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The present invention provides a liquid crystal display device
capable of reducing image sticking phenomena and of main-
taining the voltage holding ratio, the liquid crystal display
device being produced using photo-alignment technology
and PSA technology in combination. The liquid crystal dis-
play device according to the present invention includes a pair
of substrates, a liquid crystal layer disposed between the pair
of substrates, an alignment film formed on at least one of the
pair of substrates, and a polymer layer for controlling the
alignment of liquid crystal molecules formed on the align-
ment film, wherein the polymer layer is formed by polymer-
ization of one or more species of monomers added in the
liquid crystal layer, the polymerization being initiated by
radicals generated of the one or more species of monomers
upon absorption of light, and the alignment film includes a
polymer material having a main chain that contains an imide
structure and a side chain that contains a photoreactive func-
tional group, and has undergone a photo-alignment treatment.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, and a method for producing a liquid crystal
display device. More specifically, the present invention
relates to a liquid crystal display device in which a polymer
layer for maintaining the ability of controlling the alignment
of liquid crystal is formed on an alignment film, and a method
for producing a liquid crystal display device including for-
mation of a polymer layer on an alignment film.

BACKGROUND ART

[0002] Liquid crystal display (LCD) devices control trans-
mission/blocking of light (image display on/off) by control-
ling the alignment of liquid crystal molecules that have bire-
fringence property. For example, liquid crystal molecules are
aligned by an alignment film with a rubbed surface which is
formed on a face to contact to a liquid crystal layer of a
substrate.

[0003] Other examples of the method for controlling the
alignment of liquid crystal molecules includes multi-domain
vertical alignment (MVA) mode, in which the alignment of
liquid crystal molecules is controlled by dielectric protru-
sions provided on an electrode or slits in an electrode as
structures for alignment control, without performing an
alignment treatment. In MVA mode, the structures for align-
ment control enable to align liquid crystals in multiple differ-
ent directions while a voltage is applied to the liquid crystals,
even without rubbing treatment on the alignment film. Thus,
MVA mode achieves better viewing property than conven-
tional TN mode.

[0004] However, the regions with protrusions or slits are
likely to have low light transmittance. The regions are
allowed to have higher light transmittance by simplifying the
arrangement of the structures and increasing the distances
between the protrusions or the spaces between the slits.
Meanwhile, when the distances between the protrusions or
the spaces between the slits are too large, transmission of the
tilting of liquid crystal molecules takes a long time. Thus,
liquid crystal molecules respond very slowly to application of
a voltage necessary for image display to the liquid crystal
layer.

[0005] For achieving a faster response, a study has been
made on a technology of forming a polymer layer on which
the tilt direction of liquid crystals is recorded is formed on an
alignment film (hereinafter also referred to as polymer sus-
tained alignment (PSA) technology). The polymer layer is
formed by injecting a polymerizable monomer-containing
liquid crystal composition between substrates, followed by
polymerization of the monomer under voltage application
(see, for example, Patent Literature 1).

[0006] Meanwhile, a photo-alignment technology for
achieving better viewing property has recently been studied.
This technology enables to control the alignment of liquid
crystals in multiple directions under voltage application with-
out rubbing treatment on an alignment film so that excellent
viewing property can be achieved. In the photo-alignment
technology, optically active materials are used as materials of
an alignment film, and the film formed is exposed to light,
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such as ultraviolet rays, to thereby control the alignment (see,
for example, Patent Literature 2).

CITATION LIST

Patent Literature

Patent Literature 1: JP 2003-307720 A
Patent Literature 2: JP 2009-520702 T

[0007]
[0008]

SUMMARY OF INVENTION

Technical Problem

[0009] As a result of various investigations, the present
inventors found the following. If a polymer layer that main-
tains the alignment controlling ability is formed on an align-
ment film by injecting a liquid crystal composition including
a liquid crystal material, polymerizable monomers, and a
polymerization initiator between a pair of substrates and then
initiating polymerization under a predetermined condition,
continuous display of the same pattern image sometimes
causes “image sticking” in the display in conventional PSA
technology. Image sticking is a phenomenon where, when an
image is displayed for a certain period of time and the image
is changed, a faint outline of the previously displayed image
remains visible on the screen. Also, after an image is turned
on for a long time, spots or unevenness may appear in the
image, though no image sticking occurs. Such image sticking,
spots or unevenness (hereinafter, also referred to as image
sticking phenomena) is considered to occur partly due to
presence of electrically-charged substances (ionic impurities
or other substances) which change the alignment status of
liquid crystals. Such electrically-charged substances may not
only include those which are originally present in liquid crys-
tal materials and on the surface of an alignment film but also
those which are generated by process factors and those gen-
erated by age-dependent degradation of components for a
long time.

[0010] The present inventors made further investigations
and found that, if an alignment film is formed of polymer
materials having a main chain that contains an imide structure
and a side chain that contains a photoreactive functional
group, among alignment film materials applicable to photo-
alignment technology, the voltage holding ratio (VHR) of a
liquid crystal display device to be produced depends heavily
on the kinds of liquid crystal materials under specific produc-
tion conditions. In other words, in the case of forming an
alignment film by photo-alignment treatment, few options are
available for the liquid crystal materials, making it difficult to
produce highly reliable liquid crystal display devices.
[0011] The present invention has been made in consider-
ation of the above current status, and aims to provide a liquid
crystal display device capable of reducing image sticking
phenomena and of maintaining the voltage holding ratio, the
liquid crystal display device being produced using photo-
alignment technology and PSA technology in combination.

Solution to Problem

[0012] The inventors of the present invention firstly made
detailed studies concerning the causes of image sticking phe-
nomena in liquid crystal display devices. Then, they focused
their attention on components included in a liquid crystal
layer after polymerization. The inventors found out that trace
amounts of unreacted monomers, a polymerization initiator,
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or other components remain in the liquid crystal layer even
after completion of a series of polymerization. The inventors
further found out that, if easily electrically chargeable sub-
stances, such as unreacted monomers and a polymerization
initiator, remain in the liquid crystal layer, ionic impurities are
generated due to the influence of backlight in typical use after
completion of production, or the influence of'an aging step for
post-assembly inspection. As a result, image sticking phe-
nomena occur in the liquid crystal display.

[0013] The inventors have further made various studies on
a method for solving the above problem, and focused on
materials for forming a polymer layer that maintains the
alignment controlling ability. The inventors found out that use
of polymerizable monomers which by themselves generate
radicals upon absorption of light to thereby be polymerized,
as polymerizable monomers for polymer layer formation,
enables not only to initiate polymerization without using a
polymerization initiator but also to reduce occurrence of
image sticking phenomena and further to provide a highly
reliable liquid crystal display device without depending on
the liquid crystal materials. Accordingly, the inventors have
successfully solved the above problem and completed the
present invention.

