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Concentric Fresnel liquid crystal lens with ring bandwidth
controlled by independent voltage driving

ZHAO Zhuoran, LIU Zhigiang, YE Mao"

(School of Optoelectronics Science and Engineering, University of Electronic Science and
Technology of China, Chengdu 611731, China)

Abstract: In order to solve the problem that the bandwidth of the outer zone of traditional Fresnel liquid
crystal lens decreases sharply with the increase of the number of zones, which leads to the decrease of
optical quality and the limitation of effective aperture, this study proposes a concentric ring Fresnel liquid
crystal lens structure which uses interdigital electrode structure to independently control the driving voltage
of Fresnel zone and then control the bandwidth of Fresnel zone, in order to broaden the bandwidth of the
outer zone. Firstly, the driving voltage is limited in the linear response region of liquid crystal, and the driving
voltage of each ring zone satisfies the derivative continuity condition through theoretical calculation to form
a parabolic voltage distribution. Subsequently, a liquid crystal lens with an aperture of 2 mm, a liquid
crystal layer thickness of 30 pm and three Fresnel zones (bandwidths of 0.4 mm, 0.3 mm and 0. 3 mm)

was fabricated. Compared with the traditional concentric ring design with maximum power, the outer zone
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increased by 5 pm and 73 pm respectively. Then, the polarization interference optical path is used to
collect interference fringes and extract phase information. Experiments show that the goodness of fit of
lens phase distribution and parabola is more than 99% , the maximum phase variation of positive and negative
lenses is 20. 9 and 22w, which is highly consistent with the theoretical reference value of 21. 8x, and the
power can be continuously adjusted in the range of —9.7~10.1 D, and it is approximately linear with the
driving voltage difference. In addition, the imaging performance of the designed Fresnel liquid crystal lens
is tested and evaluated. Based on 1SO12233 resolution plate, the MTF50 value is 0. 151 cycles/pixel,
which is higher than that of Fresnel liquid crystal lens (0. 132 cycles/pixel) designed by traditional formula
and driven by double bus voltage. This result proves that increasing the bandwidth of Fresnel zone on the
outer layer of the lens can effectively improve its optical imaging quality. The experimental results of zoom

imaging also show that the liquid crystal lens has outstanding zoom ability. This design effectively realizes

the expansion of the outer ring bandwidth and the parabolic phase distribution with high quality.
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Fig. 1 Concentric re Fresnel liquid crystal lens. (a) Electrode structure; (b) Lens structure.
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Fig. 2 Simulation results of voltage distribution for Fresnel liquid crystal lens. (a) Positive lens; (b) Negative lens.
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Fig.3 Voltage distribution of Fresnel lens after graph unwrapping. (a) Positive lens; (b) Negative lens.
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Fig.4 Schematic diagram of L.C cell
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Voltage/V Positive lens Negative lens
0.9 0.997 3 0.994 3
0.8 0.995 1 0.995 2
0.7 0.994 7 0.997 6
0.6 0.998 1 0.997 0
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Fig. 12 Relationship between optical power and driving

voltage difference
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Fig. 13 Schematic diagram of lens imaging optical path
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Fig. 14 Image of liquid crystal Fresnel lens. (a) Fresnel
liquid crystal lens driven by independent voltage;
(b) Fresnel liquid crystal lens driven by two bus
voltages.

0.0 0.1 0.2 0.3 0.4 0.5
1.0 1 11.0
— Driven by independent voltage
—— Driven by two bus voltages
0.8 1 10.8
= 0.6 1 0.151 cycles/pixel 106
= I =
0.4 4 | 10.4
0.132
cycles/pixel |
024 ! 102
1
1
0.0 T T T T 0.0
0.0 0.1 0.2 0.3 0.4 0.5

Frequency/(cycles-pixel ')

B 15 W i i 55 BUIR MTF & o (a) 5 0 57 H R 3K 30 /9
A H T 37 B 5 () AR B2 H 3K 3 1 A 0 -

WA B
Fig. 15 MTF diagram of liquid crystal lens imaging. (a)
Fresnel liquid crystal lens driven by independent
voltage; (b) Fresnel liquid crystal lens driven by

two bus voltages.
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Fig. 16 Zoom imaging results of liquid crystal lens. (a) Focusing on chicken; (b) Focusing on dinosaur; (¢) Focusing on doll.
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Tab.2 Relationship between optical power and object
distance
Optical Theoretical optical ~ Actual optical
power/cm power/D power/D

23 0 0

7.5 8.99 9
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18(9): 1679-1684.

(b)

SATO S. Liquid-crystal lens-cells with variable focal length [J].
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