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(57) ABSTRACT

A liquid crystal display panel includes an array substrate
including a scanning line, a signal line crossing the scanning
line, a switching element electrically connected to the scan-
ning line and the signal line, and a pixel electrode formed on
the scanning line, the signal line, and the switching element
and electrically connected to the switching element, an oppo-
site substrate including a common electrode with a through-
hole and arranged opposite to the array substrate with a gap,
a columnar spacer formed on either one of the array substrate
and the opposite substrate and positioned away from the pixel
electrode, the columnar spacer overlapping the through-hole
and holding the gap between the array substrate and the
opposite substrate, and a liquid crystal layer sandwiched
between the array substrate and the opposite substrate.
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LIQUID CRYSTAL DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Applications No.
2007-275363, filed Oct. 23, 2007; and No. 2008-218473,
filed Aug. 27, 2008, the entire contents of both of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play panel, and in particular, to a liquid crystal display panel
comprising a columnar spacer.

[0004] 2. Description of the Related Art

[0005] Inrecentyears,ina field of information apparatuses,
particularly computers and a field of video apparatuses, par-
ticularly televisions, lightweight, compact, and high-defini-
tion liquid crystal display devices have been developed. In
general, a liquid crystal display device comprises a liquid
crystal display panel having an array substrate, an opposite
substrate, and a liquid crystal layer sandwiched between the
array substrate and the opposite substrate. Each of the array
substrate and the opposite substrate has a display area. For
example, plastic beads with a uniform particle size are
arranged between the array substrate and the opposite sub-
strate as spacers to hold a gap between the two substrates
constant. The array substrate and the opposite substrate are
joined together by a sealing member shaped like a rectangular
frame and disposed outside the display area of each of the
substrates.

[0006] Inacolordisplay active matrix driving liquid crystal
display device, a plurality of signal lines and a plurality of
scanning lines are disposed on the array substrate in the
display area thereof in a matrix. A thin film transistor (here-
inafter referred to as TFT) including a semiconductor layer
made of, for example, amorphous silicon (a-Si) or polysilicon
(p-Si)is disposed in the vicinity of a crossing portion between
each of the signal lines and each of the scanning lines. TFTs
are conrected to respective pixel electrodes formed on the
substrate. An alignment film is deposited on the substrate and
the pixel electrodes.

[0007] In the opposite substrate, a color filter, a common
electrode, and an alignment film are sequentially formed on a
substrate. The color filter is composed of colored layers col-
ored in red, green, and blue, respectively. The liquid crystal
layer is sandwiched between the array substrate and the oppo-
site substrate to form the liquid crystal display device.
[0008] Furthermore, a technique for uniformizing the gap
between the array substrate and the opposite substrate is
disclosed in, for example, Jpn. Pat. Appln. KOKAI Publica-
tion No. 2006-18238. Jpn. Pat. Appln. KOKAI Publication
No. 2006-18238 discloses a technique of forming a columnar
spacer on at least one of the array substrate and the opposite
substrate by patterning using a photolithography method or
the like.

[0009] The columnar spacer overlaps the common elec-
trode. Also on the array substrate, the columnar spacer may
overlap the pixel electrode. In general, the pixel electrode and
the common electrode are formed of ITTO (Indium Tin Oxide),
whichis aninorganic material. In this case, the pixel electrode
and the common electrode are fragile like glass. Thus, when
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the columnar spacer overlaps the pixel electrode and the
common electrode, then upon being subjected to impact, the
liquid crystal display panel cannot sufficiently absorb the
impact. As a result, the common electrode or the like may be
damaged. Furthermore, at low temperatures, the liquid crystal
display panel cannot sufficiently follow a variationin volume,
resulting in a high likelihood of generating bubbles. This
degrades display quality.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention is made in view of the above-
described points. An object of the present invention is to
provide a liquid crystal display panel with high display qual-
ity.

[0011] To achieve the object, according to an aspect of the
present invention, there is provided a liquid crystal display
panel comprising:

[0012] anarray substrate including a scanning line, a signal
line crossing the scanning line, a switching element electri-
cally connected to the scanning line and the signal line, and a
pixel electrode formed on the scanning line, the signal line,
and the switching element and electrically connected to the
switching element;

[0013] anopposite substrate including a common electrode
with a through-hole and arranged opposite to the array sub-
strate with a gap;

[0014] acolumnar spacer formed on either one of the array
substrate and the opposite substrate and positioned away from
the pixel electrode, the columnar spacer overlapping the
through-hole and holding the gap between the array substrate
and the opposite substrate; and

[0015] aliquid crystal layer sandwiched between the array
substrate and the opposite substrate.

