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7) ABSTRACT

A liquid crystal display device, wherein liquid crystal is
driven by an electric field that is parallel to a substrate,
includes a plurality of gate lines (X,,_,), (X,,) and a plurality
of data lines (Y,__,), (Y,) provided such that the data lines
intersect with the plurality of gate lines, switching elements
(13) connected to the gates lines (X,,_;) and the data lines
(Y,_1), pixel electrodes (11) connected to the data lines
(Y,_,) via the switching elements (13), and opposing elec-
trodes (12) forming pairs with the pixel electrodes (11),
wherein a plurality of storage capacities (14a), (14b) for
maintaining a charge of the pixel electrodes (11) are pro-
vided in a distributed arrangement associated with points
where the plurality of gate lines (X,_;), (X,,) and the
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LIQUID CRYSTAL DISPLAY DEVICE, PIXELS
REPAIR METHOD THEREOF, AND DRIVE
METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to an active-matrix
liquid crystal display device, a repair method thereof and
drive method thereof, and in particular relates to an active-
matrix liquid crystal display device of the transverse electric
field type, a repair method thereof, and a drive method
thereof.

BACKGROUND ART

[0002] Recently, together with advancements in personal
computers, the trend has been for an increase in the demand
for liquid crystal display devices, particularly for active-
matrix liquid crystal display devices. Moreover, this trend is
not limited to personal computers, and the demand for liquid
crystal television (hereafter abbreviated as liquid crystal TV)
is also on the rise.

[0003] One of the properties demanded of liquid crystal
TVs is a broad viewing angle. A variety of different types of
liquid crystal display devices have been developed in order
to achieve a broad viewing angle. Among those, particular
interest has been given to active-matrix liquid crystal display
devices of the transverse electric field type (IPS (In-Plane
Switching) mode).

[0004] Generally, in active-matrix liquid crystal display
devices, a liquid crystal is injected between two glass
substrates, with one of the glass substrates being provided
with a plurality of signal line (data line) groups and a
plurality of scanning line (gate line) groups that intersect to
form a matrix. Furthermore, thin film transistors (TFTs) are
disposed at each portion where the signal lines and scanning
lines intersect.

[0005] In the case of active-matrix liquid crystal display
devices of the transverse electric field type, pixel electrodes
for controlling the arrangement of the liquid crystal at each
pixel, and opposing electrodes forming a pair with the pixel
electrodes, are further provided on the same substrate.

[0006] When displaying an image, the scanning lines are
scanned, and the thin film transistors at the intersecting
portions are turned on. When a thin film transistor is turned
on, the signal potential inputted in the signed line is written
onto the pixel electrode. When this happens, an electric
potential difference is applied between the pixel electrode
and the opposing clectrode, and an electric field (transverse
electric field) parallel to the substrate surface is created, and
thus the liquid crystal changes from an initial alignment to
a new alignment. Therefore, the amount of light that passes
through the liquid crystal layer can be adjusted. That is, the
polarization of light passing through the liquid crystal
changes according to the applied signal voltage, and depend-
ing on that polarization, a light or dark pixel is displayed on
the display screen.

[0007] In active-matrix liquid crystal display devices of
the transverse electric field type, the liquid crystal molecules
are always in a state parallel to the substrate, so that
compared to conventional liquid crystal display panels, in
which the pixel electrodes and the opposing electrodes are
disposed perpendicular to the panel, the contrast does not
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easily change even if the panel is viewed from an oblique
angle, and thus viewing angle properties can be considerably
improved.

[0008] Conventional active-matrix liquid crystal display
devices of the transverse electric field type are described in
further detail below. FIG. 21(a) is a plan view illustrating
the arrangement of the electrodes, wiring, and the like in a
single pixel in a liquid crystal display panel provided in a
conventional active-matrix liquid crystal display device of
the transverse electric field type, and FIG. 21(b) is a
cross-sectional view of that liquid crystal display device.
Also, FIG. 22(a) is a plan view illustrating the arrangement
of the electrodes, wiring and the like in a single pixel in a
liquid crystal display panel provided in another conventional
active-matrix liquid crystal display device of the transverse
electric field type, and FIG. 22(b) is a cross-sectional view
of that liquid crystal display device.

[0009] As shown in FIGS. 21(a) and (b), the liquid crystal
display panel has an array substrate 1001 and an opposing
substrate 1002 both made of the glass substrates and dis-
posed in opposition to one another, and a liquid crystal layer
1003 provided between the two. Formed on the surface of
the array substrate 1001 is a plurality of scanning lines 1004
having a fixed spacing between one another, a plurality of
signal lines 1005 that intersect with the scanning lines 1004,
pixel electrodes 1006 provided at each pixel, opposing
electrodes 1007 forming a pair with the pixel electrodes
1006, and TFTs 1008 that function as switching elements
between the pixel electrodes 1006 and the signal wires 1006.
Furthermore, the opposing electrodes 1007 are disposed
parallel to the scanning lines 1004. Also, a transparent
insulating layer 1009 is formed on the array substrate 1001
such that it covers the scanning lines 1004 and the opposing
electrodes 1007. The pixel electrodes 1006 are made of a
plurality of pixel electrode portions 1006a and linking
portions 10065 for linking the plurality of pixel electrode
portions 10064a. The linking portions 10065 are provided on
the scanning lines 1004. Additionally, the opposing elec-
trodes 1007 are made up of a plurality of opposing electrode
portions 10074 and an opposing electrode wire 10075 for
linking the plurality of opposing electrode portions 1007a.
Furthermore, storage capacity portions 1015 are provided on
the portions where the scanning lines 1004 and the linking
portions 1006b overlap.

[0010] More specifically, the TFTs 1008 are provided on
the array substrate 1001 and include a gate electrode 1010,
a silicon layer 1011, which is selectively provided on the
insulating layer 1009, a source electrode 1012, and a drain
electrode 1013.

[0011] The source electrodes 1012 are connected to the
signal wires 1005, and the drain electrodes 1013 are con-
nected to the pixel electrodes 1006. The pixel electrode
portions 1006a and the opposing electrode portions 10074
are arranged in alternation. Thus, an electric field substan-
tially parallel to the array substrate 1001 is generated
between the pixel electrode portions 10064 and the opposing
electrode portions 1007a, and the alignment of the liquid
crystal molecules is controlled at each pixel.

[0012] Also, an alignment film 1014 for aligning the liquid
crystal is formed on the array substrate 1001 so that it covers
the scanning lines 1004, the signal lines 1005, the pixel
electrodes 1006, the opposing electrodes 1007, and the TFTs
1008.
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[0013] On the other hand, the opposing substrate 1002 is
made of a glass substrate, the inner surface side of which is
provided with a color filter (not shown in the drawings).
Furthermore, an alignment film 1014 is also formed so as to
cover this color filter. The alignment films 1014 and 1014 arc
made of polyimide, the surface of which has been processed
by rubbing. The rubbing process is performed by rubbing a
surface with a roller coated with a fabric such as rayon.

[0014] Additionally, polarizers (not shown in the draw-
ings) are provided on the outer sides of the array substrate
1001 and the opposing substrate 1002. The two polarizers
are disposed such that their respective polarizing axes are in
cross nicol arrangement. Note that in the scenario described
above, the linking portions 1006b are provided above the
scanning lines 1004 in the pixel electrodes 1006, but as
shown in FIG. 22, it is also possible to provide the linking
portions 10065 above the opposing electrode wiring 1007b
in the opposing electrodes 1007. In that configuration,
storage capacity portions 1016 are provided between the
linking portions 10065 and the opposing electrode wire
10075.

[0015] As described earlier, in conventional IPS mode
liquid crystal display devices, the insulating layer 1009,
which is made of silicon nitride, is provided between the
layer of pixel electrodes 1006 and the layer of the opposing
electrodes 1007, so that both layers are insulated from each
other by the insulating layer 1009. However, because the
insulating layer 1009 is thin, portions where the pixel
electrodes 1006 and the opposing electrodes 1007 three-
dimensionally intersect, for example at a defective location
1017 shown in FIG. 21(a), may become conductive when
foreign substances, for example, have mixed into the insu-
lating layer 1009. Also, portions where the linking portions
10065 and the scanning lines 1004 overlap (storage capacity
portions 1015), for example at a defective location 1018
shown in FIG. 21(«) and a defective location 1019 shown in
FIG. 23(a), may become conductive for the same reason.

[0016] Moreover, when viewed horizontally, the pixel
electrodes 1006 and the opposing electrodes 1007 are nor-
mally designed such that they are formed at a spacing of
several microns to several dozen microns. Consequently,
when patterning is performed with a photolithography step,
electrical short-circuits occur easily between the pixel elec-
trodes 1006 and the opposing clectrodes 1007 (defective
location 1020 shown in FIG. 21(a) and defective location
1021 shown in FIG. 22(a)), or between the pixel electrodes
1006 and the scanning lines 1004, when there are pattern
defects between the two electrodes.

[0017] When current is conducted, or when short-circuits
occur, between the pixel electrodes 1006 and the opposing
electrodes 1007 in this way, the electric potential between
both electrodes drops, thereby causing the problem that all
of the pixels turn dark or white and become display defective
pixels (hereafter abbreviated simply as “bad pixels”).

[0018] The existence of these bad pixels is a problem in
particular in liquid crystal TVs. In the case of displays for
personal computers, the level of the resolution is that of
XGA (Extended Graphics Array) or SXGA (Super Extended
Graphics Array). On the other hand, liquid crystal TVs have
a resolution level of NTSC (National TV Standards Com-
mittee), and have a lower resolution than displays for
personal computers. Consequently, the pixel size in liquid
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crystal TVs is larger than that of displays for personal
computers. Therefore, pixel defects in liquid crystal TVs are
more easily visible than pixel defects in displays for per-
sonal computers. For this reason, bad pixels must be recov-
ered to improve yield when manufacturing display devices.

[0019] As explained above, the occurrence of bad pixels
resulting from the conduction of current or short-circuits
caused by impurities between the pixel electrodes 1006 and
the opposing electrodes 1007 is normally repaired by cutting
off the pixel electrodes from the TFTs by the irradiation of
laser light. For example, irradiating laser light on a repair
location 1022 with respect to the defective location 1018
cuts away the pixel electrode 1006 and the defective location
1018, and the recovery of bad pixels is achieved. However,
there was the problem that pixels did not operate after being
repaired, and the entire pixel went completely black when
on. There was also the problem, for example, that even if
repaired pixels could be operated, if the storage capacity
portion 1015 had been cut off, the conduction in the storage
capacity portion 1015 caused charge leaks from the liquid
crystal capacity that resulted in the dropping of the bright-
ness of that pixel, and in display nonuniformities, for
example.

[0020] Also, as is disclosed in the Japanese Unexamined
Patent Publication 05-333376, a method has been proposed
for providing two TFTs on a single pixel in advance, so that
even if one of the TFTs and pixel electrodes is cut off and
becomes inactive after laser light has been irradiated, pixel
activation is ensured by the other TFT, and the pixel can be
prevented from becoming defective. With this repair
method, however, in a normal case wherein pixel defects do
not occur, there was the problem that because an unneces-
sary TFT existed in each pixel, the numerical aperture of the
pixels dropped and the transmissivity of the pixels was
lowered.

DISCLOSURE OF THE INVENTION

[0021] In view of the problems of the related art, it is an
object of the present invention to provide a liquid crystal
display device, in which a decrease in transmissivity can be
impeded and an increase of yield can be achieved by
recovering bad pixels, a pixel repair method and a drive
method for same.

[0022] In order to achieve this object, a liquid crystal
display device in accordance with the present invention,
wherein a liquid crystal layer is formed between a pair of
substrates, and wherein liquid crystal in the liquid crystal
layer is driven by an electric field that is parallel to the
substrate surface, wherein provided on one substrate of the
pair of substrates are a plurality of gate lines, a plurality of
data lines provided such that the data lines intersect with the
plurality of gate lines, switching elements associated with
points where the plurality of gate lines and the plurality of
data lines intersect, and which are connected to the gates
lines and the data lines, pixel electrodes connected to the
data lines via the switching elements, and opposing elec-
trodes forming pairs with the pixel electrodes, wherein a
plurality of storage capacities for maintaining a charge of the
pixel electrode are provided in a distributed arrangement
associated with points where the plurality of gate lines and
the plurality of data lines intersect.

[0023] With this configuration, switching elements are
provided for each point where the plurality of gate lines and
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the plurality of data lines intersect, or in other words: a
switching element is provided for each pixel. Furthermore,
each pixel is provided with a plurality of storage capacities
in a distributed arrangement. Here, each pixel is provided
with a plurality of storage capacities “in a distributed
arrangement” means that if, for example, one of the plurality
of storage capacities is electrically short-circuited and can-
not operate normally, and then this defective storage capac-
ity is cut off, then the other storage capacities are arranged
such that they can still operate.

[0024] Consequently, with this configuration, even when a
storage capacity with a defect is cut off, then the other
storage capacities still function normally, so that regularly
functioning storage capacities compensate for the storage
capacity with the defect and fluctuations in the potential of
the pixel electrode can be inhibited. Therefore, comparing
pixels in which a defect storage capacity has been cut off
with regular pixels, it is possible to suppress extreme dis-
crepancies in brightness and flicker properties. Thus, bad
pixels can be made more inconspicuous on the display
screen, and an increase in yield can be achieved.

