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LIQUID CRYSTAL DISPLAY APPARATUS
AND METHOD FOR MANUFACTURING
LIQUID CRYSTAL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a display appara-
tus, and particularly to a liquid crystal display apparatus
having a liquid crystal display panel.

Description of the Background Art

[0002] Liquid crystal display panels are used in many
fields such as televisions, car navigation systems, and com-
puters, because of their characteristics such as light weight,
thin shape, and low power consumption. In recent years,
liquid crystal display panels with higher definition or larger
screen are being produced, and the number of pixels in the
panel also tends to increase. Generally, increasing in number
of pixels also increases incidence of defects that adversely
affect the display, which leads to an increase in cost by
lowering production yield. For this reason, the defects have
been recovered by repairing, or converted to defects with
higher tolerance.

[0003] As one such repair method, there is known a
method of converting a bright spot defect into a black spot
defect. Here, the bright spot defect means a defect in which
there are brightly lit pixels even when display on a liquid
crystal panel is in a black display state. Whereas, the black
spot defect means a defect in which there are pixels that are
not lit even when display on the liquid crystal panel is in a
white display state. In general, since the bright spot defect is
easier to see than the black spot defect, repair may be
performed in which the bright spot defect is converted into
the black spot defect (turned to a black spot) in some cases.
[0004] Various techniques are known as such repair meth-
ods. For example, there is also known a method of altering
a color of a coloring matter constituting a color filter into
black (see, Japanese Patent Application Laid-Open No.
2007-102223). Whereas, there is also known a method of
electrically changing to a black spot rather than light shield-
ing in appearance.

[0005] For example, there is known a technique of cutting
off' a connection between a thin film transistor (TFT) and a
pixel electrode that are formed on an array substrate of a
liquid crystal display panel, with means such as a laser (see,
Japanese Patent Application Laid-Open No. 2009-151093).
Further, in a case of a horizontal electric field type liquid
crystal display panel such as an FFS type or an in-plane-
switching type, there is known a technique of short-circuit-
ing a pixel electrode and a counter electrode (common
electrode) on an array substrate (see, Japanese Patent Appli-
cation Laid-Open No. 2010-145667).

SUMMARY

[0006] Since the method of altering a color of a coloring
matter constituting a color filter to black can be performed
after lighting inspection, a bright spot defect can be reliably
grasped. However, there has been a problem that control of
altering into black is difficult and takes time.

[0007] In addition, the method of cutting off a connection
between the thin film transistor and the pixel electrode is
breakage in principle. This causes breakage of surroundings

Oct. 10, 2019

or conduction due to adhesion of a conductive material
scattered around. Further, the method of short-circuiting the
pixel electrode and the counter electrode (common elec-
trode) has a problem that it is difficult to reduce a connection
resistance between the pixel electrode and the counter
electrode (common electrode). As described above, the prior
art for converting a bright spot defect into a black spot defect
(turning to a black spot) has problems that it is difficult to
control, a new problem occurs, and it is difficult to reliably
convert.

[0008] It is an object of the present invention to provide a
technique capable of converting a bright spot defect into a
black spot defect in a fringe field switching type liquid
crystal display panel.

[0009] According to the present invention, there are pro-
vided: a gate wiring and a source wiring that cross each other
in a display area of an array substrate; a pixel, in the display
area, having at least one switching element connected to the
gate wiring and the source wiring, and a pixel electrode; and
a counter electrode facing the pixel electrode via an insu-
lating film. Further, a slit is formed in at least one of the pixel
electrode and the counter electrode; the pixel includes a first
pixel and a second pixel; and an area of a slit of the first pixel
is less than 10% of an area of a slit of the second pixel.
[0010] It is possible to convert a bright spot defect into a
black spot defect without cutting or short-circuiting.
[0011] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a front view showing a configuration of
a TFT array substrate used in a liquid crystal display
apparatus according to an embodiment;

[0013] FIG. 2 is a plan view showing a pixel configuration
of a TFT array substrate according to a first preferred
embodiment;

[0014] FIGS. 3, 4A and 4B, 5A and 5B, and 6 are
cross-sectional views showing a pixel configuration of the
TFT array substrate according to the first preferred embodi-
ment;

[0015] FIGS.7A and 7B, 8A and 8B, 9A and 9B, 10A and
10B, 11A and 11B, 12A and 12B, 13A and 13B, 14A and
14B, 15A and 15B, 16 Aand 16B, 17A and 17B, and 18A and
18B are cross-sectional views showing one manufacturing
process of the TFT array substrate according to the first
preferred embodiment;

[0016] FIGS. 19A and 19B, 20A and 20B, and 21A and
21B are cross-sectional views showing one manufacturing
process of a TFT array substrate according to a modification
of the first preferred embodiment;

[0017] FIGS. 22A and 22B, 23A and 23B, 24A and 24B,
25A and 25B, and 26A and 26B are cross-sectional views
showing one manufacturing process of a TFT array substrate
according to a second preferred embodiment;

[0018] FIGS. 27A and 27B, 28A and 28B, and 29A and
29B are cross-sectional views showing one manufacturing
process of a TFT array substrate according to a modification
of the second preferred embodiment;

[0019] FIGS. 30A and 30B, 31A and 31B, 32A and 32B,
33A and 33B, 34A and 34B, and 35A and 35B are cross-
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sectional views showing one manufacturing process of a
TFT array substrate according to a third preferred embodi-
ment; and

[0020] FIGS. 36, 37, 38, 39, 40, 41, and 42 are cross-
sectional views showing a failure mode causing a bright spot
defect.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

[0021] The following description is for describing
embodiments of the present invention, and the present
invention is not limited to the following embodiments. For
clarity of description, the following description and draw-
ings are omitted and simplified as appropriate. Further, for
clarity of description, redundant description is omitted as
necessary. Moreover, those denoted by the same reference
numerals in the individual drawings indicate similar ele-
ments, and description thereof is appropriately omitted.
[0022] First, a liquid crystal display apparatus will be
described. As will be described later, the liquid crystal
display apparatus is formed by incorporating a liquid crystal
display panel, a driving circuit, a backlight (light source),
and the like into a housing. The liquid crystal display panel
is formed by bonding an array substrate and a counter
substrate such that a liquid crystal material is enclosed inside
thereof. The liquid crystal display apparatus according to the
present embodiment is an FFS mode liquid crystal display
apparatus in which both a pixel electrode and a counter
electrode (common electrode) are formed on an array sub-
strate. Since a thin film transistor is usually used as a
switching element on the array substrate, the array substrate
is sometimes referred to as a TFT array substrate.

[0023] FIG. 1 is a front view showing a configuration of
a TFT array substrate used in the liquid crystal display
apparatus. This TFT array substrate is formed by using a
substrate 1 of glass or the like. A region of the substrate 1 is
sectioned into a display area 41 and a frame area 42
surrounding the display area 41. The display area 41 is a
region corresponding to a display unit of the display appa-
ratus. First, the display area 41 will be described.

[0024] In the display area 41, a plurality of gate wirings
(scanning signal lines) 43 and a plurality of source wirings
(display signal lines) 44 are formed. In addition, a plurality
of common wirings 43a are also formed in parallel to the
gate wirings 43, and the plurality of common wirings 43a
are connected to each other. The plurality of gate wirings 43
are provided in parallel to each other, the plurality of source
wirings 44 are also provided in parallel to each other, and the
plurality of gate wirings 43 and the plurality of source
wirings 44 are provided so as to cross each other. In FIG. 1,
as an example, a region surrounded by a pair of adjacent gate
wirings 43 and a pair of adjacent source wirings 44 is
defined as a pixel 47. Therefore, in the display area 41, the
pixels 47 are arranged in a matrix shape.

[0025] Each pixel 47 is formed with at least one TFT 50
as a switching element. The TFT 50 is disposed near an
intersection of the gate wiring 43 and the source wiring 44,
and the TFT 50 has a gate electrode connected to the gate
wiring 43, a source electrode connected to the source wiring
44, a drain electrode connected to a pixel electrode (not
shown).
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[0026] The TFT 50 is turned ON in response to a gate
signal supplied from the gate wiring 43, and applies a
display voltage (display data) supplied to the source wiring
44 at this time to the pixel electrode. The pixel electrode is
arranged oppositely to the counter electrode having a slit via
an insulating film, and a fringe electric field corresponding
to the display voltage is generated between the pixel elec-
trode and the counter electrode. Although not shown, an
alignment film is formed on a surface of the substrate 1 (a
surface facing the liquid crystal). A detailed configuration of
the pixel 47 will be described later.

