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Research and application: liquid crystal devices fabricated
by single-exposure photoalignment

LIU Shu-xin, ZHUANG Zhong-sen, LI Yan", YAN Ze-kun, SU Yi-kai

(Department of Electronic Engineering » Shanghai Jiao Tong University ,
Shanghai 200240, China)

Abstract. This paper proposed a single-exposure photoalignment method based on a spatial light mod-
ulator, 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 (LC) orientations are generated.
Hence, Pancharatnam-Berry (PB) phase LC devices with arbitrary LC distribution patterns, can be
fabricated 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 fabrica-
ted a variety of PB phase L.C devices: gratings, lenses, holograms and g-plates using two photoalign-
ment materials. Our PB phase LC devices can achieve high diffraction efficiency with continuous phase
distribution. Based on the PB devices we also designed a head-up display and a head-mounted display
system for augmented reality applications.
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Fig.1 (a)Optical setup for the single-exposure pho-
toalignment method; (b) Orientations of the

key components.
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Fig.2 Polarization angles of the output light at dif-
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Fig.4 (a) Polarization field generated by the SLLM
(observed behind a linear polarizer whose
transmission 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 SLM; (¢) Image of the LC

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

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

LC cell rotated at different orientations under

crossed polarizer.
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Fig.7 (a, b) Diffraction patterns of the binary PB
grating with applied voltage off and on; (c¢)
Micrograph of the binary PB grating; (d, e)
Diffraction patterns of the continuous PB
grating with applied voltage off and on; (f,
g) Micrograph and diffraction efficiency curve

of the continuous PB grating.
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Fig.8 (a) Microscopic morphology of a PB lens;

(b, c¢) Diffraction patterns of the PB lens

with applied voltage off and on at 1 m.
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Fig.9 (a) ~ (d) Textures of the PB g-plates under

a polarized optical microscope, with ¢ =0.5,
1, 1.5, 2, respectively; (e) ~ (h) Corre-
sponding vortex beam patterns; (i) Recon-

structed image from a PB hologram.
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Fig.10 (a, b) Exposure pattern and micrograph of a

PB continuous grating; (¢, d) Exposure

pattern and micrograph of a PB LC lens; (e,

{) Exposure pattern and micrograph of a PB ¢-

plate under a polarization microscope; and (g)

vortex beam generated by the PB g-plate.
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tive driving method; (b) Passive driving

method.
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