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(57) ABSTRACT

The present invention provides a liquid crystal display device
producing less image sticking. The liquid crystal display
device ofthe present invention comprises: a pair of substrates;
and a liquid crystal layer between the substrates, wherein at
least one of the substrates comprises an alignment film and a
photopolymer film on the alignment film, the photopolymer
film comprises polymers constituted by a photopolymeriz-
able monomer, the photopolymerizable monomer includes
two or more polymerizable functional groups, the polymer-
izable functional groups are bonded to each other through two
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naphthalene ring, and a bond between the naphthalene ring
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LIQUID CRYSTAL DISPLAY DEVICE,
METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICE, COMPOSITION
FOR FORMING PHOTOPOLYMER FILM,
AND COMPOSITION FOR FORMING LIQUID
CRYSTAL LAYER

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, a composition for a photopolymer film, and a
composition for a liquid crystal layer, and a method for pro-
ducing a liquid crystal display device. More specifically, the
present invention relates to a liquid crystal display device
having an alignment film with a photopolymer film formed
thereon for the purpose of enhancing control force on liquid
crystal alignment; a method for producing a liquid crystal
display device in which a photopolymer film is appropriately
formed; a composition for a polymer film which is suitable for
photopolymer film formation; and a composition for a liquid
crystal layer which is suitable for photopolymer film forma-
tion.

BACKGROUND ART

[0002] Liquid crystal displays are display panels that con-
trol transmission/blocking of light (ON/OFF of display) by
controlling the alignment of birefringent liquid crystal mol-
ecules. Methods for aligning liquid crystal molecules include
a rubbing method in which certain treads are formed on an
alignment film material applied by a roller or the like so that
an alignment film is formed.

[0003] Alternatively, as in the multi-domain vertical align-
ment (MVA) mode, the alignment of liquid crystal molecules
may be controlled by means of alignment control structures
such as bank-like protrusions comprising a dielectric material
extending in an oblique direction on a common electrode and
slits formed in parallel with such bank-like protrusions on
pixel electrodes, without performing any alignment treatment
(see Patent Document 1).

[0004] Ina liquid crystal display device in the MVA mode,
liquid crystal molecules are aligned vertically to a substrate
face when a voltage is not applied. When a voltage is applied
between a pixel electrode and a common electrode, liquid
crystal molecules are aligned at an angle corresponding to the
applied voltage. At this time, slits or bank-like protrusions
provided in the pixel electrode form a plurality of domains in
each pixel. In the domains, the tilt direction of the liquid
crystal molecules varies from domain to domain. The display
propertied can be enhanced by such formation of a plurality of
domains, in which the tilt direction of the liquid crystal mol-
ecules varies from domain to domain in each pixel.

[0005] Here, a region where slits or protrusions are formed
tends to have lower light transmittance. Simplified arrange-
ment of these, and wider spacing between bank-like protru-
sions or slits of the pixel electrode improves the light trans-
mittance. However, too-large spacing between bank-like
protrusions or slits leads to a longer time required to transfer
the tilt direction to all the liquid crystals. As a result, the
response of liquid crystal molecules becomes poorly slow
when a voltage required for display is applied to a liquid
crystal layer.

[0006] Asamethod for counteracting such poorresponse, a
method of forming a polymer film on an alignment film
(hereinafter, also referred to as “PSA (Polymer Sustained
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Alignment) technology”) is employed, in which polymeriz-
able monomers in liquid crystal materials injected between
substrates are polymerized while an voltage is applied thereto
so that a polymer film storing a tilt direction of liquid crystal
molecules (see Patent Document 2).

[0007] Patent Document 2 also discloses a method using a
monomer having one or more ring structures or ring-fused
structures and two functional groups directly bonded to the
ring structures or ring-fused structures, as a polymerizable
monomer used in the PSA technology. Such a method is used
as a means for solving image sticking which is an afterimage
produced when a displayed image is changed after a long-
time display of the same image in a liquid crystal display
device.

[0008] Patent Document 1: JP-A 2006-189610
[0009] Patent Document 2: JP-A 2003-307720
DISCLOSURE OF INVENTION
Problems to be Solved by the Invention
[0010] The present inventors have investigated monomers

used in the PSA technology to find out that image sticking
may occur in a liquid crystal display device produced by
using monomers including a core portion having a naphtha-
lene group, the monomers being represented by Formula (1):

[Chem. 1]
L

5.

[0011] wherein R' and R? are the same as or different from
each other and each represent an acrylamide group, a meth-
acrylamide group, an acrylate group, a methacrylate group, a
vinyl group, a vinyloxy group, or an epoxy group,

[0012] or monomers including a core portion having a
biphenyl group, the monomers being represented by Formula

@):

@

[0013] wherein R* and R? are the same as or different from
each other and each represent an acrylamide group, a meth-
acrylamide group, an acrylate group, a methacrylate group, a
vinyl group, a vinyloxy group, or an epoxy group.

[0014] The present invention has been devised in consider-
ation of the present situation and an object thereof is to pro-
vide a liquid crystal display device producing less image
sticking, a method for producing a liquid crystal display
device producing less image sticking, and a composition fora
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photopolymer film and a composition for a liquid crystal
layer which are highly reactive in PSA polymerization.

Means for Solving the Problems

[0015] The present inventors have investigated causes of
image sticking produced in liquid crystal display devices
when the monomers mentioned above are used in the PSA
technology to find out the following fact. Monomers includ-
ing a core portion having a naphthalene group, such as a
compound represented by Formula (1), may have electrons
localized in the naphthalene group. This allows high poly-
merization reactivity to some extent. However, when poly-
merization of one polymerizable functional group is started,
the other polymerizable functional group fails to react. As a
result, unreacted polymerizable functional groups may
remain. In the produced liquid crystal display device, unre-
acted polymerizable functional groups start being polymer-
ized slowly by photoirradiation from a back light that is used
for display in common use. This changes the tilt angle of the
polymer film formed using the PSA technology to cause
image sticking in display.

[0016] The present inventors also found out the following
fact. Monomers including a core portion having a biphenyl
group, such as a compound represented by Formula (2), may
have high polymerization reactivity to some extent, as the
biphenyl group is rotatable. The rotatable biphenyl group
allows, even when polymerization of one polymerizable
functional group is started, the other functional group to have
a higher probability to be polymerized. However, less elec-
trons are localized in the biphenyl group compared to the
naphthalene group, and therefore, the polymerization rate is
delayed. This causes remaining of unreacted polymerizable
functional group. In the produced liquid crystal display
device, unreacted polymerizable functional groups start
being polymerized slowly by photoirradiation from a back
light that is used for display in common use. This changes the
tilt angle of the polymer film formed using the PSA technol-
ogy to cause image sticking in display.

[0017] The present inventors made further intensive studies
based on these findings to find out the following fact. In the
case that monomers used in the PSA technology each have at
least two polymerizable functional groups, the monomers
each preferably have two or more aromatic rings including at
least one naphthalene ring which interposes the polymeriz-
able functional groups and a bond having a rotational degree
of freedom, such as a single bond and an ether bond, between
the naphthalene ring and another aromatic ring. In such a
case, electron locality of the naphthalene ring enhances the
reaction rate. Further, the rotational degree of freedom of the
bond between the aromatic rings improves the polymeriza-
tion probability to enhance the reaction rate. Accordingly, the
reaction rate of the monomers is significantly enhanced. Con-
sequently, in PSA polymerization, a sufficient reaction hardly
leaving unreacted functional groups may be carried out in a
comparatively short time. In addition, such a sufficient poly-
merization increases the crosslink density of polymers,
resulting in a photopolymer film that is less likely to be
deformed by the elastic energy of liquid crystals and the like.
This photopolymer film enables production of a liquid crystal
display device having a high response speed and producing
less image sticking. In this manner, the present inventors have
solved the above problems and completed the present inven-
tion.

Feb. 2, 2012

[0018] Namely, the present invention is a liquid crystal
display device comprising: a pair of substrates; and a liquid
crystal layer between the substrates, wherein at least one of
the substrates comprises an alignment film and a photopoly-
mer film on the alignment film, the photopolymer film com-
prises polymers constituted by a photopolymerizable mono-
mer, the photopolymerizable monomer includes two or more
polymerizable functional groups, the polymerizable func-
tional groups are bonded to each other through two or more
aromatic rings, the aromatic rings include at least one naph-
thalene ring, and a bond between the naphthalene ring and
another aromatic ring has a rotational degree of freedom.
[0019] The substrates may include a TFT substrate and a
color filter substrate, for example. The TFT substrate com-
prises a pixel electrode and a switching element such as a thin
film transistor (TFT). The TFT and the pixel electrode are
connected to each other. This allows control of the liquid
crystal alignment on pixel-by-pixel basis. In the color filter
substrate, a color filter constituted by three colors of R (red),
G (green), and B (blue) is arranged at a position overlapping
the pixel electrode of the TFT substrate, and display color is
controlled on pixel-by-pixel basis.

[0020] At least one of the substrates has an alignment film.
Namely, the alignment film is arranged on the surface of one
of or both the substrates on the liquid-crystal-layer side. The
alignment film controls the alignment of adjoining liquid
crystal molecules. In the present invention, the alignment film
is not particularly limited as long as it aligns the adjoining
liquid crystal molecules, and examples thereof include a rub-
bing-treated film and a photo-aligned film. In the case that
photo-alignment is performed, the alignment film is prefer-
ably constituted by materials including a compound includ-
ing a photoreactive functional group.