[0025] In the above configuration, it is possible to adopt a
configuration, in which at least some of the plurality of
storage capacities are arranged in series.

[0026] Tt is further possible to adopt a configuration, in
which a bypass is provided for bypassing the storage capac-
ity from among the plurality of storage capacities arranged
in series that is closest to the switching element.

[0027] In this configuration, it is further possible to adopt
a configuration, in which at least some of the plurality of
storage capacities are arranged in parallel.

[0028] In this configuration, it is further possible to adopt
a configuration, in which at least some of the plurality of
storage capacities are arranged in a loop.

22«

[0029] Here, “arranged in series”, “arranged in parallel”,
and “arranged in a loop” does not mean that the electrical
connections in the equivalent circuit are in parallel or in
series for example, but rather the concept of how the
plurality of storage capacities are arranged in one pixel.
FIG. 20 is a diagram illustrating schematically how a
plurality of storage capacities can be arranged. A series
arrangement means that the arrangement is for example as
shown in FIG. 20(a). With this arrangement, even if there is
a defect in the third storage capacity counted from the
switching element for example, and then this storage capac-
ity is cut off, there are still two normally operating storage
capacities left when. Consequently, brightness discrepancies
to the normal pixels can be reduced and an increase in yield
can be achieved. As mentioned above, providing a bypass
for bypassing the storage capacity that is closest to the
switching element prevents that also the other normal stor-
age capacities are cut off simultaneously when there is a
defect in that storage capacity and that storage capacity is cut
off. As a result, a further increase in yield can be achieved.
A parellel arrangement means that the arrangement is for
example as shown in FIG. 20(b). With this arrangement, the
other storage capacities can still be operated even when a
storage capacity with a defect is cut off, so that a further
increase in yield can be achieved. A loop arrangement means
that the arrangement is for example as shown in FIG. 20(c).
With this arrangement, the other storage capacities can still
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operate normally even when a storage capacity with a defect
is cut off, so that, again, a further increase in yield can be
achieved.

[0030] In order to achieve the above-stated object, a liquid
crystal display device in accordance with the present inven-
tion, wherein a liquid crystal layer is formed between a pair
of substrates, and wherein liquid crystal in the liquid crystal
layer is driven by an electric field that is parallel to the
substrate surface, wherein provided on one substrate of the
pair of substrates are a plurality of gate lines, a plurality of
data lines provided such that the data lines intersect with the
plurality of gate lines, switching elements associated with
points where the plurality of gate lines and the plurality of
data lines intersect, and which are connected to the gates
lines and the data lines, pixel electrodes connected to the
data lines via the switching elements; and opposing elec-
trodes forming pairs with the pixel electrodes, wherein the
pixel electrodes overlap with a portion of the previous or
subsequent gate line of the plurality of gate lines, and/or
with a portion of the opposing electrode, at a plurality of
locations via an insulating layer, and wherein at least two of
the plurality of overlaps form storage capacities.

[0031] In this configuration, it is further possible to adopt
a configuration wherein, even if a portion of the pixel
electrode forming one storage capacity of the at least two
storage capacities in the pixel electrode is cut off, a portion
of the pixel electrode forming the other storage capacities is
still connected to the switching element.

[0032] With this configuration, at least two of the plurality
of overlaps in the pixels function as storage capacities, so
that even if for example one of them does not operate
normally due to an electrical short-circuit, and the storage
capacity with the defect is cut off, fluctuations of the
potential level of the pixel electrode can be inhibited by the
other storage capacity. As a result, extreme discrepancies in
brightness and flicker properties compared to the normal
pixel do not occur. Thus, bad pixels can be made more
inconspicuous on the display screen, and an increase in yield
can be achieved.

[0033] In the above configuration, it is further possible to
adopt a configuration in which the pixel electrodes include
a plurality of pixel electrode portions that are provided
parallel to one another and that generate the parallel electric
field between the pixel electrode and the opposing electrode,
and an electrode linking portion for linking the plurality of
pixel electrode portions, wherein storage capacities are
formed by the electrode linking portion overlapping with a
portion of the previous or subsequent gate line and/or with
a portion the opposing electrode.

[0034] In the above configuration, it is further possible to
adopt a configuration in which the pixel electrodes include
a plurality of pixel electrode portions that are provided
parallel to one another, an electrode linking portion for
linking the plurality of pixel electrode portions, and a
storage capacity electrode for forming the storage capacities,
wherein the storage capacity electrode forms a storage
capacity by overlapping with a portion of the previous or
subsequent gate line and/or a portion of the opposing
electrode.

[0035] In the above configuration, it is further possible to
adopt a configuration in which the electrode linking portion
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forms a storage capacity by overlapping with a portion of the
previous or subsequent gate line and/or with a portion of the
opposing electrode.

[0036] Tt is also possible that the storage capacity elec-
trode is connected to the pixel electrode portions via a
connection electrode wire. Even if a storage capacity elec-
trode is cut off from the pixel electrode due to an electrical
short-circuit between the storage capacity electrode and a
portion of the previous or subsequent gate line and/or with
a portion of the opposing electrode, the storage capacity
electrode can be cut off easily by severing the connection
electrode wire. Thus, it can be prevented that for example
another pixel electrode portion is also cut off as well when
the storage capacity electrode is cut off, and the maximum
displayable region can be kept. As a result, bad pixels in the
display screen can be made even more inconspicuous.

[0037] In addition, in this configuration, it is also possible
to adopt a configuration in which the wire width of at least
a portion of the connection electrode wire is smaller than the
width of the pixel electrode portions. Thus, the connection
electrode wire can be easily severed when the storage
capacity electrode is cut off from the pixel electrode.

[0038] Morcover, in the above configuration, it is also
possible to adopt a configuration in which the connection
electrode wire is provided with a separation portion for
separation by laser light, wherein the separation portion is
further provided with a marking. Providing the connection
electrode wire with a separation portion, and further pro-
viding the separation portion with a marking makes the
severing of the connection electrode wire easier. As a result,
a liquid crystal display device in which repair of bad pixel
by laser repair is easy can be provided.

[0039] Moreover, in the above configuration, it is also
possible to adopt a configuration in which the areas of the
overlaps forming the at least two storage capacities are
different. When a portion of a storage capacity with a defect,
of two or more storage capacities, is separated, the storage
capacity is cut of from the circuit configuration, so that the
capacity of the storage capacity in the entire pixel is
decreased. There is also the case that the liquid crystal
capacity is decreased when a portion of the pixel electrode
is separated. Thus, after separation of a portion of the pixel
electrode, the ratio between storage capacity and liquid
crystal capacity changes. However, when the areas of the
overlaps constituting the storage capacities are different, as
in the above-described configuration, so that the storage
capacities are made different from one another, then it
becomes possible to suppress fluctuations in the ratio
between liquid crystal capacity and storage capacity. As a
result the discrepancy to the brightness of normal pixels
becomes small, and it can be prevented that the flicker
properties are changed considerably, so that it is possible to
provide a liquid crystal display device, in which bad pixels
are not conspicuous.

[0040] Moreover, in the above configuration, it is also
possible to adopt a configuration in which the switching
elements are connected to the pixel electrodes via a drain
electrode, wherein the drain electrode and/or the pixel
electrode is provided with at least one separable compen-
sation capacity electrode, which forms a compensation
capacity by overlapping, via the insulating layer, with a
portion of the corresponding gate line of the plurality of gate
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lines. With this configuration, even when the ratio of the sum
of the liquid crystal capacity and the storage capacity to the
compensation capacity changes due to cutting off a storage
capacity with a defect of two or more storage capacities, the
compensation capacity can be adjusted for example by
separating a compensation capacity electrode. As a result,
the ratio of the sum of the liquid crystal capacity and the
storage capacity to the compensation capacity (also revered
to in short as “ratio of the capacities” below) can be brought
near the value in a normal pixel, and bad pixels in the display
screen can be made even more inconspicuous.

[0041] Moreover, in the above configuration, it is also
possible to adopt a configuration in which, if there is a
plurality of compensation capacity electrodes, the areas of
the overlaps of the compensation capacity electrodes with a
portion of the gate line are different. With this configuration,
the compensation capacities formed between the compen-
sation electrodes and portions of the gate lines are caused to
be different from one another by making the overlap areas of
the compensation capacity electrodes with portions of the
gate lines different. Thus, if a storage capacity is cut off, the
capacity of the storage capacities can be further fine-tuned
by for example, separating a plurality of compensation
capacity as necessary, so that the ratio of the capacities can
be brought even closer to the value in a normal pixel.

[0042] Inorder to achieve the above-stated object, an array
substrate in accordance with the present invention includes
a plurality of gate lines; a plurality of data lines provided
such that the data lines intersect with the plurality of gate
lines; switching elements associated with points where the
plurality of gate lines and the plurality of data lines intersect,
and which are connected to the gates lines and the data lines;
pixel electrodes connected to the data lines via the switching
elements; and opposing electrodes forming pairs with the
pixel electrodes; wherein a plurality of storage capacities for
maintaining a charge of the pixel electrodes are provided in
a distributed arrangement associated with points where the
plurality of gate lines and the plurality of data lines intersect.

[0043] In order to achieve the above-stated object, a liquid
crystal television in accordance with the present invention,
wherein a liquid crystal layer is formed between a pair of
substrates, and wherein liquid crystal in the liquid crystal
layer is driven by an electric field that is parallel to the
substrate surface, wherein provided on one substrate of the
pair of substrates are a plurality of gate lines, a plurality of
data lines provided such that the data lines intersect with the
plurality of gate lines, switching elements associated with
points where the plurality of gate lines and the plurality of
data lines intersect, and which are connected to the gates
lines and the data lines, pixel electrodes connected to the
data lines via the switching elements, and opposing elec-
trodes forming pairs with the pixel electrodes, wherein the
pixel electrodes overlap with a portion of the previous or
subsequent gate line of the plurality of gate lines, and/or
with a portion of the opposing electrode, at a plurality of
locations via an insulating layer, and wherein at least two of
the plurality of overlaps form storage capacities.

[0044] With this configuration, even when one of two ore
more storage capacities is not operating normally due to an
electrical short-circuit, and the storage capacity with the
defect is cut off, fluctuations in the electrical potential level
of the pixel electrode are suppressed by the other storage
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capacities, so that no extreme discrepancy in the brightness
and flicker properties as compared to normal pixels occur.
Thus, even in a liquid crystal television with large pixel size,
repaired pixels can be made inconspicuous on the display
screen, and the repaired pixels can be kept from becoming
visible. Thus, a liquid crystal television is provided that can
be manufactured with increased yield.

[0045] In order to achieve the above-stated object, a pixel
repair method for a liquid crystal display device in accor-
dance with the present invention, wherein a liquid crystal in
a liquid crystal layer is driven by an electric field parallel to
a substrate, the liquid crystal display device including a first
substrate provided with a plurality of gate lines, a plurality
of data lines provided such that the data lines intersect with
the plurality of gate lines, switching elements associated
with points where the plurality of gate lines and the plurality
of data lines intersect and which are connected to the gates
lines and the data lines, pixel electrodes connected to the
data lines via the switching elements, and opposing elec-
trodes forming pairs with the pixel electrodes; a second
substrate in opposition to the first substrate; and a liquid
crystal layer provided between the first substrate and the
second substrate; wherein the pixel electrodes overlap with
a portion of the previous or subsequent gate line of the
plurality of gate lines and/or with a portion of the opposing
electrodes, at a plurality of locations via an insulating layer;
wherein at least two of the plurality of overlaps form storage
capacities; includes, when an electrical short-circuit occurs
at an overlap, separating in the pixel electrode a predeter-
mined location on the switching element side in proximity to
the short-circuit, or predetermined locations in front of and
behind the proximity of the short-circuit.

[0046] With this method, when an electrical short-circuit
occurs between the pixel electrode and a portion of the
previous or subsequent gate line of the plurality of gate lines
and/or a portion of the opposing electrodes, then the pixel
electrode is separated at a predetermined location on the
switching element side in proximity to the short-circuit, or
at predetermined locations in front of and behind the prox-
imity of the short-circuit, so that in the region of the pixel
electrode that has not been cut off from the switching
element, display is possible. Morcover, even when the
portion of the pixel electrode that has been cut off relates to
a storage capacity, since at least two storage capacities are
provided, the other storage capacities fulfill the function of
holding charges necessary for display. Thus, with this
method, it can be prevented that the pixel turns into a pixel
that does not illuminate, even when short-circuits occur at a
plurality of overlap portions. In addition, when a short-
circuit occur at an overlap portion constituting the storage
capacity, the other storage capacities still function and
compensate for that storage capacity, so that an extreme
brightness drop of repaired pixels compared to normal pixels
can be averted. Thus, with this method, the repaired pixels
in the display screen can be made inconspicuous, and an
increase in yield can be achieved.

[0047] In this method, separation can be performed in
order starting with an overlapping portion furthest from the
switching element. With this method, it can be prevented
that portions of the pixel element that are related to overlap
portions in which there is no short-circuit are needlessly cut
off.
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[0048] Furthermore, in this method, it is possible to
inspect display of the pixel each time separation is per-
formed in order starting with the overlapping portion fur-
thest from the switching element.

