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7) ABSTRACT

A wire grid polarizer (WG) has (i) a region where linear
conductive wires are regularly repeated at a constant pitch (P)
and (ii) a region (A) where linear conductive wires are at a
pitch larger than the constant pitch (P). The region (A) where
the linear conductive wires are at a pitch larger than the
constant pitch (P) and a black matrix (26) included in a liquid
crystal display panel are arranged so as to at least partially
overlap each other when viewed from above. Accordingly, it
is possible to suppress a reduction in display quality evenina
case of employing a large-area wire grid polarizer (WG)
which has a region where regularity of a pattern of linear
conductive wires having a pitch smaller than a wavelength of
light for use in a display is disturbed.
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LIQUID CRYSTAL DISPLAY PANEL,
METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY PANEL, AND LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play panel including a wire grid polarizer and a method for
producing a liquid crystal display panel, and a liquid crystal
display device including the liquid crystal display panel.

BACKGROUND ART

[0002] Liquid crystal display devices, which have rapidly
become widespread in place of cathode ray tubes (CRT) in
recent years, are widely used in television sets and monitors
etc. by utilizing their characteristics such as energy saving,
small thickness and light weight.

[0003] In the field of such liquid crystal display devices,
higher luminance is desired for displaying more beautiful
images. Although it is possible to achieve higher luminance
by increasing luminance of a backlight included in a liquid
crystal display device, this causes an increase in power con-
sumption and thus makes it difficult to achieve energy saving.
[0004] Therefore, it is necessary to achieve higher lumi-
nance of a liquid crystal display device by increasing use
efficiency of light from a backlight. In order to improve use
efficiency of light from the backlight, there is a method of
improving a polarizer included in the liquid crystal display
device.

[0005] A generally-known conventional liquid crystal dis-
play device is configured such that two absorption polarizers
are provided on (i) a surface, of a liquid crystal display panel,
from which light from backlight enters and (ii) a surface, of
the liquid crystal display panel, from which the light is emit-
ted, respectively.

[0006] Each of the absorption polarizers is configured such
that a certain polarization plane transmits light but another
polarization plane perpendicular to the certain polarization
plane absorbs light. In theory, when light from a backlight
enters such an absorption polarizer, up to 50% of the light
only is to be emitted.

[0007] That is, according to the foregoing conventional
liquid crystal display device including the two absorption
polarizers, approximately 36% to 40% of incident light from
the backlight only is to be emitted, substantially. With use of
such a configuration, it is difficult to improve use efficiency of
light from a backlight and to thereby achieve higher lumi-
nance of a liquid crystal display device.

[0008] Under such circumstances, there has also been pro-
posed a liquid crystal display device including a reflective
polarizer in which a certain polarization plane transmits light
and another polarization plane perpendicular to the certain
polarization plane reflects light.

[0009] The liquid crystal display device including the
reflective polarizer is configured such that light reflected by
the reflective polarizer, after its polarization plane is random-
ized by a diffusing layer provided to a backlight, again passes
through the reflective polarizer.

[0010] Note however that, since the reflective polarizer has
an extremely small polarization extinction ratio, it is neces-
sary to employ the foregoing two absorption polarizers in
addition to the reflective polarizer, in order to satisfy contrast
required for a display.
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[0011] For this reason, according to the liquid crystal dis-
play device including the reflective polarizer, it is not possible
to improve use efficiency of light from a backlight to a satis-
factory extent although it is possible to improve the use effi-
ciency to some extent.

[0012] In view of this, there is proposed a liquid crystal
display device including a wire grid polarizing plate, which is
obtained by providing linear conductive wires on a glass
substrate with a pitch smaller than a wavelength of light from
a backlight.

[0013] The wire grid polarizing plate is configured to
reflect a polarization component parallel to the linear conduc-
tive wires and transmit a polarization component perpendicu-
lar to the linear conductive wires.

[0014] Since it is known that such a wire grid polarizing
plate has relatively high transmittance and relatively large
polarization extinction ratio, a liquid crystal display device
including a wire grid polarizing plate has been attracting
attention.

[0015] Meanwhile, as a liquid crystal display device has
increased in size, the foregoing wire grid polarizing plate has
also increased in size. Accordingly, there has been an increase
in area that requires a pattern of linear conductive wires
having a pitch smaller than a wavelength of light from a
backlight, i.e., area that requires a nanometer-sized pattern.
[0016] Itis difficult to form the foregoing nanometer-sized
pattern at a time on a large substrate having a large area.
Therefore, generally, the nanometer-sized pattern is formed
in batches on the large-area substrate by a step-and-repeat
method with use of a mask or a stamp etc. which is capable of
forming a pattern in a part of the substrate.

[0017] Forexample, Patent Literature 1 describes a method
of producing a large-area wire grid polarizing plate by a
step-and-repeat method with use of a stamp.

[0018] FIG. 15 illustrates a wire grid polarizing plate
formed by a step-and-repeat method with use of a stamp.
[0019] A stamp 100 has thereon an elastomer layer having
a nanometer-sized pattern. A surface of the elastomer layer,
on which surface the pattern is formed, is covered with a
resist.

[0020] On the other hand, on an entire surface of a substrate
101, a metal layer made of gold, copper or silver etc. is
provided.

[0021] The surface of the elastomer layer, on which surface
the pattern is formed and which is covered with the resist, is
brought into contact with the metal layer on the substrate 101,
thereby the resist is transferred to the metal layer.

[0022] After such a transferring step is carried out with
respect to a substantially entire surface of the entire substrate
101, a part of the metal layer which part is not covered with
the resist is etched, and the resist is also removed. In this way,
itis possible to produce the substrate 101 (large-area wire grid
polarizing plate) which has thereon a metal layer formed into
apattern of linear conductive wires having a nanometer-sized
small pitch.

[0023] Use of such a large-area wire grid polarizing plate
makes it possible to improve use efficiency of light from a
backlight.
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SUMMARY OF INVENTION
Technical Problem

[0029] However, when bringing the elastomer layer of the
stamp 100 described in Patent Literature 1 into contact with
the metal layer of the substrate 101 to thereby carry out a step
of transferring the resist to the metal layer multiple times with
respect to the substantially entire surface of the substrate 101,
itis not possible to control, with high accuracy at a nanometer
level, a location where the elastomer layer of the stamp 100
makes contact with the metal layer of the substrate 101.
[0030] This causes a problem in which, in a border region
(joint) between (i) a first region that corresponds to the size of
the stamp 100 and is formed by one (1) transferring step and
(i1) a second region that corresponds to the size of the stamp
100, that is adjacent to the first region, and that is formed by
the next transferring step, regularity of the pattern of linear
conductive wires having a nanometer-sized small pitch is
disturbed and thus optical characteristics are dramatically
reduced.

[0031] FIG. 16 is a view illustrating a large-area wire grid
polarizing plate 201 having a region A where regularity of the
pattern of linear conductive wires having a nanometer-sized
small pitch is disturbed. The wire grid polarizing plate 201 is
provided on a surface, of a TFT substrate 202, which is
opposite to a surface on which TFT elements are provided.
[0032] It should be noted that FIG. 16 illustrates only gate
electrode layers 203 included in the TFT elements.

[0033] As illustrated in FIG. 16, the wire grid polarizing
plate 201 has the region A where regularity of the pattern of
linear conductive wires having a nanometer-sized small pitch
is disturbed.

[0034] The wire grid polarizing plate 201 is configured to
reflect a polarization component Ls parallel to the linear
conductive wires and transmits a polarization component Lp
perpendicular to the linear conductive wires. Note however
that, in the region A (where the pitch of the pattern of linear
conductive wires is large), the polarization component Ls
which is not perpendicular to the linear conductive wires etc.
are also transmitted. Accordingly, a liquid crystal display
panel and a liquid crystal display device each including the
wire grid polarizing plate 201 have dramatically reduced
display quality.

[0035] FIG. 17 is a view illustrating a large-area wire grid
polarizing plate 201 having the foregoing region A where
regularity is disturbed. The wire grid polarizing plate 201 is
provided on a surface, of a counter substrate 204, which is
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opposite to a surface on which a black matrix 205 and red,
green and blue color filter layers 206R, 206G and 206B are
provided.

[0036] Also in a case of FIG. 17, in the same manner as in
FIG. 16, in the region A (where the pitch of the pattern of
linear conductive wires is large), the polarization component
Ls which is not perpendicular to the linear conductive wires
etc. are also transmitted. Accordingly, a liquid crystal display
panel and a liquid crystal display device each including the
wire grid polarizing plate 201 have dramatically reduced
display quality.

[0037] The present invention has been made in view of the
problem, and an object of the present invention is to provide
a liquid crystal display panel and a method for producing a
liquid crystal display panel, and a liquid crystal display
device each of which is capable of suppressing a reduction in
display quality even in a case of employing a large-area wire
grid polarizer having a region where regularity of a pattern of
linear conductive wires having a pitch smaller than a wave-
length of light for use in a display is disturbed.

