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LIQUID CRYSTAL DISPLAY PANEL AND
METHOD FOR FABRICATING SAME, AND
ARRAY SUBSTRATE AND METHOD FOR
FABRICATING SAME

TECHNICAL FIELD

The present disclosure relates to liquid crystal display pan-
els and methods for fabricating the liquid crystal display
panels, and array substrates and methods for fabricating the
array substrates, and specifically relates to techniques for
repairing a defect by turning the defect to a black spot in a
liquid crystal display panel and an array substrate which
comprises the liquid crystal display panel.

BACKGROUND ART

Liquid crystal display panels include, for example, a TFT
array substrate on which a thin film transistor (hereinafter
also referred to as “TFT”) is provided for each sub-pixel as a
minimum unit of an image, a counter substrate facing the TFT
array substrate, and a liquid crystal layer provided between
the TFT array substrate and the counter substrate.

The TFT array substrate includes, for example, a plurality
of gate lines extending in parallel to each other, a plurality of
capacitor lines each provided between the gate lines and
extending in parallel to each other, a gate insulating film
which covers the gate lines and the capacitor lines, a plurality
of source lines provided on the gate insulating film and
extending in parallel to each other in a direction perpendicular
to the gate lines, a plurality of TFTs provided for each of the
intersections of the gate lines and the source lines, an inter-
layer insulating film which covers the TFTs and the source
lines, and a plurality of pixel electrodes provided in a matrix
pattern on the interlayer insulating film and connected to a
corresponding one of the TFTs.

Each TFT includes, for example, a gate electrode provided
on a transparent substrate, such as a glass substrate, a gate
insulating film which covers the gate electrode, an island-
shaped semiconductor layer provided on the gate insulating
film so as to overlap with the gate electrode, and a source
electrode and a drain electrode provided on the semiconduc-
tor layer so as to be apart from each other. Here, the gate
electrode is alaterally protruding portion of the gate line. The
source electrode is a laterally protruding portion of the source
line. The drain electrode is connected to the pixel electrode
via a contact hole formed in the interlayer insulating film, and
comprises an auxiliary capacitor by overlapping with the
capacitor line via the gate insulating film.

In the liquid crystal display panel, the source electrode and
the drain electrode of the TFT provided for each sub-pixel
may be short-circuited if, for example, conductive foreign
substances or film residues intervene between the source
electrode and the drain electrode. If such an event occurs, a
display signal from the source line is input to the pixel elec-
trode of that sub-pixel all the time, and the sub-pixel is easily
detected as a bright spot. Thus, at the sub-pixel detected as a
bright spot, a defect repair is performed to turn the bright spot
into a black spot by, for example, disconnecting the drain
electrode and connecting a side of the disconnected drain
electrode which is connected to a pixel electrode, with the
gate line or the capacitor line.

For example, Patent Document 1 discloses a method for
repairing a faulty pixel in a TFT type liquid crystal display
device in which a data signal (a display signal) is not applied
to a pixel electrode of the faulty pixel from a data bus line (a
source line). According to the method, a portion of a TFT gate
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electrode which is connected to a gate bus line (a gate line) is
irradiated with optical energy, thereby electrically connecting
the gate electrode and the pixel electrode of the faulty pixel
via a drain electrode, and applying a scan signal of the gate
bus line to the pixel electrode of the faulty pixel.

In the repair method in which a drain electrode and a gate
line are electrically connected to each other as disclosed in
Patent Document 1, a bright spot may not sometimes be
turned into a black spot, but detected as a halftone, depending
on tone characteristics of the liquid crystal layer. Thus, a
method in which a drain electrode and a capacitor line are
electrically connected to turn a bright spot into a black spot is
a mainstream repair method in fabricating liquid crystal dis-
play panels.

CITATION LIST
Patent Document

Patent Document 1: Japanese Patent Publication No.
H9-179143

SUMMARY OF THE INVENTION
Technical Problem

The TFT array substrate having the above configuration
has a low aperture ratio due to the light blocking effect of the
capacitor lines placed in each of the sub-pixels. Thus, a TFT
array substrate having a high aperture ratio is suggested in
which the aperture ratio is improved by sequentially provid-
ing, instead of providing the capacitor lines, a transparent
capacitor electrode and an insulating film between the inter-
layer insulating film and each of'the pixel electrodes, thereby
forming an auxiliary capacitor comprised of the capacitor
electrode, the pixel electrode, and the insulating film therebe-
tween.

However, in this TFT array substrate having ahigh aperture
ratio, if the interlayer insulating film is comprised of a mul-
tilayer film in which a relatively thin inorganic insulating film
and a relatively thick organic insulating film are sequentially
layered, it is difficult to electrically connect the drain elec-
trode and the capacitor electrode which corresponds to the
capacitor line, by irradiating a connection portion with laser
light from the transparent substrate side to repair a defect by
turning the defect into a black spot. This may be because even
if a metal of the drain electrode is diffused in the interlayer
insulating film by the laser light irradiation, the metal of the
drain electrode does not reach the capacitor electrode which
corresponds to the capacitor line because the organic insulat-
ing film comprising the interlayer insulating film is relatively
thick. On the other hand, in the TFT array substrate having a
low aperture ratio, the metal of the capacitor line is diffused in
the relatively thin gate insulating film, and reaches the drain
electrode, by irradiating the connection portion with laser
light from the transparent substrate side. Accordingly, the
drain electrode and the capacitor line are electrically con-
nected to each other, and a defect can be repaired by turning
the defect into a black spot.

Thus, it is an objective of the present disclosure to reliably
connect a drain electrode and a capacitor electrode in repait-
ing a defect by turning the defect into a black spot.

Solution to the Problem

To achieve the above objective, in the present disclosure, an
interlayer insulating film between a drain electrode and a
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capacitor electrode is formed by sequentially layering an
inorganic insulating film and an organic insulating film, and a
connection region is provided at which the drain electrode
and the capacitor electrode overlap each other via the inor-
ganic insulating film exposed from the organic insulating
film.

Specifically, a liquid crystal display panel according to the
present disclosure includes: a plurality of sub-pixels; an array
substrate and a counter substrate which face each other; and a
liquid crystal layer provided between the array substrate and
the counter substrate, and the array substrate including a
plurality of switching elements each provided on a transpar-
ent substrate for a corresponding one of the plurality of sub-
pixels and having a source electrode and a drain electrode
spaced apart from each other, an interlayer insulating film
provided so as to cover the plurality of switching elements
and including an inorganic insulating film and an organic
insulating film sequentially layered, a capacitor electrode
provided on the interlayer insulating film, a capacitor insu-
lating film provided so as to cover the capacitor electrode, and
a plurality of pixel electrodes which are provided on the
capacitor insulating film to face the capacitor electrode, and
each of which forms an auxiliary capacitor for a correspond-
ing one of the plurality of sub-pixels, and is connected to the
drain electrode of a corresponding one of the plurality of
switching elements, while being insulated from the capacitor
electrode, wherein the array substrate includes a connection
region at which the drain electrode and the capacitor electrode
overlap each other via the inorganic insulating film exposed
from the organic insulating film.

According to the above configuration, the interlayer insu-
lating film between the drain electrode and the capacitor
electrode is formed by sequentially layering the inorganic
insulating film and the organic insulating film in the array
substrate, and the array substrate has the connection region
where the drain electrode and the capacitor electrode overlap
each other via the inorganic insulating film exposed from the
organic insulating film. This means that in the connection
region where the drain electrode and the capacitor electrode
overlap each other, the relatively thick organic insulating film
is not provided, but only the relatively thin inorganic insulat-
ing film is provided as an insulating film for electrically
insulating between the drain electrode and the capacitor elec-
trode. Thus, if a sub-pixel in which a short-circuit has
occurred between the source electrode and the drain electrode
is detected as a bright spot, the drain electrode of the sub-pixel
in which the short-circuit has occurred is irradiated with laser
light from the transparent substrate side, for example. As a
result, the metal of the drain electrode is diffused in the
interlayer insulating film (that is, the inorganic insulating film
and the organic insulating film), and the drain electrode is
disconnected. Also, the connection region where the drain
electrode and the capacitor electrode overlap each other via
the inorganic insulating film is irradiated with laser light from
the transparent substrate side. As a result, the metal of the
drain electrode is diffused in the relatively thin inorganic
insulating film, and easily reaches the capacitor electrode.
Consequently, a side of the disconnected drain electrode
which side is connected to the pixel electrode is connected to
the capacitor electrode with reliability. Thus, in the sub-pixel
in which the short-circuit has occurred, the potential of the
pixel electrode is fixed to the potential of the capacitor elec-
trode (e.g., ground potential ), and the bright spot is turned into
a black spot. Thus, the drain electrode and the capacitor
electrode are connected to each other with reliability in
repairing adefect of the liquid crystal display panel by turning
the defect into a black spot.
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Each of the plurality of pixel electrodes may be provided
with an opening which overlaps the connection region.

