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Liquid Crystal Electro-Optic Switching Based on Order Parameter and
Orientation Fluctuations
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Abstract Nematic liquid crystals (NL.Cs) have been widely used in the display industry and other electrooptical fields due
to their unique optical and electrical anisotropies. The continuous development of optical communication requires faster
electro-optic responses of liquid crystal materials. Here, we systematically explore the electrical modification of the
orientation fluctuations and the uniaxial order parameter in six negative NLLCs by applying electric fields perpendicular to
the average molecular orientation and using a special incidence of light. Experimental results show that the switching-on
time and switching-off time of the electro-optic responses are smaller than 350 ns. The field-induced birefringence change
rate of NLCs grows as the dielectric anisotropy increases. The maximum field-induced birefringence change rate is
proportional to both the applied electric field and the nematic dielectric anisotropy.

Key words optical devices; nematic liquid crystal; dielectric anisotropy; birefringence; order parameter; orientation
fluctuations; electro-optic switching
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Fig. 1 Experimental setup. (a) Side view and top view of liquid crystal cell structure; (b) experimental light path
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Fig. 2 Field-induced change of transmitted light intensity and birefringence change of nematic N2 where biaxial contribution is excluded

(working temperature is 23 °C, amplitude of voltage pulse is U, =478 V, and cell thickness is d =4. 6 pum). (a) Dynamics

effect of nanosecond voltage pulse on transmitted light intensity; (b) dynamic change of field-induced birefringence n in response

to applied voltage U
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Fig. 3 Field-induced birefringence change on of six liquid
crystals N1, N2, N3, N4, N5, and N6 with applied
electric field E=1.7 X 10° V/m (working temperature

is 23 °C)
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Fig. 7 Schematic illustrations of field-induced effects (rods present rod-like molecules of NL.Cs, and ellipsoids indicate optical tensors

of NLCs). (a) Orientational order of liquid crystal molecules and orientation fluctuation in absence of electric field;

(b) orientational order of liquid crystal molecules and quenching of orientation fluctuation under electric field applied
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