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(7) ABSTRACT

A liquid crystal display device includes: a plurality of source
lines (2) to which a signal voltage according to a source
signal is applied; a first wire (3a) and a second wire (3b) for
fixing a wire breakage that are configured so that they can be
connected to opposite ends of at least one of the plurality of
source lines (2); and a buffer section (4) provided between
the first wire (3a) and the second wire (35) for impedance
conversion along the first wire (3a) and the second wire (35),
wherein the liquid crystal display device includes spare
capacitors (10a) and (105) for adjusting a signal waveform
according to the source signal applied to the source lines
(2a) and (2b) with the first wire (3a) and the second wire
(3b) being connected to the source lines (2a) and (2b).
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DISPLAY DEVICE, LIQUID CRYSTAL DISPLAY
DEVICE, AND METHOD FOR PRODUCING A
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a display device, a
liquid crystal display device and a method for producing a
display device, and more particularly to a method for fixing
a wire breakage in a matrix-type liquid crystal display
device.

[0003] 2. Description of the Related Art

[0004] A matrix-type display device includes pixels
arranged in a matrix pattern, each pixel being the minimum
unit of an image. Among others, active matrix-type liquid
crystal display devices including a switching element for
each pixel are capable of displaying high-definition images
and have been widely used.

[0005] An active matrix-type liquid crystal display device
includes a plurality of gate lines extending in parallel to one
another and a plurality of source lines perpendicular to the
gate lines for supplying display signals to the pixels. There-
fore, if a wire breakage occurs in a display wire such as a
gate line or a source line in an active matrix-type liquid
crystal display device, the display signal from the driver
circuit is not supplied to the display wire beyond the wire
breakage position, thus significantly deteriorating the dis-

play quality.

[0006] In order to solve the problem, Patent Document 1
(Japanese Laid-Open Patent Publication No. 3-23425), for
example, proposes a matrix-type display device including a
spare wire that can be connected to at least one of a gate line
and a source line, wherein at least one of the gate line and
the source line in which a wire breakage has occurred can be
connected to the spare wire, whereby it is possible to fix a
wire breakage defect.

[0007] Moreover, Patent Document 2 (Japanese Laid-
Open Patent Publication No. 8-171081) proposes a matrix-
type display device including a buffer circuit along a spare
wire as described above to thereby compensate for a voltage
drop due to the routing of the spare wire and to thus improve
the display quality.

[0008] Patent Documents 3 (Japanese Laid-Open Patent
Publication No. 11-5292) and 4 (Japanese Laid-Open Patent
Publication No. 2002-22194) disclose improvements
regarding the buffer circuit.

[0009] FIG. 15 is an equivalent circuit diagram showing a
liquid crystal display device 150 in which it is possible to fix
a wire breakage along a source line 102, based on the
description of Patent Documents 1 and 2.

[0010] The liquid crystal display device 150 includes a
liquid crystal display panel 140, a gate driver 109 provided
along the left side of the liquid crystal display panel 140, and
a source driver 107 provided along the upper side of the
liquid crystal display panel 140. The liquid crystal display
panel 140 includes an active matrix substrate, a counter
substrate provided so as to oppose the active matrix sub-
strate, and a liquid crystal layer interposed between the
substrates. Provided on the active matrix substrate are a
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plurality of gate lines 101 extending in the horizontal
direction in the figure and a plurality of source lines 102
extending in the vertical direction in the figure. A thin film
transistor (hereinafter abbreviated as a “TFT”) 111, being a
switching element, is provided at each intersection between
the gate line 101 and the source line 102. The source driver
107 includes output amplifiers 106 each connected to a
source line 102, and a buffer circuit 104. Moreovet, a first
spare wire 103¢ and a second spare wire 1035 are provided,
wherein the first spare wire 103a extends perpendicular to
the source lines 102 in an area along the upper side of the
liquid crystal display panel 140 to be connected to the input
side of the buffer circuit 104 in the source driver 107, and the
second spare wire 1035 extends from the output side of the
buffer circuit 104 and passes through the upper side, the
right side and the lower side of the liquid crystal display
panel 140 to be extending perpendicular to the source lines
102 in an area along the lower side of the liquid crystal
display panel 140.

[0011] FIG. 16 is an equivalent circuit diagram showing
the liquid crystal display device 150, wherein a wire break-
age has occurred in the source line 102, and the defect has
been fixed by connecting the source lines 102 (102a and
1025) with the spare wires 103 (the first spare wire 103a and
the second spare wire 1035).

[0012] In FIG. 16, the source line 102 breaks at a wire
breakage position X1 to be divided into a source line 102a
above the wire breakage position X1 and a source line 1025
below the wire breakage position X1. The source line 1024
and the first spare wire 103a are connected together at an
intersection Al, and the source line 10256 and the second
spare wire 1035 are connected together at an intersection A2.
This connection can be made by irradiating the intersections
Al and A2 with a light energy 123 such as laser light from
the side of a glass substrate 120 to thereby make a contact
hole in an insulating film 119 and to electrically connect the
source line 102 with the spare wires 103, as shown in FIG.
17. Thus, a display signal from the output amplifier 106 in
the source driver 107 is supplied to the source line 1025
below the wire breakage position X1 via an upper portion of
the source line 1024, the connection position (intersection)
Al, the first spare wire 1034, the buffer circuit 104, the
second spare wire 1035, and the connection position (inter-
section) A2. Thus, even if a wire breakage occurs in a
display wire, the display signal from the driver circuit is
supplied to the display wire beyond the wire breakage
position, i.e., the wire breakage is fixed. The buffer circuit
104 functions as an amplifier for amplifying the display
signal for impedance conversion along the spare wire 103
including the first spare wire 103« and the second spare wire
1035.

[0013] However, defect fixing methods as described above
do not take into consideration the difference in the magni-
tude of the capacitance to be the load between an unbroken,
normal source line 102 and the broken, divided source lines
102a and 1025.

[0014] The difference in the magnitude of the capacitance
will now be described in detail.

[0015] FIG. 18 is an equivalent circuit diagram showing
capacitances on the source line 102 per pixel.

[0016] As shown in FIG. 18, capacitances on the source
line 102 include a liquid crystal capacitance Clc, a storage
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capacitance Ccs, a parasitic capacitance Csg occurring at the
intersection between the source line 102 and the gate line
101, a parasitic capacitance CsdA occurring between the
source line 102 and the drain electrode of the TFT 111 of the
pixel on the right side of the source line 102, a parasitic
capacitance CsdB occurring between the source line 102 and
the drain electrode of the TFT 111 of the pixel on the left side
of the source line 102, etc.

[0017] The liquid crystal capacitance Clc and the storage
capacitance Ccs are connected to be loads only when a
predetermined gate line 101 is selected and the TFT 111 is
ON. With an ordinary active matrix-type liquid crystal
display device, only one gate line 101 is being selected at
any time, whereby the liquid crystal capacitance Clc and the
storage capacitance Ccs do not present a heavy load on one
source line 102. On the other hand, the remaining parasitic
capacitances Csg, CsdA and CsdB are always present irre-
spective of the selection of the gate line 101, and thus
present a heavy load on one source line 102. Specifically,
one source line 102 receives the parasitic capacitances Csg,
CsdA and CsdB multiplied by the number of gate lines 101,
e.g., 768 in an XGA-resolution liquid crystal display device.
The magnitude of the parasitic capacitance is not negligible
with respect to the display quality of the liquid crystal
display device, whereby the output amplifiers 106 and the
buffer circuit 104 of the source driver 107 need to be
provided with a capacity of accommodating the magnitude
of the parasitic capacitance to be the load.

[0018] However, in an actual liquid crystal display device,
it is not possible to know where a wire breakage of the
source line 102 will occur.

[0019] For example, in a case where the source line 102
breaks at the wire breakage position X1 distant from the
source driver 107 so as to be divided into the source line
102¢ above the wire breakage position X1 and the source
line 1025 below the wire breakage position X1, as shown in
FIG. 16, the number of the parasitic capacitances Csg, CsdA
and CsdB to be the load on the source line 102a is not
significantly different from the number of the parasitic
capacitances Csg, CsdA and CsdB to be the load on a normal
source line 102. Therefore, the load on the source line 1024
above the wire breakage position X1 is not significantly
different from the load on a normal source line 102. On the
other hand, the number of the parasitic capacitances Csg,
CsdA and CsdB to be the load on the source line 1025 is
significantly fewer than the number of the parasitic capaci-
tances Csg, CsdA and CsdB to be the load on a normal
source line 102. Therefore, the load on the source line 1025
below the wire breakage position X1 is very small as
compared with the load on a normal source line 102.

[0020] Similarly, in a case where the source line 102
breaks at a wire breakage position X2 very close to the
source driver 107 so as to be divided into a source line 102¢
above the wire breakage position X2 and a source line 1024
below the wire breakage position X2, as shown in FIG. 19,
the load on the source line 102¢ is very small as compared
with the load on a normal source line 102, On the other hand,
the load on the source line 1024 is not significantly different
from the load on a normal source line 102.

[0021] Thus, the load on a source line divided in a wire
breakage varies, 1.e., the distribution of the parasitic capaci-
tance to be the load varies, depending on the wire breakage
position.
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[0022] FIG. 20 shows an output waveform W1 of a normal
source line 102, and an output waveform W2 of the spare
wire 103 to which another source line 102 broken in a wire
breakage is connected.

[0023] In the source driver 107, the load on the output
amplifier 106 and the load on the buffer circuit 104 are
determined so that a normal source line 102 can be driven
normally, as described above. However, if the source line
102 is divided by a wire breakage and the parasitic capaci-
tance to be the load on a divided source line (e.g., the source
line 1025) is very small, the waveform may overshoot or
undershoot as shown in an output waveform W2 of FIG. 20.

[0024] TIf the degree of overshoot or undershoot is high, a
more excessive voltage than a normal source line 102
applies on the liquid crystal layer. For example, with a
normally-white liquid crystal display device, for example,
pixels along the source line 102 where the wire breakage has
occurred are darkened and appear to be a black line. With a
normally-black liquid crystal display device, pixels along
the source line 102 where the wire breakage has occurred are
lightened and appear to be a bright line. Thus, the display
quality deteriorates.

[0025] The overshoot or undershoot is less likely to influ-
ence the display when the resolution of the liquid crystal
display device is low and the charging time of each pixel
(one horizontal period). However, if the resolution is high
(e.g., UXGA), the charging time is short and the overshoot
or undershoot will be non-negligible. Moreover, with higher
resolutions, the number of the parasitic capacitances Csg,
CsdA and CsdB to be the load on the source line 102 also
increases, thereby also increasing the difference between the
load on a normal source line 102 and the load on a source
line (e.g.. the source line 1025) divided in a wire breakage.

