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LIQUID CRYSTAL DISPLAY PANEL, AND
LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play panel and a liquid crystal display device. More particu-
larly, the present invention relates to a liquid crystal panel and
a liquid crystal display device suitable for multi-coloring and
higher resolution.

BACKGROUND ART

[0002] Liquid crystal display devices have been attracting
attentions as display devices that can provide features such as
light weight, thin profile, and low power consumption. They
are essential in everyday living and in businesses today for
use in mobile devices, various monitors, large TVs, and the
like. In particular, active matrix liquid crystal display devices
using thin film transistors (TFT) as the pixel switching ele-
ments (driver elements) have significantly expanded their
market share due to their favorable features such as a high
contrast ratio and a fast response time. For such liquid crystal
display devices, continuous research and development are
being conducted for a better performance in image and dis-
play quality such as advanced multi-coloring and a higher
resolution and for more versatile functions in response to
expanded needs and further technological advancement.

[0003] A conventional liquid crystal display device dis-
closed (see Patent Document 1, for example) has a liquid
crystal display panel configured to have two transparent sub-
strates with liquid crystals sealed in between them. Of the two
surfaces of the transparent substrates that are facing each
other, one of the surfaces has an opposite electrode, color
filters, an alignment film, and the like formed thereon, and the
other surface has TFTs, pixel electrodes (display electrodes
and common electrodes), an alignment film, and the like
formed thereon. Such a liquid crystal display panel further
includes a plurality of gate bus lines and a plurality of data bus
lines crossing the gate bus lines formed thereon. An embodi-
ment of this liquid crystal display panel includes black matri-
ces, which are formed in parallel to the data bus lines, where
the width of the data bus lines is set to 4 um while the width
oftheblack matrices is set to 8 um. Substrates using copper or
a copper alloy as the conductive film or the conductive lines
are also disclosed (see Patent Documents 2 to 4, for example).

RELATED ART DOCUMENTS
Patent Documents

[0004] Patent Document 1: Japanese Patent Application
Laid-Open Publication No. 2000-267141 (pages 1, 2, and
11, and FIG. 7 on page 18)

[0005] Patent Document 2: Japanese Patent Application
Laid-Open Publication No. 2008-66680 (pages 2 and 6)
[0006] Patent Document 3: Japanese Patent Application
Laid-Open Publication No. 2008-66678 (pages 2 and 6)
[0007] Patent Document 4: Japanese Patent Application
Laid-Open Publication No. 2008-28395 (pages 2 and 7)

SUMMARY OF THE INVENTION
Problems to be Solved by Invention

[0008] From the perspective of the aperture ratio increase
and the transmittance improvement, as shown in FIG. 16, for
example, liquid crystal display panels (LCD panels) manu-
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factured so far have black matrices disposed over TFT ele-
ments, over spacers, between picture elements, and the like
when the panel main surface is observed in a plan view.
Regions shielded from the light are thus limited. Specifically,
in those configurations, a black matrix 321T as the TFT
light-shielding section and a black matrix 3218 as the spacer
light-shielding section are disposed in each of the picture
element where a red color filter 322R is disposed, the picture
element where a green color filter 322G is disposed, and the
picture element where a blue color filter 322B is disposed.
Also, a black matrix 321P is disposed as the inter-picture
element light-shielding section.

[0009] On the other hand, no black matrix is disposed over
other wirings, i.e., an auxiliary capacitance wiring 311a and a
gate wiring 3114. Consequently, the exposure ratio of the
metal wiring on the TFT substrate in each picture element was
large.

[0010] Wirings disposed on the substrate of the LCD panel
are metal wirings. However, for a better performance of the
panels, a demand for low-resistance wirings featuring lower
resistance than conventional wirings is on the rise.

[0011] However, some metal wirings that can provide an
increased performance has a high reflectance. Consequently,
when external light enters the panel, excessive amount of
unnecessary reflection occurs within the panel due to the
metal wiring reflection, which can lead to the display quality
deterioration. That is, in the case of the conventional LCD
panels, in particular where multiple types of metal wirings are
used such as on the TFT substrate, for example, the light
reflection of the metal wirings on the substrate caused prob-
lems such as color addition by the external light reflection and
a reduced bright room contrast.

[0012] The present invention was devised in consideration
of problems described above, and is aiming at providing a
liquid crystal display panel that includes metal wirings and
that, particularly in a configuration constituted of different
types of metal wirings such as a TFT substrate, presents less
color addition and an improved bright room contrast, and a
liquid crystal display device including such a liquid crystal
panel.

Means for Solving the Problems

[0013] Inthe course of studying liquid crystal display pan-
els and liquid crystal display devices that include metal wir-
ings, inventors of the present invention found that some metal
wirings have a high spectral reflectance over a particular
wavelength range within the visible light wavelength range,
and as a result, upon entry of external light, generates exces-
sive reflected light over the substrate within the liquid crystal
display panel, leading to a color addition and the reduced
bright room contrast due to the external light reflection. This
becomes noticeable especially in a configuration composed
of multiple types of metal wirings such as a TFT substrate, or
when the metal wirings used are low-resistance wirings. In
this context, regarding the liquid crystal display panel having
metal wirings of certain reflectance, inventors of the present
invention focused on the reflectance over a specific wave-
length range of 600 to 700 nm in relation to the reflectance at
a wavelength of 550 nm. Then, the inventors of the present
invention found that a reddish brown color addition occurs
and the bright room contrast is reduced when the reflectance
over the specific wavelength range is high, but when the
reflectance of the specific wavelength range is no greater than
150%, the reddish brown color addition is reduced and the
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bright room contrast is improved. As a result, the above-
mentioned problems have been admirably solved, leading to
completion of the present invention.

