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1
ARRAY SUBSTRATE, A CORRECTING
METHOD THEREOE, AND A LIQUID
CRYSTAL DISPLAY DEVICE

This application is the U.S. national phase of International
Application No. PCT/JP2007/053468 filed 26 Feb. 2007
which designated the U.S. and claims priority to Japanese
Patent Application No. 2006-187778 filed 7 Jul. 2006, the
entire contents of each of which are hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an array substrate having
an auxiliary capacitance line and a correction method of the
array substrate.

2. Description of the Related Art

In recent years, liquid crystal display devices are widely
used as display units of household electrical appliances such
as computers and televisions. A liquid crystal display device
generally comprises an array substrate and a color filter sub-
strate, which are facing to each other with a narrow gap
therebetween and bonded together at their peripheral por-
tions, and a liquid crystal filled in the gap. On the array
substrate, scanning lines and signal lines are arranged per-
pendicular to each other in a reticular pattern. In each of pixel
regions partitioned by the scanning lines and the signal lines,
a pixel electrode is arranged. The pixel electrode and the
signal line are connected via a switching element which is
on/off controlled by the scanning line. In addition, on the
array substrate, anauxiliary capacitance line is arranged over-
lapping the pixel electrode so that the electric charge which is
supplied from the scanning line and stored in the pixel elec-
trode is maintained longer.

Although the electric charge stored in the pixel electrode
gradually leaks via the liquid crystal layer and the switching
element and therefore decreases by the next application of
signal voltage through the scanning line, the decrease is sup-
pressed by the auxiliary capacitance line arranged overlap-
ping the pixel electrode. In general, when the overlapping
area of the pixel electrode and the auxiliary capacitance line is
larger. the ability to maintain the electric charge stored in the
pixel electrode is greater. However, a larger overlapping area
results in a lower aperture ratio of the pixel electrode.

This type of liquid crystal display device is disclosed in
Japanese Patent Application Unexamined Publication No.
2004-53752. As shown in FIG. 6, an auxiliary capacitance
line 51 of an array substrate 50 of this type of liquid crystal
display device has a line trunk 51a arranged parallel to a
scanning line 52 and line branches 515 extending from the
line trunk 51a. The line branches 515 are used to increase the
ability to maintain the electric charge stored in a pixel elec-
trode 53. The line branches 515 are arranged along signal
lines 54 which are shielded from light by black matrixes of a
color filter substrate, thereby suppressing decrease in the
aperture ratio.

However, providing the auxiliary capacitance line 51 with
the line branches 515 results in interposing a foreign matter
such as a conductive foreign matter and causing a short circuit
between the pixel electrode 53 and the auxiliary capacitance
line 51. Accordingly, the possibility of point defect is
increased. When a point defect occurs, the short circuit can be
corrected by applying a laser beam to the short-circuited line
branch 515 in order to cut it at some midpoint. However, if the
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insulating layer between the pixel electrode 53 and the aux-
iliary capacitance line 51 is thin, the laser beam is also applied
to the pixel electrode 53.

Although there is another correction method in which the
short-circuited area is isolated from the other area of the pixel
electrode 53 by applying a laser beam to the pixel electrode
53, this method is difficult to perform because it is difficult to
completely isolate and insulate the short-circuited area from
the other area of the pixel electrode 53 and thus some area
tends to remain connected.

Hence, the present invention aims to provide an array sub-
strate, a correction method of the array substrate, and a liquid
crystal display device which can easily correct the above
defect.

SUMMARY OF THE INVENTION

In order to overcome the problems described above, an
array substrate according to a preferred embodiment of the
present invention comprises a pixel electrode connected to a
switching element arranged near the intersection between a
scanning line and a signal line and an auxiliary capacitance
line arranged in a layer below the pixel electrode, wherein the
auxiliary capacitance line comprises a line trunk arranged
substantially parallel to the scanning line and a line branch
extending from the line trunk, and the pixel electrode is pro-
vided with an aperture which crosses the line branch of the
auxiliary capacitance line.

