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(57) ABSTRACT

The present invention provides a liquid crystal display device
capable of reducing the probability of image sticking. The
liquid crystal display device includes a pair of substrates and
a liquid crystal layer between the substrates. At least one of
the substrates includes an alignment film and a polymer layer
on the alignment film. The polymer layer includes monomer
units derived from at least two species of polymerizable
monomers. The at least two species of polymerizable mono-
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LIQUID CRYSTAL DISPLAY DEVICE,
PROCESS FOR PRODUCING LIQUID
CRYSTAL DISPLAY DEVICE, COMPOSITION
FOR FORMING POLYMER LAYER, AND
COMPOSITION FOR FORMING LIQUID
CRYSTAL LAYER

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, a method for producing a liquid crystal display
device, a composition for a polymer layer, and a composition
for aliquid crystal layer. More specifically, the present inven-
tion relates to a liquid crystal display device having a polymer
layer formed on an alignment film; a method for producing a
liquid crystal display device which includes the steps of form-
ing a resin film and forming a polymer layer on this alignment
film; a composition for a polymer layer which is suitable for
polymer layer formation; and a composition for a liquid crys-
tal layer which is suitable for polymer layer formation.

BACKGROUND ART

[0002] Liquid crystal displays (LCDs) are display devices
that control transmission/reflection of light (ON/OFF of dis-
play) by controlling the alignment of birefringent liquid crys-
tal molecules. One way to align liquid crystal molecules is to
adopt a structure in which an alignment film subjected to an
alignment treatment such as a rubbing treatment or a photo-
alignment treatment is located in contact with a liquid crystal
layer.

[0003] Alternatively, like in the multi-domain vertical
alignment (MVA) mode, the alignment of liquid crystal mol-
ecules may be controlled by means of bank-like protrusions
of a dielectric material extending in an oblique direction on a
common electrode, slits parallel to such bank-like protrusions
on pixel electrodes, or the like structures, without performing
any alignment treatment.

[0004] In the case of an MVA mode liquid crystal display
device, liquid crystal molecules are in the vertical alignment
to a substrate surface while no voltage is applied. Once a
voltage is applied between a pixel electrode and a common
electrode, the liquid crystal molecules become tilted at an
angle corresponding to the voltage applied. In each pixel,
there are some regions (domains) in which liquid crystal
molecules are tilted in different directions due to slits on pixel
electrodes or bank-like protrusions. These regions, in which
liquid crystal molecules are tilted in different directions, in
each pixel provide better display quality.

[0005] Disadvantageously, the regions with slits or protru-
sions tend to have lower light transmittance. The light trans-
mittance can be increased by simply arranging such bank-like
protrusions or pixel electrode slits with larger intervals. How-
ever, too large intervals between bank-like protrusions or slits
prolong the time required for a change in the angles of all
liquid crystal molecules, and therefore lead to a very slow
response speed of the liquid crystal molecules to application
of a voltage necessary for display to a liquid crystal layer.
[0006] A technology to improve the response delay has
already been put into practical use. Specifically, in this tech-
nology, a polymer layer memorizing tilt directions of liquid
crystal molecules is formed on an alignment film by injecting
a liquid crystal material containing polymerizable monomers
between substrates, and polymerizing the monomers while
applying a voltage (hereinafter, this technology is also
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referred to as “PSA (polymer Sustained Alignment) technol-
ogy”) (see, for example, Patent Documents 1 and 2).

[0007] Patent Document 1: JP 2003-307720 A

[0008] Patent Document 2: JP 2008-076950 A

DISCLOSURE OF INVENTION

[0009] However, even liquid crystal display devices includ-
ing an alignment film produced by the PSA technology often
have image sticking in their liquid crystal displays. Possible
main causes of image sticking are as follows: pretilt angles
are likely to be changed due to light emitted from a backlight
or an applied AC voltage in the case where the binding force
between monomer units in a polymer layer (hereinafter, also
referred to as a PSA layer) produced by the PSA technology
is not enough; and a residual DC voltage is generated in the
alignment film and the PS A layer due to inpurities attached on
the PEA layer or low resistance of the PSA layer.

[0010] The present invention has been made in view of the
above problems and aims to provide a liquid crystal display
device capable of reducing the probability of image sticking.

Means for Solving the Problems

[0011] After studies on various means for preventing
changes in pretilt angles and various means for inhibiting
residual DC voltage generation, the present inventors focused
on polymerizable monomers used in the PSA polymerization
process and found out that when each of these polymerizable
monomers is used singly as in the conventional techniques,
the probability of image sticking in liquid crystal displays is
high; however, when different kinds of these monomers are
used in combination, the probability of image sticking in
liquid crystal displays can be reduced to a low level. Thus, the
present inventors found a solution for the above problems and
achieved the present invention.

[0012] The present invention provides a liquid crystal dis-
play device including a pair of substrates and a liquid crystal
layer between the substrates. At least one of the substrates
includes an alignment film and a polymer layer on the align-
ment film. The polymer layer includes monomer units derived
from at least two species of polymerizable monomers. The at
least two species of polymerizable monomers include at least
two species of monomers selected from the group consisting
of polyfunctional monomers represented by the following
formula (I) and monofunctional monomers represented by
the following formula (II).

PL-sl-AL(Zl-A2) §2-P )

[0013] In the formula, P' and P?, which are the same or
different, each represent an acrylate group, methacrylate
group, acrylamide group, methacrylamide group, vinyl
group, vinyloxy group, or epoxy group; A' and A” each rep-
resent a 1,4-phenylene group, naphthalene-2,6-diyl group,
anthracene-2,6-diyl group or phenanthrene-2,6-diyl group;
all or part of hydrogen atoms of A and A* maybe substituted
with halogens and/or methyl groups; 7' represents COO,
0CO, 0, CO,NHCO, CONH, S, or a direct bond between A*
and A%, or A2 and A% nis 0, 1, or 2; S' and S, which are the
same or different, each represent (CH,),,(1=m=6), (CH,—
CH,—0),, (1=m=6) or a direct bond between P' and A', A*
and P?, or A? and P°.

P3-$3-A3 I

[0014] In the formula, P? represents an acrylate group,
methacrylate group, acrylamide group, methacrylamide
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group, vinyl group, vinyloxy group, or epoxy group; A® rep-
resents a phenyl group, biphenyl group, naphthalene group,
anthracene group, or phenanthrene group; all or part ofhydro-
gen atoms of A®> may be substituted with halogens and/or
methyl groups; and S represents (CH,), (CH,—CH,—O0),,
(1=m=6) or a direct bond between P> and A>.

[0015] For example, one of the substrates in the liquid
crystal display device of the present invention serves as an
array substrate and the other serves as a color filter substrate.
The array substrate includes a plurality of pixel electrodes and
these electrodes control the alignment of liquid crystal mol-
ecules in each pixel. In the color filter substrate, a set of color
filters such as an R (red) filter, a G (green) filter and a B (blue)
filter is provided at each position in one-to-one correspon-
dence with the pixel electrodes on the array substrate,
enabling control of a color to be displayed for each pixel.
[0016] At least one of the substrates in the liquid crystal
display device of the present invention includes an alignment
film. The term “alignment film” herein means a film for
aligning liquid crystal molecules in vicinity thereto in prede-
termined directions, and is intended to include both of films
subjected to an alignment treatment and films not subjected to
any alignment treatment. Examples of the alignment film
include resin films. The alignment film may be, for example,
a resin film formed from a common vertical alignment film
material without performing any alignment treatment, or a
resin film formed from a common horizontal alignment film
material without performing any alignment treatment. In the
case of performing an alignment treatment, a rubbing treat-
ment or a photo-alignment treatment may be performed as the
alignment treatment.

