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(57) ABSTRACT

A liquid crystal display device (1) includes a first substrate
(2), a second substrate (3) provided to face the first substrate
(2), a liquid crystal layer (4) sandwiched between the first
substrate (2) and the second substrate (3), a first polarizing
plate (5) and a second polarizing plate (6) respectively pro-
vided on a side of the first substrate (2) and a side of the
second substrate (3) which are opposed to sides to which the
liquid crystal layer (4) is provided, and a common electrode
(7) and a pixel electrode (9) provided to the liquid crystal
layer (4) side of the first substrate (2). Alignment of liquid
crystal molecules (4a) of the liquid crystal layer (4) is con-
trolled by an electric field generated between the common
electrode (7) and the pixel electrode (9). A polarizing layer
(13) is provided on the liquid crystal layer (4) side of the
second substrate (3) so as to be in contact with the liquid
crystal layer (4). The polarizing layer (13) has a uniaxial
absorption anisotropy, and serves as an alignment layer for
regulating a direction of alignment of the liquid crystal mol-
ecules (4a).

9 o \ \ r\




Patent Application Publication  Dec. 22,2011 Sheet 1 of 6 US 2011/0310319 A1

FIG.1

!—L

9“”"F> A \ \ § \ \\t z] N

’///////?/A/////////J‘8

~ s ///.//// /////

/ s e S S
/ - // //////////
/ //‘/ R / s / s s / 4 7/ //"J
Ry / ////// ) e
/

///f

N \ . \ . T~5H

FIG.2




Patent Application Publication  Dec. 22,2011 Sheet 2 of 6 US 2011/0310319 A1

FIG.3

13a,13b
%

FIG.4




Patent Application Publication  Dec. 22,2011 Sheet 3 of 6 US 2011/0310319 A1

21//////// ////Y/ ~11

Vi T S R G A G B G G S R

////////////////////
R S i G S A A A P




Patent Application Publication  Dec. 22,2011 Sheet 4 of 6 US 2011/0310319 A1

FIG.6

A
5a~-":§
21a,21b
\ §
R e G A R >
6a
g
FIG.7
/E\
Sa-
: 21a,21b
) 5 )
S N ;r-\ ------------------- >
4a




Patent Application Publication  Dec. 22,2011 Sheet 5 of 6 US 2011/0310319 A1

FIG.8

N R NN \.\\\.\ » N
13- /// ///////// Oy

NN S NS N
’/7///////////////////// -8

< ~ N
SO RO OO \\\\\\ SO

//.:;f /////////;/ f//// /// " //’ ,////
// /////,r // /// /, //// ””” —\/2
S ‘L /// s ,/ ///

©
L
-\)

\ X |\ M \

|
18



Patent Application Publication  Dec. 22,2011 Sheet 6 of 6 US 2011/0310319 A1

FIG.10 50

. \\ =, S .
A
\\'\\\\'\\\\ \\\ \\ > . \“\ N, ~ \\ \\ \\'\ ~ RN \'\
s, P RS RN N R DY 5, . D R ™,
NGRS R R R \\\\\\\\:\\\\ =
5] \/&ti\‘\\\\ RN, \\\\\\ NN \\\\ RN T NV NN N
A RN R,
5 s -, 5 L LN
1 /'\_/1 2
'
e
093~V L L L —11
b . e T o
Y e e e

R S & i Y.

932 NN S N
’AV//////////41//Ar

\\\ \ \ \ N .\_/7
////// /
by A S
t%/ /i// // // // z// ,7//{/ ///
///////////////// iy -\__,2
sy . // /f / ///// » 0 / /
~\.,5
. \\ \ \\ ~

FIG.11

\\ T

AV N N VL W N

/////////////////////f8
‘\\\\\\\\\\\\\ OO SO, \/7
,///////////,// // T //// 7

/*&ﬂ%/77//7/w7/ -2
N N N Y

-




US 2011/0310319 Al

LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal dis-
play devices, and specifically relates to in-plane mode liquid
crystal display devices.

BACKGROUND ART

[0002] For example, Twisted Nematic (TN) mode liquid
crystal display devices using nematic liquid crystals have
been utilized. The TN mode liquid crystal display device
includes a pair of substrates facing each other, and a liquid
crystal layer interposed between the substrates, and is con-
figured to drive the liquid crystal layer by generating an
electric field between electrodes provided to the respective
substrates. That is, the liquid crystal molecules of the liquid
crystal layer are switched to point the substrates, depending
on the presence or absence of the electric field between the
substrates. However, the TN mode liquid crystal display
devices have problems such as a slow response speed and a
narrow viewing angle.

[0003] Inview ofthis, in-plane mode liquid crystal display
devices are known in which a pixel electrode and a common
electrode are formed on the same substrate; a voltage is
applied between the pixel electrode and the common elec-
trode, thereby generating an electric field parallel to a sub-
strate surface and driving the liquid crystal molecules in a
plane parallel to the substrate surface.

[0004] In-Plane Switching (IPS) mode and Fringe Field
Switching (FFS) mode are known as this in-plane mode.
According to the IPS mode, to prevent the generation of
display unevenness and reduce necessary voltages, a fine-
toothed pixel electrode and a fine-toothed common electrode
are combined and placed. According to the FFS mode, a pixel
electrode and a common electrode for applying an electric
field to a liquid crystal layer are located on different layers,
with insulating films respectively interposed therebetween.
[0005] Here, these in-plane mode liquid crystal display
devices have a problem in which thermal fluctuations of the
liquid crystal molecules in the liquid crystal layer occur, and
a contrast ratio is reduced due to the thermal fluctuations.
[0006] Inview ofthis, to prevent a reduction in the contrast
ratio, liquid crystal display devices including a polarizing
layer are suggested. More specifically, a liquid crystal display
device is disclosed which includes a pair of substrates, a pair
of polarizing plates respectively placed on the pair of sub-
strates, a liquid crystal layer sandwiched between the pair of
substrates, an alignment film for aligning liquid crystal mol-
ecules in a predetermined direction, a pixel electrode and a
common electrode formed at least one of the pair of sub-
strates, for applying an electric field to the liquid crystal layer,
and a polarizing layer having a uniaxial absorption anisotropy
between the pair of polarizing plates. With this structure, it is
possible to reduce a chromaticity change in a white represen-
tationand a black representation, and reduce luminance of the
black representation to improve a contrast ratio (see, e.g.,
Patent Document 1).

[0007] Further, liquid crystal display devices are suggested
which include two substrates facing each other, a liquid crys-
tal layer interposed between the two substrates, an alignment
film for aligning liquid crystal molecules in a predetermined
direction, a color filter layer formed on at least one of the two
substrates, and a polarizing layer located between the color
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filter layer and the liquid crystal layer, for compensating for
depolarization of linearly polarized light in the color filter
layer. The polarizing layer is a coating of molecules which are
aligned and polymerized. With this structure, depolarization
of linearly polarized light in the color filter layer is compen-
sated, thereby reducing scattering of the depolarized light,
and decreasing light transmission in the dark state. Conse-
quently, a reduction in contrast ratio can be prevented (see,
e.g., Patent Document 2).

CITATION LIST
Patent Document

[0008] PATENT DOCUMENT 1: Japanese Patent Publica-
tion No. 2006-91393

[0009] PATENT DOCUMENT 2: Japanese Patent Publica-
tion No. H10-161105
SUMMARY OF THE INVENTION
Technical Problem

[0010] However, the above conventional liquid crystal dis-
play devices had a problem in which if there is a small mis-
alignment between a direction of a transmission axis of the
polarizing layer provided inside the liquid crystal display
device and a direction of alignment of the liquid crystal mol-
ecules, light use efficiency is reduced, thereby causing a
reduction in luminance, and as a result, the contrast ratio
decreases.

[0011] Further, the above conventional liquid crystal dis-
play devices need to be provided with a polarizing layer in
addition to an overcoat layer which is provided, for planariza-
tion, on an alignment layer or a color filter layer. Therefore,
the liquid crystal display devices might have a complicated
structure, and the number of the fabrication steps might be
increased, resulting in an increase in cost.

[0012] Thepresentinvention was made in view of the above
problems, and it is an objective of the invention to provide a
liquid crystal display device with an improved contrast ratio
and less fabrication steps to prevent a cost increase.

Solution to the Problem

[0013] To solve the above problems, a liquid crystal display
device of the present invention includes: a first substrate; a
second substrate provided to face the first substrate; a liquid
crystal layer sandwiched between the first substrate and the
second substrate; a first polarizing plate and a second polar-
izing plate respectively provided ona side of the first substrate
and a side of the second substrate which are opposed to sides
to which the liquid crystal layer is provided; and a first elec-
trode and a second electrode provided to the liquid crystal
layer side of the first substrate, wherein an electric field par-
allel to substrate surfaces of the first and second substrates is
applied to the liquid crystal layer by an electric field generated
between the first electrode and the second electrode, thereby
controlling alignment of liquid crystal molecules of the liquid
crystal layer. A polarizing layer is provided on the liquid
crystal layer side of the second substrate so as to be in contact
with the liquid crystal layer, and the polarizing layer has a
uniaxial absorption anisotropy and serves as an alignment
layer for regulating a direction of alignment of the liquid
crystal molecules.

