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SUBSTRATE FOR DISPLAY AND LIQUID
CRYSTAL DISPLAY UTILIZING THE SAME

BACKGROUND OF THE INVENTION

[0001] This application is a Divisional of application Ser.
No. 12/759,441, filed Apr.13, 2010, which is a Continuation
of application Ser. No. 11/051,763, filed Feb. 4, 2005, now
U.S. Pat. No. 7,724,314,

FIELD OF THE INVENTION

[0002] The present invention relates to a substrate for a
display and, particularly, to a substrate for a liquid crystal
display having thin film transistors (hereinafter referred to as
“TFTs”) as switching elements which can be easily repaired
for defects such as breakage and inter-layer shorting attribut-
able static electricity generated at manufacturing steps.

DESCRIPTION OF THE RELATED ART

[0003] Active matrix type liquid crystal displays are widely
used as flat panel displays having high image quality in elec-
tronic apparatus such as computers and wide-screen televi-
sion sets.

[0004] A liquid crystal display has an array substrate, an
opposite substrate provided opposite to the array substrate,
and a liquid crystal layer sealed between the array substrate
and the opposite substrate. The array substrate has a pixel
electrode formed at each of a plurality of pixel regions and a
TFT connected to each pixel electrode as a switching ele-
ment. An opposite electrode is formed on an entire surface of
the opposite substrate. The liquid crystal display is enabled
for display utilizing the liquid crystal by applying a voltage to
the liquid crystal layer from the pixel electrodes and the
opposite electrode.

[0005] FIG. 10 is a schematic view of apart of an array
substrate taken on a surface of the substrate. As shown in the
same figure, a plurality of gate bus lines 1010 are disposed in
parallel with each other on an array substrate 1001, a scan
signal for selecting pixel electrodes to be driven being
sequentially input to the gate bus lines. A plurality of drain
bus lines 1020 to which a gradation signal is input are dis-
posed on the array substrate 1001 substantially orthogonally
to the plurality of gate bus lines 1010.

[0006] A pixel region is constituted by each of rectangular
regions defined in the form of a matrix by the plurality of gate
bus lines 1010 and the plurality of drain bus lines 1020 which
are orthogonal to each other. A display area (a) is constituted
by an array of a plurality of such pixel regions. In each of the
pixel regions, there is provided a TFT 1040, a pixel electrode
1030 and a storage capacitor element (or storage capacitor
forming sections) 1050 for suppressing fluctuation of the
potential at the pixel electrode 1030.

[0007] A plurality of storage capacitor bus lines 1060 is
disposed on the array substrate 1001. The storage capacitor
bus lines are formed in the horizontal direction in the figure in
parallel with the gate bus lines 1010 in connection with the
plurality of storage capacitor bus lines 1050. A storage
capacitor common electrode section 1070, which combines
the plurality of storage capacitor bus lines 1060 and serves as
a common electrode for them, is disposed on the array sub-
strate 1001 such that they extend in the direction of intersect-
ing the gate bus lines 1010 (lengthwise direction in the fig-
ure). The storage capacitor common electrode section 1070 is
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formed on the gate bus lines 1010 with an insulation film (not
shown) interposed between them.

[0008] A plurality of connection terminal sections such as
TAB terminals are provided along each edge of the array
substrate 1001. Predetermined signals are supplied to the gate
bus lines 1010 and the drain bus lines 1020 from the connec-
tion terminal sections.

[0009] The gate bus lines 1010 and the drain bus lines 1020
are basically vulnerable to static electricity because they are
formed on a glass substrate having insulating properties. For
example, when static electricity generated on the array sub-
strate 1001 flows in through the gate bus lines 1010 at a
manufacturing step (in the direction indicated by the arrow El
in the figure) , it is discharged at regions where the gate bus
lines 1010 and the storage capacitor common electrode sec-
tion 1070 overlap each other to cause inter-layer shorting S.
Static electricity not only originates from charging that
occurs when the substrate is peeled off from a stage during
manufacture but also can enter the substrate from the outside.
[0010] A gate bus line 1010 having inter-layer shorting S is
subjected to the problem of line defects in the extending
direction of the bus line, which results in a significant reduc-
tion in the yield of manufacture of panels. In particular, static
electricity is likely to enter from the connection terminal
sections, and static electricity which has entered in such a
location can be discharged to a capacitor component that is
present in its path to break down the capacitive section. In
such a case, repair by using a laser beam must be performed
to remove the shorting location S by cutting the gate bus line
1010, and the repair has been virtually impossible.

[0011] The trend toward larger liquid crystal displays with
higher definition requires, the wiring width of a storage
capacitor common electrode section 1070 to be great in order
to reduce its resistance . As a result, since the surface area of
overlapping regions where gate bus lines 1010 and a storage
capacitor common electrode section 1070 overlap, the prob-
lem of the breakage of capacitive sections becomes more
significant.

[0012] Patent Document 1: Japanese Unexamined Pub-
lished Patent Application No. 2003-156763

SUMMARY OF THE INVENTION

[0013] Itis an object of the invention to provide a substrate
for a display which can be easily repaired even when it has
problems such as inter-later shorting attributable to the inva-
sion of static electricity.

[0014] The above-described object is achieved by a sub-
strate for a display characterized in that it includes a first
wiring section formed such that it outwardly extends from the
inside of a display area on a substrate, a second wiring section
formed such that it intersects the first wiring section outside
the display area with an insulation film interposed between
them, an opening provided in the second wiring section at
least in a region thereof overlapping the first wiring section
intersecting the same, and overlapping portions formed at two
ends of the opening where the first and second wiring sections
overlap with each other with the insulation film interposed
between them.

[0015] According to the invention, since the plurality of
overlapping portion having a redundant configuration is pro-
vided, even when an inter-layer shorting defect attributable to
static electricity occurs at the other overlapping portion, the
path of conduction of the second wiring section can be main-
tained by one of the overlapping portion, and the inter-layer
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shorting defect can be easily repaired. The yield of manufac-
ture can therefore be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.11is a plan view schematically showing a gen-
eral configuration of a liquid crystal display according to a
first embodiment of the invention;

[0017] FIG. 2 shows an example of a configuration of a
partial surface of a substrate for a display according to the first
embodiment of the invention;

[0018] FIG. 3 shows an example of a configuration of a
partial surface of a substrate for a display according to a
second embodiment of the invention;

[0019] FIG. 4 shows an example of a configuration of a
partial surface of a substrate for a display according to a third
embodiment of the invention;

[0020] FIG. 5 shows an example of a configuration of a
partial surface of a substrate for a display according to a
fourth embodiment of the invention;

[0021] FIG. 6 shows an example of a configuration of a
partial surface of a substrate for a display according to a fifth
embodiment of the invention;

[0022] FIG. 7 shows an example of a configuration of a
partial surface of a substrate for a display according to a sixth
embodiment of the invention;

[0023] FIG. 8 shows an example of a configuration of a
partial surface of a substrate for a display according to a
seventh embodiment of the invention;

[0024] FIG. 9 shows an example of a configuration of a
partial surface of a substrate for a display according to an
eighth embodiment of the invention; and

[0025] FIG. 10 shows an example of a configuration of a
partial surface of a substrate for a display according to the
related art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Preferred embodiments of the invention will now be
specifically described with reference to the drawings.

First Embodiment

[0027] (General Configuration)

[0028] First, a general configuration of a liquid crystal dis-
play utilizing a substrate for a display according to the inven-
tion will be schematically described with reference to F1G. 1.
FIG. 1 schematically shows a general configuration of a lig-
uid crystal display in the present embodiment, and it shows an
array substrate of the liquid crystal display as viewed from a
surface of the substrate.