According to the above configuration, each of the pixel
electrodes is provided with an opening which overlaps the
connection region and functions as a structure controlling the
alignment of the liquid crystal layer, for example. Damage of
the pixel electrode due to the irradiation of the connection
region with the laser light is thus reduced.

In the connection region of the array substrate, a gate
insulating film, the drain electrode, the inorganic insulating
film, the capacitor electrode, the capacitor insulating film, and
each of the plurality of pixel electrodes may be sequentially
layered on the transparent substrate.

According to the above configuration, the connection
region of the array substrate has a multilayered structure of
the pixel electrode (the uppermost layer)/the capacitor insu-
lating film/the capacitor electrode/the inorganic insulating
film/the drain electrode/the gate insulating film/the transpar-
ent substrate (the lowermost layer). Thus, the substrate struc-
ture is such that the drain electrode and the capacitor electrode
can be reliably connected to each other.

A method for fabricating a liquid crystal display panel
according to the present disclosure, the liquid crystal display
panel including a plurality of sub-pixels; an array substrate
and a counter substrate which face each other; and a liquid
crystal layer provided between the array substrate and the
counter substrate, and the array substrate including a plurality
of switching elements each provided on a transparent sub-
strate for a corresponding one of the plurality of sub-pixels
and having a source electrode and a drain electrode spaced
apart from each other, an interlayer insulating film provided
so as to cover the plurality of switching elements and includ-
ing an inorganic insulating film and an organic insulating film
sequentially layered, a capacitor electrode provided on the
interlayer insulating film, a capacitor insulating film provided
so as to cover the capacitor electrode, a plurality of pixel
electrodes which are provided on the capacitor insulating film
to face the capacitor electrode, and each of which forms an
auxiliary capacitor for a corresponding one of the plurality of
sub-pixels, and is connected to the drain electrode of a corre-
sponding one of the plurality of switching elements, while
being insulated from the capacitor electrode, and the array
substrate including a connection region at which the drain
electrode and the capacitor electrode overlap each other via
the inorganic insulating film exposed form the organic insu-
lating film, the method including: a detection step for detect-
ing, in the plurality of sub-pixels, a sub-pixel in which a
short-circuit has occurred between the source electrode and
the drain electrode; and a repair step in which the drain
electrode of the sub-pixel detected as having the short-circuit
in the detection step is irradiated with laser light from a
transparent substrate side, thereby disconnecting the drain
electrode, and in which the connection region is irradiated
with laser light from the transparent substrate side, thereby
connecting a side of the disconnected drain electrode which
side is connected to a corresponding one of the pixel elec-
trodes, with the capacitor electrode.

According to the above method, the interlayer insulating
film between the drain electrode and the capacitor electrode is
formed by sequentially layering the inorganic insulating film
and the organic insulating film in the array substrate, and the
array substrate has the connection region where the drain
electrode and the capacitor electrode overlap each other via
the inorganic insulating film exposed from the organic insu-
lating film. This means that in the connection region where
the drain electrode and the capacitor electrode overlap each
other, the relatively thick organic insulating film is not pro-
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vided, but only the relatively thin inorganic insulating film is
provided as an insulating film for electrically insulating
between the drain electrode and the capacitor electrode. Thus,
if a sub-pixel in which a short-circuit has occurred between
the source electrode and the drain electrode is detected as a
bright spot in the detection step by, for example, a dynamic
operating inspection, the drain electrode of the sub-pixel in
which the short-circuit has occurred is irradiated with laser
light from the transparent substrate side in the repair step. As
a result, the metal of the drain electrode is diffused in the
interlayer insulating film (that is, the inorganic insulating film
and the organic insulating film), and the drain electrode is
disconnected. Also, the connection region where the drain
electrode and the capacitor electrode overlap each other via
the inorganic insulating film is irradiated with laser light from
the transparent substrate side in the repair step. As a result, the
metal of the drain electrode is diffused in the relatively thin
inorganic insulating film, and easily reaches the capacitor
electrode. Consequently, a side of the disconnected drain
electrode which side is connected to the pixel electrode is
connected to the capacitor electrode with reliability. Thus, in
the sub-pixel in which the short-circuit has occurred, the
potential of the pixel electrode is fixed to the potential of the
capacitor electrode (e.g., ground potential), and the bright
spot is turned into a black spot. Thus, the drain electrode and
the capacitor electrode are connected to each other with reli-
ability in repairing a defect of the liquid crystal display panel
by turning the defect into a black spot.

In the repair step, the connection region may be irradiated
with the laser light at an edge portion thereof and an area
outside the connection region that is adjacent to the edge
portion.

According to the above method, an edge portion of the
connection region and an area outside the connection region
which is adjacent to the edge portion are irradiated with laser
light in the repair step. This means that the irradiation with the
laser light is not concentrated only onto the connection
region. Thus, excessive diffusion of the metal of the drain
electrode is reduced, and the drain electrode and the capacitor
electrode are connected to each other with more reliability.

Further, an array substrate according to the present disclo-
sure includes: a plurality of sub-pixels; a plurality of switch-
ing elements each provided on a transparent substrate for a
corresponding one of the plurality of sub-pixels and having a
source electrode and a drain electrode spaced apart from each
other; an interlayer insulating film provided so as to cover the
plurality of switching elements and including an inorganic
insulating film and an organic insulating film sequentially
layered; a capacitor electrode provided on the interlayer insu-
lating film; a capacitor insulating film provided so as to cover
the capacitor electrode; and a plurality of pixel electrodes
which are provided on the capacitor insulating film to face the
capacitor electrode, and each of which forms an auxiliary
capacitor for a corresponding one of the plurality of sub-
pixels, and is connected to the drain electrode of a corre-
sponding one of the plurality of switching elements, while
being insulated from the capacitor electrode, wherein the
array substrate includes a connection region at which the
drain electrode and the capacitor electrode overlap each other
via the inorganic insulating film exposed from the organic
insulating film.

According to the above configuration, the interlayer insu-
lating film between the drain electrode and the capacitor
electrode is formed by sequentially layering the inorganic
insulating film and the organic insulating film, and the array
substrate has the connection region where the drain electrode
and the capacitor electrode overlap each other via the inor-
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ganic insulating film exposed from the organic insulating
film. This means thatin the connection region where the drain
electrode and the capacitor electrode overlap each other, the
relatively thick organic insulating film is not provided, but
only the relatively thin inorganic insulating film is provided as
an insulating film for electrically insulating between the drain
electrode and the capacitor electrode. Thus, if a sub-pixel in
which a short-circuit has occurred between the source elec-
trode and the drain electrodeis detected, the drain electrode of
the sub-pixel in which the short-circuit has occurred is irra-
diated with laser light from a transparent substrate side, for
example. As a result, the metal of the drain electrode is dif-
fused in the interlayer insulating film (that is, the inorganic
insulating film and the organic insulating film), and the drain
electrode is disconnected. Also, the connection region where
the drain electrode and the capacitor electrode overlap each
other via the inorganic insulating film is irradiated with laser
light from the transparent substrate side. As a result, the metal
of the drain electrode is diffused in the relatively thin inor-
ganic insulating film, and easily reaches the capacitor elec-
trode. Consequently, a side of the disconnected drain elec-
trode which side is connected to the pixel electrode is
connected to the capacitor electrode with reliability. Thus, in
the sub-pixel in which the short-circuit has occurred, the
potential of the pixel electrode is fixed to the potential of the
capacitor electrode (e.g., ground potential), and the bright
spot is turned into a black spot. Thus, the drain electrode and
the capacitor electrode are connected to each other with reli-
ability in repairing a defect of the array substrate by turning
the defect into a black spot.

