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(57) Abstract: The present invention is a substrate for a dis-
play device comprising an active matrix substrate and an op-
posed substrate which are opposed to each other with a display
medium layer interposed therebetween, said active matrix sub-
strate 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 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 pro-
vided outside of a light-blocking region.
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DESCRIPTION

A SUBSTRATE FOR A DISPLAY DEVICE, A METHOD FOR REPAIRING THE
SAME, AMETHOD FORREPAIRINGADISPLAY DEVICE ANDA LIQUID-CRYSTAL
DISPLAY DEVICE

TECHNICAL FIELD

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
particularlytoasubstrateforadisplaydevicewhichissuitably
used in direct-vision type liquid crystal display devices such
aszaliquidcrystalcolortelevishnlandprojection—typeliquid
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.

BACKGROUND ART

As examples of liquid crystal display devices, there are
color liquid crystal display devices including an active matrix
(hereinafter,referred1x>as“AM”)substratehavingaaplurality
of switchingdevices suchasthin-filmtransistors (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 substrate 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.

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 substrate in a
conventional liquid crystal display device thus resulting in
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an electrical short-circuiting (hereinafter, referred to as
“vertical leakage ”), the electric potential difference between
thepixelelectrodesandthecommonelectrodeisruﬂled,thereby
causingaliquidcrystalmoleculeat theportiontobeunoriented.
This will cause pixel defects such as bright spots in
normally-white type apparatuses (which display 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 brocesses, CF
processes, liquid crystal processes and, in order to find the
verticalleakage,itisnecessarytoconductlightinginspections
at the state where the TFT and CF panels are attached to each
other. Furthermore, the probabilities 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
increasingprobabilitiesofoccurrencesoftheverticalleakage,
the yields of panels have been reduced.

The pixel configuration of a conventional liquid crystal
display device will be described by exemplifying the pixel
configuration of an MVA (Multi-domain Vertical Alignment) type
liquid-crystal displaying mode, on the basis of drawings.

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 provided on the
AM substrate which are alternately arranged on these substrate
surfaces and generate liquid crystal alignments 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 alignment 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
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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 connecting portion between electrode slits (a
pixel-electrode connecting portion) 12 is provided in order to
provide a continuous electrode pattern within the pixel. 1In
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 provided 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 resultinginadefectonapixel-by-pixelbasis andtherefore
have been susceptible to improvements.

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 electrode) 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
minimizingtheto—be—cutportionandmakingtheportionsuffering
from the vertical leakage tobe aminute defect which isdifficult
to recognize as a defect.

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
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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 outside of a light-blocking film
where therehasoriginallyexistednoslitandthepixel electrode
is cut off resulting in expansionof the slit region. Therefore,
these liquid crystal display devices have been susceptible to
improvementformaintainingthedisplayqualitywithoutinducing
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.

Further, with the liquid crystal display devices in JP-P
No. 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 electrode
constituting the storage capacitor is cut away. Therefore, the
apparatuses have been susceptible to improvement for causing
the storage capacitor to work sufficiently to maintain the
display quality even after repairs.

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
thereforetheyhavebeensusceptibletoimprovementforenabling
partially repairing the pixel electrode in the event of the
vertical leakagebetweenthe transistorandthe storage capacitor
wiring. Further, theyhave been susceptible to improvement for
sufficiently coping with, in addition to the vertical leakage,
defect modes such as an electrical short-circuiting between the
drainextractingelectrode and the storage capacitorwiring (Cs)
(hereinafter, referred to as “D-Cs leakage”) and the electrical
short-circuiting between the data-signal wiring and a

capacitance electrode formed on the storage capacitor wiring.
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BRIEF SUMMARY OF THE INVENTION

The present invention was made in view of the
aforementioned circumstances and aims at providing substrate
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.

Thepresent inventors have conducted various studies about
a substrate for a display device which enable repairing 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 configuring the pixel
electrode to have an electrical connecting portion 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 electrode
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 such as 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 eachother inorder to find the vertical
leakage,andalsoitisnecessarytocutofftheconnectingportion
between electrode slits (connecting portion of a

pixel-electrode) from the back surface of the substrate. Such
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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
theback surface of the AM substrate, and therefore ametal wiring
may be cut off together with the connecting portion 12. In view
of these circumstances, the present inventors have found that
the connecting portion between electrode slits 12 can be rlaced
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 of all the pixels is not significantly influenced
therefrom. Further, when the connecting portion between
electrode slits 12 is cut off, the shape of the electrode slit
become close to the desirable shape of an original
pixel-electrode slit ofMVA type apparatus, etc., and, therefore,
thedisplay qualityof anormally-operatingpixel electrodewill
not be hardly influenced after repairs. Thus, the inventors
have sufficiently overcome the aforementioned problems.
Further, the present inventors have found that, by forming
the light-blocking region froma light~blocking component which
isnot continuouswithalight-blocking component 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
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can be made visually recognizable even when the connecting
portion is placed within the light-blocking region, thereby
enabling performing repairs and obtaining similar effects, and
thus they have reached the present invention.

