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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese patent application JP 2010-218225 filed on Sep. 29,
2010, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device and a manufacturing method therefor.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display devices are display devices,
which include a liquid crystal display panel in which a liquid
crystal layer is provided between a pair of substrates. The
liquid crystal display devices are widely used as, for example,
aliquid crystal display device foraliquid crystal television set
or a personal computer, a liquid crystal display device for a
cell-phone unit, and the like.

[0006] Liquid crystal display devices of this type are dis-
play devices, in which a display region of the liquid crystal
display panel is constituted by an assembly of a plurality of
pixels, and which display images or videos of, for example,
letters, numbers, figures, and pictures by the plurality of
pixels (dots). Such a display method is generally called a dot
matrix method.

[0007] The dot matrix method is classified into two types
depending on a drive method of the pixels, that is, a simple
matrix type (also called as a passive matrix type) and an active
matrix type. The simple matrix type refers to a type in which
avoltage is selectively applied to electrodes for pixel forma-
tion formed on each substrate to drive a predetermined pixel.
Meanwhile, the active matrix type refers to a type in which
active elements (also called as switching elements) for pixel
selection are formed on one substrate, and the active elements
are turned ON/OFF to drive a predetermined pixel. The latter
active matrix type particularly exhibits excellent perfor-
mance, for example, in contrast performance and fast display
performance, and hence the active matrix type has become the
mainstream of the drive method of the pixels in the liquid
crystal display device.

[0008] Further, examples of operation mode of a liquid
crystal layer in a liquid crystal display device of this kind
include a twisted nematic (TN) mode, a super twisted nematic
(STN) mode, a vertical alignment (VA) mode, an optically
compensated birefringence (OCB) mode, an in-plane switch-
ing (IPS) mode, and a fringe field switching (FFS) mode.
[0009] In particular, in a large-sized liquid crystal display
device such as aliquid crystal television set, high contrast and
high viewing angle properties are required, and for the
achievement thereof, development of the IPS mode and the
FFS mode has been progressed. Those needs are also required
in a small-sized liquid crystal display device such as a cell
phone, and hence development of TIPS mode or FFS mode
products has been accelerated.

[0010] Further, many of the recent cell-phone units or car
navigation systems load a function of, for example, allowing
auser to view a television program or playing a video. Also in
the small-sized liquid crystal display device used in those
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portable electronic devices, in order to realize long period
use, power saving has been required as a new need.

[0011] Notethat,in Japanese Patent Application Laid-open
No. 2001-209036, there is described a liquid crystal display
device including: a first substrate including a plurality of pixel
switching elements and a plurality of pixel electrodes; and a
second substrate on which a counter electrode is formed, in
which between the first substrate and the second substrate, a
polymer network is formed at a border portion of adjacent
pixels.

SUMMARY OF THE INVENTION

[0012] By the way, in order to realize power saving in the
IPS mode or FFS mode liquid crystal display device,
improvement in transmittance of the pixel is required. In
order to improve the transmittance of the pixel, for example,
it is effective to increase the size of the pixel electrode itself.
However, when the size of the pixel electrode is increased, the
orientation of liquid crystal in one pixel of the adjacent pixels
influences the orientation of liquid crystal in another pixel
thereof, and hence there has been a limit in increasing the size
of the pixel electrode.

[0013] Further, as another method for improving the trans-
mittance of the pixel, suppression of disclination is effective.
However, in reality, there is no method to sufficiently avoid
the disclination.

[0014] Itis an object of the present invention to provide a
liquid crystal display device having high transmittance, and a
manufacturing method therefor. The novel features of the
present invention are made apparent from the description of
this specification and the attached drawings.

[0015] According to the present invention, thereis provided
a liquid crystal display device including: a first substrate; a
second substrate; a liquid crystal layer filled between the first
substrate and the second substrate; a polymer structure
formed in the liquid crystal layer; and a plurality of pixels
each including a first electrode and a second electrode, one of
the first electrode and the second electrode being a pixel
electrode, in which: each of the plurality of pixels is provided
within aregion surrounded by a signal line, a part of the signal
line being formed between adjacent two of the plurality of
pixels; the polymer structure includes two polymer struc-
tures; the two polymer structures has the liquid crystal layer
provided therebetween; in plan view, the two polymer struc-
tures sandwich the part of the signal line; in plan view, each of
the two polymer structures extends along the part of the signal
line; the each of the two polymer structures is formed from
one of the first substrate and the second substrate toward
another of the first substrate and the second substrate; and the
each of the two polymer structures is formed so as to overlap
with any of the region.

[0016] Further, in the liquid crystal display device accord-
ing to the present invention, the first electrode and the second
electrode may be formed on one of the first substrate and the
second substrate. Further, a color filter may be formed on one
of the first substrate and the second substrate. Further, a black
matrix may be formed on one of the first substrate and the
second substrate. Further, the polymer structure may be
formed in a region overlapping with the black matrix in plan
view. Further, the polymer structure may be formed in a
region other than a region in which one or both of a scanning
signal line and a video signal line are overlapped with the
black matrix in plan view. Further, a condition of the follow-
ing Expression (1) may be satisfied,

WP=(WB-WS) or WP=(WB-WG) Expression (1)
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where, in a cross section taken along a short side of the
polymer structure, WP represents a width of the polymer
structure, WB represents a width of the black matrix, WS
represents a width of the video signal line, and WG represents
a width of the scanning signal line.

[0017] Further, the polymer structure may also be formed
in a region including an end portion of the pixel electrode in
plan view. Further, the liquid crystal layer may contain a
polymer having a density lower than a density of the polymer
structure. Further, the region may have a rectangular shape in
plan view, and the polymer structure may be formed so as to
overlap with four sides of the region representing a border
thereof. Further, the region may have a rectangular shape in
plan view, and the polymer structure may be formed so as to
overlap with two opposing sides out of four sides of the region
representing a border thereof. Further, the polymer structure
may be formed by polymerizing a polymerizable monomer in
the liquid crystal layer. Further, the polymer structure may be
formed by polymerizing the polymerizable monomer in pres-
ence of a photo-initiator in the liquid crystal layer.

[0018] Further, according to the present invention, there is
provided a manufacturing method for a liquid crystal display
device, the liquid crystal display device including: a liquid
crystal layer filled between a first substrate and a second
substrate; a plurality of pixels each including a first electrode
and a second electrode, one of the first electrode and the
second electrode being a pixel electrode; and a signal line
formed between adjacent two of the plurality of pixels, in
which the first electrode and the second electrode are formed
on one of opposing surfaces of the first substrate and the
second substrate, the manufacturing method including: filling
aliquid crystal composition containing host liquid crystal and
a polymerizable monomer, the liquid crystal composition
being used as the liquid crystal layer, between the first sub-
strate and the second substrate; and forming a polymer struc-
ture by polymerizing the polymerizable monomer, the poly-
mer structure being formed in the liquid crystal layer between
the signal line and the pixel electrode.

