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Research and application: liquid crystal devices fabricated
by single-exposure photoalignment
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Abstract: We propose a single-exposure photoalignment method based on a spatial light modulator
(SLM), which could realize arbitrary pattern design. The polarization direction of the output light can be
controlled on the pixel level, and then different local liquid crystal (LLC) orientations are generated.
Hence, Pancharatnam-Berry (PB) phase 1.C devices with arbitrary 1.C distribution patterns, can be fabri-
cated using our method. Such a non-interference single-exposure method is simple and efficient, and is less
sensitive to the influence of environmental interference. Based on this approach, we fabricated a variety of
PB phase L.C devices: gratings, lenses, holograms and g-plates using two photoalignment materials. Our
PB phase 1.C devices can achieve high diffraction efficiency with continuous phase distribution. Base on
the PB devices we also designed a head-up display and a head-mounted display system for augmented reali-
ty applications.
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Fig.1 (a) Optical setup for the single-exposure photo-
alignment method; (b) Orientations of the key

components
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Fig.2 Polarization angles of the output light at different

gray levels
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Fig. 3 Molecular structures of two photoalignment mate-
rials MR and SD1
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Fig.4 (a) Polarization field generated by the SLM (ob-
served behind a linear polarizer whose transmis-
sion axis is in the horizontal direction) where the
red arrow is the direction of the transmission axis
of the polarizer, and the white arrows indicate the
linear polarization directions of the three regions;
(b) Gray-level picture of the exposure pattern
loaded on the SLLM; (¢) Image of the LC device

captured under crossed polarizers
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Fig.5 Photos of the LLC cell rotated at different orienta-

tions through linearly-polarized white light
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Fig.6 (a) Exposure pattern; (b, ¢) Photos of the LC

cell rotated at different orientations under crossed

polarizer
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ing with applied voltage off and on; (c¢) Micro-
graph of the binary PB grating; (d, e) Diffraction
patterns of the continuous PB grating with applied
voltage off and on; (f, g) Micrograph and diffrac-

tion efficiency curve of the continuous PB grating
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(a) ~ (d) Textures of the PB g-plates under a po-
larized optical microscope, with ¢=0.5, 1, 1.5,
2, respecitvely; (e) ~ (h) Corresponding vortex
beam patterns; (i) Reconstructed image from a

PB hologram
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