It is preferable that the aperture of the pixel electrode has a
slit shape. In addition, it is preferable when the line branch of
the auxiliary capacitance line intersects with the aperture
having the slit shape at an angle of between 80 degrees and
100 degrees. It is also preferable that a plurality of the aper-
tures of the pixel electrode are arranged along the length
direction of the line branch of the auxiliary capacitance line
and that the line branch of the auxiliary capacitance line is
arranged along the signal line.

A correction method of such an array substrate preferably
comprises cutting the line branch of the auxiliary capacitance
line using the aperture of the pixel electrode when there is a
short circuit between the pixel electrode and the line branch of
the auxiliary capacitance line.

A liquid crystal display device preferably comprises the
above array substrate, a substrate which is arranged facing to
the array substrate and has a common electrode, and a crystal
filled between the array substrate and the substrate.

Because the array substrate has the above configuration, in
which the auxiliary capacitance line comprises the line trunk
arranged substantially parallel to the scanning line and the
line branch extending from the line trunk, and the pixel elec-
trode is provided with the aperture which crosses the line
branch of the auxiliary capacitance line, even when there is a
short circuit between the pixel electrode and the line branch
due to an interposed foreign matter such as a conductive
foreign matter, the short circuit can be readily corrected by
separating the line branch short-circuited with the pixel elec-
trode using the aperture formed on the pixel electrode. In
addition, because it is possible to cut the line branch at the
position of the aperture, the pixel electrode is prevented from
being radiated by a laser beam for cutting even when the
insulating layer between the pixel electrode and the auxiliary
capacitance line is thin.

If the aperture of the pixel electrode has a slit shape, it is
easy to cut the line branch by applying light energy such as a
laser beam, and the decrease in the overlapping area of the
pixel electrode and the line branch by the area of the apertures
can be suppressed. In addition, if the line branch of the aux-
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iliary capacitance line intersects with the aperture having the
slit shape at an angle of between 80 degrees and 100 degrees,
the aperture and the line branch are efficiently arranged.

If a plurality of the apertures of the pixel electrode are
arranged along the length direction of the line branch of the
auxiliary capacitance line, it is possible to select the most
appropriate aperture for cutting depending on the position of
the short circuit between the pixel electrode and the line
branch, thereby limiting the effect of the cutting of the line
branch. In addition, if the line branch of the auxiliary capaci-
tance line is arranged along the signal line, the decrease in the
aperture ratio of the pixel can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic enlarged view of one pixel of a liquid
crystal display device according to a preferred embodiment of
the present invention.

FIG. 2 is a sectional view of the A-A section in FIG. 1.

FIG. 3 is a view showing a correction method of an array
substrate according to the preferred embodiment of the
present invention.

FIG. 4 is a view showing a first modified example of the
preferred embodiment of the present invention shown in FIG.
1.

FIG. 5 is a view showing a second modified example of the
preferred embodiment of the present invention shown in FIG.
1.

FIG. 6 is a view showing the schematic configuration of a
conventional array substrate.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

A detailed description of a preferred embodiment of the
present invention will now be given with reference to the
accompanying drawings. In the drawings, the same configu-
rations are provided with the same reference signs, and over-
lapping explanation is omitted. FIG. 11s a schematic enlarged
view of one pixel of a liquid crystal display device according
to the preferred embodiment of the present invention, and
FIG. 2 is a sectional view of the A-A section in FIG. 1.

As shown in FIG. 2, in a liquid crystal display device 1, a
liquid crystal layer 40 is provided between a glass substrate
(an array substrate) 10 and a glass substrate (a color filter
substrate) 30 which are facing to each other. In addition, pixel
electrodes 17 are arranged in a reticular pattern on the lower
glass substrate 10.