[0021] At least one of the substrates comprises an align-
ment film. Namely, a photopolymer film (hereinafter, also
referred to as a PSA film (Polymer Sustained Alignment
film)) comprising polymers constituted by photopolymeriz-
able monomers on the alignment film. This allows the align-
ment film to have the enhanced control force on liquid crystal
molecules alignment. The term “photopolymer film” here
does not necessarily mean a film completely covering the
alignment-film surface, and may be a film that is partly not
covering or discretely covering the alignment-film surface. In
the present description, such a photopolymer film is referred
to as a PSA film. A photopolymerizable monomer in the
present description refers to a monomer having a functional
group to be polymerized by photoirradiation. In addition,
light (“phot-") refers not only to visible light, but also to UV
light, infrared light and the like. The photopolymer film is a
polymer film formed on the alignment film by photopolymer-
ization. Examples thereof include a polymer film formed on
the surface of the alignment film on the liquid crystal layer
side by photoirradiation under application of a voltage not
lower than a threshold voltage to the liquid crystal layer. The
photopolymer film allows the alignment film to have
enhanced control force on the liquid crystal molecules align-
ment. This can improve the transmittance by lowering the
density of the alignment control structure in the MVA mode.
[0022] The photopolymerizable monomer has two or more
polymerizable functional groups. The polymerizable func-
tional group in the present description is not particularly
limited, as long as it is a functional group in which polymer-
ization reaction is progressed by photoirradiation. Examples
thereof include a functional group which directly absorbs
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light to be activated so that polymerization is initiated, and a
functional group in which polymerization is initiated by an
added photosensitizer that is easily decomposed by light of a
wave length rarely absorbed by the functional group and
provides growth active species. Examples of the photopoly-
merization reaction by the former functional group include
photo-initiated polymerization in which light plays a role
only in the initiation of polymerization and photopolyaddi-
tionin which light plays a role in process of growth. Examples
of the photo-initiated polymerization include radical poly-
merization, ion polymerization (anionic polymerization, cat-
ionic polymerization), and ring opening polymerization. The
polymerizable functional groups may be the same as or dif-
ferent from each other, and specific examples thereof include
an acrylamide group, a methacrylamide group, an acrylate
group, a methacrylate group, a vinyl group, a vinyloxy group,
and an epoxy group, for each polymerizable functional group.
The polymerizable functional group may have a substituent
of a halogen group, a methyl group, or the like, in some part.

[0023] The polymerizable functional groups are bonded to
each other through two or more aromatic rings. The aromatic
rings are not particularly limited as long as they belong to
aromatic series. Examples thereof include benzene rings,
condensed benzene rings (e.g. naphthalene rings, pyrene
rings), nonbenzenoid aromatic rings (e.g. tropylium rings,
cyclopropenium rings), and heteroaromatic rings (e.g. pyri-
dine rings, pyrrole rings). The aromatic rings may have sub-
stituents of halogen groups, methyl groups and the like, in
some part. Aromatic rings between two or more polymeriz-
able functional groups shift the absorbance wavelength of the
photopolymerizable monomers to longer wavelengths.
Therefore, the monomers can be advantageously polymer-
ized by long-wavelength UV rays.

[0024] The aromatic rings include at least one naphthalene
ring. Since electrons are localized in the naphthalene ring, at
least one naphthalene ring in the aromatic rings significantly
enhances the polymerization reaction rate. This lowers the
possibility that some monomers remain unpolymerized. In
addition, the larger number of ring structures of the aromatic
rings shift the absorbance wavelength of the photopolymer-
izable monomers to longer wavelengths. Therefore, from the
standpoint of capability of using longer-wavelength UV rays,
the aromatic rings preferably include at least one naphthalene
ring, rather than a benzene ring. Further, naphthalene has
higher solubility to liquid crystals than anthracene and allows
efficient progress of the reaction. Therefore, the aromatic
rings preferably include at least one naphthalene ring, rather
than an anthracene ring.

[0025] A bond between the naphthalene ring and another
aromatic ring has a rotational degree of freedom. The rota-
tional degree of freedom of the bond between the naphthalene
ring and another aromatic ring increases the possibility that,
even after polymerization of the polymerizable functional
groups is initiated, remaining polymerizable functional
groups are bonded with other polymerizable functional
groups. Therefore, it is possible to reduce the possibility that
some polymerizable functional groups remain unpolymer-
ized. In addition, sufficient polymerization of the unreacted
monomers provides a photopolymer film having a high
crosslink density and less deformation. Since the bond
between the aromatic rings has a rotational degree of freedom
in the present invention, the moving range of the polymeriz-
able functional group is wider to the extent that aromatic rings
not having a linear structure are included, compared to the
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case that only a bond between an aromatic ring and a poly-
merizable functional group has a rotational degree of free-
dom. This further enhances the reactivity of the polymeriz-
able functional groups. In the present description, the bond is
regarded to have a rotational degree of freedom in the follow-
ing situation. One bond is presumed as one axis, and the axis
can make a uniaxial rotation, namely a 360° rotation.
Examples of such a bond having a rotational degree of free-
dom include single bonds, ether bonds, and chain bonds of
one type of or both the above bonds (e.g. —CH,—,
—XCY—,—XCH—,—(CH,),,—, (X andY are the same as
or different from each other and each represent a halogen
group or a methyl group, and m represents a positive integer)).

[0026] The configuration of the liquid crystal display
device of the present invention is not especially limited as
long as it essentially includes such components. The liquid
crystal display device may or may not include other compo-
nents.

[0027] A preferable embodiment of the present invention
will be mentioned in more detail below.

[0028] Preferably, the substrates each comprise an elec-
trode, and the photopolymer film is formed by polymerization
of photopolymerizable monomers under application of a volt-
age not lower than a threshold voltage to the liquid crystal
layer through the electrodes. In the case that photopolymer-
ization is conducted to form the photopolymer film under
application of a voltage not lower than a threshold voltage to
the liquid crystal layer, namely, under the condition that the
tilt of liquid crystal molecules in the liquid crystal layer is
changed from the tilt before the voltage application, the
obtained photopolymer film is allowed to have an enough
alignment control force to reproduce, even prior to the voltage
application, the state after the voltage application.

[0029] Preferably, the electrode on one of the substrates is
a pixel electrode, and the pixel electrode is constituted by a
cross-shaped core portion dividing the pixel into four
domains and a plurality of branch portions extending from the
both sides of the core portion outwardly and obliquely. The
pixel here refers to a domain covered with the pixel electrode.
A pixel electrode having such a configuration characteristi-
cally has a high transmittance compared to the conventional
one in the MVA mode, as it does not have alignment control
structures such as protrusions (libs) and slits, which have a
low light transmittance. However, if the voltage is applied to
the liquid crystal layer through a pixel electrode having such
a configuration, liquid crystal molecules positioned on the
branch portions can tilt in two directions along the extending
direction of the branch portions. This causes alignment defect
to lower the display quality. In addition, the tilt direction of
liquid crystal molecules is controlled only at the end portion
of'the pixel electrode and in the electric field in the vicinity of
the core portion, and therefore, it takes time until the align-
ment is stabilized only in one direction. The same situation
occurs in each of four domains. In contrast, if photopolymer-
ization is conducted to form the photopolymer film under
application of a voltage not lower than a threshold voltage to
the liquid crystal layer, namely, under the condition that the
tilt of liquid crystal molecules in the liquid crystal layer is
changed from the tilt before the voltage application, the
obtained photopolymer film is allowed to have an enough
alignment control force to reproduce, even prior to the voltage
application, the state after the voltage application. Accord-
ingly, the alignment defect of liquid crystal molecules does
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not occur and the liquid crystal molecules quickly tilt in a
predetermined direction, leading to excellent display.

[0030] The photopolymerizable monomer is preferably a
compound represented by Formula (I):

PLAL(Z'-A?),-P? )

[0031] wherein P! and P? are the same as or different from
each other and each represent an acrylamide group, a meth-
acrylamide group, an acrylate group, a methacrylate group, a
vinyl group, a vinyloxy group, or an epoxy group; A’ repre-
sents a naphthalene-2,6-diyl group; A® represents a 1,4-phe-
nylene group or a naphthalene-2,6-diyl group; Z' represents
CO0, OCO, O, ora direct bond between A' and A or A% and
A?; nrepresents 1 or 2; and hydrogen atoms contained in A'
and A® may be substituted by halogen groups or methyl
groups.

[0032] The present invention also provides a method for
producing a liquid crystal display device comprising a pair of
substrates and a liquid crystal layer between the substrates,
the method comprising the steps of: forming an alignment
film on at least one of the substrates; and forming a photo-
polymer film on the alignment film by polymerization of a
polymerizable monomer under application of a voltage not
lower than a threshold voltage to a liquid crystal layer,
wherein the photopolymerizable monomer includes two or
more polymerizable functional groups, the polymerizable
functional groups are bonded to each other through two or
more aromatic rings, the aromatic rings include at least one
naphthalene ring, and a bond between the naphthalene ring
and another aromatic ring has a rotational degree of freedom.
The production method of the present invention is suitable for
producing a liquid crystal display utilizing formation of a
photopolymer film on an alignment film as above described.
[0033] The production method includes a step of forming a
photopolymer film on an alignment film by polymerization of
photopolymerizable monomers under application of a volt-
age not lower than a threshold voltage to aliquid crystal layer.
Therefore, the photopolymer film formed is allowed to have
an enough alignment control force to substantially reproduce,
even prior to the voltage application, the state after the voltage
application.