[0027] Next, the frame area 42 will be described. In the
frame area 42 of the substrate 1, a scanning signal driving
circuit 45 and a display signal driving circuit 46 are pro-
vided. Although not shown in detail, the gate wiring 43
extends from the display area 41 to the frame area 42, and
is connected to the scanning signal driving circuit 45 via a
gate terminal formed at an end of the substrate 1. Similarly,
the source wiring 44 also extends from the display area 41
to the frame area 42, and is connected to the display signal
driving circuit 46 via a source terminal formed at an end of
the substrate 1. Although not shown, the gate terminal pad
and the source terminal pad made of a transparent conduc-
tive film or the like are respectively formed at the gate
terminal and the source terminal.

[0028] Although not shown, the scanning signal driving
circuit 45 and the display signal driving circuit 46 are also
connected to the common wiring 43a, to maintain the
common wiring 43a to have a common potential. Further, an
external wiring 48 is connected near the scanning signal
driving circuit 45 of the substrate 1, and an external wiring
49 is connected near the display signal driving circuit 46.
The external wirings 48 and 49 are wiring substrates such as
a flexible printed circuit (FPC), for example.

[0029] Various signals from outside are supplied to the
scanning signal driving circuit 45 and the display signal
driving circuit 46 via the external wirings 48 and 49. The
scanning signal driving circuit 45 supplies a gate signal
(scanning signal) to each gate wiring 43 based on a control
signal from outside. This allows the gate wirings 43 to be
sequentially selected. The display signal driving circuit 46
supplies a display signal to each source wiring 44 based on
a control signal and display data from outside. This allows
a display voltage corresponding to the display data to be
supplied to each pixel 47.

[0030] In the liquid crystal display apparatus, the counter
substrate is arranged to face a front side (viewing side) of the
TFT array substrate described above. The counter substrate
may be a so-called “color filter substrate” formed with a
color filter, a black matrix (BM), an alignment film, and the
like. Between the TFT array substrate and the counter
substrate, a liquid crystal layer is sandwiched. That is, a
liquid crystal is introduced between the substrate 1 and the
counter substrate. Further, on an outer surface of the sub-
strate 1 and the counter substrate, a polarizing plate, a
retardation plate, and the like are provided. In addition, on
a back side (opposite to the viewing side) of the liquid
crystal display panel, a backlight unit and the like are
disposed.

[0031] Here, in the FFS type applied to the liquid crystal
display apparatus according to the present embodiment, the
liquid crystal between the TFT array substrate and the
counter substrate is driven by a fringe electric field gener-
ated between the pixel electrode and the counter electrode.
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That is, the fringe electric field changes an alignment
direction of the liquid crystal, and changes a polarization
state of light emitted from the backlight and passing through
the liquid crystal layer. More specifically, the light from the
backlight unit is linearly polarized by the polarizing plate on
the array substrate side (back side), and when this linearly
polarized light passes through the liquid crystal layer, the
polarization state thereof is changed.

[0032] An amount of light passing through the polarizing
plate on the counter substrate side (viewing side) is changed
depending on the polarization state of the light passing
through the liquid crystal layer. The polarization state of the
light depends on the alignment direction of the liquid crystal,
and the alignment direction of the liquid crystal is changed
in accordance with a display voltage that is applied to the
pixel electrode to generate a fringe electric field. Therefore,
controlling the display voltage enables change of the amount
of light passing through the polarizing plate on the viewing
side. Therefore, changing the display voltage for each pixel
enables display of a desired image.

[0033] Subsequently, a pixel configuration of the TFT
array substrate constituting the liquid crystal display appa-
ratus will be described with reference to FIGS. 2 to 5A and
5B. FIGS. 2 and 3 are plan views showing a pixel configu-
ration of the TFT array substrate according to the present
embodiment. FIGS. 4A and 5A are cross-sectional views of
a formation area (hereinafter referred to as “TFT to pixel
electrode part”) from the TFT to a part of the pixel electrode
and the counter electrode on the TFT array substrate, and
respectively correspond to cross sections taken along line
Al1-A2 in FIGS. 2 and 3. FIGS. 4B and 5B are cross-
sectional views of the source wiring and a part of the pixel
electrode and the counter electrode (hereinafter referred to
as “source wiring/pixel electrode part”) on the TFT array
substrate, and respectively correspond to cross sections
taken along line B1-B2 in FIGS. 2 and 3. FIG. 6 is a
cross-sectional view of a formation area of a contact hole
(hereinafter referred to as “contact hole part”) between the
common wiring and the counter electrode on the TFT array
substrate, and corresponds to a cross section taken along line
C1-C2 in FIG. 2 or FIG. 3.

[0034] Here, a pixel 47a shown in a center in FIG. 2 and
a pixel shown in FIGS. 4A and 4B are pixels according to
the present embodiment, that is, the pixels correspond to
pixels subjected to repair in which a bright spot defect is
converted into a black spot defect. Whereas, FIGS. 3 and 5A
and 5B show a pixel arranged other than the center in FIG.
2, that is, pixel not subjected to the above repairing. In the
present embodiment, the repaired pixel and the unrepaired
pixel are mixed in the display area. Therefore, in the
following description, descriptions will be given without
particularly contrasting for contents common to both struc-
tures, and descriptions will be given with contrasting for a
difference. Further, in FIG. 2, the pixel 47a shown in the
center may be referred to as a first pixel, and a pixel 475
illustrated in FIG. 3 may be referred to as a second pixel.
[0035] As shown in FIGS. 2 to 5A and 5B, a plurality of
gate wirings 43 connected to the gate electrode of the TFT
50 are formed on the substrate 1 made of an insulating
material, such as a glass substrate. In the present embodi-
ment, a part of the gate wiring 43 functions as a gate
electrode of the TFT 50. The plurality of gate wirings 43 are
disposed linearly in parallel to each other. Further, on the
substrate 1, the plurality of common wirings 43a formed by
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using the same wiring layer as the gate wiring 43 are formed
in parallel. The common wiring 43a is disposed between the
gate wirings 43, substantially in parallel with the gate wiring
43.

[0036] A first metal film constituting these gate wirings 43
(gate electrodes) and the common wirings 43a is, for
example, formed by Cr, Al, Ta, Ti, Mo, W, Ni, Cu, Au, Ag,
or the like, an alloy film mainly containing any of these, or
a laminated film of any of these.

[0037] On the gate wiring 43 and the common wiring 43«,
a gate insulating film 11 as a first insulating film is formed.
The gate insulating film 11 is formed of an insulating film
such as silicon nitride, silicon oxide, or the like.

[0038] On the gate insulating film 11, a semiconductor
film 2 is formed. As shown in FIGS. 4A and 4B, the
semiconductor film 2 is also disposed under the source
wiring 44, and is formed in a linear shape crossing the gate
wiring 43 in accordance with a formation area of a source
electrode 4. A pattern of the semiconductor film 2 under the
source wiring 44 is orthogonal to the gate wiring 43. The
semiconductor film 2 is formed of amorphous silicon, poly-
crystalline silicon, an oxide semiconductor material such as
In—Ga—Zn—0, or the like.

[0039] The linear semiconductor film 2 also functions as a
redundant wiring of the source wiring 44. That is, even when
the source wiring 44 is disconnected, interruption of the
electric signal can be inhibited by disposing the semicon-
ductor film 2 along the source wiring 44. The linear semi-
conductor film 2 may also function as a redundant wiring
together with an ohmic contact film 3 to be described later.

[0040] Further, a part of the linear semiconductor film 2
branches at the intersection with the gate wiring 43, extends
along the gate wiring 43. and further extends into the pixel
47. The TFT 50 is formed by using a portion of the
semiconductor film 2 branched from the intersection with
the gate wiring 43. That is, in the branched semiconductor
film 2, a portion overlapping with the gate wiring 43 (gate
electrode) is to be an active region constituting the TFT 50.
The semiconductor film 2 is formed of, for example, amor-
phous silicon, polycrystalline polysilicon, an oxide semi-
conductor material such as In—Ga—Zn—O, or the like.

[0041] On the semiconductor film 2, the ohmic contact
film 3 doped with a conductive impurity is formed. The
ohmic contact film 3 is formed on substantially the entire
surface of the semiconductor film 2, but is removed at a
portion to be a channel region of the TFT 50 (a region
between the source electrode 4 and a drain electrode 5). The
ohmic contact film 3 is formed of, for example, n-type
amorphous silicon or n-type polycrystalline silicon doped
with an impurity such as phosphorus (P) at a high concen-
tration. In a case where the semiconductor film 2 is made of
an oxide semiconductor material, formation of the ohmic
contact film may be unnecessary.