[0016] According to another aspect of the present inven-
tion, there is provided a liquid crystal display panel compris-
ing:

[0017] anarray substrate including a scanning line, a signal
line crossing the scanning line, a switching element electri-
cally connected to the scanning line and the signal line, and a
pixel electrode formed on the scanning line, the signal line,
and the switching element and electrically connected to the
switching element;

[0018] anopposite substrate including a common electrode
with a through-hole and arranged opposite to the array sub-
strate with a gap;

[0019] alightblocking portion provided on either one of the
array substrate and the opposite substrate;

[0020] a color filter provided on either one of the array
substrate and the opposite substrate and including a plurality
of colored layers in respective colors, the color filter including
a cutout portion formed so as to overlap the light blocking
portion;

[0021] acolumnar spacer formed on either one of the array
substrate and the opposite substrate and positioned away from
the pixel electrode, the columnar spacer overlapping the
through-hole, the light blocking portion, and the cutout por-
tion and holding the gap between the array substrate and the
opposite substrate; and

[0022] aliquid crystal layer sandwiched between the array
substrate and the opposite substrate.

[0023] According to another aspect of the present inven-
tion, there is provided a liquid crystal display panel compris-
ing:
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[0024] anarray substrate including a scanning line, a signal
line crossing the scanning line, a switching element electri-
cally connected to the scanning line and the signal line, and a
pixel electrode formed on the scanning line, the signal line,
and the switching element and electrically connected to the
switching element;

[0025] anopposite substrate including a common electrode
with a through-hole and arranged opposite to the array sub-
strate with a gap;

[0026] alightblocking portion provided on either one of the
array substrate and the opposite substrate;

[0027] a color filter provided on either one of the array
substrate and the opposite substrate and including a plurality
of colored layer in respective colors, the color filter including
a cutout portion formed so as to overlap the light blocking
portion;

[0028] a columnar spacer formed on either one of the array
substrate and the opposite substrate and positioned away from
the pixel electrode, the columnar spacer overlapping the
through-hole, the light blocking portion, and the cutout por-
tion and holding the gap between the array substrate and the
opposite substrate; and

[0029] aliquid crystal layer sandwiched between the array
substrate and the opposite substrate and including a liquid
crystal material with a negative dielectric constant anisotropy,
[0030] wherein the through-hole in the common electrode
controls a direction in which a liquid crystal molecule in the
liquid crystal layer is inclined.

[0031] Additional advantages of the invention will be set
forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice of
the invention. The advantages of the invention may be real-
ized and obtained by means of the instrumentalities and com-
binations particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0032] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0033] FIG.1isa perspective view showing a liquid crystal
display device according to an embodiment of the present
invention;

[0034] FIG. 2 is a schematic sectional view showing the
liquid crystal display device shown in FIG. 1;

[0035] FIG. 3 is a plan view showing a wiring structure of
an array substrate shown in FIGS. 1 and 2;

[0036] FIG. 4 is a sectional view showing a liquid crystal
display panel taken along line IV-IV in FIG. 3;

[0037] FIG.5isanenlarged plan view ofthe array substrate
shown in FIGS. 1 to 4, the view particularly showing pixel
electrodes, pixel regions, and a columnar spacer;

[0038] FIG. 6 is an enlarged plan view of an opposite sub-
strate shown in FIGS. 1, 2, and 4, the view particularly show-
ing a common electrode, a through-hole, the pixel regions,
and the columnar spacer;

[0039] FIG. 7 is a sectional view schematically showing a
liquid crystal display panel in a liquid crystal display device
according to another embodiment of the present invention;
[0040] FIG. 8 is an enlarged plan view of the opposite
substrate shown in FIG. 7, the view particularly showing that
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the common electrode, a through-hole, colored layers, and a
light blocking layer 31 are viewed from the common elec-
trode side;

[0041] FIG. 9 is an enlarged plan view of an opposite sub-
strate in a liquid crystal display device according to another
embodiment of the present invention, the view particularly
showing a modification of the through-hole shown in FIG. 8;
and

[0042] FIG. 10 is an enlarged plan view of an opposite
substrate in a liquid crystal display device according to
another embodiment of the present invention, the view par-
ticularly showing another modification of the through-hole
shown in FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION

[0043] A liquid crystal display device according to an
embodiment of the present invention will be described below
in detail with reference to the drawings.

