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Field-induced dual-mode switchable liquid crystal grating
based on flexoelectric effect

LI Shilong, CHENG Hao, REN Yuting, FU Yuwei, HAO Wei, ZHAO Xinying,
XING Hongyu, YE Wenjiang’

(School of Science, Hebei University of Technology, Tianjin 300401, China)

Abstract: Conventional switchable liquid crystal(LC) gratings generally suffer from polarization sensitivity,
poor continuous electrical tunability of the grating period, and slow response, which cannot meet the
requirements for multi-dimensional and high precision light manipulation in complex optical systems. To
address these drawbacks, this work adopts a flexoelectric LC mixture with a broad operating temperature
range (0~65 °C ). Combined with patterned photoalignment, we fabricate a dual-mode switchable L.C
grating capable of continuous tuning of grating period, diffraction angle, and diffraction efficiency. The
grating contains two periodic structures with markedly different feature sizes and can generate two distinct
diffraction signals at different propagation distances. At zero applied voltage, transverse one-dimensional
diffraction with small diffraction angles originating from the photo aligned pattern is observed. When the
applied voltage exceeds 14 V, cross-stripe diffraction of large angles originating from the flexoelectric

effect 1s activated. Within the voltage range of 14 V to 26 V, the grating period can be continuously tuned
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from 6.65 pm to 1. 87 pm. The tuning for full range of period takes approximately 100 s, and the tuning

speed is nearly 12 times higher than that of conventional light-driven cholesteric .C gratings. Meanwhile,

the device exhibits weak polarization dependence and supports simultaneous continuous electrical modulation

of grating period, diffraction angle, and diffraction efficiency. It features a simple fabrication procedure

without elaborate patterned electrode structures. It holds promising application prospects in dynamic

optical scenarios such as spectral scanning, adaptive beam shaping, and augmented reality displays, and

provides a new technical route for the design of tunable [.C optoelectronic devices.

Key words: flexoelectric effect; broad temperature range; continuous period tuning; mode-switching

grating; patterned photoalignment
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Fig. 1 Fabrication process of field-induced dual-mode switchable liquid crystal grating device
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Fig. 2 POM textures of the grating under DC voltages of
0V, 14V,16V, 18V, 20 Vand 22 V. The red
arrows denote the initial alignment direction of
liquid crystal molecules in corresponding regions,
and the blue arrows represent the transmission
axes of the polarizer and analyzer of the polarized

optical microscope, respectively.
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Fig.4 Tuning time test of field-induced dual-mode switch-
able liquid crystal grating under full range voltage
tuning. (a) 0 s; (b) 20 s; (c¢) 40 s; (d) 60 s;
(e) 80's; () 100 s. The red arrows denote the ini-
tial alignment direction of liquid crystal molecules in
corresponding regions, and the blue arrows represent
the transmission axes of the polarizer and analyzer

of the polarized optical microscope, respectively.
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Fig.5 Performance measurement of field-induced dual-mode switchable liquid crystal grating. (a) Zero order diffraction

efficiency versus applied voltage under different incident polarization angles; (b) Variation of grating period with

applied voltage; (c) First order and second order diffraction angles versus applied voltage; (d) Switching response

time curve of the field-induced dual-mode switchable grating.
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