First, a description of the glass substrate (the array sub-
strate) 10 is given. As shown in FIG. 1, scanning lines 11 and
signal lines 12 which are perpendicular to each other are
arranged around the pixel electrode 17 in a reticular pattern.
The scanning line 11 and the signal line 12 intersect with each
other such that the signal line 12 is placed over the scanning
line 11. Additionally, the scanning line 11 and the signal line
12 are electronically insulated from each other at the inter-
section.

At the intersection of the scanning line 11 which is
arranged below the pixel electrode 17 in FIG. 1 and the signal
line 12 which is arranged on the left side of the pixel electrode
17 in FIG. 1, a TFT (a thin film transistor) 13 is formed as a
switching element connected to a gate electrode 11a which is
apart ofthe scanning line 11. In addition, an auxiliary capaci-
tance line 16 made of aluminum or other material is arranged
under the substantially center of the pixel electrode 17. The
auxiliary capacitance line 16 comprises a line trunk 164
arranged parallel to the scanning line 11 and line branches
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165 to 16e extending vertically from the line trunk 164 along
the right and left ends of the pixel electrode 17. The line
branches 164 to 16e are arranged to increase the ability to
maintain the electric charge stored in the pixel electrode 17.
Because the line branches 165 to 16e are shielded from light
by black matrixes 31 of the color filter substrate 30 (to be
described later), the decrease in the aperture ratio is sup-
pressed (see FIG. 2).

The scanning line 11 and the auxiliary capacitance line 16
are arranged in the same line layer (a first line layer). That is,
the scanning line 11 and the auxiliary capacitance line 16 are
formed by applying patterning to the same conductive film. In
addition, the scanning line 11 and the auxiliary capacitance
line 16 are covered by a gate insulator 15 made of silicon
nitride or other material (see FI1G. 2).

At a position on the gate insulator 15 corresponding to the
TFT 13, a semiconductor layer (not shown) made of amor-
phous silicon or other material is arranged overlapping a gate
electrode 11a. A source electrode 124 and a drain electrode
14, which are parts of the signal line 12, are separately placed
on the both sides of the semiconductor layer arranged on the
gate electrode 11a. The signal line 12, the source electrode
12a, and the drain electrode 14 are formed in the same line
layer (a second line layer) on the gate insulator 15.

The signal line 12 and the TFT 13 are covered by an
interlayer insulator 19 which is formed on the gate insulator
15. The interlayer insulator 19 is made of a photosensitive
acrylic resin (a photosensitive organic film) material and is
arranged between constituents such as the TFT 13 and the first
and second line layers (e.g., the scanning line 11 and the
single line 12) and the pixel electrode 17 in order to insulate
the electric conductors from each other (see FIG. 2).

In each of pixel regions on the interlayer insulator 19, the
pixel electrode 17 is provided. The pixel electrode 17 is made
of atransparent electric conductor such as an ITO (indium-tin
oxide) material.

The TFT 13 is on/off controlled by scanning signal voltage
supplied from the gate electrode 11a of the scanning line 11.
Display signal voltage supplied from the source electrode 12a
of the signal line 12 is supplied to the pixel electrode 17 viaa
contact hole portion 17a of the pixel electrode 17.

In the pixel electrode 17, apertures 175 to 174 are formed
along the line branches 165 to 16¢ of the auxiliary capacitance
line 16. The apertures 175 to 17d, which have a slit shape and
cross the line branches 165 to 16e, are used when the branches
165 to 16e placed under the apertures 175 to 17d are cut by
applying light energy such as a laser beam. In addition, a
lower alignment layer 21 is formed on the pixel electrode 17.
The lower alignment layer 21 is made of, for example, poly-
imide resin.

A description of a method to manufacture the above array
substrate 10 is given. First, a single-layer or multi-layer con-
ductor film made of materials such as tungsten, titanium,
aluminum, and chromium is formed on the glass substrate 10.
This conductor film can be formed using a known method
such as sputtering. The formed conductor film is then formed
into a predetermined pattern using a method such as photoli-
thography. As a result, the scanning line 11 and the auxiliary
capacitance line 16 are formed in the predetermined pattern.