[0014] According to this structure, the polarizing layer hav-
ing a uniaxial absorption anisotropy is in contact with the
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liquid crystal layer and serves as an alignment layer, and
therefore, it is possible to make the direction of the transmis-
sion axis of the polarizing layer completely align with the
direction of the alignment axis. Since the polarization axis of
the polarizing layer completely aligns with the alignment axis
of the liquid crystal molecules, it is possible to prevent leak-
age of light at the time of no voltage application. As a result,
a reduction in contrast ratio can be prevented.

[0015] Further, since the polarizing layer serves as an align-
ment layer, itis not necessary to provide an alignment layer in
addition to the polarizing layer. Thus, the structure of the
liquid crystal display device can be simplified, and it is pos-
sible to provide the polarizing layer without an increase in the
number of fabrication steps. As a result, it is possible to
prevent a cost increase.

[0016] Further, in the liquid crystal display device of the
present invention, the polarizing layer may serve as an over-
coat layer for planarizing a surface layer of the second sub-
strate.

[0017] According to this structure, the polarizing layer
serves as an overcoat layer. Therefore, it is possible to use an
unpolished second substrate having undulations in the form
asperities on the surface. This means that it is not necessary to
provide a work process for the second substrate. Thus, it is
possible to reduce the number of fabrication steps and reduce
Cost.

[0018] Further, it is not necessary to provide an overcoat
layer in addition to the polarizing layer. Thus, the structure of
the liquid crystal display device can be more simplified, and
it is possible to provide the polarizing layer serving as an
overcoat layer without increasing the number of fabrication
steps. As a result, it is possible to further prevent an increase
in cost.

[0019] Further, in the liquid crystal display device of the
present invention, the polarizing layer may contain anisotro-
pic absorbers, and the anisotropic absorbers may be aligned in
one direction by irradiation with linearly polarized light.

[0020] According to this structure, it is possible to form the
polarizing layer in a simple structure which has a uniaxial
absorption anisotropy and which can serve as an alignment
layer.

[0021] Further, in the liquid crystal display device of the
present invention, the anisotropic absorbers may be an azo-
based compound or an anthraquinone-based compound.

[0022] According to this structure, it is possible to form the
polarizing layer which has a uniaxial absorption anisotropy
and which serves as an alignment layer, using a cheap, gen-
eral-purpose compound.

[0023] Further, in the liquid crystal display device of the
present invention, a glass transition temperature of the polar-
izing layer may be 200° C. or more.

[0024] According to this structure, it is possible to prevent
occurrence of image sticking caused by a change in the direc-
tion of alignment of the liquid crystal molecules aligned by
the polarizing layer which serves as an alignment layer.
[0025] Further, in the liquid crystal display device of the
present invention, a polymer forming the polarizing layer
may be at least one selected from a group consisting of a
polyimide-based resin, a polyamic acid imide-based resin, a
polyimide siloxane-based resin, and a polyamid imide-based
resin.
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[0026] According to this structure, it is possible to form the
polarizing layer which has a uniaxial absorption anisotropy
and which serves as an alignment layer, using a cheap, gen-
eral-purpose compound.

[0027] Further, in the liquid crystal display device of the
present invention, a weight average molecular weight of the
polymer forming the polarizing layer may be 10000 or more
and 300000 or less.

[0028] According to this structure, it is possible to suffi-
ciently increase the glass transition temperature of the polar-
izing layer without causing any problems such as difficulty in
depositing the polarizing layer and difficulty in uniaxially
aligning the anisotropic absorbers.

[0029] Further, in the liquid crystal display device of the
present invention, the polarizing layer may be made of an
acrylic polymer obtained by polymerizing a bifunctional
acrylic monomer.

[0030] According to this structure, the acrylic polymer
forming the polarizing layer is bifunctional. Therefore, it is
possible to prevent variations in direction of alignment of the
liquid crystal molecules, and possible to prevent a reduction
of the contrast ratio. Further, since it is possible to prevent the
liquid crystal molecules from having a tilt angle of larger than
0°, it is possible to prevent a reduction in luminance.

[0031] Further, the glass transition temperature of the
bifunctional acrylic polymer is higher than the glass transi-
tion temperature of the monofunctional acrylic polymer.
Thus, the bifunctional acrylic polymer is superior in long
term stability, and as a result, a reduction in contrast ratio and
a reduction in luminance can be avoided.

[0032] Further, in the liquid crystal display device of the
present invention, an alignment maintaining layer for main-
taining alignment of the liquid crystal molecules may be
provided on each of a first substrate side surface and a second
substrate side surface of the liquid crystal layer.

[0033] According to this structure, alignment of the liquid
crystal molecules can be maintained with reliability. Thus, the
problemin which an initial azimuth angle gradually shifts due
to an effect of voltage does not occur. Further, the provision of
the alignment maintaining layer can completely prevent the
shift of the initial azimuth angle. Thus, it is possible to sig-
nificantly improve the durability of the liquid crystal display
device.

[0034] Further, in the liquid crystal display device of the
present invention, the alignment maintaining layer may be
formed by polymerizing a polymerizable monomer contained
in the liquid crystal layer.

[0035] According to this structure, polymerizable mono-
mers in the liquid crystal layer are, for example, irradiated
with ultraviolet light (or is subjected to a heat treatment) to
polymerize the polymerizable monomers, thereby making it
possible to form an alignment maintaining layer. Conse-
quently, the alignment maintaining layer can be formed by a
simple method.

[0036] Further, in the liquid crystal display device of the
present invention, a transmission axis of the polarizing layer
may be orthogonal to a transmission axis of the first polariz-
ing plate, and is in a same direction as a direction of a trans-
mission axis of the second polarizing plate.

Advantages of the Invention

[0037] According to a liquid crystal display device of the
present invention, it is possible to prevent a reduction in
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contrast ratio, and reduce the number of fabrication steps,
thereby preventing a cost increase.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is a cross section of a liquid crystal display
device according to the first embodiment of the present inven-
tion.

[0039] FIG.2isa cross section for explaining a structure of
a second substrate used for the liquid crystal display device
according to the first embodiment of the present invention.
[0040] FIG. 3 is a schematic view for explaining optical
characteristics at the time of no voltage application in the
liquid crystal display device according to the first embodi-
ment of the present invention.

[0041] FIG. 4 is a drawing for explaining optical character-
istics at the time of voltage application in the liquid crystal
display device according to the first embodiment of the
present invention.

[0042] FIG. 5 is a cross section of a liquid crystal display
device according to the second embodiment of the present
invention.

[0043] FIG. 6 is a schematic view for explaining optical
characteristics at the time of no voltage application in the
liquid crystal display device according to the second embodi-
ment of the present invention.

[0044] FIG.7is a drawing for explaining optical character-
istics at the time of voltage application in the liquid crystal
display device according to the second embodiment of the
present invention.

[0045] FIG. 8 is a cross section of a liquid crystal display
device according to the third embodiment of the present
invention.

[0046] FIG. 9 is a cross section for explaining a method for
forming an alignment maintaining layer of the liquid crystal
display device according to the third embodiment of the
present invention.

[0047] FIG. 10 is a cross section of a liquid crystal display
device of Comparative Example 2.

[0048] FIG. 11 is a cross section of a liquid crystal display
device of Comparative Example 3.

DESCRIPTION OF EMBODIMENTS

[0049] Embodiments of the present invention will be
described in detail hereinafter based on the drawings. The
present invention is not limited to the following embodi-
ments.

First Embodiment

[0050] FIG. 1 is a cross section of a liquid crystal display
device according to the first embodiment of the present inven-
tion.

[0051] AsshowninFIG. 1, aliquid crystal display device 1
includes a first substrate 2 having an FFS mode electrode
structure, a second substrate 3 facing the first substrate 2, and
a liquid crystal layer 4 that is a display medium layer sand-
wiched between the first substrate 2 and the second substrate
3. Further, the liquid crystal display device 1 includes a first
polarizing plate 5 provided on a side of the first substrate that
is opposed to a side at which the first substrate is provided,
and a second polarizing plate 6 provided on a side of the
second substrate 3 that is opposed to a side at which the liquid
crystal layer 4 is provided. Although not shown, a back light
unit is provided on the first polarizing plate 5 side.
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[0052] The first substrate 2 is made, for example, of a
transparent insulating substrate, such as a glass substrate.
Further, a common electrode 7 as a first electrode is provided
on the liquid crystal layer 4 side of the first substrate 2. The
common electrode 7 is made, for example, of a transparent
conductive film, such as ITO.

[0053] Further, an insulating film 8 is provided on the com-
mon electrode 7. The insulating film 8 is made of a translucent
material, such as glass and plastic.

[0054] Further, a pixel electrode 9 as a second electrode is
provided on the insulating film 8 on the liquid crystal layer 4
side of the first substrate 2. The pixel electrode 9, like the
common electrode, is made of a transparent conductive film
such as 1TO.

[0055] As described, the liquid crystal display device 1 of
the present embodiment has a structure in which the common
electrode 7 and the pixel electrode 9 for applying an electric
field to the liquid crystal layer 4 are provided in different
layers, with the insulating film 8 interposed therebetween.
[0056] Further, the first substrate 2 includes a thin film
transistor (TFT), not shown, as a switching element. The pixel
electrode 9 is connected to the TFT via a contact hole (not
shown) formed in the insulating film 8.

