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Fabrication of large-aperture liquid crystal polarization gratings
by proximity stepper holographic interference splicing exposure
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Abstract: Large-aperture liquid crystal polarization gratings (LCPGs) hold broad potential applications in
beam steering modules due to their advantages of high efficiency and inertia-free operation. However,
limited by the aperture of optical components in polarization holographic interference exposure systems, it

is challenging to fabricate LCPGs with apertures exceeding 2 in (1 in=2. 54 cm) through single exposure.
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This paper proposes a proximity stepper holographic interference splicing exposure method. By employing a

photomask placed in close proximity to the exposure substrate, precise control of single-exposure area

positioning is achieved combined with a high-precision displacement stage. Stepper splicing exposure of a

150 mm aperture LCPG is realized. The fabricated grating exhibits a splicing seam of only 26.4 pm and

achieves a diffraction efficiency of 96.86% . This paper provides a new idea for the efficient deflection of

large-aperture beams.

Key words: liquid crystal polarization gratings; holographic interference exposure; photoalignment; liquid

crystal polymer
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Fig.1 Schematic diagram of proximity stepper holographic interference splicing exposure. (a) Schematic diagram of the

exposure system; (b) Photo of the exposure system; (c¢) Step-by-step exposure route map.
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Fig. 2 Relationship between the splicing seam width and =, which means the distance between the mask and the exposure

substrate.

(b) Relationship between the splicing seam width and z.
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(a) Two-dimensional polarization distribution of the interference light field at the exposure plane;
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Fig. 3 Fabrication of large-aperture liquid crystal polarization grating. (a) Relationship between diffraction efficiencies

at various diffraction orders and the number of liquid crystal spinning-coated layers for the large-aperture LCPG;

(b) Fabricated large-aperture liquid crystal polarization grating.
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Fig.4 Micro-structure of the large-aperture liquid crystal
polarization grating. (a) Grating structure within
a single exposure region; (b) Micro-structure at

the splicing seam.
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Fig. 5

Simulation and experiment of far-field diffraction of the large-aperture liquid crystal polarization grating. (a) Far-field

diffraction efficiency simulation; (b) Far-field diffraction pattern simulation; (¢) Far-field diffraction pattern experiment.
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