[0049] Furthermore, in this method, if the pixel electrode
overlaps between the previous or subsequent gate line and a
portion of the opposing electrode, it is possible to perform
separation after it has been determined whether an electrical
short-circuit is occurring between the pixel electrode and the
previous or subsequent gate line or between the pixel
electrode and the opposing electrode. With this method,
since storage capacities are formed between the pixel elec-
trode and a portion of the previous or subsequent gate line
and between the pixel electrode and a portion of the oppos-
ing electrode, as long as it has been found in which of the
two the short-circuit occurs, the steps of separating the pixel
electrode can be cut in half, which makes the task more
efficient.

[0050] Furthermore, in this method, the pixel electrodes is
provided with a plurality of pixel electrode portions that are
disposed parallel to one another and generate a parallel
electrical field between the pixel electrodes and the opposing
electrodes, and an electrode linking portion for linking the
plurality of pixel electrode portions; and if the storage
capacities are formed by the electrode linking portions
overlapping with a portion of the previous or subsequent
gate line and/or a portion of the opposing electrode, and an
electrical short-circuit occurs at the overlaps, the electrode
linking portion with the short-circuit can be cut off from the
pixel electrode by separating one or more predetermined
locations in the pixel electrode.

[0051] Furthermore, in this method, the pixel electrodes is
provided with a plurality of pixel electrode portions dis-
posed parallel to one another, an electrode linking portion
for linking the plurality of pixel electrode portions, and
storage capacity electrodes for forming the storage capaci-
ties; and if the storage capacity electrodes form storage
capacities by overlapping with a portion of the previous or
subsequent gate line and/or a portion of the opposing
electrode, and an electrical short-circuit occurs at the over-
laps, the storage capacity electrode with the short-circuit can
be cut off from the pixel electrode by separating one or more
predetermined location in the pixel electrode.

[0052] Furthermore, in this method, if the storage capacity
electrodes are connected to the pixel electrode portions via
a connection electrode wire, the storage capacity electrode
with the short-circuit can be cut off from the pixel electrode
by separating a predetermined location in the connection
electrode wire.

[0053] Moreover, in this method, the separation can be
performed by irradiating laser light.

[0054] Moreover, in this method, before the separation,
defect scanning can be performed in order to detect con-
taminants adhering to the first substrate, and furthermore,
when a contaminant is detected, that contaminant can be
removed by irradiating a laser on the contaminant. With this
method, it can be prevented that repair by separation is
extended to defects for which there is no need for separation,
and thus, an increase in yield can be achieved.

[0055] In order to achieve the above-stated object, a drive
method for a liquid crystal display device in accordance with
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the present invention, the liquid crystal display device
including a first substrate provided with a plurality of gate
lines, a plurality of data lines provided such that the data
lines intersect with the plurality of gate lines, switching
elements associated with points where the plurality of gate
lines and the plurality of data lines intersect and which are
connected to the gates lines and the data lines, pixel elec-
trodes connected to the data lines via the switching elements,
and opposing electrodes forming pairs with the pixel elec-
trodes; a second substrate in opposition to the first substrate;
and a liquid crystal layer provided between the first substrate
and the second substrate; wherein the pixel electrodes over-
lap with a portion of the previous or subsequent gate line of
the plurality of gate lines and/or with a portion of the
opposing electrodes, at a plurality of locations via an insu-
lating layer; wherein at least two of the plurality of overlaps
form storage capacities; the method including if there is a
repaired pixel that has been repaired by separating, for a bad
pixel with an electrical short-circuit at an overlap, in the
pixel electrode of that bad pixel a predetermined location on
the switching element side in proximity to the short-circuit,
or predetermined locations in front of and behind the prox-
imity of the short-circuit, compensating a data signal applied
to the repaired pixel and driving the pixel, based on infor-
mation on the pixel location of the repaired pixel and the
repaired location in the repaired pixel.

[0056] With this method, the storage capacity in a repaired
pixel can be calculated from the repair position in the
repaired pixel. Considering the drop in the brightness of the
repaired pixel in comparison to normal pixels depending on
this capacity, a compensated data signal is applied to the
repaired pixel. As a result, it is possible to drive the pixels
such that the brightness of the repaired pixel is close to the
brightness of normal pixels, and thus, repaired pixels in the
display screen can be made even more inconspicuous. It
should be noted that, “compensated data signal” means a
data signal with a voltage that is higher than the voltage of
a data signal applied to a normal pixel. It is also possible to
compensate data signals based on information on the pixel
position and the repair position in repaired pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] FIG. 1(a) is a plan view showing the arrangement
of the pixel electrode structure, the opposing electrode
structure, the wiring, and the like in a single pixel in the
liquid crystal display device according to a first embodiment
of the present invention, and

[0058] FIG. 1(b) is a cross-sectional view showing that
liquid crystal display device.

[0059] FIG. 2(a) is an equivalent circuit diagram showing
the circuit configuration for an equivalent circuit of that
liquid crystal display device, and

[0060] FIG. 2(b) is an equivalent circuit diagram showing
the circuit configuration for an equivalent circuit of a single
pixel.

[0061] FIG. 3 is a voltage waveform diagram illustrating
the capacitive coupling drive method in that liquid crystal
display device.

[0062] FIG. 3(a) shows the waveform of the gate voltage
in the gate lines X__; and X, while
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[0063] FIG. 3(b) shows a waveform diagram of the image
signal voltage and the pixel electrode voltage.

[0064] FIG. 4 is a plan view showing the arrangement of
the pixel electrode structure, the opposing electrode struc-
ture, the wiring, and the like in a single pixel in another
liquid erystal display device according to the first embodi-
ment.

[0065] FIG. 5(a) is a plan view showing the arrangement
of the pixel electrode structure, the opposing electrode
structure, the wiring, and the like in a single pixel in the
liquid crystal display device according to a second embodi-
ment of the present invention, and

[0066] FIG. 5(b) is a plan view showing the arrangement
of the pixel electrode structure, the opposing electrode
structure, the wiring, and the like in a single pixel in another
liquid crystal display device according to that second
embodiment.

[0067] FIG. 6 is a plan view showing the arrangement of
the pixel electrode structure, the opposing electrode struc-
ture, the wiring, and the like in a single pixel in the liquid
crystal display device according to a third embodiment of
the present invention.

[0068] FIG. 7(a) is a plan view showing the arrangement
of the pixel electrode structure, the opposing electrode
structure, the wiring, and the like in a single pixel in the
liquid crystal display device according to a fourth embodi-
ment of the present invention, and

[0069] FIG. 7(b) is a cross-sectional view of that liquid
crystal display device.

[0070] FIG. 8 is a plan view showing the essential com-
ponents of the pixel electrode structure in that liquid crystal
display device.

[0071] FIG. 9 is a plan view showing the arrangement of
the pixel electrode structure, the opposing electrode struc-
ture, the wiring, and the like in a single pixel in the liquid
crystal display device according to a fifth embodiment of the
present invention.

[0072] FIG. 10 is a plan view showing the arrangement of
the pixel electrode structure, the opposing electrode struc-
ture, the wiring, and the like in the single pixel of a liquid
crystal display device according to a sixth embodiment of
the present invention.

[0073] FIG. 11(a) is a plan view showing the arrangement
of the pixel electrode structure, the opposing electrode
structure, the wiring, and the like in a single pixel of another
liquid crystal display device according to that sixth embodi-
ment, and

[0074] FIG. 11(b) is an equivalent circuit diagram show-
ing the circuit configuration for an equivalent circuit of a
single pixel in another liquid crystal display device.

[0075] FIG. 12 is a plan view showing the arrangement of
the pixel electrode structure, the opposing electrode struc-
ture, the wiring, and the like in the single pixel of a liquid
crystal display device according to a seventh embodiment of
the present invention.

[0076] FIG. 13 is a plan view showing the arrangement of
the pixel electrode structure, the opposing electrode struc-
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ture, the wiring, and the like in a single pixel of another
liquid crystal display device according to that seventh
embodiment.

[0077] FIG. 14is a plan view showing the arrangement of
the pixel electrode structure, the opposing electrode struc-
ture, the wiring, and the like in a single pixel of a liquid
crystal display device according to an eighth embodiment of
the present invention.

[0078] FIG. 15is a plan view showing the arrangement of
the pixel electrode structure, the opposing electrode struc-
ture, the wiring, and the like in a single pixel of the liquid
crystal display device according to a ninth embodiment of
the present invention.

[0079] FIG. 16 is a plan view showing the essential
components in a single pixel when compensation capacity
portions are provided in a liquid crystal display device
according to the above-mentioned first embodiment.

[0080] FIG. 17 is an equivalent circuit diagram of a pixel
provided with those compensation capacity portions.

[0081] FIG. 18 is a plan view showing the essential
components in a single pixel when other compensation
capacity portions are provided in a liquid crystal display
device according to the above-mentioned first embodiment.

[0082] FIG. 19 is a block diagram illustrating the drive
method of a liquid crystal display device according the
present invention.

[0083] FIG. 20 is a conceptual diagram which schemati-
cally illustrates the arrangements of a plurality of storage
capacities according to the present invention.

[0084] FIG. 20(q) shows how a plurality of storage
capacities are arranged in series.

[0085] FIG. 20(b) shows how a plurality of storage
capacities are arranged in parallel.

[0086] FIG. 20(c) shows how the storage capacities are
arranged in a loop.

[0087] FIG. 21(a) is a plan view illustrating the arrange-
ment of the electrodes, the wiring, and the like in a single
pixel in a liquid crystal display panel provided in a conven-
tional active-matrix liquid crystal display device of the
transverse electric field type, and

[0088] FIG. 21(D) is a cross-sectional view of that liquid
crystal display device.

[0089] FIG.22(a)is a plan view showing the arrangement
of the electrodes, the wiring, and the like in a single pixel in
a liquid crystal display panel provided in another conven-
tional active-matrix liquid crystal display device of the
transverse electric field type, and

[0090] FIG. 22(b) is a cross-sectional view of that liquid
crystal display device.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0091] First Embodiment

[0092] An active-matrix liquid crystal display device
(hereafter, liquid crystal display device) of the IPS (In-Plane
Switching) type according to the first embodiment of the
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present invention is described below. FIG. 1(a) is a plan
view showing the arrangement of the pixel electrode struc-
ture, the opposing electrode structure, the wiring, and the
like in a single pixel in a liquid crystal display device, and
FIG. 1(b) is a cross-sectional view showing that liquid
crystal display device. FIG. 2(a) is an equivalent circuit
diagram showing the circuit configuration for an equivalent
circuit of the liquid crystal display device, and FIG. 2(b) is
an equivalent circuit diagram showing the circuit configu-
ration for an equivalent circuit of a single pixel.

[0093] As shown in FIG. 1(b), the liquid crystal display
device according to the first embodiment of the present
invention has an array substrate 1 and an opposing substrate
2, each made of a glass substrate, for example, and disposed
in opposition, and a liquid crystal layer 3 is provided
between the two substrates.

[0094] As shown in FIG. 2(a), gate bus lines X and data
bus lines Y are provided in a matrix on top of the array
substrate 1, and TFTs 13 are provided as (active) switching
elements at the intersecting locations of the gate bus lines X
and the data bus lines Y. The gate lines (scanning lines) of
the gate bus lines X are denoted as X, X,, . . . X_,_;, X, (m
denotes the row number). The data lines (signal lines) of the
data bus lines Y are denoted as Y, Y., Y5, ... Y, Y, (0
denotes the column number). Additionally, a pixel electrode
structure (pixel electrode) 11 and an opposing electrode
structure (opposing electrode) 12 forming a pair with the
pixel electrode structure 11 are formed on each single pixel
(hereafter, referred to simply as pixel), as shown in FIG.
1(a). The size of the pixel is width 211 gmxheight 633 pm,
for example in the case of 480 scanning lines in a 20 inch
TV.

[0095] An alignment film (not shown in the drawings) for
aligning the liquid crystal is formed on the array substrate 1
such that it covers the gate bus lines X, the data bus lines Y,
the pixel electrode structure 11, the opposing electrode
structure 12, the TFT 13, and the like.

[0096] On the other hand, an alignment film is also formed
on the inner surface side of the opposing substrate 2. The
alignment films are made of polyimiide, for example, and
their surface is subjected to a rubbing process using a
conventional, publicly known method.

[0097] The TFT 13 is provided on the array substrate 1 and
includes a gate electrode 4, an insulating layer 5 made of a
silicon nitride (SiN,) layer or the like, for example, an
amorphous silicon layer (a-Si) 6 selectively provided on the
insulating layer 5, a source electrode 7, a drain electrode 8,
and a protective layer 9 made from a silicon nitride layer, for
example. The source electrode 7 is connected to the data line
Y,_;. On the other hand, the drain electrode 8 is connected
to the pixel electrode structure 11.

[0098] The pixel electrode structure 11 is an electrode
structure in the shape of a long unbroken line with a plurality
of pixel electrode portions 112 and electrode linking por-
tions 115 to 114 linked in alternation. The pixel electrode
portions 11a are disposed parallel to one another, and are
also parallel to the data bus lines Y. The electrode linking
portions 115 and 1lc¢ are disposed so that they overlap with
a portion of the previous gate line X__, via the insulating
layer S. In this way, storage capacity portions 14a and 14b
are formed at the overlapping portions. Thus, the electrode
linking portions 115 and 11c¢ also function as storage capac-
ity electrodes.
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[0099] The opposing electrode structure 12 is an electrode
structure with a plurality of opposing electrode portions 124
that are linked with an opposing electrode wire 125 at right
angles. The opposing electrode portions 12a are disposed
parallel to one another and also parallel to the pixel electrode
portions 11a. Additionally, as is clear from the same draw-
ing, the pixel electrode portions 1la@ and the opposing
electrode portions 12a are disposed in alternation. The
spacing distance between the pixel electrode portions 11a
and the opposing electrode portions 12a is set at approxi-
mately 10 uM. The opposing electrode wire 12b is disposed
at the center of a single pixel such that it is parallel to the
gate bus lines X.