Solution to Problem

[0038] In order to attain the above object, a liquid crystal
panel in accordance with the present invention is a liquid
crystal display panel including: a wire grid polarizer which
has a pattern of linear conductive wires having a pitch smaller
than a wavelength of light for use in a display; and a light
shielding layer, the wire grid polarizer having (i) a first region
where the linear conductive wires are regularly repeated at a
constant pitch and (ii) a second region where the linear con-
ductive wires are at a pitch larger than the constant pitch, and
the second region and the light shielding layer being arranged
so as to at least partially overlap each other when viewed from
above.

[0039] Generally, due to limit of accuracy in its production
technique, a large-area wire grid polarizer has (i) a region
where linear conductive wires are regularly repeated at a
constant pitch smaller than a wavelength of light for use in a
display and (ii) a region where linear conductive wires are at
a pitch larger than the constant pitch.

[0040] Such awire grid polarizer is configured such that, in
the region where the linear conductive wires are regularly
repeated at the constant pitch, (i) a polarization component
parallel to the linear conductive wires is reflected and (i) a
polarization component perpendicular to the linear conduc-
tive wires is transmitted.

[0041] However, in the region where the linear conductive
wires are at a pitch larger than the constant pitch, a polariza-
tion component which is not perpendicular to the linear con-
ductive wires etc. are also transmitted. Accordingly, a liquid
crystal display panel including such wire grid polarizer has
dramatically reduced display quality.

[0042] According to the above configuration, the wire grid
polarizer is configured such that (i) the region where the linear
conductive wires are at a pitch larger than the constant pitch
and (ii) the light shielding layer included in the liquid crystal
display panel at least partially overlap each other when
viewed from above.

[0043] Accordingly, in the liquid crystal display panel, it is
possible for the light shielding layer to block light, which is to
transmit the region where the linear conductive wires are at a
pitch larger than the constant pitch and thus causes a reduc-
tion in display quality. This makes it possible to achieve a
liquid crystal display panel which is capable of suppressing a
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reduction in display quality even in a case of employing a
large-area wire grid polarizer which has a region where regu-
larity of a pattern of linear conductive wires having a pitch
smaller than a wavelength of light for use in a display is
disturbed.

[0044] It should be noted that the pitch is a sum of (i) a
width of a linear conductive wire in a direction perpendicular
to a direction of extension of the linear conductive wire and
(i1) a width of a gap between linear conductive wires in a
direction perpendicular to a direction of extension of the
linear conductive wires.

[0045] In order to attain the above object, a liquid crystal
display device in accordance with the present invention is a
liquid crystal display device including: the foregoing liquid
crystal display panel; and a surface light source device for
irradiating the liquid crystal display panel with light, the
surface light source device (i) having an irregularly-shaped
light emitting surface for scattering light and/or (ii) having on
its light emitting surface a diffusing member for scattering
light.

[0046] The configuration includes the liquid crystal display
panel. This makes it possible to achieve a liquid crystal dis-
play device which is capable of suppressing a reduction in
display quality even in a case of employing a large-area wire
grid polarizer which has a region where regularity of a pattern
of linear conductive wires having a pitch smaller than a wave-
length of light for use in a display is disturbed.

[0047] Further, according to the configuration, the surface
light source device (i) has the irregularly-shaped light emit-
ting surface for scattering light and/or (ii) has, on its light
emitting surface, the diffusing member for scattering light.
This causes a polarization component reflected by the wire
grid polarizer to be diffused by the irregularly-shaped light
emitting surface and/or the diffusing member, and thus makes
it possible to reuse the polarization component. As such, it is
possible to achieve a liquid crystal display device having high
use efficiency of light.

[0048] In order to attain the above object, a method for
producing a liquid crystal display panel in accordance with
the present invention is a method for producing a liquid crys-
tal display panel, the liquid crystal display panel including (i)
a wire grid polarizer which has a pattern of linear conductive
wires having a pitch smaller than a wavelength of light for use
in a display and (ii) substrates, said method including the
steps of: (A) forming, on one of the substrates, a light shield-
ing layer patterned into a predetermined shape; (B) forming,
evenly on an entire surface of said one of the substrates, a
conductive film which is to be formed into the conductive
wires; (C) forming a resist so that the resist covers the con-
ductive film; (D) curing a part of the resist while pressing a
patterned surface of a first mold against the part of the resist,
the patterned surface being a surface in which linear patterns
regularly repeated at a constant pitch smaller than the wave-
length of the light are formed, to thereby form in the resist a
first transferred surface on which the linear patterns in the
patterned surface have been transferred; (E) after relocating
the first mold to a position adjacent to the first transferred
surface, curing another part of the resist while pressing the
patterned surface of the first mold against said another part of
the resist to thereby form in the resist a second transferred
surface on which the linear patterns in the patterned surface
have been transferred; in steps (D) and (E), locating the first
mold such that a border between the first transferred surface
and the second transferred surface at least partially overlaps
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the light shielding layer when viewed from above; (F) etching
the conductive film by using cured resist patterns as masks;
and (G) removing the cured resist patterns.

[0049] Also in a case of being produced by a step-and-
repeat method with use of the first mold (small mold) having
the patterned surface where the linear patterns regularly
repeated at the constant pitch smaller than the wavelength of
the light are formed, due to limit of accuracy in its production
technique, a large-area wire grid polarizer has (i) a region
where linear conductive wires are regularly repeated at a
constant pitch smaller than a wavelength of light for use in a
display and (ii) a region where linear conductive wires are at
a pitch larger than the constant pitch (this region corresponds
to a border between the first and second transferred surfaces
adjacent to each other).

[0050] According to the configuration, the first mold is
located such that the border between the first and second
transferred surfaces adjacent to each other at least partially
overlaps the light shielding layer when viewed from above.
Accordingly, in the liquid crystal display panel, it is possible
for the light shielding layer to block light, which is to transmit
the border between the first and second transferred surfaces
adjacent to each other and thus causes a reduction in display
quality. This makes it possible to achieve a method for pro-
ducing a liquid crystal display panel which method is capable
of suppressing a reduction in display quality even in a case of
employing a large-area wire gird polarizer produced with use
of'the first mold (small mold).

[0051] In order to attain the above object, a method for
producing a liquid crystal display panel in accordance with
the present invention is a method for producing a liquid crys-
tal display panel, the liquid crystal display panel including (i)
a wire grid polarizer which has a pattern of linear conductive
wires having a pitch smaller than a wavelength oflight for use
in a display and (ii) substrates, said method including the
steps of: (A) forming, on one of the substrates, a light shield-
ing layer patterned into a predetermined shape; (B) forming,
evenly on an entire surface of said one of the substrates, a
conductive film which is to be formed into the conductive
wires; (C) forming a resist so that the resist covers the con-
ductive film; (D) curing the resist while pressing a patterned
surface of a second mold against the resist, the patterned
surface of the second mold having (i) a first region in which
linear patterns regularly repeated at a constant pitch smaller
than the wavelength of the light are formed and (ii) a second
region in which linear patterns are at a pitch larger than the
constant pitch; in step (D), locating the second mold such that
the second region at least partially overlaps the light shielding
layer when viewed from above; (E) etching the conductive
film by using cured resist patterns as masks; and (F) removing
the cured resist patterns.

[0052] Dueto limit of accuracy in its production technique,
the second mold (large mold) for use in production of a
large-wire grid polarizer has (i) a region where linear patterns
regularly repeated at the constant pitch smaller than the wave-
length of the light are formed and (ii) a region where linear
patterns are at a pitch larger than the constant pitch.

[0053] According to the configuration, the second mold is
located such that the region of the patterned surface of the
second mold, in which region the linear patterns are at a pitch
larger than the constant pitch, at least partially overlaps the
light shielding layer when viewed from above. Accordingly,
in the liquid crystal display panel, it is possible for the light
shielding layer to block light, which is to transmit the region
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where the linear conductive wires are at a pitch larger than the
constant pitch and thus causes a reduction in display quality.
This makes it possible to achieve a method for producing a
liquid crystal display panel which method is capable of sup-
pressing a reduction in display quality even in a case of
employing a large-area wire grid polarizer produced with use
of the second mold (large mold).

Advantageous Effects of Invention

[0054] As has been described, a liquid crystal display panel
in accordance with the present invention is configured such
that the wire grid polarizer has (i) a first region where the
linear conductive wires are regularly repeated at a constant
pitch and (ii) a second region where the linear conductive
wires are at a pitch larger than the constant pitch, and the
second region and the light shielding layer are arranged so as
to at least partially overlap each other when viewed from
above.

[0055] Further, as has been described, a liquid crystal dis-
play device in accordance with the present invention includes:
the foregoing liquid crystal display panel; and a surface light
source device for irradiating the liquid crystal display panel
with light, the surface light source device (i) having an irregu-
larly-shaped light emitting surface for scattering light and/or
(i) having on its light emitting surface a diffusing member for
scattering light.

