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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device. More specifically, the present invention relates to
a liquid crystal display device in which a polymer layer for
improving a property is formed on an alignment film.

BACKGROUND ART

[0002] A liquid crystal display (LCD) device is a display
device that controls the alignment of birefringent liquid crys-
tal molecules to comntrol the transmission/shielding of light
(on/off of display). Examples of display modes of LCD
include a vertical alignment (VA) mode in which liquid crys-
tal molecules having negative anisotropy of dielectric con-
stant are aligned vertically to a substrate surface; an in-plane
switching (IPS) mode and a fringe field switching (FES)
mode, in which liquid crystal molecules having positive or
negative anisotropy of dielectric constant are aligned hori-
zontally to a substrate surface to apply a horizontal electric
field to a liquid crystal layer.

[0003] Among these, in a multi-domain vertical alignment
(MVA) mode in which liquid crystal molecules having nega-
tive anisotropy of dielectric constant are used and a rib or a slit
of an electrode is provided as an alignment regulating struc-
ture, a liquid crystal alignment direction during voltage appli-
cation can be controlled in plural directions without subject-
ing an alignment film to a rubbing treatment, and thus viewing
angle characteristic is superior. However, in an MVA-LCD of
the related art, an upper side of a rib or an upper side of a slit
is the boundary of alignment division of liquid crystal mol-
ecules, the transmittance during white display is low, dark
lines are observed in the display, and thus there is room for
improvement.

[0004] Therefore, as a method for obtaining a high-lumi-
nance and high-speed response LCD, alignment stabilization
techniques using a polymer (hereinafter, also referred to as
“polymer sustained (PS) technique”) have been suggested
(for example, refer to Patent Literatures 1 to 9). Among these,
in pre-tilt angle imparting techniques using a polymer (here-
inafter, also referred to as “polymer sustained alignment
(PSA) technique™), polymerizable components such as poly-
merizable monomers and oligomers are mixed to obtain a
liquid crystal composition; the liquid crystal composition is
sealed between substrates; and the monomers are polymer-
ized to form a polymer in a state where liquid crystal mol-
ecules are tilted by applying a voltage between the substrates.
As aresult, the liquid crystal molecules have a certain pre-tilt
angle even after the voltage application is stopped, and thus
the alignment direction of the liquid crystal molecules can be
regulated to be uniform. The monomers are selected from
materials which are polymerizable by heat, light (ultraviolet
rays), or the like. In addition, the liquid crystal composition
may contain a polymerization initiator for initiating the poly-
merization of monomers (for example, refer to Patent Litera-
ture 4).

[0005] Examples of other liquid crystal display elements
using a polymerizable monomer include polymer-stabilized
ferroelectrics liquid crystal (FLC) phase (for example, refer
to Patent Literature 10).

[0006] Inaddition, there are disclosed literatures which are
of investigations on the effect of hysteresis or the like on the
monomer concentration to be used for the PS treatment in
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liquid crystal, in a liquid crystal display device in which one
substrate is subjected to a photo-alignment treatment and the
PS treatment and the other substrate is subjected to a rubbing
treatment (for example, refer to Non Patent Literature 1).
Further, regarding the liquid crystal photo-alignment tech-
nique, particularly, inversion of photo-alignment directions, a
method for adjusting a photo-alignment film by using a cin-
namate polymer is devised (for example, refer to Non Patent
Literatures 2 and 3).

CITATION LIST
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[0007] Patent Literature 1: Japanese Patent No. 4175826
[0008] Patent Literature 2: Japanese Patent No. 4237977
[0009] Patent Literature 3: JP-A 2005-181582
[0010] Patent Literature 4: JP-A 2004-286984
[0011] Patent Literature 5: JP-A 2009-102639
[0012] Patent Literature 6: JP-A 2009-132718
[0013] Patent Literature 7: JP-A 2010-33093
[0014] Patent Literature 8: U.S. Pat. No. 6,177,972
[0015] Patent Literature 9: JP-A 2003-177418
[0016] Patent Literature 10: JP-A 2007-92000
[0017] Non Patent Literature 1: Y. Nagatake, et al., “Hys-

teresis Reduction in EO Characteristic of Photo-Aligned
IPS-LCDs with Polymer-Surface-Stabilized Method”,
IDW'10, International Display Workshops, 2010, pp. 89 to
92

[0018] Non Patent Literature 2: M. Obi, et al., “Reversion
of Photoalignment Direction of Liquid Crystals Induced by
Cinnamate Polvmer Films”, Japanese Journal of Applied
Physics, The Japan Society of Applied Physics, 1999, vol.
38, pp. L145to L147

[0019] Non Patent Literature 3: Kunihiro Ichimura,
“Photo-alignment of liquid crystal”, first edition, Yoneda
Shuppan, Mar. 7, 2007, pp. 121 to 125

SUMMARY OF INVENTION

Technical Problem

[0020] The present inventors have made investigations ona
photo-alignment technique in which the liquid crystal align-
ment direction during voltage application can be controlled in
plural directions without subjecting an alignment film to a
rubbing treatment and thus superior viewing angle character-
istic can be obtained. The photo-alignment technique is a
technique in which a photoactive material is used to form an
alignment film; and the formed film is irradiated with light
rays such as ultraviolet rays to impart an alignment regulating
force to the alignment film. According to the photo-alignment
technique, a film surface can be subjected to an alignment
treatment without contact. Therefore, the generation of con-
taminants, dust and the like can be suppressed during the
alignment treatment, and thus the photo-alignment technique
can be also applied to a large-sized panel unlike a rubbing
treatment.

[0021] Further, a liquid crystal display device obtained by
photo-alignment treatment is advantageous in terms of high
contrast, high resolution, and high yield. In recent years, a
horizontal alignment film preferably applicable to the liquid
crystal display device of the in-plane switching (IPS) mode,
the fringe field switching (FFS) mode, the ferroelectrics lig-
uid crystal (FL.C) mode, or an anti-ferroelectrics liquid crystal
(AFLC) mode has been actively investigated and developed.
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Particularly, in a case where a photo-alignment film by pho-
toisometization is used, horizontal alignment is made pos-
sible by low irradiation energy, and thus the photo-alignment
technique additionally has advantages that the technique does
not deteriorate other members (color filter [CF] or the like)
and is excellent in mass productivity.

[0022] However, aliquid crystal display device obtained by
a photo-alignment treatment has so high sensitivity as to
cause reaction with low irradiation energy (for example, 100
mJ/cm or lower) but is susceptible to sunlight or the like. That
is, at the time of use of the liquid crystal display device,
disorder of the alignment by outside light lowers the display
quality.

[0023] Additionally, one of problems which a back light
unit has is ultraviolet rays from a cold cathode-fluorescent
lamp (CCFL), but use of a recent white light emitting diode
(LED) instead of CCFL makes light free from ultraviolet
rays.

[0024] However, it may be possible that ultraviolet rays of
sunlight orthe like come to the surface side (observation side)
and a countermeasure for that is necessary. The above-men-
tioned literatures do not disclose any preferable means for
solving the alignment disorder by the outside light.

[0025] The presentinventors have found that, in this case, it
is effective to solve the problem caused by incidence of ultra-
violetrays of sunlight or the like by the configuration in which
(1) a polarization transmission axis direction of a polarizing
element (polarizing plate or the like) crosses a liquid crystal
alignment direction and at the same time a material constitut-
ing a photo-alignment film aligns liquid crystal molecules in
a direction crossing a polarization direction of polarized light
irradiated to the photo-alignment film by polarized light irra-
diated to the photo-alignment film, or (2) a polarization trans-
mission axis direction of a polarizing element is along aliquid
crystal alignment direction and at the same time a material
constituting a photo-alignment film aligns liquid crystal mol-
ecules in a direction along a polarization direction of polar-
ized light irradiated to the photo-alignment film by polarized
light irradiated to the photo-alignment film. That is, the
present inventors have found that if the arrangement is made
as described above, even if sunlight comes in a panel, polar-
ized light which actualizes the original alignment direction is
irradiated to the panel and thus alignment disorder is hardly
caused. However, there are some cases where the polarization
transmission axis direction of the surface side polarizing plate
needs to be set in a specified direction according to the use
form such as the case of considering use of polarizing sun-
glasses (sunglasses having an effect of preventing reflection
from water surface from incidence to eyes and capable of
transmitting only polarized light having the polarization axis
in the vertical direction). In addition, in order to save electric
power consumption for a liquid crystal display device to the
minimum, it is desired that the liquid crystal alignment direc-
tion is proper to maximize the transmittance of the liquid
crystal display device, and thus it is necessary to determine
the liquid crystal alignment depending on the pixel structure.
In this case, there are some cases where it is sometimes
necessary to have a configuration in which (3) a polarization
transmission axis direction of the polarizing element is along
a liquid crystal alignment direction and at the same time a
material constituting a photo-alignment film aligns liquid
crystal molecules in a direction crossing a polarization direc-
tion of polarized light irradiated to the photo-alignment film
by polarized light irradiated to the photo-alignment film, or
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(4) apolarization transmission axis direction of the polarizing
element crosses a liquid crystal alignment direction and atthe
same time a material constituting a photo-alignment film
aligns liquid crystal molecules in a direction along a polar-
ization direction of polarized light irradiated to the photo-
alignment film by polarized light irradiated to the photo-
alignment film, and the above mentioned configurations (1)
and (2) in which alignment disorder is hardly caused cannot
be actualized, and thus there is the problem that the alignment
disorder is caused.

[0026] The present invention has been made in consider-
ation of such circumstances, and an object thereof is to pro-
vide a liquid crystal display device provided with light fast-
ness, stabilized alignment of liquid crystal, and excellent
display quality by a polymer layer disposed on a photo-
alignment film.

Solution to Problem

[0027] Inorderto prepare aliquid crystal display device of
the IPS mode or the like obtained by using a photo-alignment
treatment, the present inventors have focused on prevention
of lowering display quality attributed to alignment disorder
by outside light as a configuration hard to be affected by
sunlight or the like. As a result, the present inventors have
found that the stability of a liquid crystal display device can
be sufficiently improved even in the case of using a liquid
crystal display device inferior in light fastness with the above-
mentioned configurations (3) and (4) because the PS poly-
merization treatment was carried out by introducing a poly-
mer stabilization (PS) process of adding a polymerizable
monomer to liquid crystal and polymerizing the polymeriz-
able monomer with heat or light to form a polymer layer on
the interface with a liquid crystal layer.

[0028] Inaddition, as aresult of additional thorough inves-
tigation, the present inventors have found that the PS reaction
can be promoted and the alignment can be more stabilized by
adding a functional group including a multiple bond such as
an alkenyl group to a molecular structure of a liquid crystal
material. The reason is considered to be as follows. First, a
multiple bond of liquid crystal molecules can be activated by
light. Second, a liquid crystal material including such a mul-
tiple bond can function as a carrier for transferring the acti-
vation energy, radicals, and the like. That is, it is considered
that, when an undercoat film, which is an alignment film, is
formed of a photoactive material and furthermore liquid crys-
tal is photoactive or functions as a carrier for transferring
radicals and the like, a polymerization rate of polymerizable
monomers and a rate of forming a PS layer are further
improved and thus a stable PS layer is formed. As described
above, the present inventors have found that the alignment
stability can be also significantly improved by selecting a
liquid crystal material.

[0029] In this way, the present inventors could solve the
above-described problems, thereby completing the present
invention.

[0030] That is, according to a first aspect of the present
invention, there is provided a liquid crystal display device
including: a liquid crystal cell that includes a pair of sub-
strates and a liquid crystal layer which is interposed between
the pair of substrates, wherein at least one of the pair of
substrates includes a polymer layer, a photo-alignment film,
and an electrode in the stated order from the liquid crystal
layer side; the photo-alignment film aligns liquid crystal mol-
ecules horizontally to the photo-alignment film surface; the
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polymer layer is a polymerized product of a monomer; the
liquid crystal display device further includes a polarizing
element in the observation surface side of the liquid crystal
cell; a polarization transmission axis direction of the polariz-
ing element is along an alignment direction of liquid crystal
molecules at a voltage lower than the threshold voltage in the
liquid crystal layer; and a material constituting the photo-
alignment film contains a material for aligning liquid crystal
molecules in a direction crossing a polarization direction of
polarized light irradiated to the photo-alignment film by
polarized light irradiated to the photo-alignment film.

[0031] In this specification, the photo-alignment film
means a polymer film having a property of controlling align-
ment of liquid crystal by a photo-alignment treatment, and in
general, a film subjected to a photo-alignment treatment by
polarized light irradiation. The phrase “aligning liquid crystal
molecules in a direction crossing a polarization direction of
polarized light irradiated to the photo-alignment film” means
that the angle between the alignment direction of liquid crys-
tal molecules and the polarization direction of polarized light
irradiated to the photo-alignment film is from 80° to 100°. As
described above, in this specification, “crossing” means that
the angle formed between two directions is from 80° to 100°.

[0032] Inthe first aspect of the present invention, the mate-
rial constituting the photo-alignment film may be those which
contain a material capable of aligning liquid crystal mol-
ecules in a direction crossing the polarization direction of
polarized light irradiated to the photo-alignment film by
polarized light irradiated to the photo-alignment film. The
above-mentioned material is preferably at least one selected
from a group consisting of, for example, tarpheny! deriva-
tives, naphthalene derivatives, phenanthrene derivatives, tet-
racene derivatives, spiropyran derivatives, spiroperimidine
derivatives, viologen derivatives, diarylethene derivatives,
anthraquinone derivatives, azobenzene derivatives, cin-
namoyl derivatives, chalcone derivatives, cinnamate deriva-
tives, coumarin derivatives, stilbene derivatives, and
anthracene derivatives. A benzene ring contained in these
derivatives may be a heterocyclic ring. Herein, “derivatives”
means compounds substituted with a specified atom or func-
tional group; and compounds in which a monovalent or diva-
lent or higher functional group is incorporated into a molecu-
lar structure of a polymer. A photoactive functional group in
these derivatives (hereinafter, also referred to as a photofunc-
tional group) may be present in a molecular structure of a
main chain of a polymer or in a molecular structure of a side
chain of a polymer; and may be a monomer or an oligomer.
The photofunctional group is present more preferably in a
molecular structure of a main chain of a polymer or in a
molecular structure of a side chain of a polymer; and further-
more preferably in a molecular structure of a side chain of a
polymer. In addition, when a monomer or oligomer including
such a photofunctional group (preferably, 3% by weight or
greater) is contained in the photo-alignment film, a polymer
constituting the photo-alignment film may be photoinactive.
In terms of heat resistance, the polymer constituting the
photo-alignment film is preferably polyvinyl, polyamic acid,
polyamide, polyimide, polymaleimide, or polysiloxane. The
material constituting the photo-alignment film may be a poly-
mer alone or a mixture containing additional molecules
together with a polymer as long as it has the above-mentioned
properties. For example, a low-molecular-weight compound
such as an additive or a photoinactive polymer may further be
added to a polymer including a photoalignable functional
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group. For example, an additive including a photoalignable
functional group may be added to a photoinactive polymer.

[0033] The material constituting the photo-alignment film
is selected from materials which cause photodissociation,
Norrish reaction for generating radicals, photoisomerization,
or photodimerization. The material constituting the photo-
alignment film is preferably materials including a photoi-
somerizable functional group and/or a photodimerizable
functional group. The photoisomerizable functional group
and/or the photodimerizable functional group are preferable
to include at least one kind selected from a group consisting of
acinnamate group, an azo group, a chalcone group, a stilbene
group, and a coumarin group. Accordingly, the liquid crystal
is provided with high reliability without elution of photodis-
sociated products and an alignment treatment with low irra-
diation energy is made possible. Especially, a photoisomer-
izable functional group (photoisomerizable group) is
preferable, and the material constituting the photo-alignment
film is preferable to include a photoisomerizable group, and
the photoisomerizable group is preferable to include at least
one kind selected from a group consisting of, for example, a
cinnamate group, an azo group, a chalcone group, and a
stilbene group. A cinnamate group, a chalcone group, and a
stilbene group all cause photoisomerization and photodimer-
ization, and both photoisomerization and photodimerization
affect photo-alignment, and thus the above-mentioned func-
tional group is more preferable to include at least one kind
selected from a group consisting of a cinnamate group, a
chalcone group, and a stilbene group. Particularly preferable
one is a cinnamate group.

[0034] The photoisomerizable functional group (photoi-
somerizable group) has the advantageous point as described
above that it makes an alignment treatment with low irradia-
tion energy possible (improvement of the productivity, less-
ening damages on other members, etc.). However, the pho-
toisomerization itself, which is a photoreaction mechanism,
is reversible, and thus in the case of using particularly a
photoisomerizable group, it is indispensable to take measures
against incidence of ultraviolet rays of sunlight or the like
from the outside. The liquid crystal display device of the
present invention is particularly suitable in a case where the
photo-alignment film includes a photoisomerizable group
since the serious problem of ultraviolet rays particular in such
a photoisomerizable group can be solved sufficiently and the
peculiar advantages of the photoisomerizable group as
described above can be provided.