[0014] The technological significance of the present inven-
tion is the optimization of numerical range of the reflectance
over a specific wavelength range of the liquid crystal display
panel. In other words, the significance lies in the identifying
of the connection between a specific configuration limiting
the reflectance and specific objective and effect. This connec-
tion had never been recognized in the conventional technol-
ogy.

[0015] That is, the present invention is a liquid crystal dis-
play panel including wirings constituted of metals having a
reflectance of atleast 90% over a wavelength range within the
visible light range, where the reflectance at the display sur-
face over the wavelength of 600 to 700 nm is no greater than
150% of the reflectance at the display surface at the wave-
length of 550 nm.

[0016] Forexample, based on the spectral reflectance of the
metals in individual picture elements, which metals are not
shielded from the light by a light-shielding layer such as a
black matrix (hereinafter also simply referred to as black
matrix), preferably additional black matrices are provided to
limit the reflectance over the range of 600 to 700 nm to 150%
of the reflectance at 550 nm, which is the central wavelength
of the white balance where all colors in are synthesized. By
limiting the above-mentioned reflectance to no more than
150%, the reddish brown color addition in the liquid crystal
display panel can sufficiently be reduced, and the bright room
contrast can be improved. Also, it is difficult to minimize the
lower limit of the above-mentioned reflectance to substan-
tially 0%, because of the characteristics of the metals having
a 90% or higher reflectance over a wavelength range within
the visible light range. From such a perspective, the lower
limit of the above-mentioned reflectance is preferably 50% or
higher, for example. More preferably, the lower limit is 100%
or higher.

[0017] The reflectance is measured by projecting the light
ona sample uniformly from all directions using an integrating
sphere (a sphere whose inner surface is coated with a white
paint that diffusely reflect light almost perfectly, such as
barium sulfate) or the like, and receiving reflected light from
a single direction.

[0018] The above-mentioned reflectance refers to the
reflectance of the light reflected towards the display side of
the display panel (viewer’s side). There is no particular upper
limit of the above-mentioned reflectance as long as the lowest
reflectance over the range of 600 to 700 nm at the display
panel is 150% or lower. However, more preferably, the aver-
age reflectance is no greater than 150%. Most preferably, the
maximum reflectance over the range of 600 to 700 nm at the
display panel is no greater than 150%.

[0019] On the other hand, there is no particular lower limit
of the above-mentioned reflectance as long as the maximum
reflectance over the range of 600 to 700 nm satisfy the above-
mentioned lower limit, i.e., the maximum reflectance is the
above-mentioned lower limit or higher, but more preferably,
the average reflectance satisfies the above-mentioned lower
limit. Most preferably, the minimum reflectance over the
range of 600 to 700 nm at the display panel satisfies the
above-mentioned lower limit.

[0020] Metals that may be used in a liquid crystal display
panel of the present invention are silver, gold, copper, or
alloys of those metals, for example. In particular, those hav-
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ing a reflectance of at least 90% over the wavelength range of
600 to 700 nm are preferable. More preferably, those are the
metals having a reflectance of at least 95%. Among those
metals, preferably the above-mentioned metals are copper or
a copper alloy. In a liquid crystal display device in which
metal wirings having a color peculiar to that metal, such as
copper or copper alloy, color addition by the metal wirings
can be more appropriately be reduced by providing black
matrices at places, in addition to the black matrices already
formed on the color filter substrate. That is, the configuration
in which a reflectance is at least 90% is appropriately used
when the surface layer section of the metal wirings is consti-
tuted of any of the above-mentioned metals. Such metals are
normally considered as causing reflection of incoming light,
but by employing a configuration of the present invention,
undesirable outcome due to the reflected light can sufficiently
be suppressed.

[0021] Aslongas the liquid crystal display panel and liquid
crystal display device of the present invention include these
constituting elements as their essential elements, the configu-
rations of them are not particularly limited by other consti-
tuting elements.

[0022] Preferred configurations of the liquid crystal display
panel and the liquid crystal display device of the present
invention are described in detail below.

[0023] One of the preferred configurations of the liquid
crystal display panel of the present invention is the one in
which, when the main surface of the panel is observed in a
plan view, at least 75% of the surface area of the metal in each
picture element that displays the color of red overlaps a light-
shielding layer. According to such a configuration, the red-
dish brown color addition can appropriately be reduced. The
upper limit in the overlapping ratio of the metal and the
light-shielding layer is 100%, for example. The reflectance is
measured in the manner as described above.

[0024] The preferred configuration described above is
effective especially when a low-resistance wiring with a red-
dish color such as copper or copper alloy is used. Also, in
order to maximize the aperture ratio in non-red picture ele-
ments, and to sufficiently solve the problem of reddish-brown
color addition in red picture elements, preferably the ratio of
the metal wiring overlapping the light-shielding layer is
increased and additional black matrices are provided only in
picture elements displaying a color of red.