[0019] Further, the forming a polymer structure may
include applying light from one surface side of one of'the first
substrate and the second substrate on which the signal line is
formed, the one surface side not being contact with the liquid
crystal layer, to thereby polymerize the polymerizable mono-
mer. Further, the liquid crystal composition may contain an
initiator. Further, the initiator may be a photo-initiator.
[0020] According to present invention, it is possible to pro-
vide a liquid crystal display device having high transmittance,
and a manufacturing method therefor. Other effects of the
present invention are made apparent from the description of
the entire specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In the accompanying drawings:

[0022] FIG. 1 is an explanatory view illustrating, in plan
view, an example of a main configuration of a liquid crystal
display panel according to the present invention;

[0023] FIG. 2 is an explanatory view illustrating an
example of a cross section of the liquid crystal display panel
at a position taken along the line II-II of FIG. 1;

[0024] FIG. 3 is an explanatory view schematically illus-
trating, in plan view, an arrangement example of a main
configuration of a thin film transistor (TFT) substrate accord-
ing to the present invention;
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[0025] FIG. 4 is an explanatory view schematically illus-
trating, in plan view, an arrangement example of a main
configuration of a color filter substrate according to the
present invention;

[0026] FIG. 5 is an explanatory view schematically illus-
trating, in plan view, another arrangement example of the
main configuration of the color filter substrate according to
the present invention;

[0027] FIG. 6 is an explanatory view illustrating an
example of a cross section of the liquid crystal display panel
and arrangement of polymer structures at a position taken
along the line VI-VI of FIGS. 3 and 4;

[0028] FIG. 7 is an explanatory view illustrating another
example ofthe cross section of the liquid crystal display panel
and the arrangement of the polymer structures at the position
taken along the line VI-VI of FIGS. 3 and 4;

[0029] FIG. 8 is an explanatory view illustrating, in plan
view, an arrangement example of the polymer structures
formed in a black matrix region;

[0030] FIG. 9 is an explanatory view illustrating, in plan
view, another arrangement example of the polymer structures
formed in the black matrix region;

[0031] FIG. 10 is an explanatory view illustrating, in plan
view, still another arrangement example of the polymer struc-
tures formed in the black matrix region;

[0032] FIG. 11A is an explanatory view illustrating, in an
enlarged manner, an arrangement example of the polymer
structure in an end region of a pixel electrode surrounded by
the broken line XI of FIG. 3;

[0033] FIG. 11B is an explanatory view illustrating an
example of a cross section of the liquid crystal display panel
and arrangement of the polymer structures cut at the end
region of the pixel electrode illustrated in FIG. 11A; and
[0034] FIG. 12 is an explanatory view illustrating, in plan
view, another example of arrangement of a main configura-
tion of the TFT substrate and an end region of a pixel elec-
trode according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Hereinafter, the present invention is described in
detail by means of an embodiment with reference to the
drawings. Note that, throughout all the drawings attached for
describing the embodiment, components having the same
functions are denoted by the same reference symbols, and
repeating description thereof is omitted.

[0036] FIGS. 1 to 12 are schematic views illustrating a
schematic configuration of a main part of a liquid crystal
display device according to the present invention.

[0037] FIG. 1 is a schematic plan view illustrating an
example of a planar configuration of a liquid crystal display
panel according to the present invention. FIG. 2 is a schematic
cross-sectional view illustrating an example of a cross-sec-
tional configuration at a position taken along the line II-1I of
FIG. 1. FIG. 3 is a schematic plan view illustrating an
example of a planar configuration of a thin film transistor
(TFT) substrate. FIGS. 4 and 5 are schematic plan views
illustrating examples of a planar configuration of a color filter
substrate. FIGS. 6 to 10 are each a cross-sectional view or a
plan view illustrating an example of a cross-sectional con-
figuration at a position taken along the line VI-VI of FIGS. 3
and 4 or the line VI-VI of FIG. 5 and an arrangement method
of polymerstructures. FIGS. 11A and 11B are a plan view and
across-sectional view, respectively, illustrating an example of
an arrangement method of the polymer structures at an elec-
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trode end portion. FIG. 12 is a plan view illustrating an
example of an arrangement method of the polymer structure
at an electrode end portion.

[0038] In this specification, as an example of the liquid
crystal display device according to the present invention, a
small-sized liquid crystal display device to be used for a
cell-phone unit and the like is exemplified. Further, the
present invention particularly relates to a configuration of the
liquid crystal display panel in the liquid crystal display
device. Therefore, in this specification, the configuration of
the liquid crystal display panel and a manufacturing method
therefor in the liquid crystal display device according to the
present invention are described.

[0039] Note that, the basic configuration of the liquid crys-
tal display panel according to the present invention may be the
same as that of a conventional liquid crystal display panel.
Therefore, in this specification, the feature parts of the liquid
crystal display panel according to the present invention, that
is, the configuration thereof and the manufacturing method
therefor are mainly described, and specific description related
to points which may be the same as the conventional configu-
ration and manufacturing method is omitted. Further, there is
assumed an active matrix type liquid crystal display panel.
[0040] The liquid crystal display panel according to the
present invention includes, for example, as illustrated in
FIGS.1and 2, a TFT substrate 1 (first substrate), a color filter
substrate 2 (second substrate), a liquid crystal layer 3, sealing
materials 4a and 4b, a first polarizing plate 5, a second polar-
izing plate 6, and a polymer structure 7. Further, in the liquid
crystal display panel, a plurality of pixels each including a
first electrode and a second electrode, one of the first elec-
trode and the second electrode being a pixel electrode, are
provided. That is, each of the plurality of pixels includes the
first electrode and the second electrode for applying an elec-
tric field to the liquid crystal layer 3, and one of the first
electrode and the second electrode is the pixel electrode.
[0041] The TFT substrate 1 includes a first insulating sub-
strate 101, a first thin film laminate 102, and a first orientation
film 103. The first insulating substrate 101 is, for example, a
transparent insulating substrate such as a glass substrate. The
first thin film laminate 102 includes, for example, a scanning
signalline 10, a video signalline 11,a TFT element 12, a pixel
electrode 8, and a plurality of insulating layers. The first
orientation film 103 is made of, for example, an orientation-
controlled polyimide layer obtained by, for example, rubbing
processing of a surface thereof (interface with the liquid
crystal layer 3). Note that, the first orientation film 103 may be
an orientation film obtained by photo-orientation processing.
[0042] The color filter substrate 2 includes a second insu-
lating substrate 201, a second thin film laminate 202, and a
second orientation film 203. The second insulating substrate
201 is, for example, a transparent insulating substrate such as
a glass substrate. The second thin film laminate 202 includes,
for example, a black matrix 13, a color filter, and a planarizing
layer. The second orientation film 203 is made of, for
example, an orientation-controlled polyimide layer obtained
by, for example, rubbing processing of a surface thereof (in-
terface with the liquid crystal layer 3). Note that, the second
orientation film 203 may be an orientation film obtained by
photo-orientation processing.