[0017] The polymer layer includes a polymer containing
monomer units derived from at least two species of polymer-
izable monomers. Examples of the polymerizable monomers
include polymerizable monomers that polymerize (photopo-
lymerize) when exposed to light, and polymerizable mono-
mers that polymerize (thermally polymerize) when heated.
As the result of polymerization, the polymer layer is formed.
Among these monomers, preferred are monomers that pho-
topolymerize because photopolymerization is easily initiated
at normal temperature. In the present invention, the polymer-
ization for forming the PSA layer (polymer layer) is not
particularly limited, and examples thereof include “succes-
sive polymerization” in which bi-functional monomers form
a new bond one by one to form a polymer, and “chain poly-
merization” in which monomers successively bond to an acti-
vated species generated from a small amount of a catalyst
(initiator) so that a polymer chain successively grows.
Examples of the successive polymerization include polycon-
densation and polyaddition. Examples of the chain polymer-
ization include radical polymerization and ionic polymeriza-
tion (e.g. anionic polymerization, cationic polymerization).
[0018] The polymer layer enables the alignment film to
regularly align liquid crystal molecules in vicinity to the
alignment film in predetermined directions even if any align-
ment treatment is not performed. For example, in the case
where the polymer layer is formed by polymerizing mono-
mers in a state that liquid crystal molecules are pretilted, the
polymer layer pretilts liquid crystal molecules, whether or not
the alignment film is subjected to an alignment treatment.
[0019] Theatleast two species of polymerizable monomers
include at least two species of monomers selected from the
group consisting of polyfunctional monomers represented by
the formula (T) and monofunctional monomers represented
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by the fornula (II) In other words, in the present invention,
the number of species of polymerizable monomers constitut-
ing the PSA layer (polymer layer) is two or more, and two
species of the polymerizable monomers are monomers rep-
resented by the formula (I) or (I) Specifically, the combina-
tion of these two species of polymerizable monomers can be
as follow: two polyfunctional monomers represented by the
formula (I); two monofunctional monomniers represented by
the formula (II); a polyfunctional monomer represented by
the formula (I) and a monofunctional monomer represented
by the formula (II). In the case of a combination of two
polyfunctional monomers represented by the formula (T) or a
combination of two monofunctional monomers represented
by the formula (II), they are both represented by the same
formula but should be different, for example, in any or some
of PY,SL AL 74 A% 82, P2 PP, §P and A%

[0020] The weight ratio between the at least two species of
polymerizable monomers is not particularly limited. The
monomer with the highest weight among the at least two
species of polymerizable monomers may be a polyfunctional
monomer represented by the formula (I), a monofunctional
monomer represented by the formula (1), ora monomer other
than monomers of the formulae (I) and (II).

[0021] Among the at least two species of monomers repre-
sented by the formula (T) and/or the formula (I1), one serves to
prevent changes in the pretilt angle and the other serves to
prevent residual DC voltage generation. Thus, these two spe-
cies of monomers are used to achieve benefits of preventing
the two causes of image sticking and to provide a high-quality
liquid crystal display device.

[0022] The liquid crystal display device of the present
invention includes these essential components and may or
may not include other components. Hereinafter. preferred
embodiments of the liquid crystal display device of the
present invention are described in more detail.

[0023] One of the at least two species of polymerizable
monomers is preferably a polyfunctional monomer repre-
sented by the formula (I). This is because polymers contain-
ing polyfunctional monomer units are more rigid than poly-
mers of monofunctional monomers and thereby more
successively suppress changes in the pretilt angle caused by
an applied AC voltage than polymers of monofunctional
monormers.

[0024] Preferably, both of P' and P? represent a methacry-
late group, Z" represents a direct bond between A' and A%, or
A%and A% andnisOor 1.

[0025] Preferably, A' represents a 1,4-phenylene group, A*
represents a 1,4-phenylene group, and A> represents a phenyl
group.

[0026] Preferably, the at least two species of polymerizable
monomets are two species of polymerizable monomers.

[0027] Preferably, both of the two species of polymerizable
monomers are polyfunctional monomers represented by the
formula (I). This is because polymers of polyfunctional
monomers are more rigid than polymers of monofunctional
monomers and more successively suppress changes in the
pretilt angle caused by an applied AC voltage than polymers
of monofunctional monomers.

[0028] Preferably, both of the two species of polymerizable
monomers are polyfunctional monomers represented by the
formula (1), both of P! and P* represent a methacrylate group,
7" represents a direct bond between A" and A%, or A> and A%,
andnisOor I.
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[0029] Preferably, one of the two species of polymerizable
monomersincludesa 1,4-phenylene group at A', and a weight
ratio of the polymerizable monomer including a 1.4-phe-
nylene group at A' is larger than a weight ratio of the other
polymerizable monomer.

[0030] Preferably, both of the substrates have electrodes,
and the polymer layer is formed by a polymerization reaction
while a voltage not lower than a threshold voltage is applied
to the liquid crystal layer through the electrodes. In this case,
the pretilt alignment of liquid crystal molecules is more sta-
bilized, and the time required for a change in the angles of all
the liquid crystal molecules after voltage application is short-
ened; in other words, a response time is improved. Inaddition,
an effect of preventing image sticking can be achieved.

[0031] Preferably, the alignment film is formed from a
material containing a polyimide or a polyimide. In the case of
a polyimide, the imide structure of the polyimide backbone
improves the thermal stability. Polyamides provide higher
thermal stability than polyvinyls although the thermal stabil-
ity of polyamides is lower than the thermal stability of poly-
imides. Further, polyamides are more soluble than polyim-
ides and allow easy film formation by printing, ink-jetting or
the like. In addition, polyamides can be easily synthesized by
polycondensation.

[0032] Preferably, the polyimide or polyimide includes a
side chain containing a photoactive functional group. Such a
polymer for the alignment film, which includes a side chain
containing a photoactive functional group, can be used as a
photo-alignment material for the alignment film without
largely changing the backbone structure. In the case where
the film is subjected to a photo-alignment treatment, the prob-
ability of damage to components below the alignment film
(e.g. TFTs) can be reduced, compared to the case where the
filmis subjected to a contact treatment such as rubbing. In this
case, the 4D-RTN mode that can control inclination of liquid
crystal molecules in four different alignment directions in
every pixel is easily achieved since the alignment given by a
photo-alignment treatment can be controlled by the radiation
angle and intensity of light or other factors.

[0033] The photoactive functional group is preferably a
cinnamate group, chalcone group, tolane group, coumarin
group, or azobenzene group. These photoactive functional
groups can be comparatively easily introduced into a side
chain of the polymer and are highly reactive.

[0034] Preferably, the polyimide or polyamide is a copoly-
mer that contains a monomer unit including a side chain
containing the photoactive functional group and a monomer
unit including a side chain free from photoactive functional
groups.

[0035] Preferably, the alignment film is configured to align
liquid crystal molecules in the liquid crystal layer regularly in
a direction vertical to a resin film surface while no voltage is
applied to the liquid crystal layer. In the case where the liquid
crystal display device is in a mode in which liquid crystal
molecules have negative dielectric anisotropy (e.g. vertical
alignment (VA) mode, MVA mode), the alignment film con-
figured as described above can improve the response speed.