[0014] Thatis, oneaspect of the present invention is aliquid
crystal display device including

[0015] a pair of substrates,

[0016] a liquid crystal layer disposed between the pair of
substrates,

[0017] an alignment film formed on at least one of the pair

of substrates, and

[0018] a polymer layer for controlling the alignment of
liquid crystal molecules formed on the alignment film,
[0019] wherein the polymer layer is formed by polymeriza-
tion of one or more species of monomers added in the liquid
crystal layer, the polymerization being initiated by radicals
generated of the one or more species of monomers upon
absorption of light, and

[0020] the alignment film includes a polymer material hav-
ing a main chain that contains an imide structure and a side
chain that contains a photoreactive functional group, and has
undergone a photo-alignment treatment.

[0021] One of the pair of substrates serves as an array
substrate, and the other serves as a color filter substrate, for
example. The array substrate is provided with a plurality of
pixel electrodes so that the alignment of the liquid crystals is
controlled in each pixel. In the color filter substrate, a plural-
ity of colors of color filters are disposed at positions overlap-
ping the pixel electrodes in the array substrate, and colors to
be displayed are controlled in each pixel.

[0022] An alignment film is formed on at least one of the
pair of substrates. The alignment film includes a polymer
material having a main chain that contains an imide structure
and a side chain that contains a photoreactive functional
group, and has undergone a photo-alignment treatment.
Photo-alignment treatment using the polymer material hav-
ing a side chain that contains a photoreactive functional group
enables easy formation of a photo-alignment film. Examples
of such alignment film include an alignment film formed of
polymer materials containing a photoreactive functional
group that absorbs light including a component with a wave-
length of 300 nm or longer. Also, the alignment film aligns the
liquid crystal molecules in a substantially vertical or horizon-
tal direction to the surface of the alignment film. As used
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herein, the term “substantially vertical” specifically means 85
to 90°, and the term “substantially horizontal” specifically
means 0 to 5°.

[0023] A polymer layer for controlling the alignment of
liquid crystal molecules is formed on the alignment film. The
polymer layer is formed by polymerization of one or more
species of monomers added in the liquid crystal layer, the
polymerization being initiated by radicals generated of the
one or more species of monomers upon absorption of light.
Since the polymer layer is formed by polymerization without
using a polymerization initiator in the present invention, the
display properties are not changed by the influence of unre-
acted polymerization initiator residues. Therefore, occur-
rence of image sticking phenomena on the display can be
reduced.

[0024] Due to the polymer layer formed, even if the align-
ment film has not undergone an alignment treatment, the
liquid crystal molecules adjacent to the alignment film and
the polymer layer can be initially tilted in a certain direction.
For example, in the case that a liquid crystal composition
containing a liquid crystal material and one or more species of
monomers is enclosed in a panel, and then the monomer is
polymerized with the liquid crystal molecules aligned at a
pretilt angle under voltage application to form a polymer
layer, the formed polymer layer has a structure to allow the
liquid crystal molecules to align in the pretilt angle, regard-
less of whether the alignment film has undergone an align-
ment treatment.

[0025] Such polymer layer as mentioned above enables
also to prevent degradation of the liquid crystal layer caused
by backlight in typical use after completion of production.
[0026] 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-
ponents.

[0027] Another aspect of the present invention is a method
for producing a liquid crystal display device including the
steps of:

[0028] injecting a liquid crystal composition containing a
liquid crystal material and one or more species of monomers
between a pair of substrates;

[0029] forming an alignment film by applying an alignment
film material to at least one of the pair of substrates and
subjecting the alignment film material to a photo-alignment
treatment; and

[0030] forming a polymer layer for controlling the align-
ment of liquid crystal molecules on the alignment film by
exposing the liquid crystal composition to light to allow at
least one of the one or more species of monomers to generate
radicals to initiate polymerization.

[0031] The features of liquid crystal display devices to be
produced by the production method according to the present
invention are the same as those described for the liquid crystal
display device of the present invention. Namely, examples of
the photo-alignment treatment include exposing the align-
ment film material to light including a component with a
wavelength of 300 nm or longer.

[0032] In the case that a monomer that generates radicals
upon absorption of light to be polymerized is used as a mate-
rial for forming a polymer layer that is formed on an align-
ment film and controls the alignment of the liquid crystal
molecules, the polymerization is initiated without a polymer-
ization initiator. Thus, the display properties are not changed
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by the influence of unreacted polymerization initiator resi-
dues, enabling to reduce occurrence of image sticking phe-
nomena on the display.

[0033] The method for producing a liquid crystal display
device according to the present invention is not especially
limited as long as these steps are included. The production
method may include other steps. The step of forming a poly-
mer layer may include light irradiation to the liquid crystal
layer to which a threshold or higher voltage is applied to
initiate the polymerization, or may include light irradiation to
the liquid crystal layer to which a threshold or higher voltage
is not applied to initiate the polymerization.

[0034] Preferable embodiments of the liquid crystal dis-
play device and the method for producing the liquid crystal
display device of the present invention are mentioned in more
detail below.

[0035] The photoreactive functional group preferably
absorbs light including a component with a wavelength of
300 nm or longer. Specifically, the photoreactive functional
group includes at least one selected from the group consisting
of a cinnamate group, a coumarin group, a chalkone group, a
tolane group, and an azo benzene group, and the main chain
has an imidization ratio of less than 50%. Namely, the align-
ment film is provided with properties to control the alignment
of liquid crystal molecules by photo-alignment treatment,
and has a controlled imidization ratio. Examples of the poly-
mer material having an imide structure include polyimides
and polyamic acids. The term “imidization ratio” herein
refers to a ratio (mol %) of a NH group and a carboxyl group
that are dehydrated or cyclized by imidization in a polyamic
acid which is a precursor of a polyimide compound. Photo-
alignment treatment on the polymer material having a side
chain that contains a photoreactive functional group enables
easy formation of a photo-alignment film.

[0036] The present invention enables to provide a highly
reliable liquid crystal display device that can suppress occur-
rence of image sticking phenomena without depending on the
liquid crystal material, even if an imide compound that has a
main chain having an imidization ratio of less than 50% is
used as a main component of the alignment film.

