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7) ABSTRACT

There is provided a fault repairing method for a liquid
crystal display device capable of repairing simply a discon-
nected portion when a disconnection fault occurs in a
display panel. For example, it is on the assumption that the
disconnected portion is present in a data bus line. Discon-
nection repairing contact holes that have a width larger than
that of the data bus line are formed in a protection insulating
film on the data bus line on both sides of the disconnected
portion respectively. Then, a laser CVD film (metal film) for
covering inner surfaces of the disconnection repairing con-
tact holes is formed by the laser CVD method, and then
respective laser CVD films are connected electrically.
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LIQUID CRYSTAL DISPLAY DEVICE AND FAULT
REPAIRING METHOD FOR THE LIQUID
CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to an active matrix
type liquid crystal display device and its fault repairing
method.

[0003] 2. Description of the Prior Art
[0004] (Prior Art 1)
[0005] The liquid crystal panel of the liquid crystal display

device has the structure that is constructed by sticking two
sheets of glass substrates, i.e., the TFT substrate on which
TFTs (thin film transistors), etc. are formed and the CF
(color filter) substrate on which the color filters, etc. are
formed, to oppose to each other and then sealing the liquid
crystal between them.

[0006] A plurality of gate bus lines, a plurality of data bus
lines intersected with these gate bus lines via the interlayer
insulating film, storage capacitance bus lines for crossing
respective pixel areas that are defined by the gate bus lines
and the data bus lines in parallel with the gate bus lines, and
lead wirings for connecting the gate bus lines and the data
bus lines to external connecting terminal portions respec-
tively are provided on the TFT substrate. The TFTs are
formed in vicinity of the intersection points of the gate bus
lines and the data bus lines. The drain electrode of this TFT
is connected to the data bus line, and the source electrode is
connected to the pixel electrode.

[0007] Meanwhile, the reduction in the fabrication cost is
the important subject in the liquid crystal display device. In
order to reduce the cost, first the improvement in yield of the
production is strongly desired. As the cause to lower the
yield of the production of the liquid crystal display device,
there are the disconnection occurred in the wirings such as
the gate bus lines, the data bus lines, the storage capacitance
bus lines, eftc., the interlayer short-circuit between these
wirings, and the like.

[0008] Forexample, in case the driver circuit is connected
to the one side of the gate bus line since the disconnection
occurs in the gate bus line, such display panel is the
defective unit. In order to repair the disconnection occurred
in the data bus line, there is employed the repairing method
of providing the repair wiring around the display area and
then connecting the disconnected data bus line to the repair
wiring by the laser welding such as the YAG laser welding,
etc. However, there is the problem that the detailed wiring
routing becomes complicated in panel design.

[0009] Also, as other cause to lower the vield of fabrica-
tion of the liquid crystal display device, there is the inter-
layer short-circuit (line fault) in which the gate bus line and
the data bus line are short-circuited or the interlayer short-
circuit in which the data bus line and the storage capacitance
bus line are short-circuited. In the prior art, there is
employed the repairing method of providing the repairing
wiring on the outside of the display area, then disconnecting
the short-circuited area of the concerned bus line and
connecting the concerned bus line to the repair wiring by the
laser beam when the line fault occurs in the display panel.
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However, according to this method, the number of repaired
wirings (the number of bus lines) is limited by the number
of repair wirings provided on the outside of the display area
and the repairable number in the block. Since the unrepaired
line fault still remains if the number of line fault is larger
than the limited number, there is the problem that such
display panel is treated inevitably as the defective unit.

[0010] (Prior Art 2)

[0011] Inrecent years, the larger size and higher definition
of the active matrix type liquid crystal display device make
progress. However, with the progress of the larger size and
higher definition, the wiring load capacitance is increased
and also the horizontal scanning time is shortened. There-
fore, the resistance value required for the wiring must be
lowered much more. In particular, the serious degradation of
the display quality such as the lateral crosstalk, etc. is
brought about by the increase in the resistance of the storage
capacitance bus line to provide the potential to the storage
capacitance electrode. For this reason, the counterplan is
applied by supplying the voltage from both ends of the
storage capacitance bus lines to reduce the time constant.
However, in such structure, there exists the portion at which
the electrode that is provided to connect collectively the
storage capacitance bus lines intersects with the gate bus
lines.

[0012] FIG.1is atop view showing a configuration of the
liquid crystal display device. In this liquid crystal display
device, the liquid crystal is sealed between the TFT substrate
18 and the CF substrate 40 and the area in which the liquid
crystal is sealed acts as the display arca 38. At the end
portion of the TFT substrate 18, the gate bus lines and the
data bus lines (called also as the drain bus lines) are
collected as a plurality of gate bus line groups 48 and a
plurality of data bus line groups 50, and connected to the
TAB substrates 44, 46 respectively. The TAB substrates 44,
46 are connected to the printed-wiring board 42.

[0013] FIG. 2 is an enlarged view showing the portion
encircled by a broken line in FIG. 1. The gate bus lines 10
are connected to the gates of the TFTs 30 formed in the
display area respectively. End portions of the gate bus lines
10 are connected to the gate terminal (TAB terminal). A
plurality of pixels are arranged in a matrix fashion in the
display area. Each pixel is surrounded by the gate bus line
10 and the data bus line 34, and the TFT 30 and the pixel
electrode 32 are formed every pixel. The source electrode of
the TFT 30 is connected to the pixel electrode 32, and the
drain electrode is connected to the data bus line 34. The
storage capacitance bus lines 22 that are formed in parallel
with the gate bus lines 10 by the same steps as the gate bus
lines 10 are formed in the central portion of the pixel area.
Also, in order to prevent the destruction of the TFT by the
static electricity, the gate bus lines 10 are connected to the
guard ring 26 via the protection elements 28.

[0014] The storage capacitance bus lines 22 are connected
to the storage capacitance bus line general electrode 16 via
the storage capacitance bus line connecting electrodes 24
and the connecting portions 24a, 24b respectively. The
storage capacitance bus line general electrode 16 is formed
by the same steps as the gate bus lines 10, and the storage
capacitance bus line connecting electrodes 24 are formed by
the same steps as the pixel electrode 32. The storage
capacitance bus line general electrode 16 is provided com-
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monly to a plurality of storage capacitance bus lines 22 and
is connected to a plurality of storage capacitance bus lines
22.

[0015] In the meanwhile, the gate bus lines 10 are pro-
vided to intersect with the storage capacitance bus line
general electrode 16 via the insulating film. FIG. 3 shows
the intersecting portion of the gate bus line 10 and the
storage capacitance bus line general electrode 16. If the short
circuit occurs in this intersecting portion due to the static
electricity, etc. during manufacturing steps, the line fault is
brought about in the direction along the gate bus lines.

[0016] FIG. 4 is a view showing another configuration of
the intersecting portion in the prior art. In the configuration
in FIG. 4, the gate bus line 10 is separated into two branch
portions 10d, 10e in the portion at which the gate bus line 10
intersects with the storage capacitance bus line general
electrode 16. In case the short circuit occurs in the inter-
secting portion due to the static electricity, etc. during
manufacturing steps, the short-circuited portion is electri-
cally separated by cutting off the short-circuited branch
portion by the laser beam, etc. after the short-circuited
position is checked by the inspection using the pattern
recognition. Thus, the gate bus line 10 is restored to the
normal gate bus line.

[0017] However, all the short circuits that occurs actually
cannot always be recognized by the inspection using the
pattern recognition. Therefore, even if no problem exists in
appearance, there are many cases where the very small
short-circuits are present. In addition, if the short-circuit can
be detected by the electrical test, it cannot be found that
which one of the branch portions 10d, 10e should be cut off.
This causes the extreme reduction in the repair rate (relief
rate) of the short-circuit fault.

[0018] (Prior Art 3)

[0019] FIG. 5 is a sectional view showing the normal TN
type liquid crystal display device in the display area. FIG.
6 is a plan view showing the TFT substrate of the same
liquid crystal display device. In this case, FIG. 5 shows a
sectional shape at the position corresponding to a X-X line
in FIG. 6.

[0020] The TN type liquid crystal display device consists
of the TFT substrate 18, the CF substrate 40, and the liquid
crystal 79 that is sealed between the TFT substrate 18 and
the CF substrate 40.

[0021] The TFT substrate 18 is constructed as described in
the following. That is, a plurality of gate bus lines 52 and a
plurality of storage capacitance bus lines 53 are formed as
the first wiring layer on the glass substrate 51. Respective
gate bus lines 52 are formed in parallel mutually, the storage
capacitance bus lines 53 are arranged between the gate bus
lines 52 in parallel with the gate bus lines 52 respectively.

[0022] The gate bus lines 52 and the storage capacitance
bus lines 53 are covered with the first insulating film (gate
insulating film) (not shown). The amorphous silicon film 54
serving as the channels of the switching TFTs 56 is formed
on the first insulating film over the gate bus lines 52. Also,
the data bus lines 55, and the source electrodes 56s and the
drain electrodes 564 of the TFTs 56 are formed as the second
wiring layer on the first insulating film. The data bus lines 55
are formed to intersect orthogonally with the gate bus lines
52. The source electrodes 56s and the drain electrodes 56d
of the TFTs 56 are formed on both sides of the amorphous
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silicon film 54 to be separated mutually in the width direc-
tion of the amorphous silicon film 54. Also, the drain
electrodes 56d of the TFTs 56 are connected to the data bus
lines 55. Rectangular areas that are partitioned by the gate
bus lines 52 and the data bus lines 55 act as the pixel area
respectively.

[0023] The data bus lines 55, and the source electrodes 56s
and the drain electrodes 564 of the TFTs 56 are covered with
the second insulating film (protection insulating film) 58.
The transparent pixel electrodes 59 made of ITO (Indium-
Tin Oxide) are formed on the second insulating film 58. The
pixel electrodes 59 are electrically connected to the source
electrodes 56s of the TFTs 56 via the contact holes 58a
formed in the second insulating film 58 respectively.

[0024] The alignment film 57 that decides the alignment
direction of the liquid crystal molecules is formed on the
pixel electrodes 59. This alignment film 57 is formed of
polyimide, for example, and the alignment process is applied
to the alignment film 57 by the rubbing, etc.

[0025] In contrast, the CF substrate 40 is constructed as
described in the following. That is, the black matrix 72 that
is made of the light-shiclding substance such as Cr (chro-
mium), etc. to shield the areas between respective pixels and
the TFT forming areas from the light is formed on one
surface (lower surface in FIG. 5) of the glass substrate 71.
Also, the color filter 73 having any one color of the red color
(R), the green color (G), and the blue color (B) formed at
positions that oppose to the pixel electrodes 59 on the TFT
substrate 18.

[0026] The common electrode 74 made of ITO is formed
under the color filters 73. The alignment film 75 made of
polyimide, for example, is formed under the common elec-
trode 74. The alignment process is also applied to the
alignment film 57 by the rubbing, etc.

[0027] Spherical or cylindrical spacers (not shown) having
a uniform diameter, for example, are arranged between the
TFT substrate 18 and the CF substrate 40 such that the
interval between the TFT substrate 18 and the CF substrate
40 is constant. Also, the polarizing plate (not shown) is
arranged below the TFT substrate 18 and over the CF
substrate 40 respectively.

[0028] In the liquid crystal display panel constructed as
above, the desired images can be displayed by supplying the
scanning signals and the video signals from the driving
circuit to the gate bus lines 52 and the data bus lines 35 at
a predetermined timing to control the voltage between the
pixel electrodes 59 and the common electrode 74 pixel by
pixel.

[0029] By the way, in the liquid crystal display device, the
patterning is not normally carried out because of the adhe-
sion of dust, etc. during the manufacturing steps, and thus
the short-circuit or the disconnection occurs. Therefore, the
pixel is brought into the state that such pixel is normally
turned ON, otherwise the pixel is brought into the state that
such pixel is normally turned OFF or such pixel as well as
other pixel is simultaneously turned ON. Normally the spot
faults are allowed in the liquid crystal display device inas-
much as the number of them is smaller than a predetermined
number, but the liquid crystal display device becomes the
defective unit if the number of faults is increased.
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[0030] As the method of repairing the spot faults in the
prior art, the method of connecting the pixel electrode of the
defective pixel and the gate bus lines or the storage capaci-
tance bus lines by the laser welding has been known. For
example, if the short-circuit occurs between the source
electrode and the drain electrode of the TFT, the pixel
electrode and the data bus line are electrically separated by
cutting off the source electrode or the drain electrode by the
laser beam, and then the pixel electrode and the gate bus line
or the storage capacitance bus line are deposited (welded) by
the laser beam. Accordingly, since the defective pixel is
brought into its normally turned OFF state, the fault of the
pixel can be made inconspicuously.

[0031] However, the above fault repairing method of the
liquid crystal display device in the prior art can make the
fault inconspicuous, but such method cannot repair the
defective pixel to be normally driven.

[0032] In Patent Application Publication (KOKAI) Hei
2-153324, there is set forth the fault repairing method of
repairing the fault in the liquid crystal display device, in
which the spare TFTs are provided in addition to the
switching TFTs, by separating the switching TFT from the
data bus line if the fault occurs in the data bus line and then
connecting the spare TFT and the pixel electrode to repair
the fault. However, according to this method, since the drain
electrodes of the spare TFTs are previously connected to the
data bus lines via the wirings, the reduction in the display
quality is brought about because of the large load capaci-
tance (Cgs).

[0033] In Patent Application Publication (KOKAI) Hei
3-171034 and Patent Application Publication (KOKAI) Hei
9-90408, the liquid crystal display devices in which the
spare TFTs are provided in addition to the switching TFTs
are set forth. In these liquid crystal display devices, since the
drain electrodes of the spare TFTs are not connected to the
data bus lines, the load capacitances are relatively small.
However, in these liquid crystal display devices, the spare
wirings for connecting the drain electrodes of the spare TFTs
to the data bus lines must be provided previously. Since the
data bus lines and the drain electrodes of the spare TFTs are
overlapped via these spare wirings to put the insulating film
between them, it is impossible to say that the load capaci-
tance can be reduced sufficiently.

[0034] (Prior Art 4)

[0035] FIGS. 7A and 7B are schematic plan views show-
ing the repairing method when the disconnection occurs in
the gate bus line respectively. FIG. 7A shows the neighbor-
hood of the connection portion of one end side of the data
bus lines and the TAB terminal, and FIG. 7B shows the
neighborhood of other end side of the data bus lines.

[0036] One end side of the data bus lines 55 is connected
to the TAB terminal. The liquid crystal display device is
connected to the TAB substrate via these TAB terminals 60.
As shown in FIGS. 7A and 7B, the first repair wiring 62 that
intersects with a plurality of data bus lines 55 are provided
on one end side of the data bus lines 55. The first repair
wiring 62 is connected to the spare TAB terminal 61 that is
aligned in parallel with the TAB terminals 60. Also, repair
terminals 554 are provided to the data bus lines 55 at the
intersecting portions with the first repair wiring 62.

[0037] The second repair wiring 63, that passes through
the repair terminals $5b provided to the end portions of the
data bus lines 55, and a plurality of (two in FIG. 7B) third
repair wirings 64 are provided to other end side of the data
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bus lines 55. The top end of the second repair wiring 63 is
bended like the L-shape, and this top end portion intersects
with the third repair wirings 64. The third repair wirings 64
are connected to the spare TAB terminals 65.

[0038] The above fault repairing method for the liquid
crystal display device will be explained with reference to
FIGS. 7A and 7B and FIGS. 8A and 8B hercunder. FIG.
8A is a sectional view taken along a XI-XI line in FIG. 7A,
and FIG. 8B is a sectional view taken along a XII-XII line
in FIG. 7B. It is on the assumption that the data bus lines 55
are disconnected at positions indicated by the X mark in
FIGS. 8A and 8B. Also, in FIGS. 8A and 8B, a reference
71 denotes the first insulating film (gate insulating film) and
a reference 72 denotes the second insulating film (protection
insulating film).

[0039] First, as shown in FIG. 7A and FIG. 8A, the repair
terminals 354 of the data bus lines 55 and the first repair
wiring 62 are welded by virtue of the laser welding by
irradiating the laser beam onto the intersecting portions of
the data bus line 55, at which the disconnection occurs, and
the first repair wiring 62.

[0040] Also, as shown in FIG. 7B and FIG. 8B, the
intersecting portions of the second repair wiring 63 and the
repair terminals 55a of the data bus lines 55 are electrically
connected by the laser welding, and also the intersecting
portions of the second repair wiring 63 and the third repair
wirings 64 are electrically connected by the laser welding.

[0041] Then, the spare TAB terminal 61 and the TAB
terminals 65 are electrically connected via the wire, etc. such
that the same video signal can be supplied to both sides of
the disconnected data bus line 55. As a result, it is possible
to operate normally the liquid crystal display device.

[0042] However, according to the method shown in FIGS.
7A and 7B and FIGS. 8A and 8B, since the first repair
wiring 62 and the second repair wiring 63 intersect with the
data bus lines 55, capacitances are generated at the inter-
secting portions. With the progress of the larger size and
higher definition of the liquid crystal display device in recent
years, the wiring resistance of the repair wiring is increased
and also the capacitance of the intersecting portion is
increased. Therefore, sometimes the signal delay is
increased and the thin line fault or spot fault occurs after the
fault portion is repaired. As a result, there is the problem that
the number of the repair wirings is limited.

SUMMARY OF THE INVENTION

[0043] Tt is an object of the present invention to provide a
fault repairing method for a liquid crystal display device for
repairing a disconnection occurred in a wiring in a display
area of the liquid crystal display device.

[0044] Also, it is another object of the present invention to
provide a liquid crystal display device and its fault repairing
method capable of repairing a fault without fail if the
short-circuit is generated in the portion at which an elec-
trode, that connects storage capacitance bus lines collec-
tively, intersects with a gate bus line.

[0045] 1In addition, it is still another object of the present
invention to provide a fault repairing method for a liquid
crystal display device capable of repairing a pixel in which
the fault occurs to restore it to a normal pixel and reducing
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a load capacitance, and a liquid crystal display device in
which the fault can be easily repaired by its fault repairing
method.

[0046] Further, it is yet still another object of the present
invention to provide a liquid crystal display device and its
fault repairing method capable of repairing a disconnection
easily if the disconnection occurs in a gate bus line and a
data bus line.

[0047] A fault repairing method for a liquid crystal display
device set forth in claim 1 of the present invention, com-
prises the steps of forming first and second disconnection
repairing contact holes, that have a width larger than a width
of a disconnected wiring and a depth to expose an upper
surface and both side surfaces of the disconnected wiring
respectively, at two locations which are positioned to sand-
wich a disconnected portion of the disconnected wiring; and
forming first and second conductive films, that are con-
nected electrically to the upper surface and both side sur-
faces, on mner walls and surfaces of the first and second
disconnection repairing contact holes to repair the discon-
nection.

[0048] According to the present invention, the disconnec-
tion repairing contact holes which have the width larger than
the width of the disconnected wiring respectively are formed
at two positions that puts the disconnected portion of the
disconnected wiring between them respectively. Then, the
disconnection can be repaired by forming the conductive
films in the disconnection repairing contact holes by means
of the laser CVD method, etc. to connect electrically the
disconnection repairing contact holes. Accordingly, the con-
tact area between the wiring and the repairing conductive
films can be extended and the reliability of connection can
be increased in contrast to the disconnection repairing
method using the laser welding in the prior art.

