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Liquid crystal geometric phase planar optical elements based on
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Abstract: Various achromatic planar optical elements, such as g-plates and polarization gratings, can be
designed and fabricated based on the geometric phase of liquid crystals. The function of these optical
elements heavily relies on the precise alignment of liquid crystal molecules. While digital micromirror
device(DMD) exposure has been widely used for the photoalignment of liquid crystal geometric phase

elements, its dimensional resolution is inherently limited by the micromirror pitch and the magnification of
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the projection lens. To address these limitations, this paper proposes a polarized laser direct writing

(PLDW) system which integrates a scanning galvanometer with a displacement stage. The developed

PLDW system achieves a high dimension resolution of 3.4 pm and demonstrates effective photoalignment

capabilities. Utilizing this system, Pancharatnam-Berry(PB) gratings, lens and microlens arrays were

fabricated. The fabricated PB grating exhibits a fine period of 27 pm and achieves a relative diffraction

efficiency exceeding 85% under circularly polarized illumination. Furthermore, the PB lens demonstrated

good focusing performance, and the microlens array successfully generated a clear image array of the mask

pattern at a magnification of 1:10. The proposed PLDW technique offers a high-precision and cost-

effective solution for the photoalignment of liquid crystal geometric phase planar optical elements.
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Fig.1 Optical setup of PLDW system. (a) Stereo view; (b) Plan view.
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Fig. 3 Design of liquid crystal PB grating. (a) Liquid crys-

tal director distributions and (b) design of digital
masks within a single grating period; (c¢) Design of

digital masks in PB grating with various periods.
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Fig.4 Design of digital masks in liquid crystal PB lens
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Fig.5 Liquid crystal grating lines with uniform alignment
fabricated under different laser powers. (a) 0.5 mW;
(b) 2.5 mW; (¢) 4.5 mW; (d) 6.5 mW;
(e) 8.5mW; (f) 10. 5mW; (g) Variations of average

line width and contrast with increasing laser power.
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Fig. 6 Fabrication and characterization results of the PB

grating. (a) Microscopic image; (b) Optical setup
for measurement of diffraction efficiency; (c) Sche-
matic of the diffraction results; (d) Diffraction spot
for linearly polarized incident laser; (e) Diffrac-
tion spot for left circularly polarized incident laser;
(f) Diffraction spot for right circularly polarized

incident laser.
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Fig. 7 Diffraction efficiency of liquid crystal PB grating

for right circularly polarized incident laser
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Fig. 8 Fabrication and characterization results of liquid crystal PB lens. (a) Microscopic image of a single lens; (b) Microscopic

image of a microlens array; (c¢) Imaging characterization for the microlens array; (d) Focused spot of a single lens;

(e) Imaging result of a mask pattern by the microlens array.
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