[0036] Preferably, the alignment film is configured to align
liquid crystal molecules in the liquid crystal layer regularly in
a direction horizontal to a surface of the alignment film while
no voltage is applied to the liquid crystal layer. In the case
where the liquid crystal display device is in a mode in which
liquid crystal molecules have positive dielectric anisotropy
(e.g. twisted nematic (TN) mode, in-plane switching (IPS)
mode), the alignment film configured as described above can
improve the response speed.
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[0037] Preferably, the alignment film is configured to align
liquid crystal molecules in the liquid crystal layer regularly in
adirection oblique to a surface of the alignment film while no
voltage is applied to the liquid crystal layer. Such an align-
ment film can be prepared by performing an alignment treat-
ment such as a rubbing treatment or a photo-alignment treat-
ment on a common resin material, a vertical alignment film
material or a horizontal alignment film material. If the PSA
film is formed on such an alignment film, the PSA film serves
to further enhance the alignment control ability of the align-
ment film, resulting in lower probability of image sticking. In
addition, it is unnecessary to apply a voltage not lower than a
threshold voltage to the liquid crystal layer during the PSA
polymerization step. Namely, in this case, even in the case
where the PSA polymerization step is performed while no
voltage is applied, this structure makes it possible to achieve
an identical image-sticking prevention effect to that achieved
in the case where the PSA polymerization step is performed
while a voltage not lower than a threshold is applied to the
liquid crystal layer.

[0038] Preferably, the liquid crystal display deviceincludes
a plurality of pixels, the liquid crystal layer is divided into
regions that are in one-to-one correspondence with the pixels,
and each of the regions of the liquid crystal layer is divided
into a plurality of subregions whose alignment directions of
liquid crystal molecules are different from one another. The
structure in which each pixel region has a plurality of subre-
gions whose alignment directions of liquid crystal molecules
are different provides a display that appears the same even
when viewed from different angles. In this way, the viewing
angle characteristic is improved. Such an alignment-divided
structure can be achieved, for example, by forming linear
bank-like protrusions made of a dielectric material on elec-
trodes or forming linear slits in the electrodes, or by changing
the radiation angle of light in the process of forming a photo-
alignment film, so that the resulting alignment film has dif-
ferent pretilt angles.

[0039] Preferably, the number of the subregions is four.
These four subregions provide an improved display even
when the viewing angle is inclined to any directions: up,
down, left and right relative to the normal line of the display
screen, that is, the viewing angle characteristic is improved in
a balanced manner,

[0040] The present invention also provides a method for
producing a liquid crystal display device including a pair of
substrates and a liquid crystal layer between the substrates.
The method includes the steps of: forming an alignment film
on at least one of the substrates; and forming a polymer layer
onthe alignment film by a polymerization reaction between at
least two species of polymerizable monomers. The at least
two species of polymerizable monomers include at least two
species of monomers selected from the group consisting of:
polyfunctional monomers represented by the formula (1), and
monofunctional monomers represented by the formula (II).

[0041] Also, in the production method of the present inven-
tion, as described for the liquid crystal display device of the
present invention, one of the at least two species of polymer-
izable monomers is preferably a polyfunctional monomer
represented by the formula (I). Preferably, both of P* and P*
represent a methacrylate group, Z' represents a direct bond
between A’ and A%, or A% and A% nis O or I, A' represents a
1,4-phenylene group, A® represents a 1,4-phenylene group,
and A represents a phenyl group. Preferably, the at least two
species of polymerizable monomers are two species of poly-
merizable monomers, and both of the two species of poly-
merizable monomers are polyfunctional monomets repre-
sented by the formula (I). Preferably, both of the two species
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of polymerizable monomers are polyfunctional monomers
represented by the formula (I), both of P' and P represent a
methacrylate group, Z' represents a direct bond between A
and A% or AZand A%, andnis Oor 1. Preferably, one of the two
species of polymerizable monomers includes a 1.4-phe-
nylene group at A', and a weight ratio of the polymerizable
monomer including a 1,4-phenylene group at A is larger than
a weight ratio of the other polymerizable monomer.

[0042] Inaddition, in the production method of the present
invention, the alignment film is preferably formed from a
material containing a polyimide or polyamide. Preferably, the
polyimide or polyamide includes a side chain containing a
photoactive functional group, and the photoactive functional
group is a cinnamate group, chalcone group, tolane group,
coumarin group or azobenzene group. Preferably, the poly-
imide or polyamide includes a copolymer containing a mono-
mer unit including a side chain containing the photoactive
functional group and a monomer unit including a side chain
free from photoactive functional groups. Preferably, the
alignment film is configured to align liquid crystal molecules
in the liquid crystal layer regularly in a direction vertical to the
alignment film surface while no voltage is applied to the
liquid crystal layer, or is configured to align liquid crystal
molecules in the liquid crystal layer regularly in a direction
horizontal to the alignment film surface while no voltage is
applied to the liquid crystal layer, or is configured to align
liquid crystal molecules in the liquid crystal layer regularly in
a direction oblique to the alignment film surface while no
voltage is applied to the liquid crystal layer.

[0043] The production method preferably includes the step
of dissolving the at least two species of polymerizable mono-
mers in a liquid crystal material before the step of forming a
polymer layer. Addition of the at least two species of poly-
merizable monomers in a liquid crystal material improves the
efficiency of polymer layer formation.

[0044] In the production method, the step of forming a
polymer layer preferably includes polymerizing the polymer-
izable monomers while applying a voltage not lower than a
threshold voltage to the liquid crystal layer. In this case, the
pretilt alignment of liquid crystal molecules is more stabi-
lized, and the time required for a change in the angles ofall the
liquid crystal molecules after voltage application is started or
ended, that is, a response time is improved. In addition, the
probability of image sticking in a resulting liquid crystal
display device can be reduced.

[0045] 1In the production method, the step of forming an
alignment film preferably includes an alignment treatment by
light irradiation. The alignment treatment by light irradiation
can reduce the probability of damage to components below
the alignment film (e.g. TFTs), compared to contact treat-
ments such as rubbing. Also, this alignment treatment facili-
tates production of devices of the 4D-RTN mode that can
control inclination of liquid crystal molecules in four differ-
ent alignment directions in every pixel since the alignment
given by a photo-alignment treatment can be controlled by the
radiation angle and intensity of light or other factors. Accord-
ingly, a wide viewing angle is easily achieved. Preferably, the
liquid crystal display device includes a plurality of pixels, and
the alignment treatment is a step of dividing each of regions of
the liquid crystal layer which are in one-to-one correspon-
dence with the pixels into a plurality of subregions whose
alignment directions of liquid crystal molecules are different
from one another. The number of the subregions is preferably
four.
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[0046] Further, the present invention provides a composi-
tion for a polymer layer, which includes at least two species of
polymerizable monomers. The at least two species of poly-
merizable monomers include at least two species of mono-
mers selected from the group consisting of polyfunctional
monomers represented by the formula (I) and monofunc-
tional monomers represented by the formula (II).

[0047] Also, in the composition, as described for the liquid
crystal display device and the method for producing a liquid
crystal display device of the present invention, one of the at
least two species of polymerizable monomers is preferably a
polyfunctional monomer represented by the formula (). Pref-
erably, both of P! and P* represent a methacrylate group, 7"
represents a direct bond between A' and A% or A% and A%, nis
Oor 1, A" represents a 1,4-phenylene group, A represents a
1,4-phenvlene group, and A® represents a phenyl group. Pref-
erably, the at least two species of polymerizable monomers
are two species of polymerizable monomers, and both of the
two species of polymerizable monomers are polyfunctional
monomers represented by the formula (T). Preferably, both of
the two species of polymerizable monomers are polyfunc-
tional monomers represented by the formula (I), both of P*
and P* represent a methacrylate group, 7' represents a direct
bond between A' and A2, or A% and A% and n is 0 or 1.
Preferably, one of the two species of polymerizable mono-
mers includes a 1,4-phenylene group at A', and a weight ratio
of the polymerizable monomer including a 1,4-phenylene
group at A' is larger than a weight ratio of the other polymer-
izable monomer.

[0048] Ifthe composition fora polymer layer of the present
invention is added to a liquid crystal material, the polymer-
izable monomers are effectively polymerized under applica-
tion of a voltage not lower than a threshold voltage to a liquid
crystal layer. As a result, a polymer layer is effectively
formed. Accordingly, the present invention provides a com-
position for a liquid crystal layer which contains a liquid
crystal material as well as the composition for a polymer
layer.