[0049] According to the situation of the disconnection, the
first and second conductive films can be directly connected,
otherwise both the first and second conductive films can be
connected to the pixel electrode to be connected electrically
via the pixel electrode.

[0050] Also, a fault repairing method for a liquid crystal
display device set forth in claim 5 of the present invention,
comprises the steps of forming a conductive film over an
area located between disconnection end portions of a dis-
connected wiring by a laser CVD method; and connecting
electrically the conductive film and the disconnection end
portions by a laser welding method to repair the disconnec-
tion.

[0051] According to the present invention, the conductive
film is formed over the disconnected portion of the discon-
nected wiring by the laser CVD method. Then, the discon-
nection can be repaired by connecting electrically the con-
ductive film and the end portions of the disconnection by
virtue of the laser welding method. Accordingly, the wiring
in which the disconnection occurs can be easily repaired.

[0052] Also, a liquid crystal display device set forth in
claim 6 of the present invention, in which a liquid crystal is
sealed between a first substrate, on which first and second
wirings intersected via an insulating film are formed, and a
second substrate that opposes to the first substrate, com-
prises spare wirings that are formed in vicinity of intersect-
ing positions of the first and second wirings and constitute
a part of a detour route used when an interlayer short-circuit
between the first and second wirings is repaired.
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[0053] Also, a liquid crystal display device set forth in
claim 7 of the present invention, in which a liquid crystal is
sealed between a first substrate, on which first and second
wirings intersected via an insulating film are formed, and a
second substrate that opposes to the first substrate, com-
prises spare pads that are connected to any one of the first
and second wirings in vicinity of intersecting positions of
the first and second wirings and constitute a part of a detour
route used when an interlayer short-circuit between the first
and second wirings is repaired.

[0054] Also, a fault repairing method for a liquid crystal
display device set forth in claim 8 of the present invention,
comprises the steps of disconnecting one wiring of first and
second wirings in which an interlayer short-circuit occurs, at
two locations that sandwich a short-circuit portion to sepa-
rate electrically from other wiring; and forming a detour
route to detouring the short-circuit portion to connect elec-
trically disconnection end portions of one wiring.

[0055] In the fault repairing method for the liquid crystal
display device according to the present invention, the detour
route contains spare wirings, that are formed in vicinity of
an intersecting position of the first and second wirings to
repair an interlayer short-circuit between the first and second
wirings, as a part of its configuration.

[0056] In the fault repairing method for the liquid crystal
display device according to the present invention, the detour
route contains spare pads, that are connected to any one of
the first and second wirings in vicinity of an intersecting
position of the first and second wirings to repair an interlayer
short-circuit between the first and second wirings, as a part
of its configuration.

[0057] According to the present invention, the short-cir-
cuit can be repaired by cutting off the wiring in which the
short-circuit occurs on both sides of the short-circuited
portion respectively and then forming the detour route to
detour the short-circuited portion. At this time, the spare
wiring formed previously in vicinity of the wiring, for
example, can be employed as a part of the detour route. In
this manner, the wiring in which the short-circuit is caused
can be repaired.

[0058] Also, a liquid crystal display device set forth in
claim 11 of the present invention, comprises a plurality of
gate bus lines; a plurality of storage capacitance bus lines; a
storage capacitance bus line general electrode connected
commonly to the storage capacitance bus lines, and arranged
to intersect with the plurality of gate bus lines to sandwich
an insulating film; repairing auxiliary wirings that are inter-
sected with the storage capacitance bus line general elec-
trode to sandwich the insulating film and are provided
electrically independently from the gate bus lines; and
repairing connecting electrodes arranged on both sides of the
storage capacitance bus lines in a width direction respec-
tively, one ends of which overlap with the gate bus lines to
sandwich the insulating film between them and other ends of
which overlap with the repairing auxiliary wirings to sand-
wich the insulating film between them.

[0059] According to the present invention, since the
repairing auxiliary wirings are provided electrically inde-
pendently from the gate bus line, the identification of the
short-circuited portion and the treated area can be facilitated.
Accordingly, the repairing operation can be easily carried
out and thus the fault repairing can be accomplished without
fail.
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[0060] Also, a fault repairing method for a liquid crystal
display device set forth in claim 16 of the present invention,
that includes switching thin film transistors that are con-
nected to gate bus lines, data bus lines and pixel electrodes,
and spare thin film transistors that are not connected to both
the data bus lines and the pixel electrodes, comprises the
step of forming a conductive pattern, that connects at least
a drain electrode of a spare thin film transistor and a data bus
line, in repairing a fault.

[0061] Also, a fault repairing method for a liquid crystal
display device set forth in claim 21 of the present invention,
that includes switching thin film transistors that are con-
nected to gate bus lines, data bus lines and pixel electrodes,
and spare thin film transistors that are not connected to both
the data bus lines and the pixel electrodes, comprises the
step of forming a conductive pattern, that connects at least
a gate electrode of a spare thin film transistor and a gate bus
line, in repairing a fault.

[0062] According to the present invention, the spare thin
film transistors are prepared previously in addition to the
switching thin film transistors. In the spare thin film tran-
sistor, for example, a part of the gate bus line may be formed
as the gate electrode, or the gate electrode may be formed
between the pixel electrode and the data bus line. In the
situation before the fault repairing is carried out, the spare
thin film transistor is neither connected to the pixel electrode
nor any one of the gate bus line and the data bus line.
Accordingly, the increase in the load capacitance can be
avoided and also the reduction in the display quality can be
prevented.

[0063] Furthermore, according to the present invention, in
repairing the defective pixel, the conductive pattern for
connecting the drain electrode of the spare thin film tran-
sistor and the data bus line or the conductive pattern for
connecting the gate electrode of the spare thin film transistor
and the gate bus line is formed. This conductive pattern is
formed by depositing the metal film by means of the laser
CVD method or by laser-baking the conductive chemicals
(conductive paste), for example. According to this method,
the conductive pattern can be formed on the insulating film
or the conductive film with good adhesiveness. Also, the
source electrode of the spare thin film transistor is connected
to the pixel electrode by the melt-joint using the laser, for
example. According to the present invention, since the pixel
can be driven by the spare thin film transistor by connecting
the spare thin film transistor, the pixel electrode, the gate bus
line, and the data bus line in this manner, the high quality
image display without fault can be achieved.

[0064] Also, a fault repairing method for a liquid crystal
display device set forth in claim 28 of the present invention,
that includes a plurality of bus lines formed on a substrate,
TAB terminals arranged along a first side of the substrate
and connected to the bus lines respectively, and repair
wirings arranged along a second side opposing to the first
side, comprises the step of forming at least a conductive
pattern for connecting electrically a bus line and a repair
wiring, in repairing the fault.

[0065] According to the present invention, when the dis-
connection occurs in the bus line, the conductive pattern for
connecting the end portion of the disconnection opposite to
the TAB terminal of the bus line and the repair wiring is
formed. That is, since the repair wiring does not overlap with

Oct. 11, 2001

the bus line before the fault repairing is carried out, the load
capacitance is small and thus the signal delay can be
prevented. As a result, the degradation of the display quality
due to the repair wiring can be avoided.

[0066] According to the present invention, the conductive
pattern can be formed by the laser CVD method or by baking
the conductive chemicals (conductive paste), for example.
The conductive pattern can be formed on the insulating film
with good adhesiveness by using these methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] FIG. 1 is a top view showing a configuration of a
liquid crystal display device;

[0068] FIG. 2 is a view (#1) showing a configuration of
the liquid crystal display device in the prior art, ie., an
enlarged view showing a portion encircled by a broken line
in FIG. 1;

[0069] FIG. 3 is a view (#2) showing a configuration of
the liquid crystal display device in the prior art, i.e., a view
showing an example of an intersecting portion of a storage
capacitance bus line general electrode and a gate bus line;

[0070] FIG. 4 is a view (#3) showing a configuration of
the liquid crystal display device in the prior art, i.e., a view
showing another example of the intersecting portion of the
storage capacitance bus line general electrode and the gate
bus line;

[0071] FIG. 5 is a sectional view showing a configuration
of a normal TN type liquid crystal display device in the prior
art;

[0072] FIG. 6 is a plan view showing a TFT substrate of
the same liquid crystal display device in the prior art,

[0073] FIGS. 7A and 7B are schematic plan views show-
ing a method of repairing disconnection of a gate bus line in
the prior art respectively;

[0074] FIGS. 8A and 8B are sectional views showing the
method of repairing the disconnection of the gate bus line in
the prior art respectively,

[0075] FIG. 9 is a plan view showing a schematic con-
figuration of a display panel of a liquid crystal display device
serving as a premise of a liquid crystal display device and its
fault repairing method according to a first embodiment of
the present invention;

[0076] FIGS. 10A and 10B, FIGS. 11A and 11B, FIGS.
12A and 12B, FIGS. 13A and 13B, FIGS. 14A and 14B,
and FIGS. 15A and 15B are schematic sectional views
showing a method of manufacturing the display panel of the
same liquid crystal display device respectively;

[0077] FIG. 16 is a plan view showing an outline of an
example 1 of a fault repairing method for a liquid crystal
display device according to a first embodiment of the present
invention;

[0078] FIGS. 17A to 17D are sectional views showing the
example 1 of the fault repairing method according to the first
embodiment of the present invention;

[0079] FIG. 18 is a plan view showing an outline of an
example 2 of a fault repairing method for a liquid crystal
display device according to the first embodiment of the
present invention;
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[0080] FIGS. 19A to 19D are sectional views showing the
example 2 of the fault repairing method according to the first
embodiment of the present invention;

[0081] FIG. 20 is a plan view showing an outline of an
example 3 of a fault repairing method for a liquid crystal
display device according to the first embodiment of the
present invention,

[0082] FIG. 21 is a plan view showing an outline of an
example 4 of a fault repairing method for a liquid crystal
display device according to the first embodiment of the
present invention,

[0083] FIGS. 22A to 22D are sectional views showing the
example 4 of the fault repairing method according to the first
embodiment of the present invention;

[0084] FIG. 23 is a plan view showing an outline of an
example 5 of a fault repairing method for a liquid crystal
display device according to the first embodiment of the
present invention,

[0085] FIGS. 24A to 24C are sectional views showing the
example 5 of the fault repairing method according to the first
embodiment of the present invention;

[0086] FIG. 25 is a plan view showing an outline of an
example 6 of a fault repairing method for a liquid crystal
display device according to the first embodiment of the
present invention,

[0087] FIG. 26 is a plan view showing an outline of an
example 7 of a fault repairing method for a liquid crystal
display device according to the first embodiment of the
present invention,

[0088] FIGS.27A to 27D are sectional views showing the
example 7 of the fault repairing method according to the first
embodiment of the present invention;

[0089] FIG. 28 is a plan view showing an outline of an
example 8 of a fault repairing method for a liquid crystal
display device according to the first embodiment of the
present invention,

[0090] FIG. 29 is a plan view showing an outline of an
example 9 of a fault repairing method for a liquid crystal
display device according to the first embodiment of the
present invention,

[0091] FIGS. 30A to 30C are sectional views showing the
example 9 of the fault repairing method according to the first
embodiment of the present invention;

[0092] FIG. 31 is a plan view showing an outline of an
example 10 of a fault repairing method for a liquid crystal
display device according to the first embodiment of the
present invention,

[0093] FIGS. 32A and 32B, FIGS. 33A and 33B, and
FIGS. 34A and 34B arc sectional views showing the
example 10 of the fault repairing method according to the
first embodiment of the present invention;

[0094] FIGS. 35A to 35D are views showing the principle
of a liquid crystal display device and a fault repairing
method according to a second embodiment of the present
invention;
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[0095] FIG. 36 is a plan view showing an outline of an
example 1 of the liquid crystal display device and its fault
repairing method according to the second embodiment of the
present invention,

[0096] FIG. 37 is a schematic sectional view (#1) showing
the example 1 of the fault repairing method according to the
second embodiment of the present invention;

[0097] FIG. 38 is a schematic sectional view (#2) showing
the example 1 of the fault repairing method according to the
second embodiment of the present invention;

[0098] FIG. 39 is a plan view showing an outline of an
example 2 of the liquid crystal display device and its fault
repairing method according to the second embodiment of the
present invention,

[0099] FIG. 40 is a schematic sectional view (#1) showing
the example 2 of the fault repairing method according to the
second embodiment of the present invention;

[0100] FIG. 41 is a schematic sectional view (#2) showing
the example 2 of the fault repairing method according to the
second embodiment of the present invention;

[0101] FIG. 42 is a plan view showing an outline of an
example 3 of the liquid crystal display device and its fault
repairing method according to the second embodiment of the
present invention,

[0102] FIG. 43 is a schematic sectional view (#1) showing
the example 3 of the fault repairing method according to the
second embodiment of the present invention;

[0103] FIG. 44 is a schematic sectional view (#2) showing
the example 3 of the fault repairing method according to the
second embodiment of the present invention;

[0104] FIG. 45 is a plan view showing an outline of an
example 4 of the liquid crystal display device and its fault
repairing method according to the second embodiment of the
present invention;

[0105] FIG. 46 is a schematic sectional view (#1) showing
the example 4 of the fault repairing method according to the
second embodiment of the present invention;

[0106] FIG. 47 is a schematic sectional view (#2) showing
the example 4 of the fault repairing method according to the
second embodiment of the present invention;

[0107] FIG. 48 is a plan view showing an outline of an
example 5 of the liquid crystal display device and its fault
repairing method according to the second embodiment of the
present invention;

[0108] FIG. 49 is a schematic sectional view showing the
example 5 of the fault repairing method according to the
second embodiment of the present invention;

[0109] FIG. 50 is a plan view showing an outline of an
example 6 of the liquid crystal display device and its fault
repairing method according to the second embodiment of the
present invention;

[0110] FIG. 51 s a schematic sectional view (#1) showing
the example 6 of the fault repairing method according to the
second embodiment of the present invention;

[0111] FIG. 52 is a schematic sectional view (#2) showing
the example 6 of the fault repairing method according to the
second embodiment of the present invention;
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[0112] FIG. 53 is a schematic sectional view (#3) showing
the example 6 of the fault repairing method according to the
second embodiment of the present invention;

[0113] FIG. 54 is a view (#1) showing the principle of the
invention used in a third embodiment of the present inven-
tion;

[0114] FIG. 55 is a view (#2) showing the principle of the
invention used in the third embodiment of the present
invention, ie., a view showing a short-circuit repairing
method;

[0115] FIG. 56 is a view (#3) showing the principle of the
invention used in the third embodiment of the present
invention, i.¢., a sectional view taken along a I-I line in FIG.
55;

[0116] FIG. 57 is a view showing a short-circuit repairing
method according to a third embodiment of the present
invention;

[0117] FIG. 58 is a view showing a part of FIG. 57 in an
enlarged manner;

[0118] FIG. 59 is a sectional view taken along a II-II line
in FIG. 58;
[0119] FIG. 60 is a plan view showing a TFT substrate of

a liquid crystal display device according to a fourth embodi-
ment of the present invention;

[0120] FIG. 61 is a plan view showing a fault repairing
method for the liquid crystal display device according to the
fourth embodiment of the present invention,

[0121] FIGS. 62A to 62C are schematic sectional views
showing the fault repairing method for the liquid crystal
display device according to the fourth embodiment of the
present invention,

[0122] FIGS. 63A to 63C are schematic sectional views
showing a fault repairing method for a liquid crystal display
device according to a fifth embodiment of the present
invention;

[0123] FIG. 64 is a plan view showing a TFT substrate of
a liquid crystal display device according to a sixth embodi-
ment of the present invention;

[0124] FIG. 65 is a plan view showing a fault repairing
method for the liquid crystal display device according to the
sixth embodiment of the present invention;

[0125] FIG. 66 is a plan view showing a TFT substrate of
a liquid crystal display device according to a seventh
embodiment of the present invention;

[0126] FIG. 67 is a plan view showing a fault repairing
method for the liquid crystal display device according to the
seventh embodiment of the present invention;

[0127] FIG. 68 is a sectional view taken along a ITI-I1I line
in FIG. 67,
[0128] FIG. 69 is a schematic view showing a TFT

substrate of a liquid crystal display device according to an
eighth embodiment of the present invention;

[0129] FIGS. 70A and 70B are schematic views showing
an example of a fault repairing method according to the
eighth embodiment of the present invention;
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[0130] FIGS. 71A and 71B are sectional views taken
along a I'V-IV line and a V-V line in FIG. 70A and 70B
respectively;

[0131] FIGS. 72A and 72B are views showing another
example of the fault repairing method according to the
eighth embodiment of the present invention, i.c., views
showing an example in which repair terminals and repair
wirings are arranged on the outside of a CF substrate;

[0132] FIGS. 73A and 73B are schematic views showing
a fault repairing method according to a ninth embodiment of
the present invention; and

[0133] FIGS. 74A and 74B are scctional views taken
along a VI-VI line and a VII-VII line in FIGS. 73A and 73B
respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0134] Embodiments of the present invention will be
explained in detail with reference to the accompanying
drawings hereinafter.

[0135]

[0136] A fault repairing method for a liquid crystal display
device according to a first embodiment of the present
invention will be explained with reference to FIG. 9 to FIG.
34B hereunder. FIG. 9 is a plan view showing a schematic
configuration of a display panel of a liquid crystal display
device serving as a premise of a liquid crystal display device
and its fault repairing method according to the first embodi-
ment of the present invention. FIG. 9 shows the substrate
side when a TFT substrate of a liquid crystal display panel
is viewed from the liquid crystal layer side.

[0137] As shown in FIG. 9, a plurality of data bus lines
101 extended in the longitudinal direction in FIG. 9 are
formed on the substrate. Also, a plurality of gate bus lines
103 indicated by a broken line extended in the lateral
direction in FIG. 9 are formed on the substrate. Respective
areas that are defined by the data bus lines 101 and the gate
bus lines 103 are pixel areas. Then, TFTs are formed in
vicinity of the intersection position of the data bus lines 101
and the gate bus lines 103.

[0138] A drain electrode 117 of the TFT is extracted from
the left side data bus line 101, and is formed such that one
end portion of the drain electrode 117 is positioned at one
end side on a channel protection film 105 formed on the gate
bus line 103.

[0139] Meanwhile, a source electrode 119 is formed such
that it is positioned at other end side on the channel
protection film 105. In such configuration, the portion of the
gate bus line 103 positioned immediately under the channel
protection film 105 functions as the gate electrode of the
TFT. Although not shown, the gate insulating film is formed
on the gate bus line 103 and then a semiconductor film
constituting the channel is formed thereon.

[0140] Also, a storage capacitance bus line 115 is formed
in the area indicated by a broken line extended laterally in
the almost middle of the pixel area. A storage capacitance
electrode 109 is formed over the storage capacitance bus line
115 via an insulating film every pixel. The source electrode
119 and the storage capacitance electrode 109 are covered

(First Embodiment)
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with an insulating protection film. A pixel electrode 113
made of a transparent electrode is formed on the insulating
protection film.

[0141] The pixel electrode 113 is connected electrically to
the source electrode 119 via a contact hole 107 provided in
the insulating protection film. Also, the pixel electrode 113
is connected electrically to the storage capacitance electrode
109 via a contact hole 111.

