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7) ABSTRACT

The present invention is a substrate for a display device com-
prising an active matrix substrate and an opposed substrate
which are opposed to each other with a display medium layer
interposed therebetween, said active matrix substrate includ-
ing a pixel electrode arranged in a matrix shape on the side of
the display medium layer and said opposed substrate includ-
ing a common electrode opposing to the pixel electrode on the
side of the display medium layer, wherein said substrate fora
display device includes an electrode slit formed in one of the
pixel electrode and the common electrode; and at least one of
the electrical connecting portions of said electrode slit is
provided outside of a light-blocking region.
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SUBSTRATE FOR A DISPLAY DEVICE, A
METHOD FOR REPAIRING THE SAME, A
METHOD FOR REPAIRING A DISPLAY
DEVICE AND A LIQUID-CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a substrate for a
display device, a method for repairing the same, a method for
repairing a display device and a liquid crystal display device
and, more particularly to a substrate for a display device
which is suitably used in direct-vision type liquid crystal
display devices such as a liquid crystal color television and
projection-type liquid crystal display devices such as a liquid
crystal projector, a method for repairing the same, a method
for repairing a display device and a liquid crystal display
device.

[0003] 2. Description of the Related Art

[0004] As examples of liquid crystal display devices, there
are color liquid crystal display devices including an active
matrix (hereinafter, referred to as “AM”) substrate having a
plurality of switching devices such as thin-film transistors
(hereinafter, referred to as “TFTs”) formed thereon, a CF
substrate having a color filter (hereinafter, referred to as
“CF”) layer of a plurality of colors and a common electrode
which are laminated in order thereon, and a liquid crystal
layer interposed between both the substrates. The AM sub-
strate includes a plurality of pixel electrodes arranged in a
matrix shape, the CF substrate includes a common electrode
opposing to the pixel electrode and an alignment of the liquid
crystal is controlled with the field intensity between both the
electrodes.

[0005] In the event that a conductive foreign substance is
intruded between the pixel electrodes formed on the AM
substrate and the common electrode formed on the CF sub-
strate in a conventional liquid crystal display device thus
resulting in an electrical short-circuiting (hereinafter, referred
to as “vertical leakage™), the electric potential difference
between the pixel electrodes and the common electrode is
nulled, thereby causing a liquid crystal molecule at the por-
tion to be unoriented. This will cause pixel defects such as
bright spots in normally-white type apparatuses (which dis-
play a white color when a voltage is not applied) and black
spots in normally-black type apparatuses (which display a
black color when a voltage is not applied). Such the vertical
leakage is caused by a conductive foreign substance adhered
during TFT processes, CF processes, liquid crystal processes
and, in order to find the vertical leakage, it is necessary to
conduct lighting inspections at the state where the TFT and
CF panels are attached to each other. Furthermore, the prob-
abilities of occurrences of the vertical leakage have been
increased with increasing sizes of pixels in association with
the increasing sizes of display devices which have been
required in recent years and with decreasing cell gaps for
realizing high-speed responses. With increasing probabilities
of occurrences of the vertical leakage, the yields of panels
have been reduced.

[0006] The pixel configuration of a conventional liquid
crystal display device will be described by exemplifying the
pixel configuration of an MVA (Multi-domain Vertical Align-
ment) type liquid-crystal displaying mode, on the basis of
drawings.
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[0007] MVA type display device employs a band-shaped
component (an alignment control protrusion) provided on the
CF substrate and a cut-out (a slit) in the pixel electrode pro-
vided on the AM substrate which are alternately arranged on
these substrate surfaces and generate liquid crystal align-
ments having directions of director which are different from
one another by 180 degrees by using the aforementioned
component and the slit as boundaries for dividing the align-
ment of vertical-alignment type liquid crystals, wherein a
plurality of domains having director directions which are
different from one another by 180 degrees are provided
within a single display pixel region to provide uniform visual
angle characteristics (refer to, for example, JP-P No.
11-242225). As described above, the pixel electrode of an
MVA type display device is provided with a plurality of slits
for restricting the alignment of a liquid crystal molecule, and,
for example, as illustrated in FIG. 1-2, an electrode connect-
ing portion between electrode slits (a pixel-electrode con-
necting portion) 12 is provided in order to provide a continu-
ous electrode pattern within the pixel. In general, the pixel-
electrode connecting portion 12 is provided around a pixel
electrode 9 and an alignment defect (a disclination) and a light
leakage near a data-signal wiring (signal line) 4 is collectively
shielded by a light-blocking film called a black matrix pro-
vided on the CF substrate for alleviating reduction in the
aperture ratio. However, a configuration of conventional
MVA type pixel electrode has not enabled repairing a pixel
suffering from the vertical leakage thus resulting in a defect
on a pixel-by-pixel basis and therefore have been susceptible
to improvements.

[0008] There is another aspect of an MVA type display
device in which a protrusion for controlling alignment is
provided on the AM substrate while a slit is provided in the
electrode on the CF substrate. In this case, as illustrated in
FIG. 4-2, for example, the opposed electrode (common elec-
trode) on the CF substrate is provided with a slit and the
opposed electrode is continuous with the adjacent pixel.
Therefore, in order to cut away a portion suffering from the
vertical leakage, it is necessary to cut away the surrounding
area of the pixel electrode having the portion. Therefore, there
has been room for minimizing the to-be-cut portion and mak-
ing the portion suffering from the vertical leakage to be a
minute defect which is difficult to recognize as a defect.

[0009] There have been disclosed liquid crystal display
devices capable of coping with occurrence of the vertical
leakage by having a slit portion formed in the pixel electrode,
in relation to a conventional technique for repairing a pixel
defect (refer to, for example, JP-P No. 2000-221527, JP-P
No. 2004-93654, and JP-P No. 2001-83522). However, the
liquid crystal display devices in JP-P No. 2000-221527 and
JP-P No. 2004-93654 utilize a slit provided at a portion out-
side ofalight-blocking film where there has originally existed
no slit and the pixel electrode is cut off resulting in expansion
of the slit region. Therefore, these liquid crystal display
devices have been susceptible to improvement for maintain-
ing the display quality without inducing an alignment defect.
Furthermore, there is a possibility of cutting off a data-signal
wiring during cutting away a defective portion which may
induce a line defect and, therefore, these apparatuses have
been susceptible to improvements.

[0010] Further, with the liquid crystal display devices in
JP-PNo. 2000-221527 and JP-P No. 2001-83522, in the event
of occurrence of a defect near the storage capacitor, if the
pixel electrode on the portion is cut away, then the pixel
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electrode constituting the storage capacitor is cut away.
Therefore, the apparatuses have been susceptible to improve-
ment for causing the storage capacitor to work sufficiently to
maintain the display quality even after repairs.

[0011] Further, the liquid crystal display devices in JP-P
No. 2000-221527, JP-P No. 2004-93654 and JP-P No. 2001-
83522 employ a configuration for supplying a drain electric
potential to the pixel electrode through a contact hole near a
transistor, and therefore they have been susceptible to
improvement for enabling partially repairing the pixel elec-
trode in the event of the vertical leakage between the transis-
tor and the storage capacitor wiring. Further, they have been
susceptible to improvement for sufficiently coping with, in
addition to the vertical leakage, defect modes such as an
electrical short-circuiting between the drain extracting elec-
trode and the storage capacitor wiring (Cs) (hereinafter,
referred to as “D-Cs leakage”™) and the electrical short-circuit-
ing between the data-signal wiring and a capacitance elec-
trode formed on the storage capacitor wiring.