[0056] Further, as has been described, a method for produc-
ing a liquid crystal display panel in accordance with the
present invention includes the steps of: (A) forming, on one of
the substrates, light shielding layer patterned into a predeter-
mined shape; (B) forming, evenly on an entire surface of said
one of the substrates, a conductive film which is to be formed
into the conductive wires; (C) forming a resist so that the
resist covers the conductive film; (D) curing a part of the resist
while pressing a patterned surface of a first mold against the
part of the resist, the patterned surface being a surface in
which linear patterns regularly repeated at a constant pitch
smaller than the wavelength ofthe light are formed, to thereby
form in the resist a first transferred surface on which the linear
patterns in the patterned surface have been transferred; (E)
after relocating the first mold to a position adjacent to the first
transferred surface, curing another part of the resist while
pressing the patterned surface of the first mold against said
another part of the resist to thereby form in the resist a second
transferred surface on which the linear patterns in the pat-
terned surface have been transferred; in steps (D) and (E),
locating the first mold such that a border between the first
transferred surface and the second transferred surface at least
partially overlaps the light shielding layer when viewed from
above; (F) etching the conductive film by using cured resist
patterns as masks; and (G) removing the cured resist patterns.
[0057] Alternatively, as has been described, a method for
producing a liquid crystal display panel in accordance with
the present invention includes the steps of: (A) forming, on
one of the substrates, a light shielding layer patterned into a
predetermined shape; (B) forming, evenly on an entire sur-
face of said one of the substrates, a conductive film which is
to be formed into the conductive wires; (C) forming a resist so
that the resist covers the conductive film; (D) curing the resist
while pressing a patterned surface of a second mold against
the resist, the patterned surface of the second mold having (i)
a first region in which linear patterns regularly repeated at a
constant pitch smaller than the wavelength of the light are
formed and (ii) a second region in which linear patterns are at
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apitch larger than the constant pitch; in step (D), locating the
second mold such that the second region at least partially
overlaps the light shielding layer when viewed from above;
(E) etching the conductive film by using cured resist patterns
as masks; and (F) removing the cured resist patterns.

[0058] Accordingly, itis possible to achieve a liquid crystal
display panel and a method for producing a liquid crystal
display panel, and a liquid crystal display device each of
which is capable of suppressing a reduction in display quality
even in a case of employing a large-area wire grid polarizer
which has a region where regularity of a pattern of linear
conductive wires having a pitch smaller than a wavelength of
light for use in a display is disturbed.

BRIEF DESCRIPTION OF DRAWINGS

[0059] FIG.1isaview schematically illustrating a configu-
ration of a counter substrate of a liquid crystal display panel
included in a liquid crystal display device of an embodiment
of the present invention.

[0060] FIG.2isaview schematically illustrating a configu-
ration of the liquid crystal display device of the embodiment
of the present invention.

[0061] FIG. 3 is a view illustrating a modification of the
liquid crystal display device of the embodiment of the present
invention.

[0062] FIG. 4is a view schematically illustrating a process
of producing a small mold.

[0063] FIG. 5is aview schematically illustrating a process
of producing a large mold.

[0064] FIG. 6is a view schematically illustrating a process
of producing a wire grid polarizer included in the liquid
crystal display device shown in FIG. 3 with use of the small
mold shown in FIG. 4.

[0065] FIG. 7is a view schematically illustrating a process
of producing a wire grid polarizer included in the liquid
crystal display device shown in FIG. 3 with use of a large
mold.

[0066] FIG. 8isaview schematically illustrating a process
of producing an in-cell wire grid polarizer included in the
liquid crystal display device shown in FIG. 2 with use of a
large mold.

[0067] FIG. 9 is a view illustrating part of a process of
producing an in-cell wire grid polarizer included in the liquid
crystal display device shown in FIG. 2 with use of a small
mold.

[0068] FIG. 10 is a view illustrating a counter substrate on
which an in-cell wire grid polarizer is provided, which
counter substrate is included in a liquid crystal display device
of another embodiment of the present invention.

[0069] FIG. 11 is a view for describing a liquid crystal
display device of a further embodiment of the present inven-
tion, which liquid crystal display device employs as a light
source an LED that emits blue light. (a) of FIG. 11 schemati-
cally illustrates a configuration of the liquid crystal display
device. (b) of FIG. 11 illustrates a counter substrate on which
an in-cell wire grid polarizer is provided, which counter sub-
strate is included in the liquid crystal display device.

[0070] FIG. 12 is a view for describing a liquid crystal
display device of still a further embodiment of the present
invention, which liquid crystal display device employs as a
light source an LED that emits blue light. (a) of FIG. 12
schematically illustrates a configuration of the liquid crystal
display device. (b) of FIG. 12 illustrates a counter substrate on
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which an in-cell wire grid polarizer is provided, which
counter substrate is included in the liquid crystal display
device.

[0071] FIG. 13 is a view for describing a liquid crystal
display device of still a further embodiment of the present
invention, which liquid crystal display device employs as a
light source an LED that emits ultraviolet light. (@) of FIG. 13
schematically illustrates a configuration of the liquid crystal
display device. (b) of FIG. 13 illustrates a counter substrate on
which an in-cell wire grid polarizer is provided, which
counter substrate is included in the liquid crystal display
device.

[0072] FIG. 14 is a view for describing a liquid crystal
display device of still a further embodiment of the present
invention, which liquid crystal display device employs as a
light source an LED that emits ultraviolet light. () of FIG. 14
schematically illustrates a configuration of the liquid crystal
display device. (b) of FIG. 14 illustrates a counter substrate on
which an in-cell wire grid polarizer is provided, which
counter substrate is included in the liquid crystal display
device.

[0073] FIG. 15 is a view illustrating a conventional wire
grid polarizing plate, which is formed by a step-and-repeat
method with use of a stamp.

[0074] FIG. 16 is a view illustrating how a large-area wire
grid polarizing plate, which has a region where regularity of
a pattern of linear conductive wires having a nanometer-sized
small pitch is disturbed, is provided on a surface of a TFT
substrate which surface is opposite to a surface on which TFT
elements are provided.

[0075] FIG. 17 is a view illustrating how a large-area wire
grid polarizing plate, which has a region where regularity is
disturbed, is provided on a surface of a counter substrate
which surface is opposite to a surface on which a black matrix
and red, green and blue color filter layers are provided.

DESCRIPTION OF EMBODIMENTS

[0076] The following description discusses, with reference
to the drawings, embodiments of the present invention in
detail. Note, however, that dimensions, materials, shapes, and
relative positions of constituents described in the embodi-
ments are mere examples, and therefore the scope of the
claims should not be limited to those described in the embodi-
ments.

Embodiment 1

[0077] The following description discusses, with reference
to FIGS. 1 and 2, a configuration of a liquid crystal display
device including a wire grid polarizer.

[0078] FIG.2isaview schematically illustrating a configu-
ration of a liquid crystal display device 1 of the present
embodiment.

[0079] As illustrated in FIG. 2, the liquid crystal display
device 1 includes: a liquid crystal display panel 6; a surface
light source device which includes a light source 7 for irradi-
ating the liquid crystal display panel 6 with light and a light
guide plate 8 for emitting the light from the light source 7 in
the form of plane emission; and an optical sheet including a
diffusing plate 9 which is for further uniformizing the light
emitted from the surface light source device and is provided
on a light-emitting surface of the surface light source device.
[0080] The liquid crystal display panel 6 includes a counter
substrate 2and a TFT array substrate 4. These substrates 2 and
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4 are bonded together with use of a sealing material (not
illustrated), and a liquid crystal layer 3 is sealed between
these substrates 2 and 4.

[0081] As illustrated in FIG. 2, according to the present
embodiment, an absorption polarizing plate 5 is provided on
a surface, of the TFT array substrate 4, which is opposite to a
surface in contact with the liquid crystal layer 3. That is, the
absorption polarizing plate 5 is provided on a display surface
of the liquid crystal display panel 6. The counter substrate 2
has awire grid polarizer (not illustrated, described later) on its
surface in contact with the liquid crystal layer 3.

[0082] FIG.1isaview schematically illustrating a configu-
ration of the counter substrate 2 of the liquid crystal display
panel 6 included in the liquid crystal display device 1 of the
present embodiment shown in FIG. 2.

[0083] As illustrated in FIG. 1, black matrices 25 (light
shielding layer) having light blocking property are provided
on a glass substrate 2a. The black matrices 2b are made from
a thin metal film of for example chromium or from photosen-
sitive resin containing carbon black.

[0084] It should be noted that, according to the present
embodiment, the black matrices 26 are configured such that
the width of each of them is approximately 5 pm to 20 pm and
the width of an aperture between them is approximately 20
um to 300 pm. Note, however, that this does not imply any
limitation.

[0085] Further, a red colored layer (color filter layer) 2R, a
green colored layer (color filter layer) 2G and a blue colored
layer (color filter layer) 2B, which layers serve as a color
control layer, are provided such that a border between colors
lies on a black matrix 25.