[0034] In addition, the photopolymerizable monomers
have two or more polymerizable functional groups and the
polymerizable functional groups are bonded to each other
through two or more aromatic rings. The aromatic rings
include at least one naphthalene ring. Accordingly, the poly-
merization reaction rate is significantly enhanced to reduce
the possibility that some monomers remain unpolymerized.
[0035] Additionally, the rotational degree of freedom of the
bond between the naphthalene ring and another aromatic ring
increases the possibility that, even after polymerization of the
polymerizable functional groups is initiated, remaining poly-
merizable functional groups are bonded with other polymer-
izable functional groups. Accordingly, it is possible to reduce
the possibility that some polymerizable functional groups
remain unpolymerized.

[0036] Such a sufficient polymerization in which polymer-
izable functional groups hardly remain unpolymerized pro-
vides a photopolymer film having a high crosslink density and
less deformation, in addition to suppressing of ex-post varia-
tion in the pre-tilt angle of the alignment film. The liquid
crystal display device obtained therefrom has a high response
speed and produces less image sticking. The production
method of the present invention provides a photopolymer film
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having such excellent properties by an exposure in a com-
paratively short time, leading to excellent productivity.

[0037] The present invention further provides a composi-
tion for a photopolymer film comprising a photopolymeriz-
able monomer, wherein the photopolymerizable monomer
comprises two or more polymerizable functional groups, the
polymerizable functional groups are bonded to each other
through two or more aromatic rings, the aromatic rings
include at least one naphthalene ring, and a bond between the
naphthalene ring and another aromatic ring has a rotational
degree of freedom.

[0038] The composition for a photopolymer film of the
present invention is suitably used as a material for the above-
described photopolymer film formed on the alignment film.
The photopolymerizable monomers have two or more poly-
merizable functional groups and the polymerizable func-
tional groups are bonded to each other through two or more
aromatic rings. The aromatic rings include at least one naph-
thalene ring. Accordingly, the polymerization reaction rate is
significantly enhanced to reduce the possibility that some
monomers remain unpolymerized. Additionally, the rota-
tional degree of freedom of the bond between the naphthalene
ring and another aromatic ring increases the possibility that,
even after polymerization of the polymerizable functional
groups is initiated, remaining polymerizable functional
groups are bonded with other polymerizable functional
groups. Accordingly, it is possible to reduce the possibility
that some polymerizable functional groups remain unpoly-
merized. Such a sufficient polymerization in which polymer-
izable functional groups hardly remain unpolymerized pro-
vides a photopolymer film having a high crosslink density and
less deformation. This reduces the possibility of the image
sticking when a photopolymer film comprising the composi-
tion for a photopolymer film of the present invention is
formed on an alignment film of'a liquid crystal display device,
for example.

[0039] The configuration of the composition for a photo-
polymer film of the present invention is not especially limited
as long as it essentially includes such components. The com-
position for a photopolymer film may or may not include
other components.

[0040] The photopolymerizable monomer is preferably a
compound represented by Formula (I):

PLAL(Z'-A?%),-P? o)

[0041] wherein P and P? are the same as or different from
each other and each represent an acrylamide group, a meth-
acrylamide group, an acrylate group, a methacrylate group, a
vinyl group, a vinyloxy group, or an epoxy group, A' repre-
sents a naphthalene-2,6-diyl group; A represents a 1,4-phe-
nylene group or a naphthalene-2,6-diyl group; Z* represents
COO, OCO, O, ora direct bond between A and A% or A% and
A?; nrepresents 1 or 2; and hydrogen atoms contained in A"
and A% may be substituted by halogen groups or methyl
groups.

[0042] The composition for a photopolymer film of the
present invention added to a liquid crystal material enables
efficient formation of a photopolymer film by polymerization
of polymerizable monomers under application of a voltage
not lower than a threshold voltage to a liquid crystal layer.
Accordingly, the present invention provides a composition
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for aliquid crystal layer which contains a liquid crystal mate-
rial as well as the composition for polymer layers.

Effect of the Invention

[0043] The present invention provides a liquid crystal dis-
play device having an accelerated response speed and pro-
ducing less image sticking, as the liquid crystal display device
has, on the alignment film, a photopolymer film comprising
photopolymerizable monomers with highly-reactive poly-
merizable functional groups.

BRIEF DESCRIPTION OF DRAWINGS

[0044] FIG. 1 is a diagram of polymers prepared using a
monomer material represented by Formula (3).

[0045] FIG. 2 is a schematic plan view of a pixel unit of an
array substrate in a liquid crystal display device of Embodi-
ment 1.

[0046] FIG. 3 is a schematic cross-sectional view illustrat-
ing the liquid crystal display device of Embodiment 1.
[0047] FIG. 4 is a schematic cross-sectional view illustrat-
ing another example of the liquid crystal display device of
Embodiment 1 and shows an embodiment of a Color Filter On
Array configuration.

[0048] FIG. 5 is a schematic plan view illustrating a pixel
constituting a display face of a liquid crystal display device of
Embodiment 2.

[0049] FIG. 6 is a schematic cross-sectional view of the
liquid crystal display device of Embodiment 2 and illustrates
a cross section taken along a line A-B in FIG. 5.

[0050] FIG. 7 is a diagram illustrating a domain where
liquid crystal molecules overlap with a rib and domains adja-
cent to the rib, and shows aligning liquid crystal molecules.
[0051] FIG. 8 is a diagram illustrating a domain where
liquid crystal molecules overlap with a rib and domains adja-
cent to the rib, and shows transmission of light.

[0052] FIG. 9 is a schematic plan view illustrating a pixel
constituting a display face of the liquid crystal display device
of Embodiment 2 before and after change in the number of
ribs.

[0053] FIG. 10 is a schematic plan view illustrating a pixel
constituting a display face of a liquid crystal display device of
Embodiment 3.

[0054] FIG. 11 is a schematic perspective view of liquid
crystal molecules, which illustrates a relation between the
photo-alignment direction and the pre-tilt direction of liquid
crystal molecules in one pixel part of a quadrisectioned pixel
in a liquid crystal display device of Embodiment 4, and shows
a state in OFF mode (black display).

[0055] FIG. 12 is a schematic perspective view of liquid
crystal molecules, which illustrates a relation between the
photo-alignment direction and the pre-tilt direction of liquid
crystal molecules in one pixel part of a quadrisectioned pixel
in the liquid crystal display device of Embodiment 4, and
shows a state in ON mode (white display).

[0056] FIG. 13 is a schematic plan view of one pixel part of
a quadrisectioned pixel in the liquid crystal display device of
Embodiment 4, seen from the counter-substrate side.

[0057] FIG. 14 is a schematic perspective view illustrating
a photo-alignment process according to the liquid crystal
display device of Embodiment 4.

[0058] FIG. 15 is a schematic plan view illustrating a for-
mation process of an alignment film in a pixel of the liquid
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crystal display device of Embodiment 4, and shows a photo-
alignment direction on the TFT substrate side.

[0059] FIG. 16 is a schematic plan view illustrating a for-
mation process of an alignment film in a pixel of the liquid
crystal display device of Embodiment 4, and shows a photo-
alignment direction on the counter substrate side.

[0060] FIG. 17 is a schematic plan view illustrating the
alignment of liquid crystal molecules in an alignment film
formed by photo-alignment in Embodiment 4, seen from a
direction vertical to the substrate face.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0061] Hereinafter, the present invention is described in
more detail by way of embodiments referring to drawings, but
the present invention is not limited only to these embodi-
ments.

Embodiment 1

[0062] In Embodiment 1, photopolymerizable monomers
used for forming a PSA film have two or more polymerizable
functional groups. The functional groups are bonded to each
other through two or more aromatic rings. The aromatic rings
include at least one naphthalene ring. The bond between the
naphthalene ring and another aromatic ring has a rotational
degree of freedom. The number of the polymerizable func-
tional groups in the photopolymerizable monomers is not
particularly limited as long as it is not less than two, and the
monomers have a configuration with the above characteristics
between any two polymerizable functional groups selected
from the entire polymerizable functional groups.

[0063] Examples of the photopolymerizable monomers
used for formation of a PSA film in Embodiment 1 include a
monomer represented by Formula (3):

[Chem. 3]
€)
@ @O R?
[0064] wherein R' and R? are the same as or different from

each other, and each represent an acrylamide group, a meth-
acrylamide group, an acrylate group, a methacrylate group, a
vinyl group, a vinyloxy group, or an epoxy group.

[0065] Inthe compound represented by Formula (3), a core
portion for bonding two polymerizable functional groups is
constituted by two naphthalene rings. Since electrons tend to
be localized in a naphthalene ring, such monomers in which
two naphthalene rings are formed between two polymeriz-
able functional groups have polymerizable functional groups
that are highly reactive among monomers, resulting in rapid
lowering of the monomer concentration by UV irradiation
and the like.

[0066] Additionally, in the compound represented by For-
mula (3), the naphthalene rings are bonded to each other
through a single bond having a high rotational degree of
freedom. FIG. 1 is a diagram of polymers formed using a
monomer material represented by Formula (3). As illustrated
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in FIG. 1, a polymer 1 is constituted by a polymer portion 2
formed by polymerization of one of the polymerizable func-
tional groups and a monomer portion 3 having an unreacted
polymerizable functional group extending from the polymer
portion 2. Among a plurality of monomer portions 3, a poly-
merizable functional group of one monomer portion 3 is
crosslinkable with a polymerizable functional group of an
adjacent monomer portion 3. The single bond of the com-
pound represented by Formula (3) has a high rotational
degree of freedom, and therefore, the polymerizable func-
tional groups are more likely to collide with each other as
illustrated in FIG. 1, that is, they have high reactivity.
[0067] If unreacted polymerizable functional groups
remain in the monomer portion 3, a back light in a common
usage after completion of the production or aging after
completion of the production may initiate the reaction among
the unreacted polymerizable functional groups. This may
vary the pre-tilt angle of a PSA film. In Embodiment 1,
however, the compound represented by Formula (1) used as a
material of a PSA film lowers the residual rate of the unre-
acted polymerizable functional groups. Accordingly, varia-
tion in the pre-tilt angle of the PSA film is less likely to occur.
Inaddition, polymers polymerized from such monomers with
high reactivity are allowed to have a high crosslink density to
have a rigid structure. Accordingly, the possibility that elastic
energy of liquid crystal molecules causes deformation is also
lowered. As a result, the possibility that the liquid crystal
display device produces image sticking is significantly low-
ered.