SUMMARY OF THE INVENTION

[0012] The present invention was made in view of the
aforementioned circumstances and aims at providing sub-
strate for a display device, a method for repairing the same, a
method for repairing a display device including the substrate
for a display device and a liquid-crystal display device which
enable making a portion suffering from a vertical leakage
caused by adhesion of a conductive foreign substance to be a
minute defect which is difficult to recognize as a defect,
maintaining high display quality, increasing the yield and
coping with defect modes such as a D-Cs leakage and a
electrical short-circuiting between a signal line and the
capacitance electrode formed on the storage capacitor wiring.
[0013] The present inventors have conducted various stud-
ies about a substrate for a display device which enable repair-
ing a pixel defect caused by the vertical leakage and have
noted that the pixel defect can be repaired even in the event of
the vertical leakage, by providing an electrode slit in the
electrode and utilizing a electrical connecting portion of the
electrode slit for repairs. Namely, they have noted that, in the
case of an active matrix substrate, for example, by configur-
ing the pixel electrode to have an electrical connecting por-
tion of a pixel-electrode slit (connecting portion between
electrode slits) such that the pixel electrode can be divided
into an electrode smaller than a single pixel, the pixel elec-
trode suffering from the vertical leakage can be cut away at
the aforementioned connecting portion to achieve repairs of
the vertical leakage. Since such the vertical leakage is caused
by various processes suchas a TFT process, a CF process and
a liquid crystal process, it is necessary to conduct an lighting
inspection at the state where the TFT substrate and the CF
substrate are attached to each other in orderto find the vertical
leakage, and also it is necessary to cut off the connecting
portion between electrode slits (connecting portion of a pixel-
electrode) from the back surface of the substrate. Such repairs
are performed using laser irradiation. However, if an attempt
is made to cut away a pixel electrode 9 having a portion
suffering from a vertical leakage at the connecting portion
between electrode slits 12 in a conventional liquid crystal
display device for repairing the portion as illustrated in FIG.
1-2, these connecting portion 12 must be cut off by laser
irradiation (hereinafter, referred to as “laser cutting”) from
the back surface of the AM substrate, and therefore a metal
wiring may be cut offtogether with the connecting portion 12.
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In view of these circumstances, the present inventors have
found that the connecting portion between electrode slits 12
can be placed outside a light-blocking region where the metal
wiring and so on are placed so that, even when the defective
portion is cut away from pixel electrode 9 by laser irradiation
from the back surface of the AM substrate, a signal line and a
scanning line will not be cut off, thereby enabling cutting
away the defective portion and making it a minute defect
without affecting the adjacent pixel. Although the relocation
of the connecting portion between electrode slits to outside
the light-blocking region causes concern about an alignment
defect of a liquid crystal molecule around the connecting
portion, the display quality ofall the pixels is not significantly
influenced therefrom. Further, when the connecting portion
between electrode slits 12 is cutoff, the shape of the electrode
slit become close to the desirable shape of an original pixel-
electrode slit of MVA type apparatus, etc., and, therefore, the
display quality of a normally-operating pixel electrode will
not be hardly influenced after repairs. Thus, the inventors
have sufficiently overcome the aforementioned problems.

[0014] Further, the present inventors have found that, by
forming the light-blocking region from a light-blocking com-
ponent which is not continuous with alight-blocking compo-
nent of the adjacent pixel or by marking the position at which
the connecting portion between electrode slits is placed with
the shape of the light-blocking component, a position of the
connecting portion can be made visually recognizable even
when the connecting portion is placed within the light-block-
ing region, thereby enabling performing repairs and obtaining
similar effects, and thus they have reached the present inven-
tion.

[0015] Further, the substrate for a display device according
to the present invention can also sufficiently cope with a D-Cs
leakage and failure modes such as an electric short-circuiting
between the signal line and the capacitance electrode formed
on the storage capacitor wiring, as well as the vertical leak-
age.

[0016] Namely, the present invention is a substrate for a
display device comprising an active matrix substrate and an
opposed substrate which are opposed to each other with a
display medium layer interposed therebetween, said active
matrix substrate including a pixel electrode arranged in a
matrix shape on the side of the display medium layer and said
opposed substrate including a common electrode opposing to
the pixel electrode on the side of the display medium layer,
wherein said substrate for a display device includes an elec-
trode slit formed in one of the pixel electrode and the common
electrode; and at least one of the electrical connecting por-
tions of said electrode slit is provided outside of a light-
blocking region.

[0017] Further, the present invention is a substrate for a
display device comprising an active matrix substrate and an
opposed substrate which is opposed to each other with a
display medium layer interposed therebetween, said active
matrix substrate including a pixel electrode arranged in a
matrix shape on the side of the display medium layer and said
opposed substrate including a common electrode opposing to
the pixel electrode on the side of the display medium layer,
wherein said substrate for a display device includes an elec-
trode slit formed in one of the pixel electrode and the common
electrode; and at least one of electrical connecting portions of
said electrode slit is provided within a light-blocking region
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formed from a light-blocking component which is not con-
tinuous with a light-blocking component of the adjacent
pixel.

[0018] Further, the present invention is a substrate for a
display device comprising an active matrix substrate and an
opposed substrate which is opposed to each other with a
display medium layer interposed therebetween, said active
matrix substrate including a pixel electrode arranged in a
matrix shape on the side of the display medium layer and said
opposed substrate including a common electrode opposing to
the pixel electrode on the side of the display medium layer,
wherein said substrate for a display device includes an elec-
trode slit formed in one of the pixel electrode and the common
electrode; and at least one of the electrical connecting por-
tions of said electrode slit is provided within a light-blocking
region and the position at which the at least one electrical
connecting portion is placed is marked by a shape of light-
blocking component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1-1 is a cross-sectional view schematically
illustrating a shape of a pixel electrode on the substrate for a
display device according to the present invention.

[0020] FIG. 1-2 is a cross-sectional view schematically
illustrating a shape of a pixel electrode on the substrate for a
display device according to the present invention for use in a
conventional MVA type liquid display device.

[0021] FIG. 2 is a cross sectional view schematically illus-
trating a configuration of a liquid crystal display device 100
according to a first embodiment of the present invention.

[0022] FIG. 3 is a plan view schematically illustrating a
shape of a pixel electrode on an active matrix substrate
included in the liquid crystal display device 100 according to
the first embodiment of the present invention.

[0023] FIG. 4-1 is a plan view schematically illustrating a
shape of a opposed electrode on a CF substrate included in a
liquid crystal display device according to a second embodi-
ment of the present invention.

[0024] FIG. 4-2 is a plan view schematically illustrating a
shape of an opposed electrode on a CF substrate includedin a
conventional liquid crystal display device.

[0025] FIG. 5 is a plan view schematically illustrating a
shape of a pixel electrode on a substrate for a display device
according to a third embodiment of the present invention.

[0026] FIG. 6 is a plan view schematically illustrating a
shape of a pixel electrode on a substrate for a display device
according to a fourth embodiment of the present invention.

[0027] FIGS.7A, 7B are plan views schematically illustrat-
ing a shape of a pixel electrode on a substrate for a display
device according to a fifth embodiment of the present inven-
tion.