[0044] As shown in FIGS. 1 to 3, the liquid crystal display
device has a liquid crystal display panel 1, a backlight unit 2,
and a bezel 3. The liquid crystal panel 1 has an array substrate
10, an opposite substrate 20, a color filter 40, a columnar
spacer 50, a sealing member 70, a liquid crystal layer 80, a
firstpolarizer 91, and a second polarizer 92. The liquid crystal
display panel 1 has a rectangular display region R1 overlap-
ping the array substrate 10 and the opposite substrate 30.
[0045] As shown in FIGS. 1 to 5, the active matrix array
substrate 10 has a glass substrate 11 as a transparent insulat-
ing substrate. A gate insulating film 12 is formed on the glass
substrate 11. In the display region R1, a plurality of scanning
lines 13 and a plurality of signal lines 14 are provided on the
gate insulating film 12 across an insulating film (not shown in
the drawings) like a lattice.

[0046] Pixels P are provided in a matrix along a first direc-
tion d1 and a second direction d2 along the plane of the liquid
crystal display panel 1. A pixel region R2 is partitioned by two
adjacent scanning lines 13 and two adjacent signal lines 14.
The pixels P are formed in the pixel region R2.

[0047] An interlayer insulating film 15 is formed on the
gate insulating film 12, the scanning lines 13, and the signal
lines 14. The interlayer insulating film 15 is formed an
organic resin as an organic material. The thickness of the
interlayer insulating film 15 is about 1 to 4 um. For example,
TFT 16 is provided in the vicinity of a crossing portion
between each of the scanning lines 13 and each of the signal
lines 14 as a switching element. TFT 16 is electrically con-
nected to the scanning line 13 and the signal line 14.

[0048] TFT 16 hasa gate electrode 164 corresponding to an
extension ofa part of the scanning line 13, a channel layer 165
located opposite the gate electrode via the gate insulating film
12, a source electrode 16¢ connected to one of the regions of
the channel layer, and a drain electrode 164 connected to the
other region. In the present embodiment, the channel layer is
formed of polysilicon (p-Si). The source electrode 16¢ is
connected to the signal line 14. The drain electrode 164 is
connected to a pixel electrode 17 described below.

[0049] A plurality of the pixel electrodes 17 are formed on
the interlayer insulating film 15 in a matrix. Each of the pixel
electrodes 17 is formed of a transparent conductive film such
as ITO (Indium Tin Oxide). ITO is an inorganic material. The
pixel electrode 17 is connected to the drain electrode 164 via
a contact hole formed in the interlayer insulating film 15.
[0050] The pixel P is formed of TFT 16, the pixel electrode
17, and the like.
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[0051] Although not entirely shown, a plurality of the
columnar spacers 50 are formed on the interlayer insulating
film 15 at a predetermined density. Each of the columnar
spacers 50 overlaps the interlayer insulating film 15 and is
positioned away from the pixel electrode 17. In the present
embodiment, the columnar spacer 50 is positioned com-
pletely away from the pixel electrode 17 and completely away
from the pixel region R2. The columnar spacer 50 is formed
of a transparent resin. A cross section of the columnar spacer
50 in a direction along the plane of the liquid crystal display
panel is rectangular.

[0052] An alignment film 18 is formed on the glass sub-
strate 11 so as to overlap the pixel electrodes 17.

[0053] As shown in FIGS. 1 to 4 and 6, the opposite sub-
strate 20 has a glass substrate 21 as a transparent insulating
substrate. In the display region R1, light blocking layers 31
overlapping the scanning lines 13 and the signal lines 14 are
formed on the glass substrate 21. The light blocking layers 31
form a plurality of openings 32 in a matrix.

[0054] A peripheral light blocking layer 33 shaped like a
rectangular frame is formed on the glass substrate 21 outside
the display region R1. The peripheral light blocking layer 33
is formed all around the outer periphery of the display region
R1 to contribute to blocking light leaking from between the
outside of the display region R1 and the inside of the bezel 3.
[0055] A plurality of colored layers, that is, a plurality of
red colored layer 40R, a plurality of green colored layers 40G,
and a plurality of blue colored layers 40B are disposed on the
light blocking layers 31 and the peripheral light blocking
layer 33 as insulating layers formed of an organic material.
The colored layers 40R, 40G, and 40B are alternately dis-
posed adjacent to one another so as to form a color filter 40.
The thickness of the color filter 40 is about 1 to 4 um. Periph-
eral portions of the colored layers 40R, 40G, and 40B overlap
the light blocking layers 31.

[0056] A common electrode 22 formed of a transparent
conductive film such as ITO is provided on the colored layers
40R, 40G, and 40B. The common electrode 22 includes a
plurality of through-holes 22a. In the present embodiment,
each of the through-holes 22a overlaps the corresponding
columnar spacer 50. The through-hole 22 is formed to be
rectangular. The through-hole 22a surrounds the columnar
spacer 50. Thus, the common electrode 22 is located com-
pletely away from the columnar spacer 50.