Effects of the Invention

[0049] Since the liquid crystal display device of the present
invention includes a polymer layer made of a polymer that
contains monomer units of at least two species of monomers,
on an alignment film, the liquid crystal display device of the
present invention can achieve both of a benefit of preventing
image sticking caused by a change in the pretilt angle and
benefit of preventing image sticking caused by a residual DC
voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG.1isaschematic cross-sectional view ofa liquid
crystal display device according to a first embodiment before
a PSA polymerization step.

[0051] FIG. 2 is a schematic cross-sectional view of the
liquid crystal display device according to the first embodi-
ment after the PSA polymerization step.

[0052] FIG. 3 is a graph showing a change (A tilt (°)) of the
pretilt angle plotted against the concentration (wt %) of a
polymerizable monomer M,.
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[0053] FIG. 4 is a graph showing the magnitude of the
residual DC voltage (rDC (V)) plotted against the concentra-
tion (wt %) of the polymerizable monomer M;,.

MODES FOR CARRYING OUT THE INVENTION

[0054] Hereinafter, the present invention is described in
more detail by way of an embodiment referring to drawings,
but the present invention is not limited to this embodiment.

First Embodiment

[0055] FIGS. 1 and 2 are schematic cross-sectional views
of a liquid crystal display device according to the first
embodiment. FIG. 1 shows the device before a PSA polymer-
ization step and FIG. 2 shows the device after the PSA poly-
merization step. As shown in FIGS. 1 and 2, the liquid crystal
display device according to the first embodiment includes a
pair of substrates (i.e. an array substrate 10 and a color filter
substrate 20), a liquid crystal layer 30 between the array
substrate 10 and the color filter substrate 20. The array sub-
strate 10 includes a supporting substrate 11 which includes an
insulating transparent substrate such as a glass substrate, lines
of various types, pixel electrodes, TFTs, and the like on the
transparent substrate. The color filter substrate 20 includes a
supporting substrate 21 which includes an insulating trans-
parent substrate such as a glass substrate, color filters, a black
matrix, a common electrode, and the like on the transparent
substrate.

[0056] Thearray substrate 10 includes an alignment film 12
onthe supporting substrate 11, and the color filter substrate 20
includes an alignment film 22 on the supporting substrate 21.
The alignment films 12 and 22 are mainly made of a polyim-
ide, polyamide, polyvinyl, polysiloxane, or the like. An align-
ment treatment, such as a rubbing treatment or a photo-align-
ment treatment, is performed on the surfaces of the alignment
films 12 and 22 so that liquid crystal molecules are aligned at
a vertical or horizontal pretilt angle (initial tilt). If the liquid
crystal display is in a VA mode, these alignment films 12 and
22 are preferably vertical alignment films. The vertical align-
ment films are a type of alignment films that align liquid
crystal molecules at a pretilt angle of 90° without any align-
ment treatment, and are formed from a polymer containing a
side chain longer than common polymers.

[0057] As shown in FIG. 1, two species of polymerizable
monomers, that is, a polymerizable monomer M, (monomer
for reducing pretilt image sticking) and a polymerizable
monomer M, (monomer for reducing DC image sticking) are
present in the liquid crystal layer 30 before the PSA polymer-
ization step. In the PSA polymerization step, the polymeriz-
able monomers M” and M, are polymerized to form the PSA
layers 13 and 23 on the alignment films 12 and 22, as shown
in FIG. 2.

[0058] Specifically, the PSA layers 13 and 23 can be
formed by preparing a composition for a liquid crystal layer
by adding a composition for a polymer layer which contains
at least two species of polymerizable monomers, to a liquid
crystal material; injecting the composition between the array
substrate 10 and the color substrate 20; and photo-polymer-
izing the polymerizable monomers by irradiating the liquid
crystal layer 30 with a certain amount of light.

[0059] Inthe firstembodiment, the liquid crystal layer 30 is
irradiated with light in the PSA polymerization step while a
voltage not lower than a threshold voltage is applied to the
liquid crystal layer 30. As aresult, a structure of polymers is
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formed in accordance with the alignment of the liquid crystal
molecules tilted by the voltage not lower than a threshold
voltage Therefore, the PSA layers can function as alignment
films that align the liquid crystal molecules at an initial pretilt
angle even when no voltage is applied.

[0060] In the first embodiment, if the alignment films 12
and 22 are subjected to an alignment treatment, the light
irradiation may be performed without applying a voltage not
lower than a threshold voltage to the liquid crystal layer 30. In
this case, since the alignment films 12 and 22 by themselves
are able to align the liquid crystal molecules in the pretilt
alignment, the PSA layers 13 and 23 on the alignment films
12 and 22 further enhance the alignment stabilizing ability of
the alignment films. As the ability of the alignment films 12
and 22 to control the alignment is enhanced, the liquid crystal
molecules 31 are more uniformly controlled in alignment,
and therefore the alignment is less likely to change with the
passage of time and the probability of image sticking on a
display can be reduced. In the first embodiment, the align-
ment films may be subjected to an alignment treatment, and in
addition, the PSA layers 13 and 23 may be formed by light
irradiation while a voltage not lower than a threshold is
applied to the liquid crystal layer 30. In this case, both of the
alignment films 12 and 22 and the PSA layers 13 and 23 more
successively stabilize the alignment.

[0061] Inthe first embodiment, the alignment of the liquid
crystal molecules may be provided, for example, by linear
slits formed in the pixel electrodes of the supporting substrate
11 or in the common electrode of the supporting substrate 12.
If thin linear slits are formed in the pixel electrodes and/or
common electrode, the liquid crystal molecules are uniformly
aligned along the slits while no voltage is applied. Accord-
ingly, the PSA layers can align the liquid crystal molecules at
a pretilt angle even when a voltage not lower than a threshold
value is not applied to the liquid crystal layer 30.

[0062] Instead of the thin linear slits in the pixel electrodes
or common electrode, thin linear dielectric protrusions may
be formed on the pixel electrodes and/or common electrode.
Also, in this case, the liquid crystal molecules are uniformly
aligned along the protrusions while no voltage is applied.
Accordingly, the PSA layers can align the liquid crystal mol-
ecules at a pretilt angle even when a voltage not lower than a
threshold value is not applied to the liquid crystal layer 30.
[0063] Inthe first embodiment, the alignment of the liquid
crystal molecules may be provided by both of thin linear slits
in the pixel electrodes or common electrode, and thin linear
dielectric protrusions on the pixel electrodes or common elec-
trode.

[0064] Inthe first embodiment, at least two species of poly-
merizable monomers are used. The at least two species of
polymerizable monomers include at least two species of
monomers selected from the group consisting of polyfunc-
tional monomers represented by the formula (I) and mono-
functional monomers represented by the formula (I1).

PLSLAL(Z!-A2) -$2-P2 )

[0065] In the formula, P' and P? which are the same or
different, each represent an acrylate group, methacrylate
group, acrylamide group, methacrylamide group, vinyl
group, vinyloxy group, or epoxy group; A' and A each rep-
resent a 1,4-phenylene group, naphthalene-2,6-diyl group,
anthracene-2,6-diyl group or phenanthrene-2,6-diyl group;
7! represents COO, OCO, O, CO, NHCO, CONH, 8, or a
direct bond between A' and A%, or A>and A% nis0, 1, or2; S!
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and S, which are the same or different, each represent
(CH,),, 1=m=6), (CH,—CH,—0),, (1=m=6) or a direct
bond between P! and A’, A' and P?, or A and P?; and all or
part of hydrogen atoms of A' and A® may be substituted with
halogens and/or methy] groups.

p-§3A3 I
[0066] In the formula, P* represents an acrylate group,
methacrylate group, acrylamide group, methacrylamide
group, vinyl group, vinyloxy group, or epoxy group; A> rep-
resents a phenyl group, biphenyl group, naphthalene group,
anthracene group, or phenanthrene group; all or part of hydro-
gen atoms of A® may be substituted with halogens and/or
methyl groups; and S* represents (CH,),, (1=m=6), (CH,—
CH,—O),, (1=m=6) or a direct bond between P> and A>.