[0026] When the screen size of the liquid crystal display
device is increased, the area across which the parasitic
capacitances Csg, CsdA and CsdB are formed increases,
whereby the difference between the load on a normal source
line 102 and the load on a source line 102 divided in a wire
breakage will further increase as described above.

[0027] Thus, with the recent increase in the resolution and
the screen size of a liquid crystal display device, the differ-
ence between the load on a normal source line and the load
on a source line divided in a wire breakage further increases,
thereby increasing the overshoot or undershoot and deterio-
rating the display quality.

SUMMARY OF THE INVENTION

[0028] The present invention has been made in view of the
problem described above, and has an object to make it
possible to fix a broken display wire when a wire breakage
oceurs, in such a manner that the decrease in the display
quality is suppressed, irrespective of the wire breakage
position.

[0029] In order to achieve the object set forth above, the
present invention provides a spare capacitor for adjusting a
signal waveform to be applied to a display wire that is
connected to a spare wire.

[0030] Specifically, a display device of the present inven-
tion includes: a plurality of display wires to which display
signal voltages are applied; a spare wire that can be con-
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nected to opposite ends of at least one of the plurality of
display wires; and a buffer section provided along the spare
wire for impedance conversion along the spare wire,
wherein the display device includes a spare capacitor for
adjusting a signal waveform to be applied to the display wire
with the spare wire being connected the display wire.

[0031] With the above configuration, the spare wire can be
connected to the opposite ends of at least one of a plurality
of display wires. Therefore, when one of the plurality of
display wires breaks, the spare wire can be connected to the
broken display wire, whereby display signal voltages are
applied to the display wire beyond the wire breakage posi-
tion via the spare wire. Since the spare wire is provided with
a spare capacitor for adjusting the signal waveform, it is
possible to adjust the display signal waveform to be applied
to the display wire via the spare wire and to suppress the
decrease in the display quality by making the spare capacitor
operative as necessary according to the wire breakage posi-
tion.

[0032] Specifically, by making the spare capacitor opera-
tive for the spare wire, the load on a display wire divided in
a wire breakage is made substantially the same as the load
on a normal display wire that is not broken, thus adjusting
the display signal waveform to be applied to the display wire
via the spare wire. Therefore, the adjusted signal waveform
is applied along the broken display wire via the spare wire,
the buffer section and the spare capacitor, thereby maintain-
ing substantially the same display quality as that of a normal
display wire. Thus, when a display wire breaks, it is possible
to fix the wire breakage along the display wire in such a
manner that the decrease in the display quality is suppressed,
irrespective of the wire breakage position.

[0033] In one embodiment, the spare capacitor includes a
first electrode and a second electrode provided so as to
oppose each other, and a first insulating film interposed
between the first electrode and the second electrode.

[0034] With the above configuration, it is possible to hold
the charge in the first insulating film between the first
electrode and the second electrode, whereby the load on the
display wire divided in a wire breakage, i.e., the display
signal waveform to be applied to the divided display wire,
is adjusted by the spare capacitor formed by the first
insulating film.

[0035] Inone embodiment, the first electrode is connected
to the spare wire.

[0036] With the above configuration, the first electrode of
the spare capacitor is connected in advance to the spare wire,
whereby the spare capacitor can be made operative for a
broken display wire by connecting the broken display wire
and the spare wire to each other. When there is only one
spare capacitor, the display signal waveform to be applied to
the divided display wire is adjusted by the single spare
capacitor. When there are a plurality of spare capacitors, the
number of spare capacitors operative is adjusted by cutting
off the connection between the first electrode of the spare
capacitor and the spare wire for a predetermined number of
spare capacitors as necessary. Thus, it is possible to adjust
the load on the display wire divided in a wire breakage, and
to adjust the display signal waveform to be applied to the
display wire via the spare wire.

[0037] Inone embodiment, the first electrode is configured
so that the first electrode can be connected to the spare wire.
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[0038] With the above configuration, the first electrode of
the spare capacitor is configured so that the first electrode
can be connected to the spare wire, whereby the spare
capacitor can be connected to the spare wire and the display
wire by connecting the broken display wire and the spare
wire to each other and connecting the first electrode of the
spare capacitor and the spare wire to each other. By con-
necting the first electrode of the spare capacitor and the spare
wire for a predetermined number of spare capacitors as
necessary, it is possible to adjust the number of spare
capacitors to be made operative. Thus, it is possible to adjust
the load on the display wire divided in a wire breakage, and
to adjust the display signal waveform to be applied to the
display wire via the spare wire.

[0039] In one embodiment, the display device includes a
plurality of spare capacitors; and the first electrode of at least
one of the plurality of spare capacitors is connected to the
spare wire, and the first electrode of another one of the
plurality of spare capacitors is configured so that the first
electrode can be connected to the spare wire.

[0040] With the above configuration, where a spare
capacitor is provided on the input side and on the output side
of the buffer section of the spare wire, for example, the first
electrode of the first spare capacitor is connected in advance
to the spare wire while the first electrode of the second spare
capacitor is configured so that the first electrode can be
connected to the spare wire. Thus, it is possible to increase
the variety in how the first electrode of the spare capacitor
is connected to the spare wire.

[0041] Inoneembodiment, the spare wire is provided over
the display wire via a second insulating film therebetween,
and the spare wire can be connected to the display wire by
making a contact hole in the second insulating film.

[0042] With the above configuration, when one of the
plurality of display wires breaks, the intersection between
the spare wire and the display wire, for example, is irradiated
with a light energy to thereby destroy the second insulating
film at the irradiated portion, thus making a contact hole that
electrically connects the spare wire and the display wire to
each other. Thus, by making a contact hole in the second
insulating film, a display signal voltage is applied to the
display wire divided in a wire breakage via the spare wire.

[0043] In one embodiment, the first electrode is provided
over the spare wire via a third insulating film therebetween,
and the first electrode can be connected to the spare wire by
making a contact hole in the third insulating film.

[0044] With the above configuration, the intersection
between the first electrode of the spare capacitor and the
spare wire is irradiated with a light energy, for example, to
thereby destroy the third insulating film at the irradiated
portion, thus making a contact hole that electrically connects
the first electrode and the spare wire to each other. Thus, by
making a contact hole in the third insulating film, the spare
capacitor can be made operative for the spare wire.

[0045] In one embodiment, the spare wire includes a first
wire being on an input side of the buffer section and a second
wire being on an output side of the buffer section, and the
spare capacitor is provided along the first wire.

[0046] With the above configuration, the spare capacitor is
provided along the first wire. Therefore, even if the display
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wire breaks on the first wire side and the load on the display
wire on the side of the first wire divided in the wire breakage
decreases, the decreased load can be increased by connect-
ing the first electrode of the spare capacitor provided along
the first wire to the first wire. In this way, the load on the
display wire divided in a wire breakage is adjusted to be
substantially equal to the load on a normal display wire that
is not broken, thus adjusting the display signal waveform to
be applied to the display wire via the spare wire.

[0047] In one embodiment, the spare wire includes a first
wire being on an input side of the buffer section and a second
wire being on an output side of the buffer section, and the
spare capacitor is provided along the second wire.

[0048] With the above configuration, the spare capacitor is
provided along the second wire. Therefore, even if the
display wire breaks on the second wire side and the load on
the display wire on the side of the second wire divided in the
wire breakage decreases, the decreased load can be
increased by connecting the first electrode of the spare
capacitor provided along the second wire to the second wire.
In this way, the load on the display wire divided in a wire
breakage is adjusted to be substantially equal to the load on
a normal display wire that is not broken, thus adjusting the
display signal waveform to be applied to the display wire via
the spare wire.

[0049] In one embodiment, the spare wire includes a first
wire being on an input side of the buffer section and a second
wire being on an output side of the buffer section, and the
spare capacitor is provided both on the first wire and on the
second wire.

[0050] With the above configuration, where the spare
capacitor is provided both on the first wire and on the second
wire, even when the display wire breaks on the first wire side
and the load on the broken display wire on the first wire side
decreases, the decreased load can be increased by connect-
ing the first electrode of the spare capacitor provided on the
first wire and the first wire to each other. Even when the
display wire breaks on the second wire side and the load on
the broken display wire on the second wire decreases, the
decreased load can be increased by connecting the first
electrode of the spare capacitor provided on the second wire
and the second wire to each other. Thus, the load on the
display wire divided in a wire breakage is adjusted to be
even more closely equal to the load on a normal display wire
that is not broken, thus adjusting the display signal wave-
form to be applied to the display wire via the spare wire.

[0051] In one embodiment, the display wire is a source
line to which a source signal is input.

[0052] For example, in a liquid crystal display device, the
source line is a line for supplying a source signal such as a
video signal to a pixel being a minimum unit of an image,
and variations in the voltage of the source signal to be
applied to the source line may decrease the display quality
of the liquid crystal display device. However, according to
the present invention, it is possible to fix a wire breakage
along a display wire in such a manner that the decrease in the
display quality is suppressed, irrespective of the wire break-
age position. Therefore, even if the source line breaks, it is
possible to fix a wire breakage along such a manner that the
decrease in the display quality is suppressed. irrespective of
the wire breakage position.
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[0053] In one embodiment, the plurality of display wires
are formed on a substrate, and the spare capacitor is pro-
vided on the substrate.

[0054] With the above configuration, the spare capacitor
and the display wire are provided on the same substrate,
whereby the step of connecting the display wires divided in
a wire breakage and the spare wires to each other and the
step of making the spare capacitors operative for the spare
wires can be performed in a single step or as consecutive
steps, thus making the fixing of a wire breakage more
reliable. Conversely, where the spare capacitors and the
display wires are provided on different substrates, the record
that a display wire divided in a wire breakage and a spare
wire have been connected together after detecting a wire
breakage is likely to become unclear at the time when
performing the step of making the spare capacitors opera-
tive, whereby the fixing of a wire breakage may be unreli-
able.

[0055] In one embodiment, the display device includes a
display region that contributes to display and a non-display
region that is provided outside the display region and that
does not contribute to display, and the spare capacitor is
provided in the non-display region.

[0056] With the above configuration, the spare capacitors
are provided in a non-display region that has no contribution
to the display, whereby it is possible to fix a wire breakage
along a display wire without influencing the display quality.

[0057] In one embodiment, the first insulating film, the
second insulating film and the third insulating film may be
the same insulating film.

[0058] With the above configuration, the first insulating
film forming the spare capacitors, the second insulating film
insulating the display wires and the spare wires from each
other, and the third insulating film insulating the second
electrodes of the spare capacitors and the spare wires from
each other can be formed by, for example, the gate insulating
film for insulating the gate electrode of a thin film transistor
from the semiconductor layer. Therefore, it is possible to fix
a wire breakage along a display wire without adding to the
process of producing the display device.

