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LIQUID CRYSTAL DISPLAY PANEL

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play panel. Particularly, the present invention is suitably
applicable to a liquid crystal display panel which performs
display in the normally-black (NB) mode.

BACKGROUND ART

[0002] Recently, vertical alignment (VA) mode liquid crys-
tal display panels which perform display in the NB mode have
been widely used as large size display panels, such as liquid
crystal television displays. Particularly, to improve the view-
ing angle characteristics, multidomain VA (MVA) mode lig-
uid crystal display panels, in which one pixel includes a
plurality of domains among which the orientation azimuth of
liquid crystal molecules is different, have been widely used.
The plurality of domains formed in one pixel typically
include four types of domains in which the orientation azi-
muths of liquid crystal molecules in respective domains are
45°,135°, 225°, and 315°. Here, it is supposed that the azi-
muthal angle of 0° is identical with the 3 o’clock direction of
the clock dial and that the counterclockwise direction is the
positive direction. Two polarizing plates which are in a
crossed Nicols arrangement with a liquid crystal layer inter-
posed therebetween are arranged such that the transmission
axis (=polarization axis) of one of the polarizing plates is
coincident with the horizontal direction in the display plane
(parallel to the direction of 3 o’clock to 9 o’clock) and the
transmission axis of the other polarizing plate is coincident
with the vertical direction (parallel to the direction of 6
o’clock to 12 o’clock). This is for the purpose of improving
the light utilization efficiency, i.e., the display luminance.
[0003] Inthe MVA mode, the liquid crystal layer sides of a
pair of substrates that oppose each other with a vertical align-
ment liquid crystal layer interposed therebetween are pro-
vided with an alignment regulating structure (also referred to
as “domain regulating structure” so that a plurality of
domains are formed. The alignment regulating structure used
may be a slit (opening portion) or a rib (elevated structure)
formed in an electrode and provides an alignment regulating
force from the both sides of the liquid crystal layer (for
example, Patent Documents 1 and 2).

[0004] However, when a slit or rib is used, the alignment
regulating force that is exerted on liquid crystal molecules is
nonuniform in a pixel because the slit or rib is linear, and
therefore, there is a problem that for example the distribution
ofthe response speed becomes nonuniform, in comparison to
a case where the pretilt direction is defined by alignment films
which have been used in the conventional TN mode. Further,
there is another problem that the light transmittance decreases
in a region where the slit or rib is provided, so that the display
luminance decreases.

[0005] To avoid there problems, it is preferred that, in the
VA mode liquid crystal display devices, the alignment divi-
sion structure is formed by defining the pretilt direction with
the use of alignment films. A known one of such VA mode
liquid crystal display devices is VA mode (also referred to as
“RTN (Reverse Twisted Nematic) mode” or “VAIN (Vertical
Alignment Twisted Nematic) mode”) in which vertical align-
ment films which make the pretilt directions at the substrates
perpendicular to each other are used such that liquid crystal
molecules have a twisted configuration (see, for example,
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Patent Documents 3 to 6). In the RTN mode, the pretilt direc-
tion of the liquid crystal molecules which is defined by each
vertical alignment film is parallel to or perpendicular to the
absorption axes of a pair of polarizing plates that are in a
crossed Nicols arrangement with the liquid crystal layer inter-
posed therebetween. In the RTN mode, the tilt direction of
liquid crystal molecules at the central area in the layer plane
of'the liquid crystal layer and in the thickness direction in the
presence of a sufficient applied voltage (at least a signal
voltage which is necessary for display of the highest gray-
scale level) across the liquid crystal layer is identical with a
direction which generally halves the two pretilt directions that
are defined by a pair of alignment films. This tilt direction of
the liquid crystal molecules at the central area of the liquid
crystal layer corresponds to the alignment azimuth of liquid
crystal molecules in each domain. The method for defining
the pretilt direction is preferably a photoalignment method.
The applicant of the present application is the first one in the
world who put it into practical use (which is referred to as
“UV>A technique”).