[0042] Inaportion overlapping with the gate wiring 43, of
the semiconductor film 2, a region formed with the ohmic
contact film 3 is to be source and drain regions. Referring to
FIGS. 4A and 4B, in the semiconductor film 2, a region
overlapping with the gate wiring 43 under the ohmic contact
film 3 on the left is the source region, and a region over-
lapping with the gate wiring 43 under the ohmic contact film
3 on the right is the drain region. Then, a region sandwiched
between the source region and the drain region in the
semiconductor film 2 is a channel region 51.
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[0043] On the ohmic contact film 3, the source wiring 44,
the source electrode 4, and the drain electrode 5 are formed
by using a same wiring layer. In the TFT part, as shown in
FIGS. 4A and 4B, the source electrode 4 is formed on the
ohmic contact film 3 on the source region side of the TFT 50,
and the drain electrode 5 is formed on the ohmic contact film
3 on the drain region side. The TFT 50 having such a
configuration is called “channel etch TFT”. In the source
wiring/pixel electrode part, as shown in FIGS. 4A and 4B,
the source wiring 44 is formed on the semiconductor film 2
via the ohmic contact film 3, and disposed so as to linearly
extend in a direction crossing the gate wiring 43.

[0044] The source electrode 4 and the drain electrode 5 of
the TFT 50 are separated, but the source electrode 4 is
connected to the source wiring 44. That is, the source wiring
44 branches at the intersection with the gate wiring 43 to
extend along the gate wiring 43, and the extended portion
becomes the source electrode 4. Similarly to the ohmic
contact film 3, the conductive film constituting the source
wiring 44, the source electrode 4, and the drain electrode 5
is formed on substantially the entire surface of the semicon-
ductor film 2, but is removed at a portion to be the channel
region 51 of the TFT 50.

[0045] In the present embodiment, for example, a second
conductive film constituting the source wiring 44, the source
electrode 4, and the drain electrode 5, is formed by Cr, Al,
Ta, Ti, Mo, W, Ni, Cu, Au, Ag, or the like, an alloy film
mainly containing any of these, or a laminated film of any
of these.

[0046] As can be understood from the above description,
the semiconductor film 2 is disposed over substantially the
entire region under the source wiring 44, the source elec-
trode 4, and the drain electrode 5, and in the channel region
51 between the source electrode 4 and the drain electrode 5
located on the gate wiring 43. Further, the ohmic contact
film 3 is disposed between the semiconductor film 2 and
each of the source wiring 44, the source electrode 4, and the
drain electrode 5.

[0047] The drain electrode 5 is electrically connected to a
pixel electrode 6 formed on substantially the entire surface
of aregion of the pixel 47 (a region surrounded by the source
wiring 44 and the gate wiring 43). The pixel electrode 6 is
formed of a transparent conductive film such as indium tin
oxide (ITO).

[0048] As shown in FIGS. 2 to 5A and 5B, the pixel
electrode 6 has a portion directly overlapped on the drain
electrode 5. That is, in that portion, a lower surface of the
pixel electrode 6 is in direct contact with an upper surface of
the drain electrode 5. In addition, the pixel electrode 6
covers substantially the entire surface on the drain electrode
5. However, an end on the channel region side of the pixel
electrode 6 is arranged at substantially the same position as
an end on the channel region side of the drain electrode 5.
Therefore, an end face on the channel region side of the
drain electrode 5 is not covered with the pixel electrode 6.
[0049] In this way, by adopting a configuration in which a
part of the pixel electrode 6 is directly overlapped on the
drain electrode 5 without interposing an insulating film, a
contact hole for electrically connecting the pixel electrode 6
and the drain electrode 5 becomes unnecessary, and a
photoengraving process can be reduced. In addition, since it
becomes unnecessary to secure an area where the contact
hole is arranged, there is also an advantage that an opening
ratio of the pixel 47 can be increased.
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[0050] Further, as shown in FIGS. 2 to 5A and 5B, a first
transparent conductive film pattern 6a, which is in the same
layer as the pixel electrode 6, is also formed overlapping
directly over substantially the entire surface of the source
electrode 4 and the source wiring 44. An end on the channel
region side of the first transparent conductive film pattern 6a
on the source electrode 4 is arranged at substantially the
same position as an end on the channel region side of the
source electrode 4. Therefore, the end on the channel region
side of the source electrode 4 is not covered with the first
transparent conductive film pattern 6a.

[0051] In this way, the first transparent conductive film
pattern 6a in the same layer as the pixel electrode 6 is formed
on substantially the entire surface over the source wiring 44,
the source electrode 4, and the drain electrode 5 that are
formed by using the first metal film. In particular, the first
transparent conductive film pattern 6a on the source wiring
44 also functions as a redundant wiring of the source wiring
44. That is, even when the source wiring 44 is disconnected,
interruption of the electric signal can be inhibited by dis-
posing the first transparent conductive film pattern 6a along
the source wiring 44.

[0052] Top of the pixel electrode 6 (the first transparent
conductive film pattern 6a) is covered with an interlayer
insulating film 12, which is a second insulating film. The
interlayer insulating film 12 is formed of silicon nitride,
silicon oxide, or the like. On the interlayer insulating film
12, a counter electrode 8 made of a second transparent
conductive film such as ITO is formed. The interlayer
insulating film 12 functions as a protective film of the TFT
50, and also functions as an interlayer insulating film
between the pixel electrode 6 and the counter electrode 8.
The counter electrode 8 is formed over the entire surface at
least within the display area 41 of the TFT array substrate
except for a slit 84. Therefore, the counter electrode 8 faces
the pixel electrode 6 via the interlayer insulating film 12 in
a film thickness direction.

[0053] Here, since the counter electrode 8 is a significant
element in the present embodiment, details thereof will be
described later, and a connection structure between the
counter electrode 8 and the common wiring 43a will be
described first. As shown in FIG. 6, the counter electrode 8
is electrically connected to the common wiring 43a that is
supplied with a common potential via a contact hole 13
passing through the interlayer insulating film 12 and the gate
insulating film 11.

[0054] Hereinafter, a structure of the second pixel will be
described by comparing with a structure of the first pixel
according to the present embodiment. As shown in FIGS. 3
and 5A and 5B, in the second pixel 475 the counter electrode
8 is arranged oppositely to the pixel electrode 6 via the
interlayer insulating film 12, and provided with the slit 8a
for generation of a fringe electric field between with the
pixel electrode 6. Since a fringe electric field is generated
between the pixel electrode 6 and the counter electrode 8
near the slit 8a, normal display is performed by controlling
an alignment direction and a polarization state of the liquid
crystal.

[0055] Whereas, as shown by the pixel 474 in FIG. 2, in
the first pixel according to the present embodiment, the slit
8a is not formed in the counter electrode 8. While a
manufacturing method will be described later, this is a
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structure in which there is no slit in a pixel in which it has
been found, by inspection in advance, that a bright spot
defect is to occur.

[0056] By thus intentionally leaving the counter electrode
8 in the plate shape without providing the slit 8a, a fringe
electric field is not to be generated between the counter
electrode 8 and the pixel electrode 6, even when the TFT 50
1s turned ON in accordance with a gate signal supplied from
the gate wiring 43 and a display voltage (display data)
supplied to the source wiring 44 is applied to the pixel
electrode 6.

[0057] For this reason, light from the backlight unit does
not pass through the liquid crystal layer since the light is not
linearly polarized even with the polarizing plate on the array
substrate side (back side), and the polarization state does not
change.

[0058] Further, an amount of light passing through the
polarizing plate on the counter substrate side (viewing side)
is not changed because no fringe electric field is generated
in the first pixel. Here, the liquid crystal display panel
according to the present embodiment is a normally black
panel in which black spots are displayed when no fringe
electric field is generated. That is, the first pixel 47 is a black
display pixel. Such a structure enables repair of a pixel that
has possibly caused a bright spot defect to a black spot
defect.

[0059] In the present embodiment, the structure having no
slit of the counter electrode has been illustrated and
described, but, it is not limited to a structure having no slit
at all. Even if an area of the slit is made smaller than that of
the second pixel by partially eliminating the slit, the bright
spot can be turned to a black spot by the elimination. In order
to convert a bright spot defect into a black spot defect, it is
desirable to reduce the slit area by 90% or more.

[0060] Further, in this first preferred embodiment, the
structure has been described in which the counter electrode
1s located in an upper layer than that of the pixel electrode.
However, the first preferred embodiment may also be
applied to a structure in which, on the contrary, the pixel
electrode is in an upper layer than that of the counter
electrode. In this case, an object not formed with the slit is
a pixel electrode rather than a counter electrode.

[0061] Further, in FIGS. 2 and 3, the configuration has
been described in which the counter electrode 8 is connected
over the entire surface within the display area 41, but the
shape of the counter electrode 8 is not limited to this. As
shown in FIGS. 2 and 3, since the counter electrode 8 of each
pixel 47 is electrically connected to the common wiring 43a
via the contact hole 13, the counter electrodes 8 of the
respective pixels 47 adjacent to each other with the gate
wiring 43 interposed in between may be separated from each
other, as long as a same signal (voltage) is applied to each
of the common wirings 43a. Further, the counter electrode
8 may be separated for each pixel.

[0062] A direction of the slit of the counter electrode 8
may be any direction. Further, a length direction of the slit
may be different for each counter electrode 8. A shape of the
counter electrode 8 may be any shape as long as it is possible
to generate a fringe electric field between with the pixel
electrode 6, such as a comb shape, for example.