[0059] In one embodiment, the display device includes a
plurality of pixels, a pixel electrode provided for each of the
plurality of pixels and connected to the display wire,
wherein a signal voltage is supplied to the pixel electrode,
and a storage capacitor formed by the same insulating film
for holding the signal voltage in the pixel electrode.

[0060] With the above configuration, the first insulating
film forming the spare capacitors, the second insulating film
insulating the display wires and the spare wires from each
other, the third insulating film insulating the second elec-
trodes of the spare capacitors and the spare wires from each
other, and the storage capacitors for storing the signal
voltage to be applied to the pixel electrode when displaying
an image can be formed by, for example, the gate insulating
film insulating the gate electrode of a thin film transistor
from the semiconductor layer. Therefore, it is possible to fix
a wire breakage along a display wire without adding to the
process of producing the display device.

[0061] In one embodiment, the display device includes
one spare capacitor.
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[0062] With the above configuration, the first electrode of
the spare capacitor is connected in advance to the spare wire
and the number of the spare capacitors is one, whereby the
single spare capacitor can be made operative for the broken
display wire by connecting the broken display wire and the
spare wire to each other. Thus, the display signal waveform
to be applied to the broken display wire can be adjusted only
by connecting the broken display wire and the spare wire to
each other.

[0063] A display device of the present invention includes:
a plurality of display wires to which display signal voltages
are applied; a spare wire that can be connected to opposite
ends of at least one of the plurality of display wires; and a
buffer section provided along the spare wire for impedance
conversion along the spare wire, wherein: the display device
includes a spare capacitor for adjusting a signal waveform to
be applied to the display wire with the spare wire being
connected the display wire; the spare capacitor includes a
first electrode and a second electrode provided so as to
oppose each other, and a first insulating film interposed
between the first electrode and the second electrode; one of
the plurality of display wires is broken; the broken display
wire and the spare wire are connected to each other; and the
spare wire is connected to the first electrode.

[0064] With the above configuration, the broken display
wire and the spare wire are connected to each other, whereby
the display signal voltage is applied to the display wire
beyond the wire breakage position via the spare wire. Since
the first electrode of the spare capacitor for adjusting the
display signal waveform is connected to the spare wire, the
signal waveform to be applied to the broken display wire via
the spare wire is adjusted. Specifically, since the first elec-
trode of the spare capacitor is connected to the spare wire,
the load on the display wire divided in a wire breakage is
made substantially the same as the load on a normal display
wire that is not broken, thus adjusting the signal waveform
to be applied to the display wire via the spare wire. There-
fore, the adjusted signal waveform is applied along the
broken display wire via the spare wire, the buffer section and
the spare capacitor, thereby maintaining substantially the
same display quality as that of a normal display wire.

[0065] Aliquid crystal display device of the present inven-
tion includes: a plurality of display wires to which display
signal voltages are applied; a spare wire that can be con-
nected to opposite ends of at least one of the plurality of
display wires; and a buffer section provided along the spare
wire for impedance conversion along the spare wire,
wherein the liquid crystal display device includes a spare
capacitor for adjusting a signal waveform to be applied to
the display wire with the spare wire being connected the
display wire.

[0066] A display device as described above is particularly
effective in a liquid crystal display device. With a liquid
crystal display device, the difference between the load on a
normal source line (display wire) and the load on a source
line (display wire) divided in a wire breakage has increased
due to the recent increase in the resolution and the increase
in the screen size, and the display quality may deteriorate
due to the increase in the overshoot or undershoot.

[0067] A method of the present invention, is a method for
producing a display device including: a plurality of display
wires to which display signal voltages are applied; a spare
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wire that can be connected to opposite ends of at least one
of the plurality of display wires; a buffer section provided
along the spare wire for impedance conversion along the
spare wire; and a spare capacitor for adjusting a signal
waveform to be applied to the display wire with the spare
wire being connected the display wire, wherein: the spare
capacitor includes a first electrode and a second electrode
provided so as to oppose each other, and a first insulating
film interposed between the first electrode and the second
electrode; and the first electrode of the spare capacitor is
connected in advance to the spare wire, the method includ-
ing: a wire breakage detecting step of detecting a presence
of a wire breakage along the display wire; and a spare wire
connecting step of connecting a display wire along which a
wire breakage has been detected in the wire breakage
detecting step and the spare wire to each other.

[0068] With the above method, the first electrode of the
spare capacitor is connected in advance to the spare wire,
whereby it is possible to make the spare capacitor operative
for a broken display wire by connecting the broken display
wire and the spare wire to each other in the spare wire
connecting step. Thus, the load on the display wire divided
in a wire breakage is made substantially the same as the load
on a normal display wire that is not broken, thus adjusting
the signal waveform to be applied to the display wire via the
spare wire. Therefore, the adjusted display signal is applied
to the broken display wire via the spare wire, the buffer
section and the spare capacitor, thereby maintaining sub-
stantially the same display quality as that of a normal display
wire. Therefore, when a display wire breaks, it is possible to
fix a wire breakage along a display wire in such a manner
that the decrease in the display quality is suppressed, irre-
spective of the wire breakage position.

[0069] In one embodiment, a plurality of spare capacitors
are provided, and the method includes a cutting step of
cutting off a connection between the first electrode and the
spare wire for at least one of the plurality of spare capacitors.

[0070] With the above method, since there are a plurality
of spare capacitors, the number of spare capacitors, which
are made operative for the broken display wire by connect-
ing the broken display wire and the spare wire to each other
in the spare wire connecting step, can be reduced as neces-
sary in the cutting step. Thus, where there are a plurality of
spare capacitors provided for the spare wire, the load on the
display wire divided in a wire breakage can be made
substantially the same as the load on a normal display wire
that is not broken by reducing the number of the spare
capacitors.

[0071] In one embodiment, the method includes a wire
breakage position detecting step for detecting a position of
the wire breakage along the display wire detected in the wire
breakage detecting step, and the cutting step cuts off the
connection between the first electrode and the spare wire for
a number of spare capacitors according to the wire breakage
position detected in the wire breakage position detecting
step.

[0072] With the above method, some of the connections
between the first electrodes of the spare capacitors and the
spare wire are disconnected in the cutting step according to
the wire breakage position detected in the wire breakage
position detecting step, whereby it is possible to fix a wire
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breakage along a display wire in such a manner that the
decrease in the display quality is suppressed. irrespective of
the wire breakage position.

[0073] Another method of the present invention is a
method for producing a display device including: a plurality
of display wires to which display signal voltages are applied,
a spare wire that can be connected to opposite ends of at least
one of the plurality of display wires; a buffer section
provided along the spare wire for impedance conversion
along the spare wire; and a spare capacitor for adjusting a
signal waveform to be applied to the display wire with the
spare wire being connected the display wire, wherein: the
spare capacitor includes a first electrode and a second
electrode provided so as to oppose each other, and a first
insulating film interposed between the first electrode and the
second electrode; and the first electrode of the spare capaci-
tor is not connected in advance to the spare wire, the method
including: a wire breakage detecting step of detecting a
presence of a wire breakage along the display wire; a spare
wire connecting step of connecting a display wire along
which a wire breakage has been detected in the wire break-
age detecting step and the spare wire to each other; and a
spare capacitor connecting step of connecting the first elec-
trode of the spare capacitor and the spare wire to each other.

[0074] With the above method, a spare capacitor can be
made operative for a broken display wire by connecting the
broken display wire and the spare wire to each other in the
spare wire connecting step and connecting the first electrode
of the spare capacitor and the spare wire to each other in the
spare capacitor connecting step. Thus, the load on the
display wire divided in a wire breakage is made substantially
the same as the load on a normal display wire that is not
broken, thus adjusting the signal waveform to be applied to
the display wire via the spare wire. Therefore, the adjusted
signal waveform is applied to the broken display wire via the
spare wire, the buffer section and the spare capacitor,
thereby maintaining substantially the same display quality as
that of a normal display wire. Therefore, when a display wire
breaks, it is possible to fix a wire breakage along a display
wire in such a manner that the decrease in the display quality
is suppressed, irrespective of the wire breakage position.

[0075] In one embodiment, the method includes a wire
breakage position detecting step for detecting a position of
the wire breakage along the display wire detected in the wire
breakage detecting step, and the spare capacitor connecting
step connects the first electrode and the spare wire to each
other for a number of spare capacitors according to the wire
breakage position detected in the wire breakage position
detecting step.

[0076] With the above method, the first electrode of the
spare capacitor and the spare wire are connected to each
other in the spare capacitor connecting step according to the
wire breakage position detected in the wire breakage posi-
tion detecting step, whereby it is possible to fix a wire
breakage along a display wire in such a manner that the
decrease in the display quality is suppressed. irrespective of
the wire breakage position.

[0077] According to the present invention, a spare capaci-
tor for adjusting the signal waveform to be applied to a
broken display wire is provided along a spare wire, whereby
when one of a plurality of display wires breaks, the broken
display wire and the spare wire can be connected to each
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other and the spare capacitor can be made operative as
necessary according to the wire breakage position, thereby
applying an adjusted signal waveform to the display wire
divided in a wire breakage via the spare wire and the spare
capacitor. Thus, it is possible to fix a wire breakage along a
display wire in such a manner that the decrease in the display
quality is suppressed, irrespective of the wire breakage
position along the display wire.

[0078] Other features, elements, steps, characteristics and
advantages of the present invention will become more
apparent from the following detailed description of preferred
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0079] FIG. 1 is an equivalent circuit diagram showing a
liquid crystal display device according to Embodiment 1 of
the present invention.

[0080] FIG. 2 is a plan view showing a single pixel of a
liquid crystal display device according to Embodiment 1 of
the present invention.

[0081] FIG. 3 is a cross-sectional view taken along line
1I-11T of FIG. 2.

[0082] FIG. 4 is a plan view showing a spare capacitor of
aliquid crystal display device according to Embodiment 1 of
the present invention.

[0083] FIG. 5 is an equivalent circuit diagram showing a
spare capacitor of a liquid crystal display device according
to Embodiment 1 of the present invention.

[0084] FIG. 6 is a cross-sectional view taken along line
VI-VI of FIG. 5.

[0085] FIG. 7 is an equivalent circuit diagram showing a
liquid crystal display device according to Embodiment 1 of
the present invention, wherein a source line and a spare wire
are connected to each other.

[0086] FIG. 8 is a cross-sectional view showing a liquid
crystal display device according to Embodiment 1 of the
present invention, wherein a spare wire and a spare capacitor
are connected to each other.

[0087] FIG. 9 is a plan view showing a typical liquid
crystal display device.

[0088] FIG. 10 is a plan view showing in detail a spare
capacitor of a liquid crystal display device according to
Embodiment 1 of the present invention.