[0057] An alignment film 23 is formed on the glass sub-
strate 21 on which the common electrode 22 is formed.
[0058] The array substrate 10 and the opposite substrate 20
are arranged opposite to each other with a predetermined gap
therebetween by the columnar spacers 50. The array substrate
10 and the opposite substrate 20 are joined together by the
sealing member 70 shaped like a rectangular frame and dis-
posed on the peripheral portions of both substrates.

[0059] The liquid crystal layer 80 is sandwiched between
the array substrate 10 and the opposite substrate 20. A liquid
crystal injection port 71 formed in a part of the sealing mem-
ber 70 is sealed with a sealant 72. A first polarizer 91 is located
on an outer surface of the array substrate 10. A second polar-
izer 92 is located on an outer surface of the opposite substrate
20. In the present embodiment, a display surface S1 is an
outer surface of the second polarizer 92.

[0060] As shown in FIGS. 1 and 2, a backlight unit 2 is
located on an outer surface side of the array substrate 10. The
backlight unit 2 has a light conductor 2a located opposite the
first polarizer 91, and a light source 25 and a reflector 2¢ at one
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side edge of the light conductor and opposite the light con-
ductor. The light conductor 2a has a light emitting surface S2
located opposite the first polarizer 91.

[0061] Thebezel 3 is formed like a frame and located onthe
side of the display surface S1 and outside the display region
R1. The bezel 3 is positioned such that an inner periphery
thereof passes through a region located opposite the periph-
eral light blocking layer 33.

[0062] Now, the configuration of the liquid crystal display
device will be described in further detail, together with a
method of manufacturing the liquid crystal display device.
[0063] As shown in FIGS. 1 to 6, first, the gate insulating
film 12, the scanning lines 13, the signal lines 14, the inter-
layer insulating film 15, TFTs 16, the pixel electrodes 17, and
the like are formed on the prepared glass substrate 11 by a
normal manufacturing process such as a repetition of depo-
sition and patterning. The interlayer insulating film 15 is
formed using an organic resin. The pixel electrodes 17 are
formed using 1TO.

[0064] Then, a spinner is used to coat, for example, a pho-
tosensitive transparent resin all over a surface of the glass
substrate 11. The transparent resin is subsequently dried. The
transparent resin is exposed and thus patterned using a pre-
determined photo mask. The photo mask used has a pattern
required to form the columnar spacers 50.

[0065] Then, the exposed transparent resin is developed
and burned and cured. Thus, a plurality of the columnar
spacers 50 are formed. Each of the columnar spacers 50 is
formed away from the corresponding pixel electrodes 17
(pixel regions R2).

[0066] Subsequently. an alignment film material is coated
on the glass substrate 11 including the display region R1 to
form the alignment film 18. In the present embodiment, the
alignment film 18 is a vertical alignment film.

[0067] On the other hand, in a method of manufacturing the
opposite substrate 20, first, the glass substrate 21 is prepared.
Then, the light blocking layers 31 and the peripheral light
blocking layer 33 are formed on the glass substrate 21. The
colored layers 40R are subsequently formed on the glass
substrate 21, the light blocking layers 31, and the peripheral
light blocking layer 33 using, for example, a photo etching
method. Subsequently, like the colored layers 40R, the col-
ored layers 40G and 40B are formed using, for example, the
photo etching method.

[0068] Subsequently, the common electrode 22 is formed
so as to overlap the colored layers 40R, 40G, and 40B. For-
mation of the common electrode 22 involves coating ITO on
the glass substrate 21 to deposit an [TO film and then remov-
ing the ITO film from regions located opposite the columnar
spacers 50, using the photo lithography method. Thus, the
common electrode 22 including the plurality of through-holes
22a is formed.

[0069] Then, the alignment film 23 is formed by coating the
alignment film material on the glass substrate 21 including
the display region R1. In the present embodiment, the align-
ment film 23 is a vertical alignment film.

[0070] Then, for example, an ultraviolet curing resin is
coated along the periphery of the opposite substrate 20. The
array substrate 10 and the opposite substrate 20 are subse-
quently arranged opposite to each other with the predeter-
mined gap therebetween by the plurality of columnar spacers
50 so that the alignment films 18 and 23 are arranged opposite
to each other. The peripheral portions of the array substrate 10
and the opposite substrate 20 are stuck together using the
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ultraviolet curing resin. The ultraviolet curing resin is there-
after irradiated with ultraviolet rays and thus cured. The seal-
ing member 70 is consequently formed which fixes the array
substrate 10 and the opposite substrate 20.

