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(57) ABSTRACT

In one embodiment, a liquid crystal display device includes a
liquid crystal display panel having an active area for display-
ing images. The active area has pixels arranged in a matrix
shape. The liquid crystal display device includes a first sub-
strate having pixel electrodes of the pixels, a second substrate
having a plurality of colored layers arranged side by side, and
a counter electrode arranged on the colored layers facing the
respective pixel electrodes. A seal element is arranged on a
seal portion surrounding the active area and attaching the first
substrate and the second substrate. A liquid crystal layer is
held between the first substrate and the second substrate. The
second substrate includes a convex portion arranged between
the seal element and the active area, and the convex portion is
formed of the same material as one of the plurality of colored
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2010-283083, filed Dec. 20, 2010, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display device.

BACKGROUND

[0003] Liquid crystal display devices are widely used as
display devices for various kinds of equipments such as per-
sonal computers, OA equipments, and TV sets because the
display devices have many advantages such as lightness,
compactness and low power consumption. In recent years, the
liquid crystal display device is also used in mobile terminal
equipments such as a mobile phone, a car navigation device
and a game player.

[0004] The liquid crystal display device includes a liquid
crystal display panel having a liquid crystal layer sandwiched
between an array substrate and a counter substrate with a seal
element. The liquid crystal display panel includes a rectan-
gular shaped active area for displaying an image, which is
surrounded by the seal element.

[0005] In the liquid crystal display panel, the seal element
flows out to the active area when the array substrate and the
counter substrate are attached with the seal element. In par-
ticular, the seal element tends to flow along a small gap area
between the opposed substrates by a capillary action. A wir-
ing drawn out of the active area crosses the seal element so
that the seal element tends to spread by flowing on the wiring
located at the small gap area. The flowing out seal element
may result in a display defect.

[0006] Though it is thought to make a gap between the
active area and the seal element larger, such an approach runs
counter to the current requirement for a small outside dimen-
sion. In order to solve this problem, a technology in which the
drawn out wiring layer is provided with a crank area is pro-
posed to weaken the flowing strength of the seal element.
Further, a technology in which a slit region with a belt shape
is provided on a color filter layer formed on the counter
substrate corresponding to the wiring layer is proposed to
suppress the spread of the seal element by making the gap
between the substrates large.

[0007] While the gap between the array substrate and the
counter substrate is several micrometers, the thickness of the
array substrate is about 0.5 micrometer even laminating wir-
ings on the substrate. Therefore, more effective countermea-
sure is needed. Furthermore, when some slits are formed on
the pattern of the colored layer, the colored layer at its end is
formed in a thin shape, and peels off from the substrate. This
results in lowering of a manufacturing yield.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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
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description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0009] FIG. 1 is a diagram showing schematically a struc-
ture of a liquid crystal display device according to a first
embodiment;

[0010] FIG. 2 is a figure showing an example of a cross-
section of the liquid crystal display device shown in FIG. 1.

[0011] FIG. 3 is a figure showing an example of a structure
of'a counter substrate in an end of an active area of the liquid
crystal display device shown in FIG. 1.

[0012] FIG. 4is a figure showing an example of a structure
of an array substrate in an end of an active area of the liquid
crystal display device shown in FIG. 1.

[0013] FIG. 5is a cross-sectional view showing the struc-
ture of the liquid crystal display panel and a power supply
portion taken along line IV-1V in FIG. 4.