[0089] FIG. 11 is an equivalent circuit diagram showing a
spare capacitor of a liquid crystal display device according
to Embodiment 2 of the present invention.

[0090] FIG. 12 is a cross-sectional view taken along line
XII-XII of FIG. 1.

[0091] FIG. 13 is a plan view showing a liquid crystal
display device according to Embodiment 3 of the present
invention.

[0092] FIG. 14 is a plan view showing a liquid crystal
display device according to Embodiment 4 of the present
invention.

[0093] FIG. 15 is an equivalent circuit diagram showing a
conventional liquid crystal display device.
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[0094] FIG. 16 is an equivalent circuit diagram showing a
conventional liquid crystal display device where a source
line and a spare wire are connected to each other, due to a
wire breakage of a source line on the opposite side to the
source driver.

[0095] FIG. 17 is a cross-sectional view showing a con-
ventional liquid crystal display device in which a source line
and a spare wire are connected to each other.

[0096] FIG. 18 is an equivalent circuit diagram showing a
capacitance of a source line of a conventional liquid crystal
display device.

[0097] FIG. 19 is an equivalent circuit diagram showing a
conventional liquid crystal display device in which a source
line and a spare wire are connected to each other, due to a
wire breakage of a source line on the source driver side.

[0098] FIG. 20 is a waveform diagram showing a wave-
form of a source line and that of a spare wire for a
conventional liquid crystal display device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0099] Embodiments of the present invention will now be
described in detail with reference to the drawings. In the
following embodiment, a liquid crystal display device is
used as a display device of the present invention, and a
source line is used as a display wire of which a wire
breakage is to be fixed. However, the present invention is not
limited to this.

Embodiment 1

[0100] A liquid crystal display device 50 according to
Embodiment 1 of the present invention will now be
described.

[0101] FIG.1is an equivalent circuit diagram showing the
liquid crystal display device 50 according to Embodiment 1
of the present invention. FIG. 2 is a plan view showing a
single pixel of the liquid crystal display device 50, and FIG.
3 is a cross-sectional view taken along line III-III of FIG. 2.

[0102] The liquid crystal display device 50 includes a
liquid crystal display panel 40, a gate driver 9 provided
along the left side of the liquid crystal display panel 40, and
a source driver 7 provided along the upper side of the liquid
crystal display panel 40.

[0103] The liquid crystal display panel 40 includes an
active matrix substrate, a counter substrate provided so as to
oppose the active matrix substrate, and a liquid crystal layer
12 interposed between the substrates.

[0104] The active matrix substrate includes, on a glass
substrate 20, a plurality of gate lines 1 extending in parallel
to one another and in the horizontal direction in FIG. 1, and
a plurality of source lines 2 (display wires) extending
perpendicular to the gate lines 1 and in the vertical direction
in FIG. 1. Although not shown in FIG. 1, capacitor lines 15
are provided so as to extend in parallel to one another
between the gate lines 1 as shown in FIG. 2. A thin film
transistor (TFT) 11, being a switching element, is provided
at each intersection between the gate line 1 and the source
line 2.
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[0105] Each region delimited by a pair of adjacent gate
lines 1 and a pair of adjacent source lines 2 forms a pixel,
being the minimum unit of an image. Pixel electrodes 18 are
formed along the gate lines 1 and the source lines 2, each
corresponding to one pixel, so as to form a matrix pattern.
The pixel electrodes 18 arranged in a matrix pattern together
form the display region.

[0106] As shown in FIG. 2, a TFT 11 includes a gate
electrode 1a extending sideways from the gate line 1, a gate
insulating film 19 provided so as to cover the gate electrode
1a, a source electrode 2a provided on the gate insulating film
19 and protruding sideways from the source line 2, and a
drain electrode 14 provided also on the gate insulating film
19 so as to oppose the source electrode 2a.

[0107] The drain electrode 14 is extended to a region
where the capacitor line 15 is provided, and a storage
capacitor 27 is formed by the extended portion, the capacitor
line 15 and the gate insulating film 19 interposed therebe-
tween.

[0108] A protection film 17 is provided so as to cover the
source electrode 2a and the drain electrode 14. The pixel
electrodes 18 are provided on the protection film 17. The
pixel electrode 18 is connected to the drain electrode 14 via
a contact hole 16 formed in the protection film 17. An
alignment film (not shown) is provided on the pixel elec-
trode 18.

[0109] The gate lines 1 are extended to a non-display
region of the active matrix substrate (the left side of the
liquid crystal display panel 40) outside the display region,
where the gate lines 1 are connected to output amplifiers 8
in the gate driver 9.

[0110] The source lines 2 are extended to a non-display
region of the active matrix substrate (the upper side of the
liquid crystal display panel 40), where the source lines 2 are
connected to output amplifiers 6 in the source driver 7.

[0111] Moreover, a buffer section 4 is provided in the
source driver 7, wherein the buffer section 4 functions as an
impedance conversion amplifier in a spare wire 3 including
a first wire 3a and a second wire 34 to be described later.

[0112] Furthermore, in a non-display region of the active
matrix substrate (an area along the upper side of the liquid
crystal display panel 40), the first wire 3a for fixing a wire
breakage is provided so as to extend perpendicular to the
source lines 2 via the gate insulating film 19 (the second
insulating film) therebetween, with one end thereof being
connected to the input side of the buffer section 4. In a
non-display region of the active matrix substrate (an area
along the lower side of the liquid crystal display panel 40),
the second wire 3b for fixing a wire breakage is provided so
as to extend perpendicular to the source lines 2 via the gate
insulating film 19 (the second insulating film) therebetween,
with one end thereof being connected to the output side of
the buffer section 4 via a non-display region of the active
matrix substrate (an area along the right side and the upper
side of the liquid crystal display panel 40).

[0113] A plurality of first spare capacitors 10a and a
plurality of second spare capacitors 105 are provided so that
they can be connected to the first wire 3¢ and the second
wire 3b, respectively.
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[0114] For example, five first spare capacitors 10a are
provided so that they can be connected to the first wire 3a,
as shown in FIG. 5.

[0115] As shown in FIG. 6, the first spare capacitor 10«
includes a first electrode 10¢ and a second electrode 104
provided so as to oppose each other, and the gate insulating
film 19 (the first insulating film) interposed between the first
electrode 10c and the second electrode 104. Note that FIG.
6 is a cross-sectional view taken along line VI-VI of FIG. 5.

[0116] The first electrode 10c¢ is an extended portion of a
spare capacitor connection wire 5, which is provided over
the first wire 3a via the gate insulating film 19 (the third
insulating film) therebetween. Thus, since the gate insulating
film 19 is interposed between the first electrode 10¢ of the
first spare capacitor 10a and the first wire 3a, the first
electrode 10¢ of the first spare capacitor 10a is not connected
in advance to the first wire 3a of the spare wire 3.

[0117] The spare capacitor connection wires 5 are pro-
vided so as to extend perpendicular to the first wire 3a via
the gate insulating film 19 (the third insulating film) ther-
ebetween as described above, and they intersect at intersec-
tions C1 to C5 as shown in FIGS. 5 and 6.

[0118] As shown in FIG. 4, the second electrode 104 is an
extended portion of a common electrode wire 21a that is
connected to a common electrode 13 of the counter substrate
to be described later via a common electrode transition point
21b. Note that while the second electrode 104 is connected
to the common electrode 13 in the present embodiment, the
second electrode 104 may be connected to the capacitor line
15 or grounded.

[0119] The second spare capacitor 104 is similarly con-
figured to the first spare capacitor 10a, except that the
second spare capacitor 105 is located in an area along the
lower side of the liquid crystal display panel 40. Therefore,
the second spare capacitor 106 will not be further described
below.

[0120] The sum of the magnitudes of the capacitances of
the spare capacitors 10a and 104 provided along a single
spare wire 3 (the first wire 3a and the second wire 3b) is
preferably about the same as, or slightly smaller than, the
magnitude of the total capacitance of the parasitic capaci-
tance to be the load on a single source line 2.

[0121] Although not shown in the figure, the counter
substrate has a multi-layer structure including a color filter
layer, an overcoat layer, the common electrode 13 and an
alignment film being layered in this order on a glass sub-
strate.

[0122] The color filter layer is provided with one of a red,
green and blue colored layer for each pixel and with a black
matrix as a light-blocking film between the colored layers.

[0123] The liquid crystal laver 12 includes a nematic
liquid crystal material having electro-optical characteristics.

[0124] Ineach pixel of the liquid crystal display device 50
having such a configuration, a signal voltage according to
the gate signal from the output amplifier 8 in the gate driver
9 is applied to the TFT 11 via the gate line 1 and the gate
electrode 1a, thereby turning ON the TFT 11, and at the
same time, a signal voltage according to the source signal
(video signal) from the output amplifier 6 in the source
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driver 7 is applied to the pixel electrode 18 via the source
line 2, the source electrode 2a and the drain electrode 14,
thereby writing a predetermined charge to the pixel elec-
trode 18. Then, there occurs a potential difference between
the pixel electrode 18 and the common electrode 13, and a
predetermined voltage is applied to the liquid crystal capaci-
tor being the liquid crystal layer 12 and the storage capacitor
27. Then, with the liquid crystal display device 50, the
transmittance of light coming from outside is adjusted based
on the mechanism where the orientation of liquid crystal
molecules changes according to the magnitude of the
applied voltage, thereby displaying an image.

[0125] The storage capacitor 27 is provided in parallel to
the liquid crystal capacitor so as to suppress the amount of
variation in the voltage applied to the liquid crystal capacitor
being the liquid crystal layer 12. Note that the liquid crystal
display panel of the present embodiment has a “Cs on
Common” configuration. The magnitude of the capacitance
of the storage capacitor 27 depends on the thickness, the
dielectric constant and the area of the gate insulating film 19,
and is about 100 to 200 pF/mm? with an ordinary 15' XGA
(1024xRGBx768) liquid crystal display panel.

[0126] A method for producing the liquid crystal display
device 50 according to Embodiment 1 of the present inven-
tion will now be described by way of an example.

[0127] The liquid crystal display device 50 according to
Embodiment 1 of the present invention is produced through
an active matrix substrate production step, a counter sub-
strate production step, a liquid crystal display panel produc-
tion step, an inspection step and a driver mounting step to be
described below, wherein a wire breakage fixing step is
performed after the inspection step if a wire breakage is
detected in the inspection step.

Active Matrix Substrate Production Step

[0128] The active matrix substrate production step will
now be described.

