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(57) ABSTRACT

A liquid crystal panel includes a first substrate and a second
substrate. The first substrate includes a plurality of first
wires, a second wire that intersects with the plurality of first
wires, and a third wire that is arranged in a layer different
from a layer in which the second wire is arranged and that
is arranged in parallel to the second wire. An aperture is
formed in at least any of all intersection portions in which
the plurality of first wires and the second wire intersect. The
second wire and the third wire are connected through a
contact hole that is formed in the aperture.
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LIQUID CRYSTAL PANEL AND LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
panel and a liquid crystal display device.

BACKGROUND ART

[0002] In acase where a line defect such as disconnection
or inter-wire leakage occurs when a liquid crystal panel is
produced, a yield of the liquid crystal panel is decreased.
When such a line defect occurs even at one place in the
liquid crystal panel, it is determined that the liquid crystal
panel is a defective product. Since a high resolution panel or
a large panel has a large number of wires, it is particularly
difficult to raise a yield thereof.

[0003] Aline defect is caused mainly because of design. A
source line (data line) is designed as a thin line in many cases
in order to secure an aperture ratio of a pixel or take
measures against occurrence of crosstalk. Accordingly, a
possibility that disconnection of the source line occurs at a
time of manufacturing a liquid crystal panel increases.
Furthermore, an inter-layer insulating film that is arranged
between the source line and a gate line is designed as a thin
film in many cases in order to achieve constant TFT char-
acteristics. Thus, insulation short-circuit between layers
which is represented by, for example, short-circuit between
a source line and a gate line is easily caused.

[0004] Such disconnection or short-circuit prevents a lig-
uid crystal panel from having good quality.

[0005] PTL 1 discloses a liquid crystal display device that
has a configuration in which data lines and a redundant data
line that is formed on an upper layer of the data lines with
an insulating film interposed therebetween are included and
the data lines and the redundant data line are connected via
a contact hole.

CITATION LIST

Patent Literature

[0006] PTL 1: Japanese Unexamined Patent Application
Publication No. 11-242243 (published on Sep. 7, 1999)

SUMMARY OF INVENTION

Technical Problem

[0007] In the liquid crystal display device of PTL 1, the
contact hole is formed near a pixel aperture, so that there is
a concern about occurrence of a display defect. Further,
there is also a concern about a problem, such as light
leakage, which is caused when the contact hole deteriorates
flatness of a pixel and therefore an alignment defect of liquid
crystal is caused.

[0008] The invention is made in order to solve the afore-
mentioned problems, and an object thereof is to achieve a
liquid crystal panel for which a decrease in a yield due to a
line defect is suppressed and a high pixel aperture ratio is
obtained.

Solution to Problem

[0009] In order to solve the aforementioned problems, a
liquid crystal panel according to an aspect of the invention
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includes: a first substrate; and a second substrate, in which
liquid crystal is held between the first substrate and the
second substrate, the first substrate includes a plurality of
first wires, a second wire that intersects with the plurality of
first wires, and a third wire that is arranged in a layer
different from a layer in which the second wire is arranged
and that is arranged in parallel to the second wire, an
aperture is formed in at least any of all intersection portions
in which the plurality of first wires and the second wire
intersect, and the second wire and the third wire are con-
nected through a contact hole that is formed in the aperture.

Advantageous Effects of Invention

[0010] According to an aspect of the invention, an effect
that a decrease in a yield due to a line defect is suppressed
and a high pixel aperture ratio is obtained is exerted.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a block diagram illustrating a configura-
tion of a main part of a liquid crystal panel according to
Embodiment 1 of the invention.

[0012] FIG. 2 is a plan view planarly illustrating a detailed
configuration of a pixel.

[0013] FIG. 3 is a plan view planarly illustrating a con-
figuration of a pixel electrode.

[0014] FIG. 4 is a sectional view illustrating a section of
the liquid crystal panel, which is taken along a line A-A'
illustrated in FIG. 2.

[0015] FIG. 5 is a sectional view illustrating a section of
the liquid crystal panel, which is taken along a line B-B'
illustrated in FIG. 2.

[0016] FIG. 6 is a flowchart for explaining a flow of
processing in which gate lines and the like are formed on an
array substrate.

[0017] FIG. 7is a view illustrating a current path in a case
where disconnection occurs in a lower-layer source line.
[0018] FIG. 8 is a view illustrating an example in which a
pinhole is formed in the lower-layer source line, but short-
circuit is not caused between an upper-layer source line and
a gate line.

[0019] FIG. 9 is a view illustrating an example in which a
pinhole is formed in the lower-layer source line, so that
short-circuit is caused between the upper-layer source line
and the gate line.

[0020] FIG. 10 is a view for explaining a first example of
a method of restoring the liquid crystal panel in a case where
short-circuit is caused.

[0021] FIG. 11 is a view for explaining a second example
of the method of restoring the liquid crystal panel in the case
where short-circuit is caused.

[0022] FIG. 12 is a view illustrating an alignment unstable
region which is in a periphery of a contact hole.

[0023] FIG. 13 is a plan view planarly illustrating a liquid
crystal panel according to Embodiment 2 of the invention.

[0024] FIG. 14 is a plan view planarly illustrating a pixel
electrode.
[0025] FIG. 15 is a view for explaining alignment of liquid

crystal in a case where a voltage is applied to the pixel
electrode.

[0026] FIG. 16 is a plan view planarly illustrating a
configuration of a liquid crystal panel according to Embodi-
ment 3 of the invention.
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[0027] FIG. 17 is a plan view planarly illustrating a
configuration of a pixel electrode that constitutes the liquid
crystal panel.