[0025] In the above-mentioned preferred configuration, if
the substrate is an active matrix system substrate using TFTs,
preferably in the picture elements displaying a color of red,
the ratio of the metal overlapping the light-shielding layer is
increased by at least 30% more than a conventional exposed
metal area, and a black matrix is additionally disposed. That
is, preferably in picture elements displaying a color of red, the
ratio of the metal overlapping the light-shielding layer is
increased by at least 30% as opposed to the area of the region
where the black matrix is disposed only over the TFT ele-
ments, over the spacers, and between the picture elements and
the remaining portion of the metal is exposed. More prefer-
ably, only in picture elements displaying a color of red, the
ratio of the metal overlapping the light-shielding layer is
increased by at least 30%. In these cases, the black matrix area
is increased by at least 30%.

[0026] The exposed metal area refers to the area of the
region where incoming external light is reflected by the metal
in the liquid crystal display panel. Normally, metal wirings
are covered by various kinds of films or the like. However,
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light is reflected by the wirings in regions not overlapping any
light-shielding layer such as the black matrix when observed
in a plan view. In this specification, when an item is stated as
“exposed,” it means that, when observed in a plan view, the
item is not configured to be covered by a light-shielding layer
such as the black matrix.

[0027] In the configurations described above, for example,
preferably, in picture elements displaying a color of red, black
matrices are disposed over TFT elements, over the spacers,
and between picture elements, and also over a part of the gate
bus lines and/or the auxiliary capacitance wirings. In this
case, the black matrix is disposed over at least 30% of or
preferably over the above-mentioned range of percent of the
exposed metal area of the gate bus lines and the auxiliary
capacitance wirings (area of the metal reflection region). The
above-mentioned exposed metal area of the gate bus lines and
the auxiliary capacitance wirings excludes the metal area
already shielded from the light by the black matrices disposed
over TFT elements, over the spacers, and between picture
elements.

[0028] Inthe preferred configurations described above, the
ratio of the metal overlapping the light-shielding layer in
picture elements displaying a color of red and the exposed
metal area are explained. Preferably, the configurations apply
to picture elements displaying a color of yellow and/or a color
of cyan as well as picture elements displaying a color of red,
which are found in multi-primary color liquid crystal display
panels using RGBY four primary colors that includes yellow
(Y) in addition to RGB three primary colors of red (R), green
(G), and blue (B); RGBC four primary colors that includes
picture elements of a color of cyan (C) in addition to RGB;
and other multi-primary colors requiring RGBY or RGBC
with additional colors. Preferably, in these configurations,
additional black matrices are provided in red, yellow, and/or
cyan picture elements, and no additional black matrix is pro-
vided in other picture elements, as in the above-mentioned
configurations. This is because the reddish brown color addi-
tion associated with the exposed metal occurs in yellow and
cyan picture elements as in red picture elements.

[0029] More preferably, in a liquid crystal display panel
requiring RGBY, the configurations apply to yellow picture
elements as well as picture elements displaying a color of red.
[0030] For example, preferably, as opposed to the area of
the region where the black matrices are disposed only over
TFT elements, over the spacers, and between picture ele-
ments and the remaining metal portion is exposed, in each of
red, yellow, and/or cyan picture elements, the ratio of the
metal overlapping the light-shielding layer is increased by at
least 30%. More preferably, only in each of red, yellow and/or
cyan picture elements, the ratio of the metal overlapping the
light-shielding layer is increased by at least 30% as described
above. The upper limit of the ratio of the metal overlapping
the light-shielding layer is 100%, for example.

[0031] Further, in configurations using four or more pri-
mary colors, if red, yellow, and/or cyan picture elements are
required, preferably more additional black matrices are dis-
posed in red picture elements than in yellow and/or cyan
picture elements. For example, preferably the black matrix
area inred picture elements are increased by at least 50%, and
the black matrix area in yellow and/or cyan picture elements
areincreased by at least 30% and less than 50%. The influence
of the light reflection caused by the metal wirings on the
contrast is more significant in red picture elements than in
yellow or cyan picture elements. That is, especially when the

Dec. 13, 2012

surface layer section of the metal wiring used is made of
copper or an alloy containing copper, the influence to the
contrast, which is a reddish brown color addition, is normally
the most significant in red picture elements.

[0032] Preferred configurations of the above-mentioned
multiple primary colors, which are the four primary colors or
more colors, are configurations of display devices having a
display surface composed of pixels including red, green, blue,
and yellow sub-pixels, where red and/or blue sub-pixels have
a greater aperture area than other sub-pixels (a configuration
in which the aperture area of red sub-pixels is the greatest, a
configuration in which the aperture area of blue sub-pixels is
the greatest, and a configuration in which the aperture areas of
red sub-pixels and blue sub-pixels are both the greatest of all
the sub-pixels), and where the aperture area of green and/or
yellow sub-pixels is smaller than the aperture area of other
sub-pixels (a configuration in which the aperture area of green
sub-pixels is the smallest, a configuration in which the aper-
ture area of yellow sub-pixels is the smallest, and a configu-
ration in which the aperture area of green and yellow sub-
pixels are both the smallest of all the sub-pixels). Yellow may
be replaced by cyan. Alternatively, both yellow and cyan may
be included. Further, in another possible configuration, the
above-mentioned pixel includes a red sub-pixel and/or a blue
sub-pixel whose color characteristics are different from one
another.

[0033] In the liquid crystal display device of four or more
primary colors, as more primary colors are used for the dis-
play, visibility can be deteriorated mainly due to the reduced
brightness of red. Also, if a light source of a high color
temperature is used to adjust the tone of the white display, the
brightness of the red display further declines, and visibility is
further deteriorated accordingly. According to the above-
mentioned preferred configuration, bright red can be dis-
played, and therefore visibility improves. With this advan-
tage, together with other benefits of the configurations of the
present invention, the color addition due to the external light
reflection can be reduced, and the reduction in the bright room
contrast can be controlled.