[0029] The present embodiment represents a case in which
storage capacitor common electrode sections are provided on
two ends of an array substrate, the embodiment being char-
acterized in that openings are provided at one of the two ends
of'the storage capacitor common electrode section in regions
where the storage capacitor common electrode section inter-
sects gate bus lines. A basic configuration of the liquid crystal
display of the present embodiment will now be descried.
[0030] As shownin FIG. 1, the liquid crystal display of the
present embodiment comprises an array substrate (a substrate
for a display) 1 having a TFT and a pixel electrode formed in
each pixel region thereof, an opposite substrate 2 disposed
opposite to the array substrate 1 and having color filters and
an opposite electrode for forming a vertical electric field
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formed thereon, and a liquid crystal layer (not shown) sealed
between the array substrate 1 and the opposite substrate 2. A
display area 3 is an area in which pixel electrodes (not shown)
are arranged in the horizontal and vertical directions.

[0031] Asshownin FIG. 1, the array substrate 1 comprises
gate bus lines (first bus lines) 10 for supplying a scan signal to
each of the pixel electrodes formed in the display area 3 at
predetermined timing, a plurality of storage capacitor bus
lines 60 connected to storage capacitor elements for improv-
ing display quality by suppressing fluctuation of the potential
at each of the pixel electrodes and disposed such that they
alternate with the gate bus lines 10 in parallel therewith, a
storage capacitor common electrode section (Cs common
electrode) 70 connected to respective ones of the plurality of
storage capacitor bus lines 60 at one end thereof and formed
at one end of the substrate to perform dual bank drive, a
storage capacitor common electrode section 80 connected to
respective ones of the plurality of storage capacitor bus lines
60 atone end thereof and formed at another end of the sub-
strate, and drain bus lines (second bus lines), which are not
shown in FIG. 1, formed substantially orthogonally to the
plurality of gate bus lines 10 and the plurality of storage
capacitor bus lines 60, the drain bus lines supplying a grada-
tion signal at predetermined timing.

[0032] The gate bus lines 10 correspond to a “first wiring
section” according to the invention, and the storage capacitor
common electrode section 70 corresponds to a “second wir-
ing section” according to the invention. However, this is not
limiting the invention. The “first wiring section” according to
the invention may include the gate bus lines 10 and the drain
bus lines (not shown in FIG. 1) , and the “second wiring
section” according to the invention may include the storage
capacitor bus lines 60 and the storage capacitor common
electrode sections 70 and 80.

[0033] The array substrate 1 is formed greater than the
opposite substrate 2, and two sides of the substrate 1 project
beyond the opposite substrate 2 to form regions for providing
driving circuits. A plurality of gate TAB (Tape Automated
Bonding) terminals (external connection terminals) 4 that
combine a plurality of the gate bus lines 10 are formed at an
end la of one of the projecting regions, and a plurality of drain
TAB terminals (external connection terminals) 5 that com-
bine a plurality of the drain bus lines are formed at an end 1b
of the other projecting region.

[0034] Further, connection lines 6a and 65 extending from
the storage capacitor common electrode sections 70 and 80
are connected to the drain TAB terminals 5 located at two
ends of the array substrate 1 in addition to drain bus lines.
[0035] Some of the plurality of gate bus lines 10 are con-
nected to the gate TAB terminals 4 by providing them with
lead-out parts which are the portions led out from the gate bus
lines 10 in the state of bending and inclined.

[0036] The storage capacitor common electrode sections
70 and 80 are formed at two ends of the substrate in order to
cope with the cases in which the storage capacitor bus lines 60
have a greater wiring length or in a greater quantity by sup-
plying a voltage from both sides of the storage capacitor bus
lines 60.

[0037] The gate bus lines 10 and the storage capacitor com-
mon electrode section 70 overlap each other with an insula-
tion film interposed between them, and the storage capacitor
common electrode section 70 is configured to have openings
in the overlapping regions. The configuration will be specifi-
cally described below.
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[0038] (Detailed Configuration of the Array Substrate 1 of
the Embodiment)

[0039] A description will now be made with reference to
FIG. 2 on a feature of the present embodiment, i.e., a specific
configuration of the storage capacitor common electrode sec-
tion 70 of the array substrate 1. FIG. 2 shows a configuration
of'the array substrate 1 of the active matrix type liquid crystal
display of the present embodiment on which pixel electrodes
are formed, FIG. 2 showing a plurality of pixel regions as
viewed in a direction toward the surface of the substrate. FIG.
2 is an enlarged view of the part of FIG. 1 enclosed by the
circle A in a broken line. FIG. 2 does not illustrate the external
connection terminals shown in FIG. 1.

[0040] As shown in FIG. 2, the array substrate 1 is formed
with the plurality of gate bus lines 10 (two of which are shown
in FI1G. 2) extending in the horizontal direction of the figure in
parallel with each other and the plurality of drain bus lines 20
(two of which are shown in FIG. 2) extending in the vertical
direction in parallel with each other such that they are sub-
stantially orthogonal to the plurality of gate bus lines 10.

[0041] The array substrate 1 is also formed with the pixel
electrode 30 and the TFT (driving element) 40 disposed at
each of intersections between the plurality of gate bus lines 10
and the plurality of drain bus lines 20 and the storage capaci-
tor element 50 disposed in association with each of the pixel
electrodes 30.

[0042] A storage capacitor element 50 includes a storage
capacitor electrode (intermediate electrode) that is aligned
with the center of the pixel electrode 30 and connected to the
same through a contact hole, an insulation film formed under
the storage capacitor electrode, and a storage capacitor oppo-
site electrode part of a storage capacitor bus line 60 formed
under the insulation film, the part being a partial area of the
bus line facing the storage capacitor electrode. The storage
capacitor element 50 forms a storage capacitor one electrode
of' which is constituted by the storage capacitor electrode and
another electrode of which is constituted by the storage
capacitor opposite electrode part of the storage capacitor bus
line 60.

[0043] On the array substrate 1, when each of the TFTs 40
is turned on, a predetermined potential is written at the pixel
electrode 30 to control a voltage applied to the liquid crystal
layer in the pixel region. The voltage applied to the liquid
crystal layer must be maintained until the next frame even if
the TFT 40 is turned off. However, the potential at the pixel
electrode 30 fluctuates in one frame period due to a parasitic
capacitance generated at the TFT 40 or a leak current gener-
ated between the pixel electrode 30 and the common elec-
trode. For this reason, the voltage applied to the liquid crystal
layer is maintained for one frame by suppressing fluctuation
of the potential at the pixel electrode 30 with the storage
capacitor element 50.

[0044] Some of the plurality of gate bus lines 10 have a bent
part 11 which is bent such that it is inclined to be directed from
the display area (a) toward a gate TAB terminal 4 (not shown
in FIG. 2). The bent part 11 is formed over a width (b) of the
storage capacitor common electrode section 70. The gate
TAB terminals 4 are formed in a region (c) outside the posi-
tion where the storage capacitor common electrode section 70
is disposed. Some gate bus lines 20 are not required to have
the bent part 11 to be connected with the gate TAB terminals
4 depending on the position where the gate bus lines 20 are
formed.
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[0045] A storage capacitor bus line 60 is electrically con-
nected to the storage capacitor common electrode section 70
through a connection electrode 61 and connection parts 62a
and 625.

[0046] The storage capacitor common electrode section 70
is stacked on the gate bus lines 10 in a position outside the
display area (a) with an insulation film (not shown) interposed
between them, and it is formed with openings 72 in regions
where it overlaps the gate bus lines 10.

[0047] An opening 72 extends along the bent part 11 of a
gate bus line 10. The length of the openings 72 is represented
by L1. The length of the storage capacitor common electrode
section 70 from one end in the width direction thereof to one
end of an opening 72 is represented by [.2. The length of the
storage capacitor common electrode section 70 from another
end in the width direction thereof to another end of the open-
ing 72 is represented by L.3.

[0048] Thus, two overlapping portions 74 having the length
L2 and L3, respectively, are formed for each gate bus line 10.
An overlapping portion 74 includes the storage capacitor
common electrode section 70, the insulation film formed
under the storage capacitor common electrode section 70 and
the gate bus line 10 formed under the insulation film.