DETAILED DESCRIPTION

[0014] A liquid crystal display device according to an
exemplary embodiment of the present invention will now be
described with reference to the accompanying drawings
wherein the same or like reference numerals designate the
same or corresponding parts throughout the several views.
[0015] According to this embodiment, a liquid crystal dis-
play device includes: a liquid crystal display panel having an
active area for displaying images, the active area having pix-
els arranged in a matrix shape; a first substrate including pixel
electrodes of the pixels; a second substrate having a plurality
of'colored layers arranged side by side and a counter electrode
arranged on the colored layers facing the respective pixel
electrodes; a seal element arranged on a seal portion sur-
rounding the active area and attaching the first substrate and
the second substrate; a liquid crystal layer held between the
first substrate and the second substrate; wherein the second
substrate includes a convex portion arranged between the seal
element and the active area, and the convex portion is formed
of the same material as one of the plurality of colored layers.
[0016] AsshowninFIG.1, theliquid crystal display device
includes an approximate rectangular flat liquid crystal display
panel 100. The liquid crystal display panel 100 has a pair of
substrates, which are an array substrate 200 (first substrate)
and a counter substrate 300 (second substrate), and a liquid
crystal layer 400 held therebetween which functions as a light
modulation layer. The array substrate 200 and the counter
substrate 300 are attached by a seal element 110.

[0017] The liquid crystal display panel 100 includes an
approximate rectangular active area 120 to display images
surrounded by the seal element 110. The active area 120
consists of a plurality of pixels PX arranged in a matrix.
[0018] In the active area 120, the array substrate 200
includes a plurality of gate lines Y (1,2, 3, ..., m) which
extend in a row direction of the pixels PX, a plurality of source
lines X (1,2,3,...,n)which extend in a column direction
of the pixels PX crossing the gate lines Y so as to interpose a
dielectric layer therebetween and switching elements 220
which are disposed near the intersections of the gate lines Y
and the source lines X. Pixel electrodes 230 are connected to
the associated switching elements 220.

[0019] The switching elements 220 are formed by Thin
Film Transistors (TFT) which include a semiconductor layer
made of amorphous or poly-silicon.

[0020] A gate electrode 222 of the switching elements 220
is electrically connected to the corresponding gate line Y or
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integrally formed with the gate line Y. A source electrode 225
of'the switching elements 220 is connected to the correspond-
ing source line X or integrally formed with the source line X.
A drain electrode 227 of the switching elements 220 is con-
nected to the pixel electrode 230 of the pixels PX.

[0021] The counter substrate 300 includes a counter elec-
trode 330 which is commonly disposed on the counter sub-
strate 300 for all pixels PX. Furthermore, the liquid crystal
display panel 100 includes a connection area 131 that is
disposed at an outer periphery portion 130 arranged outside
of the active area 120. The connection area 131 may be
coupled to driver IC chips which function as signal sources or
a flexible wiring board. In the example shown in FIG. 1, the
connection area 131 is disposed on an extending portion
200A of the array substrate 200 which extends outside from
an edge 300A of the counter substrate 300.

[0022] The respective gate lines Y (1, 2, 3, ..., m) are
coupled to the connection area 131 via the outer periphery
portion 130. Similarly, the respective source lines X (1, 2, 3,
..., n) are coupled to the connection area 131 via the outer
periphery portion 130.

[0023] Next, the constructions of the array substrate 200
and the counter substrate 300 are respectively explained in
detail. As shown in FIG. 2, the array substrate 200 is formed
using an insulating substrate 210 having a light transmissive
characteristic, for example, a glass. The gate electrode 222 of
the switching element 220 is arranged on the insulating sub-
strate 210 with the gate line'Y and the like. The gate electrode
222 is covered with a gate insulating layer 240, for example,
made of a silicon nitride film (Si; N,,).

[0024] The semiconductor layer 242 of the switching ele-
ment 220 is formed on the gate insulating layer 240. The
source electrode 225 and the drain electrode 227 of the
switching element 220 contact with the semiconductor layer
242. The source electrode 225 and drain electrode 227 are
covered with a passivation film 244 like a silicon nitride film
(SizNy).