[0067] Examples of the functional group at A® include
structures represented by the following formulae (1-1) to
(1-13).

[Chem 1]
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(1-9)

(1-10)

(-1

(1-12)

(1-13)
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[0068] The use of at least two species of polymerizable
monomers produces an effect of preventing image sticking.
Among the at least two species of monomers before the
polymerization reaction, a polymerizable monomer M
eliminates the cause of image sticking caused by a change in
the pretilt angle, and a polymerizable monomer M, elimi-
nates the cause of image sticking caused by a residual DC
voltage in the alignment films and PSA layers. 1n terms of
image sticking prevention, a weight ratio of the polymeriz-
able monomer M is preferably larger than a weight ratio of
the polymerizable monomer My, (M,ZM,,).

[0069] Other components of the liquid crystal display
device according to the first embodiment are described in
detail.

[0070] 1n the first embodiment, if the alignment films 12
and 22 are subjected to a photo-alignment treatment, for
example, the probability of damage to TFTs of the supporting
substrate 11 can be reduced. In this case, alignment division
of pixels is facilitated, compared to the case where the align-
ment films are subjected to a rubbing treatment.

[0071] Hereinafter, a photo-alignment treatment as an
alignment treatment, that is, a method for forming a photo-
alignment film is described in detail. First, a solution prepared
by dissolving a photo-alignment film material including a
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photoactive functional group in a solvent is applied, by print-
ing or the like, to a supporting substrate on which an align-
ment film is to be formed. The applied solution is pre-baked,
and baked so as to evaporate the solvent. In this way, a base
film is formed. The photoactive functional group may be of
either a photo-coupling type or a photo-decomposition type.
Examples of compounds including a photoactive functional
group include polyamides represented by the following for-
mula (2) and polyimides represented by the following for-
mula (3). The functional groups Z in the formulae (2) and (3)
(i.e. side-chain functional groups containing any of groups
represented by the following formulae (6-1) to (6-6)) function
as photoactive functional groups.

[Chem 2]

@
HOOC

0
|
N_ fxP SNy]
COOH }ll
0

[0072] 1n the formula, X represents any of groups repre-
sented by the following formulae (4-1) to (4-8); Y represents
any of groups represented by the following formulae (5-1) to
(5-15); represents a side-chain functional group containing
any of groups represented by the following formulae (6-1)to
(6-6); and m represents the number of repetitions of the paren-
thesized structure and is a positive integer.

A
DY

[0073] 1n the formula, X represents any of groups repre-
sented by the following formulae (4-1) to (4-8); Y represents
any of groups represented by the following formulae (5-1)to
(5-15); Z represents a side-chain functional group containing
any of groups represented by the following formulae (6-1)to
(6-6); and m represents the number of repetitions of the paren-
thesized structure and is a positive integer.
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-11)
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(6-4)
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(6-5)

(5-14)
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(6-6)

(6-1)

[0074] The photo-alignment film material used in the first
embodiment may be a copolymer including a side chain con-
taining a photoactive functional group and a side chain free
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from photoactive functional groups. Examples of such a
copolymer include compounds represented by the following
formulae (7) and (8).

[Chem 7]

M

[0075] 1n the formula, X represents any of groups repre-
sented by the formulae (4-1) to (4-8); Y represents any of
groups represented by the formulae (5-1) to (5-15); Z repre-
sents a side-chain functional group containing any of groups
represented by the formulae (6-1) to (6-6); W represents any
of groups represented by the following formulae (9-1) to
(9-6); m represents a ratio of monomer units in the copolymer
and is a value in the range of O to 1; and n is a positive integer.
In the following formulae (9-1) to (9-6), D and E, which may
be the Same or different, each represent a divalent group
selected from the group consisting of O, CO, COO, OCO,
NHCO, CONH, S, two phenylene groups coupled to each
other by a direct bond, a methylene group, C,-, alkylene
groups, and a phenylene group.

[Chem 8]
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or different, each represent O, CO, COO, OCO, NHCO,
CONH, S or a phenylene group.

[Chem 9]
©-1)
CH3 CH,
CH(CH2)3CH

\CH3

©-2)
CH3 CH;

CH(CH2)3CH
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0] ] 0] 0]
S HOG- O wae
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[0076] 1n the formula, X represents any of groups repre-
sented by the formulae (4-1) to (4-8); Y1 represents any of
groups represented by the formulae (5-1) to (5-15); Y2 rep-
resents a divalent organic group with a C,_, alicyclic skel-
eton; 7 represents a side-chain functional group containing
any of groups represented by the formulae (6-1) to (6-6); Q
represents O, CO, COO, OCO, NHCO, CONH, S or a direct
bond between the phenylene group and Y2; m represents a
ratio of monomer units in the copolymer and is a value in the
range of 0 to 1; and n is a positive integer. Examples of the
moiety V are shown as the following formulae (10-1) to
(10-8). 1n the following formulae (10-1) to (10-8), A repre-
sents a phenylene group or a direct bond between the groups
on the both sides of A; and B and C, which may be the same
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[0077] Next, the supporting substrate surface is irradiated,
for example, with a predetermined dose of UV rays, prefer-
ably polarized UV rays from an oblique direction to the
surface. In this way, a photo-alignment film is formed. The
pretilt angle of the liquid crystal molecules given by the
photo-alignment film can be adjusted by the irradiation time
and intensity of light, the type of the photoactive functional
group, and the like.

[0078] 1n this process, in the case of the type 4D-RTN
(reverse twisted nematic) mode in which each pixel is divided
into four domains, the viewing angle can be remarkably
improved by performing the alignment treatment on the sub-
strates indifferent directions perpendicular to each other. In
the 4D-RTN mode, very precise pretilt control is required.
The liquid crystal display device according to the first
embodiment can achieve a satisfactory level of the alignment
stability even in the case of the 4D-RTN mode because the
pretilt alignment is highly stabilized by the PSA layers on the
alignment layers.

[0079] 1n the liquid crystal display device according to the
first embodiment, the array substrate 10, the liquid crystal
layer 30, and the color filter substrate 20 are stacked in this
order from the back surface to the screen side of the liquid
crystal display device. The supporting substrate 11 of the
array substrate 10 has a polarizing plate on its back surface.
The supporting substrate 21 of the color filter substrate 20
also has a polarizing plate on the screen side. Further, retar-
dation films may be disposed on these polarizing plates, and
these polarizing plates may be circularly polarizing plates.

[0080] The liquid crystal display device according to the
first embodiment 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 according to the first embodiment is further provided
with backlight. The backlight is disposed on the back surface
side of the array substrate 10, so that light emitted therefrom
passes through the array substrate 10, the liquid crystal layer
30 and the color filter substrate 20 in this order. In the case of
a reflection or transflective type, the array substrate 10 is
further provided with a light reflector for reflecting external
light. At least in a region for displaying reflected light, the
polarizing plate of the color filter substrate 20 should be a
circularly polarizing plate provided with a so-called 3/4
retarder.

[0081] 1n the liquid crystal display device according to the
first embodiment, the color filter on array mode may be
employed, that is, the array substrate 10 may be provided with

11
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color filters. The liquid crystal display device according to the
first embodiment may be a monochrome display. In this case,
no color filter is needed.