[0037] The one or more species of monomers preferably
generate radicals upon exposure to light including a compo-
nent with a wavelength 0of 330 nm or longer, more preferably
340 nm or longer, and still more preferably 380 nm or shorter.
FIG. 3 is a graph showing a relationship between the trans-
mittance (%) of an alignment film-formed substrate and the
absorbances (a.u.) of monomers of Reference Examples 1
and 2. As shown in FIG. 3, conventionally, monomers (for
example, Reference Example 2) that generate radicals upon
exposure to light having a wavelength of 320 nm or shorter
are widely used. However, a substrate having an alignment
film on the surface thereof to be typically used in liquid
crystal display devices tends not to allow penetration of light
having a wavelength shorter than 330 nm, due to the influ-
ences of a main chain and a side chain of a polymer that forms
the alignment film. For this reason, the monomer of Refer-
ence Example 2 needs to be exposed to ultraviolet rays having
awavelength of 310 nm for a long time or a plurality of times
for sufficient photopolymerization. Such exposure to ultra-
violet rays for a long time or a plurality of times accelerates
degradation of members (for example, alignment film and
liquid crystal layer) of the liquid crystal display device, pos-
sibly causing defects such as image sticking phenomena.
Meanwhile, in the case that exposure to ultraviolet rays is
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performed only for ashort time so as to prevent degradation of
the alignment film and the liquid crystal layer, the monomer
is not sufficiently polymerized so that a defective polymer
layer is formed, possibly causing defects such as image stick-
ing phenomena. Moreover, many of typical ultraviolet ray
sources emit light having a wavelength of 310 nm with low
intensity and emit light having a wavelength of 330 nm or
longer with high intensity. FIG. 4 is a graph showing an
emission spectrum of a typical ultraviolet ray source. As
shown in FIG. 3, use of a monomer (for example, Reference
Example 1) that absorbs light including a component with a
wavelength of 330 nm or longer enables to further enhance
the light-use efficiency, which in turn enables to form a stable
polymer layer even through single short-term exposure to
light.

[0038] The one or more species of monomers are prefer-
ably bifunctional monomers. Use of bifunctional monomers
enables to form a stable polymer layer for covering the sur-
face of the alignment film even through exposure to light for
a shorter time as compared to the case of using monofunc-
tional monomers. Moreover, a high voltage holding ratio
(VHR) can be maintained after long time use of the liquid
crystal display device.

[0039] The one or more species of monomers are prefer-
ably condensed aromatic compounds represented by the fol-
lowing chemical formula (1):

[Chem. 1]
pl-alp! 6

wherein P's are each independently an acrylate group or a
methacrylate group; and A is one of groups represented by
the following chemical formulae (2-1) to (2-4):

[Chem. 2]

oge

-1

og
%o

.
ye

wherein a hydrogen atom in A' may be substituted with a
halogen group, a methyl group, an ethyl group, or a propyl
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group. In the case that the monomer has a phenanthrene
condensed ring represented by the above chemical formulae
(2-1) to (2-4), the monomers can absorb light having a wave-
length longer than 330 nm. Therefore, the monomers can
achieve a higher light-use efficiency as compared to other
compounds, and enable formation of a stable polymer layer.
[0040] Other examples of the one or more species of mono-
mers include compounds represented by the following
chemical formula (3):

[Chem. 3]
P2-AZP? (3)

wherein P*s are each independently an acrylate group or a
methacrylate group; and A is a group represented by the
following chemical formula (4):

[Chem. 4]

wherein a hydrogen atom in A*> may be substituted with a
halogen group, a methyl group, an ethyl group, or a propyl

group.

@

Advantageous Effects of Invention

[0041] The liquid crystal display device according to the
present invention can not only prevent occurrence of image
sticking phenomena but also prevent reduction in the voltage
holding ratio, and thus enables to achieve excellent image
display quality.

BRIEF DESCRIPTION OF DRAWINGS

[0042] FIG.1isa cross-sectional view schematically illus-
trating a liquid crystal display device according to Embodi-
ment 1 before a PSA polymerization step.

[0043] FIG. 2 is a cross-sectional view schematically illus-
trating a liquid crystal display device according to Embodi-
ment 1 after a PSA polymerization step.

[0044] FIG.3isa graph showing a relationship between the
transmittance (%) of an alignment film-formed substrate and

the absorbances (a.u.) of monomers of Reference Examples 1
and 2.

[0045] FIG. 4 is a graph showing an emission spectrum of
a ultraviolet ray source in Evaluation Test 1.

[0046] FIG.51isa graphshowing an absorption spectrum of
an organic material used in Samples I and K.

[0047] FIG. 6 is a graph showing results of the measure-
ment of polymerizable monomer contents in liquid crystal
compositions after polymerization is initiated by exposure to
different ultraviolet ray irradiation doses for each of Samples
Jand K.

DESCRIPTION OF EMBODIMENTS

[0048] 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.
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Embodiment 1

[0049] FIG. 1 and FIG. 2 each are a cross sectional view
schematically illustrating a liquid crystal display device
according to Embodiment 1. FIG. 1 illustrates the liquid
crystal display device before a PSA polymerization step, and
FIG. 2 illustrates the liquid crystal display device after a PSA
polymerization step. As shownin FIG. 1 and FIG. 2, the liquid
crystal display device according to Embodiment 1 includes an
array substrate 1, a color filter substrate 2, and a liquid crystal
layer 3 disposed between the pair of substrates consisting of
the array substrate 1 and the color filter substrate 2. The array
substrate 1 includes an insulating transparent substrate 11
made of glass or the like, on which various wirings, a pixel
electrode 12, a thin film transistor (TFT), an interlayer insu-
lating film 15 for electrically separating the various wirings
and the electrode, and the like are formed. Specifically, the
array substrate 1 includes the transparent substrate 11, the
interlayer insulating film 15, and the pixel electrode 12 dis-
posed in this sequence toward the liquid crystal layer. The
separation of the various wirings and the pixel electrode 12 on
different layers with the interlayer insulating film 15 disposed
in between contributes to a design that can enhance the aper-
ture ratio. Preferably, the interlayer insulating layer 15 is
formed of organic materials and contains at least one com-
pound selected from the group consisting of acrylic com-
pounds, methacrylic compounds, and quinone diazide com-
pounds. The color filter substrate 2 includes an insulating
transparent substrate 21 made of glass or the like, on which a
color filter, a black matrix, a common electrode 22, and the
like are formed.

[0050] An alignment film 13 is formed on the array sub-
strate 1 (i.e. on the pixel electrode 12). An alignment film 23
is formed on the color filter substrate 2 (i.e. on the common
electrode 22). The alignment films 13 and 23 are each formed
of a polymer material (polyimide or polyamic acid) having a
main chain that contains an imide structure. The main chain
has an imidization ratio of less than 50%. The surfaces of the
alignment films 13 and 23 have been undergone a photo-
alignment treatment so that the alignment films can allow the
liquid crystal molecules to align (initially tilt) at a vertical or
horizontal pretilt angle. The alignment films 13 and 23 may
be formed by subjecting a vertical or horizontal alignment
film to a photo-alignment treatment. The vertical alignment
film refers to an alignment film capable of allowing liquid
crystal molecules to initially align at an angle of approxi-
mately 90° without having undergone an alignment treat-
ment. The horizontal alignment film refers to an alignment
film capable of allowing liquid crystal molecules to initially
align at an angle of approximately 0° without having under-
gone an alignment treatment.