[0025] The pixel electrode 230 is formed on the passivation
film 244 for each pixel PX. The pixel electrode 230 is con-
nected to the drain electrode 227 of the switching transistor
220 through a contact hole formed in the passivation film 244.
[0026] Inthetransmissive typeliquid crystal display device
which displays an image by transmitting light from a back-
light unit, the pixel electrodes 230 are made of a light trans-
missive conductive material, for example, Indium Tin Oxide
(ITO), Indium Zinc Oxide (IZO) and the like. On the other
hand, the pixel electrodes 230 are made of a light reflective
conductive material, for example, aluminum (Al), molybde-
num (Mo) and the like, for use in a reflective liquid crystal
display panel which displays an image by reflecting light.
[0027] The counter substrate 300 is formed of an insulating
substrate 310. In the color liquid crystal display device, the
liquid crystal display panel 100 includes a plurality of pixels
PX that are red color pixels PXR, green color pixels PXG, and
blue color pixels PXB.

[0028] In the embodiment shown in FIG. 2, the counter
substrate 300 includes a color filter layer 320 (R, G, B) in the
active area 120, which is formed on one surface (surface
opposing the liquid crystal layer) of the insulating substrate
310 facing a respective pixels PX.

[0029] Namely, the counter substrate 300 is equipped with
ared color filter layer 320R which consists of resin colored so
that the light of red dominant wavelength passes correspond-
ing to the red pixel PXR, a green color filter layer 320G which
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consists of resin colored so that the light of green dominant
wavelength passes corresponding to the green pixel element
PXG, and a blue color filter layer 320B which consists of
resin colored so that the light of blue dominant wavelength
passes corresponding to the blue pixel PXB.

[0030] On the color filter layer 320 (R, G, B), a pillar-
shaped spacer SS (shown in FIG. 3) is arranged. When the
array board 200 and the counter substrate 300 are pasted
together, above end of the spacer SS contacts the array sub-
strate 200, and the pillar-shaped spacer SS maintains a pre-
determined gap between the array substrate 200 and the
counter substrate 300.

[0031] The counter electrode 330 is formed on the color
filter layer 320 facing the plurality of pixels PX. The counter
electrode 330 is made of a conductive material such as ITO
and 1ZO with a light transmissive characteristics.

[0032] AsshowninFIG.1 and FIG. 2, the counter substrate
300 includes a convex portion 322 between the seal element
110 and the active area 120 as described later. The surfaces of
the array substrate 200 and the counter substrate 300 are
covered with alignment films 250 and 350, respectively, for
controlling the alignment of the liquid crystal molecules. For
use in a transmissive liquid crystal display panel, an optical
element 260 is provided outside the array substrate 200, and
an optical element 360 is provided outside of the counter
substrate 300. That is, the optical elements 260 and 360 are
provided on the opposite sides of the liquid crystal layer 400.
The optical elements 260 and 360 include polarizers in which
a polarization direction thereof is matched to a characteristic
of'the liquid crystal layer 400.

[0033] AsshowninFIG.1,the seal element 110 is arranged
between the array substrate 200 and the counter substrate 300
so as to surround the approximate rectangular active area 120.
The seal element 110, for example, made of a resin such as a
thermosetting resin and an ultraviolet curable resin is applied
to a seal portion 115 on one of the substrates that form a liquid
crystal display panel, for example, the array substrate 200.
Next, another substrate, e.g., the counter substrate 300 is
arranged on the array substrate 200 having the seal element
110. Then a pressure is applied to the pair of substrates while
the pair of substrates are heated or irradiated with ultraviolet
light. According to this process, the seal element 110 is cured
and the array substrate 200 and the counter substrate 300 are
attached.

[0034] One example of the structure of the counter sub-
strate 300 of the liquid crystal display device according to this
embodiment is shown in FIG. 3. The convex portion 322 is
arranged between the active area 120 and the seal portion 115
on the counter substrate 300. It is preferable to arrange the
convex portion 322 so that the convex portion 322 surrounds
the active area 120, and is arranged near the angle portion of
the counter substrate 300 at least.