[0068] FIG. 2 is a schematic plan view of a pixel unit of a
TFT substrate in the liquid crystal display device of Embodi-
ment 1. As illustrated in FIG. 2, each pixel constituting the
TFT substrate in the liquid crystal display device of Embodi-
ment 1 has a substantially rectangle shape. A plurality of
pixels are arranged in a matrix or in a delta to constitute one
display face.

[0069] As illustrated in FIG. 2, the TFT substrate in the
liquid crystal display device of Embodiment 1 has: a plurality
of gate signal lines 41 running in parallel with each other and
an storage capacitor (Cs) line 43; a plurality of source signal
lines 42 running parallel with each other and across the gate
signal lines 41 and the storage capacitor line; and a thin film
transistor (TFT) 44 provided in the vicinity of each crossing
portion of the gate signal line 41 and the source signal line 42.
The TFT 44 is a three-terminal field effect transistor and has
three electrodes including a gate electrode, a source elec-
trode, and a drain electrode, in addition to a semiconductor
layer. The TFT 44 serves as a switching element for control-
ling the pixel driving.

[0070] FIG. 3 is a schematic cross-sectional view of the
liquid crystal display device of Embodiment 1. As shown in
FIG. 3, the liquid crystal display device of Embodiment 1
includes a pair of substrates (i.e. a TFT substrate 10 and a
counter substrate 20), and a liquid crystal layer 30 between
the TFT substrate 10 and the counter substrate 20.

[0071] The TFT substrate 10 includes an insulating trans-
parent substrate 11 such as a glass substrate, lines of various
types formed on the transparent substrate 11, pixel electrodes
13, TFTs and the like. The TFT substrate 10 further includes
an insulating film 12 formed on the lines of various types and
on the TFT, and the plurality of pixel electrodes 13 provided
on the insulating film 12. The pixel electrodes 13 each con-
stitute a small pixel and arranged in a matrix with a predeter-
mined spacing. The pixel electrodes 13 are connected to the
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drain electrode of the TFT through a contact hole provided in
the insulating film 12. When the potential of the gate signal
line 41 becomes not lower than a predetermined potential, the
potential of the source signal line 42 is written to the pixel
electrode through the drain electrode of the TFT.

[0072] The counter substrate 20 includes: an insulating
transparent substrate 21 such as a glass substrate; and color
filters 22, a black matrix 23, a common electrode 24 and the
like, which are formed on the transparent substrate 21. The
common electrode 24 is positioned to interpose a liquid crys-
tal layer 30 with the pixel electrodes 13 and applies a prede-
termined voltage to the liquid crystal layer 30. The common
electrode 24 is formed on the whole surface of the counter
electrode 20. The color filters 22 are each constituted by one
ofthree primary colors including a red 22R, a green 22G, and
a blue 22B, for example. One color filter 22 corresponds to
one pixel electrode 13. Color display can be controlled with
this configuration in each pixel, resulting in excellent color
display. In addition, the black matrix 23 is formed using a
black resin or metal, for example. The black matrix 23
arranged in a space between color filters prevents light leak-
age.

[0073] In the liquid crystal display device of Embodiment
1, the TFT substrate 10, the liquid crystal layer 30, and the
counter substrate 20 are stacked in this order from the back
surface to the screen side of the liquid crystal display device.
The transparent substrate 11 of the TFT substrate 10 has a
polarizing plate on its back surface. The transparent substrate
21 of the counter substrate 20 also has a polarizing plate on
the screen side. Further, retardation films may be disposed on
these polarizing plates, and these polarizing plates may be
circularly polarizing plates.

[0074] The liquid crystal display device of Embodiment 1
may be of any of a transmission type, a reflection type, and a
transflective type. In the case of a transmission or transflective
type, the liquid crystal display device of Embodiment 1 is
further provided with a backlight in addition to the above
constituents. The backlight is disposed on the back surface
side of the TFT substrate 10, so that light emitted therefrom
passes through the TFT substrate 10, the liquid crystal layer
30 and the counter substrate 20 in this order. In the case of a
reflection or transflective type, the TEFT substrate 10 is further
provided with a light reflector for reflecting external light.
The light reflector may be substituted by wirings and the like
in the TFT substrate 10. At least in a region for displaying
reflected light, the polarizing plate of the counter substrate 20
should be a circularly polarizing plate provided with a so-
called A/4 retarder.

[0075] The color filters 22 in the liquid crystal display
device of Embodiment 1 may be arranged on the TFT sub-
strate 10, instead of the counter substrate 20. Such a configu-
ration is referred to as Color Filter On Array. FIG. 4 is a
schematic cross-sectional view illustrating another example
of the liquid crystal display device of Embodiment 1 and
shows an embodiment of a Color Filter On Array configura-
tion.

[0076] In the case that the liquid crystal display device of
Embodiment 1 is a monochrome display, no color filter is
needed.

[0077] The liquid crystal layer 30 is filled with a liquid
crystal material that is to be aligned in specific directions
when a certain voltage is applied. The alignment of the liquid
crystal molecules in the liquid crystal layer 30 is controlled by
application of a voltage not lower than a predetermined volt-
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age. The control mode of the alignment is not particularly
limited, and may be the TN (Twisted Nematic) mode, VA
(Vertical alignment) mode, IPS (In-Plane Switching) mode or
the like.

[0078] An alignment film 14 is arranged on the surface of
the pixel electrodes 13 on the liquid crystal layer 30 side.
Also, an alignment film 25 is formed on the surface of the
common electrode 24 on the liquid crystal layer 30 side. In the
VA mode, these alignment films 14 and 25 are preferably
vertical alignment films. The alignment films 14 and 25 may
be formed by carrying out an alignment treatment on films
mainly comprising an organic material. The alignment treat-
ment may be rubbing, photo-alignment, and the like. Here,
the alignment films 14 and 25 are not necessarily subjected to
the alignment treatment, provided that they can align the
liquid crystal molecules in predetermined directions. Forma-
tion of the alignment films 14 and 25 provides the liquid
crystal molecules prior to the voltage application with a pre-
tilt (initial tilt) in predetermined directions.

[0079] Formation of the alignment films 14 and 25 are
described here. In the case ofthe rubbing treatment, a solution
containing an alignment film material, such as a polyimide
resin, dissolved in a solvent is applied by the printing method
or the like on the pixel electrodes 13 or the common electrode
24 where an alignment film is to be formed, and is baked at
about 200° C. so that a solvent component is evaporated. In
this manner, a foundation film is formed. Next, a roller
wrapped with a soft cloth called a rubbing cloth is rotated to
rub the foundation film in a predetermined direction. In this
manner, the alignment direction is given to the film. The
pre-tilt angle provided to the liquid crystal molecules by the
alignment film formed by rubbing can be controlled by
adjusting the rotation speed, rubbing pressure and the like.

[0080] In the case of the photo-alignment treatment,
namely, in the case of forming a photo-alignment film, a resin
material having photofunctional groups is first applied to the
surface where an alignment film is to be formed. The photo-
functional groups may be photo-coupling type, photo-degra-
dation type, or the like. Examples of the photo-coupling type
include polyimides having photosensitive groups such as
4-chalcone, 4'-chalcone, coumarine, and cinnamoyl.
Examples of the photo-degradation type include: RN 722, RN
783, RN 784 (each supplied by Nissan Chemical Industries,
Ltd,); and JALS-204 (supplied by JSR Corporation). The
resin material applied is irradiated with, for example, a pre-
determined amount of UV rays, preferably, polarized UV
rays. In this manner, the alignment direction is given. The
pre-tilt angle provided to the liquid crystal molecules by the
photo-alignment film can be controlled by adjusting the irra-
diation time, irradiation intensity, type of the photofunctional
groups, and the like.

[0081] The pre-tilt angle produced by the alignment film 14
and 25 is not particularly limited, and is preferably not
smaller than 80° in the VA mode. An alignment film produc-
ing such a pre-tilt angle is referred to as a vertical alignment
film.

[0082] In the liquid crystal display device of Embodiment
1, a PSA (photopolymer film) 15 is provided on the surface of
the alignment film 14 on the liquid crystal layer 30 side on the
pixel electrodes 13. Moreover, a photopolymer film 26 is
provided on the surface of the alignment film 14 on the liquid
crystal layer 30 side on the common electrode 24. The PSA
films 15 and 26 have a function of reinforcing the mainte-
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nance (fixation) of the pre-tilt of liquid crystal molecules
determined by the alignment films 14 and 25. The PSA films
15 and 26 may be each formed on the surfaces of the align-
ment films 14 and 25 on the liquid crystal layer 30 side by the
PSA process in which photopolymerizable monomers which
start polymerization reaction by photoirradiation in a prede-
termined amount are chain polymerized. The PSA films 15
and 26 may also be formed by the following process. Namely,
a composition for a liquid crystal layer containing photopo-
lymerizable monomers (composition for a photopolymer
film) added to/dispersed in a liquid crystal material is injected
between a pair of substrates (blank cell) including the TFT
substrate 10 and the counter substrate (color filter substrate)
20. Then, the injected composition is irradiated with light
(e.g. UV rays) from the TFT substrate 10 side having a higher
transmittance under a voltage not lower than a threshold
voltage applied to the liquid crystal layer 30. The photopoly-
merizable monomers are chain polymerized to form PSA
films. In the case of producing a liquid crystal display device
having a color filter on array configuration as illustrated in
FIG. 4, photoirradiation (e.g. UV irradiation) is preferably
carried out from the counter substrate 20 side having a higher
transmittance. The composition for a photopolymer film may
further contain a photopolymerization initiator, photosensi-
tizer, and the like.

