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Recently, owing to technological advancements, liquid crystal displays (LCDs) have improved
significantly in terms of their display quality. Despite these technological advancements, display
failures are still a problem for LCDs. Display failures are difficult to predict from drive circuit
design, manufacturing processes, or material properties alone, and an understanding of the
generation mechanism is considered to be a critical issue to the improvement of LCD visual
quality. In addition, display failures and LCD design are dominated by the interface region between
the liquid crystals and alignment films.

There are various kinds of display failures and flicker phenomena are one of them. Research on
flicker phenomena is essential for improving LCD quality. Because we are the only supplier of
both liquid crystals and alignment films, we have investigated the region continuously. However,
it is very difficult to predict the phenomena that dominate at the interface, for example, owing to
the difficulty in directly measuring the electrical state and LC alignment state at the interface.

Recently, Fringe-field switching (FFS) LCDs have developed excellent properties such as a wide
viewing angle, high transmittance, high definition, and a low voltage drive. However, FFS-LCDs
have a problem wherein the display quality deteriorates easily and the flicker phenomenon is also
a serious issue. Even though the asymmetrical electrode structure and electrical state in an FFS-
LCD are considered to be its causes, this problem
is not completely understood.

Finite-element-method (FEM) simulation studies
show that the interface region between liquid
crystals and alignment films that constitute the
LCD have an influence on flicker phenomena. To
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Figure 1. Cross section structure of LCD.
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Figure 2. Response of the liquid crystal

molecules due to an electric field.
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Figure 3. Homogeneous alignment and

homeotropic alignment.
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Figure 4. Relationship of applicability of field of physics to space scales and time scales in LCD.
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Figure 5. Cross section structure of FFS-
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Figure 6. Flicker wave chart. Fluctuation of
the transmitted light depending on the

wave period of drive voltage.
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symmetry, but FFS mode is asymmetry.
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Figure 10. Index of alignment ability,
uniformity, alignment axis stability and

anchoring force.
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Figure 11. Anisotropy hierarchy scheme. The microscopic limit corresponds to the scale of the LC

molecules (10"'~10°m), whereas the macroscopic limit corresponds to the display area of the LCD

(102~10°m).The uniformity of the surface deformation anisotropy obtained in the rubbing or photo

alignment process is not necessarily high, considering the scale of the LC or polymer molecules; as

the hierarchy of the alignment scheme expands to a wider range, the uniformity is consequently

improved ((I)—(I)—(ll)—(IV)—(V)). When the order parameter of the alignment is compared with

respect to the surface deformation anisotropy between the bulk of the LC and the alignment film, it

is lower in the surface deformation anisotropy of the alignment film; the order parameter of the

alignment of the LCs in the vicinity of the interface of the LC and alignment film is reduced by this

influence.
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