[0028] FIG. 18 is a sectional view illustrating a first
example of a section of the liquid crystal panel, which is
taken along a line A-A' illustrated in FIG. 17.

[0029] FIG. 19 is a sectional view illustrating a second
example of the section of the liquid crystal panel, which is
taken along the line A-A' illustrated in FIG. 17.

[0030] FIG. 20 is a view for explaining alignment of liquid
crystal in a case where a voltage is applied to the pixel
electrode.

[0031] FIG. 21 is a plan view planarly illustrating a
configuration of a liquid crystal panel according to Embodi-
ment 4 of the invention.

[0032] FIG. 22 is a plan view planarly illustrating a
configuration of a pixel electrode.

[0033] FIG. 23 is a sectional view illustrating a first
example of a section of the liquid crystal panel, which is
taken along a line A-A' illustrated in FIG. 22.

[0034] FIG. 24 is a sectional view illustrating a second
example of the section of the liquid crystal panel, which is
taken along the line A-A' illustrated in FIG. 22.

[0035] FIG. 25 is a view for explaining alignment of liquid
crystal in a case where a voltage is applied to the pixel
electrode.

[0036] FIG. 26 is a plan view planarly illustrating a
configuration of a liquid crystal panel according to Embodi-
ment 5 of the invention.

[0037] FIG. 27 is a plan view planarly illustrating a
configuration of a pixel electrode.

[0038] FIG. 28 is a plan view planarly illustrating a
configuration of a common electrode.

[0039] FIG. 29 is a sectional view illustrating a section of
the liquid crystal panel, which is taken along a line A-A'
illustrated in FIG. 26.

[0040] FIG. 30 is a flowchart for explaining a flow of
processing in which gate lines and the like are formed on an
array substrate.

[0041] FIG. 31 is a view for explaining alignment of liquid
crystal in a case where a voltage is applied to the pixel
electrode.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0042] Embodiment 1 according to the invention will be
described below with reference to FIGS. 1 to 4.

(Configuration of Liquid Crystal Panel 1)

[0043] FIG. 1 is a block diagram illustrating a configura-
tion of a main part of a liquid crystal panel 1 according to
Embodiment 1 of the invention. As illustrated in the figure,
the liquid crystal panel 1 includes a gate driver 11, a source
driver 12, a plurality of gate lines 22 (first wires), a plurality
of lower-layer source lines 26 (second wires, first source
lines), and a plurality of upper-layer source lines 29 (third
wires, second source lines). The gate lines 22 are arranged
in a display region 13 so as to extend in a horizontal
direction, and the respective lower-layer source lines 26 and
the respective upper-layer source lines 29 are arranged in the
display region 13 so as to extend in a vertical direction
orthogonal to the gate lines 22. The upper-layer source lines
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29 are arranged in parallel to the lower-layer source lines 26.
In each intersection region 14 in which a gate line 22 and a
lower-layer source line 26 (upper-layer source line 29)
intersect, a pixel 15 is formed. The pixel 15 is constituted by
three sub-pixels composed of a red sub-pixel (R), a blue
sub-pixel (B), and a green sub-pixel (G). Thereby, the liquid
crystal panel 1 is able to perform color display. The gate
driver 11 is connected to the gate lines 22, and outputs gate
signals to the gate lines 22. The source driver 12 is con-
nected to the lower-layer source lines 26, and outputs source
signals (data signals) to the lower-layer source lines 26.
[0044] FIG. 2 is a plan view planarly illustrating a detailed
configuration of the pixel 15. As illustrated in the figure, in
the pixel 15, a pixel aperture 41, a gate line aperture 42, and
an auxiliary capacitance line aperture 43 are formed. The
pixel aperture 41 is arranged at a position that faces a pixel
electrode 30. The pixel electrode 30 is a transparent con-
ductive film of, for example, ITO, IZO, or the like. The gate
line aperture 42 is formed in each of intersection portions of
the plurality of gate lines 22 and the plurality of lower-layer
source lines 26. The auxiliary capacitance line aperture 43 is
arranged in each of intersection portions of a plurality of
auxiliary capacitance lines 23 and the plurality of lower-
layer source lines 26.

[0045] FIG. 3 is a plan view planarly illustrating a con-
figuration of the pixel electrode 30. As illustrated in the
figure, the pixel electrode 30 is configured as a so-called
solid electrode.

[0046] FIG. 4 is a sectional view illustrating a section of
the liquid crystal panel 1, which is taken along a line A-A'
illustrated in FIG. 2. FIG. 5 is a sectional view illustrating
a section of the liquid crystal panel 1, which is taken along
a line B-B' illustrated in FIG. 2. As illustrated in the figures,
the liquid crystal panel 1 includes an array substrate 21 (first
substrate), the gate lines 22, the auxiliary capacitance lines
23, a first inter-layer insulating film 24, a semiconductor
layer 25, the lower-layer source lines 26, a drain electrode
27, a second inter-layer insulating film 28, the upper-layer
source lines 29, the pixel electrode 30, liquid crystal 31, a
common electrode 32, a color filter 33, a black matrix 34
(light shielding film), and a counter substrate 35 (second
substrate). The common electrode 32 is a transparent con-
ductive film of, for example, ITO, 1ZO, or the like.