Further, a method for fabricating an array substrate accord-
ing to the present disclosure, the array substrate including: a
plurality of sub-pixels; a plurality of switching elements each
provided on atransparent substrate for a corresponding one of
the plurality of sub-pixels and having a source electrode and
a drain electrode spaced apart from each other; an interlayer
insulating film provided so as to cover the plurality of switch-
ing elements and including an inorganic insulating film and
an organic insulating film sequentially layered; a capacitor
electrode provided on the interlayer insulating film; a capaci-
tor insulating film provided so as to cover the capacitor elec-
trode; a plurality of pixel electrodes which are provided on the
capacitor insulating film to face the capacitor electrode, and
each of which forms an auxiliary capacitor for a correspond-
ing one of the plurality of sub-pixels, and is connected to the
drain electrode of a corresponding one of the plurality of
switching elements, while being insulated from the capacitor
electrode; and a connection region at which the drain elec-
trode and the capacitor electrode overlap each other via the
inorganic insulating film exposed from the organic insulating
film, the method including a detection step for detecting, in
the plurality of sub-pixels, a sub-pixel in which a short-circuit
has occurred between the source electrode and the drain elec-
trode, and a repair step in which the drain electrode of the
sub-pixel detected as having the short-circuit in the detection
step is irradiated with laser light from a transparent substrate
side, thereby disconnecting the drain electrode, and in which
the connection region is irradiated with laser light from the
transparent substrate side, thereby connecting a side of the
disconnected drain electrode which side is connected to a
corresponding one of the pixel electrodes, with the capacitor
electrode.

According to the above method, the interlayer insulating
film between the drain electrode and the capacitor electrode is
formed by sequentially layering the inorganic insulating film
and the organic insulating film, and the array substrate has the
connection region where the drain electrode and the capacitor
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electrode overlap each other via the inorganic insulating film
exposed from the organic insulating film. This means that in
the connection region where the drain electrode and the
capacitor electrode overlap each other, the relatively thick
organic insulating film is not provided, but only the thin
inorganic insulating film is provided as an insulating film for
electrically insulating between the drain electrode and the
capacitor electrode. Thus, if a sub-pixel is detected as having
a short-circuit between the source electrode and the drain
electrode by an optical inspection or an inspection by a charge
detection method in the detection step, the drain electrode of
the sub-pixel in which the short-circuit has occurred is irra-
diated with laser light from the transparent substrate side in
the repair step. As a result, the metal of the drain electrode is
diffused in the interlayer insulating film (that is, the inorganic
insulating film and the organic insulating film), and the drain
electrode is disconnected. Also, the connection region where
the drain electrode and the capacitor electrode overlap each
other via the inorganic insulating film is irradiated with laser
light from the transparent substrate side in the repair step. As
a result, the metal of the drain electrode is diffused in the
relatively thin inorganic insulating film, and easily reaches
the capacitor electrode. Consequently, a side of the discon-
nected drain electrode which side is connected to the pixel
electrode is connected to the capacitor electrode with reliabil-
ity. Thus, in the sub-pixel in which the short-circuit has
occurred, the potential of the pixel electrode is fixed to the
potential of the capacitor electrode (e.g., ground potential),
and a bright spot is turned into a black spot. Thus, the drain
electrode and the capacitor electrode are connected to each
other with reliability in repairing a defect of the array sub-
strate by turning the defect into a black spot.

Advantages of the Invention

According to the present disclosure, an interlayer insulat-
ing film between a drain electrode and a capacitor electrode is
formed by sequentially layering an inorganic insulating film
and an organic insulating film, and a connection region is
provided at which the drain electrode and the capacitor elec-
trode overlap each other via the inorganic insulating film
exposed from the organic insulating film. Thus, the drain
electrode and the capacitor electrode can be reliably con-
nected in repairing a defect by turning the defect into a black
spot.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a liquid crystal display
panel according to the first embodiment.

FIG. 2 is aplan view of a sub-pixel in a TFT array substrate
which comprises the liquid crystal display panel of the first
embodiment.

FIG. 3 is a cross-sectional view of the TFT array substrate
taken along the line ITI-I1I of FIG. 2.

FIG. 4 is an enlarged plan view of a connection region
provided at each sub-pixel in the TFT array substrate, and a
region adjacent to the connection region.

FIG. § is a cross-sectional view of the TFT array substrate
taken along the line V-V of FIG. 4.

FIG. 6 is a cross-sectional view of the liquid crystal display
panel in a repair step.

FIG. 7 is a cross-sectional view of the liquid crystal display
panel after the repair step shown in FIG. 6.

FIG. 8 is an enlarged plan view of a connection region
provided at each sub-pixel in a TFT array substrate which
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comprises a liquid crystal display panel of the second
embodiment, and a region adjacent to the connection region.

FIG. 9 is an enlarged plan view of a connection region
provided at each sub-pixel on a TFT array substrate which
comprises a liquid crystal display panel of the third embodi-
ment, and a region adjacent to the connection region.

FIG. 10 is a cross-sectional view of the TFT array substrate
taken along the line X-X of F1G. 9.

FIG. 111s across-sectional view of a TFT array substrate in
a repair step of the fourth embodiment.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present disclosure will be described in
detail below based on the drawings. The present disclosure is
not limited to the following embodiments.

First Embodiment of Invention

FIG. 1 to FIG. 7 show a liquid crystal display panel and a
method for fabricating the liquid crystal display panel accord-
ing to the first embodiment of the present disclosure. Specifi-
cally, FIG. 1 is a cross-sectional view of a liquid crystal
display panel 50 of the present embodiment. FIG. 2 is a plan
view of a sub-pixel P in a TFT array substrate 30a which
comprises the liquid crystal display panel 50. FIG. 3 is a
cross-sectional view of the TFT array substrate 30a taken
along the line III-II1 of FIG. 2. FIG. 4 is an enlarged plan view
of a connection region R at the sub-pixel P in the TFT array
substrate 30a, and a region adjacent to the connection region
R. FIG. 5 is a cross-sectional view of the TFT array substrate
30a taken along the line V-V of FIG. 4.

As shown in FIG. 1, the liquid crystal display panel 50
includes: a TFT array substrate 30a and a counter substrate 40
which face each other; a liquid crystal layer 45 provided
between the TFT array substrate 30a and the counter substrate
40; and a sealing material 46 in a frame-like shape which
bonds the TFT array substrate 30 and the counter substrate
40 together and encloses the liquid crystal layer 45 between
the TFT array substrate 30a and the counter substrate 40.
Here, in the liquid crystal display panel 50, a surface of the
TFT array substrate 30a protruding from the counter sub-
strate 40 is defined as a terminal region T, and a region
surrounded by the sealing material 46 is defined as a display
region D, as shown in FIG. 1. A plurality of sub-pixels P (see
FIG. 2) are arranged in a matrix in the display region D.

As shown in FIG. 2 and FIG. 3, the TFT array substrate 30a
includes: a transparent substrate 10; a plurality of gate lines
11 provided on the transparent substrate 10 and extending in
parallel to each other; a gate insulating film 12 provided so as
to cover the gate lines 11; a plurality of source lines 14
provided on the gate insulating film 12 and extending in
parallel to each other in a direction perpendicular to the gate
lines 11; aplurality of TFTs 5 each of which is provided for an
intersection of the gate line 11 and the source line 14, that is,
provided for each of the sub-pixels P; an interlayer insulating
film 17 provided so as to cover the TFTs 5 and the source lines
14; a capacitor electrode 184 provided on the interlayer insu-
lating film 17; a capacitor insulating film 19 provided so as to
cover the capacitor electrode 18a; a plurality of pixel elec-
trodes 20a which are provided in a matrix manner on the
capacitor insulating film 19 and each of which is connected to
acorresponding one ofthe TFTs 5; and an alignment film (not
shown) provided so as to cover the pixel electrodes 20a.

As shownin FIG. 2 and FIG. 3, each ofthe TFTs 5 includes:
a gate electrode 11a provided on the transparent substrate 10;
the gate insulating film 12 provided so as to cover the gate
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electrode 114; an island-shaped semiconductor layer 13 pro-
vided on the gate insulating film 12 so as to overlap with the
gate electrode 11a; and a source electrode 14a and a drain
electrode 145 provided on the semiconductor layer 13 so as to
be apart from each other.

As shown in FIG. 2, the gate electrode 11a is a laterally
protruding portion of the gate line 11 for each sub-pixel P. In
the present embodiment, the gate electrode 11a that is a
laterally protruding portion of the gate line 11 is illustrated,
but the gate electrode may be part of the linearly extending
gate line 11.