[0043] In the liquid crystal display panel, as illustrated in
FIGS. 1 and 2, the liquid crystal layer 3 is provided between
the TFT substrate 1 and the color filter substrate 2. The TFT
substrate 1 and the color filter substrate 2 are adhered to each
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other by the sealing material 4a surrounding a display region
DA. The sealing material 44 has a filling opening for filling a
liquid crystal composition to be used as the liquid crystal
layer 3, and the filling opening is sealed by the sealing mate-
rial 45. That is, the liquid crystal layer 3 is filled between the
TFT substrate 1 and the color filter substrate 2 by the sealing
materials 4a and 4b. Further, although illustration is omitted,
between the TFT substrate 1 and the color filter substrate 2,
there is provided, for example, a spacer for obtaining uniform
thickness of the liquid crystal layer 3 in each of the pixels.
[0044] Further, in the liquid crystal display panel according
to the present invention, between the TFT substrate 1 and the
color filter substrate 2, in addition to the liquid crystal layer 3
and the spacer, the polymer structure 7 is provided. The
polymer structure 7 is provided for preventing an influence of
liquid crystal orientation between the adjacent pixels. That is,
the polymer structure 7 is provided for reducing or avoiding
an influence caused by the liquid crystal orientation in one
pixel of the adjacent pixels on liquid crystal orientation in
another pixel thereof.

[0045] Further, the polymer structure 7 is formed in the
liquid crystal layer between a signal line (video signal line or
scanning signal line) and the pixel electrode 8. In the example
illustrated in FIG. 2, the polymer structure 7 is provided in a
region corresponding to the black matrix 13 of the color filter
substrate 2 (region below the black matrix 13). That is, the
polymer structure 7 is formed in a region overlapping with the
black matrix. The polymer structure 7 is provided, for
example, at all pixel boarder portions included in the display
region DA. Note that, a dimension Px of FIG. 2 represents a
dimension of one pixel in an x-axis direction.

[0046] Hereinafter, the configuration of each pixel and the
shape and size of the polymer structure 7 are specifically
described with reference to FIGS. 5 to 12.

[0047] As an example of the pixel configuration of the
liquid crystal display panel according to the present inven-
tion, there is exemplified a pixel configuration in a case of an
FFS mode, which is one type of an IPS mode. In the FFS mode
liquid crystal display panel, similarly to the IPS mode liquid
crystal display panel, the first electrode and the second elec-
trode are provided on one of the first substrate and the second
substrate. That is, in the example illustrated in FIGS. 1 and 2,
the pixel electrode 8 and a common electrode 9 are both
provided in the TFT substrate 1 (more specifically, in the first
thin film laminate 102).

[0048] Note that, as illustrated in FIG. 3, the liquid crystal
display panel includes the scanning signal line 10 and the
video signal line 11. The width of the scanning signal line 10
and the width of the video signal line 11 are represented by
WG and WS, respectively. A distance Px between two adja-
cent video signal lines 11 corresponds to the dimension of a
region in which one pixel is provided in the x-axis direction.
A distance Py between two adjacent scanning signal lines 10
corresponds to a dimension of the region in which one pixel is
provided in a y-axis direction. Note that, FIG. 3 schematically
illustrates, in plan view, a configuration of one pixel PC and a
vicinity thereof, and the relationship between the dimension
in the x-axis direction and the dimension in the y-axis direc-
tion does not necessarily match with that in the actual liquid
crystal display device.

[0049] Further, each of the pixels of the liquid crystal dis-
play panel includes the TFT element 12 including, for
example, a gate electrode connected to one scanning signal
line 10, first source and drain electrodes connected to one
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video signal line 11, and second source and drain electrodes
connected to the pixel electrode 8.

[0050] As illustrated in FIG. 3, in each of the pixels, a
region in which liquid crystal is driven depends on sizes of the
pixel electrode 8 and the common electrode 9. Therefore, it is
understood that, in order to improve the transmittance of the
liquid crystal display device, it is effective to increase the size
ofthe electrode group. However, as described above, an effort
is necessary to suppress an influence caused by the liquid
crystal orientation in one pixel of the adjacent pixels on the
liquid crystal orientation in another pixel thereof.

[0051] In the example illustrated in FIG. 3, the pixel elec-
trode 8 is formed into a comb shape having a plurality of comb
tooth portions 8a. Specifically, as illustrated in FIG. 3, the
plurality of comb tooth portions 8a of the pixel electrode 8
have a band shape with its longitudinal direction correspond-
ing to the y-axis direction, which is the extending direction of
the video signal line 11, and those comb tooth portion 8a are
arranged in the x-axis direction, which is the extending direc-
tion of the scanning signal line 10.

[0052] Inthiscase, an electric field direction 17« applied to
the liquid crystal layer 3 by giving a potential difference
between the pixel electrode 8 and the common electrode 9 is
mainly the x-axis direction as illustrated in FIG. 11A. There-
fore, in the liquid crystal display panel including such a pixel,
for example, an orientation direction 18 of the liquid crystal
layer 3 obtained when no electric field is applied is set to a
direction inclined by an angle 8 from the electric field direc-
tion 17a (x-axis direction). Note that, the angle 0 formed
between the orientation direction 18 of the liquid crystal layer
3 obtained when no electric field is applied and the electric
field direction 17a 1s, for example, about 70 degrees to 85
degrees.

[0053] However, as illustrated in FIG. 11A, ina region (end
region) 16 including end portions of the pixel electrode 8, an
electric field direction 175 is the y-axis direction. Therefore,
in the end region 16 of the pixel electrode 8, a so-called
disclination is generated, which causes decrease in transmit-
tance.

[0054] Therefore, in the liquid crystal display device
according to the present invention, the polymer structure 7
may be further formed in the end region 16 of the pixel
electrode 8. That is, in the example illustrated in FIG. 11 A, the
polymer structure 7 is formed in a region across the leading
end portions of the plurality of the comb tooth portions 8a of
the pixel electrode 8.

[0055] FIG. 11B is a cross-sectional view of the end region
16 illustrated in FIG. 11A. As illustrated in FIGS. 11A and
11B, the polymer structure 7 is formed in the end region 16
across the leading end portions of the plurality of the comb
tooth portions 8a of the pixel electrode 8.

[0056] Note that, FIGS. 4 and 5 illustrate, in plan view, a
main configuration of the color filter substrate 2, which is
opposed to the TFT substrate 1 illustrated in FIG. 3. As
illustrated in FIGS. 4 and 5, in the color filter substrate 2, the
black matrix 13 is formed at a position corresponding to the
scanning signal line 10 and the video signal line 11 which are
illustrated in FIG. 3. That is, a colored layer 14 of the center
pixel PC and colored layers 141, 14R, 14U, and 14D of other
respective adjacent pixels PL, PR, PU, and PD are separated
from each other by the lattice-shaped black matrix 13. The
width of the black matrix 13 is represented by WB.

[0057] FIGS. 6 and 7 are cross-sectional views illustrating
a position taken along the line VI-VI of FIG. 3. FIGS. 6 and 7
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are also cross-sectional views illustrating a position taken
along the line VI-VI of FIG. 4 or 5.

[0058] As illustrated in FIG. 6, the position of the polymer
structure 7 is not particularly limited as long as the polymer
structure 7 is positioned between the video signal line 11 and
the pixel electrode 8. It suffices that a width WP of the poly-
mer structure 7 be within a range of a difference between the
width WB of the black matrix 13 and the width of the signal
line (width WS of the video signal line 11 or width WG of the
scanning signal line 10). That is, in a cross section illustrated
in FIG. 6, which takes along the short side of the polymer
structure 7, the width WP of the polymer structure 7, the width
WB of the black matrix 13, and the width of the signal line
(width WS of the video signal line 11 or width WG of the
scanning signal line 10) are set so as to satisfy a condition of
the following Expression (1).