[0057] An in-plane electric field parallel to the substrate
surfaces of the first substrate 2 and the second substrate 3 is
generated between the pixel electrode 9 and the common
electrode 7 by applying a voltage between the pixel electrode
9 and the common electrode 7. The electric field parallel to the
substrate surfaces of the first substrate 2 and the second sub-
strate 3 is applied to the liquid crystal layer 4, thereby con-
trolling alignment of liquid crystal molecules 4a in the liquid
crystal layer 4 within a plane parallel to the substrate surfaces
of the first substrate 2 and the second substrate 3.

[0058] Further, an alignment layer 10 forregulating a direc-
tion of alignment of the liquid crystal molecules 4a is pro-
vided on the pixel electrode 9 and the insulating film 8 on the
liquid crystal layer 4 side of the first substrate 2. According to
the present embodiment, the alignment layer 10 is made of a
polyimide resin, and is an alignment film having photo align-
ment properties capable of aligning liquid crystals by irradia-
tion with linearly polarized light.

[0059] The second substrate 3 is made, for example, of a
transparent insulating substrate, such as a glass substrate. As
shown in FIG. 1, a color filter layer 11 and a black matrix 12
as a light-shielding film are provided on the second substrate
3. The color filter layer 11 includes pigmented layers such as
a red color layer R, a green color layer G, and a blue color
layer B provided for each pixel. The black matrix 12 is made,
for example, of a metal material such as Ta (tantalum), Cr
(chromium), Mo (molybdenum), Ni (nickel), Ti (titanium),
Cu (copper), and Al (aluminum), a resin material in which
black pigments, such as carbon, are dispersed, or a resin
material in which pigmented layers of multiple colors that
have a light transmission property are layered.

[0060] Further, according to the present embodiment, the
surface of the second substrate 3 is not polished, unlike the
first substrate 2.

[0061] That is, in general, the surface of a glass substrate to
be used for a liquid crystal display device is not completely
smooth, but has a little undulations or asperities. Thus, the
surface of the glass substrate is smoothed by polishing.
According to the present embodiment, the surface of the first
substrate 2 is smoothed by the polishing.
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[0062] On the other hand, the surface 3a of the second
substrate 3 (i.e., the surface of the second substrate 3 on the
color filter layer 11 side) is not polished as shown in FIG. 2,
and the surface 3a of the second substrate 3 has undulations in
the form of asperities. As a non-polished glass substrate used
as the second substrate 3 of the present embodiment, such a
glass substrate of which a maximum distance (or amplitude)
D between a recess 3b and a protrusion 3¢ in a width direction
X of the second substrate 3 is 0.5 um, and of which a pitch P
of the recess 35 (or the protrusion 3¢) in a direction Y of a
plane of the second substrate 3 (i.e., a direction orthogonal to
the width direction X) is 10 mm canbe used as shown in FIG.
2, for example.

[0063] Here, the present embodiment is characterized in
including, on the liquid crystal layer 4 side of the second
substrate 3, a polarizing layer 13 having a uniaxial absorption
anisotropy and serving as an alignment layer for regulating a
direction of alignment of the liquid crystal molecules 4a. This
polarizing layer 13 is provided between the liquid crystal
layer 4 and the color filter layer 11, and is in contact with the
liquid crystal layer 4, as shown in FIG. 1.

[0064] Further, the polarizing layer 13 includes a polymer
thin film made of a polymer, and an anisotropic absorber (an
anisotropic absorbing pigment) contained in the polymer thin
film.

[0065] A polyimide-based resin, a polyamic acid imide-
based resin, a polyimidesiloxane-based resin, and a polyami-
dimide-based resin can be used as the polymer forming the
polymer thin film. These resins may be solely used, or two or
more of the resins may be mixed.

[0066] Further, in the present embodiment, a glass transi-
tion temperature of the polarizing layer 13 (i.e., a polymer
thin film) is preferably 200° C. or more, and more preferably
300° C. or more. With this structure, it is possible to avoid
occurrence of image sticking (i.e., a phenomenon in which an
afterimage occurs in a display portion when a state in which
a voltage is applied is changed to a state in which no voltage
is applied) caused by a change in direction of alignment of the
liquid crystal molecules 4a which are aligned by the polariz-
ing layer 13 serving as an alignment layer.

[0067] The term “glass transition temperature” as used
herein is a physical property of the polymer thin film that is
measured by a dynamic viscoelasticity measuring apparatus
(DMA).

[0068] For example, in the case where a polyimide-based
resin is used, polyimide is formed using diamine and tetra-
carboxylic dianhydride as materials. Specifically, equal mol
proportions of diamine and tetracarboxylic dianhydride are
polymerized to form a polyamic acid (a polyamide acid) as a
precursor of polyimide. Then, the polyamide acid is heated
(or a catalyst is used) to cause dehydration and cyclization
(i.e,, imidization) reactions, thereby forming polyimide.
[0069] Here, in the present embodiment, the diamine and
the tetracarboxylic dianhydride are selected such that the
glass transition temperature of the polarizing layer 13 formed
of the polyimide is 200° C. or more. Specifically, an imidiza-
tion rate is set to 60% or more by heating the polyamic acid,
thereby making it possible to set the glass transition tempera-
ture to 200° C. or more. As a result, the occurrence of the
image sticking can be prevented.

[0070] Examples of the diamine which can be used in the
present embodiment include, as aromatic diamine, p-phe-
nylenediamine, m-phenylenediamine, 2,4-diaminotoluene,
2,5-diaminotoluene, 2,6-diaminotoluene, diaminodurene,
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benzidine, o-tolidine, 3,3-dimethoxybenzidine, 4,4'-diami-
noterphenyl, 1,5-diamino naphthalene, 2,7-diaminofluorene,
4,10,4'-diaminodiphenyl ether, 4,4'-diamino diphenyl sul-
fide, 4,4'-diaminodiphenyl methane, 3,3'-dimethyl-4,4'-di-
aminodiphenyl methane, 2,5-diaminopyridine, 4,4'-bis(p-
aminophenoxy)biphenyl, 2,2-bis{4-(p-aminophenoxy)
phenyl}propane, 2,2-bis{4-(p-aminophenoxy)
phenyl}hexafluoropropane, and 4,4'-bis(m-aminophenoxy)
dipheny! sulfone.

[0071] Examples of the tetracarboxylic dianhydride which
can be used in the present embodiment include, as aromatic-
tetracarboxylic acid, pyromellitic acid dianhydride, methyl-
pyromellitic acid dianhydride, dimethylene trimellitic acid
dianhydride, 3,3',4,4'-benzophenone tetracarboxylic dianhy-
dride, 3,3',4,4'-biphenyltetracarboxylic dianhydride, dimeth-
vlene trimellitic acid dianhydride, 2,3,6,7-naphthalene tetra-
carboxylic  dianhydride,  3,3',4,4-biphenyl  sulfone
tetracarboxylic dianhydride, 3,3'.4,4'-diphenyl ether tetracar-
boxylic dianhydride, and 3,3',4,4'-diphenylmethane tetracar-
boxylic dianhydride, and include as alicyclic tetracarboxylic
dianhydride, 1,2,3,4-butane tetracarboxylic dianhydride, 1,2,
3,4-bis cyclobutane tetracarboxylic dianhydride, and 1,2,3,4-
cyclopentane tetracarboxylic dianhydride.

[0072] Further, a polystyrene equivalent weight average
molecular weight of the polymer forming the polymer thin
film is preferably, but not limited to 10000 or more and
300000 or less because if the weight average molecular
weight is lower than 10000, the glass transition temperature
of the polarizing layer 13 may not be sufficiently increased.
Further, if the number average molecular weight is greater
than 300000, the viscosity of a solution obtained by dissolv-
ing, for example, a polyimide-based resin in a solvent (e.g,,
N-methylpyrrolidone) to form the polarizing layer 13
becomes high. This makes the film deposition difficult, and
the anisotropic absorbers contained in the polymer thin film
may not be easily uniaxially aligned by the irradiation with
light described later.

[0073] Here, the term “weight average molecular weight”
as used herein is a polystyrene equivalent weight average
molecular weight obtained by measuring a chloroform
soluble fraction by gel permeation chromatography.

[0074] Further, the alignment layer 10 is made of a polymer
thin film formed of a polymer similar to the above-described
polymer forming the polarizing layer 13, and like the polar-
izing layer 13, the glass transition temperature is set to 200°
C. or more to prevent the occurrence of the image sticking.
Further, the alignment layer 10 is an alignment film having
photo alignment properties capable of aligning liquid crystals
by irradiation with linearly polarized light.

[0075] Further, the molecular weight distribution of the
polymer forming the polymer thin film is preferably, but not
limited to, 2 or less because if the molecular weight distribu-
tion is greater than 2, the polymer thin film may have an
uneven thickness.