[0006] When the applicant first mass-produced liquid crys-
tal television displays which carry MVA mode liquid crystal
display panels as the first manufacturer in the world and
supplied them into the market, they were designed such that
one of the two polarizing plates that were in a crossed Nicols
arrangement, which was on the viewer side, had a transmis-
sion axis which was coincident with the vertical direction in
the display plane (when compared to the clock dial, a direc-
tion which was parallel to the direction of 6 o’clock to 12
o’clock). This arrangement of the transmission axis of the
polarizing plate has been, at present, a de facto standard in the
VA mode (including MVA mode and RTN mode) liquid crys-
tal display panels (particularly, large size liquid crystal dis-
play panels for use in TV devices, for example).

[0007] The above-described arrangement of the transmis-
sion axis of the polarizing plate was selected for enabling a
viewer wearing polarized sunglasses to view a video image.
Note that the polarization axis of the polarized sunglasses was
arranged so as to coincide with the vertical direction in order
to remove S-polarization that is abundantly included in the
reflection from a horizontal surface and that may particularly
be a cause of glare when used outdoors (the polarization axis
of the S-polarization is coincident with the horizontal direc-
tion).

[0008] Another example of the NB mode which has been
employed for liquid crystal display panels for television use is
the IPS (In Plane Switching) mode. Recently, liquid crystal
display panels which employ the blue phase have been under
development. One of the known IPS mode liquid crystal
display panels is configured such that the transmission axes of
the polarizing plates are arranged so as to be in the azimuth of
45°. However, for the above reasons, arranging the transmis-
sion axis of the polarizing plate on the viewer side so as to
coincide with the horizontal direction in the display plane has
been avoided.

[0009] On the other hand, the applicant developed an anti-
reflection film which has a moth-eye structure (sometimes
referred to as “moth-eye type antireflection film”). The moth-
eye structure has minute raised portions (which have a conical
or bell-like shape), and the effective refractive index continu-
ously varies. Therefore, the reflectance can be decreased to a
level which is less than 1% and, furthermore, to a level which
is not more than 0.2%. The moth-eye type antireflection film
is capable of preventing reflection over a wide wavelength
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range of light and has a wide incidence angle range as com-
pared with an antireflection film which is manufactured with
the use of a dielectric multilayer film (Patent Documents 7 to
10). One of the moth-eye structure fabrication methods which
uses an anodized porous alumina layer that is obtained by
anodization of aluminum is excellent in mass-productivity
(Patent Documents 8 to 10).

[0010] The entirety of the disclosures of Patent Documents
1 to 10 are incorporated by reference in this specification.
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SUMMARY OF INVENTION

Technical Problem

[0021] The inventors of the present application placed an
antireflection film which has a moth-eye structure on a VA
mode liquid crystal display panel and encountered an unex-
pected problem that a pale black state was conspicuous at
oblique viewing angles. This problem is not limited to the VA
mode liquid crystal display panels but may occur in liquid
crystal display devices which operate in a mode which is
different from the NB mode.

[0022] The presentinvention was conceived for the purpose
of solving the above problems. One of the objects of the
present invention is to prevent a pale black state which occurs
when viewed at an oblique viewing angle in a normally-black
mode liquid crystal display panel which includes an antire-
flection film which has a moth-eye structure.

Solution to Problem

[0023] A liquid crystal display panel of the present inven-
tion is a liquid crystal display panel which is capable of
displaying in a normally black mode, including: a liquid
crystal cell which includes a liquid crystal layer and a pair of
substrates; a first polarizing plate provided on a rear surface
side of the liquid crystal cell; a second polarizing plate pro-
vided on a viewer side of the liquid crystal cell; and an
antireflection layer provided on a viewer side of the second
polarizing plate, the antireflection layer having a moth-eye
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structure, wherein a transmission axis of the first polarizing
plate is parallel to a vertical direction in a display plane, and
atransmission axis of the second polarizing plate is parallel to
a horizontal direction in the display plane.