[0063] Further, the present invention is not limited to the
application to the TFT array substrate having a TFT, but can
be widely applied to a TFT array substrate having a con-
figuration in which a pixel electrode is directly overlapped
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and formed on the drain electrode of the TFT of each pixel.
Furthermore, even in the FFS type TFT array substrate in
which the drain electrode and the pixel electrode of the TFT
are formed in different layers via the insulating film and the
both are connected via a contact hole opened to the insu-
lating film, the present embodiment can be applied.

[0064] Manufacturing Method

[0065] Next, a manufacturing method of a liquid crystal
display apparatus, particularly a manufacturing method of a
TFT array substrate will be described. FIGS. 7A and 7B to
18A and 18B are views showing a manufacturing process of
the TFT array substrate. FIGS. 7A and 7B to 18A and 18B
individually show a cross section of the TFT to pixel
electrode part (cross section taken along line A1-A2 in FIG.
2) and a cross section of the source wiring/pixel electrode
part in each process. In order to more clearly describe the
features of the present invention, as a cross-sectional view of
the source wiring/pixel electrode part, similarly to the
description in the structure of the pixel, a cross-sectional
view at a portion indicated by B1-B2 in FIG. 2 is shown.
[0066] First, a transparent insulating substrate 1 made of
glass or the like is cleaned, and the entire surface of the
substrate 1 is formed with a first metal film made of Cr, Ag,
Ta, Ti, Mo, W, Ni, Cu, Au, or Ag, an alloy film mainly
containing any of these, or a laminated film of any of these,
for example, by a sputtering method, an evaporation
method, or the like.

[0067] Next, a resist (not shown) is applied on the first
metal film, and the resist is exposed from above a photomask
to sensitize the resist. The sensitized resist is developed and
patterned to form a resist pattern. Then, the first metal film
is patterned by etching with this resist pattern as a mask, to
form the gate wiring 43 (gate electrode) and the common
wiring 43a, and then the resist pattern is removed. The
structure at this point is shown in FIGS. 7A and 7B.
[0068] Hereinafter, a series of processes for forming the
resist pattern in such a pattern forming process will be
referred to as “photolithography process”, a process of
patterning with use of the resist pattern is referred to as
“etching process”, and a process of removing the resist
pattern is referred to as “resist removal process”. Through a
first photolithography process, a first etching process, and a
first resist removal process that are described above, the gate
wiring 43 (gate electrode) and the common wiring 43a that
are made by the first metal film are formed on the substrate
1 as shown in FIGS. 7A and 7B.

[0069] Next, a first insulating film to be the gate insulating
film 11, the semiconductor film 2, and the ohmic contact film
3 are formed in this order so as to cover the gate wiring 43
and the common wiring 43a. These are formed on the entire
surface of the substrate 1 by plasma chemical vapor depo-
sition (CVD), atmospheric pressure CVD, reduced pressure
CVD, or the like.

[0070] As the gate insulating film 11, silicon nitride,
silicon oxide, or the like can be used. In order to inhibit a
short circuit due to an occurrence of a film defect such as a
pinhole, formation of the gate insulating film 11 is desirably
divided into a plurality of times. As the semiconductor film
2, amorphous silicon, polycrystalline silicon, or the like can
be used. Further, as the ohmic contact film 3, n-type amor-
phous silicon or n-type polycrystalline silicon added with an
impurity such as phosphorus (P) at high concentration can
be used. As the semiconductor film 2, an oxide semicon-
ductor film such as In—Ga—Zn—O0 or the like may be
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formed by a sputtering method. In this case, the ohmic
contact film may be unnecessary.

[0071] In addition, the ohmic contact film 3 is formed
thereon with a second metal film of Cr, Ag, Ta, Ti, Mo, W,
Ni, Cu, Au, or Ag, an alloy film mainly containing any of
these, or a laminated film made of any of these, for example,
by a sputtering method, an evaporation method, or the like.
[0072] Next, a resist pattern is formed by a second pho-
tolithography process, and the second metal film, the ohmic
contact film 3, and the semiconductor film 2 are sequentially
etched by a second etching process with the resist pattern as
a mask. The structure at this point is shown in FIGS. 8A and
8B.

[0073] In this second etching process, the second metal
film is patterned into a shape formed of the source wiring 44
and a metal film 40 branched from the source wiring 44 and
extending to a formation area of the TFT 50. The metal film
40 branched from the source wiring 44 is divided into two
in a later process to become the source electrode 4 and the
drain electrode 5, That is, at this point of time, the second
metal film (metal film 40) remains at a portion to be the
channel region 51 of the TFT 50, and the source electrode 4
and the drain electrode 5 are connected. That is, in the
second etching process, the source electrode 4 and the drain
electrode 5 in a state of being connected to each other are
formed, and the source wiring 44 connected to the source
electrode 4 is formed.

[0074] In addition, the ohmic contact film 3 and the
semiconductor film 2 are also etched with use of the same
mask as that of the patterning of the second metal film
(substantially, the patterned second metal film serves as a
mask). This allows the ohmic contact film 3 and the semi-
conductor film 2 to be patterned into the same shape as the
second metal film.

[0075] In this manner, since the same mask is used for
patterning of the second metal film and for patterning of the
ohmic contact film 3 and the semiconductor film 2, the
patterning of these can be integrated into one etching
process (second etching process). Thereafter, a second resist
removal process of removing the resist pattern formed in the
second photolithography process is performed.

[0076] Next, a first transparent conductive film 60 to be
the pixel electrode 6 is formed on the entire surface of the
substrate 1 by a sputtering method or the like. The structure
at this point is shown in FIGS. 9A and 9B. As the first
transparent conductive film 60, ITO or the like can be used.
[0077] Then, by a third photolithography process, resist
film (not shown) covers the first transparent conductive film
60 5o as to form the first transparent conductive film pattern
6a and the pixel electrode 6, and the pattern is formed by a
third etching process.

[0078] Moreover, in the third etching process, after etch-
ing away of the first transparent conductive film 60 and the
second metal film 40 that are not covered with the above
resist film, the ohmic contact film 3 exposed in the channel
region 51 is also removed. Although not shown, a surface of
the semiconductor film 2 is often slightly etched away in
practice because the ohmic contact film 3 may cause failure
of a bright spot defect when partially remaining. The struc-
ture at this point is shown in FIGS. 10A and 10B.

[0079] In the above description, there has been described
that the resist pattern formed in the third photolithography
process serves as an etching mask in etching of the first
transparent conductive film 60, the second metal film 40, the
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ohmic contact film 3, and the semiconductor film 2 in the
third etching process. However, etching of the second metal
film 40, the ohmic contact film 3, and the semiconductor film
2 may be performed with, as a mask, the first transparent
conductive film pattern 6a (including the pixel electrode 6)
after the patterning and in a state where the above resist
pattern is removed. Thereafter, by a third resist removal
process, the resist pattern formed by the fourth photolithog-
raphy process is removed.

[0080] Subsequently. a second insulating film to be the
interlayer insulating film 12 is formed. The structure at this
point is shown in FIGS. 11A and 11B. For the interlayer
insulating film 12, for example, an inorganic insulating film
such as silicon nitride, silicon oxide, or the like is formed
over the entire surface of the substrate 1 by CVD method,
spin-on glass (SOG), or the like. This allows the pixel
electrode 6 and the first transparent conductive film pattern
6a to be covered with the interlayer insulating film 12. In
addition, the channel region 51 of the semiconductor film 2
is covered with the interlayer insulating film 12.

[0081] Next, by a fourth photolithography process and a
fourth etching process, the contact hole 13 passing through
the interlayer insulating film 12 and the gate insulating film
11 is formed. As shown in FIG. 6, the contact hole 13 is
formed so as to reach the common wiring 43a.

[0082] Although not shown, the frame area 42 is formed
with a terminal (gate terminal) for connection of the gate
wiring 43 to the scanning signal driving circuit 45 and a
terminal (source terminal) for connection of the source
wiring 44 to the display signal driving circuit 46, with used
of a wiring layer (first metal film) in the same layer as the
gate wiring 43 or a wiring layer (second metal film) in the
same layer as the source wiring 44. In the fourth photoli-
thography process and the fourth etching process, a contact
hole reaching the above terminals is also formed.

[0083] Thereafter, by a fourth resist removal process, the
resist pattern formed by the fourth photolithography process
is removed.

[0084] Next, on the interlayer insulating film 12, a second
transparent conductive film 80 to be the counter electrode 8
is formed on the entire surface of the substrate 1 by a
sputtering method or the like.

[0085] As the second transparent conductive film 80, an
amorphous transparent conductive film such as an amor-
phous ITO (a-ITO) film or the like can be used. In the first
preferred embodiment, as will be described later, heat is
applied to the a-ITO film to form a film (etching inhibition
layer) that is not to be etched. Accordingly, it is assumed that
the formed film is a transparent conductive film and has a
property to be subjected to heat treatment after the etching
process.

