in the electric field and moves towards the higher electric field
strength under the action of the dielectrophoresis force. With the change of the applied voltage, the
dielectrophoresis force also changes, thus the contact angle of the droplet at the solid-liquid interface changes.
Firstly, the models of the aspherical double-liquid lens under different voltages are established with Comsol
software, and the interfacial profile data are obtained. Then the aspherical coefficients and the surface type of
the fitted interface are obtained with Matlab software. Finally, the corresponding optical model of double-liquid
lens is established with Zemax software. The variable range of focal lengths and root mean square (RMS) radii
of the aspherical double-liquid lens at different voltages are obtained. In order to further study the
characteristics of the aspherical double-liquid lens, it is compared with a spherical double-liquid lens model.
Based on the contact angle theory of liquid lens and Gaussian optics theory, the relationship between the
interfacial curvature radius of the spherical liquid lens and the applied voltage, and the relationship between the
focal length and the applied voltage are obtained, respectively. The liquid material, cavity structure and droplet
are the same as those of the aspherical lens. The corresponding spherical double-liquid lens model is established
according to the two expressions relating to Zemax, and the voltage value is the same as that of the aspherical
lens. Thus, the variable ranges of focal length and RMS radius in the spot diagram of the spherical double-
liquid lenses at different voltages are obtained. Then, they are compared with those of aspherical double-liquid
lens, and the results show that the variable range of focal length of the aspherical double-liquid lens is larger
than that of the spherical double-liquid lens, and the imaging quality of the former is better than that of the
latter. Moreover, through the device fabrication and preliminary experimental analysis of the aspherical double-
liquid lens, the imaging resolution can reach 40.318 lp/mm. The aspherical double-liquid lens proposed in this
work has the characteristics of simple structure and easy realization, which can provide a new scheme for high-

quality imaging of liquid lens and its applications, and can expand the application scope of liquid lens.
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