[0086] It should be noted that, although the foregoing three
types of colored layers 2R, 2G and 2B are provided according
to the present embodiment, the color and the number etc.
thereof are not limited to the above.

[0087] Further, according to the present embodiment, the
colored layers 2R, 2G and 2B are made with use of photo-
sensitive resists of three colors containing dispersion liquids
of pigments of these colors. However, this does not imply any
limitation.

[0088] Further, according to the present embodiment, a
colored layer (color filter layer) is used as the color control
layer. However, the color control layer is not limited to this
provided that the color control layer is capable of emitting
incident light as light of a plurality of different colors.
[0089] Furthermore, according to the present embodiment,
an overcoating (not illustrated) made of thermosetting trans-
parent resin or photo-curing transparent resin is provided as a
planarizing layer on the colored layers 2R, 2G and 2B. How-
ever, the overcoating can be omitted if the colored layers 2R,
2G and 2B are provided evenly without bumps.

[0090] On the overcoating, a wire grid polarizer WG is
provided. The wire grid polarizer WG has a pattern of linear
conductive wires having a pitch P smaller than a wavelength
of light for use in a display, which light is emitted from the
surface light source device.

[0091] Further, on the wire grid polarizer WG, a protective
film 2¢ is provided. On the protective film 2¢, a transparent
electrode 2d made of ITO (Indium Tin Oxide) or IZO (Indium
Zinc Oxide) etc. is provided.

[0092] It should be noted that the pitch P is a sum of (i) a
width of a linear conductive wire in a direction perpendicular
to a direction of extension of the linear conductive wire and)
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awidth ofa gap between linear conductive wires in adirection
perpendicular to a direction of extension of the linear con-
ductive wires.

[0093] As illustrated in FIG. 1, generally, due to limit of
accuracy in its production technique, a large-area wire grid
polarizer WG has (i) a region where linear conductive wires
are regularly repeated at a constant pitch P smaller than a
wavelength of light for use in a display and (ii) a region A
where linear conductive wires are at a pitch larger than the
constant pitch.

[0094] Such a wire grid polarizer WG is configured such
that, in the region where the linear conductive wires are
regularly repeated at the constant pitch, (i) a polarization
component Ls parallel to the linear conductive wires is
reflected and (ii) a polarization component Lp perpendicular
to the linear conductive wires is transmitted.

[0095] However, in the region A where the linear conduc-
tive wires are at a pitch larger than the constant pitch P, a
polarization component which is not perpendicular to the
linear conductive wires, e.g., the polarization component Ls
parallel to the linear conductive wires etc., is also transmitted.
Accordingly, a liquid crystal display panel including such a
wire grid polarizer WG has dramatically reduced display
quality.

[0096] As illustrated in FIG. 1, in the counter substrate 2 of
the liquid crystal display panel 6 included in the liquid crystal
display device 1 of the present embodiment, the region A of
the wire grid polarizer WG in which region the linear con-
ductive wires are at a pitch larger than the constant pitch P and
a black matrix 25 provided on the counter substrate 2 are
arranged so as to completely overlap each other when viewed
from above. Note, however, that the region A and the black
matrix 2b can be arranged so as to partially overlap each other
when viewed from above. This still makes it possible to bring
about an effect.

[0097] According to this configuration, in the liquid crystal
display panel 6, it is possible for the black matrix 254 to block
light, which is to transmit the region A where the linear
conductive wires are at a pitch larger than the constant pitch P
and thus causes a reduction in display quality. This makes it
possible to achieve a liquid crystal display device 6 which is
capable of suppressing a reduction in display quality even in
a case of employing a large-area wire grid polarizer WG
which has a region A where regularity of a pattern of linear
conductive wires having a pitch P smaller than a wavelength
of light for use in a display is disturbed.

[0098] According to the present embodiment, the black
matrix 2b is used as a light shielding layer. Note, however,
that the light shielding layer is not limited to this. Alterna-
tively, a metal wire (not illustrated) connected to a TFT ele-
ment provided on the TFT array substrate 4 can be used as a
light shielding layer. Further, a light shielding layer can be
separately provided in addition to the black matrix 254 and/or
the metal wire.

[0099] Further, for example both the black matrix 24 and
the metal wire can be used as light shielding layers. Specifi-
cally, for example in a case of a COA (Color Filter On Array)
structure in which black matrices and metal wires are pro-
vided on a TFT array substrate, it is possible to configure this
structure such that (i) part of the region A of the wire grid
polarizer WG in which region the linear conductive wires are
at a pitch larger than the constant pitch P partially overlaps a
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black matrix when viewed from above and (ii) another part of
the region A partially overlaps a metal wire when viewed
from above.

[0100] It should be noted that, according to the present
embodiment, for the purpose of reducing thickness of the
liquid crystal display panel 6 and improving durability of the
wire grid polarizer WG, the wire grid polarizer WG is pro-
vided between the glass substrate 2a of the counter substrate
2 and the TFT array substrate 4. That is, the wire grid polarizer
WG is provided in an in-cell manner. However, this does not
imply any limitation.

[0101] FIG. 3 is a view illustrating a modification of the
liquid crystal display device of the present embodiment.
[0102] As illustrated in FIG. 3, a liquid crystal display
panel 6a included in a liquid crystal display device 1a is
different from the liquid crystal display panel 6 included in
the liquid crystal display device 1 shown in FIG. 2 in that the
wire grid polarizer WG is provided not to a counter substrate
10 but to another substrate 11.

[0103] According also to such a configuration, it is possible
to achieve a liquid crystal display panel 6a capable of sup-
pressing a reduction in display quality, by arranging (i) a
region A of the wire grid polarizer WG provided to the sub-
strate 11 in which region linear conductive wires are at a pitch
larger than the constant pitch P and (ii) a black matrix pro-
vided on the counter substrate 10 such that the region A and
the black matrix at least partially overlap each other when
viewed from above.

[0104] Each of the liquid crystal display devices 1 and 1a
shown in respective FIGS. 2 and 3 includes: the liquid crystal
display panel 6 or 6a; the surface light source device includ-
ing the light source 7 for irradiating the liquid crystal display
panel 6 or 6a with light and the light guide plate 8 for emitting
the light from the light source 7 in the form of plane emission;
and the optical sheet including the diffusing plate 9 which is
for further uniformizing the light emitted from the surface
light source device and is provided on the light-emitting sur-
face of the surface light source device.

[0105] According to the configuration, the surface light
source device has on its light-emitting surface the optical
sheet including the diffusing plate 9. This causes the polar-
ization component Ls reflected by the wire grid polarizer WG
to be diffused by the optical sheet including the diffusing
plate 9, and thus makes it possible to reuse the polarization
component Ls. As such, it is possible to achieve a liquid
crystal display device 1 or 1a having high use efficiency of
light.

[0106] (Process of Producing Small Mold)

[0107] The following description discusses, with reference
to FIG. 4, a method of producing a small mold (first mold)
capable of being used for production of a large-area wire grid
polarizer WG and a large mold (second mold).

[0108] FIG. 4is a view schematically illustrating a process
of producing a small mold 12.

[0109] First, as illustrated in (@) of FIG. 4, a photosensitive
resist 13 is applied to an entire surface of a substrate 12.
According to the present embodiment, the substrate 12 is
made of quartz. Note, however, that the substrate 12 is not
limited to this, and therefore Si wafer etc. can be used. Fur-
ther, although the photosensitive resist 13 used is a negative
photosensitive resist that is cured by exposure to light, it is
also possible to use a positive photosensitive resist that is
developed by exposure to light.
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[0110] Itshould be noted that, in order to prevent time taken
for lithography with an electron beam from increasing and to
prevent production costs from increasing, it is preferable that
the substrate 12 be approximately several millimeters to sev-
eral centimeters on a side.

[0111] Next, as illustrated in (b) of FIG. 4, the photosensi-
tive resist 13 is exposed to light (lithographed with an electron
beam) so that linear patterns are formed in the photosensitive
resist 13.

[0112] Next, as illustrated in (c¢) of FIG. 4, the photosensi-
tive resist 13 is developed, thereby linear patterns of the
photosensitive resist 13 are formed on the substrate 12. The
linear patterns have a pitch smaller than a wavelength of light
emitted from the surface light source device.

[0113] According to the present embodiment, the pitch of
the linear patterns is 100 nm. Note, however, that the pitch is
not limited to the above, and therefore can be any pitch
provided that the pitch is smaller than a wavelength of light
emitted from the surface light source device. It is preferable
that the pitch be 100 nm to 200 nm.

[0114] After that, as illustrated in (d) of FIG. 4, dry etching
is carried out by using as masks linear patterns of the photo-
sensitive resist 13, thereby linear patterns having a pitch P
smaller than a wavelength of light emitted from the surface
light source device are formed in a surface, of the substrate 12,
on which the photosensitive resist 13 is provided.

[0115] Lastly, as illustrated in (e) of FIG. 4, the linear
patterns of the photosensitive resist 13 used as the masks in
the foregoing dry etching step are removed. In this way, it is
possible to produce the small mold 12 which is made of quartz
and all over which the linear patterns having the pitch P
smaller than a wavelength of light emitted from the surface
light source device are formed.