[0035] The convex portion 322 is formed with the same
material as one of the color filter layers 320 (R, G, B). In
addition, it is preferable to form the convex portion 322 with
the same material as a layer with the largest film thickness
among the color filter layers 320 (R, G, B). Moreover, when
the pillar-shaped spacer SS is arranged on the specific colored
layer of the color filter layers 320 (R, G, B), it is preferable to
form the convex portion 322 with the same material as the
colored layer on which the pillar-shaped spacer SS is
arranged.

[0036] The above structure is originated in that the film
thickness of the color filter layer 320 (R, G, B) differs for
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every color. When arranging the pillar-shaped spacer SS on a
specific colored layer, the spacer SS is arranged on a layer
with the largest film thickness, and makes the error of the
height of the pillar-shaped spacer SS small by designing the
height of the pillar-shaped spacer SS low. Thereby, the gap
unevenness is reduced. In FIG. 3, since the pillar-shaped
spacer SS is arranged on the blue color filter layer 320B, the
convex portion 322 is formed with the same material as the
blue color filter layer 320B.

[0037] A power supply structure to supply electric power
from the array substrate 200 to the counter substrate 330 will
be described in detail below. As shown in FIGS. 4 and 5, the
array substrate 200 includes a power supply line 500 for
supplying a voltage, for example, a common voltage to a
common electrode 330 formed on the counter substrate 300.
The power supply line 500 includes a power supply pad 510,
a common line 520 and a connection line 530.

[0038] The power supply pad 510 is formed at the corner
portion of the array substrate 200 in which the power supply
pad 510 is arranged closer to the edge of the array substrate
200 than the seal portion 115 where the seal element 110 is
formed. The power supply pad 510 faces a counter electrode
330 that extends to the edge of the counter substrate 300
beyond the seal portion 115. The power supply pad 510, for
example, made of the same material as the pixel electrode
230, is formed on the passivation film 244. The alignment
layer 250 is not formed on the power supply pad 510.

[0039] The common line 520 is arranged in the space
between the seal portion 115 and the active area 120. The
common line 520 is set to a voltage, for example, a common
voltage by being connected through the connection area 131
or to a signal source directly.

[0040] The connection line 530 crosses the seal portion 115
to connect the power supply pad 510 with the common line
520. That is, the connection line 530 is made of the same
material as the gate line Y and is formed on an insulating
substrate 210. The connection line 530 extends to outside the
seal portion 115 (end side of the substrate) and is connected to
the power supply pad 510 through a contact hole formed in a
double layers of a gate insulating layer 240 and the passiva-
tion film 244. The connection line 530 extends to inside of the
seal portion 115 (e.g., active area side) and is connected to the
common line 520 or integrally formed with the common line
520.

[0041] A conductive element 700 is formed on the power
supply pad 510 so as to connect the power supply line 500 to
the counter electrode 330 of the counter substrate 300. That is,
the power supply line 500 is electrically connected to the
counter electrode 330 by the conductive element 700 through
the power supply pad 510.

[0042] In the seal portion 115, the gap between the array
substrate 200 and counter substrate 300 in the crossing area
where the seal portion 115 crosses with the connection line
530 is smaller than other portions of the seal portion 115,
because the thickness of the layer of the connection line 530
decreases the gap between the substrates relative to other
portions of the seal portion 115. In the crossing area, the layer
of connection line 530, the gate insulating layer 240 and the
passivation film 244 are stacked on the insulating substrate
210 while double layers of the gate insulating layer 240 and
the passivation film 244 are formed on the insulating substrate
210 in the other portions of the seal portion 115 where the seal
portion 115 does not cross with the connection line 530.
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[0043] The seal element 110 is applied to the seal portion
115 so as to surround the active area 120. In the process for
applying the seal element 110, the applying speed is lowered
at the corner of the array substrate 200 where the seal element
110 crosses the connection line 530 comparing to other
straight-line portions, which results in an accumulation of the
seal element 110 at the corner portion of the array substrate
200.