[0047] The gate lines 22 and the auxiliary capacitance
lines 23 are arranged on the array substrate 21. The gate lines
22 are arranged so as to extend in the horizontal direction.
The auxiliary capacitance lines 23 are arranged in parallel to
the gate lines 22. The first inter-layer insulating film 24 is
arranged so as to cover the gate lines 22 and the auxiliary
capacitance lines 23. The semiconductor layer 25, the lower-
layer source lines 26, and the drain electrode 27 are arranged
on the first inter-layer insulating film 24. The semiconductor
layer 25 forms a TFT. The TFT is a member by which a
signal of the pixel 15 is controlled, and is arranged near each
of intersection points of the gate lines 22 and the lower-layer
source lines 26.

[0048] The second inter-layer insulating film 28 is
arranged so as to cover a part of the lower-layer source lines
26, an aperture of the semiconductor layer 25, and a part of
the drain electrode 27. The upper-layer source lines 29 are
arranged on the second inter-layer insulating film 28. A
contact hole 45 (first contact hole) is formed in the gate line
aperture 42, and, furthermore, the contact hole 45 (second
contact hole) is formed also in the auxiliary capacitance line
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aperture 43. The upper-layer source lines 29 are connected
to the lower-layer source lines 26 through contact holes 45.
The lower-layer source lines 26 and the upper-layer source
lines 29 are arranged at positions where the lower-layer
source lines 26 and the upper-layer source lines 29 face each
other. Note that, although being omitted in FIGS. 4, 5, and
the like, an alignment film is formed in each of inner
surfaces in the liquid crystal panel 1, which face the liquid
crystal 31.

[0049] A pixel portion contact hole 44 is formed at any
position in each of pixel apertures 41, and the pixel electrode
30 and the drain electrode 27 are connected through the pixel
portion contact hole 44.

[0050] On the counter substrate 35, the color filter 33 and
the black matrix 34 are arranged. On the color filter 33, the
common electrode 32 is arranged. The liquid crystal 31 is
arranged inside the liquid crystal panel 1, and held between
the array substrate 21 and the counter substrate 35.

[0051] A pixel signal is input to the drain electrode 27
through the semiconductor layer 25. As a result, a signal
potential of the pixel electrode 30 that is made conductive
with the drain electrode 27 through the pixel portion contact
hole 44 is determined. The liquid crystal 31 that is held
between the common electrode 32 and the pixel electrode 30
is aligned on the basis of the potential of the pixel signal. A
pixel transmission amount of light that is radiated from a
backlight (not illustrated) which is arranged on a rear surface
side of the liquid crystal panel 1 is controlled by respective
polarizing plates on an array substrate 21 side and a counter
substrate 35 side and the alignment of the liquid crystal 31.

(Process Flow)

[0052] FIG. 6 is a flowchart for explaining a flow of
processing in which the gate lines and the like are formed on
the array substrate 21. When the flow illustrated in the figure
is started, first, the gate lines 22 are formed on a surface of
the array substrate 21 (step S1). Next, the first inter-layer
insulating film 24 is formed so as to cover the gate lines 22
(step S2). Then, the semiconductor layer 25 is formed on the
first inter-layer insulating film 24 (step S3). Thereafter, the
lower-layer source lines 26 and the drain electrode 27 are
formed in the same layer as the semiconductor layer 25 (step
S4). Next, the second inter-layer insulating film 28 is formed
so as to cover the lower-layer source lines 26 and the like
(step S5). Then, the upper-layer source lines 29 are formed
on the second inter-layer insulating film 28 (step S6).
Thereafter, the pixel electrode 30 is formed in the same layer
as the upper-layer source lines 29 (step S7).

[0053] A wire material of the upper-layer source lines 29
is only required to be an Al-based or Cu-based material in
order to lower resistance of the upper-layer source lines 29.
Moreover, in order not to increase the number of masks or
manufacturing processes at a time of manufacturing the
liquid crystal panel 1, the upper-layer source lines 29 and the
pixel electrode 30 may be formed of the same material at the
same time.

[0054] At the time of manufacturing the liquid crystal
panel 1, the contact hole 45 and the pixel portion contact
hole 44 are able to be formed in the same photolithography
process. Accordingly, a new process by which the contact
hole 45 is formed is not necessarily required to be added to
a manufacturing method of the liquid crystal panel 1.
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(Current Path 52)

[0055] FIG. 7 is a view illustrating a current path 52 in a
case where disconnection 51 occurs in the lower-layer
source line 26. As illustrated in the figure, in the liquid
crystal panel 1, the lower-layer source line 26 and the
upper-layer source line 29 are connected to each other
through two contact holes 45. Thereby., the current path 52
that is connected to the upper-layer source line 29 from the
lower-layer source line 26 and connected to the lower-layer
source line 26 again is formed in the liquid crystal panel 1.
As illustrated in FIG. 7, even in a case where the discon-
nection 51 occurs in the lower-layer source line 26, a current
that is applied to the lower-layer source line 26 flows
normally through the current path 52 and reaches to the
semiconductor layer 25. Thus, it is possible to make the
liquid crystal panel 1 have good quality, unless disconnec-
tion occurs in the lower-layer source line 26 and the upper-
layer source line 29 at the same time.

[0056] As illustrated in FIG. 6, the gate line 22 is often a
layer formed on the array substrate 21 first. Therefore, in a
case where a line defect is caused in the gate line 22, after
pattern formation of the gate line 22, the gate line 22 in
which the line defect is caused is restored by performing
laser repair restoration of the gate line 22 that is judged to
be defective or by executing a photolithography process
again, and it is thereby possible to make the liquid crystal
panel 1 have good quality.

[0057] In a case where there is a pinhole or the like in the
lower-layer source line 26, there is a possibility that, when
the second inter-layer insulating film 28 is subjected to
etching in an etching process of the second inter-layer
insulating film 28, in which the contact hole 45 is formed,
the first inter-layer insulating film 24 is also subjected to
etching. In a case where such unnecessary etching actually
occurs, there is a risk that short-circuit between the upper-
layer source line 29 and the gate line 22 or the auxiliary
capacitance line 23 is caused at a time of pattern formation
of the upper-layer source line 29.