[0028] FIGS.8A, 8B are plan views schematically illustrat-
ing a shape of a pixel electrode on a substrate for a display
device according to a sixth embodiment of the present inven-
tion, and FIG. 8C is a cross sectional view schematically
illustrating the cross section of the substrate for a display
device taken along the line A-A.

[0029] FIG. 9 is a plan view schematically illustrating a
shape of a pixel electrode on a substrate for a display device
according to a seventh embodiment of the present invention.
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[0030] FIG. 10 is a plan view schematically illustrating a
shape of a pixel electrode on a substrate for a display device
according to a eighth embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0031] A substrate for a display device according to the
present invention is a substrate for use in a display device
comprising an active matrix substrate and an opposed sub-
strate which are opposed to each other with a display medium
layer interposed therebetween, wherein said active matrix
substrate includes a pixel electrode arranged in a matrix shape
on the side of the display medium layer and said opposed
substrate includes a common electrode opposing to the pixel
electrode on the side of the display medium layer. The display
device to which this substrate fora display device is applied is
preferably a liquid crystal display device employing a dis-
playing system which divides an alignment of a liquid crystal
molecule with an electrode slit formed in one of the pixel
electrode and the common electrode and is preferably an
MVA type liquid crystal display device, for example. Further,
the driving system for the substrate for a display device may
be a dot-inversion type system or a line-inversion type sys-
tem, etc. Further, the display device may be a reflection-type
or reflection/transparent type display device, as well as a
transparent-type display device. Also, the substrate for a dis-
play device according to the present invention is applicable to
a display device including a pixel electrode such as an elec-
trophoretic display device, as well as a liquid crystal display
device. The substrate for a display device according to the
present invention is used as an active matrix substrate or an
opposed substrate included in a display device as aforemen-
tioned. The active-matrix substrate may be a TFT (thin-film
transistor) array substrate, etc., and the opposed substrate
may be, for example, a color filter substrate, etc.

[0032] The aforementioned substrate for a display device
includes an electrode slit formed in one of the pixel electrode
and the common electrode and, preferably, the electrical con-
necting portion of the electrode slit (connecting portion
between electrode slits) is formed to be such dimensions that
the electrode divided by the electrode slit can be separated by
laser cutting. The electrode slit is formed in the pixel elec-
trode in the case where the substrate for a display device
according to the present invention is an active matrix sub-
strate while the electrode slit is formed in the common elec-
trode (opposed electrode) in the case where the substrate for
a display device according to the present invention is an
opposed substrate.

[0033] There are three aspects of the electrical connecting
portion of the aforementioned electrode slit: (1) an aspect
where the electrical connecting portion is provided outside of
a light-blocking region, (2) an aspect where the electrical
connecting portion is provided within a light-blocking region
formed from a light-blocking component which is not con-
tinuous with a light-blocking component of the adjacent pixel
and (3) an aspect where the electrical connecting portion is
provided within a light-blocking region and the position at
which it is placed is marked with the shape of the light-
blocking component. The substrate for a display device
according to the present invention may include, within the
substrate, the electrical connecting portion of the electrode
slit according to any one of the aforementioned aspects (1) to
(3) and may include, within the substrate, the electrical con-
necting portion of the electrode slit according to two or more
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aspects. Therefore, there may exist, within a single pixel, a
light-blocking component which is not continuous with the
adjacent pixel according to the aforementioned aspect (2) and
mark provided at the position at which the electrical connect-
ing portion of the electrode slit is placed according to the
aforementioned aspect (3). Further, in the present invention,
the electrical connecting portion of the electrode slit may
exist both inside and outside of the light-blocking region.
[0034] Further, the light-blocking region is not particularly
limited and may be any region which shields transmitted
light. For example, preferably, the light-blocking region is
formed from at least one of the following light-blocking
components; (a) a metal wiring formed on the active-matrix
substrate, (b) a black matrix formed on one of the active
matrix substrate and the opposed substrate and (c) a color
filter of a plurality of colors laminated on one of the active
matrix substrate and the opposed substrate. The light-block-
ing region may be formed on the substrate for a display device
according to the present invention. Also, the light-blocking
region may be formed on the opposed substrate in the case
where the substrate for a display device according to the
present invention is the active-matrix substrate while it may
be formed on the active-matrix substrate in the case where the
substrate for a display device according to the present inven-
tion is the opposed substrate.

[0035] With the aforementioned aspect (1), the connecting
portion between electrode slits is provided outside of the
light-blocking region. Consequently, a signal line and a scan-
ning line will not be cut off, even if a defective portion is cut
away. This enables cutting off a defective portion and making
it a minute defect without affecting the adjacent pixel and also
significantly reduces the influences on the display quality of
normally-operating a pixel electrode after repairs. Preferably,
as illustrated in FIG. 1-1, in the case where the aforemen-
tioned substrate for a display device is an active-matrix sub-
strate, the connecting portion between electrode slits is pro-
vided within region where there exists no metal wiring
formed on the substrate.

[0036] With the aforementioned aspect (2), the connecting
portion between electrode slits is placed under a light-block-
ing component which is not continuous with the light-block-
ing component of the adjacent pixel. More specifically, as
illustrated in FIG. 6, for example, the connecting portion
between electrode slits provided at a region where there is no
metal wiring is placed under a light-blocking component such
as a black matrix. With this aspect, it is possible to prevent a
light leakage, etc. Further, the light-blocking component
(light-blocking part) may be a metal wiring, a black matrix, a
overlapping of a plurality of colors in a color filter, etc. Fur-
ther, with the aforementioned aspect (2), the light-blocking
region in which the connecting portion between electrode
slits is provided may be formed from a light-blocking part
which is not continuous with the adjacent pixel. In general,
there exist, on the substrate, both a light-blocking part which
is not continuous with the adjacent pixel and a light-blocking
part continuous with the adjacent pixel. In such a case, the
light-blocking part which is not continuous with the adjacent
pixel and a light-blocking part continuous with the adjacent
pixel may be made of either the same material or different
material.

[0037] With the aforementioned aspect (3), the position at
which the connecting portion between electrode slits is
placed is marked with the shape of a light-blocking compo-
nent. Consequently, even when the connecting portion
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between electrode slits is provided within a light-blocking
region, it is possible to recognize the to-be-repaired portion
under the light-blocking part. The mark made by the shape of
a light-blocking component is not particularly limited and
may be any mark serving as a visual mark of the to-be-
repaired portion. For example, the mark may be a triangular
protrusion, a rectangular cut-out and protrusion, etc., or a
discrete spherical pattern, etc., as well as a triangular cut-out
illustrated as a mark 29 in FIG. 7. Further, the mark indicating
the position at which the connecting portion between elec-
trode slits is placed may be formed on the light-blocking
component for blocking the electrical connecting portion of
the electrode slit or may be formed from other component. As
an example of using mark formed from other component, the
BM (a black matrix) on the CF substrate is used for blocking
the signal wiring and the position of the connecting portion
between electrode slits placed within the light-blocking part
(BM) is marked with the shape of the signal wiring on the AM
substrate.

[0038] Among these aspects, the aforementioned aspect (1)
is particularly preferable.

[0039] Hereinafter, more preferable aspects of substrate for
a display device according to the present invention will be
described.