[0076] The term “molecular weight distribution” as used
herein is a ratio between the weight average molecular weight
and the number average molecular weight (i.e., weight aver-
age molecular weight/number average molecular weight).
[0077] Further, in the present embodiment, a linear rod-like
molecule having a high uniaxial anisotropy can be used as an
anisotropic absorber (an anisotropic absorbing pigment) con-
tained in the polymer thin film forming the polarizing layer.
Examples of the linear rod-like molecules having a high
uniaxial anisotropy include compounds having a skeleton of
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azo series, anthraquinone series, polysazo series, benzidine
series. diphenylurea series, stilbene series, dinaphthylamine
series, or anthraquinone series, but are not limited to these
compounds.

[0078] Then, the polymer thin film containing the anisotro-
pic absorbers is heated and irradiated with linearly polarized
ultraviolet light to make the anisotropic absorbers alignin one
direction, thereby forming the polarizing layer 13 serving as
analignment layer for regulating the direction of alignment of
the liquid crystal molecules 4a. Further, it is possible to form
the polarizing layer 13 having a transmission axis in an axial
direction of the linearly polarized light (i.e., having an
absorption axis in a direction orthogonal to the axis of the
linearly polarized light).

[0079] Thatis, the uniaxial treatment to the polarizing layer
13 can also be used as the alignment treatment of the azimuth
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angle of the liquid crystal 4. Thus, it is possible to form the
polarizing layer 13 having an alignment axis in the same
direction of the transmission axis, and possible to use the
polarizing layer 13 as an alignment film. Further, the direction
of the transmission axis of the polarizing layer 13 and the
direction of the alignment axis (i.e., the direction of alignment
of the liquid crystal molecules 4a which are aligned by the
polarizing layer 13 serving as an alignment layer) are exactly
the same. This enables the polarization axis of the polarizing
layer 13 and the alignment axis of the liquid crystal molecules
4a to exactly align with each other, thereby preventing occur-
rence of leakage of light at the time of no voltage application.
[0080] Example azo-based compounds which can be used
as an anisotropic absorber (an anisotropic absorbing pigment)
are shown below.

N@N(CH3)2
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-continued

[Chemical Formula 2]
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[0081] Further, an example anthraquinone-based com-
pound which can be used as an anisotropic absorber (an
anisotropic absorbing pigment) is shown below.

[Chemical Formula 3]
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-continued
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[0082] According to the present embodiment, the polariz-
ing layer 13 is provided on the color filter layer 11. Thus, the
polarizing layer 13 serves as an overcoat layer for planarizing
a surface layer of the second substrate 3.

[0083] Next, operation of the liquid crystal display device 1
of the present embodiment will be described. FIG. 3 is a
schematic view for explaining the optical characteristics of a
liquid crystal display device according to the first embodi-
ment of the present invention at the time of no voltage appli-
cation. FIG. 4 is a drawing for explaining the optical charac-
teristics of a liquid crystal display device according to the first
embodiment of the present invention at the time of voltage
application.

[0084] In the present embodiment, as shown in FIG. 3, the
transmission axis 5a of the first polarizing plate 5 and the
direction of alignment of the liquid crystal molecule 4a are
parallel to each other in the state in which no voltage at all is
applied. Further, as shown in FIG. 3, the transmission axis 6a
of the second polarizing plate 6 and the transmission axis 13a
of the polarizing layer 13 are in the same direction (in paral-
lel) in the state in which no voltage at all is applied. Further,
the transmission axis 13a of the polarizing layer 13 and the
transmission axis 6a of the second polarizing plate 6 are
orthogonal to the transmission axis Sa of the first polarizing
plate 5.

[0085] Further, for the sake of easy description, the angles
of the transmission axis 6a of the second polarizing plate 6
and the transmission axis 13« of the polarizing layer 13 are
regarded as 0°, and the angle of the transmission axis Sa of the
first polarizing plate 5 is regarded as 90°. The transmission
axis 13a of the polarizing layer 13 can serve as an alignment
axis 134.

[0086] Ifa back light unit is turned on when no voltage is
applied, the light emitted from the back light unit passes
through the first polarizing plate 5 and becomes linearly
polarized light (90°), and the linearly polarized light (90°)
passes through the liquid crystal layer 4. Thus, the linearly
polarized light (90°) cannot pass through the polarizing layer
13 (0°) and the second polarizing plate (0°), and is blocked by
the polarizing layer 13 and the second polarizing plate 6 to
become a black representation.

[0087] Ontheotherhand, if'a voltage is applied between the
pixel electrode 9 and the common electrode 7, and an in-plane
electric field parallel to the substrate surfaces of the first
substrate 2 and the second substrate 3 is generated between
the pixel electrode 9 and the common electrode 7, then due to
the generated in-plane electric field, the direction of the liquid
crystal molecules 4a in the liquid crystal layer 4 rotates within
a plane parallel to the substrate surfaces of the first substrate
2 and the second substrate 3, and is tilted from the 0° or 90°
direction as shown in FIG. 4. The luminance is maximized
when the direction of alignment of the liquid crystal mol-
ecules 4a rotates and forms an angle of 45° with respect to the
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transmission axes of the first polarizing plate 5, the second
polarizing plate 6, and the polarizing layer 13.

[0088] Thus, the light emitted from the back light unit
passes through the first polarizing plate 5 and becomes lin-
early polarized light (90°). Due to birefringence of the liquid
crystal molecules 4a, a phase difference of A/2 is given to the
linearly polarized light (90°) having passed through the first
polarizing plate 5 in the liquid crystal layer 4, and thereby the
polarization plane rotates 90°. That is, the linearly polarized
light (90°) having passed through the first polarizing plate 5
passes through the liquid crystal layer 4, and becomes linearly
polarized light having a polarization axis of 0°. Since the
linearly polarized light (0°) can pass through the polarizing
layer 13 (0°) and the second polarizing plate (0°), the linearly
polarized light (0°) can pass through the polarizing layer 13
and the second polarizing plate 6, and becomes a white rep-
resentation.

[0089] As described above, it is possible to obtain an FFS
mode liquid crystal display device 1 providing a black repre-
sentation at the time of no voltage application, and providing
a white representation at the time of voltage application.
[0090] According to the present embodiment described
above, the following effects can be obtained.

[0091] (1) In the present embodiment, the polarizing layer
13 is provided on the liquid crystal layer 4 side of the second
substrate 3 so as to be in contact with the liquid crystal layer
4. The polarizing layer 13 has a uniaxial absorption anisot-
ropy, and serves as an alignment layer for regulating the
direction ofalignment of the liquid crystal molecules 4a. That
is, since the polarizing layer 13 having a uniaxial absorption
anisotropy is configured to be in contact with the liquid crys-
tal layer 4 and serve as an alignment layer, the direction of the
transmission axis 134 of the polarizing layer 13 and the direc-
tion of the alignment axis 135 can be exactly the same. Thus,
the polarization axis of the polarizing layer 13 and the align-
ment axis of the liquid crystal molecules 4a are in exactly the
same direction, making it possible to prevent the occurrence
of leakage of light at the time of no voltage application. As a
result, it is possible to prevent a reduction in contrast ratio.
[0092] (2)Further, since the polarizing layer 13 serves as an
alignment layer, it is not necessary to provide an alignment
layer in addition to the polarizing layer 13. Thus, the structure
of the liquid crystal display device 1 can be simplified, and it
is possible to provide the polarizing layer 13 without an
increase in the number of fabrication steps. As a result, it is
possible to prevent a cost increase.

[0093] (3) In the present embodiment, a polarizing layer
serves as an overcoat layer for planarizing a surface layer of
the second substrate 3. Thus, it is possible to use an unpol-
ished second substrate 3 having undulations in the form of
asperities on the surface. Accordingly, a work process for the
second substrate 3 is not necessary. As a result, it is possible
to reduce the number of fabrication steps and reduce cost.
[0094] (4) In the present embodiment. the polarizing layer
13 contains anisotropic absorbers, and the anisotropic
absorbers are aligned in one direction by irradiation with
linearly polarized light. Thus, it is possible to form the polar-
izing layer 13 in a simple structure which has a uniaxial
absorption anisotropy and which can serve as an alignment
layer.

[0095] (5) In the present embodiment, an azo-based com-
pound or an anthraquinone-based compound can be used as
the anisotropic absorber. Thus, it is possible to form the
polarizing layer 13 which has a uniaxial absorption anisot-
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ropy and which can serve as an alignment layer, using a
cheap, general-purpose compound.

[0096] (6) In the present embodiment, the glass transition
temperature of the polarizing layer 13 is set to 200° C. or
more. Thus, it is possible to prevent occurrence of image
sticking caused by a change in the direction of alignment of
the liquid crystal molecules 4a aligned by the polarizing layer
13 which serves as an alignment layer.

[0097] (7) Inthe present embodiment, the polymer forming
the polarizing layer 13 is one selected from a group consisting
of a polyimide-based resin, a polyamic acid imide-based
resin, a polyimidesiloxane-based resin, and a polyamidim-
ide-based resin. Thus, it is possible to form the polarizing
layer 13 which has a uniaxial absorption anisotropy and
which serves as an alignment layer, using a cheap, general-
purpose resin material.

[0098] (8) In the present embodiment, the weight average
molecular weight of the polymer forming the polarizing layer
13 is set to 10000 or more and 300000 or less. Thus, the glass
transition temperature of the polarizing layer 13 can be suf-
ficiently increased without causing any problems such as
difficulty in depositing the polarizing layer 13 and difficulty
in uniaxially aligning the anisotropic absorbers.