[0024] The liquid crystal display panel of one embodiment
is a vertical alignment mode, IPS mode, or blue phase mode
liquid crystal display panel.

[0025] Inoneembodiment,alength ofthe liquid crystal cell
along the horizontal direction in the display plane is greater
than a length of the liquid crystal cell along the vertical
direction in the display plane.

[0026] The liquid crystal display panel of one embodiment
further includes an antiglare layer provided on a viewer side
of the second polarizing plate, wherein a haze ratio of the
antiglare layer is less than 10%.

[0027] In one embodiment, the antiglare layer is integral
with the antireflection layer.

[0028] A liquid crystal display device of the present inven-
tion includes: any of the above-described liquid crystal dis-
play panel; and a backlight unit provided on a rear surface
side of the first polarizing plate.

Advantageous Effects of Invention

[0029] According to the present invention, an antireflection
film which has a moth-eye structure is placed on a VA mode
liquid crystal display panel, whereby occurrence of such a
problem that a pale black state is conspicuous at oblique
viewing angles can be prevented.

BRIEF DESCRIPTION OF DRAWINGS

[0030] FIG.1(a)isanexplodedperspective view schemati-
cally showing a liquid crystal display panel 100 of an embodi-
ment of the present invention. (b) is a top view of the liquid
crystal display panel 100, in which reflection of light emitted
from a backlight is illustrated together.

[0031] FIG.2(a)isanexploded perspective view schemati-
cally showing a liquid crystal display panel 500 of a com-
parative example. (b) and (c¢) are top views of a liquid crystal
display panel 500" and the liquid crystal display panel 500, in
which reflection of light emitted from a backlight is illus-
trated together.

[0032] FIG. 3 (a)to (c)arediagrams forillustrating a model
which was used for calculation of the reflectance of a moth-
eye type antireflection layer.

[0033] FIG. 4 (a) to (f) are graphs showing the calculation
results of the reflectances for the S-wave and the P-wave of
various moth-eye type antireflection layers, where the hori-
zontal axis represents the incidence angle (polar angle) and
the vertical axis represents the reflectance.

[0034] FIG. 5 (a) is a graph showing the actual measure-
ment values of the reflectances for the S-wave and the P-wave
of'a moth-eye type antireflection layer. () is a SEM image of
the moth-eye type antireflection layer.

[0035] FIG. 6 Graphs for illustrating the relationship
between the arrangement of the transmission axes of polariz-
ing plates and the transmittance in the black display state
(black luminance). (a) shows the actual measurement values
in the case where the moth-eye type antireflection film is not
provided. (b) shows the actual measurement values in the case
where the moth-eye type antireflection film is provided.
[0036] FIG.7 Graphs for illustrating the polar angle depen-
dence of the transmittance in the white display state (white
luminance) of liquid crystal display panels whose viewer side
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surfaces were in different states of treatment (AG treatment
and antireflection treatment). (@) to (¢) show the relative lumi-
nance. (d) to (f) show the results normalized with respect to
the white luminance of an untreated liquid crystal display
panel (luminance increase rate).

[0037] FIG. 8 Graphs for illustrating the polar angle depen-
dence of the transmittance in the black display state (black
luminance) of liquid crystal display panels whose viewer side
surfaces were in different states of treatment (AG treatment
and antireflection treatment). (@) to (¢) show the relative lumi-
nance. (d) to (f) show the results normalized with respect to
the black luminance of an untreated liquid crystal display
panel (luminance increase rate).

[0038] FIG. 9 Graphs corresponding to FIG. 7 and showing
the results of an examination as to the difference in the state of
treatment of the viewer side surface of liquid crystal display
panels which utilize circular polarization.

[0039] FIG. 10 Graphs corresponding to FIG. 8 and show-
ing the results of an examination as to the difference in the
state of treatment of the viewer side surface of liquid crystal
display panels which utilize circular polarization.

