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Phase field method in capacitance characteristics of
nematic liquid crystals with different initial alignments

WANG Shu-kai, ZHOU Zhi-dong”

(Fujian Key Laboratory of Advanced Materials, College of Materials ,
Xiamen University , Xiamen 361005, China)

Abstract: Subjected to different electric fields, liquid crystal molecules would rearrange and the polari-
zation directors would change, which could affect the capacitance characteristics of liquid crystal cells.
Based on the free energy of liquid crystals due to the flexoelectric effect, the expressions of the elastic,
dielectric and flexoelectric free energy density are obtained. Applying the elastic theory and the phase
filed methods of liquid crystals, the phase field equations describing the distribution and switching of
liquid crystal director are obtained, and the expression of the capacitance of the liquid crystal cell is
derived by discrete methods. The influences of the surface charge density on the liquid crystal directors
are discussed in the strong anchoring hybrid alignment nematic (HAN) and the parallel alignment ne-

matic (PAN) liquid crystal cells. Furthermore, the effects of flexoelectricity, surface charge density
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and the thickness of the liquid crystal cell on the capacitance performance of two different initial align-

ments are analyzed in detail. The results of numerical analysis show that the larger surface charge den-

sity and the smaller flexoelectric coefficients would induce the larger angle of the director. In the HAN

liquid crystal cell, the capacitance increases with increasing surface charge or liquid crystal thickness,

and finally becomes saturated. In the PAN liquid crystal cell, the liquid crystal directors switch only

upon the surface charge density or the thickness of the liquid crystal cell reaching a certain critical

value, and the capacitance of the liquid crystal changes significantly. With increasing surface charge

density, the critical thickness of the liquid crystal cell decreases.

Key words: liquid crystal cell; phase filed method; flexoelectric effect; surface charge density; capaci-

tance
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Fig.1 Structure of liquid crystal cells and the coordi-

nate system. (a) HAN cell, (b) PAN cell.
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(b) PAN cell with different surface charge
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