[0142] Next, a method of manufacturing the liquid crystal
display device shown in FIG. 9 will be explained with
reference to FIGS. 10A and 10B, FIGS. 11A and 11B,
FIGS. 12A and 12B, FIGS. 13A and 13B, FIGS. 14A and
14B, and FIGS. 15A and 15B hereunder. In FIG. 10A to
FIG. 15B, the same symbols are affixed to the same con-
stituent elements as those shown in FIG. 9. Also, FIG. 10A,
FIG. 11A, FIG. 12A, FIG. 13A, FIG. 14A, and FIG. 15A
show a sectional shape of the TFT taken along an M-M' line
in FIG. 9 respectively, and FIG. 10B, FIG. 11B, FIG. 12B,
FIG. 13B, FIG. 14B, and FIG. 15B show a sectional shape
of the storage capacitor portion taken along an N-N' line in
FIG. 9 respectively.

[0143] First, as shown in FIGS. 10A and 10B, a metal
film of about 150 nm thickness is formed on a transparent
glass substrate 121 by forming Al (aluminum), for example,
on the overall surface. Then, the gate bus line 103 (sce FIG.
10A) and the storage capacitance bus line 115 (see FIG.
10B) arc formed by patterning this metal film by using a first
mask. Then, a gate insulating film 123 of about 40 nm
thickness is formed by forming a silicon nitride (SiN) film,
for example, on the overall surface of the substrate by virtue
of the plasma CVD method. Then, an amorphous silicon
(a-Si) film 125 serving as the channel of the TFT is formed
on the overall surface of the substrate by the plasma CVD
method to have a thickness of about 15 um, for example.
Then, a silicon nitride (SiN) film 127 serving as the channel
protection film is formed on the overall surface by the
plasma CVD method to have a thickness of about 120 nm,
for example.

[0144] Then, a photoresist film is coated on the overall
surface, then the back exposure is applied to the transparent
glass substrate 121 while using the gate bus line 103 and the
storage capacitance bus line 115 as a mask, and then the
exposure using a second mask is carried out. Then, a resist
pattern (not shown) is formed in a self-alignment manner on
the gate bus line 103 by the developing process. Then, the
channel protection film 105 is formed on the gate bus line
103 in the TFT forming region by etching the silicon nitride
film 127 while using this resist pattern as a mask (see FIGS.
11A and 11B).

[0145] Then, as shown in FIGS. 12A and 12B, an n* a-Si
film 129 serving as an ohmic contact layer is formed on the
overall surface by the plasma CVD method to have a
thickness of about 30 nm, for example. Then, a metal layer
(e.g., a Cr layer) 131 serving as the drain electrode 117, the
source electrode 119, the storage capacitance electrode 109,
and the data bus line 101 is formed by the sputtering to have
a thickness of about 170 nm, for example.

[0146] Then, as shown in FIGS. 13A and 13B, the data
bus line 101 (not shown in FIGS. 13A and 13B), the drain
electrode 117, the source electrode 119, the storage capaci-
tance electrode 109, and the semiconductor film 106 are
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formed by etching the metal film 131, the n* a-Si film 129,
and the amorphous silicon film 123 while using a third mask.
In this etching process, the channel protection film 105 can
function as the etching stopper and thus the underlying
amorphous silicon film 125 is not etched to remain.

[0147] Then, as shown in FIGS. 14A and 14B, a protec-
tion insulating film 133 made of a silicon nitride film, for
example, is formed by the plasma CVD method to have a
thickness of about 30 nm. Then, the protection insulating
film 133 is patterned while using a fourth mask to form the
contact hole 107 on the source electrode 119 and also form

the contact hole 111 on the storage capacitance electrode
109.

[0148] Then, as shown in FIGS. 15A and 15B, a trans-
parent pixel electrode material 135 made of I'TO and having
a thickness of about 70 nm, for example, is formed on the
overall upper surface of the transparent glass substrate 121.
Then, a pixel electrode 113 having a predetermined profile,
as shown in FIG. 9, is formed by patterning the pixel
electrode material 135 using as a fifth mask. The pixel
electrode 113 is connected electrically to the source elec-
trode 119 via the contact hole 107, and also is connected
electrically to the storage capacitance electrode 109 via the
contact hole 111.

[0149] The display panel of the liquid crystal display
device shown in FIG. 9 can be completed via the steps
described above. If the disconnection occurs in the wiring
patterns such as the gate bus line 103, the data bus line 101,
the storage capacitance bus line 115, etc. in the middle of
above steps, the display panel can be restored to the non-
defective unit by carrying out the fault repairing method
according to embodiments shown in (A) to (G) described in
the following.

[0150] (A) Two hole patterns are formed by coating the
resist on the overall surface of the substrate, and then
applying the spot-exposure or the laser beam irradiation to
the resist film on two wiring patterns on both sides of the
disconnected portion to pattern (develop) the resist film. The
hole patterns are formed to have a length longer than a line
width of the wiring pattern and to extend across the width of
the wiring pattern.

[0151] (B) Then, two disconnection repairing contact
holes are formed by dry-etching the insulating film (the
protection insulating film 133 or the protection insulating
film 133 and the insulating film 123) while using the resist
film as a mask to expose the upper surface and side surfaces
of the wiring pattern.

[0152] (C) The disconnection repairing contact holes are
filled with a laser CVD film made of organic metal com-
pound by virtue of the laser CVD (Chemical Vapor Depo-
sition) method using the laser beam.

[0153] (D) The laser CVD films that are filled in the
disconnection repairing contact holes are connected via the
laser CVD film. Otherwise, (E) respective laser CVD films
that are filled in two disconnection repairing contact holes
are connected to the same pixel electrode by using the laser
CVD method. Otherwise, (F) the laser CVD films that are
filled in two disconnection repairing contact holes are con-
nected to different pixel electrodes via the laser CVD film
respectively, and then the pixel electrodes are connected via
the laser CVD film. At this time, the connection between the
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drain electrode of the TFT connected to one or both of the
pixel electrodes and the data bus line should be discon-
nected.

[0154] Alternatively, (G) the disconnection repairing con-
tact holes are not provided, but the laser CVD film that is
wider than the disconnected wiring pattern is formed on the
protection film at the disconnection portion to cross the
disconnection portion. Then, the laser CVD film and both
end portions of the disconnected wiring pattern are con-
nected on both end sides of the disconnection portion by the
laser welding method.

[0155] According to the disconnection fault repairing
method of the first embodiment, at least five advantages
described in the following can be achieved. First, since the
disconnection repairing contact holes are formed by dry-
etching the insulating film prior to the formation of the pixel
electrode, such disconnection repairing contact holes can be
formed with good precision, without the contamination of
the pixel electrode caused by the laser beam irradiation,
unlike the prior art. Second, since the disconnection repair-
ing contact holes are formed to expose the side surfaces of
the wiring pattern also, the contact area can be spread and
the reliability of connection can be enhanced rather than the
case where the contact holes are formed only on the wiring
pattern.

[0156] Third, since the disconnection repairing contact
holes are formed merely at one location on both sides of the
disconnection portion respectively, such contact holes can
be filled simply with the laser CVD film without fail rather
than the case where a plurality of contact holes are provided.
Fourth, since the detour connection can be accomplished by
using the laser CVD film via the pixel electrode, the long
disconnection portion can be repaired. Thus, most of the
disconnection faults or the interlayer short-circuit faults can
be relieved.

[0157] Fifth, since the laser CVD films can be locally
formed on the insulating film at the disconnection portion
and then they can be connected from the back surface or the
front surface by the laser welding, such laser CVD films can
be connected simply not to increase the number of masks. In
this case, since there is no necessity to form the disconnec-
tion repairing contact holes, the repairing operation can be
performed in the middle of the steps as occasion demands.

[0158] Then, the fault repairing method according to the
first embodiment will be explained with reference to par-
ticular examples hereunder.

EXAMPLE 1

[0159] FIG. 16 shows a substrate surface when the TFT
substrate of the liquid crystal display panel is viewed from
the liquid crystal layer side, like FIG. 9. In FIG. 16, the
same symbols are affixed to the same constituent elements as
those shown in FIG. 9. FIG. 16 shows such a situation that
the data bus line 101 located on the left side in FIG. 16 is
disconnected at a disconnected portion 201 between the gate
bus line 103 located on the upper side in FIG. 16 and the
storage capacitance bus line 115.

[0160] First, disconnection repairing contact holes 203,
205 whose widths are larger than the width of the data bus
line 101 are formed on disconnection end portions of the
data bus line 101 on both ends of the disconnected portion
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201 respectively to cross the data bus line 101. The data bus
line 101 containing its side surfaces is exposed from the
disconnection repairing contact holes 203, 205. Then, the
data bus line 101 in the disconnection repairing contact
holes 203, 205 and the pixel electrode 113 are connected by
laser CVD films 209, 211 respectively. Also, the drain
electrode 117 of the TFT of the pixel that is located in the
neighborhood of the disconnected portion 201 is separated
from the data bus line 101 by irradiating the laser beam to
a cutting position 213 at the root portion of the drain
¢lectrode 117. In this manner, the disconnection fault
occurred in the data bus line (drain bus line) 101 can be
repaired surely.

[0161] The disconnection repairing method in the example
1 will be explained in more detail with reference to FIGS.
17A to 17D hereunder. FIGS. 17A to 17D show a sectional
shape in vicinity of the data bus line 101 taken along a P-P'
line in FIG. 16 respectively. In this case, the same symbols
are affixed to the same constituent elements as those shown
in FIG. 10A to FIG. 15B. Similarly, the same symbols are
affixed to the same constituent elements as those in the
accompanying drawings in the following explanation.

[0162] Ttison the assumtion that the disconnection inspec-
tion of the gate bus lines 103 and the data bus lines 101 has
been carried out before the contact holes 107, 111 shown in
FIG. 16 are formed, and that the disconnected portion 201
of the data bus line 101 shown in FIG. 16 is found as the
result of the disconnection inspection.

[0163] In order to form the contact holes 107 and 111, a
resist film 215 is formed by coating the photoresist on the
overall surface of the substrate. Then, as shown in FIG.
17A, a hole 217 that has a width larger than the width of the
data bus line 101 is formed by applying the spot-exposure or
the laser beam irradiation (e.g., excimer laser beam irradia-
tion) to the resist film 215 on the disconnection end portions
of the data bus line 101 on both sides of the disconnected
portion 201 and then patterning (developing) the resist film
215.

[0164] Then, as shown in FIG. 17B, the formation of the
contact holes 107, 111 and the window opening of the
terminal portion (not shown) are carried out by the selective
etching using the dry etching. At the same time, by selec-
tively etching the inside of the hole 217, an upper surface of
the disconnection end portion of the data bus line 101 is
exposed, and also the disconnection repairing contact hole
205 reaching the surface of the glass substrate 121 is formed
on both sides of the data bus line 101 in the width direction.
Similarly, the disconnection repairing contact hole 203 is
also formed.

[0165] Then, as shown in FIG. 17C, the pixel electrode
113 is formed by forming the film of the transparent elec-
trode material such as ITO, ete. on the overall surface of the
substrate and then patterning the film.

[0166] Then, as shown in FIG. 17D, a laser CVD film 211
for connecting the inside of the disconnection repairing
contact hole 205 and the pixel electrode 113 is formed by the
laser CVD method. Similarly, a laser CVD film 209 for
connecting the inside of the disconnection repairing contact
hole 203 and the pixel electrode 113 is formed by the laser
CVD method.

[0167] In this manner, as shown in FIG. 16, one discon-
nection end portion and the other disconnection end portion
of the data bus line 101 are connected electrically by the
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laser CVD film 209, that is formed between the disconnec-
tion repairing contact hole 203 and the pixel electrode 113,
and the laser CVD film 211, that is formed between the
disconnection repairing contact hole 205 and the pixel
electrode 113. Thus, the disconnection fault can be repaired.

[0168] According to this example 1, since the disconnec-
tion repairing contact holes are formed by dry-etching the
insulating film prior to the formation of the pixel electrode,
such disconnection repairing contact holes can be formed
with good precision, without the contamination of the pixel
electrode caused by the laser beam irradiation, unlike the
prior art. Also, the repairing operation can be carried out not
to increase the number of masks.

[0169] In addition, since the disconnection repairing con-
tact holes are formed to have the width larger than the data
bus line, the contact area can be spread and the reliability of
connection can be enhanced rather than the case where the
contact holes are formed only on the data bus line.

[0170] Further, since the disconnection repairing contact
holes are formed merely at one location on both sides of the
disconnection portion respectively, such contact holes can
be filled simply with the laser CVD film without fail rather
than the case where a plurality of contact holes are provided.

[0171] Moreover, since the detour connection can be
accomplished by using the laser CVD film via the pixel
electrode, the long disconnection portion can be repaired.
Thus, most of the disconnection faults or the interlayer
short-circuit faults can be relieved.

EXAMPLE 2

[0172] FIG. 18 shows a substrate surface when the TFT
substrate of the liquid crystal display panel is viewed from
the liquid crystal layer side, like FIG. 9. FIG. 18 shows such
a situation that, like the example 1, the data bus line 101
located on the left side in FIG. 18 is disconnected at a
disconnected portion 231 between the gate bus line 103
located on the upper side in FIG. 18 and the storage
capacitance bus line 115.

[0173] First, disconnection repairing contact holes 233,
235 whose widths are larger than the width of the data bus
line 101 are formed on disconnection end portions of the
data bus line 101 on both ends of the disconnected portion
201 respectively to cross the data bus line 101. Then, the
disconnection end portions of the data bus line 101 in the
disconnection repairing contact holes 233, 235 are con-
nected by a laser CVD film 237. In this manner, the
disconnection fault occurred in the data bus line 101 can be
repaired firmly.

[0174] The disconnection repairing method in the example
2 will be explained in more detail with reference to FIGS.
19A to 19D hereunder. FIGS. 19A to 19D show a sectional
shape in vicinity of the data bus line 101 taken along a Q-Q'
line in FIG. 18 respectively. It is on the assumption that the
disconnection inspection of the gate bus lines 103 and the
data bus lines 101 has been carried out before the contact
holes 107, 111 shown in FIG. 18 are formed, and that the
disconnected portion 231 of the data bus line 101 shown in
FIG. 18 is found as the result of the disconnection inspec-
tion.

[0175] In order to form the contact holes 107 and 111, a
resist film 239 is formed by coating the photoresist on the
overall surface of the substrate. Then, as shown in FIG.
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19A, holes 241, 243 that have a width larger than the width
of the data bus line 101 respectively are formed by applying
the spot-exposure or the laser beam irradiation to the resist
film 239 on the disconnection end portions of the data bus
line 101 on both sides of the disconnected portion 231 and
then patterning the resist film 239.

[0176] Then, as shown in FIG. 19B, the formation of the
contact holes 107, 111 and the window opening of the
terminal portion (not shown) are carried out by the selective
etching using the dry etching. At the same time, by selec-
tively etching the inside of the holes 241, 243, the upper
surface of the disconnection end portion of the data bus line
101 is exposed, and also disconnection repairing contact
holes 247, 249 reaching the surface of the glass substrate
121 are formed on both sides of the data bus line 101 in the
width direction.

[0177] Then, as shown in FIG. 19C, a laser CVD film 250
for connecting the insides of the disconnection repairing
contact holes 247, 249 and the data bus line 101 is formed
by the laser CVD method. Then, as shown in FIG. 19D, the
pixel electrode 113 is formed by forming the film of the
transparent electrode material such as ITO, etc. on the
overall surface of the substrate and then patterning the film.

[0178] In this manner, as shown in FIG. 18, one discon-
nection end portion and the other disconnection end portion
of the data bus line 101 are connected electrically by the
laser CVD film 237 that is formed between the disconnec-
tion repairing contact holes 233, 235. Thus, the disconnec-
tion fault can be repaired.

[0179] According to this example 2, since the disconnec-
tion repairing contact holes are formed by dry-etching the
insulating film prior to the formation of the pixel electrode,
such disconnection repairing contact holes can be formed
with good precision, without the contamination of the pixel
electrode caused by the laser beam irradiation, unlike the
prior art. Also, the repairing operation can be carried out not
to increase the number of masks.

[0180] In addition, since the disconnection repairing con-
tact holes are formed to have the width larger than the data
bus line, the contact area can be spread and the reliability of
connection can be enhanced rather than the case where the
contact holes are formed only on the data bus line.

[0181] In this case, the connection of the wirings by the
laser CVD method may be carried out after the pixel
¢lectrode has been formed.

EXAMPLE 3

[0182] FIG. 20 shows a substrate surface when the TFT
substrate of the liquid crystal display panel is viewed from
the liquid crystal layer side, like FIG. 9. FIG. 20 shows
pixel electrodes 113a, 113b, 113¢, 1134 in four pixel areas
that are defined by three data bus lines 101a, 101, 101¢ and
three gate bus lines 103a, 1035, 103¢. A storage capacitance
bus line 1154 or 115b is formed in each pixel area.

[0183] FIG. 20 shows such a situation that the data bus
line 1015 is disconnected at a disconnected portion 251 that
extends over two pixel areas to cross the gate bus line 1035,
and thus the connection between the drain electrode 117d of
the TFT connected to the pixel electrode 1134 and the data
bus line 1015 is cut off.
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[0184] In this Example 3, first, disconnection repairing
contact holes 253, 255 whose width is larger than the width
of the data bus line 1015 are formed on disconnection end
portions of the data bus line 1015 located on both sides of
the disconnected portion 251 respectively, like the example
1. Then, the laser CVD film 257 that connects the data bus
line 1015 in the disconnection repairing contact hole 253
and the left side end of the pixel electrode 113 is formed,
and similarly the laser CVD film 259 that connects the data
bus line 1015 in the disconnection repairing contact hole 255
and the left side end of the pixel electrode 1134 is formed.
Also, the laser CVD film 261 that directly connects the
lower side end of the pixel electrode 113b and the upper side
end of the pixel electrode 113d. In this case, prior to the
formation of the pixel electrodes 113a to 1134, the drain
electrode 117b of the TFT connected to the pixel electrode
113b is separated from the data bus line 1015 by irradiating
the laser beam to a cutting position 263 at the root portion
of the drain electrode 1176 so as to cut off the connection to
the data bus line 1015.

[0185] As a result, one disconnection end portion of the
data bus line 1015 is connected to the pixel electrode 113
via the laser CVD film 257 in the disconnection repairing
contact hole 253, and the other disconnection end portion of
the data bus line 10156 is connected to the pixel electrode
1134 via the laser CVD film 259 in the disconnection
repairing contact hole 255, and the pixel electrode 1135 and
the pixel electrode 113d are connected by the laser CVD film
261. Therefore, the electrical connection can be routed to
detour the disconnected portion 251 of the data bus line
101b. In addition, since the disconnection repairing contact
holes 253, 255 are formed in the same way as the examples
1, 2, the electrical connection with the high reliability can be
obtained similarly.

EXAMPLE 4

[0186] FIG. 21 shows a substrate surface when the TFT
substrate of the liquid crystal display panel is viewed from
the liquid crystal layer side, like FIG. 9. In FIG. 21, three
data bus lines 1014, 1015, 101c and two gate bus lines 1034,
103b are shown, and two pixel areas (pixel electrodes 1134,
113b) defined by these bus lines are shown. Also, the storage
capacitance bus line 115 to traverse two pixel areas is
shown.

[0187] In addition, in FIG. 21, the gate bus line 103« is
disconnected (disconnected portion 271) between the chan-
nel protection film 105¢ of the TFT, that is connected to the
data bus line 1114, and the data bus line 101b.