WP=(WB-WS) or WP=(WB-WG)

[0059] FIG. 6 illustrates a case where the widths WP of the
polymer structures 7 on the right and left sides of the video
signal line 11 are substantially the same. However, the posi-
tion of the polymer structure 7 is not particularly limited as
long as the polymer structure 7 is positioned within a range
between the adjacent pixel electrodes 8. Therefore, the poly-
mer structure 7 may be formed at a position at which the
polymer structure 7 overlaps with a vertical line of the black
matrix 13 while being offset from the black matrix 13.
[0060] Further, although the polymer structure 7 is formed
between the video signal line 11 and the pixel electrode 8 as
illustrated in FI1G. 7, FIG. 7 illustrates a case where the widths
WP of the polymer structures 7 on the right and left sides of
the video signal line 11 are asymmetry. Also in this case, the
polymer structure 7 may be formed at a position at which the
polymer structure 7 overlaps with the vertical line of the black
matrix 13 while being offset from the black matrix 13.
[0061] That is, in both FIGS. 6 and 7, in plan view, the
polymer structures 7 extend along edges of a part of the video
signal line 11 so as to sandwich the part of the video signal
line 11. Each ofthe two polymer structures 7, which is formed
from one substrate of the TFT substrate 1 and the color filter
substrate 2 toward the other substrate thereof, is provided so
as to overlap with any one of the regions surrounded by the
signal lines on its inner side (in x direction of the pixel: Px).
Between the two adjacent polymer structures 7, the liquid
crystal layer 3 is provided.

[0062] Specifically, FIG. 8 illustrates two linear polymer
structures 7 parallel to each other, which are each formed
between the pixel electrode 8 (not shown) and the video
signal line 11 (not shown) below the black matrix 13, which
separates the center pixel PC and the adjacent pixels PL and
PR onboth sides (x direction in FIG. 8) of the pixel electrode
of the pixel PC. FIG. 8 illustrates the case where the widths
WP of the polymer structures 7 are substantially the same.
Also in this case, the polymer structure 7 may be formed at a
position at which the polymer structure 7 overlaps with the
vertical line (y direction in FIG. 8) of the black matrix 13
while being offset from the black matrix 13.

[0063] Thatis, in plan view, the polymer structures 7 extend
along edges of the video signalline 11 so as to sandwich a part
ofthe video signalline 11. Each of the two polymer structures
7, which is formed from one substrate of the TFT substrate 1
and the color filter substrate 2 toward the other substrate
thereof, is provided so as to overlap with any one of the
regions surrounded by the signal lines on its inner side (in x

Expression (1)
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direction of the pixel: Px). Between the two adjacent polymer
structures 7, the liquid crystal layer 3 is provided.

[0064] Further, as illustrated in FIG. 8, the region sur-
rounded by the signal lines (video signal lines and scanning
signal lines) has a rectangular shape. The polymer structures
7 are formed so as to overlap with two opposing sides out of
four sides representing the border among the rectangular
regions.

[0065] Further, FIG. 9 illustrates two linear polymer struc-
tures 7 parallel to each other, which are each formed between
the pixel electrode 8 (not shown) and the video signal line 11
(not shown) below the black matrix 13, which separates the
center pixel PC and the adjacent pixels PL and PR on both
sides (x direction in FIG. 9) of the pixel electrode of the pixel
PC. Further, FIG. 9 illustrates two linear polymer structures 7
parallel to each other, which are each formed between the
pixel electrode 8 (not shown) and the scanning signal line 10
(not shown) below the black matrix 13, which separates the
center pixel PC and the adjacent pixels PU and PD on upper
and lower sides, respectively, (v direction in FIG. 9) of the
pixel electrode of the pixel PC. FIG. 9 illustrates the case
where the widths WP of the polymer structures 7 are substan-
tially the same. Also in this case, the polymer structure 7 may
be formed at a position at which the polymer structure 7
overlaps with the vertical line (y direction in FIG. 9) of the
black matrix 13 while being offset from the black matrix 13.
[0066] Thatis, in plan view, the polymer structures 7 extend
along edges of each of the video signal line 11 and the scan-
ning signal line 10 so as to sandwich a part of the each of the
video signal line 11 and the scanning signal line 10. At least
two polymer structures 7, which are formed from one sub-
strate of the TFT substrate 1 and the color filter substrate 2
toward the other substrate thereof, are provided so as to over-
lap with any one of the regions surrounded by the signal lines
on its inner side (in x direction of the pixel: Px, and in y
direction of the pixel: Py). Between the two adjacent polymer
structures 7, the liquid crystal layer 3 is provided.

[0067] Further, as illustrated in FIG. 9, the region sur-
rounded by the signal lines (video signal lines and scanning
signal lines) has a rectangular shape. The polymer structures
7 are formed to have a rectangular shape so as to overlap with
four sides representing the border of the region surrounded by
the signal lines (video signal lines and scanning signal lines).
[0068] FIG. 10 illustrates two linear polymer structures 7
parallel to each other, which are each formed between the
pixel electrode 8 (not shown) and the video signal line 11 (not
shown) below the black matrix 13, which separates the center
pixel PC and the adjacent pixels PL and PR on both sides (x
direction in FIG. 10) of the pixel electrode of the pixel PC.
However, FIG. 10 illustrates the case where the widths WP of
the polymer structures 7 are asymmetry, unlike the case illus-
trated in FIG. 8. Also in this case, the polymer structure 7 may
be formed at a position at which the polymer structure 7
overlaps with the vertical line (y direction in FIG. 10) of the
black matrix 13 while being offset from the black matrix 13.
[0069] Thatis, in plan view, the polymer structures 7 extend
along edges of the video signal line 11 so as to sandwich a part
ofthe video signalline 11. Each of the two polymer structures
7, which is formed from one substrate of the TFT substrate 1
and the color filter substrate 2 toward the other substrate
thereof, is provided so as to overlap with any one of the
regions surrounded by the signal lines (in x direction of the
pixel: Px). Between the two adjacent polymer structures 7, the
liquid crystal layer 3 is provided.
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[0070] In this case, the region surrounded by the signal
lines (video signal lines and scanning signal lines) has a
rectangular shape. The polymer structures 7 are formed so as
to overlap with two opposing sides out of four sides repre-
senting the border among the rectangular regions.

[0071] FIG. 12 illustrates a position where the polymer
structure 7 is formed in the liquid crystal display device in a
case where the plurality of comb tooth portions 8a of the pixel
electrode 8 formed in a comb shape are parallel to the scan-
ning signal line 10. Also in the example illustrated in FIG. 12,
the polymer structure 7 can be formed in the end region 16
across the leading end portions of the plurality of comb tooth
portions 8a of the pixel electrode 8. The position where the
polymer structure 7 is formed in the pixel is not particularly
limited as long as the position includes the end region 16 of
the pixel electrode 8.

[0072] Further, the liquid crystal layer 3 may contain a
polymer for the purpose of so-called polymer stabilization.
That is, in this case, the liquid crystal layer 3 contains a
polymer other than the polymer structure 7, and the density of
the polymer structure 7 is higher than the density of the
polymer contained in the liquid crystal layer 3. When the
liquid crystal layer further contains a polymer having a lower
density than that of the polymer structure 7, in the liquid
crystal layer 3, a polymer network for polymer stabilization,
which has a relatively low density, is formed. At the same
time, in a specific region of one substrate, the polymer struc-
ture 7 for preventing influence of liquid crystal orientation
between pixels described above, which has a relatively high
density, is formed.

