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Progress and prospect of ultrafast response liquid crystal technology
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Abstract: Liquid crystal display i1s now the dominant technology for information displays, which is widely
used in small size displays, such as calculators, mobile phones, and digital cameras; medium size displays,
such as laptops and desktop monitors; large size displays, such as direct-view TV and projection TV.
Although traditional liquid crystals, such as nematic liquid crystals and cholesteric liquid crystals, exhibit
fast response to electric field, higher quality displays are pursued along with the improvement of the people’s
living standards. It requires liquid crystals of faster response to satis{y the dynamic display of high resolution.
This paper systematically summarizes the factors affecting the L.C response, and emphasizes several kinds
of new liquid crystals of fast responsiveness, such as polymer stabilized blue phase liquid crystal,

ferroelectric liquid crystal, ferroelectric nematic liquid crystal and electric modulation of order parameters.
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Finally, we rationally anticipate the promising applications of fast response liquid crystals in displays and

photonic devices.

Key words: fast response; blue phase liquid crystal; ferroelectric liquid crystal; ferroelectric nematic liquid

crystal; order parameter
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Tab. 1 Influence of strong and weak anchoring energy on liquid crystal threshold voltage (V,,), rise time (z,), fall time (z,)
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Fig.1 Lattice structures and typical POM textures of BPLC". (a) Schematic arrangement of the double twist cylinders; (b)

Body-centered cubic structures, defect mode and typical POM texture of BPI ; (¢) Sample cubic structures, defect

mode and typical POM texture of BP II ; (d) Amorphous structure and typical POM texture of BP Il ; (e) Measured

induced birefringence (circles) , linear fitting with Kerr effect (blue line) and linear fitting with extend Kerr effect (red

line) "',
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Fig. 2

[

(a) Examples of nematic liquid crystals, chiral dopants, and monomers'"”’; (b) Hysteresis loop, black line represents
p q y P y P Y

driving to the peak transmittance and red line represents driving to 50% transmittance™ ; (c) Operation voltage,

hysteresis and response time of samples'” ; (d) Voltage-transmittance curves and hysteresis values of samples'™ ;

(e) Hysteresis-repetition times of driving of samples; (f) Response times of samples.
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Fig. 3

(a) Molecular structure of DOBAMBC™; Schematic structure of smectic C* phase LC and the bookshelf arrange-

ment structure of SSFLC™'; (b) Smectic C* phase helix structure diagram and the changing regularity of Pg; (c)

Schematic diagram of the SSFLC director switching by electric field; (d) Directions of the polarizer and analyzer;

Electro-optical response of traditional bistable FLC and reverse bistable FLC™"; (e) Electro-optical response of

traditional bistable FL.C; (f) Electro-optical response of reverse bistable FL.C; (g) Switching time of reverse

bistable FLLC device under different driving voltages.
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Fig.4 Structure and electric-optic effect of DHFLC™. (a) Schematic structure of DHFLC. (b) t,-voltage curves of 1.5 um

liquid crystal cell. The left half ( <C0.25 V) is DHFLC working mode and the right half is ESHFLC working

mode. Insertions: bottom right (=1 V) is the driving voltage waveform; top is the FL.C textures under different voltages.

(¢) Electro-optic response of the DHFLC cell. (d) Schematic structure of ESHFLC. (e) Transmittance-voltage

curve of ESHFLC. (f) Schematic structure of RPS-ESHFLC and the temperature dependence of the tilt angle and

response time, bottom right is prototypes of the field sequential color display™’.
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(i) Electro-optic responses of the CL.C transmitted light intensity under different electric fields. E,=62 V/pm, E,=
84 V/pm, E;=107 V/pm, E,=128 V/pm, E,=142 V/pm.
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Tab.2 Electrical response properties and characteristics of various liquid crystal materials
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