[0049] According to the related art, since a storage capaci-
tor common electrode section 70 is formed with no opening,
when inter-layer shorting is repaired by performing laser
beam cutting, the conduction of the storage capacitor com-
mon electrode section 70 is shut off. On the contrary, in the
case of the storage capacitor common electrode section 70 of
the present embodiment, the provision of the openings 72
makes it possible to form a redundant configuration in which
atleasttwo overlapping portions 74 are provided for each gate
bus line 10. As aresult, even when there is a shorting part S in
either of the overlapping portion 74, the path of conduction of
the storage capacitor common electrode section 70 can be
maintained by the other overlapping portion 74. The yield of
manufacture can be thus improved.

[0050] The openings 72 are formed with a length d that is
slightly greater than the width of the gate bus lines 10 in the
direction in which the storage capacitor common electrode
section 70 extends. There is no need for providing openings in
regions other than the regions overlapping the gate bus lines
10 because no inter-layer shorting can occur in such regions.
It is therefore possible to minimize the area of the openings 72
and to provide the storage capacitor common electrode sec-
tion 70 with a ladder structure that minimizes any unneces-
sary increase in the resistance of the storage capacitor com-
mon electrode section 70. The storage capacitor common
electrode section 70 can therefore be formed substantially
free of changes in resistance by such a ladder structure.
[0051] The length L1 of the openings 72 is preferably made
as large as possible, and the lengths [.2 and [.3 of the respec-
tive overlapping portion 74 are preferably made as short as
possible. That is, a reduction in the area of the overlaps
between the gate bus lines 10 and the storage capacitor com-
mon electrode section 70 allows capacitive components asso-
ciated with the gate bus lines 10 to be made small, and an
additional effect can therefore be provided in that the wave-
form of a gate pulse can be prevented from being rounded. In
particular, the storage capacitor common electrode section 70
must have a great line width in the range from 500 to 1500 um,
for example, at a resolution equal to or higher than that
according to XGA (1024x768). Even when there is such a
requirement for the line width, the formation of the openings
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72 makes it possible to reduce capacitances, which form a
part of capacitive components of the gate bus lines 10, in the
regions where the gate bus lines overlap the storage capacitor
common electrode section 70, and the waveform of a gate
pulse can be thus prevented from being rounded. Further, a
repair can be easily performed when the lengths [.2 and .3 of
the overlapping portion 74 are small because a shorting part S
formed in an overlapping portion 74 can be easily cut off
through laser beam cutting.

[0052] Gate electrodes of the TFTs 40, the gate bus lines 10
and the storage capacitor bus lines 60 are formed in the same
conductive layer (a first conductive layer). Source electrodes
and drain electrodes of the TFT's 40, the drain bus lines 60 and
the storage capacitor common electrode section 70 are
formed in the same conductive layer (a second conductive
layer). The pixel electrodes 30 and the connection electrodes
61 are formed in the same conductive layer (a third conduc-
tive layer). An insulation film is formed between each pair of
the conductive layers to prevent shorting between the con-
ductive layers.

[0053] (Method of Repairing Shorting part)

[0054] The liquid crystal display of the present embodi-
ment has the above-described configuration and operates as
follows. First, let us assume that static electricity El generated
at a step for manufacturing the array substrate 1 enters the
position where the storage capacitor common electrode sec-
tion 70 is disposed through a gate bus line 10 from the side of
the gate TAB terminals 4 outside the display area.

[0055] When the static electricity E1 enters, inter-layer
shorting occurs, for example, in a shorting part S at the over-
lapping portion 74 on the left in FIG. 2. Then, in order to
repair the shorting part S, an inspection such as pattern rec-
ognition is performed to identify the shorting part.

[0056] Next, laser beam cutting is performed to cut the
storage capacitor common electrode section 70 in cutting
positions C1 and C2 at both ends of the shorting part S by
irradiating the positions with a laser beam. At this time, since
the overlapping portion 74 to be cut has a small length .2, it
can be easily cut. By cutting the storage capacitor common
electrode section 70 in the overlapping portion 74 as thus
described, the storage capacitor common electrode section 70
and the gate bus line 10 can be electrically isolated from each
other in the shorting part S.

[0057] The inter-layer shorting can be thus repaired, and
the array substrate 1 will not become defective. The repair of
the defect is thus completed. The repair involves no repair of
the gate bus line 10.

[0058] In the redundant configuration formed by the two
overlapping portion 74, even when there is a shorting part S in
either of the overlapping portion 74 formed on the side of the
gate TAB terminals 4, the path of conduction of the storage
capacitor common electrode section 70 can be maintained at
another overlapping portion 74.

[0059] Asdescribed above, in the present embodiment, two
overlapping portions 74 having a redundant configuration can
be formed at the storage capacitor common electrode section
70. As a result, even when an inter-layer shorting defect
occurs on either of the overlapping portions 74 due to static
electricity generated at a manufacturing step, a repair can be
performed with the path of conduction of the storage capaci-
tor common electrode section 70 maintained by the other
overlapping portion 74, which improves the yield of manu-
facture.
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[0060] Further, the storage capacitor common electrode
section 70 can be formed such that it undergoes substantially
no change inresistance by forming the openings 72 to provide
the storage capacitor common electrode section 70 with a
ladder structure and making the area of the openings 72 as
small as possible.

[0061] Since the overlapping portion 74 have a small area,
it is possible to reduce rounding of the waveform of a gate
pulse flowing through the gate bus lines 10. In particular, the
formation of the openings 72 makes it possible to reduce
waveform rounding even when a great line width is required.
Further, a shorting part S formed at an overlapping portion 74
can be easily cut off using laser beam cutting.

[0062] Furthermore, since no shorting can occur at the
openings 72, shorting can be limited to intersecting regions of
the overlapping portion other than the openings. Thus, the
scale of shorting (the area of a shoring region) per bus line can
be minimized.

[0063] When projecting regions for providing driving cir-
cuits are made small in order to satisfy demand for a smaller
frame, the wiring of the bent parts 11 of the gate bus lines 10
will be steeply inclined in some regions. Although this results
in an increase in the area where the storage capacitor common
electrode section 70 overlaps the gate bus lines 10, the for-
mation of the openings 72 according to the present embodi-
ment makes it possible to reduce the area of the overlaps,
thereby suppressing rounding of the waveform of a gate
pulse.

[0064] In addition, the present embodiment can be carried
out without increasing the number of manufacturing steps
because it different from an array substrate according to the
related art only in the configuration of storage capacitor com-
mon electrode sections.

Second Embodiment

[0065] A second embodiment of the invention will now be
described with reference to FIG. 3. In the following, features
which have substantially identical counterparts in the first
embodiment will not be described, and the description will
address areas in which changes are made only. FIG. 3 shows
an example of a configuration of a part of a surface of a
substrate for a display according to the second embodiment of
the invention.

[0066] The above-described first embodiment employs a
configuration in which one opening 72 is disposed at the
storage capacitor common electrode section 70 for each gate
busline 10. The present embodiment employs a configuration
in which redundancy is increased by providing a plurality of
openings, e.g., two openings 172 and 174 for each gate bus
line 110 to form three overlapping portions 176.

[0067] Specifically, as shown in FIG. 3, an array substrate
100 included in a liquid crystal display comprises gate bus
lines 110, drain bus lines 120, pixel electrodes 130, thin film
transistors 140, storage capacitor bus lines 160 and a storage
capacitor common electrode section 170 similarly to the first
embodiment.

[0068] The storage capacitor common electrode section
170 has two openings 172 and 174 extending along a bent part
111 of each gate bus line 110 and three overlapping portions
176. An opening width [.3 of the opening 172 and an opening
width L6 of the opening 174 are substantially equal to each
other. Two of the overlapping portion 176 are formed with a
width .4 and a width L7, respectively, which are substantially
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equal, and the other overlapping portion 176 is formed with a
width L5 which is greater than the widths [.4 and L7.

[0069] The entire area of the two openings 172 and 174 is
smaller than the area of one opening 72 (FIG. 2) in the first
embodiment. That is, the sum of the width L3 and the width
L6 in FIG. 3 is smaller than the width L2 in FIG. 2.