[0100] The storage capacity portions 14a and 14b are
essential structural elements of the present invention, and
their function is to inhibit fluctuations in the electric poten-
tial level of the pixel electrode structure 11 caused by charge
leaks from the liquid crystal capacity CLC. As explained
earlier, the storage capacity portion 144 is formed by the
electrode linking portion 115 overlapping with a portion of
the previous gate line X _;. On the other hand, the storage
capacity portion 145 is formed by the electrode linking
portion 11c overlapping with a portion of the previous gate
line X _,. Furthermore, the storage capacity portions 14a
and 145 are provided between the gate line X, ; and the
electrode linking portions 115 and 11c. The insulating layer
5 has a fixed layer thickness, but the areas of the electrode
linking portions 11b and 1l¢ are different. This causes the
storage capacity C,,; of the storage capacity portion 14a and
the storage capacity C,,, of the storage capacity portion 14b
to differ from one another. For example, when the area of the
electrode linking portion 115 is at 10,800 #m?, and the area
of the electrode linking portion 1lc¢ is at 7,200 um>, C =
2.16 pF, and the storage capacity C,,,=1.44 pF. The liquid
crystal capacity C; - has been given as one capacity for the
convenience of explanation, and as shown in FIG. 2(b), is
actually the total sum of a liquid crystal capacity C;;, a
liquid crystal capacity C; ., and a liquid crystal capacity
C; 5. Liquid crystal capacity C; -, is formed by a region 16
indicated by the dashed line in FIG. 1(a), liquid crystal
capacity C; ., is formed by a region 17, and liquid crystal
capacity C; 5 is formed by a region 18.

[0101] The reason for providing storage capacity portions
14a and 14b in a single pixel is explained below.

[0102] As shown in FIG. 1, when there is a defective
location As in the storage capacity portion 14b resulting
from an electrical short-circuit (hereafter, abbreviated sim-
ply as “short-circuit”) between the gate line X _, and the
electrode linking portion 11c, laser repair is performed on a
repair location Aj', and the electrode linking portion 115
with a short-circuit defect is separated from the pixel elec-
trode structure 11. Now, with conventional laser repairs
methods, display defects were limited only to pixels with
defective locations by cutting away pixels with defective
locations from separate pixel groups that can be operated
normally. By contrast, with the above-described configura-
tion, because the normally functioning pixel electrode por-
tion 11a and the storage capacity portion 14a are kept, the
pixel can display, and can be prevented from becoming a bad
pixel that cannot display. Additionally, because the storage
capacity portion 144 also functions normally, electric poten-
tial level fluctuations in the pixel electrode structure 11
caused by charge leakage from the liquid crystal capacity
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Cic; and C; ., in the drivable regions 16 and 17 of the pixel
can be suppressed. This prevents an extreme drop in bright-
ness in the pixel after repair (hereafter, also referred to as
“repaired pixel”), and inhibits the brightness gap between it
and other normal pixels from increasing. The result is that
display nonuniformities can be inhibited. In addition, bad
pixels are repaired and become capable of display, so an
increase in yield can also be achieved.

[0103] Similarly, when defective locations caused by
short-circuits occur in A;, A,, or A,, by performing laser
repair on repair locations A;', A,', or A, respectively, the
said pixel can be prevented from becoming a bad pixel that
cannot be displayed.

[0104] The capacities of the storage capacity portion 14a
and the storage capacity portion 14b are set to different to
one another to accommodate changes in the liquid crystal
capacity after laser repair. When one portion of the pixel
electrode structure 11 is removed by laser repair, the cut off
portion is no longer capable of driving the liquid crystal.
Thus, laser repair reduces the liquid crystal capacity of the
entire pixel. Additionally, cutting off a portion of the pixel
electrode structure 11 by laser repair reduces the number of
pixel electrode portions 11a capable of normal operation,
and shortens the total length of the pixel electrode portions
114, which changes the amount of charge leakage of the
liquid crystal capacity (because the amount of charge leak-
age is proportional to the length of the pixel electrode
portions 114). Furthermore, charge leakage occurs from the
TFT 13 as well. In view of these facts, it is preferable that
the storage capacity portion 14a in pixels after repair has a
capacity that can correspond to the charge leakage amount
of the pixel electrode portions 11 that are capable of normal
operation and the TFT 13. More specifically, it is preferable
that the capacity of the storage capacity portion 14a is
greater than the capacity of the storage capacity portion 14b.
Repair locations for performing laser repair are set to any of
A;'to A, in advance, as explained above, so if laser repair
is performed on any of these repair locations, it is possible
to estimate in advance the capacity of the liquid crystal
capacitance and the storage capacitance, and in what way
those capacities will change relative to the capacity of the
repaired capacitance. Thus, based on this estimation, the
capacities of the storage capacity portion 14« and the storage
capacity portion 14D can be set such that the ratio between
the capacities does not significantly change. Establishing the
capacities in this way makes it possible to set the voltage
coupling amount from the previous gate line X _; to sub-
stantially the same value, and although the brightness of the
repaired pixel is somewhat lowered by the laser repair,
threshold value properties can be set substantially equivalent
to that of unrepaired normal pixels. When three or more
storage capacity portions are provided, at least the storage
capacity portion closest to the TFT 13 should have the
greatest capacity. For example, when three storage capacity
portions «, B3, and y are disposed in series in that order from
the TFT 13, these storage capacity portions are provided
such that their capacities fulfill the relationships of a.>B=y,
a>P>y, a=P>y, for example.

[0105] Providing the storage capacity portions 14a and
145 enables a capacitive coupling drive method that uses
electric potential coupling with the gate line X,_;. In this
capacitive coupling drive method, as disclosed in Japanese
Patent No. 2568659, a superimposed voltage is applied via
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the previous or subsequent gate lines or a separately pro-
vided common capacity line during the period when the
switching element is off after temporarily writing an electric
potential to the pixel. When this drive method is introduced,
energy consumption is reduced, picture quality is improved,
and an increase in reliability is attained.

[0106] The following is a further explanation of this
capacitive coupling drive method. FIG. 3 is a voltage
waveform diagram for explaining the capacitive coupling
drive method in the liquid crystal display device according
to this first embodiment. FIG. 9(a) shows the waveform of
the gate voltage in the previous gate line X__, and the
present gate line X,,, and FIG. 3(b) shows a waveform
diagram of the image signal voltage and the pixel electrode
voltage. First, the case of a normal pixel will be described.
When the present gate line X is on, the pixel electric
potential is charged by V (signal voltage). After the present
gate line X is turned off, if a compensation voltage V, is
superimposed on the previous gate line X, ;, AV is super-
imposed on the pixel electrode potential Vd. Here, the
superimposed voltage AV is given by AV=V,x(C,,+C,,,)/
(Cy1+Cyo+C; ). On the other hand, in the case of repaired
pixels formed by the application of laser repair to bad pixels,
when there is a short-circuit, for example, in the storage
capacity portion 14b, the storage capacity portion 14b can-
not be operated because it has already been cut off However,
because the storage capacity portion 14¢ is capable of
normal operation, if compensation voltage V, is superim-
posed on the previous gate line X_,_; in the same way as
described above, AV'is superimposed an the pixel electrode
potential Vd. Here, the superimposed voltage AV' is given
bys AV'=V xC_ A(C,,,+C, ,+C; o). Thus, in the liquid crys-
tal display device according to the present embodiment,
even repaired pixels after laser repair are capable of being
driven by capacitive coupling. However, with conventional
liquid crystal display devices, when laser repair is performed
on bad pixels with defects in storage capacity portions, those
storage capacity portions become inoperable, and thus the
superimposed voltage AV is zero. Thus, in conventional
liquid crystal display devices, repaired pixels can no longer
be driven by capacitive coupling.

[0107] TIPS mode liquid crystal display devices with a
configuration such as that described above are manufactured
by the method described below.

[0108] First, a vacuum deposition device is used to deposit
a Cr thin film metallic layer with a film thickness of about
0.2 um, for example, on one surface of a glass substrate
made by Corning, Inc. (catalog no. 1737). Next, this Cr thin
film metallic layer is patterned into a certain shape to
selectively form the gate bus lines X, the gate electrode 4,
and the opposing electrode structure 12. Hereafter, this
substrate is called the array substrate. The gate electrode 4
is the electrode forming one portion of the TFTs 13, and
connects with the gate lines X, X,, ... X _;, and X . Also,
the end of the gate lines X, X,, . . . X_,_;, and X are
patterned such that they form terminal electrodes that can
connect with the gate signal drive circuit (the drive circuit
for applying gate signals to the gate bus lines X).

[0109] Next, the insulating layer 5 (silicon nitride layer
(SiN,)) as a gate insulating layer, an amorphous silicon layer
that hardly includes impurities and which is for forming the
channel of an insulated gate transistor, and a silicon nitride
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layer as an inter-layer insulating layer are sequentially
deposited over the entire surface of the glass substrate with
a plasma CVD device. The layer thickness of these layers
can be set to 0.3 ym, 0.05 um, and 0.1 um, respectively, for
example. Next, by etching the silicon nitride layer, the
silicon nitride layer can be selectively left only on the gate
electrode 4, and the amorphous silicon layer is exposed in
other regions on which the gate electrode 4 is not formed

[0110] Next, a non-crystalline silicon layer that includes
phosphorus as an impurity is formed over the entire surface
of the glass substrate using a plasma CVD device. The layer
thickness of this non-crystalline silicon layer is set to 0.05
um, for example. Next, the amorphous silicon layer 6 is
formed by etching the non-crystalline silicon layer. The
amorphous silicon layer 6 includes phosphorus only in the
channel portion, which is necessary for electrically connect-
ing with the data bus lines Y.

[0111] Furthermore, an aluminum thin film with a film
thickness of about 0.3 um is deposited on the glass substrate
using a vacuum deposition device, after which it is etched to
selectively form the data bus lines Y, the source electrode 7,
the pixel electrode structure 11, and the drain electrode 8. At
this time, the source electrode 7 is formed such that it
connects to the data line Y, ;. The drain electrode 8 is
formed such that it connects to the pixel electrode structure
11. Further, the ends of the data bus lines Y are patterned
such that they form terminal electrodes that can be con-
nected to the data signal drive circuit (the drive circuit for
applying data signals to the data bus lines Y).

[0112] Next, a silicon nitride layer is deposited over the
entire surface of the glass substrate to form the protective
film 9 (passivation film). Furthermore, by removing both the
silicon nitride layer serving as the inter-layer insulating layer
and the protective film 9 on one end of the periphery of the
glass substrate, the terminal electrodes provided on the end
portion of the gate bus lines X are exposed. By removing the
protective film 9 on the other end of the periphery of the
array substrate, the terminal electrodes provided on the ends
of the data bus lines Y are exposed. This makes it possible
to connect the gate bus lines X and the data bus lines Y to
the gate signal drive circuit or data signal drive circuit,
respectively, which output electric signals to these bus lines.

[0113] Furthermore, an alignment film is formed on the
protective film 9 with a conventional, publicly known
method, thus completing the array substrate.

[0114] Next, the opposing substrate that forms a pair with
the array substrate is manufactured. Specifically, first a color
filter (not shown in the drawings) configured by a black
matrix and R (red), G (green), and B (blue), is formed on a
glass substrate. Furthermore, an alignment film is formed
over this color filter, and the opposing substrate is manu-
factured. The black matrix is formed in a lattice arrangement
that matches the wire locations of the gate bus lines X and
the data bus lines Y when the array substrate and the
opposing substrate are laminated to one another.

[0115] Next, after the array substrate and the opposing
substrate have been laminated to one another, liquid crystal
is injected with a conventional, publicly known method to
form a liquid crystal layer, and thus a liquid crystal display
panel is manufactured. Furthermore, the gate signal drive
circuit and the data signal drive circuit are mounted at the
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periphery of this liquid crystal display panel, thereby com-
pleting the liquid crystal display device according to this
first embodiment.

[0116] By further performing a detection process on the
liquid crystal display device manufactured as above, bad
pixels can be confirmed, and defective locations in those bad
pixels are identified. More specifically, light detection is
used to locate what wire the pixel electrode structure 11
short-circuits with. For example, if the liquid crystal display
device manufactured with the above-mentioned method
displays black when no voltage difference is applied
between the pixel electrode structure 11 and the opposing
electrode structure 12, then this means that there is a
short-circuit between the pixel electrode structure 11 and the
opposing electrode structure 12, if an alternating voltage is
applied to the opposing electrode structure 12, and the
display device displays black. On the other hand, if it
displays white, a short-circuit is occurring between the
previous gate line X, _; and the pixel electrode structure 11.

[0117] Moreover, with this detection process, in the event
that defective locations are specified, those bad pixels are
repaired. For repairing bad pixels, ablation by the irradiation
of laser light, for example, can be used. The laser light is first
irradiated on the repair location A,', which is the repair
location farthest from the TFT 13, and after light detection
is performed, it is determined whether the bad pixel has been
repaired. If it has not been repaired, laser light is further
illuminated on the repair location As', which is closer to the
TFT 13 than the repair location that was initially irradiated
with laser light, and then light detection is performed again.
Thereafter, the irradiation of laser light and the light detec-
tion procedure is repeatedly performed until the defective
location has been repaired.