[0071] Thereafter, the array substrate 10 and opposite sub-
strate 20 stuck together are carried into a vacuum chamber
(not shown in the drawings). Then, in a vacuum, a liquid
crystal is injected into a region surrounded by the array sub-
strate 10, the opposite substrate 20, and the sealing member
70 through the liquid crystal injection port 71. The liquid
crystal injection port 71 is subsequently sealed with the seal-
ant 72 made up of, for example, an ultraviolet curing resin.
The liquid crystal panel with the liquid crystal injected
therein is thereafter carried out of the vacuum chamber.
[0072] Then, the first polarizer 91 is located on the outer
surface of the array substrate 10. The second polarizer 92 is
located on the outer surface of the opposite substrate 20. The
liquid crystal display panel 1 in a VA mode is thus formed.
The backlight unit 2, the bezel 3, and the like are then
mounted on the liquid crystal display panel 1, which is thus
assembled into a module. A liquid crystal display device is
thus completed.

[0073] In the liquid crystal display device configured as
described above, each of the columnar spacers 50 is posi-
tioned away from the pixel electrodes 17 and the common
electrode 22. Thus, on the opposite substrate 20 side, a plu-
rality of the through-holes 22a are formed in the common
electrode 22 so that the columnar spacer 50 overlaps the
corresponding through-hole 224. Thus, the columnar spacer
50 can be located away from the pixel electrodes 17 and the
common electrode 22, which are insufficiently elastic. Fur-
thermore, since the through-hole 224 is formed away from the
corresponding pixel electrode 17 and the common electrode
22, display is prevented from being affected.

[0074] On the array substrate 10 side, the columnar spacers
50 are formed on the interlayer insulating film 15, formed of
the organic resin. On the opposite substrate 20 side, the
columnar spacers 50 overlap the colored layers 40R, 40G, and
40B (color filter 40), formed of the organic material. In a
direction perpendicular to the plane of the liquid crystal dis-
play panel 1, the members from the interlayer insulating film
15 through the color filter 40 are arranged in the following
order: the interlayer insulating film 15, the columnar spacers
50, the alignment film 18, the alignment 23, and the color
filter 40.

[0075] The interlayer insulating film 15 and the color filter
40 are elastic like the columnar spacers 50. Thus, an external
impact applied to the liquid crystal display panel 1 when, for
example, temperature is low can be absorbed by the whole
liquid crystal display panel 1, including the columnar spacers
50. Since a variation in volume can be sufficiently followed,
possible bubbles (cavity portions) between the array substrate
10 and the opposite substrate 20 can be inhibited. Thus, even
with an external impact, appropriate images can be displayed.
[0076] Since the color filter 40 is provided on the opposite
substrate 20 side, an external impact can be absorbed on the
array substrate 10 side and on the opposite substrate 20 side
without the need to increase the number of conventional
manufacturing steps and members.

[0077] As described above, a liquid crystal display device
with high display quality can be obtained.

[0078] Now, a liquid crystal display device according to
another embodiment of the present invention will be
described in detail. A part of the configuration of the present
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embodiment which is not described below is the same as that
in the above-described embodiment. The same components
are denoted by the same reference numerals and the detailed
description thereof is omitted.

[0079] Although not shown in the drawings, the liquid crys-
tal display device has the above-described liquid crystal dis-
play panel 1, the backlight panel 2, and the bezel 3. As shown
in FIG. 7, the liquid crystal display panel 1 comprises the
array substrate 10, the opposite substrate 20, the color filter
40, the columnar spacers 50, and the liquid crystal layer 80.
Although not shown in the drawings, the liquid crystal display
panel 1 also has the sealing member 70, first polarizer 91, and
second polarizer 92, described above. The liquid crystal dis-
play panel 1 has a pixel pitch of 30.0 um.

[0080] Asshownin FIGS. 7 and 8, in the opposite substrate
20, the light blocking layers 31 and the peripheral light block-
ing layer 33 (not shown in the drawings) are formed on the
glass substrate 21. The light blocking layers 31 are extended
so as to form stripes or a lattice. In the present embodiment,
the light blocking layers is formed like a lattice.