[0086] Then, in the second pixel, as will be described later,
the second transparent conductive film is patterned by a fifth
photolithography process, to form the counter electrode 8
having the slit 8a as shown in FIGS. 3 and 5A and 5B.
Whereas, the first pixel is, as will be described later, formed
with the counter electrode 8 having no slit 8a, as shown in
FIGS. 2 and 4A and 4B. Further, as shown in FIG. 6, the
counter electrode 8 is also formed inside the contact hole 13
so as to be in contact with the common wiring 43a.

[0087] At this time, although not shown in the frame area
42, there are formed a pad (gate terminal pad) connected to
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the gate terminal via a contact hole, and a pad (source
terminal pad) connected to the source terminal via a contact
hole.

[0088] As described above, the present embodiment has
the feature that no slit is provided in the counter electrode of
the first pixel alone in which a bright spot defect is to occur.
Hereinafter, a manufacturing method of the counter elec-
trode 8 will be described while contrasting the first pixel and
the second pixel.

[0089] The patterning method of the counter electrode will
be described below with reference to cross-sectional views.
FIGS. 12A and 12B are cross-sectional views of the TFT to
pixel electrode part in the first pixel and the second pixel,
respectively. This similarly applies to FIGS. 13A and 13B
and the subsequent figures. Note that the cross-sectional
view of the TFT to pixel electrode part corresponds to the
cross section taken along line A1-A2 in FIG. 2 or FIG. 3.
Further, FIG. 12A corresponds to the first pixel, and FIG.
12B corresponds to the second pixel. This similarly applies
to FIGS. 13A and 13B and the subsequent figures.

[0090] FIGS.12A and 12B show a state where, the second
transparent conductive film 80 to be the counter electrode 8
on the interlayer insulating film 12 is formed on the entire
surface of the substrate 1 by a sputtering method or the like.
At this point of time, both figures are in a same state.
[0091] Next, laser light irradiation LR is performed on the
second transparent conductive film 80 in the first pixel that
has been specified, as a pixel in which a bright spot defect
is to occur, in advance by an optical defect inspection
apparatus or the like. This state is shown in FIG. 13A.
Whereas, since the second pixel corresponding to FIG. 13B
is not irradiated with laser light, FIG. 13B does not change
from FIG. 12B. Note that a method of specifying a pixel in
which a bright spot defect is to occur will be described later
by giving a representative defect failure mode.

[0092] This laser light irradiation changes a part of the
second transparent conductive film 80 in the first pixel into
a crystallized transparent conductive film 80a. This state is
shown in FIG. 14A. Whereas, since the second pixel corre-
sponding to FIG. 14B is not irradiated with laser light, FIG.
14B does not change from FIG. 12B.

[0093] Here, a region irradiated with the laser light may be
the entire first pixel, but may be merely a region overlapping
with the pixel electrode 6. This is because the generation of
the fringe electric field can still be sufficiently suppressed.
[0094] A wavelength at which the transparent conductive
film does not transmit light is suitable for the wavelength of
the laser light, and the wavelength may be, for example, 266
nm. Too strong power of the laser light may break the second
transparent conductive film 80, while too weak power is not
able to sufficiently crystallize the second transparent con-
ductive film 80, on the contrary. Therefore, appropriate
adjustment is necessary.

[0095] For a laser light irradiation apparatus, for example,
a laser light of a CVD repair laser apparatus may be used.
Other apparatuses can also perform such a process as long
as the apparatus can locally apply heat treatment to the first
pixel alone.

[0096] Next, as shown in FIGS. 15A and 15B, a resist
pattern PR is formed by the fifth photolithography process.
This process is for forming the counter electrode 8 and the
slit 8¢ by subsequent etching, but the process is similarly
performed not only for the second pixel but also for the first
pixel.
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[0097] Next, FIGS. 16A and 16B show cross-sectional
views of a state where a fifth etching is petformed. In this
etching process, there is used an etching solution (etchant),
such as oxalic acid, having a remarkably high etching rate of
an amorphous transparent conductive film as compared with
a crystallized transparent conductive film.

[0098] By using such an etching solution, while the sec-
ond transparent conductive film 80 exposed at the counter
electrode 8§ of the second pixel is selectively etched away,
the crystallized transparent conductive film 80q in the first
pixel irradiated with the laser light is not etched away. That
is, as shown in FIGS. 2 and 4A and 4B, the first pixel is
formed with the counter electrode 8 without a slit.

[0099] Whereas, the second pixel is formed with the
counter electrode 8 having the slit 84, as shown in FIGS. 3
and 5A and 5B. Such a difference can also be said to be
caused by the fact that the second transparent conductive
film 80 in the first pixel has been changed to an etching
inhibition layer, which is the crystallized transparent con-
ductive film 80a.

[0100] Then, the resist pattern PR is removed. This state is
shown in FIGS. 17A and 17B. In this state, the second
transparent conductive film in the first pixel is crystallized,
but the second transparent conductive film in the second
pixel not irradiated with laser light remains amorphous.
[0101] In the subsequent process, the amorphous film
described above may be crystallized by applying a heat
treatment to the entire surface of the substrate with an
annealing apparatus or the like. That is, all of the second
transparent conductive film 80 formed on the array substrate
may be changed to the crystallized transparent conductive
film 80q. This state is shown in FIGS. 18A and 18B.
[0102] (Modification)

[0103] In the manufacturing method according to the
present embodiment, the manufacturing method has been
described in which laser light is irradiated after the forma-
tion of the second transparent conductive film 80 (shown in
FIGS. 12A and 12B). The process of irradiating laser light
may be after formation of the resist pattern in the fifth
photolithography process (shown in FIGS. 15A and 15B).
Hereinafter, this manufacturing method will also be
described with reference to cross-sectional views of the TFT
to pixel electrode part.

[0104] FIGS. 19A and 19B are cross-sectional views of
the source wiring/pixel electrode part in the first pixel and
the second pixel, respectively. Both figures show a state
where laser light irradiation LR is performed after the fifth
photolithography process. Before the laser light irradiation,
the second transparent conductive film 80 in the first pixel
remains amorphous.

[0105] This laser light irradiation changes the second
transparent conductive film 80 in the first pixel into the
crystallized transparent conductive film 80a, in a region not
covered with a resist PR. This state is shown in FIG. 20A.
Whereas, since the second pixel corresponding to FIG. 20B
is not irradiated with laser light, FIG. 20B does not change
from FIG. 19B.

[0106] Selection of a wavelength and power of the laser
light is as described in the first preferred embodiment, but it
is also necessary to consider not to cause damage to the
resist PR in this modification.

[0107] Next, FIGS. 21A and 21B show cross-sectional
views of a state where the fifth etching is performed to
remove the resist PR. In this etching process as well, there
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is used an etching solution (etchant), such as oxalic acid,
having a remarkably high etching rate of an amorphous
transparent conductive film as compared with a crystallized
transparent conductive film.

[0108] By using such an etching solution, while the sec-
ond transparent conductive film 80 exposed at the counter
electrode 8 of the second pixel is selectively etched away,
the crystallized transparent conductive film 80a in the first
pixel irradiated with the laser light is not etched away. That
is, as shown in FIGS. 2 and 4A and 4B, the first pixel is
formed with the counter electrode 8 without a slit. Whereas,
the second pixel is formed with the counter electrode 8
having the slit 8a.

[0109] Processes in and after FIGS. 21A and 21B are
similar to those in the first preferred embodiment. In the
counter electrode 8 in the first pixel shown in FIG. 21A,
there is formed the crystallized transparent conductive film
80a, exclusively at a slit part expected to be formed origi-
nally, but the display characteristics of the liquid crystal
display apparatus is not affected. In addition, a state as
shown in FIGS. 18A and 18B is obtained when all of the
second transparent conductive film 80 formed on the array
substrate is changed to the crystallized transparent conduc-
tive film 80a by applying a heat treatment to the entire
surface of the substrate with an annealing apparatus or the
like.

[0110] Through the above processes, the TFT array sub-
strate is completed. In this manner, an array substrate to be
applied to an FFS mode liquid crystal display apparatus is
obtained through at least five times of photolithography
process.

[0111] On the TFT array substrate produced in this way, an
alignment film is formed in a subsequent cell process.
Further, an alignment film is also formed similarly on a
separately produced counter substrate. Then, an alignment
treatment for causing micro scratches in one direction is
applied to a contact surface of each alignment film with the
liquid crystal by using a method such as rubbing. Thereafter,
a sealing material is applied to a substrate periphery, and the
TFT array substrate and the counter substrate are bonded at
a predetermined interval such that the alignment films of the
both are facing each other. After bonding the TFT array
substrate and the counter substrate, liquid crystal is injected
between the TFT array substrate and the counter substrate by
a vacuum injection method or the like, and the injection port
is sealed. Thereby, the liquid crystal cell is completed.
[0112] Then, the polarizing plates are attached to both
sides of the liquid crystal cell, the driving circuit is con-
nected, and then the backlight unit is attached, whereby the
liquid crystal display apparatus is completed.

