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Correcting the monochromatic aberration of the electrowetting

liquid lens focusing system using liquid crystal lens
ZHANG Jia-lun, YU Tao"» HUANG Zhi-yu, PAN Guo-bin
(School of Science, Dalian Maritime University, Dalian 116026, China)

Abstract: In order to solve the problem that the monochromatic aberration of the electrowetting liquid
lens focusing system changes greatly with the focusing process, a design scheme of correcting the
monochromatic aberration of the system by using liquid crystal lens with adjustable gradient refractive
index distribution is proposed. At 850 nm wavelength, liquid crystal lens is used to correct the mono-
chromatic images of the system at six typical object distances ranging from infinity to 200 mm. At the
infinite object distance with the largest aberration, the geometric radius of the dot pattern of the edge
field of view is reduced from 44.696 pm to 7.423 pum, and the speckle in other fields is reduced to the
Airy spot. And the monochromatic aberration of the system has been corrected. In order to reduce the
response time of the liquid crystal lens, the liquid crystal lens is replaced by laminated combination of

five liquid crystal lenses with 1 / 5 cell thick, which enhances the response speed significantly. It has
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been found that this structure also has a favorable correction effect on the monochromatic aberration

of the system at different object distances.

Key words: electrowetting liquid lens; liquid crystal lens; gradient index; monochromatic aberration

correction; focusing system
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Tab.1 Point diagram data of system at different object distances (pm)
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YrvE
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200 mm 5.200 6.097 2.381 3.236 1.460 4.451 6.667 13.156
500 mm 0.303 0.510 0.805 1.630 1.206 2.764 1.638 3.922
800 mm 1.775 2.412 2.585 4.819 3.535 8.819 5.686 15.007
1 000 mm 2.306 2.968 3.392 6.400 4.609 11.571 7.459 19.734
2 000 mm 3.456 3.977 5.369 10.455 7.241 18.279 11.634 30.891
Te BRI 4.703 5.374 7.875 15.929 10.527 26.906 16.772 44.696
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Fig.3 MTF curves of the system at different object distances.(a)200 mm; (b)500 mm; (¢)800 mm; (d)1 000 mm;

(e)2 000 mm; () Infinity.
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Fig.5 Diagram of system with a liquid crystal lens
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Tab.2 Point diagram data of system under different object distancesafter adding a liquid crystal lens (pm)

0 MY 0.5 W 0.7 M 1 ¥
Y
RMS 42 JUfE4E RMS2E4E JUTE4 RMS¥4 JLfT$4 RMS¥4% JLTEi
200 mm 0.871 1.221 1.198 2.094 1.818 3.326 3.079 6.277
500 mm 0.476 0.845 0.511 1.211 0.640 1.746 0.526 0.804
800 mm 0.496 0.690 0.758 1.636 0.824 1.988 1.142 2.738
1 000 mm 0.637 0.821 0.956 1.876 1.032 2.37 1.557 3.600
2 000 mm 0.870 1.228 1.329 2.424 1.564 3.534 2.404 5.416
Je B i 1.290 1.845 1.899 3.160 2.115 4.446 3.341 7.423
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Fig.6 MTF curves of the systemat different object distances after adding a liquid crystal lens.(a)200 mm; (b)500 mm;
(c)800 mm; (d)1 000 mm; (e)2 000 mm; (D) Infinity.
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Fig.9 Diagram of the new system

Tab.3 Point diagram data of the new system at different object distances(pm)

Fig.8 New system structure
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