[0081] The light blocking layer 31 has an overlapping por-
tion 31a and a non-overlapping portion 315. The overlapping
portion 31a overlaps the corresponding columnar spacer 50.
The non-overlapping portion 315 is located away from the
columnar spacer 50. The overlapping portion 31a and the
non-overlapping portion 315 are arranged in the second direc-
tion d2. The width w1 of the overlapping portion 31a is larger
than the width w2 of the non-overlapping portion 315. The
peripheral portions of the colored layers 40R, 40G, and 40B
overlap the light blocking layers 31. The color filter 40 has a
cutout portion 40a formed in a part thereof which overlaps the
overlapping portion 31a. The cutout portion 40a is rectangu-
lar and has a length of 6 um in the first direction d1 and a
length of 12 pm in the second direction d2. In the overlapping
portion 31a of the light blocking layer 31, the cutout portion
404 is not covered with the color filter 40. That is, the over-
lapping portion 31a is made up of a portion in which the color
filter 40 lies over and overlaps the light blocking layer 31, and
the cutout portion 404, in which the color filter 40 is not
present and the light blocking layer 31 is exposed. On the
other hand, the overlapping portion 315 of the light blocking
layer 31 is entirely covered with the color filter layer.

[0082] Anundercoat film 25 made of a transparent conduc-
tive material is formed on the light blocking layer 31 and the
colored layers 40R, 40G, and 40B. The undercoat film 25
serves to flatten the opposite substrate 20 and to protect the
liquid crystal layer 80.

[0083] The common electrode 22 is formed on the under-
coat film 25. The common electrode 22 includes a plurality of
the through-holes 224. Inthe present embodiment, each of the
through-holes 22a overlaps the corresponding columnar
spacer 50. The through-holes 224 are formed like stripes and
extended in the first direction d1. The through-hole 22¢ has a
width of 12 um in the second direction d2. The common
electrode 22 is located completely away from each of the
columnar spacers 50. The alignment film 23 is formed on the
glass substrate 21 on which the common electrode 22 is
formed.

[0084] Each of the columnar spacers 50 is formed on the
array substrate 10. The columnar spacer 50 is positioned away
from the corresponding pixel electrodes 17. The columnar
spacer 50 is provided so as to overlap the through-hole 224,
the overlapping portion 31a, and the cutout portion 40a.
Furthermore, since in the cutout portion 40a over the over-
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lapping portion 31a, serving as a pedestal, the color filter 40
is not present on the light blocking layer 31 and the light
blocking layer 31 is exposed, a surface of the opposite sub-
strate 20 over the cut portion 40q is sufficiently flattened by
the undercoat film 25. That is, in an area overlapping the
cutout portion 40¢, the distance between the array substrate
10 and the opposite substrate 20 is uniform. The columnar
spacer 50 is provided in the area in which the distance
between the array substrate 10 and the opposite substrate 20
is uniform.

[0085] The liquid crystal layer 80 contains a liquid crystal
material with a negative dielectric constant anisotropy.

[0086] In the liquid crystal display device configured as
described above, each of the columnar spacers 50 is posi-
tioned away from the corresponding pixel electrodes 17 and
the common electrode 22. On the opposite substrate 20 side,
the plurality of through-holes 224 are formed in the common
electrode 22, and the columnar spacer 50 is provided so as to
overlap the corresponding through-hole 22a. Thus, the
columnar spacer 50 can be formed away from the pixel elec-
trodes 17 and common electrode 22, which are insufficiently
elastic. Furthermore, each of the through-holes 224 is formed
away from the corresponding pixel electrodes 17 and the
common electrode 22. This prevents display from being
affected. Furthermore, the pixel electrodes 17 and the com-
mon electrode 22 can be prevented from being destroyed. A
possible defect can thus be prevented in which a bright spot
results from damage to any of the electrodes.

[0087] Thecolumnar spacer 50 is positioned away from the
color filter 40 so as to overlap the overlapping portion 31a and
the cutout portion 40a. The opposite substrate 20 overlapping
the overlapping portions 31a has a uniform height. A tip
portion of the columnar spacer 50 can be appropriately con-
tacted with the opposite substrate 20. Thus, the elasticity of
the columnar spacer 50 with respect to a load can be maxi-
mized.

[0088] Thus, the shape of the columnar spacer 50 can flex-
ibly follow an external impact. Furthermore, the gap between
the array substrate 10 and the opposite substrate 20 can be
held constant. This enables prevention of a possible inappro-
priate display resulting from a possible locally inappropriate
gap. Furthermore, a possible decrease in transmittance,
which is an optical characteristic, possible yellowing of a
white display, and a possible uneven display can be inhibited.

[0089] By providing the columnar spacer 50 on the oppo-
site substrate 20 side in an area where the sizes of recesses and
protrusions do not vary significantly, a variation in cell gap
among lots can be reduced. Thus, if a liquid crystal drop
injection method is used, the range of a dropping margin can
be increased. As a result, a liquid crystal display device with
a high product yield can be obtained.