[0035] Inasecond aspect of the present invention, there is
provided a liquid crystal display device including: a liquid
crystal cell that includes a pair of substrates and a liquid
crystal layer which is interposed between the pair of sub-
strates, wherein at least one of the pair of substrates includes
a polymer layer, a photo-alignment film, and an electrode in
the stated order from the liquid crystal layer side; the photo-
alignment film aligns liquid crystal molecules horizontally to
the photo-alignment film surface; the polymer layer is a poly-
merized product of a monomer; the liquid crystal display
device further includes a polarizing element in the observa-
tion surface side of the liquid crystal cell; a polarization
transmission axis direction of the polarizing element is along
an alignment direction of liquid crystal molecules at a voltage
lower than the threshold voltage in the liquid crystal layer;
and a material constituting the photo-alignment film contains
a polymer including a molecular structure (a repeating unit)
represented by the following formula (1).
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[Chem. 1]
)
z—R!'—0 / R?
0
[0036] (In the formula, Z represents a polyvinyl monomer

unit, a polyamic acid monomer unit, a polyamide monomer
unit, a polyimide monomer unit, a polymaleimide monomer
unit, or a polysiloxane monomer unit; R' represents a single
bond or a divalent organic group; R” represents a hydrogen
atom, a fluorine atom, or a monovalent organic group; and n
represents an integer of 2 or greater and more preferably 8 or
greater.) The above-mentioned polymer may be a copolymer
of the repeating unit represented by the formula (1) and a unit
other than the repeating unit as long as the effects of the
present invention is exhibited, but it is preferable to contain
the repeating unit represented by the formula (1) in an amount
of 25% by mole or greater in all monomer units.

[0037] Z is particularly preferable to represent a polyvinyl
monomer unit containing 2 to 8 carbon atoms. The divalent
organic group (spacer group) in R! is preferable to contain at
least one kind selected from a group consisting of, for
example, an alkylene group, an ether group, and an ester
group. The alkylene group is more preferable to contain 8 or
lower carbon atoms. The alkylene group is further preferably
a methylene group. R' is particularly preferably a single
bond. The monovalent organic group in R? is preferable to
contain at least one kind selected from a group consisting of
an alkyl group, a phenyl group, a fluorine atom, a carbonyl
group, an ether group, and an ester group. The alkyl group or
phenyl group may be substituted with a fluorine atom or the
like. The alkyl group is preferable to contain 8 or lower carbon
atoms. R? is particularly preferably a hydrogen atom. Specifi-
cally, the material constituting the photo-alignment film is
particularly preferable to contain a polymer including a
molecular structure (a repeating unit) represented by the fol-
lowing formula (2).

[Chem. 2]
@
NS
O
[0038] (In the formula, n represents an integer of 2 or

greater and more preferably 8 or greater.) It is preferable as
other groups for R? that R? is fluorine, or R? is a monovalent
organic group which may be modified with an alkyl group, an
alkoxy group, a benzyl group, a phenoxy group, a benzoyl
group, a benzoate group, or a benzoyloxy group or their
derivatives. In other words, the monovalent organic group is
preferably an alkyl group, an alkoxy group, a benzyl group, a
phenoxy group, a benzoyl group, a benzoate group, a benzoy-
loxy group or their derivatives. Consequently, the electric
properties and alignment stability can be improved.
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[0039] In the first aspect and second aspect of the present
invention, the material constituting the photo-alignment film
is preferable to contain a material for aligning liquid crystal
molecules in a direction perpendicular to the polarization
direction of polarized light irradiated to the photo-alignment
film by polarized light irradiated to the photo-alignment film.
“Perpendicular” in this specification may be perpendicular in
aplane view of a substrate main surface in the technical field
of the present invention, and includes a substantially perpen-
dicular state. The polymer in the second aspect of the present
invention specifically includes specified materials suitable
for aligning liquid crystal molecules in the direction perpen-
dicular to the polarization direction of polarized light irradi-
ated to the photo-alignment film by polarized light irradiated
to the photo-alignment film.

[0040] The “threshold voltage” means a voltage value for
generating an electric field in which a liquid crystal layer
causes optical change and a display state is changed in a liquid
crystal display device in this specification. For example, it
means a voltage value to give 5% transmittance when the
transmittance in the light state is set to 100%.

[0041] The phrase “a polarization transmission axis direc-
tion of the polarizing element is along an alignment direction
of liquid crystal molecules at a voltage lower than the thresh-
old voltage inthe liquid crystal layer” means the angle formed
between the polarization transmission axis direction of the
polarizing element and the alignment direction of liquid crys-
tal molecules at a voltage lower than the threshold voltage in
the liquid crystal layer is within £10°. As described above,
“along” in this specification means the angle formed between
the two directions is within +10°.

[0042] In the first aspect and second aspect of the present
invention, the polarization transmission axis direction of the
polarizing element in the observation surface side (front side)
of the liquid crystal cell is preferably parallel to the alignment
direction of liquid crystal molecules at a voltage lower than
the threshold voltage in the liquid crystal layer. “Parallel” in
this specification may be sufficient to be parallel in a plane
view of a substrate main surface in the technical field of the
present invention, and includes a substantially parallel state.
[0043] In a third aspect of the present invention, there is
provided a liquid crystal display device including: a liquid
crystal cell that includes a pair of substrates and a liquid
crystal layer which is interposed between the pair of sub-
strates, wherein at least one of the pair of substrates includes
a polymer layer, a photo-alignment film, and an electrode in
the stated order from the liquid crystal layer side; the photo-
alignment film aligns liquid crystal molecules horizontally to
the photo-alignment film surface; the polymer layer is a poly-
merized product of a monomer; the liquid crystal display
device further includes a polarizing element in the observa-
tion surface side of the liquid crystal cell; a polarization
transmission axis direction of the polarizing element crosses
an alignment direction of liquid crystal molecules at a voltage
lower than the threshold voltage in the liquid crystal layer;
and a material constituting the photo-alignment film contains
amaterial for aligning liquid crystal molecules in a direction
along a polarization direction of polarized light irradiated to
the photo-alignment film by polarized light irradiated to the
photo-alignment film.

[0044] Inthethird aspect of the present invention, the mate-
rial constituting the photo-alignment film may be those which
contain a material for aligning liquid crystal molecules in the
direction along the polarization direction of polarized light
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irradiated to the photo-alignment film by polarized light irra-
diated to the photo-alignment film, and except for this, pref-
erable characteristics are similar to those described above in
the first aspect of the present invention although concrete
compounds are different. For example, also in the third aspect
of the present invention, the material (photo-alignment film)
constituting the photo-alignment film is preferable to include
a photoisomerizable group and the photoisomerizable group
is preferable to include at least one kind selected from a group
consisting of a cinnamate group, an azo group, a chalcone
group, and a stilbene group.

[0045] In a fourth aspect of the present invention, there is
provided a liquid crystal display device including: a liquid
crystal cell that includes a pair of substrates and a liquid
crystal layer which is interposed between the pair of sub-
strates, wherein at least one of the pair of substrates includes
a polymer layer, a photo-alignment film, and an electrode in
the stated order from the liquid crystal layer side; the photo-
alignment film aligns liquid crystal molecules horizontally to
the photo-alignment film surface; the polymer layer is a poly-
merized product of a monomer; the liquid crystal display
device further includes a polarizing element in the observa-
tion surface side of the liquid crystal cell: a polarization
transmission axis direction of the polarizing element crosses
an alignment direction of liquid crystal molecules at a voltage
lower than the threshold voltage in the liquid crystal layer;
and a material constituting the photo-alignment film contains
a polymer including a molecular structure (a repeating unit)
represented by the following formula (3).

[Chem. 3]
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[0046] (In the formula, Z represents a polyvinyl monomer
unit, a polyamic acid monomer unit, a polyamide monomer
unit, a polyimide monomer unit, a polymaleimide monomer
unit, or a polysiloxane monomer unit; R' represents a single
bond or a divalent organic group; R? represents a hydrogen
atom or a monovalent organic group; and n represents an
integer of 2 or greater and more preferably 8 or greater.) The
above-mentioned polymer may be a copolymer of the repeat-
ing unit represented by the formula (3) and a unit other than
the repeating unit as long as the effects of the present inven-
tion is exhibited, but it is preferable to contain the repeating
unit represented by the formula (3) in an amount of 25% by
mole or greater in all monomer units.

[0047] 7 is particularly preferable to represent a polyvinyl
monomer unit containing 2 to 8 carbon atoms. R is preferable
to contain at least one kind selected from a group consisting
of, for example, an alkylene group, an ether group, and an
ester group. For example, those containing an ester group and
an ether group; and the like are preferable. R" is preferable to
contain 2 or greater carbon atoms. R' is preferable to contain
8 or lower carbon atoms. The monovalent organic group in R*
1s preferable to contain at least one kind selected from a group
consisting of an alkyl group, a fluorine atom, an ether group,
and an ester group. The alkyl group may be substituted with a
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fluorine atom or the like. The alkyl group is preferable to
contain § or lower carbon atoms. R? is particularly preferably
a methyl group. n is preferably 24 or lower. Specifically, the
material constituting the photo-alignment film is particularly
preferable to contain a polymer including a molecular struc-
ture (a repeating unit) represented by the following formula

*).

[Chem. 4]

)

0—C1;

[0048] (In the formula, n represents an integer of 2 or
greater and more preferably 8 or greater.)

[0049] In the third aspect and fourth aspect of the present
invention, the material constituting the photo-alignment film
is preferable to contain a material for aligning liquid crystal
molecules in a direction parallel to the polarization direction
of polarized light irradiated to the photo-alignment film by
the polarized light irradiated to the photo-alignment film. The
polymer in the fourth aspect of the present invention specifi-
cally includes specified materials suitable for aligning liquid
crystal molecules in the direction parallel to the polarization
direction of polarized light irradiated to the photo-alignment
film by polarized light irradiated to the photo-alignment film.

[0050] In the third aspect and fourth aspect of the present
invention, the polarization transmission axis direction of the
polarizing element is preferably perpendicular to the align-
ment direction of liquid crystal molecules at a voltage lower
than the threshold voltage in the liquid crystal layer.

[0051] FIG. 17 is a view schematically illustrating a rela-
tion of a polarization direction of photo-alignment exposure
and a liquid crystal alignment direction in a first aspect and a
second aspect of the present invention. FIG. 18 is a view
schematically illustrating a relation of a polarization trans-
mission axis direction of a front polarizing plate and a liquid
crystal alignment direction in a first aspect and a second
aspect of the present invention. FIG. 19 is a view schemati-
cally illustrating a relation of a polarization direction of
photo-alignment exposure and a liquid crystal alignment
direction in a third aspect and a fourth aspect of the present
invention. FIG. 20 is a view schematically illustrating a rela-
tion of a polarization transmission axis direction of a front
polarizing plate and a liquid crystal alignment direction in a
third aspect and a fourth aspect of the present invention. The
polarization direction of the photo-alignment exposure
means, for example, the polarization direction of UV (ultra-
violetrays)to beirradiated. Depending on the properties of an
alignment film, the alignment direction of liquid crystal may
be perpendicular or parallel to the polarization direction of
UV to be irradiated, and in the first aspect and second aspect
of the present invention as well as in the third aspect and
fourth aspect of the present invention, their configurations are
coincident in the point that the polarization transmission axis
direction of a front polarizing plate (a polarizing plate in the
observer side) and the polarization direction of UV to be
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irradiated cross each other. Both configurations are rather
inferior in the point that the liquid crystal alignment is disor-
dered by outside light (in terms of light fastness), but it can be
said that both have at least technical significances of the
present invention in a common or closely relevant manner,
and thus have the same or corresponding special technical
characteristics in the point that a polymer layer is disposed on
the photo-alignment film to improve the light fastness.
[0052] Hereinafter, the common characteristics in the first
aspect to fourth aspect of the present invention and their
preferable characteristics will be described in detail. That is,
the following characteristics can be applied preferably to all
of the above-mentioned first aspect to fourth aspect of the
present invention.

[0053] At least one of the pair of substrates includes a
polymer layer, a photo-alignment film, and an electrode in the
stated order from the liquid crystal layer side. In addition, the
other of the pair of substrates is preferable to include a poly-
mer layer and a photo-alignment film in the stated order from
the liquid crystal layer side.

[0054] The alignment of the photo-alignment film in the
present invention is fixed by formation of the polymer layer
even if a photo-alignment film inferior in the light fastness is
formed, and thus prevention ofincidence of ultraviolet rays or
the like of sunlight or the like to the liquid crystal layer from
the front side after the manufacturing process is made unnec-
essary, and the stability of a liquid crystal display device can
be improved. Further, the light irradiation energy for photo-
alignment can be suppressed to the minimum, and thus the
range of choice for the manufacturing process such as reduc-
tion of the number of light irradiation apparatuses for photo-
alignment, productivity improvement, etc. can be widened.
The alignment is stabilized by the present invention, and thus
the flexibility of the pixel design and the design of a polarizing
element is also widened. In addition, the light wavelength for
photo-alignment is generally short wavelength, but the light
irradiation energy for the photo-alignment can be suppressed
to the minimum by the present invention, and thus the pho-
todeterioration of an organic material included in a liquid
crystal panel such as a color filter can be suppressed to the
minimum. The degree of pre-tilt angle which is imparted to
liquid crystal molecules by the photo-alignment film can be
adjusted by the kind of light, the irradiation time of light, the
irradiation intensity of light, the kind of a photofunctional
group, or the like.

[0055] Thepolymer layeris preferably a polymerized prod-
uct of a monomer contained in the liquid crystal layer. The
polymer layer is also preferably a polymerized product of a
monomer mixed with a material constituting the photo-align-
ment film and/or a polymerized product of a monomer
applied to the photo-alignment film.

[0056] The polymer layer is generally controls the align-
ment of liquid crystal molecules adjacent to the polymer
layer. A polymerizable functional group of the monomer is
preferable to contain at least one kind selected from a group
consisting of an acrylate group, a methacrylate group, a vinyl
group, a vinyloxy group, and an epoxy group. The monomer
is preferably a monomer which starts polymerization (photo-
polymerization) by light irradiation or a monomer which
starts polymerization (thermal polymerization) by heating.
That is, the polymer layer is preferable to be formed by
photopolymerization or to be formed by thermal polymeriza-
tion. Especially, the polymer layer is preferably a photopoly-
merized product (PS layer). Accordingly, the polymerization
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can be easily initiated at normal temperature. The light used
for the photopolymerization is preferably either or both of
ultraviolet rays and visible light.

[0057] Inthe present invention, the type of polymerization
for forming the PS layer is not particularly limited, and
examples thereof include “step-growth polymerization” in
which bifunctional monomers are polymerized stepwise
while forming a new bond; and “chain polymerization” in
which monomers are sequentially bonded to active species
generated from a small amount of catalyst (an initiator) and
are grown in a chain reaction. Examples of the step-growth
polymerization include polycondensation and polyaddition.
Examples of the chain polymerization include radical poly-
merization and ionic polymerization (for example, anionic
polymerization and cationic polymerization).

[0058] The polymer layer can be formed on a photo-align-
ment film to improve the alignment regulating force of the
alignment film. As a result, image sticking in display is sig-
nificantly reduced and thus display quality can be signifi-
cantly improved. In addition, when monomers are polymer-
ized to form a polymer layer in a state where liquid crystal
molecules are aligned at a pre-tilt angle by applying a thresh-
old or higher voltage to a liquid crystal layer, the polymer
layer are formed to include a structure in which liquid crystal
molecules are aligned at a pre-tilt angle.

[0059] Thephoto-alignment film is for aligning liquid crys-
tal molecules horizontally to the substrate main surface
(photo-alignment film surface), and in the technical field of
the present invention, the photo-alignment film may be so-
called a horizontal alignment film in which liquid crystal
molecules are substantially horizontally aligned. Alterna-
tively, the photo-alignment film may be a film in which adja-
cent liquid crystal molecules are aligned in this way by a
voltage lower than the threshold voltage. The photo-align-
ment can be realized by irradiating an alignment film with
polarized light.

[0060] It is preferable that both of the pair of substrates
include a photo-alignment film in the liquid crystal layer side,
respectively. An alignment treatment means for carrying out
alignment treatment is a photo-alignment treatment. The
photo-alignment treatment can give excellent viewing angle
characteristic.