[0118] By repeating the above-described procedure, the
liquid crystal display panel can be examined after repair is
performed. In bad pixels before repair, the entire pixel is a
black display, but by repairing them with laser light irradia-
tion, a region of one portion of the bad pixel can be used for
display. Thus, in the display screen, pixel defects can be
made inconspicuous and the yield can be improved.

[0119] In this first embodiment, as shown in FIG. 1, a
bypass line 19 for bypassing the storage capacity portion
14a can be provided. The bypass line 19 prevents the
normally operational storage capacity portion 14b, for
example, from being simultaneously cut off when there is a
defective location As resulting in a short-circuit in the
storage capacity portion 14a and laser repair must be per-
formed on a repair location Aj'. This enables the liquid
crystal to be driven in all regions of the pixel, and achieves
an even greater improvement in yield. If the bypass line 19
is provided, however, it is necessary to perform laser repair
on a repair location A" in addition to the aforementioned
repair location AJ'.

[0120] Alternatively, in this first embodiment, an electrode
structure with the plane shape shown in FIG. 4 can be used
for the opposing electrode structure. FIG. 4 is a plan view
showing the arrangement of the pixel electrode structure, the
opposing electrode structure, the wiring, and the like in a
single pixel in another liquid crystal display device accord-
ing to the present embodiment.

[0121] As shown in FIG. 4, an opposing electrode struc-
ture (opposing electrode) 15 is an electrode structure of a
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long unbroken line shape wherein a plurality of opposing
electrode portions 164 and an electrode linking portions 15b
are alternately linked to one another. Moreover, the opposing
electrode structure 15 is provided with a connection elec-
trode 15¢ for connecting to the opposing electrode structure
in the adjacent pixel and which is disposed on the opposing
electrode portion 16a furthest from the TFT 13.

[0122] When the opposing electrode structure 16 with this
plane shape is used, it is conceivable that the two locations
where short-circuits could occur are a defective location A,
and a defective location A,. When laser repair is performed
on these defective locations, repair can be performed on a
repair location A/' for the defective location A, and a repair
location A.' for the defective location A,. Thus, with the
aforementioned configuration, the number of defective loca-
tions that could occur is reduced, and along with this a
reduction in the number of repair locations can be achieved.

[0123]

[0124] A second embodiment of the present invention is
explained below with reference to FIG. 5(«) and FIG. 5(b).
FIG. 5(a) is a plan view showing the arrangement of the
pixel electrode structure, the opposing electrode structure,
the wiring, and the like in a single pixel in the liquid crystal
display device according to the present embodiment. FIG.
5(b) is a plan view showing the arrangement of the pixel
electrode structure, the opposing electrode structure, the
wiring, and the like in a single pixel in another liquid crystal
display device according to the present embodiment.

[0125] The liquid crystal display device according to this
second embodiment differs from the liquid crystal display
device according to the above-mentioned first embodiment
mainly in the feature of providing storage capacity portions
between the pixel electrode structures and the opposing
electrode structures. A more specific explanation of this
divergent feature follows below.

[0126] As shown in FIG. 5(a), a pixel electrode structure
(pixel electrode) 21 according to this second embodiment is
made of pixel electrode portions 21a disposed parallel to one
another and electrode linking portions 2156 to 21d linking the
pixel electrode portions 21a. The electrode linking portions
21b and 21 ¢ are provided on the opposing electrode wire 12b
via a silicon nitride layer, thus forming storage capacity
portions 22a and 22b, respectively, between them and the
opposing electrode wire 12b.

[0127] Here, the areas of the electrode linking portions
21b and 21c¢ are different. This causes the storage capacity
of the storage capacity portion 224 to differ from the storage
capacity of the storage capacity portion 22b. For example,
when the area of the electrode linking portion 215 is set to
10,800 #m?, and the area of the electrode linking portion 21¢
is set to 7,200 um?, the capacity of the storage capacity
portion 22a is 2.16 pF, and the capacity of the storage
capacity portion 225 is 1.44 pF.

[0128] In a liquid crystal display device with the above-
described configuration, when there is a defective location
B, in the storage capacity portion 22b resulting in a short-
circuit between the opposing electrode wire 12b and the
electrode linking portion 21e¢, it is possible to separate the
electrode linking portion 21c with the short-circuit defect
from the pixel electrode structure 21 by performing laser
repair on a repair location B,'. Thus, because the repaired

Second Embodiment
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pixel retains pixel electrode portions 21a, which are capable
of normal operation, the repaired pixel is capable of being
displayed, and can be prevented from becoming a bad pixel
that cannot display. The result is that an increase in yield
becomes possible. Also, repaired pixels are not only capable
of display, but are also inhibited from dropping in brightness
and prevented from significantly differing in flicker proper-
ties in comparison to other normal pixels. The reason for this
is that the normally operating storage capacity portion 224
is retained. The result is that the occurrence of display
nonuniformities can also be suppressed. Furthermore,
because the storage capacity portions are not provided on the
gate line X__,, waveform distortion of the gate voltage does
not increase by boosting the gate line time constant. Thus, a
liquid crystal display device can be provided that is capable
of a large-scale, uniform display.

[0129] In this second embodiment, it is further possible to
use the configuration shown in FIG. 5(b). That is, in place
of the pixel electrode structure 21, it is possible to provide
a pixel electrode structure 23 that is made of pixel electrode
portions 23a, electrode linking portions 23b linking the
electrode portions 23a, and storage capacity electrodes 23c¢
to 23¢ provided on the opposing electrode wire 12b via an
insulating layer, such as a silicon nitride layer or the like, and
which are connected to the pixel electrode portions 23a.

[0130] The pixel electrode portions 23a are disposed par-
allel to one another, and are provided parallel to the data bus
lines Y as well. Additionally, the storage capacity electrodes
23c¢ to 23e are provided on the opposing electrode wire 125
via the insulating layer 6, and form storage capacity portions
24a and 24b with a portion of the gate line X_,_;.

[0131] Here, the areas of the storage capacity electrodes
23c to 23e are different from one another. This causes the
storage capacity of the storage capacity portion 24a, the
storage capacity of the storage capacity portion 24b, and the
storage capacity of a storage capacity portion 24¢ to differ
from one another. For example, when the area of the storage
capacity electrode 23c is set to 7,200 um?®, the area of the
storage capacity electrode 23d is set to 7200 um?, and the
area of the storage capacity electrode 23e is set to 3600 um?,
then the capacity of the storage capacity portion 24a is 1.44
pF, the capacity of the storage capacity portion 24b is 1.44
pF, and the capacity of the storage capacity portion 24c is
0.72 pF.

[0132] In a liquid crystal display device with this configu-
ration, when there is a defective location B; in the storage
capacity portion 24c¢ resulting in a short-circuit between the
opposing electrode wire 12b and the storage capacity elec-
trode 23e, the storage capacity electrode 23e with that
short-circuit defect is separated from the pixel electrode 23
by performing laser repair on a repair location B;'. More-
over, when there is a defective portion B, in the storage
capacity portion 24b, the storage capacity electrode 23d with
the short-circuit defect is separated from the pixel electrode
23 by performing laser repair on a repair location B,". In the
same way as mentioned earlier, this achieves an improve-
ment in yield and can also provide a liquid crystal display
device capable of producing a large-scale, uniform display.

[0133] Third Embodiment

[0134] A third embodiment of the present invention is
explained below with reference to FIG. 6. FIG. 6 is a plan
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view showing the arrangement of the pixel electrode struc-
ture, the opposing electrode structure, the wiring, and the
like in a single pixel in the liquid crystal display device
according to the present embodiment.

[0135] The liquid crystal display device according to this
third embodiment differs from the liquid crystal display
device according to the first embodiment mainly in that
storage capacity portions are further provided between the
pixel electrode structures and the opposing electrode struc-
tures. A more specific explanation with regard to this dif-
ference follows below.

[0136] As shown in FIG. 6, a pixel electrode structure
(pixel electrode) 31 according to this third embodiment is
made of pixel electrode portions 31a disposed parallel to one
another, and electrode linking portions 315 to 31d linking
the pixel electrode portions 31a. The electrode linking
portions 315 and 314 are provided on the previous gate line
X, via the insulating layer 5, thus forming storage capac-
ity portions 32a and 32c, respectively, between the electrode
linking portions 316 to 31d and the gate line X, ;. On the
other hand, the electrode linking portion 31c¢ is provided on
the opposing electrode wire 12b via the insulating layer 5,
thus forming a storage capacity portion 32b between the
electrode linking portion 31c and the opposing electrode
wire 12b. That is, the electrode linking portions 31b to 31d
also function as storage capacity electrodes.

[0137] Here, the arcas of the electrode linking portions
31b to 31d are different from one another. This causes the
capacity of the storage capacity portion 32a, the capacity of
the storage capacity portion 32b, and the capacity of the
storage capacity portion 32c¢ to differ from one another. For
example, when the area of the electrode linking portion 315
is set to 7,200 um?, the area of the electrode linking portion
31c is set to 7,200 um?, and the area of the electrode linking
portion 31d is set to 3,600 um”, the capacities of the storage
capacity portions 32q and 32b are 1.44 pF, and the capacity
of the storage capacity portion 82¢ is 0.72 pF.

[0138] In a liquid crystal display device with this configu-
ration, when there is a defective location C, in the storage
capacity portion 32¢ resulting in a short-circuit between the
gate line X, ; and the electrode linking portion 31d, the
electrode linking portion 31d with the short-circuit defect is
cut off from the pixel electrode structure 31 by performing
laser repair on a repair location C,'. Additionally, when there
is a defective location C, in the storage capacity portion 32b,
the electrode linking portion 31c¢ with the short-circuit defect
is cut off from the pixel electrode structure 31 by performing
laser repair on a repair location C,'. This leaves normally
operational pixel electrode portions 31a in the repaired
pixel, so the repaired pixel can be displayed, and is pre-
vented from becoming a bad pixel that cannot display. Thus,
it becomes possible to increase yield. Furthermore, when
laser repair is performed on the repair location C,', the
storage capacity portions 32¢ and 32b are capable of normal
operation, while when laser repair is performed on the repair
location C,', the storage capacity portion 324 is capable of
normal operation. This not only enables the repaired pixel to
display, but also inhibits it from dropping in brightness
compared to other, normal pixels. The result is that the
occurrence of display nonuniformities can also be sup-
pressed.

[0139] When storage capacity portions, which easily
short-circuit, are divided up and provided on the previous
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gate line X, and the opposing electrode wire 12b, spots
where short-circuits occur can be easily identified by inspec-
tion. For that method of inspection, the following method,
for example, can be used.

[0140] First, the entire surface of the display screen of the
liquid crystal display device is illuminated, which identifies
bad pixels displaying black.

[0141] Next, a gate voltage is, applied to the present gate
line X, which turns the bad pixel on and off, and the TFT
13 of the bad pixels is operated. At this time, the data line
Y, for writing the image signal on the bad pixel is set to
oV.

[0142] Here, when detection is performed by an electrical
method, the following steps (1) and (2) are performed

[0143] (1) A gate voltage of 5V is applied to the
previous gate line X _,, and a voltage of 0V is
applied to the opposing electrode structure 12.

[0144] (2) A gate voltage of OV is applied to the
previous gate line X__,, and a voltage of 5V is
applied to the opposing electrode structure 12.

[0145] The above-mentioned (1) and (2) are performed,
and the current through the pixel electrode structure 31 in
each case is inspected.

[0146] The result is that, for example, if a short-circuit is
occurring at the storage capacity portion 32¢, when (1) is
performed, after time has passed for the liquid crystal
capacity to charge, the current through the pixel electrode
structure 31 becomes 0. On the other hand, when (2) is
performed, electrical current continues to flow through the
pixel electrode structure 31.

[0147] Moreover, if a short-circuit is occurring at the
storage capacity portion 32b, when (1) is performed the
current continues to flow, whereas when (2) is performed,
the current through the pixel electrode structure 31 becomes
0 after a certain amount of time has passed.

[0148] The result of this inspection is that it can be
determined whether defects such as short-circuits and the
like are occurring in the storage capacity portion 32¢ pro-
vided between the previous gate line X _; and the pixel
electrode portion 31a, or if they are occurring in the storage
capacity portion 32b provided between the opposing elec-
trode wire 12b and the electrode linking portion 31c.

[0149] Further, in place of the aforementioned electrical
method, the location of short-circuits can also be determined
by an optical method. With this method, a gate voltage of 0V
is applied to the previous gate line X, _; of the bad pixel, and
an alternating voltage of +5V is applied to the opposing
electrode structure 12. If this causes a short-circuit in the
storage capacity portion 32b, which is provided between the
opposing electrode wire 125 and the electrode linking por-
tion 31c, the bad pixel is not illuminated. If it illuminates,
then that means that the short-circuit is occurring outside of
the storage capacity portion 32b.

[0150] When it is determined whether defective locations
are in the previous gate line X__;, or in the opposing
electrode wire 12b by performing the above inspections,
then the selection of repair locations for the subsequent laser
repair can be easily carried out. For example, if a defect can
be located in the opposing electrode wire 12b, the repair
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location C;' can be automatically dropped from that selec-
tion, and the operation efficiency can be improved.