[0073] As a method of forming the polymer structure 7
according to the present invention, it is preferred to employ a
method of forming the polymer structure 7 by polymerizing a
polymerizable monomer contained in the liquid crystal com-
position. Specifically, in this case, a manufacturing method
for a liquid crystal display device according to the present
invention includes a step of filling the liquid crystal layer 3
between the first substrate (TFT substrate 1) and the second
substrate (color filter substrate 2), and in this step, a liquid
crystal composition in which a polymerizable monomer is
contained in host liquid crystal, the liquid crystal composition
being used as the liquid crystal layer 3, is filled between the
first substrate and the second substrate, and then, the poly-
merizable monomer is polymerized to form the polymer
structure 7 between the adjacent pixel electrodes 8.

[0074] The liquid crystal layer 3 corresponds to a liquid
crystal composition containing a liquid crystal material and
few types of additives. In the liquid crystal composition, the
content of the polymerizable monomer used for forming the
polymer structure 7 (proportion of the polymerizable mono-
mer relative to the total weight of the liquid crystal composi-
tion constituting the liquid crystal layer 3) may be, for
example, 2.0 wt % or less, preferably 1.5 wt % or less.
[0075] Further, at this time, the content of the polymeriz-
able monomer is more preferably 1.0 wt % or less. However,
in order to obtain the effects of the present invention, the
content of the polymerizable monomer is required to be 0.5
wt % or more. The content of the polymer structure 7 in the
liquid crystal layer 3, which is to be finally formed in the
liquid crystal display device, is similarly in the range 0f 0.5 wt
% to0 2.0 wt %.

[0076] Inthis case, the content of the liquid crystal material
in the liquid crystal layer 3 (proportion of the liquid crystal
material relative to the total weight of the liquid crystal com-
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position constituting the liquid crystal layer 3) may be, for
example, from 98.0 wt % to 99.5 wt %. Note that, as the liquid
crystal material contained in the liquid crystal composition, it
is preferred to use a nematic liquid crystal material.

[0077] When the polymer structure 7 is formed by poly-
merizing the polymerizable monomer contained in the liquid
crystal layer 3, the liquid crystal composition containing the
polymerizable monomer is filled between the TF T substrate 1
and the color filter substrate 2, and then, the polymerizable
monomer is polymerized in the filled liquid crystal composi-
tion, to thereby form the polymer structure 7.

[0078] Here, as the polymerizable monomer, it is preferred
to use, for example, a photo-polymerizable monomer which
may be polymerized by light irradiation. That is, it is pre-
ferred to use, for example, a photo-polymerizable monomer
having at least two functional groups. Specifically, it is pre-
ferred to use a derivative having one or both of an acryl-group
and a methacryl-group as the functional groups at both ter-
minals of a main skeleton structure containing an aromatic
ring.

[0079] Further, for formation of the polymer structure 7, for
example, a polymerizable monomer having liquid crystallin-
ity may also be used. In this case, the liquid crystal material
contains host liquid crystal and a polymerizable monomer
having liquid crystallinity. With the use of the polymerizable
monomer having liquid crystallinity, it is possible to enhance
the effect of stabilizing the liquid crystal material by the
polymer structure 7. As the polymerizable monomer, one type
of those described above may be used alone, or two or more
types may be used in combination.

[0080] When the photo-polymerizable monomer is used,
the polymer structure 7 is formed by polymerizing the photo-
polymerizable monomer contained in the liquid crystal com-
position by applying light satisfying a predetermined condi-
tion to the liquid crystal composition filled between the TFT
substrate 1 and the color filter substrate 2.

[0081] That is, first, the TFT substrate 1, the color filter
substrate 2, and the liquid crystal composition containing the
liquid crystal material and the photo-polymerizable monomer
are prepared. Next, the TFT substrate 1 and the color filter
substrate 2 are adhered to each other, and then the liquid
crystal composition is filled between the TFT substrate 1 and
the color filter substrate 2.

[0082] Further, when the photo-polymerizable monomer is
polymerized, it is preferred to use a photo-initiator. The
photo-initiator is not particularly limited as long as the photo-
initiator effectively promotes the polymerization of the
photo-polymerizable monomer with the light irradiation to
the liquid crystal composition, and arbitrary types of photo-
initiators may be selected and used as needed. That is, for
example, it is preferred to use a photo-initiator which gener-
ates free radicals by ultraviolet irradiation to effectively
accelerate the radical polymerization of the photo-polymer-
izable monomer.

[0083] Examples of the photo-initiator which may be used
include 9-fluorenone, 1-hydroxycyclohexyl phenyl ketone,
dibenzosuberone, 2-hydroxy-2-methylpropiophenone, ben-
7oin, 2-benzoylbenzoic acid, 4-benzoylbenzoic acid, 2,2-di-
ethoxyacetophenone, benzoin isobutyl ether, benzoin isopro-
pyl ether, acetophenone, 2,2-diethoxyphenylacetophenone,
benzoin ethyl ether, benzoin methyl ether, camphorquinone,
2,2-dimethoxy-2-phenylacetophenone, 2-chlorobenzophe-
none, 2-cthylanthraquinone, 4,4'-dichlorobenzophenone,
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4-chlorobenzophenone, benzil, benzophenone, methyl
2-benzoylbenzoate, and p-anisil.

[0084] Inorder to form the polymer structure 7 between the
pixel electrode and the signal line, which are provided
between the pair of adhered substrates 1 and 2, for example,
there may be employed a method of performing exposure of
ultraviolet light with the use ofan ultraviolet irradiation appa-
ratus from the TFT substrate side via a photomask having a
predetermined shape. When the photomask is shaped so that
light is transmitted only at a portion of the black matrix 13
illustrated in FIG. 4 or 5, the shape of the polymer structure 7
according to the present invention can be obtained.

[0085] More specifically, the video signal line 11 and the
scanning signal line 10 are each formed of a colored metal
such as chrome (Cr) and aluminum (Al), which does not
transmit light. Therefore, by using a photomask shaped so
that light is transmitted only at the portion of the black matrix
13 illustrated in FIG. 4 as described above, because the video
signal line 11 and the scanning signal line 10 play a role as a
photomask, the polymer structure 7 illustrated in FIG. 9 can
be obtained. Meanwhile, by using a photomask shaped so that
light is transmitted only at the portion of the black matrix 13
illustrated in FIG. 5 as described above, because the video
signal line 11 plays a role as a photomask, the polymer struc-
ture 7 illustrated in FIG. 8 or 10 can be obtained.

[0086] As described above, in the manufacturing method
for a liquid crystal display device according to the present
invention, through ultraviolet irradiation with the use of a
photomask, the polymer structure 7 may be formed between
the signal line and the pixel electrode which are provided on
the TFT substrate 1 or the color filter substrate 2. It could be
said that a photomask requiring particularly high resolution is
unnecessary. Therefore, according to the present invention, it
is possible to provide a liquid crystal display device whichhas
high transmittance and high production efficiency, and a
manufacturing method therefor.