[0061] The photo-alignment film is generally formed of a
photoactive material. For example, use of a photoactive mate-
rial makes an alignment film component excite and generates
the transfer of excitation energy and radical for a monomer in
the case of photopolymerization of the monomer, and thus the
reactivity for PS layer formation can be improved. Further,
irradiation with light in a certain condition can perform a
photo-alignment treatment for providing alignment propet-
ties. When the photoactive material is irradiated with light,
the transfer of the excitation energy from the monomer to the
alignment film is more effectively performed in a horizontal
alignment film rather than in a vertical alignment film, and
thus the photo-alignment film can form a more stable PS
layer.

[0062] The photo-alignment film is preferably a film sub-
jected to the photo-alignment treatment by irradiation with
polarized light. The photo-alignment film is more preferably
a photo-alignment film subjected to the photo-alignment
treatment by irradiation with polarized ultraviolet rays from
the outside of the liquid crystal cell. In this case, when the
polymer layer is formed by photopolymerization, the photo-
alignment film and the polymer layer are preferable to be
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formed simultaneously by using the same light. Accordingly,
a liquid crystal display device is obtained with high produc-
tion efficiency.

[0063] The electrode is preferably a transparent electrode.
As an electrode material in the present invention, all of light
shielding materials such as aluminum and translucent mate-
rials such as indium tin oxide (ITO) and indium zinc oxide
(IZ0O) can be used, and for example, when one of the pair of
substrates includes a color filter, it is necessary that the irra-
diation with ultraviolet rays for polymerizing the monomer
be performed on the other substrate not including a color
filter, and in such as case, if the electrode is a transparent
electrode, the polymerization of the monomer can be carried
out efficiently.

[0064] An alignment mode of the liquid crystal layer is not
particularly limited, and preferably an alignment mode appli-
cable for a horizontal alignment film, and for example, the
IPS (in-plane switching) mode, the FFS (fringe field switch-
ing) mode, the FL.C (ferroelectrics liquid crystal) mode, or the
AFLC (anti-ferroelectrics liquid crystal) mode is preferable.
As described above, those to which the horizontal photo-
alignment film is preferably applicable are desirable to
exhibit the effects of the present invention. The IPS mode or
the FFS mode is more preferable. Accordingly, the effects of
the present invention can be exhibited sufficiently. The align-
ment mode of the liquid crystal layer is more preferably the
IPS mode or the FFS mode.

[0065] Forexample, the FFS mode is preferable. In the FFS
mode, a plate-like electrode is provided in addition to a comb-
tooth electrode. Therefore, for example, when substrates are
bonded by using an electrostatic chuck for holding a large size
substrate, the plate-like electrode can be used as a blocking
wall for preventing a high voltage from being applied to a
liquid crystal layer, and thus the efficiency in the manufac-
turing process is particularly superior.

[0066] The pair of substrates in the present invention is
used for interposing a liquid crystal layer therebetween. Each
substrate is formed by, for example, using an insulating sub-
strate made of glass, a resin, or the like as a base and forming
wiring, electrodes, color filters, and the like on the insulating
substrate.

[0067] In one aspect of the present invention, there is pro-
vided a liquid crystal display device including: a liquid crystal
cell that includes a pair of substrates and a liquid crystal layer
which is interposed between the pair of substrates, wherein at
least one of the pair of substrates includes a polymer layer, a
photo-alignment film, and an electrode in the stated order
from the liquid crystal layer side; the polymer layer is a
polymerized product of a monomer mixed with a material
constituting the photo-alignment film and/or a polymerized
product of a monomer applied to the photo-alignment film.
[0068] It is preferable to combine the configuration of the
liquid crystal display device according to the one aspect of the
present invention with the first aspect to fourth aspect of the
present invention and the preferable configurations of the first
aspect to fourth aspect as described above. For example, in the
liquid crystal display device according to the one aspect of the
present invention, preferably, the photo-alignment film is for
aligning liquid crystal molecules horizontally to the photo-
alignment film surface; the liquid crystal display device fur-
ther includes a polarizing element in the observation surface
side of the liquid crystal cell; the polarization transmission
axis direction of the polarizing element is along the alignment
direction of the liquid crystal molecules at a voltage lower
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than the threshold voltage in the liquid crystal layer; and the
material constituting the photo-alignment film contains a
material for aligning liquid crystal molecules in a direction
crossing the polarization direction of polarized light irradi-
ated to the photo-alignment film by polarized light irradiated
to the photo-alignment film.

[0069] Also in the liquid crystal display device according to
the one aspect of the present invention, preferably, the photo-
alignment film is for aligning liquid crystal molecules hori-
zontally to the photo-alignment film surface; the liquid crys-
tal display device further includes a polarizing element in the
observation surface side of the liquid crystal cell; the polar-
ization transmission axis direction of the polarizing element
is along the alignment direction of the liquid crystal mol-
ecules at a voltage lower than the threshold voltage in the
liquid crystal layer; and the material constituting the photo-
alignment film contains a polymer including a molecular
structure (a repeating unit) represented by the formula (1)
above (in the formula, Z represents a polyvinyl monomer
unit, a polyamic acid monomer unit, a polyamide monomer
unit, a polyimide monomer unit, a polymaleimide monomer
unit, or a polysiloxane monomer unit; R* represents a single
bond or a divalent organic group; R? represents a hydrogen
atom, a fluorine atom, or a monovalent organic group; and n
represents an integer of 2 or greater and more preferably 8 or
greater.).

[0070] In the liquid crystal display device according to the
one aspect of the present invention, preferably, the photo-
alignment film is for aligning liquid crystal molecules hori-
zontally to the photo-alignment film surface; the liquid crys-
tal display device further includes a polarizing element in the
observation surface side of the liquid crystal cell; the polar-
ization transmission axis direction of the polarizing element
crosses the alignment direction of the liquid crystal molecules
at a voltage lower than the threshold voltage in the liquid
crystal layer; and the material constituting the photo-align-
ment film contains a material for aligning liquid crystal mol-
ecules in a direction along the polarization direction of polar-
ized light irradiated to the photo-alignment film by polarized
light irradiated to the photo-alignment film.

[0071] In the liquid crystal display device according to the
one aspect of the present invention, preferably, the photo-
alignment film is for aligning liquid crystal molecules hori-
zontally to the photo-alignment film surface; the liquid crys-
tal display device further includes a polarizing element in the
observation surface side of the liquid crystal cell; the polar-
ization transmission axis direction of the polarizing element
crosses the alignment direction of liquid crystal molecules at
avoltage lower than the threshold voltage in the liquid crystal
layer; and the material constituting the photo-alignment film
contains a polymer including a molecular structure (a repeat-
ing unit) represented by the formula (3) above (in the formula,
7 represents a polyvinyl monomer unit, a polyamic acid
monomer unit, a polyamide monomer unit, a polyimide
monomer unit, a polymaleimide monomer unit, or a polysi-
loxane monomer unit; R' represents a single bond or a diva-
lent organic group; R? represents a hydrogen atom or a
monovalent organic group; and n represents an integer of 2 or
greater and more preferably 8 or greater.).

[0072] The configuration of the liquid crystal display
device of the present invention is not especially limited by
other components as long as it essentially includes such com-
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ponents. Other configurations (for example, a light source or
the like) used commonly for a liquid crystal display device
may be applied properly.

[0073] The aforementioned modes may be used in appro-
priate combination as long as the combination is not beyond
the spirit of the present invention.

Advantageous Effects of Invention

[0074] The present invention provides a liquid crystal dis-
play device provided with light fastness, stabilized alignment
of liquid crystal, and excellent display quality by a polymer
layer disposed on a photo-alignment film.

BRIEF DESCRIPTION OF DRAWINGS

[0075] FIG.11is a perspective view schematically illustrat-
ing a liquid crystal display device according to Embodiment
1 at a voltage lower than the threshold voltage.

[0076] FIG. 2 is a cross-sectional view schematically illus-
trating a liquid crystal display device according to Embodi-
ment 1.

[0077] FIG. 3 is a plan view schematically illustrating a
light irradiation polarization direction, combteeth electrodes,
and a liquid crystal alignment direction in a liquid crystal
display device according to Embodiment 1.

[0078] FIG. 4 is a plan view schematically illustrating a
light irradiation polarization direction, combteeth electrodes,
and a liquid crystal alignment direction in a liquid crystal
display device according to Embodiment 1 in a case where a
liquid crystal material having positive anisotropy of dielectric
constant is used.

[0079] FIG. 5 is a perspective view schematically illustrat-
ing a liquid crystal display device according to a modified
example of Embodiment 1 at a voltage lower than the thresh-
old voltage.

[0080] FIG. 6 is a plan view schematically illustrating a
light irradiation polarization direction, combteeth electrodes,
and a liquid crystal alignment direction in a liquid crystal
display device according to the modified example of Embodi-
ment 1.

[0081] FIG. 7 is a plan view schematically illustrating a
light irradiation polarization direction, combteeth electrodes,
and a liquid crystal alignment direction in a liquid crystal
display device according to the modified example of Embodi-
ment 1 in a case where a liquid crystal material having posi-
tive anisotropy of dielectric constant is used.

[0082] FIG. 8isa cross-sectional view schematically illus-
trating a liquid crystal display device according to Embodi-
ment 3.

[0083] FIG.9is a plan view schematically illustrating pix-
els of a liquid crystal display device according to Embodi-
ment 3.

[0084] FIG. 10 is a cross-sectional view schematically
illustrating a liquid crystal display device according to Com-
parative Example 1.

[0085] FIG. 11 is a diagram schematically illustrating a
state of image sticking in a liquid crystal cell of an IPS mode
which is prepared by the present inventors performing a
photo-alignment treatment.

[0086] FIG. 12 is a diagram schematically illustrating a
state of image sticking in a liquid crystal cell of an IPS mode
which is prepared by the present inventors introducing a
photo-alignment treatment and adopting the PS process.
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[0087] FIG. 13 is a diagram schematically illustrating a
polymerization state of a polymerizable monomer when an
alignment film formed of a photoinactive material is sub-
jected to the PS process.

[0088] FIG. 14 is a diagram schematically illustrating a
polymerization state of a polymerizable monomer when an
alignment film formed of a photoactive material is subjected
to the PS process.

[0089] FIG. 15 is a diagram schematically illustrating a
state of a vertical alignment film when polymerizable mono-
mers are polymerized.

[0090] FIG. 16 is a diagram schematically illustrating a
state of a horizontal alignment film when polymerizable
monomers are polymerized.

[0091] FIG. 17 is a view schematically illustrating a rela-
tion of a polarization direction of photo-alignment exposure
and a liquid crystal alignment direction in a first aspect and a
second aspect of the present invention.

[0092] FIG. 18 is a view schematically illustrating a rela-
tion of a polarization transmission axis direction of a front
polarizing plate and a liquid crystal alignment direction in a
first aspect and a second aspect of the present invention.
[0093] FIG. 19 is a view schematically illustrating a rela-
tion of a polarization direction of photo-alignment exposure
and a liquid crystal alignment direction in a third aspect and a
fourth aspect of the present invention.

[0094] FIG. 20 is a view schematically illustrating a rela-
tion of a polarization transmission axis direction of a front
polarizing plate and a liquid crystal alignment direction in a
third aspect and a fourth aspect of the present invention.

DESCRIPTION OF EMBODIMENTS

[0095] The present invention will be mentioned in more
detail referring to the drawings in the following embodi-
ments, but is not limited to these embodiments. In this speci-
fication, a planar electrode means a plate-like electrode
including no alignment regulating structure. Additionally, in
the respective embodiments, unless otherwise specified, the
same symbols are given to the members and portions having
similar functions, except that one hundred’s place is changed
or “’ is added. In this specification, “or greater” and “or
lower” respectively include the numeral value itself. That is,
“or greater” means “not lower than” (the numeral value and
greater than the numeral value).

Embodiment 1

[0096] Embodiment 1 is a liquid crystal display device in
which the polarization transmission axis direction of a polar-
izing plate in the front side (observation surface side) and the
liquid crystal alignment direction (initial alignment) are pat-
allel to each other. The IPS mode is used as the display mode.
FIG. 1is a perspective view schematically illustrating a liquid
crystal display device according to Embodiment 1 at a voltage
lower than the threshold voltage. In the liquid crystal display
device according to Embodiment 1, an array substrate 10, a
liquid crystal layer 30, and a color filter substrate 20 are
laminated in the stated order from a back surface side to an
observation surface side of the liquid crystal display device to
form a liquid crystal cell. A rear side polarizing plate 18 and
a front side polarizing plate 28 are provided in the back
surface side of the array substrate 10 and in the observation
surface side of the color filter substrate 20, respectively.
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[0097] 1In FIG. 1, the polarization transmission axis direc-
tion of the front side polarizing plate 28 is shown by the line
in the transverse direction. In addition, the polarization trans-
mission axis direction of the rear side polarizing plate 18 is
shown in a similar manner by the line, and the same shall
apply to a polarizing plate in the drawings described below.
As illustrated in FIG. 1, the polarization transmission axis
direction of the front side polarizing plate 28 is arranged to be
parallel to the alignment direction (liquid crystal major axis
direction) of liquid crystal molecules 32 at a voltage lower
than the threshold voltage. Further, the respective polarizing
plates are arranged in such a manner that the polarization
transmission axis direction of the front side polarizing plate
28 is perpendicular to the polarization transmission axis
direction of the rear side (opposite side of the observation
surface side) polarizing plate 18. In Embodiment 1, the front
side polarizing plate 28 and the rear side polarizing plate 18
are respectively linear polarizing plates, and for widening
view angle, a retarder may be further provided as a polarizing
element. In FIG. 1, the major axis direction of an oval sche-
matically illustrating the liquid crystal molecules 32 shows
the major axis direction of rod-like liquid crystal molecules.
The same shall apply to the drawings described below.

[0098] Hereinafter, the liquid crystal display device
according to Embodiment 1 will be described in detail. FIG.
2 is a cross-sectional view schematically illustrating a liquid
crystal display device according to Embodiment 1. The array
substrate 10 includes an insulating transparent substrate 11
made of a material such as glass and also includes various
wirings, a pixel electrode 14a, a common electrode 145, a
TFT element, and the like formed on the transparent substrate
11.

[0099] Herein, a material for the TFT element is not par-
ticularly limited if the material is used commonly, and use of
an oxide semiconductor such as IGZO (indivm-gallium-zinc-
oxide) with high mobility for the TFT element makes the TFT
element smaller than a TFT element obtained by using amor-
phous silicon. Consequently, it is suitable for a high-resolu-
tion liquid crystal display, and thus it is a technique having
been drawing attention recently. On the other hand, inthe case
of applying rubbing process for such a display, uniform rub-
bing in a high-resolution pixel is difficult since the pile den-
sity of a rubbing cloth is limited, and there is a concern of
inferiority of display quality. In this point, it can be said that
a photo-alignment technique excellent in uniform alignment
is useful for actual application of an oxide semiconductor
such as IGZO.

[0100] However, on the other hand, in the case of an oxide
semiconductor such as IGZO, there is a concern of shift of
semiconductor threshold properties by ultraviolet ray irradia-
tion for photo-alignment. This shift of properties results in
change of the TFT element properties of a pixel and affects
the display quality. Further, an oxide semiconductor with
high mobility more significantly affects also a monolithic
driver element formable on a substrate. Therefore, it can be
said that the technique according to the present invention
which is capable of minimizing the irradiation amount of
ultraviolet rays with short wavelength necessary for photo-
alignment is useful particularly for actual application of an
oxide semiconductor such as IGZO. That is, the liquid crystal
display device according to the present invention is particu-
larly suitable in the case of using a TFT element obtained by
using 1GZ0.

Aug.7,2014

[0101] Further, the array substrate 10 includes a photo-
alignment film 16 in the liquid crystal layer 30 side of the
substrate 11, and the color filter substrate 20 also includes a
photo-alignment film 26 in the liquid crystal layer 30 side.
The photo-alignment films 16 and 26 are films containing
polyvinyl, polyamic acid, polyamide, polyvimide, polymale-
imide, polysiloxane and the like as a main component and
subjected to a photo-alignment treatment by irradiation with
polarized light as described below. Formation of the photo-
alignment film can align liquid crystal molecules in a certain
direction.

[0102] ThePS layers 17 and 27 can be formed by injecting
aliquid crystal composition containing a liquid crystal mate-
rial and a polymerizable monomer between the array sub-
strate 10 and the color filter substrate 20; irradiating the liquid
crystal layer 30 with a certain amount of light or heating the
layer; and thereby polymerizing the polymerizable monomer.
The PS layers 17 and 27 improve the alignment regulating
force of the photo-alignment films 16 and 26. At this time, the
PS layers 17 and 27 having a shape corresponding to the
initial alignment of the liquid crystal molecules are formed by
carrying out polymerization in a state where no voltage is
applied or in a state where a voltage lower than the threshold
voltage is applied to the liquid crystal layer 30, and thus the
PS layers 17 and 27 can be provided with higher alignment
stability. The liquid crystal composition may contain a poly-
merization initiator if necessary.