[0099] (9) In the present embodiment, the molecular
weight distribution of the polymer forming the polarizing
layer 13 is set to 2 or less. Thus, unevenness of the thickness
of the polarizing layer 13 can be effectively prevented when
the polarizing layer 13 is formed.

Second Embodiment

[0100] Next, the second embodiment of the present inven-
tion will be described. FIG. 5 is a cross section of a liquid
crystal display device according to the second embodiment of
the present invention. The structural elements similar to those
in the first embodiment are labeled with the same reference
characters, and the descriptions thereof are omitted. In the
present embodiment, as well, an FFS mode liquid crystal
display device is used as an example of the liquid crystal
display device.

[0101] Inthe present embodiment, as shown in FIG. 5, the
polarizing layer 13 described in the first embodiment is
replaced with a polarizing layer 21 made of an acrylic poly-
mer obtained by polymerizing a bifunctional acrylic mono-
mer. Further, the alignment layer 10 described in the first
embodiment is replaced with an alignment layer 22 for regu-
lating the direction of alignment of the liquid crystal mol-
ecules 4a.

[0102] Like the polarizing layer 13, the polarizing layer 21
is provided on the liquid crystal layer 4 side of the second
substrate 3. The polarizing layer 21 has a uniaxial absorption
anisotropy, and serves as an alignment layer for regulating the
direction of alignment of the liquid crystal molecules 4a. As
shown in FIG. 5, the polarizing layer 21 is provided between
the liquid crystal layer 4 and the color filter layer 11, and is in
contact with the liquid crystal layer 4. Further, like the polar-
izing layer 13, the polarizing layer 21 serves as an overcoat
layer for planarizing the surface layer of the second substrate
3.

[0103] The polarizing layer 21 includes a polymer thin film
made of a polymer, and an anisotropic absorber (an anisotro-
pic absorbing pigment) contained in the polymer thin film.
[0104] In the present embodiment, an acrylic polymer
obtained by polymerizing a bifunctional acrylic monomer is
used as the polymer forming the polymer thin film.
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[0105] Here, the reason why the bifunctional acrylic mono-
mer is used is because if the bifunctional acrylic monomer is
used, the acrylic polymer obtained by polymerization is also
bifunctional, and therefore, it is possible to prevent variations
in direction of alignment of the liquid crystal molecules 4a,
and possible to prevent the liquid crystal molecules 4a from
having a tilt angle of larger than 0°.

[0106] Further, the bifunctional acrylic polymer is used
because the glass transition temperature of the bifunctional
acrylic polymeris higher than the glass transition temperature
of a monofunctional acrylic polymer, and therefore superior
in long term stability.

[0107] This acrylic polymer can be obtained by a polymer-
ization reaction under a temperature of 50° C. to 110° C. ina
solvent in which a bifunctional acrylic monomer and a photo-
polymerization initiator coexists. Here, in the present
embodiment, like the above-described polarizing layer 13,
the acrylic monomer is selected so that the glass transition
temperature of the polarizing layer 21 (i.e., a polymer thin
film) made of the acrylic polymer is 200° C. or more (pref-
erably, 300° C. or more) to prevent the occurrence of image
sticking.

[0108] Inthe present embodiment, a bifunctional monomer
expressed by the following general formula (1) can be used as
a acrylic monomer.

[Chemical Formula 4]

Pl—stAlZ'-A%n-5°—p? o)

[0109] (Here, P' and P* independently represent any one of
an acrylate group, a methacrylate group, an acrylamide
group, a methacrylamide group, a vinyl group, a vinyloxy
group or an epoxy group. A* and A? independently represent
any one of a straight-chain or cyclic alkyl of 4-40 carbons
which can be substituted with H, halogen, or methyl group, a
1,4-phenylene group, a naphthalene-2,6-diyl group, or an
anthracene2,6-diyl group. Further, 7' represents any one of
0, CO0orOCO. $* and $* independently represent —(CH.,)
+— or —(CH,—CH,—O)m-, where m represents integers
of 1 to 6. Further, n represents integers of 0 to 2.)

[0110] In the above general formula (1), A’ and A%, or A?
and A® may be directly coupled. P* and A’, A" and P?, or A®
and P? may be directly coupled. A hydrogen group (H) may be
substituted with a fluorine group (F).

[0111] Further, as the photo-polymerization initiator used
in the present embodiment, known materials such as a ben-
zophenone-based compound, an acetophenone-based com-
pound, a thioxanthone-based compound, an imidazole-based
compound, a benzothiazole-based compound, a benzox-
azole-based compound, a triazine-based compound, and
phosphorus-based compound, or an inorganic photo-poly-
merization initiator such as titanate.

[0112] Further, in the present embodiment, as an anisotro-
pic absorber (an anisotropic absorbing pigment) contained in
the polymer thin film funning the polarizing layer 21, the
materials similar to those mentioned in the first embodiment
can be used.

[0113] Then, the acrylic monomer containing the anisotro-
pic absorber is irradiated with linearly polarized ultraviolet
light to polymerize the acrylic monomer and make the aniso-
tropic absorber align in one direction, thereby making it pos-
sible to form the polarizing layer 21 which serves as an
alignment layer for regulating the direction of alignment of
the liquid crystal molecules 4a and which has a transmission
axis in an axial direction of the linearly polarized light (i.e.,
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which has an absorption axis in a direction orthogonal to the
axis of the linearly polarized light).

[0114] That is, the uniaxial treatment to the polarizing layer
21 can also be used as the alignment treatment of the azimuth
angle of the liquid crystal 4. Thus, it is possible to form the
polarizing layer 21 having an alignment axis in the same
direction of the transmission axis, and possible to use the
polarizing layer 21 as an alignment film. Further, the direction
of the transmission axis of the polarizing layer 21 and the
direction of the alignment axis (i.e., the direction of alignment
of the liquid crystal molecules 4a which are aligned by the
polarizing layer 21 serving as an alignment layer) are exactly
the same. This enables the polarization axis of the polarizing
layer 21 and the alignment axis of the liquid crystal molecules
dato exactly align with each other, thereby preventing occur-
rence of leakage of light at the time ofno voltage application.

[0115] The alignment layer 22 is provided on the pixel
electrode 9 and the insulating film 8. The alignment layer 22
is made of a polymer thin film formed of a polymer that is
similar to the above-described polymer forming the polariz-
ing layer 13, and like the polarizing layer 13, the glass tran-
sition temperature is set to 200° C. or more to prevent the
occurrence of the image sticking. Further, thealignment layer
22 is an alignment film capable of aligning liquid crystals due
to rubbing treatment.

[0116] Next, operation of the liquid crystal display device
20 of the present embodiment will be described. FIG. 6 is a
schematic view for explaining the optical characteristics of a
liquid crystal display device according to the second embodi-
ment of the present invention at the time of no voltage appli-
cation. FIG. 7 is a drawing for explaining the optical charac-
teristics of the liquid crystal display device according to the
second embodiment of the present invention at the time of
voltage application.

[0117] Theoperation of the liquid crystal display device 20
according to the present embodiment is similar to the opera-
tion of the liquid crystal display device 1 according to the first
embodiment.

[0118] Specifically, as shown in FIG. 6, the transmission
axis Sa of the first polarizing plate 5 and the direction of
alignment of the liquid crystal molecules 4a are parallel to
each other in the state in which no voltage at all is applied.
Further, as shown in FIG. 6, the transmission axis 6a of the
second polarizing plate 6 and the transmission axis 21a of the
polarizing layer 21 are in the same direction (in parallel) in the
state in which no voltage at all is applied. Further, the trans-
mission axis 21a of the polarizing layer 21 and the transmis-
sion axis 6a of the second polarizing plate 6 are orthogonal to
the transmission axis 5a of the first polarizing plate 5.

[0119] Further, forthe sake of easy description, the angle of
the transmission axis 6a of the second polarizing plate 6 and
the angle of the transmission axis 21a of the polarizing layer
21 are regarded as 0°, and the angle of the transmission axis
5a of the first polarizing plate 5 is regarded as 90°. The
transmission axis 21a of the polarizing layer 21 can serve as
an alignment axis 215.

[0120] Ifa back light unit is turned on when no voltage is
applied, the light emitted from the back light unit passes
through the first polarizing plate 5 and becomes linearly
polarized light (90°), and the linearly polarized light (90°)
passes through the liquid crystal layer 4. Thus, the linearly
polarized light (90°) cannot pass through the polarizing layer
21 (0°) and the second polarizing plate (0°), and is blocked by
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the polarizing layer 21 and the second polarizing plate 6 to
become a black representation.

[0121] Ontheotherhand, ifavoltageis applied between the
pixel electrode 9 and the common electrode 7, and an in-plane
electric field parallel to the substrate surfaces of the first
substrate 2 and the second substrate 3 is generated between
the pixel electrode 9 and the common electrode 7, then due to
the generated in-plane electric field, the direction of the liquid
crystal molecules 4a in the liquid crystal layer 4 rotates within
a plane parallel to the substrate surfaces of the first substrate
2 and the second substrate 3, and is tilted from the 0° or 90°
direction as shown in FIG. 7.