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 capacitorwiring, aswell as the vertical leakage.

Namely, the present invention is a substrate for adisplay
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 electrode slit formed in one
of the pixel electrode and the common electrode; and at least
one of the electrical connectingportions of said electrode slit
is provided outside of a light-blocking region.

Further, thepresent invention is a substrate foradisplay
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 electrode 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 formed from a
light-blocking component which is not continuous with a
light-blocking component of the adjacent pixel.
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Further, thepresent inventionisa substrate foradisplay
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 electrode slit formed in one
of the pixel electrode and the common electrode ; and at least
one of the electrical connecting portions of saidelectrode 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.

BREIF DESCRIPTION OF THE DRAWINGS

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.

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.

Fig.2isacrosssectional viewschematicallyillustrating
a configurationof a liquid crystal display device 100 according
to a first embodiment of the present invention.

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.

Fig. 4-1 is aplanview schematically illustrating a shape
of a opposed electrode on a CF substrate included in a liquid
crystal display device according to a second embodiment of the
present invention.

Fig. 4-2 isaplanview schematically illustrating a shape
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of an opposed electrode on a CF substrate included in a
conventional liquid crystal display device.

Fig. 5 is a plan view schematically illustrating a shape
of apixel electrodeona substrate foradisplaydevice according
to a third embodiment of the present invention.

Fig. 6 is a plan view schematically illustrating a shape
of apixel electrode ona substrate for adisplaydevice according
to a fourth embodiment of the present invention.

Figs. 7A, 7B are plan views schematically illustrating
a shape of a pixel electrode on a substrate for a display device
according to a fifth embodiment of the present invention.

Figs. 8A, 8B are plan views schematically illustrating
a shape of a pixel electrode on a substrate for a display device
according to a sixth embodiment of the present invention, and
8Cisacross sectional viewschematicallyillustratingthe cross
section of the substrate for a display device taken along the
line A-A.

Fig. 9 1s a plan view schematically illustrating a shape
of apixel electrode ona substrate for adisplaydevice according
to a seventh embodiment of the present invention.

Fig. 10 is a plan view schematically illustrating a shape
of apixel electrodeona substrate for adisplaydevice according

to a eighth embodiment of the present invention.

EXPLANATION OF NUMERALS AND SYMBOLS

1: scan-signal wiring (gate wiring)

2 storage capacitor wiring

3: TFT device (switching device)

4, 4a, 4b: data-signal wiring (source wiring)
5, 57: drain-extracting wiring

6: storage capacitor forming electrode

7: interlayer insulation film

8, 87: contact hole

9: pixel electrode

10: glass
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11: pixel-electrode slit

12, 13, 137: connecting portion between electrode
slits

20: CF (color filter) substrate

21: CF layer

22 protrusion for controlling alignment (protrusion

for vertical alignment)

23: opposed electrode (common electrode)
24: opposed electrode region
25; connecting portion between electrode slits

(electrical connecting portions of a electrode slit)
26: to-be-repaired portion according to a third
embodiment
27: light-blocking filmaccording to a forth embodiment
28: black matrix

29: protrusion (mark) according to a fifth embodiment
30: AM (active matrix) substrate
31: to-be-melted portion for repairing (the

intersecting portion of wirings 34)

32: contact configuration (contact hole)

33: electrode

34: wiring between the contact holes

35: a surrounding area 35 of the pixel electrode on and

around a contact hole 8’

DETAILED DESCRIPTION OF THE INVENTION

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 substrate 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
displaymediumlayer and saidopposed substrate includes a common
electrode opposing to the pixel electrode on the side of the
displaymediumlayer. Thedisplaydevicetowhichthis substrate
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for a display device is applied is preferably a liquid crystal
display device employing a displaying 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 system, etc. Further, the display device
maybezareflection-typeorreflection/transparenttypedisplay
device, as well as a transparent-type display device. Also,
the substrate for a display device according to the present
invention is applicable to a display device including a pixel
electrode such as an electrophoretic 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 aforementioned. The active-matrix substrate may be
a TFT (thin-film transistor) array substrate, etc., and the
opposed substratemaybe, for example, a color filter substrate,
etc.