[0051] In Embodiment 1, the alignment films 13 and 23
have undergone a photo-alignment treatment. Specifically,
the photo-alignment treatment is performed by applying a
polymer material having a side chain that includes a photo-
reactive functional group, followed by baking and exposure
to light under a certain condition. The photoreactive func-
tional group absorbs light including a component with a
wavelength of 300 nm or longer. Specifically, the photoreac-
tive functional group is preferably at least one functional
group selected from the group consisting of a cinnamate
group, a coumarin group, a chalkone group, a tolane group,
and an azo benzene group. These photoreactive functional
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groups are relatively easily formed at side chains of polymers,
and show excellent reactivity in the photo-alignment treat-
ment.

[0052] As shown in FIG. 1, one or more species of poly-
merizable monomers 4 are present in the liquid crystal layer
3 before a PSA polymerization step. Polymerization of the
polymerizable monomers 4 are initiated by the PSA polymer-
ization step so that PSA layers (polymer layers) 14 and 24 are
formed on the alignment films 13 and 23, respectively.

[0053] Specifically, the PSA layers 14 and 24 may be
formed by injecting a liquid crystal composition that contains
the one or more species of polymerizable monomers 4 and a
liquid crystal material having a negative or positive dielectric
constant anisotropy between the array substrate 1 and the
color filter substrate 2 to form the liquid crystal layer 3, and
then exposing the liquid crystal layer 3 to a certain amount of
light so that the polymerizable monomers 4 are photo-poly-
merized. FIG. 2 illustrates an embodiment in which the PSA
layers 14 and 15 respectively cover the entire surfaces of the
alignment films 13 and 23. Practically, a PSA layer may be
formed in a dotted pattern, and may have uneven thickness.

[0054] At least one species of the polymerizable monomers
4 used in Embodiment 1 by themselves absorb light and
generate radicals to initiate chain polymerization. Therefore,
no polymerization initiator needs to be added.

[0055] InEmbodiment 1,the PSA polymerization step may
be initiated by light irradiation to the liquid crystal layer 3 to
which a threshold or higher voltage is applied. As a result, a
polymer is formed in accordance with the alignment of the
liquid crystal molecules under a threshold or higher voltage
application.

[0056] In Embodiment 1, the light irradiation may not be
performed on the liquid crystal layer 3 to which a threshold or
higher voltage is applied. In Embodiment 1, the alignment
films 13 and 23 by themselves have a feature to allow the
liquid crystal molecules to align at a pretilt angle. Thus, the
PSA layers 14 and 24 formed on the respective alignment
films 13 and 23 function as layers to maintain the alignment
control ability of the alignment films.

[0057] Atleast one species of the polymerizable monomers
used in Embodiment 1 generate radicals upon exposure to
light including a component with a wavelength of 300 nm or
longer. Examples of the monomers include condensed aro-
matic compounds represented by the above formula (1) and
compounds represented by the above formula (3).

[0058] The polymerizable monomers are bifunctional
monomers. A more stable PSA layer can be formed in a
shorter period of time when such a bifunctional monomer is
mixed with a liquid crystal material than when a monofunc-
tional monomer is mixed. Moreover, substrates that have an
alignment film on the surface thereof typically used in liquid
crystal display devices are more likely to absorb light having
awavelength ofless than 330 nm in the structure of a substrate
including an alignment film. Therefore, use of monomers that
absorb light including a component with a wavelength o330
nm or longer can further enhance the light-use efficiency.
Condensed aromatic compounds having a phenanthrene con-
densed ring represented by the above chemical formulae (2-1)
to (2-4) have an absorption wavelength in a wavelength band
longer than 330 nm. Therefore, use of such compounds can
increase the rate of polymerization by ultraviolet ray irradia-
tion, thereby enabling production of a stable PSA layer.
Meanwhile, in Embodiment 1, as long as one or more species
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of polymerizable monomers having the above-mentioned
properties are included, other polymerizable monomers may
be used in combination.

[0059] Other elements of the liquid crystal display device
according to Embodiment 1 will be described in detail below.
[0060] In the liquid crystal display device according to
Embodiment 1, the array substrate 1, the liquid crystal layer 3,
and the color filter substrate 2 are stacked in this sequence
from the rear side to the observation side of the liquid crystal
display device. A polarizer is mounted at the rear side of the
array substrate 1. A polarizer is also mounted at the observa-
tion side of the color filter substrate 2. These polarizers each
may be further provided with a retardation plate. These polar-
izers may be circular polarizers.

[0061] The array substrate 1 is provided with various driv-
ers, such as a gate driver and a source driver, which enables to
control the signal voltage application for image display in
each pixel.

[0062] The liquid crystal display device according to
Embodiment 1 may be any oneof transmissive type, reflective
type, and transmissive-and-reflective type liquid crystal dis-
play devices. In the case of transmissive type or transmissive-
and-reflective type, the liquid crystal display device accord-
ing to Embodiment 1 further includes a backlight. The
backlight is disposed at a rear side of the array substrate 1 so
that light passes through the array substrate 1, the liquid
crystal layer 3, and the color filter substrate 2 in this sequence.
In the case of reflective type or transmissive-and-reflective
type, the array substrate 1 is provided with a reflector for
reflecting external light. Moreover, at least in the region
where reflected light is used for display, the polarizer of the
color filter substrate 2 needs to be a circular polarizer having
a M4 retardation plate.

[0063] The liquid crystal display device according to
Embodiment 1 may have a color filter on an array structure in
which the array substrate 1 includes a color filter. Moreover,
the liquid crystal display device according to Embodiment 1
may be a monochrome display. In this case, a color filteris not
necessary.

[0064] The liquid crystal layer 3 is filled with a liquid
crystal material which has a property of being aligned in a
specific direction under a certain voltage application. The
alignment of the liquid crystal molecules in the liquid crystal
layer 3 is controlled by application of a threshold or higher
voltage. For example, use of a liquid crystal material having
a negative dielectric constant anisotropy and use of a vertical
alignment film as an alignment film enable to create vertical
alignment (VA) mode. Moreover, for example, use ofa liquid
crystal material having a positive dielectric constant anisot-
ropy and use of a horizontal alignment film as an alignment
film enable to create in-plane switching (TPS) mode, fringe
field switching (FFS) mode, twisted nematic (TN) mode, or
optically compensated bend (OCB) mode.

