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Tunable Fresnel Liquid Crystal Lens with Large Aperture
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Abstract A liquid crystal lens is a type of optical lens that can be electronically focused without mechanical movement.
This paper proposes a large-aperture liquid crystal lens that is divided into multiple Fresnel zones. To guarantee the optical
power and response speed, the aperture of the liquid crystal lens is significantly improved to 1 cm. The Fresnel zones are
connected and controlled by means of interdigital electrodes, and the driving voltage of each Fresnel zone is the same,
which simplifies the driving method. The optical power of the newly proposed Fresnel liquid crystal lens can be controlled
between —1.62D and +1. 57D via the applied voltage. After the incident plane wave is modulated by the Fresnel liquid
crystal lens, the wavefront is close to a parabolic distribution. This lens shows favorable optical characteristics. In this
work, the lens is used as a focusing element in an imaging system for demonstration purposes.
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HR: high resistance; PL: polyimide
LC: liquid erystal; ITO: indium tin oxide

%6055 1981/2023 &£ 10 A/t 5B FEHE
R[] 25 H A, T DA i rh O B AR LI T RE ) L B
TG 4 AE AL 43 A1 5 TR B 55 I 4 oK FH U R 2
F, Home SR H R, 3 g H B 1 H R 2 FL A 3,
KR T 51 AR, e T 454, 080 T 3R s i
T35 4 5| L AR R A TR R AR BCEE TR — 2, D A~ e B
U (HR) 8 535 fE I 2 il o W A 58 B o
5 pm, QA A& S0 B AL B (TTO ) ik , LR BH 25
$2 38 HR A9 L BEL, B DA 26 547 FH R BEL 3 A I A 46 R A
BeAh 4 v AR Y 9 BE R /DN, JF AN 23 50 ) 5T T AR IR 1Y 3%
B . 2k B HR MR 8RB A A i BE AZO
(ZnO-+ALO,) #EAF , il i 1% 45 W S 78 Au )z B3 — )2
HR, J5 B8 10° Q/sq, fifi i e & o] 76 3F 12 - 255 3 4b 15
BN E R HL AL 3 A, TAE— B U N B R S A A
BCIE L, AT DA JE I 55 Ak 15 B 2 0 A 7 43 A o
I 2 by R Y e i JE (P, M LA i TTO

(<)
N\

electrode 1

p

electrode 2
electrode 3

(b)

[ | N

Au HR  glass PI
100 pm 5 pum 10 pm
- - -

iera — = —_— Firteer]
5 T
central part

P SEE AR E B A o (a) I THT 12T 5 (b) B SRR 5 (o) SUHR LA 5 () SR LA S P B R

Fig. 1 Structures of Fresnel liquid crystal lens. (a) Cutaway view; (b) layer of pattern electrode; (c) interdigitate electrode;

(d) microscope photograph of interdigitate electrode
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Fig. 2 Interference optical path
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Fig. 3 Interference ring of the Fresnel liquid crystal lens. (a)-(f) Interference fringe pattern; (g) partial enlargement drawing
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Table 1 Voltage and power corresponding to interference ring

Voltage(peak-to-peak) /V

State of the lens Image Frequency /Hz Power /D
Electrode 1 Electrode 2 Electrode 3
Fig. 3(a) 1.00 1.80 2.60 1000 0.59
Convex lens Fig. 3(b) 0.00 1.55 3. 10 1000 1.11
Fig. 3(c) 0.00 1.85 3.70 1000 1.57
Fig. 3(d) 4.00 2.60 1.20 1000 —0.79
Concave lens Fig. 3(e) 4.00 2.25 0.50 1000 —1.26
Fig. 3(f) 4.00 2.00 0.00 1000 —1.62

1. 57D W IE B85l — 1. 62D By 7B 55 109 T 16 &l AP, e AR B IE R, i 4 7 5
H DET 8 AF 38 B % 5 508, 28 5 A SigmaPlot 451 Froase MR 4 B SAA, Br s T R FE R B A S

1923002-3



4
#H
el
N
w
ip ' g
" Z g
. e w = 2 -
5 = S 0§ =
= i &
iy 2z .
S e m
Q = 5 .
= = 1
: - 238
w = = m - = .illu'lll']l!l;l./ull
" l = = m
3 de & § . 1o
*® = . 3 T m e
g . =2 - | &3 B
L4 L =
# — 8B 00 I ww 4eq 1.
~ E £ - C | E8
: 5 2% | |-
Me .lm T 5 Y i P
m T U.M —~ o o o @ =
3] 1o ~ & & .m
g ; R S L
EE 17 l_..m s 22 _.m 1
= Z =
- _ |5 v 7 15 \u\.\\\\
_ ® oo s
O 1 ea
o Hmn .m |n‘_u |
i J% e
7 T3 i - s
= Rz o _
— : = = e Z2 ¢ == 10
k= R = = =l 8 = ) s S S =
(U 2GH=y ISusaARM JO I2(UImI) b4 m (U 2GH=Y PSus[aARM JO ID(UIMI) 1
aouazagyp yred reondo R’ g aouazagyp yred reondo n
» & e
w o v g g ol = 8 N & 2 3 28 °
[ ] [~ ] —_ — (=] o
(wu £GF=Y ISUAPABM JO I3qUINL) Wﬂ m (un M.MM.HM.“ Mﬁ:vﬁbﬂ? J0 Iaqumu)
o il P wred reando
2 ooussemp yred pondo i E
< <
Sz
e

4

phase profile after quantization

Lens diameter /mm
1923002

b)

(

FI5  HEVE EL A 5 1 AL A 0 A (B AR — 1.62D) o (a) MR B s 40L& 45 i i 28 5 (b) ik Ak A5 40 53 77