[0034] A preferred configuration of the liquid crystal dis-
play panel of the present invention is that when the main
surface of the panel is observed in a plan view, at least a
portion of the above-mentioned wiring overlaps the light-
shielding layer having a width which is about equal to or
smaller than the width of the wiring. More preferably, the
wiring overlaps with the light-shielding layer that has a width
smaller than the width of the wiring. Normally, to cover the
metal wiring with the black matrix, the width of the black
matrix to be disposed is set to a little wider than the width of
the metal wiring in consideration of possible manufacturing
errors and the like. However, in the present invention, even
with a narrower black matrix, reduction in contrast due to the
light reflection by the metal wiring can be prevented and the
transmittance can be increased sufficiently because of the
improved aperture ratio.

[0035] According to such configurations, color tones can
be controlled while the light-shielding ratio is appropriately
adjusted.

[0036] Also, in the above-mentioned preferred configura-
tion where additional black matrices are provided, preferably
at least a portion of the metal wiring overlaps the light-
shielding layer having a width about equal to or smaller than
the width of the wiring. Therefore, in picture elements dis-
playing a color of red, if there are picture elements displaying
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yellow and/or cyan in addition to red, in picture elements
displaying red, yellow, and/or cyan, preferably, the black
matrices are disposed over TFT elements, over the spacers,
and between picture elements, and also over a portion of the
gate bus line and/or auxiliary capacitance wiring so that at
least a portion of the gate bus line and/or the auxiliary capaci-
tance wiring overlaps the black matrix having a width about
equal to or smaller than the width of the wiring. In this case
also, more preferably, in the liquid crystal display panel
requiring the RGBY, this configuration applies not only to red
picture elements, but also to yellow picture elements. Also,
more preferably, the wiring overlaps the light-shielding layer
having a width smaller than the width of the wiring. Further,
according to the above-mentioned configurations, the benefit
which can be obtained from using the wiring having a surface
layer section constituted of copper or an alloy containing
copper is two-fold: such wiring can appropriately reduce the
reddish brown color addition and provides a beneficial feature
of low resistance.

[0037] Further, preferably, the above-mentioned configu-
rations and preferred configurations of the present invention
are applied to a liquid crystal display panel including an
active matrix substrate using thin film transistors (TFTs). In
this case, gate bus lines are preferably disposed on a trans-
parent substrate constituting the liquid crystal display panel.
More preferably, the gate bus lines and auxiliary capacitance
wirings are disposed.

[0038] The present invention also provides a liquid crystal
display device including a liquid crystal display panel of the
present invention. The liquid crystal display device of the
present invention presents reduced color addition and excel-
lent bright room contrast.

[0039] Configurations described above can be combined as
appropriate within the spirit of the present invention.

Effects of the Invention

[0040] A liquid crystal display panel and a liquid crystal
display device of the present invention can provide reduced
color addition and improved bright room contrast.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG.1is aplan view schematically showing a pixel
of a liquid crystal display panel of Embodiment 1.

[0042] FIG. 2 is an enlarged view showing a part of the
source wiring of the liquid crystal display panel of Embodi-
ment 1.

[0043] FIG. 3 is a graph showing the spectral reflectance of
a copper wiring, aluminum wiring, and titanium wiring.
[0044] FIG. 4 is a graph showing the spectral reflectance of
the liquid crystal display panel of Embodiment 1.

[0045] FIG. 5is a graph showing the spectral reflectance of
the liquid crystal display panel of Embodiment 1 and the
spectral reflectance of a liquid crystal display panel of Com-
parative Example 1 relative to the reflectance at a wavelength
of 550 nm, where the reflectance at a wavelength of 550 nm is
defined to be 100%.

[0046] FIG. 6 is a graph showing the reflected light chro-
maticity of the liquid crystal display panel of Embodiment 1
and the reflected light chromaticity of the liquid crystal dis-
play panel of Comparative Example 1.

[0047] FIG. 7 is a plan view schematically showing a pixel
ofa liquid crystal display panel of a modification example of
Embodiment 1.
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[0048] FIG. 8is aplan view schematically showing a pixel
of'a liquid crystal display panel of Embodiment 2.

[0049] FIG. 9 is a graph showing the spectral reflectance of
the liquid crystal display panel of Embodiment 2.

[0050] FIG. 10 is a graph showing the spectral reflectance
of the liquid crystal display panel of Embodiment 2 and the
spectral reflectance of a liquid crystal display panel of Com-
parative Example 2 relative to the reflectance at 550 nm,
where the reflectance at 550 nm is defined to be 100%.
[0051] FIG. 11 is a graph showing the reflected light chro-
maticity of the liquid crystal display panel of Embodiment 2
and the reflected light chromaticity of the liquid crystal dis-
play panel of Comparative Example 2.

[0052] FIG. 12 is a plan view schematically showing a
circuit substrate of the present embodiment.

[0053] FIG. 13 is an exploded perspective view schemati-
cally showing the structure of the liquid crystal panel of the
present embodiment.

[0054] FIG. 14 is an exploded perspective view schemati-
cally showing the structure of a liquid crystal display device
including the liquid crystal panel shown in FIG. 13.