[0083] The monomer materials, in addition to the com-
pound represented by Formula (3), usable in the liquid crystal
display device according to Embodiment 1 are listed below.

[Chem. 4]

[0084] Inthe formula, R' and R? are the same as or different
from each other and each represent an acrylamide group, a
methacrylamide group, an acrylate group, a methacrylate
group, a vinyl group, a vinyloxy group, or an epoxy group.
[0085] Inthe compound represented by Formula (4), a core
portion connecting two polymerizable functional groups is
constituted by a naphthalene ring and a benzene ring. Since
electrons tend to be localized in the naphthalene ring, at least
one polymerizable functional group is highly reactive. When
one of'the polymerizable functional groups reacts quickly, the
degree of freedom of the other functional group is lowered.
Therefore, after one of the polymerizable functional groups
starts reacting, the other ring is not necessarily a naphthalene
ring and may be a benzene ring.

[0086] In the compound represented by Formula (4), a
naphthalene ring and a benzene ring are bonded to each other
through a single bond having a high rotational degree of
freedom. Therefore, polymerizable functional groups in
monomer portions of polymers in a PSA film to be formed
easily collide with other polymerizable functional groups,
and are highly reactive.

Q)
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[0087] Intheformula, R' and R?are the same as or different

from each other and each represent an acrylamide group, a
methacrylamide group, an acrylate group, a methacrylate
group, a vinyl group, a vinyloxy group, or an epoxy group.
[0088] Inthecompound represented by Formula (5), a core
portion connecting two polymerizable functional groups is
constituted by a naphthalene ring and a biphenyl group. Since
electrons tend to be localized in the naphthalene ring, at least
one polymerizable functional group is highly reactive. When
one ofthe polymerizable functional groups reacts quickly, the
degree of freedom of the other functional group is lowered.
Therefore, after one of the polymerizable functional groups
starts reacting, the other ring is not necessarily a naphthalene
ring and may be a biphenyl group.

[0089] Additionally, in the compound represented by For-
mula (5), the naphthalene ring and the biphenyl group are
bonded to each other through a single bond having a high
rotational degree of freedom. Further, the biphenyl group
itself has a high rotational degree of freedom because of its
structure in which two benzene rings are bonded to each other
through a single bond. Accordingly, polymerizable functional
groups in monomer portions of polymers of a PSA film to be
formed easily collide with other polymerizable functional
groups, and are highly reactive.

[Chem. 6]
6
[0090] Inthe formula, R* and R are the same as or different

from each other and each represent an acrylamide group, a
methacrylamide group, an acrylate group, a methacrylate
group, a vinyl group, a vinyloxy group, or an epoxy group.
[0091] Inthecompound represented by Formula (6), a core
portion connecting two polymerizable functional groups is
constituted by two naphthalene rings. Since electrons tend to
be localized in a naphthalene ring, such monomers in which
two naphthalene rings are formed between two polymeriz-
able functional groups have polymerizable functional groups
that are highly reactive among monomers, resulting in rapid
lowering of the monomer concentration by UV irradiation
and the like.

[0092] Inthe compound represented by Formula (6), naph-
thalene rings are bonded to each other through an ether bond
having a high rotational degree of freedom, namely two single
bonds interposing an oxygen atom. Causing less bending, the
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oxygen bond exerts a substantially same effect as the single
bond from the standpoint of the rotational degree of freedom.
Therefore, polymerizable functional groups in monomer por-
tions of polymers of a PSA film to be formed easily collide
with other polymerizable functional groups, and are highly
reactive.

[Chem. 7]

; @@ )

[0093] wherein R* and R? are the same as or different from
each other and each represent an acrylamide group, a meth-
acrylamide group, an acrylate group, a methacrylate group, a
vinyl group, a vinyloxy group, or an epoxy group.

[0094] Inthe compound represented by Formula (7), a core
portion connecting two polymerizable functional groups is
constituted by a naphthalene ring and a benzene ring. Since
electrons tend to be localized in the naphthalene ring, at least
one polymerizable functional group is highly reactive. When
one of the polymerizable functional groups reacts quickly, the
degree of freedom of the other functional group is lowered.
Therefore, after one of the polymerizable functional groups
starts reacting, the other ring is not necessarily a naphthalene
ring, and may be a benzene ring.

[0095] In the compound represented by Formula (7), the
naphthalene ring and the benzene ring are bonded to each
other through an ether bond having a high rotational degree of
freedom. Accordingly, polymerizable functional groups in
monomer portions of polymers in a PSA film to be formed
easily collide with other polymerizable functional groups,
and are highly reactive.

)

[Chem. 8]
®
[0096] Inthe formula, R' and R? are the same as or different

from each other and each represent an acrylamide group, a
methacrylamide group, an acrylate group, a methacrylate
group, a vinyl group, a vinyloxy group, or an epoxy group.
[0097] Inthe compound represented by Formula (8), a core
portion connecting two polymerizable functional groups is
constituted by a naphthalene ring and a benzene ring. Since
electrons tends to be localized in the naphthalene ring, at least
one polymerizable functional group is highly reactive. When
one of'the polymerizable functional groups reacts quickly, the
degree of freedom of the other functional group is lowered.
Therefore, after one of the polymerizable functional groups
starts reacting, the other ring is not necessarily a naphthalene
ring and may be a biphenyl group.

[0098] Additionally, in the compound represented by For-
mula (8), the naphthalene ring and the biphenyl group are
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bonded to each other through a single bond having a high
rotational degree of freedom. Further, the biphenyl group
itself has a high rotational degree of freedom because of its
structure in which benzene rings are bonded to each other
through an ether bond. Accordingly, polymerizable func-
tional groups in monomer portions of polymers in a PSA film
to be formed easily collide with other polymerizable func-
tional groups, and are highly reactive.

[0099] The compounds represented by Formulae (4) to (8),
as well as the compound represented by Formula (3), lowers
the residual rate of the unreacted polymerizable functional
groups. Accordingly, variation in the pre-tilt angle of the PSA
film is less likely to occur. In addition, polymers polymerized
from such monomers with high reactivity are allowed to have
a high cross link density to have a more rigid structure.
Accordingly, the possibility that elastic energy of liquid crys-
tal molecules causes deformation is also lowered. As a result,
the possibility that the liquid crystal display device produces
image sticking is significantly lowered.

[0100] Amongthe compounds represented by Formulae (3)
to (8), compounds represented by Formulae (3) and (8) hav-
ing a plurality of naphthalene rings are particularly prefer-
able. Having initial polymerization reaction more easily ini-
tiated, such compounds are highly reactive.

[0101] Specific examples of the liquid crystal material of
the liquid crystal layer include liquid crystal molecules (nem-
atic liquid crystal) having a negative (-0.2 to —10) dielectric
anisotropy Ae. The value of An of the liquid crystal material is
preferably 0.02 to 0.3.

[0102] The proportion of the photopolymerizable mono-
mers in the composition for a liquid crystal layer is not par-
ticularly limited, and is preferably 0.01% to 10% by weight,
and more preferably 0.1% to 1.5% by weight. The composi-
tion for a liquid crystal layer may be added with a polymer-
ization initiator. As the polymerization initiator, for example,
Irgacure 651 (product of Ciba Specialty Chemicals Inc.) or
Irgacure 184 (product of Ciba Specialty Chemicals Inc.) may
be used. With regard to the concentration of the polymeriza-
tion initiator, 0.2% to 10% by weight of the polymerization
initiator for photopolymerizable monomers accelerates the
polymerization rate.

[0103] One example of the PSA process includes the steps
of preparing a composition for a liquid crystal layer contain-
ing a liquid crystal material introduced with 0.6% by weight
of the photopolymerizable monomers, injecting the com-
pound for a liquid crystal layer into a blank panel, and con-
ducting irradiation with black light (UV rays having a peak
wavelength in a range of 300 to 350 nm) for 5 minutes or
longer to polymerize the monomers.

Embodiment 2

[0104] FIG. 5 is a schematic plan view illustrating a pixel
constituting a display face of a liquid crystal display device of
Embodiment 2. As illustrated in FIG. 5, each pixel constitut-
ing the display face of the liquid crystal display device of
Embodiment 2 has a substantially rectangle shape. A plurality
ofpixels are arranged in a matrix or in a delta to constitute one
display face. The liquid crystal display device of Embodiment
2 is different from the liquid crystal display device of
Embodiment 1 in that the device is provided with alignment
control structures such as protrusions (ribs) including dielec-
trics formed on the common electrode and slits in the pixel
electrode, that is, in the MVA mode. Except for this point, the
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liquid crystal display device of Embodiment 2 is similar to the
liquid crystal display device of Embodiment 1.