[0113] Further, in this first preferred embodiment, a
description has been given to a manufacturing method not
including the photolithography process between the forma-
tion of the semiconductor film and the formation of the
second metal film, but the photolithography process may be
included. That is, although the total number of photolithog-
raphy processes is increased by one process, the manufac-
turing method may be adapted to form the second metal film
after patterning the semiconductor film or the ohmic contact
film.

Second Preferred Embodiment

[0114] In the first preferred embodiment, the manufactur-
ing method has been described in which an etching inhibi-
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tion layer that is not etched in the subsequent etching process
is formed by crystallizing the transparent conductive film
constituting the common electrode in the pixel determined
that a bright spot defect is to occur. However, among the
transparent conductive films, there is a material that is
difficult to crystallize, such as indium zinc oxide (IZ0).
[0115] Since a residue of the IZO film is small when being
etched, there is an advantage of being able to inhibit
cloudiness caused when the insulating film is formed on the
residue. However, since 170 is a material that is difficult to
crystallize, application to the manufacturing method accord-
ing to the first preferred embodiment is not optimal. This
second preferred embodiment has the feature that an etching
inhibition layer is formed by newly forming a film, and a
similar effect is exerted even with a transparent conductive
film that is difficult to crystallize.

[0116] Since processes up to a process of forming a second
insulating film to be an interlayer insulating film 12 and
forming a contact hole 13 by a fourth photolithography
process are the same as those in the manufacturing method
according to the first preferred embodiment, the description
will be omitted. Hereinafter, description will be made with
reference to cross-sectional views.

[0117] FIGS. 22A and 22B are cross-sectional views of a
TFT to pixel electrode part in a first pixel and a second pixel,
respectively. This similarly applies to FIGS. 23A and 23B
and the subsequent figures. Note that the cross-sectional
view of the TFT to pixel electrode part corresponds to the
cross section taken along line A1-A2 in FIG. 2 or FIG. 3.
Further, FIG. 22A corresponds to the first pixel, and FIG.
22B corresponds to the second pixel. This similarly applies
to FIGS. 23A and 23B and the subsequent figures.

[0118] In FIGS. 22A and 22B, the second transparent
conductive film 80 to be a counter electrode 8 on the
interlayer insulating film 12 is formed on the entire surface
of a substrate 1 by a sputtering method or the like. This state
is shown in FIGS. 22A and 22B. A material of the second
transparent conductive film 80 may be a material that is
difficult to crystallize as described in the first preferred
embodiment, for example, may be 1Z0.

[0119] InFIG. 23A, a film to be an etching inhibition layer
52 is deposited on the first pixel that has been specified, as
a pixel in which a bright spot defect is to occur, in advance
by an optical defect inspection apparatus or the like. For
example, an insulating film may be used. The insulating film
may be an opaque film without being limited to the trans-
parent film normally used in the pixel 47. Further, the
conductive film may be used without limiting to the insu-
lating film. That is, it is significant that the inhibiting layer
is for inhibiting removal of the second transparent conduc-
tive film 80 due to the etching process described later.
Whereas, the second pixel is not provided with such an
etching inhibition layer, as shown in FIG. 23B.

[0120] Here, a region formed with the etching inhibition
layer 52 may be the entire first pixel, but may be merely a
region overlapping with the pixel electrode 6. This is
because the generation of the fringe electric field can still be
sufficiently suppressed. Further, as an apparatus to locally
form the etching inhibition layer in the first pixel alone, an
atmospheric pressure plasma CVD apparatus or the like may
be used.

[0121] Next, as shown in FIGS. 24A and 24B, a resist
pattern PR is formed by a fifth photolithography process.
This process is for forming the counter electrode 8 and a slit
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8a by subsequent etching, but the process is performed not
only for the second pixel but also for the first pixel.
[0122] Next, FIGS. 25A and 25B show cross-sectional
views of a state where a fifth etching is performed. In this
fifth etching process, there is used an etching solution
(etchant) having a remarkably high etching rate of the
second transparent conductive film 80 as compared with the
etching inhibition layer 52. For example, in a case where the
etching inhibition layer 52 is an insulator such as silicon
oxide, silicon nitride, or the like, aqua regia or the like may
be used as the etching solution other than oxalic acid.
[0123] By using such an etching solution, while the sec-
ond transparent conductive film 80 exposed at the counter
electrode 8 of the second pixel is selectively etched away,
the second transparent conductive film 80 covered with the
etching inhibition layer 52 in the first pixel is not etched
away. That is, as shown in FIGS. 2 and 4A and 4B, the first
pixel is formed with the counter electrode 8 without a slit.
[0124] Whereas, the second pixel is formed with the
counter electrode 8 having the slit 8¢, as shown in FIGS. 3
and 5A and 5B. Such a difference can also be said to be
caused by forming the etching inhibition layer 52 in the first
pixel.

[0125] Then, the resist pattern PR is removed. This state is
shown in FIGS. 26A and 26B. As described above, in the
second preferred embodiment, it is possible to manufacture
a structure in which no slit is formed in the counter electrode
of the first pixel alone specified as a pixel in which a bright
spot defect is to occur, even in a case where a material that
is difficult to crystallize is used as the second transparent
conductive film. This makes it possible to repair a bright spot
defect to a black spot defect.

[0126] In a case where an amorphous ITO film is used as
the second transparent conductive film, the amorphous film
may be crystallized by applying a heat treatment to the entire
surface of the substrate with an annealing apparatus or the
like in the subsequent process. That is, all of the second
transparent conductive film 80 formed on the array substrate
may be crystallized.

[0127] Further, in a case where a material that does not
transmit light is used as the etching inhibition layer 52, the
etching inhibition layer 52 may be removed after the fifth
etching or after removing the resist pattern.

(Modification)

[0128] In the second preferred embodiment, the process of
forming the etching inhibition layer is performed after the
formation of the second transparent conductive film, but
may be after forming the resist pattern PR in the fifth
photolithography process (shown in FIGS. 24A and 24B).
Hereinafter, this manufacturing method will also be
described with reference to cross-sectional views of the TFT
to pixel electrode part.

[0129] FIGS. 27A and 27B are cross-sectional views of
the TFT to pixel electrode part in the first pixel and the
second pixel, respectively. FIG. 27A corresponding to the
first pixel shows a state where the etching inhibition layer 52
is formed after the fifth photolithography process. Whereas,
such an inhibition layer is not formed in FIG. 27B corre-
sponding to the second pixel. Note that, in forming the
etching inhibition layer 52, it is necessary to consider not to
give physical or chemical damage or alteration to the resist
pattern PR.
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[0130] Next, FIGS. 28A and 28B show cross-sectional
views of a state where etching is performed. In this fifth
etching process as well, it is desirable to use an etching
solution (etchant) having a remarkably high etching rate of
the second transparent conductive film 80 as compared with
the etching inhibition layer 52.

[0131] By using such an etching solution, while the sec-
ond transparent conductive film 80 exposed at the counter
electrode 8 of the second pixel is selectively etched away,
the transparent conductive film 80a covered with the etching
inhibition layer 52 in the first pixel is not etched away. That
is, as shown in FIGS. 2 and 4A and 4B, the first pixel is
formed with the counter electrode 8 without a slit. Whereas,
the second pixel is formed with the counter electrode 8
having the slit 8a. Then, the resist pattern PR is removed.
This state is shown in FIGS. 29A and 29B. Since this and
subsequent states are similar to those in the second preferred
embodiment, the description will be omitted.

[0132] Inthis modification as well, an effect similar to that
in the second preferred embodiment can be achieved. In the
present embodiment, an example of applying 17O that is
difficult to crystallize is described as a material of the second
transparent conductive film, but it is also possible to apply
ITO that is easy to crystallize. ITZO may also be used.

Third Preferred Embodiment

[0133] In the manufacturing methods according to the first
and second preferred embodiments, a bright spot defect is
repaired to a black spot defect by locally crystallizing the
transparent conductive film constituting the counter elec-
trode or forming a new film. A third preferred embodiment
provides a manufacturing method that achieves a similar
effect without adding such a new process.

[0134] For the photosensitive resist of the photolithogra-
phy apparatus in the fifth photolithography process in the
first and second preferred embodiments, the description is
given to the manufacturing methods using a positive resist,
in which the photosensitive resist is applied to the entire
surface of the substrate, the photosensitive resist is exposed
from above the photomask, and the sensitized resist part is
removed with a developing solution and patterned, to form
a resist pattern. Whereas, in a case where a negative resist is
used instead of the positive resist, the manufacturing method
is such that a resist pattern is formed by removing, with a
developing solution, a resist part that has not been sensi-
tized, but by leaving the sensitized resist part without being
removed even if being exposed to a developing solution.
[0135] In the third preferred embodiment, a negative resist
is applied in a fifth photolithography process, and after
sensitizing the resist, a resist of a first pixel alone specified
as a pixel in which a bright spot defect is to occur in advance
is additionally sensitized. Hereinafter, description will be
made with reference to cross-sectional views.