[0055] FIG. 15 is a cross-sectional view schematically
showing the external light reflection of a liquid crystal display
panel of Comparative Example 1.

[0056] FIG.16 isaplan view schematically showing a pixel
ofthe liquid crystal display panel of Comparative Example 1.
[0057] FIG. 17 is a graph showing the spectral reflectance
of'the liquid crystal display panel of Comparative Example 1.
[0058] FIG.18isaplan view schematically showing a pixel
of'the liquid crystal display panel of Comparative Example 2.
[0059] FIG. 19 is a graph showing the spectral reflectance
ofthe liquid crystal display panel of Comparative Example 2.

DETAILED DESCRIPTION OF EMBODIMENTS

[0060] In this specification, the circuit substrate is also
referred to as TFT side substrate, because this is the substrate
on which TFTs are provided in embodiments. The substrate
that faces the circuit substrate is also referred to as CF side
substrate, because this is the substrate on which color filters
(CF) are disposed in embodiments. The surface layer section
refers to the layer on the side of display surface of the display
panel.

[0061] The present invention is further described in detail
below using embodiments and with reference to figures.
However, the present invention is not limited only to these
embodiments. The reflectance is measured by projecting light
ona sample uniformly from all directions using an integrating
sphere (a sphere whose inner surface is coated with a white
paint that diffusely reflect light almost perfectly, such as
barium sulfate) or the like, and receiving reflected light from
a single direction.

Embodiment 1

[0062] A liquid crystal display panel of Embodiment 1 was
obtained through steps (1) to (4) below. However, steps for
obtaining a liquid crystal display panel of this embodiment
are not limited to those described below. (1) A TFT substrate
employing a low-resistance copper wiring as the metal wiring
was used. Copper alloy wiring may also be suitably used. The
surface layers of the gate wiring, auxiliary capacitance wir-
ing, and source wiring of the liquid crystal display panel of
Embodiment 1 are all high reflectance wirings (copper wir-
ing). However, metals of a high reflectance may also be used
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only some of the surface layer sections. For example, only the
surface layer section of the gate wiring may be composed of
a high reflectance wiring. The surface of the metal wirings
may be flat or having recesses and protrusions as long as the
specified reflectance is maintained. The wiring having a sur-
face layer of a high reflectance wiring may be configured to
have the high reflectance layer exposed at the top, such as the
configuration in which a transparent electrode is disposed
over the high reflectance wiring. (2) A color filter substrate
constituted of three colors, R (red), G (green), and B (blue),
was used. (3) On the color filter substrate, additional black
matrices were disposed only for R picture elements over
locations other than conventionally-covered TFT elements,
the spacers, and the space between picture elements. Addi-
tional black matrices were provided only in R picture ele-
ments to increase the black matrix area by 30% more than the
conventionally exposed metal area. (4) The substrate of (1)
and the color filter substrate of (2) were bonded together with
liquid crystals sealed in between them. This completed the
liquid crystal display device.

[0063] FIG.1is aplan view schematically showing a pixel
of the liquid crystal display panel of Embodiment 1.

[0064] As shown in FIG. 1, the liquid crystal display panel
of Embodiment 1 has black matrix disposed over TFT ele-
ments, over spacers, and between picture elements when the
main surface of the panel is observed in a plan view. Specifi-
cally, a black matrix 21T as the TFT light-shielding section
and a black matrix 21S as the spacer light-shielding section
are provided in each of the picture element where a red color
filter 22R is disposed, the picture element where green color
filter 22G is disposed, and the picture element where a blue
color filter 22B is disposed. Also, a black matrix 21P is
disposed as the inter-picture element light-shielding section.
Further, only in the picture element in which the red color
filter 22R is disposed, an additional black matrix 21A is
disposed over an auxiliary capacitance wiring 11a and a gate
wiring 115. In each red picture element of the liquid crystal
panel of Embodiment 1, at least 75% of the surface area of the
wirings overlaps a light-shielding layer when the main sur-
face of the panel is observed in a plan view. The amount ofthe
additional light-shielding layer disposed accounts for 30% of
the conventionally exposed metal area in the red picture ele-
ment. The black matrix 21A, which is additionally provided,
has a width that is smaller than both the width of the auxiliary
capacitance wiring 11a and the width of the gate wiring 115.
[0065] As shown in FIG. 1, the color arrangement of the
color filter in Embodiment 1 is a repeated pattern of RGB, and
the area ratio of the colors are 1.0:1.0:1.0.

[0066] FIG. 2 is an enlarged view showing a part of the
source wiring of the liquid crystal display panel of Embodi-
ment 1.

[0067] A source wiring 13S is disposed in a zigzag pattern.
When the main surface of the panel is observed in a plan view,
a portion of the source wiring 13S is located in the red picture
element, and the remaining portion is in picture elements
other than red (in the blue picture element, for example).
Here, the black matrix is preferably disposed so that it over-
laps at least the source wiring 13S located in the red picture
element. From the perspective of transmittance, a more pref-
erable configuration is that the black matrix is disposed so that
it only overlaps the source wiring 13S located in the red
picture element.

[0068] FIG. 3 is a graph showing the spectral reflectance of
a copper wiring, an aluminum wiring, and a titanium wiring.

Dec. 13, 2012

[0069] That is, FIG. 3 shows the spectral reflectance of
copper wirings used for the liquid crystal display panel of this
embodiment. As shown in FIG. 3, the reflectance of the cop-
per wiring is 90% or higher over the wavelength range of 590
to 700 nm. On the other hand, the reflectance of the aluminum
wiring and the titanium wiring over the visible light range is
less than 90%. They are not as low resistant as the copper
wiring, but they do not add much color.

