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Abstract: The electrowetting triple-liquid lens has excellent zoom performance, but its structural complexity
and design difficulty are relatively high. Therefore, we propose a method for optimizing the structural para-
meters of the electrowetting triple-liquid lens based on joint simulation. To design a triple-liquid lens, Com-

sol and Zemax software are used to establish triple-liquid lens simulation models under different structural
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parameters, and its focal lengths under different voltages are obtained. The effects of height and taper on
zoom range and initial focal length are analyzed, and a set of structural parameters with the maximum zoom
range and the longest initial focal length is determined. To verify the methods reliability, we prepare the
triple-liquid lens models with different heights and tapers, and conduct zoom experiments. The simulation
and experimental results show that the initial focal length of the triple-liquid lens correlates positively with
height and taper; the zoom range correlates positively with taper, but height is the main influencing factor.
When the height is 12 mm and the taper is 20°, the lens has the most extensive zoom range and the longest

initial focal length. When the taper is less than 15°, the simulation and experimental results are highly con-

sistent.

Key words: electrowetting triple-liquid lens; joint simulation; zoom experiment; parameter optimization
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Tab.1 Parameter settings

Parameter Value Remark
Surface tensionl
!
Y1/N'm 0.05 ((EMIm][NTf2] & C12H25Br)
Surface tension2
!
y2/N'm 0.069 (C12H25Br& 1%SDS)
& 3.15 Relative dielectric constant
. 30 Zero voltage contact angle
bo/ ([EMIm][NT£2] & C12H25Br)
. 65 Zero voltage contact angle
01/ (C12H25Br& 1%SDS)
d/pm 8 Dielectric thickness

®2 RAFSHRE
Tab.2 Liquid parameter settings

Liquid Density/kg'm™ Refractive index Viscosity/10Pa-s
[EMIm][NT£2] 1380 14227 32.00
CI12H25Br 1039 1.458 3.60
1%SDS 1000 1.335 2.70
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Tab.3 Even aspherical coefficients

Even asphere b c d e
Lower interface 0.099 0.001 0 0
Upper interface 0.106 0.002 0 0
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Tab.4 Structural parameters of proposed system

Surface Type Radius Thickness Glass disafrr:t-er
OBJ Standard  Infinity Infinity 0
STO Standard  Infinity 0.5 K9 2

2 Standard  Infinity 23 Conductive liquid1 2
3 Even asphere Infinity 24 Insulating liquid 2
4 Even asphere Infinity 33 Conductive liquid2 2
5 Standard  Infinity 0.5 K9 2
6 Standard  Infinity 20 K9 2
IMA Standard  Infinity — 4
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Fig. 5 Optical path diagram of triple-liquid lens
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Fig. 6 Diagrams of simulated initial focal length as a function of height and taper
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Tab.5 Parameter values of the triple-liquid lens com-

ponent
Height/mm Taper/® Label
10 L1
8 15 L2
20 L3
10 L4
10 15 L5
20 L6
10 L7
12 15 L8
20 L9
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Tab. 6 Experimental data
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