[0129] First, a metal film made of Ta, a TaMo alloy, or the
like (thickness: 1000 to 2000 A) is deposited by a sputtering
method entirely across the substrate on the glass substrate
20, and is then patterned by a photolithography technique
(Photo Engraving Process; hereinafter referred to as the
“PEP technique”) to thereby form the gate lines 1, the gate
electrodes 1a, the capacitor lines 15, the first wires 34, the
second wires 3b, and the common electrode wires 21a (the
second electrodes 104).

[0130] Then, a silicon nitride film (thickness: about 400
nm), or the like, is deposited by a CVD (Chemical Vapor
Deposition) method entirely across the substrate on which
the gate lines 1, etc., have been formed to thereby form the
gate insulating film 19.

[0131] Then, an intrinsic amorphous silicon film (thick-
ness: about 150 nm) and a phosphorus-doped n+ amorphous
silicon film (thickness: about 50 nm) are deposited succes-
sively by a CVD method entirely across the substrate on the
gate insulating film 19, and are patterned into an island-like
pattern on the gate electrode 1a by the PEP technique to
thereby form a semiconductor layer including an intrinsic
amorphous silicon layer and an n+ amorphous silicon layer.

[0132] Then, a metal film (thickness: 1000 to 2000 A)
made of Ti, or the like, is deposited by a sputtering method
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entirely across the substrate on which the semiconductor
layer has been formed, and is patterned by the PEP technique
to thereby form the source lines 2, the source electrodes 2a,
the drain electrodes 14 and the spare capacitor connection
wires 5 (the first electrodes 10c¢).

[0133] While the semiconductor layer may be an amor-
phous silicon film as described above, a polysilicon film may
be deposited alternatively, and the amorphous silicon film
and the polysilicon film may be subjected to a laser anneal-
ing process to improve the crystallinity. Then, the traveling
speed of electrons through the semiconductor layer is
increased, and the characteristics of the TFT 11 can be
improved.

[0134] Furthermore, a silicon nitride film (thickness: about
3000 A), or the like, is deposited by a CVD method entirely
across the substrate on which the source line 2, etc., have
been formed to thereby form the protection film 17.

[0135] Then, portions of the protection film 17 corre-
sponding to the drain electrodes 14 are etched away to form
the contact holes 16.

[0136] Then, a transparent conductive film (thickness:
about 1000 A) being an ITO (Indium Tin Oxide) film is
deposited by a sputtering method entirely across the sub-
strate on the protection film 17, and is then patterned by the
PEP technique to thereby form the pixel electrodes 18.

[0137] Finally, a polyimide resin is printed to a thickness
of 500 to 1000 A entirely across the substrate on the pixel
electrode 18, after which the substrate is baked and sub-
jected to a rubbing treatment in one direction with a spinning
cloth to thereby form an alignment film.

[0138] The active matrix substrate is produced as
described above.

Counter Substrate Production Step

[0139] The counter substrate production step will now be
described.

[0140] First, a Cr thin film or a resin containing a black
pigment is deposited on a glass substrate, and is then
patterned by the PEP technique to thereby form a black
matrix.

[0141] One of a red, green and blue colored layer (thick-
ness: about 2 um) is formed between portions of the black
matrix by patterning using a pigment dispersion method, or
the like, to thereby form a color filter layer.

[0142] Then, an acrylic resin is applied entirely across the
substrate on the color filter layer to thereby form an overcoat
layer.

[0143] Then, an ITO film (thickness: about 1000 A) is
deposited entirely across the substrate on the overcoat layer
to thereby form the common electrodes 13.

[0144] Finally, a polyimide resin is printed to a thickness
of 500 to 1000 A entirely across the substrate on the
common electrode 13, after which the substrate is baked and
subjected to a rubbing treatment in one direction with a
spinning cloth to thereby form an alignment film.

[0145]
above.

The counter substrate can be produced as described
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Liquid Crystal Display Panel Production Step

[0146] The liquid crystal display panel production step
will now be described.

[0147] First, a sealant material such as a thermosetting
epoxy resin is applied by screen printing on one of the active
matrix substrate and the counter substrate produced as
described above in a frame-shaped pattern in which no
sealant material is applied in a portion corresponding to the
liquid crystal injection port, and spherical spacers made of
a plastic or silica material having a diameter corresponding
to the thickness of the liquid crystal layer 12 are dispersed
across the other one of the substrates.

[0148] Then, the active matrix substrate and the counter
substrate are attached together, and the sealant material is
allowed to cure to thereby produce an empty liquid crystal
display panel.

[0149] Finally, a liquid crystal material is injected into the
empty liquid crystal display panel by a dipping method, after
which a UV-setting resin is applied to the liquid crystal
injection port and the liquid crystal material is sealed by UV
radiation. Thus, the liquid crystal layer 12 is formed.

[0150] The liquid crystal display panel 40 is produced as
described above.

Inspection Step (Wire Breakage Detecting Step and Wire
Breakage Position Detecting Step)

[0151] The inspection step for the liquid crystal display
panel 40 produced as described above will now be
described.

[0152] For example, a gate inspection signal is input to
each gate line 1 to thereby turn ON all the TFTs 11, wherein
the gate inspection signal is a +15 V pulse voltage, of which
the bias voltage is =10 V, the period is 16.7 msec and the
pulse width is 50 psec. Furthermore, a source inspection
signal whose potential is 2 V and whose polarity is inverted
every 16.7 msec is input to each source line 2, whereby a
charge corresponding to =2 V is written to the pixel elec-
trode 18 via the source electrode 2¢ and the drain electrode
14 of each TFT 11. At the same time, a common electrode
inspection signal which is a direct current and whose poten-
tial is -1 V is input to the common electrode 13.

[0153] Then, a voltage is applied to the liquid crystal
capacitor between each pixel electrode 18 and the common
electrode 13 to light a pixel being formed by the pixel
electrode 18, whereby the pixel transitions from white to
black in a normally white mode (where white is displayed in
the absence of an applied voltage).

[0154] Inapixel along asource line where a wire breakage
has occurred, a predetermined charge cannot be written to
the pixel electrode 18, whereby the pixel is not lit (a “bright
dot”). Thus, a wire breakage position X of the source line 2
is detected as shown in FIG. 7.

Wire Breakage Fixing Step

[0155] The wire breakage fixing step includes a spare wire
connecting step and a spare capacitor connecting step to be
described below.
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Spare Wire Connecting Step

[0156] The spare wire connecting step will now be
described.

[0157] Both an intersection Al between a source line 2a
broken at the wire breakage position X and a spare wire 3a
and an intersection A2 between a source line 2b broken at
the wire breakage position X and a spare wire 3b are
irradiated with a light energy such as laser light from the
glass substrate 20 to thereby make a contact hole in the gate
insulating film 19 at the intersections. Thus, the broken
source lines 2a and 25 are connected to the spare wires 3 (the
first wire 3a and the second wire 3b), whereby a signal
voltage according to the source signal is applied to the
source line 2b beyond the wire breakage position X via the
first wire 3a, the buffer section 4 and the second wire 35.

Spare Capacitor Connecting Step

[0158] The spare capacitor connecting step will now be
described.

[0159] Since the wire breakage position X is located closer
to the source driver 7, the load on the source line 25 below
the wire breakage position X is not significantly different
from the load on a normal source line 2 that is not broken,
and therefore the second wire 35 forming the spare wire and
the first electrode 10¢ of the second spare capacitor 105 are
not connected together. On the other hand, the load on the
source line 2a above the wire breakage position X is
significantly smaller than the load on a normal source line 2,
and therefore the first wire 3a forming the spare wire and the
first electrode 10c of the first spare capacitor 10a are
connected together so that the load on the source line 2a
above the wire breakage position X is substantially the same
as the load on a normal source line 2.

[0160] Specifically, at least one of intersections C1 to C5
shown in FIG. 5 is irradiated with a light energy 23 such as
laser light from the side of the glass substrate 20 as shown
in FIG. 8 to thereby destroy the gate insulating film 19, thus
forming a contact hole 22 in the irradiated portion of the gate
insulating film 19. Thus, the first wire 3a and the spare
capacitor connection wire 5 are connected together. Note
that FIG. 8 is a cross-sectional view taken along line
VIII-VIII of FIG. 5, showing the contact hole 22 being
formed at the intersection C3.

[0161] In this way, the first spare capacitor 10a can be
connected to the source line 2q, which has broken in a wire
breakage. Therefore, the load on the source line 2a divided
in a wire breakage is substantially equal to the load on a
normal source line 2, thus adjusting the signal waveform to
be applied to the source line 2a.

[0162] When the source line 2 breaks at a position remote
from the source driver 7 such as the wire breakage position
X1 in FIG. 16 as used in the BACKGROUND ART section,
the load on the source line 2 above the wire breakage
position (X1) is not significantly different from the load on
a normal source line 2 that is not broken, as opposed to a
case with the wire breakage position X described above, and
therefore the first wire 3a forming the spare wire and the first
electrode 10c of the first spare capacitor 10a are not con-
nected together. On the other hand, the load on the source
line 2 below the wire breakage position (X1) is significantly
smaller than the load on a normal source line 2, and therefore
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the second wire 3b forming the spare wire and the first
electrode 10c¢ of the second spare capacitor 105 are con-
nected together so that the load on the source line 2 below
the wire breakage position (X1) is substantially the same as
the load on a normal source line 2.

[0163] The number of the first spare capacitors 10a and
the number of the second spare capacitors 105 to be made to
function for the first wire 3a and the second wire 35,
respectively, of the spare wire 3 will now be discussed.

[0164] FIG. 9 is a schematic diagram showing the liquid
crystal display panel 40 being divided into six equal regions
A to F along the source lines 2.

[0165] Itis preferred that the number of regions into which
the liquid crystal display panel 40 is equally divided is the
number of the first spare capacitors 10a (the second spare
capacitors 106) plus one. In the present embodiment, the
whole region is divided into six equal regions since there are
five first spare capacitors 10a.

[0166] Schemes for connecting the first spare capacitors
104 and the second spare capacitors 105 for specific wire
breakage positions will now be described.

[0167] (a) Where the source line 2 breaks in the region A,
five first spare capacitors 10a are connected to the first wire
3a and no second spare capacitor 105 is connected to the
second wire 3b.

[0168] (b) Where the source line 2 breaks in the region B,
four first spare capacitors 10a are connected to the first wire
3a and one second spare capacitor 105 is connected to the
second wire 3b.

[0169] (c) Where the source line 2 breaks in the region C,
three first spare capacitors 10a are connected to the first wire
3a and two second spare capacitors 105 are connected to the
second wire 3b.

[0170] (d) Where the source line 2 breaks in the region D,
two first spare capacitors 10a are connected to the first wire
3a and three second spare capacitors 105 are connected to
the second wire 3b.

[0171] (e) Where the source line 2 breaks in the region E,
one first spare capacitor 10a is connected to the first wire 3a
and four second spare capacitors 105 are connected to the
second wire 3b.