[0044] The applied seal element 110 tends to spread by a
pressing process where the pair of substrates is attached. In
particular, the accumulated seal element 110 tends to flow to
the active area 120 from the seal portion along the connection
line 530 where the gap between the pair of the substrates is
smaller especially.

[0045] Inthis embodiment, the array substrate 200 includes
ablock member 600 formed of at least two lines with a convex
shape for blocking the flow of the accumulated seal element
110, which is provided between the active area 120 and seal
portion 115. In the embodiment shown in FIG. 4, the block
member 600 includes three block elements of a first block
element 610 arranged on the seal portion side, a second block
element 620 arranged closer to the active area 120 than the
first block element 610 and a third block element 630
arranged closer to the active area 120 than the second block
element 620. That is, the first, second and third block ele-
ments 610, 620, 630 are arranged along the seal portion 115 in
parallel with each other and crossing the connection line 530.
The first block element 610 and the third block element 630
are arranged adjacent to the seal portion 115 and the active
area 120, respectively. Since the block member 600 is stacked
onthe connection line 530, the thickness of the array substrate
200 from the insulating substrate 210 is made larger than that
in other portions of the connection line 530. The second block
element 620 is arranged between the first block element 610
and the third block element 630.

[0046] As shown in FIG. 5, in the above embodiment, the
convex portion 322 is arranged so that the convex portion 322
ofthe counter substrate 300 and the second block element 620
of'the array substrate 200 face each other. That is, as shown in
FIG. 5, the gap G1 between the portion in which the block
element 600 faces the counter substrate 300 is smaller than
the gap G2 of the portion in which the counter substrate 300
faces the connection line 530 among the block elements (610,
620, 630). Off course, the gap G3 of the portion in which the
connection line 530 and the counter substrate 300 face each
other is larger than the gap G1 in the seal portion 115, and
approximately equal to the gap G2. The gap G4 of the portion
in which the second block element 620 and the convex portion
322 face each other is still smaller than the gap G1.

[0047] According to the above structure, the seal element
110 applied to the seal portion 115 once spreads toward a
portion in which the first block element 610 faces the counter
substrate 300 by being accelerated by the small gap (G1)
between the first block element 610 and the counter substrate
300. Then, the spread seal element 110 slows down at the slit
between the first block element 610 and the second block
element 620 with a larger gap (G2). The second block element
620 and the convex portion 322 works as a bank for blocking
the flow of the seal element 110. Therefore, the flown seal
element 110 almost stops short of the second block element
620 and the convex portion 322.

[0048] That is, the seal member 110 flowing along the
connection line 530 from the seal portion 115 is spreaded toa
lateral direction with reference to the connection line 530 by
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using the capillary action generated between the first block
element 610 and the second block element 620. Accordingly,
the spread of the seal element 110 to the active are 120 is
prevented beyond the second block element 620 and the con-
vex portion 322.

[0049] As described above, the spread to the active area
side beyond the second block element 620 is suppressed.
Thereby, the block member 600 is formed of at least two
block elements between the seal portion 115 and the active
area 120, and the convex portion 322 is arranged so as to face
the block member 600 arranged on the active area side 120. In
case more than two block elements are provided, higher effect
is obtained for suppressing the spread of the seal element 110
because the portions that function as the bank increase.
[0050] Moreover, when the block member 600 is formed of
three or more rows, two or more rows of the convex portions
322 may be arranged so that the convex portions 322 counter
the block member 600 on the side of the active area 120 rather
than the block member 600 arranged closest to the end side of
the substrate. Moreover, although it is preferable to arrange
the convex portion 322 so that the convex portion 322
counters the block member 600 on the active area 120 side
rather than the outermost block member 600, if the convex
portion 322 is arranged on the active area 120 side rather than
the outermost block member 600, the convex portion 322 and
the block member 600 do not need to counter. At this time, in
the direction in which the seal material 110 spreads, the
convex portion 322 functions as the bank by forming a portion
in which the gap G2 between the array substrate 200 and the
counter substrate 300 becomes large. Therefore, the entering
of the seal material 110 into the active area 120 can be pre-
vented.

