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Light-patterned blue phase soft cubic superstructure in
optical applications

YUAN Cong-long, ZHOU Kang, WANG Xiao-gian, SHEN Dong, ZHENG Zhi-gang”
(Department of Physics, East China University of Technology, Shanghai 200237, China)

Abstract; Combining light-patterning process with self-assembly trait, we applied photo-alignment
technique to control the arrangement of liquid crystal blue phase (BP) cubic superstructure. By means
of generating alternate aligned areas and non-aligned areas, the amplitude-modulation diffraction de-
vices can be designed, which derives from the periodic reflection intensity of the patterned BP. By
means of generating alternate orthogonal alignment directions, the phase-modulation diffraction
devices can be designed, which are owing to the periodic reflected phase from the patterned BP. These
two types of diffraction devices exhibit peculiarly wavelength-selectivity, which means that light dif-
fraction occurs selectively to certain wavelength. Based on the soft attribute of BP, these devices can
respond to applied electric field leading to a tunable wavelength-selectivity. When the external electric
field was applied, the corresponding reflection waveband of BP exhibited a continuous red-shifting

from 532 nm to 610 nm. Furthermore, a preferable feature of the devices is photo-induced dynamical
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erasability and rewritability due to rewritable characteristic of the photoalignment film, which results

in realizing the conversion of different diffractive devices and even diffractive modulation modes.

Key words: blue phase; photo-alignment; localization; superstructure; diffraction; stimuli-responsive
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Fig.1 Typical polarized optical microscope (POM)
textures and corresponding spectra in
reflection mode with crossed polarizers of BP
under various alignment conditions. (a) Non-
alignment; (b) Uniform alignment; (c¢) Pat-
terned grating superstructure enabled by al-
ternate aligned and Non-aligned BP; (d) Pat-
terned Fresnel zone superstructure enabled by
orthogonally aligned BP; (e) Reflection
spectra of BP under various alignment condi-
tions and alignment direction dependence of

reflected phase of uniform aligned BP for

right circular polarized light (RCP) incidence.
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Fig.2 POM textures change (a-f) and reflection

spectra shift (g) of two types of patterned
BP superstructure during the enhancement
of the applied voltage. Abbreviation Agp rep-

resentatives the reflected center wavelength

of BP.
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Fig.3 Patterned BP superstructure can be erased and rewritten by sequential UV-irradiation and pulsed-

voltage stimulation. (a) POM textures of BP without preferred alignment direction. (b, d) Patterned

grating and concentric-annulus structure enabled by alternate aligned and non-aligned BP areas; (c, e,

g) POM textures of BP under uniform alignment direction; (f, h) Patterned Fresnel zone and concen-

tric-annulus structure by orthogonal alignment orientation. LP: Polarized UV light. LP1 and LP2 are

orthogonal in polarization direction. UP: Unpolarized UV light. Mask 1 and mask 3 are grating-pat-

terned and Fresnel-zone-patterned photo-mask respectively. While mask 2 and mask 4 are concentric-

annulus patterned photo-mask with different duty ratio.
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Wavelength-selective diffraction detection of the two types of devices based on pattered BP superstruc-
ture. (a) Optical setup: LS: laser source; P: polarizer; QWP quarter-wave plate; BS: beam splitter.
(b) The corresponding amplitude modulated diffraction from the grating BP superstructure shown in
Fig. 2a. (¢) The corresponding phase modulated diffraction from the Fresnel-zone BP superstructure
shown in Fig. 2d. While (i) and (ii) are respectively denote the diffraction from BP superstructure
without applying voltage impinged by a 532 nm RCP and with 3.5 V applied voltage impinged by a 589
nm RCP. (d) Diffraction diagrams which the wavelength of incident light mismatches the reflection
waveband of BP. While (i) and (ii) are respectively denote the diffraction from BP superstructure with-
out applying voltage impinged by a 650 nm RCP and with 3.5 V applied voltage impinged by a 532 nm
RCP. RCP representatives the incident right-hand circularly polarized light.
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