Theaforementionedsubstrateforﬂidisplaydeviceincludes
an electrode slit formed in one of the pixel electrode and the
common electrode and, preferably, the electrical connecting
portion of the electrode slit (connecting portion between
electrode slits) is formed to be such dimensions that the
electrodedividedbytheelectrodeslitcanbeseparatedbylaser
cutting. The electrode slit is formed in the pixel electrode
in the case where the substrate for a display device according
to the present invention is an active matrix substrate while
the electrode slit is formed in the common electrode (opposed
electrode) in the case where the substrate for a display device
according to the present invention is an opposed substrate.

There are three aspects of the electrical connecting
portionoftheaforementionedelectrodeslit:(l)anaspectwhere
the electrical connecting portion is provided outside of a
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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 continuous
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) andmay include, within
the substrate, theelectrical connectingportionof theelectrode
slit according to two or more 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 connecting 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.

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-blocking 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
theopposed substrate inthe casewhere the substrate foradisplay
device according to the present invention is the active-matrix

substrate while it may be formed on the active-matrix substrate
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in the case where the substrate for a display device according
to the present invention is the opposed substrate.

Withthe aforementionedaspect (1), the connectingportion
betweenelectrodeslitsisprovidedoutsideofthelight-blocking
region. Consequently, a signal line and a scanning 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-operatingapixel electrodeafterrepairs. Preferably,
as illustrated in Fig. 1-1, in the case where the aforementioned
substrate for a display device is an active-matrix substrate,
theconnectingportionbetweenelectrodeslitsisprovidedwithin
regionwhere thereexistsnometal wiring formedon the substrate.

With the aforementionedaspect (2), the connectingportion
between electrode slits is placed under a light-blocking
component which is not continuous with the light-blocking
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 blackmatrix. 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.
Further, 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 continuouswiththe adjacentpixel. Ingeneral, thereexist,
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
pixXel may be made of either the same material or different
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material.

With the aforementioned aspect (3), the position at which
the connecting portion between electrode slits is placed is
markedwiththe shapeofalight-blockingcomponent. Consequently,
even when the connecting portion 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, themark indicating the positionat which the connecting
portion between electrode slits is placed may be formed on the
light~blocking component forblocking the electrical connecting
portionoftheelectrodeslitormaybe formed fromother 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.

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

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

The aforementioned substrate for a display device is
preferablyanactivematrix substrateincludingapixel electrode
having an electrode slit formed therein. Such an active matrix
substrate is preferably configured to include a scanning 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
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device is provided at the intersection of the scanning line and
the signal line and include a gate electrode connected to the
scanning line, a source electrode connected to the signal line
andadrainextractingelectrode connected to thepixel 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 therebetween 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.

Withtheaforementionedaspect,theinterlayerinsulation
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 masking
an alignment defect around the pixel electrode.

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,
preferably, thedrainextractingelectrode isdirectlyconnected
to the capacitance electrode under the interlayer insulation
film. Namely, for example, as illustrated in Fig. 1-1, a
switchingdevice 3 (forexample, TFTdevice) isdirectlyconnected
to a storage capacitor electrode 6 under the interlayer
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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
suffering from the leakage is separated, the remaining pixel
electrode can be used for display.

With the aforementioned aspect, the contact hole is
connectedtotherespectiveapluralityof capacitanceelectrodes
placed above the storage capacitor wiring with an insulating
layer interposed therebetween and connect the drain extracting
electrodeof the switchingdevice to thepixel 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 electrodes. With the
aforementioned aspect, the electrode slit inthe pixel electrode
isprovidedsuchthattheystraddlethestoragecapacitorwiring,
between at least two contact holes of the a plurality of (two
or more) contact holes. In the present application, the term
“ormore” includes the number preceding it. Further, preferably,
the capacitance electrode connected 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.

With the present invention, in the event of an electrical
short-circuiting at a portion of the pixel electrode provided
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
regiontorepair thepixel defect. Asaresult,aftertherepairs,
the pixel electrode suffering from the electrical



10

15

20

25

30

35

WO 2005/116961 PCT/JP2005/009705

17

short-circuitingisdisconnected fromthe otherpixel 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.

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. 1In 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
contact hole 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
individual laser-cutting of both the drain extracting electrode
and the connecting portion between electrode slits. This can
simplify the repair of the pixel defect.

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
electrode slits to be cut off by laser irradiation exist near
the signal line, the signal line may be cut off together with
the connecting portion between electrode slits during
laser—cutting. Therefore, it is desirable to take
countermeasures for ensuring alternative path of a data-signal
intheevent thatwiringiscutoff. Forexample, itispreferable
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 canbe circuited
through the other wiring 4a. The number of signal lines at the
portion to be cut off by laser irradiation is not particularly
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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.