[0051] As mentioned above, in the portion in which the
electric supply wiring 500 intersects the seal material 110, it
becomes possible to control the spread of the seal material
110 to the active area 120. For this reason, it becomes possible
to suppress the generation of a poor display due to the seal
material 110. Therefore, while becoming possible to obtain
good display grace, it becomes possible to control the fall of
the manufacturing yield.

[0052] Moreover, when the convex portion 322 is formed of
two or more colored layers by putting slits into the color filter
layer 320 (R, G, B), a portion of the convex portion 322 may
become fragments near the angle portion of the active area
120, and may separate from the counter substrate 300, and the
yield may get worse. In this embodiment, since the convex
portion 322 is formed with the same material as a single
colored layer, a portion of the convex portion 322 does not
become fragments near the angle portion of the active area
120, and the yield is not worsened. Furthermore, when car-
rying out patterning of the single colored layer, the convex
portion 322 can be formed simultaneously. For this reason, an
additional manufacturing process is unnecessary for forming
the convex portion 322, and does not cause the increase of a
manufacturing cost.

[0053] The detailed structure of the above described block
member 600 for blocking the flow of the seal element during
the manufacturing process will be described below. The block
member 600 includes a main body portion with a line shape so
as to face the power supply pad 510 interposing the seal
portion 115 therebetween. The first block element 610
includes a main body portion 611 that linearly extends in a
direction crossing the row direction H and the column direc-
tion'V at approximately 45°, respectively. Similarly, the sec-
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ond block element 620 and the third block element 630
include main body portions 621 and 631 in parallel with the
main body element 611 of the first block element 610.
[0054] The main body portions are each arranged so as to
orthogonally cross the flowing direction of the seal element
110. According to such construction, the spread of the flowing
of the seal element 110 into the active area 120 is effectively
prevented.

[0055] The first block element 610 arranged at the center
and the second element 620 arranged on the seal portion side
have an approximate U shape, respectively. The first block
element 610 includes a first side portion 612 and a second side
portion 613 connected to the main body portion 611 and
extending in the row direction H and the column direction V
along the seal portion 115, respectively. Similarly, the second
block element 620 includes a first side portion 622 and a
second side portion 623 arranged in parallel with the first side
portion 612 and the second side portion 613 of the first block
element 610 and connected to the main body portion 621,
respectively. In this embodiment, though the third block ele-
ment 630 is constructed by only a main body portion 631 with
a line shape, it can be formed with the same U-shape as the
first and the second block elements 610 and 620 without being
limited to the line shape.

[0056] In the first and the second block elements 610 and
620, the length of the main body portion 611 (621) may be
different from or equal to the side portions 612 and 613 (622,
623). Similarly, the first and second block elements 610 and
620 may be designed so that their shapes are the same in
which their length of the main body portions is the same as
that of their side portions.

[0057] It is preferable to set the length of the side portion
622 (623) of the second block element 620 larger than that of
the side portion 612 (613) of the first block element 610 to
suppress the spread of the seal element 110 more effectively
though a certain effect can be obtained in case that the length
of the second side portion 623 of the second block element
620 is smaller than the second side portion 613 of the first
block element 610.

[0058] According to above arrangement, it is possible to
stop the spread of the seal element 110 by not only the main
portions but the side portions of the block elements. There-
fore, even if excessive seal element 110 is applied to the seal
portion at the corner portion of the array substrate 200, the
flow of the seal element 110 into the active area 120 around
the connection line 530 is prevented.