[0122] Thus, the light emitted from the back light unit
passes through the first polarizing plate 5 and becomes lin-
early polarized light (90°). Due to bireftringence of the liquid
crystal molecules 4a, a phase difference of A/2 is given to the
linearly polarized light (90°) having passed through the first
polarizing plate S in the liquid crystal layer 4, and thereby the
polarization plane rotates 90°. That is, the linearly polarized
light (90°) having passed through first polarizing plate 5
passes through theliquid crystal layer 4, and becomes linearly
polarized light having a polarization axis of 0°. Since the
linearly polarized light (0°) can pass through the polarizing
layer 21 (0°) and the second polarizing plate (0°), the linearly
polarized light (0°) can pass through the polarizing layer 21
and the second polarizing plate 6 to become a white repre-
sentation.

[0123] As described above, it is possible to obtain an FFS
mode liquid crystal display device 1 providing a black repre-
sentation at the time of no voltage application, and providing
a white representation at the time of voltage application.
[0124] According to the present embodiment described
above, the following effects can be obtained in addition to the
effects (1) to (6) mentioned above.

[0125] (10)Inthe present embodiment, the polarizing layer
21 is made of an acrylic polymer obtained by polymerizing a
bifunctional acrylic monomer. Since the acrylic polymer
forming the polarizing layer 21 is bifunctional, it is possible
to prevent variations in direction of alignment of the liquid
crystal molecules 4a, and to prevent a reduction in contrast
ratio. Further, it is possible to prevent the liquid crystal mol-
ecules from having a tilt angle of larger than 0°. Thus, a
reduction in luminance can be avoided. Moreover, the glass
transition temperature of the bifunctional acrylic polymer is
higher than the glass transition temperature of the monofunc-
tional acrylic polymer. Therefore, the bifunctional acrylic
polymer is superior in long term stability. As a result, a reduc-
tion in contrast ratio and a reduction in luminance can be
prevented.

Third Embodiment

[0126] Next, the third embodiment of the present invention
will be described. F1G. 8 is a cross section of a liquid crystal
display device according to the third embodiment of the
present invention. The structural elements similar to those in
the first embodiment are labeled with the same reference
characters, and the descriptions thereof are omitted. Also, the
operation of the liquid crystal display device is the same as the
operation of the liquid crystal display device of the first
embodiment, and therefore, descriptions thereof are omitted.
In the present embodiment, as well, an FFS mode liquid
crystal display device is used as an example of the liquid
crystal display device.
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[0127] As shown in FIG. 8, a liquid crystal display device
30 according to the present embodiment is characterized by
the provision of alignment maintaining layers 14, 15 for
maintaining the alignment of the liquid crystal molecules 4a
in the liquid crystal layer 4.

[0128] As shown in FIG. 8, the alignment maintaining lay-
ers 14, 15 are provided on the surface of the first substrate 2
side of the liquid crystal layer 4 and on the surface of the
second substrate 3 side of the liquid crystal layer 4. More
specifically, the alignment maintaining layer 14 is provided
between the liquid crystal layer 4 and the polarizing layer 13,
and the alignment maintaining layer 15 is provided between
the liquid crystal layer 4 and the alignment layer 10.

[0129] Further, the alignment maintaining layers 14, 15 are
made of a polymer. For example, a polymer of the monomer
shown in [Chemical Formula 4] (1) can be used as this poly-
mer.

[0130] Further, the alignment maintaining layers 14, 15 are
formed by the following method: In the liquid crystal display
panel 40 before provision of the first and second polarizing
plates 5, 6, a polymerizable monomer 16 that will be a poly-
mer by application of ultraviolet light or heat and a polymer-
ization initiator are mixed together in the liquid crystal layer
4, and the liquid crystal layer 4 is irradiated with ultraviolet
light 18 (or is subjected to a heat treatment) to polymerize the
polymerizable monomer 16 in the liquid crystal layer 4, and
thereby the alignment maintaining layers 14, 15 are formed.
[0131] The polymerizable monomer 16 is not specifically
limited as long as a polymer can be formed by a polymeriza-
tion reaction. Examples of the polymerizable monomer 16
includes a photo-curable resin monomer in which a polymer-
ization reaction is caused by irradiation of light, such as
ultraviolet light, a thermosetting resin monomer in which a
polymerization reaction is caused by a heat treatment, etc. In
the present embodiment, for example, the monomer shown in
the [Chemical Formula 4] (1) can be used as the polymeriz-
able monomer.

[0132] According to the present embodiment described
above, the following effects can be obtained in addition to the
above effects (1) to (9).

[0133] (11) In the present embodiment, the alignment
maintaining layers 14, 15 for maintaining alignment of the
liquid crystal molecules 4a of the liquid crystal layer 4 are
provided. Therefore, the alignment of the liquid crystal mol-
ecules 4a can be maintained with reliability, and thus, the
problemin which an initial azimuth angle gradually shifts due
to an effect of the applied voltage does not occur.

[0134] (12) Further, the provision of the alignment main-
taining layers 14, 15 can completely prevent the shift of the
initial azimuth angle due to effects of the applied voltage.
Thus, it is possible to significantly improve the durability of
the liquid crystal display device 30.

EXAMPLES

[0135] The present invention will be described hereinafter
based on examples and comparative examples. The present
invention is not limited to these examples. These examples
may be varied or modified within the spirit of the present
invention, and the variations and modifications are not
excluded from the scope of the present invention.

Example 1

[0136] First, p-phenylenediamine which is diamine, and
pyromellitic dianhydride which is tetracarboxylic dianhy-
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dride were used as a monomer component. The p-phenylene-
diamine and the pyromellitic dianhydride were mixed in
N-methylpyrrolidone, which is a solvent, in a molar ratio of
1:1 to form 5% by mass of polyamic acid by reaction under a
room temperature. Then, the polyamic acid was deposited on
the silicon substrate by spin coating, and was heated at 210°
C. for 30 minutes to form a film-like polymer thin film having
a thickness of 5 um. After that, the glass transition tempera-
ture of the polymer thin film was measured by a dynamic
viscoelasticity measuring apparatus (DMA). The glass tran-
sition temperature was 200° C. The imidization rate measured
using an infrared absorption spectrum was 60% or more (and
90% or less).

[0137] Then, as the first substrate 2, a transparent glass
substrate (a non-alkali glass substrate) which was surface-
polished and having a thickness of 0.7 mm was prepared. A
TFT as a switching element was formed on this glass sub-
strate.

[0138] Then, an ITO film, for example, was formed by
sputtering on the entire substrate on which the TFT was
formed. After that, the ITO film was patterned by photolithog-
raphy to form a common electrode 7 having a thickness of
about 200 nm. The thickness of the common electrode 7 is
preferably 50 to 600 nm.

[0139] Then, a silicon nitride film, for example, was formed
by plasma CVD on the entire substrate on which the common
electrode 7 was formed, thereby forming an insulating film 8
having a thickness of 250 nm. The thickness of the insulating
film 8 is preferably 200 to 450 nm.

[0140] Then, an ITO film, for example, was formed by
sputtering on the entire substrate on which the insulating film
8 was formed. After that, the ITO film was patterned by
photolithography to form a pixel electrode 9 having a thick-
ness of 200 nm and connected to the TFT through a contact
hole (not shown) formed in the insulating film 8. The thick-
ness of the pixel electrode 9 is preferably 50 to 600 nm.
[0141] Then, N-methylpyrrolidone solution in which the
above polyamic acid was dissolved was applied to the entire
substrate on which the pixel electrode 9 was formed, and
thereafter calcinated at 90° C. for 5 minutes. After that, a heat
treatment was performed at 210° C. for 30 minutes to form an
alignment layer 10 of a thickness of 70 nm made of a poly-
imide resin. The thickness of the alignment film 10 is prefer-
ably 30 to 100 nm. Then, the substrate was heated on a hot
plate to 50° C., and in this state, the second substrate 3 was
irradiated with linearly polarized light (ultraviolet light) at 1
Jlem? from directly above the second substrate 3, using an
extra-high pressure mercury lamp, thereby performing an
alignment treatment. A high pressure mercury lamp or a
xenon lamp may be used instead of the extra-high pressure
mercury lamp.

[0142] As the second substrate 3, a glass substrate (a non-
alkali glass substrate) which was not surface-polished and
having a thickness of 0.7 mm was prepared.

[0143] Then, a positive photosensitive resin in which black
pigments, such as carbon fine particles, were dispersed was
applied to the entire glass substrate by spin coating. The
applied photosensitive resin was exposed to light through a
photomask, and then developed and heated, thereby forming
a black matrix 12.

[0144] Subsequently, an acrylic photosensitive resin which
was colored in red, green, or blue was applied onto the sub-
strate on which the black matrix 12 was formed. The applied
photosensitive resin was exposed to light through a photo-
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mask, and then developed for patterning, thereby forming a
pigmented layer of a selected color (e.g., a red color layer R).
Further, similar steps were repeated for the other two colors to
form pigmented layers of the other two colors (e.g., a green
color layer G and a blue color layer B), thereby forming a
color filter layer 11 including the red color layer R, the green
color layer G, and the blue color layer B.

[0145] Then, an azo-based compound shown in “a” of the
above[Chemical Formula 1] which is an anisotropic absorber
(an anisotropic absorbing pigment) was added in an N-meth-
ylpyrrolidone solution in which the above polyamic acid was
dissolved, in an amount of 10 parts by mass with respect to
100 parts by mass of the polyamic acid.