The semiconductor layer 13 includes, for example, an
intrinsic amorphous silicon layer (not shown) having a chan-
nel region, and an n* amorphous silicon layer (not shown)
provided on the intrinsic amorphous silicon layer such that
the channel region is exposed, and connected to the source
electrode 14a and the drain electrode 145. In the present
embodiment, the semiconductor layer 13 made of amorphous
silicon is illustrated, but the semiconductor layer 13 may be
made, for example, of polysilicon or an In—Ga—Zn—O
based oxide semiconductor.

As shown in FIG. 2, the source electrode 144 is a laterally
protruding portion of the source line 14 for each sub-pixel P.
In the present embodiment, the source electrode 14« thatis a
laterally protruding portion of the source line 14 is illustrated,
but the source electrode may be part of the linearly extending
source line 14.

As shown in FIG. 2 and FIG. 3, the drain electrode 144 is
connected to the pixel electrode 20a, while being insulated
from the capacitor electrode 18a, that is, via a contact hole
19¢ formed in the capacitor insulating film 19 covering the
capacitor electrode 18a.

As shown in FIG. 3 to FIG. 5, the capacitor electrode 18a
is integrally formed across the sub-pixels P, and is provided
with an opening 18¢ for each sub-pixel P at a connection
portion where the drain electrode 145 and the pixel electrode
20a are connected to each other. As shown in FIG. 3 and FIG.
5, the capacitor electrode 18a faces the pixel electrode 20a
with the capacitor insulating film 19 interposed therebe-
tween, thereby forming an auxiliary capacitor 6 for each
sub-pixel P. Further, as shown in FIG. 4, the capacitor elec-
trode 18a protrudes to a left middle portion of the opening 16¢
of an organic insulating film 16 described later.

As shown in FIG. 3 and FIG. 5, the interlayer insulating
film 17 includes an inorganic insulating film 15 closer to the
transparent substrate 10, and an organic insulating film 16
layered on the inorganic insulating film 15. The organic insu-
lating film 16, as shown in FIG. 3 to FIG. 5, is provided with
an opening 16¢ at a connection portion where the drain elec-
trode 14b and the pixel electrode 20a are connected to each
other. The inorganic insulating film 15 is exposed from the
organic insulating film 16 at the opening 16¢. As shown in
FIG. 4 and FIG. 5, the drain electrode 144 and the protruding
portion of the capacitor electrode 184 overlap each other at
the opening 16¢ of the organic insulating film 16 via the
inorganic insulating film 15, thereby forming a connection
region R (see the hatched area in FIG. 4). As shown in FIG. 5,
the connection region R has a multilayered structure of the
pixel electrode 20a (the uppermost layer)/the capacitor insu-
lating film 19/the capacitor electrode 18a/the inorganic insu-
lating film 15/the drain electrode 145/the gate insulating film
12/the transparent substrate 10 (the lowermost layer). In FIG.
4, the pixel electrode (20a) provided all over the figure is
omitted.

The counter substrate 40 includes, for example, a transpar-
ent substrate (not shown), a black matrix (not shown) pro-
vided in a grid pattern on the transparent substrate, a plurality
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of color layers (not shown) including red, green, and blue
layers provided between the grid lines of the black matrix, a
common electrode (not shown) provided so as to cover the
black matrix and each of the color layers, a plurality of colum-
nar photo spacers (not shown) provided on the common elec-
trode, and an alignment film (not shown) provided so as to
cover the common electrode and each of the photo spacers.

The liquid crystal layer 45 is made of a nematic liquid
crystal material having electro-optic characteristics, or the
like.

In the liquid crystal display panel 50 having the above
configuration, a predetermined voltage is applied for each
sub-pixel P across the liquid crystal layer 45 between the
pixel electrode 20a of the TFT array substrate 30a and the
common electrode of the counter substrate 40, to change the
aligned state of the liquid crystal layer 45, whereby the trans-
mittance of light passing through the panel is adjusted for
each sub-pixel P, and thus an image is displayed.

Next, amethod for fabricating a liquid crystal display panel
50a of the present embodiment will be described using FIG.
6 and FIG. 7. Here, the method for fabricating the liquid
crystal display panel 50a of the present embodiment includes
a step of fabricating a TFT array substrate, a step of fabricat-
ing a counter substrate, a step of injecting liquid crystal, a
detection step, and a repair step. FIG. 6 is a cross-sectional
view of the liquid crystal display panel 50 in the repair step.
FIG. 7 is a cross-sectional view of the liquid crystal display
panel 50a after the repair step is performed on the liquid
crystal display panel 50 in FIG. 6.

<Step of Fabricating TFT Array Substrate>

First, a molybdenum film (having a thickness of about 150
nm) etc. is formed on the entire transparent substrate 10, such
as a glass substrate and a plastic substrate, by sputtering, for
example. Thereafter, the molybdenum film is subjected to
photolithography, etching, and resist removal and cleaning,
thereby forming a gate line 11 and a gate electrode 11a. In the
present embodiment, a molybdenum film is used to form the
gate line 11 and the gate electrode 114, but a metal film, such
as an aluminum film, a tungsten film, a tantalum film, a
chromium film, a titanium film, and a copper film, an alloy
film of the metal, a nitride film of the metal, or a multilayer
film of these films may be used to form the gate line 11 and the
gate electrode 11a.

Then, a silicon nitride film (having a thickness of about
from 100 nm to 600 nm) is formed by, for example, plasma
chemical vapor deposition (CVD) on the entire substrate on
which the gate line 11 and the gate electrode 11a are formed,
thereby forming a gate insulating film 12. In the present
embodiment, a silicon nitride film is used to form the gate
insulating film 12, but a single layer film, such as a silicon
oxide film (SiOx), a silicon oxide nitride film (SiOxNy, x>y),
and a silicon nitride oxide film (SiNxQy, x>y), or a multilayer
film of these films may be used to form the gate insulating film
12.

Then, an intrinsic amorphous silicon film (having a thick-
ness of about 100 nm) and an n* amorphous silicon film
(having a thickness of about 50 nm) doped with phosphorus
are sequentially formed by, for example, plasma CVD, on the
entire substrate on which the gate insulating film 12 is
formed. Thereafter, the multilayer film of the intrinsic amor-
phous silicon film and the n* amorphous silicon film is sub-
jected to photolithography, etching, and resist removal and
cleaning, thereby forming a semiconductor layer formation
portion (13).

Further, a titanium film (having a thickness of about from
20 nm to 150 nm) and an aluminum film (having a thickness
of about from 50 nm to 400 nm) are sequentially formed by,
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for example, sputtering, on the entire substrate on which the
semiconductor layer formation portion (13) is formed. There-
after, the metal multilayer film is subjected to photolithogra-
phy, etching, and resist removal and cleaning, thereby form-
ing a source line 14, a source electrode 14q, and a drain
electrode 145. In the present embodiment, a metal multilayer
film of a titanium film and an aluminum film is used to form
the source line 14, the source electrode 14a, and the drain
electrode 145, but a metal film, such as an aluminum film, a
tungsten film, a molybdenum film, a tantalum film, a chro-
mium film, a titanium film, and a copper film, an alloy film of
the metal, a nitride film of the metal, or a multilayer film of
these films may be used to form the source line 14, the source
electrode 14a, and the drain electrode 1454.

Next, using the source electrode 14a and the drain elec-
trode 145 as a mask, the n* amorphous silicon film of the
semiconductor layer formation portion is etched to form a
channel region, thereby forming a semiconductor layer 13
and a TFT 5 having the semiconductor layer 13.

Then, an inorganic insulating film (15), such as a silicon
nitride film, a silicon oxide film, and a silicon nitride oxide
film, is formed to have a thickness of about 300 nm by, for
example, plasma CVD, on the entire substrate on which the
TFT 5 is formed.

Further, a photosensitive resin film made of a photosensi-
tiveacrylicresin is applied in a thickness ofabout from 2.0 um
to 4.0 um by, for example, spin coating or slit coating, on the
entire substrate on which the inorganic insulating film (15) is
formed. Thereafter, the photosensitive resin film is subjected
to exposure, development and baking, thereby forming an
organic insulating film 16 having an opening 16¢.