[0188] First, disconnection repairing contact holes 273,
275 whose width is larger than the width of the gate bus line
1032 are formed on the gate bus line 1034 in vicinity of
corner portions of the pixel electrode 113a respectively.
Then, the laser CVD films 277, 279 that connects the gate
bus line 103¢ in the disconnection repairing contact holes
273, 275 and the pixel electrode 113a are formed. In this
case, the drain electrode 117a of the TFT connected to the
pixel electrode 1134 is separated from the data bus line 101a
by irradiating the laser beam to a cutting position 281 at the
root portion of the drain electrode 117a so as to cut off the
connection to the data bus line 101a.

[0189] The disconnection repairing method in the example
4 will be explained in more detail with reference to FIGS.
22A to 22D hereunder. FIGS. 22A to 22D show a sectional
shape in vicinity of the gate bus line 103a taken along an
S-§' line in FIG. 21 respectively. It is on the assumption that
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the disconnection inspection of the gate bus lines 103 and
the data bus lines 101 has been carried out before the contact
holes 107, 111 shown in FIG. 21 are formed, and that the
disconnected portion 271 of the gate bus line 1034 shown in
FIG. 21 is found as the result of the disconnection inspec-
tion.

[0190] In order to form the contact holes 107 and 111, a
resist film 283 is formed by coating the photoresist on the
overall surface of the substrate. Then, as shown in FIG.
22A, a resist hole 285 that has a width larger than the width
of the gate bus line 103« is formed by applying the spot-
exposure or the laser beam irradiation to the resist film 283
on the disconnection end portions of the gate bus line 103a
on both sides of the disconnected portion 271 (sce FIG. 21)
and then patterning (developing) the resist film 283.

[0191] Then, as shown in FIG. 22B, the formation of the
contact holes 107, 111 and the window opening of the
terminal portion (not shown) are carried out by the selective
etching using the dry etching. At the same time, by selec-
tively etching the inside of the hole 285, an upper surface of
the disconnection end portion of the gate bus line 1034 is
exposed, and also the disconnection repairing contact hole
287 reaching the surface of the glass substrate 121 is formed
on both sides of the gate bus line 1034 in the width direction.

[0192] Then, as shown in FIG. 22C, the pixel electrode
113 is formed by forming the film of the transparent elec-
trode material such as ITO, etc. on the overall surface of the
substrate and then patterning the film. Then, as shown in
FIG. 22D, a laser CVD film 279 for connecting the gate bus
line 1034 in the disconnection repairing contact hole 287
and the pixel electrode 1134 is formed by the laser CVD
method. Similarly, a laser CVD film 277 for connecting the
gate bus line 1034 in the disconnection repairing contact
hole 273 and the pixel electrode 1134 is formed by the laser
CVD method.

[0193] In this manner, as shown in FIG. 21, one discon-
nection end portion and the other disconnection end portion
of the gate bus line 103a are connected electrically by the
laser CVD film 277, that is formed between the disconnec-
tion repairing contact hole 273 and the pixel electrode 1134,
and the laser CVD film 279, that is formed between the
disconnection repairing contact hole 275 and the pixel
electrode 1134. Thus, the disconnection fault can be
repaired.

[0194] According to this example 4, since the disconnec-
tion repairing contact holes are formed by dry-etching the
insulating film before the formation of the pixel electrode,
such disconnection repairing contact holes can be formed
with good precision, without the contamination of the pixel
electrode caused by the laser beam irradiation, unlike the
prior art. Also, the repairing operation can be carried out not
to increase the number of masks.

[0195] In addition, since the disconnection repairing con-
tact holes are formed to have the width larger than the data
bus line, the contact area can be spread and the reliability of
connection can be enhanced rather than the case where the
contact holes are formed only on the data bus line.

[0196] Further, since the disconnection repairing contact
holes are formed merely at one location on both sides of the
disconnection portion respectively, such contact holes can
be filled simply with the laser CVD film without fail rather
than the case where a plurality of contact holes are provided.
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[0197] Moreover, since the detour connection can be
accomplished by using the laser CVD film via the pixel
electrode, the long disconnection portion can be repaired.
Thus, most of the disconnection faults can be relieved.

EXAMPLE 5

[0198] FIG. 23 shows a substrate surface when the TFT
substrate of the liquid crystal display panel is viewed from
the liquid crystal layer side, like FIG. 9. In FIG. 23, three
data bus lines 101a, 1015, 101c and two gate bus lines 1034,
1036 are shown, and also two pixel areas (pixel electrodes
113a, 113b) defined by these bus lines are shown. Also, the
storage capacitance bus line 115 to traverse two pixel areas
is shown.

[0199] In FIG. 23, the gate bus line 1034 is disconnected
at a disconnected portion 301 between the channel protec-
tion film 1054 of the TFT, that is connected to the data bus
line 1014, and the data bus line 1015,

[0200] First, disconnection repairing contact holes 303,
305 whose width is larger than the width of the gate bus line
1034 are formed on the disconnected end portions of the gate
bus line 1034 on both ends of the disconnected portion 301
respectively. The gate bus line 103a containing its side
surfaces are exposed in the disconnection repairing contact
holes 303, 305. Then, a laser CVD film 307 that connects the
gate bus line 1034 in the disconnection repairing contact
holes 303, 305 is formed. In this manner, the disconnection
fault occurred in the gate bus line can be repaired without
fail.

[0201] The disconnection repairing method in the example
5 will be explained in more detail with reference to FIGS.
24A to 24C hereunder. FIGS. 24A to 24C show a sectional
shape in vicinity of the gate bus line 1034 taken along a T-T'
line in FIG. 23 respectively. It is on the assumption that the
disconnection inspection of the gate bus lines 103 and the
data bus lines 101 has been carried out before the contact
holes 107, 111 shown in FIG. 23 are formed, and that the
disconnected portion 301 of the gate bus line 1034 shown in
FIG. 23 is found as the result of the disconnection inspec-
tion.

[0202] In order to form the contact holes 107 and 111, a
resist film 309 is formed by coating the photoresist on the
overall surface of the substrate. Then, as shown in FIG.
24A, holes 311, 313 that have a width larger than the width
of the gate bus line 1034 to transverse the gate bus line 103a
are formed by applying the spot-exposure or the laser beam
irradiation to the resist film 309 located at the disconnection
end portions of the gate bus line 1034 on both sides of the
disconnected portion 301 and then patterning (developing)
the resist film 309.

[0203] Then, as shown in FIG. 24B, the formation of the
contact holes 107, 111 and the window opening of the
terminal portion (not shown) are carried out by the selective
etching using the dry etching. At the same time, by selec-
tively etching the inside of the holes 311, 313, an upper
surface of the disconnection end portion of the gate bus line
103a is exposed, and also the disconnection repairing con-
tact holes 315, 317 reaching the surface of the glass substrate
121 is formed on both sides of the gate bus line 1034 in the
width direction.

[0204] Then, as shown in FIG. 24C, a laser CVD film 307
for connecting the gate bus line 1034 in the disconnection
repairing contact holes 315, 317 is formed by the laser CVD
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method. Then, the pixel electrode 113 is formed by forming
the film of the transparent electrode material such as ITO,
etc. on the overall surface of the substrate and then pattern-
ing the film.

[0205] In this manner, as shown in FIG. 23, one discon-
nection end portion and the other disconnection end portion
of the gate bus line 1034 are connected electrically by the
laser CVD film 307 that is formed between the disconnec-
tion repairing contact holes 315, 317. Thus, the disconnec-
tion fault can be repaired.

[0206] According to this example 5, since the disconnec-
tion repairing contact holes are formed by dry-etching the
insulating film before the formation of the pixel electrode,
such disconnection repairing contact holes can be formed
with good precision, without the contamination of the pixel
electrode caused by the laser beam irradiation, unlike the
prior art. Also, the repairing operation can be carried out not
to increase the number of masks.

[0207] 1In addition, since the disconnection repairing con-
tact holes are formed to have the width larger than the data
bus line, the contact area can be spread and the reliability of
connection can be enhanced rather than the case where the
contact holes are formed only on the wiring pattern.

[0208] In this case, the connection of the wirings by the
laser CVD method may be carried out after the pixel
electrode has been formed.

EXAMPLE 6

[0209] FIG. 25 shows a substrate surface when the TFT
substrate of the liquid crystal display panel is viewed from
the liquid crystal layer side, like FIG. 9. FIG. 25 shows
pixel electrodes 113a, 113b, 113¢, 1134 in four pixel areas
that are defined by three data bus lines 111a, 1015, 101¢ and
two gate bus lines 1034, 103b. A storage capacitance bus line
115a or 115b is formed in each pixel area.

[0210] FIG. 25 shows such a situation that the gate bus
line 1034 is disconnected at a disconnected portion 321 that
extends over two pixel areas to put the data bus line 101
between them.

[0211] In this example 6, first, disconnection repairing
contact holes 323, 325 whose width is larger than the width
of the gate bus line 103a are formed on disconnection end
portions of the gate bus line 103« located on both sides of
the disconnected portion 321 respectively. Then, a laser
CVD film 327 that connects the gate bus line 103¢ in the
disconnection repairing contact hole 323 and the left side
end of the pixel electrode 113c is formed, and similarly a
laser CVD film 329 that connects the gate bus line 103 in
the disconnection repairing contact hole 325 and the left side
end of the pixel electrode 1134 is formed. Also, a laser CVD
film 331 that directly connects the pixel electrode 113c¢ and
the pixel electrode 113d. In this case, prior to the formation
of the pixel electrodes 113a to 113d, the drain electrode 117a
of the TFT connected to the pixel electrode 113c¢ is separated
from the data bus line 1014 by irradiating the laser beam to
a cutting position 333 at the root portion of the drain
electrode 1174 so as to cut off the connection to the data bus
line 101a. Similarly, the drain electrode 117b of the TFT
connected to the pixel electrode 1134 is separated from the
data bus line 1015 by irradiating the laser beam to a cutting
position 335 at the root portion of the drain electrode 117b
so as to cut off the connection to the data bus line 1015.
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[0212] As a result, one disconnection end portion of the
gate bus line 1034 is connected to the pixel electrode 113c
via the laser CVD film 327 in the disconnection repairing
contact hole 323, and the other disconnection end portion of
the gate bus line 1034 is connected to the pixel electrode
1134 via the laser CVD film 329 in the disconnection
repairing contact hole 325, and the pixel electrode 113¢ and
the pixel electrode 1134 are connected by the laser CVD film
331. Therefore, the electrical connection can be routed to
detour the disconnected portion 321 of the gate bus line
1034. In addition, since the disconnection repairing contact
holes 323, 325 are formed in the same way as the above
examples, the electrical connection with the high reliability
can be obtained similarly.

EXAMPLE 7

[0213] FIG. 26 shows a substrate surface when the TFT
substrate of the liquid crystal display panel is viewed from
the liquid crystal layer side, like FIG. 9. In FIG. 26, three
data bus lines 101a, 1015, 101c¢ and two gate bus lines 1034,
103b are shown, and also two pixel areas (pixel electrodes
1134, 113b) defined by these bus lines are shown. Also, a
storage capacitance bus line 115 is formed between the gate
bus lines 1034 and 103b. In FIG. 26, the storage capacitance
bus line 115 is disconnected at a disconnected portion 341 in
the area of the pixel electrode 113a.

[0214] First, disconnection repairing contact holes 343,
345 whose width is larger than the width of the storage
capacitance bus line 115 respectively are formed on the
storage capacitance bus line 115 in areas between the pixel
electrode 113 and the data bus lines 101z, 10156 on both
sides of the disconnected portion 341 to traverse the storage
capacitance bus line 115.

[0215] The storage capacitance bus line 115 containing its
side surfaces are exposed in the disconnection repairing
contact holes 343, 345, Then, laser CVD films 347, 349 that
connects the pixel electrode 1134 and the storage capaci-
tance bus line 115 in the disconnection repairing contact
hole 343 and the pixel clectrode 113a and the storage
capacitance bus line 115 in the disconnection repairing
contact hole 345 respectively are formed. In this case, prior
to the formation of the pixel electrode 113a, the drain
electrode 117a of the TFT connected to the pixel electrode
1134 is separated from the data bus line 1014 by irradiating
the laser beam to a cutting position 351 at the root portion
of the drain electrode 1174 so as to cut off the connection to
the data bus line 101a.

[0216] In this manner, the disconnection fault occurred in
the gate bus line can be repaired without fail.

[0217] The disconnection repairing method in the example
7 will be explained in more detail with reference to FIGS.
27A to 27D hereunder. FIGS. 27A to 27D show a sectional
shape in vicinity of the storage capacitance bus line 115
taken along a U-U' line in FIG. 26 respectively. First, it is
on the assumption that the disconnection inspection of the
storage capacitance bus line 115 has been carried out before
the contact holes 107, 111 shown in FIG. 26 are formed, and
that the disconnected portion 341 of the storage capacitance
bus line 115 shown in FIG. 26 is found as the result of the
disconnection inspection.

[0218] In order to form the contact holes 107 and 111, a
resist film 353 is formed by coating the photoresist on the
overall surface of the substrate. Then, as shown in FIG.
27A, holes 355, 357 that have a width larger than the width
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of the storage capacitance bus line 115 respectively are
formed by applying the spot-exposure or the laser beam
irradiation to the resist film 353 on the disconnection end
portions of the storage capacitance bus line 115 on both sides
of the disconnected portion 341 and then patterning (devel-
oping) the resist film 353.

[0219] Then, as shown in FIG. 27B, the formation of the
contact holes 107, 111 and the window opening of the
terminal portion (not shown) are carried out by the selective
etching using the dry etching. At the same time, by selec-
tively etching the inside of the holes 355, 357, the upper
surface of the disconnection end portion of the storage
capacitance bus line 115 is exposed, and also the discon-
nection repairing contact holes 361, 363 reaching the surface
of the glass substrate 121 are formed on both sides of the
storage capacitance bus line 115 in the width direction.

[0220] Then, as shown in FIG. 27C, the pixel electrode
113 is formed by forming the film of the transparent elec-
trode material such as ITO, etc. on the overall surface of the
substrate and then patterning the film. Then, as shown in
FIG. 27D, laser CVD films 347, 349 for connecting the
pixel electrode 113¢ and the storage capacitance bus line 115
in the disconnection repairing contact holes 361, 363 respec-
tively are formed by the laser CVD method.

[0221] In this manner, as shown in FIG. 26, one discon-
nection end portion and the other disconnection end portion
of the storage capacitance bus line 115 are connected
electrically by the laser CVD films 347, 349 that are formed
between the pixel electrode 1132 and the disconnection
repairing contact holes 361, 363. Thus, the disconnection
fault can be repaired.

[0222] According to this example 7, since the disconnec-
tion repairing contact holes are formed by dry-etching the
insulating film prior to the formation of the pixel electrode,
such disconnection repairing contact holes can be formed
with good precision, without the contamination of the pixel
electrode caused by the laser beam irradiation, unlike the
prior art. Also, the repairing operation can be carried out not
to increase the number of masks.

[0223] In addition, since the disconnection repairing con-
tact holes are formed to have the width larger than the
storage capacitance bus line 115, the contact area can be
expanded and the reliability of connection can be enhanced
rather than the case where the contact holes are formed only
on the wiring pattern.

EXAMPLE 8

[0224] FIG. 28 shows a substrate surface when the TFT
substrate of the liquid crystal display panel is viewed from
the liquid crystal layer side, like FIG. 9. FIG. 28 shows the
pixel electrodes 113a, 113b in two pixel areas that are
defined by three data bus lines 101a, 1015, 101c and two
gate bus lines 103a, 103b. The storage capacitance bus line
115 is formed in each pixel area.

[0225] FIG. 28 shows such a situation that the storage
capacitance bus line 115 is disconnected at a disconnected
portion 371 that extends over two pixel areas between which
the data bus line 1015 is put.

[0226] In this example 8, first a disconnection repairing
contact hole 373 whose width is larger than the width of the
storage capacitance bus line 115 is formed on the storage
capacitance bus line 115 in the area between the pixel
electrode 113a and the data bus line 101a on both sides of
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the disconnected portion 371. Similarly, a disconnection
repairing contact hole 375 whose width is larger than the
width of the storage capacitance bus line 115 is formed on
the storage capacitance bus line 115 in the area between the
pixel electrode 113b and the data bus line 101c. The storage
capacitance bus line 115 containing its side surfaces are
exposed in the disconnection repairing contact holes 373,
37s.

[0227] Then, laser CVD films 377, 379 that connect the
pixel electrode 1134 and the storage capacitance bus line 115
in the disconnection repairing contact hole 373 and the pixel
electrode 113¢ and the storage capacitance bus line 115 in
the disconnection repairing contact hole 375 respectively are
formed. In addition, a laser CVD film 381 that directly
connects the pixel electrode 113¢ and the pixel electrode
1135.

[0228] In this case, prior to the formation of the pixel
clectrode 113a, the drain electrode 117a of the TFT con-
nected to the pixel electrode 1134 is separated from the data
bus line 101a by irradiating the laser beam to a cutting
position 383 at the root portion of the drain electrode 117a
to cut off the connection to the data bus line 1014. Similarly,
the drain electrode 1175 of the TFT connected to the pixel
electrode 113b is separated from the data bus line 101b by
irradiating the laser beam to a cutting position 385 at the root
portion of the drain electrode 1176 to cut off the connection
to the data bus line 101b.

[0229] As the result of the above, one disconnection end
portion of the storage capacitance bus line 115 is connected
to the pixel electrode 113a via the laser CVD film 377 in the
disconnection repairing contact hole 373, and the other
disconnection end portion of the storage capacitance bus line
115 is connected to the pixel electrode 1136 via the laser
CVD film 379 in the disconnection repairing contact hole
375, and the pixel electrode 1134 and the pixel electrode
113b are connected by the laser CVD film 381. Therefore,
the electrical connection can be routed to detour the discon-
nected portion 371 of the gate bus line 115. In addition, since
the disconnection repairing contact holes 373, 375 are
formed in the same way as the above examples, the electrical
connection with the high reliability can be obtained simi-
larly.

EXAMPLE 9

[0230] FIG. 29 shows a substrate surface when a lead
wiring forming area of the gate bus lines and the data bus
lines on the TFT substrate of the liquid crystal display panel
is viewed from the liquid crystal layer side. In FIG. 29, the
configuration in which the gate bus lines and the data bus
lines 391 in the display area are connected to an external
connection terminal portion 395 via lead wirings 393 is
shown.

[0231] 1In FIG. 29, one of the lead wirings 393 is discon-
nected at a disconnected portion 397. In this example 9,
disconnection repairing contact holes 413, 415 whose width
is larger than the width of the lead wiring 393 are formed on
disconnection end portions of the lead wiring 393 on both
sides of the disconnected portion 393 to traverse the lead
wiring 393. Then, a laser CVD film 405 that connects the
lead wiring 393 in the disconnection repairing contact hole
413 and the lead wiring 393 in the disconnection repairing
contact hole 415 is formed.
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[0232] The disconnection repairing method in the example
9 will be explained in more detail with reference to FIGS.
30A to 30C hereunder. FIGS. 30A to 30C show a sectional
shape in vicinity of the lead wiring 393 taken along a V-V'
line in FIG. 29 respectively. It is on the assumption that the
disconnection inspection of the lead wiring 393 has been
carried out before the contact holes 107 and 111 (not shown)
are formed, and that the disconnected portion 397 of the lead
wiring 393 shown in FIG. 29 is found as the result of the
disconnection inspection.