[0146] The azo compound as an anisotropic absorber is
added preferably in a range of from 5 parts by mass to 30 parts
by mass, with respect to 100 parts by mass of a polyamic acid
unit.

[0147] Then, the N-methylpyrrolidone solution which con-
tains the above azo compound and in which a polyamic acid
is dissolved, was applied by spin coating to the entire sub-
strate on which the color filter layer 11 was formed, and
thereafter calcinated at 90° C. for 5 minutes. After that, a heat
treatment was performed at 210° C. for 30 minutes to form a
polarizing layer 13 made of polyimide and having a thickness
of 70 nm. The thickness of the polarizing layer 13 is prefer-
ably 30 to 100 nm. Then, the substrate was heated on a hot
plate to 50° C., and in this state, the second substrate 3 was
irradiated with linearly polarized light (ultraviolet light) at 1
Jem? from directly above the second substrate 3, using an
extra-high pressure mercury lamp, thereby performing an
alignment treatment. A high pressure mercury lamp or a
xenon lamp may be used instead of the extra-high pressure
mercury lamp. As a result, the azo compounds as an aniso-
tropic absorber contained in the polarizing layer 13 were
aligned in one direction, and a polyimide film, i.e., the polar-
izing layer 13, which has a uniaxial absorption anisotropy and
which serves as an alignment layer for regulating the direc-
tion of alignment of the liquid crystal molecules 4a, was
formed.

[0148] A range of a heating temperature at the time of
irradiation of the linearly polarized light is preferably in a
range of between Tg—150 (° C.) and Tg (° C.), where Tg is a
glass transition temperature, or more preferably in a range
between 50° C. and 200° C. in the case where the glass
transition temperature Tg is 200° C. This is because if the
heating temperature is equal to or higher than the glass tran-
sition temperature Tg, sometimes it is difficult to control the
alignment of the polymer thin film.

[0149] Next, these two substrates were faced to each other
such that the alignment layer 10 which is capable of aligning
liquid crystals and the surface to which the polarizing layer 13
was provided were faced to each other, and a sealing com-
pound was applied to the peripheral portion, with spacers
located therebetween at places spaced apart from one another,
thereby assembling a liquid crystal display panel. The align-
ment directions of the alignment layer 10 and the polarizing
layer 13 were parallel to each other, forming an angle of 10°
with the direction of the applied in-plane electric field. This
angle may be between 10° and 35° or between 55° and 80°.

[0150] Then, a nematic liquid crystal composite having a
positive dielectric anisotropy of 10.2 (1 kH, 20° C.) (the
positive dielectric anisotropy may be 8 or more) and a refrac-
tive index anisotropy 0f0.075 (wavelength of 590 nm, 20° C.)
was vacuum injected in the liquid crystal display panel, and
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the liquid crystal display panel was sealed with a sealing
compound made of an ultraviolet curable resin. A liquid crys-
tal display panel in which the liquid crystal layer 4 has a
thickness of 4.8 um (with a retardation (An-d) preferably in a
range of from 360 nm to 500 nm) was formed in this way.
[0151] Then, two polarizing plates, i.e., first and second
polarizing plates 5, 6 were attached to the obtained liquid
crystal display panel. The two polarizing plates were placed
such that the transmission axis 5« of the first polarizing plate
5 and the transmission axis 6a of the second polarizing plate
6 were orthogonal to each other, such that the transmission
axis 8a of the first polarizing plate § and the direction of
alignment of the liquid crystal molecules 4a were parallel to
each other, and such that the transmission axis 6a of the
second polarizing plate 6 and the transmission axis 13a (i.e.,
the alignment axis 13b) of the polarizing layer 13 were par-
allel to each other.

[0152] Afterthat, a drive circuit, a back light unit, etc., were
connected to configure a liquid crystal display module,
thereby obtaining the liquid crystal display device 1 shown in
FIG. 1.

[0153] Then, the display quality of the liquid crystal display
device 1 was evaluated to find that the contrast ratio was 1000
or more on the almost entire substrate, and that the chroma-
ticity difference Au'v' between a black representation and a
white representation was 0.033. Thus, the display quality was
good. Further, the maximum luminance was 500 Cd/em?.
[0154] The contrast ratio, the chromaticity difference, and
the maximum luminance did not change even after the liquid
crystal display device 1 was operated for 1000 hours.

Example 2

[0155] In place of the alignment layer 10 of Example 1, an
alignment layer 22 made of a polyimide resin similar to the
polyimide resin of the alignment layer 10 and having a thick-
ness of 70 nm (preferably 30 to 100 nm) was formed. After
that, the alignment layer 22 was subjected to a rubbing treat-
ment and an alignment treatment.

[0156] Further, a polarizing layer 21 was formed in place of
the polarizing layer 13 of Example 1. More specifically, first,
naphthalene-2,6-diyl-diacrylate that is a bifunctional acrylic
monomer was used as a monomer component, Then, S parts
by weight of this naphthalene-2,6-diyl-diacrylate was mixed
in 95 parts by mass of N-methylpyrrolidone as a solvent to
form an N-methylpyrrolidone solution in which a concentra-
tion of naphthalene-2,6-divl-diacrylate was 5% by mass.
Then, 10 parts by mass of the azo-based compound shown in
“a” of the [Chemical Formula 1] which is an anisotropic
absorber (an anisotropic absorbing pigment) with respect to
100 parts by mass of the naphthalene-2,6-diyl-diacrylate was
mixed in a solution obtained by mixing, in the N-methylpyr-
rolidone solution, 0.5 parts by mass of Irgacure 651 (Benzil
dimethy! ketal) which is a photo-polymerization initiator
with respect to 100 parts by mass of naphthalene-2,6-diyl-
diacrylate.

[0157] The amount of azo compound as an anisotropic
absorber is preferably in a range between 5 parts by mass and
30 parts by mass with respect to 100 parts by mass of the
acrylic monomer.

[0158] Then, an N-methylpyrrolidone solution which con-
tains the above azo compound and in which an acrylic mono-
mer is dissolved was applied by spin coating to the entire
substrate on which a color filter layer 11 was provided,
thereby forming a coating film having a thickness of 70 nm
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(preferably a thickness 0f 30 to 100 nm), and then, calcination
was performed at 90° C. for 5 minutes. After that, the second
substrate 3 was irradiated with linearly polarized light (ultra-
violet light) at 5 J/em? from directly above the second sub-
strate 3, thereby performing a polymerization treatment of the
acrylic monomer and an alignment treatment at the same
time. As a result, the azo compounds, i.e., an anisotropic
absorber, which is made of an acrylic polymer were aligned in
one direction, and thereby, a polarizing layer 21 having a
uniaxial absorption anisotropy and serving as an alignment
layer for regulating the direction of alignment of the liquid
crystal molecules 4a was formed in a thickness of 70 nm
(preferably in a thickness of 30 to 100 nm).

[0159] A heat treatment (at 100° C. or lower) may be per-
formed at the time of irradiation of the linearly polarized
light. Such a heat treatment expedites a polymerization reac-
tion of the acrylic monomer, and can reduce an amount of
irradiation of the linearly polarized light to 5 J/em? or less.
[0160] Further, a heat treatment was performed at 200° C.
for 60 minutes after the irradiation of the linearly polarized
light to avoid unreacted functional groups of the acrylic
monomer and provide complete polymerization reaction.
[0161] Then, the glass transition temperature of the polar-
izing layer 21 was measured using a dynamic viscoelasticity
measuring apparatus (DMA). The glass transition tempera-
ture of the polarizing layer 21 was 220° C.

[0162] Other than that described above, the structures ofthe
liquid crystal display device 20 shown in FIG. 5 were the
same as those in Example 1.

[0163] Next, the display quality of the liquid crystal display
device 20 was evaluated as in Example 1 to find that the
contrast ratio was 1000 or more on the almost entire substrate,
and that the chromaticity difference Au'v' between a black
representation and a white representation was 0.035. Thus,
the display quality was good. Further, the maximum lumi-
nance was 500 Cd/em?.

[0164] The contrast ratio, the chromaticity difference, and
the maximum luminance did not change even after the liquid
crystal display device 20 was operated for 1000 hours.

Example 3

[0165] A material was prepared by mixing, in the nematic
liquid crystal composite described in Example 1, 0.5 parts by
mass of naphthalene-2,6-diyl-diacrylate which is a polymer-
izable monomer and 0.5 parts by mass of Irgacure 651 (Benzil
dimethy! ketal) which is a polymerization initiator with
respect to 100 parts by mass of a monomer. This nematic
liquid crystal composite was vacuum injected to form a liquid
crystal display panel in which the liquid crystal layer 4 has a
thickness of 4.8 um. After that, the liquid crystal display panel
was irradiated with ultraviolet light 18 from the first substrate
2 side at 20 T/cm? (preferably in a range between 10 and 100
J/em?) to polymetize the polymerizable monomer and form
the alignment maintaining layers 14, 15. Except that, the
structures of the liquid crystal display device 30 shown in
FIG. 8 were the same as those in Example 1.