[0103] The color filter substrate 20 includes an insulating
transparent substrate 21 made of a material such as glass, as
well as a color filter, a black matrix, or the like formed on the
transparent substrate 21. For example, in the case of the

[0104] IPS mode as Embodiment 1, an electrode is formed
only on the array substrate 10, but in the case of other modes,
an electrode is formed on both of the array substrate 10 and
the color filter substrate 20 if necessary.

[0105] The liquid crystal display device according to
Embodiment 1 is a transmissive type liquid crystal display
device, and a white LED is used as the back light, but either a
reflective type or a transflective type may be used. Even in the
case of atransflective type, the liquid crystal display device of
Embodiment 1 includes a back light. The back light is
arranged on the back surface side of the liquid crystal cell
such that light passes through the array substrate 10, the liquid
crystal layer 30, and the color filter substrate 20 in the stated
order. When the liquid crystal display device according to
Embodiment 1 is the reflective type or the transflective type,
the array substrate 10 includes a reflector for reflecting out-
side light.

[0106] The liquid crystal display device according to
Embodiment 1 may include a color filter on array configura-
tion; that is, the array substrate 10 includes a color filter. The
liquid crystal display device according to Embodiment 1 may
also be a monochrome display device or a field sequential
color display device, and in this case, there is no need to
arrange a color filter.

[0107] The liquid crystal layer 30 is filled with a liquid
crystal material having the property of being aligned in a
specific direction by applying a certain voltage thereto. The
alignment of liquid crystal molecules in the liquid crystal
layer 30 1is controlled by the application of a threshold or
higher voltage.

[0108] The liquid crystal display device of Embodiment 1
is preferably usable for TV, digital signage, medical applica-
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tions, electronic books, PC (personal computers), portable
terminals, etc. The same shall apply to the following embodi-
ments.

[0109] Analysis of components of the alignment films,
analysis of components of monomers included in the PS
layers, and the like can be performed by decomposing the
liquid crystal display device according to Embodiment 1 and
chemically analyzing the respective components using gas
chromatograph mass spectrometry (GC-MS), time-of-fright
secondary ion mass spectrometry (TOF-SIMS) and the like.
In addition, the cross-sectional shape of a liquid crystal cell
including the photo-alignment films and the PS layers can be
confirmed by microscopic observation using a scanning
transmission electron microscope (STEM), a scanning elec-
tron microscope (SEM) or the like.

[0110] Hereinafter, an example of actually preparing a lig-
uid crystal cell included in the liquid crystal display device
according to Embodiment 1 will be described.

EXAMPLE 1

[0111] A glass substrate on which a pair of combteeth elec-
trodes which are transparent electrodes are provided (comb-
teeth electrodes substrate) and a bare glass substrate (counter
substrate) were prepared. A polyvinyl cinnamate solution
which was a material of a horizontal alignment film was
applied to the respective substrates by a spin coating method.
As glass for the glass substrate, #1737 (manufactured by
Corning Inc.) was used.

[0112] FIG. 3 is a plan view schematically illustrating a
light irradiation polarization direction, combteeth electrodes,
and a liquid crystal alignment direction in a liquid crystal
display device according to Embodiment 1. In the pair of
combteeth electrodes, as illustrated in FIG. 3, a pixel elec-
trode 144 and a common electrode 145 extend substantially
parallel to each other and are respectively formed in a zigzag
shape. As a result, since the electric field vector during elec-
tric field application is substantially perpendicular to a
lengthwise direction of the electrodes, a multidomain struc-
ture is formed and thus superior viewing angle characteristic
can be obtained. As a material for the combteeth electrodes,
170 (indium zinc oxide) was used, but for example, ITO
(indium tin oxide) may be also used preferably. The polyvinyl
cinnamate solution was prepared by dissolving polyvinyl
cinnamate in an amount 0£'3% by weightina solvent obtained
by mixing N-methyl-2-pyrrolidone and ethylene glycol
monobutyl ether in equal amount.

[0113] After application by a spin coating method, provi-
sional drying was performed at 90° C. for 1 minute, followed
by baking at 200° C. for 60 minutes while purging nitrogen
gas. Thethickness of the alignment films afier baking was 100
nm

[0114] Next, as a photo-alignment treatment, the surface of
each substrate was irradiated with linearly polarized ultravio-
let rays having a wavelength of 313 nm and an intensity of 5
J/em? from the normal direction of each substrate. A double-
headed arrow in FIG. 3 shows the polarization direction of
polarized ultraviolet rays in the alignment treatment (the case
of using negative liquid crystal molecules 32n [Ae<0] having
negative anisotropy of dielectric constant). As shown in FIG.
3, the polarization direction of polarized ultraviolet rays is
perpendicular to the liquid crystal alignment direction at the
time of no voltage application. Since the material of the
horizontal alignment film in Embodiment 1 contains a poly-
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mer including a molecular structure (a repeating unit) repre-
sented by the following formula (2):

[Chem. 5]

(in the formula, n represents an integer of 2 or greater and
more preferably 8 or greater.), liquid crystal molecules are
aligned in the direction perpendicular to the polarization
direction of polarized light irradiated to the photo-alignment
film by the polarized light irradiated to the photo-alignment
film. Herein, the effects of the present invention can be exhib-
ited if the material contains the repeating unit in an amount of
25% by mole or greater in all monomer units. The photo-
alignment film of the liquid crystal display device according
to Embodiment 1 is actually formed by photo-alignment of
polyvinyl cinnamate. In place of polyvinyl cinnamate, a
photo-alignment film material in which liquid crystal mol-
ecules are aligned in the direction perpendicular to the polar-
ization direction of polarized light irradiated to the photo-
alignment film by irradiation with polarized light in such a
manner can be used, and the photo-alignment film materials
represented by the formula (1) above, photo-alignment film
materials including a chalcone group, a stilbene group, a
coumarin group, an azo group or the like, etc., can be properly
used without particular limitation, and the materials can gen-
erate the effect for stabilizing alignment which is the same as
that in Embodiment 1. Especially, photo-alignment film
materials including a cinnamate group, a chalcone group, a
stilbene group, an azo group, or the like, which is a photoi-
somerizable group, are preferable.

[0115] At thistime, asillustrated in FIG. 3, an angle formed
between the lengthwise direction of the combteeth electrodes
and the polarization direction was set to +15°.

[0116] Next, a thermosetting seal material (HC1413EP,
manufactured by Mitsui Chemicals, Inc.) was printed on the
combteeth electrodes substrate by using a screen plate. Fur-
thermore, in order to obtain the liquid crystal layer having a
thickness of 3.5 um, beads (SP-2035, manufactured by
Sekisui Chemical Co., Ltd.) having a diameter of 3.5 pm were
dispersed on the counter substrate. These two kinds of sub-
strates were aligned such that the polarization directions of
ultraviolet rays irradiating the respective substrates match
with each other, and then were bonded.

[0117] Next, the bonded substrates were heated at 200° C.
for 60 minutes in a furnace in which nitrogen gas was purged
while applying a pressure of 0.5 kgf/cm? thereto, and thereby
the seal material was cured.

[0118] As theliquid crystal material, a negative type liquid
crystal having negative anisotropy of dielectric constant was
used. As the monomer, biphenyl-4,4'-diylbis(2-methyl acry-
late) was used. The amount of biphenyl-4,4'-diylbis(2-methyl
acrylate) added is 1% by weight with respect to the total
weight of the entire liquid crystal composition.

[0119] An inlet of a cell through which the liquid crystal
composition was injected was blocked with an ultraviolet
ray-curable resin (TB3026E, manufactured by ThreeBond
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Co., Ltd.) and was sealed by irradiation with ultraviolet rays.
The wavelength of ultraviolet rays irradiated for sealing was
365 nm, and light was shielded in pixel portions so as to
remove the influence of ultraviolet rays as much as possible.
At this time, electrodes were short-circuited and the charge of
a surface of the glass substrate was eliminated such that the
alignment of liquid crystal was not disordered by outside
electric field.

[0120] Next, in ordertoremove the flow alignment ofliquid
crystal molecules, a realignment treatment of heating the
liquid crystal cell at 130° C. for 40 minutes to make the liquid
crystal molecules have isotropic phase was performed. As a
result, a liquid crystal cell was obtained in which liquid crys-
tal molecules were uniaxially aligned in the plane of the
substrates in a direction perpendicular to the polarization
direction of ultraviolet rays irradiated to the alignment films.
[0121] Next, in order to subject this liquid crystal cell to the
PS process, the liquid crystal cell was irradiated with ultra-
violet rays having an intensity of 2 J/cm® by using a black
light unit (FHF32BLB, manufactured by TOSHIBA Corpo-
ration). As a result, biphenyl-4,4'-diyl bis(2-methyl acrylate)
was polymerized.

[0122] The reaction systems (pathways of generating acry-
late radicals) of the PS process in Example 1 are as follows.
[0123] Biphenyl-4,4'-diyl bis(2-methyl acrylate), which is
a monomer, is excited by irradiation with ultraviolet rays to
form radicals. On the other hand, polyvinyl cinnamate, which
is the photo-alignment film material, is also excited by irra-
diation with ultraviolet rays. Biphenyl-4,4'-diyl bis(2-methyl
acrylate), which is a monomer, is excited to form radicals by
the energy transfer from excited polyvinyl cinnamate.
[0124] The reason why the reactivity of the PS process is
improved is considered to be as follows. In the process of
polymerizing biphenyl-4,4'-diyl bis(2-methyl acrylate)
which is the monomer with ultraviolet rays, it is considered
that an intermediate such as a radical serves an important
function. The intermediate is generated by ultraviolet rays,
but the amount of the monomer in the liquid crystal compo-
sition is only slightly. Therefore, sufficient polymerization
efficiency is not obtained only with the pathway in which the
monomer is solely excited. When the PS process is performed
only with the pathway, it is necessary that excited monomer
intermediates be adjacent to each other in the liquid crystal
bulk and thus the polymerization efficiency is low. In addi-
tion, since it is necessary that the monomer intermediates in
which polymerization has already started move to the vicinity
of the alignment films after the polymerization, the rate of the
PS process is slow.

[0125] However, when the photo-alignment films are
present, the photo-alignment films contain a large amount of
double bonds as a photofunctional group such as polyvinyl
cinnamate in the present example. Therefore, it is considered
that the photofunctional groups are easily excited by ultra-
violet rays and the excitation energy is transferred to the
monomer in liquid crystal. Furthermore, since this energy
transfer occurs in the vicinity of the alignment films, the
existence probability of the monomer intermediates in the
vicinity of the alignment films is significantly increased,
thereby remarkably increasing the polymerization probabil-
ity and the rate of the PS process.

[0126] In addition, in the photo-alignment films, electrons
at a photoactive unit are excited by the irradiation with light.
In addition, when the photo-alignment films are horizontal
alignment films, the photoactive unit directly interacts with
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the liquid crystal layer to align liquid crystal. Therefore, the
intermolecular distance between a photoactive unit and poly-
merizable monomers is shorter than that of a vertical align-
ment film and thus the probability of the transfer of excitation
energy is significantly increased. When the photo-alignment
films are vertical alignment films, there is inevitably a hydro-
phobic group between a photoactive unit and polymerizable
monomers. Therefore, the intermolecular distance is
increased and the energy transfer is difficult to occur. There-
fore, the PS process is particularly preferable for a horizontal
alignment film.

[0127] When observed by using a polarizing microscope,
liquid crystal molecules in a photo-aligned IPS cell (liquid
crystal cell of Example 1), which was prepared with the
above-described method and was subjected to the PS process,
were uniaxially aligned in a favorable manner as was before
the PS process. Furthermore, when liquid crystal was made to
respond by applying a threshold or higher electric field
thereto, the liquid crystal was aligned along zigzag-shaped
combteeth electrodes and superior viewing angle character-
istic was obtained by a multidomain structure.

[0128] The liquid crystal display device according to
Example 1 was found to have improved light fastness to
sunlight or the like, stabilized alignment ofliquid crystal, and
excellent display quality based on comparison with a liquid
crystal display device according to Comparative Example 1
described below.

[0129] In Embodiment 1, a liquid crystal material having
positive anisotropy of dielectric constant [Ae>0] can be used.
In this case, in Embodiment 1 using the liquid crystal material
having negative anisotropy of dielectric constant, it is neces-
sary to turn both of the polarization direction of the photo-
alignment treatment and the polarization transmission axis
direction of the front side polarizing plate at 90 degrees. Other
configurations are the same as those of Embodiment 1 using
the liquid crystal material having negative anisotropy of
dielectric constant.

[0130] FIG. 4 is a plan view schematically illustrating a
light irradiation polarization direction, combteeth electrodes,
and a liquid crystal alignment direction in a liquid crystal
display device according to Embodiment 1 in a case where a
liquid crystal material having positive anisotropy of dielectric
constant (liquid crystal molecules 32p having positive anisot-
ropy of dielectric constant) is used. When a relation of the
major axis direction of liquid crystal molecules at a voltage
lower than the threshold voltage and the electrode direction in
the liquid crystal display device is explained, particularly in
the case of the IPS mode and the FFS mode, the anisotropy of
dielectric constant (positive or negative) of the liquid crystal
determines the relation of the major axis direction of liquid
crystal molecules and the electrode direction. In a case where
the anisotropy of dielectric constant is positive, the major axis
direction of liquid crystal molecules at a voltage lower than
the threshold voltage becomes parallel to the electrode direc-
tion (perpendicular to the electric field direction), and in a
case where the anisotropy of dielectric constant is negative,
the major axis direction of liquid crystal molecules at a volt-
age lower than the threshold voltage becomes perpendicular
to the electrode direction (parallel to the electric field direc-
tion). The reason for this is because the axis with higher
dielectric constant of liquid crystal molecules tends to direct
to the electric field direction at a threshold voltage or greater.
Herein, if the major axis direction of liquid crystal molecules
at a voltage lower than the threshold voltage is made com-
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pletely parallel or perpendicular to the electrode direction, the
alignment defects (display failure) may be caused because
liquid crystal molecules do not turn orderly in one direction
when a threshold or higher voltage is applied. In order to
eliminate the alignment defects, one of preferable embodi-
ments of the present invention is that the major axis is previ-
ously shifted by about 1 to 15°. That is based on the same
ground for giving a pre-tilt angle to a liquid crystal display
panel of a TN mode or the like.

[0131] In addition, the anisotropy of dielectric constant Ae
of liquid crystal is represented by the following equation.

Ae=¢ (parallel)-€ (vertical)

[0132] In the equation, e (parallel) represents dielectric
constant in the major axis of liquid crystal and e (vertical)
represents dielectric constant in the minor axis of liquid crys-
tal.

Modified Example of Embodiment 1

[0133] FIG. 5is a perspective view schematically illustrat-
ing a liquid crystal display device according to a modified
example of Embodiment 1 at a voltage lower than the thresh-
old voltage. In the modified example of Embodiment 1, as
shown in FIG. 5, the polarization transmission axis direction
of the polarizing element is perpendicular to the liquid crystal
alignment direction.

[0134] FIG. 6 is a plan view schematically illustrating a
light irradiation polarization direction, combteeth electrodes,
and a liquid crystal alignment direction in a liquid crystal
display device according to the modified example of Embodi-
ment 1. FIG. 6 shows the case of using a liquid crystal mate-
rial having negative anisotropy of dielectric constant (Ae<0).
In the modified example of Embodiment 1, as shown in FIG.
6, the material constituting the photo-alignment film aligns
liquid crystal molecules in a direction parallel to the polar-
ization direction of polarized light irradiated to the photo-
alignment film by polarized light irradiated to the photo-
alignment film. An angle formed between the lengthwise
direction of the combteeth electrodes and the polarization
direction of the polarized ultraviolet rays was set to +75° as a
photo-alignment treatment. In the modified example of
Embodiment 1, as a material constituting the photo-align-
ment film, a material for aligning liquid crystal molecules in
the direction parallel to the polarization direction of polarized
light irradiated to the photo-alignment film by the polarized
light irradiated to the photo-alignment film is used in place of
polyvinyl cinnamate in Embodiment 1. For example, poly
[ methyl(p-methacryloyloxy)cinnamate], which is a polymer
including a molecular structure (a repeating unit) represented
by the following formula (4):

[Chem. 6]
*

0—CH;

HC _/—O
O

E
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is preferably used. (in the formula, n represents an integer of
2 or greater and more preferably 8 or greater.) Herein, the
effects of the present invention can be exhibited if the material
contains the repeating unit in an amount of 25% by mole or
greater in all monomer units. The photo-alignment film of the
liquid crystal display device according to the modified
example of Embodiment 1 is actually formed by photo-align-
ment of poly[methyl(p-methacryloyloxy)cinnamate]. In
place of poly[methyl(p-methacryloyloxy)cinnamate], a
photo-alignment film material in which liquid crystal mol-
ecules are aligned in the direction parallel to the polarization
direction of polarized light irradiated to the photo-alignment
film by irradiation with polarized light in such a manner can
be used, and the photo-alignment film materials represented
by the formula (3) above, photo-alignment film materials
including a chalcone group, a stilbene group, a coumarin
group, an azo group or the like, etc., can be properly used
without particular limitation, and the materials can generate
the effect for stabilizing alignment which is the same as that
in the modified example of Embodiment 1. Especially, photo-
alignment film materials including a cinnamate group, a chal-
cone group, a stilbene group, an azo group, or the like, which
is a photoisomerizable group, are preferable.