[0105] As illustrated in FIG. 5, a counter substrate 20 in
Embodiment 2 is provided with a plurality of ribs 45 for
aligning liquid crystal molecules 50 in a predetermined direc-
tion. The ribs 45 are made of an insulating organic resin and
are capable of aligning adjacent liquid crystal molecules
towards the ribs. Each rib 45 seen from the screen side has a
linear shape and the plurality of ribs 45 are formed to overlap
with pixel electrodes 13. More specifically, the ribs 45 in
Embodiment 1 are arranged in a direction forming an angle of
about 45° or 135° with each side of the pixel electrodes 13.
One of the plurality of ribs 45 has a bent portion to have a V
shape in each pixel. The ribs 45 in Embodiment 2 may partly
have branch portions. Moreover, the ribs 45 may be formed in
parallel with or vertically to each side. Accordingly, each rib
45 in Embodiment 2 has a straight line shape, U-shape,
V-shape, W-shape, or a combinational shape of these, when
seen from the screen side.

[0106] Asillustrated in FIG. 5, the pixel electrodes 13 in an
array substrate 10 of Embodiment 2 has a plurality of slits 46
for aligning liquid crystal molecules 50 in a predetermined
direction. The slits seen from the screen side have a linear
shape and formed in parallel with the rib 45 at a constant
interval with the adjacent rib 45. At least one of the plurality
of'slits 46 has a bent portion to have a V-shape in each pixel.
Each slit 46 also has a straight line shape, U-shape, V-shape,
W-shape, or a combinational shape of these, when seen from
the screen side. The width of the rib and the slit is, for
example, 5 to 20 um.

[0107] FIG. 6 is a schematic cross-sectional view of the
liquid crystal display device of Embodiment 2 and illustrates
a cross section taken along a line A-B in FIG. 5. As illustrated
in FIG. 6, the counter substrate 20 has a glass substrate 21; a
resin layer 30 including a color filter, black matrix, and the
like; a common substrate 24, and the ribs 45 stacked in this
order towards the liquid crystal layer 3.

[0108] The ribs 45 are made of an insulating organic resin
and are capable of aligning the adjacent liquid crystal mol-
ecules towards the ribs 45. The ribs 45 in Embodiment 2 have
a cone shape projecting towards the liquid crystal layer 30.
The cross-section thereof'is a triangular shape here. The ribs
may have any shape such as a pillar shape and a gabled arch,
provided that the rib 45 is projecting towards the liquid crystal
layer 30. The cross-sectional shape may also be rectangle,
trapezium, parabolic arch and the like.

[0109] As illustrated in FIG. 6, the TFT substrate 10 is
provided with a glass substrate 11, a storage capacitor line 43,
an insulating film 12, and pixel electrodes 13 stacked in this
order towards the liquid crystal layer 30. The pixel electrodes
13 in Embodiment 2 have slits 46.

[0110] The liquid crystal material constituting a liquid
crystal layer between the TFT substrate 10 and the counter
substrate 20 is a material having a negative dielectric anisot-
ropy. The liquid crystal material tilts in a substantially vertical
direction to the TFT substrate 10 and the counter substrate 20
under application of a voltage not lower than a threshold
voltage. In accordance with the voltage applied, the liquid
crystal material tilts in a direction parallel with the TFT
substrate 10 and the counter substrate 20. It is to be noted that
liquid crystal molecules 50 in the liquid crystal layer 30 tilt in
a direction vertical to the extending direction of the ribs 45
and the slits 46. Therefore, formation of the ribs 45 and the
slits 46 in an oblique direction to the sides of the pixel elec-
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trodes 15 realizes wide view angle. The mode of the liquid
crystal display device of Embodiment 2 is referred to as MVA
mode.

[0111] The liquid crystal display device of Embodiment 2
has the ribs 45 and the slits 46 as described above. Here, the
liquid crystal molecules 50 may not be uniformly aligned in
some domains because of an influence of the ribs 45 and the
slits 46. FIGS. 7 and 8 are diagrams each illustrating a domain
where liquid crystal molecules overlap with arib and domains
adjacent to the rib. FIG. 7 shows aligning liquid crystal mol-
ecules and FIG. 8 shows transmission of light. The arrows in
FIG. 7 indicate directions of the polarization axis. One of the
arrows is the polarization axis of the polarization plate on the
TFT substrate 10 and the other is the polarization axis of the
polarization plate on the counter substrate 20. Namely, the
polarization axes of the two polarization plates are orthogonal
to each other in the liquid crystal display device of Embodi-
ment 2. As illustrated in FIG. 7, the liquid crystal molecules
positioned in a domain where the rib 45 and the slit 46 are
overlap to each other are aligned in the same direction as the
longitudinal direction of the rib 45 or the slit 46. The liquid
crystal molecules positioned in a domain adjacent to the rib
45 or the slit 46 are aligned in an oblique direction forming an
angle of about 45° or about 135° with the longitudinal direc-
tion of the rib 45 or the slit 46. Then, as illustrated in FIG. 8,
the light passing through the liquid crystal molecules posi-
tioned in the domain adjacent to the rib 45 or the slit 46 cannot
pass through the polarization plate. Accordingly, the frame of
the rib 45 or the slit 46 is recognized as a dark line to lower the
transmittance.

[0112] To solve this problem, it may be considered to set a
wider space between the rib 45 and the slit 46 to increase the
transmittance. In such a case, however, the alignment of the
liquid crystal molecules positioned between the rib 45 and the
slit 46 is not determined prior to the voltage application, and
therefore, the response speed may be lowered due to the
alignment defect upon the voltage application.

[0113] In contrast, in the liquid crystal display device of
Embodiment 2, a liquid crystal material containing the pho-
topolymerizable monomers similar to those in Embodiment 1
is injected and photoirradiation is conducted under applica-
tion of a voltage not lower than a threshold voltage to poly-
merize the photopolymerizable monomers. In this manner a
PSA film is formed. This determines the alignment of the
liquid crystal molecules between the rib 45 and the slit 46.
Accordingly, even with a wider space between the rib 45 and
the slit 46, the alignment defect upon the voltage application
does not occur so that the response speed is not lowered.
Specifically, as illustrated in FIG. 9, the number of the ribs 45
and the slits 46 can be halved in the case where a PSA film is
formed (shown to the right) compared to the case where a
PSA film is not formed (shown to the left). FIG. 9 is a sche-
matic plan view illustrating a pixel constituting a display face
of the liquid crystal display device of Embodiment 2 before
and after a change in the number of ribs.

[0114] According to the liquid crystal display device of
Embodiment 2, it is possible to enhance the transmittance
without lowering the response speed, as well as achieving a
wide view angle based on the ribs 45 and the slits 46. There-
fore, the present invention is particularly suitable to be used in
the MVA mode.

Embodiment 3

[0115] FIG. 10 is a schematic plan view illustrating a pixel
constituting a display face of a liquid crystal display device of
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Embodiment 3. As illustrated in FIG. 10, pixels constituting
the display face of the liquid crystal display device of
Embodiment 3 each have a substantially rectangle shape and
are positioned in a matrix or in a delta to form one display
face. The liquid crystal display device of Embodiment 3 is
different from the liquid crystal display device of Embodi-
ment 1 in that it is of the VA-mode in which fine slits 46 are
formed as alignment control structures in a pixel electrode 13.
Except for this, the liquid crystal display device according to
Embodiment 3 is similar to the liquid crystal display device of
Embodiment 1.

[0116] Asillustratedin FIG. 10, in Embodiment 3, the pixel
electrode 13 if formed by being finely hollowed. The pixel
electrode 13 is constituted by a cross-shaped core portion 13a
dividing the pixel into four domains and a plurality of branch
portions 135 extending from the sides of the core portion 13a
outwardly and obliquely. From the standpoint of improving
the view angle, the branch portions 135 positioned in the four
domains extend in different directions from domain to
domain. Specifically, when the cross-shaped core portion 13a
extends in directions forming angles of 0°, 90°, 180°, and
270°, the four domains include a domain where the branch
portions 135 extending in a direction at an angle of 45°, a
domain where the branch portions 135 extending in a direc-
tion at an angle of 135°, a domain where the branch portions
135 extending in a direction at an angle 0f 225°, and a domain
where the branch portions 135 extending in a direction at an
angle of 315°.

[0117] The width of each branch portion 135 is narrower
than that of the core portion 13a. By setting the width of each
branch portion 135 and the space between the branch portions
134 sufficiently narrow, the liquid crystal molecules can tilt in
a direction parallel to the branch portions 135 upon the volt-
age application. The electrode width of each branch portion
135 and the space between the branch portions 135 are 1 to 10
um, and preferably 2 to 7 pum. Here, with regard to the cross-
shaped pixel electrode 13 constituting the core portion 134,
the relationship between the width of the side extending in the
lengthwise direction and the width of the side extending in the
crosswise direction are not particularly limited, and the width
may be the same as or different from each other.

[0118] Ifthe voltage is applied in this state, the liquid crys-
tal molecules on the branch portions 134 can tilt in two
directions along the extending direction of the branch por-
tions 135. Then, the alignment defect may occur. The liquid
crystal molecules finally tilt in a direction towards the center
of the pixel electrode and stabilized in that state. However,
this takes some time. To solve this problem, a liquid crystal
material containing photopolymerizable monomers similar
to that used in Embodiment 1 is injected and the photopoly-
merizable monomers are polymerized by UV irradiation and
the like under application of a voltage not lower than a thresh-
old voltage. Then, the alignment direction of the liquid crystal
molecules is determined similarly to that in the state after
application of a voltage not lower than a threshold voltage,
even prior to the voltage application. When the voltage not
lower than a threshold voltage is applied, the liquid crystal
molecules are aligned in a predetermined direction without
producing an alignment defect. According to Embodiment 3,
ribs and slits used in Embodiment 2 are not needed and the
entire branch portions 135 contribute to the light transmis-
sion. Accordingly, the liquid crystal display device of
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Embodiment 3 is allowed to have higher transmittance com-
pared to the liquid crystal display device of Embodiment 2.