[0087] Further, in the liquid crystal composition, in addi-
tion to the forming of the polymer structure 7, adding of a
polymerizable monomer may be carried out for the purpose
of so-called polymer stabilization. In this case, the liquid
crystal layer 3 contains a polymer other than the polymer
structure 7, and the density of the polymer structure 7 is
higher than that of the polymer contained in the liquid crystal
layer 3.

[0088] That is, in the liquid crystal layer 3, a polymer net-
work for polymer stabilization, which has a relatively low
density, is formed. At the same time, in a specific region of
one substrate, the polymer structure 7 described above is
formed.

[0089] Next, specific examples of the liquid crystal display
panel according to the present invention are described.

Example 1

[0090] InExample 1,a specific formation method and func-
tion effects thereof when the polymer structure 7 is provided
in the FFS mode liquid crystal display panel, which is one
type of the IPS mode liquid crystal display panel, are
described.

[0091] Note that, in Example 1, a liquid crystal display
panel having a plane dimension of 100 mm (longer side)x100
mm (shorter side) and a diagonal dimension of about 6 inches
was manufactured. The thickness of the glass substrate of the
liquid crystal display panel was set to 1.1 mm. Further, the
size of one pixel (PyxPx) was set to 600 pumx200 um. In the
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liquid crystal display panel, the first insulating substrate 101
and the second insulating substrate 201 were each formed of
a transparent glass substrate whose surfaces had been pol-
ished.

[0092] Then, on the first insulating substrate 101 corre-
sponding to one of the glass substrates, as illustrated in FIG.
6, the first thin film laminate 102 including the scanning
signal line, the video signal line, the TFT element, the pixel
electrode, the common electrode, and the insulating layers,
and the first orientation film 103 were formed, to thereby
constitute the TFT substrate 1. The width WG of the scanning
signal line and the width WS of the video signal line were set
to be the same, that is, 20 pm. The width of the short side of
the common electrode was set to 160 um, the number of the
comb tooth portions of the pixel electrode was set to four, the
widths of the lines of the comb tooth portions and the spaces
therebetween were each set to 20 pm, and the entire width of
the pixel electrode was set to 140 pm.

[0093] On the second insulating substrate 201 correspond-
ing to another of the glass substrates, the second thin film
laminate 202 including the black matrix, the colored layer,
and the planarizing layer, and the second orientation film 203
were formed, to thereby constitute the color filter substrate 2.
The width WB of the black matrix 13 was set to 40 um.
[0094] At this time, as the material that constituted the first
orientation film 103 and the second orientation film 203,
polyimide was employed. That is, first, a polyimide resin
precursor was applied using a printing machine and then
baked, to thereby form a polyimide film having a thickness of
0.07 um to 0.1 pm.

[0095] After that, the surface of the polyimide film was
subjected to orientation processing to control orientation of
the liquid crystal material contained in the liquid crystal layer
3. In this manner, the first orientation film 103 and the second
orientation film 203 were formed. The orientation processing
was performed by using a rubbing machine having buffing
clothmade of rayon as a rubbing roll. A rubbing angle was set
to 15 degrees with respect to the comb tooth direction of the
pixel electrode, and the rubbing was performed in parallel
between the pair of substrates 1 and 2.

[0096] The TFT substrate 1 and the color filter substrate 2
were adhered to each other via the sealing material 4q illus-
trated in FIG. 1. That is, an appropriate amount of polymer
beads was mixed into a sealing agent made of an epoxy resin
to prepare a composite sealing agent, and the composite seal-
ing agent was printed on one of the substrates using a seal
mask, to thereby form the sealing material 4a. After that, the
composite sealing agent constituting the sealing material 4a
was temporarily cured, to thereby combine the TFT substrate
1 and the color filter substrate 2. After that, the sealing mate-
rial 4a was completely cured while pressing the pair of sub-
strates using a press.

[0097] At this time, inside a space (panel portion) sur-
rounded by the TFT substrate 1, the color filter substrate 2,
and the sealing material 4a, the spherical polymer beads were
interposed as a spacer, and a gap (thickness d) with the liquid
crystal composition filled therein was adjusted to be 4.5 um.
Further, at this time, a width of a liquid crystal filling opening
provided in the sealing material 4a, for filling the liquid
crystal composition into the panel portion, was set to 10 mm.
[0098] Meanwhile, as the liquid crystal composition used
for formation of the liquid crystal layer 3 and the polymer
structure 7, a liquid crystal composition A containing a poly-
merizable monomer, an initiator, and a liquid crystal material
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was prepared. As the polymerizable monomer, a bifunctional
acrylic monomer was used. As the initiator, 2,2-diethoxyphe-
nyl-acetophenone (IRGACURE 651: NAGASE & CO.,
LTD), which dissolves in liquid crystal, was used. As the
liquid crystal material, fluorine nematic liquid crystal com-
position was used. Note that, the weight percentages of the
polymerizable monomer, the initiator, and the liquid crystal
material in the liquid crystal composition A were 0.5 wt %,
0.05 wt %, and 99.45 wt %, respectively.

[0099] Next, the liquid crystal composition A was filled
into the space surrounded by the TFT substrate 1, the color
filter substrate 2, and the sealing material 4a. That is, the
liquid crystal display panel was disposed in a sealable con-
tainer (not shown) with the liquid crystal filling opening
facing downward. Then, the liquid crystal composition A was
poured in a liquid crystal dish which was connected to a
lifting device provided outside the container. Note that, the
liquid crystal composition A was held in a slightly protruded
state within the liquid crystal dish.

[0100] Outside the container, a pipe connected to a vacuum
pump and a Pirani gauge was provided. The vacuum pump
was operated, and an exhaust gas volume was adjusted using
an adjustment valve while monitoring the Pirani vacuum
gauge. The exhausting was performed for 120 minutes until
the degree of vacuum reached 5 Pa so that the container was
put into a low-pressure state.

[0101] Subsequently. the lifting device was operated so that
the liquid crystal filling opening was dipped into the liquid
crystal composition A. After that, nitrogen or air was intro-
duced into the container by closing the adjustment valve and
opening an adjustment valve of a leak pipe. In this manner, the
liquid crystal composition A was filled into the space sur-
rounded by the TFT substrate 1, the color filter substrate 2,
and the sealing material 4a. After the filling was completed,
the liquid crystal filling opening was sealed by the sealing
material 45 made of an ultraviolet curing agent (acrylic resin).
[0102] After that, while using the photomask shaped so that
light was transmitted only at the portion of the black matrix 13
illustrated in FIG. 4, ultraviolet light was applied from the
TFT substrate 1 side. Thus, a polymer structure forming step
of polymerizing the polymerizable monomer in the liquid
crystal composition was carried out. The irradiation amount
of ultraviolet light, which was transmitted through the pho-
tomask shaped so that ultraviolet light was transmitted only at
the portion of the black matrix 13 illustrated in FIG. 4, was 15
Jin total at 365 nm. The polymerizing operation was carried
out several times. In this manner, the liquid crystal display
panel including the liquid crystal layer 3 and the polymer
structure 7, which were formed by using the liquid crystal
composition A, was manufactured.