[0059] Each block elementis made ofthe same materials as
those used for manufacturing the array substrate 200. That is,
the block member 600 includes a first layer 601 made of the
same semiconductor material as the semiconductor layer 242
on the gate insulating layer 240 and a second layer 602 made
of the same material as the source electrode on the first layer
601. The first layer 601 and the second layer 602 are formed
when the switching transistor is made using same manufac-
turing process, that is, the process for patterning the semicon-
ductor layer and the source electrode of the array substrate
200. Since a further process to form the block member 600 is
not required, increase of the manufacturing cost can be
avoided.

[0060] Further, the block member is manufactured by pat-
terning the semiconductor layer and the source line, and has a
stacked configuration. Further, the block member 600 hardly
has an undesirable taper shape while the block member 600
manufactured by the patterning of a resin material has a taper
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shape because each size of the layer is almost the same.
Therefore it is possible to form the block member in a small
area and suppress the spread of the seal element 110 without
sacrificing the narrow frame.

[0061] The respective block elements are arranged so as to
have a gap between the counter substrate 300 and the array
substrate 200. That is, the block member 600 formed on the
array substrate 200 is arranged so that the block member 600
does not contact with the counter substrate 300. Similarly, the
convex portion 322 does not contact with the counter sub-
strate 300. Therefore, a path between the block member 600
and the counter substrate 300, where the injected liquid crys-
tal material passes, can be obtained, and it becomes possible
to suppress the spread of the seal element 110 without block-
ing the injection of the liquid crystal material.

[0062] Moreover, the entering of the seal element 110 into
the active area 120 is effectively prevented by arranging the
convex portion 322 so as to face the block member 600. This
is because the thickness of the array substrate 200 is about 0.5
micrometer even laminating wirings while the gap between
the array substrate 200 and the counter substrate 300 is sev-
eral micrometers. Since the thickness of the color filter layer
320 (R, G, B) is about 1 micrometer, the convex portion 322
functions more effectively as the bank for preventing the
entering of the seal material 110.

[0063] Furthermore, in the above-mentioned explanation,
although the block member 600 formed of two or more rows
is arranged in the angle portion of the array substrate 200, the
block member 600 may be omitted and the convex portion
322 formed of two or more rows may be formed in the angle
portion of the counter substrate 300. Even in such a case,
since the thickness of the convex portion 322 becomes larger
than the thickness of the block member 600, the convex
portion 322 can function as an effective bank and can acquire
the same effect as the above-mentioned embodiment. Fur-
thermore, the entering of the seal element 110 into the active
area 120 can be prevented more effectively by arranging the
block member 600 formed of one or more rows so that the
block member 600 may counter the convex portion 322
arranged on the active area side 120 rather than the convex
portion 322 arranged in the outermost portion.

[0064] Moreover, since the convex portion 322 is arranged
so that the convex portion 322 surrounds the active area 120,
the convex portion 322 functions as a bank which prevents the
seal element 110 from entering into the active area 120 other
than the angle portion of the array substrate 200 and the
counter substrate 300, and the liquid crystal display device
which effectively avoids a poor display, such as a pixel defect,
can be offered.

[0065] According to this embodiment, a liquid crystal dis-
play device can be offered, in which the defect display such as
the pixel defect can be avoided.

[0066] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
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What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display panel having an active area for
displaying images, the active area having pixels
arranged in a matrix shape;

a first substrate including pixel electrodes of the pixels;

a second substrate having a plurality of colored layers
arranged side by side and a counter electrode arranged
on the colored layers facing the respective pixel elec-
trodes;

a seal element arranged on a seal portion surrounding the
active area and attaching the first substrate and the sec-
ond substrate;

aliquid crystal layer held between the first substrate and the
second substrate; wherein

the second substrate includes a convex portion arranged
between the seal element and the active area, and

the convex portion is formed of the same material as one of
the plurality of colored layers.