[0090] If the color filter 40 is formed without the cutout
portion 40a, the peripheral portions of the colored layers may
overlap each other, so that the sizes of the recesses and pro-
trusions on the opposite substrate 20 may vary significantly.
In such a case, the manner of contact with the opposite sub-
strate 20 varies among the columnar spacers 50. Then, some
columnar spacers are always in contact with the opposite
substrate, whereas the others fail to contact the opposite sub-
strate. Furthermore, in this case, even the undercoat film 25
formed fails to achieve sufficient flattening. As a result, the
sizes of the recesses and protrusions on the opposite substrate
20 vary significantly.
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[0091] Additionally, since the through-holes 22a of width
12 pum are formed in the common electrode 22, the orientation
state of liquid crystal molecules is maintained, enabling dis-
play with an excellent visual angle characteristic. Thus, the
through-holes 224 in the common electrode 22 control a
direction in which liquid crystal molecules in the liquid crys-
tal layer 80 are inclined.

[0092] The shape of the through-holes 22a is not limited to
the stripes but may be varied. For example, as shown in FIG.
9, the through-hole 224 may be rectangular. Also in this case,
the through-holes 224 in the common electrode 22 control the
direction in which the liquid crystal molecules in the liquid
crystal layer 80 are inclined. Alternatively, as shown in FIG.
10, the through-hole 22a may be hexagonal. Also in this case,
the through-holes 224 in the common electrode 22 control the
direction in which the liquid crystal molecules in the liquid
crystal layer 80 are inclined. In particular, the through-hole
22a in this case is suitable for a liquid crystal display device
in an MVA (Multi-domain Vertically Aligned) mode.

[0093] As described above, a liquid crystal display device
with high display quality can be obtained.

[0094] The present invention is not limited to the as-de-
scribed embodiments. In implementation, the components of
the embodiments can be varied without departing from the
spirit of the present invention. Furthermore, various inven-
tions can be formed by appropriately combining a plurality of
the components disclosed in the above-described embodi-
ments. For example, some of the components shown in the
embodiments can be omitted. Moreover, components of dif-
ferent embodiments may be combined together.

[0095] For example, the shapes of the columnar spacer 50
and the through-hole 22a are not limited to those in the
above-described embodiments but may be varied. The colum-
nar spacers 50 have only to be formed on either one of the
array substrate 10 and the opposite substrate 20. The colum-
nar spacer 50 need not be positioned completely away from
the corresponding pixel electrode 17. The columnar spacer 50
may partly overlap the pixel electrode 17. The columnar
spacer 50 need not entirely overlap the corresponding
through-hole 22a. The columnar spacer 50 may be positioned
so as to partly overlap the common electrode 22.

[0096] Although not shown in the drawings, if the color
filter 40 is provided on the array substrate 10, the opposite
substrate 20 may have an insulating layer, which is positioned
opposite the array substrate 10 with respect to the common
electrode 22, laminated on the common electrode 22 and
formed of an organic material. Then, the columnar spacers
may be laid on top of the insulating layer.

What is claimed is:

1. A liquid crystal display panel comprising:

an array substrate including a scanning line, a signal line
crossing the scanning line, a switching element electri-
cally connected to the scanning line and the signal line,
and a pixel electrode formed on the scanning line, the
signal line, and the switching element and electrically
connected to the switching element;

an opposite substrate including a common electrode with a
through-hole and arranged opposite to the array sub-
strate with a gap;

a columnar spacer formed on either one of the array sub-
strate and the opposite substrate and positioned away
from the pixel electrode, the columnar spacer overlap-
ping the through-hole and holding the gap between the
array substrate and the opposite substrate; and
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a liquid crystal layer sandwiched between the array sub-
strate and the opposite substrate.

2. The liquid crystal display panel according to claim 1,
wherein the array substrate includes an insulating film formed
on the scanning line, the signal line, and the switching ele-
ment and positioned under the pixel electrode, the insulating
film being formed of an organic material, and

the columnar spacer overlaps the insulating film.

3. The liquid crystal display panel according to claim 1,
wherein the opposite substrate includes an insulating layer
positioned opposite the array substrate with respect to the
common electrode, laminated on the common electrode, and
formed of an organic material, and

the columnar spacer overlaps the insulating layer.