[0103] Note that, three comparative panels were prepared.
In a comparative panel A, only the electrode configuration
was changed, and other configurations were not changed. The
electrode configuration of the comparative panel A was set as
follows. That is, the width of the short side of the common
electrode was set to 120 um, the number of the comb tooth
portions of the pixel electrode was set to three, the widths of
the lines of the comb tooth portions and the spaces therebe-
tween were each set to 20 um, and the entire width of the pixel
electrode was set to 100 pm.

[0104] In acomparative panel B, only the ultraviolet irra-
diation condition and the rubbing angle were changed, and
other configurations were not changed. In the comparative
panel B, ultraviolet light was not applied, and further, the
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rubbing angle was set to 60 degrees with respect to the comb
tooth direction of the pixel electrode, and the rubbing was
performed in parallel between the pair of substrates 1 and 2.
[0105] In acomparative panel C, only the ultraviolet irra-
diation condition was changed, and other configurations were
not changed. In the comparative panel C, a step of applying
ultraviolet light was not carried out.

[0106] Then, the transmittance was evaluated in the liquid
crystal display panel and the comparative panels manufac-
tured as described above. The transmittance was evaluated
with reference of the ratio between the incident light and the
outgoing light. In this example, the liquid crystal orientation
giving the maximum transmittance was realized in the com-
parative panel B, and hence assuming that the transmittance
of the comparative panel B was 100%, transmittance of each
of the liquid crystal display panel of this example and the
comparative panels was calculated.

[0107] As a result, the transmittance of the liquid crystal
display panel was 65%, and the transmittance of the compara-
tive panel A was 55%. Therefore, the transmittance of the
liquid crystal display panel of this example was improved
than that of the comparative panel by 10%. Further, in this
example, only the blue pixel of the liquid crystal display panel
was driven, but no color leakage was observed in the red and
green pixels, and no influence of the liquid crystal orientation
between the adjacent pixels was observed. On the other hand,
when only the blue pixel was driven in the comparative panel
C, color leakage was observed in the red and green pixels.
Therefore, in the comparative panel C, it was confirmed that
influence of the liquid crystal orientation was generated
between the adjacent pixels.

[0108] Next, the liquid crystal display panel was disas-
sembled, and then the liquid crystal composition A in the
liquid crystal display panel was washed with benzene. After
that, the liquid crystal display panel having benzene filled
therein was cooled to 0° C. so as to remove the benzene by a
freeze-drying technique. Then, the cross section of the liquid
crystal display panel from which the benzene had been
removed was observed using an electron microscope.

[0109] As a result, as illustrated in FIG. 6, the polymer
structure 7 was observed at a position overlapping with the
black matrix 13, which is between the video signal line 11 and
the pixel electrode 8 and below the black matrix 13 of the
color filter substrate 2. Further, on the surface ofthe panel, the
polymer structure 7 having the shape illustrated in FIG. 9 was
observed. Therefore, it was conceived that, because the poly-
mer structure 7 was present, the influence of the liquid crystal
orientation between the adjacent pixels was eliminated when
the liquid crystal display panel was driven.

[0110] Further, as illustrated in FIG. 6, the respective pixels
are separated by three layers having different compositions,
that is, the polymer structure 7, the liquid crystal layer 3, and
the polymer structure 7. In this manner, for example, light
from the adjacent pixel is reflected by an interface between
the layers. With this, in the respective pixels, the influence of
light from the adjacent pixel is suppressed, and hence color
leakage between the adjacent pixels is reduced.

[0111] Note that, in this example, effects of the FFS mode
liquid crystal display panel, which is one type ofthe IPS mode
liquid crystal display panel, were made clear, but itis apparent
that, as for the operation mode of the liquid crystal layer in the
liquid crystal display device, similar effects may be obtained
even when a TN mode, an STN mode, a VA mode, an OCB
mode, or an IPS mode is employed.
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[0112] Further, in this example, the color filter substrate
provided with the black matrix was used, but it is apparent
that similar effects may be obtained even when a color filter
substrate without a black matrix is used.

[0113] Further, the pixel electrode 8 and the common elec-
trode 9 may be reversely arranged in the configuration of the
liquid crystal display device. In this case, the polymer struc-
ture 7 is provided between the common electrode 9 and the
signal line.

Example 2

[0114] In Example 2, a liquid crystal display panel was
manufactured by amethod similar to thatin Example 1 except
that the photomask used in the ultraviolet irradiation step was
changed. In this example, there was used a photomask shaped
so that light was transmitted only at the portion of the black
matrix 13 illustrated in FIG. 5. That is, there was used a
photomask which enabled formation of the polymer structure
7 between the video signal line 11 and the pixel electrode 8. In
BExample 2, a method similar to that in Example 1 was
employed except for the photomask, and hence description
related to the manufacturing procedure of the liquid crystal
display panel is omitted.

[0115] Thetransmittance was evaluated in theliquid crystal
display panel and the comparative panel manufactured as
described above. As a result, the transmittance of the liquid
crystal display panel was improved than that of the compara-
tive panel by 10% or more. Further, only the blue pixel of the
liquid crystal display panel was driven, but no color leakage
was observed in the red and green pixels, and no influence of
the liquid crystal orientation between the adjacent pixels was
observed.

[0116] Next, the liquid crystal display panel was disas-
sembled, and then the liquid crystal composition A in the
liquid crystal display panel was washed with benzene. After
that, the liquid crystal display panel having benzene filled
therein was cooled to 0° C. so as to remove the benzene by a
freeze-drying technique. Then, the cross section of the liquid
crystal display panel from which the benzene had been
removed was observed using an electron microscope.

[0117] As a result, as illustrated in FIG. 6, the polymer
structure 7 was observed at a position overlapping with the
black matrix 13, which is between the video signal line 11 and
the pixel electrode 8 and below the black matrix 13 of the
color filter substrate 2. Further, on the surface of the panel, the
polymer structure 7 having the shape illustrated in FIG. 8 was
observed. Therefore, it was conceived that, because the poly-
mer structure 7 was present, the influence of the liquid crystal
orientation between the adjacent pixels was eliminated when
the liquid crystal display panel was driven.

Example 3

[0118] In Example 3, a liquid crystal display panel was
manufactured by amethod similar to that in Example 1 except
that the configuration of the liquid crystal composition A and
the ultraviolet irradiation condition in Example 1 were
changed.

[0119] Inthis example, the weight percentages of the poly-
merizable monomer, the initiator, and the liquid crystal mate-
rial in the liquid crystal composition A were 1.2 wt %, 0.1 wt
%, and 98.7 wt %, respectively.

[0120] In this example, after carrying out the polymer
structure forming step of applying ultraviolet light from the
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TFT substrate 1 side while using the photomask shaped so
that light is transmitted only at the portion of the black matrix
13 illustrated in FIG. 4, to thereby polymerize the polymer-
izable monomer in the liquid crystal composition, a polymer
stabilization step of applying ultraviolet light on the entire
surface from the TFT substrate 1 side without using a photo-
mask was carried out, to thereby form a polymer having a
lower density than that of the polymer structure in the pixel. A
similar photomask as in Example 1 was used, and the irradia-
tion amount of ultraviolet light used when this photomask
was used was 15 J in total at 365 nm. The polymerizing
operation was carried out several times. After that, the irra-
diation amount of ultraviolet light used when the ultraviolet
light was applied on the entire surface without a photomask
was 3 J at 365 nm, and the operation of the entire surface
irradiation was carried out only once. In this manner, the
liquid crystal display panel including the liquid crystal layer
3 and the polymer structure 7, which were formed by using
the liquid crystal composition A, was manufactured.