[0040] Theaforementioned substrate fora display device is
preferably an active matrix substrate including a pixel elec-
trode having an electrode slit formed therein. Such an active
matrix substrate is preferably configured to include a scan-
ning line, a signal line, a switching device and a storage
capacitor wiring on an insulating substrate and further
include an interlayer insulation film and a pixel electrode,
wherein the switching device is provided at the intersection of
the scanning line and the signal line and include a gate elec-
trode connected to the scanning line, a source electrode con-
nected to the signal line and a drain extracting electrode
connected to the pixel electrode, the interlayer insulation film
includes a plurality of contact holes which are connected to a
plurality of capacitance electrodes placed above the storage
capacitor wiring with an insulating layer interposed therebe-
tween and connect the drain extracting electrode of the
switching device to the pixel electrode, and the electrode slit
is formed between the contact holes such that they straddle
the storage capacitor wiring.

[0041] With the aforementioned aspect, the interlayer insu-
lation film is provided on the signal line, the scanning line and
the switching device, the contact hole is provided in the
interlayer insulation film and the pixel electrode is provided
on the interlayer insulation film. In the present invention,
preferably, the interlayer insulation film between the signal
line and the pixel electrode is formed to be sufficiently thick,
in order to suppress capacitance increases even when the
signal line and the pixel electrode are overlapped. This allows
employing a configuration in which the signal line and the
pixel electrode are overlapped, thereby enabling reducing the
light-blocking film region (light-blocking region) for mask-
ing an alignment defect around the pixel electrode.

[0042] With the aforementioned aspect, the pixel electrode
is connected to a drain extracting electrode extended from the
switching device of respective pixels through the contact
hole, which enables supplying a drain electric potential to the
pixel electrode. Preferably, there are a plurality of drain
extracting electrodes within a single pixel. Further, prefer-
ably, the drain extracting electrode is directly connected to the
capacitance electrode under the interlayer insulation film.
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Namely, for example, as illustrated in FIG. 1-1, a switching
device 3 (for example, TFT device) is directly connected to a
storage capacitor electrode 6 under the interlayer insulation
film using a branched drain extracting electrode 5. Thus, in
the event of a vertical leakage between the switching device 3
and a storage capacitor wiring 2, even when the portion suf-
fering from the leakage is separated, the remaining pixel
electrode can be used for display.

[0043] With the aforementioned aspect, the contact hole is
connected to the respective a plurality of capacitance elec-
trodes placed above the storage capacitor wiring with an
insulating layer interposed therebetween and connect the
drain extracting electrode of the switching device to the pixel
electrode. Namely, with the aforementioned aspect, there are
a plurality of capacitance electrodes formed on the storage
capacitor wiring and the contact hole connected to the pixel
electrode is provided on the respective capacitance elec-
trodes. With the aforementioned aspect, the electrode slit in
the pixel electrode is provided such that they straddle the
storage capacitor wiring, between at least two contact holes of
the a plurality of (two or more) contact holes. In the present
application, the term “or more” includes the number preced-
ing it. Further, preferably, the capacitance electrode con-
nected to the aforementioned contact hole is configured to be
discrete. With this configuration, even if the pixel electrode
region connected to one contact hole is cut away due to a
vertical leakage, the other capacitance electrode can function,
thereby sufficiently suppressing degradation of the liquid
crystal display quality due to the storage capacitor after
repairs.

[0044] With the present invention, in the event of an elec-
trical short-circuiting at a portion of the pixel electrode pro-
vided with the electrode slit due to a conductive foreign
substance and so on, thus resulting in a pixel defect, the
electrical connecting portion of the electrode slit is cut off by
a method such as laser irradiation to electrically separate the
region suffering from the electrical short-circuiting from the
other region to repair the pixel defect. As a result, after the
repairs, the pixel electrode suffering from the electrical short-
circuiting is disconnected from the other pixel electrodes. The
aspect after repairing the pixel defect in which the pixel
electrode connected to the contact hole is disconnected from
one another is also a preferred aspect of the present invention.
[0045] The substrate for a display device according to the
aforementioned aspect is preferably configured such that the
electrical connecting portions of the electrode slit exists on
the drain extracting electrode. In this case, for example, in the
event that a vertical leakage occurs at a pixel electrode region
connected to the drain extracting electrode through the con-
tacthole and thus it is necessary to cut off the region, only the
connecting portion between electrode slits is required to be
cut off by laser irradiation in order to cut away the pixel
electrode suffering from the defect, without requiring indi-
vidual laser-cutting of both the drain extracting electrode and
the connecting portion between electrode slits. This can sim-
plify the repair of the pixel defect.

[0046] The substrate for a display device according to the
aforementioned aspect is preferably configured such that a
plurality of signal lines near the electrode slit are placed in
parallel and the respective signal lines are partially connected
to one another. When the connecting portion between elec-
trode slits to be cut off by laser irradiation exist near the signal
line, the signal line may be cut off together with the connect-
ing portion between electrode slits during laser-cutting.
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Therefore, itis desirable to take countermeasures for ensuring
alternative path of a data-signal in the event that wiring is cut
off. For example, it is preferable that, as illustrated in FIG. 8,
a data-signal wiring 4 (signal line) near the to-be-repaired
portion is placed in parallel and respective data-signal wirings
4 are partially connected to one another, so that, even if one
wiring 4b of the data-signal wiring 4 is cut off during laser-
cutting, a data signal can be circuited through the other wiring
4a. The number of signal lines at the portion to be cut off by
laser irradiation is not particularly limited and may be any
number more than one. Two signal lines may be placed as
illustrated in FIG. 8 and more than two signal lines may be
placed.

[0047] Further, the substrate for a display device according
to the aforementioned aspect is preferably configured to
include a repairing configuration for supplying a drain elec-
tric potential from the adjacent pixel to the pixel electrode
provided with electrode slit. The repairing configuration may
be, for example, a configuration including a pixel-connecting
electrode bridging an adjacent pixel, through an insulating
layer, a repairing-electrode portion provided in the both adja-
cent pixels on the layer, and a contact hole which is connected
to the pixel electrode and provided on the repairing-electrode
portion. In general, in the event of the vertical leakage within
the pixel electrode connected to the contact hole which is
sources for supplying the drain electric potential to the pixel
electrode, if the portion is cut away, then the remaining pixel
electrode will not be fed with a signal, resulting in a defect
over the entire pixel. In this case, for example, as shown in
FIG. 9, by providing the repairing configuration for supplying
the drain electric potential from the adjacent pixel such as a
contact configuration 32 for connecting the adjacent pixel to
each other, in the event of a failure of the pixel electrode
connected to the contact hole 8, this pixel electrode can be
separated by laser-cutting and then the intersecting portions
31 between the electrodes 33 connected to the contact holes
8a and the wiring 34 placed between the electrodes 33 of the
adjacent pixel such that it intersects the electrodes 33 can be
brought into conduction by laser irradiation in order to supply
a substantially-normal drain electric potential to the remain-
ing pixel electrode to operate them, thereby sufficiently sup-
pressing degradation of the display quality.