[0172] (f) Where the source line 2 breaks in the region F,
no first spare capacitor 10a is connected to the first wire 3a
and five second spare capacitors 10 are connected to the
second wire 3b.

[0173] Where the magnitude of the parasitic capacitance
to be the load on a single source line 2 is 120 pF, the
magnitude of the capacitance of each first spare capacitor
10a (second spare capacitor 105) may be set to be about 20
pF. Then, no matter where in the source line 2 a wire
breakage occurs, the load on the source line divided in a wire
breakage can be made substantially equal to the load on a
normal source line 2 that is not broken, thus adjusting the
signal waveform according to the source signal to be applied
to the source line 2 via the spare wire 3, by performing one
of the connection schemes (a) to (f). Therefore, along a
broken source line, the adjusted signal waveform is applied
via the spare wires (the first wire 3¢ and the second wire 3b),
the buffer section 4 and the spare capacitors (10a and 104),
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and the waveform on the spare wire will not overshoot or
undershoot as is the case with conventional techniques, thus
maintaining a display quality substantially the same as that
of a normal source line 2. Thus, wire breakages of the source
line 2 are fixed, to thereby produce the liquid crystal display
panel 40 in which wire breakages are fixed.

[0174] Not only the source line 2 but also the spare wire
3 (the first wire 3@ and the second wire 3b) has a slight
parasitic capacitance. Therefore, the total of the magnitudes
of the capacitances of a first spare capacitor 10a and a
second spare capacitor 105 is preferably equal to the mag-
nitude of the parasitic capacitance to be the load on a single
normal source line 2 minus the magnitudes of the parasitic
capacitances on the first wire 3a and the second wire 34.

[0175] The above example shows a case where five first
spare capacitors 10a and five second spare capacitors 105
are connected to the first wire 3a and the second wire 35,
respectively, of the spare wire 3. In a case where there are
one first spare capacitor 10a and one second spare capacitor
105, the spare capacitors can be connected appropriately as
described above after dividing the liquid crystal display
panel 40 into two regions.

Driver Mounting Step
[0176]

[0177] The gate driver 9 and the source driver 7 are
mounted on a liquid crystal display panel 40 that has been
proven to be non-defective in the inspection step or a liquid
crystal display panel 40 that has been made non-defective by
fixing a wire breakage in the wire breakage fixing step.

[0178] The liquid crystal display device 50 of the present
invention is produced as described above.

The driver mounting step will now be described.

[0179] FIG. 10 is a plan view showing in greater detail a
region of the liquid crystal display device 50 of the present
embodiment where spare capacitors are located. Specifi-
cally, the figure is a plan view of a portion between the
source drivers 7, showing an application of the configuration
of the present invention to a 15" XGA (1024xRGBx768)
liquid crystal display panel.

[0180] In the liquid crystal display device 50, the number
of output amplifiers 6 in one source driver 7, i.e., the number
of outputs of the source driver 7, is 384, and eight source
drivers 7 are mounted. In such a case, the distance between
source drivers 7 is about 10 mm and the wiring region is
about 3 mm as shown in FIG. 10.

[0181] The parasitic capacitance of a single source line 2
in an ordinary 15' XGA (1024xRGBx768) liquid crystal
display panel is about 100 pF. Therefore, assuming that the
parasitic capacitance of a single source line 2 is 120 pF, and
that five spare capacitors 10a are provided for each first wire
3a, the magnitude of the optimal capacitance per spare
capacitor 10a is 20 pF.

[0182] With an ordinary 15' XGA (1024xRGBx768) lig-
uid crystal display panel, the magnitude of the capacitance
formed by the insulating film (the gate insulating film)
interposed between the electrode formed in the same layer as
the gate line and the electrode formed in the same layer as
the source line is about 100 to 200 pF/mm®. Assuming that
the magnitude of the capacitance is 125 pF/mm?, there is
required an area of about 0.4 mm by 0.4 mm in order to form
a 20 pF capacitor.
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[0183] InFIG. 10, five spare capacitor connection wires 5
and five first electrodes 10c of spare capacitors formed in the
same layer as the source line 2 are provided along the first
wire 3a formed in the same layer as the gate line 1. The size
of the first electrode 10¢ is about 0.4 mm by 0.4 mm as
described above. Note that a portion of the common elec-
trode wire 21a formed in the same layer as the gate line 1
that overlaps with the first electrode 10c¢ is the second
electrode 104. Fach source line 2 is connected to the
corresponding source line terminal section 25 formed in the
same layer as the gate line 1 in the terminal region via a
contact hole (not shown) formed in the gate insulating film
19 near the boundary between the wiring region and the
terminal region.

[0184] FIG. 10 is drawn with the ratio between the size of
the common electrode wire 21a and the size of the first
electrode 10¢ of the spare capacitor being approximate to
that in an actual liquid crystal display panel, and therefore
suggests that the first electrodes 10¢ of the spare capacitors
can be formed easily, area-wise, on the common electrode
wire 21a.

[0185] Furthermore, as the size of the liquid crystal dis-
play panel increases, the parasitic capacitance per one source
line also increases. Then, the magnitude of the capacitance
of the spare capacitor needed also increases, thereby pro-
portionally increasing the area for forming the electrodes of
the spare capacitors. However, as the size of the liquid
crystal display panel increases, the wiring region increases
accordingly, and therefore it is unlikely that the placement of
the electrodes of the spare capacitors becomes impossible
area-wise.

[0186] Conversely, where the size of the liquid crystal
display panel is small, the wiring region also decreases.
However, since the parasitic capacitance per one source line
also decreases, the capacitance of the spare capacitor
required also decreases. Thus, it is unlikely that the place-
ment of the electrodes of the spare capacitors becomes
impossible area-wise.

[0187] As described above, in the liquid crystal display
device 50 of the present invention, spare wires (3a and 3b)
can be connected to the source line 2. Therefore, if one of the
source lines 2 breaks, the spare wire (3a and 3b) can be
connected to the broken source line (2a and 25), whereby a
signal voltage according to the source signal is applied to the
source line 25 beyond the wire breakage position via the
spare wire (3a and 3b). Furthermore, since the first elec-
trodes 10c¢ of the spare capacitors (10a and 106) are con-
figured so that they can be connected to the spare wires (3a
and 3b), the spare capacitors can be connected to the spare
wires and the display wire by connecting the first electrodes
10c of the spare capacitors (10a and 105) to the spare wires
(3a and 35). By connecting the first electrode 10¢ of the
spare capacitor (10a and 10b) to the spare wire (3a and 3b)
for a predetermined number of the spare capacitors as
necessary, it is possible to adjust the number of the spare
capacitors (10a and 105) to be made operative.

[0188] In this way, it is possible to adjust the load on a
source line (2¢ and 256) divided in a wire breakage, and it is
possible to adjust the signal waveform according to the
source signal applied to the source line (2a and 25) via the
spare wire (3a and 35). Therefore, it is possible to fix a wire
breakage along the source line 2 in such a manner that a
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decrease in the display quality is suppressed, irrespective of
the wire breakage position along the source line 2.

[0189] Moreover, since the spare capacitors (10a and 105)
are provided on the active matrix substrate, the step of
connecting the source lines (2a and 25) divided in a wire
breakage to the spare wires (3a and 3b) (the spare wire
connecting step) and the step of making the spare capacitors
operative for the spare wires (3a and 3b) (the spare capacitor
connecting step) can be performed in a single step or as
consecutive steps, thus making the fixing of a wire breakage
more reliable. Conversely, where the spare capacitors are
provided on a substrate different from the active matrix
substrate, as in Embodiments 3 and 4 to be described later,
the record of the spare wire connecting step that a divided
display wire and a spare wire have been connected together
after detecting a wire breakage is likely to become unclear
at the time when performing the step of making the spare
capacitors operative (the spare capacitor connecting step),
whereby the fixing of a wire breakage may be unreliable.

[0190] Moreover, since the spare capacitors (10a and 105)
are provided in a non-display region that has no contribution
to the display, it is possible to fix a wire breakage along the
source line 2 without influencing the display quality.

[0191] Since the first insulating film of the spare capaci-
tors (10a and 104), the second insulating film insulating the
source lines 2 and the spare wires (3a and 3b) from each
other, the third insulating film insulating the second elec-
trodes 10d of the spare capacitors (10a and 105) and the
spare wires (3a and 3b) from each other, and the insulating
film of the storage capacitor 27 are each formed by the gate
insulating film 19, it is possible to fix a wire breakage along
the source line 2 without adding a production step.

Embodiment 2

[0192] The present invention may employ the following
configuration for Embodiment 1 as described above. In this
and subsequent embodiments, like elements to those shown
in FIG. 1 to FIG. 10 will be denoted by like reference
numerals and will not be further described below.

[0193] In Embodiment 1, the first electrodes 10c of a
plurality of first spare capacitors 10a and the first electrodes
10c¢ of a plurality of second spare capacitors 106 are pro-
vided so that they can be connected to the first wire 3¢ and
the second wire 35 together forming a spare wire, i.e., the
first electrodes 10c¢ of a plurality of first spare capacitors 10«
and the first electrodes 10c of a plurality of second spare
capacitors 106 are not connected in advance to the spare
wire. In contrast, in the present embodiment, the first elec-
trodes 10c of a plurality of first spare capacitors 10a and the
first electrodes 10c¢ of a plurality of second spare capacitors
105 are connected in advance to the first wire 3a and the
second wire 34 together forming a spare wire. Otherwise,
the configuration is substantially the same as that of
Embodiment 1, and will not be further described below.

[0194] FIG. 11 is a plan view showing the configuration of
the first wire 3a and the first spare capacitors 10a¢, and
corresponds to FIG. 5 of Embodiment 1. FIG. 12 is a
cross-sectional view taken along line XII-XII of FIG. 11.

[0195] In the liquid crystal display device of the present
embodiment, five first spare capacitors 10a are provided, for
example, for the first wire 3a as shown in FIG. 11.

Dec. 13, 2007

[0196] As shown in FIG. 12, the first spare capacitor 10a
includes a first electrode 10e and a second electrode 10/
provided so as to oppose each other, and the gate insulating
film 19 (the first insulating film) interposed between the first
electrode 10e and the second electrode 10f

[0197] The first electrode 10e is an extended portion of the
first wire 3a of the spare wire.

[0198] The second electrode 10f7is an extended portion of
a common electrode wire 21¢, which is provided over the
first electrode 10e via the gate insulating film 19 therebe-
tween. In this way, since the first electrode 10e of the first
spare capacitor 10a and the first wire 3a are integral with
each other, the first electrode 10e of the first spare capacitor
10q is connected in advance to the first wire 3a of the spare
wire.