[0233] 1In order to form the contact holes 107 and 111, a
resist film 407 is formed by coating the photoresist on the
overall surface of the substrate. Then, as shown in FIG.
30A, holes 409, 411 that have a width larger than the width
of the lead wiring 393 respectively are formed by applying
the spot-exposure or the laser beam irradiation to the resist
film 407 on the disconnection end portions of the lead wiring
393 on both sides of the disconnected portion 397 and then
patterning the resist film 407.

[0234] Then, as shown in FIG. 30B, the formation of the
contact holes 107, 111 and the window opening of the
terminal portion (not shown) are carried out by the selective
etching using the dry etching. At the same time, by selec-
tively etching the inside of the holes 409, 411, the upper
surface of the disconnection end portion of the lead wiring
393 is exposed and also the disconnection repairing contact
holes 413, 415 reaching the surface of the glass substrate
121 are formed on both sides of the lead wiring 393 in the
width direction.

[0235] Then, the pixel electrode 113 (not shown) is
formed by forming the film of the transparent electrode
material such as ITO, etc. on the overall surface of the
substrate and then patterning the film. Then, as shown in
FIG. 30C, a laser CVD film 405 for connecting the lead
wiring 393 in the disconnection repairing contact holes 413
and the lead wiring 393 in the disconnection repairing
contact hole 415 is formed by the laser CVD method.

[0236] In this manner, as shown in FIG. 29, one discon-
nection end portion and the other disconnection end portion
of the lead wiring 393 are connected electrically by the laser
CVD film 405 that is formed between the disconnection
repairing contact holes 413, 415. Thus, the disconnection
fault can be repaired.

[0237] According to this example 9, since the disconnec-
tion repairing contact holes are formed by dry-etching the
insulating film prior to the formation of the pixel electrode,
such disconnection repairing contact holes can be formed
with good precision, without the contamination of the pixel
electrode caused by the laser beam irradiation, unlike the
prior art. Also, the repairing operation can be carried out not
to increase the number of masks.

[0238] In addition, since the disconnection repairing con-
tact holes are formed to have the width larger than the lead
wiring 393, the contact area can be widened and the reli-
ability of connection can be increased rather than the case
where the contact holes are formed only on the wiring
pattern.

EXAMPLE 10

[0239] FIG. 31 shows a substrate surface when the TFT
substrate of the liquid crystal display panel is viewed from
the liquid crystal layer side, like FIG. 9. In FIG. 31, three
data bus lines 1114, 101b, 101c and three gate bus lines
1034, 1035, 103¢ are shown, and also four pixel areas (pixel
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electrodes 1134, 113b, 113c, 113d) defined by these bus lines
are shown. Also, a storage capacitance bus line 115a is
shown between the gate bus lines 103a and 103b, and a
storage capacitance bus line 1155 is shown between the gate
bus lines 1035 and 103c.

[0240] In FIG. 31, the data bus line 1015 is disconnected
at a disconnected portion 421 between the pixel electrode
113a and the pixel electrode 113a. The gate bus line 1035 is
disconnected at a disconnected portion 423 located at a right
upper end of the pixel electrode 113c. Also, the storage
capacitance bus line 115b is disconnected at a disconnected
portion 425 that extends over two areas located between the
pixel electrode 113c¢ and the pixel electrode 113d.

[0241] In this case, laser CVD films 427, 429, 431 that are
wider than the line width of the disconnected portion are
formed on the protection film, that is located immediately on
both end portions of the disconnected portions 421, 423,
425, respectively. Then, laser welding portions indicated by
a black mark are formed on both end portions of respective
disconnected portions by the laser welding method, and
disconnection ends of the disconnected wiring patterns are
directly connected by the laser CVD films 427, 429, 431.

[0242] Then, the fault repairing method in the example 10
will be explained particularly with reference to FIGS. 32A
and 32B, FIGS. 33A and 33B, and FIGS. 34A and 34B
hereunder. FIGS. 32A and 32B show a sectional shape in
vicinity of the data bus line 1015 taken along a W-W' line
shown in FIG. 31 respectively. FIGS. 33A and 33B show
a sectional shape in vicinity of the gate bus line 1036 taken
along an X-X' line shown in FIG. 31 respectively. FIGS.
34A and 34B show a sectional shape in vicinity of the
storage capacitance bus line 115b taken along a Y-Y' line
shown in FIG. 31 respectively.

[0243] First, as shown in FIG. 32A, FIG. 33A and FIG.
34A, the laser CVD films 427, 429, 431 that have a width
larger than the disconnected portions 421, 423, 425 respec-
tively are formed on the protection insulating film 133 to
cover the disconnected portions 421, 423, 425. Then, as
shown m FIG. 32B, FIG. 33B and FIG. 34B, the laser
welding portions are formed on both end portions of the
disconnected portions 421, 423, 425 by applying the laser
welding method to irradiate the laser beam (e.g., YAG laser
beam) to both end portions of the disconnected portions 421,
423, 425 from the back surface side or the front surface side.

[0244] As shown in FIG. 32B, the laser CVD film 427 and
the data bus line 1015 are connected by the laser welding
portions 433, 434 at the disconnected portion 421, and thus
the disconnection caused at the disconnected portion 421
can be repaired. As shown in FIG. 33B, the laser CVD film
429 and the gate bus line 1035 are connected by the laser
welding portions 435, 436 at the disconnected portion 423,
and thus the disconnection caused at the disconnected por-
tion 423 can be repaired. As shown in FIG. 34B, the laser
CVD film 431 and the storage capacitance bus line 115b are
connected by the laser welding portions 437, 438 at the
disconnected portion 425, and thus the disconnection caused
at the disconnected portion 425 can be repaired.

[0245] As a result, the disconnected portion 421 is con-
nected electrically between one disconnection end portion of
the data bus line 101d and the other disconnection end
portion of the data bus line 101 via the laser welding
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portion 433, the laser CVD film 427, and the laser welding
portion 434. The disconnected portion 423 is connected
electrically between one disconnection end portion of the
gate bus line 103b and the other disconnection end portion
of the gate bus line 103b via the laser welding portion 435,
the laser CVD film 429, and the laser welding portion 436.
Also, the disconnected portion 425 is connected electrically
between one disconnection end portion of the storage
capacitance bus line 115b and the other disconnection end
portion of the storage capacitance bus line 115b via the laser
welding portion 437, the laser CVD film 431, and the laser
welding portion 438.

[0246] Here, if the above-mentioned disconnection repair-
ing method is employed in the disconnected portion 425, the
right side end of the pixel electrode 113¢ and the left side end
of the pixel electrode 1134 are connected. For this reason,
the drain electrode 117a of the TFT connected to the pixel
electrode 113¢ and the drain electrode 117b of the TFT
connected to the pixel electrode 1134 must be separated
from the data bus lines 101a, 1015 respectively.

[0247] (Second Embodiment)

[0248] Next, a liquid crystal display device and its fault
repairing method according to a second embodiment of the
present invention will be explained with reference to FIG.
35A to FIG. 53 hereunder. FIGS. 35A to 35D are views
showing the principle of the fault repairing method for liquid
crystal display device according to the second embodiment
of the present invention. FIG. 35A shows the display panel
in which a gate bus line 502 is formed on a transparent glass
substrate 500, then a data bus line 506 is formed on the gate
bus line 502 via an insulating film (gate insulating film; SiN)
504 to intersect with the gate bus line 502, and then an
insulating film (protection film; SiN) 508 is formed on the
gate bus line 502. In addition, FIG. 35A shows the situation
that short-circuit between the gate bus line 502 and the data
bus line 506 occurs at an interlayer short-circuit portion 510.

[0249] As shown in FIG. 35B, the data bus line 506 is cut
off at disconnected portions 512, 514 by irradiating the laser
beam to both sides, between which the interlayer short-
circuit portion 510 is sandwiched, from the uppermost layer
insulating film (SiN) 508 along the data bus line 506.

[0250] Then, as shown in FIG. 35C, contact holes 516,
518 are formed by irradiating the laser beam onto the
insulating (SiN) film 508 located on the outside of the
disconnected portions 512, 514 respectively to expose the
data bus line 506.

[0251] Then, as shown in FIG. 35D, metal deposition
portions 520, 522 are formed by forming a metal film on
respective inner peripheries of the contact holes 516, 518
and on the insulating layer 508 around the opening portions
by virtue of the laser CVD method. Then, the metal depo-
sition portions 520 and 522 formed on the insulating film
508 are connected electrically by any one of methods (A) to
(E) described in the following.

[0252] (A) The metal deposition portions 520 and 522 are
connected directly by the metal film, that is formed by the
laser CVD method, subsequently when the metal deposition
portions 520 and 522 are formed on the insulating layer 508.

[0253] (B) The spare wiring having a predetermined
length is formed previously on the side of the data bus line
506, then the contact holes that are opened the uppermost
layer insulating film 508 on both ends of the spare wiring is
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provided, and then the contact holes in the spare wiring and
the metal deposition portions 520 and 522 are connected by
the metal film that is formed by the CVD method.

[0254] (C) The pixel electrode and the metal deposition
portions 520 and 522 are connected by the metal film that is
formed by the CVD method.

[0255] (D) The contact holes 516, 518 in FIG. 35C are not
provided. Spare pads are extended previously to the outside
of both disconnected portions of the data bus line 506
respectively, then contact holes to be opened in the upper-
most layer insulating film 508 are provided on the spare
pads, and then both contact holes are connected by the metal
film formed by the laser CVD method.

[0256] (E) After the contact holes 516, 518 in FIG. 35C
are not provided, the transparent conductive film that is
connected to the contact holes 516, 518 is formed as the
spare pads on the insulating layer 508 on the outside ends of
both disconnected portions of the data bus line respectively,
and then both spare pads are connected by the metal film
formed by the laser CVD method.

[0257] Accordingly, the disconnected end portions of the
disconnected data bus line 506 are connected by the metal
film that is drawn on the insulating film 508 by the laser
CVD method, and thus the interlayer short-circuit can be
repaired. The case where the interlayer short-circuit is
repaired when the data bus line 506 is disconnected is
explained above. However, it is needless to say that the
interlayer short-circuit can be repaired when not the data bus
line 506 but the gate bus line 502 or the storage capacitance
bus line (not shown) is disconnected similarly.

[0258] In this manner, according to the second embodi-
ment of the present invention, since the interlayer short-
circuit portion (line fault portion) can be repaired by draw-
ing the wiring by virtue of the laser CVD method, the line
fault can be repaired in the display area. The fault repairing
method according to the second embodiment will be
explained with reference to respective examples hereunder.

[0259] In the following examples, the laser beam
employed to form the contact holes is the third harmonic
(wavelength 355 nm) or the fourth harmonic (wavelength
266 nm) of the YAG pulse laser. Also, the metal film formed
by the laser CVD method is deposited by irradiating the
continuous laser beam of the wavelength 355 nm, that is
output from the YAG laser, after the concentration of the
organic metal gas (film forming gas), the laser power, the
scanning rate, and the number of times of scanning are
adjusted while flowing the Ar gas containing W (tungsten)
organic metal, Mo (molybdenum) organic metal, or Cr
(chromium) organic metal.

[0260] The particular film forming conditions will be
given as follows. The film forming gas is metal carbonyl
{W(CO),,Cr(CO),}. The laser power is 0.2 to 0.4 as the
attenuator value. The scanning rate is 3.0 m/sec. The number
of times of scanning is one. The flow rate of the carrier gas
(Ar) is 90 cc/min. If the film is formed under these condi-
tions, the W (tungsten) film having the thickness of 400 to
600 nm and the specific resistance of 100 to 150 um can be
obtained. In this case, the specific resistance of W single
substance is 5.65 uQcm.

[0261] The diameter of the contact hole is set to the level
of 2 to 5 um although it depends on the conditions in laser
irradiation. According to the metal wiring formed by the
laser CVD method, the minimum drawing line width is 5
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um, the film thickness is 0.2 um, and the specific resistance
is less than 50 uQcm. It has been checked that, when the
liquid crystal display device is constructed by repairing the
interlayer short-circuit under these conditions, no problem
occurs.

EXAMPLE 1

[0262] FIG. 36 shows a substrate surface when the inter-
layer short-circuit portion of the amorphous silicon (a-Si)
TFT substrate of the liquid crystal display device is viewed
from the liquid crystal layer side. FIG. 36 shows two data
bus lines 5064, 5065 and one gate bus line 502, and also two
pixel areas (pixel electrodes 524a, 524b) are defined by
these bus lines. Also, a storage capacitance bus line 526 is
formed to traverse laterally lower portions of two pixel
electrodes 524a, 524b.

[0263] In FIG. 36, a data bus line 5064 is short-circuited
to a gate bus line 502 at an interlayer short-circuit portion
510a. Also, the data bus line 5064 is short-circuited to a
storage capacitance bus line 526 at an interlayer short-circuit
portion 510b.

[0264] In this case, n order to repair the interlayer short-
circuits of the gate bus line 502 and the data bus line 5064
on the insulating substrate, first the data bus line 506 is
disconnected at disconnected portions 5124, 512b by irra-
diating the laser beam onto both sides of the interlayer
short-circuit portion 510z of the data bus line 5064 (see
FIG. 35A). Then, contact holes 516a, 516b are formed
respectively by irradiating the YAG pulse laser beam onto
both sides of the interlayer short-circuit portion 510a from
the uppermost layer insulating film (SiN) 508 to expose the
data bus line 5064 (see FIG. 35B). Then, a metal wiring for
connecting the contact holes 5164 and 5165 is formed by the
laser CVD method. In this case, if the metal wiring is formed
to connect the contact holes 516a and 516b like a straight
line, the data bus line 506a and the gate bus line 502 are
short-circuited again via the disconnected portions 5124,
512b.

[0265] Therefore, as shown in FIG. 36, the contact holes
516a and 5165 are connected by forming metal wirings
528a, 528D, 528c to detour the disconnected portions 5124,
512b of the data bus line 5064, and thus the interlayer
short-circuit can be repaired. The disconnection repairing
method according to the example 1 will be explained more
particularly with reference to FIG. 37 and FIG. 38 hereun-
der.

[0266] FIG. 37 shows a sectional shape of the TFT taken
along an A-A' lie in FIG. 36. FIG. 38 shows a sectional
shape of the TFT taken along a B-B' line in FIG. 36. As
shown in FIG. 37, the contact hole 516b (516a) provided on
the data bus line 5064 is filled with the metal film by virtue
of the laser CVD method and also a metal wiring 5284
(528D) is formed by extending the metal film formed by the
laser CVD method by a predetermined length in the direc-
tion that intersects orthogonally with the data bus line 5064.
Then, a metal wiring 528¢ that connects end portions of the
metal wirings 5284, 528b extended from the contact holes
516D, 516a is formed by the laser CVD method. Then, as
shown in FIG. 38, the metal wiring 528c is provided to cross
the gate bus line S02.

[0267] As a result, one end of the disconnected portion of
the data bus line 506a can be connected electrically to the
other end of the disconnected portion of the data bus line
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506a via the contact hole 5164, the metal wiring 528b, the
metal wiring 528c, and the contact hole 5165, and thus the
interlayer short-circuit can be repaired.

[0268] Also, in FIG. 36, in order to repair the interlayer
short-circuit between the storage capacitance bus line 526
and the data bus line 506a on the insulating substrate,
disconnected portions 512¢, 5124 are formed by irradiating
the laser beam onto both sides of the interlayer short-circuit
portion 5106 of the data bus line 506« (sce FIG. 35A). Then,
contact holes 516¢, 5164 are formed respectively by irradi-
ating the YAG pulse laser beam onto both sides of the
interlayer short-circuit portion 510a from the uppermost
layer insulating film (SiN) 508 to expose the data bus line
506a (sce FIG. 35B). Then, like the above, metal wirings
530a, 530 are formed by the laser CVD method to detour
the disconnected portions 512¢, 5124 of the data bus line
5064, and then the interlayer short-circuit can be repaired by
connecting the contact holes 516¢ and 516d via the metal
wirings 530a, 5305.

EXAMPLE 2

[0269] FIG. 39 shows a substrate surface when the inter-
layer short-circuit portion of the TFT substrate of the liquid
crystal display device is viewed from the liquid crystal layer
side. In FIG. 39, two data bus lines 506, 5060 and one gate
bus line 502 are shown, and also two pixel areas (pixel
electrodes 524a, 524b) defined by these bus lines are shown.
Also, the storage capacitance bus line 526 is shown to
traverse laterally middle portions of two pixel electrodes
524a, 524b.

[0270] In this example 2, in the intersection area between
the data bus line 506 and the gate bus line 502, a spare
wiring 532 having a predetermined length is formed
between the pixel electrode 524 and the neighboring data
bus line 506 along the data bus line 506 to traverse the gate
bus line 502. Also, in the intersection area between the data
bus line 506 and the storage capacitance bus line 526, a spare
wiring 532 having a predetermined length is formed
between the pixel electrode 524 and the neighboring data
bus line 506 on the side of the data bus line 506 to traverse
the storage capacitance bus line 526.

[0271] For example, in the intersection area between the
data bus line 5065 and the gate bus line 502, a spare wiring
532¢ having a predetermined length is formed between the
pixel electrode 5244 and the neighboring data bus line 5065
on the data bus line 506 to traverse the gate bus line 502.
Also, for example, in the intersection area between the data
bus line 506 and the storage capacitance bus line 526, a spare
wiring 532d having a predetermined length is formed
between the pixel electrode 524 and the neighboring data
bus line 5065 on the side of the data bus line 506 to traverse
the storage capacitance bus line 526.

[0272] In FIG. 39, like the example 1 of the second
embodiment, the data bus line 5064 is short-circuited to the
gate bus line 502 at the interlayer short-circuit portion 510a.
Also, the data bus line 506a is short-circuited to the storage

capacitance bus line 526 at the interlayer short-circuit por-
tion 510b.

[0273] First, the repairing method of the interlayer short-
circuit portion 510z will be explained hereunder. In this
example 2, like the example 1, the data bus line 5064 is
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disconnected at the disconnected portions 512a, 512b, and
then the contact holes 3164, 516b are formed respectively by
irradiating the laser beam onto the insulating film 508 on the
data bus line 502¢ in vicinity of the disconnected portions
512a, 512b. Also, the contact holes 534a, 534b are formed
by irradiating the laser beam onto the insulating film 508 on
both end portions of the spare wiring 532a.

[0274] Then, a metal wiring 536a for connecting the
contact holes 516a and 5165 is formed by the laser CVD
method. Similarly, a metal wiring 5366 for connecting the
contact holes 5165 and 534 is formed by the laser CVD
method.

[0275] More particularly, the interlayer short-circuit is
repaired in compliance with procedures shown in FIG. 40
and FIG. 41 hereunder. FIG. 40 shows a sectional shape
taken along a C-C' line in FIG. 39. FIG. 41 shows a
sectional shape taken along a D-D' line in FIG. 39. As
shown in FIG. 40 and FIG. 41, a spare wiring 532a is
formed previously by steps applied to form the data bus line
506a. If the interlayer short-circuit to the gate bus line 502
is caused, the contact holes 516a (516b), 534a (534b) are
formed on the data bus line 506a and the spare wiring 5324
respectively. Then, the contact holes 516a and 534a (the
contact holes 516b and 534b) are connected by the metal
wiring 536a (536)) to bury them.