[0151]

[0152] A fourth embodiment of the present invention is
explained below with reference to FIG. 7 and FIG. 8. FIG.
7(a) is a plan view showing the arrangement of the pixel
electrode structure, the opposing electrode structure, the
wiring, and the like in a single pixel in a liquid crystal
display device, and FIG. 7(b) is a cross-sectional view of the
liquid crystal display device. FIG. 8 is a plan view showing
the essential components of the pixel electrode structure.

[0153] The liquid crystal display device according to the
present fourth embodiment has in common with the other
liquid crystal display device according to the above-men-
tioned third embodiment the aspect of providing storage
capacity portions between the pixel electrode structure and
the previous gate line, and between the pixel electrode
structure and the opposing electrode structure, but the two
embodiments differ in that the two storage capacity portions
are disposed in parallel. A more specific explanation of this
difference follows below.

[0154] As shown in FIG. 7(a), a pixel electrode structure
(pixel electrode) 41 according to this fourth embodiment
includes a plurality of pixel electrode portions 414, electrode
linking portions 4156 linking the pixel electrode 5 portions
41a, a storage capacity electrode 4lc provided on the
opposing electrode wire 12b, and connection electrode wires
41d for connecting the plurality of pixel electrode portions
41a and the storage capacity electrode 41c.

Fourth Embodiment

[0155] The pixel electrode portions 41a are disposed par-
allel to one another, and are provided parallel with respect to
the data bus lines Y as well.

[0156] The electrode linking portion 41b is provided on
the previous gate line X_,_; via the insulating layer 5, and
forms a storage capacity portion 42a with a portion of the
gate line X _,. That is, the electrode linking portion 41b,
which overlaps with the gate line X also functions as a
storage capacity electrode.

[0157] Additionally, the storage capacity clectrode 41c is
provided on the electrode linking portion 125 via the insu-
lating layer 5, and forms a storage capacity portion 42b with
a portion of the electrode linking portion 12b.

[0158] Furthermore, as shown in FIG. 8, the connection
electrode wires 414 are provided with separation portions 43
that can be easily separated when irradiating laser light, and
marking portions 44 for enabling the easy confirmation of
the separation portions 43. The wire width d, of the sepa-
ration portions 43 (for example, 4 pm) is thinner than the
wire width d; (for example, 8 um) of the electrode linking
portion 12b, and the separation portions 43 are easily
separated by the irradiation of laser light. The length 1, of the
separation portions 43 can be set to 10 pm, for example.
Moreover, the marking portions 44 are disposed such that
they sandwich the separation portions 43, making it easy to
locate the separation portions 43. The wire width d; (for
example, 20 um) of the marking portions 44 is thicker than
the wire width d; (for example, 8 um) of the electrode
linking portion 12b. The length 1, of the marking portions 44
can be set to 20 um, for example.

m-—1>



US 2002/0154079 Al

[0159] The separation portions according to the present
invention are not restricted to the aforementioned separation
portions 43, and by choosing their shape and size in accor-
dance with the irradiation point of the laser, for example, the
design can be suitably altered if necessary. The marking
portions according to the present invention are not limited to
the marking portions 44, but must at least have a size that
can be discerned by microscopic observation. Moreover, the
shape can be suitably altered if necessary.

[0160] In a liquid crystal display device with this configu-
ration, when there is a defective location D, in the storage
capacity portion 42a resulting in a short-circuit between the
gate line X, ; and the electrode linking portion 41b, the
electrode linking portion 41b with the short-circuit defect is
separated from the pixel electrode structure 41 by perform-
ing laser repair on the two repair locations D;" and D;' in
front of and behind the defective location D,. Or, when there
is a defective location D, in the storage capacity portion 425,
the storage capacity electrode 41c with the short-circuit
defect is separated from the pixel electrode structure 41 by
performing laser repair on the two repair locations D,' and
D,'. With a structure wherein the storage capacity portion
42a and the storage capacity portion 42b are arranged in
parallel in the present embodiment, all regions of the pixel
can be operated after it has been repaired because even if one
of the two storage capacity portions is cut off, the other
storage capacity portion is able to operate normally. Thus,
the existence of bad pixels can be made even less conspicu-
ous, and the yield is increased.

[0161] Fifth Embodiment

[0162] A fifth embodiment of the present invention is
described below with reference to FIG. 9. FIG. 9 is a plan
view showing the arrangement of the pixel electrode struc-
ture, the opposing electrode structure, the wiring, and the
like in a single pixel of a liquid crystal display device.

[0163] The liquid crystal display device according to this
fifth embodiment differs from the other liquid crystal display
device according to the first embodiment in that another
storage capacity portion is further disposed in parallel
between the pixel electrode structure and the opposing
electrode structure.

[0164] More specifically, as shown in FIG. 9, a pixel
electrode structure (pixel electrode) 51 includes a plurality
of pixel electrode portions 51a, electrode linking portions
51bto 51d linking the pixel electrode portions 51a, a storage
capacity electrode 51e provided on the opposing electrode
wire 12b, and connection electrode wires 51f for connecting
the pixel electrode portions Sla and the storage capacity
electrode 51e. The connection electrode wires 51f can have
the structure described in the above-mentioned fourth
embodiment that includes separation portions and marking
portions.

[0165] In aliquid crystal display device with this configu-
ration, when there are defective locations E; to E, resulting
in short-circuits, laser repair can be performed on a repair
location E,' with respect to the defective location E,, on two
repair locations E,' and E,' with respect to the defective
location E, that are located in front of and behind the same,
on two repair locations E;' and E.' with respect to the
defective location E; that are located in front of and behind
the same, and on two repair locations E,' and E,' with
respect to the defective location E,, that are located in front
of and behind the same.
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[0166] With the pixel electrode structure 51 of the afore-
mentioned configuration, especially when laser repair is
performed only on the repair location E;' or the repair
location E ', the electrode linking portion 51c can maintain
its connection with the TFT 13 via the storage capacity
electrode Sle, for example. Consequently, the storage capac-
ity portion 52b can operate normally even after repair has
been performed. The result is that in the repaired pixel,
fluctuations in the electric potential level of the pixel elec-
trode 51 can be inhibited on a par with normal pixels, even
if there is charge leakage from the liquid crystal capacity.

[0167]

[0168] A sixth embodiment of the present invention is
described below with reference to FIG. 10 and FIG. 11.
FIG. 10 is a plan view showing the arrangement of the pixel
electrode structure, the opposing electrode structure, the
wiring, and the like in a single pixel of a liquid crystal
display device.

[0169] What the liquid crystal display device according to
this sixth embodiment has in common with the other liquid
crystal display device according to the first embodiment is
that a plurality of storage capacity portions are provided
between the pixel electrode structure and the previous gate
line, but it differs in that these storage capacity portions are
arranged in parallel. It differs also in that the pixel electrode
structure and the opposing electrode structure are provided
with the following configuration in order to dispose the
storage capacity portions in parallel.

[0170] That is, as shown in FIG. 10, a pixel electrode
structure (pixel electrode) 61 according to the present
embodiment includes a plurality of pixel electrode portions
61a, an electrode linking portion 61b connected to the end
of the pixel electrode portions 61a at the gate line X, side,
and storage capacity electrodes 61¢ to 61e connected to the
pixel electrode portions 614 at their ends on the gate line
X  side such that a right angle is formed. The pixel
electrode portions 61a are disposed parallel to one another
and also disposed parallel to the data bus lines Y. The
electrode linking portion 615 is provided near the gate line
X, and is parallel therewith. Furthermore, the storage capac-
ity portions 61c to 6le are provided on an opposing elec-
trode wire 63b via the insulating layer S, and form storage
capacity portions 62a to 62c¢ with a portion of the opposing
electrode wire 63b. The storage capacity electrodes 61c¢ to
61¢, in light of the efficiency of their placement, each can be
given a different area, and thus the capacities of the storage
capacity portions 62a to 62¢ can be different from one
another.

[0171] An opposing clectrode structure (opposing elec-
trode) 63 has a plurality of opposing electrode portions 63a
linked at right angles with the opposing electrode wire 63b.
The opposing electrode portions 63a are disposed parallel to
one another, and also disposed parallel with respect to the
pixel electrode portions 6la. Moreover, as is clear from
FIG. 10, the pixel electrode portions 61a and the opposing
electrode portions 63a are disposed in alternation. The
opposing electrode wire 635 is disposed close to the previ-
ous gate line X, and is parallel therewith.

[0172] In a liquid crystal display device with this configu-
ration, when there are defective locations F, to F; resulting
in short-circuits, laser repair can be conducted at a repair

Sixth Embodiment
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location F;' with respect to the defective location F;, at a
repair location F,' with respect to the defective location F,,
and at a repair location F;' with respect to the defective
location F.

[0173] In the present embodiment, because the storage
capacity portions 62a to 62c¢ are arranged in parallel, if laser
repair is performed at any of the repair locations F,' to F,'
mentioned above, all of the storage capacity portions 62a to
62¢ will not be lost as long as short-circuits do not simul-
taneously occur in all of the defective locations F, to F;. For
this reason, loss of the storage capacity portions can be
minimized, and yield can be increased even further.

[0174] In this embodiment of the present invention, it is
possible to use an electrode having the planar shape shown
in FIG. 11 (the opposing electrode structure used in the
above-described first embodiment, for example) for the
opposing electrode structure. FIG. 11(a) is a plan view
showing the arrangement of the pixel electrode structure, the
opposing electrode structure, the wiring, and the like in a
single pixel of another liquid crystal display device accord-
ing to the present embodiment. In this case, the storage
capacity electrodes 61c to 6le in the pixel electrode struc-
ture 61 are provided on the previous gate line X_,_, via the
insulating layer 5, and form storage capacity portions 644 to
64¢ with a portion of the gate line X, _;.

[0175] When the opposing electrode structure 12 and the
pixel electrode structure 61 of the resulting configuration are
combined, defective locations F, to F, are the sites where it
is conceivable that short-circuits could occur. The laser
repair can be performed on these defective locations at a
repair location F,' with respect to the defective location F,,
at a repair location F,' with respect to the defective location
F,, and at a repair location F,' with respect to the defective
location F.

[0176] Furthermore, because the storage capacity portions
62a to 62c¢ are arranged in parallel, even when laser repair
is performed at any of the repair locations F,' to F/'
mentioned above, all of the storage capacity portions 64a to
64¢ will not be lost as long as short-circuits do not simul-
taneously occur at all of the defective locations F, to F, and
thus, as mentioned earlier, it is possible to attain a further
improvement in yield.

[0177] When the storage capacity portions are arranged in
parallel, as in the present embodiment, the following circuit
configuration is achieved. FIG. 11(d) is an equivalent circuit
diagram showing the circuit configuration of the equivalent
circuit in a single pixel of the above-described other liquid
crystal display device. As can be understood from FIG.
11(b), the liquid crystal capacity C-is actually expressed as
the total sum of the liquid crystal capacity C; ,, the liquid
crystal capacity C; s, the liquid crystal capacity C; ¢, and
the liquid crystal capacity C; .. The liquid crystal capacity
C; ¢, 1s the liquid crystal capacity formed by a region 65
shown by the phantom line in FIG. 11(a), the liquid crystal
capacity C;s is the liquid crystal capacity formed by a
region 66, the liquid crystal capacity C, g is the liquid
crystal capacity formed by a region 67, and the liquid crystal
capacity C; - is the liquid crystal capacity formed by a
region 68.

[0178] Seventh Embodiment

[0179] A seventh embodiment of the present invention is
described below with reference to FIG. 12 and FIG. 13.
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FIG. 12 is a plan view showing the arrangement of a pixel
electrode, an opposing electrode, a wing, and the like in a
single pixel of a liquid crystal display device according to
the present embodiment. FIG. 13 is a plan view showing the
arrangement of a pixel electrode, an opposing electrode, a
wiring, and the like in a single pixel of another liquid crystal
display device according to the present embodiment.

[0180] What the liquid crystal display device according to
the present seventh embodiment has in common with the
other liquid crystal display device according to the above-
mentioned sixth embodiment is that a plurality of storage
capacity portions are provided between the pixel electrode
and the previous gate line, however, it differs therewith in
that the following configuration is given to the pixel elec-
trode.

[0181] That is, as shown in FIG. 12, a pixel electrode
structure (pixel electrode) 71 according to the present
embodiment includes a plurality of pixel electrode portions
11a and electrode linking portions 715 linked together in
alternation, and storage capacity electrodes 71¢ and 71d
each provided on the pixel electrode portions 1la via the
connection electrode wire 71e. More specifically, of the
pixel electrode portions 71a, the first and third pixel elec-
trode portions 71a from the TFT 13 side each extend all the
way to the previous gate line X_,_;. Moreover, the storage
capacity electrode 71c is connected to the first pixel elec-
trode portion 71a at a right angle, and the storage capacity
electrode 714 is connected to the third pixel electrode
portion 714 at a right angle. The storage capacity electrodes
71c and 714 are provided on the previous gate line X _; via
the insulating layer 6, and form storage capacity portions
72a and 72b with a portion of the gate line X__,. Further-
more, the storage capacity electrodes 71c and 71d have
different areas, and this makes the capacities of the storage
capacity portions 72a and 72b differ from one another. The
pixel electrode portions 71a are arranged parallel to one
another and are also parallel with respect to the data bus
lines Y. Also, the electrode linking portions 715 are provided
parallel to the gate bus lines X. The connection electrode
wires 71e can also have the structure explained in the fourth
embodiment mentioned above that includes separation por-
tions and marking portions.