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

wherein

the first substrate further includes a power supply pad
arranged at a corner portion of the active area and facing
the counter electrode, a common wiring held at common
potential and arranged between the active area and the
seal portion, a connection wiring connecting the power
supply pad and the common wiring crossing the seal
portion, and a block element formed of at least two lines
crossing the connection line,

the convex portion faces the block element arranged on the
active area side rather than the block element arranged
closer to an end side of the substrate,

the gap between the block element and the second substrate
is smaller than the gap between the connection wiring
located between the lines of the block elements and the
second substrate, and

the gap between the convex portion and the block element
is smaller than the gap between the block element and
the second substrate.

3. The liquid crystal display device according to claim 1,
wherein the convex portion is formed of the same material as
one of the plurality of colored layers, the one of the plurality
of colored layers having a largest thickness among the col-
ored layers.

4. The liquid crystal display device according to claim 1,
further comprising a pillar-shape spacer arranged on one of
the plurality of colored layers and held between the first
substrate and second substrate, and

the convex portion is formed of the same material as the
colored layer on which the pillar spacer is arranged.

5. The liquid crystal display device according to claim 1,
wherein the convex portion is arranged surrounding the active
area.

6. A liquid crystal display device comprising:

a liquid crystal display panel having an active area for
displaying images, the active area having pixels
arranged in a matrix shape;

a first substrate including pixel electrodes of the pixels;

a second substrate having a common electrode facing the
pixel electrodes;

a seal element arranged in a seal portion surrounding the
active area so as to attach the first substrate and the
second substrate; and

a liquid crystal layer held between the pair of substrates,



US 2012/0154732 Al

wherein the first substrate further comprises a power sup-
ply pad arranged at a corner portion of the active area
facing the common electrode, a common line arranged
between the active area and the seal portion for supply-
ing a common voltage, a connection line for connecting
the power supply pad to the common line crossing the
seal portion, and a block element of a convex shape
arranged between the active area and the seal portion
crossing the connection line and having first and second
block elements forming a slit therebetween, and

wherein the first block element is arranged on the seal
portion side and the second block element is arranged on
the active area side, and the convex portion is arranged
on the counter substrate facing the second block ele-
ment.

7. The liquid crystal display device according to claim 6,
wherein the convex portion is formed of the same material as
one of the plurality of colored layers, the one of the plurality
of colored layers having a largest thickness among the col-
ored layers.

8. The liquid crystal display device according to claim 6,
further comprising a pillar-shaped spacer arranged on one of
the plurality of colored layers and held between the first
substrate and second substrate, wherein

the convex portion is formed of the same material as the

colored layer on which the pillar spacer is arranged.

9. The liquid crystal display device according to claim 6,
wherein the convex portion is arranged surrounding the active
area.

10. The liquid crystal display device according to claim 6,
wherein the block element includes a main portion with a line
shape which faces the power supply pad, a first side portion
extending in a column direction along the seal element and a
second side portion extending in a row direction along the
seal element, each connected to the main portion.
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11. The liquid crystal display device according to claim 10,
wherein the length of the main portion of the block member is
larger than that of the side portion.

12. The liquid crystal display device according to claim 6,
wherein

the gap between the block element and the second substrate
is smaller than the gap between the connection wiring
located between the lines of the block elements and the
second substrate, and

the gap between the convex portion and the block element
is smaller than the gap between the block element and
the second substrate.

13. The liquid crystal display device according to claim 6,
wherein the shape of the first and the second block elements
are approximately the same.

14. The liquid crystal display device according to claim 6,
wherein the active area further comprises:

a gate line extending in a row direction, a source line
extending in a column direction, and a switching tran-
sistor having semiconductor material for each pixel;

wherein the first and second block elements include a first
layer made of the same material as the semiconductor
material and a second layer made of the same material as
the source line, each being stacked on the first layer.

15. The liquid crystal display device according to claim 6,
wherein the power supply pad is connected with the counter
electrode by a conductive element arranged between the array
substrate and the counter electrode.

16. The liquid crystal display device according to claim 6,
further comprising a third block element arranged between
the second block element and the active area on the array
substrate.
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