DESCRIPTION OF EMBODIMENTS

[0040] Hereinafter, a liquid crystal display panel of an
embodiment of the present invention is described with refer-
ence to the drawings, although the present invention is not
limited to the exemplified embodiment.

[0041] First, problems in a liquid crystal display panel
including a moth-eye type antireflection layer, which were
found by the present inventors, are described with reference
to FIG. 2. Then, the configuration and the functions and
effects of a liquid crystal display panel of an embodiment of
the present invention are described with reference to FIG. 1.
In general, the length in the horizontal direction in a display
plane of a liquid crystal cell, such as a display panel for
television devices, is longer than the length in the vertical
direction, and therefore, the viewing angle characteristic in
the horizontal direction is important. Thus, the viewing angle
characteristic in the horizontal direction (3 o’clock to 9
o’clock direction, i.e., azimuth angle of 0°-180° direction) is
considered below.

[0042] FIG.2(a)is anexploded perspective view schemati-
cally showing a liquid crystal display panel 500 of Compara-
tive Example. FIGS. 2(b) and 2(c¢) are views of the liquid
crystal display panel 500" and the liquid crystal display panel
500 seen from the top, in which reflection of light emitted
from a backlight is illustrated together. The liquid crystal
display panel 500' shown in FIG. 2(5) is, for example, a VA
mode liquid crystal display panel which is currently commer-
cially available. The liquid crystal display panel 500 of Com-
parative Example shown in FIG. 2(c) is equivalent to what is
obtained by providing a moth-eye type antireflection layer 58
on the viewer side surface of the liquid crystal display panel
500'.

[0043] The liquid crystal display panel 500' of FIG. 2(4)
includes a liquid crystal cell 52, a first polarizing plate which
is provided on the rear surface side (backlight side) of the
liquid crystal cell 52, and a second polarizing plate 56 which
is provided on the viewer side of the liquid crystal cell 52. As
described above, as for the transmission axes of the polarizing
plates of a VA mode liquid crystal display panel which is
currently commercially available, the transmission axis (=po-
larization axis) of the first polarizing plate 54 is parallel to the
horizontal direction (3 o’clock to 9 o’clock direction), and the
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transmission axis of the second polarizing plate 56 on the
viewer side is parallel to the vertical direction (12 o’clock to
6 o’clock direction). The arrow shown at the polarizing plate
54, 56 represents the transmission axis. The liquid crystal
display panel 500 of FIG. 2(c¢) further includes a moth-eye
type antireflection layer 58 over the viewer side surface of the
liquid crystal display panel 500'.
[0044] Next, the intensity of light emitted at the viewer side
of the liquid crystal display panel in the black display state
(black luminance) is evaluated. Hereinbelow, only reflection
at the interface between the liquid crystal display panel and
the air is considered, while reflections at the other interfaces
are ignored. In the description below, symbols listed below
are used.

[0045] I,: Intensity of light emitted from the backlight

and is incident on the first polarizing plate

[0046] r,,: S-polarization reflectance of the first polariz-
ing plate

[0047] r,,: P-polarization reflectance of the first polariz-
ing plate

[0048] r.,: S-polarization reflectance of the second

polarizing plate

[0049] 1,,: P-polarization reflectance of the second
polarizing plate
[0050] r.': S-polarization reflectance of the antireflec-

K

tion film

[0051] 1,,": P-polarization reflectance of the antireflec-
tion film

[0052] As: S-polarization absorbance of the polarizing
plate

[0053] Ap: P-polarization absorbance of the polarizing
plate

[0054] Dgpg: Depolarization ratio P-polarization—S-po-
larization

[0055] Dgp: Depolarization ratio S-polarization—P-po-
larization

[0056] I: Intensity of light emitted to the viewer side

(Intensity of light transmitted through the liquid crystal

panel)
[0057] The liquid crystal display panel 500" is a conven-
tional VA mode liquid crystal display panel. As shown in FIG.
2(b), the transmission axis (=polarization axis) of the first
polarizing plate 54 is parallel to the horizontal direction in the
display plane, and the transmission axis of the second polar-
izing plate 56 is parallel to the vertical direction in the display
plane.
[0058] Light which is emitted from the backlight and is
incident on the first polarizing plate 54 is partially reflected,
and therefore, the intensity of light which enters the first
polarizing plate 54 is

T2 (1-r, )+Ty/2)(1=7,,).