Embodiment 4

[0119] A liquid crystal display device of Embodiment 4 is
different from the liquid crystal display device of Embodi-
ment 1 in that it is of the RTN (Reverse Twisted Nematic)
mode in which the alignment direction is orthogonal between
the TFT substrate and the counter substrate and of a type in
which each pixel is divided into four domains (4D-RTN).
Except for these, the liquid crystal display device of Embodi-
ment 4 is similar to the liquid crystal display device of
Embodiment 1.

[0120] FIGS. 11 and 12 are schematic perspective views of
liquid crystal molecules, which illustrate a relation between
the photo-alignment direction and the pre-tilt direction of
liquid crystal molecules in one pixel part of a quadrisectioned
pixel in a liquid crystal display device of Embodiment 4. FIG.
11 shows a state in OFF mode (black display) and FIG. 12
shows a state in ON mode (white display). As illustrated in
FIGS. 11 and 12, the liquid crystal display of Embodiment 4
has a pair of substrates including a TFT substrate 10 and a
counter substrate 20, and a liquid crystal material containing
liquid crystal molecules 50 injected between the pair of sub-
strates. On the surface of the pair of substrates, vertical align-
ment films are formed. On the surface of the vertical align-
ment films, PSA films are formed. As illustrated in FIG. 11,
the liquid crystal molecules 50 are aligned in a substantially
vertical (85° to 89.9°) direction to the faces of the TFT sub-
strate 10 and the counter substrate 20 when the voltage is OFF
(state where a voltage lower than a threshold voltage is
applied). As illustrated in FIG. 12, the liquid crystal mol-
ecules 50 are aligned in a horizontal direction in accordance
with the voltage applied, except for the liquid crystal mol-
ecules 50 adjacent to the faces of the TFT substrate 10 and the
counter substrate 20, when the voltage is ON (state where a
voltage not lower than a threshold voltage is applied). Both
the TFT substrate 10 and the counter substrate 20 have a
vertical alignment film and a PSA film on the surfaces on the
liquid crystal layer 30 side. The black arrows in the TFT
substrate 10 and the counter substrate 20 in FIGS. 11 and 12
each indicate the tilt direction of the liquid crystal molecules
50. The direction is also a rubbing direction or a photo-
alignment direction (photoirradiation direction). As illus-
trated in FIGS. 11 and 12, in the liquid crystal display device
of Embodiment 4, the rubbing direction or photo-alignment
direction is different between the TFT substrate 10 and the
counter substrate 20. The two directions are orthogonal to
each other. Namely, in Embodiment 4, two-domain treatment
is conducted to the pixels in the TFT substrate 10 and pixels
in the counter substrate 20 so that they are antiparallel with
each other. Therefore, respective pixels overlapped to each
other provides a RTN structure in which the overlapped pixels
are each divided into four domains having different charac-
teristics from each other.

[0121] FIG. 13 is a schematic plan view of one pixel part of
a quadrisectioned pixel in the liquid crystal display device of
Embodiment 4, seen from the counter-substrate side. This
indicates that the liquid crystal molecule 50 is twisted from
the counter substrate 20 side towards the TFT substrate 10
side. The rubbing direction or the photo-alignment direction
is orthogonal between the TFT substrate 10 and the counter
substrate 20. Therefore, the liquid crystal molecules 50 in one
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domain has a structure in which they are twisted at about 90°
as a whole, as illustrated in FIG. 13.

[0122] FIG. 14 is a schematic perspective view illustrating
a photo-alignment process according to the liquid crystal
display device of Embodiment 4. The alignment film in the
liquid crystal display device of Embodiment 4 is made of a
resin material having photoreactive functional groups. The
alignment provided by photoalignment can be controlled by
adjusting the irradiation angle, irradiation intensity, and the
like. Therefore, use of a resin material having photoreactive
functional groups allows easy configuration of the 4D-RTN
(Reversal Twisted Nematic) embodiment in which four dif-
ferent alignment directions are determined in one pixel as in
the present embodiment.

[0123] A foundation filmis irradiated with UV rays (hollow
arrow in FIG. 14) polarized in parallel with the incidence face
from the direction at an angle of 40° to 50° inclined from the
direction perpendicular to the substrate face. Then, the foun-
dation film can be provided with the alignment property tilt-
ing the liquid crystal molecules in the same direction as the
UV irradiation direction. Here, the inclination of the longitu-
dinal axis of the liquid crystal molecules is the inclination of
the liquid crystal molecules prior to the application of a volt-
age not lower than a threshold voltage, namely, the pre-tilt
angle. Exposure may be one-shot exposure or scanning expo-
sure. With regard to the exposure, the substrate and the light
source may be fixed while irradiation is carried out, or alter-
natively, UV scanning may be conducted while irradiation is
carried out. The dotted arrow in FIG. 14 indicates the scan-
ning direction of UV rays.

[0124] In Embodiment 4, such exposure is carried out on
the TFT substrate 10 side and on the counter substrate 20 side
so that each pixel is quadrisectioned. In this manner, 4D-RTN
is realized.

[0125] FIGS. 15 and 16 are schematic plan views each
illustrating a formation process of an alignment film in a pixel
of'the liquid crystal display device of Embodiment 4. FIG. 15
shows a photo-alignment direction on the TFT substrate side.
FIG. 16 shows a photo-alignment direction on the counter
substrate side.

[0126] Asillustrated in FIG. 15, photo-alignment treatment
is conducted to the surface on the TFT substrate side so as to
bisection a rectangle pixel in the longitudinal direction (ver-
tical direction) and to set the photo-alignment directions in
the divided domains to be opposite to each other. Further, as
illustrated in FIG. 16, photo-alignment treatment is con-
ducted to the surface on the counter substrate side so as to
bisection a rectangle pixel in the direction of a short side
(crosswise direction) and to set the photo-alignment direc-
tions in the divided domains to be opposite to each other.
[0127] Such a photo-alignment treatment (exposure pro-
cess) can be carried out by the following steps. First, a pho-
tomask having a light shielding portion covering a left/right
halfofthe pixel in the liquid crystal display device is prepared
and positioned to shade the left/right half of the pixel. An
exposure is performed by longitudinally and unidirectionally
irradiating the half domain not covered by a light shielding
portion with polarized UV light from the direction at an angle
0f'40° to 50° inclined from the direction perpendicular to the
substrate face. Next, the photomask is slid to the left or right
to cover the exposed domain with the light shielding portion.
The unexposed domain is then unidirectionally exposed in the
opposite way. In this manner, the counter substrate is made to
have striped domains each longitudinally halving a pixel. In
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the adjacent two domains, the direction of the liquid crystal
pre-tilt is against to each other.

[0128] Next, a photomask having a light shielding portion
covering a top/bottom half of the pixel in the liquid crystal
display device is prepared and positioned to shade the top/
bottom half of the pixel. An exposure is performed by cross-
wisely and unidirectionally irradiating the half domain not
covered by a light shielding portion with polarized UV light
from the direction at an angle of 40° to 50° inclined from the
direction perpendicular to the substrate face. Next, the pho-
tomask is slid to the top or bottom to cover the exposed
domain with the light shielding portion. The unexposed
domain is then unidirectionally exposed in the opposite way.
In this manner, the counter substrate is made to have striped
domains each crosswisely halving a pixel. In the adjacent two
domains, the direction of the liquid crystal pre-tilt is against to
each other.

[0129] FIG. 17 is a schematic plan view illustrating the
alignment of liquid crystal molecules in an alignment film
formed by photoalignment in Embodiment 4, seen from a
direction vertical to the substrate face. The liquid crystal
molecules 50 in FIG. 17 indicate liquid crystal molecules
positioned in the center portion in a thickness direction of the
liquid crystal layer. When an AC voltage not lower than a
threshold voltage is applied between the TFT substrate and
the counter substrate, liquid crystal molecules have a 90°
twisted structure when seen from the direction vertical to the
substrate surface. In addition, as illustrated in FIG. 17, liquid
crystal molecules positioned in the vicinity of the center in a
thickness direction of the liquid crystal layer are aligned in
four directions in four domains (i to iv in FIG. 17). As a result,
four domains having different alignment states are formed in
each pixel.

[0130] The present inventors actually applied a material
having photoreactive functional groups to a substrate and
irradiated the applied material with 50 mJ/cm? of P-polarized
UV rays having a center wavelength of 330 nm from the 40°
oblique direction. Then, a photo-alignment film having a
pre-tilt alignment of about 88° was formed. In addition, a
material for a liquid crystal layer containing a compound
represented by Formula (3) was injected between a pair of
substrates each having a thus formed photo-alignment film
and the substrates were bonded to each other. Then, mono-
mers were polymerized by UV irradiation to a liquid crystal
panel without voltage application. As a result a photo-align-
ment film was formed which has a photopolymer film on its
surface and has a pre-tilt alignment of about 88.2°.

[0131] Though excellent in improving the view angle,
4D-RTN requires precise pre-tilt control. Here, in accordance
with the liquid crystal display device of Embodiment 4, the
PSA film formed on the alignment film provides stable pre-
tilt. Therefore, the liquid crystal display is allowed to have a
wide view angle, as well as sufficient alignment stability, even
with 4D-RTN.