Further, the substrate for a display device according to
the aforementioned aspect is preferably configured to include
a repairing configuration for supplying a drain electric
potential fromthe adjacent pixel to thepixel electrode provided
with electrode slit. The repairing configuration may be, for
example, aconfigurationincludingapixel-connectingelectrode
bridging an adjacent pixel, through an insulating layer, a
repairing-electrodeportionprovidedinthebothadjacentpixels
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,
i1f 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. 1In this case, for example, as shown in Fig. 9,
byproviding the repairing configuration for supplying the drain
electric potential from the adjacent pixel such as a contact
configuration 32 for connecting the adjacent pixel toeachother,
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 remaining
pixel electrode to operate them, thereby sufficiently
suppressing degradation of the display quality.

Preferably, the aforementioned substrate for a display
device is an opposed substrate including a common electrode which

is provided with the electrode slit. Further, preferably, the
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aforementionedopposedsubstrateisacolor filter (CF) substrate.
Preferably, the aforementioned electrode slit is formed outside
of the light-blocking region. By providing 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, 1t is
preferable that the connecting portion between electrode slits
(dividing portion) is also provided outside the light-blocking
region.

The electrical connecting portion of the aforementioned
electrode slit may be provided according to the aforementioned
aspects (1) to (3), and they are preferably placed to surround
theelectrodereghx124asjjiustrated;ulFig.4—1,forexample.
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
portions25therearoundwhichcanmake thisportiontobeaminimum
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 cut off.

In the aforementioned aspect, when the coloring layer is
formedontheCFsubstrateasconventional,theelectrodepattern
on the red coloring layer will not absorb the energy of infrared
laser thereby enabling repairs using infrared laser for the
electrode,whiletheothercoloringlayers(greenandblue,etc.)
will absorb the energy of infrared laser and thus may be cut
off. Therefore,itisdesirabletotakecountermeasuresagainst
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 display device used for
roentgen applications or a display device having a CF-on~TFT
(Color Filter on TFT Array) configuration having a CF pattern
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on the TEFT substrate (as described in, for example, JP-P No.
2000-147555), laser-cutting repairs can be performed without
problems.

The present invention is further a method for repairing
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 processes,
a CF processes, a liquid crystal processes and, in order to find
the vertical leakage, it is necessary to conduct a lighting
inspection at the state where the active matrix substrate and
the opposed substrate are attached to each other. Therefore,
in the aforementioned repairing method, laser irradiation is
applied from the back surface of any one of these substrates,
namely from the glass surface side.

Preferably, such laser irradiation is applied to the
connecting portion between electrode slits provided in the
substrateforadisplaydeviceaccordingtothepresentinvention
and, by cutting off the connecting portion between electrode
slits around a defective portion with laser irradiation for
cutting away the defective portion, the portion suffering from
theverticalleakagecanbemadeandnutedefectwhichisdifficult
to recognize as a defect, thereby suppressing degradation of
the display quality of the display device and increasing the
yield.

Preferably, in a method for repairing a display device,
wherein, a fundamental harmonic wave (the wavelength 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.
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The present invention is further a method for repairing
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-electrode side
of theactivematrix substrate. The substrate fora displaydevice
used for this repairing method is an active matrix substrate.
In general, in the event of the electrical short-circuiting
between the drain extractingelectrode and the storage capacitor
wiring (D-Cs leakage), the defective portion can be visually
identified when the patterning of the active matrix substrate
hasbeencompletedandtherefore, inthe 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.

Theportiontobe irradiatedwith laser is not particularly
limited and may be any portion which enables separating a
defective portion. For example, as illustrated in Fig. 10, a
surrounding area 35 of thepixel electrode on and around a contact
hole 8" within which a D-Cs leakage have been visually observed
may be cut off and the drain-extracting wiring 5’ connected to
the contacthole 8’ maybe cut offby laser irradiation. However,
it is more desirable to cut off the connecting portion between
electrode slits in the substrate for a display device according
to the present invention, for example, the connecting portion
betweenelectrodeslits13inFig. 10, sincethis can sufficiently
suppress an alignment defect. In the aforementionedmethod 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.

Further, thepresent inventionisaliquid-crystal display
device including the substrate for a display device, wherein
said liquid~crystal display device divides an alignment of a
liquid crystal molecule by the electrode slit.
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The aforementioned liquid crystal display device is
preferably an MVA type liquid crystal display device. However,
the liquid crystal display device is not particularly limited
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
reflection/transparent type display device, as well as a
transparent-type display device.

The liquid crystal display device employs the
aforementioned substrate foradisplaydeviceasanactivematrix
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 yield.