[0166] Next, the display quality of the liquid crystal display
device 20 was evaluated as in Example 1 to find that the
contrast ratio was 1000 or more on the almost entire substrate,
and that the chromaticity difference Au'v' between a black
representation and a white representation was 0.034. Thus,
the display quality was good. Further, the maximum lumi-
nance was 500 Cd/cm®,
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[0167] A change in an initial azimuth angle of the liquid
crystal alignment was 0° even after a 1000 hour current test of
the liquid crystal display device 30.

Comparative Example 1

[0168] In place of the first substrate 2 of Example 1, a
transparent glass substrate (a non-alkali glass substrate)
which was surface-polished and having a thickness 0f 0.7 mm
was used as a first substrate 51. Further, in place of the
alignment layer 10, an alignment layer 52 made of a polyim-
ide similar to the polyimide forming the alignment layer 10
and having a thickness of 70 nm (preferably 30 to 100 nm)
was formed. After that, the alignment layer 52 was subjected
to arubbing treatment and an alignment treatment. Further, in
place of the polarizing layer 13, an overcoat layer 53 was
formed by applying polyepoxy acrylate which is a photosen-
sitive resin (polyvinyl alcohol, polyethylene-telephthalate,
polyolefin, polyfluorene, polythiophene, polyphenylene,
polyimide, polyamide, etc., can also be used) on the entire
substrate on which a color filter layer 11 was provided, and
thereafter irradiating the entire surface with light and provid-
ing thermal curing. Further, an alignment layer 54 similar to
the alignment layer 52 was formed on the overcoat layer 53.
Other than that described above, the structures of the liquid
crystal display device 50 shown in FIG. 10 were the same as
those in Example 1.

[0169] Next, the display quality of the liquid crystal display
device 50 was evaluated as in Example 1 to find that the
contrast ratio was 400 on the almost entire substrate, and that
the chromaticity difference Au'v' between a black represen-
tation and a white representation was 0.057. Thus, the display
quality was inferior to the display quality in Example 1.
Further, the maximum luminance was 500 Cd/cm?.

Comparative Example 2

[0170] In place of the bifunctional acrylic monomer of
Example 2, Naphthalene-2-yl-acrylate which is a monofunc-
tional acrylic monomer was used. In place of the polarizing
layer 21 of Example 2, a polarizing layer 61 made of an
acrylic polymer obtained by polymerizing a monofunctional
acrylic monomer was formed. Except that, the structures of
the liquid crystal display device 60 shown in FIG. 11 were the
same as those in Example 2.

[0171] Asamonofunctional acrylic monomer which can be
used in Comparative Example 2, the monomer expressed by
the following general formula (2) can be used.

[Chemical Formula 5]
P3_g3A3 2)

[0172] (Here, P* independently represents any one of an
acrylate group, a methacrylate group, an acrylamide group, a
methacrylamide group, a vinyl group, a vinyloxy group, and
an epoxy group. S° represents —(CH,) — or —(CH,—
CH,—O)m-, where in represents integers of 1 to 6. Further,
A® represents a straight-chain or cyclic alkyl of 4 to 40 car-
bons.)

[0173] In the above general formula (2), P* and A® may be
directly coupled.

[0174] The glass transition temperature of the polarizing
layer 61 was measured using a dynamic viscoelasticity mea-
suring apparatus (DMA). The glass transition temperature
was 120° C.
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[0175] Then, the display quality of the liquid crystal display
device 60 was evaluated as in Example 1 to find that the
contrast ratio was 700 on the almost entire substrate, and that
the chromaticity difference Au'v' between a black represen-
tation and a white representation was 0.035. Thus, the display
quality was inferior to the display quality in Example 2.
Further, the maximum luminance was 400 Cd/cm?, which is
lower than the maximum luminance in Example 2.

[0176] This may be because the acrylic polymer forming
the polarizing layer 61 is monofunctional, and therefore, the
direction of alignment of the liquid crystal molecules 4a
fluctuates at the portion where the side chain A® in the above
general formula (2) is in contact with the liquid crystal layer
4 due to fluctuations of the side chain A®, and thus, the
contrast ratio is decreased.

[0177] Further, since the side chain A® is in contact with the
liquid crystal molecules 4a, the liquid crystal molecules 4a
have a tilt angle of larger than 0°. This may be the reason why
the luminance is decreased.

[0178] Further, the glass transition temperature of the
monofunctional acrylic polymer is lower than the glass tran-
sition temperature of the bifunctional acrylic polymer. Thus,
the monofunctional acrylic polymer is not superior in long
term stability, and consequently, the contrast ratio and the
luminance may be decreased.

[0179] Further, the above embodiments may be changed as
follows.
[0180] In the first to third embodiments, an FFS mode

liquid crystal display device was described as an example
liquid crystal display device. However, the present invention
canbe applied to an IPS mode liquid crystal display device, as
well. Further, similar effects as the above effects (1) to (12)
can be obtained also in the IPS mode liquid crystal display
device to which the present invention is applied.

[0181] In the second embodiment, a polarizing layer 21
made of an acrylic polymer obtained by polymerizing a
bifunctional acrylic monomer is provided. However, a polar-
izing layer made of a polymer having a linear structural unit
(e.g., a carboxylic polymer having an epoxy acrylate as a base
and a fluorene skeleton) may also be used.

[0182] Further, in the liquid crystal display device 30
shown in FIG. 8 and described in the third embodiment, the
polarizing layer 13 may be replaced with the polarizing layer
21 made of an acrylic polymer obtained by polymerizing a
bifunctional acrylic monomer as in the second embodiment.
In this case, as well, a similar effect as the above effect (10)
can be obtained.

INDUSTRIAL APPLICABILITY

[0183] As described above, the present invention is useful
for a liquid crystal display device, and particularly suitable
for an in-plane mode liquid crystal display device.

DESCRIPTION OF REFERENCE CHARACTERS

[0184] 1,20, 30 liquid crystal display device

[0185] 2 first substrate

[0186] 3 second substrate

[0187] 4 liquid crystal layer

[0188] 4a liquid crystal molecule

[0189] 5 first polarizing plate

[0190] Sa transmission axis of a first polarizing plate
[0191] 6 second polarizing plate

[0192] 6a transmission axis of a second polarizing plate
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[0193] 7 common electrode (first electrode)
[0194] 8 insulating film

[0195] 9 pixel electrode (second electrode)

[0196] 13 polarizing layer

[0197] 134 transmission axis of a polarizing layer
[0198] 14 alignment maintaining layer

[0199] 15 alignment maintaining layer

[0200] 16 polymerizable monomer

[0201] 21 polarizing layer

[0202] 21a transmission axis of a polarizing layer

1. A liquid crystal display device, comprising:

a first substrate;

a second substrate provided to face the first substrate;

a liquid crystal layer sandwiched between the first sub-
strate and the second substrate;

afirst polarizing plate and a second polarizing plate respec-
tively provided on a side of the first substrate and a side
of the second substrate which are opposed to sides to
which the liquid crystal layer is provided; and

a first electrode and a second electrode provided to the
liquid crystal layer side of the first substrate, wherein

an electric field parallel to substrate surfaces of the firstand
second substrates is applied to the liquid crystal layer by
an electric field generated between the first electrode and
the second electrode, thereby controlling alignment of
liquid crystal molecules of the liquid crystal layer, and

a polarizing layer is provided on the liquid crystal layer
side of the second substrate so as to be in contact with the
liquid crystal layer, and the polarizing layer has a
uniaxial absorption anisotropy and serves as an align-
ment layer for regulating a direction of alignment of the
liquid crystal molecules.

2. The liquid crystal display device of claim 1, wherein

the polarizing layer serves as an overcoat layer for pla-
narizing a surface layer of the second substrate.

14
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3. The liquid crystal display device of claim 1, wherein

the polarizing layer contains anisotropic absorbers, and the
anisotropic absorbers are aligned in one direction by
irradiation with linearly polarized light.

4. The liquid crystal display device of claim 3, wherein

the anisotropic absorbers are an azo-based compound or an
anthraquinone-based compound.

5. The liquid crystal display device of claim 1, wherein

wherein a glass transition temperature of the polarizing
layer is 200° C. or more.

6. The liquid crystal display device of claim 1, wherein

a polymer forming the polarizing layer is at least one
selected from a group consisting of a polyimide-based
resin, a polyamic acid imide-based resin, a polyimide
siloxane-based resin, and a polyamid imide-based resin.

7. The liquid crystal display device of claim 6, wherein

a weight average molecular weight of the polymer forming
the polarizing layer is 10000 or more and 300000 or less.

8. The liquid crystal display device of claim 1, wherein

the polarizing layer is made of an acrylic polymer which is
obtained by polymerizing a bifunctional acrylic mono-
mer.

9. The liquid crystal display device of claim 1, wherein

an alignment maintaining layer for maintaining alignment
of the liquid crystal molecules is provided on each of a
first substrate side surface and a second substrate side
surface of the liquid crystal layer.

10. The liquid crystal display device of claim 9, wherein

the alignment maintaining layer is formed by polymerizing
apolymerizable monomer contained in the liquid crystal
layer.

11. The liquid crystal display device of claim 1, wherein

a transmission axis of the polarizing layer is orthogonal to
a transmission axis of the first polarizing plate, and is in
a same direction as a direction of a transmission axis of
the second polarizing plate.
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