[0058] FIG. 8 is a view illustrating an example in which a
pinhole 53 is formed in the lower-layer source line 26, but
short-circuit is not caused between the upper-layer source
line 29 and the gate line 22. In the figure, a position at which
the contact hole 45 is formed faces the gate line 22. In this
case, even when the pinhole 53 is formed in the lower-layer
source line 26, the upper-layer source line 29 contacts only
the array substrate 21.

[0059] FIG. 9 is a view illustrating an example in which
the pinhole 53 is formed in the lower-layer source line 26,
so that short-circuit 54 is caused between the upper-layer
source line 29 and the gate line 22. In the figure, the position
at which the contact hole 45 is formed faces the gate line 22.
In this case, when the pinhole 53 is formed in the lower-layer
source line 26, the short-circuit 54 is caused between the
upper-layer source line 29 and the gate line 22.

(Restoration of Liquid Crystal Panel 1)

[0060] FIG. 10 is a view for explaining a first example of
a method of restoring the liquid crystal panel 1 in a case
where the short-circuit 54 is caused. In the figure, the
short-circuit 54 is caused between the lower-layer source
line 26 and the gate line 22. In this case, when an object to
be removed 62 near a part in which the short-circuit 54 in the
gate line 22 is caused is cut off by a method of laser cut or
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the like by utilizing a fact that the gate line aperture 42 is
formed in an intersection part of the lower-layer source line
26 and the gate line 22, it is possible to eliminate a line
defect of the liquid crystal panel 1, thus making it possible
to make the liquid crystal panel 1 have good quality.
[0061] FIG. 11 is a view for explaining a second example
of the method of restoring the liquid crystal panel 1 in the
case where the short-circuit 54 is caused. In the figure, the
short-circuit 54 is caused between the lower-layer source
line 26 and the gate line 22 near the semiconductor layer 25.
In this case, when a connection portion 63 of the semicon-
ductor layer 25 is cut off by a method of laser cut or the like,
a line defect of the liquid crystal panel 1 is modified into a
point defect, thus making it possible to make the liquid
crystal panel 1 have good quality.

[0062] As illustrated in FIG. 2 and the like, in the liquid
crystal panel 1, the contact hole 45 is formed also in an
intersection part of the auxiliary capacitance line 23 and the
gate line 22. Accordingly, also in a case where short-circuit
is caused between the lower-layer source line 26 and the
auxiliary capacitance line 23, it is possible to perform
restoration similarly to the restoration of the short-circuit 54
between the lower-layer source line 26 and the gate line 22.
Furthermore, by increasing the number of contact holes 45,
it is possible to effectively increase redundancy between the
lower-layer source line 26 and the upper-layer source line
29.

[0063] FIG.12 is a view illustrating an alignment unstable
region 64 which is in a periphery of the contact hole 45.
Alignment of the liquid crystal 31 is affected by a sectional
structure of the liquid crystal panel 1 and evenness of the
alignment film. Accordingly, as illustrated in FIG. 12, align-
ment of the liquid crystal 31 in the alignment unstable region
64 which is in the periphery of the contact hole 45 recessed
toward the array substrate 21 side is difficult to be controlled
in many cases. As illustrated in FIG. 13, in the liquid crystal
panel 1, the contact hole 45 is formed in the intersection
portion (light shielding portion) which is apart from the
pixel aperture 41, so that the alignment unstable region 64
is apart from the pixel aperture 41. It is therefore possible to
stably control alignment of the liquid crystal 31 in the pixel
aperture 41, thus making it possible to improve display
quality of the liquid crystal panel 1.

[0064] As above, according to Embodiment 1, the liquid
crystal panel 1 for which a decrease in a yield due to a line
defect is suppressed and a high pixel aperture ratio is
obtained is achieved. Furthermore, similarly to the liquid
crystal panel 1, a liquid crystal display device (not illus-
trated) that includes the liquid crystal panel 1 also has an
advantage that a decrease in a yield due to a line defect is
suppressed and a high pixel aperture ratio is obtained.

Modified Example

[0065] It is preferable that the contact hole 45 is arranged
near a center of the gate line aperture 42 (or the auxiliary
capacitance line aperture 43). It is thereby possible to
effectively prevent a decrease in the pixel aperture ratio and
a decrease in the display quality.

[0066] In the liquid crystal panel 1, the gate line aperture
42 is not necessarily required to be provided in all intersec-
tion portions in which the plurality of gate lines 22 and the
plurality of lower-layer source lines 26 intersect. In other
words, the gate line aperture 42 is only required to be
provided in at least any of all of the intersection portions,
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and therefore the contact hole 45 is also only required to be
provided in at least any of all of the intersection portions. For
example, the contact hole 45 may not be provided in a part
in which a columnar spacer by which a cell thickness of the
liquid crystal panel 1 is maintained is installed. In this case,
since an installation area of the columnar spacer is not
required to be reduced, the columnar spacer that has suffi-
cient strength is able to be provided, and it is thereby
possible to normally maintain the cell thickness of the liquid
crystal panel 1.

Embodiment 2

[0067] Embodiment 2 according to the invention will be
described below with reference to FIGS. 13 to 15. In the
present embodiment, a member that is common to Embodi-
ment 1 is given the same member number, and detailed
description thereof will not be repeated unless otherwise
required.