[0136] FIGS. 30A and 30B are cross-sectional views of a
TFT to pixel electrode part in a first pixel and a second pixel,
respectively. This similarly applies to FIGS. 31A and 31B
and the subsequent figures. Note that the cross-sectional
view of the TFT to pixel electrode part corresponds to the
cross section taken along line A1-A2 in FIG. 2 or FIG. 3.
Further, FIG. 30A corresponds to the first pixel, and FIG.
30B corresponds to the second pixel. FIGS. 31A and 31B
and the subsequent figures have a similar correspondence.
[0137] FIGS. 30A and 30B are cross-sectional views
showing a state where a negative photosensitive resist NPR
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for the fifth photolithography process is applied on the
second transparent conductive film 80. In this state, FIGS.
30A and 30B are the same.

[0138] Next, as shown in FIGS. 31A and 31B, this pho-
tosensitive resist NPR is exposed by the fifth photolithog-
raphy process. An exposure pattern mask PM1 at this time
is for forming a slit 8a in a counter electrode 8, irrespective
of the first pixel and the second pixel. Specifically, the
exposure pattern mask PM1 is a mask in which a light-
shielding part PMD is formed instead of a light-transmitting
part PMT such that the exposure light is not irradiated to the
negative resist NPR corresponding to a region formed with
the slit 8a in the counter electrode 8. A state after exposure
is shown in FIGS. 32A and 32B.

[0139] In FIGS. 32A and 32B, a resist PR is formed in a
region where exposure is completed, and the resist NPR
remains in a region not exposed. Here, the resist NPR is a
resist before exposure, and the resist PR is also referred to
as aresist after exposure. In this state as well, FIGS. 32A and
32B show a same state.

[0140] Next, exposure irradiation is additionally per-
formed on the first pixel alone specified, as a pixel in which
a bright spot defect is to occur, in advance by an optical
defect inspection apparatus or the like. Here, a region
irradiated with the exposure light may be the entire first
pixel, but may be merely a region overlapping with the pixel
electrode 6. This is because the generation of the fringe
electric field can still be sufficiently suppressed. FIG. 33A
shows a state after exposure. In FIG. 32A, the resist NPR
and the resist PR are mixed, but in FIG. 33 A, the resist NPR
has changed to the resist PR by the additional exposure.
Note that FIG. 33B is a view for comparison and is the same
as FIG. 32B.

[0141] Inacase of thus performing additional exposure on
the resist of the first pixel alone, it is necessary to fetch, in
an exposure apparatus, position information on the pixel that
has been specified, as a pixel in which a bright spot defect
is to occur, in advance by an optical defect inspection
apparatus or the like. Moreover, an apparatus that can locally
perform exposure in accordance with the position informa-
tion is desirable. For example, there may be used an expo-
sure apparatus of a direct drawing system or an exposure
apparatus having an exposure function of a direct drawing
system. It is also possible to use an apparatus that can
incorporate an optical defect inspection apparatus into the
exposure apparatus, to be able to successively perform
additional exposure after detecting the first pixel to cause a
bright spot defect.

[0142] Next, development is performed. In the negative
photosensitive resist, the resist PR as the exposed resist
remains, and the resist NPR as the unexposed resist is
removed. FIGS. 34A and 34B show a state after develop-
ment. In FIG. 34A showing the first pixel, the resist PR
remains so as to cover the pixel electrode 6, whereas in FIG.
34B showing the second pixel, the resist in the region
corresponding to the slit 8a of is removed.

[0143] FIGS. 35A and 35B show a state where the second
transparent conductive film is subsequently etched and then
the resist PR is removed. Even in the case of using the
manufacturing method according to the third preferred
embodiment, it is possible to manufacture a structure in
which no slit is formed in the counter electrode of the first
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pixel alone specified as a pixel causing a bright spot defect.
This makes it possible to repair a bright spot defect to a black
spot defect.

[0144] This third preferred embodiment exhibits an effect
that a bright spot defect can be repaired to a black spot defect
similarly to the first and second preferred embodiments, by
simply changing the exposure method in the photoengraving
process without adding a new process such as locally
crystallizing the transparent conductive film or forming a
new film. Further, while addition of a new process may
cause another defect, this third preferred embodiment is
superior in that such possibility is remarkably low.

[0145] Method of identifying pixel in which bright spot
defect is to occur In the first to third preferred embodiments,
the description has been given to the manufacturing methods
in which the first pixel that is a pixel in which a bright spot
defect is to occur is specified in advance before the repair,
and the first pixel alone is locally repaired to a black spot
defect. Hereinafter, a method of specifying such a first pixel
will be described.

[0146] As amethod of specifying the first pixel 47 becom-
ing a bright spot described above, generally, characteristic
defects are extracted by a pattern defect inspection appara-
tus, an optical inspection apparatus, or an electrical inspec-
tion apparatus in order to specify a pixel becoming a bright
spot. Although there are a plurality of modes of defects that
can cause a bright spot defect, in most of the defects, the
source wiring and the drain electrode are electrically short-
circuited by the conductive film.

[0147] The source wiring and the drain electrode are
typically connected exclusively via a channel region of the
thin film transistor. However, in a pixel that may cause a
bright spot defect, there is another path for electrically
short-circuiting the both, in the channel region or a part other
than the channel region. Since the drain electrode and the
pixel electrode are typically connected electrically, a bright
spot defect can also be caused similarly by a short-circuit of
the source wiring and the pixel electrode, for example. Such
a path may be a conductive film mainly forming an ohmic
contact film, a pixel electrode, and a source wiring. Here-
inafter, description will be made for each defect mode.
[0148] FIGS. 36 to 42 show defect modes that mainly
cause a bright spot pixel in an array process. FIGS. 36 to 38
show modes in which the source electrode 4 and the drain
electrode 5 are electrically connected. FIGS. 39 to 42 show
modes in which the source wiring 44 and the pixel electrode
6 are electrically connected. FIGS. 36 to 38 are cross-
sectional views of the TFT to pixel electrode part, corre-
sponding to the cross section taken along line A1-A2 in FIG.
2 or FIG. 3. FIGS. 39 to 42 are cross-sectional views of the
source wiring/pixel electrode part, corresponding to the
cross section taken along line B1-B2 of FIG. 2 or FIG. 3.
[0149] Bright Spot Mode 1

[0150] The pixel 47 becoming a bright spot is caused
when the semiconductor film 2 between the source electrode
4 and the drain electrode 5 remains without being etched by
a proper amount (FIG. 36). In this mode shown in FIG. 36,
the path for electrically short-circuiting the source wiring 44
and the drain electrode 5 is considered to be the ohmic
contact film partially remaining in the channel region 51.
Through such a path, a display voltage is always applied
from the source wiring to the pixel electrode via the drain
electrode, to cause a bright spot defect. For detecting this
bright spot mode 1 by, for example, an optical defect
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inspection apparatus, it is desirable to detect from the
viewpoint of whether there is discoloration or the like in the
channel region 51.

[0151] Bright Spot Mode 2

[0152] The pixel 47 becoming a bright spot is caused
when the ohmic contact film 3 between the source electrode
4 and the drain electrode 5 remains (FIG. 37). In this mode
shown in FIG. 37, the path for electrically short-circuiting
the source wiring and the drain electrode is the ohmic
contact film remaining in the channel region 51. Through
such a path, a display voltage is always applied from the
source wiring to the pixel electrode via the drain electrode,
to cause a bright spot defect. For detecting this bright spot
mode 2 by, for example, an optical defect inspection appa-
ratus, it is desirable to detect from the viewpoint of whether
there is discoloration or the like in the channel region 51.

[0153] Bright Spot Mode 3

[0154] The pixel 47 becoming a bright spot is caused
when a metal film between the source electrode 4 and the
drain electrode 5 is connected (FIG. 38). In FIG. 38, a
pattern abnormal part 53 is formed between the source
electrode 4 and the drain electrode 5, and is integrally
formed with the source electrode 4 and the drain electrode
5. In this mode shown in FIG. 38, the path for electrically
short-circuiting the source wiring and the drain electrode is
the pattern abnormal part 53, specifically, the metal film
remaining in the channel region. In the first preferred
embodiment, the second metal film corresponds.

[0155] Through such a path, a display voltage is always
applied from the source wiring to the pixel electrode via the
drain electrode, to cause a bright spot defect. For detecting
this bright spot mode 3 by, for example, an optical defect
inspection apparatus, it is desirable to detect from the
viewpoint whether there is a pattern of the second metal film
40 over the source electrode 4 and the drain electrode 5, in
the channel region 51.