[0082] The liquid crystal layer 30 is filled with a liquid
crystal material that is 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 apply-
ing a voltage not lower than a threshold voltage, and the
control mode ofthe alighment is not particularly limited to the
TN mode, VA mode, 1PS mode and the like. The control mode
may be the MVA mode in which both or one of the substrates
have protrusions of a dielectric material and/or slits in elec-
trodes. In this case, a wide viewing angle can be achieved.
[0083] Regarding the liquid crystal display device accord-
ing to the first embodiment, the composition of the alignment
films, the monomer components for PSA layer formation
(derived from polymerizable monomers) in the PSA layers,
the amounts of the contained monomers for PSA layer for-
mation (polymerizable monomers) in the liquid crystal layer,
the ratio of the monomers for PSA layer formation in the PSA
layers (polymerizable monomers), and the like can be ana-
lyzed by disassembling the liquid crystal display device (for
example, a liquid crystal TV (television) or a DID (digital
information display)), and performing a chemical analysis by
nuclear magnetic resonance (NMR) analysis, Fourier trans-
form infrared spectroscopy (FI-TR), mass spectrometry
(MS: Mass Spectrometry), or the like.

EXAMPLE 1

[0084] Hereinafter, Example 1 is described in which a lig-
uid crystal cell of the liquid crystal display device according
to the first embodiment was actually produced. First, as a
vertical alignment film material, a solution containing a
polyamic acid or polyimide including a side chain containing
a photoactive functional group was applied to the surfaces of
apair of supporting substrates. The substrates were pre-baked
at 80° C. and then post-baked at 200° C. for 60 minutes

[0085] Next, a photo-alignment treatment was performed
by emitting polarized UV rays with a wavelength of about
300 nm from a direction oblique at 45° to the surfaces of the
supporting substrates. The dose of UV rays was 100 mJ/cm?.
[0086] Next, a seal was applied to one of the supporting
substrates and beads were scattered on the other supporting
substrate. The supporting substrates were attached to each
other, and a composition for a liquid crystal layer which
contains a liquid crystal material having negative dielectric
anisotropy was injected between the substrates. In the present
example, as compositions for a liquid crystal layer, a plurality
of samples were prepared by using a composition for a poly-
mer layer which contains a polymerizable monomer M,
(monomer for reducing pretilt image sticking) represented by
the following formula (11) and a polymerizable monomer
M,, (monomer for reducing DC image sticking) represented
by the following formula (12). The weight ratios between the
polymerizable monomers My and M, of these samples were
different. Specifically, the weight ratios (MM ;) of the poly-
merizable monomer M, to the polymerizable monomer M,
of the samples having different weight ratios prepared in the
present example were 9:1 (sample E1), 3:1 (sample C1), 1:1
(sample D1), and 1:3 (sample E1). Further, for preparation of
reference cells for comparison with the samples used in the
present example, a composition containing only the polymer-
izable monomer M, (MzM,=1:0) (sample A1) and a com-
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position containing only the polymerizable monomer M,,
(MzMp=1:10) (sample F1) were also prepared.

[Chem 11]
(1
sHC—Cl—ﬁ—Oo—ﬁ—ﬁ—CHg
CH, O 0 CH;
[Chem 12]
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[0087] Next, the supporting substrates with the composi-
tion for a liquid crystal layer injected therebetween were
heated to 130° C. and quenched. Then, the polymerization
reaction was allowed to proceed under irradiation from the
blacklight (with UV rays with a peak wavelength of 300 to
350 nm) for 60 minutes without applying a voltage to the
liquid crystal layer. 1n this way, liquid crystal cells having
PSA layers on vertical alignment films were prepared.
[0088] Subsequently, the voltage holding ratio (VHR),
change in the pretilt angle, and residual DC voltage were
measured for the respective liquid crystal cells prepared as
above.

[0089] The VHR was measured twice for the initial voltage
holding ratio and after 1000 hours from the start of voltage
application. The change in the pretilt angle was calculated by
subtracting the pretilt angle before AC voltage application,
from the pretilt angle after 100 hours of AC voltage applica-
tion. The residual DC voltage was measured at 40° C. by
Flicker Elimination technology using a DC offset voltage at 1
V. Hereinafter, the results are described.

[0090] Table 1 shows the results of the VHF. (%) before the
voltage application of each sample. The values for M, and
M,, are weight ratios.
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concentration (wt %) of the polymerizable monomer M,. As
shown in F1G. 2, the change in the pretilt angle (°) increased
with increasing concentration of the polymerizable monomer
M,

[0093] FIG. 4 is a graph showing the magnitude of the
residual DC voltage (rDC (V)) plotted against the concentra-
tion (wt %) of the polymerizable monomer M,. The concen-
tration (wt %) of the polymerizable monomer M, can be
calculated from the concentration (wt %) of the polymeriz-
able monomer M,,. As shown in F1G. 4, the residual DC
voltage (V) was highest at a polymerizable monomer M,
concentration of 0 wt % and decreased with increasing con-
centration of the polymerizable monomer M, in the concen-
tration range of 0 to 10 wt %. However, the residual DC
voltage (V) did not largely change in the polymerizable
monomnter M, concentration range of not lower than 10 wt %.
[0094] From the results shown in FIGS. 3 and 4, the
samples B1, C1, D1 and E1 were shown to favorably prevent
both of changes in the pretilt angle and residual DC voltages.
The sample D1 was good, the sample C1 was better, and the
sample B1 was the best.

[0095] The results can be summarized as follows: in the
case where only the two species of polymerizable monomers
are used as the polymerizable monomers, the weight ratio of
the polymerizable monomer M to the total weight of two
species of polymerizable monomers is preferably not lower
than 25 wt %, more preferably not lower than 50 wt %, further
more preferably not lower than 75 wt %, and particularly
preferably not lower than 90 wt %.

[0096] From F1G. 4, it was found that the residual DC
voltage rapidly changed in the polymerizable monomer M,
concentration range of 0 to 10 wt %, that the polymerizable
monomer M, at a concentration of 5 wt % (i.e. a polymeriz-
able monomer M concentration of 95 wt %) produced a
certain level of a residual DC voltage reducing effect, which
1s a similar level to that of the image sticking prevention effect
achieved at a polymerizable monomer M, concentration of
10 wt % (i.e. a polymerizable monomer M, concentration of
90 wt %). These findings revealed that the polymerizable
monomer M,among the two species of polymerizable mono-
mers produces a good effect at a concentration of not higher
than 95 wt %.

EXAMPLE 2

[0097] Hereinafter, Example 2 is described in which a lig-
uid crystal cell of the liquid crystal display device according

TABLE 1
Sample Al Sample Bl SampleC1  Sample D1 Sample E1 Sample F1
M7z 1 9 3 1 0
My 0 1 1 1 1
VHR (%) 99.5 99.5 99.5 99.5 99.5 99.4

[0091] From the results in Table 1, all the samples were
shown to provide an initial VHR of not lower than 99%, and
to produce no bad effect on displays such as flicker. In addi-
tion, the VHRs of all the samples were not lower than 99%
even after 1000 hours from the start of voltage application.
Accordingly, the reliability of all the samples was proved.

[0092] FIG. 3 is a graph showing the change (A tilt (°)) in
the pretilt angle plotted against the concentration (wt %) of
the polymerizable monomer M,,. The concentration (wt %) of
the polymerizable monomer M can be calculated from the

to the first embodiment was actually produced. In Example 2,
samples were prepared in the same manner as in Example 1,
except that a different polymerizable monomer M, (mono-
mer for reducing pretilt image sticking) and a different poly-
merizable monomer M,, (monomer for reducing DC image
sticking) were used. The polymerizable monomer M - and the
polymerizable monomer M, used in Example 2 were a com-
pound represented by the following formula (13) and a com-
pound represented by the following formula (14), respec-
tively.
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[0098] The weight ratios (M;:M,,) of the polymerizable
monomer M, to the polymerizable monomer M,, of the
samples prepared in Example 2 were 9:1 (sample B2), 3:1
(sample C2), 1:1 (sample D2), and 1:3 (sample E2). Further,
for preparation of reference cells for comparison with the
samples used in the present example, a composition contain-
ing only the polymerizable monomer M, (M;:M,=1:10)
(sample A2) and a composition containing only the polymer-
izable monomer M, (M;:M,=0:10) (sample F2) were also
prepared.