(Configuration of Liquid Crystal Panel 1B)

[0068] FIG. 13 is a plan view planarly illustrating a liquid
crystal panel 1B according to Embodiment 2 of the inven-
tion. The liquid crystal panel 1B includes respective mem-
bers that are the same as respective members constituting the
liquid crystal panel 1 according to Embodiment 1. However,
the liquid crystal panel 1B and the liquid crystal panel 1 are
different in a shape of the pixel electrode 30.

[0069] FIG. 14 is a plan view planarly illustrating the pixel
electrode 30. As illustrated in the figure, the pixel electrode
30 has a so-called fish bone shape. The liquid crystal panel
1B operates in a VA (Vertical Alignment) mode. When a
voltage is applied to the liquid crystal 31 that is controlled
by a vertical alignment film, the liquid crystal 31 is aligned
as if to fall down from ends of respective branch portions,
which constitute the pixel electrode 30, toward an inner side
of the pixel electrode 30.

(Alignment Direction of Liquid Crystal 31)

[0070] FIG. 15 is a view for explaining alignment of the
liquid crystal 31 in a case where a voltage is applied to the
pixel electrode 30. As illustrated in the figure, the pixel
electrode 30 is divided into four regions 71 to 74. When a
voltage is applied to the liquid crystal 31, pieces of liquid
crystal 31 which correspond to the regions 71 to 74 are
aligned as if to respectively fall down in different alignment
directions 81 to 84 that are inward directions of the pixel
electrode 30. In the liquid crystal panel 1B, since alignment
of the liquid crystal 31 is controlled in the four different
directions, it is possible to reduce a view angle dependency
of the liquid crystal 31, thus making it possible to achieve
uniform display in a range of a wide view angle.

[0071] In a cross region 85 that serves as a trunk of the
pixel electrode 30, the pieces of liquid crystal 31 are
differently aligned and collide with each other, so that the
cross region 85 often becomes a dark line in the liquid
crystal panel 1B. The dark line means a part in which control
of the liquid crystal 31 is difficult and therefore a sufficient
light transmitting performance is not able to be obtained. In
Embodiment 2, the contact hole 45 is provided in a pixel
invalid region 86 that is an intersection point of the cross
region 85 and the upper-layer source line 29. It is thereby
possible to suppress a decrease in an aperture ratio of the
pixel 15.
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[0072] In the liquid crystal panel 1B, it is also possible to
stabilize alignment of the liquid crystal 31 by PSA process-
ing or the like. The PSA processing to be applied to the
liquid crystal panel 1B means that a liquid crystal material
including a monomer is enclosed in the liquid crystal panel
1B and polymerization of the liquid crystal 31 is accelerated
in an interface of the alignment film, for example, by
radiating ultraviolet rays in a state where a voltage is applied
to the pixel 15. Thereby, in a liquid crystal mode in which
the liquid crystal 31 is aligned with use of the vertical
alignment film, the liquid crystal 31 is initially aligned with
a fixed inclination angle. As a result, the alignment of the
liquid crystal 31 is not unstable but stable, and display
quality is improved. Furthermore, a response speed of
display and light transmittance are improved as well.

Embodiment 3

[0073] Embodiment 3 according to the invention will be
described below with reference to FIGS. 16 to 20. In the
present embodiment, a member that is common to other
embodiments is given the same member number, and
detailed description thereof will not be repeated unless
otherwise required.

(Configuration of Liquid Crystal Panel 1C)

[0074] FIG. 16 is a plan view planarly illustrating a
configuration of a liquid crystal panel 1C according to
Embodiment 3 of the invention. FIG. 17 is a plan view
planarly illustrating a configuration of the pixel electrode 30
that constitutes the liquid crystal panel 1C. The liquid crystal
panel 1C includes at least respective members that are the
same as the respective members constituting the liquid
crystal panel 1 according to Embodiment 1. However, the
liquid crystal panel 1C and the liquid crystal panel 1 are
different in a shape of the pixel electrode 30. The liquid
crystal panel 1C is compatible with an MVA (Multiple
Vertical Alignment) mode, and a slit 91 is formed in the pixel
electrode 30. The liquid crystal panel 1C further includes an
alignment control body 92 that is formed in the same layer
as the common electrode 32.

[0075] FIG. 18 is a sectional view illustrating a first
example of a section of the liquid crystal panel 1C, which is
taken along a line A-A' illustrated in FIG. 17. FIG. 19 is a
sectional view illustrating a second example of the section of
the liquid crystal panel 1C, which is taken along the line
A-A' illustrated in FIG. 17. The alignment control body 92
may be a projection, which is made of resin, as illustrated in
FIG. 18, or may be a slit, which is formed in the common
electrode 32, as illustrated in FIG. 19. In both configura-
tions, the alignment control body 92 has a function of
controlling alignment of the liquid crystal 31 to which a
voltage is applied.

(Alignment Direction of Liquid Crystal 31)

[0076] FIG. 20 is a view for explaining alignment of liquid
crystal 31 in a case where a voltage is applied to the pixel
electrode 30. When a voltage is applied, in accordance with
a position at which the liquid crystal 31 is arranged, the
liquid crystal 31 is aligned in any of different alignment
directions 95 to 98 heading to the alignment control body 92
from the slit 91. Engagement between an electric field which
is generated in an edge of the slit 91 of the pixel electrode
30 and a direction in which the alignment control body 92
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controls the liquid crystal 31 stabilizes alignment of the
liquid crystal 31. The alignment of the liquid crystal 31 is
stably controlled in the four different directions in the liquid
crystal panel 1C, so that it is possible to reduce the view
angle dependency of the liquid crystal 31. It is thereby
possible to achieve the liquid crystal panel 1C that is capable
of uniform display in a range of a wide view angle.