[0048] Preferably, the aforementioned substrate for a dis-
play device is an opposed substrate including a common
electrode which is provided with the electrode slit. Further,
preferably, the aforementioned opposed substrate is a color
filter (CF) substrate. Preferably, the aforementioned electrode
slit is formed outside of the light-blocking region. By provid-
ing a slit pattern in the common electrode (opposed electrode)
outside the light-blocking region as described above, the
common electrode can be divided into narrower region. In
such a case, it is preferable that the connecting portion
between electrode slits (dividing portion) is also provided
outside the light-blocking region.

[0049] The electrical connecting portion of the aforemen-
tioned electrode slit may be provided according to the afore-
mentioned aspects (1) to (3), and they are preferably placed to
surround the electrode region 24 as illustrated in FI1G. 4-1, for
example. In this case, in the event of the vertical leakage
within the electrode region 24, the portion suffering from the
vertical leakage can be cut away by laser-cutting the slit
connecting portions 25 therearound which can make this
portion to be a minimum independent electrode. In this case,
the output and the wavelength of laser are varied depending
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on the film thickness and the film quality of the CF and must
be adjusted for certainly achieving cut off.

[0050] In the aforementioned aspect, when the coloring
layer is formed on the CF substrate as conventional, the
electrode pattern on the red coloring layer will not absorb the
energy of infrared laser thereby enabling repairs using infra-
red laser for the electrode, while the other coloring layers
(green and blue, etc.) will absorb the energy of infrared laser
and thus may be cut off. Therefore, it is desirable to take
countermeasures against this, for example, by placing a light-
blocking metal on the substrate (AM substrate) opposing to
the CF substrate in order to shield a light leakage after laser-
cutting repairs. By employing such a substrate for a display
device according to this aspect for a monochrome-type dis-
play device used for roentgen applications or a display device
having a CF-on-TFT (Color Filter on TFT Array) configura-
tionhaving a CF pattern on the TFT substrate (as described in,
for example, JP-P NO. 2000-147555), laser-cutting repairs
can be performed without problems.

[0051] The present invention is further a method for repair-
ing a display device having short-circuiting in the substrate
for a display device, wherein, in the event of the occurrence of
the electrical short-circuiting between the electrodes on the
active matrix substrate and the opposed substrate, between
the electrodes on the active matrix substrate and the opposed
substrate, the portion suffering from a failure is cut away by
laser irradiation from the back surface of at least one of the
substrates. In general, the vertical leakage is caused by a
conductive foreign substance adhered during a TFT pro-
cesses, a CF processes, a liquid crystal processes and, in order
to find the vertical leakage, it is necessary to conduct a light-
ing inspection at the state where the active matrix substrate
and the opposed substrate are attached to each other. There-
fore, in the aforementioned repairing method, laser irradia-
tion is applied from the back surface of any one of these
substrates, namely from the glass surface side.

[0052] Preferably, such laser irradiation is applied to the
connecting portion between electrode slits provided in the
substrate for a display device according to the present inven-
tion and, by cutting off the connecting portion between elec-
trode slits around a defective portion with laser irradiation for
cutting away the defective portion, the portion suffering from
the vertical leakage can be made a minute defect which is
difficult to recognize as a defect, thereby suppressing degra-
dation of the display quality of the display device and increas-
ing the yield.

[0053] Preferably, in a method for repairing a display
device, wherein, a fundamental harmonic wave (the wave-
length is 1064 nm) of an yttrium-aluminum-garnet (YAG)
laser which is an infrared radiation (IR) which can transmit
glasses more easily than ultra-violet waves is used.

[0054] The present invention is further a method for repair-
ing the electrical short-circuiting in the substrate for a display
device, wherein, in the event of occurrence of the electrical
short-circuiting between the drain extracting electrode and
the storage capacitor wiring, the portion suffering from a
failure is cut away by laser irradiation from the pixel-elec-
trode side of the active matrix substrate. The substrate for a
display device used for this repairing method is an active
matrix substrate. In general, in the event of the electrical
short-circuiting between the drain extracting electrode and
the storage capacitor wiring (D-Cs leakage), the defective
portion can be visually identified when the patterning of the
active matrix substrate has been completed and therefore, in
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the aforementioned repairing method, laser irradiation is
applied from the pixel-electrode side of the active matrix
substrate, namely the surface opposite to the glass surface.
[0055] The portion to be irradiated with laser is not particu-
larly limited and may be any portion which enables separating
a defective portion. For example, as illustrated in FIG. 10, a
surrounding area 35 of the pixel electrode on and around a
contact hole 8' within which a D-Cs leakage have been visu-
ally observed may be cut off and the drain-extracting wiring
5' connected to the contact hole 8' may be cut off by laser
irradiation. However, it is more desirable to cut off the con-
necting portion between electrode slits in the substrate for a
display device according to the present invention, for
example, the connecting portion between electrode slits 13 in
FIG. 10, since this can sufficiently suppress an alignment
defect. Inthe aforementioned method for repairing a substrate
for a display device, it is preferable to use a fourth harmonic
component (having a wavelength of 266 nm) of an yttrium-
aluminum-garnet laser (YAG) laser.

[0056] Further, the present invention is a liquid-crystal dis-
play device including the substrate for a display device,
wherein said liquid-crystal display device divides an align-
ment of a liquid crystal molecule by the electrode slit.
[0057] The aforementioned liquid crystal display device is
preferably an MVA type liquid crystal display device. How-
ever, the liquid crystal display device is not particularly lim-
ited and may be any liquid crystal display device of a display
type which divides the alignment of a liquid crystal molecule
by the electrode slit formed in the pixel electrode. Further, the
driving system for the liquid crystal display device may be a
dot-inversion type system or a line-inversion type system.
Further, the display device may be a reflection-type or reflec-
tion/transparent type display device, as well as a transparent-
type display device.

[0058] Theliquid crystal display device employs the afore-
mentioned substrate for a display device as an active matrix
substrate or an opposed substrate for making a defect such as
the vertical leakage, the D-Cs leakage or the electrical short-
circuiting between the capacitance electrode formed on the
storage capacitor wiring and the signal line to be a minute
defect which is difficult to recognize as a defect, thereby
suppressing degradation of the display quality and increasing
the fabrication vield.

[0059] The substrate for a display device according to the
present invention is configured as described above and thus
enables making a portion suffering from the vertical leakage
caused by adhesion of a conductive foreign substance to be a
minute defect which is difficult to recognize as a defect while
maintaining excellent display quality and increasing the
vield. Further, the substrate for a display device according to
the present invention can also cope with a defect mode such as
the D-Cs leakage and the electrical short-circuiting between
the capacitance electrode formed on the storage capacitor
wiring and the signal line and therefore can be suitably used
for the liquid crystal panel and so on of a large-size liquid
crystal television and so on which are required to have excel-
lent panel quality.

[0060] Embodiments of the present invention will be
described with reference to the drawings. Although the fol-
lowing embodiments will be described with respect to a trans-
parent-type liquid crystal display device, the present inven-
tion is not limited to only these embodiments.

First Embodiment

[0061] FIG. 2 is a cross sectional view schematically illus-
trating the configuration of a liquid crystal display device 100
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according to the first embodiment of the present invention.
FIG. 3 is a plan view schematically illustrating the shape of a
pixel electrode on an active matrix substrate included in the
liquid crystal display device 100 illustrated in FIG. 2.
[0062] Theliquid crystal display device 100 includes a pair
of opposing substrates, and a plastic bead or a column-shaped
resin component provided on a color filter substrate 20, etc.,
are used as a spacer (not shown) to keep the space between the
substrates constant. The liquid crystal display device 100 is an
active-matrix type liquid crystal display device and includes
the color filter substrate 20 and the active matrix substrate 30
including a switching device such as TFT.