Next, a transparent conductive film such as an indium tin
oxide (ITO) film is formed to have a thickness of about from
50 nm to 200 nm by, for example, sputtering, on the entire
substrate on which the organic insulating film 16 is formed.
The transparent conductive film is subjected to photolithog-
raphy, etching, and resist removal and cleaning, thereby form-
ing a capacitor electrode 18a having an opening 18¢.

Then, an inorganic insulating film, such as a silicon nitride
film, a silicon oxide film, and a silicon nitride oxide film, is
formed to have a thickness of about 300 nm by, for example,
plasma CVD, on the entire substrate on which the capacitor
electrode 18a is formed. The inorganic insulating film (19)
and the previously-formed inorganic insulating film (15) are
subjected to photolithography, etching, and resist removal
and cleaning, thereby forming an interlayer insulating film 17
including the inorganic insulating film 15 and the organic
insulating film 16, and a capacitor insulating film 19 having a
contact hole 19c¢.

Further, a transparent conductive film such as an ITO film
is formed to have a thickness of about from 50 nm to 200 nm
by, for example, sputtering, on the entire substrate on which
the interlayer insulating film 17 and the capacitor insulating
film 19 are formed. Thereafter, the transparent conductive
film is subjected to photolithography, etching, and resist
removal and cleaning, thereby forming a pixel electrode 20a.

Lastly, a polyimide resin is applied by, for example, a
printing method on the entire surface on which the pixel
electrode 20a is formed. Thereafter, the applied polyimide
resin film is subjected to baking and rubbing treatments,
thereby forming an alignment film.

The TFT array substrate 30a is obtained by the method
described above.

<Step of Fabricating Counter Substrate>

First, a black-colored photosensitive resin is applied by, for
example, spin coating or slit coating, on the entire transparent
substrate, such as a glass substrate and a plastic substrate.
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Thereafter, the applied photosensitive resin film is subjected
to exposure, development, and baking, thereby forming a
black matrix with a thickness of about 1.0 um.

Next, a red-, green-, or blue-colored photosensitive resin is
applied by, for example, spin coating or slit coating, on the
entire substrate on which the black matrix is formed. There-
after, the applied photosensitive resin film is subjected to
exposure, development, and baking, thereby forming a color
layer of a selected color (e.g., a red color layer) with a thick-
ness of about 2.0 um. Similar steps are repeated with respect
to the other two colors to form color layers of the other two
colors (e.g., a green color layer and a blue color layer) with a
thickness of about 2.0 um.

Then, a transparent conductive film such as an [TO film is
formed by, for example, sputtering, to have a thickness of
about from 50 nm to 200 nm on the entire substrate on which
the color layers are formed, thereby forming a common elec-
trode.

Further, a photosensitive resin film made of a photosensi-
tive acrylic resin is applied by, for example, spin coating or
slit coating on the entire substrate on which the common
electrode is formed. Thereafter, the photosensitive resin film
is subjected to exposure, development, and baking, thereby
forming a photo spacer with a thickness of about 4.0 um.

Lastly, a polyimide resin is applied by, for example, a
printing method on the entire substrate on which the photo
spacer is formed. Thereafter, the applied polyimide resin film
is subjected to baking and rubbing treatments, thereby form-
ing an alignment film.

The counter substrate 40 is obtained by the method
described above.

<Step of Injecting Liquid Crystal>

First, for example, a sealing material 46 made of an ultra-
violet (UV) curable, thermosetting resin or the like is printed
in a shape of a frame on the surface of the counter substrate 40
fabricated in the above step of fabricating the counter sub-
strate. Thereafter, a liquid crystal material is dropped onto a
region surrounded by the sealing material 46.

Next, the counter substrate 40 on which the liquid crystal
material is dropped and the TFT array substrate 30a fabri-
cated in the above step of fabricating the TFT array substrate
are bonded together under reduced pressure. Then, the
bonded body is released in the atmospheric pressure to apply
pressure to the front surface and the back surface of the
bonded body.

Then, the sealing material 46 sandwiched in the bonded
body is irradiated with UV light, and thereafter the bonded
body is heated to cure the sealing material 46.

Lastly, the bonded body with the cured sealing material 46
is cut by dicing, for example, to remove unnecessary portions.

The liquid crystal display panel 50 (before inspection) is
obtained by the method described above.

<Detection Step>

In the liquid crystal display panel 50 described above, a
gate inspection signal is input to the gate lines 11 to turnon the
TFTs 5 of all the sub-pixels P, and a source inspection signal
is input to the source lines 14 to input the source inspection
signal to the pixel electrode 20a via the TFTs 5. The gate
inspection signal is a signal of a bias voltage of =10V and a
pulse voltage of +15 V having a period of 16.7 msec and a
pulse width of 50 usec. The source inspection signal is a
signal having a potential of +2 V with its polarity inverted
every 16.7 msec. At the same time, a common electrode
inspection signal having a direct current potential of -1 V is
input to the common electrode of the counter substrate 40 to
input a voltage to the liquid crystal layer 45 between each
pixel electrode 20a in the TFT array substrate 30a and the
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common electrode in the counter substrate 40, thereby turn-
ing on each of the sub-pixels P comprised of the pixel elec-
trode 20a. In, e.g., a normally black mode liquid crystal
display panel 50 (in which the liquid crystal display panel 50
provides black display when no voltage is applied), the dis-
play screen switches from black display to white display at
this time. In a sub-pixel P where a short-circuit S (see the
dot-dot-dash line in FIG. 2) has occurred between the source
electrode 14a and the drain electrode 145 due to film residues,
etc., on/off control of the TFT 5 does not work, and the source
inspection signal is always input to the pixel electrode 20a.
Thus, the sub-pixel P is detected as a bright spot in the black
display screen.

<Repair Step>

If a short-circuit S is detected in the detection step, the
sub-pixel P detected as having the short-circuit S is irradiated
with laser light L at a region X of the drain electrode 145, as
shown in FIG. 2 and FIG. 6, thereby disconnecting the drain
electrode 145 at the region X, and is irradiated with laser light
L ataregionY in the connection region R, thereby connecting
a side of the disconnected drain electrode 145 which side is
connected to the pixel electrode 204, with the capacitor elec-
trode 18a. In the liquid crystal display panel 50a after the
repair step shown in FIG. 7, the drain electrode 145 and the
capacitor electrode 18a which are connected together are
labeled by reference characters 14ba and 18aa, respectively.
The inorganic insulating film 15 located therebetween is
labeled by a reference character 15a. The TFT array substrate
30a including the drain electrode 14ba, the capacitor elec-
trode 18aa, and the inorganic insulating film 154 is labeled by
a reference character 30aa. The laser light L is light output
from, e.g., yttrium aluminum garnet (YAG)laser in a spot size
of about 2.5 umx2.5 um. The liquid crystal display panel 50
can be repaired by being irradiated with laser light, provided
that the size of the connection region R is about 5 pmx5 pum or
larger.

The liquid crystal display panel 50a in which a defect is
repaired by turning the defect into a black spot, is obtained by
the method described above.

As described above, according to the liquid crystal display
panel 50(50a) of the present embodiment and the method for
fabricating the liquid crystal display panel 50(50a), the inter-
layer insulating film 17 between the drain electrode 145 and
the capacitor electrode 18a is formed by sequentially layering
the inorganic insulating film 15 and the organic insulating
film 16 in the TFT array substrate 30a, and the TFT array
substrate 30a has the connection region R where the drain
electrode 145 and the capacitor electrode 18a overlap each
other via the inorganic insulating film 15 exposed from the
organic insulating film 16. This means that in the connection
region R where the drain electrode 144 and the capacitor
electrode 18a overlap each other, the relatively thick organic
insulating film 16 is not provided, but only the relatively thin
inorganic insulating film 15 is provided as an insulating film
for electrically insulating between the drain electrode 145 and
the capacitor electrode 18a. Thus, if a sub-pixel P in which a
short-circuit S has occurred between the source electrode 14a
and the drain electrode 145 is detected as a bright spot in the
detection step by a dynamic operating inspection, the drain
electrode 145 of the sub-pixel P in which the short-circuit S
has occurred is irradiated with laser light L, from the trans-
parent substrate 10 side in the repair step. As a result, the
metal of the drain electrode 145 is diffused in the interlayer
insulating film 17 (that is, the inorganic insulating film 15 and
the organic insulating film 16), and the drain electrode 145 is
disconnected. Also, the connection region R where the drain
electrode 145 and the capacitor electrode 18a overlap each
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other via the inorganic insulating film 15 is irradiated with the
laser light I from the transparent substrate 10 side. As a result,
the metal of the drain electrode 145 is diffused in the rela-
tively thin inorganic insulating film 15, and easily reaches the
capacitor electrode 18a. Consequently, it is possible to con-
nect a side of the disconnected drain electrode 145 which side
is connected to the pixel electrode 20q, with the capacitor
electrode 18a with reliability. Thus, in the sub-pixel P in
which the short-circuit S has occurred, the potential of the
pixel electrode 20aq is fixed to the potential of the capacitor
electrode 18a (e.g., ground potential), and the bright spot is
turned into a black spot. It is thus possible to connect the drain
electrode 145(14ba) and the capacitor electrode 18a(18aa)
with reliability in repairing a defect of the liquid crystal
display panel 50(504) by turning the defect into a black spot.