[0099] Table 2 shows the results of (1) the VHR (%) mea-
sured before voltage application, (2) the change (A tilt (°)) in
the pretilt angle against the polymerizable monomer M,, con-
centration (wt %), and (3) the magnitude of the residual DC
voltage (rDC (V)) against the polymerizable monomer M,,
concentration (wt %) of the respective samples. The values
for M and M, are weight ratios.
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[0104] The results can be summarized as follows: in the
case where only the two species of polymerizable monomers
are used as the polymerizable monomers, the weight ratio of
the polymerizable monomer M, to the total weight of two
species of polymerizable monomers is preferably not lower
than 25 wt %, more preferably not lower than 50 wt %, further
more preferably not lower than 75 wt %, and particularly
preferably not lower than 90 wt %.

[0105] From Table 2, it was found that the residual DC
voltage rapidly changed in the polymerizable monomer M,
concentration range of 0 to 10 wt %, that the polymerizable
monomer My, at a concentration of 5 wt % (i.e. a polymeriz-
able monomer M, concentration of 95 wt %) produced a
certain level of a residual DC voltage reducing effect, which
is a similar level to that of the image sticking prevention effect
achieved at a polymerizable monomer M, concentration of
10 wt % (i.e. a polymerizable monomer M, concentration of
90 wt %). These findings revealed that the polymerizable
monomer M,among the two species of polymerizable mono-
mers produces a good effect at a concentration of not higher
than 95 wt %.

EXAMPLE 3

[0106] Hereinafter, Example 3 is described in which a lig-
uid crystal cell of the liquid crystal display device according
to the first embodiment was actually produced. In Example 3,
samples were prepared in the same manner as in Examples 1
and 2, except that a different polymerizable monomer M,
(monomer for reducing pretilt image sticking) and a different
polymerizable monomer M,, (monomer for reducing DC
image sticking) were used. The polymerizable monomer M,
and the polymerizable monomer M, used in Example 3 were

TABLE 2
Sample A2 Sample B2 Sample C2  Sample D2 Sample E2 Sample F2
My 1 9 3 1 1 0
Mp 0 1 1 1 3 1
VHR (%) 99.5 99.5 99.5 9.5 99.5 99.5
Atilt (%) 0.202 0.22 0.27 0.31 0375 0.44
DC (V) 0.0975 0.015 0.015 0.025 0.020 0.020

[0100] From the results in Table 2, all the samples were
shown to provide an initial VHR of not lower than 99%, and
to produce no bad effect on displays such as flicker. 1In addi-
tion, the VHRs of all the samples were not lower than 99%
even after 1000 hours from the start of voltage application.
Accordingly, the reliability of all the samples was proved.
[0101] As shown in Table 2, the change in the pretilt angle
(°) increased with increasing concentration of the polymeriz-
able monomer M.

[0102] As shown in Table 2, the residual. DC voltage (V)
was highest at a polymerizable monomer M, concentration
of 0 wt % and decreased with increasing concentration of the
polymerizable monomer M, in the concentration range of 0
to 10 wt %. However, the residual DC voltage (V) did not
largely change in the polymerizable monomer M, concentra-
tion range of not lower than 10 wt %.

[0103] From the results shown in Table 2, the samples B2,
C2, D2 and E2 were shown to favorably prevent both of
changes in the pretilt angle and residual DC voltages. The
sample D2 was good, the sample C2 was better, and the
sample B2 was the best.

a compound represented by the following formula (15) and a
compound represented by the following formula (16), respec-
tively.

[Chem 15]
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[0107] The weight ratios (M;:Mj,) of the polymerizable
monomer My to the polymerizable monomer M, of the
samples prepared in Example 3 were 9:1 (sample B3), 3:1
(sample C3), 1:1 (sample D3), and 1:3 (sample E3). Further,
for preparation of reference cells for comparison with the
samples used in the present example, a composition contain-
ing only the polymerizable monomer My (M My=10:0)
(sample A3) and a composition containing only the polymer-
izable monomer M, (M;M,,=0:10) (sample F3) were also
prepared.

[0108] Table 3 shows the results of (1) the VHR (%) mea-
sured before voltage application, (2) the change (A tilt (°)) in
the pretilt angle against the polymerizable monomer M, con-
centration (wt %), and (3) the magnitude of the residual DC
voltage (rDC (V)) against the polymerizable monomer M,
concentration (wt %) of the respective samples. The values
for M,and M, are weight ratios.
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achieved at a polymerizable monomer M, concentration of
10 wt % (i.e. a polymerizable monomer M, concentration of
90 wt %). These findings revealed that the polymerizable
mononter M, among the two species of polymerizable mono-
mers produces a good effect at a concentration of not higher
than 95 wt %.

[0115] The present application claims priority to Patent
Application No. 2009-083201 filed in Japan on Mar. 30, 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
[0116] 10: Array substrate
[0117] 11, 21: Supporting substrate

TABLE 3

Sample A3 Sample B3 Sample C3  Sample D3 Sample E3 Sample F3
My 1 9 3 1 1 0
My 0 1 1 1 3 1
VHR (%)  99.5 99.5 99.5 99.4 99.3 99.1
Ailt () 0.202 0.42 0.69 0.96 1.33 175
DC (V) 0.0975 0.010 0.005 -0.005 -0.005 0.00
[0109] From the results in Table 3, all the samples were [0118] 12,22: Alignment film
shown to provide an initial VHR of not lower than 99%, and [0119] 13, 23: PSA layer (polymer layer)
to produce no bad effect on displays such as flicker. In addi- [0120] 20: Color filter substrate
tion, the VHRs of all the samples were not lower than 99% [0121] 30: Liquid crystal layer
even after 1000 hours from the start of voltage application. [0122] 31: Liquid crystal molecule
Accordingly, the reliability of all the samples was proved. [0123] M, Polymierizable monomer (monomer for reduc-

[0110] As shown in Table 3, the change in the pretilt angle
(°) increased with increasing concentration of the polymeriz-
able monomer M.

[0111] As shown in Table 3, the residual DC voltage (V)
was highest at a polymerizable monomer M, concentration
of 0 wt % and decreased with increasing concentration of the
polymerizable monomer M, in the concentration range of 0
to 10 wt % . However, the residual DC voltage (V) did not
largely change in the polymerizable monomer M, concentra-
tion range of not lower than 10 wt %.

[0112] From the results shown in Table 3, the samples B3,
C3, D3 and E3 were shown to favorably prevent both of
changes in the pretilt angle and residual DC voltages. The
sample D3 was good, the sample C3 was better, and the
sample B3 was the best.

[0113] The results can be summarized as follows: in the
case where only the two species of polymerizable monomers
are used as the polymerizable monomers, the weight ratio of
the polymerizable monomer M, to the total weight of two
species of polymerizable monomers is preferably not lower
than 25 wt %, more preferably not lower than 50 wt %, further
more preferably not lower than 75 wt %, and particularly
preferably not lower than 90 wt %.