[0070] FIG. 4 is a graph showing the spectral reflectance of
the liquid crystal display panel of Embodiment 1.

[0071] As shown in the graph, the reflectance over the
wavelength range of 600 to 700 nm can be suppressed by
providing additional black matrix only in the red picture
element (R picture element).

[0072] FIG. 5is a graph showing the spectral reflectance of
the liquid crystal display panel of Embodiment 1 and the
spectral reflectance of a liquid crystal display panel of Com-
parative Example 1 relative to the reflectance at a wavelength
of' 550 nm, where the reflectance at a wavelength of 550 nm is
defined to be 100%.

[0073] The liquid crystal panel of Embodiment 1 has a
reflectance over the wavelength range of 600 to 700 nm at the
display surface that is no greater than 150% of the reflectance
at the wavelength of 550 nm at the display surface.

[0074] FIG. 6 is a graph showing the reflected light chro-
maticity of the liquid crystal display panel of Embodiment 1
and the reflected light chromaticity of the liquid crystal dis-
play panel of Comparative Example 1. FIG. 6 is presented in
the XYZ color system. “Black body” in FIG. 6 refers to the
black body locus on the xy chromaticity diagram. In the graph
of FIG. 6, the color becomes more reddish towards right,
becomes more bluish towards left, are becomes more green-
ish upwards. The same applies to FIG. 11.

[0075] Inthe liquid crystal display panel of Embodiment 1,
black matrices are disposed over a portion of exposed sec-
tions of the metal wirings on the TFT substrate, and the
additional black matrices are disposed so that the reflectance
over the range of 600 to 700 nm is no greater than 150% ofthe
reflectance at 550 nm, which is the central wavelength of the
white balance where all colors are synthesized. As a result, the
black body locus can be approximated on the chromaticity
diagram, the reddish brown color addition that is peculiar to
copper wirings can be reduced, and a liquid crystal display
device with a good display quality can be manufactured.
[0076] FIG. 7 is a plan view schematically showing a pixel
of a liquid crystal display of a modification example of
Embodiment 1.

[0077] As shown in FIG. 7, in the liquid crystal panel of a
modification example of Embodiment 1, the black matrices
are disposed over the TFT elements, over the spacers, and
between the picture elements when the panel main surface is
observed in a plan view. Specifically, a black matrix 121T is
provided as the TFT light-shielding section, and a black
matrix 1218 is provided as the spacer light-shielding section
in each of the picture element where a red color filter 122R is
disposed, the picture element where a green color filter 122G
is disposed, and the picture element where a blue color filter
122B is disposed. Also, ablack matrix 121P is provided as the
inter-picture element light-shielding section. Further, an
additional black matrix 121A is provided over the auxiliary
capacitance wiring 111« and the gate wiring 1115. The addi-
tional black matrix 121 A has a width that is smaller than both
the width of the auxiliary capacitance wiring 111a and the
width of the gate wiring 1115. The color addition can be
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reduced in such a liquid crystal display panel, and with such
a panel, a liquid crystal display device with good display
quality can be manufactured.

Embodiment 2

[0078] A liquid crystal display panel of Embodiment 2 was
obtained through steps (1) to (4) below. However, steps for
obtaining a liquid crystal display panel of this embodiment
are not limited to those described. (1) A TFT substrate
employing a low-resistance copper wiring as the metal wiring
was used. Copper alloy wiring may also be suitably used. The
gate wiring, auxiliary capacitance wiring, and source wiring
of the liquid crystal display panel of Embodiment 2 are all
made of high reflectance wirings (copper wiring). However,
metals of ahigh reflectance may also be used only for some of
the surface layer sections. For example, only the surface layer
section of the gate wiring may be composed of a high reflec-
tance wiring. The surface of the metal wirings may be flat or
having recesses and protrusions as long as the specified
reflectance is maintained. The wiring having a surface layer
of a high reflectance wiring may be configured to have the
high reflectance layer exposed at the top, such as the configu-
ration in which a transparent electrode is disposed over the
high reflectance wiring. (2) The color filter substrate consti-
tuted of four colors, which includes Y (yellow) as well as
RGB was used. (3) On the color filter substrate, additional
black matrices were disposed for R picture elements and Y
picture elements over locations other than conventionally-
covered TFT elements, the spacers, and the space between
picture elements. The coverage by the black matrix over the
conventionally exposed metal area was increased by 50% inR
picture elements and by 30% inY picture elements. (4) The
substrate of (1) and the color filter substrate of (2) were
bonded together with liquid crystals sealed in between them.
This completed the liquid crystal display device.

[0079] FIG. 8 is a plan view schematically showing a pixel
of a liquid crystal display panel of Embodiment 2.