[0135] Other configurations of the modified example of
Embodiment 1 are the same as those of Embodiment 1
described above. Formation of the PS layer on the photo-
alignment film can exhibit the same effect as that of Embodi-
ment 1.

[0136] Biphenyl-4,4—-diyl bis(2-methylacrylate), which
is a monomer used in Embodiment 1 and in the modified
example of Embodiment 1, is a compound represented by the
following chemical formula (5).

[Chem. 7]

Weazeca

[0137] Also in the modified example of Embodiment 1, a
liquid crystal material having positive anisotropy of dielectric
constant (Ae>0) can be used. In the case of using a liquid
crystal material having positive anisotropy of dielectric con-
stant, it is necessary to turn both of the polarization direction
of the photo-alignment treatment and the polarization trans-
mission axis direction of the front side polarizing plate at 90
degrees from those of the case of using a liquid crystal mate-
rial having negative anisotropy of dielectric constant. Other
configurations in the case of using a liquid crystal having
positive anisotropy of dielectric constant are the same as
those in the case where of using a liquid crystal having nega-
tive anisotropy of dielectric constant.

[0138] FIG. 7 is a plan view schematically illustrating a
light irradiation polarization direction, combteeth electrodes,
and a liquid crystal alignment direction in a liquid crystal
display device according to the modified example of Embodi-
ment 1 in a case where a liquid crystal material having posi-
tive anisotropy of dielectric constant (Ae>0) is used. In the
modified example of Embodiment 1, it is preferable that the
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major axis direction of liquid crystal molecules at a voltage
lower than the threshold voltage be shifted from the direction
completely parallel or perpendicular to the electrode direc-
tion by about 1 to 15° for improvement of the relation of the
major axis of liquid crystal molecules at a voltage lower than
the threshold voltage and the electrode direction, and preven-
tion of alignment defects (display failure), and it is the same
as that described in Embodiment 1 above.

[0139] There are four configurations in total according to
the systems (properties of alignment film materials) of
Embodiment 1/modified example of Embodiment 1 and the
systems ofpositive/negative liquid crystal materials as shown
in FIG. 3, FIG. 4, FIG. 6, and F1G. 7.

Embodiment 2

[0140] Embodiment 2 is the same as Embodiment 1, except
that liquid crystal is specified to be preferable as described
below.

[0141] A liquid crystal layer included in a liquid crystal
display device of Embodiment 2 contains liquid crystal mol-
ecules including, in a molecular structure thereof, a multiple
bond other than conjugated double bonds of a benzene ring or
the like. Accordingly, PS process can be promoted and as a
result, the alignment of liquid crystal molecules can be further
stabilized. The liquid crystal molecules may have either posi-
tive anisotropy of dielectric constant (positive type) or nega-
tive anisotropy of dielectric constant (negative type). The
liquid crystal molecules in the present embodiment may
include conjugated double bonds of a benzene ring or the like,
that is, the conjugated double bonds are not excluded from it;
as long as it includes a multiple bond other than conjugated
double bonds of a benzene ring. In addition, the liquid crystal
molecules included in the liquid crystal layer in the present
embodiment, may be a mixture of plural kinds thereof. In
order to secure the reliability, to improve the response speed,
and to adjust the liquid crystal phase temperature range, the
elastic constant, the anisotropy of dielectric constant, and the
refractive index anisotropy, the liquid crystal contained in the
liquid crystal layer may be a mixture of plural kinds of liquid
crystal molecules.

[0142] It is preferable that the liquid crystal molecules
include at least one molecular structure selected from a group
consisting of structures represented by the following formu-
lae (6-1) to (6-6). Among these, a molecular structure repre-
sented by the following formula (6-4) is particularly prefer-
able.

[Chem. 8]
[0143]
o—c (6-1)
O_ (6-2)
e
p— (6-3)
(6-4)
o=
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-continued
(6-5)
N
C=N—
/
{6-6)

[0144] The liquid crystal molecules are preferable to
include a structure in which two ring structures and groups
bonded to the ring structures are linearly bonded to each
other. More in detail, for example, liquid crystal molecules
are preferable which include, as a core portion, a structure in
which two ring structures of at least one kind selected from a
benzene ring, cyclohexylene, and cyclohexene are linked to a
para position by a direct bond or a linking group; and a
structure in which at least one kind selected from a hydrocar-
bon group containing 1 to 30 carbon atoms and a cyano group
which may include a substituent group and an unsaturated
bond is bonded to both sides (para position) of the core
portion.

[0145] The multiple bond is preferable to include a triple
bond. In this case, the triple bond is preferable to be contained
in a cyano group. For example, positive type liquid crystal
4-cyano-4'-pentylbiphenyl represented by the following
chemical formula (7-1):

[Chem. 9-1]

(7-1)

V4

is preferable. The liquid crystal molecules represented by the
following chemical formula (7-2):

[Chem. 9-2]

are also preferable. Including a double bond in addition to a
triple bond as the multiple bond other than a conjugated
double bond, the liquid crystal molecules represented by the
chemical formula (7-2) also has the following advantages of
the double bond. The liquid crystal molecules represented by
the following chemical formula (7-3):
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[Chem. 9-3]

(J
R,

are also preferable although a triple bond is not contained in
acyano group. In the chemical formula (7-3), R and R' may be
the same or different from each other and each independently
represents a hydrocarbon group containing 1 to 30 carbon
atoms which may include a substituent group and an unsat-
urated bond.

[0146] Inacase where the liquid crystal molecules include
a multiple bond, the PS process is further promoted. The
reason for this is supposed to be as follows. The excited
monomer intermediates of Example 1 are generated by the
energy transfer from ultraviolet rays and the photo-alignment
films. However, in a liquid crystal material including a triple
bond in the molecule, the liquid crystal molecules themselves
may be excited by radicals and the like. It is also supposed that
the PS process is promoted, for example, in the production
pathway of generating the excited monomer intermediates by
the energy transfer from ultraviolet rays and the liquid crystal
material in addition to the reaction system of the energy
transfer from ultraviolet rays and the photo-alignment film.
Further, a pathway is also considered in which the energy is
transferred from the excited photo-alignment films to liquid
crystal molecules and thus the liquid crystal molecules are
excited. That is, liquid crystal molecules include a multiple
bond (for example, atriple bond or the like), and the monomer
is excited through more pathways, and thus the PS process is
further promoted.

[0147] The multiple bond is also preferable to include a
double bond. The double bond is preferably contained in, for
example, an ester group or an alkenyl group. Regarding the
multiple bond, a double bond is more excellent in reactivity
than a triple bond.

[0148] Further, trans-4-propyl-4'-vinyl-1,1'-cyclohexane
represented by the following chemical formula (8-1):

(7-3)

[Cherm. 10-1]

&1)

is also particularly preferable as liquid crystal. It can be said
that trans-4-propyl-4'-vinyl-1,1'-bicyclohexane has higher
excitation efficiency from ultraviolet rays and higher energy
transfer efficiency from the photo-alignment film and
between liquid crystal molecules than those of 4-cyano-4'-
pentylbiphenyl. The difference of reactivity between these
two molecules is whether the triple bond of a cyano group or
an alkenyl group is contained in the molecules. In other
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words, a double bond has higher reaction efficiency than a
triple bond. Similarly, the liquid crystal molecules repre-
sented by the following chemical formula (8-2):

[Chem. 10-2]

are also preferable. The liquid crystal molecules represented
by the following chemical formula (8-3):

[Chem. 10-3]
8-3)

R

are also preferable as liquid crystal molecules including a
double bond in an ester group. In the chemical formula (8-3),
R and R' may be the same or different from each other and
each independently represents a hydrocarbon group contain-
ing 1 to 30 carbon atoms which may include a substituent
group and an unsaturated bond. The liquid crystal molecules
represented by the following chemical formula (8-4):

[Chem. 10-4]
(8-4)

are also preferable.

[0149] The alignment stability in a liquid crystal display
device which is provided with a PS layer was improved by
specifying the liquid crystal layer as described above.

Embodiment 3

[0150] Embodiment 3 relates to a liquid crystal display
device of the FFS mode. FIG. 8 is a cross-sectional view
schematically illustrating a liquid crystal display device
according to Embodiment 3. An array substrate 110 includes
an insulating transparent substrate 111 made of a material
such as glass and also includes a planar electrode 1145 dis-
posedon the transparent substrate 111. An insulating film 112
is disposed on the planar electrode 1145, Various wirings, a
combtooth electrode 114q, TFT, and the like are disposed on
the insulating film 112. That is, the combtooth electrode 114a
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and the planar electrode 1145 are formed in separate layers
through the insulating film 112. A color filter substrate 120
includes an insulating transparent substrate 121 made of a
material such as glass, as well as a color filter, a black matrix,
or the like formed on the transparent substrate 121.

[0151] Further, the array substrate 110 includes a photo-
alignment film 116 in a liquid crystal layer 130 side of the
substrate 111, and the color filter substrate 120 also includes
a photo-alignment film 126 in the liquid crystal layer 130
side. The photo-alignment films 116 and 126 are films con-
taining polyimide, polyamide, polyvinyl, polysiloxane, and
the like as a main component and subjected to photo-align-
ment treatment by irradiation with polarized light. Formation
of the photo-alignment film can align liquid crystal molecules
in a certain direction.

[0152] PSlayers 117 and 127 can be formed by injecting a
liquid crystal composition containing a liquid crystal material
and a polymerizable monomer between the array substrate
110 and the color filter substrate 120; irradiating the liquid
crystal layer 130 with a certain amount of light or heating the
layer; and thereby polymerizing the polymerizable monomer.
The PS layers 117 and 127 improve the alignment regulating
force of the photo-alignment films 116 and 126. At this time,
the PSlayers 117 and 127 having a shape corresponding to the
initial tilt of the liquid crystal molecules are formed by car-
rying out polymerization in a state where a threshold or higher
voltage is applied to the liquid crystal layer 130, and thus the
PS layers 117 and 127 can be provided with higher alignment
stability. The liquid crystal composition may contain a poly-
merization initiator if necessary.

[0153] A rear side polarizing plate 118 and a front side
polarizing plate 128 are provided in the back surface side of
the array substrate 110 and in the observation surface side of
the color filter substrate 120, respectively.

[0154] FIG. 9 is a plan view schematically illustrating pix-
els of a liquid crystal display device according to Embodi-
ment 3. A voltage supplied from an image signal line S is
applied to the combtooth electrode 114a driving the liquid
crystal material through the thin film transistor (TFT) and a
drain electrode D at the timing selected by a scanning signal
line G. In addition, the combtooth electrode 114a is con-
nected to the drain electrode D through a contact hole CH.
[0155] InEmbodiment 3, in the same as Embodiment 1 and
the modified example of Embodiment 1, even if the configu-
ration is formed in which the polarization transmission axis
direction of the polarizing element is along the liquid crystal
alignment direction and at the same time a material constitut-
ing a photo-alignment film aligns liquid crystal molecules in
a direction crossing the polarization direction of polarized
light irradiated to the photo-alignment film by polarized light
irradiated to the photo-alignment film, or the polarization
transmission axis direction of the polarizing element crosses
the liquid crystal alignment direction and at the same time a
material constituting a photo-alignment film aligns liquid
crystal molecules in a direction along the polarization direc-
tion of polarized light irradiated to the photo-alignment film
by polarized light irradiated to the photo-alignment film,
more sufficient alignment stability can be exhibited by the PS
layer and thus the effects of the present invention can be
exerted.

[0156] Examples of a general bonding method which is
currently used in the mass production process of a liquid
crystal panel include one drop filling. One drop filling is a
method in which a liquid crystal composition is added drop-
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wise to one substrate (for example, array substrate) and a pair
of substrates is bonded to each other in a vacuum chamber. At
this time, in order to efficiently hold an upper substrate
(herein, for example, array substrate) in a vacuum, the elec-
trostatic chuck was used. The electrostatic chuck is a device
that generates a high-voltage and holds a substrate by using
the electrostatic interaction. For example, when an FFS sub-
strate (array substrate) and a counter substrate are bonded, a
high voltage is applied from an electrostatic chuck positioned
in the upper side of the FFS substrate to the FFS substrate. The
FFS substrate includes a structure in which an insulating film,
a planar electrode, an insulating film, and a combtooth elec-
trode are laminated on a glass substrate in the stated order
toward the liquid crystal layer side. The other substrate
(counter substrate) is arranged on a stage, and a liquid crystal
composition is added dropwise to a predetermined position
on the counter substrate. An electric field generated from the
electrostatic chuck extends toward the liquid crystal layer
(space between the pair of substrates) side. However, since
there is a single layer of the planar electrode in the FFS
substrate, the electric field is blocked by the planar electrode.
Accordingly, since the electric field is not applied to the liquid
crystal layer and a photo-alignment film, the alignment of
liquid crystal is not disordered by the influence of the elec-
trostatic chuck and thus image sticking can be prevented.
[0157] On the other hand, when an IPS substrate is used, a
planar electrode is not provided in the IPS substrate and an
electric field generated from an electrostatic chuck pass
between combteeth electrodes. Therefore, there is a concern
that the alignment ofTiquid crystal may be disordered to cause
image sticking. In order to solve this problem, it is necessary
that a post-treatment for removing image sticking be per-
formed after bonding. Therefore, in consideration of use of an
electrostatic chuck, the FFS substrate is preferably used com-
pared to the IPS substrates.

[0158] As described above, linearly polarized ultraviolet
ray irradiation for photo-alignment treatment in Embodi-
ments 1 to 3 is carried out before bonding a pair of substrates,
but the photo-alignment treatment may be carried out from
the outside of liquid crystal cell after a pair of substrates are
bonded. The photo-alignment treatment is carried out regard-
less of before or after liquid crystal injection. However, in the
case of linearly polarized ultraviolet ray irradiation for photo-
alignment treatment after liquid crystal injection, the photo-
alignment treatment and the PS process can be carried out
simultaneously, and the process can be shortened advanta-
geously. In this case, it is desirable that the time necessary for
the photo-alignment treatment be shorter than the ultraviolet
ray irradiation time required for the PS process.

[0159] In Embodiments 1 to 3, in the PS process, it is
preferable that ultraviolet rays be irradiated from the side of
the array substrate including an electrode. When ultraviolet
rays are irradiated from the side of the counter substrate
including color filters, the ultraviolet rays would be absorbed
into the color filters.

[0160] The effects of the present invention are significant
on a liquid crystal display device which requires substantially
horizontal alignment among liquid crystal display devices
using a photo-alignment film. Desirable alignment modes
(display modes of liquid crystal display devices) of liquid
crystal suitable for that are supposed to be, for example, the
TIPS mode, the FFS mode, the FLC mode, and the AFL.C mode
without any particular limitation, and especially, the IPS
mode or the FFS mode is more preferable.
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[0161] The effects of the present invention are particularly
significant in the case of using a photo-alignment film by
photoisomerization with low irradiation energy. Examples of
a photoisomerizable group include, but are not limited to, a
cinnamate group, a chalcone group, a stilbene group, and an
azo group.

COMPARATIVE EXAMPLE 1

[0162] FIG. 10 is a cross-sectional view schematically
illustrating a liquid crystal display device according to Com-
parative Example 1. An IPS liquid crystal cell of Comparative
Example 1 was prepared in the same manner as in Example 1,
except that no monomer was added to the liquid crystal com-
position and ultraviolet ray irradiation by black light to the
liquid crystal layer was not carried out. That is, the configu-
ration of the liquid crystal display device according to Com-
parative Example 1 is the same as the configuration of the
liquid crystal display device according to Embodiment 1,
except that no PS layer was formed.

[0163] Successively, the fastness of the liquid crystal cell of
Example 1 and that of the liquid crystal cell of Comparative
Example 1 to ultraviolet rays were evaluated.