The substrate foradisplaydevice 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 yield. Further,
the substrate for a display device according to the present
inventioncanalso copewithadefect 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 excellent panel quality.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention will be described
with reference to the drawings. Although the following
embodiments will be describedwith respect to a transparent-type
liquid crystal display device, the present invention is not

limited to only these embodiments.

(First Embodiment)

Fig.2isacrosssectional viewschematicallyillustrating
the configuration of a liquid crystal display device 100
according tothe first embodiment of the present invention. Fig.
3 is aplan 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.

The liquid crystal display device 100 includes a pair of
opposing substrates, and a plasticbead 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
anactive-matrix type liquidcrystal displaydevice and includes
the color filter substrate 20 and the active matrix substrate
30 including a switching device such as- TFT.

Hereinafter, a method for fabricating the active matrix
substrate 30 (AM substrate) 30 will be described.

A metal such as a Ti/Al/Ti laminated film is deposited
on a transparent substrate 10 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 forma scanning-signal
wiring (gate wiring, scanning line) 1 and a secondary capacity
wiring 2. Then, a gate insulation film made of nitride silicon
(SiNx), 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, ametal such
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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(sourcewiring,signalline)4,zadrain—extractingwiring
5andzastoragecapacitorformingelectrode(secondarycapacity
electrode) 6. Further, a storage capacitor is constituted by
a gate insulation film with a thickness of about 4000 angstroms
sandwichedbetweenthestoragecapacitorwiringzandthestorage
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 photolithography method. The interlayer
insulation film7hasathicknessof about 3micrometers. Further,
thepixelelectrode9andanaﬂignmentfilm(notshown)areformed
in this order. Further, the present embodiment is an embodiment

ofanlﬂﬂx(Multi—domainVérticalAlignment)typeliquidcrystal

‘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
patternasillustratedinFig. 3. Asdescribedabove, the active
matrix substrate 30 is provided.

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.,aopposedelectrode(commonelectrode)23,analignment
film (not shown) and a protrusion for controlling alignment 22.
Z&negative—typeacrylicphotosensitiveresinliquidcontaining
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acarbonparticledispersedthereinisappliedtothe transparent
substrate 10 by spin coating and then is dried to form a black
photosensitive resin layer. Then, the black photosensitive
resin layer is exposed to light through a photo mask and then
it is developed to forma blackmatrix 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.

Next, anegative-type acrylicphotosensitive resin liquid
containing pigments dispersed therein is applied to the opening
for the first coloring layer and then it is dried, exposed to
light throughaphotomaskanddevelopedto formthe first coloring
layer (the red layer). Then, the second coloring layer (for
example, the green layer) and the third coloring layer (for
example, the blue layer) are similarly formed and thus the
formation of the color-filter layer 21 is completed. Then, the
transparent electrode (opposed electrode) 23 made of ITO, 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 protrusion for vertical alignment
22. As described above, the color-filter substrate 20 is
provided.

In the present embodiment, as illustrated in Fig. 3, a
connecting portion between electrode slits (electrical
connecting 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
of the AM substrate 30, the data-signal wiring 4 will not be
cutoff. Thisenablescuttingoffthedefectiveportion, without
affecting the adjacent pixel, to make the defective portion to
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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)

Fig. 4-1 is a plan 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 present invention is applicable to a
configuration in which a protrusion for vertical alignment 22
is provided 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.

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 suffering 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
leakagecanbeseparatedbylaser—cuttingtheconnectingportion
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
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achieving cutting off.

By employing such a configuration, laser-cutting repairs
can be performed without problems for a monochrome-type display
device used for a roentgen applicationor adisplay device having
a CF-on-TFT (Color Filter on TFT Array) configuration having
a CF pattern on the TFT substrate.

However, when the coloring layer is formed on the CF
substrate as conventional, theredcoloring layerwill not absorb
the energy of infrared laser thereby enabling repairs using
infrared laser for the electrode pattern on the red coloring
layer, while the other coloring layers (green and blue, etc.)
will absorb the energy of infrared laser and thus may be cut
off. Therefore, itisdesirabletotake countermeasuresagainst
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)

Fig. 5is aplanview schematically illustrating the shape
ofpixelelectrodeonthesubstrateforadisplaydeviceaccording
to the third embodiment of the present invention.

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 portion
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 themetal wiring. In the present embodiment, as illustrated
in Fig. 5, in a pixel configuration including a plurality of
independent contact holes 8, 8’ on the secondary 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
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leakage within the pixel electrode region connected 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 connectingportionbetweenelectrodeslits 13’ ona to-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
worktobecut offbylaserirradiationcanbe reduced. Therefore,
the connecting portion between electrode slits 13 can be placed
on the metal wiring which is to be cut off in repairing vertical

leakage.