Then, the gate insulator 15 is formed. The gate insulator 15
is made of, for example, silicon nitride and is formed by a
method such as a plasma CVD method. The semiconductor
layer of the TFT 13 is made of, for example, n+ type amor-
phous silicon and is formed by a method such as a plasma
CVD method. On the gate insulator 15, the signal line 12, the
source electrode 134, and the drain electrode 14 are formed in
the same manner as the scanning line.
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Then, the interlayer insulating film 19 made of a photosen-
sitive acrylic resin (a photosensitive organic film) material is
formed, and a contact hole is formed on the formed interlayer
insulating film 19 by a method such as photolithography. On
the interlayer insulating film 19, a transparent conductive film
made of an ITO material is formed using a method such as
sputtering. The formed ITO film is then formed into a prede-
termined pattern using a method such as photolithography in
order to obtain the pixel electrode 17 and the contact hole
portion 17a in the predetermined pattern.

After the pixel electrode 17 is formed, the lower alignment
layer 21 is formed. A liquid alignment material consisting of
polyamide or other material is applied using a cylinder print-
ing press and an inkjet printing press and is then baked by
heating the substrate using a device such as a baking system.
Accordingly, the solid-state lower alignment layer 21 is
formed on the pixel electrode 17. The array substrate 10 is
formed through the processes described above.

Next, the glass substrate (the color filter substrate) 30 is
described. As shown in FIG. 2, the black matrixes 31 are
arranged under the glass substrate 30. The areas on the glass
substrate 10 where the scanning line 11, the signal line 12, and
the TFT 13 are arranged are shielded from light by the black
matrixes 31. Under the glass substrate 30, a color layer 32
having one color among red (R), green (G), and blue (B) is
arranged in each pixel. In the preferred embodiment of the
present invention, the red (R), green (G), and blue (B) color
layers 32 are repeatedly arranged in order in the horizontal
direction, while the color layers 32 having the same color are
arranged in the vertical direction.

Under the color layer 32, a common electrode 33 common
to each pixel is arranged. The common electrode 33 is also
made of a transparent electric conductor such as an ITO
material. Under the common electrode 33, an upper align-
ment layer 36 made of, for example, polyimide resin is
formed.

The liquid crystal layer 40 is arranged between the glass
substrate (the array substrate) 10 and the glass substrate (the
color filter substrate) 30. In addition, polarizing plates (not
shown) are arranged under the glass substrate 10 and on the
glass substrate 30.

A description of a method to manufacture the above color
filter substrate 30 will be given. First, a BM resist (a photo-
sensitive resin composition including a black coloring agent)
or other material is applied on the glass substrate 30. The
applied BM resist is formed into a predetermined pattern by a
method such as photolithography in order to obtain the black
matrixes 31 in the predetermined pattern.

Then a color ink made of a red, green, or blue coloring
photoresist material (a solution in which a pigment of a cer-
tain color is dispersed in photosensitive resin) is applied and
formed into a predetermined pattern by a method such as
photolithography to obtain the color layer 32 in the predeter-
mined pattern. On the color layer 32, the transparent conduc-
tive film made of the ITO material is formed using a method
such as sputtering to obtain the common electrode 33.

The upper alignment layer 36 is then formed on the com-
mon electrode 33. A liquid alignment material consisting of
polyamide or other material is applied using a cylinder print-
ing press or an inkjet printing press and is then baked by
heating the substrate using a device such as a baking system.
Accordingly, the solid-state upper alignment layer 36 is
formed on the common electrode 33. The array substrate 30 is
formed through the processes described above.

A description of a method to correct a point defect when
there is a short circuit between the pixel electrode 17 and one
of the line branches 165 to 16¢ of the auxiliary capacitance
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line 16 in the array substrate 10 shown in FIG. 1 due to an
interposed foreign matter such as a conductive foreign matter
will be given referring to FIG. 3.