4. The liquid crystal display panel according to claim 3,
wherein the insulating layer is a color filter.

5. A liquid crystal comprising:

an array substrate including a scanning line, a signal line
crossing the scanning line, a switching element electri-
cally connected to the scanning line and the signal line,
and a pixel electrode formed on the scanning line, the
signal line, and the switching element and electrically
connected to the switching element;

an opposite substrate including a common electrode with a
through-hole and arranged opposite to the array sub-
strate with a gap;

alight blocking portion provided on either one of the array
substrate and the opposite substrate;

a color filter provided on either one of the array substrate
and the opposite substrate and including a plurality of
colored layers in respective colors, the color filter
including a cutout portion formed so as to overlap the
light blocking portion;

a columnar spacer formed on either one of the array sub-
strate and the opposite substrate and positioned away
from the pixel electrode, the columnar spacer overlap-
ping the through-hole, the light blocking portion, and the
cutout portion and holding the gap between the array
substrate and the opposite substrate; and

a liquid crystal layer sandwiched between the array sub-
strate and the opposite substrate.

6. A liquid crystal display panel comprising:

an array substrate including a scanning line, a signal line
crossing the scanning line, a switching element electri-
cally connected to the scanning line and the signal line,
and a pixel electrode formed on the scanning line, the
signal line, and the switching element and electrically
connected to the switching element;
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an opposite substrate including a common electrode with a
through-hole and arranged opposite to the array sub-
strate with a gap;

alight blocking portion provided on either one of the array
substrate and the opposite substrate;

a color filter provided on either one of the array substrate
and the opposite substrate and including a plurality of
colored layer in respective colors, the color filter includ-
ing a cutout portion formed so as to overlap the light
blocking portion;

a columnar spacer formed on either one of the array sub-
strate and the opposite substrate and positioned away
from the pixel electrode, the columnar spacer overlap-
ping the through-hole, the light blocking portion, and the
cutout portion and holding the gap between the array
substrate and the opposite substrate; and

a liquid crystal layer sandwiched between the array sub-
strate and the opposite substrate and including a liquid
crystal material with a negative dielectric constant
anisotropy,

wherein the through-hole in the common electrode con-
trols a direction in which a liquid crystal molecule in the
liquid crystal layer is inclined.

7. The liquid crystal display panel according to claim 5,
wherein the light blocking portion and the color filter are
provided on the opposite substrate and positioned opposite
the array substrate with respect to the common electrode, and

the columnar spacer is formed on the array substrate.

8. The liquid crystal display panel according to claim 6,
wherein the light blocking portion and the color filter are
provided on the opposite substrate and positioned opposite
the array substrate with respect to the common electrode, and

the columnar spacer is formed on the array substrate.

9. The liquid crystal display panel according to claim 5,
wherein the light blocking portion is extended so as to form a
stripe or a lattice, and has an overlapping portion overlapping
the columnar spacer and a non-overlapping portion posi-
tioned away from the columnar spacer, and

width of the overlapping portion is greater than width of the
non-overlapping portion.

10. The liquid crystal display panel according to claim 6,
wherein the light blocking portion is extended so as to form a
stripe or a lattice, and has an overlapping portion overlapping
the columnar spacer and a non-overlapping portion posi-
tioned away from the columnar spacer, and

width of the overlapping portion is greater than width of the
non-overlapping portion.

* ok % %k %



patsnap

TRAFROE) RS RER
NIF(2E)E US20090103021A1 K (2E)R 2009-04-23
RS US12/249196 iR 2008-10-10

#RIBREEFRAGE) EHRMASUMI
I EE
IMAKAWA MASANORI

BE (R AGE) EHRMASUMI
=3
IMAKAWA MASANORI

LERBERIDAGE) EBMASUMI
I
IMAKAWA MASANORI

(PRI KB A MANABE MASUMI
HIROSAWA JIN
IMAKAWA MASANORI

REAA MANABE, MASUMI
HIROSAWA, JIN
IMAKAWA, MASANORI

IPCH %S GO02F1/1335
CPCH%S GO02F1/13394
£ A 2008218473 2008-08-27 JP

2007275363 2007-10-23 JP

H {3 FF 30k US8154703
SNEBEEE Espacenet USPTO
RE(F)

—MRELTRER , BE  BIER , @FAHEL  SABEIINGE
SEBRERIPRENESENTRAMUARFERERHE LHERES
|, E5% , ARF Rt EAFRT4eERE , ANERSERR
BANQHBER , AR AHBRSFIRESIEREXREFEE , PR
B ER SRR BERFHE - LRERERERYEE GRS ,
HRERYEBEAERH R ERMAN ERZEAEL , BIRRK
TR S ERMEN EAR 2 B R EE .



https://share-analytics.zhihuiya.com/view/851117ff-3013-4bff-83cc-a329e85d4d31
https://worldwide.espacenet.com/patent/search/family/040563142/publication/US2009103021A1?q=US2009103021A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090103021%22.PGNR.&OS=DN/20090103021&RS=DN/20090103021