[0063] Hereinafter, a method for fabricating the active
matrix substrate 30 (AM substrate) 30 will be described.
[0064] A metal such as a Ti/Al/Ti laminated film is depos-
ited on a transparent substrate 10 by sputtering, a resist pat-
tern is formed by a photolithography method, dry etching is
applied thereto using an etching gas such as a chlorine-based
gas, and then the resist is removed to concurrently form a
scanning-signal wiring (gate wiring, scanning line) 1 and a
secondary capacity wiring 2. Then, a gate insulation film
made of nitride silicon (SiNXx), etc., an active semiconductor
layer made of amorphous silicon, etc., and a low-resistance
semiconductor layer made of amorphous silicon doped with
phosphorus, etc., are deposited by chemical vapor deposition
(CVD) Subsequently, a metal such as Al/Ti, etc., is deposited
by sputtering, a resist pattern is formed by a photolithography
method, dry etching is applied thereto using an etching gas
such as a chlorine-based gas, and then the resist is removed to
concurrently form a data-signal wiring (source wiring, signal
line) 4, a drain-extracting wiring 5 and a storage capacitor
forming electrode (secondary capacity electrode) 6. Further,
astorage capacitor is constituted by a gate insulation film with
athickness of about 4000 angstroms sandwiched between the
storage capacitor wiring 2 and the storage capacitor forming
electrode 6. Then, the low-resistance semiconductor film is
separated into a source and a drain by dry etching using a
chlorine-based gas to form a TFT device 3. Next, an interlayer
insulation film 7 made of acrylic photosensitive resin is
applied thereto by spin coating, and then the contact hole 8 for
establishing electrical contact between the drain-extracting
wiring 5 and the pixel electrode 9 is formed by a photolithog-
raphy method. The interlayer insulation film 7 has a thickness
of about 3 micrometers. Further, the pixel electrode 9 and an
alignment film (not shown) are formed in this order. Further,
the present embodiment is an embodiment of an MVA (Multi-
domain Vertical Alignment) type liquid crystal display device
and the pixel electrode 9 made of ITO, etc., is provided with
a slit pattern 11. More specifically, a film is deposited by
sputtering, a resist pattern is formed by a photolithography
method, and then it is etched using an etching liquid made of
ferric chloride, etc., to form a pixel electrode pattern as illus-
trated in FI1G. 3. As described above, the active matrix sub-
strate 30 is provided.

[0065] On the other hand, the color filter substrate (CF
substrate) 20 includes, on a transparent substrate 10, a color-
filter layer 21 constituted by coloring layers of three primary
colors (red, green and blue) and a black matrix (BM) 28, etc.,
a opposed electrode (common electrode) 23, an alignment
film (not shown) and a protrusion for controlling alignment
22. A negative-type acrylic photosensitive resin liquid con-
taining a carbon particle dispersed therein is applied to the
transparent substrate 10 by spin coating and then is dried to
form a black photosensitive resin layer. Then, the black pho-
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tosensitive resin layer is exposed to light through a photo
mask and then it is developed to form a black matrix layer
(BM). At this time, the BM is formed such that an opening for
the first coloring layer, an opening for the second coloring
layer and an opening for the third coloring layer are formed at
region where the first coloring layer (for example, the red
layer), the second coloring layer (for example, the green
layer) and the third coloring layer (for example, the blue
layer) are to be formed respectively.

[0066] Next, a negative-type acrylic photosensitive resin
liquid containing pigments dispersed therein is applied to the
opening for the first coloring layer and then it is dried,
exposed to light through a photo mask and developed to form
the first coloring layer (the red layer). Then, the second col-
oring layer (for example, the green layer) and the third col-
oring layer (for example, the blue layer) are similarly formed
and thus the formation of the color-filter layer 21 is com-
pleted. Then, the transparent electrode (opposed electrode)
23 made of ITQ, etc., is formed by sputtering. Subsequently,
a positive-type phenol novolac photosensitive resin liquid is
applied thereto by spin coating and then it is dried, exposed to
light through a photo mask and developed to form the protru-
sion for vertical alignment 22. As described above, the color-
filter substrate 20 is provided.

[0067] Inthe present embodiment, as illustrated in FIG. 3,
a connecting portion between electrode slits (electrical con-
necting portions of the electrode slit) 13 for the MVA system
is placed outside of the metal wiring (data-signal wiring) 4.
Consequently, even when a defective portion is cut off from
the pixel electrode 9 by laser irradiation from the back surface
ofthe AM substrate 30, the data-signal wiring4 will notbe cut
off. This enables cutting off the defective portion, without
affecting the adjacent pixel, to make the defective portion to
be a minute defect. Further, although the relocation of the
connecting portion between electrode slits 13 to outside the
metal wiring 4 causes concerns about poor alignment around
the connecting portion between electrode slits 13, the display
quality of all the pixel is not influenced therefrom. Further,
when the connecting portion between electrode slits 13
according to the present invention is cut off; the shape of the
electrode slit become close to the shape of original pixel-
electrode slit for the MVA system, thereby exerting extremely
small influences on the display quality of normally-operating
pixel electrode, after the repair.

Second Embodiment

[0068] FIG. 4-1isaplan view schematically illustrating the
shape of pixel electrode on a CF substrate included in a liquid
crystal display device according to the second embodiment of
the present invention. In the present embodiment, it will be
described that the presentinvention is applicable to a configu-
ration in which a protrusion for vertical alignment 22 is pro-
vided on the electrode on the AM substrate of an MVA-type
liquid crystal display device and the electrode 23 on the CF
substrate opposing to the AM substrate is provided with a slit
11.

[0069] There is illustrated, in FIG. 4-1, the pattern of the
opposed electrode 23 on the CF substrate according to the
present embodiment which enables cutting off a portion suf-
fering from a vertical leakage. In FIG. 4-1, a connecting
portion between slits 25 is placed to surround an electrode
region 24 and, in the event of occurrence of the vertical
leakage within the electrode region 24, the portion suffering
from the vertical leakage can be separated by laser-cutting the
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connecting portion between slits 25 which can make the
portion to be a minimum independent electrode. In this case,
the output and the wavelength of laser are varied depending
on the film thickness and the film quality of the CF and must
be adjusted for certainly achieving cutting off.

[0070] By employing such a configuration, laser-cutting
repairs can be performed without problems for a mono-
chrome-type display device used for a roentgen application or
a display device having a CF-on-TFT (Color Filter on TFT
Array) configuration having a CF pattern on the TFT sub-
strate.

[0071] However, when the coloring layer is formed on the
CF substrate as conventional, the red coloring layer will not
absorb the energy of infrared laser thereby enabling repairs
using infrared laser for the electrode pattern on the red col-
oring layer, while the other coloring layers (green and blue,
etc.) will absorb the energy of infrared laser and thus may be
cut off. Therefore, it is desirable to take countermeasures
against this, for example, by placing a light-blocking metal on
the opposed substrate in order to shield a light leakage after
laser-cutting repairs.