[0199] As shown in FIG. 11, the first wire 3a diverges into
five branches, wherein the distal end of each branch forms
the first electrode 10e and the proximal end thereof is one of
cut-off positions B1 to BS.

[0200] The common electrode wire 21¢ is a portion that is
connected to the common electrode 13 of the counter
substrate via the common electrode transition point 215.

[0201] The configuration of the second spare capacitor
105 is similar to that of the first spare capacitor 10a except
that the second spare capacitor 105 is located in an area
along the lower side of the liquid crystal display panel 40,
and will not be further described below.

[0202] A method for producing the liquid crystal display
device 50 according to Embodiment 2 of the present inven-
tion will now be described.

[0203] The liquid crystal display device 50 according to
Embodiment 2 of the present invention is produced through
an active matrix substrate production step, a counter sub-
strate production step, a liquid crystal display panel produc-
tion step, an inspection step and a driver mounting step to be
described below, wherein a wire breakage fixing step is
performed after the inspection step if a wire breakage is
detected in the inspection step.

[0204] Note that the counter substrate production step, the
liquid crystal display panel production step, the inspection
step and the driver mounting step are substantially the same
as those of Embodiment 1, and will not be further described
below.

Active Matrix Substrate Production Step

[0205] The active matrix substrate production step will
now be described.

[0206] First, a metal film made of Ta, a TaMo alloy, or the
like (thickness: 1000 to 2000 A) is deposited by a sputtering
method entirely across the substrate on the glass substrate
20, and is then patterned by the PEP technique to thereby
form the gate lines 1, the gate electrodes 1a, the capacitor
lines 15, the first wires 3a (the first electrodes 10e), and the
second wires 35 (the first electrodes 10e).

[0207] Then, a silicon nitride film (thickness: about 400
nm), or the like, is deposited by a CVD method entirely
across the substrate on which the gate lines 1, etc., have been
formed to thereby form the gate insulating film 19.
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[0208] Then, an intrinsic amorphous silicon film (thick-
ness: about 150 nm) and a phosphorus-doped n+ amorphous
silicon film (thickness: about 50 nm) are deposited succes-
sively by a CVD method entirely across the substrate on the
gate insulating film 19, and are patterned into an island-like
pattern on the gate electrode 1a by the PEP technique to
thereby form a semiconductor layer including an intrinsic
amorphous silicon layer and an n+ amorphous silicon layer.

[0209] Then, a metal film (thickness: 1000 to 2000 A)
made of Ti, or the like, is deposited by a sputtering method
entirely across the substrate on which the semiconductor
layer has been formed, and is patterned by the PEP technique
to thereby form the source lines 2, the source electrodes 2a,
the drain electrodes 14 and the common electrode wires 21¢
(the second electrodes 10f).

[0210] While the semiconductor layer may be an amor-
phous silicon film as described above, a polysilicon film may
be deposited alternatively, and the amorphous silicon film
and the polysilicon film may be subjected to a laser anneal-
ing process to improve the crystallinity. Then, the traveling
speed of electrons through the semiconductor layer is
increased, and the characteristics of the TFT 11 can be
improved.

[0211] Furthermore, a silicon nitride film (thickness: about
3000 A), or the like, is deposited by a CVD method entirely
across the substrate on which the source line 2, etc., have
been formed to thereby form the protection film 17.

[0212] Then, portions of the protection film 17 corre-
sponding to the drain electrodes 14 are etched away to form
the contact holes 16.

[0213] Then, a transparent conductive film (thickness:
about 1000 A) being an ITO (Indium Tin Oxide) film is
deposited by a sputtering method entirely across the sub-
strate on the protection film 17, and is then patterned by the
PEP technique to thereby form the pixel electrodes 18.

[0214] Finally, a polyimide resin is printed to a thickness
of 500 to 1000 A entirely across the substrate on the pixel
electrode 18, after which the substrate is baked and sub-
jected to a rubbing treatment in one direction with a spinning
cloth to thereby form an alignment film.

[0215] The active matrix substrate is produced as
described above.

[0216] The active matrix substrate produced in the active
matrix substrate production step and the counter substrate
produced in the counter substrate production step described
above in Embodiment 1 are attached together, and then a
liquid crystal material is injected into the structure, thus
producing a liquid crystal display panel. Then, the inspec-
tion step as described above in Embodiment 1 is performed.
If a wire breakage is detected in the inspection step, the
following wire breakage fixing step is performed.

Wire Breakage Fixing Step

[0217] The wire breakage fixing step includes a spare wire
connecting step and a cutting step to be described below.

[0218] The spare wire connecting step is substantially the
same as that of Embodiment 1, and will not be further
described below.
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Cutting Step

[0219] Where the source line 2 breaks in a position similar
to the wire breakage position X of Embodiment 1, since the
wire breakage position X is at a position close to the source
driver 7, the load on the source line 25 below the wire
breakage position X is not significantly different from the
load on a normal source line 2 that is not broken. Thus, the
connection between the second wire 35 of the spare wire and
the first electrode 10e of the second spare capacitor 105 is
disconnected. On the other hand, the load on the source line
2a above the wire breakage position X is significantly
smaller than the load on a normal source line 2, whereby the
connection between the first wire 3a of the spare wire and
the first electrode 10¢ of the first spare capacitor 10a is not
disconnected.

[0220] Specifically, at least one of the cut-off positions B1
to B5 shown in FIG. 11 is irradiated with the light energy 23
such as laser light from the side of the glass substrate 20 as
shown in FIG. 8 to thereby destroy the first wire 3a at the
irradiated position. Then, the load on the source line 2a
above the wire breakage position X is substantially the same
as the load on a normal source line 2, thus adjusting the
signal waveform to be applied to the source line 2a.

[0221] Next, how the first spare capacitor 10a and the
second spare capacitor 105 to be made operative for the first
wire 3a and the second wire 35, respectively, of the spare
wire 3 are used differently will be described with reference
to FIG. 9 as in Embodiment 1.

[0222] Schemes for cutting off the first spare capacitors
104 and the second spare capacitors 105 for specific wire
breakage positions will now be described.

[0223] (a) Where the source line 2 breaks in the region A,
the first wire 3a is not cut off, and the second wire 34 is cut
off at the cut-off position B1.

[0224] (b) Where the source line 2 breaks in the region B,
the first wire 3a is cut off at the cut-off position B5, and the
second wire 35 is cut off at the cut-off position B2.

[0225] (c) Where the source line 2 breaks in the region C,
the first wire 3a is cut off at the cut-off position B4, and the
second wire 35 is cut off at the cut-off position B3.

[0226] (d) Where the source line 2 breaks in the region D,
the first wire 3a is cut off at the cut-off position B3, and the
second wire 35 is cut off at the cut-off position B4.

[0227] (e) Where the source line 2 breaks in the region E,
the first wire 3a is cut off at the cut-off position B2, and the
second wire 3b is cut off at the cut-off position BS.

[0228] (f) Where the source line 2 breaks in the region F,
the first wire 3a is cut off at the cut-off position B1, and the
second wire 3b is not cut off.

[0229] Thus, by performing the cut-off schemes (a) to (f),
the load on the source line divided in a wire breakage is
made substantially the same as the load on a normal source
line 2 that is not broken, thereby adjusting the signal
waveform according to the source signal to be applied to the
source line 2 via the spare wire 3.

[0230] In Embodiment 1, where the first electrodes 10c of
the spare capacitors 10a and 105 are configured so that they
can be connected to the spare wires 3 (the first wires 3a and
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the second wires 3b), three of the intersections C1 to C5
shown in FIG. 5 need to be irradiated with a light energy in
order to make three spare capacitors 10a operative for the
first wire 3a, for example. In contrast, in the present embodi-
ment, only the position B4 of the cut-off positions B1 to BS
shown in FIG. 11 needs to be irradiated with a light energy.
Therefore, with the present embodiment, it is possible to
reduce the number of positions to be irradiated with a light
energy. Thus, it is possible to simplify the wire breakage
fixing step, and to suppress the damage to the wiring pattern
around the position to be irradiated with a light energy.

[0231] As described above, in the liquid crystal display
device 50 of the present invention, spare wires (3a and 3b)
can be connected to the source line 2. Therefore, if one of the
source lines 2 breaks, the spare wire (3¢ and 35) can be
connected to the broken source line (2a and 2b), whereby a
signal voltage according to the source signal is applied to the
source line 26 beyond the wire breakage position via the
spare wire (3a and 3b). Since the first electrodes 10¢ of the
spare capacitors (10a and 105) are connected in advance to
the spare wires (3a and 3b), the spare capacitors (10a and
105) can be made operative for a broken source line (2¢ and
2b) by connecting the broken source line (2¢ and 2b) to the
spare wires. In a case where there are a plurality of spare
capacitors (10a and 105), it is possible to adjust the number
of spare capacitors (10a and 105) to be made operative by
cutting off the connection between the first electrode 10¢ of
the spare capacitor (10a and 106) and the spare wire (3a and
3b) for a predetermined number of spare capacitors. Thus,
the load on the source line (2a and 24) divided in a wire
breakage is adjusted, whereby it is possible to adjust the
signal waveform according to the source signal applied to
the source line (2a and 2b) via the spare wires (3a and 35).
Therefore, it is possible to fix a wire breakage along the
source line 2 in such a manner that a decrease in the display
quality is suppressed, irrespective of the wire breakage
position along the source line 2.

Embodiment 3

[0232] The present invention may employ the following
configuration for Embodiments 1 and 2.

[0233] While the spare capacitors 10a and 105 are pro-
vided on the liquid crystal display panel 40 (the active
matrix substrate) in Embodiments 1 and 2, the spare capaci-
tors 10 are provided on a source substrate 25 in the present
embodiment.

[0234] FIG. 13 is a plan view showing a liquid crystal
display device 50a according to Embodiment 3 of the
present invention.

[0235] The liquid crystal display device 50a includes the
liquid crystal display panel 40, the gate driver 9 provided
along the left side of the liquid crystal display panel 40, a
gate substrate 24 provided along the left side of the gate
driver 9, the source driver 7 provided along the upper side
of the liquid crystal display panel 40, the source substrate 25
provided along the upper side of the source driver 7, and an
FPC 26 provided between the gate substrate 24 and the
source substrate 25.

[0236] The gate substrate 24 is a device substrate for
inputting signals to the gate driver 9, and the source sub-
strate 25 is a device substrate for inputting signals to the
source driver 7.
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[0237] The FPC 26 is a flexible printed wiring board
(Flexible Printed Circuit) including various wiring layers
interposed between polyimide films.