Second Embodiment of Invention

FIG. 8 is an enlarged plan view of a connection region R
provided at each sub-pixel P in a TFT array substrate 305
which comprises a liquid crystal display panel of the present
embodiment, and an adjacent region of the connection region
R. In FIG. 8, similar to FIG. 4, the pixel electrode (204)
provided all over the figure is omitted. In the following
embodiments, like reference characters have been used to
designate identical elements in FIG. 1 to FIG. 7, and detailed
explanation thereof is omitted.

The first embodiment illustrates a method for fabricating
the liquid crystal display panel 50(50a) in which the most part
of the region Y irradiated with the laser light L is included in
the connection region R. However, the present embodiment
illustrates a method for fabricating a liquid crystal display
panel in which part of a regionY irradiated with laser light L
is included in a connection region R.

The liquid crystal display panel of the present embodiment
includes: a TFT array substrate 305 (see FIG. 8) and a counter
substrate 40 (see FIG. 1) which face each other; a liquid
crystal layer 45 (see FIG. 1) provided between the TFT array
substrate 305 and the counter substrate 40; and a sealing
material 46 (see F1G. 1) ina frame-like shape which bonds the
TFT array substrate 305 and the counter substrate 40 together
and encloses the liquid crystal layer 45 between the TF T array
substrate 305 and the counter substrate 40.

The TFT array substrate 305 includes: a transparent sub-
strate 10 (see FIG. 3); a plurality of gate lines 11 (see FIG. 2)
provided on the transparent substrate 10 and extending in
parallel to each other; a gate insulating film 12 (see FIG. 3)
provided so as to cover the gate lines 11; a plurality of source
lines 14 (see FIG. 2) provided on the gate insulating film 12
and extending in parallel to each other in a direction perpen-
dicular to the gate lines 11; a plurality of TFTs 5 (see FIG. 2
and FIG. 3) each of which is provided for an intersection of
the gate line 11 and the source line 14; an interlayer insulating
film 17 (see F1G. 3) provided so as to cover the TFTs 5 and the
source lines 14; a capacitor electrode 185 (see FIG. 8) pro-
vided on the interlayer insulating film 17; a capacitor insulat-
ing film 19 (see F1G. 3) provided so as to cover the capacitor
electrode 185; a plurality of pixel electrodes 204 (see FIG. 2
and FIG. 3) which are provided in a matrix manner on the
capacitor insulating film 19 and each of which is connected to
acorresponding one ofthe TFTs 5; and an alignment film (not
shown) provided so as to cover the pixel electrodes 20a.

In the TFT array substrate 305, as shown in FIG. 8, the
capacitor electrode 185 protrudes to a lower left portion of the
opening 16¢ of the organic insulating film 16. Further, as
shown in FIG. 8, the drain electrode 145 and the protruding
portion of the capacitor electrode 185 overlap each other at
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the opening 16¢ of the organic insulating film 16 via the
inorganic insulating film 15, thereby forming a connection
region R (see the hatched area in FIG. 8).

The TFT array substrate 305 of the present embodiment
and the liquid crystal display panel having the TFT array
substrate 305 can be obtained by changing the pattern shape
of the capacitor electrode 18a in the step of fabricating the
TFT array substrate according to the first embodiment. Simi-
lar to the first embodiment, the liquid crystal display panel
having the obtained TFT array substrate 305 is subjected to a
detection step. If a short-circuit S is detected, a repair step is
performed. Specifically, in the repair step, similar to the first
embodiment as shown in FIG. 2, the sub-pixel P detected as
having a short-circuit S is irradiated with laser light L at a
region X ofthe drain electrode 145, thereby disconnecting the
drain electrode 145 at the region X, and is also irradiated with
laser light L at a region 'Y shown in FIG. 8 which includes an
upper right portion of the connection region R shown in the
figure and an area outside the connection region R which is
adjacent to the connection region R, thereby connecting a side
of the disconnected drain electrode 145 which side is con-
nected to the pixel electrode 20a, with the capacitor electrode
185.

As described above, according to the liquid crystal display
panel having the TFT array substrate 306 of the present
embodiment and the method for fabricating the liquid crystal
display panel, similar to the first embodiment, the interlayer
insulating film 17 between the drain electrode 145 and the
capacitor electrode 185 is formed by sequentially layering the
inorganic insulating film 15 and the organic insulating film 16
in the TFT array substrate 30, and the TFT array substrate
305 has the connection region R where the drain electrode
145 and the capacitor electrode 185 overlap each other via the
inorganic insulating film 15 exposed from the organic insu-
lating film 16. It is thus possible to connect the drain electrode
144 and the capacitor electrode 185 with reliability in repair-
ing a defect of the liquid crystal display panel by turning the
defect into a black spot.

Further, according to the liquid crystal display panel hav-
ing the TFT array substrate 305 of the present embodiment
and the method for fabricating the liquid crystal display
panel, an edge portion of the connection region R and an area
outside the connection region R which is adjacent to the edge
portion are irradiated with laser light L in the repair step. This
means that the irradiation with the laser light L is not concen-
trated only onto the connection region R. Thus, it is possible
to reduce excessive diffusion of the metal of the drain elec-
trode 145, and connect the drain electrode 145 and the capaci-
tor electrode 185 with more reliability.

Third Embodiment of Invention

FIG. 9 is an enlarged plan view of a connection region R
provided at each sub-pixel P in a TFT array substrate 30¢
which comprises a liquid crystal display panel of the present
embodiment, and an adjacent region of the connection region
R. FIG. 10 is a cross-sectional view of the TFT array substrate
30c¢ taken along the line X-X in FI1G. 9.

In the above embodiments, the TFT array substrates 30a,
305 in which the pixel electrode 20a overlaps the connection
region R are illustrated. In the present embodiment, the TFT
array substrate 30c in which a pixel electrode 205 does not
overlap the connection region R is illustrated.

The liquid crystal display panel of the present embodiment
includes: a TFT array substrate 30¢ (see FIG. 9 and FIG. 10)
and a counter substrate 40 (see F1G. 1) which face each other;
a liquid crystal layer 45 (see FI1G. 1) provided between the
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TFT array substrate 30c and the counter substrate 40; and a
sealing material 46 (see FIG. 1) in a frame-like shape which
bonds the TFT array substrate 30¢ and the counter substrate
40 together and encloses the liquid crystal layer 45 between
the TFT array substrate 30c and the counter substrate 40.

As shown in FIG. 9 and FIG. 10, the TFT array substrate
30c¢ includes: a transparent substrate 10; a plurality of gate
lines 11 (see FIG. 2) provided on the transparent substrate 10
and extending in parallel to each other; a gate insulating film
12 provided so as to cover the gate lines 11; a plurality of
source lines 14 (see FIG. 2) provided on the gate insulating
film 12 and extending in parallel to each other in a direction
perpendicular to the gate lines 11; a plurality of TFTs 5 (see
FIG. 2 and FIG. 3) each of which is provided for an intersec-
tion of the gate line 11 and the source line 14; an interlayer
insulating film 17 provided so as to cover the TFTs 5 and the
source lines 14; a capacitor electrode 186 provided on the
interlayer insulating film 17; a capacitor insulating film 19
provided so as to cover the capacitor electrode 185; a plurality
of pixel electrodes 205 which are provided in a matrix manner
on the capacitor insulating film 19 and each of which is
connected to a corresponding one of the TFTs 5: and an
alignment film (not shown) provided so as to cover the pixel
electrodes 205.