Fig. 5 Phase profile of the Fresnel liquid crystal lens (Power is —1.62D). (a) Fitted curve with measured data;
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Fig. 6 Optical path diagrams of zoom imaging system. (
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a) Experimental scene; (b) schematic diagram of experiment
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Fig. 7 Focus on different positions. (a) Fowl; (b) eagle; (c) parrot; (d) deer
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Table 2 Relationship between object distance and power of

Fresnel liquid crystal lens

Theory of object Actual object

Power /D distance /cm distance /cm
0 68
—0.79 146.93 128
0.59 48.53 47
1.57 32.89 33
4 = i

i i P A O TS B B AR IR B
B H L AR 3 I BRI G B A, DA T HR A BEAE , %
J A 0 B 4 ) 2 % R L ) T, ST R R v A
FB o AR HR A B ORI TE 1R E B B
R, (75 90 4 325 B 7 0T 2 WL MR B DA R 3 5 B2 (AR
MEAUBL S (VR) R GErh #0414 L i 35t

Z % x #

(1] Z=lE, PRECES, gkaf, 455 . AR R0 ol 2 s 5 0.
S22, 2022, 42(4): 0411003.

Li H, Chen X X, Zhang Y, et al. Chloroplast optical
microlens with variable focus[J].
2022, 42(4): 0411003.

(2] Bwkak, sk, sh/NUb, SR8 A IE DR Y 22 e
FERLT] L2, 2022, 42(4): 0422003,

Yang Y C, Zhang X, Han X S, et al. Flexible varifocal
lens with aberration correction function[J]. Acta Optica
Sinica, 2022, 42(4): 0422003.

[3] Sato S. Liquid-crystal lens-cells with variable focal length
[J]. Japanese Journal of Applied Physics, 1979, 18(9):
1679-1684.

[4] Sato S. Applications of liquid crystals to variable-focusing
lenses[J]. Optical Review, 1999, 6(6): 471-485.

[5] Ye M, Wang B, Uchida M, et al. Low-voltage-driving
liquid crystal lens[J]. Japanese Journal of Applied Physics,
2010, 49(10): 100204.

[6] Ye M, Sato S. Optical properties of liquid crystal lens of

Acta Optica Sinica,

any size[J]. Japanese Journal of Applied Physics, 2002,

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[16]

[17]

(18]

[19]

1923002-6

E605%E 19H1/2023 F£ 10 B/ 5B FFHE

41(5B): L571.
Li G Q, Mathine D L, Valley P, et al. Switchable
electro-optic diffractive lens with high efficiency for

ophthalmic applications[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2006, 103(16): 6100-6104.

Li L. W, Bryant D, van Heugten T, et al. Near-
diffraction-limited tunable liquid crystal lens with simplified
design[J]. Optical Engineering, 2013, 52(3): 035007.

Li L W, Bryant D, van Heugten T, et al. Physical
limitations and fundamental factors affecting performance
of liquid crystal tunable lenses with concentric electrode
rings[J]. Applied Optics, 2013, 52(9): 1978-1986.

Li L W, Bryant D, Bos P J. Liquid crystal lens with
concentric electrodes and inter-electrode resistors[J]. Liquid
Crystals Reviews, 2014, 2(2): 130-154.

Li L W, Bryant D, van Heugten T, et al. Near-
diffraction-limited and low-haze electro-optical tunable
liquid crystal lens with floating electrodes[J]. Optics
Express, 2013, 21(7): 8371-8381.

Jamali A, Bryant D, Zhang Y L, et al. Design of a large
aperture tunable refractive Fresnel liquid crystal lens[J].
Applied Optics, 2018, 57(7): B10-B19.

Piskunov D E, Danilova S V, Tigaev V O, et al.
Tunable lens for AR headset[J]. Proceedings of SPIE,
2020, 11350: 113500F .

Shibuya G, Yamano S, Yoshida H, et al. Active liquid-
crystal deflector and lens with Fresnel structure[J].
Proceedings of SPIE, 2017, 10125: 101250V.

Zhang Y L., Li G Y, Chen X X, et al. Driving methods
for liquid crystal lens with rectangular aperture and four
voltages[J]. Japanese Journal of Applied Physics, 2021,
60(10): 102002.

Ooba Y, Sugihara S, Shiwa S. Basic study of a bright
area-modulative liquid crystal cell[J]. Proceedings of
SPIE, 1986, 0639: 47-55.

MG, BR(52E, WRIGETS , 45 . 0 90" HL il 1m) 1) AH R it &
PR D 41 1 ) 98 A 2% B8 A8 T TR L], Stk 224, 2022,
42(7): 0711004

Li P W, Chen X C, Chen X X, et al. Liquid crystal lens
imaging method using 90° twisted nematic liquid crystal
cell instead of polarizer[J]. Acta Optica Sinica, 2022, 42
(7): 0711004.

SR, AR, PRIV, 5 W B B A xR
S g ] ek, 2020, 40(14): 1411003.

Lan T C, Lan R H, Chen X X, et al. Research on liquid
crystal lens hill climbing autofocus algorithm[J]. Acta
Optica Sinica, 2020, 40(14): 1411003.

=, BRBEVE, W4, 55 . W5 I8 B2 0 Bk 1 A% 9
PALTEIET]. Jes 24, 2018, 38(8): 0815015.

Bai Y C, Chen X X, Zeng J, et al. An optimization
algorithm for polarizer-free imaging of liquid crystal lens
[J]. Acta Optica Sinica, 2018, 38(8): 0815015.

Fan Y H, Ren H W, Wu S T. Switchable Fresnel lens
using polymer-stabilized liquid crystals[J]. Optics Express,
2003, 11(23): 3080-3086.



	2　透镜结构
	3　实验结果

