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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 method’s 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
6o/ ([EMIm][NT£2] & C12H25Br)
. 65 Zero voltage contact angle
O/ (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][NT12] 1380 1.4227 32.00
CI12H25Br 1039 1.458 3.60
1%SDS 1000 1335 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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Surface Type Radius Thickness Glass disa‘:rrlzit-er
OBJ Standard  Infinity Infinity 0
STO Standard  Infinity 0.5 K9 2

2 Standard  Infinity 2.3 Conductive liquid1 2
3 Even asphere Infinity 2.4 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

6 FIEL 7 53 51 = AR s S5 0 R B A

[ o JEE R JBE T, 00 0y 5 A A2 £ 0 T ) 72 £k
PS8

-100 t
-200
-300 t
~400
-500

(b)

—=— Height=8 mm

=600 [ —e— Height=9 mm

B | —— Height=10 mm

700 —v— Height=11 mm

—800 | —— Height=12 mm

10 12 14 16 18 20
Taper/(°)

Initial focal length/mm

Ko DiEwtRMEIEEE (a) REEAT (b) HERE AR TROC R A
Fig. 6 Simulated initial focal length as a function of (a) height and (b) taper

700

—=—Taper=10°
—e—Taper=12°
600 - —a—Taper=14°
—v—Taper=16°
500  —e—Taper=18°
—<—Taper=20°

Zoom range/mm

8 9 10 11 12
Height/mm

700

—s— Height=8 mm (b)
600 F  —e— Height=9 mm
—a— Height=10 mm
g 500 —v— Height=11 mm
% 400~ Height=12mm
on
=
£ 300
E
& 200
100 -
0 L

10 12 14 16 18 20
Taper/(°)

K7 DAV R (a) FEEAT (b) HERE A9 AR LIC R IA]

Fig. 7 Diagrams of simulated zoom range as a function of (a) height and (b) taper



13

B, A SIS U N B = UARE B A5 A S B T 83

[ 6(a) F1IEl 7(a) AT, #ERE R 10~14°HT,
e B U, ) R A RN AR £ B AOR AR s
R 16°~20°0, Bl 25 1m0 B2 A 38 K, 90 1k £ R RN AR £R
LRI, B 6(b) FIE 7(b) AT, HEREH K,
MR AR B K . HERE R 10°~14°HF, HEBE L
A%, ASFEE R ANAS  HERE Ol 16°~20°HF, [l #E
FERHR, AR D AR, =ik
558 )] 0 FE RN AR AR 5 R 1 5 v B R B TR AH
O, BT EFNAE BE 3G K, WG FERE ARG, A8 £ 3
K BN 12 mm, HEE R 2008, 4 ELR A
AR FE 3 il B K, PR fE I AR .

W05 ECA ) 1 £5 B R AR A5 R R B8 s S
BT, PAA LSRR

f'(H,) =2.295H% - 5.633a% — 12.2Ha+
102.4H +261.9a-2202 ©))

F'(H,e) =11.36H" +5.298¢ + 14.82Ha—
409.3H - 28120 +3786 , (3)

Horr, 2 (2) 5 H AR SR LA P05 2 5K, R
aflle? B R B R T m . HFH I R 80G 20(3)
s HAR FEE FE RIS 5, R H R H ) 2R
IR THE oM R R SR ERY, —iRE
By FOASE R )4 by AR R B2 B S ), AR AR
Pl 2 2852 g BE SR o DRI, 308 P R g B R R
HERE I BT 2R B RERE AR R I A R L A
HIHRFERE

4 ZRMREAN EIE M

4.1 Z=RINERTESW

T ARy B2 R AR T, VR = AR
BERE AT AR RS (K] 8), WIS T —F 4k
BN 2 B, Q& 9 BRIk E DL A S BT
J 3R Sy FEA, R A U HL R (5 GWINSTEK
APS-7050., 3% 50 Hz, B MIEGX N . Lg%
TAR&EHRAR) . HE . PRGNS XLWZ60-
L600) . “FA7 6% (5 SW-F550, i 62p A
J7) . DA s (145 KTC-400) . CCD( SHL-
200WS., GRIINGAE R HL A7 BRA w ) 45 1 25 4 Tid
ZH A%

B8 A b3 0 R A T 8 B A 3 R A

A I 2 RGBT B CCD AR, A7 a2 vl
i b Ja R AR, e AL RV AE G R B R
WMI#§ CCD L, FR AT LUAS B D0 a5 i 1) £ T
D= —h - m!
xh+Ax(h—h)
P 3202 I S VA R, 1 S T AR
#5351 5 —50 mm F1—100 mm fY [ 2 B 55 1015 %
YN e, ) e 2 2R ) SF 28 15 22 RE 8 Tl i S 50
Ko M AR E KRG B 0.1 mm, I 5 ¥ Bl
—200 mm~—30 mm, ] AP AE 50 SRR

4

1%SDS |
CI12H25Br
[EMIm][NT{2]

| Electrodes |

K8 =WikEHELYIA
Fig. 8 Physical image of a triple-liquid lens

Ko AR R
Fig. 9 Focal length measurement device

42 ZIRINERTESNE RIS

IR 5 7 FLAR R e U Sk 5 Bl
(1 — R G A 2R, i o5 SRR b, BEAT AR AR S
5o 73 00 H A e ARG A [ X R s P
A FERE, I HaC s IKahf s BI(E AR 22 fa i
S =R AGE B FEPERER G SR



84 HrE D (0

#18 %

®5 ZHREERTHSHE

Tab.S5 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

K 10 CRZ AT A7) BT

*6 SLIEEIER
Tab. 6 Experimental data

Initial focal length ~ Drive voltage  Threshold voltage

Number
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