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Liquid Crystal Microlens Array for Dual Mode Imaging
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Abstract A transparent hole patterned liquid crystal microlens array is designed and fabricated via ultraviolet
photolithography and wet etching based on nematic liquid crystal materials for its anisotropy and birefringence. An
optical testing system is set up to evaluate its focusing performance and focal length, and the relationship between the
focal length and the applied voltage is given. The array is coupled with a main lens and an image sensor to constitute
a prototype of dual mode imaging camera, which can switch instantly between plenoptic imaging and normal imaging
by turning on or off the applied voltage signals. Raw images are acquired in the two modes. It is obvious that the
camera can capture three-dimensional plenoptic images in the plenoptic mode, as well as normal images in the normal
mode.
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Fig. 1 Liquid crystal lens with a hole pattern. (a) Three-dimensional structure; (b) equipotential curves of electric field;

(¢) directions of liquid crystal molecules
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Fig. 2 Liquid crystal microlens array. (a) Three-dimensional structure; (b) pattern of hole array electrode;

(c) appearance of an actual component
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Fig. 3 Test system for focusing performance of liquid crystal microlens array
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Fig. 4 Optical fields converged by the liquid crystal microlens array for parallel incident rays. (a) Two-dimensional

distribution; (b) three-dimensional distribution; (c) energy distribution along the horizontal white line;

(d) energy distribution along the vertical white line
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Fig. 5 Relationship between focal length and applied voltage of LCMLA
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Fig. 6 Structure of dual mode camera
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Fig. 7 Raw image captured under the normal imaging mode
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Fig. 8 Raw image captured under the plenoptic imaging mode
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Fig. 9 Local details of raw image captured under the plenoptic imaging mode
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