[0065] A viewing angle is remarkably improved in the
structure of vertical alignment twisted nematic (VATN) mode
in which a pair of substrates are respectively provided with
alignment films for alignment control in directions vertical to
each other, and each pixel is divided into four domains. Pretilt
angles need to be highly precisely controlled in VATN mode.
The liquid crystal display device according to Embodiment 1
enables to provide greatly stable pretilt angles by the PSA
layer formed on the alignment film. Thus, it can achieve
sufficient alignment stability if it is formed to have a VATN
mode structure with a plurality of domains.
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[0066] A component analysis of the alignment film, a com-
ponent analysis of monomers (polymerizable monomers) for
forming the PSA layer present in the PSA layer, the amount of
the monomers (polymerizable monomers) for forming the
PSA layer included in the liquid crystal layer, the ratio of the
monomers (polymerizable monomers) for forming the PSA
layer in the PSA layer, or the like of the liquid crystal display
device according to Embodiment 1 can be determined by
disassembling the liquid crystal display device (for example,
liquid crystal TV (television), DID (digital information dis-
play)), and then performing a chemical analysis based on
nuclear magnetic resonance (NMR), fourier transform infra-
red spectroscopy (FT-IR), mass Spectrometry (MS), or the
like.

Evaluation Test 1

[0067] A liquid crystal cell included in the liquid crystal
display device according to Embodiment 1 was actually pro-
duced, and the effects were evaluated as follows. First, a pair
of substrates were prepared. A polyamic acid solution having
a photo-reactive functional group (a cinnamate group) in a
side chain as a material of a vertical alignment film was
applied to the surfaces of the pair of substrates using a spin
coater, followed by pre-baking (temporary baking) at 80° C.
for 5 minutes and subsequent post-baking (main baking) at
200° C. for 60 minutes.

[0068] The imidization ratio was calculated based on the
FT-IR spectrum of the alignment film after post-baking using
the expression below. The main chain had an imidization ratio
in a range of more than 20% and less than 50%.

Imidization ratio(%)=[As(C—N)/As(C—C)]/[Ar(C—
NYAr(C=C)]

[0069] The A(C—N) refers to the absorbance of imide
C—N stretching (to 1370 cm™), and the A(C=C) refers to
the absorbance of aromatic C—C stretching (to 1500 cm™).
Moreover, As refers to the absorbance of a sample film, and
the Ar refers to the absorbance of a reference film. The refer-
ence film is an alighment film formed in the same manner as
the sample film, except that the main baking was performed at
300° C. for 90 minutes. The imidization ratio of the reference
film was assumed 100%. Meanwhile, a degree of the imidiza-
tion ratio can be controlled by the post-baking temperature.

[0070] Next, the surfaces of the substrates were exposed to
polarized ultraviolet rays from an angle of 45° for photo-
alignment treatment. The polarized ultraviolet rays included a
component with a wavelength of 300 nm or longer.

[0071] Then, a sealing material formed of a thermosetting
resin, such as epoxy resin, was applied to one of the sub-
strates. Then, the substrates were stacked with gap support
materials (plastic beads) interposed therebetween, and the
sealing material was cured by heating so that the substrates
were attached to each other. Thereafter, a liquid crystal com-
position including a liquid crystal material (negative type)
having negative dielectric constant anisotropy and a polymer-
izable monomer for forming a PSA layer was injected via an
opening disposed at a part of the sealing material by a vacuum
injection method.

[0072] Polymerizable monomers represented by the fol-
lowing chemical formulae (5) and (6) were used in the evalu-
ation test. The compound represented by the chemical for-
mula (5) is a bifunctional methacrylate monomer having a
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phenanthrene structure, and the compound represented by the
chemical formula (6)is a bifunctional methacrylate monomer
having a biphenyl structure.

[Chem. 5]
®)
; io *
O
[Chem. 6]
®)
:/ :OH j
O
[0073] FIG. 3 is a graph showing the absorption spectra of

the compounds represented by the chemical formulae (5) and
(6), and the transmission spectra of typical alignment film-
formed substrates. The compound represented by the chemi-
cal formula (6) absorbs light having a wavelength of 330 nm
at maximum or shorter. The compound represented by the
chemical formula (5) absorbs light having a wavelength of
380 nm at maximum or shorter. Therefore, the compound
represented by the chemical formula (5) can absorb light in a
wavelength range 0f 330 nm to 380 nm that is not absorbed by
the compound represented by the chemical formula (6), and
thus has a broader light absorption wavelength range than the
compound represented by the chemical formula (6).

[0074] The alignment film-formed substrate herein refers
to a substrate in which an indium tin oxide (ITO) film is
formed on a glass substrate, and an alignment film is formed
on the ITO film. Typical alignment film-formed substrates
tend not to transmit light having a wavelength shorter than
340 nm.

[0075] Because of the aforementioned reasons, in the case
where a PSA layer is formed by exposing the liquid crystal
layer to light through a typical alignment film-formed sub-
strate, use of only the compound represented by the chemical
formula (6) requires a long time until completion of the poly-
merization.

[0076] The liquid crystal cells actually produced were the
following Samples A to C (Examples 1 to 3). Sample A was
prepared by mixing a liquid crystal material A with a bifunc-
tional methacrylate monomer represented by the chemical
formula (5) in an amount of 0.6 wt % with respect to the liquid
crystal material A. Sample B was prepared by mixing a liquid
crystal material A with a bifunctional methacrylate monomer
represented by the chemical formula (6) in an amount 0 0.3
wt % with respect to the liquid crystal material A. Sample C
was prepared by mixing a liquid crystal material B with a
bifunctional methacrylate monomer represented by the
chemical formula (5) in an amount 0f 0.6 wt % with respect to
the liquid crystal material B.

[0077] Next, Samples A to C were exposed to black light
(ultraviolet lays having a peak wavelength in a range 0f 300 to
370 nm (F1G. 4)) under no voltage application (the amount of
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the polymerizable monomer for PSA layer formation in the
liquid crystal composition was set to 1% or less of the added
amount) to initiate polymerization. In this manner, liquid
crystal cells each having a PSA layer formed on a vertical
alignment film were produced.

[0078] Thereafter, the produced Samples A to C were mea-
sured for the voltage holding ratio (VHR). The VHR was
determined by measuring the charge retention after a lapse of
16.67 ms from application of a pulse voltage of 1 V. More-
over, the VHR was measured (photo degradation test) twice in
total at an initial stage and at a stage after 1000-hour exposure
to a light emitting diode (LED) backlight through no polar-
izer.

[0079] Further, the produced Samples A to C were mea-
sured for the residual DC voltage. The residual DC voltage
value was determined by a flicker minimizing method after
applying a DC offset voltage of 2 V for 10 hours.