(Experiment 1)

[0164] The liquid crystal cell of Example 1 and the liquid
crystal cell of Comparative Example 1 were left for 100 hours
in environments from which all ultraviolet rays were com-
pletely removed even ultraviolet rays contained in light of a
fluorescent lamp. As a result, the alignment was not disor-
dered in both of Example 1 (with PS polymerization) and
Comparative Example 1 (without PS polymerization).

(Bxperiment 2)

[0165] The liquid crystal cell of Example 1 and the liquid
crystal cell of Comparative Example 1 were left for 100 hours
in environments such that sunlight came in panel surfaces.
[0166] Significant unevenness was caused in Comparative
Example 1. There was no problem in Example 1.

[0167] Thedifference between the IPS liquid crystal cell of
Comparative Example 1 and the IPS liquid crystal cell of
Example 1 was only presence or absence of the PS process.
Accordingly, in the configuration of the liquid crystal display
device according to the present invention, it was found desir-
able to carry out PS polymerization and add a PS layer like in
Example 1 in terms of improvement of light fastness to sun-
light or the like, stabilization of alignment of liquid crystal,
and excellent display quality. The same advantageous effect
can be exerted by forming the PS layer through the configu-
ration in which the polarization transmission axis direction of
a polarizing plate is perpendicular to the alignment direction
of liquid crystal molecules at a voltage lower than the thresh-
old voltage in a liquid crystal layer, and a material constitut-
ing a photo-alignment film contains a material for aligning
liquid crystal molecules in a direction parallel to the polar-
ization direction of polarized light irradiated to the photo-
alignment film by polarized light irradiated to the photo-
alignment film.

[0168] A liquid crystal display device having the above-
mentioned characteristics is most preferable upon exerting
the effects of the present invention, but the effects of the
present invention can be also exerted by forming a PS layer in
the case of a liquid crystal display device in which the polar-
ization transmission axis direction of a polarizing plate is

Aug.7,2014

along the alignment direction of liquid crystal molecules at a
voltage lower than the threshold voltage in a liquid crystal
layer, and a material constituting a photo-alignment film con-
tains a material for aligning the liquid crystal molecules in a
direction crossing the polarization direction of polarized light
irradiated to the photo-alignment film by polarized light irra-
diated to the photo-alignment film; or in the case of a liquid
crystal display device in which the polarization transmission
axis direction of a polarizing plate crosses the alignment
direction of liquid crystal molecules at a voltage lower than
the threshold voltage in a liquid crystal layer, and a material
constituting a photo-alignment film contains a material for
aligning liquid crystal molecules in a direction along the
polarization direction of polarized light irradiated to the
photo-alignment film by polarized light irradiated to the
photo-alignment film, both devices having the problem of
light fastness.

EXAMPLE 2

[0169] In a liquid crystal display device including a hori-
zontal photo-alignment film, it is possible to sufficiently
lower the image sticking by PS treatment. Hereinafter, this
experimental example will be described in detail.

[0170] The current photo-alignment technique is usually
introduced for mass-production of TVs using a vertical align-
ment film for the VA mode and the like; and has not yet been
introduced for mass-production of TVs using a horizontal
alignment film for the IPS mode and the like. The reason is
that, when a horizontal alignment film is used, image sticking
occurs to a large degree in liquid crystal display. Image stick-
ing is the phenomenon in which, when the same amount of
voltage is continuously applied to liquid crystal cell for a
certain time, luminance appears to be different between por-
tions to which a voltage is continuously applied and portions
to which a voltage is not applied. Hereinafter, it is proved that
a PS layer according to the present invention is effective to
improve the image sticking.

[0171] FIG. 11 is a diagram schematically illustrating a
state of image sticking in a liquid crystal cell of an IPS mode
which is prepared by the present inventors performing a
photo-alignment treatment. As illustrated in FIG. 11, there is
alarge difference in luminance between a voltage (AC) appli-
cation portion and a voltage (AC) non-application portion,
and it is found that image sticking occurs to an extremely
large degree in the voltage (AC) application portion. In order
to reduce image sticking, it is necessary that a polymer layer
be stably formed by using the PS technique. To that end, it is
necessary that polymerization for the PS process be pro-
moted.

[0172] Therefore, in order to prepare a liquid crystal cell
and a liquid crystal display device of the IPS mode using a
photo-alignment treatment according to the present inven-
tion, which can satisfy a configuration in which a relation of
the alignment direction of liquid crystal molecules and the
polarization transmission axis direction of a polarizing ele-
ment is specified and a material constituting a photo-align-
ment film is specified (for example, the configurations shown
in Embodiment 1 and modified example of Embodiment 1
above), the present inventors investigated the introduction of
a polymer stabilization (PS) process of adding a polymeriz-
able monomer to liquid crystal and polymerizing the poly-
merizable monomer with heat or light to form a polymer layer
on the interface with a liquid crystal layer. FIG. 12 is a
diagram schematically illustrating a state of image sticking in
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a liquid crystal cell of an IPS mode which is prepared by the
present inventors introducing a photo-alignment treatment
and adopting the PS process. As illustrated in FIG. 12, there is
no difference in luminance between a voltage (AC) applica-
tion portion and a voltage (AC) non-application portion, and
itis found that image sticking is improved in the voltage (AC)
application portion. As described above, by adding the PS
process to a method of the related art, image sticking was
significantly improved.

[0173] The present inventors have investigated in various
ways the reason why image sticking occurs to a large degree
particularly in a liquid crystal cell of the IPS mode, and have
found that there is a difference in the mechanism of image
sticking between a liquid crystal cell of the IPS mode and a
liquid crystal cell of the VA mode. According to the investi-
gation by the present inventors, in the VA mode, image stick-
ing occurs because the tilt in a polar angle direction remains
(is memorized); whereas, in the IPS mode, image sticking
occurs because the alignment in an azimuth direction remains
(is memorized) and an electric double layer is formed. In
addition, according to further investigation, it was found that
these phenomena are caused by a material used for a photo-
alignment film.

[0174] In addition, the present inventors have thoroughly
investigated and found that the improvement caused by the PS
process is particularly effective when an alignment film
formed of a photoactive material is used. For example, it was
found that, when an alignment film formed of a photoinactive
material is subjected to a rubbing treatment or is not subjected
any alignment treatment, the improvement caused by the PS
process cannot be obtained.

[0175] According to the investigation by the present inven-
tors, the reason why the combination of the alignment film
formed of a photoactive material with the PS process is pref-
erable is as follows. FIG. 13 is a diagram schematically illus-
trating a polymerization state of a polymerizable monomer
when an alignment film formed of a photoinactive material is
subjected to the PS process, and FIG. 14 is a diagram sche-
matically illustrating a polymerization state of a polymeriz-
able monomer when an alignment film formed of a photoac-
tive material is subjected to the PS process. As illustrated in
FIGS. 13 and 14, in the PS process, a pair of substrates and a
liquid crystal composition with which a gap between the pair
of substrates is filled are irradiated with light such as ultra-
violet rays (in the drawings, shown with the blanked arrow);
the chain polymerization such as radical polymerization of a
polymerizable monomer in a liquid crystal layer starts; and a
formed polymer is deposited on surfaces of an alignment film
on the side of the liquid crystal layer to form a polymer layer
(also referred to as PS layer) for controlling the alignment of
liquid crystal molecules.

[0176] As showninFIG. 13, when alignment films 316 and
326 are photoinactive, polymerizable monomers 3335 in a
liquid crystal layer 330 which are excited by light irradiation
are small and are uniformly generated in the liquid crystal
layer 330. Excited polymerizable monomers 3335 are photo-
polymerized, and polymer layers are formed by phase sepa-
ration on the interfaces between the alignment films 316 and
326 and the liquid crystal layer 330. That is, in the PS process,
there is a process in which the polymerizable monomers 3335
excited in the bulk are photopolymerized and move to the
interfaces between the alignment films 316 and 326 and the
liquid crystal layer 330.
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[0177] On the other hand, as shown in FIG. 14, when align-
ment films 416 and 426 are photoactive, a larger amount of
polymerizable monomers 4335 which are excited by light
irradiation are formed in a liquid crystal layer 430 and are
concentrated on the vicinity of the interfaces between the
alignment films 416 and 426 and the liquid crystal layer 430.
The reason is that the photo-alignment films 416 and 426
absorbs light when being irradiated with light and the excita-
tion energy thereof’is transferred to polymerizable monomers
433a. Due to this excitation energy, the polymerizable mono-
mers 433a adjacent to the photo-alignment films 416 and 426
are easily changed to the polymerizable monomers 4335 in
excited state. Therefore, when the alignment films 416 and
426 are photoactive, a process in which the excited polymer-
izable monomers 4335 are photopolymerized and move to the
interfaces between the alignment films 416 and 426 and the
liquid crystal layer 430 is negligible. Therefore, a polymer-
ization rate and a rate of forming a polymer layer are
improved, and thus a PS layer having a stable alignment
regulating force can be formed.

[0178] In addition, as a result of investigation, the present
inventors found that the image sticking reduction effect by the
PS layer is particularly effective for a horizontal alignment
film rather than a vertical alignment film. The reason is con-
sidered to be as follows. FIG. 15 is a diagram schematically
illustrating a state of a vertical alignment film when polymer-
izable monomers are polymerized. F1G. 16 is a diagram sche-
matically illustrating a state of a horizontal alignment film
when polymerizable monomers are polymerized.

[0179] When an alignment film is a vertical alignment film
as illustrated in FIG. 15, photoactive groups 552 included in
the vertical alignment film are in indirect contact with liquid
crystal molecules 532 and polymerizable monomers 533
through hydrophobic groups 555. Therefore, the transfer of
the excitation energy from the photoactive groups 552 to the
polymerizable monomers 533 is difficult.

[0180] On the other hand, when an alignment film is a
horizontal alignment film as illustrated in FIG. 16, photoac-
tive groups 662 included in the horizontal alignment film are
in direct contact with liquid crystal molecules 632 and poly-
merizable monomers 633. Therefore, the transfer of the exci-
tation energy from the photoactive groups 662 to the poly-
merizable monomers 633 is easy. Therefore, a
polymerization rate and a rate of forming a polymer layer are
improved, and thus a PS layer having a stable alignment
regulating force can be formed.

[0181] Accordingly, when the PS process is performed in a
case where an alignment film 1s formed of a photoactive
material and thealignment film is a horizontal alignment film,
the transfer of the excitation energy is significantly improved
and image sticking can be reduced to a large degree.

[0182] As clearly seen from the above description, in order
to increase a rate of forming a PS layer and to improve
alignment stability by electric application, that is, image
sticking properties, it is preferable to use a photoactive mate-
rial and to employ a horizontal alignment film as an alignment
film. In addition, in order to transfer excitation energy
between an alignment film and polymerizable monomers, a
photo-excitable group may be generally used as a functional
group of the alignment film or the like.

[0183] Further, in order to improve the image sticking prop-
erty, it is particularly effective to make a liquid crystal mate-
rial have the above-mentioned preferable configuration.
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[0184] The polymer layer in the embodiments is preferable
to be a polymerized product of a monomer which is polymer-
ized by irradiation with visible light. Hereinafter, a monomer
preferable in the present invention will be described in detail.
A monomer used for polymer layer formation in the present
invention can be determined by analyzing the molecular
structure of a monomer unit in the polymer layer of the
present invention.

[0185] The monomer for forming the polymer layer may be
one kind, and is preferably one kind, or two or more kinds,
and it is also preferable that the above-mentioned monomer
polymerized by irradiation with visible light is a monomer for
polymerizing another monomer (hereinafter, also referred to
as a monomer having function of an initiator). The monomer
having function of an initiator refers to a monomer which
generates a chemical reaction by receiving visible light, ini-
tiates and promotes polymerization of another monomer
which cannot be polymerized by itself by irradiation with
visible light, and at the same time, carries out polymerization
itself. The monomer having function of an initiator can make
it possible to use many existing monomers which are not
polymerized by visible light as a material for a polymer layer,
and thus is significantly useful for obtaining a desired align-
ment film and polymer layer. Examples of the monomer
having function of an initiator include monomers including a
structure for generating radicals by irradiation with visible
light.

[0186] Examples of the monomer having the function of an
initiator include compounds represented by the following
chemical formula (9).

[Chem. 11]

o]
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s, %
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[0187] (In the formula, A' and A are the same or different
from each other and each independently represents a benzene
ring, a biphenyl ring, or a linear or branched alkyl or alkenyl
group having 1 to 12 carbon atoms; at least one of A’ and A
inchudes a -Sp'—P" group; a hydrogen atom included in A*
and A% may be substituted with a -Sp'-P* group, a halogen
atom, a —CN group, an —NO, group, an —NCO group, an
—NCS group, an —OCN group, an —SCN group, an —SF,
group, or a linear or branched alkyl, alkenyl, or aralkyl group
having 1 to 12 carbon atoms; two adjacent hydrogen atoms
included in A' and A* may form a cyclic structure by being
substituted with a linear or branched alkylene or alkenylene
group having 1 to 12 carbon atoms; a hydrogen atom included
in an alkyl group. an alkenyl group, an alkylene group, an
alkenylene group, or an aralkyl group of A* and A* may be
substituted with a -Sp*-P" group; a—CH,— group included
in an alkyl group. an alkenyl group, an alkylene group, an
alkenylene group, or an aralkyl group of A' and A* may be
substituted with an —O— group, an —S— group, an
—NH— group, a —CO— group, a —COO— group, an
—OCO— group, an —O—COO— group, an —OCH,—
group, a—CH,O— group, an —SCH,— group,a—CH,S—
group, an —N(CH;)— group, an —N(C,H,)— group, an
—N(C;H,)— group, an —N(C,Hg)— group, a —CF,0—
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group, an —OCF ,— group, a —CF,S— group, an —SCF,—
group, an —N(CF;)— group, a —CH,CH,— group, a
—CF,CH,— group, a —CH,CF,— group, a —CF,CF,—
group, a —CH—CH— group, a —CF—=CF— group, a
—C=C— group, a —CH—CH—COO— group, or an
—OCO—CH—CH— group as long as an oxygen atom, a
sulfur atom, and a nitrogen atom are not adjacent to each
other; P! represents a polymerizable group; Sp' represents a
linear, branched or cyclic alkylene or alkyleneoxy group hav-
ing 1 to 6 carbon atoms, or a direct bond; m represents 1 or 2;
adotted line connecting A and Y and a dotted line connecting
A% and Y show that a bond may exist between A® and A”
through Y; Y represents a —CH,— group, a —CH,CH,—
group, a —CH—CH— group, an —O— group, an —S—
group, an —NH— group, an —N(CH;)— group, an
—N(C,H;)— group, an —N(C,H,)— group, an
—N(C,Hg)— group, an —OCH,— group, a —CH,O0—
group, an —SCH,— group, a —CH,S— group, or a direct
bond.)

[0188] More specific examples thereof include any of com-
pounds represented by the following chemical formulae (10-
1) to (10-8).

[Chem. 12]

(10-1)

R
(10-2)

R R?

(10-3)

00;}

R

=

(10-4)

58
o

R

&

(10-5)

6
?



US 2014/0218667 Al

-continued
(10-6)
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(10-7)
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[0189] (Inthe formulae, R' and R* are the same or different
from each other and each independently represents a -Sp*-P*
group, a hydrogen atom, a halogen atom, a —CN group, an
—NO, group, an —NCO group, an —NCS group, an —OCN
group, an —SCN group, an —SF, group, or a linear or
branched alkyl, aralkyl, phenyl group having 1 to 12 carbon
atoms; at least one of R and R* includes a -Sp*-P* group; P
represents a polymerizable group; Sp' represents a linear,
branched, or cyclic alkylene or alkyleneoxy group having 1 to
6 carbon atoms, or a direct bond; when at least one of R! and
R* represents a linear or branched alkyl, aralkyl, phenyl group
having 1 to 12 carbon atoms, a hydrogen atom included in at
least one of R and R* may be substituted with a fluorine atom,
a chlorine atom, or a Sp*-P' group; a —CH,— group
included in R and R* may be substituted with an —O—
group, an —S— group, an —NH— group, a —CO— group,
a —COO— group, an —OCO— group, an "'O—COO—
group, an —OCH,— group, a —CH,O— group, an
—SCH,— group, a —CH,S— group, an —N(CH;)—
group, an —N(C,H;)}— group, an —N(C;H,}— group, an
—N(C,Hg)— group, a —CF,0— group, an —OCF,—
group, a —CF,S— group, an —SCF,— group, an
—N(CF;)— group, a —CH,CH,— group, a —CF,CH,—
group, a —CH,CF,— group, a —CF,CF,— group, a
—CH—CH— group, a —CF—=CF— group, a —C=C—
group, a —CH=—CH—COO— group, or an —OCO—
CH—CH— group as long as an oxygen atom, a sulfur atom,
and a nitrogen atom are not adjacent to each other.)