[0077] In the liquid crystal panel 1C that operates in the
MVA mode, as illustrated in FIG. 20, the alignment direction
of the liquid crystal 31 is different by 90° between an upper
half region and a lower half region of the pixel electrode 30.
Accordingly, an interface portion between the upper half
region and the lower half region in the pixel electrode 30
becomes a dark line 94, in which the liquid crystal 31 is
aligned in a collision manner, in many cases. The dark line
94 means a part in which control of the liquid crystal 31 is
difficult and therefore a sufficient light transmitting perfor-
mance is not able to be obtained. In Embodiment 3, the
contact hole 45 is provided in a pixel invalid region that is
an intersection point of the dark line 94 and the upper-layer
source line 29. It is thereby possible to suppress a decrease
in the aperture ratio of the pixel 15.

[0078] In the liquid crystal panel 1C, similarly to Embodi-
ment 2, it is also possible to stabilize alignment of the liquid
crystal 31 by the PSA processing or the like.

Embodiment 4

[0079] Embodiment 4 according to the invention will be
described below with reference to FIGS. 21 to 25. In the
present embodiment, a member that is common to other
embodiments is given the same member number, and
detailed description thereof will not be repeated unless
otherwise required.

(Configuration of Liquid Crystal Panel 1D)

[0080] FIG. 21 is a plan view planarly illustrating a
configuration of a liquid crystal panel 1D according to
Embodiment 4 of the invention. FIG. 22 is a plan view
planarly illustrating a configuration of the pixel electrode 30.
The liquid crystal panel 1D includes at least respective
members that are the same as the respective members
constituting the liquid crystal panel 1 according to Embodi-
ment 1. However, the liquid crystal panel 1D and the liquid
crystal panel 1 are different in a shape of the pixel electrode
30. The liquid crystal panel 1D is compatible with a CPA
(Continuous Pinwheel Alignment) mode, and a slit 101 that
is parallel to the gate line 22 is formed in the pixel electrode
30. The pixel electrode 30 is divided into five partial
electrodes each of which has an octagonal shape. The liquid
crystal panel 1D further includes an alignment control body
102 that is formed in the same layer as the common
electrode 32.

[0081] FIG. 23 is a sectional view illustrating a first
example of a section of the liquid crystal panel 1D, which is
taken along a line A-A' illustrated in FIG. 22. FIG. 24 is a
sectional view illustrating a second example of the section of
the liquid crystal panel 1D, which is taken along the line
A-A' illustrated in FIG. 22. The alignment control body 102
may be a projection, which is formed on the common
electrode 32 and made of resin, as illustrated in FIG. 23, or
may be a slit, which is formed in the common electrode 32,
as illustrated in FIG. 24. In both configurations, the align-
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ment control body 102 has a function of controlling align-
ment of the liquid crystal 31 to which a voltage is applied.

(Alignment Direction of Liquid Crystal 31)

[0082] FIG. 25 is a view for explaining alignment of the
liquid crystal 31 in a case where a voltage is applied to the
pixel electrode 30. When a voltage is applied, in accordance
with a position at which the liquid crystal 31 is arranged, the
liquid crystal 31 is aligned in any of a plurality of different
alignment directions 103 heading to the alignment control
body 92 from an edge of the pixel electrode 30. Engagement
between an electric field which is generated in the edge of
the pixel electrode 30 and a direction in which the alignment
control body 102 controls the liquid crystal 31 stabilizes
alignment of the liquid crystal 31. The alignment of the
liquid crystal 31 is stably controlled in a large number of
different alignment directions 103 in the liquid crystal panel
1D, so that it is possible to reduce a view angle dependency
of a displayed object in the liquid crystal panel 1D. It is
thereby possible to achieve the liquid crystal panel 1D that
is capable of uniform display in a range of a wide view
angle.

[0083] In the liquid crystal panel 1D that operates in the
CPA mode, similarly to Embodiment 1 and the like, the
contact hole 45 is formed in each of an intersection portion
of the gate line 22 and the lower-layer source line 26 and an
intersection portion of the gate line 22 and the auxiliary
capacitance line 23. Thereby, a loss portion is able to be
shared, thus making it possible to improve light transmit-
tance of the pixel electrode 30.

[0084] In the liquid crystal panel 1D, similarly to Embodi-
ment 2 and the like, it is also possible to stabilize alignment
of the liquid crystal 31 by the PSA processing or the like.

Embodiment 5

[0085] Embodiment 5 according to the invention will be
described below with reference to FIGS. 26 to 31. In the
present embodiment, a member that is common to other
embodiments is given the same member number, and
detailed description thereof will not be repeated unless
otherwise required.

(Configuration of Liquid Crystal Panel 1E)

[0086] FIG. 26 is a plan view planarly illustrating a
configuration of a liquid crystal panel 1E according to
Embodiment 5 of the invention. FIG. 27 is a plan view
planarly illustrating a configuration of the pixel electrode 30.
FIG. 28 is a plan view planarly illustrating a configuration
of the common electrode 32. The liquid crystal panel 1E
includes at least respective members that are the same as the
respective members constituting the liquid crystal panel 1
according to Embodiment 1. However, the liquid crystal
panel 1E and the liquid crystal panel 1 are different in an
alignment mode of the liquid crystal 31. The liquid crystal
panel 1E is compatible with a transverse electric field, that
is, FFS (Fringe Field Switching) mode. A shape of the pixel
electrode 30 is the same as that of Embodiment 1. A slit 111
that has a fixed inclination angle with respect to the gate line
22 and is substantially parallel to the horizontal direction
(arrangement direction of the gate line 22) is formed in the
common electrode 32.