[0070] In the array substrate 100 having the above-de-
scribed configuration, the following effects are provided
when static electricity enters the same in the direction of the
arrow E1. Specifically, when inter-layer shorting occurs at a
shorting part S, the periphery of the shorting part S is cut using
a laser.

[0071] Since the openings 172 and 174 are formed, two out
of three current paths are maintained even though one of the
current paths is broken as a result of laser beam cutting.
[0072] Further, inter-layer shorting may sequentially pro-
ceed in the entering direction E1 along the gate bus line 110.
That is, shorting can occur in each of the overlapping portion
176 having the width 1.4 and the overlapping portion 176
having the width L5. In this case, since a current path can be
maintained by the overlapping portion 176 having the width
L7, the storage capacitor common electrode section 170 can
be used as it is even if each of the overlapping portion 176
having the width [.4 and the overlapping portion 176 having
the width L5 is cut for repair using laser beam cutting.
[0073] As described above, in the present embodiment, the
two openings 172 and 174 are provided to form three over-
lapping portions 176 where the storage capacitor common
electrode section 170 and the gate bus line 110 overlap each
other. Thus, even when one or two of the three current paths
are broken as a result of laser beam cutting, the other current
path can be maintained.

Third Embodiment

[0074] A third embodiment of the invention will now be
described with reference to FIG. 4. FIG. 4 shows an example
of a configuration of a part of a surface of a substrate for a
display according to the present embodiment of the invention.
In the following, features which have substantially identical
counterparts in the first and second embodiments will not be
described, and the description will address areas in which
changes are made only.

[0075] The above-described first and second embodiments
employ a configuration in which an opening 72 is formed
along the extending direction of one gate bus line 10. The
present embodiment employs a configuration in which open-
ings 272 are formed in the extending direction of a storage
capacitor common electrode section 270.

[0076] Specifically, as shown in FIG. 4, an array substrate
200 of the present embodiment comprises gate bus lines 210
having a bent part 211, drain bus lines 220, pixel electrodes
230, thin film transistors 240, storage capacitor bus lines 260
and a storage capacitor common electrode section 270 simi-
larly to the first embodiment.

[0077] An elongate opening 272 in the storage capacitor
common electrode section 270 is formed such that it is longer
in the extending direction of the storage capacitor common
electrode section 270. A plurality of the openings 272, e.g.,
four openings 272 are formed and arranged in the direction in
which gate bus lines 210 extend. As a result, five overlapping
portions 274 are formed.

[0078] Such a configuration of the openings 272 provides
the following effects. In the first and second embodiments,
each of the openings 272 must be formed in accordance with
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the wiring pattern of a gate bus line 10. On the contrary, in the
present embodiment, since the openings 272 in the storage
capacitor common electrode section 270 are formed as open-
ings which are longer in the wiring extending direction of the
storage capacitor common electrode section 270, there is no
need for redesigning the storage capacitor common electrode
section 270 even if a design change is made to the wiring
pattern of the gate bus lines 210.

[0079] For example, referring to the intervals between the
gate bus lines 210 arranged in parallel with each other, since
the pitch of the lines in a display area is different from the
pitch at which the lines are extended from the display area and
disposed on the side of external connection terminals, it may
be inevitable to form bent parts 211 in some regions. In this
case, the inclination of each bent part is different for each gate
bus line 210. For this reason, it has been necessary in cases
like the first and second embodiments to vary the position and
shape of each opening 72 depending on the wiring pattern of
the gate bus line 10, e.g., the inclination of the bent part 11 of
the gate bus line 10. The design of the openings 272 of the
storage capacitor common electrode section 270 can be sim-
plified by forming them in an elongate shape according to the
present embodiment, which allows burdens associated with
layout designing to be reduced.

[0080] In particular, in the case of a liquid crystal display
panel having narrow projecting regions, the inclination of
gate bus lines 210 may be very steep compared to that in a
liquid crystal display panel having wide projecting regions. In
such a case, since the elongate openings 272 can be uniformly
formed regardless of the layout of the gate bus lines 210, the
storage capacitor common electrode section 270 including
the openings 272 can be fabricated easily. Further, arepair can
be easily carried out in the case of inter-layer shorting.

Fourth Embodiment

[0081] A fourth embodiment of the invention will now be
described with reference to FIG. 5. FIG. 5 shows an example
of a configuration of a part of a surface of a substrate for a
display according to the present embodiment of the invention.
In the following, features which have substantially identical
counterparts in the first embodiment will not be described,
and the description will address areas in which changes are
made only.

[0082] Thepresentembodiment employs a configuration in
which a bypass wiring 380 is disposed in the wiring direction
of a storage capacitor common electrode section 370 such
that they overlap each other with an insulation film interposed
between them. Specifically, as shown in FIG. 5, an array
substrate 300 of the present embodiment comprises gate bus
lines 310, drain bus lines 320, pixel electrodes 330, thin film
transistors 340, storage capacitor bus lines 360, a storage
capacitor common electrode section 370 and a bypass wiring
380. The bypass wiring 380 corresponds to a “third wiring
section” according to the invention.

[0083] The storage capacitor common electrode 370 has
openings 372 opening in the direction along the gate bus lines
310. As a result, two overlapping portions 374 are formed.
[0084] Thebypasswiring 380 is formed in the wiring direc-
tion of the storage capacitor common electrode section 370
across a plurality of the openings 372 and formed above the
storage capacitor common electrode section 370 with an insu-
lation film interposed.

[0085] Connection parts 382 and 384 clectrically connect
the bypass wiring 380 and the storage capacitor common
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electrode section 370, and they are formed by fusing the
storage capacitor common electrode section 380 by irradiat-
ing it with laser beams at a step of repairing the same. Refer-
ring to FIG. 5, for example, four connection parts 382 and 384
are formed in total for one opening 372. Thus, the bypass
wiring 380 can be provided with the same function as that of
the storage capacitor common electrode section 370.

[0086] The above-described configuration of the array sub-
strate 300 provides the following effects. External static elec-
tricity does not necessarily enter through the gate bus lines
310, and static electricity may flow in from the side of drain
TAB terminals (the upper side in FIG. 5) at one end of the
storage capacitor common electrode section 370 in the wiring
direction thereof as indicated by the arrow E2.

[0087] In such a case, inter-layer shorting may occur in a
plurality of locations, and shorting parts S1 and S2 appear in
respective overlapping portions 374. Both of the shorting
parts S1 and S2 are cut using laser beam cutting, and the
bypass wiring 380 is irradiated with laser beams to form the
connection parts 382 and 384.

[0088] As aresult, a path of conduction can be maintained
by the bypass wiring 380 and the connection parts 382 and
384 even though both of the shorting parts S1 and S2 are cut
using laser beam cutting to allow the storage capacitor com-
mon electrode section 370 to be repaired.

[0089] Inaddition, the connection parts 382 and 384 can be
easily formed at the position irradiated with laser beams used
for cutting the shorting parts S1 and S2 at the repairing step.
The positions of the connection parts 382 and 384 may be
freely determined depending on positions where shorting has
occurred.

[0090] The bypass wiring 380 is preferably formed by pat-
terning a transparent electrode (ITO: Indium Tin Oxide) layer
used as pixel electrodes on an insulation film provided on the
storage capacitor common electrode section 370.

[0091] Outside a display area, the gate bus lines 310 (first
layer), an insulation film (second layer), the storage capacitor
common electrode section 370 (third layer), a second insula-
tion film (fourth layer) and the bypass wiring 380 (fifth layer)
are stacked in the order listed on a substrate having insulating
properties. In a part of the display area (pixel regions), the
storage capacitor bus lines 360 (first layer), an insulation film
(second layer), storage capacitor electrodes (third layer), a
second insulation film (fourth layer) and the pixel electrodes
330 (fitth layer) are stacked in the order listed on the substrate
having insulating properties.

[0092] Thus, the bypass wiring 380 that is the fifth layer
may be formed as the same layer as the pixel electrodes 330
from the same material at the same time. Therefore, the wir-
ing can be provided using the same material as that of the
transparent electrode layer without forming it using a differ-
ent material separately, which eliminates any need for an
additional process.