[0121] InExample?3,a method similar to that in Example 1
was employed except for the configuration of the liquid crys-
tal composition A and the ultraviolet irradiation condition,
and hence description related to the manufacturing procedure
of the liquid crystal display panel is omitted.

[0122] Thetransmittance was evaluated in the liquid crystal
display panel and the comparative panel manufactured as
described above. As a result, the transmittance of the liquid
crystal display panel was improved than that of the compara-
tive panels by 10% or more. Further, only the blue pixel of the
liquid crystal display panel was driven, but no color leakage
was observed in the red and green pixels, and no influence of
the liquid crystal orientation between the adjacent pixels was
observed. Further, the response time was shortened by 10% or
more in comparison to that of the comparative panel C.
[0123] Next, the liquid crystal display panel was disas-
sembled, and then the liquid crystal composition A in the
liquid crystal display panel was washed with benzene. After
that, the liquid crystal display panel having benzene filled
therein was cooled to 0° C. so as to remove the benzene by a
freeze-drying technique. Then, the cross section of the liquid
crystal display panel from which the benzene had been
removed was observed using an electron microscope.

[0124] As a result, as illustrated in FIG. 6, the color poly-
mer structure 7 was observed at a position overlapping with
the black matrix 13, which is between the video signal line 11
and the pixel electrode 8 and below the black matrix 13 of the
color filter substrate 2. Further, in plan view, there was
observed the rectangular polymer structure 7 formed in a state
overlapping with the four sides representing the border of the
region surrounded by the signal lines as illustrated in FIG. 9.
Therefore, it was conceived that, because the polymer struc-
ture 7 was present, the influence of the liquid crystal orienta-
tion between the adjacent pixels was eliminated when the
liquid crystal display panel was driven. Further, a polymer
having low density was also observed in the pixel. However,
the polymer did not have a dense structure as that of the
polymer structure 7 observed between the video signal line 11
and the pixel electrode 8, and the polymer was observed in a
quite dispersed state. Depending on the density at that time,
the polymer was observed in a thick film state on the substrate
surface. Therefore, it was conceived that, because the poly-
mer having low density was present in the pixel portion, the
response time was shortened when the liquid crystal display
panel was driven.
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[0125] As described above, the present invention is spe-
cially described with reference to the embodiment of the
invention, but the present invention is not limited to the
embodiment described above. Various modifications may be
made thereto within the scope of the sprit of the present
invention.

[0126] Further, even when the liquid crystal layer 3 is
formed by filling the liquid crystal composition using a one-
drop filling (ODF) method rather than a vacuum filling
method, it is similarly possible to provide a liquid crystal
display panel (liquid crystal display device) having excellent
transmittance and reliability. While there have been described
what are at present considered to be certain embodiments of
the invention, it will be understood that various modifications
may be made thereto, and it is intended that the appended
claim cover all such modifications as fall within the true spirit
and scope of the invention.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate;

a second substrate;

a liquid crystal layer filled between the first substrate and

the second substrate;

a polymer structure formed in the liquid crystal layer; and

a plurality of pixels each including a first electrode and a

second electrode, one of the first electrode and the sec-
ond electrode being a pixel electrode, wherein:

each of the plurality of pixels is provided within a region

surrounded by a signal line, a part of the signal line being
formed between adjacent two of the plurality of pixels;
the polymer structure comprises two polymer structures;
the two polymer structures has the liquid crystal layer
provided therebetween;

in plan view, the two polymer structures sandwich the part

of the signal line;

in plan view, each of the two polymer structures extends

along the part of the signal line;

the each of the two polymer structures is formed from one

of the first substrate and the second substrate toward
another of the first substrate and the second substrate;
and

the each of the two polymer structures is formed so as to

overlap with any of the region.

2. The liquid crystal display device according to claim 1,
wherein the first electrode and the second electrode are
formed on one of the first substrate and the second substrate.

3. The liquid crystal display device according to claim 1,
wherein a color filter is formed on one of the first substrate
and the second substrate.

4. The liquid crystal display device according to claim 1,
wherein a black matrix is formed on one of the first substrate
and the second substrate.

5. The liquid crystal display device according to claim 4,
wherein the polymer structure is formed in a region overlap-
ping with the black matrix in plan view.

6. The liquid crystal display device according to claim 5,
wherein the polymer structure is formed in a region other than
a region in which one or both of a scanning signal line and a
video signal line are overlapped with the black matrix in plan
view.

7. The liquid crystal display device according to claim 6,
wherein a condition of the following Expression (1) is satis-
fied,

WP=(WB-WS) or WP=(WB-WG) Expression (1)
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where, in a cross section taken along a short side of the
polymer structure, WP represents a width of the polymer
structure, WB represents a width of the black matrix, WS
represents a width of the video signal line, and WG represents
a width of the scanning signal line.

8. The liquid crystal display device according to claim 1,
wherein the polymer structure is also formed in a region
including an end portion of the pixel electrode in plan view.

9. The liquid crystal display device according to claim 1,
wherein the liquid crystal layer contains a polymer having a
density lower than a density of the polymer structure.

10. The liquid crystal display device according to claim 1,
wherein:

the region has a rectangular shape in plan view; and

the polymer structure is formed so as to overlap with four

sides of the region representing a border thereof.

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

the region has a rectangular shape in plan view; and

the polymer structure is formed so as to overlap with two

opposing sides out of four sides of the region represent-
ing a border thereof.

12. The liquid crystal display device according to claim 1,
wherein the polymer structure is formed by polymerizing a
polymerizable monomer in the liquid crystal layer.

13. The liquid crystal display device according to claim 12,
wherein the polymer structure is formed by polymerizing the
polymerizable monomer in presence of a photo-initiator in
the liquid crystal layer.

14. A manufacturing method for a liquid crystal display
device, the liquid crystal display device comprising: a liquid
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crystal layer filled between a first substrate and a second
substrate; a plurality of pixels each including a first electrode
and a second electrode, one of the first electrode and the
second electrode being a pixel electrode; and a signal line
formed between adjacent two of the plurality of pixels, in
which the first electrode and the second electrode are formed
on one of opposing surfaces of the first substrate and the
second substrate, the manufacturing method comprising:
filling a liquid crystal composition containing host liquid
crystal and a polymerizable monomer, the liquid crystal
composition being used as the liquid crystal layer,
between the first substrate and the second substrate; and
forming a polymer structure by polymerizing the polymer-
izable monomer, the polymer structure being formed in
the liquid crystal layer between the signal line and the
pixel electrode.

15. The manufacturing method for a liquid crystal display
device according to claim 14, wherein the forming a polymer
structure comprises applying light from one surface side of
one ofthe first substrate and the second substrate on which the
signal line is formed, the one surface side not being contact
with the liquid crystal layer, to thereby polymerize the poly-
merizable monomer.

16. The manufacturing method for a liquid crystal display
device according to claim 14, wherein the liquid crystal com-
position contains an initiator.

17. The manufacturing method for a liquid crystal display
device according to claim 16, wherein the initiator comprises
a photo-initiator.
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