[0080] As shown in FIG. 8, in the liquid crystal display
panel of Embodiment 2, black matrices are disposed over the
TFT elements, over the spacers, and between the picture
elements when the panel main surface is observed in a plan
view. Specifically, ablack matrix 2217 is provided as the TFT
light-shielding section in each of the picture element where a
yellow color filter 222Y is disposed, the picture element
where a red color filter 222R is disposed, the picture element
where a green color filter 222G is disposed, and the picture
element where blue color filter 222B is disposed. Also, a
black matrix 2218 is provided as the spacer light-shielding
section in the picture element where a yellow color filter
222Y is disposed. Further, a black matrix 221P is provided as
the inter-picture element light-shielding section. Also, an
additional black matrix 221A is provided over the auxiliary
capacitance wiring 211a and the gate wiring 2115 in the
picture element where a yellow color filter 222Y is disposed
and in the picture element where a red color filter 222R is
disposed. In the liquid crystal display panel of Embodiment 2,
at least 75% of the surface area of the metal in the red picture
element overlaps a light-shielding layer when the panel main
surface is observed in a plan view. The amount of the addi-
tional light-shielding layer accounts for 50% of the conven-
tionally exposed metal area in the red picture element, and
accounts for 30% of the conventionally exposed metal area in
the yellow picture element. The black matrix 221 A, which is
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additionally provided, has a width that is smaller than both the
width of the auxiliary capacitance wiring 211a and the width
of the gate wiring 2114.

[0081] As shown in FIG. 8, the color arrangement of the
color filter in Embodiment 2 is a repeated pattern of YRGB,
and the area ratio of the colors are Y:R:G:B=1.0:1.6:1.0:1.6
for the color reproducibility and the white balance adjust-
ment.

[0082] The spectral reflectance of the copper wiring used
for the liquid crystal display panel of Embodiment 2 is similar
to the spectral reflectance of the copper wiring shown in FIG.
3.

[0083] FIG.9is a graph showing the spectral reflectance of
the liquid crystal display panel of Embodiment 2.

[0084] As shown in the figure, by providing additional
black matrices in the red picture element (R picture element)
and in the yellow picture element (Y picture element), the
reflectance over the range of 600 to 700 nm can be sup-
pressed.

[0085] FIG. 10 is a graph showing the spectral reflectance
of the liquid crystal display panel of Embodiment 2 and the
spectral reflectance of a liquid crystal display panel of Com-
parative Example 2 relative to the reflectance at the wave-
length of 550 nm, where the reflectance at 550 nm is defined
to be 100%.

[0086] Inthe liquid crystal display panel of Embodiment 2,
the reflectance at the display surface over the wavelength
range of 600 to 700 nm is no greater than the reflectance at the
display surface at the wavelength of 550 nm.

[0087] FIG. 11 is a graph showing the reflected light chro-
maticity of the liquid crystal display panel of Embodiment 2
and the reflected light chromaticity of a liquid crystal display
panel of Comparative Example 2.

[0088] Inthe liquid crystal display panel of Embodiment 2,
black matrices are disposed over a portion of exposed sec-
tions of metal wirings on the TFT substrate of the present
invention, and additional black matrices are disposed so that
the reflectance over the range of 600 to 700 nm is no greater
than 150% of the reflectance at 550 nm, which is the central
wavelength of the white balance where all colors are synthe-
sized. As a result, the black body locus can be approximated
on the chromaticity diagram, the reddish brown color addi-
tion that is peculiar to copper wirings can be reduced, and a
liquid crystal display device with a good display quality can
be manufactured.

[0089] As described above, in the present embodiment, the
color tones can appropriately be controlled by reducing the
exposed metal area.

[0090] FIG. 12 is a plan view schematically showing a
circuit substrate of the present embodiment.

[0091] A circuit substrate 100 is the TFT side substrate on
which thin film transistors (TFT) are provided. The substrate
also includes a picture element electrode area (display region)
and a region outside the picture element electrode area (non-
display region).

[0092] In the non-display region, connecting sections 51
and terminal sections 61 are disposed. Through the connect-
ing sections 51, the source driver can be mounted on the
circuit substrate 100 with, for example, the chip-on-glass
(COG) method. Also, through the terminal sections 61, flex-
ible printed substrate (FPC) can be mounted on the circuit
substrate 100. For example, through terminal sections 61 and
51, signals for driving the source driver can be inputted from
FPC.
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[0093] Inthedisplay region ofthe circuit substrate 100, the
gate wiring and the source wiring are disposed on a glass
substrate (not shown) to intersect with one another at a right
angle. Further, a picture element electrode 31 and a TFT 41
are disposed in each of the regions defined by the gate wiring
and the source wiring.

[0094] FIG. 13 is an exploded perspective view schemati-
cally showing the structure of the liquid crystal panel of the
presentembodiment. As shown in FIG. 13, a CF side substrate
72 and a circuit substrate 100 of the liquid crystal panel 200
hold liquid crystals 73 in between. Also, the liquid crystal
panel 200 includes a backlight 75 behind the circuit substrate
100. Light from the backlight 75 passes through a polarizing
plate 74, the circuit substrate 100, the liquid crystals 73, the
CF side substrate 72, and a polarizing plate 71 in this order.
The light is transmitted or blocked through the control of the
liquid crystal alignment.

[0095] FIG. 14 is an exploded perspective view schemati-
cally showing the structure of a liquid crystal display device
including the liquid crystal panel shown in FIG. 13. As shown
in FIG. 14, the liquid crystal panel 200 is attached to a fixing
panel 400, and is sealed in between a front cabinet 300 and a
back cabinet 500. The back cabinet 500 and an upper stand
700 are secured together through a metal bracket 600. Also,
the upper stand 700 and a lower stand 800 are engaged to one
another.

Comparative Example 1

[0096] FIG. 15 is a cross-sectional view schematically
showing the external light reflection of a liquid crystal display
panel of Comparative Example 1.