[0182] In a liquid crystal display device with this configu-
ration, when there are defective locations G, or G, resulting
in short-circuits between the gate line X_,_; and the storage
capacity electrode 71c or the storage capacity electrode 714,
laser repair is performed at a repair location G;' or a repair
location G/, respectively.

[0183] In the present embodiment, because the storage
capacity portions 72a to 72¢ are arranged in parallel, even if
laser repair is performed at either of the aforementioned
repair locations G;' or G,', both of the storage capacity
portions 72a and 72b are not simultaneously lost as long as
short-circuits occur do not occur at the same time in the
defective locations G; and G,, and thus the yield can be
increased even more. Also, there are no pixel electrode
portions 71a that become inoperable even if laser repair is
performed at one of the repair locations G;' or G,', so the
liquid crystal can be driven with the entire region of the
repaired pixel. Thus, repaired pixels can be made even more
inconspicuous, and a further improvement in yield can be
achieved.
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[0184] Inthe present embodiment, further storage capacity
portions can be provided between the pixel electrode 71 and
the opposing electrode wire 12b. More specifically, as
shown in FIG. 13, a storage capacity portion 72¢ can be
formed between a storage capacity electrode 71f and the
opposing electrode wire 12b by providing the storage capac-
ity electrode 71f, which is connected to the second pixel
electrode portion 71a from the TFT 13 side via a connection
electrode wire 71g, on the opposing electrode wire 12b.
Providing this storage capacity portion 72c¢ increases the
number of storage capacity portions and spreads out their
arrangement, so the achieved result is that the probability
that the entire surface of the pixel will become defective can
be even further reduced. When there is a defective location
G; in the storage capacity portion 72¢ resulting in a short-
circuit between the storage capacity electrode 71f and the
opposing electrode wire 12b, then the laser repair should be
performed on a repair location Gj'.

[0185] Eighth Embodiment

[0186] An eighth embodiment of the present invention is
described below with reference to FIG. 14. FIG. 14 is a plan
view showing the arrangement of the pixel electrode, the
opposing electrode, the wiring, and the like in a single pixel
of a liquid crystal display device.

[0187] The liquid crystal display device according to this
eighth embodiment differs from the liquid crystal display
device according to the above-mentioned second embodi-
ment in that the storage capacity portions are arranged in
parallel.

[0188] As shown in FIG. 14, in the liquid crystal display
device according to the present embodiment, a pixel elec-
trode structure (pixel electrode) 81 is an electrode structure
in the shape of a long unbroken line wherein a plurality of
pixel electrode portions 81a are linked in alternation with
electrode linking portions 81b. Furthermore, storage capac-
ity electrodes 81c to 81e are connected to the pixel electrode
portions 814 in order from the TFT 13 side via connection
electrode wires 81f. The storage capacity electrodes 81c to
81e are provided on an opposing electrode wire 125 via an
insulating layer 5, and form storage capacity portions 824 to
82¢ with a portion of the opposing electrode wire 12b. The
pixel electrode portions 81a are arranged parallel to one
another, and are also arranged parallel to the data bus lines
Y Also, the electrode linking portions 81b are disposed such
that they run parallel to the gate bus lines X. The connection
electrode wires 81f each include separation portions (not
shown in the drawings) for making separation easy when
irradiating laser light, and marking portions (not shown in
the drawings) for making it easy to confirm these separation
portions. The storage capacity electrodes 81c to 81e have
different areas, and thus the capacities of the storage capac-
ity portions 82a to 82¢ differ from one another.

[0189] In an array substrate with this configuration, when
there are defective locations H; to H; resulting in short-
circuits between the opposing electrode wire 126 and any of
the storage capacity electrodes 81c to 8le, laser repair is
performed at repair locations H,' to H,', respectively.

[0190] The storage capacity portions 82a to 82c¢ are
arranged in parallel, so even if laser repair is performed at
any of the aforementioned repair locations H;' to Hy', all of
the storage capacity portions 82a to 82¢ are not simulta-
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neously lost as long as short circuits do not occur in the
defective locations H; to H; simultaneously, and thus yield
can be improved still more. Additionally, there are no pixel
electrode portions 814 that are made inoperable even if laser
repair is performed at any of the repair locations H,' to H',
so all regions of the repaired pixel can be operated.

[0191]

[0192] A ninth embodiment of the present invention is
described below with reference to FIG. 15. FIG. 15 is a plan
view showing the arrangement of the pixel electrode, the
opposing electrode, the wiring, and the like in a single pixel
of a liquid erystal display device.

[0193] The liquid crystal display device according to this
ninth embodiment is characterized in that a plurality of
storage capacity portions is arranged in series between the
pixel electrode and the opposing electrode. A specific
description follows below.

[0194] As shown in FIG. 15, a pixel electrode structure
(pixel electrode) 91 is an electrode in the shape of a long
unbroken line wherein a plurality of pixel electrode portions
91a are linked in alternation with electrode linking portions
91b. Additionally, an opposing electrode structure (opposing
electrode) 92 is an electrode in the shape of a long unbroken
line wherein a plurality of opposing electrode portions 92a
are linked in alternation with electrode linking portions 92b.

[0195] The pixel electrode portions 91a and the opposing
electrode portions 92a are disposed parallel to one another,
and are also disposed parallel with respect to the data bus
lines Y. The electrode linking portions 916 in the pixel
electrode structure 91 and the electrode linking portions 926
in the opposing electrode structure 92 are provided parallel
to the gate bus lines X.

[0196] Furthermore, portions of the electrode linking por-
tions 915 in the pixel electrode 91 and portions of the
electrode linking portions 926 in the opposing electrode 92
overlap via the insulating layer 5, thus forming storage
capacity portions 93a to 93¢ arranged in series in that order
from the TFT 13 side.

[0197] In an array substrate with this configuration, when
there are defective locations I, and I, resulting in a short-
circuit between the pixel electrode portions 91a of the pixel
electrode 91 and the opposing electrode portions 92a of the
opposing electrode 92, laser repair is performed at a repair
location I;' or a repair location 1., respectively. Thus, an
improvement in yield can be achieved. In addition, by using
the pixel electrode 91 and the opposing electrode 92 with the
aforementioned configuration, the opposing electrode wire
125 disposed in the center of the pixel can be removed, and
the numerical aperture of the pixel can be increased. The
result is that the display screen can by made even brighter.

[0198]

[0199] The above-described first to ninth embodiments
provided examples of configurations with a plurality of
storage capacity portions arranged in series, in TOWs, Or in a
loop shape, however, the present invention is by no means
limited to these examples. For example, it is possible to
combine any two of the three aforementioned arrangements
into a suitable configuration if necessary, or all three
arrangements can be combined in one configuration.

Ninth Embodiment

Further Considerations
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[0200] Morcover, in the above-described first to ninth
embodiments, it is possible to further provide compensation
capacity portions to further eliminate discrepancies in
brightness and in flicker properties between repaired pixels
and normal pixels. For example, providing compensation
capacity portions in a liquid crystal display device according
to the first embodiment would result in the following con-
figuration.

[0201] FIG. 16 is a plan view showing the essential
components in a single pixel when compensation capacity
portions are provided in a liquid crystal display device
according to the first embodiment. FIG. 17 is an equivalent
circuit diagram of a configuration in which compensation
capacity portions are provided. FIG. 18 is a plan view
showing the essential components in a single pixel when
other compensation capacity portions are provided in a
liquid crystal display device according to the first embodi-
ment.

[0202] As shown in FIG. 16, a compensation portion 101
is formed by overlapping a compensation capacity electrode
102 with a portion of the gate line X, via the insulating layer
5. Compensation capacity electrodes 1022 to 102d are
connected to a drain electrode 8. Furthermore, the compen-
sation capacity electrodes 102a to 102d differ from one
another in their area of overlap with the gate line X, which
decreases the closer the compensation capacity electrode is
to the TFT 13. Thus, the closer the compensation capacity
portions 101a to 1014 are to the TFT 13, the smaller the
capacity of their compensation capacitance becomes. The
capacities of the compensation capacitances of the compen-
sation capacity portions 101a to 1014 are different so that the
capacity of the compensation capacitances can be adjusted
easily in accordance with the location of the areas repaired
by laser repair.

[0203] For example, in FIG. 1, when laser repair is
performed on the repair location A;', the ratio of the liquid
crystal capacity to the storage capacity changes when com-
pared to that ratio prior to laser repair. For this reason, in the
first embodiment, that change is anticipated and the capacity
of the storage capacity portion 142 and the capacity of the
storage capacity portion 14H are made different from one
another. On the other hand, the amount of pixel voltage
fluctuation caused by the coupling of scanning signals from
the gate line associated with that pixel corresponds to the
ratio of the capacities. Thus, the ratio of the liquid crystal
capacity to the storage capacity is kept from significantly
changing.

[0204] On the other hand, the compensation capacity
portion 101 minutely adjusts the ratio of the total liquid
crystal capacity and the storage capacity to the compensa-
tion capacity, and brings that ratio even closer to that of a
normal pixel. More specifically, the ratio of the total liquid
crystal capacity and the storage capacity to the compensa-
tion capacity is adjusted to an optimal ratio by cutting away
one or more of the compensation capacity electrodes 102a to
1024 from the drain electrode 8 by laser trimming to alter the
total capacity of the compensation capacity portion 101.

[0205] The above case was described as an example of the
compensation capacity portion 101 being formed by the
compensation capacity electrode 102, which is connected to
the drain electrode 8, and the gate line X, overlapping via
the insulating layer 5, however, the present invention is by
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no means limited to this configuration. For example as
shown in FIG. 18, a liquid crystal display device according
to the present invention can include a compensation capacity
portion 1044 formed by a compensation capacity electrode
1034, which is connected to the drain electrode 8, overlap-
ping with the gate line X ; a compensation capacity portion
104b formed by a compensation capacity electrode 103b,
which is connected to the electrode linking portion 11d,
overlapping with the gate line X_; and a compensation
capacity portion 104¢ formed by a compensation capacity
electrode 103c, which is connected to the pixel electrode
portions 11a, overlapping with the gate line X . In this case,
when laser repair is performed on the repair location A;, for
example, while an electrode linking portion 11¢ that short-
circuited with the gate line X ,_; is separated from the pixel
electrode structure 11, the compensation capacity electrode
103¢ can also be cut off. The result is that by performing
laser repair a single time, the repair of a bad pixel is
achieved, changes in the ratio of the total liquid crystal
capacity and the storage capacity to the compensation capac-
ity can also be automatically adjusted, and a more effective
and shorter process for performing adjustments can be
achieved.

[0206] Further, in the above-mentioned first to ninth
embodiments, it is preferable that before laser repair, it is
detected whether contaminants such as dust particles adhere
to the array substrate, and if such contaminants adhere to the
array substrate, to perform repair with the purpose of remov-
ing those contaminants. More specifically, a microscope is
used to scan for defects on the array substrate. Contaminants
that can be detected during this inspection are dust particles
of about 20 um, for example. When the result of this
inspection is that dust particles, for example, adhere to a gate
line, a data line, or the like, then this is repaired by
irradiating laser light to gouge out a portion of the gate line
or data line together with that dust particle. At this time it is
necessary that the repair is performed in such as way that the
gate line or data line is not severed. Performing this repair
prevents laser repair from being conducted when there are
no short-circuit defects that require a portion of the pixel
electrode to be cut off, and a further increase in yield is
achieved.

[0207] Furthermore, in the above-mentioned first through
ninth embodiments, the liquid crystal display device can be
driven by the drive method described below based on
information relating to the repaired pixel. FIG. 19 is a block
diagram for explaining the drive method of a liquid crystal
display device according to the present invention As shown
in FIG. 19, a liquid crystal display panel 111 is provided
with a gate signal drive circuit 112 for applying gate signals
to the gate bus lines X and a data signal drive circuit 113 for
applying data signals to the data bus lines Y. The gate signal
drive circuit 112 and the data signal drive circuit 113 are
connected to a controller 114 that creates control signals for
driving the liquid crystal display panel 111. Additionally, an
opposing electrode structure power source 115 for supplying
a voltage to the opposing electrodes is also connected to the
controller 114. Furthermore, the controller 114 is also con-
nected to an adjusted signal computation circuit 116. The
adjusted signal computation circuit 116 is connected to an
external storage device 117 for storing information pertain-
ing to the repaired pixels.
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[0208] In a drive circuit with this structure, the liquid
crystal display panel 111 is driven by the following method.
First, information relating to bad pixels in the liquid crystal
display panel 111 that have been laser repaired (that is,
repaired pixels) is stored in the external storage device 117.
Specifically, information pertaining to repaired pixels is the
information on the pixel location and the repaired locations
in repaired pixels ((X, Y, R) (X, Y: pixel location, R: repaired
location in a repaired pixel)). This information is input to the
adjusted signal computation circuit 116. The adjusted signal
computation circuit 116 computes the adjusted voltage that
should optimally drive the repaired pixel based on this
inputted information pertaining to the repaired pixel. At the
time of computation, because the storage capacity of
repaired pixel is obtained by calculations based on the
information of the repaired locations in a repaired pixel, the
drop in brightness corresponding to this capacity is consid-
ered. Based on the results of this computation, the controller
114 produces a regular control signal for normal pixels, and
on the other hand, produces a compensated control signal for
repaired pixels. Furthermore, based on these control signals,
the gate signal drive circuit 112 and the data signal drive
circuit 113 apply a gate signal and a compensated data signal
to the repaired pixels, and achieve optimal driving of the
liquid crystal display panel 111. Here, compensated data
signals refer to data signals of a higher voltage than the data
signals applied to normal pixels.