[0114] From Table 3, it was found that the residual DC
voltage rapidly changed in the polymerizable monomer M,,
concentration range of 0 to 10 wt %, that the polymerizable
monomer M, at a concentration of 5 wt % (i.e. a polymeriz-
able monomer M, concentration of 95 wt %) provided a
certain level of a residual DC voltage reducing effect, which
is a similar level to that of the image sticking prevention effect

ing pretilt image sticking)
[0124] M, Polymerizable monomer (monomer for reduc-
ing DC image sticking)

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 polymer layer on the alignment film,

the polymer layer comprises monomer units derived from
at least two species of polymerizable monomers,

the at least two species of polymerizable monomers
include at least two species of monomers selected from
the group consisting of:

polyfunctional monomers represented by the formula (1):

PLSLAL(Z!-A2) -$2-P2 )

wherein P' and P?, which are the same or different, each
represent an acrylate group, methacrylate group, acrylamide
group, methacrylamide group, vinyl group, vinyloxy group,
or epoxy group; A" and A> each represent a 1,4-phenylene
group, naphthalene-2,6-diyl group, anthracene-2,6-diyl
group or phenanthrene-2,6-diyl group; 7' represents COO,
0CO, 0, CO, NHCO, CONH, S, or a direct bond between A!
and A%, or A2 and A%, nis 0, 1, or 2; S* and S which are the
same or different, each represent (CH,),, (1=m=6), (CH,—
CH,—0),,(1=m=6)oradirect bond between P' and A', A"
and P?, or A% and P% and all or part of hydrogen atoms of A*
and A® may be substituted with halogens and/or methyl
groups; and
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monofunctional monomers represented by the formula
n:
P3.g3.A3 {n

wherein P° represents an acrylate group, methacrylate group,
acrylamide group, methacrylamide group, vinyl group, viny-
loxy group, or epoxy group; A’ represents a phenyl group,
biphenyl group, naphthalene group, anthracene group, or
phenanthrene group; all or part of hydrogen atoms of A*> may
be substituted with halogens and/or methyl groups; and S°
represents (CH,),, (1=m=6), (CH,—CH,—0),, (1=m=6)
or a direct bond between P* and A°.
2. The liquid crystal display device according to claim 1,
wherein one of the at least two species of polymerizable
monomers is a polyfunctional monomer represented by
the formula (1).
3. The liquid crystal display device according to claim 2,
wherein both of P* and P represent a methacrylate group,
7! represents a direct bond between A' and A%, or A? and
AZ% and
nisOorl.
4. The liquid crystal display device according to claim 1.
wherein A represents a 1,4-phenylene group.
5. The liquid crystal display device according to claim 1,
wherein A* represents a 1,4-phenylene group.
6. The liquid crystal display device according to claim 1,
wherein A® represents a phenyl group.
7. The liquid crystal display device according to claim 1,
wherein the at least two species of polymerizable mono-
mers are two species of polymerizable monomers.
8. The liquid crystal display device according to claim 7, 1,
wherein both of the two species of polymerizable mono-
mers are polyfunctional monomers represented by the
formula (1).
9. The liquid crystal display device according 1o claim 7,
wherein both of the two species of polymerizable mono-
mers are polyfunctional monomers represented by the
formula (1),
both of P* and P? represent a methacrylate group,
7! represents a direct bond between A' and A%, or A? and
AZ, and
nisOorl.
10. The liquid crystal display device according to claim 8,
wherein one of the two species of polymerizable mono-
mers includes a 1,4-phenylene group at A', and
a weight ratio of the polymerizable monomer including a
1.4-phenylene group at A" is larger than a weight ratio of
the other polymerizable monomer.
11. The liquid crystal display device according to claim 1,
wherein both of the substrates comprises electrodes, and
the polymer layer is formed by a polymerization reaction
while a voltage not lower than a threshold voltage is
applied to the liquid crystal layer through the electrodes.
12. The liquid crystal display device according to claim 1,
wherein the alignment film is formed from a material con-
taining a polyimide.
13. The liquid crystal display device according to claim 12,
wherein the polyimide includes a side chain containing a
photoactive functional group.
14. The liquid crystal display device according to claim 1,
wherein the alignment film is formed from a material con-
taining a polyamide.
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15. The liquid crystal display device according to claim 14,

wherein the polyamide includes a side chain containing a

photoactive functional group.

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

wherein the photoactive functional group is a cinnamate

group, chalcone group, tolane group, coumarin group, or
azobenzene group.

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

wherein the polyimide comprises a copolymer that con-

tains a monomer unit including a side chain containing
the photoactive functional group and a monomer unit
including a side chain free from photoactive functional
groups.

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

wherein the polyamide comprises a copolymer that con-

tains a monomer unit including a side chain containing
the photoactive functional group and a monomer unit
including a side chain free from photoactive functional
groups.

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

wherein the alignment film aligns liquid crystal molecules

in the liquid crystal layer regularly in a direction vertical
to a surface of the alignment film while no voltage is
applied to the liquid crystal layer.

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

wherein the alignment film aligns liquid crystal molecules

in the liquid crystal layer regularly in a direction hori-
zontal to a surface of the alignment film while no voltage
is applied to the liquid crystal layer.

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

wherein the alignment film aligns liquid crystal molecules

in the liquid crystal layer regularly in a direction oblique
to a surface of the alignment film while no voltage is
applied to the liquid crystal layer.

22. The liquid crystal display device according to claim 1,
comprising: a plurality of pixels,

wherein the liquid crystal layer is divided into regions that

are in one-to-one correspondence with the pixels, and
each of the regions of the liquid crystal layer is divided into

a plurality of subregions whose alignment directions of

liquid crystal molecules are different from one another.

23. The liquid crystal display device according to claim 22,

wherein the number of the subregions is four.

24. 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 polymer layer on the alignment film by a poly-

merization reaction between at least two species of poly-
merizable monomers,

wherein the at least two species of polymerizable mono-

mers include at least two species of monomers selected
from the group consisting of: polyfunctional monomers
represented by the formula (1), and monofunctional
monomers represented by the formula (11).

25. The production method according to claim 24, further
comprising the step of dissolving the at least two species of
polymerizable monomers in a liquid crystal material before
the step of forming a polymer layer.

26. The production method according to claim 24,

wherein the step of forming a polymer layer comprises

forming a polymer layer by polymerizing the polymer-
izable monomers while applying a voltage not lower
than a threshold voltage to the liquid crystal layer.
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27. The production method according to claim 24,
wherein the step of forming an alignment film comprises
an alignment treatment by light irradiation.
28. A composition for a polymer layer, comprising at least
two species of polymerizable monomers,
wherein the at least two species of polymerizable mono-
mers include at least two species of monomers selected
from the group consisting of polyfunctional monomers
represented by the formula (1) and monofunctional
monomers represented by the formula (11).
29. The composition for a polymer layer according to claim
28,
wherein one of the at least two species of polymerizable
monomers is a polyfunctional monomer represented by
the formula (1).
30. The composition for a polymer layer according to claim
28,
wherein both of P* and P? represent a methacrylate group,
7' represents a direct bond between A' and A%, or A and
A2 and
nisOorl.
31. The composition for a polymer layer according to claim
28,
wherein A represents a 1,4-phenylene group.
32. The composition for a polymer layer according to claim
28,
wherein A* represents a 1,4-phenylene group.
33. The composition for a polymer layer according to claim
28,
wherein A represents a phenyl group.
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34. The composition fora polymer layer according to claim
28,
wherein the at least two species of polymerizable mono-
mers are two species of polymerizable monomers.
35. The composition fora polymer layer according to claim
34,
wherein both of the two species of polymerizable mono-
mers are polyfunctional monomers represented by the
formula (1).
36. The composition fora polymer layer according to claim
34,
wherein both of the two species of polymerizable mono-
mers are polyfunctional monomers represented by the
formula (1),
both of P! and P represent a methacrylate group,
7! represents a direct bond between A' and A%, or A* and
A? and
nisOorl.
37. The composition fora polymer layer according to claim
35,
wherein one of the two species of polymerizable mono-
mers includes a 1,4-phenylene group at A', and
a weight ratio of the polymerizable monomer including a
1,4-phenylene group at A' is larger than a weight ratio of
the other polymerizable monomer.
38. A composition for a liquid crystal layer, comprising the
composition for a polymer layer according to claim 28; and
a liquid crystal material.

* ok ok %k %
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