(Fourth Embodiment)

Fig. 6 isaplanview schematically illustrating the shape
ofpixel electrodeonthe substrate foradisplaydeviceaccording
to the fourth embodiment of the present invention.

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-blocking
part such as a'black matrix (BM) or a metal wiring, the portion
to be subjected to the laser-cutting repairs will become
invisible. Therefore, while the first to third embodiments
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
illustrated in Fig. 6.

(Fifth Embodiment)

Figs. 7A and 7B are plan views schematically illustrating
the shape of pixel electrode on the substrate for adisplaydevice
according to the fifth embodiment of the present invention.
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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 connecting portion
between electrode slits 13 may be placed under a light-blocking
part (for example, the black matrix 28) continuous 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-repairedportionwiththe light-blockingpart for enabling
easily recognizing the to-be-repaired portion under the
light-blocking part as illustrated in Fig. 7. Although there
are illustrated, in Fig. 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)

Figs. 8A, 8B are plan views schematically illustrating
the shape of a pixel electrode on the substrate for a display
device according to the sixth embodiment of the present invention.
8Cisacrosssectional viewschematicallyillustratingthe cross
section of the substrate for a display device taken along the
line A-A in (a) and (b).

When there is a connecting portionbetween electrode slits
13, namely the portion to be cut off by laser irradiation, near
the signal wiring (for example, the data-signal wiring 4), the
signal wiringmay 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
db of the data-signal wiring 4 is cut off during laser cutting,
adatasignalmaybe circuitedthroughthe otherwiring4a. 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



10

15

20

25

30

35

WO 2005/116961 PCT/JP2005/009705

30

data-signal wiring 4 may be provided.

(Seventh Embodiment)

Fig.9j£;aplanviewschematicallyillustratingtheshape
ofpixelelectrodeonthesubstrateforadisplaydeviceaccording
to the seventh embodiment of the present invention.

In the event of a vertical leakage at the pixel electrode
connectedtoacontactholewhichisthesourcesofadrainelectric
potential,ifaadefectiveporthnliscutaway,thentheremaining
pixel electrode will not be fed with a signal thus causing the
entire pixel tobe defective. Therefore, as illustrated in Fig.
9, for example, there is formed a contact configuration 32 for
connecting adjacent pixel to each other. Thus, in the event
of occurrence of the defect, inorder to supply thedrainelectric
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 intersecting portions
31 of wirings 34 placed between the adjacent electrodes 33 such
that it intersect therewith and the electrode 33 connected to
contacthole 8aarebrought into conductionby laser irradiation.
The electrode 33 under the contact hole 8a and the wiring 34
betweenthecontactholesareintersectedwitheachotherthrough
an insulating layer. With the aforementioned repairingmethod,
in the even of occurrence of a failure of the contact hole 8,
the remaining pixel electrode may be fed with a
substantially-normal drainelectricpotential fromthe adjacent
pixel and thus may function. Fig. 9 illustrates an example of
the present invention and it is possible to employ any other
configurations which enable supplying the drain electric
potential from the adjacent pixel and induce little displaying
quality degradation due to placing such configurations.

(Eighth Embodiment)
Fig.10isaplanviewschematicallyillustratingtheshape
ofpixelelectrodeonthesubstrateforadisplaydeviceaccording
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totheeighthembodimentof thepresent invention. Inthepresent
embodiment, there will be described a method for repairing a
D-Cs leakage.

The D-Cs leakage is a mode of a defect occurring between
adrain 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 illustrated in Fig. 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) of a 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 connecting portion between electrode slits 13

since this will hardly cause an alignment defect.

(Other Embodiments)

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 alignment
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.

This Nonprovisional application claims priority under 35
U.S5.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.
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CLAIMS

1. 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,
saldactivematrixsubstrate includingapixel 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
electrode slit formed inone 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.

2. The substrate for a display device according to Claim
1, wherein said light-blocking region is formed from a metal

wiring formed on the active matrix substrate.

3. The substrate for a display device according to Claim
1, wherein said light-blocking region is formed from a black
matrix formedononeof theactivematrix substrate andthe opposed
substrate.

4. The substrate for a display device according to Claim
1, wherein said light-blocking region is formed from a
overlapping of a plurality of colors in a color filter formed

on one of the active matrix substrate and the opposed substrate.

5. The substrate for a display device according to Claim
1, wherein said substrate for a display device is the active
matrix substrate including the pixel electrode provided with
the electrode slit,

wherein said active matrix substrate includes a scanning

line, a signal line, a switching device and a storage capacitor
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wiring on an insulating substrate and further includes an
interlayer insulation film and the pixel electrode;

said switching device is provided at the intersection of
the scanning line and the signal line and include a gate
electrode connected to the scanning line, a source electrode
connected to the signal line and a drain extracting electrode
connected to the pixel electrode:

said 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 therebetween 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.