[0093] Even though the openings 372 are formed in the
storage capacitor common electrode section 370, since the
bypass wiring 380 is provided, the sum of the areas of the
bypass wiring 380 and the storage capacitor common elec-
trode section 370 allows resistance to be kept low.

Fifth Embodiment

[0094] A fifth embodiment of the invention will now be
described with reference to FIG. 6. FIG. 6 shows an example
of a configuration of a part of a surface of a substrate for a
display according to the present embodiment of the invention.
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In the following, features which have substantially identical
counterparts in the first through fourth embodiments will not
be described, and the description will address areas in which
changes are made only.

[0095] The above-described fourth embodiment employs a
configuration in which one bypass wiring 380 is disposed on
the storage capacitor common electrode section 370. The
present embodiment employs a configuration in which a plu-
rality of bypass wirings 480 is disposed on a storage capacitor
common electrode section 470. Specifically, as shown in FIG.
6, an array substrate 400 of a liquid crystal display of the
present embodiment comprises gate bus lines 410, drain bus
lines 420, pixel electrodes 430, thin film transistors 440,
storage capacitor bus lines 460, a storage capacitor common
electrode section 470 and a plurality of bypass wirings 480
(three of which are shown in FIG. 6).

[0096] The storage capacitor common electrode section
470 has openings 472 extending along the gate bus lines 410.
Each of the plurality of bypass wirings 480 is formed along
the wiring direction of the storage capacitor common elec-
trode section 470 such that it extents across the plurality of
openings 472 to cover them, and the wirings are formed above
the storage capacitor common electrode section 470 with an
insulation film interposed between them.

[0097] The bypass wiring 480 in the middle is formed with
connection parts 482 and 484 which are electrically con-
nected to the storage capacitor common electrode section
470. The connection parts 482 and 484 are formed by fusing
the storage capacitor common electrode section 470 by irra-
diating it with laser beams at a step of repairing the same. Two
connection parts 482 and 484 are formed in total on the
bypass wiring 480 in the middle.

[0098] On the array substrate 400 having the above-de-
scribed configuration, the following effects are provided.
Static electricity can also enter in the wiring direction of the
storage capacitor common electrode section 470 from the
side of external storage capacitor TAB terminals (the upper
side in FIG. 6) as indicated by the arrow E2.

[0099] When inter-layer shorting occurs in two shorting
parts S1 and S2 due to static electricity flowing in the direc-
tion E2, the bypass wirings 480 maintains a path of conduc-
tion through the connection parts 482 and 484 even if those
parts are cut using laser beam cutting.

[0100] Inter-layer shorting attributable to the flow of static
electricity from the gate bus lines 410 occurs not only in the
shorting parts S1 and S2 but also between the gate bus lines
410 and the bypass wirings 480 because the openings 472 are
formed in the storage capacitor common electrode section
470. Since the plurality of bypass wirings 480 are formed, the
storage capacitor common electrode section 470 can be easily
repaired also in such a case.

[0101] As described above, in the present embodiment,
since the plurality of bypass wirings 480 are formed, even
when all of overlapping portions of the storage capacitor
common electrode section 470 are shorted by a flow of static
electricity in various directions, any of the plurality of bypass
wirings 480 can be used. Thus, the conduction of the storage
capacitor common electrode section 470 can be maintained,
and the panel as a whole can be repaired only by repairing
shorting parts and connecting the bypass wirings 480 using
laser beams.
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Sixth Embodiment

[0102] A sixth embodiment of the invention will now be
described with reference to FIG. 7. FIG. 7 shows an example
of a configuration of a part of a surface of a substrate for a
display according to the present embodiment of the invention.
In the following, features which have substantially identical
counterparts in the first through fiftth embodiments will not be
described, and the description will address areas in which
changes are made only.

[0103] The above-described fifth embodiment employs a
configuration in which laser beam connection is performed as
a process for electrically connecting the storage capacitor
common electrode section 470 and the plurality of bypass
wirings 480. The present embodiment employs a configura-
tion in which contact holes are formed in advance. Specifi-
cally, as shown in FIG. 7, an array substrate 500 of a liquid
crystal display of the present embodiment comprises gate bus
lines 510, drain bus lines 520, pixel electrodes 530, thin film
transistors 540, storage capacitor bus lines 560, a storage
capacitor common electrode section 570 and a plurality of
bypass wirings 580 (three wirings in the illustrated example).
[0104] The storage capacitor common electrode section
570 has openings 572a and 5725 extending along the gate bus
lines 510.

[0105] A plurality of the bypass wirings 580, e.g., three
wirings are formed such that each of them extends in the
wiring direction of the storage capacitor common electrode
section 570 across the plurality of openings 572a and 5725
and are stacked on the storage capacitor common electrode
section 570 with a second insulation film interposed between
them.

[0106] Thebypass wirings 580 are electrically connected to
the storage capacitor common electrode section 570 through
connection parts 582, 584, 585 and 586. Let us focus the
description on one bypass wiring 580. A path of conduction is
maintained for one opening 572« by forming a connection
part 582 above the opening in the figure and another connec-
tion part 584 under the opening, and a connection part 586
and a connection part 588 are also formed for another opening
572b above and under the same in the figure. The three bypass
wirings 580 are provided side by side for the single opening
572a.

[0107] The connection parts 582, 584, 586 and 588 are
electrically connected to the bypass wirings 580 and the stor-
age capacitor common electrode section 570 through the
contact holes formed by providing openings in an insulation
film which is not shown.

[0108] The present embodiment employs a configuration in
which the plurality of bypass wirings 580 and the storage
capacitor common electrode section 570 are connected in
advance through the plurality of connection parts 582, 584,
586 and 588 for each gate bus line 510.

[0109] Therefore, even when shorting occurs between one
of'the bypass wirings 580 and the gate bus line 510 in addition
to shorting parts S1 and S2 attributable to the invasion of
static electricity in respective directions, another bypass wir-
ing 580 can be used. It is therefore possible to maintain
conduction of the storage capacitor common electrode sec-
tion 570 using the other bypass wiring 580 and to thereby
repair the panel as a whole.

[0110] Since the area of the storage capacitor common
electrode section 570 includes the area of the bypass wirings
580, a reduction in resistance can be achieved.
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[0111] Further, since the layer thickness between the gate
bus lines 510 and the storage capacitor common electrode
section 570 is different from the layer thickness between the
gate bus lines 510 and the bypass wirings 580, the bypass
wirings 580 can be made less vulnerable to static electricity,
which is preferable in that inter-layer shorting is unlikely to
occur between the bypass wirings 580 and the gate bus lines
510. A configuration may alternatively employed, in which
the thickness of the film between the layers of the bypass
wirings 580 and the storage capacitor common electrode
section 570 is increased.

Seventh Embodiment

[0112] A seventh embodiment of the invention will now be
described with reference to FIG. 8. FIG. 8 shows an example
of a configuration of a part of a surface of a substrate for a
display according to the present embodiment of the invention.
In the following, features which have substantially identical
counterparts in the first through sixth embodiments will not
be described, and the description will address areas in which
changes are made only.

[0113] While the above-described first through sixth
embodiments are configured to facilitate a repair on inter-
layer shorting between a gate bus line 10 and a storage capaci-
tor common electrode section 70, the present embodiment
addresses a case in which shorting occurs between an anti-
ESD (electrostatic discharge) common electrode section 670
for combining wirings for ESD protection section and a gate
bus line 610.

[0114] FIG. 8 shows an example of a structure of Anti-ESD
sections 620 for which an anti-ESD common electrode sec-
tion 670 is formed. As shown in FIG. 8, an array substrate 600
has gate bus lines 610, ant-ESD sections 620 connected to the
gate bus lines 610 for preventing breakage of TFTs attribut-
ableto static electricity, and anti-ESD bus lines 660 formed so
as to extend from the anti-ESD section 620.

[0115] Further, the array substrate 600 has the anti-ESD
common electrode section 670 at which the plurality of anti-
ESD bus lines 660 are combined. The anti-ESD common
electrode section 670 is formed between a display area and
gate TAB terminals (not shown) such that it extends in a
direction across the gate bus lines 610 (the vertical direction
in the figure).