Note that the light emitted from the backlight is unpolarized
light and therefore contains 50% S-polarization and 50%
P-polarization (=I/2). Note that the S-polarization is polar-
ized light which oscillates vertically to the incidence plane
(the direction of azimuth angle 0°-180°), i.e., oscillates ver-
tically to the drawing sheets in FIGS. 2(4) and 2(c). The
P-polarization is polarized light which oscillates in the inci-
dence plane, i.e., oscillates parallel to the drawing sheets in
FIGS. 2(b) and 2(c).

[0059] In the first polarizing plate 54, the S-polarization is
absorbed at absorbance As. Therefore, the intensity of light
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which is transmitted through the first polarizing plate 54 and
is incident on the liquid crystal cell 52 is

Uy2) (1= )(1=A8)+(Lo/2)(1-7,,y)-

The first term is substantially zero, and therefore, only the
second term is to be considered. That is, it can be considered
that only the P-polarization is incident on the liquid crystal
cell 52.

[0060] Ofthe P-polarization which is incident on the liquid
crystal cell 52, the intensity of light which is converted (depo-
larized) to S-polarization in, for example, the liquid crystal
cell 52 is expressed as (1,/2)(1-1,,)Dpg. Of this light, a com-
ponent which is not reflected at the second polarizing plate 56
or the air interface is emitted to the viewer side. Therefore, in
the liquid crystal display panel 500', the intensity of light
emitted at the viewer side, 1, is expressed by the following
formula (1):

It:(IO/z)(l_rpl)DPS(l ~72) €Y}

[0061] We consider that the depolarization is attributed to
scattering or reflection by circuit components in the liquid
crystal cell (e.g., TFTs and wires). In the black display state,
the liquid crystal layer ideally does not give the P-polarization
a phase difference. However, depolarization which is attrib-
uted to nonuniformity in the liquid crystal layer or birefrin-
gence caused by a retardation plate (herein omitted) can be
considered. Here, it is assumed that depolarization from
P-polarization to S-polarization and depolarization from
S-polarization to P-polarization occur with equal probabili-
ties.

[0062] Next, in the liquid crystal display panel 500 shown
in FIG. 2(c), the intensity of light emitted at the viewer side,
1., is evaluated. The liquid crystal display panel 500 is equiva-
lent to what is obtained by providing the moth-eye type anti-
reflection layer 58 on the viewer side of the conventional VA
mode liquid crystal display panel 500'. Therefore, in the lig-
uid crystal display panel 500, the intensity of light emitted at
the viewer side, 1,', is expressed by the following formula (2),
which is obtained by replacing reflectance r,, of formula (1)
with r,":

It':(IO/z)(l_rpl)DPS(l_VSZY) 2

[0063] Here, with the relationship of r,'<<r,, I,>>I, holds
true. That is, when the moth-eye type antireflection layer 58 is
provided on the viewer side surface of the conventional VA
mode liquid crystal display panel 500', the transmittance in
the black display state increases, so that the display quality
deteriorates.

[0064] Next, in the liquid crystal display panel 500 of an
embodiment of the present invention which is shown in FIG.
1, the intensity of light emitted at the viewer side, 1,", is
evaluated.