[0087] FIG. 29 is a sectional view illustrating a section of
the liquid crystal panel 1E, which is taken along a line A-A'
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illustrated in FIG. 26. The liquid crystal panel 1E further
includes a third inter-layer insulating film 112 and a flatten-
ing film 113. The third inter-layer insulating film 112 is
formed on the second inter-layer insulating film 28 so as to
cover each of the pixel electrode 30 and the upper-layer
source line 29. The third inter-layer insulating film 112 is not
formed on the counter substrate 35 but is formed on the third
inter-layer insulating film 112. The flattening film 113 is
formed on the color filter 33.

(Process Flow)

[0088] FIG. 30 is a flowchart for explaining a flow of
processing in which the gate lines and the like are formed on
the array substrate 21. When the flow illustrated in the figure
is started, first, the gate lines 22 are formed on the surface
of the array substrate 21 (step S11). Next, the first inter-layer
insulating film 24 is formed so as to cover the gate lines 22
(step S12). Then, the semiconductor layer 25 is formed on
the first inter-layer insulating film 24 (step S13). Thereafter,
the lower-layer source lines 26 and the drain electrode 27 are
formed in the same layer as the semiconductor layer 25 (step
S14). Next, the second inter-layer insulating film 28 is
formed so as to cover the lower-layer source lines 26 and the
like (step S15). Then, the upper-layer source lines 29 are
formed on the second inter-layer insulating film 28 (step
S16). Thereafter, the pixel electrode 30 is formed in the same
layer as the upper-layer source lines 29 (step S17). Next, the
third inter-layer insulating film 112 is formed so as to cover
the pixel electrode 30 and the like (step S18). Then, the
common electrode 32 is formed on the third inter-layer
insulating film 112 (step S19). Thus, the flow illustrated in
FIG. 30 ends.

(Alignment Direction of Liquid Crystal 31)

[0089] FIG. 31 is a view for explaining alignment of the
liquid crystal 31 in a case where a voltage is applied to the
pixel electrode 30. When a voltage is applied to the liquid
crystal 31, an electric field between the pixel electrode 30
and the common electrode 32 is generated in an electric field
direction 122 that intersects with an extending direction 121
of the slit 111. The liquid crystal 31 that is aligned along an
initial alignment axis 123 moves as if to rotate along a
rotation direction 124 on the basis of intensity of the
generated electric field. Alignment of the liquid crystal 31 is
thereby controlled, and gradation display in the liquid crys-
tal panel 1E is realized.

[0090] In the liquid crystal panel 1E that operates in the
FFS mode, similarly to Embodiment 1 and the like, the
contact hole 45 is formed in the intersection portion of the
gate line 22 and the lower-layer source line 26. Thereby, a
loss portion is able to be shared, thus making it possible to
improve light transmittance of the pixel electrode 30.
[0091] In the liquid crystal panel 1E, auxiliary capacitance
is able to be formed between the pixel electrode 30 and the
common electrode 32 that face each other with the third
inter-layer insulating film 112 held therebetween. Accord-
ingly, the liquid crystal panel 1E may not include the
auxiliary capacitance line 23. An alignment state of the
liquid crystal 31 is different between an upper half region
and a lower half region of the pixel 15 also in the liquid
crystal panel 1E that does not include the auxiliary capaci-
tance line 23. Thus, a boundary between the upper half
region and the lower half region becomes a dark line region
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in many cases. Then, when the contact hole 45 is provided
at a position in the lower-layer source line 26, which faces
the dark line region, a loss is able to be supplied, so that it
is possible to suppress a decrease in the aperture ratio (light
transmittance) of the pixel 15 similarly to Embodiment 1.

CONCLUSION

[0092] A liquid crystal panel (1) according to an aspect 1
of the invention includes: a first substrate (21); and a second
substrate (35), in which liquid crystal (31) is held between
the first substrate and the second substrate, the first substrate
includes a plurality of first wires (22), a second wire
(lower-layer source line 26) that intersects with the plurality
of first wires, and a third wire (upper-layer source line 29)
that is arranged in a layer different from a layer in which the
second wire is arranged and that is arranged in parallel to the
second wire, an aperture (gate line aperture 42) is formed in
at least any of all intersection portions in which the plurality
of first wires and the second wire intersect, and the second
wire and the third wire are connected through a contact hole
(45) that is formed in the aperture.

[0093] With the aforementioned configuration, a decrease
in a yield due to a line defect is suppressed and a high pixel
aperture ratio is obtained.

[0094] In the liquid crystal panel according to an aspect 2
of the invention, the contact hole is formed near a center of
the aperture, in the aspect 1.

[0095] With the aforementioned configuration, a decrease
in a pixel aperture ratio and a decrease in display quality are
able to be prevented more effectively.

[0096] In the liquid crystal panel according to an aspect 3
of the invention, the plurality of first wires include a gate line
(22), and the second wire and the third wire are respectively
a first source line (lower-layer source line 26) and a second
source line (upper-layer source line 29), in the aspect 1.
[0097] In the liquid crystal panel according to an aspect 4
of the invention, the plurality of first wires include an
auxiliary capacitance line (23), and the second wire and the
third wire are respectively a first source line (lower-layer
source line 26) and a second source line (upper-layer source
line 29), in the aspect 1.

