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Design and Analysis of Aspheric Liquid Lens with Square Cavity Structure
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College of Electronic and Optical Engineering, Nanjing University of Posts and Telecommunications,

Nanjing 210023, Jiangsu, China

Abstract Based on the principle of electrowetting liquid lenses, an aspherical double-liquid lens model with a square
cavity structure is designed using the COMSOL simulation software, and the accuracy of the MATLARB tool for fitting the
interfacial shape of the model is analyzed. The specific device structure is designed and processed, and the surface change
of the aspheric double-liquid lens is investigated. The experimental results of the aspheric surface are obtained via image
processing and surface fitting analysis, thus verifying the feasibility of the aspheric liquid lens with a square cavity structure.

Key words optical design; liquid lens; dielectric wetting effect; aspheric surface

1 51 5

1 G2 0t o B 4 38 23 52 B [ AR R B0 BRI T
TN A T LA 3 e 7 A ok Y Ol v T IR
M 5 B DA g e i — BR . 1 IE e R G0N
S S [ A 35 B 09 A 28O AR, T LS B 0 22 S ik B R
TR, U HOR Y B WO T B G = A R Y P
T S B Y B BE R A R UL/ BROUL AR O S AR TR AT AR
18 T A AR OETE LR O 4 ORI AT D18 B B XL
HAGE o BJLAE ,/NRMEHY A8 DG RGeS 5) T
ARG 1) e J, Hevpr iy T Bl 45 0 AR O A 1 A Al R
N ST B NS RSN B Re MU e e il
R AL T — SRR TE AR 2 IO 58 B 1Y BK Bl
iz A RO B 28 O 18 75 W5 T A
JI TR D, A A T 38 9 A 025 B >4 1 O 4 AT 3
I B ) RS 5 1w, T A A AR A ] B i B Y
2 1] it 3R SE B AR 4R BB A S B B AR O O

B2EPEW . AR IR BB C 2B Z /9, N
TEF AR B A BOg T AE T T

HY T BRI 5 B8 H A Bk 22 SR80 H B i 32 B
SR T — 4> A5 B 2 B AE 5 I 2 A BRI B AL GE AR
FZERROR o FH AR R 5 B AT LA RO /D 1 B Y
i, NI/ o7 28 0 B0 A BURI R St il A2 2 M A&
X EEAE S R G ORI LR AL S Ol &
GEr R L R i AR A T AT RE

U AR, [ N AMF 2o SR TR A E B g A
FE BRI, FC AL A X S G (1 S 2R AR I T v 1Y
W BN, 2014 4%, v [ B2 HOR R vl il R
A AT A PR 2L R 3 R 4 R U O ) A AR Bk T i
B 2016 45 FE R ISR AR K Zhao S5 R T — Al
2R AR A SRUAR BR AT, 78 9RCE B THCAR hy al AR R
F% B P A B 4 e, P ey O P R B TR D A
i i A ¥ 3, 2 TR A B AT LR i O
(MDJE o 2017 45, G50 R T4 TR AR T 4R 1

KRS B HEE. 2022-06-08; f&E HHE:. 2022-06-09; KA B 2022-06-17; MEHEZ B 2022-06-26

EE€WE: EZEARPFEES (61905117, 61775102)
BEEE: kongmm@njupt.edu.cn

2122005-1


https://dx.doi.org/10.3788/LOP221803
mailto:E-mail:kongmm@njupt.edu.cn
mailto:E-mail:kongmm@njupt.edu.cn

A K S IR BRI, O o e U A e T B R i &R Y
SRR 38 ) SHES B OR B ARS8 O AR AR T 2
B R 2 finh =X 20 25 I £ A4 37 55 3R T A O 3 AR
flo 20184F , fif 22 AR K¢ B T. K 2% Strauch % H
AR R T R B A OE T AR BR R AR B B L AT A
b ) 3 W T iR v ok B R R OIR B AR KT . 2019 4
DU I K 2% Wang 255 H IR 5280 565IF T — o] 935 1Y)
£S5 TR N7 N 11 I = L S = =
(PDMS) % A 5 14 8 77 F 4R 7 1 5k J1 98 il E £k
T, P a6 A BR om0 fh B R AK BR 25 R
Mg A5

AR S0 R 7 W S A 0 A K AR B R T
5500, WS G2 B A H I8 SME B BOR AR % 5
R 2 7 XA R SR 8l . 5 R AR A L, T s S R
P 325 B8 B 45 o S B 2 A4 1E 32 7 1) b AN ] ) il o i R
M 3RAS B 208 R AR BR TS5 4 o s 4540 1Y) 335 5% LL
O A Y FE 3K 1 A % 45 G T B S 2w, T HLZ45
R E SRR N . A SCE e A AR BRI
T35 5% 1 L 5 SR 5 AR Al SV AR I 1R 1T 37 B 1) o 2R R
PSR £ B A P Rk s T, BRI T RGR A
BEEE L E R G AR BTN [ HE 3K 1w 1w A Y AR AL
T, WVE B BT, 5256 43 B T AR Bk R AR E G A i
[TiTEL
2 AR BRI WA SR IS
2.1 N EEEMAA

A Fi, 1 S RN B 4 A DR BN IR 1R, ey o R
W 52 A K TT, ysys BRI K 5 25 S
ST T, 0 A, U TAER & . fEHR A H
WARZ RGN T — 22, 25 I s JE i), A2 A H 2
ML 3N, AT DA 5k 5 4 Al A 0. S n TAE R
JE UR il 05 U Z 8 ¢ &3 2 # K (Lippman-
Young) 7 &

1 e, .
- U’, (D
2 d}’LG

O IR AZ Al A s e WA Z AN FBH B e, W E
SAHE R d NG ZEE . Y dIR /NI, cos 0>>1
(a)

cos @=cos b, —

ielectric layer

ITO electrode layer
hydrophobic membrane

% 60 55 21 H1/2023 £ 11 A/ M ERBFEHE

BT i o g

Fig. 1 Schematic diagram of dielectric wetting structure
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Fig. 2 Square cavity structure model of double liquid structure. (a) Cross section of square cavity; (b) stereogram
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Fig. 3 Surface shape change driven by simultaneous voltage application on four walls. (a) 80 V; (b) 300 V
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Fig. 4 Change of surface shape driven by different voltages applied to the front and rear walls at the same time.
(a) 60 V; (b) 90 V; (c) 140 V
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Fig.5 Device fabrication diagrams. (a) Schematic diagram of

the assembled outer cavity; (b) device structure
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Fig. 8 Image processing result (taking the interface at 80 V as

an example)
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Fig. 9 Fitting diagrams of interface shape. (a) 80 V; (b) 300 V
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