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Liquid Fresnel lens based on electrowetting effect drive

WANG Xin, ZHAO You-ran, XU Jin-bo, YUAN Rong-ying, WANG Qiong-hua, LIU Chao’
(School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100191, China)

Abstract: Traditional Fresnel lenses cannot be used for active axial focusing without mechanical movement.
In order to better apply the Fresnel lens to imaging, display, target tracking, photovoltaic system, and other
fields, we proposed a ring chamber liquid Fresnel lens based on the typical structure of Fresnel lens and
electrowetting effect. The proposed lens can be controlled by voltage to change the angle of inclination of
the liquid surface within the ring chamber. So the axial focal length can be adjusted by controlling the
deflection direction of the beam. The experimental results show that the proposed liquid Fresnel lens has
the function of axial focusing. Its driving voltage is about 20 V, saturation voltage is about 220 V, and focal
length varies from —52 mm to —73 mm.
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Fig.1 Structure of the proposed Fresnel lens
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Fig.2 Zooming principle of the proposed Fresnel lens

iRt R MERR N
Jfi=rtanf . (5)
K2 7TiZAEE BB HE AR B TR
&1 2 (a) s b T da i 1 JE TR IR 7 55, i AR
TEIE AR REARAS o 8 2 98 /N I e T AT LA B el
S Y -V TR ) AR A R L A RT 2(b) BT G EE
TR BB AL T T 55 SRR A o 181 2(0) MR oR ok
T e, B SRR R O B TAERAS i TR S
J2 B W06 b A BT DL -5 TR 2 K
B, T B AT — 58 AU, 1 i SRR 2R 3 B Ak T
RS

3 H4FidAE

AR R B A L R K 3(a) iR B
BEAZ 5.5 mm L JEFE 1 mm A I [R BR F1 N BE 2 4%

n-m- e

1.5 mm 525 1 mm [/ B B8 20 B 4 0 35 18 7R i3
R ) A IR RN BR[04 B R Ry R H R T 0 1R
fis (PMMA) o 4% H8 & 177 B 25 0 38 1 i 1 g
J2 L TE KRR PN BE b KR U AR A B B (TTO)
i UA & F1 Teflon (AF-1600) , 43 51 /5 4 B #%
2 A 2R E K TR /NE IR N BE 1R Tel
lon(AF-1600) . il ¥E i 2 Hoff TTO — 11 ] [ 3
FEWAR . Z R AR A A 2 1 B
WIELL B T 1TO B8 34 1, W il — 4~ 3R
M E . 1TO B8 F M R 512 25 mm X 25 mm X
1 mm, il 5% 0 3 8 K % 55 8 R SF A 25 mm X
25 mm X6 mm, x5 7E I R P9 3R 3 HL
W (n=1.4313, p=1.110 g/cm®) FI A 5 H ¥ 1k
(n=1.492, p=1.058 g/cm*) . M T s WAL
FRZ,RSREANT L2, B 3(b) e
RV IR BEAE A

I Teflon M UAJE [ ITOM

(a) HIFETRR

(a) Fabrication process

ITOH 1S PMMA

(b) FEPR BB
(b) Sample of the Fresnel lens

P 3 HE VR I B A0 A TR SR

Fig. 3 Fabrication process and sample of the Fresnel lens

4 EH5LEXR

4.1 FFEREENRZHNELE

kT A WS AR B B R A AT
HLWR R M IAR E AT T e 5 . 3 MR8 1 kHz (9 1F 5%
U A2 U HL S X AR Y S TR R 07 B A T IR B

B4 Ca) s T %) 86 19 W - 5% TR 2
E 4(b)~(H) 3 BR T 100~220 V i EIK S F

) L T A7 0 o T2 R R B R 9 B 1) BIK B [ R
JE 2528 20 V, 25 it i s R K T 100 VB T Y
R SR R fih £ 2 2B B R AR Ak A IR BE VT A
O A Yt # R AE K T 220 VAT,
AP BE W T JC VA Ak 2 b Tt 4 i AR 38 B0 RIR S
U A e JE T 2 G B BRI IR AR
AR IR BE T LA I B BK Bl B B R AR
FEME



5 8 ]

Fo#E,AF T AL IO B S A VR AR SR T K 945

(a) WIHIRTS
(a) Original state

(b) 100\
(b) 100 V

(c) 140V
(c) 140V

(d) 160V
(d) 160 V

(€)200V
(e)200 V

P4 AN [A] e R 98l T S I R 325 B 0 I TR 17 2
Fig.4 Liquid interface of the Fresnel lens driven by differ-

(220 V
220V

ent voltages

4.2 FEREFEWEENS LW

FRATRE AR Y JE 1R 7 Y £R B AT R
FELEAT T Sl ik 5 s 19 52 38 Ol 6 An &1 5
TR EYHE M EOGE A A B RS
o R SR T A AR A RE i RS OB O
W2 b JE I R 3% BikE i 2 A 3 CCD I

5 AEERIN IR
Fig. 5 Experimental setup used for the focal length mea-

surement

a6 Ca) B 7, JOE O R B S 3B I
25 AR S TR R B 6 SRR Y- RS T R
A AT, ARG T T LA S G BEAL B o AR A 1)
Rz

CCD#LLi

AN JEmURBE
/ )
7
k>

?777 oLt

S BE

(a) FEER iR
(a) Principle of the focal length measurement

(b) FEIRLEAR
(b) Experimental results

6 AR R % B A5 BRI A O L S 4 R

Fig. 6 Principle and experimental results of the focal length

measurement of the Fresnel lens
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