[0116] (Process of Producing Large Mold)

[0117] The following description discusses, with reference
to FIG. 5, a method of producing a large mold (second mold)
which s capable of being used for producing a large-area wire
grid polarizer WG.

[0118] FIG. 5is a view schematically illustrating a process
of producing large molds 14 and 16.

[0119] First, as illustrated in (a) of FIG. 5, a resist 15 is
applied to an entire surface of a substrate 14. According to the
present embodiment, the substrate 14 is made of quartz. Note,
however, that the substrate 14 is not limited to this, and
therefore Si wafer etc. can be used. Further, the resist 15 used
can either be a photo-curing resist or a thermosetting resist.
According to the present embodiment, the resist 15 used is a
negative photo-curing resist.

[0120] It should be noted that the size of the substrate 14
can be determined according to the size of a screen of a liquid
crystal display device. According to the present embodiment,
the substrate 14 is several centimeters or greater on a side.
[0121] Next, as illustrated in (b) of FIG. 5, a surface of the
small mold 12 which is made of quartz and produced in the
step of FIG. 4, in which surface the linear patterns are formed
(such a surface is hereinafter referred to as a patterned sur-
face), is pressed against a part of the resist 15 provided on the
substrate 14. Then, the part of the resist 15 is exposed to UV
light through the small mold 12 made of quartz. In this way,
patterns of the resist 15, which patterns are complementary to
the patterns formed in the patterned surface of the small mold
12, are formed on the substrate 14 (i.e., a surface correspond-
ing to the patterned surface of the small mold 12 is formed,
that is, the patterns in the patterned surface of the small mold
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12 are transferred onto this surface. Such a surface is herein-
after referred to as a transferred surface). That is, the patterns
of the resist 15 are formed on the substrate 14 by a UV
imprinting process.

[0122] Next, as illustrated in (¢) of FIG. 5, the small mold
12 is relocated and the step shown in (b) of FIG. 5 is repeated.
In this way, it is possible to form, in the entire surface of the
resist 15 provided on the substrate 14, patterns of the resist 15
which patterns are complementary to the patterns formed in
the patterned surface of the small mold 12 (i.e., the transferred
surface corresponding to the patterned surface of the small
mold 12 is formed). That is, it is possible to from patterns in
the entire surface of the resist 15 provided on the substrate 14,
by a step-and-repeat method.

[0123] It should be noted that, according to the present
embodiment, the small mold 12 made of quartz is used
because UV irradiation is carried out through the small mold
12. Note however that, in a case where the resist 15 is a
thermosetting resist, it is possible to use a small mold made of
a material having no UV light-transmitting property (having
no light-transmitting property). Further, in a case where the
resist 15 is a thermosetting resist, instead of UV light irradia-
tion, heat treatment can be carried out in the steps shown in (b)
and (¢) of FIG. 5 locally with respect to a part of the resist 15
on the substrate 14 against which part the small mold 12 is
pressed.

[0124] After that, as illustrated in (d) of FIG. 5, dry etching
is carried out by using as masks the linear patterns of the resist
15. In this way, linear patterns having a pitch smaller than a
wavelength of light emitted from the surface light source
device are formed in the surface of the substrate 14 on which
surface the resist 15 is provided.

[0125] Then, as illustrated in (e) of FIG. 5, the linear pat-
terns of resist 15 used as the masks in the foregoing dry
etching step are removed. In this way, it is possible to produce
alarge mold 14 which is made of quartz and all over which the
linear patterns having a pitch smaller than a wavelength of
light emitted from the surface light source device are formed.
[0126] Further, as illustrated in (f) of FIG. 5, the large mold
14 is immersed in for example a solution containing metal
such as nickel, and the solution is electrolyzed so that the
nickel etc. are precipitated as a metal layer about 0.3 mm in
thickens on a surface of the large mold 14. In this way, a metal
layer 16 made of nickel etc. is formed on the large mold 14 by
electrotyping.

[0127] After that, as illustrated in (g) of FIG. 5, the metal
layer 16 is released from the large mold 14. In this way, it is
possible to produce another large mold 16 made of metal
containing nickel.

[0128] FIG. 61is a view schematically illustrating a process
of producing a wire grid polarizer WG included in the liquid
crystal display device 1a shown in FIG. 3 with use of the small
mold 12.

[0129] First, as illustrated in (a) of FIG. 6, a metal film
(conductive film) 18, which will be formed into a pattern of
conductive wires, is formed on the entire surface of a sub-
strate 17. Then, a resist 19 is applied so as to cover the metal
film 18.

[0130] Although the substrate 17 used is a glass substrate
according to the present embodiment, the substrate 17 is not
limited to this. Further, although the metal film 18 used is
made of aluminum according to the present embodiment, the
metal film 18 is not limited to this, and therefore can be made
of silver or the like.
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[0131] Further, the resist 19 used can either be a photo-
curing resist or a thermosetting resist. According to the
present embodiment, the resist 19 used is a negative photo-
curing resist.

[0132] Next, as illustrated in (b) of FIG. 6, a patterned
surface of the small mold 12 which is made of quartz and
produced in the step shown in FIG. 4 is pressed against a part
of the resist 19 provided on the metal film 18 on the substrate
17. Then, the part of the resist 19 is exposed to UV light
through the small mold 12 made of quartz. In this way, pat-
terns of the resist 19, which patterns are complementary to the
patterns formed in the patterned surface of the small mold 12,
are formed (i.e., a transferred surface corresponding to the
patterned surface of the small mold 12 is formed). That is, the
patterns of the resist 19 are formed by a UV imprinting
process.

[0133] Next, as illustrated in (¢) of FIG. 6, the small mold
12 is relocated and the step shown in (b) of FIG. 6 is repeated.
This makes it possible to from, in the entire surface of the
resist 19 provided on the substrate 17, patterns of the resist 19
which patterns are complementary to the patterns formed in
the patterned surface of the small mold 12 (i.e., the transferred
surface corresponding to the patterned surface of the small
mold 12 is formed). That is, it is possible to form patterns in
the entire surface of the resist 19 provided on the substrate 17,
by a step-and-repeat method.

[0134] It should be noted that, according to the present
embodiment, the small mold 12 made of quartz is used
because UV irradiation is carried out through the small mold
12. Note however that, in a case where the resist 19 is a
thermosetting resist, it is possible to use a small mold made of
a material having no UV light-transmitting property (having
no light-transmitting property). Further, in a case where the
resist 19 is a thermosetting resist, instead of UV light irradia-
tion, heat treatment can be carried out in the steps shown in (b)
and (¢) of FIG. 6 locally with respect to a part of the resist 19
on the substrate 17 against which part the small mold 12 is
pressed.

[0135] After that, as illustrated in (d) of FIG. 6, etching is
carried out by using as masks linear patterns of the resist 19.
In this way, linear patterns having a pitch smaller than a
wavelength of light emitted from the surface light source
device are formed in the metal film 18.

[0136] Then, as illustrated in (e) of FIG. 6, the linear pat-
terns of the resist 19 used as the masks in the foregoing
etching step are removed. In this way, it is possible to form a
wire grid polarizer WG on the substrate 17.

[0137] Lastly, as illustrated in (f) of FIG. 6, on the wire grid
polarizer WG produced in the step shown in (e) of FIG. 6, a
protective film 2¢ is formed. In this way, it is possible to
produce a substrate 11 including the wire grid polarizer WG,
which substrate is included in the liquid crystal display device
1a shown in FIG. 3.

[0138] FIG. 7 is a view schematically illustrating a process
of producing a wire grid polarizer WG included in the liquid
crystal display device 1a shown in FIG. 3 with use of a large
mold 14a.

[0139] Thesteps shownin (a)and (¢) to (e) of FIG. 7 are the
same as those shown in (a) and (d) to (f) of FIG. 6. Therefore,
descriptions therefor are omitted here.

[0140] It should be noted that, in the step shown in (b) of
FIG. 7, the large mold 14a is used. The patterned surface of
the large mold 14a is different in shape from that of the large
mold 14 produced in the step shown in FIG. 5.

Jun. 7,2012

[0141] The patterned surface of the large mold 14a is
pressed against the resist 19 provided on the metal film 18 on
the substrate 17. Then, the resist 19 is exposed to UV light
through the large mold 14¢ made of quartz. In this way,
patterns of the resist 19, which patterns are complementary to
the patterns formed in the patterned surface of the large mold
14a, are formed (i.e., a transferred surface corresponding to
the patterned surface of the large mold 14a is formed). That is,
the patterns of the resist 19 are formed by a UV imprinting
process.

[0142] FIG. 8is a view schematically illustrating a process
of producing an in-cell wire grid polarizer WG included in the
liquid crystal display device 1 shown in FIG. 2 with use of a
large mold 144.