FIG. 3A shows a correction method to be used when the
pixel electrode 17 and the line branch 164 are short-circuited
due to a foreign matter 25 present at the tip of the line branch
16d of the auxiliary capacitance line 16. In this case, the
short-circuited portion is separated to correct the short circuit
with the pixel electrode 17 by cutting the line branch 164 at a
cutting portion 22 using the aperture 175 being the closest
aperture to the short-circuited portion among the three aper-
tures 175 to 174 which are arranged between the short-cir-
cuited portion and the line trunk 16a.

FIG. 3B shows a correction method to be used when the
pixel electrode 17 and the line branch 164 are short-circuited
due to the foreign matter 25 present at a position closer to the
tip than the middle of the line branch 16d of the auxiliary
capacitance line 16. In this case, the short-circuited portion is
separated to correct the short circuit with the pixel electrode
17 by cutting the line branch 164 at a cutting portion 23 using
the aperture 17¢ being the closer aperture to the short-cir-
cuited portion of the two apertures 17¢ and 174 which are
arranged between the short-circuited portion and the line
trunk 16a.

FIG. 3C shows a correction method to be used when the
pixel electrode 17 and the line branch 164 are short-circuited
due to the foreign matter 25 present at a position closer to the
base end than the middle of the line branch 104 of the auxil-
iary capacitance line 16. In this case, the short-circuited por-
tion is separated to correct the short circuit with the pixel
electrode 17 by cutting the line branch 164 at a cutting portion
24 using the aperture 174 arranged between the short-cir-
cuited portion and the line trunk 16a.

The foregoing cutting is performed by applying light
energy to the cutting portions 22 to 24 of the line branch 164,
which are located in the apertures 175 to 17d, from the side of
the pixel electrode 17 of the array substrate 10. Various laser
beams can be used as the light energy. When the light energy
is applied, the line branch 16d is cut because the conductor
which composes the line branch 164 and is situated at the
position radiated by the light energy is dissipated by the heat.

Even when the pixel electrode 17 and the line branch 164
are short-circuited due to the interposed conductive foreign
matter 25, the short circuit can be readily corrected by sepa-
rating the line branch 164 being short-circuited with the pixel
electrode 17 using the apertures 175 to 174 formed on the
pixel electrode 17 as described above. In addition, because it
is possible to cut the line branch 164 at the positions of the
apertures 175 to 17d by applying a laser beam, the pixel
electrode 17 is not radiated by the laser beam for cutting even
when the insulating layer (the interlayer insulating film 19 in
the preferred embodiment of the present invention) between
the pixel electrode 17 and the auxiliary capacitance line 16 is
thin.

Because the apertures 175 to 17d of the pixel electrode 17
have a slit shape and cross the line branches 16 to 164 of the
auxiliary capacitance line 16, it is easy to cut the line branches
165 to 16e by applying the laser beam. In addition, the
decrease in the overlapping area of the pixel electrode and the
line branches by the area of the apertures is suppressed when
the apertures has the slit shape, as compared with when the
apertures have, for example, a circular shape.

In addition, because a plurality of (three, in the preferred
embodiment of the present invention) apertures 175 to 174 of
the pixel electrode 17 are arranged along the length direction
of the line branches 165 to 16e, it is possible to select the most
appropriate aperture for cutting depending on the position of
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the short-circuited portion between the pixel electrode 17 and
the line branches 165 to 16e, thereby limiting the effect of the
cutting of the line branch.

The present invention is not limited to the preferred
embodiment of the present invention described above, and
variations may be made within the scope of the intension of
the present invention. For example, in the preferred embodi-
ment of the present invention, the line branches 165 to 16e are
arranged along the signal lines 12; however, line branches 16/
and 16g extending vertically from the line trunk 16a may be
formed in the center of the pixel electrode 17, and apertures
17¢ to 17g are formed in the line branches 16/ and 16g as
shown in FIG. 4.