Third Embodiment

[0072] FIG. 5is a plan view schematically illustrating the
shape of pixel electrode on the substrate for a display device
according to the third embodiment of the present invention.
[0073] In repairing a vertical leakage, the inter-electrode
connecting portion is cut off by laser irradiation from the back
surface of the substrate at the state where the TFT substrate
and the CF substrate are attached to each other and therefore,
when there exist a metal wiring between the connecting por-
tion and the substrate, the metal wiring may be cut off
together with the connecting portion. Therefore, the present
invention is characterized in that the connecting portion is
formed outside of the metal wiring. In the present embodi-
ment, as illustrated in FIG. 5, in a pixel configuration includ-
ing a plurality of independent contact holes 8, 8' on the sec-
ondary wiring 2 for feeding a drain electric potential to the
pixel electrode 9 wherein the respective contact holes 8, 8' are
connected to the drain extracting electrode 5', in the event of
the vertical leakage within the pixel electrode region con-
nected to the contact hole 8', the drain extracting electrode 5'
connected to the contact hole 8' and the connecting portion
between electrode slits 13' are cut off by laser cutting. By
placing the connecting portion between electrode slits 13' on
ato-be-cut portion 26 of the metal wiring which is required to
be cut off in the event of the vertical leakage as described
above, the work to be cut off by laser irradiation can be
reduced. Therefore, the connecting portion between electrode
slits 13 canbe placed on the metal wiring which is to be cut off
in repairing vertical leakage.

Fourth Embodiment

[0074] FIG. 6 is a plan view schematically illustrating the
shape of pixel electrode on the substrate for a display device
according to the fourth embodiment of the present invention.
[0075] In repairing a vertical leakage, the inter-electrode
connecting portion is cut off by laser irradiation from the back
surface of the substrate at the state where the TFT substrate
and the CF substrate are attached to each other and therefore,
when the connecting portion is overlapped with a light-block-
ing part such as a black matrix (BM) or a metal wiring, the
portion to be subjected to the laser-cutting repairs will
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become invisible. Therefore, while the first to third embodi-
ments employ configurations in which the inter-electrode
connecting portion is not placed under the light-blocking part,
the light-blocking part 27 which is not continuous with the
light-blocking part of the adjacent pixel may be placed on the
to-be-cut portion in order to prevent a light leakage as illus-
trated in F1G. 6.

Fifth Embodiment

[0076] FIGS.7A and7B are plan views schematically illus-
trating the shape of pixel electrode on the substrate for a
display device according to the fifth embodiment of the
present invention.

[0077] While in the fourth embodiment there has been
described that the connecting portion between electrode slits
13 may be placed under the light-blocking part (27 in FIG. 6)
which is not continuous with the adjacent pixel, the connect-
ing portion between electrode slits 13 may be placed under a
light-blocking part (for example, the black matrix 28) con-
tinuous with the light-blocking part of the adjacent pixel and
may be overlapped with the light-blocking part by placing a
mark 29 at the to-be-repaired portion with the light-blocking
part for enabling easily recognizing the to-be-repaired por-
tion under the light-blocking part as illustrated in FIG. 7.
Although there are illustrated, in FI1G. 7, a triangular mark 29
as exemplary patterns of the mark 29, the mark of the to-be-
repaired portion may be other patterns such as rectangular
patterns, patterns independent of the light-blocking part.

Sixth Embodiment

[0078] FIGS. 8A, 8B are plan views schematically illustrat-
ing the shape of a pixel electrode on the substrate for a display
device according to the sixth embodiment of the present
invention. 8C is a cross sectional view schematically illus-
trating the cross section of the substrate for a display device
taken along the line A-A in (a) and (b).

[0079] When there is a connecting portion between elec-
trode slits 13, namely the portion to be cut off by laser irra-
diation, near the signal wiring (for example, the data-signal
wiring 4), the signal wiring may be cut off together with the
connecting portion between electrode slits 13 during laser
cutting. Therefore, as illustrated in FIGS. 8A, 8B, the data-
signal wiring 4 near the to-be-repaired portion is juxtaposed
and is partially connected to each other. Thus, in the event that
one wiring 4b of the data-signal wiring 4 is cut off during laser
cutting, a data signal may be circuited through the other
wiring 4a. While there is provided two data-signal wiring 4
near the portions to be cut off by laser irradiation in FIG. 8,
more than two data-signal wiring 4 may be provided.

Seventh Embodiment

[0080] FIG. 9 is a plan view schematically illustrating the
shape of pixel electrode on the substrate for a display device
according to the seventh embodiment of the present inven-
tion.

[0081] In the event of a vertical leakage at the pixel elec-
trode connected to a contact hole which is the sources of a
drain electric potential, if a defective portion is cut away, then
the remaining pixel electrode will not be fed with a signal thus
causing the entire pixel to be defective. Therefore, as illus-
trated in FIG. 9, for example, there is formed a contact con-
figuration 32 for connecting adjacent pixel to each other.
Thus, in the event of occurrence of the defect, in order to
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supply the drain electric potential to a pixel electrode 9 which
is made discrete as a result of separating the pixel electrode 9
connected to the contact hole 8 with laser-cutting, the inter-
secting portions 31 of wirings 34 placed between the adjacent
electrodes 33 such that it intersect therewith and the electrode
33 connected to contact hole 8a are brought into conduction
by laser irradiation. The electrode 33 under the contact hole
8a and the wiring 34 between the contactholes are intersected
with each other through an insulating layer. With the afore-
mentioned repairing method, in the even of occurrence of a
failure of the contact hole 8, the remaining pixel electrode
may be fed with a substantially-normal drain electric poten-
tial from the adjacent pixel and thus may function. FIG. 9
illustrates an example of the present invention and it is pos-
sible to employ any other configurations which enable sup-
plying the drain electric potential from the adjacent pixel and
induce little displaying quality degradation due to placing
such configurations.

Eighth Embodiment

[0082] FIG. 10 is a plan view schematically illustrating the
shape of pixel electrode on the substrate for a display device
according to the eighth embodiment of the present invention.
In the present embodiment, there will be described a method
for repairing a D-Cs leakage.

[0083] The D-Cs leakage is a mode of a defect occurring
between a drain electrode and a storage capacitor wiring and,
therefore, the defective portion can be identified and repaired
with laser from the film-surface side (the pixel-electrode
side), when the patterning of the active matrix substrate has
been completed. As a method for repairing them, as illus-
trated in F1G. 10, a surrounding area 35 of the pixel electrode
on and around a contact hole 8' in which the D-Cs leakage has
been visually observed is cut off and the drain-extracting
wiring 5' connected to the contact hole 8' is cut off by laser
irradiation. The laser used for the repairs may be, for example,
a fourth harmonic component (having a wavelength of 266
nm) ofa YAG laser, etc. While in FIG. 10 the surrounding area
of the electrode is cut away into the shape of the to-be-
repaired portion 35, it is more desirable to cut off the con-
necting portion between electrode slits 13 since this will
hardly cause an alignment defect.

Other Embodiments

[0084] While in the first to eighth embodiments there have
been exemplified a MVA system, the present invention is also
applicable to other display systems which divide an align-
ment of a liquid crystal molecule using an electrode slit. Also,
the present invention is applicable to other driving systems
such as a dot-inversion type system or a line-inversion type
system.

[0085] This Nonprovisional application claims priority
under 35 U.S.C. 119(a) on Patent Application No. 2004-
160115 filed in Japan on May 28, 2004, the entire contents of
which are hereby incorporated by reference.