[0143] As illustrated in (@) of FIG. 8, black matrices 25
having light blocking property are provided on a glass sub-
strate 2a. The black matrices 25 are made from a thin metal
film of for example chromium or from photosensitive resin
containing carbon black. Further, a red colored layer 2R, a
green colored layer 2G and a blue colored layer 2B are
arranged such that a border between colors lies on a black
matrix 2b.

[0144] Next, as illustrated in (b) of FIG. 8, a metal film 18
is formed on the red colored layer 2R, green colored layer 2G
and blue colored layer 2B. On the metal film 18, a resist 19 is
provided so that the resist 19 covers the metal film 18.
[0145] Onthese coloredlayers 2R, 2G and 2B, an overcoat-
ing made of thermosetting transparent resin or photo-curing
transparent resin may be provided as a planarizing layer.
[0146] Next, in the step shown in (¢) of FIG. 8, a large mold
14b is used. The patterned surface of the large mold 145 is
different in shape from that of the large mold 14 produced in
the step shown in FIG. 5.

[0147] The patterned surface of the large mold 145 is
pressed against the resist 19 provided on the metal film 18 on
the glass substrate 2a. Then, the resist 19 is exposed to UV
light through the large mold 145 made of quartz. In this way,
patterns of the resist 19, which patterns are complementary to
the patterns formed in the patterned surface of the large mold
14b, are formed (i.e., a transferred surface corresponding to
the patterned surface of the large mold 1454 is formed) as
illustrated in (d) of FIG. 8. That is, the patterns of the resist 19
are formed by a UV imprinting process.

[0148] It should be noted in the step shown in (¢) of FIG. 8
that the large mold 144 is located such that a region A, of the
patterned surface of the large mold 145, in which patterns are
at a pitch larger than a constant pitch overlaps a black matrix
2b when viewed from above.

[0149] Accordingly, as illustrated in () of FIG. 8, a region,
of the resist 19, in which patterns are at a pitch larger than a
constant pitch lies above a black matrix 25.

[0150] After that, as illustrated in (e) of FIG. 8, etching is
carried out by using as masks linear patterns of the resist 19,
thereby linear patterns having a pitch smaller than a wave-
length of light emitted from the surface light source device are
formed in the metal film 18.

[0151] Then, as illustrated in (f) of FIG. 8, the linear pat-
terns of the resist 19 used as the masks in the foregoing
etching step are removed. In this way, it is possible to produce
a wire grid polarizer WG on the red colored layer 2R, green
colored layer 2G and blue colored layer 2B.

[0152] Lastly, as illustrated in (g) of FIG. 8, a protective
film 2¢ is formed on the wire grid polarizer WG. On the
protective film 2¢, a transparent electrode 2d made of ITO
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(Indium Tin Oxide) or IZO (Indium Zinc Oxide) is formed. In
this way, an in-cell wire grid polarizer WG included in the
liquid crystal display device 1 is produced.

[0153] FIG. 9 is a view illustrating part of a process of
producing an in-cell wire grid polarizer WG included in the
liquid crystal display device 1 shown in FIG. 2 with use of the
small mold 12.

[0154] As illustrated in FIG. 9, the patterned surface of the
small mold 12 is pressed against a part of the resist 19 pro-
vided on the metal film 18 on the glass substrate 2a. Then, the
part of the resist 19 is exposed to UV light through the small
mold 12 made of quartz. In this way, patterns of the resist 19,
which patterns are complementary to the patterns formed in
the patterned surface of the small mold 12, are formed (i.e., a
transferred surface corresponding to the patterned surface of
the small mold 12 is formed) (transferring step). That is, the
patterns of the resist 19 are formed by a UV imprinting
process.

[0155] Further, the small mold 12 is relocated and this step
is repeated. In this way, it is possible to form, on the entire
surface of the resist 19 provided on the glass substrate 24,
patterns of the resist 19 which patterns are complementary to
the patterns formed in the patterned surface of the small mold
12 (i.e., a transferred surface corresponding to the patterned
surface of the small mold 12 is formed). That is, it is possible
to form patterns in the entire surface of the resist 19 provided
on the glass substrate 2a, by a step-and-repeat method.

[0156] Note herethat, inthis step, the patterns are formed in
the entire surface of the resist 19 by a step-and-repeat method
by relocating the small mold 12 such that a border region
(joint) between (i) a region (first transferred surface) whose
size is equivalent to that of the patterned surface of the small
mold 12 and which is formed by a single transferring step and
(i1) a region (second transferred surface) which is adjacent to
the first transferred surface and is formed by the next trans-
ferring step overlaps a black matrix 26 when viewed from
above.

[0157] It should be noted that, since the small mold 12 is
preferably approximately several millimeters to several cen-
timeters on a side, the small mold 12 according to the present
embodiment is 5 mm on a side. However, the size of the small
mold 12 is not limited to this.

[0158] Further, according to the present embodiment, the
red colored layer 2R, the green colored layer 2G, the blue
colored layer 2B and the back matrix 26 are arranged to have
a pixel pitch Pp of 50 um. A single transferring step with use
of'the small mold 12 can form patterns in a region of the resist
19 which region corresponds to 100 pixels.

[0159] According to the present embodiment, the optical
sheet including the diffusing plate 9 as a diffusing member is
provided on the light emitting surface of the surface light
source device, which includes the light source 7 and the light
guide plate 8 for emitting light from the light source 7 in the
form of plane emission. That is, the optical sheet which
includes the diffusing plate 9 and has a plurality of optical
functions selected from diffusion, refraction, light collection
and light polarization is provided. Note, however, that the
light emitting surface of the surface light source device is not
particularly limited provided that the light emitting surface (i)
is an irregularly-shaped surface for diffusing light and/or (ii)
has a diffusing member thereon for diffusing light.

[0160] Further, the foregoing irregular shape can be made
by for example, but not particularly limited to, prism finish-
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ing, embossing, printing or the like. The foregoing irregular
shape can be made by a well-known method as appropriate.

Embodiment 2

[0161] The following description discusses, with reference
to FIG. 10, a second embodiment of the present invention.
The present invention is different from Embodiment 1 in that
a pitch Pr of the wire grid polarizer WG on the red colored
layer 2R is configured to be relatively large, a pitch Pb of the
wire grid polarizer WG on the blue colored layer 2B is con-
figured to be relatively small, and a pitch Pg of the wire grid
polarizer WG on the green colored layer 2G is configured to
be between the pitch Prand the pitch Pb. Other configurations
are the same as those described in Embodiment 1. For con-
venience of description, members having functions identical
to those illustrated in the drawings of Embodiment 1 are
assigned identical referential numerals, and their descriptions
are omitted here.

[0162] FIG. 10 illustrates a counter substrate 20 which is
included in a liquid crystal display device of another embodi-
ment of the present invention and which has an in-cell wire
grid polarizer WG.

[0163] In a case where different kinds of light having dif-
ferent dominant wavelengths enter a region of the wire grid
polarizer WG in which region linear conductive wires are
regularly repeated at a constant pitch smaller than a wave-
length of light for use in a display, variation occurs in a
polarization extinction ratio. The polarization extinction ratio
is a ratio of the amount of incident light to the amount of
transmitted light when a polarization component parallel to
the linear conductive wires enters the wire grid polarizer WG.
This results in a reduction in display quality of a liquid crystal
display panel.

[0164] For this reason, as illustrated in FIG. 10, the pitches
Pr, Pg and Pb of the wire grid polarizer WG are configured to
vary in such a way as to correspond to red light, green light,
and blue light, respectively so that the polarization extinction
ratio is substantially identical. The red light, green light, and
blue light are from the red colored layer 2R, the green colored
layer 2G, and the blue colored layer 2B, respectively and
enter the wire grid polarizer WG.

[0165] That s, the pitch Pr ofthe wire grid polarizer WG on
the red colored layer 2R is configured to be relatively large,
the pitch Pb of the wire grid polarizer WG on the blue colored
layer 2B is configured to be relatively small, and the pitch Pg
of the wire grid polarizer WG on the green colored layer 2G
is configured to be between the pitch Pr and the pitch Pb.
[0166] According to the above configuration, it is possible
to suppress the foregoing reduction in display quality of the
liquid crystal display panel.

Embodiment 3

[0167] The following description discusses, with reference
to FIGS. 11 to 14, the third embodiment of the present inven-
tion. The present embodiment is different from Embodiments
1 and 2 in that a color control layer is formed with use of a
fluorescent material which converts incident light into light
having other wavelength and then emits converted light. The
other configurations are the same as those described in
Embodiment 1. For convenience of description, members
having functions identical to those illustrated in the drawings
of Embodiment 1 are assigned identical referential numerals,
and their descriptions are omitted here.
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[0168] (a) of FIG. 11 illustrates a liquid crystal display
device 15 employing as a light source 7a an LED (light
emitting diode) which emits blue light. (b) of FIG. 11 illus-
trates a counter substrate 21 which is included in the liquid
crystal display device 15 and has an in-cell wire grid polarizer
WG.