[0190] Examples of P* include an acryloyloxy group, a
methacryloyloxy group, a vinyl group, a vinyloxy group, an
acryloylamino group, and a methacryloylamino group.
Herein, a part or all of the hydrogen atoms included in a
benzene ring in the compounds represented by the chemical
formulae (10-1) to (10-8) may be substituted with a halogen
atom or an alkyl or alkoxy group having 1 to 12 carbon atoms,
and a part or all of the hydrogen atoms included in the alkyl or
alkoxy group may be substituted with a halogen atom. Fur-
ther, the bonding positions of R* and R to the benzene ring
are not limited thereto.

[0191] The polymer layer is further preferably a polymer-
ized product of a monomer including a monofunctional or
polyfunctional polymerizable group including one or more
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kinds ring structures. Examples of such a monomer include
compounds represented by the following chemical formula

(11).

[Chem. 13]
[0192]
P?—§, 2 R*A*(Z-A%,—R’ (11

[0193] (Inthe formula, R? represents a—R*-Sp>-P* group,
a hydrogen atom, a halogen atom, a—CN group, an —NO,
group, an —NCO group, an —NCS group, an —OCN group,
an —SCN group, an —SF. group, or a linear or branched
alkyl group having 1 to 12 carbon atoms; P> represents a
polymierizable group; Sp” represents a linear, branched, or
cyclic alkylene or alkyleneoxy group having 1 to 6 carbon
atoms, or a direct bond; a hydrogen atom included in R* may
be substituted with a fluorine atom or a chlorine atom; a
—CH,— group included in R* may be substituted with may
be substituted with an —O— group, an —S— group, an
—NH— group, a —CO— group, a —COO— group, an
—OCO— group, an —O—COO— group, an —OCH,—
group,a—CH,O— group, an —SCH,— group,a—CH,S—
group, an —N(CH;)— group, an —N(C,H,)— group, an
—N(C;H,)— group, an —N(C,Hg)— group, a —CF,0—
group, an —OCF ,— group,a—CF,S—group,an—SCF,—
group, an —N(CF;)— group, a —CH,CH,— group, a
—CF,CH,— group, a —CH,CF,— group, a —CF,CF,—
group, a —CH—CH— group, a —CF—CF— group, a
—C=C— group, a —CH—CH—COO— group, or an
—OCO—CH=—CH— group as long as an oxygen atom and a
sulfur atom are not adjacent to each other; R* represents an
—O— group, an —S— group, an —NH— group,a —CO—
group, a —COO— group, an —OCO— group, an
—O0—CO0— group, an —OCH,— group, a —CH,O0—
group, an —SCH,— group, a —CH,S— group, an
—N(CH;)— group, an —N(C,Hs— group, an
—N(C,H,)— group, an —N(C,H,)— group, a —CF,0—
group, an —OCF,— group,a—CF,S— group, an —SCF,—
group, an —N(CF,;)— group, a —CH,CH,— group, a
—CF,CH,— group, a —CH,CF,— group, a —CF,CF,—
group, a —CH—CH— group, a —CF—CF— group, a
—C=C— group, a —CH=CH—COO— group, an
—0OCO—CH=CH— group or a direct bond; A> and A* are
the same or different from each other and each independently
represents a 1,2-phenylene group, a 1,3-phenylene group, a
1,4-phenylene group, a naphthalene-1,4-diyl group, a naph-
thalene-1,5-diyl group, a naphthalene-2,6-diyl group, a 1,4-
cyclohexylene group, a 1,4-cyclohexenylene group, a 1,4-
bicyclo[2.2.2]octylene group, a piperidine-1,4-diyl group, a
naphthalene-2,6-diyl group, a decahydronaphthalene-2,6-
diyl group, a 1,2,3,4-tetrahydronaphthalene-2,6-diyl group,
an indane-1,3-diyl group, an indane-1,5-diyl group, an
indane-2,5-diyl group, a phenathrene-1,6-diyl group, a phen-
athrene-1,8-diyl group, a phenathrene-2,7-diyl group, aphen-
athrene-3,6-diyl group, an anthracene-1,5-diyl group, an
anthracene-1,8-diyl group, an anthracene-2,6-diyl group, or
an anthracene-2,7-diyl group; a —CH,— group included in
A® and A* may be substituted with an —O— group or an
—S— group as long as they are not adjacent to each other; a
hydrogen atom included in A* and A* may be substituted with
a fluorine atom, a chlorine atom, a—CN group, or an alkyl,
alkoxy, alkylcarbonyl, alkoxycarbonyl, or alkylcarbonyloxy
group having 1 to 6 carbon atoms; Z is the same or different
from each other and each independently represents an —O—
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group, an —S— group, an —NH— group, a —CO— group,
a —COO— group, an —OCO— group, an —O—COO—
group, an —OCH,— group, a —CH,O0— group, an
—SCH,— group, a —CH,S— group, an —N(CH;)—
group, an —N(C,H,)— group, an —N(C;H,)}— group, an
—N(CHg)— group, a —CF,0— group, an —OCF,—
group, a —CF,S— group, an —SCF,— group, an
—N(CF;)— group, a —CH,CH,— group, a —CF,CH,—
group, a —CH,CF,— group, a —CF,CF,— group, a
—CH—CH— group, a —CF—CF— group, a —C=C—
group, a —CH=CH—COO— group, an —OCO—
CH—CH— group or a direct bond; and n represents 0, 1, or
2)

[0194] More specific examples thereof include any of com-
pounds represented by the following chemical formulae (12-
1) to (12-5).

O-O-
Lo

(12-1)

®

(12-2)

(12-3)

T

(12-4)

(12-5)

p2 p?
PZ

[0195] (In the formulae, Ps are the same or different from
each other and each independently represents a polymeriz-
able group.)

[0196] Examples of P? include an acryloyloxy group, a
methacryloyloxy group, a vinyl group, a vinyloxy group, an
acryloylamino group, and a methacryloylamino group.
Herein, a part or all of the hydrogen atoms included in a
benzene ring and a condensed ring in the compounds repre-
sented by the chemical formulae (12-1) to (12-5) may be
substituted with a halogen atom or an alkyl or alkoxy group
having 1 to 12 carbon atoms, and a part or all of the hydrogen
atoms included in the alkyl or alkoxy group may be substi-
tuted with a halogen atom. The bonding position of P* to the
benzene ring and the condensed ring is not limited thereto.

[0197] The monomers for forming the polymer layer (for
example, compounds represented by the chemical formulae
(10-1) to (10-8) and compounds represented by the chemical
formulae (12-1) to (12-5)) are preferable to include two or
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more polymerizable groups. Examples thereof include those
including two polymerizable groups.

[0198] In the present invention, addition of the monomer
having a polymerization initiating function to liquid crystal
without using a conventional polymerization initiator makes
it possible to remarkably improve the electric properties with-
out remaining a polymerization initiator which may become
an impurity in a liquid crystal layer. At the time of polymer-
ization of a monomer, it is preferable that a polymerization
initiator for a monomer be substantially absent in the liquid
crystal layer. Inaddition, due to an improvement in density of
the reaction starting points, oligomer-like substances in
which the polymer size is small immediately after light irra-
diation are easily formed, and the number of their production
can be increased. The oligomer-like substances are quickly
deposited on an alignment film surface based on the precipi-
tation effect due to a solubility decrease in the liquid crystal
layer (in bulk). Accordingly, as compared to a conventional
technique, a polymer network is difficult to be formed in the
liquid crystal layer, and the polymer size is not too large to
form an extremely uniform polymer layer on the alignment
film surface. Consequently, without shift of driving voltage
and lowering of the contrast, the liquid crystal alignment on
the alignment film surface can be efficiently fixed. Further-
more, the electric properties are not lowered and sufficient
long time reliability can be attained. In order to prepare a
liquid crystal display device according to the present inven-
tion, which can satisfy a configuration in which a relation of
the alignment direction of liquid crystal molecules and the
polarization transmission axis direction of a polarizing ele-
ment is specified and a material constituting a photo-align-
ment film is specified (for example, the configurations shown
in Embodiment 1 and modified example of Embodiment 1
above), Examples 3 to 6 will be described below which prove
that an advantageous effect can be exerted by using the mono-
mer having a polymerization initiating function.

EXAMPLE 3
[0199] The conditions of Example 3 were as follows.
[0200] Display mode: FFS
[0201] Alignment film material: Polyvinyl cinnamate
[0202] Alignment treatment: Irradiation with ultraviolet

rays having polarized light (main reactive wavelength is 313
nm), irradiation energy was 100 mJ/cm?, the alignment prin-
ciple was photoisomerization and photodimerization.

[0203] Monomer: A monomer represented by the following
chemical formula (13):

[Cherm. 15]

OO

was added in an amount 0£0.5% by weight to 100% by weight
of the liquid crystal material.

[0204] PS treatment: After liquid crystal containing the
monomer was sealed in a panel, light irradiation with black
light was carried out.
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[0205] Experiment results: Alignment stability, particu-
larly image sticking property could be improved without
increasing driving voltage, lowering the contrast, and consid-
erably lowering the voltage holding ratio.

[0206] A biphenyl-based bifunctional methacrylate mono-
mer was used as the monomer.

[0207] No photopolymerization initiator was added. How-
ever, polymer formation could be observed in this material
system. It is supposed that the radical generation processes as
illustrated in the following formulae (13-1) and (13-2):

[Chem. 16]
(13-1)

(13-2)

by OO

are generated by light irradiation. Further, owing to existence
of a methacrylate group, the methacrylate group itself con-
tributes to the polymer formation by the radical polymeriza-
tion.

[0208] As the monomer, a monomer soluble in liquid crys-
tal and being rod-like molecules are desirable. Other than the
biphenyl-based monomer, naphthalene-based, phenanthrene-
based, and anthracene-based monomers are supposed to be
usable. A part or all of the hydrogen atoms included in the
monomer may be substituted with a halogen atom, an alkyl, or
alkoxy group (a part or all of the hydrogen atoms ofthe groups
may be substituted with a halogen atom).

[0209] As the polymerizable group, besides the methacry-
loyloxy group, an acryloyloxy group, a vinyloxy group, an
acryloylamino group, and a methacryloylamino group are
supposed to be usable. If such a monomer is used, radical
generation is possible by light having a wavelength within a
range from about 300 to 380 nm, and the monomer can be the
monomer having a function of an initiator.

[0210] Besides the monomers, monomers such as acrylate
and diacrylate having no photopolymerization initiating
function maybe mixed, and this can adjust the photopolymer-
ization rate. The mixing can be one of effective means par-
ticularly in the case of suppressing polymer network produc-
tion.

EXAMPLE 4
[0211] The conditions of Example 4 were as follows.
[0212] Display mode: IPS
[0213] Alignment film material: Polyvinyl cinnamate
[0214] Alignment treatment: Irradiation with ultraviolet

rays having polarized light (main reactive wavelength is 313
nm), irradiation energy was 100 mJ/cm?, the alignment prin-
ciple was photoisomerization and photodimerization.
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[0215] Monomer: A mixture of a monomer represented by
the following chemical formula (14A) and a monomer repre-
sented by the following chemical formula (14B) (mixing ratio
by weight 50:50):

[Chem. 17]
(144)
0
0
0
0
o}
0
(14B)

o

"o

was added in an amount 0£0.5% by weight to 100% by weight
of the liquid crystal material.

[0216] PS treatment: After liquid crystal containing the
monomer was sealed in a panel, light irradiation with visible
light was carried out.

[0217] Experiment results: Alignment stability, particu-
larly image sticking property could be improved without
increasing driving voltage, lowering the contrast, and consid-
erably lowering the voltage holding ratio.

[0218] A mixture of a monomer represented by the chemi-
cal formula (14A) above and a monomer represented by the
chemical formula (14B) above was used as the monomer.
[0219] Inthe present example, irradiation in the PS process
was carried out with visible light. Accordingly, damages on
the liquid crystal and the photo-alignment film can be sup-
pressed.

[0220] The monomer (14B) does not generate radicals by
light with a wavelength of 380 nm or longer. However, a
monomer such as the monomer (14A) (referred to also as
benzyl-based monomer in this specification) absorbs light
with a wavelength of 380 nm or longer to generate radicals.
The monomer itself can form a portion of the polymer layer
while being polymerized.

[0221] As the monomer, it is supposed to be benzoin ether-
based, acetophenone-based, benzyl ketal-based, and ketone-
based monomers, which generate radicals by photocleavage
or hydrogen removal. Further, it is necessary for these mono-
mers to include a polymerizable group, and thus besides the
methacryloyloxy group, an acryloyloxy group, a vinyloxy
group, an acryloylamino group, and a methacryloylamino
group are supposed to be possible.

[0222] In the photo-alignment film of Example 3 and
Example 4, polyvinyl cinnamate including a double bond was
used, and thus it is supposed that the cinnamate group could
further contribute to promotion of photopolymerization for
the PS layer and uniform layer formation since the cinnamate
group was subjected to light excitation to provide radicals.
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[0223] As such a photo-alignment film, photo-alignment
films including a chalcone group, a coumarin group, a stil-
bene group, and an azo group can be used similarly as photo-
alignment films including double bonds, and thus they are
supposed to be effective.

[0224] As a main chain of the polymer, polyamic acid,
polyimide, polyamide, polysiloxane, and polymaleimide are
also usable.

[0225] The irradiation energy for photo-alignment was set
to 100 mJ/cm?, but the alignment can be stabilized by the PS
process even with irradiation energy of 100 mJ/cm? or lower,
and thus there is no problem for practical application. Rather,
lowering of the irradiation energy is desirable since the pho-
todeterioration of other members can be suppressed.

EXAMPLE 5
[0226] The conditions of Example 5 were as follows.
[0227] Display mode: IPS
[0228] Alignment film material: Polyimide including

cyclobutane in the skeleton.

[0229] Alignment treatment: Irradiation with ultraviolet
rays having polarized light (main reactive wavelength is 254
nm), irradiation energy was 500 mJ/cm?, the alignment prin-
ciple is photodissociation of cyclobutane.

[0230] Monomer: A monomer represented by the following
chemical formula (15):

[Chem. 18]

was added in anamount 0£0.5% by weight to 100% by weight
of the liquid crystal material.

[0231] PS treatment: After liquid crystal containing the
monomer was sealed in a panel, light irradiation with black
light was carried out.

[0232] Experiment results: Alignment stability, particu-
larly image sticking property could be improved without
increasing driving voltage, lowering the contrast, and consid-
erably lowering the voltage holding ratio.

[0233] As the monomer, a monomer was used similarly in
Example 3, but it is needless to say that the monomer of
Example 4 can be also used.

[0234] Although the irradiation energy for photo-align-
ment was set to 500 mJ/cm?, it was not possible to obtain
sufficient alignment properties without the PS process. On the
other hand, if the PS process was performed, there was no
problem for actual application with irradiation energy of 500
mlJ/cm? or lower. In order to obtain sufficient alignment prop-
erties without the PS process, irradiation energy of about 2
Jem? is necessary. High energy irradiation around 254 nm
causes photodissociation of other parts in the alignment film
and photodissociation of a color filter, and thus causes a
problem on long time reliability; however the present inven-
tion could solve such problems.
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EXAMPLE 6
[0235] The conditions of Example 6 were as follows.
[0236] Display mode: IPS
[0237] Alignment film material: Polyimide including

cyclobutane in the skeleton (the same as in Example 5).
[0238] Alignment treatment: Rubbing

[0239] Monomer: A mixture of a monomer represented by
the following chemical formula (16A) and a monomer repre-
sented by the following chemical formula (16B) (mixing ratio
by weight 50:50):

[Chem. 19]

(164)
0
0
0
0
o}

0

(16B)

@)

aSe2 o0

was added in an amount 0£0.5% by weight to 100% by weight
of the liquid crystal material.

[0240] PS treatment: After liquid crystal containing the
monomer was sealed in a panel, light irradiation with visible
light was carried out.

[0241] Experiment results: Alignment stability, particu-
larly image sticking property could be improved without
increasing driving voltage, lowering the contrast, and consid-
erably lowering the voltage holding ratio.

[0242] As the monomer, a monomer was used similarly in
Example 4, but it is needless to say that the monomer of
Example 3 can be also used.

[0243] Rubbing treatment was carried out under the condi-
tions that the push-down amount of a pile of a rubbing cloth
was set to 0.5 mm and the number of rubbing was set to 3
times.

[0244] In Examples 2 to 6, as a method for forming the
polymer layer, a photopolymerizable monomer was previ-
ously added to liquid crystal and the PS process was carried
out, but the method for forming the polymer layer is not
limited thereto.