Alternatively, the configuration shown in FIG. 5 may be
used. An array substrate 42 shown in FIG. 5 is used for a
vertical alignment liquid crystal display device having liquid
crystal molecules with negative dielectric anisotropy. In addi-
tion to being used to correct a short circuit between the pixel
electrode 17 and line branches 16/ to 164 due to aninterposed
conductive foreign matter, apertures 172 to 17k can also be
used to improve viewing angle characteristics by generating
an oblique electric field (a fringe field) when voltage is
applied to the pixel electrode 17 and thereby controlling the
alignment of the liquid crystal molecules (not shown). As
shown in FIG. 5, the apertures 17/ to 17k have an oblique slit
shape and are arranged symmetrically with respect to the line
trunk 164 such that they cross the line branches 16/% to 16k in
the layer below. The correction method shown in FIG. 3 is of
course applicable to this array substrate 42.

What is claimed is:

1. An array substrate comprising:

a pixel electrode connected to a switching element that is
disposed near an intersection between a scanning line
and a signal line in a pixel region partitioned by the
scanning line and the signal line that intersect with each
other; and

an auxiliary capacitance line that is disposed in a layer
below the pixel electrode while interposing an insulating
film between the pixel electrode and the layer, wherein
the auxiliary capacitance line comprises a line trunk
arranged substantially parallel to the scanning line and a
line branch extending from the line trunk, and the pixel
electrode is provided with an aperture defined therein
which exposes a portion of the line branch of the auxil-
iary capacitance line via the insulating film.

2. The array substrate according to claim 1, wherein the

aperture of the pixel electrode has a slit shape.

3. The array substrate according to claim 2, wherein the
line branch of the auxiliary capacitance line intersects with
the aperture having the slit shape at an angle of between 80
degrees and 100 degrees.
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4. The array substrate according to claim 1, wherein a
plurality of the apertures of the pixel electrode are arranged
along a length direction of the line branch of the auxiliary
capacitance line.

5. The array substrate according to claim 1, wherein the
line branch of the auxiliary capacitance line is arranged along
the signal line.

6. A correction method of an array substrate the array
substrate comprising: a pixel electrode connected to a switch-
ing element disposed near an intersection between a scanning
line and a signal line in a pixel region partitioned by the
scanning line and the signal line that intersect with each other
in a reticular pattern; and an auxiliary capacitance line dis-
posed in a layer below the pixel electrode while interposing
an insulating film between the pixel electrode and the layer,
wherein the auxiliary capacitance line comprises a line trunk
arranged substantially parallel to the scanning line and a line
branch extending from the line trunk, and the pixel electrode
is provided with an aperture through which a portion of the
line branch of the auxiliary capacitance line is exposed while
the insulating film is interposed between the pixel electrode
and the layer of the auxiliary capacitance line, the correction
method comprising:

cutting the line branch of the auxiliary capacitance line
using the aperture of the pixel electrode when there is a
short circuit between the pixel electrode and the line
branch of the auxiliary capacitance line.

7. A liquid crystal display device comprising:

an array substrate that comprises:

a pixel electrode connected to a switching element dis-
posed near an intersection between a scanning line and a
signal line in a pixel region partitioned by the scanning
line and the signal line that intersect with each other in a
reticular pattern; and

an auxiliary capacitance line disposed in a layer below the
pixel electrode while interposing an insulating film
between the pixel electrode and the layer, wherein the
auxiliary capacitance line comprises a line trunk
arranged substantially parallel to the scanning line and a
line branch extending from the line trunk, and the pixel
electrode is provided with an aperture through which a
portion of the line branch of the auxiliary capacitance
line is exposed while the insulating film is interposed
between the pixel electrode and the layer of the auxiliary
capacitance line;

a color filter substrate facing to the array substrate and has
a common electrode, and a liquid crystal filled between
the array substrate and the color filter substrate.
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