[0065] In the liquid crystal display panel 100, the arrange-
ment of the transmission axes of a first polarizing plate 14 and
a second polarizing plate 16 is inverse to that of the liquid
crystal display panel 500. Specifically, the transmission axis
of'the polarizing plate 14 is parallel to the vertical direction in
the display plane, and the transmission axis of the polarizing
plate 16 is parallel to the horizontal direction in the display
plane.

[0066] Likewise as described above, light which is emitted
from the backlight and is incident on the first polarizing plate
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14 is partially reflected. Therefore, the intensity of light which
enters the first polarizing plate 14 is

T2 (1=r, )+ Ty 2)(1=7,,y).

[0067] In the liquid crystal display panel 100, P-polariza-
tion is absorbed at absorbance Ap in the first polarizing plate
14. Therefore, the intensity of light which is transmitted
through the first polarizing plate 14 and is incident on the
liquid crystal cell 12 is

T/ 2)(1=r5)+(Io/2)(1-1,)(1-Ap).

The second term is substantially zero, and therefore, only the
first term is to be considered. That is, it can be considered that
only the S-polarization is incident on the liquid crystal cell 12.
[0068] Ofthe S-polarization which is incident on the liquid
crystal cell 12, the intensity of light which is converted (depo-
larized) to P-polarization in, for example, the liquid crystal
cell 12 is expressed as (I,/2)(1-r,, )Dgp. Of this light, a com-
ponent which is not reflected at the second polarizing plate 16
and the air interface is emitted to the viewer side. Therefore,
in the liquid crystal display panel 100, the intensity of light
emitted at the viewer side, 1,", is expressed by the following
formula (3):

I'=(o2)(1-1:1)Dsp(1-7,2") ©)

[0069] Here, as seen from the result of a calculation which
will be described later, the relationship of

_ . ,
P (F12) 752 > ot

generally holds true.

[0070] Thus, I,"=~I,<I, holds true. When the configuration
of the liquid crystal display panel 100 of an embodiment of
the present invention is employed, deterioration of the display
quality which is attributed to an increase of the black lumi-
nance which is caused by providing a moth-eye type antire-
flection film 18 can be prevented.

[0071] Hereinafter, some of the calculation results and
experimental results are shown for describing the liquid crys-
tal display panel of the embodiment of the present invention
in more detail.

[0072] First, the configuration of the moth-eye type antire-
flection layer and a model which was used for the calculation
are described with reference to FIG. 3.

[0073] FIG. 3(a) is a schematic cross-sectional view of the
moth-eye type antireflection layer. The moth-eye structure
has minute raised portions which are densely arranged. The
minute raised portions of the moth-eye structure which have
an antireflection function for visible light (wavelength: 380
nm to 780 nm) preferably have a conical shape or a bell-like
shape. The height of the minute raised portions, h, is prefer-
ably about not less than 100 nm and not more than 600 nm.
The distance between adjacent raised portions, Dint, is pref-
erably approximately not less than 100 nm and not more than
600 nm. Here, a moth-eye structure which has minute raised
portions whose cross section including a vertex is represented
by an isosceles triangle as shown in FIG. 3(a) is considered.
In the calculation which will be exemplified later, it was
assumed that the refractive index (effective refractive index)
of the moth-eye structure linearly vary with respect to the
height of the raised portions.

[0074] It can be considered that the refractive index (effec-
tive refractive index) of such a moth-eye structure is equiva-
lent to the refractive index of a multilayer structure that
includes a plurality of layers in which the refractive index
increases from the air side to the base side as shown in FIG.
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3(b). That is, the refractive index of the moth-eye structure
increases stepwise from the air side (refractive index n=1.00)
to the base side (n=1.50) as shown in FIG. 3(c). In the exem-
plified calculation, it was assumed that the number of layers is
30 and the layers have equal thicknesses. For six types of
structures with the height of the raised portions, h, being 180
nm, 210 nm, 300 nm, 600 nm, 900 nm, and 1200 nm, the
reflectances for S-polarization and P-polarization were cal-
culated. The calculation of the reflectances was conducted
based on the effective refractive index medium theory (for
example, Tadao TSURUTA, Applied Optics (Baifu-kan),
Chapter 4). For the sake of comparison, the reflectances for
S-polarization and P-polarization at the flat surface of the
base (n=1.50) were calculated. The calculation results are
shown in FIGS. 4(a) to 4(f).