[0245] For example, a method for adding a monomer to an
alignment film also makes formation of a polymer layer pos-
sible, and thus it will be described in detail below. In place of
previous addition of a monomer to liquid crystal, a monomer
in a prescribed concentration is previously mixed with an
alignment film ink, and thereafter, the same processes as
described in Examples 2 to 6 are carried out for other pro-
cesses. The monomer in the alignment film is eluted to the
liquid crystal side by heating after sealing liquid crystal to a
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panel, and desirably heating the liquid crystal at phase tran-
sition temperature from nematic to isotropic phase or higher.
Thereafter, if the light irradiation for the PS process which is
the same as in Examples 2 to 6 is carried out, a polymer layer
is formed. Particularly, it is possible that the heating process
for curing a sealing material existing in the outer circumfer-
ential part of a liquid crystal panel can be carried out as the
monomer elution process, and in this case, the monomer
elution process does not need to be carried out additionally to
the heating process for curing the sealing material, and as
compared to the processes in Examples 2 to 6, no extra-
process is increased.

[0246] A polymerizable functional group (polymerizable
functional group of a monomer) to be included in the mono-
mer is preferable to contain at least one kind selected from a
group consisting of an acrylate group, a methacrylate group,
a vinyl group, a vinyloxy group, and an epoxy group.

EXAMPLE 7
[0247] The conditions of Example 7 were as follows.
[0248] Display mode: FFS
[0249] Alignment film material: Polyvinyl cinnamate
[0250] Alignment treatment: Irradiation with ultraviolet

rays having polarized light (main reactive wavelength is 313
nm), irradiation energy was 5 J/em?, the alignment principle
was photoisomerization and photodimerization.

[0251] Monomer: A monomer represented by the following
chemical formula (17):

[Cherm. 20]

a2 2

was added in anamount of 1.0% by weight to 100% by weight
of an alignment film ink material.

[0252] PS treatment: A photo-alignment treatment was car-
ried out by irradiating with polarized light after a monometr-
containing alignment film ink was applied to a substrate and
baked. After liquid crystal was sealed in a panel, the liquid
crystal panel was heated at 130° C. for 40 minutes. Light
irradiation with black light was carried out.

[0253] Experiment results: Alignment stability, particu-
larly image sticking property could be improved without
increasing driving voltage, lowering the contrast, and consid-
erably lowering the voltage holding ratio.

[0254] The monomer is not limited thereto, and it is need-
less to say that the monomer in Example 3 can be also used.
Further, a polymerization initiator may be added properly to
promote polymerization.

[0255] As another method, a method for applying a mono-
mer directly to an alignment film is also effective. A monomer
is previously dissolved in a prescribed concentration in a
solvent and applied to an alignment film, and then the solvent
is removed. The solvent removal can be performed by heating
and/or pressure reduction (for example, vacuuming). The
application step may be carried out either before or after a
photo-alignment treatment for the alignment film. If the light

{amn
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irradiation for the PS process is carried out after sealing liquid
crystal in a panel, a polymer layer is formed. In the same
manner as described above, the monomer can be more evenly
dispersed in the liquid crystal by heating after sealing the
liquid crystal in the panel, and desirably heating the liquid
crystal at phase transition temperature from nematic to iso-
tropic phase or higher, and thus display unevenness or the like
can be suppressed.

EXAMPLE 8
[0256] The conditions of Example 8 were as follows.
[0257] Display mode: FFS
[0258] Alignment film material: Polyvinyl cinnamate
[0259] Alignment treatment: Irradiation with ultraviolet

rays having polarized light (main reactive wavelength is 313
nm), irradiation energy was 5 J/cm?, the alignment principle
was photoisomerization and photodimerization.

[0260] Monomer: A monomer represented by the following
chemical formula (18):

[Chem. 21]

(OO

was added in an amount 0f 1.0% by weight to 100% by weight
of solvent acetone.

[0261] PS treatment: A photo-alignment treatment was car-
ried out by irradiating with polarized light after an alignment
film ink was applied to a substrate and baked, and thereafter,
a solution of 1.0% by weight of the monomer was applied
thereto. The solvent was evaporated by heating at 130° C. and
again the photo-alignment treatment was carried out by irra-
diating with polarized light. After liquid crystal was sealed in
a panel, the liquid crystal panel was heated at 130° C. for 40
minutes. Light irradiation with black light was carried out.
[0262] Experiment results: Alignment stability, particu-
larly image sticking property could be improved without
increasing driving voltage, lowering the contrast, and consid-
erably lowering the voltage holding ratio.

[0263] The monomer is not limited thereto, and it is need-
less to say that the monomer in Example 2 can be also used.
Further, a polymerization initiator may be added properly to
promote polymerization.

[0264] Regarding Effects of Examples 7 and 8 (Suitability
for Narrow Frame of Liquid Crystal Panel)

[0265] A method for filling a panel with liquid crystal is
generally carried out in such a manner that liquid crystal
droplets are added dropwise to one substrate by a dispenser or
the like and the other substrate is bonded thereto in vacuum.
[0266] In the bonding process, at the time of spreading the
liquid crystal droplets in size, display unevenness may be
caused in the case of employing a method for adding a mono-
mer to liquid crystal because of the following possibility 1
and/or possibility 2.

[0267] Possibility 1: There is a possibility that the mono-
mer concentration distribution is generated in the plane of a
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substrate because of an influence of adsorption dependency
of a monomer to the substrate at the time of spreading liquid
crystal droplets in size.

[0268] This concentration distribution leads to distribution
of alignment regulating force of the liquid crystal, and thus
display unevenness is caused.

[0269] Possibility 2: A sealing material is linearly formed
in the circumference of a liquid crystal panel.

[0270] After bonding, when liquid crystal droplets contact
with the sealing material before curing, un-cured sealing
material components are dissolved in the liquid crystal to
cause display failure.

[0271] Therefore, in general, before the liquid crystal drop-
lets contact with the sealing material before curing, the seal-
ing material is irradiated with ultraviolet rays to produce a
state in which the sealing material is cured to a certain extent.
[0272] This makes it possible to prevent elution of the seal-
ing components.

[0273] On the other hand, in order to sufficiently carry out
curing, thermal curing by heating is carried out thereafter.
[0274] That s, it is general to select a material curable by
both ultraviolet rays and heat as the sealing material.

[0275] However, a certain amount of ultraviolet rays inevi-
tably leak to the inside of the seal part (display area) at the
time of irradiation with ultraviolet rays for curing the seal.
[0276] If the leaked ultraviolet rays come in the monomer
during the expansion of the liquid crystal droplets, polymer-
ization of the monomer starts, resulting in a concern of dis-
play unevenness.

[0277] Therefore, a light shielding mask is applied so as not
to allow ultraviolet rays to come in the display area with
greatest care, but in the case of designing a panel with a
narrow frame size by narrowing the width of a black matrix
(BM), the seal part and the display area come close to each
other, and thus it becomes impossible to completely avoid
leakage of ultraviolet rays.

[0278] Consequently, this causes unevenness in the rim part
of the display area.

[0279] Such a probability (concern) can be solved by add-
ing a monomer to an alignment film material or applying a
monomer to an alignment film surface, but not by adding a
monomer to liquid crystal.

[0280] The reason for this is because the monomer is first
eluted in liquid crystal by the heating step after the liquid
crystal droplets are spread, no concentration gradation is gen-
erated and no monomer is dissolved in liquid crystal at the
time of UV irradiation for curing seal.

[0281] Inacase where the PS process is not carried out, in
order to obtain sufficient alignment stability, it was necessary
to increase rubbing strength such that the push-down amount
of apile of a rubbing cloth was set to 0.6 mm and the number
of rubbing was set to 5 times, but in this case, uneven streaks
by rubbing and foreign matter defects by the rubbing cloth or
the peeled alignment film debris were often generated, and
they were serious problems in terms of production. On the
other hand, in a case where rubbing strength was made such
that the push-down amount of a pile of a rubbing cloth was set
to 0.5 mm and the number of rubbing was set to 3 times and
no PS process was used, there occurred the problem that
image sticking owing to insufficiency ofalignment regulating
force was considerably caused.

[0282] Use of a monomer with a polymerizable function as
the monomer made it possible to produce a liquid crystal

Aug.7,2014

display device of a horizontal alignment mode excellent in
image sticking properties at a high yield even by a rubbing
alignment treatment.

[0283] As described in Example 5 and Example 6, use of
polyimide including cyclobutane in the skeleton as the poly-
mer main chain of the alignment film material is one of
preferable embodiments of the present invention.

[0284] Useofthe alignment film materials, monomets, and
the like used in Examples 3 to 6 can similarly exert the
advantageous effects even in the present invention.

[0285] Theaforementioned modes of embodiments may be
used in appropriate combination as long as the combination is
not beyond the spirit of the present invention.

[0286] The present application claims priority to Patent
Application No. 2011-177297 filed in Japan on Aug. 12,2011
under the Paris Convention and provisions of national law in
a designated State, the entire contents of which are hereby
incorporated by reference.

REFERENCE SIGN LIST
[0287] 10: array substrate
[0288] 11,21, 111, 121: transparent substrate
[0289] 14aq, 214a: pixel electrode
[0290] 14b, 214b: common electrode
[0291] 16, 26, 116, 126, 216, 226, 316, 326, 416, 426:

photo-alignment film

[0292] 17,27,117, 127: PS layer (polymer layer)

[0293] 18, 118: rear side polarizing plate

[0294] 20, 120: color filter substrate

[0295] 28, 128: front side polarizing plate

[0296] 30, 30", 130, 230, 330, 430: liquid crystal layer
[0297] 32,32, 532, 632: liquid crystal molecules

[0298] 32p, 32p" liquid crystal molecules having positive

anisotropy of dielectric constant
[0299] 32x, 32" liquid crystal molecules having negative
anisotropy of dielectric constant

[0300] 112: insulating film

[0301] 114a. combtooth electrode

[0302] 333, 433: polymerizable monomer

[0303] 333a, 433a: polymerizable monomer (non-excited)
[0304] 3335, 4335: polymerizable monomer (excited state)
[0305] 552: photoactive group (vertical alignment film

molecules)

[0306] 555: hydrophobic group

[0307] 662: photoactive group (horizontal alignment film
molecules)

[0308] CH: contact hole

[0309] D: drain electrode

[0310] G: scanning wiring

[0311] S: signal wiring

[0312] T: thin film transistor element

1. A liquid crystal display device comprising:

a liquid crystal cell that includes a pair of substrates and a
liquid crystal layer which is interposed between the pair
of substrates,

wherein at least one of the pair of substrates includes a
polymer layer, a photo-alignment film, and an electrode
in the stated order from the liquid crystal layer side;

the photo-alignment film aligns liquid crystal molecules
horizontally to the photo-alignment film surface;

the polymer layer is a polymerized product of a monomer;

the liquid crystal display device further includes a polariz-
ing element in the observation surface side of the liquid
crystal cell;
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a polarization transmission axis direction of the polarizing
element is along an alignment direction of liquid crystal
molecules at a voltage lower than the threshold voltage
in the liquid crystal layer; and

amaterial constituting the photo-alignment film contains a
material for aligning liquid crystal molecules in a direc-
tion crossing a polarization direction of polarized light
irradiated to the photo-alignment film by polarized light
irradiated to the photo-alignment film.

2. The liquid crystal display device according to claim 1,

wherein the polarization transmission axis direction of the
polarizing element is parallel to the alignment direction
of liquid crystal molecules at a voltage lower than the
threshold voltage in the liquid crystal layer.

3. A liquid crystal display device comprising:

a liquid crystal cell that includes a pair of substrates and a
liquid crystal layer which is interposed between the pair
of substrates,

wherein at least one of the pair of substrates includes a
polymer layer, a photo-alignment film, and an electrode
in the stated order from the liquid crystal layer side;

the photo-alignment film aligns liquid crystal molecules
horizontally to the photo-alignment film surface;

the polymer layer is a polymerized product of a monomer;

the liquid crystal display device further includes a polariz-
ing element in the observation surface side of the liquid
crystal cell;

a polarization transmission axis direction of the polarizing
element is along an alignment direction of liquid crystal
molecules at a voltage lower than the threshold voltage
in the liquid crystal layer; and

amaterial constituting the photo-alignment film contains a
polymer including a molecular structure represented by
the following formula (1):

[Chem. 1]
1)

7Z—Rl—0 R?

(in the formula, Z represents a polyvinyl monomer unit, a
polyamic acid monomer unit, a polyamide monomer unit, a
polyimide monomer unit, a polymaleimide monomer unit, or
a polysiloxane monomer unit; R1 represents a single bond or
a divalent organic group; R2 represents a hydrogen atom, a
fluorine atom, or a monovalent organic group; and n repre-
sents an integer of 2 or greater.).
4. The liquid crystal display device according to claim 3,

wherein the monovalent organic group is an alkyl group, an
alkoxy group, a benzyl group, a phenoxy group, a ben-
zoyl group, a benzoate group, a benzoyloxy group or
their derivatives.

5. The liquid crystal display device according to claim 1,

wherein the material constituting the photo-alignment film
contains a material for aligning liquid crystal molecules
in a direction perpendicular to the polarization direction
of polarized light irradiated to the photo-alignment film
by polarized light irradiated to the photo-alignment film.

Aug.7,2014

6. A liquid crystal display device comprising:

a liquid crystal cell that includes a pair of substrates and a
liquid crystal layer which is interposed between the pair
of substrates,

wherein at least one of the pair of substrates includes a
polymer layer, a photo-alignment film, and an electrode
in the stated order from the liquid crystal layer side;

the photo-alignment film aligns liquid crystal molecules
horizontally to the photo-alignment film surface;

the polymer layer is a polymerized product of a monomer;

the liquid crystal display device further includes a polariz-
ing element in the observation surface side of the liquid
crystal cell;

a polarization transmission axis direction of the polarizing
element crosses an alignment direction of liquid crystal
molecules at a voltage lower than the threshold voltage
in the liquid crystal layer; and

a material constituting the photo-alignment film contains a
material for aligning liquid crystal molecules in a direc-
tion along a polarization direction of polarized light
irradiated to the photo-alignment film by polarized light
irradiated to the photo-alignment film.

7. The liquid crystal display device according to claim 6,

wherein the polarization transmission axis direction of the
polarizing element is perpendicular to the alignment
direction of liquid crystal molecules at a voltage lower
than the threshold voltage in the liquid crystal layer.

8. The liquid crystal display device according to claim 1,

wherein the photo-alignment film includes a photoisomer-
izable group and

the photoisomerizable group includes at least one kind
selected from a group consisting of a cinnamate group,
an azo group, a chalcone group, and a stilbene group.

9. (canceled)

10. The liquid crystal display device according to claim 6,

wherein the material constituting the photo-alignment film
contains a material for aligning liquid crystal molecules
in a direction parallel to the polarization direction of
polarized light irradiated to the photo-alignment film by
polarized light irradiated to the photo-alignment film.

11. The liquid crystal display device according to claim 1,

wherein a polymerizable functional group of the monomer
includes at least one kind selected from a group consist-
ing of an acrylate group, a methacrylate group, a vinyl
group, a vinyloxy group, and an epoxy group.

12. The liquid crystal display device according to claim 1,

wherein the liquid crystal layer contains liquid crystal mol-
ecules including a multiple bond other than a conjugated
double bond.

13. The liquid crystal display device according to claim 1,

wherein the other of the pair of substrates includes a poly-
mer layer and a photo-alignment film in the stated order
from the liquid crystal layer side.

14. The liquid crystal display device according to claim 1,

wherein the polymer layer is a photopolymerized product.

15. The liquid crystal display device according to claim 1,

wherein an alignment mode of the liquid crystal layer is an
IPS mode, an FFS mode, an FLC mode, or an AFLC
mode.

16. The liquid crystal display device according to claim 3,

wherein the material constituting the photo-alignment film
contains a material for aligning liquid crystal molecules
in a direction perpendicular to the polarization direction
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of polarized light irradiated to the photo-alignment film
by polarized light irradiated to the photo-alignment film.
17. The liquid crystal display device according to claim 3,
wherein a polymerizable functional group of the monomer
includes at least one kind selected from a group consist-
ing of an acrylate group, a methacrylate group, a vinyl
group, a vinyloxy group, and an epoxy group.
18. The liquid crystal display device according to claim 3,
wherein the liquid crystal layer contains liquid crystal mol-
ecules including a multiple bond other than a conjugated
double bond.
19. The liquid crystal display device according to claim 3,
wherein the other of the pair of substrates includes a poly-
mer layer and a photo-alignment film in the stated order
from the liquid crystal layer side.
20. The liquid crystal display device according to claim 3,
wherein the polymer layer is a photopolymerized product.
21. The liquid crystal display device according to claim 3,
wherein an alignment mode of the liquid crystal layer is an
IPS mode, an FFS mode, an FLC mode, or an AFLC
mode.
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