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Electrically tunable optical zoom system
based on liquid crystal lenses

CHEN Ming-syuan, CHEN Po-ju, LIN Yi-sxin

(Laboratory of Liquid Crystal s Department of Photonics, Taiwan Chiao Tung University ,
Hsinchu 30010, China)

Abstract: In order to realize optical zoom system on the portable devices, the optical system without
any mechanical moving part is necessary. Therefore, we established the electrically tunable optical
zoom system using liquid crystal(LC) lenses and investigated the relation between the focal length of
the LC lens, magnification of images, zoom ratio and the object distance. One LC lens can only have
the function of focusing, therefore, first, we utilized two LC lenses to design the optical system and
figure out the zoom ratio at different object distance. Second, we used three LC lenses to establish the
system that the function of focusing and zooming can be controlled independently and it is similar with
the mechanically tunable system. Experimental results indicate that by using three LC lenses with
tunable lens power ranging from —11.3 m 'to 24. 9 m ', we can achieve electrically tunable optical
zoom system. The object distance of the system can be changed form 10 cm to 100 c¢cm continuously
and the zoom ratio is 6.5 ¢ 1. According to the principles, we can achieve electrically tunable optical

zoom system with different range of object distance and different zoom ratio by LC lenses with
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different tunable lens power range.

Key words: liquid crystal lens; optical zoom system; focusing function
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Fig. 1 Principle of solid lens and LC lens
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Tab. 1 Relation between the images and the lens power
of liquid crystal lens
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R 0. 5<T| M <72 #4353 i D6 338

SR 2d—2a_  _2d+a Ly >
M>0)  2d%Xa P 2d%a 2d” %7 a
8 37 JU1% 2d+6a_ - 2d+3a 3 oy =3
(M<0)  2dXa P7 2d%a 2P

122 2 AT B . (1) Bk R R) A B2 AR K
B, WA BRSO B BT R JE G R LR R
[ . (20 W AR B B8 11 e A8 45 5% i 31 R 48 T i 19
T BT G R (RS 2 6 W BB R
(3) I TA) B AR TR 8] 37 A% 10 388 B i D't R 40
SB35 B ) B T 2 MR L 2 R
B DA b 3 s AT 5 AR P R VA B R R
[Fi) 4 A BE 5 1 K £ T R 2 i R 4 I R KR
FRI AR , R R AT 0 AR A T R R G i o (H
FEAS R A B B T [ A AE . 3 4h, IE ST AR I
RGBT B S R R 2 T
3.2 MA=RRSREREITHEMINENRS
FATEE T IR W0 35 BE 0 45 0 L 7E B AL A
RO b — 7 Y 37 B L RO 2 R G R B A
DI R AR T 04y FF i 3 iR . PR
— R AT AR RIS £ LA BN O R
B, FRATT I A M o o R B S T A R 2 TR
PEES W] 2. TE 3 R BB R G RATK
YR BE B CBE A p TR R FE BT AR B BE S L [ B
2 X T VR R W B 0 W AR B B N SR e, T 4R
2, a WA SN2l AR A B B JE G R OE R el
AR R IV 6T B B 11 T BB R R E ) AR B AR
B ERF o NS MG B B 20, T LLAR )
111, )
Horbog MW ES R EEE . B 6) LB,
MYMRIE B p KT a B WA R 80 S 1 3



378

W5 BoR

9530 &

BRI Z YRR p /AN T a B, R X R
UK IE BB ERAE. 75 p=a B, W AKX £
FeEIM A 0,

Al
B

3 SRR R AR R G R
Fig. 3

Principle of optical zoom system with three

LC lenses

4 EBRLERL®R

TERG RSB b BATH U = A A & W im R
AR g 5 A SO I B R BT e 4R
Gei o NP 4 BOR o WO RS W R S
19 0 LR 2 A 20 B R B U R

Focusing group

Zooming group
i At

| -
LC focusingll LCobjective LC eyepiece
______ pQf - N dens,fo _lens.f
== Polymeric layer== Glass

NOAS81
=== Alignment layer = L.C ===1TO electrode

B4 St¥gi R s mE L E S A AR R E R
% ref[ 4]
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system, since we published reference [4]
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