A liquid crystal display panel of Comparative Example 1 was
obtained through steps (1) to (4) below. (1) A TFT substrate,
which is a glass substrate 310 having a low-resistance copper
wiring disposed thereon as the metal wiring 311, was used.
(2) A color filter substrate, which is a glass substrate 320
having color filters constituted of three RGB colors (322R,
322G, and 322B) disposed thereon, was used. (3) On the color
filter substrate, black matrices 321 were disposed over the
TFT elements, over the spacers, and between the picture
elements as in a conventional configuration. (4) The substrate
of (1) and the color filter substrate of (2) were bonded together
with liquid crystals sealed in between them. This completed
the liquid crystal display device.

[0097] FIG.16isaplan view schematically showing a pixel
of a liquid crystal display panel of Comparative Example 1.

[0098] As shown in FIG. 16, in the liquid crystal display
panel of Comparative Example 1, black matrices are disposed
only overthe TF T elements, over the spacers, and between the
picture elements when the panel main surface is observed in
a plan view. Specifically, a black matrix 321T is provided as
the TFT light-shielding section and a black matrix 321S is
provided as the spacer light-shielding section in each of the
picture element where a red color filter 322R is disposed, the
picture element where a green color filter 322G is disposed,
and the picture element where a blue color filter 322B is
disposed. Also, a black matrix 321P is provided as the inter-
picture element light-shielding section.

[0099] FIG. 17 is a graph showing the spectral reflectance
of the liquid crystal panel of Comparative Example 1.

[0100] With a TFT substrate using a low-resistance copper
wiring, the added color peculiar to copper (reddish brown) is
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emphasized by the R color filter (also referred to as R coloring
layer), deteriorating the display quality in the presence of
external light.

Comparative Example 2

[0101] FIG.18isaplan view schematically showing a pixel
of a liquid crystal display panel of Comparative Example 2.
[0102] As shown in FIG. 18, in the liquid crystal display
panel of Comparative Example 2, black matrices are provided
over the TFT elements, over the spacers, and between the
picture elements when the panel main surface is observed in
a plan view. Specifically, a black matrix 4217 is provided as
the TFT light-shielding section in each of the picture element
where a yellow color filter 422Y is disposed, the picture
element where a red color filter 422R is disposed, the picture
element where a green color filter 422G is disposed, and the
picture element where a blue color filter 422B is disposed.
Also, a black matrix 4218 is provided as the spacer light-
shielding section in the picture element where a yellow color
filter 422Y is disposed. Further, a black matrix 221P is pro-
vided as the inter-picture element light-shielding section.
[0103] FIG. 19 is a graph showing the spectral reflectance
of a liquid crystal display panel of Comparative Example 2.
[0104] With a TFT substrate using a low-resistance copper
wiring, the added color peculiar to copper (reddish brown) is
emphasized by the R color filter, deteriorating the display
quality in the presence of external light.

[0105] Configurations ofthe embodiments described above
may appropriately be combined within the scope of the
present invention.

[0106] The present application claims priority to Patent
Application No. 2010-039305 filed in Japan on Feb. 24, 2010
under the Paris Convention and provisions of national law in
a designated State. The entire contents of which are hereby
incorporated by reference.

DESCRIPTION OF REFERENCE CHARACTERS
[0107]

11a, 111a, 211a, 311a,411a auxiliary capacitance wiring
11b, 111b, 211b, 311b, 411b gate wiring

138 source wiring

218, 1218, 2218, 3218, 4218 black matrix as the spacer
light-shielding section

black matrix as the TFT light-shielding
section

black matrix as the inter-picture
element light-shielding section
additional black matrix

red color filter

green color filter

blue color filter

21T, 121T, 221T, 321T, 421T
21P, 121P, 221P, 321P, 421P

21A, 121A, 221A, 321A

22R, 122R, 222R, 322R, 422R
22G, 122G, 222G, 322G, 422G
22B, 122B, 222B, 322B, 422B

31 picture element electrode
41 TFT
51 connecting section
61 terminal section
71,74 polarizing plate
72 CF side substrate
73 liquid crystals
75 backlight
100 circuit substrate
200 liquid crystal panel
222Y,422Y yellow color filter
300 front cabinet
310,320 glass substrate
311 metal wiring
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-continued
321 black matrix
400 fixing panel
500 back cabinet
600 metal bracket
700 upper stand
800 lower stand
900 liquid crystal display device

1. A liquid crystal display panel comprising a wiring con-
stituted of a metal having a 90% reflectance over a wave-
length range within a visible light range,

wherein a reflectance of said liquid crystal display panel at

a display surface over a wavelength range of 600 to 700
nm is no greater than 150% of a reflectance of said liquid
crystal display panel at the display surface at a wave-
length of 550 nm.

2. The liquid crystal display panel according to claim 1,
wherein when a main surface of the panel is observed ina plan
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view, at least 75% of a surface area of said metal wiring in a
picture element displaying a color of red overlaps a light-
shielding layer.

3. The liquid crystal display panel according to claim 1,
wherein when the main surface of the panel is observed in a
plan view, at least a portion of said wiring overlaps a light-
shielding layer having a width that is about equal to a width of
said wiring and/or a light-shielding layer having a width that
is smaller than the width of said wiring.

4. The liquid crystal display panel according to claim 1,
wherein a surface layer section of said wiring is made of
copper or an alloy containing copper.

5. A liquid crystal display panel according to claim 1,
wherein said liquid crystal panel includes an active matrix
substrate using thin film transistors.

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

* * #* ok %
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