In the TFT array substrate 30c, as shown in FIG. 9, the
capacitor electrode 185 protrudes to a lower left portion of the
opening 16¢ of the organic insulating film 16. Further, as
shown in FIG. 9 and FIG. 10, the drain electrode 1454 and the
protruding portion ofthe capacitor electrode 185 overlap each
other at the opening 16¢ of the organic insulating film 16 via
the inorganic insulating film 15, thereby forming a connec-
tion region R (see the hatched area in FIG. 9).

In the TFT array substrate 30c, the pixel electrode 206 is
provided with an opening 20¢ which overlaps the connection
region R as shown in FIG. 9 and FIG. 10. Here, the opening
20c¢ of the pixel electrode 205 is configured to function as a
structure which controls the alignment of the liquid crystal
layer 45.

The TFT array substrate 30c¢ of the present embodiment
and the liquid crystal display panel having the TFT array
substrate 30c can be obtained by changing the pattern shapes
of the capacitor electrode 18a and the pixel electrode 20a in
the step of fabricating the TFT array substrate according to
the first embodiment. Similar to the first embodiment, the
liquid crystal display panel having the obtained TFT array
substrate 30c is subjected to a detection step. If a short-circuit
S is detected. a repair step is performed. Specifically, in the
repair step, similar to the first embodiment as shown in FIG.
2, the sub-pixel P detected as having a short-circuit S is
irradiated with laser light L at aregion X of the drain electrode
14, thereby disconnecting the drain electrode 145 at the
region X, and is also irradiated with laser light L at aregion Y
shown in FIG. 9 which includes an upper right portion of the
connection region R shown in the figure and an adjacent area
outside the connection region R, thereby connecting a side of
the disconnected drain electrode 145 which side is connected
to the pixel electrode 205, with the capacitor electrode 185.

As described above, according to the liquid crystal display
panel having the TFT array substrate 30c of the present
embodiment and the method for fabricating the liquid crystal
display panel, similar to the first and second embodiments,
the interlayer insulating film 17 between the drain electrode
145 and the capacitor electrode 185 is formed by sequentially
layering the inorganic insulating film 15 and the organic
insulating film 16 in the TFT array substrate 30¢, and the TFT
array substrate 30¢ has a connection region R where the drain
electrode 145 and the capacitor electrode 185 overlap each
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other via the inorganic insulating film 15 exposed from the
organic insulating film 16. It is thus possible to connect the
drain electrode 145 and the capacitor electrode 185 with
reliability in repairing a defect of the liquid crystal display
panel by turning the defect into a black spot.

Further, according to the liquid crystal display panel hav-
ing the TFT array substrate 30¢ of the present embodiment
and the method for fabricating the liquid crystal display
panel, an edge portion of the connection region R and an area
outside the connection region R which is adjacent to the edge
portion are irradiated with laser light L in the repair step. This
means that the irradiation with laser light L is not concen-
trated only onto the connection region R. Thus, it is possible
to reduce excessive diffusion of the metal of the drain elec-
trode 145, and connect the drain electrode 145 and the capaci-
tor electrode 185 with more reliability.

Further, according to the liquid crystal display panel hav-
ing the TFT array substrate 30¢ of the present embodiment
and the method for fabricating the liquid crystal display
panel, each of the pixel electrodes 205 is provided with the
opening 20c which overlaps the connection region R and
functions as a structure controlling the alignment of the liquid
crystal layer 45. It is thus possible to reduce damage of the
pixel electrode 205 due to the irradiation of the connection
region R with the laser light L.

Fourth Embodiment of Invention

FIG. 11 shows a TFT array substrate of an embodiment
according to the present disclosure, and a method for fabri-
cating the TFT array substrate. Specifically, FIG. 11 is a
cross-sectional view of a TFT array substrate 30a of the
present embodiment in a repair step.

In the above embodiments, liquid crystal display panels
and methods for fabricating the liquid crystal display panels
in which the detection step and the repair step are performed
in a panel state are illustrated. In the present embodiment, a
TFT array substrate 30a and a method for fabricating the TFT
array substrate 30a in which a detection step and a repair step
are performed in a substrate state will be illustrated.

The TFT array substrate 30a of the present embodiment is
the same as the TFT array substrate 30q in the first embodi-
ment, but may also be TFT array substrate 305 in the second
embodiment or the TFT array substrate 30¢ in the third
embodiment.

In the TFT array substrate 30a of the present embodiment,
a detection step is performed by detecting a sub-pixel P in
which a short-circuit S has occurred between a source elec-
trode 14a and a drain electrode 145 by, for example, an optical
inspection using a charge coupled device (CCD) camera, or
an inspection by a charge detection method. If a short-circuit
S is detected, a repair step is performed. Specifically, in the
repair step, the sub-pixel P detected as having a short-circuit
Sisirradiated with laser light L at the region X (see FIG. 2) of
the drain electrode 145, thereby disconnecting the drain elec-
trode 145 at the region X, and is also irradiated with laser light
L at the region Y (see FIG. 4) of the connection region R, as
shown in FIG. 11, thereby connecting a side of the discon-
nected drain electrode 145 which side is connected to the
pixel electrode 20a, with the capacitor electrode 18a (see the
TFT array substrate 30aa in FIG. 7).

As described above, according to the TFT array substrate
30q of the present embodiment and the method for fabricating
the TFT array substrate 30q, the interlayer insulating film 17
between the drain electrode 145 and the capacitor electrode
18a is formed by sequentially layering the inorganic insulat-
ing film 15 and the organic insulating film 16, and the TFT
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array substrate 30a has a connection region R where the drain
electrode 145 and the capacitor electrode 18a overlap each
other via the inorganic insulating film 15 exposed from the
organic insulating film 16. This means that in the connection
region R where the drain electrode 145 and the capacitor
electrode 184 overlap each other, the relatively thick organic
insulating film 16 is not provided, but only the relatively thin
inorganic insulating film 15 is provided as an insulating film
forelectrically insulating between the drain electrode 145 and
the capacitor electrode 18a. Thus, if a sub-pixel P is detected
as having a short-circuit S between the source electrode 14a
and the drain electrode 144 by an optical inspection or an
inspection by a charge detection method in the detection step,
the drain electrode 144 of the sub-pixel P in which the short-
circuit S has occurred is irradiated with laser light L from the
transparent substrate 10 side in the repair step. As a result, the
metal of the drain electrode 145 is diffused in the interlayer
insulating film 17 (that is, the inorganic insulating film 15 and
the organic insulating film 16), and the drain electrode 145 is
disconnected. Also, the connection region R where the drain
electrode 145 and the capacitor electrode 18a overlap each
other via the inorganic insulating film 15 is irradiated with
laser light L from the transparent substrate 10 side. As a result,
the metal of the drain electrode 145 is diffused in the rela-
tively thin inorganic insulating film 15, and easily reaches the
capacitor electrode 18a. Consequently, it is possible to con-
nect a side of the disconnected drain electrode 145 which side
is connected to the pixel electrode 20a, with the capacitor
electrode 18a with reliability. Thus, in the sub-pixel P in
which the short-circuit S has occurred, the potential of the
pixel electrode 20a is fixed to the potential of the capacitor
electrode 18a (e.g., ground potential), and a bright spot is
turned into a black spot. It is thus possible to connect the drain
electrode 145 and the capacitor electrode 18a with reliability
in repairing a defect of the TFT array substrate 30a by turning
the defect into a black spot.

In the above embodiments, the repair methods in which the
drain electrode 144 is disconnected are illustrated. However,
instead of disconnecting the drain electrode 145, the source
electrode 14a may be disconnected at a base portion thereofif
the source electrode 14a can be disconnected.

Inthe above embodiments, TFTs are illustrated as a switch-
ing element, but the present disclosure may also be applied to
other 3-terminal switching elements, such as metal oxide
semiconductor field effect transistors (MOSFETS).

In the above embodiments, each pixel is illustrated as hav-
ing three sub-pixels (i.e., red, green and blue sub-pixels), but
the present disclosure may be applied to a liquid crystal
display panel including pixels each of which has four or more
sub-pixels (e.g., red, green, blue and white sub-pixels, or red,
green, blue and yellow sub-pixels).