[0098] In the liquid crystal panel according to an aspect 5
of the invention, the plurality of first wires include a gate line
(22) and an auxiliary capacitance line (23) that is arranged
in parallel to the gate line, the second wire and the third wire
are respectively a first source line (lower-layer source line
26) and a second source line (upper-layer source line 29),
and the aperture includes a gate line aperture (42) that is
formed in an intersection portion of the gate line and the first
source line and an auxiliary capacitance line aperture (43)
that is formed in an intersection portion of the auxiliary
capacitance line and the first source line, in the aspect 1.
[0099] The liquid crystal panel according to an aspect 6 of
the invention further includes a pixel electrode (30) that is
formed in a same layer as the third wire, in any of the aspects
1to 5.

[0100] In the liquid crystal panel according to an aspect 7
of the invention, the third wire includes a same material as
the pixel electrode, in the aspect 6.

[0101] With the aforementioned configuration, it is pos-
sible to simplify a method of manufacturing a liquid crystal
panel.

[0102] In the liquid crystal panel according to an aspect 8
of the invention, a light shielding film (black matrix 34) is
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arranged at a position of the second substrate, which faces
the aperture, in any of the aspects 1 to 7.

[0103] In the liquid crystal panel according to an aspect 9
of the invention, a common electrode (32) is arranged on a
side of the liquid crystal of the third wire via an insulating
film (second inter-layer insulating film 28), in any of the
aspects 1 to 8.

[0104] Inthe liquid crystal panel according to an aspect 10
of the invention, the common electrode is arranged at a
position that faces the aperture, in the aspect 9.

[0105] In the liquid crystal panel according to an aspect 11
of the invention, the common electrode includes a slit (91)
that faces the pixel electrode, in the aspect 9 or 10.

[0106] A liquid crystal display device according to an
aspect 12 of the invention includes the liquid crystal panel
according to any of the aspects 1 to 11.

[0107] With the aforementioned configuration, it is pos-
sible to achieve a liquid crystal display device for which a
decrease in a yield due to a line defect is suppressed and a
high pixel aperture ratio is obtained.

[0108] The invention is not limited to each of the embodi-
ments described above, and may be modified in various
manners within the scope indicated in the claims. An
embodiment achieved by appropriately combining technical
means disclosed in each of different embodiments is also
encompassed in the technical scope of the invention. By
combining the technical means disclosed in each of the
embodiments, a new technical feature may be formed.

REFERENCE SIGNS LIST

[0109] 1. 1B, 1C, 1D, 1E liquid crystal panel, 11 gate
driver, 12 source driver, 13 display region, 14 intersection
portion, 15 pixel, 21 array substrate, 22 gate line, 23
auxiliary capacitance line, 24 first inter-layer insulating film,
25 TFT, 26 lower-layer source line, 27 drain electrode, 28
second inter-layer insulating film, 29 upper-layer source
line, 30 pixel electrode, 31 liquid crystal, 32 common
electrode, 33 color filter, 34 black matrix, 35 counter sub-
strate, 41 pixel aperture, 42 gate line aperture, 43 auxiliary
capacitance line aperture, 44 pixel portion contact hole, 45
contact hole, 51 disconnection, 52 current path, 53 pinhole,
54 short-circuit, 62 object to be removed, 63 connection
portion, 64 alignment unstable region, 71 region, 81, 95,103
direction, 85 cross region, 86 pixel invalid region, 91, 101,
111 slit, 92, 102 alignment control body, 94 dark line, 112
third inter-layer insulating film, 113 flattening film, 121
extending direction, 122 electric field direction, 123 initial
alignment axis, 124 rotation direction
1. A liquid crystal panel comprising:
a first substrate; and
a second substrate, wherein
liquid crystal is held between the first substrate and the
second substrate,
the first substrate includes
a plurality of first wires,
a second wire that intersects with the plurality of first
wires, and
a third wire that is arranged in a layer different from a
layer in which the second wire is arranged and that
is arranged in parallel to the second wire,
an aperture is formed in at least any of all intersection
portions in which the plurality of first wires and the
second wire intersect, and
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the second wire and the third wire are connected through
a contact hole that is formed in the aperture.

2. The liquid crystal panel according to claim 1, wherein

the contact hole is formed near a center of the aperture.

3. The liquid crystal panel according to claim 1, wherein

the plurality of first wires include a gate line, and

the second wire and the third wire are respectively a first
source line and a second source line.

4. The liquid crystal panel according to claim 1, wherein

the plurality of first wires include an auxiliary capacitance
line, and

the second wire and the third wire are respectively a first
source line and a second source line.

5. The liquid crystal panel according to claim 1, wherein

the plurality of first wires include a gate line and an
auxiliary capacitance line that is arranged in parallel to
the gate line,

the second wire and the third wire are respectively a first
source line and a second source line, and

the aperture includes a gate line aperture that is formed in
an intersection portion of the gate line and the first
source line and an auxiliary capacitance line aperture
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that is formed in an intersection portion of the auxiliary
capacitance line and the first source line.

6. The liquid crystal panel according to claim 1, further
comprising a pixel electrode that is formed in a same layer
as the third wire.

7. The liquid crystal panel according to claim 6, wherein
the third wire includes a same material as the pixel electrode.

8. The liquid crystal panel according to claim 1, wherein
a light shielding film is arranged at a position of the second
substrate, which faces the aperture.

9. The liquid crystal panel according to claim 1, wherein
a common electrode is arranged on a side of the liquid
crystal of the third wire via an insulating film.

10. The liquid crystal panel according to claim 9, wherein
the common electrode is arranged at a position that faces the
aperture.

11. The liquid crystal panel according to claim 9, wherein
the common electrode includes a slit that faces the pixel
electrode.

12. A liquid crystal display device comprising the liquid
crystal panel according to claim 1.
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