[0080] Table 1 shows the results of the measurements of
VHR (%) and residual DC voltage (mV) of Samples A to C.

TABLE 1
Monomer - Residual
Weight Initial VHR (%) DC
ratio to VHR after voltage
liquid erystal Liquid crystal (%) 1000 hrs. (mV)
Sample A Chemical Liquid crystal 99.1 99.5 0
formula (5) - material A
0.6 wt %
Sample B Chemical Liquid crystal 99.3 98.6 120
formula (6) - material A
0.3 wt %
Sample C  Chemical Liquid crystal 99.3 98.5 0
formula (5) - material B
0.6 wt %

[0081] Useofthe bifunctional phenanthrene monomer rep-
resented by the chemical formula (5) enabled to maintain the
VHR at not less than 98.5% even after a lapse of 1000 hours,
proving that long-term reliability was achieved. Moreover,
the residual DC voltage was 0 mV, indicating that excellent
effects of preventing image sticking phenomena were
achieved. This is supposedly because: the use of the bifunc-
tional phenanthrene monomer increased the rate of the poly-
merization initiated by exposure to ultraviolet rays, thereby
suppressing the degradation of the liquid crystal materials;
the degradation of the liquid crystal materials and the align-
ment film materials caused by exposure to light having a short
wavelength of less than 330 nm was suppressed; the polymer
layer blocked the ultraviolet rays contained in the backlight
after the polymerization process; or other reasons. Moreover,
use of the bifunctional phenanthrene monomer represented
by the chemical formula (5) suppressed decrease in the volt-
age holding ratio and prevented generation of residual DC
voltage, regardless of the kinds of the liquid crystal materials.

[0082] Use of the bifunctional biphenyl monomer repre-
sented by the chemical formula (6), which has a similar
structure as that of the bifunctional phenanthrene monomer
represented by the chemical formula (5), produced an effect
of suppressing decrease in the voltage holding ratio. How-
ever, since the bifunctional biphenyl monomer represented by
the chemical formula (6) is a monomer that generates radicals
upon exposure mainly to light having a wavelength shorter
than 330 nm, it did not produce a sufficient effect for prevent-
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ing image sticking phenomena, unlike the bifunctional
phenanthrene monomer represented by the chemical formula

).
Evaluation Test 2

[0083] Next, a test was performed to examine the influence
on the voltage holding ratio derived from the difference in the
imidization ratio of the main chain of a polymer material that
formed an alignment film. Samples prepared for this evalua-
tion test had not undergone PSA treatment. Two kinds of
alignment film materials, i.e., those having and those not
having a photo-reactive functional group (cinnamate group)
in a side chain were used. Samples D and E (Comparative
Examples 1 and 2, respectively) were prepared as the samples
having a photo-reactive functional group in a side chain, and
Samples F and G (Comparative Examples 3 and 4, respec-
tively) were prepared as the samples not having a photo-
reactive functional group in a side chain. In Samples D and E,
the polymer materials forming the alignment film after post-
baking had a main chain having an imidization ratio of
approximately 80%. In Samples F and G, the polymer mate-
rials forming the alignment film after post-baking had a main
chain having an imidization ratio of approximately in a range
of 20 to 50%.

[0084] The liquid crystal material enclosed in Sample D
was different from that in Sample E, and the liquid crystal
material enclosed in Sample F was different from that in
Sample G. The liquid crystal material A was enclosed in
Sample D and Sample F, and the liquid crystal material B was
enclosed in Sample E and G. Tables 2 and 3 below show the
results. The VHR was determined by measuring the charge
retention after alapse of 16.67 ms from application of a pulse
voltage of 1 V. Moreover, the VHR was measured (photo
degradation test) twice in total at an initial stage and at a stage
after 1000-hour exposure to a light emitting diode (LED)
backlight through no polarizer.

TABLE 2
VHR (%) after
Liquid crystal Initial VHR (%) 1000 hrs.
Sample D Liquid crystal 99.3 99.2
material A
Sample E Liquid crystal 99.2 98.5
material B
TABLE 3
VHR (%) after
Liquid crystal Initial VHR (%) 1000 hrs.
Sample T Liquid crystal 99.3 99.2
material A
Sample G Liquid crystal 99.1 95.4
material B
[0085] Comparison between Table 2 and Table 3 indicates

that the dependency of the voltage holding ratio on the liquid
crystal materials was highin the liquid crystal cell (Table 2) in
which the alignment film material used was the polymer
material having a side chain that contained a photo-reactive
functional group and a main chain that had an imidization
ratio of not less than 50% than in the liquid crystal cell (Table
3) in which the alignment film material used was the polymer
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material having a side chain that contained no photo-reactive
functional group and a main chain that had an imidization
ratio of less than 50%.

[0086] Thus, in the case of using the liquid crystal cell in
which the polymer material having a side chain that contains
aphoto-reactive functional group and a main chain that has an
imidization ratio of less than 50% is used as an alignment film
material, use of the compound represented by the chemical
formula (5) for formation of a PSA layer produces an advan-
tageous effect, as in the present invention.

[0087] Theliquid crystal material B has a low viscosity and
excellent video imaging performance. As shown in Table 3,
however, it shows great reduction in the voltage holding ratio
depending on the conditions. This is supposedly due to deg-
radation of the liquid crystal material caused by the exposure
to ultraviolet rays for forming the PSA layer. The reduction in
the voltage holding ratio is preventable if the compound rep-
resented by the chemical formula (5) is used for formation of
the PSA layer.

Evaluation Test 3

[0088] A liquid crystal cell included in the liquid crystal
display device according to Embodiment 1 was actually pro-
duced, and the effects were evaluated as follows. First, a pair
of substrates were prepared. A polyamic acid solution having
aphoto-reactive functional group (a cinnamate group), which
absorbs light including a component with a wavelength of
300 nm or longer, in a side chain as a material of a horizontal
alignment film was applied to the surfaces of the pair of
substrates using a spin coater, followed by pre-baking (tem-
porary baking) at 80° C. for 5 minutes and subsequent post-
baking (main baking) at 200° C. for 60 minutes.

[0089] Next, the surfaces of the substrates were exposed to
polarized ultraviolet rays from an angle of 45° for photo-
alignment treatment. The polarized ultraviolet rays included a
component with a wavelength of 300 nm or longer.

[0090] Then, a sealing material formed of a thermosetting
resin, such as epoxy resin, was applied to one of the sub-
strates. Then, the substrates were stacked with gap support
materials (plastic beads) interposed therebetween, and the
sealing material was cured by heating so that the substrates
were attached to each other. Thereafter, a liquid crystal com-
position including a liquid crystal material (positive type)
having positive dielectric constant anisotropy and a polymet-
izable monomer for forming a PSA layer was injected via an
opening disposed at a part of the sealing material by a vacuum
injection method.