[0116] The gate bus lines 610 correspond to the “first wir-
ing section” according to the invention, and the anti-ESD
common electrode section 670 corresponds to the “second
wiring section” according to the invention. However, this is
not limiting the invention, and the “first wiring section”
according to the invention may include the gate bus lines 10
and drain bus lines (not shown in FIG. 1) , and the “second
wiring section” according to the invention may include the
anti-ESD bus lines 660 and the anti-ESD common electrode
section 670, and the storage capacitor bus lines 60 and the
storage capacitor common electrode sections 70 and 80 in the
first embodiment as well.

[0117] Ananti-ESD section 620 is an anti-ESD circuit con-
stituted by, for example, a first TFT 622 that is a first switch-
ing element connected to a gate bus line 610, a second TFT
624 that is a second switching element connected to the gate
bus line 610, and a third TFT 626 connected to the first TFT
622, the second TFT 624 and an anti-ESD bus line 660.
[0118] Gate electrodes G of the first through third TFTs
622, 624 and 626 are formed on a glass substrate at the same
time when the gate bus lines 610 and gate electrodes of TFTs
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in pixel regions are formed. The gate electrodes G of the first
and third TFTs 622 and 626 are formed so that they are
electrically isolated from other wiring structures.

[0119] Source electrodes Sand drain electrodes D of the
first through third TFTs 622, 624 and 626 are formed simul-
taneously with the formation of the anti-ESD bus lines 660
and the anti-ESD common electrode section 670 from the
same material. The source electrode S of a first TFT 622 and
the source electrode

[0120] Sofasecond TFT 624 are connected to the gate bus
line 610 associated therewith through contact holes 630 and
632, respectively. The source electrodes S and the drain elec-
trodes D of the first and third TFTs 622 and 626 serve as
conductors and form capacities in combination with the gate
electrode G of the second TFT 624. The drain electrode D of
the second TFT 624 and the drain electrode D of the third TFT
626 are connected to the anti-ESD common electrode section
670 through the anti-ESD bus line 660.

[0121] In the present embodiment, the first and third TFTs
622 and 626 are formed with channel lengths smaller than the
channel length of the second TFT 624. As aresult, when static
electricity in the form of a very steep pulse voltage is gener-
ated on the gate bus line 610, the first TFT 622 or the third
TFT 626 is broken before the second TFT 624 is broken to
protect the second TFT 624. Therefore, even when either of
the first and third TFT's 622 and 626 is broken, since no direct
shorting occurs between the gate bus line 610 and the anti-
ESD common electrode section 670, no problem occurs at
subsequent steps including a TFT test.

[0122] The channel widths of the first and third TFTs 622
and 626 are equal to each other and are similar to the channel
width of the second TFT 624. Therefore, the conductivity of
the second TFT 624 is substantially the same as the conduc-
tivity of the first and third TFTs 622 and 626 which are
regarded operating in series. Thus, a current associated for
protection against ESD can be shared between the second
TFT 624 and the combination of the first and third TFTs 622
and 626.

[0123] The anti-ESD common electrode section 670 is
formed above the gate bus lines 610 with an insulation film
(not shown) interposed between them. As shown in FIG. 8,
the anti-ESD common electrode section 670 has openings
672 which are formed along bent parts 611 of the gate bus
lines 610 in regions thereof overlapping the gate bus lines
610.

[0124] One opening 672 is formed for each gate bus line
610, and overlapping portions 674 are formed on two edges of
an opening 672.

[0125] On the array substrate 600 having the above-de-
scribed configuration, when static electricity E1 flows in from
the outside of a gate bus line 610, inter-layer shorting occurs
between the anti-ESD common electrode section 670 and the
gate bus line 610 in a shorting part S.

[0126] The inter-layer shorting can be repaired by cutting
the anti-ESD common electrode section 670 in cutting posi-
tions C1 and C2 onboth sides of the shorting part S using laser
beams. Even though one of the overlapping portions 674 is
thus cut off, a path of conduction can be maintained by the
other overlapping portion 674. Therefore, the anti-ESD com-
mon electrode section 670 can be easily repaired. At this time,
no repair is required for the gate bus line 610.

[0127] As thus described, a repair can be facilitated by
employing a configuration in which openings 672 are formed
not only in a common wiring section as described in each of
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the above embodiments but also in regions of an anti-ESD
common electrode section 670 that overlap gate bus lines 610,
the electrode section 670 combining anti-ESD bus lines 660
connected to anti-ESD sections (anti-ESD circuits or anti-
ESD elements) 620 for preventing ESD on the gate bus lines
610.

[0128] While the present embodiment employs a configu-
ration in which the anti-ESD sections 620 are formed on the
gate bus lines 610, a configuration may be employed in which
the anti-ESD sections 620 are disposed on drain bus lines (not
shown). It is obviously possible to employ a configuration in
which the anti-ESD sections 620 are disposed on each of the
gate bus lines 610 and drain bus lines. Openings may be
provided on the anti-ESD common electrode section 670
when the anti-ESD common electrode section 670 is config-
ured as a common line for the drain bus lines.

[0129] While the above-described structure of an anti-ESD
circuit is used in a liquid crystal display having channel-
etching type TFTs formed in pixel regions thereof, this is not
limiting the invention, and anti-ESD circuits according to the
present embodiment may be used in a liquid crystal display
having etching-stopper type TFTs. In addition, first and sec-
ond resistors may be formed instead of the first TFT 622 and
the third TFT 626.

[0130] The anti-ESD sections 620 are not limited to the
anti-ESD circuits disclosed in the present embodiment, and
they may be constituted by anti-ESD elements. In this case, a
common wiring section is provided, in which bus lines are
electrically connected to each other through high resistance
elements to disperse a current flowing through one bus line.
Since the common wiring overlaps the gate or drain bus lines,
an electrode can be repaired by cutting a part of either of
overlapping portions thereof in the same way as in the first
and second embodiments.

[0131] A set of anti-ESD sections 620 may be formed on
each bus line, and elements formed at the anti-ESD sections
620 may be used on a shared basis as much as possible to
reduce the total number of the elements. Such an arrangement
makes it possible to reduce the failure rate of the constituent
elements, the area occupied by the elements and the number
of the constituent elements.

Eighth Embodiment

[0132] An eighth embodiment of the invention will now be
described with reference to FIG. 9. FIG. 9 shows an example
of a configuration of a part of a surface of a substrate for a
display according to the present embodiment of the invention.
In the following, features which have substantially identical
counterparts in the first embodiment will not be described,
and the description will address areas in which changes are
made only.

[0133] The above-described first through sixth embodi-
ments are configured to facilitate a repair on inter-layer short-
ing between a gate bus line 10 and a storage capacitor com-
mon electrode section 70. The present embodiment provides
a configuration to be used for an electrode section of an IPS
(In-Plane Switching) type (horizontal electric field type) liq-
uid crystal display, in which opposite electrodes for forming
horizontal electric fields (that are different from opposite
electrodes for forming vertical electric fields on an opposite
substrate of a TN or VA type display) formed on an array
substrate 700 (other than pixel electrodes, and source elec-
trodes, gate electrodes and drain electrodes of TFTs, and
storage capacitor electrodes) are combined.
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[0134] The horizontal electronic field type liquid crystal
display comprises an array substrate 700 (a substrate for a
display) formed with TFTs, pixel electrodes and opposite
electrodes for forming horizontal electric fields and the like
for each pixel region, an opposite substrate (not shown) pro-
vided opposite to the array substrate 700 and a liquid crystal
layer (not shown) sealed between the array substrate 700 and
the opposite substrate. A display area is formed by the pixel
electrodes 730 and opposite electrodes 750 for forming hori-
zontal electric fields which are arranged in a comb-type con-
figuration opposite to each other.

[0135] FIG. 9 shows a surface of an array substrate of a
horizontal electric field type liquid crystal display as viewed
from the side of the liquid crystal layer thereof. In FIG. 9, the
region of external connection terminals of gate bus lines is
partially omitted to show a neighborhood of a display area
only.