6. The substrate for a display device according to Claim
5, wherein the pixel electrodes connected to the contact hole

are not connected to one another.

7. The substrate for a display device according to Claim
5, wherein there are a plurality of drain extracting electrodes

within a single pixel.

8. The substrate for a display device according to Claim
5, wherein the drain extracting electrode is directly connected
to the capacitance electrode under the interlayer insulation
film.

9. The substrate for a display device according to Claim
5, wherein the electrical connecting portion of the electrode

slit exists on the drain extracting electrode.

10. The substrate for a displaydevice according to Claim
5, wherein a plurality of signal lines near the electrode slit
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are placed in parallel and the respective signal lines are
partially connected to one another.

11. The substrate for adisplaydevice according to Claim
5, wherein there is provided a repairing configuration for
supplying a drain electric potential from an adjacent pixel to
the pixel electrode provided with the electrode slit.

12. The substrate for adisplay device according to Claim
1, wherein said substrate for a display device is the opposed
substrate including the common electrode which is provided with
the electrode slit.

13. The substrate for a display device according to Claim
12, wherein said electrode slit is formed outside of the

light-blocking region.

14. A method for repairing a display device having an
electrical short-circuitinginthe substrate foradisplaydevice
according to Claim 1, wherein, in the event of occurrence of
the electrical short-circuiting 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.

15. A method for repairing a display device according
to Claim 14, wherein a fundamental harmonic wave of an

yttrium-aluminum-garnet laser is used.

16. A method for repairing the electrical
short-circuiting in the substrate foradisplay device according
to Claim 5, 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-electrode side
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of the active matrix substrate.

17. The method for repairing the substrate for a display
device according to Claim 16, wherein a fourth harmonic wave

of an yttrium-aluminum-garnet laser is used.

18. A liquid crystal display device including the
substrate for a display device according to Claim 1, wherein
said liquid crystal display device divides an alignment of a
liquid crystal molecule by the electrode slit.

19. Asubstrate for adisplaydevice comprising an active
matrix substrate and an opposed substrate which are opposed to
eachotherwithacﬁsplaymediumlayerinterposedtherebetween,
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
electrode slit formed inone of the pixel electrode and the common
electrode; and

at least one of electrical connecting portions of said
electrode slitisprovidedwithina light-blocking region formed
from a light-blocking component which is not continuous with

a light-blocking component of the adjacent pixel.

20. Thesubstrateforacﬁsplaydeviceaccordingtoclaim
19, wherein said a light-blocking region is formed from a metal

wiring formed on the active matrix substrate.

21. Thesubstrateforacﬁsplaydeviceaccordingtocﬂaim
19, wherein said a light-blocking region is formed from a black
matrixformedononeoftheactivematrixsubstrateandtheopposed

substrate.
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22. The substrate for adisplay device according to Claim
19, wherein said a light-blocking region is formed from a
overlapping of a plurality of colors in a color filter formed

on one of the active matrix substrate and the opposed substrate.

23. The substrate for adisplaydevice according to Claim
19, wherein said substrate for a display device is an active
matrix substrate including an pixel electrode provided with the
electrode slit,

wherein saidactivematrix substrate includes a scanning
line, a signal line, a switching device and a storage capacitor
wiring on an insulating substrate and further includes an
interlayer insulation film and a pixel electrode;

said switching device is provided at the intersection of
the scanning line and the signal line and include a gate
electrode connected to the scanning line, a source electrode
connected to the signal line and a drain extracting electrode
connected to the pixel electrode;

said 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 therebetween 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.

24. The substrate for adisplaydevice according to Claim
23, wherein the pixel electrodes connected to the contact hole

are not connected to one another.

25. The substrate for adisplay device according to Claim
23, wherein there are aplurality of drain extracting electrodes
within a single pixel.
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26. The substrate for adisplay device according to Claim
23, wherein thedrain extractingelectrode is directly connected
to the capacitance electrode under the interlayer insulation
film.

27. The substrate for adisplaydevice according to Claim
23, wherein the electrical connecting portion of the electrode

slit exists on the drain extracting electrode.

28. The substrate for a display device according to Claim
23, wherein a plurality of signal lines near the electrode slit
are placed in parallel and the respective signal lines are
partially connected to one another.

29. The substrate for a display device according to Claim
23, wherein there is provided a repairing configuration for
supplying a drain electric potential from an adjacent pixel to
the pixel electrode provided with the electrode slit.

30. The substrate for adisplay device according to Claim
19, wherein said substrate for a display device is the opposed
substrate including the common electrode which is provided with
the electrode slit.