[0091] The polymerizable monomers represented by the
chemical formulae (5) and (6) were used in the evaluation
test. The compound represented by the chemical formula (5)
is a bifunctional methacrylate monomer having a phenan-
threne structure, and the compound represented by the chemi-
cal formula (6) is a bifunctional methacrylate monomer hav-
ing a biphenyl structure.

[0092] The liquid crystal cells actually produced were the
following Samples Hand I (Examples 4 and 5). Sample H was
prepared by mixing a liquid crystal material H with a bifunc-
tional methacrylate monomer represented by the chemical
formula (5) in an amount of 0.6 wt % with respect to the liquid
crystal material H. Sample I was prepared by mixing a liquid
crystal material H with a bifunctional methacrylate monomer
represented by the chemical formula (6) in an amount of 0.3
wt % with respect to the liquid crystal material H.
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[0093] Next, Samples H and I were exposed to black light
(ultraviolet lays having a peak wavelength in a range 0f 300 to
370 nm (FIG. 4)) under no voltage application (the amount of
a polymerizable monomer for PSA layer formation in the
liquid crystal composition was set to 1% or less of the added
amount) to initiate polymerization. In this manner, liquid
crystal cells each having a PSA layer formed on a horizontal
alignment film were produced.

[0094] Table 4 below shows the results. The VHR and the
residual DC voltage were measured in the same manner as in
Evaluation Test 1.

TABLE 4
Monomer - Residual
Weight ratio Initial ~ VHR DC
to liquid VHR (%) after  voltage
crystal Liquid crystal (%) 1000 hrs. (mV)
Sample H Chemical Liquid crystal 994 99.6 0
formula (5) - material H
0.6 wt %
Sample I  Chemical Liquid crystal 99.2 98.1 140
formula (6) - material H
0.3 wt%
[0095] Similarly to the case of using the vertical alignment

film, use of the bifunctional phenanthrene monomer repre-
sented by the chemical formula (5) enabled to maintain the
VHR at not less than 98.5% even after a lapse of 1000 hours,
proving that long-term reliability was achieved. Moreover,
the residual DC voltage was 0 mV, indicating that excellent
effects of preventing image sticking phenomena were
achieved. This is supposedly because: the use of the bifunc-
tional phenanthrene monomer increased the rate of the poly-
merization initiated by exposure to ultraviolet rays, thereby
suppressing the degradation of the liquid crystal materials;
the degradation of the liquid crystal materials and the align-
ment film materials caused by exposure to light having a short
wavelength of less than 330 nm was suppressed; the polymer
layer blocked the ultraviolet rays contained in the backlight
after the polymerization process; or other reasons.

[0096] Use of the bifunctional biphenyl monomer repre-
sented by the chemical formula (6) enabled to maintain the
VHR at not less than 98.0% even after a lapse of 1000 hours.
Accordingly, in the case of using the horizontal alignment
film as well, long-term reliability was achieved. However, the
bifunctional biphenyl monomer represented by the chemical
formula (6) did not produce a sufficient effect for preventing
image sticking phenomena, unlike the bifunctional phenan-
threne monomer represented by the chemical formula (5).
[0097] Theresults of Evaluation Test 3 prove that the use of
the horizontal alignment-type photo-alignment materials
produces the same effects as those produced in the case of
using the vertical alignment-type photo-alignment materials.

Evaluation Test 4

[0098] A liquid crystal cell included in the liquid crystal
display device according to Embodiment 1 was actually pro-
duced, and the effects were evaluated as follows. First, a pair
of substrates consisting of a substrate having an interlayer
insulating layer formed of an organic material and a substrate
having no interlayer insulating layer were prepared. A
polyamic acid solution having a photo-reactive functional
group (a cinnamate group), which absorbs light including a
component with a wavelength of 300 nm or longer, in a side
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chain as a material of a horizontal alignment film was applied
to the surfaces of the pair of substrates using a spin coater,
followed by pre-baking (temporary baking) at 80° C. for 5
minutes and subsequent post-baking (main baking) at 200° C.
for 60 minutes.

[0099] Next, the surfaces of the support substrates were
exposed to polarized ultraviolet rays from an angle of 45° for
photo-alignment treatment. The polarized ultraviolet rays
included a component with a wavelength of 300 nm or longer.
[0100] Then, a sealing material formed of a thermosetting
resin, such as epoxy resin, was applied to one of the sub-
strates. Then, the substrates were stacked with gap support
materials (plastic beads) interposed therebetween, and the
sealing material was cured by heating so that the substrates
were attached to each other. Thereafter, a liquid crystal com-
position including a liquid crystal material (positive type)
having positive dielectric constant anisotropy and a polymer-
izable monomer for forming a PSA layer was injected via an
opening disposed at a part of the sealing material by a vacuum
injection method.

[0101] The polymerizable monomers represented by the
chemical formulae (5) and (6) were used in the evaluation
test. The compound represented by the chemical formula (5)
is a bifunctional methacrylate monomer having a phenan-
threne structure, and the compound represented by the chemi-
cal formula (6) is a bifunctional methacrylate monomer hav-
ing a biphenyl structure.

[0102] The liquid crystal cells actually produced were the
following Samples J and K (Examples 6 and 7). Sample J was
prepared by mixing a liquid crystal material J with a bifunc-
tional methacrylate monomer represented by the chemical
formula (5) in an amount 0f 0.3 wt % with respect to the liquid
crystal material J. Sample K was prepared by mixing a liquid
crystal material J with a bifunctional methacrylate monomer
represented by the chemical formula (6) in an amount of 0.3
wt % with respect to the liquid crystal material J.

[0103] Next, Samples H and I were exposed to black light
(ultraviolet lays having a peak wavelength in a range 0f 300 to
370 nm (FIG. 4)) that was irradiated from the side of the
substrate having an interlayer insulating layer formed of an
organic material under no voltage application (the amount of
a polymerizable monomer for PSA layer formation in the
liquid crystal composition was set to 1% or less of the added
amount) to initiate polymerization. In this manner, liquid
crystal cells each having a PSA layer formed on a horizontal
alignment film were produced.

[0104] FIG. 5is a graph showing the absorption spectrum
of the organic material used in Samples J and K. Examples of
the compounds which may be included in the organic material
include acrylic compounds, methacrylic compounds, and
quinone diazide compounds. Organic materials including
those compounds have similar absorption spectra.