[0136] Specifically, an array substrate 700 is used in a hori-
zontal electric field type liquid crystal display and, as shown
in FIG. 9, ithas a plurality of gate bus lines 710 (first bus lines)
and a plurality of drain bus lines 720 (second bus lines) which
are orthogonal to each other and a source electrode of a TFT
740 and a pixel electrode 730 provided at each of intersec-
tions between the plurality of gate bus lines 710 and the
plurality of drain bus lines 720.

[0137] Further, the array substrate 700 comprises an oppo-
site electrode 750 for forming horizontal electric fields which
is provided in association with each of the pixel electrodes
730 for forming a horizontal electric field between the pixel
electrode 730 and itself, a plurality of opposite electrode bus
lines (third bus lines) 760 connected to respective opposite
electrode 750 for forming horizontal electric fields and
formed between respective gate bus lines 710, and a common
electrode section 770 for opposite electrodes serving as a
combining section at which the plurality of opposite electrode
bus lines 760 are combined.

[0138] The gate bus lines 710 correspond to the “first wir-
ing section” according to the invention, and the common
electrode section 770 for opposite electrodes corresponds to
the “second wiring section” according to the invention. How-
ever, this is not limiting the invention, and the “first wiring
section” according to the invention may include the gate bus
lines 710 and the drain bus lines 720, and the “second wiring
section” according to the invention may include the storage
capacitor bus lines, the storage capacitor common electrode
section, the anti-ESD bus lines and the anti-ESD common
wiring section in the above-described embodiments.

[0139] As shown in FIG. 9, the drain bus lines 720 are
formed such that they extend in the vertical direction in the
figure, and gradation signals are supplied to them. The gate
bus lines 710 are formed such that they extend in the horizon-
tal direction in the figure orthogonally to the drain bus lines
720, and scan signals are supplied to them. Pixel regions are
defined by the drain bus lines 720 and the gate bus lines 710.
[0140] An external connection terminal (not shown) is pro-
vided at one end of each drain bus line 720 for electrical
connection with an external element. Similarly, an external
connection terminal is provided at one end of each gate bus
line 710 for electrical connection with an external element.
[0141] The TFTs 740 are formed, for example, in a chan-
nel-etched type configuration in the vicinity of intersections
between the drain bus lines 720 and the gate bus lines 710. A
drain electrode of a TFT 740 is extended from the drain bus
line 720 associated therewith and formed such that the end of
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the same is located at one edge of an active semiconductor
layer (not shown) above the gate bus line 710 associated
therewith. A source electrode of the TFT 740 is formed at
another edge of the active semiconductor layer such that it
faces the drain electrode. In such a configuration, a region of
the gate bus line 710 located directly under the active semi-
conductor layer serves as a gate electrode of the TFT 740.
[0142] Althoughnotshown, a gate insulation film is formed
on a gate bus line 710, and an active semiconductor layer
constituting a channel is formed on the gate insulation film.
The active semiconductor layer is formed above the gate bus
line 710 so as to extend along the gate bus line 710 and is
electrically isolated from the active semiconductor layer of
the TFT in another pixel region adjacent to the same. The TFT
structure shown in FIG. 9 has a configuration in which a
straightly formed part of a gate bus line 710 is used as a gate
electrode instead of forming the gate electrode as an exten-
sion of the gate bus line 710.

[0143] A pixel electrode 730 is formed with a first convexo-
concave section which is directly extended from the source
electrode of the associated TFT 740 into the pixel region and
which is substantially in the form of comb-teeth extending
downward in the figure.

[0144] A horizontal electric field forming opposite elec-
trode 750 is formed with a second convexo-concave section
which is formed in the associated pixel region on the array
substrate 700 and which is substantially in the form of comb-
teeth extending upward and downward in the figure so as to
match the first convexo-concave section of the pixel electrode
730.

[0145] Since electric fields are applied to a liquid crystal
layer in the horizontal direction according to the IPS method,
the horizontal field forming opposite electrodes 750 are pro-
vided on the array substrate 700 along with the pixel elec-
trodes 730, and the gate electrodes, the drain electrodes and
the source electrodes of the TFTs 740. Horizontal electric
fields are formed by the pixel electrodes 730 and the horizon-
tal electric field forming opposite electrodes 750.

[0146] The horizontal electric field forming opposite elec-
trodes 750 are opposite electrodes according to the IPS
method and are different from the opposite electrodes (verti-
cal field forming opposite electrodes) on the opposite sub-
strate according to the vertical electric field method (TN
method or VA method) in the first through seventh embodi-
ments.

[0147] In the pixel configuration that is commonly used in
the IPS method shown in FIG. 9, the horizontal field forming
opposite electrodes 750 are formed in parallel with the pixel
electrodes 730 at an appropriate interval from the same.
[0148] The opposite electrode bus lines 760 are connected
to the respective horizontal electric field forming opposite
electrodes 750 and are provided in parallel with the gate bus
lines 710. The opposite electrode bus lines 760 extend to an
external electrode section constituting the common electrode
section 770 which is the opposite electrodes combined out-
side the display area and to which a predetermined potential
is applied. Therefore, the common electrode section 770 for
the opposite electrodes thus combined intersects extensions
of the gate bus lines 710.

[0149] The common electrode section 770 for the opposite
electrodes is formed above the gate bus lines 710 with an
insulation film (not shown) interposed between them and is
formed with openings 772 in regions thereof overlapping the
gate bus lines 710. The openings 772 extend along bent parts



US 2013/0294003 Al

711 of the gate bus lines 710. Therefore, overlapping portions
774 overlapping the gate bus lines 710 are formed.

[0150] On the array substrate 700 having the above-de-
scribed configuration, when static electricity E1 flows in from
the side of a gate TAB terminal for a gate bus lines 710,
inter-layer shorting occurs between the common electrode
section 770 for the opposite electrodes and the gate bus line
710 in a shorting part S. The reason is that one of the two
overlapping portions 774 overlaps the gate bus line 710.

[0151] The inter-layer shorting can be repaired by cutting
the common electrode section 770 for the opposite electrodes
in cutting positions C1 and C2 on both sides of the shorting
part S using laser beams. Even though one of the overlapping
portions 774 is thus cut off, a path of conduction can be
maintained by the other overlapping portion 774. Therefore,
the common electrode section 770 for the opposite electrodes
can be easily repaired. At this time, no repair utilizing laser
beam cutting is required for the gate bus line 710.

[0152] As thus described, the configuration of the openings
can be used not only in a common electrode as described in
each ofthe above embodiments but also on an array substrate
according to the IPS mode. The configuration may be used
also in a common wiring section for opposite electrodes at
which bus lines connected to opposite electrodes for forming
horizontal electric fields are combined. A repair can therefore
be easily carried out on a substrate for an IPS display with the
same effects as those in the first embodiment provided.

Modifications

[0153] While substrates for a display and liquid crystal
displays utilizing the same according to the invention have
been described with reference to several specific embodi-
ments thereof, each of the embodiments may be modified in
various ways.

[0154] For example, the above description of embodiments
have addressed relationships between a gate bus line and a
storage capacitor common electrode section, between a gate
bus line and a common electrode section for opposite elec-
trodes and between a gate bus line and a common electrode
section for protection against ESD. The same techniques may
obviously be used between a drain bus line and a storage
capacitor common electrode section, between a drain bus line
and a common electrode section for opposite electrodes and
between a drain bus line and a common electrode section for
protection against ESD.

[0155] Further, although the second embodiment employs
a configuration in which two openings are provided for each
gate bus line, three or more openings may be provided. In this
case, static electricity from a gate bus line may enter from the
side of external connection terminals to sequentially cause
inter-layer shorting at a first overlapping portion between a
first opening and an edge and at a second overlapping portion
between a second opening and the first opening. In such a
case, conduction can be maintained by a third overlapping
portion between the second and third openings and a fourth
overlapping portion between the third opening and another
edge even if the first and second overlapping portions are cut
using laser beams, and it is therefore possible to repair the
liquid crystal display panel as a whole more easily.