[0156] Bright Spot Mode 4

[0157] The pixel 47 becoming a bright spot is caused
when the semiconductor film 2 in a lower layer of the source
wiring 44 is connected to the pixel electrode 6 (FIG. 39). In
FIG. 39, the pattern abnormal part 53 is formed between the
semiconductor film 2 and the pixel electrode 6, and is
integrally formed with the semiconductor film 2. In this
mode shown in FIG. 39, the path for electrically short-
circuiting the source wiring and the pixel electrode is the
semiconductor film. Specifically, the path is a silicon film or
an oxide semiconductor film. In the first preferred embodi-
ment, the semiconductor film 2 corresponds.

[0158] Since the semiconductor film 2 typically has a high
resistance, a display voltage is not always applied from the
source wiring to the pixel electrode by simply connecting.
However, when the semiconductor film, which is incorpo-
rated as the display apparatus and applied with light from the
backlight, is irradiated, and the conductivity of the semi-
conductor film is increased due to generation of optical
carriers, the display voltage is always applied from the
source wiring to the pixel electrode via the semiconductor
film. Therefore, a bright spot defect also occurs in this case.
In other words, in a case where the semiconductor film is
formed in a light transmitting part, the semiconductor film
can also be a conductive film constituting a short-circuit path
causing a bright spot defect. For detecting this bright spot
mode 4 by, for example, an optical defect inspection appa-
ratus, it is desirable to detect from the viewpoint of whether
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there is a pattern of the semiconductor film 2 over the pixel
electrode 6 and the source wiring 44.

[0159] Bright Spot Mode 5

[0160] The pixel 47 becoming a bright spot is caused
when the ohmic contact film 3 in a lower layer of the source
wiring 44 is connected to the pixel electrode 6 (FIG. 40). In
FIG. 40, the pattern abnormal part 53 is formed between the
pixel electrode 6 and a lamination of the semiconductor film
2 and the ohmic contact film 3, and is formed integrally with
the lamination of the semiconductor film 2 and the ohmic
contact film 3. In this mode shown in FIG. 40, the path for
electrically short-circuiting the source wiring and the pixel
electrode is mainly the ohmic contact film.

[0161] Since the chmic contact film is a conductive film,
a display voltage is always applied from the source wiring
to the pixel electrode through such a path, to cause a bright
spot defect. For detecting this bright spot mode 5 by, for
example, an optical defect inspection apparatus, it is desir-
able to detect from the viewpoint of whether there is a
pattern of the ohmic contact film 3 over the pixel electrode
6 and the source wiring 44.

[0162] Bright Spot Mode 6

[0163] The pixel 47 becoming a bright spot is caused
when the source wiring 44 and the pixel electrode 6 are
connected (FIG. 41). FIG. 41 shows the pattern abnormal
part 53 of the source wiring 44. In this mode, the path for
electrically short-circuiting the source wiring and the pixel
electrode is the second metal film integrally formed with the
source wiring. Through such a path, a display voltage is
always applied from the source wiring to the pixel electrode,
to cause a bright spot defect. For detecting this bright spot
mode 6 by, for example, an optical defect inspection appa-
ratus, it is desirable to detect from the viewpoint of whether
there is a pattern of the second metal film over the pixel
electrode 6 and the source wiring 44.

[0164] Bright Spot Mode 7

[0165] The pixel 47 becoming a bright spot is caused
when the transparent conductive film 6a in an upper layer of
the source wiring 44 is connected to the pixel electrode 6
(FIG. 42). Similarly to FIG. 41, FIG. 42 shows the pattern
abnormal part 53 of the source wiring. However, in this
mode, the path for electrically short-circuiting the source
wiring and the pixel electrode is not a metal film, but the
transparent conductive film 6a formed integrally with the
source wiring. In the first preferred embodiment, the first
transparent conductive film pattern 6a corresponds. Through
such a path, a display voltage is always applied from the
source wiring to the pixel electrode, to cause a bright spot
defect. For detecting this bright spot mode 7 by, for example,
an optical defect inspection apparatus, it is desirable to
detect from the viewpoint of whether there is a pattern of the
second transparent conductive film 80 over the pixel elec-
trode 6 and the source wiring 44.

[0166] As the process of detecting the pixel (first pixel)
becoming a bright spot described above, specification is
possible before the implementation of the first to third
preferred embodiments. However, the detection is not pos-
sible when a conductive film causing a bright spot has not
been formed. A desirable process for detection is desirably
after pattern formation of the pixel electrode 6 or after
pattern formation of the interlayer insulating film 12. This is
because all modes of the bright spot modes 1 to 7 can be
detected.
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[0167] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustra-
tive and not restrictive. It is therefore understood that
numerous modifications and variations can be devised with-
out departing from the scope of the invention.

What is claimed is:

1. A liquid crystal display apparatus comprising:

a gate wiring and a source wiring that cross each other in
a display area of an array substrate;

a pixel, in the display area, having at least one switching
element connected to the gate wiring and the source
wiring, and a pixel electrode; and

a counter electrode facing the pixel electrode via an
insulating film, wherein

a slit is formed in at least one of the pixel electrode and
the counter electrode,

the pixel includes a first pixel and a second pixel, and

an area of a slit of the first pixel is less than 10% of an area
of a slit of the second pixel.

2. The liquid crystal display apparatus according to claim

1, wherein a slit is not formed in the first pixel.
3. The liquid crystal display apparatus according to claim
1, wherein

the switching element further includes a source electrode
electrically connected to the source wiring, and a drain
electrode electrically connected to the pixel electrode,
and

in the first pixel, the source electrode or the source wiring
is connected to the drain electrode or the pixel electrode
via a conductive film.

4. The liquid crystal display apparatus according to claim

3, wherein the conductive film includes any of a semicon-
ductor film added with an impurity, a metal film, a trans-
parent conductive film, and an oxide semiconductor film.

5. The liquid crystal display apparatus according to claim

3, wherein the conductive film is a semiconductor film and
is formed in a light transmitting part.

6. A method for manufacturing a liquid crystal display

apparatus, the method comprising the steps of:

forming a gate wiring on a substrate;

forming a semiconductor film;

forming a source wiring to cross the gate wiring via a first
insulating film;

forming a pixel electrode;

forming an interlayer insulating film; and

forming a counter electrode to face the pixel electrode via
the interlayer insulating film, wherein

any one of the pixel electrode and the counter electrode
has a slit,

a switching element in which a source electrode electri-
cally connected to the source wiring and a drain elec-
trode electrically connected to the pixel electrode are
electrically connected to the semiconductor film, and
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an area of a slit of a first pixel is less than 10% of an area

of a slit of a second pixel.

7. The method for manufacturing the liquid crystal display
apparatus according to claim 6, wherein a slit is not formed
in the first pixel.

8. The method for manufacturing the liquid crystal display
apparatus according to claim 6, further comprising the step
of providing an etching inhibition layer in a region corre-
sponding to the slit in the first pixel, in forming an electrode
having the slit out of the pixel electrode or the counter
electrode.

9. The method for manufacturing the liquid crystal display
apparatus according to claim 8, wherein

an electrode having an upper slit out of the pixel electrode

or the counter electrode is formed by formation of an
amorphous transparent conductive film, and

the etching inhibition layer is a crystallized transparent

conductive film.

10. The method for manufacturing the liquid crystal
display apparatus according to claim 9, further comprising
the step of forming the etching inhibition layer by irradiating
the amorphous transparent conductive film with laser light.

11. The method for manufacturing the liquid crystal
display apparatus according to claim 9, wherein in forming
the electrode having the slit out of the pixel electrode or the
counter electrode, etching is performed with an etching
solution having a higher etching rate of an amorphous
transparent conductive film than an etching rate of a crys-
tallized transparent conductive film.

12. The method for manufacturing the liquid crystal
display apparatus according to claim 8, wherein the etching
inhibition layer is an insulating film.

13. The method for manufacturing the liquid crystal
display apparatus according to claim 8, wherein the etching
inhibition layer is a negative resist.

14. The method for manufacturing the liquid crystal
display apparatus according to claim 13, wherein the etching
inhibition layer is formed by additional exposure to the first
pixel.

15. The method for manufacturing the liquid crystal
display apparatus according to claim 6, wherein in the first
pixel, the source electrode or the source wiring is connected
to the drain electrode or the pixel electrode via a conductive
film.

16. The method for manufacturing the liquid crystal
display apparatus according to claim 15, wherein the con-
ductive film includes any of a semiconductor film added
with an impurity, a metal film, a transparent conductive film,
and an oxide semiconductor film.

17. The method for manufacturing the liquid crystal
display apparatus according to claim 15, wherein the con-
ductive film is a semiconductor film and is formed in a light
transmitting part.
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