[0105] FIG. 6 is a graph showing results of the measure-
ment of polymerizable monomer contents in liquid crystal
compositions after polymerization is initiated by exposure to
different ultraviolet ray irradiation doses for each of Samples
Jand K. The amount of the polymerizable monomer remain-
ing in the liquid crystal composition can be measured by a
liquid chromatography mass spectrometry or gas chromatog-
raphy mass spectrometry. The graph in FIG. 6 shows the
results obtained by a gas chromatography mass spectrometry.
[0106] Comparison between FIG. 4 and FIG. 5 shows that
light of a certain wavelength with high intensity emitted from
a black light source partly corresponds to light of a certain
wavelength easily adsorbed by the organic material. Thus,
part oflight emitted from the black light source is absorbed by
the organic material. As shown in FIG. 6, if an interlayer
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insulating layer formed of an organic material is formed, the
monomer that generates radicals upon exposure to light hav-
ing a wavelength of 330 nm or longer can be readily poly-
merized so that a PSA layer is formed on the alignment film.
[0107] As shown in FIG. 6, the amount of residual mono-
mers can be reduced by increasing the irradiation dose even in
the case of using the bifunctional biphenyl monomer repre-
sented by the chemical formula (6). The use of the bifunc-
tional phenanthrene monomer represented by the chemical
formula (5) enables to more efficiently reduce the amount of
residual monomers.

[0108] The present application claims priority to Patent
Application No. 2011-142347 filed in Japan on Jun. 27, 2011
and priority to Patent Application No. 2011-199613 filed in
Japan on Sep. 13, 2011 under the Paris Convention and pro-
visions of national law in a designated State, the entire con-
tents of which are hereby incorporated by reference.

REFERENCE SIGNS LIST

[0109] 1: Array substrate
[0110] 2: Color filter substrate
[0111] 3: Liquid crystal layer
[0112] 4: Polymerizable monomer
[0113] 11, 21: Transparent substrate
[0114] 12: Pixel electrode
[0115] 13,23 Alignment film
[0116] 14, 24: PSA layer (polymer layer)
[0117] 22: Common electrode
1. A liquid crystal display device comprising
a pair of substrates,
a liquid crystal layer disposed between the pair of sub-
strates,

an alignment film formed on at least one of the pair of
substrates, and

a polymer layer for controlling the alignment of liquid
crystal molecules formed on the alignment film,

wherein the polymer layer is formed by polymerization of
one or more species of monomers added in the liquid
crystal layer,

the alignment film is formed by subjecting a polymer mate-
rial to a photo-alignment treatment, the polymer mate-
rial containing a compound including a main chain that
contains an imide structure and a side chain that contains
a photoreactive functional group, and

the one or more species of monomers are condensed aro-
matic compounds represented by the following chemi-
cal formula (1):

[Chem. 1]

PL-Alp! 1

wherein P's are each independently an acrylate group or
a methacrylate group; and

Al is one of groups represented by the following chemical
formulae (2-1) to (2-4):

[Chem. 2]

oge

2-1)
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-continued
(2-2)
2-3)
(2-4)

wherein a hydrogen atom in A' may be substituted with a
halogen group, a methyl group, an ethyl group, or a
propyl group.

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

wherein the photoreactive functional group absorbs light
including a component with a wavelength of 300 nm or
longer, and

the alignment film aligns the liquid crystal molecules in a
substantially vertical direction to a surface of the align-
ment film.

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

wherein the photoreactive functional group absorbs light
including a component with a wavelength of 300 nm or
longer, and

the alignment film aligns the liquid crystal molecules in a
substantially horizontal direction to a surface of the
alignment film.

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

wherein the photoreactive functional group includes at
least one selected from the group consisting of a cin-
namate group, a coumarin group, a chalkone group, a
tolane group, and an azo benzene group, and

the main chain has an imidization ratio of more than 20%
and less than 50%.

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

wherein the one or more species of monomers generate
radicals upon exposure to light including a component
with a wavelength of 330 nm or longer.

6. (canceled)

7. The liquid crystal display device according to claim,

wherein one of the pair of substrates is an array substrate
including a transparent substrate, an interlayer insulat-
ing film, and a pixel electrode disposed in this sequence
toward the liquid crystal layer, and

the interlayer insulating film is formed of an organic mate-
rial.

8. A method for producing a liquid crystal display device

comprising the steps of:

injecting a liquid crystal composition containing a liquid
crystal material and one or more species of monomers
between a pair of substrates;
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forming an alignment film by applying an alignment film
material to at least one of the pair of substrates and
subjecting the alignment film material to a photo-align-
ment treatment;

forming a polymer layer for controlling the alignment of
liquid crystal molecules on the alignment film by expos-
ing the liquid crystal composition to light to allow at
least one of the one or more species of monomers to
initiate polymerization, and

the one or more species of monomers are condensed aro-
matic compounds represented by the following chemi-
cal formula (1):

[Chem. 3]

pl-alp! M

wherein P's are each independently an acrylate group
ora methacrylate group; and

Al is one of groups represented by the following chemical
formulae (2-1) to (2-4):

[Chem. 4]

oge

2-1)

o
%o

o
ye

wherein a hydrogen atom in A' may be substituted with a
halogen group, a methyl group, an ethyl group, or a
propyl group.

9. The method for producing a liquid crystal display device

according to claim 8,

wherein the photo-alignment treatment is performed by
exposing the alignment film material to light including a
component with a wavelength of 300 nm or longer, and

the alignment film aligns the liquid crystal molecules in a
substantially vertical direction to a surface of the align-
ment film.

10. The method for producing a liquid crystal display

device according to claim 8,

wherein the photo-alignment treatment is performed by
exposing the alignment film material to light including a
component with a wavelength of 300 nm or longer, and
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the alignment film aligns the liquid crystal molecules in a
substantially horizontal direction to a surface of the
alignment film.

11. The method for producing a liquid crystal display

device according to claim 8,

wherein the one or more species of monomers generate
radicals upon exposure to light including a component
with a wavelength of 330 nm or longer.

12. (canceled)

13. The method for producing a liquid crystal display

device according to claim 8,

wherein one of the pair of substrates is an array substrate
including a transparent substrate, an interlayer insulat-
ing film, and a pixel electrode disposed in this sequence
toward a liquid crystal layer, and

the interlayer insulating film is formed of an organic mate-
rial.

14. The method for producing a liquid crystal display

device according to claim 8,

wherein the step of forming a polymer layer comprises
light irradiation to a liquid crystal layer to which a
threshold or higher voltage is applied to initiate the
polymerization.

15. The method for producing a liquid crystal display

device according to claim 8,

wherein the step of forming a polymer layer comprises
light irradiation to a liquid crystal layer to which a
threshold or higher voltage is not applied to initiate the
polymerization.
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