[0169] As illustrated in (a) of FIG. 11, the liquid crystal
display device 15 is configured such that a surface, of the
counter substrate 21, which is opposite to a surface on which
the in-cell wire grid polarizer WG is provided serves as a
display surface of the liquid crystal display device 15.
[0170] Further, as illustrated in (b) of FIG. 11, a green
phosphor layer 21G for converting blue light from the light
source 7a into green light, a red phosphor layer 21R for
converting blue light from the light source 7a into red light,
and a transparent resin layer 21W for directly transmitting
blue light from the light source 7a, which layers serve as a
color control layer, are provided so that a border between
adjacent ones of the layers 21G, 21R and 21W lies on a black
matrix 2b.

[0171] It should be noted that, as illustrated in (b) of FIG.
11, the pitch of the wire grid polarizer WG is configured to be
the same for all the layers 21G, 21R and 21W because the
wire grid polarizer WG receives only blue light from the light
source 7a.

[0172] On the other hand, (a) of FIG. 12 illustrates a liquid
crystal display device 1¢ employing as the light source 7a an
LED which emits blue light, and (4) of FIG. 12 illustrates a
counter substrate 21 which is included in the liquid crystal
display device 1¢ and which has an in-cell wire grid polarizer
WG.

[0173] As illustrated in (a) of FIG. 12, the liquid crystal
display device 1c is configured such that a surface, of the
counter substrate 21, which is opposite to a surface on which
the in-cell wire grid polarizer WG is provided serves as a
surface to be irradiated by the surface light source device
including the light source 7a and the light guide plate 8.

[0174] Further, as illustrated in (b) of FIG. 12, a green
phosphor layer 21G for converting blue light from the light
source 7a into green light, a red phosphor layer 21R for
converting blue light from the light source 7a into red light,
and a transparent resin layer 21W for directly transmitting
blue light from the light source 7a, which layers serve as a
color control layer, are provided so that a border between
adjacent ones of the layers 21G, 21R and 21W lies on a black
matrix 2b.

[0175] According to (&) of FIG. 12, the pitch of the wire
grid polarizer WG is the same for all the layers 21G, 21R and
21W. Note however that, as already described in Embodiment
2, it is preferable that the pitch of the wire grid polarizer WG
be configured to vary in such a way as to correspond to red
light, green light and blue light which enter the wire grid
polarizer WG.

[0176] That s, it is preferable that the pitch of the wire grid
polarizer WG on the red phosphor layer 21R be configured to
be relatively large, the pitch of the wire grid polarizer WG on
the transparent resin layer 21W be configured to be relatively
small, and the pitch of the wire grid polarizer WG on the green
phosphor layer 21G be configured to be between these two
pitches.

[0177] (a) of FIG. 13 illustrates a liquid crystal display
device 14 employing as a light source 76 an LED which emits
ultraviolet light. () of FIG. 13 illustrates a counter substrate
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22 which is included in the liquid crystal display device 14
and which has an in-cell wire grid polarizer WG.

[0178] As illustrated in (a) of FIG. 13, the liquid crystal
display device 1d is configured such that a surface, of the
counter substrate 22, which is opposite to a surface on which
the in-cell wire grid polarizer WG is provided serves as a
display surface of the liquid crystal display device 1d.

[0179] Further, as illustrated in (b) of FIG. 13, a green
phosphor layer 21G' for converting ultraviolet light from the
light source 74 into green light, a red phosphor layer 21R' for
converting ultraviolet light from the light source 74 into red
light, and a blue phosphor layer 21B' for converting ultravio-
let light from the light source 74 into blue light, which layers
serve as a color control layer, are provided so that a border
between adjacent ones of the layers 21G', 21R' and 21B' lies
on a black matrix 2b.

[0180] Asillustrated in (b) of FIG. 13, the pitch of the wire
grid polarizer WG is configured to be the same for all the
layers 21G', 21R' and 21B' because the wire grid polarizer
WG receives only ultraviolet light from the light source 75.

[0181] On the other hand, (a) of FIG. 14 illustrates a liquid
crystal display device 1e employing as the light source 76 an
LED which emits ultraviolet light, and () of FIG. 14 illus-
trates a counter substrate 22 which is included in the liquid
crystal display device 1e and which has an in-cell wire grid
polarizer WG.

[0182] As illustrated in (a) of FIG. 14, the liquid crystal
display device 1le is configured such that a surface, of the
counter substrate 22, which is opposite to a surface on which
the in-cell wire grid polarizer WG is provided serves as a
surface to be irradiated by the surface light source device
including the light source 7a and the light guide plate 8.

[0183] Further, as illustrated in (b) of FIG. 14, a green
phosphor layer 21G' for converting ultraviolet light from the
light source 74 into green light, a red phosphor layer 21R' for
converting ultraviolet light from the light source 74 into red
light, and a blue phosphor layer 21B' for converting ultravio-
let light from the light source 74 into blue light, which layers
serve as a color control layer, are provided so that a border
between adjacent ones of the layers 21G', 21R' and 21B' lies
on a black matrix 2b.

[0184] According to (b) of FIG. 14, the pitch of the wire
grid polarizer WG is the same for all the layers 21G', 21R"and
21B'. Note however that, as already described in Embodiment
2, it is preferable that the pitch of the wire grid polarizer WG
be configured to vary in such a way as to correspond to red
light, green light and blue light which enter the wire grid
polarizer WG.

[0185] That s, it is preferable that the pitch of the wire grid
polarizer WG on the red phosphor layer 21R' be configured to
be relatively large, the pitch of the wire grid polarizer WG on
the blue phosphor layer 21B' be configured to be relatively
small, and the pitch of the wire grid polarizer WG on the green
phosphor layer 21G' be configured to be between these two
pitches.

[0186] The liquid crystal display panel in accordance with
the present invention is preferably configured such that the
light shielding layer is a black matrix.

[0187] According to the configuration, the light shielding
layer is the black matrix. This makes it unnecessary to sepa-
rately provide, to the liquid crystal display panel, a light
shielding film for blocking light which is to transmit the
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region where the linear conductive wires are at a pitch larger
than the constant pitch and thus causes a reduction in display
quality.

[0188] The liquid crystal display panel in accordance with
the present invention is preferably configured such that the
light shielding layer is a metal wire.

[0189] According to the configuration, the light shielding
layer is for example the metal wire which is connected to an
active element included in the liquid crystal display panel.
This makes it unnecessary to separately provide, to the liquid
crystal display panel, a light shielding film for blocking light
which is to transmit the region where the linear conductive
wires are at a pitch larger than the constant pitch and thus
causes a reduction in display quality.

[0190] It is preferable that a liquid crystal display panel in
accordance with the present invention further include two
substrates between which a liquid crystal layer is held, and
that the liquid crystal display panel be configured such that
the wire grid polarizer is provided between the two substrates.
[0191] According to the configuration, the wire grid polar-
izer is provided between the two substrates (that is, provided
in an in cell manner). This makes it possible to reduce thick-
ness of the liquid crystal display panel while improving dura-
bility of the wire grid polarizer.

[0192] Itis preferable that a liquid crystal display panel in
accordance with the present invention further include a color
control layer for emitting incident light as light of a plurality
of colors, and that the liquid crystal display panel be config-
ured such that: the wire grid polarizer is provided on the color
control layer; and the constant pitch of the wire grid polarizer
is configured to vary depending on a color of light that enters
the wire grid polarizer through the color control layer so that
a polarization extinction ratio is substantially identical, the
polarization extinction ratio being a ratio of an amount of
incident light to an amount of transmitted light when a polar-
ization component parallel to the linear conductive wires
enters the wire grid polarizer.

[0193] In a case where different kinds of light having dif-
ferent dominant wavelengths enter through the color control
layer a region of the wire grid polarizer in which region the
linear conductive wires are regularly repeated at the constant
pitch smaller than the wavelength of light for use in a display,
variation occurs in a polarization extinction ratio. This causes
a reduction in display quality of the liquid crystal display
panel.

[0194] According to the configuration, the constant pitch of
the wire gird polarizer is configured to vary depending on a
color of light that enters the wire grid polarizer through the
color control layer so that the polarization extinction ratio is
substantially identical.

[0195] Accordingly, it is possible to suppress the foregoing
reduction in display quality of the liquid crystal display panel.
[0196] It should be noted that the color control layer is for
example a layer that selectively transmits a certain wave-
length(s) of incident light entering the color control layer or
converts incident light into light having other wavelength and
then emits converted light. Note, however, that the color
control layer is not limited to the above provided that it is
capable of emitting incident light as light having a plurality of
colors.

[0197] The liquid crystal display panel in accordance with
the present invention is preferably configured such that: the
color control layer includes a first color control layer for
emitting incident light as red light, a second color control
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layer for emitting incident light as green light, and a third
color control layer for emitting incident light as blue light; the
constant pitch of the wire grid polarizer on the first color
control layer is configured to be a relatively large pitch; the
constant pitch of the wire grid polarizer on the third color
control layer is configured to be a relatively small pitch; and
the constant pitch of the wire grid polarizer on the second
color control layer is configured to be between the relatively
large pitch and the relatively small pitch.