In the above embodiments, the array substrate in which a
plurality of sub-pixels are arranged in a matrix, and the liquid
crystal display panel having the array substrate areillustrated,
but the present disclosure may be applied to an array substrate
in which a plurality of sub-pixels are arranged in a delta
pattern, and a liquid crystal display panel having such an array
substrate.

In the above embodiments, the TFT array substrate in
which the electrode of the TFT connected to the pixel elec-
trode is a drain electrode is illustrated, but the present disclo-
sure may also be applied to a TFT array substrate in which the
electrode of the TFT connected to the pixel electrode is called
a source electrode.

INDUSTRIAL APPLICABILITY

As described above, according to the present disclosure, a
drain electrode and a capacitor electrode are connected with
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reliability in repairing a defect by turning the defect into a
black spot. Thus, the present disclosure is suitable for a dis-
play panel having an auxiliary capacitor.

20

4. A method for fabricating a liquid crystal display panel,
including:
a plurality of sub-pixels;

DESCRIPTION OF REFERENCE CHARACTERS

L laser light
P sub-pixel
R connection region

5

an array substrate and a counter substrate which face each
other; and

a liquid crystal layer provided between the array substrate
and the counter substrate, and

the array substrate including
a plurality of switching elements each provided on a

S short-circuit 10 transparent substrate for a corresponding one of the
STFT (switching element) plurality of sub-pixels and having a source electrode
6 auxiliary capacitor and a drain electrode spaced apart from each other,
10 transparent substrate an interlayer insulating film provided so as to cover the
12 gate insulating film plurality of switching elements and including an inor-
14a source electrode 15 ganic insulating film and an organic insulating film
145 drain electrode sequentially layered,

15, 15a inorganic insulating film a capacitor electrode provided on the interlayer insulat-
16 organic insulating film ing film,

17 interlayer insulating film a capacitor insulating film provided so as to cover the
184, 185 capacitor electrode 20 capacitor electrode,

19 capacitor insulating film a plurality of pixel electrodes which are provided on the
204, 205 pixel electrode capacitor insulating film to face the capacitor elec-
20¢ opening trode, and each of which forms an auxiliary capacitor
30a, 30aa, 305, 30c TFT array substrate for a corresponding one of the plurality of sub-pixels,
40 counter substrate 25 and is connected to the drain electrode of a corre-
45 liquid crystal layer sponding one of the plurality of switching elements,
50, 50q liquid crystal display panel while being insulated from the capacitor electrode,
The invention claimed is: and

1. A liquid crystal display panel, comprising: the array substrate including a connection region at which
a plurality of sub-pixels; 30 the drain electrode and the capacitor electrode overlap

an array substrate and a counter substrate which face each
other; and

a liquid crystal layer provided between the array substrate
and the counter substrate, and

the array substrate including

a plurality of switching elements each provided on a trans-
parent substrate for a corresponding one of the plurality
of sub-pixels and having a source electrode and a drain
electrode spaced apart from each other,

an interlayer insulating film provided so as to cover the
plurality of switching elements and including an inor-
ganic insulating film and an organic insulating film
sequentially layered,

a capacitor electrode provided on the interlayer insulating
film,

a capacitor insulating film provided so as to cover the
capacitor electrode, and

a plurality of pixel electrodes which are provided on the
capacitor insulating film to face the capacitor electrode,
and each of which forms an auxiliary capacitor for a
corresponding one of the plurality of sub-pixels, and is
connected to the drain electrode of a corresponding one
of the plurality of switching elements, while being insu-
lated from the capacitor electrode, wherein

the array substrate includes a connection region at which
the drain electrode and the capacitor electrode overlap
each other via the inorganic insulating film exposed
from the organic insulating film.

2. The liquid crystal display panel of claim 1, wherein

each of the plurality of pixel electrodes is provided with an
opening which overlaps the connection region.

3. The liquid crystal display panel of claim 1, wherein

in the connection region of the array substrate, a gate insu-
lating film, the drain electrode, the inorganic insulating
film, the capacitor electrode, the capacitor insulating
film, and each of the plurality of pixel electrodes are
sequentially layered on the transparent substrate.
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each other via the inorganic insulating film exposed
form the organic insulating film, the method comprising:

a detection step for detecting, in the plurality of sub-pixels,
a sub-pixel in which a short-circuit has occurred
between the source electrode and the drain electrode;
and

a repair step in which the drain electrode of the sub-pixel
detected as having the short-circuit in the detection step
is irradiated with laser light from a transparent substrate
side, thereby disconnecting the drain electrode, and in
which the connection region is irradiated with laser light
from the transparent substrate side, thereby connecting a
side of the disconnected drain electrode which side is
connected to a corresponding one of the pixel electrodes,
with the capacitor electrode.

5. The method of claim 4, wherein

in the repair step, the connection region is irradiated with
the laser light at an edge portion thereof and an area
outside the connection region that is adjacent to the edge
portion.

6. An array substrate, comprising:

a plurality of sub-pixels;

aplurality of switching elements each provided on a trans-
parent substrate for a corresponding one of the plurality
of sub-pixels and having a source electrode and a drain
electrode spaced apart from each other;

an interlayer insulating film provided so as to cover the
plurality of switching elements and including an inor-
ganic insulating film and an organic insulating film
sequentially layered,

a capacitor electrode provided on the interlayer insulating
film;

a capacitor insulating film provided so as to cover the
capacitor electrode; and

a plurality of pixel electrodes which are provided on the
capacitor insulating film to face the capacitor electrode,
and each of which forms an auxiliary capacitor for a
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corresponding one of the plurality of sub-pixels, and is
connected to the drain electrode of a corresponding one
of the plurality of switching elements, while being insu-
lated from the capacitor electrode, wherein
the array substrate includes a connection region at which
the drain electrode and the capacitor electrode overlap
each other via the inorganic insulating film exposed
from the organic insulating film.
7. A method for fabricating an array substrate, including:
a plurality of sub-pixels;
a plurality of switching elements each provided on a trans-
parent substrate for a corresponding one of the plurality
of sub-pixels and having a source electrode and a drain
electrode spaced apart from each other;
an interlayer insulating film provided so as to cover the
plurality of switching elements and including an inor-
ganic insulating film and an organic insulating film
sequentially layered,
a capacitor electrode provided on the interlayer insulating
film;
a capacitor insulating film provided so as to cover the
capacitor electrode;
a plurality of pixel electrodes which are provided on the
capacitor insulating film to face the capacitor electrode,
and each of which forms an auxiliary capacitor for a
corresponding one of the plurality of sub-pixels, and is
connected to the drain electrode of a corresponding one
of the plurality of switching elements, while being insu-
lated from the capacitor electrode; and
a connection region at which the drain electrode and the
capacitor electrode overlap each other via the inorganic
insulating film exposed from the organic insulating film,
the method comprising
a detection step for detecting, in the plurality of sub-
pixels, a sub-pixel in which a short-circuit has
occurred between the source electrode and the drain
electrode, and

arepair step in which the drain electrode of the sub-pixel
detected as having the short-circuit in the detection
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step is irradiated with laser light from a transparent
substrate side, thereby disconnecting the drain elec-
trode, and in which the connection region is irradiated
with laser light from the transparent substrate side,
thereby connecting a side of the disconnected drain
electrode which side is connected to a corresponding
one of the pixel electrodes, with the capacitor elec-
trode.
8. The liquid crystal display panel of claim 1, wherein
each of the plurality of switching elements is a thin film
transistor including a semiconductor layer made of an
oxide semiconductor.
9. The liquid crystal display panel of claim 8, wherein
the oxide semiconductor is an In—Ga—Z7Zn—O based
oxide semiconductor.
10. The method of claim 4, wherein
each of the plurality of switching elements is a thin film
transistor including a semiconductor layer made of an
oxide semiconductor.
11. The method of claim 10, wherein
the oxide semiconductor is an In—Ga—7n—0O based
oxide semiconductor.
12. The array substrate of claim 6, wherein
each of the plurality of switching elements is a thin film
transistor including a semiconductor layer made of an
oxide semiconductor.
13. The array substrate of claim 12, wherein
the oxide semiconductor is an In—Ga—Z7n—O based
oxide semiconductor.
14. The method of claim 7, wherein
each of the plurality of switching elements is a thin film
transistor including a semiconductor layer made of an
oxide semiconductor.
15. The method of claim 14, wherein
the oxide semiconductor is an In—Ga—Z7n—O based
oxide semiconductor.
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