[0276] As a result, as shown in FIG. 41, since the spare
wiring 532a is formed to cross the gate bus line 502, the
detouring circuit reaching the metal wiring 536b from the
metal wiring 5364 via the spare wiring 532a is constructed,
and thus the interlayer short-circuit 510a between the data
bus line 5064 and the gate bus line 502 can be repaired.
According to this example 2, since merely the metal wirings
536a, 536b are drawn by the laser CVD method, the areas
that are drawn by the laser CVD method can be shortened.

[0277] Similarly to the interlayer short-circuit 510b, the
contact holes 516¢, 516d, 5384, 5380 are formed respec-
tively, and then the interlayer short-circuit 5105 between the
data bus line 5062 and the storage capacitance bus line 526
can be repaired by connecting the contact holes 516¢ and
538a by the metal wiring 540a and also connecting the
contact holes 5164 and 538b by the metal wiring 540b.

EXAMPLE 3

[0278] FIG. 42 shows a substrate surface when the inter-
layer short-circuit portion of the TFT substrate of the liquid
crystal display device is viewed from the liquid crystal layer
side. In FIG. 42, two data bus lines 506a, 5065 and one gate
bus line 502 are shown, and two pixel areas (pixel electrodes
5244, 524b) are defined by these bus lines. Also, the storage
capacitance bus line 526 is shown to traverse laterally
middle portions of two pixel electrodes 524a, 524b.

[0279] In this example 3, in the intersection area between
the data bus line 506a and the gate bus line 502, a spare
wiring 5424 having a predetermined length is formed on the
side of the gate bus line 502 to traverse the data bus line
506a. Also, 1n the intersection area between the data bus line
506a and the storage capacitance bus line 526, a spare
wiring 542¢ having a predetermined length is formed on the
side of the storage capacitance bus line 526 to traverse the
storage capacitance bus line 526.

[0280] Similarly, in the intersection area between the data
bus line 5065 and the gate bus line 502, a spare wiring 542b
having a predetermined length is formed on the side of the
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gate bus line 502 to traverse the data bus line 506b. Also, in
the intersection area between the data bus line 5065 and the
storage capacitance bus line 526, a spare wiring 542d having
a predetermined length is formed on the side of the storage
capacitance bus line 526 to traverse the data bus line 506b.
These spare wirings 542a to 542d are formed not to contact
to the neighboring pixel electrode.

[0281] In FIG. 42, like the example 1 of the second
embodiment, the data bus line 5064 is short-circuited to the
data bus line 502 at the interlayer short-circuit portion 510a.
Also, the data bus line 5064 is short-circuited to the storage
capacitance bus line 526 at the interlayer short-circuit por-
tion 510b.

[0282] First, the repairing method of the interlayer short-
circuit portion 510z will be explained hereunder. In this
example 3, the gate bus line 502 is disconnected at the
disconnected portions 5124, 512b, and the contact holes
5164, 516b are formed respectively by irradiating the laser
beam onto the insulating film 508 in vicinity of the discon-
nected portions 5124, 512b. Also, contact holes 544a, 544D
are formed by irradiating the laser beam onto the insulating
film 508 on both end portions of the spare wiring 542a.

[0283] Then, a metal wiring 546a for connecting the
contact holes 316a and 5444 is formed by the laser CVD
method. Similarly, a metal wiring 546b for connecting the
contact holes 5165 and 544b is formed by the laser CVD
method.

[0284] More particularly, the interlayer short-circuit is
repaired in compliance with procedures shown in FIG. 43
and FIG. 44 hereunder. FIG. 43 shows a sectional shape
taken along an E-E' line in FIG. 42. FIG. 44 shows a
sectional shape taken along an F-F' line in FIG. 42. As
shown in FIG. 43 and FIG. 44, a spare wiring 5424 is
formed previously by steps applied to form the gate bus line
502. If the interlayer short-circuit to the data bus line 5064
is caused, the contact holes 516a (516b), 544a (544b) arc
formed on the gate bus line 502 and the spare wiring 5424
respectively. Then, the contact holes 5164 and 544a (the
contact holes 516b and 544b) are connected by the metal
wiring 546a (546b) to bury them.

[0285] As a result, since the spare wiring 5424 is formed
to cross the gate bus line 502, the detouring circuit reaching
the metal wiring 5465 from the metal wiring 546a via the
spare wiring 5424 is constructed, and thus the interlayer
short-circuit 510a between the data bus line 506a and the
data bus line 502 can be repaired. According to this example
3, since merely the metal wirings 5464, 546b are drawn by
the laser CVD method, the areas that are drawn by the laser
CVD method can be shortened, like the example 2.

[0286] Similarly to the interlayer short-circuit 510b, the
contact holes 516c, 516d, 538a, 538b are formed respec-
tively, and then the interlayer short-circuit 5105 between the
data bus line 5064 and the storage capacitance bus line 526
can be repaired by connecting the contact holes $16c and
548a by the metal wiring 550a and also connecting the
contact holes 5164 and 548b by the metal wiring 550b.

EXAMPLE 4

[0287] FIG. 45 shows a substrate surface when the inter-
layer short-circuit portion of the TFT substrate of the liquid
crystal display device is viewed from the liquid crystal layer
side. In FIG. 45, two data bus lines 506a, 5065 and one gate
bus line 502 are shown, and two pixel areas (pixel electrodes
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524a, 524b) defined by these bus lines are shown. Also, the
storage capacitance bus line 526 is shown to traverse later-
ally middle portions of two pixel electrodes 524a, 524b.

[0288] In this example 4, near the intersection area
between the data bus line 5064 and the gate bus line 502,
spare pads 552a, 552b having a predetermined length are
provided on the side portions of the data bus line 5064 on
both sides of the gate bus line 502 in the width direction.
Also, spare pads 364a, 564D having a predetermined length
are provided similarly on the side portions of the data bus
line 506b. In addition, near the intersection area between the
data bus line 506a and the storage capacitor bus line 526,
spare pads 3584, 558D having a predetermined length are
provided on the side portions of the data bus line 5064 on
both sides of the storage capacitance bus line 526 in the
width direction. Also, spare pads 566a, 566b having a
predetermined length are provided similarly on the side
portions of the data bus line 5065.

[0289] In FIG. 45, like the example 1, the data bus line
506a is short-circuited to the data bus line 302 at the
interlayer short-circuit portion §10a. Also, the data bus line
506a is short-circuited to the storage capacitance bus line
526 at the interlayer short-circuit portion 510b.

[0290] First, the repairing method of the interlayer short-
circuit portion 510a will be explained hereunder. In this
example 4, the data bus line 5064 is disconnected at the
disconnected portions 5124, 512b, and the contact holes
5164, 516b are formed respectively by irradiating the laser
beam onto the insulating film 508 in vicinity of the discon-
nected portions 5124, 512b. Also, contact holes 554a, 554b
are formed by irradiating the laser beam onto the insulating
film 508 on the spare pads 5524, 552b. Then, a metal wiring
556 for connecting the contact holes 554a and 554b is
formed by the laser CVD method.

[0291] More particularly, the interlayer short-circuit is
repaired in compliance with procedures shown in FIG. 46
and FIG. 47 hereunder. FIG. 46 shows a sectional shape of
the TFT taken along a G-G' line in FIG. 45. FIG. 47 shows
a sectional shape of the TFT taken along an H-H' line in
FIG. 45. As shown in FIG. 46 and FIG. 47, spare pads
552a, 552b are formed previously by steps applied to form
the data bus line 5064. If the interlayer short-circuit occurs
between the data bus line 5064 and the gate bus line 502, the
contact holes 5544, 554b are formed on the spare pads 552a
and 552b respectively. Then, the metal wiring 556 for
connecting the contact holes 554a and 554b is formed by the
laser CVD method.

[0292] As aresult, the detouring circuit reaching the spare
pad 552b from the spare pad 5524 via the metal wiring 556
is constructed, and thus the interlayer short-circuit 510a
between the data bus line 506 and the data bus line 502 can
be repaired. According to this example 4, since the contact
holes are provided merely on the spare pads 5524, 552b, the
simplification of the repairing operation can be achieved
rather than the case of the examples 2, 3 in which the spare
wirings are also provided.

[0293] Similarly to the interlayer short-circuit 5105, since
the contact holes 560c and 560b provided on the spare pads
558a, 558D are connected via the metal wiring 562, the
interlayer short-circuit 510b between the data bus line 5064
and the storage capacitance bus line 526 can be repaired.
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EXAMPLE 5

[0294] FIG. 48 shows a substrate surface when the inter-
layer short-circuit portion of the TFT substrate of the liquid
crystal display device is viewed from the liquid crystal layer
side. In FIG. 48, two data bus lines 506a, 5065 and one gate
bus line 502 are shown, and two pixel areas (pixel electrodes
524a, 524b) defined by these bus lines are shown. Also, the
storage capacitance bus line 526 is shown to traverse later-
ally middle portions of two pixel electrodes 524a, 524b.

[0295] In FIG. 48, like the example 1, the data bus line
506a is short-circuited to the data bus line 502 at the
interlayer short-circuit portion $10a. Also, the data bus line
506a is short-circuited to the storage capacitance bus line
526 at the interlayer short-circuit portion 510b.

[0296] The repairing method of the interlayer short-circuit
portion 510a will be explained with reference to FIG. 49
hereunder. FIG. 49 shows a sectional shape of the TFT taken
along an I-I' line in FIG. 48. In this example 5, contact holes
are opened previously in the insulating film on the data bus
lines 506a, 506b at a predetermined interval. Then, spare
pads 568a, 568D, . . . made of the transparent electrode film
(ITO) and connected to the data bus lines 506a, 506b via the
contact holes are formed at the same time when the pixel
electrode 524 is formed. The spare pad 568 is formed near
the intersecting portion between the data bus line 506 and
the gate bus line 502 and the storage capacitance bus line
526.

[0297] Accordingly, the detouring circuit reaching the
spare pad 568b from the spare pad 5684 via the metal wiring
572 is constructed merely by cutting off the data bus line
506a at the disconnected portions 512a, 512b and then
connecting end portions of the spare pads 568a, 568b via the
metal wiring 572 formed by the laser CVD method, and thus
the interlayer short-circuit 510a between the data bus line
506a and the data bus line 502 can be repaired. According
to this example 5, since the repair can be completed merely
by connecting the spare pads 5684, 568D by the metal wiring
572 formed by the laser CVD method without the provision
of the contact holes in repairing operation, the substantial
simplification of the repairing operation can be achieved.

[0298] Similarly to the interlayer short-circuit 5105, since
the spare pads 574a, 575b are connected via the metal wiring
578 formed by the laser CVD method, the interlayer short-
circuit 510 between the data bus line 506a and the storage
capacitance bus line 526 can be repaired.

EXAMPLE 6

[0299] FIG. 50 shows a substrate surface when the inter-
layer short-circuit portion of the TFT substrate of the liquid
crystal display device is viewed from the liquid crystal layer
side. In FIG. 50, two data bus lines 506a, 5065 and one gate
bus line 502 are shown, and two pixel areas (pixel electrodes
524a, 524b) defined by these bus lines are shown. Also, the
storage capacitance bus line 526 is shown to traverse later-
ally middle portions of two pixel electrodes 524a, 524b.

[0300] InFIG. 50, the data bus line 5064 is short-circuited
to the data bus line 502 at the interlayer short-circuit portion
510a. Also, the data bus line 506a is short-circuited to the
storage capacitance bus line 526 at the interlayer short-
circuit portion 5105.
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[0301] In this case, in the example 6, the interlayer short-
circuit is repaired by forming the detour route via the pixel
electrode in compliance with procedures shown in FIG. 51,
FIG. 52 and FIG. 53 hereunder. FIG. 51 shows a sectional
shape of the TFT taken along a J-J line in FIG. 50. FIG. 52
shows a sectional shape of the TFT taken along a K-K'line
in FIG. 50. FIG. 53 shows a sectional shape of the TFT
taken along an L-L' line in FIG. 50.

[0302] First, the repairing method of the interlayer short-
circuit 510z will be explained with reference to FIG. 50 to
FIG. 52 hercunder. The data bus line 5064 is disconnected
at the disconnected portions 512a, 512b, and then a contact
hole 600 is formed by irradiating the laser beam onto the
outside of the disconnected portion 512b. Then, a contact
hole 592 is provided on the drain electrode 590 of the TFT
that is extended from the data bus line 5064 and positioned
on the gate bus line 502.

[0303] Then, a metal wiring 598 is formed by the laser
CVD method to connect the contact hole 596, that is formed
to connect the source electrode 594 of the TFT and the pixel
electrode 5244, and the contact hole 592 formed to repair.
Then, a metal wiring 602 to connect the contact hole 600 and
the left side end of the pixel electrode 524a is formed by the
laser CVD method.

[0304] Accordingly, the detouring route reaching the other
disconnected portion side of the data bus line 506a from one
disconnected portion side of the data bus line 5064 via the
contact hole 592, the metal wiring 598, the contact hole 596,
the pixel electrode 524a, the metal wiring 602, and the
contact hole 600 is constructed, and thus the interlayer
short-circuit 510a between the data bus line 506a and the
data bus line 502 can be repaired.

[0305] Then, the repairing method of the interlayer short-
circuit 5105 will be explained with reference to FIG. 50 and
FIG. 53 hereunder. The data bus line 5064 is disconnected
at the disconnected portions 512¢, 512d, and then contact
holes 604, 608 are formed by irradiating the laser beam onto
the insulating film in vicinity of both disconnected portions
512a, 512b respectively. Then, metal wirings 606, 700 for
connecting the contact holes 604, 608 and the pixel electrode
524b are formed by the laser CVD method respectively.

[0306] Accordingly, the detouring route reaching the other
disconnected portion side of the data bus line 5065 from one
disconnected portion side of the data bus line 506) via the
contact hole 604, the metal wiring 606, the pixel electrode
524b, the metal wiring 700, and the contact hole 608 is
constructed, and thus the interlayer short-circuit 510b
between the data bus line 5065 and the storage capacitance
bus line 526 can be repaired.

[0307] In the above first and second embodiments, the
laser CVD method is applied as the method of forming the
conductive film in the predetermined area to repair the fault,
but the present invention is not limited to this method. For
example, it is a matter of course that the conductive film may
be formed by baking the chemicals.

[0308] (Third Embodiment)

[0309] FIG. 54 is a view showing the principle of the
invention set forth in claims 11 to 15 in the present inven-
tion.

[0310] In the present invention, a repairing auxiliary wir-
ing 612 that is independent from the gate bus line 610 is
arranged adjacent to the gate bus line 610. The repairing



US 2001/0028418 Al

auxiliary wiring 612 is positioned such that it intersects
orthogonally with a storage capacitance bus line general
electrode 616, like the gate bus line 610, but both ends of the
repairing auxiliary wiring 612 do not overlap with the
storage capacitance bus line general electrode 616. In addi-
tion, repairing connection electrodes 614a, 614b are pro-
vided on both sides of the storage capacitance bus line
general electrode 616 to intersect orthogonally with the gate
bus line 610 and the repairing auxiliary wiring 612.

[0311] FIG. 55 is a view showing the short-circuit fault
repairing method.

[0312] The gate bus line 610 and the storage capacitance
bus line general electrode 616 are short-circuited at a point
P. In such case, first two points R1, R2 located on both sides
of the storage capacitance bus line general electrode 616 are
disconnected by the laser beam irradiation, etc. to separate
the short-circuited portion from the gate bus line 610. Then,
the gate bus line 610 and the repairing auxiliary wiring 612
are connected mutually by the laser beam irradiation, etc. at
four points Q1 to Q4 at which the gate bus line 610 and the
repairing auxiliary wiring 612 intersect orthogonally with
each other. In this manner, the fault is repaired.

[0313] FIG. 56 is a sectional view taken along a I-I line in
FIG. 55.
[0314] The gate bus line 610 and the repairing auxiliary

wiring 612 are formed independently on the insulating
substrate 618. The gate bus line 610 and the repairing
auxiliary wiring 612 are formed simultaneously by pattern-
ing the same conductive film. Also, the storage capacitance
bus line is formed by the same steps. A repairing connection
electrode 6145 (614a) is formed on the gate bus line 610 and
the repairing auxiliary wiring 612 via an insulating film
(gate insulating film) 620. The repairing connection elec-
trode 614b (614a) is formed simultancously by the same
material in the steps applied to form the drain electrode of
the TFT and the data bus line. The storage capacitance bus
line general electrode 616 is formed by the same steps as the
data bus line. Upon repairing the fault, the gate bus line 610
and the repairing auxiliary wiring 612 are connected elec-
trically by applying the laser beam irradiation, etc. to the
portions (points Q3, Q4), at which the repairing connection
electrode 614b (614a) and the gate bus line 610 and the
repairing auxiliary wiring 612 intersect orthogonally mutu-
ally, to melt the repairing connection electrode 614b.

[0315] As the method of connecting the repairing connec-
tion electrode 614b and the gate bus line 610 and the
repairing auxiliary wiring 612, there may be used the
so-called laser CVD method, in which the metal film is
formed selectively on the substrate surface by irradiating the
laser beam to the atmosphere containing the metal, in
addition to the above melting of the conductive layer by the
laser beam irradiation. Also, since the conductive film can be
formed at any position if this laser CVD method is
employed, there is no necessity to form previously the
repairing connection electrode 614b.

[0316] More particularly, in FIG. 55 and FIG. 56 (assum-
ing repair wirings that the repairing connection electrode
614a and 614b are not provided), if the gate bus line 610 and
the storage capacitance bus line general electrode 616 are
short-circuited at the point P, the gate bus line 610 is
disconnected at two points R1, R2 located on both sides of
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the storage capacitance bus line general electrode 616. Then,
the insulating film 620 formed on the gate bus line 610 and
the repairing auxiliary wiring 612 is removed at four points
Q1 to Q4 to expose the gate bus line 610 and the repairing
auxiliary wiring 612. Then, the conductive films for con-
necting the points Q1 and Q2 and the points Q3 and Q4 are
formed by the laser CVD method. In this way, the fault can
be repaired.

[0317] FIG. 57 is a view showing a short-circuit repairing
method for the liquid crystal display device according to the
third embodiment of the present invention.

[0318] In the liquid crystal display device of the present
invention, the gate bus lines are extracted only to the left
side, like FIG. 1, and thus the gate bus lines and the storage
capacitance bus line general electrode intersect mutually
only on the left end portion. FIG. 57 shows the area in which
the gate bus line 610 and the storage capacitance bus line
general electrode 616 intersect mutually. Since the storage
capacitance bus line general electrode 616 is formed in the
same layer as the data bus line 634 and formed by the same
material by the same steps, it is arranged to extend in parallel
with the data bus line 634 and intersect with the gate bus line
610. The difference of the example in FIG. 57 from the
conventional configuration in FIG. 2 resides in that the
repairing auxiliary wiring 612 and the repairing connection
electrode 614a and 614b are provided near the intersecting
portion between the gate bus line 610 and the storage
capacitance bus line general electrode 616.