[0238] The spare wire 3 (the second wire 35 in Embodi-
ments 1 and 2) extends from the output side of the buffer
section to an area along the lower side of the liquid crystal
display panel 40 via the source substrate 25, the FPC 26, the
gate substrate 24 and the gate driver 9. The spare capacitors
10 are provided along the spare wire 3 in the source substrate
25. Therefore, by making the spare capacitors 10 operative
as necessary according to the wire breakage position along
the source line 2, it is possible to adjust the signal waveform
according to the source signal applied to the source line 2 via
the spare wire 3 and to suppress the decrease in the display

quality.

[0239] While the spare capacitors 10 are provided on the
source substrate 25 in the present embodiment, the spare
capacitors 10 may alternatively be provided on the gate
substrate 24 or on both the gate substrate 24 and the source
substrate 25.

Embodiment 4

[0240] The present invention may employ the following
configuration for Embodiments 1 and 2.

[0241] While the spare capacitors 10a and 105 are pro-
vided on the liquid crystal display panel 40 (the active
matrix substrate) in Embodiments 1 and 2, the spare capaci-
tors 10 are provided on the source substrate 25 in the present
embodiment.

[0242] FIG. 14 is a plan view showing a liquid crystal
display device 505 according to Embodiment 4 of the
present invention.

[0243] The liquid crystal display device 505 includes the
liquid crystal display panel 40, the gate driver 9 provided
along the left side of the liquid crystal display panel 40, the
source driver 7 provided along the upper side of the liquid
crystal display panel 40, and a source substrate 25a provided
along the upper side of the source driver 7.

[0244] The source substrate 25q is a device substrate for
inputting signals to the gate driver 9 and the source driver 7.

[0245] The spare wire 3 (the second wire 35 in Embodi-
ments 1 and 2) extends from the output side of the buffer
section to an area along the lower side of the liquid crystal
display panel 40 via the source substrate 25a and the gate
drivers 9. The spare capacitors 10 are provided along the
spare wire 3 in the source substrate 25q. Therefore, by
making the spare capacitors 10 operative as necessary
according to the wire breakage position along the source line
2, 1t is possible to adjust the signal waveform according to
the source signal applied to the source line 2 via the spare
wire 3 and to suppress the decrease in the display quality.

[0246] As described above, in the liquid crystal display
devices 50, 50a and 505 of the present invention, spare wires
(3a and 3b) can be connected to the source line 2. Therefore,
if one of the source lines 2 breaks, the spare wire (3a and 3b)
can be connected to the broken source line (2¢ and 25),
whereby a signal voltage according to the source signal is
applied to the source line 26 beyond the wire breakage
position via the spare wire (3a and 35). Since the spare
capacitors (10a and 105) for adjusting the signal waveform
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are provided along the spare wire (3a and 3b), it is possible
to adjust the signal waveform according to the source signal
applied to the display wire via the spare wire (3a and 35) and
10 suppress the decrease in the display quality by making the
spare capacitors operative as necessary according to the wire
breakage position.

[0247] In the present embodiment and Embodiment 3, the
substrate (the source substrate) on which the spare capaci-
tors 10 are provided is different from the active matrix
substrate, it 1s difficult to perform the spare capacitor con-
necting step and the spare wire connecting step simulta-
neously or consecutively. This is because once the source
line 2 is fixed, it is difficult to detect where the wire breakage
position is along the source line 2. In other words, once a
wire breakage fixing operation is performed on the source
line 2, it will then be difficult to identify how many spare
capacitors (10a and 105) need to be connected to which
spare wire (3a and 3b) of the liquid crystal display panel 40
because the wire breakage has been fixed.

[0248] Embodiment 1 is directed to a liquid crystal display
device including spare capacitors of the type where the first
electrodes of the spare capacitors are not connected in
advance to the spare wires, and Embodiment 2 is directed to
a liquid crystal display device including spare capacitors of
the type where the first electrodes of the spare capacitors are
connected in advance to the spare wires. Alternatively, a
liquid crystal display device of the present invention may
include spare capacitors of both types.

[0249] As described above, with the present invention, it
is possible to fix a wire breakage along a source line in such
a manner that the decrease in the display quality is sup-
pressed, irrespective of the wire breakage position along the
source line, and the present invention is therefore useful as
matrix-type liquid crystal display devices for use in TV sets
and menitors.

[0250] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

1. A display device, comprising:

a plurality of display wires to which display signal
voltages are applied,

a spare wire that can be connected to opposite ends of at
least one of the plurality of display wires; and

a buffer section provided along the spare wire for imped-
ance conversion along the spare wire,

wherein the display device comprises a spare capacitor for
adjusting a signal waveform to be applied to the display
wire with the spare wire being connected the display
wire.

2. The display device of claim 1, wherein the spare
capacitor includes a first electrode and a second electrode
provided so as to oppose each other, and a first insulating
film interposed between the first electrode and the second
electrode.

3. The display device of claim 2, wherein the first elec-
trode is connected to the spare wire.

4. The display device of claim 2, wherein the first elec-
trode is configured so that the first electrode can be con-
nected to the spare wire.
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5. The display device of claim 2, wherein:

the display device comprises a plurality of spare capaci-
tors; and

the first electrode of at least one of the plurality of spare
capacitors is connected to the spare wire, and the first
electrode of another one of the plurality of spare
capacitors is configured so that the first electrode can be
connected to the spare wire.

6. The display device of claim 2, wherein the spare wire
is provided over the display wire via a second insulating film
therebetween, and the spare wire can be connected to the
display wire by making a contact hole in the second insu-
lating film.

7. The display device of claim 6, wherein the first elec-
trode is provided over the spare wire via a third insulating
film therebetween, and the first electrode can be connected
to the spare wire by making a contact hole in the third
insulating film.

8. The display device of claim 1, wherein:

the spare wire includes a first wire being on an input side
of the buffer section and a second wire being on an
output side of the buffer section; and

the spare capacitor is provided along the first wire.
9. The display device of claim 1, wherein:

the spare wire includes a first wire being on an input side
of the buffer section and a second wire being on an
output side of the buffer section; and

the spare capacitor is provided along the second wire.
10. The display device of claim 1, wherein:

the spare wire includes a first wire being on an input side
of the buffer section and a second wire being on an
output side of the buffer section; and

the spare capacitor is provided both on the first wire and
on the second wire.
11. The display device of claim 1, wherein the display
wire is a source line to which a source signal is input.
12. The display device of claim 1, wherein:

the plurality of display wires are formed on a substrate;
and

the spare capacitor is provided on the substrate.
13. The display device of claim 1, wherein:

the display device comprises a display region that con-
tributes to display and a non-display region that is
provided outside the display region and that does not
contribute to display; and

the spare capacitor is provided in the non-display region.

14. The display device of claim 7, wherein the first
insulating film, the second insulating film and the third
insulating film are the same insulating film.

15. The display device of claim 14, wherein the display
device comprises:

a plurality of pixels;

a pixel electrode provided for each of the plurality of
pixels and connected to the display wire, wherein a
signal voltage is supplied to the pixel electrode; and

a storage capacitor formed by the same insulating film for
holding the signal voltage in the pixel electrode.
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16. The display device of claim 3, wherein the display
device comprises one spare capacitor.
17. A display device, comprising;

a plurality of display wires to which display signal
voltages are applied;

a spare wire that can be connected to opposite ends of at
least one of the plurality of display wires; and

a buffer section provided along the spare wire for imped-
ance conversion along the spare wire, wherein:

the display device comprises a spare capacitor for adjust-
ing a signal waveform to be applied to the display wire
with the spare wire being connected the display wire;

the spare capacitor includes a first electrode and a second
electrode provided so as to oppose each other, and a
first insulating film interposed between the first elec-
trode and the second electrode;

one of the plurality of display wires is broken;

the broken display wire and the spare wire are connected
to each other; and

the spare wire is cornected to the first electrode.
18. A liquid crystal display device, comprising;

a plurality of display wires to which display signal
voltages are applied;

a spare wire that can be connected to opposite ends of at
least one of the plurality of display wires; and

a buffer section provided along the spare wire for imped-
ance conversion along the spare wire,

wherein the liquid crystal display device comprises a
spare capacitor for adjusting a signal waveform to be
applied to the display wire with the spare wire being
connected the display wire.

19. A method for producing a display device, the display

device comprising:

a plurality of display wires to which display signal
voltages are applied;

a spare wire that can be connected to opposite ends of at
least one of the plurality of display wires;

a buffer section provided along the spare wire for imped-
ance conversion along the spare wire; and

a spare capacitor for adjusting a signal waveform to be
applied to the display wire with the spare wire being
connected the display wire, wherein:

the spare capacitor includes a first electrode and a second
electrode provided so as to oppose each other, and a
first insulating film interposed between the first elec-
trode and the second electrode; and

the first electrode of the spare capacitor is connected in
advance to the spare wire, the method comprising:

a wire breakage detecting step of detecting a presence of
a wire breakage along the display wire; and

a spare wire connecting step of connecting a display wire
along which a wire breakage has been detected in the
wire breakage detecting step and the spare wire to each
other.
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20. The method for producing a display device of claim
19, wherein:

a plurality of spare capacitors are provided; and

the method comprises a cutting step of cutting off a
connection between the first electrode and the spare
wire for at least one of the plurality of spare capacitors.

21. The method for producing a display device of claim

20, wherein:

the method comprises a wire breakage position detecting
step for detecting a position of the wire breakage along
the display wire detected in the wire breakage detecting
step; and

the cutting step cuts off the connection between the first

electrode and the spare wire for a number of spare

capacitors according to the wire breakage position

detected in the wire breakage position detecting step.

22. A method for producing a display device, the display
device comprising:

a plurality of display wires to which display signal
voltages are applied;

a spare wire that can be connected to opposite ends of at
least one of the plurality of display wires;

a buffer section provided along the spare wire for imped-
ance conversion along the spare wire; and

a spare capacitor for adjusting a signal waveform to be
applied to the display wire with the spare wire being
connected the display wire, wherein:

the spare capacitor includes a first electrode and a second
electrode provided so as to oppose each other, and a
first insulating film interposed between the first elec-
trode and the second electrode; and

the first electrode of the spare capacitor is not connected
in advance to the spare wire, the method comprising:

a wire breakage detecting step of detecting a presence of
a wire breakage along the display wire;

a spare wire connecting step of connecting a display wire
along which a wire breakage has been detected in the
wire breakage detecting step and the spare wire to each
other; and

a spare capacitor connecting step of connecting the first
electrode of the spare capacitor and the spare wire to
each other.

23. The method for producing a display device of claim

22, wherein:

the method comprises a wire breakage position detecting
step for detecting a position of the wire breakage along
the display wire detected in the wire breakage detecting
step; and

the spare capacitor connecting step connects the first
electrode and the spare wire to each other for a number
of spare capacitors according to the wire breakage
position detected in the wire breakage position detect-
ing step.
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