[0132] The position of ribs or slits in the MVA mode more
or less causes lowering of the transmittance. Liquid crystal
molecules positioned in the vicinity of the ribs are aligned
vertically to the inclined face when the voltage is not applied.
Accordingly, the liquid crystal molecules are not vertical to
the substrate face and may cause light leakage. Moreover, it
may be considered to use narrower fine slits branched from
the slits. However, precise control thereof is difficult and
variation in width of the fine slits may vary the transmittance
to cause unevenness of luminance.
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[0133] The photo-alignment film is suitably used for pixel
electrodes having a simple shape such as rectangles because
the tilt direction of liquid crystal molecules can be determined
without ribs or slits. Accordingly, a photo-alignment film
having well-balanced alignment can be obtained. Absence of
ribs or slits enhances the transmittance compared to that in the
MVA mode. In addition, absence of ribs reduces light leakage
and enhances the contrast in display.

[0134] The art utilizing photo-alignment films has been
conventionally considered. However, practical applications
thereof have been difficult because of image sticking caused
by a large residual DC voltage or an unstable pre-tilt angle.
According to the present invention, however, the image stick-
ing is significantly reduced even with photo-alignment films.
Further, advantages of photo-alignment films, namely, high
contrast and high transmittance, are realized.

[0135] The present inventors studied to find out that in the
liquid crystal display device of Embodiment 4, the transmit-
tance is improved by about 20% and the contrast ratio is
roughly doubled compared with that of a conventional MVA
liquid crystal display.

[0136] The layer structures of the alignment film and the
PSA film (photopolymer film), components of monomers for
PSA films (photopolymerizable monomers) present in the
photopolymer film, photopolymerizable functional groups in
the alignment film, and the like can be determined by analyz-
ing the surface of the alignment films of the disassembled
liquid crystal display devices of Embodiments 1 to 4 by SEM
(Scanning Electron Microscope), TEM (Transmission Elec-
tron Microscope), TOF-SIMS (Time-of-Flight Secondary
Ion Mass Spectrometry).

[0137] Hereinafter, synthesis examples actually carried out
to obtain monomers to be used for forming PSA films of the
liquid crystal display devices of Embodiments 1 to 4.

SYNTHESIS EXAMPLE 1

[0138] The following example is an exemplary synthesis of
photopolymerizable monomers having binaphthalene. First,
a benzene solution (5 mL) containing 0.5 g (5 mM) of meth-
acrylic acid chloride represented by Formula (10) is dripped
to a benzene solution (20 mL) containing 0.7 g (2.5 mM) of
(2,2"binaphthalenyl-7,7'-diol represented by Formula (9)
and 1 g (10 mM) of triethylamine, at room temperature under
nitrogen atmosphere. Then, a reaction was allowed to proceed
for two hours at room temperature. After completion of the
reaction, impurities were extracted with water. The resulting
solution was purified by column chromatography (toluene/
ethylacetate (4/1)). As a result, 0.81 g (yield rate 77%) of a
target compound (monomers) represented by Formula (11)
was obtained.

[Chem. 9]

OH
HO

©®
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SYNTHESIS EXAMPLE 2
[0139] The following example is an exemplary synthesis of

photopolymerizable monomers having a naphthalene skel-
eton. First, an acetone solution (5 mL) containing 0.5 g (5
mM) of 2,6-dihydroxynaphthalene represented by Formula
(13) is dripped to an acetone solution (20 mL) containing 1.2
g (5 mM) of 6-bromo-2-naphthol represented by Formula
(12) and 1.3 g (10 mM) of potassium carbonate, at room
temperature under nitrogen atmosphere. Then, a reaction was
allowed to proceed for two hours at room temperature. After
completion of the reaction, impurities were extracted with
water. The resulting solution was purified by column chro-
matography (toluene/ethylacetate (4/1)). As a result, 1.31 g
(vield rate 87%) of a target compound (monomers) repre-
sented by Formula (14) was obtained.

SO0
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SYNTHESIS EXAMPLE 3

[Chem. 10]

OH

[0140] The following example is an exemplary synthesis of
another type of photopolymerizable monomers using the
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photopolymerizable monomers obtained in Synthesis
Example 2. First, a benzene solution (5 mL) containing 0.5 g
(5§ mM) of methacrylic acid chloride represented by Formula
(10) is dripped to a benzene solution (20 mL) containing 0.75
g (2.5 mM) of a compound containing diol groups repre-
sented by Formula (16) and 1 g (10 mM) of tri-methylamine,
atroom temperature under nitrogen atmosphere. Then, a reac-
tion was allowed to proceed for two hours at room tempera-
ture. After completion of the reaction, impurities were
extracted with water. The resulting solution was purified by
column chromatography (toluene/ethylacetate (4/1)). As a
result, 0.78 g (yield rate 71%) of a target compound (mono-
mers) represented by Formula (15) was obtained.

Q0
JOO

(14)
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[0141] The present application claims priority to Patent
Application No. 2009-093756 filed in Japan on Apr. 8, 2009
under the Paris Convention and provisions of national law in
a designated State, the entire contents of which are hereby
incorporated by reference.

EXPLANATION OF NUMERALS AND
SYMBOLS

[0142] 1. Polymer of PSA film
[0143] 2. Polymer portion
[0144] 3. Monomer portion
[0145] 10. TFT substrate

[0146] 11. Transparent substrate
[0147] 12. Insulating film
[0148] 13. Pixel electrode
[0149] 13a. Core portion
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[0150] 134. Branch portion

[0151] 14. Alignment film

[0152] 15. PSA film (Photopolymer film)
[0153] 20. Counter substrate

[0154] 21. Transparent substrate
[0155] 22. Color filter

[0156] 22R. Color filter (Red)

[0157] 22G. Color filter (Green)
[0158] 22B. Color filter (Blue)

[0159] 23. Black matrix

[0160] 24.Common electrode

[0161] 25. Alignment film

[0162] 26. PSA film (Photopolymer film)
[0163] 27.Resin layer

[0164] 30. Liquid crystal layer

[0165] 41. Gate wiring

[0166] 42. Source wiring

[0167] 43. Storage capacitor (CS) line
[0168] 44. TFT

[0169] 45.Rib

[0170] 4e6. Slit

[0171] 50. Liquid crystal molecules

1. A liquid crystal display device comprising:

a pair of substrates; and

a liquid crystal layer between the substrates,

wherein at least one of the substrates comprises an align-
ment film and a photopolymer film on the alignment
film,

the photopolymer film comprises polymers constituted by
a photopolymerizable monomer,

the photopolymerizable monomer includes two or more
polymerizable functional groups,

the polymerizable functional groups are bonded to each
other through two or more aromatic rings,

the aromatic rings include at least one naphthalene ring,
and

abond between the naphthalene ring and another aromatic
ring has a rotational degree of freedom.

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

wherein the substrates each comprise an electrode, and

the photopolymer film is formed by chain polymerization
of the polymerizable monomer under application of a
voltage not lower than a threshold voltage to a liquid
crystal layer via the electrode.

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

wherein the electrode on one of the substrates is a pixel
electrode, and

the pixel electrode is constituted by a cross-shaped core
portion dividing a pixel into four domains and a plurality
of branch portions extending from the both sides of the
core portion outwardly and obliquely.

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

wherein the alignment film is constituted by a material
including a compound including a photoreactive func-
tional group.

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

wherein the photopolymerizable monomer is a compound

represented by Formula (I):
PLAL(Z!-A?)-P? D

wherein P' and P? are the same as or different from each
other and each represent an acrylamide group, a meth-

14
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acrylamide group, an acrylate group, a methacrylate
group, a vinyl group, a vinyloxy group, or an epoxy
group; A represents a naphthalene-2,6-diyl group; A*
represents a 1,4-phenylene group or a naphthalene-2,6-
diyl group; Z' represents COO, OCO, O, or a direct bond
between A' and A or A2 and A%; nrepresents 1 or 2; and
hydrogen atoms contained in A' and A% may be substi-
tuted by halogen groups or methyl groups.

6. A method for producing a liquid crystal display device
comprising a pair of substrates and a liquid crystal layer
between the substrates, the method comprising the steps of:

forming an alignment film on at least one of the substrates;

and

forming a photopolymer film on the alignment film by

chain polymerization of a polymerizable monomer
under application of a voltage not lower than a threshold
voltage to a liquid crystal layer,

wherein the photopolymerizable monomer includes two or

more polymerizable functional groups,

the polymerizable functional groups are bonded to each

other through two or more aromatic rings,

the aromatic rings include at least one naphthalene ring,

and

a bond between the naphthalene ring and another aromatic

ring has a rotational degree of freedom.

7. The method for producing a liquid crystal display
device,

wherein the step of forming an alignment film comprises a

step of performing an aligning treatment by photoirra-
diation.

8. A composition for a photopolymer film comprising a
photopolymerizable monomer,

wherein the photopolymerizable monomer comprises two

or more polymerizable functional groups,

the polymerizable functional groups are bonded to each

other through two or more aromatic rings,

the aromatic rings include at least one naphthalene ring,

and

a bond between the naphthalene ring and another aromatic

ring has a rotational degree of freedom.

9. The composition for a photopolymer film according to
claim 8,

wherein the photopolymerizable monomer is a compound

represented by Formula (I):

PLAL(Z'-A2), -P? o)

wherein P* and P? are the same as or different from each
other and each represent an acrylamide group, a meth-
acrylamide group, an acrylate group, a methacrylate
group, a vinyl group, a vinyloxy group, or an epoxy
group, A' represents a naphthalene-2,6-diyl group; A*
represents a 1,4-phenylene group or a naphthalene-2,6-
diyl group; Z' represents COO, OCO, O, ora direct bond
between A' and A or AZ and A%; n represents 1 or 2; and
hydrogen atoms contained in A' and A% may be substi-
tuted by halogen groups or methyl groups.
10. A composition for a liquid crystal layer, comprising the
composition for forming a photopolymer film according to
claim 8 and a liquid crystal material.

* * #* ok %
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