[0319] FIG. 58 is a partially enlarged view showing a part
of the liquid crystal display device in FIG. 57. Bending
portions 610a, 6105 (sec FIG. 57) are provided to the gate
bus line 610, and such bending portions 610a, 610b are
formed wider than the normal wiring width. The gate bus
line 610 is overlapped with the repairing connection elec-
trode 6144, 614b at the bending portions 610a, 6105 (sce
FIG. 57). In this case, the insulating film is present between
the bending portions 610a, 6105 and the repairing connec-
tion electrodes 6144, 614b. The reason for that the width of
the overlapped portion is extended is to take into consider-
ation the event that a part of the gate bus line 610 disappears
due to the laser process described later. Also, the repairing
auxiliary wiring 612 is provided close to but electrically
independently to the gate bus line 610. The repairing aux-
iliary wiring 612 is formed to have the substantially same
wiring width as the gate bus line 610. A top end portion of
the repairing auxiliary wiring 612 is extended in width like
the bending portion 610a of the gate bus line 610 and is
overlapped with the repairing connection electrodes 6144,
614b.

[0320] According to such configuration, it is feasible to
check the presence of the short-circuit by performing the
electrical test. In addition, since the repairing auxiliary
wiring 612 and the gate bus line 610 are provided indepen-
dently prior to the repairing process and not electrically
connected mutually, the disconnected portion to be sepa-
rated or the portion to be electrically connected can be
decided if the short-circuited gate bus line 610 can be
identified. Thus, a repairing rate can be improved.

[0321] Storage capacitance bus lines 622 and the storage
capacitance bus line general electrode 616 are connected via
storage capacitance bus line connecting electrodes 624, that
are formed by the same steps as the pixel electrode, via the
connection portions 624a, 624b.
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[0322] FIG. 59 is a view showing the connected portion
between the storage capacitance bus lines 622 and the
storage capacitance bus line general electrode 616, and a
sectional view taken along a II-II line in FIG. 58.

[0323] The storage capacitance bus lines 622 that are
formed by the same steps as the gate bus line 610 to
constitute the storage capacitances together with the pixel
electrodes 632 respectively are provided on the insulating
substrate 618. The storage capacitance bus line general
electrode 616 is formed by the same steps as the data bus
lines 634 and provided on the gate insulating film 620. The
storage capacitance bus line connecting electrodes 624 are
formed by the same steps as the pixel electrodes 632 to
connect electrically the storage capacitance bus lines 622
and the storage capacitance bus line general electrode 616
via connection portions 6244, that are provided by opening
the gate insulating film 620 and the protection film 636 on
the storage capacitance bus lines 622, and connection por-
tions 624b, that are provided by opening the protection film
636 on the storage capacitance bus line general electrode
616. In order to improve the adhesiveness of the storage
capacitance bus line connecting electrodes 624, connection
portions 624c are provided to come into contact with the
insulating substrate 618.

[0324] (Fourth Embodiment)

[0325] FIG. 60 is a plan view showing the TFT substrate
of the liquid crystal display device according to a fourth
embodiment of the present invention. Since the CF substrate
is basically identical to the CF substrate in the prior art,
explanation of the CF substrate will be omitted herein.

[0326] As shown in FIG. 60, spare TFTs 717 in addition
to TFTs 716 serving as the switching element are provided
to the TFT substrate of the liquid crystal display device
according to the fourth embodiment.

[0327] More particularly, a plurality of gate bus lines 712
and a plurality of storage capacitance bus lines 713 are
formed as the first wiring layer on a glass substrate 711.
Respective gate bus lines 712 are formed in parallel mutu-
ally, and the storage capacitance bus lines 713 are arranged
in parallel with the gate bus lines 712 between the gate bus
lines 712 respectively. This first wiring layer is formed of Cr
(chromium), for example.

[0328] The gate bus lines 712 and the storage capacitance
bus lines 713 are covered with a first insulating film (gate
insulating film; not shown) formed of silicon oxide. Silicon
films (amorphous silicon film or polysilicon film) 714a,
714b serving as the channels of the TFIs 716, 717 are
formed on the first insulating film. Also, a plurality of data
bus lines 715, source electrodes 716s and drain electrodes
716d of the TFTs 716, and source electrodes 717s and drain
electrodes 717d of the spare TFTs 717 are formed as the
second wiring layer on the first insulating film. This second
wiring layer has a triple-layered structure that is formed of
Ti (titanium)/Al (aluminum)/Ti (titanium), for example.

[0329] The data bus lines 715 are formed to intersect
orthogonally with the gate bus lines 712. The source elec-
trodes 7165 and the drain electrodes 7164 are formed on both
sides of the silicon films 7144 in the width direction to be
separated mutually. The source electrodes 717s and the drain
electrodes 717d are formed on both sides of the silicon films
714b in the width direction to be separated mutually. Rect-
angular areas partitioned by the gate bus lines 712 and the
data bus lines 715 are the pixel areas respectively.

Oct. 11, 2001

[0330] The data bus lines 715, the TFTs 716, and the TFTs
717 are covered with a second insulating film (protection
insulating film; not shown) formed of silicon oxide. Pixel
electrodes 719 made of ITO are formed on the second
insulating film.

[0331] Asshown in FIG. 60, the source electrodes 716s of
the TFTs 716 are connected to the data bus lines 715, and
source electrode terminals 7165 are connected to the pixel
electrodes 719 via the contact holes 718a formed in the
protection insulating film.

[0332] Meanwhile, the drain electrode terminals 7174 and
the source electrode terminals 717b of the spare TFTs 717
are connected to nowhere. This is because, if the spare TFTs
717 are connected to the data bus lines 715 and the pixel
electrodes 719, large load capacitances (Cgs) are generated
between the gate bus lines 712 and the data bus line 715 and
the pixel electrodes 719 to cause the degradation of the
display quality. In this case, in the fourth embodiment, the
source electrode terminals 717b are formed at positions that
overlap partially with the pixel electrodes 719.

[0333] The fault repairing method for the liquid crystal
display panel according to the fourth embodiment of the
present invention will be explained with reference to FIG.
61 and FIGS. 62A to 62C hereunder. In this fourth embodi-
ment, as shown in FIG. 61, the fault repairing method
applied to the case where the source electrodes 716s and the
drain electrodes 7164 of the TFTs 716 are short-circuited by
a foreign matter 729 will be explained.

[0334] FIGS. 62A to 62C are schematic sectional views
showing the fault repairing method in the order of steps. In
FIGS. 62A to 62C, a symbol 722 denotes the first insulating
film (gate insulating film), and a symbol 723 denotes the
second insulating film (protection insulating film).

[0335] First, the pixel electrode 719 and the data bus line
715 are electrically separated mutually. For example, the
drain electrode 716d is disconnected at a portion indicated
by a dot-dash line in FIG. 61 by irradiating the pulse laser
beam, for example.

[0336] Then, the contact holes 7185, 718¢ are formed on
the drain electrode 7164 (the portion connected to the data
bus line 715) of the TFT 716 and the drain electrode terminal
717a of the spare TFT 717. More particularly, as shown in
FIG. 62A, the laser pulse is irradiated to the second insu-
lating film 723 on the drain electrode 7164 and the terminal
717a and thus, as shown in FIG. 62B, the contact holes
718b, 718¢ are formed. Since this laser beam irradiation
intends not to melt the drain electrode 716d and the terminal
717a but form the contact hole in the second insulating film
723, the short-wavelength laser beam is employed. For
example, if the third harmonic (wavelength 355 nm) or the
fourth harmonic (wavelength 266 nm) of the YAG laser is
employed, the contact holes 718b, 718c can be formed in the
second insulating film 723 without the melting of the drain
electrode 716d and the terminal 717a.

[0337] Then, as shown in FIG. 62C, a conductive pattern
(wiring) 721 that connects electrically the drain electrode
716d and the terminal 717a is formed by the laser CVD
method. According to the laser CVD, the conductive pattern
721 is formed by continuously irradiating the YAG laser
beam whose wavelength is 355 nm, while flowing locally
the Ar (argon) gas containing W (tungsten) organic metal,
Mo (molybdenum) organic metal, or Cr (chromium) organic
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metal around the conductive pattern forming area. At this
time, the concentration of the organic metal gas, the laser
power, the scanning rate, and the number of times of
scanning are adjusted appropriately. For example, as the
conductive pattern 721 forming condition parameters for the
laser CVD, the scanning rate is 3.0 wm/sec, the laser
transmittance rate is 55%, the laser Q switching frequency
is 4 kHz, the flow rate of the carrier gas is 90 cc/min, the
temperature of the material gas is 53° C., and the slit size of
the film forming area is 5 umx5 um. When the inventors of
this application formed actually the conductive pattern
formed of tungsten, the conductive pattern in which the
minimum drawing line width was 5 um, the film thickness
was 30 nm, and the specific resistance was less than 50
#Qcm could be formed.

[0338] In contrast, the source electrode 717s of the spare
TFT 717 is connected electrically to the pixel electrode 719.
That is, the contact hole 7184 in the second insulating film
723 is formed by irradiating the YAG laser beam, for
example, to the overlapped areas of the source electrode
terminal 717b and the pixel electrode 719, and also the pixel
electrode 719 and the source electrode 717s are connected
electrically by melt-jointing (laser welding) the pixel elec-
trode 719 in the concerned area and the source electrode
717s.

[0339] Accordingly, the fault repair of the liquid crystal
panel can be completed.

[0340] According to the fault repairing method for the
liquid crystal display device of the fourth embodiment, since
the conductive pattern for connecting the drain electrode
717d of the spare TFT 717 and the data bus line 715 is
formed by the laser CVD method and then the source
electrode 717s of the spare TFT 717 and the pixel electrode
719 are connected by the melt-joint using the laser, the
defective pixel can be restored into the normal pixel. That is,
according to the fourth embodiment, since the fault is not
made inconspicuous but the defective pixel is restored into
the normal pixel by repairing the fault, the high quality pixel
display can be achieved and also the yield of fabrication of
the liquid crystal display panel can be improved.

[0341] According to the liquid crystal display device of
the fourth embodiment, since the source electrode 717s and
the drain electrodes 717d of the spare TFT 717 are not
connected to the pixel electrodes 719 and the data bus lines
715, the increase of the load capacitance can be avoided.

[0342] In the fourth embodiment, the case where the fault
caused by the short-circuit between the source electrode
716s and the drain e¢lectrodes 7164 of the TFT 716 is
repaired is explained. But the present invention can be
applied to the fault repair caused by the ON characteristic
failure of the TFT 716. That is, if the writing ability lacks
because of the insufficient ON characteristic of the TFT 716,
the source electrode 717s is connected to the pixel electrode
719 by connecting the drain electrodes 717d of the spare
TET 717 to the data bus line 715, without the disconnection
of the drain ¢lectrode 7164 of the TEFT 716, like the above
embodiment. As a result, two TFTs 716, 717 are connected
in parallel to increase the writing ability and thus the
reduction in display quality due to the ON characteristic
failure of the TFT 716 can be avoided.

[0343] In addition, in the fourth embodiment, the conduc-
tive pattern 721 is formed after the drain electrode 7164 is
separated. But the drain electrode 716d may be disconnected
after the conductive pattern 721 is formed.
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[0344] Furthermore, in the fourth embodiment, the case
where one spare TFT is provided is explained. Two spare
TFTs or more may be provided.

[0345] (Fifth Embodiment)

[0346] Afifth embodiment of the present invention will be
explained with reference to FIGS. 63A to 63C hereunder.
Since the fifth embodiment is basically similar to the fourth
embodiment except that the conductive pattern forming
method is different, their detailed explanation will be omit-
ted by affixing the same symbols to the same constituent
elements in FIGS. 63A to 63C as those in FIG. 62.

[0347] In the fourth embodiment, the conductive pattern
721 is formed by the laser CVD method. In contrast, in the
fifth embodiment, the conductive pattern 721 is formed by
baking the conductive paste (conductive chemicals).

[0348] More particularly, as shown in FIG. 63A, like the
fourth embodiment, contact holes 718b, 718¢ are formed on
the drain electrode 7164 of the TFT 716 and the drain
electrode terminal 717a of the spare TFT 717 respectively.

[0349] Then, as shown in FIG. 63B, conductive paste 724
containing Au (gold), Ag (silver), or the like is coated on the
area containing the contact holes 718b, 718c. Then, the
conductive paste 724 is baked by irradiating the laser beam
to the area containing the contact holes 7185, 718c.

[0350] Then, the conductive paste 724 is removed from
the unbaked area. As a result, as shown in FIG. 63C, the
conductive pattern 721 for connecting the drain electrode
7164 of the TFT 716 and the drain electrode terminal 717a
of the spare TFT 717 can be completed.

[0351] In the fifth embodiment, like the fourth embodi-
ment, the liquid crystal display panel having no defective
pixel can be obtained by repairing the fault of the liquid
crystal display panel.

[0352] (Sixth Embodiment)

[0353] A sixth embodiment of the present invention will
be explained with reference to FIG. 64 hereunder. Since the
fifth embodiment is basically similar to the fourth embodi-
ment except that the conductive pattern forming method is
different, their detailed explanation will be omitted by
affixing the same symbols to the same constituent elements
in FIG. 64 as those in FIG. 62.

[0354] In the sixth embodiment, when the contact hole
7184 is formed in the second insulating film after the second
insulating film (protection insulating film) is formed, the
contact hole reaching the drain electrode 716d of the TFT
716 and the contact hole reaching the drain electrode ter-
minal 717a of the spare TFT 717 are formed simultaneously.

[0355] Then, the ITO film is formed on the overall surface.
Then, the pixel electrodes 719 are formed by patterning the
ITO film and also pads 7194 connected to the drain elec-
trodes 716d of the TFTs 716 and pads 7195 connected to the
drain electrode terminals 717a of the spare TFTs 717 are
formed.

[0356] If the short-circuit between the source electrode
716s and the drain electrode 716d of the TFT 716 occurs due
to the foreign matter, as shown in FIG. 65, for example, on
the TFT substrate constructed in this way, the conductive
pattern 721 for connecting the pads 719a, 719b is formed in
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the same manner as the fourth embodiment or the fifth
embodiment. Then, the drain electrode 7164 is disconnected
at a position indicated by a dot-dash line in FIG. 65, for
example.

[0357] In this case, if the short-circuit between the source
electrode 7165 and the drain electrode 716d of the TFT 716
does not occur but the ON characteristic failure of the TFT
716 is caused, there is no necessity to disconnect the drain
electrode 716d.

[0358] According to the sixth embodiment, in addition to
the advantages obtained in the fourth embodiment, there is
such an advantage that there is no need to form the contact
hole in the second insulating film by irradiating the laser
beam in repairing the fault. Also, since the pads 719a, 719b
are formed simultaneously with the pixel electrodes 719, the
increase in the number of steps can be avoided.

[0359] (Seventh Embodiment)

[0360] FIG. 66 is a view showing the TFT substrate of the
liquid crystal display device according to a seventh embodi-
ment of the present invention. In FIG. 66, the same symbols
are affixed to the same constituent elements as those in FIG.
60 and their detailed explanation will be omitted. Also, in the
seventh embodiment, since the configuration of the CF
substrate is basically similar to that in the prior art, the
explanation of the CF substrate will be omitted.

[0361] On the TFT substrate of the liquid crystal display
device according to the seventh embodiment, a spare TFT
731 is provided every pixel in addition to the TFT 716
serving as the switching element.

[0362] This spare TFT 731 consists of a gate electrode
731g formed in the first wiring layer in which the gate bus
line 712 and the storage capacitance bus line 713 are formed,
a silicon film 714¢ formed on the gate electrode 731g via the
first insulating film, and the data bus line 715 and a source
electrode 731s arranged on both sides of the silicon film
714c in the width direction. The source electrode 731s is
arranged in the second wiring layer like the data bus line
715. The source electrode 731s is connected to nowhere. In
this case, a source electrode terminal 731a overlaps with a
part of the pixel electrode 719 to put the protection insulat-
ing film between them. Also, the portion of the data bus line
715 that overlaps with the silicon film 714c¢ acts as the drain
electrode of the TFT 731.

[0363] The fault repairing method for the liquid crystal
display panel according to the seventh embodiment will be
explained with reference to FIG. 67 and FIG. 68 hereunder.
FIG. 68 is a sectional view taken along a III-III line in FIG.
67. In this seventh embodiment, as shown in FIG. 67, the
fault repair applied when the short-circuit between the drain
electrode 7164 and the source electrode 716s of the TFT 716
occurs due to the foreign matter 729 will be explained
hereunder.

[0364] First, the pixel electrode 719 and the data bus line
715 are disconnected electrically. The connecting portion
(portion indicated by a dot-dash line in FIG. 67) between the
drain electrode 7164 and the data bus line 715 is cut off by
irradiating the pulse laser beam, for example.

[0365] Then, contact holes 718g, 718f are formed on the
gate electrode 731g and the gate bus line 712. As explained
in the fourth embodiment, the third harmonic or the fourth
harmonic of the YAG laser is employed to form the contact
holes 718¢, 718f.
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[0366] Then, the conductive pattern for connecting elec-
trically the gate electrode 731g and the gate bus line 712 is
formed by the laser CVD method. According to the laser
CVD, the conductive pattern 732 is formed by continuously
irradiating the YAG laser beam whose wavelength is 355
nm, while flowing the Ar (argon) gas containing W (tung-
sten) organic metal, Mo (molybdenum) organic metal, or Cr
(chromium) organic metal.

[0367] Then, the source electrode 731s of the spare TFT
731 and the pixel electrode 719 are connected electrically.
That is, the contact hole 718¢ is formed in the second
insulating film 723 by irradiating the YAG laser beam, for
example, to the overlapped areas of the source electrode
terminal 731a and the pixel electrode 719, and also the pixel
electrode 719 and the source electrode 731s are connected
electrically by melt-jointing (laser welding) the pixel elec-
trode 719 in the concerned area and the source electrode
717s. Accordingly, the fault repair of the liquid crystal panel
can be completed.

[0368] In the seventh embodiment, in the case of the ON
characteristic failure of the TFT 716, there is no need to
disconnect the TEFT 716 and the data bus line 715. Also, like
the fifth embodiment, the conductive pattern 732 may be
formed by baking the conductive paste. In addition, like the
sixth embodiment, the pads may be formed previously at the
positions that correspond to the contact holes 718, 718g. As
a result, there are omitted the steps of forming the contact
holes in repairing the fault.

[0369] Besides, in the above fourth to seventh embodi-
ment, the fault repair of the liquid crystal display device in
which the protection insulating film is formed on the TFTs
is explained. But the present invention may be applied to the
liquid crystal display device in which the protection insu-
lating film is not formed. In this case, the steps of forming
the contact holes can be omitted.

[0370] (Eighth Embodiment)

[0371] FIG. 69 is a schematic view showing a TFT
substrate of a liquid crystal display device according to an
eighth embodiment of the present invention. In the eighth
embodiment, since the configuration of the CF substrate is
basically similar to that in the prior art, the explanation of the
CF substrate will be omitted.

[0372] A plurality of gate bus lines 812 and a plurality of
data bus lines 815 are formed in a display area 800a of a TFT
substrate 800. The rectangular areas partitioned by the gate
bus lines 812 and the data bus lines 815 are the pixels
respectively. Although the TFT, the pixel electrode, and the
auxiliary capacitance are formed in the pixel respectively,
their illustration is omitted in FIG. 69.

[0373] TAB terminals 822 and spare TAB terminals 821
are aligned along one side (referred to as a “first side”
hereinafter) of the TFT substrate 800. The TAB terminals
822 are divided into a plurality of groups, and the spare TAB
terminals 821 are arranged such that two spare TAB termi-
nals 821 are assigned to each group to put the group between
them. Each spare TAB terminal 821 is connected to the
corresponding data bus line 815. The video signals are
supplied to these TAB terminals 822 via the TAB substrate
(see FIG. 1).