What is claimed is:

1. An active matrix substrate comprising:

pixel electrodes arranged in a matrix shape and color fil-
ters, wherein

at least one of the pixel electrodes is provided with and
electrode slit; and
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an electrical connecting portion of the electrode slit is
provided within a light-blocking region formed by a
light-blocking component.

2. The active matrix substrate according to claim 1,
wherein a position of the electrical connecting portion is
marked with a shape of the light-blocking component.

3. The active matrix substrate according to claim 1,
wherein the light-blocking component is formed from a metal
wiring formed in the active matrix substrate.

4. The active matrix substrate according to claim 1,
wherein the light-blocking component is formed from a black
matrix formed in the active matrix substrate.

5. The active matrix substrate according to claim 1,
wherein the light-blocking component is formed from over-
lapping of the color filters formed in the active matrix sub-
strate.

6. The active matrix substrate according to claim 1, com-
prising, on an insulating substrate:

a scanning line;

a signal line;

a switching device;

a storage capacitor wiring;

an interlayer insulation film; and

the pixel electrodes wherein

the switching device is provided at an intersection of the

scanning line and the signal line;

the switching devices includes a gate electrode connected

to the scanning line, a source electrode connected to the
signal line and a drain extracting electrode connected to
any one of the pixel electrodes;

the drain extracting electrode is connected to a plurality of

capacitance electrodes placed above the storage capaci-
tor wiring with an insulating layer therebetween;

the interlayer insulation film includes contact holes;

at least one of the contact holes connects any one of the

plurality of capacitance electrodes to any one of the pixel
electrodes; and

between the contact holes, the electrode silt is formed a

cross the storage capacitor wiring.

7. The active matrix substrate according to claim 6,
wherein the pixel electrodes connected to the contact holes
are not connected to one another.

8. The active matrix substrate according to claim 6,
wherein each pixel includes a plurality of the drain extracting
electrodes.

9. The active matrix substrate according to claim 6,
wherein the drain extracting electrode is directly connected to
the plurality of capacitance electrodes under the interlayer
insulation film.

10. The active matrix substrate according to claim 6,
wherein the electrical connecting portion of the electrodes slit
exists on the drain extracting electrode.

11. The active matrix substrate according to claim 6,
wherein a plurality of the signal lines near the electrode slit is
placed in parallel and the respective signal lines are partially
connected to one another.

12. The active matrix substrate according to claim 6,
wherein the substrate includes a repairing configuration for
supplying a drain electric potential from an adjacent pixel to
the pixel electrode provided with the electrode slit.

13. A method for repairing an electrical short-circuiting in
the active matrix substrate of claim 6, wherein, in the event of
occurrence of the electrical short-circuiting between the drain
extracting electrode and the storage capacitor wiring, a por-
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tion of the electrical short-circuiting is cut away from the
pixel-electrode side of the active matrix substrate by laser
irradiation.

14. The method for repairing an electrical short-circuiting
in the active matrix substrate according to claim 13, wherein
a fourth harmonic wave of an yttrium-aluminum-garnet laser
is used.

15. A liquid crystal display device comprising the active
matrix substrate of claim 1, wherein alignment of liquid crys-
tal molecules is divided due to the electrode slit.

16. A display device comprising:

an active matrix substrate including color filters and pixel

electrodes;

an opposed substrate opposite to the active matrix sub-

strate; and

a display medium layer interposed between the active

matrix substrate and the opposed substrate, wherein
the pixel electrodes are arranged in a matrix shape on the
side of the display medium layer;

the opposed substrate includes a common electrode oppo-

site to the pixel electrodes on the side of the display
medium layer;

at least one of the pixel electrodes or the common electrode

is provided with an electrode slit; and

an electrical connecting portion of the electrode slit is

provided within a light-blocking region formed by a
light-blocking component.

17. The display device according to claim 16, wherein a
position of the electrical connecting portion is marked with a
shape of the light-blocking component.

18. The display device according to claim 16, wherein the
light-blocking component is formed from a metal wiring
formed in the active matrix substrate.

19. The display device according to claim 16, wherein the
light-blocking component is formed from a black matrix
formed in the active matrix substrate.

20. The display device according to claim 16, wherein the
light-blocking component is formed from overlapping of
color filters formed in the active matrix substrate.

21. The display device according to claim 16, wherein at
least one of the pixel electrodes is provided with the electrode
slit,

the active matrix substrate includes, on an insulating sub-

strate, a scanning line, a signal line, a switching device,
a storage capacitor wiring, an interlayer insulation film
and the pixel electrodes;

the switching device is provided at an intersection of the

scanning line and the signal line;

the switching device includes a gate electrode connected to

the scanning line, a source electrode connected to the
signal line and a drain extracting electrode connected to
any one of the pixel electrodes;

the drain extracting electrode is connected to a plurality of

capacitance electrodes placed above the storage capaci-
tor wiring with an insulating layer therebetween;

the interlayer insulation film is provided between the plu-

rality of capacitance electrodes and the pixel electrodes;
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the interlayer insulation film includes contact holes;

at least one of the contact holes connects any one of the
plurality of capacitance electrodes to any one of the pixel
electrodes; and

between the contact holes, the electrode slit is formed a

cross the storage capacitor wiring.

22. The display device according to claim 21, wherein the
pixel electrodes connected to the contact holes are not con-
nected to one another.

23. The display device according to claim 21, wherein each
pixel includes a plurality of said drain extracting electrodes.

24. The display device according to claim 21, wherein the
drain extracting electrode is directly connected to the capaci-
tance electrode under the interlayer insulation film.

25. The display device according to claim 21, wherein the
electrical connecting portion of the electrode slit exists on the
drain extracting electrode.

26. The display device according to claim 21, wherein a
plurality of said signal lines near the electrode slit is placed in
parallel and the respective signal lines are partially connected
to one another.

27. The display device according to claim 21, wherein the
display device includes a repairing configuration for supply-
ing a drain electric potential from an adjacent pixel to the
pixel electrode provided with the electrode slit.

28. The display device according to claim 16, wherein the
opposed substrate includes the common electrode provided
with the electrode slit.

29. The display device according to claim 28, wherein the
electrode slit is formed outside the light-blocking region.

30. A method for repairing an electrical short-circuiting in
the display device of claim 16, wherein, in the event of occur-
rence of the electrical short-circuiting between the electrodes
in the active matrix substrate and the opposed substrate, a
portion of the electrical short-circuiting is cut away from the
back surface of at least one of the substrates by laser irradia-
tion.

31. The method for repairing an electrical short-circuiting
in the display device according to claim 30, wherein a funda-
mental harmonic wave of an yttrium-aluminum-garnet laser
is used.

32. A method for repairing an electrical short-circuiting in
the display device of claim 21, wherein, in the event of occur-
rence of the electrical short-circuiting between the drain
extracting electrode and the storage capacitor wiring, a por-
tion of the electrical short-circuiting is cut away from the
pixel-electrode side of the active matrix substrate by laser
irradiation.

33. The method for repairing an electrical short-circuiting
in the display device according to claim 32, wherein a fourth
harmonic wave of an yttrium-aluminum-garnet laser is used.

34. The display device according to claim 16, wherein the
display device is aliquid crystal display device and alignment
of liquid crystal molecules is divided due to the electrode slit.
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