[0156] Further, while the first through sixth embodiments
employ configurations in which storage capacitor common
electrode sections are disposed on two ends of an array sub-
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strate, a configuration may be employed, in which the storage
capacitor common electrode section is disposed on one end
only.

[0157] Obviously, the ESD feature in the seventh embodi-
ment and the common electrode section for combining lines
having an IPS-based configuration in the eighth embodiment
may be adopted in the configuration of the common electrode
section described in any of the first through sixth embodi-
ments (e.g., the shape of the openings and the bypass wir-
ings).

[0158] An array substrate may have a configuration in
which an anti-ESD common electrode section having open-
ings according to the seventh embodiment is provided in
addition to a storage capacitor common electrode section
according to any of the first through sixth embodiment. Fur-
ther, an array substrate may have a configuration in which an
anti-ESD common electrode section having openings accord-
ing to the seventh embodiment is added to a storage capacitor
common electrode section formed with no opening. An array
substrate may have a configuration in which a common elec-
trode section for opposite electrodes having openings accord-
ing to the eighth embodiment is provided in addition to a
storage capacitor common electrode section according to any
of the first through sixth embodiments. An array substrate
may have a configuration in which a common electrode sec-
tion for opposite electrodes having openings according to the
eighth embodiment is added to a storage capacitor common
electrode section formed with no opening.

[0159] Furthermore, an array substrate may have a configu-
ration in which both of an anti-ESD common electrode sec-
tion having openings according to the seventh embodiment
and a common electrode section for opposite electrodes hav-
ing openings according to the eighth embodiment are pro-
vided in addition to a storage capacitor common electrode
section according to any of the first through sixth embodi-
ments. In this case, the configuration of the common elec-
trode section in any of the first through sixth embodiments
may be adopted for the anti-ESD common electrode section
and the common electrode section for opposite electrodes. A
configuration may alternatively be employed in which no
opening is provided on any of the storage capacitor common
electrode section, the anti-ESD common electrode section
and the common electrode section for opposite electrodes.
[0160] Furthermore, a configuration maybe employed, in
which one common wiring section extending across gate bus
lines has the configuration in any of the first through sixth
embodiment and in which another common wiring section
extending across drain bus lines has the configuration in any
of' the first through sixth embodiments. Such a configuration
may include the feature for protection against ESD in the
seventh embodiment and the common electrode for combin-
ing lines having an IPS-based configuration in the eighth
embodiment. In addition, openings or bypass wirings having
an ESD configuration or an IPS-based configuration may be
formed.

[0161] Although TAB terminals are provided as external
connection terminals in the above-described embodiments,
COG (Chip On Glass) type configuration may alternatively
be employed. Inthis case, an IC chip connected to the external
connection terminals is preferably formed in advance at the
same process at which the array substrate is manufactured.
[0162] Further, it is preferable that a plurality of TCPs
(Tape Carrier Packages) carrying driver ICs for driving gate
bus lines are mounted on the left side of an exposed picture-
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frame area of an array substrate. It is also preferable that a
plurality of TCPs carrying driver ICs for driving drain bus
lines are mounted on the upper exposed area of the array
substrate 1 in the figure. The plurality of TCPs are connected
to a peripheral circuit substrate (not shown).

[0163] At the four corners of an array substrate, there is
preferably provided transfer formation regions which are
electrically connected to opposite electrodes for forming ver-
tical electric fields formed on an opposite substrate through a
transfer portion when the array substrate is combined with the
opposite substrate. In this case, each of the transfer formation
regions is preferably formed with a connection pad consti-
tuted by a lower electrode formed of, for example, the same
material as that of storage capacitor bus lines and an upper
electrode formed of the same material as that of pixel elec-
trodes. It is desirable that the connection pads are electrically
connected to the storage capacitor common wiring section
and that the transfer formation regions are provided in the
vicinity of at least a pair of diagonal corners of the array
substrate or in the vicinity of at least both ends of one side of
the array substrate in the direction in which the gate bus lines
extend. Alternatively, a greater number of transfer formation
regions maybe substantially uniformly provided, for
example, around the display area.

[0164] Inaddition, the invention is not limited to the above-
described embodiments and may be modified in various
ways. For example, active matrix type liquid crystal displays
utilizing TFTs as switching elements have been described by
way of example in the above embodiments. However, the
invention is not limited to them and maybe applied to sub-
strates for various types of displays including active matrix
type liquid crystal displays utilizing non-linear elements such
as diode elements (MIM), passive type liquid crystal displays,
EL (Flectro-Luminescence) displays, PDPs (Plasma Dis-
plays) and the like.

[0165] Substrates for a display as described above maybe
used in various types of liquid crystal displays. In this case,
the liquid crystal displays comprise driver circuits, the driver
circuits driving the liquid crystal displays and including a
power supply circuit, a display information processing circuit
and an inspection circuit used for inspections after manufac-
ture, in addition to a gate line driving circuit and a drain line
driving circuit. The display information processing circuit
processes and outputs display information, and it may
include, for example, an amplification/ polarity inversion cir-
cuit, a phase developing circuit, a rotation circuit, a gamma
control circuit and a clamp circuit.

[0166] Further, the above-described embodiments include
various stages of implementation, and various modifications
can be made by appropriately combining a plurality of the
constituent features disclosed. That is, the invention obvi-
ously includes any embodiment that is a combination of the
above-described embodiments or a combination of any of the
embodiments and any of the modifications thereof. Itis obvi-
ous that such an embodiment can also provide the same
effects as those which are readily understood from the fea-
tures disclosed in the embodiments and the modifications,
although not described in the embodiments. A configuration
may be employed in which some of the constituent features of
the embodiments are deleted.

[0167] The above description has only disclosed some
exemplary embodiments of the invention which may be
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appropriately altered or modified within a predetermined
range. The embodiments merely shows examples and do not
place any limitation on the invention.

What is claimed is:

1. A substrate for a display comprising:

afirst wiring section formed so as to outwardly extend from
the inside of a display area on a substrate;

a second wiring section formed so as to intersect the first
wiring section outside the display area with an insulation
film interposed between them;

an opening formed in the second wiring section at least in
a region thereof overlapping the first wiring section
intersecting the second wiring section; and

overlapping portions formed at two ends of the opening
where the first and second wiring sections overlap each
other with the insulation film interposed between them.

2. A substrate for a display according to claim 1, wherein
the opening is formed in the direction in which the first wiring
section extends.

3. A substrate for a display according to claim 1, wherein
the opening is formed in the direction in which the second
wiring section extends.

4. A substrate for a display according to claim 2, wherein a
plurality of the openings is formed.

5. A substrate for a display according to claim 3, wherein a
plurality of the openings is formed.

6. A substrate for a display according to claim 1, further
comprising a third wiring section formed across the opening
and stacked on the second wiring section with a second insu-
lation film interposed therebetween.

7. A substrate for a display according to claim 6, wherein
the third wiring section has a connection part electrically
connected to the second wiring section.

8. A substrate for a display according to claim 6, wherein a
plurality of the third wiring sections are formed.

9. A substrate for a display according to claim 1, wherein
the second wiring section comprises a storage capacitor com-
mon electrode section commonly connected to each of a
plurality of storage capacitor elements formed in the display
area.

10. A substrate for a display according to claim 1, further
comprising a plurality of anti-ESD sections disposed on the
substrate and connected to respective bus lines constituting
the first wiring section, wherein the second wiring section
comprises one anti-ESD common wiring section which is
commonly connected to each of the plurality of anti-ESD
sections.

11. A substrate for a display according to claim 1, further
comprising a horizontal electric field forming opposite elec-
trode disposed for forming a horizontal electric field between
a pixel electrode in the display area and itself and formed in
association with the pixel electrode, wherein the second wir-
ing section comprises one common electrode section for
opposite electrodes which is commonly connected to each of
a plurality of the horizontal electric field forming opposite
electrodes.

12. A display comprising a substrate having a plurality of
bus lines, wherein a substrate for a display according to claim
1 is used as the substrate.
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