[0374] An alignment pitch of the TAB terminals 822 is set
smaller than an alignment pitch of the data bus lines 815.
Also, a repair terminal 8224 is provided to each data bus line
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815 in vicinity of the TAB terminal 822, and a repair
terminal 822b is provided to the other end side. While, the
spare TAB terminals 821 are connected to the repair termi-
nals 821a that are arranged in vicinity of the spare TAB
terminals 821 respectively.

[0375] One or a plurality (two in FIG. 69) of repair
wirings 824 are formed near the side of the TFT substrate
800 opposing to the first side (referred to as a “second side”
hereinafter) in parallel with the second side.

[0376] Also, TAB terminals 831 and spare TAB terminals
823 are aligned along other one side (referred to as a “first
side” hereinafter) adjacent to the first side of the TFT
substrate 800. Each TAB terminal 831 is connected to the
corresponding gate bus line 812. Also, each spare TAB
terminal 823 is connected to the repair wiring 824. The

scanning signals are supplied to these TAB terminals 831 via
the TAB substrate (see FIG. 1).

[0377] As shown in FIG. 69, all the TAB terminals 822,
831, the spare TAB terminals 821, 823, the repair terminals
822a, 822b, and the repair wiring 824 are provided on the
outside of the display area 800a. Also, the repair terminals
822b of the data bus lines 815 are arranged near the repair
wiring 824.

[0378] The fault repairing method for the liquid crystal
display device according to the eighth embodiment will be
explained with reference to FIGS. 70A and 70B and FIGS.
71A and 71B hereunder. FIG. 71A is a sectional view taken
along a ['V-1V line in FIG. 70A, and FIG. 71B is a sectional
view taken along a V-V line in FIG. 70B.

[0379] In this eighth embodiment, it is on the assumption
that the disconnection of the data bus line 815 occurs at
portions indicated by a x mark in FIGS. 70A and 70B. Also,
in FIGS. 71A and 71B, 802 denotes the first insulating film
(gate insulating film) provided to the TAB substrate 800, and
803 denotes the second insulating film (protection insulating
film).

[0380] First, contact holes 803a to 803d are formed by
irradiating the laser beam onto the repair terminals 822q,
822b of the disconnected data bus line 815, the repair
terminal 821« of the spare TAB terminal 821, and the repair
wiring 824 respectively. According to this laser irradiation,
the contact holes 803a to 803d can be formed in the second
insulating film 803 by employing the short-wavelength laser
beam, without the melting of the repair terminals 821a,
8224, 822b and the repair wiring 824. For example, the third
harmonic (wavelength 355 nm) or the fourth harmonic
(wavelength 266 nm) of the YAG laser can be employed as
the laser beam.

[0381] Then, the conductive pattern 8254 for connecting
electrically the repair terminal 821a and the repair terminal
822g and the conductive pattern 825b for connecting elec-
trically the repair terminal 822b and the repair wiring 824
are formed by the laser CVD method. These conductive
patterns 825a, 825b are formed by continuously irradiating
the YAG laser beam whose wavelength is 355 nm, while
flowing locally the Ar (argon) gas containing W (tungsten)
organic metal, Mo (molybdenum) organic metal, or Cr
(chromium) organic metal around the conductive pattern
forming area. At this time, the concentration of the organic
metal gas, the laser power, the scanning rate, and the number
of times of scanning are adjusted appropriately. For
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example, according to the examination made by the inven-
tors of this application, if the scanning rate is 3.0 um/sec, the
laser transmittance rate is 65%, the laser Q switching
frequency is 4 kHz, the flow rate of the carrier gas is 89
cc/min, the temperature of the material gas is 52° C., and the
slit size of the film forming area is 5 umx5 um, the
conductive pattern in which the minimum drawing line
width is 5 um, the film thickness is 30 nm, and the specific
resistance is less than 50 u€2cm can be formed.

[0382] Then, the spare TAB terminal 821 connected to the
data bus line 815 and the spare TAB terminal 823 are
connected electrically via the wire. Accordingly, the fault
repair of the liquid crystal display device can be completed.

[0383] According to the fault repairing method for the
liquid crystal display device of the eighth embodiment, the
repair terminal 822a and the spare TAB terminal 821 and the
repair terminal 822 and the repair wiring 824 of the data
bus line 815 which is disconnected are connected by the
conductive patterns 8254, 825b formed by the laser CVD
method respectively. As a result, the line fault caused by the
disconnection of the data bus line 815 can be repaired and
thus the liquid crystal display device can be restored to the
normal liquid crystal display device.

[0384] In the above embodiments, the data bus line 815 in
which the fault occurs and the spare TAB terminal 821 are
connected by the conductive pattern and the spare TAB
terminal 821 and the spare TAB terminal 823 are connected
by the wire. However, if the TAB terminal 823 and the TAB
terminal 822 can be directly connected electrically, the spare
TAB terminal 821 and the conductive pattern 825a are not
needed.

[0385] Also, in the eighth embodiment, the conductive
patterns 8254, 825b are formed by the laser CVD method.
As explained in the fifth embodiment, the conductive pattern
may be formed by baking the conductive paste.

[0386] In addition, in the eighth embodiment, the case
where two repair wirings 824 are employed is explained. In
this case, two disconnected data bus lines can be repaired.
But the number of the repair wirings 824 is not limited to
two in the present invention, and one or three repair wirings
may be employed.

[0387] Furthermore, as shown in a plan view of FIG. 72A
and a side view of FIG. 72B, if the repair terminals 8214,
822a, 822b and the repair wiring 824 are arranged on the
outside of the CF substrate 850, the disconnection of the data
bus line 815 can be repaired after the TFT substrate 800 and
the CF substrate 850 are jointed together.

[0388]

[0389] A ninth embodiment of the present invention will
be explained with reference to FIGS. 73A and 73B and
FIGS. 74A and 74B hereunder. Since the ninth embodiment
is basically similar to the eighth embodiment except that the
conductive pattern forming method is different, their
detailed explanation will be omitted by affixing the same
symbols to the same constituent elements in FIGS. 73A,
73B and FIGS. 74A, 74B as those in FIGS. 70A, 70B and
FIGS. 71A, 71B. FIG. 74A is a sectional view taken along
a VI-VI line in FIG. 73A, and FIG. 74B is a sectional view
taken along a VII-VII line in FIG. 73B.

(Ninth Embodiment)
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[0390] In the ninth embodiment, when the contact hole
reaching the source electrode of the TFT is formed in the
second insulating film 803 after the second insulating film
(protection insulating film) 803 is formed, the contact hole
reaching the repair terminals 821a, 822a, 822b and the
contact hole reaching the repair wiring 824 are formed
simultaneously. The contact holes are formed in the repair
wiring 824 at positions that correspond to the repair termi-
nals 822b respectively.

[0391] Then, the ITO film is formed on the overall surface.
Then, the pixel electrodes 719 are formed by patterning the
ITO film and also pads 819a connected to the repair termi-
nals 821a, pads 8195 connected to the repair terminals 821a,
pads 819¢ connected to the repair terminals 822b, and pads
819d connected to the repair wirings 824 are formed.

[0392] If the disconnection of the data bus line 815 is
caused at a position indicated by a x mark, as shown in
FIGS. 73A and 73B, for example, on the TFT substrate
constructed in this manner, the conductive pattern 825¢ for
connecting the pad 819a and the pad 8195 and the conduc-
tive pattern 825d for connecting the pad 819¢ and the pad
819d are formed by the laser CVD method or by baking the
conductive paste.

[0393] According to the ninth embodiment, in addition to
the advantages obtained in the eighth embodiment, there is
such an advantage that there is no need to form the contact
hole in the second insulating film 803 by irradiating the laser
beam upon repairing the fault. Also, since the pads 819a to
8194 are formed simultaneously with the pixel electrodes,
the increase in the number of steps can be avoided.

[0394] Inthe eighth and ninth embodiment, the case where
the disconnection of the data bus line is repaired is
explained. But the present invention can be applied to the
repair of the disconnection of the gate bus line.

What is claimed is:

1. A fault repairing method for a liquid crystal display
device, comprising the steps of:

forming first and second disconnection repairing contact
holes, that have a width larger than a width of a
disconnected wiring and a depth to expose an upper
surface and both side surfaces of the disconnected
wiring respectively, at two locations which are posi-
tioned to sandwich a disconnected portion of the dis-
connected wiring; and

forming first and second conductive films, that are con-
nected electrically to the upper surface and both side
surfaces, on inner walls and surfaces of the first and
second disconnection repairing contact holes to repair
the disconnection.

2. The fault repairing method for a liquid crystal display
device according to claim 1, wherein the first and second
conductive films are formed by a laser CVD method.

3. A fault repairing method for a liquid crystal display
device, comprising the steps of:

forming first and second disconnection repairing contact
holes, that have a width larger than a width of a
disconnected wiring and a depth to expose an upper
surface and both side surfaces of the disconnected
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wiring respectively, at two locations which are posi-
tioned to sandwich a disconnected portion of the dis-
connected wiring; and

forming a conductive film, that is connected electrically to
the upper surface and both side surfaces, on inner walls
and surfaces of the first and second disconnection
repairing contact holes to repair the disconnection.

4. The fault repairing method for a liquid crystal display
device according to claim 3, wherein the conductive film is
formed by a laser CVD method.

5. The fault repairing method for a liquid crystal display
device according to claim 1, wherein both the first and
second conductive films are connected to a pixel electrode.

6. A fault repairing method for a liquid crystal display
device comprising the steps of:

forming a conductive film over an area located between
disconnection end portions of a disconnected wiring by
a laser CVD method; and

connecting electrically the conductive film and the dis-
connection end portions by a laser welding method to
repair the disconnection.

7. Aliquid crystal display device in which a liquid crystal
is sealed between a first substrate, on which first and second
wirings intersected via an insulating film are formed, and a
second substrate that opposes to the first substrate, compris-
ing:

spare wirings that are formed in vicinity of intersecting
positions of the first and second wirings and constitute
a part of a detour route used when an interlayer
short-circuit between the first and second wirings is
repaired.

8. Aliquid crystal display device in which a liquid crystal
is sealed between a first substrate, on which first and second
wirings intersected via an insulating film are formed, and a
second substrate that opposes to the first substrate, compris-

ing:

spare pads that are connected to any one of the first and
second wirings in vicinity of intersecting positions of
the first and second wirings and constitute a part of a
detour route used when an interlayer short-circuit
between the first and second wirings is repaired.
9. A fault repairing method for a liquid crystal display
device comprising the steps of:

disconnecting one wiring of first and second wirings in
which an interlayer short-circuit occurs, at two loca-
tions that sandwich a short-circuit portion to separate
electrically from other wiring; and

forming a detour route to detouring the short-circuit
portion to connect electrically disconnection end por-
tions of one wiring.

10. The fault repairing method for a liquid crystal display
device according to claim 9, wherein the detour route
contains spare wirings, that are formed in vicinity of an
intersecting position of the first and second wirings to repair
an interlayer short-circuit between the first and second
wirings, as a part of its configuration.

11. The fault repairing method for a liquid crystal display
device according to claim 9, wherein the detour route
contains spare pads, that are connected to any one of the first
and second wirings in vicinity of an intersecting position of
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the first and second wirings to repair an interlayer short-
circuit between the first and second wirings, as a part of its
configuration.

12. A liquid crystal display device comprising:

a plurality of gate bus lines;
a plurality of storage capacitance bus lines;

a storage capacitance bus line general electrode connected
commonly to the storage capacitance bus lines, and
arranged to intersect with the plurality of gate bus lines
to sandwich an insulating film;

repairing auxiliary wirings that are intersected with the
storage capacitance bus line general electrode and are
provided electrically independently from the gate bus
lines; and

repairing connecting electrodes arranged on both sides of
the storage capacitance bus lines general electrode in a
width direction respectively, one ends of which overlap
with the gate bus lines and other ends of which overlap
with the repairing auxiliary wirings.

13. The liquid crystal display device according to claim
12, wherein the repairing auxiliary wirings are formed by
same steps as the gate bus lines.

14. The liquid crystal display device according to claim
12, wherein the repairing connecting electrodes are formed
by same steps as the storage capacitance bus line general
electrode.

15. A fault repairing method of repairing a short-circuit
between a gate bus line and a storage capacitance bus line
general electrode in a liquid crystal display device that
includes a plurality of gate bus lines, a plurality of storage
capacitance bus lines, and a storage capacitance bus line
general electrode that is connected commonly to the plural-
ity of storage capacitance bus lines and intersected with the
gate bus lines to sandwich an insulating film between them,
comprising the steps of:

forming repairing auxiliary wirings to intersect with the
storage capacitance bus line general electrode;

forming repairing connection electrodes one ends of
which are connected to the gate bus lines and other ends
of which are connected to the repairing auxiliary wir-
ings; and

disconnecting a gate bus line, that is short-circuited to a
storage capacitance bus line general electrode, on both
sides of the storage capacitance bus line general elec-
trode.

16. A fault repairing method of repairing a short-circuit
between a gate bus line and a storage capacitance bus line
general electrode in a liquid crystal display device that
includes a plurality of gate bus lines, a plurality of storage
capacitance bus lines, and a storage capacitance bus line
general electrode that is connected commonly to the plural-
ity of storage capacitance bus lines and intersected with the
gate bus lines, comprising the steps of:

forming repairing auxiliary wirings to intersect with the
storage capacitance bus line general electrode;

disconnecting a gate bus line, that is short-circuited to a
storage capacitance bus line, on both sides of the
storage capacitance bus line general electrode;
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exposing two locations of the gate bus line to sandwich
the storage capacitance bus line general electrode
between them;

exposing two locations of the repairing auxiliary wiring to
sandwich the storage capacitance bus line general elec-
trode; and

depositing a conductive film on an area extended from an
exposed portion of the gate bus line to an exposed
portion of the repairing auxiliary wiring to connect
electrically the gate bus line to the repairing auxiliary
wiring.

17. A fault repairing method for a liquid crystal display
device that includes switching thin film transistors that are
connected to gate bus lines, data bus lines and pixel elec-
trodes, and spare thin film transistors that are not connected
to the data bus lines, comprising the step of:

forming a conductive pattern, that connects a drain elec-
trode of a spare thin film transistor and a data bus line,
in repairing a fault.

18. The fault repairing method for a liquid crystal display
device according to claim 17, wherein the conductive pat-
tern is formed by a laser CVD method or by baking
conductive chemicals by virtue of a laser beam irradiation.

19. The fault repairing method for a liquid crystal display
device according to claim 17, wherein the spare thin film
transistor is separated from the pixel electrode, a source
electrode of the spare thin film transistor and the pixel
electrode are connected by a laser welding in repairing the
fault.

20. The fault repairing method for a liquid crystal display
device according to claim 17, wherein contact holes are
opened in an insulating film on the drain electrode of a spare
thin film transistor and on a drain electrode of a switching
thin film transistor, by laser beam irradiation before forming
the conductive pattern.

21. The fault repairing method for a liquid crystal display
device according to claim 17, wherein the conductive pat-
tern is formed of any one metal selected from a group
consisting of tungsten, molybdenum, chromium, gold, and
silver.

22. A fault repairing method for a liquid crystal display
device that includes switching thin film transistors that are
connected to gate bus lines, data bus lines and pixel elec-
trodes, and spare thin film transistors that are not connected
to the gate bus lines, comprising the step of:

forming a conductive pattern, that connects at least a gate
electrode of a spare thin film transistor and a gate bus
line, in repairing a fault.

23. The fault repairing method for a liquid crystal display
device according to claim 22, wherein the conductive pat-
tern is formed by a laser CVD method or by baking
conductive chemicals by virtue of a laser beam irradiation.

24. The fault repairing method for a liquid crystal display
device according to claim 22, wherein the spare thin film
transistor is separated from the pixel electrode, a source
electrode of the spare thin film transistor and the pixel
electrode are connected by a laser welding in repairing the
fault.

25. The fault repairing method for a liquid crystal display
device according to claim 22, wherein contact holes are
opened in an insulating film on the gate electrode of a spare
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thin film transistor and on the gate bus line of a switching
thin film transistor, by laser beam irradiation before forming
the conductive pattern.

26. The fault repairing method for a liquid crystal display
device according to claim 22, wherein the conductive pat-
tern is formed of any one metal selected from a group
consisting of tungsten, molybdenum, chromium, gold, and
silver.

27. A liquid crystal display device comprising:

switching thin film transistors that are connected to gate
bus lines, data bus lines and pixel electrodes; and

spare thin film transistors that are not connected to the
gate bus lines, wherein a part of the gate bus lines are
provided as a gate electrode of the spare thin film
transistor.

28. A liquid crystal display device comprising:

switching thin film transistors that are connected to gate
bus lines, data bus lines and pixel electrodes; and

spare thin film transistors that are not connected to the
gate bus lines, wherein a gate electrode of the spare thin
film transistor is arranged between the data bus line and
the pixel electrode.

29. A fault repairing method for a liquid crystal display
device that includes a plurality of bus lines formed on a
substrate, TAB terminals arranged along a first side of the
substrate and connected to the bus lines respectively, and
repair wirings arranged along a second side opposing to the
first side, comprising the step of:

forming at least a conductive pattern for connecting
electrically a bus line and a repair wiring, in repairing
the fault.

30. The fault repairing method for a liquid crystal display
device according to claim 29, wherein the conductive pat-
tern is formed by a laser CVD method or by baking
conductive chemicals by virtue of a laser beam irradiation.

31. The fault repairing method for a liquid crystal display
device according to claim 29, wherein a plurality of repair
wiring are provided.

32. The fault repairing method for a liquid crystal display
device according to claim 29, wherein contact holes are
opened on the bus lines and the repair wirings, by laser beam
irradiation before forming the conductive pattern.

33. The fault repairing method for a liquid crystal display
device according to claim 29, wherein the conductive pat-
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tern is formed of any one metal selected from a group
consisting of tungsten, molybdenum, chromium, gold, and
silver.

34. A liquid crystal display device comprising:

a plurality of first bus lines on a substrate;

a plurality of second bus lines intersected with the plu-
rality of first bus lines via an insulating film;

a plurality of TAB terminals arranged along a first side of
the substrate and connected to the plurality of first bus
lines respectively; and

repair wirings arranged along a second side opposing to
the first side, the repair wirings having no wiring that
intersects with the repair wirings before a fault is
repaired.

35. A liquid crystal display device comprising:

a plurality of first bus lines on a substrate;

a plurality of second bus lines intersected with the plu-
rality of first bus lines via an insulating film;

a plurality of TAB terminals arranged along a first side of
the substrate and connected to the plurality of first bus
lines respectively;

repair wirings arranged along a second side opposing to
the first side;

repair terminals of the first bus lines provided along the
second side;

first connecting pads exposed on the repair terminals and
connected electrically to the repair terminals; and

second connecting pads exposed on the repair wirings and

connected electrically to the repair wirings.

36. The liquid crystal display device according to claim
35, wherein the repair wirings and the first connecting pads
are arranged on an outside of a color filter substrate opposing
to the substrate for sealing liquid crystal between them.

37. The liquid crystal display device according to claim
35, wherein a repair TAB terminal is formed adjacently to
the TAB terminals.

38. The liquid crystal display device according to claim
37, the repair TAB terminal is connected to the first bus line
in repairing the fault.
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