[0198] Itisknown that, in a case where red light, green light
and blue light which have respective different dominant
wavelengths enter through the color control layers the region
of the wire grid polarizer in which region the linear conduc-
tive wires are regularly repeated at the constant pitch smaller
than the wavelength of light for use in a display, the red light
having the largest dominant wavelength has the largest polar-
ization extinction ratio and the blue light having the smallest
dominant wavelength has the smallest polarization extinction
ratio.

[0199] In a case where variation occurs in the polarization
extinction ratio like above, a reduction is caused in display
quality of the liquid crystal display panel.

[0200] According to the above configuration, the constant
pitch of the wire grid polarizer on the color control layer
which emits the incident light as red light is configured to be
relatively large, the constant pitch of the wire grid polarizer
on the color control layer which emits the incident light as
blue light is configured to be relatively small, and the constant
pitch of the wire grid polarizer on the color control layer
which emits the incident light as green light is configured to
be between (i) the constant pitch of the wire grid polarizer on
the color control layer which emits the incident light as red
light and (ii) the constant pitch of the wire grid polarizer on
the color control layer which emits the incident light as blue
light. This makes it possible to suppress variation in the
polarization extinction ratio.

[0201] The liquid crystal display panel in accordance with
the present invention is preferably configured such that the
color control layer is a colored layer or a phosphor layer.

[0202] According to the configuration, it is possible to form
the color control layer from the colored layer which selec-
tively transmits a certain wavelength(s) of incident light or
from the phosphor layer which converts incident light into
light having other wavelength and then emits converted light.

[0203] The method for producing a liquid crystal display
panel in accordance with the present invention is preferably
configured such that: the resist is a thermosetting resist; and
the thermosetting resist is cured by heat treatment.

[0204] The method for producing a liquid crystal display
panel in accordance with the present invention is preferably
configured such that: the resist is a photo-curing resist; the
first mold is made of a light-transmitting material; and the
photo-curing resist is cured by exposure to light.

[0205] The method for producing a liquid crystal display
panel in accordance with the present invention is preferably
configured such that: the resist is a photo-curing resist; the
second mold is made of a light-transmitting material; and the
photo-curing resist is cured by exposure to light.

[0206] The present invention is not limited to the descrip-
tions of the respective embodiments, but may be altered
within the scope of the claims. An embodiment derived from
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a proper combination of technical means disclosed in differ-
ent embodiments is encompassed in the technical scope of the
invention.

INDUSTRIAL APPLICABILITY

[0207] The present invention is applicable to a liquid crys-
tal display panel, a liquid crystal display device and the like.

REFERENCE SIGNS LIST
[0208] 1, 1a, 15, 1c, 1d, 1e Liquid crystal display device
[0209] 2,20, 21, 22 Counter substrate (substrate)
[0210] 25 Black matrix (Light shielding layer)
[0211] 2R, 2G, 2B Colored layer (color control layer)
[0212] 3 Liquid crystal layer
[0213] 9 Diffusing plate (diffusing member)
[0214] 12 Small mold (first mold)
[0215] 14, 14a, 145, 16 Large mold (second mold)
[0216] 18 Metal film (conductive film)
[0217] 19 Resist
[0218] 21R, 21G Phosphor layer (color control layer)
[0219] 21R"21G'21B' Phosphor layer (color control layer)
[0220] 21W Transparent resin layer (color control layer)
[0221] WG Wire grid polarizer
[0222] A Region where regularity is disturbed
[0223] Lp Polarization component perpendicular to con-

ductive wire

[0224] Ls Polarization component parallel to conductive
wire
[0225] P Pitch

1. A liquid crystal display panel comprising:

a wire grid polarizer which has a pattern of linear conduc-
tive wires having a pitch smaller than a wavelength of
light for use in a display; and

a light shielding layer,

the wire grid polarizer having (i) a first region where the
linear conductive wires are regularly repeated at a con-
stant pitch and (ii) a second region where the linear
conductive wires are at a pitch larger than the constant
pitch, and

the second region and the light shielding layer being
arranged so as to at least partially overlap each other
when viewed from above.

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

wherein the light shielding layer is a black matrix.

3. The liquid crystal display panel according to claim 1,
wherein the light shielding layer is a metal wire.

4. The liquid crystal display panel according to claim 1,
further comprising two substrates between which a liquid
crystal layer is held,

the wire grid polarizer being provided between the two
substrates.

5. The liquid crystal display panel according to claim 1,
further comprising a color control layer for emitting incident
light as light of a plurality of colors, wherein:

the wire grid polarizer is provided on the color control
layer; and

the constant pitch of the wire grid polarizer is configured to
vary depending on a color of light that enters the wire
grid polarizer through the color control layer so that a
polarization extinction ratio is substantially identical,
the polarization extinction ratio being a ratio of an
amount of incident light to an amount of transmitted
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light when a polarization component parallel to the lin-
ear conductive wires enters the wire grid polarizer.

6. The liquid crystal display panel according to claim 5,
wherein:

the color control layer includes a first color control layer for
emitting incident light as red light, a second color con-
trol layer for emitting incident light as green light, and a
third color control layer for emitting incident light as
blue light;

the constant pitch of the wire grid polarizer on the first
color control layer is configured to be a relatively large
pitch;

the constant pitch of the wire grid polarizer on the third
color control layer is configured to be a relatively small
pitch; and

the constant pitch of the wire grid polarizer on the second
color control layer is configured to be between the rela-
tively large pitch and the relatively small pitch.

7. The liquid crystal display panel according to claim 5,
wherein the color control layer is a colored layer or a phos-
phor layer.

8. A liquid crystal display device comprising:

a liquid crystal display panel recited in claim 1; and

a surface light source device for irradiating the liquid crys-
tal display panel with light,

the surface light source device (i) having an irregularly-
shaped light emitting surface for scattering light and/or
(i1) having on its light emitting surface a diffusing mem-
ber for scattering light.

9. A method for producing a liquid crystal display panel,
the liquid crystal display panel including (i) a wire grid polar-
izer which has a pattern of linear conductive wires having a
pitch smaller than a wavelength of light for use in a display
and (ii) substrates, said method comprising the steps of:

(A) forming, on one of the substrates, a light shielding layer

patterned into a predetermined shape;

(B) forming, evenly on an entire surface of said one of the
substrates, a conductive film which is to be formed into
the conductive wires;

(C) forming a resist so that the resist covers the conductive
film;

(D) curing a part of the resist while pressing a patterned
surface of a first mold against the part of the resist, the
patterned surface being a surface in which linear patterns
regularly repeated at a constant pitch smaller than the
wavelength of the light are formed, to thereby form in
the resist a first transferred surface on which the linear
patterns in the patterned surface have been transferred;

(E) after relocating the first mold to a position adjacent to
the first transferred surface, curing another part of the
resist while pressing the patterned surface of the first
mold against said another part of the resist to thereby
form in the resist a second transferred surface on which
the linear patterns in the patterned surface have been
transferred;

in steps (D) and (E), locating the first mold such that a
border between the first transferred surface and the sec-
ond transferred surface at least partially overlaps the
light shielding layer when viewed from above;

(F) etching the conductive film by using cured resist pat-
terns as masks; and

(G) removing the cured resist patterns.

10. A method for producing a liquid crystal display panel,
the liquid crystal display panel including (i) a wire grid polar-
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izer which has a pattern of linear conductive wires having a
pitch smaller than a wavelength of light for use in a display
and (ii) substrates, said method comprising the steps of:

(A) forming, on one of the substrates, a light shielding layer
patterned into a predetermined shape;

(B) forming, evenly on an entire surface of said one of the
substrates, a conductive film which is to be formed into
the conductive wires;

(C) forming a resist so that the resist covers the conductive
film;

(D) curing the resist while pressing a patterned surface of a
second mold against the resist, the patterned surface of
the second mold having (i) a first region in which linear
patterns regularly repeated at a constant pitch smaller
than the wavelength of the light are formed and (ii) a
second region in which linear patterns are at a pitch
larger than the constant pitch;

in step (D), locating the second mold such that the second
region at least partially overlaps the light shielding layer
when viewed from above;
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(E) etching the conductive film by using cured resist pat-
terns as masks; and

(F) removing the cured resist patterns.

11. (canceled)

12. The method according to claim 9, wherein:

the resist is a photo-curing resist;

the first mold is made of a light-transmitting material; and

the photo-curing resist is cured by exposure to light.

13. The method according to claim 10, wherein:

the resist is a photo-curing resist;

the second mold is made of a light-transmitting material;
and
the photo-curing resist is cured by exposure to light.

14. The method according to claim 9, wherein:

the resist is a thermosetting resist; and

the thermosetting resist is cured by heat treatment.

15. The method according to claim 10, wherein:

the resist is a thermosetting resist; and

the thermosetting resist is cured by heat treatment.

* * * #* ok
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