31. The substrate for adisplay device according to Claim
30, wherein said electrode slit is formed outside of the

light-blocking region.

32. A method for repairing a display device having an
electrical short-circuitinginthe substrate foradisplaydevice
according to Claim 19, wherein, in the event of occurrence of
the electrical short-circuiting between the electrodes on the
activematrix substrate and onthe opposed substrate, the portion
suffering from a failure is cut away by laser irradiation from
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the back surface of at least one of the substrates.

33. A method for repairing a display device according
to Claim 32, wherein a fundamental harmonic wave of an

yttrium-aluminum-garnet laser is used.

34. A method for repairing an electrical
short-circuiting in the substrate for a displaydevice according
toClaim 23, 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-electrode side

of the active matrix substrate.

35. Themethod for repairing the substrate for a display
device according to Claim 34, wherein a fourth harmonic wave

of an yttrium-aluminum-garnet laser is used.

36. A liquid crystal display device including the
substrate for a display device according to Claim 19, wherein
said liquid crystal display device divides an alignment of a
liquid crystal molecule with the electrode slit.

37. Asubstrate for adisplaydevice comprising an active
matrix substrate and an opposed substrate which are opposed to
each other with a display medium layer interposed therebetween,
saidactivematrix substrate includingapixel 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
electrode slit formed inone of the pixel electrode and the common
electrode; and

at least one of the electrical connecting portions of said
electrode slit is provided within a light-blocking region and
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the position at which the at least one electrical connecting
portion is placed is marked with a shape of the light-blocking
component.

38. The substrate for adisplaydevice according to Claim
37, wherein said light-blocking region is formed from a metal

wiring formed on the active matrix substrate.

39. The substrate for adisplaydevice according to Claim
37, wherein said light-blocking region is formed from a black
matrix formedononeof theactivematrix substrate andthe opposed
substrate.

40. The substrate for adisplay device according to Claim
37, wherein said light-blocking region is formed from a
overlapping of a plurality of colors in a color filter formed

on one of the active matrix substrate and the opposed substrate.

41. The substrate for adisplaydevice according to Claim
37, wherein said substrate for a display device is an active
matrix substrate including the pixel electrode provided with
the electrode slit,

wherein said active matrix substrate includes a scanning
line, a signal line, a switching device and a storage capacitor
wiring on an insulating substrate and further includes an
interlayer insulation film and the pixel electrode;

said switching device is provided at the intersection of
the scanning line and the signal line and includes a gate
electrode connected to the scanning line, a source electrode
connected to the signal line and a drain extracting electrode
connected to the pixel electrode;

said 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 therebetween and connect the drain
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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.

42. The substrate for adisplaydevice according to Claim
41, wherein the pixel electrodes connected to the contact hole

are not connected to one another.

43. The substrate for adisplay device according to Claim
41, wherein there are aplurality of drain extracting electrodes
within a single pixel.

44. The substrate for adisplay device according to Claim
41,whereinthedrainextractingelectrodeisdirectlyconnected
to the capacitance electrode under the interlayer insulation
fiilm.

45. The substrate for adisplaydevice according to Claim
41, wherein the electrical connecting portion of the electrode

slit exists on the drain extracting electrode.

46. The substrate for adisplaydevice according to Claim
41, wherein a plurality of signal lines near the electrode slit
are placed in parallel and the respective signal lines are

partially connected to one another.

4'7. The substrate for adisplay device according to Claim
41, wherein there is provided a repairing configuration for
supplying a drain electric potential from an adjacent pixel to
the pixel electrode provided with the electrode slit.

48. The substrate for adisplaydevice according to Claim
37, wherein said substrate for a display device is the opposed
substrate including the common electrode which is provided with
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the electrode slit.

49. The substrate for adisplay device according to Claim
48, wherein said electrode slit is formed outside of the

light-blocking region.

50. A method for repairing a display device having
short-circuiting in the substrate for adisplaydevice according
toClaim 37, wherein, in the event of occurrence of the electrical
short-circuiting between the electrodes on the active matrix
substrate and on 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.

51. A method for repairing a display device according
to Claim 50, wherein a fundamental harmonic wave of an

yttrium-aluminum-garnet laser is used.

52. A method for repairing an electrical
short-circuiting in the substrate for adisplaydevice according
toClaim4l, 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-electrode side

of the active matrix substrate.

53. The method for repairing the substrate for a display
device according to Claim 52, wherein a fourth harmonic wave

of an yttrium-aluminum-garnet laser is used.

54. A liquid crystal display device including the
substrate for a display device according to Claim 37, wherein
said liquid crystal display device divides an alignment of a
liquid crystal molecule by the electrode slit.
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