INDUSTRIAL APPLICABILITY

[0209] The present invention is embodied by the configu-
rations described above, and has the following effects.

[0210] With a liquid crystal display device according to
the present invention, bad pixels can be displayed, because
only storage capacities with a short-circuit are cut off, and
moreover, because the remaining normal storage capacities
inhibit fluctuations in the electric potential level of the pixel
electrode even after storage capacities with defects have
been separated, no extreme variations are caused in the
brightness and in the flicker properties, for example, com-
pared to normal pixels. Therefore, bad pixels can be made
even more inconspicuous on the display screen, and an
improvement in yield can be achieved.

[0211] Additionally, with the method of repairing pixels in
a liquid crystal display device according to the present
invention, even if an electrical short-circuit occurs between
the pixel electrode and a portion of the previous or subse-
quent gate line and/or the opposing electrode, other regions
not related to the short-circuit remain capable of display,
because only the overlapping portion where the short-circuit
occurs is cut off. Therefore, with the above-described
method, bad pixels in which short-circuits has occured can
be prevented from becoming pixels that do not illuminate.
Moreover, even if short-circuits occur in the overlap por-
tions that form the storage capacities, other storage capaci-
ties offset this and operate, and thus repaired pixels do not
exhibit an extreme drop in brightness over normal pixels.
This brings a liquid crystal display device with bad pixels
closer to a state wherein normal display is possible, and an
increase in yield can be achieved.

[0212] Furthermore, with the drive method for a liquid
crystal display device according to the present invention,
regular gate signals and data signals are applied to normal
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pixels to drive those pixels, while gate signals and data
signals in accordance with repaired pixels are applied to
repaired pixels based on that pixel’s location and the
repaired locations within the repaired pixel, and repaired
pixels are driven. This enables repaired pixels to be driven
with a brightness that is close to the brightness of normal
pixels, and repaired pixels can be made even more incon-
spicuous in a display screen.

[0213] Therefore, the present invention has considerable
industrial significance.

1. Aliquid crystal display device, wherein a liquid crystal
layer is formed between a pair of substrates, and wherein
liquid crystal in the liquid crystal layer is driven by an
electric field that is parallel to the substrate surface, wherein
provided on one substrate of the pair of substrates are:

a plurality of gate lines;

a plurality of data lines provided such that the data lines
intersect with the plurality of gate lines;

switching elements associated with points where the
plurality of gate lines and the plurality of data lines
intersect, and which are connected to the gates lines and
the data lines;

pixel electrodes connected to the data lines via the switch-
ing elements; and

opposing electrodes forming pairs with the pixel elec-
trodes;

wherein a plurality of storage capacities for maintaining a
charge of the pixel electrode are provided in a distrib-
uted arrangement associated with points where the
plurality of gate lines and the plurality of data lines
intersect.

2. The liquid crystal display device according to claim 1,
wherein at least some of the plurality of storage capacities
are arranged in series.

3. The liquid erystal display device according to claim 2,
wherein a bypass is provided for bypassing the storage
capacity from among the plurality of storage capacities
arranged in series that is closest to the switching element.

4. The liquid crystal display device according to claim 1,
wherein at least some of the plurality of storage capacities
are arranged in parallel.

5. The liquid crystal display device according to claim 1,
wherein at least some of the plurality of storage capacities
are arranged in a loop.

6. Aliquid crystal display device, wherein a liquid crystal
layer is formed between a pair of substrates, and wherein
liquid crystal in the liquid crystal layer is driven by an
electric field that is parallel to the substrate surface, wherein
provided on one substrate of the pair of substrates are:

a plurality of gate lines;

a plurality of data lines provided such that the data lines
intersect with the plurality of gate lines;

switching elements associated with points where the
plurality of gate lines and the plurality of data lines
intersect, and which are connected to the gates lines and
the data lines;

pixel electrodes connected to the data lines via the switch-
ing elements; and
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opposing clectrodes forming pairs with the pixel elec-
trodes;

wherein the pixel electrodes overlap with a portion of the
previous or subsequent gate line of the plurality of gate
lines, and/or with a portion of the opposing electrode,
at a plurality of locations via an insulating layer; and

wherein at least two of the plurality of overlaps form

storage capacities.

7. The liquid crystal display device according to claim 6,
wherein even if a portion of the pixel electrode forming one
storage capacity of the at least two storage capacities in the
pixel electrode is cut off, a portion of the pixel electrode
forming the other storage capacities is still connected to the
switching element.

8. The liquid crystal display device according to claim 6,
wherein the pixel electrodes comprise a plurality of pixel
electrode portions that are provided parallel to one another
and that generate the parallel electric field between the pixel
electrode and the opposing electrode, and an electrode
linking portion for linking the plurality of pixel electrode
portions, and

wherein storage capacities are formed by the electrode
linking portion overlapping with a portion of the pre-
vious or subsequent gate line and/or with a portion the
opposing electrode.

9. The liquid crystal display device according to claim 6,
wherein the pixel electrodes comprise a plurality of pixel
electrode portions that are provided parallel to one another,
an electrode linking portion for linking the plurality of pixel
electrode portions, and a storage capacity electrode for
forming the storage capacities,

wherein the storage capacity electrode forms a storage
capacity by overlapping with a portion of the previous
or subsequent gate line and/or a portion of the opposing
electrode.

10. The liquid crystal display device according to claim 9,
wherein the electrode linking portion forms a storage capac-
ity by overlapping with a portion of the previous or subse-
quent gate line and/or with a portion of the opposing
electrode.

11. The liquid crystal display device according to claim
10, wherein the storage capacity electrode is connected to
the pixel electrode portions via a connection electrode wire.

12. The liquid crystal display device according to claim
11, wherein a wire width of the connection electrode wire is
smaller than a width of the pixel electrode portions.

13. The liquid crystal display device according to claim
11, wherein the connection electrode wire is provided with
a separation portion for separation by laser light; and

wherein the separation portion is further provided with a

marking.

14. The liquid crystal display device according to claim 6,
wherein the areas of the overlaps forming the at least two
storage capacities are different.

15. The liquid crystal display device according to claim 6,
wherein the switching elements are connected to the pixel
clectrodes via a drain electrode; and

wherein the drain electrode and/or the pixel electrode is
provided with at least one separable compensation
capacity electrode, which forms a compensation capac-
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ity by overlapping, via the insulating layer, with a
portion of the corresponding gate line of the plurality of
gate lines.

16. The liquid crystal display device according to claim
15, wherein, when there is a plurality of compensation
capacity electrodes, the areas of the overlaps of the com-
pensation capacity electrodes with a portion of the gate line
are different.

17. An array substrate, comprising:

a plurality of gate lines;

a plurality of data lines provided such that the data lines
intersect with the plurality of gate lines;

switching elements associated with points where the
plurality of gate lines and the plurality of data lines
intersect, and which are connected to the gates lines and
the data lines;

pixel electrodes connected to the data lines via the switch-
ing elements; and

opposing electrodes forming pairs with the pixel elec-
trodes;

wherein a plurality of storage capacities for maintaining a
charge of the pixel electrodes are provided in a distrib-
uted arrangement associated with points where the
plurality of gate lines and the plurality of data lines
intersect.

18. A liquid crystal television, wherein a liquid crystal
layer is formed between a pair of substrates, and wherein
liquid crystal in the liquid crystal layer is driven by an
electric field that is parallel to the substrate surface, wherein
provided on one substrate of the pair of substrates are:

a plurality of gate lines;

a plurality of data lines provided such that the data lines
intersect with the plurality of gate lines;

switching elements associated with points where the
plurality of gate lines and the plurality of data lines
intersect, and which are connected to the gates lines and
the data lines;

pixel electrodes connected to the data lines via the switch-
ing elements; and

opposing electrodes forming pairs with the pixel elec-
trodes;

wherein the pixel electrodes overlap with a portion of the
previous or subsequent gate line of the plurality of gate
lines, and/or with a portion of the opposing electrode,
at a plurality of locations via an insulating layer; and

wherein at least two of the plurality of overlaps form

storage capacities.

19. A pixel repair method for a liquid crystal display
device, wherein a liquid crystal in a liquid crystal layer is
driven by an electric field parallel to a substrate, the liquid
crystal display device comprising:

a first substrate provided with a plurality of gate lines, a
plurality of data lines provided such that the data lines
intersect with the plurality of gate lines, switching
elements associated with points where the plurality of
gate lines and the plurality of data lines intersect and
which are connected to the gates lines and the data
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lines, pixel electrodes connected to the data lines via
the switching elements, and opposing electrodes form-
ing pairs with the pixel electrodes;

a second substrate in opposition to the first substrate; and

a liquid crystal layer provided between the first substrate
and the second substrate;

wherein the pixel electrodes overlap with a portion of the
previous or subsequent gate line of the plurality of gate
lines and/or with a portion of the opposing electrodes,
at a plurality of locations via an insulating layer;

wherein at least two of the plurality of overlaps form
storage capacities; the method comprising:

when an electrical short-circuit occurs at an overlap,
separating in the pixel electrode a predetermined
location on the switching element side in proximity
to the short-circuit, or predetermined locations in
front of and behind the proximity of the short-circuit.

20. The pixel repair method for a liquid crystal display
device according to claim 19, wherein separation is per-
formed in order starting with an overlapping portion furthest
from the switching element.

21. The pixel repair method for a liquid crystal display
device according to claim 20, wherein each time separation
is performed in order starting with the overlapping portion
furthest from the switching element, display of the pixel is
inspected.

22. The pixel repair method for a liquid crystal display
device according to claim 20, wherein, if the pixel electrode
overlaps between the previous or subsequent gate line and a
portion of the opposing electrode, separation is performed
after it has been determined whether an electrical short-
circuit is occurring between the pixel electrode and the
previous or subsequent gate line or between the pixel
electrode and the opposing electrode.

23. The pixel repair method for a liquid crystal display
device according to claim 19, wherein the pixel electrodes
are provided with a plurality of pixel electrode portions that
are disposed parallel to one another and generate a parallel
electrical field between the pixel electrodes and the opposing
electrodes, and an electrode linking portion for linking the
plurality of pixel electrode portions; and if the storage
capacities are formed by the electrode linking portions
overlapping with a portion of the previous or subsequent
gate line and/or a portion of the opposing electrode, and an
electrical short-circuit occurs at the overlaps,

then the electrode linking portion with the short-circuit is
cut off from the pixel electrode by separating one or
more predetermined locations in the pixel electrode.
24. The pixel repair method for a liquid crystal display
device according to claim 19, wherein the pixel electrodes
are provided with a plurality of pixel electrode portions
disposed parallel to one another, an electrode linking portion
for linking the plurality of pixel electrode portions, and
storage capacity electrodes for forming the storage capaci-
ties; and if the storage capacity electrodes form storage
capacities by overlapping with a portion of the previous or
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subsequent gate line and/or a portion of the opposing
electrode, and an electrical short-circuit occurs at the over-
laps,

then the storage capacity electrode with the short-circuit
is cut off from the pixel electrode by separating one or
more predetermined location in the pixel electrode.
25. The pixel repair method for a liquid crystal display
device according to claim 24, wherein if the storage capacity
electrodes are connected to the pixel electrode portions via
a connection electrode wire,

then the storage capacity electrode with the short-circuit
is cut off from the pixel electrode by separating a
predetermined location in the connection electrode
wire.

26. The pixel repair method for a liquid crystal display
device according to claim 19, wherein the separation is
performed by irradiating laser light.

27. The pixel repair method for a liquid crystal display
device according to claim 19, wherein before the separation,
defect scanning is performed in order to detect contaminants
adhering to the first substrate, and furthermore, when a
contaminant has been detected, that contaminant is removed
by irradiating a laser on the contaminant.

28. A drive method for a liquid crystal display device, the
liquid crystal display device comprising:

a first substrate provided with a plurality of gate lines, a
plurality of data lines provided such that the data lines
intersect with the plurality of gate lines, switching
elements associated with points where the plurality of
gate lines and the plurality of data lines intersect and
which are connected to the gates lines and the data
lines, pixel electrodes connected to the data lines via
the switching elements, and opposing electrodes form-
ing pairs with the pixel electrodes;

a second substrate in opposition to the first substrate; and

a liquid crystal layer provided between the first substrate
and the second substrate;

wherein the pixel electrodes overlap with a portion of the
previous or subsequent gate line of the plurality of gate
lines and/or with a portion of the opposing electrodes,
at a plurality of locations via an insulating layer;

wherein at least two of the plurality of overlaps form
storage capacities; the method comprising:

if there is a repaired pixel that has been repaired by
separating, for a bad pixel with an electrical short-
circuit at an overlap, in the pixel electrode of that bad
pixel a predetermined location on the switching
element side in proximity to the short-circuit, or
predetermined locations in front of and behind the
proximity of the short-circuit, compensating a data
signal applied to the repaired pixel and driving the
pixel, based on information on the pixel location of
the repaired pixel and the repaired location in the
repaired pixel.

* * * * #*
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