[0075] FIGS. 4(a) to 4(f) are graphs showing the calcula-
tion results of the reflectances for the S-wave and the P-wave
of the moth-eye type antireflection layers with the height of
the raised portions, h, being 180 nm, 210 nm, 300 nm, 600
nm, 900 nm, and 1200 nm, respectively, where the horizontal
axis represents the incidence angle (polar angle).

[0076] First, refer to FIG. 4(a). Considering the reflec-
tances at a flat surface, the reflectance for P-polarization
(“P-polarization ref) is O at about 56°(Brewster angle), while
the reflectance for S-polarization (“S-polarization ref”)
increases as the incidence angle increases. The difference
between the reflectance for S-polarization (“S-polarization
ref”) and the reflectance for P-polarization (“P-polarization
ref”) starts to abruptly increase approximately at a position
where the incidence angle exceeds 50°. That is, it is appreci-
ated that in the case of oblique incidence (polar angle: 50° to
80°), the reflectance for S-polarization (“S-polarization ref™)
is much larger than the reflectance for P-polarization (“P-
polarization ref”).

[0077] Next, see the reflectances of the moth-eye in FIG.
4(a). It can be seen that the reflectance for P-polarization at
the moth-eye surface (“P-polarization moth”) is not substan-
tially different from the reflectance for P-polarization at the
flat surface (“P-polarization ref”). On the other hand, the
reflectance for S-polarization at the moth-eye surface (“S-
polarization moth”) is smaller than the reflectance for S-po-
larization at the flat surface (“S-polarization ref”). That is, in
the case of oblique incidence, the above-described relation-
ship of 1, (Fr,,)>1,>1,0=1,,," holds true.

[0078] As clearly seen from the comparison of FIG. 4(a) to
FIG. 4(f), as the height h of the raised portions increases, both
the reflectance for S-polarization (“S-polarization moth™) and
the reflectance for P-polarization (“P-polarization moth™)
decrease. However, the decrease of the reflectance for S-po-
larization (“S-polarization moth”) is greater than the decrease
of'the reflectance for P-polarization (“P-polarization moth™).
For example, the reflectance for P-polarization (“P-polariza-
tion moth”) in FIG. 4(c) is not substantially different from the
reflectance for P-polarization (“P-polarization moth™) in FIG.
4(a). On the other hand, the reflectance for S-polarization
(“S-polarization moth™) in FIG. 4(c) is apparently smaller
than the reflectance for S-polarization (“S-polarization
moth”) in FIG. 4(a). As seen from FIGS. 4(d) to 4(f), the
reflectance for P-polarization at the moth-eye surface (“P-
polarization moth”™) is smaller than the reflectance for P-po-
larization at the flat surface (“P-polarization ref”). However,
the reflectance for S-polarization at the moth-eye surface
(“S-polarization moth™) is smaller than the reflectance for
S-polarization at the flat surface (“S-polarization ref”) at a
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greater ratio. Thus, it is appreciated that, as for oblique inci-
dent light, the above-described relationship of r(=r,,)
>1,">1,,~1,,' holds true irrespective of the height of the raised
portions of the moth-eye structure.

[0079] As described above, when the moth-eye type anti-
reflection layer is provided, in the case of oblique incidence
such that the incidence angle generally exceeds 50°, the
reflectance for S-polarization and the reflectance for P-polar-
ization significantly decrease, so that the transmittance for
S-polarization significantly increases. As a result, as previ-
ously described with reference to FIG. 2, when the conven-
tional VA mode liquid crystal display panel 500' is provided
with a moth-eye type antireflection layer, the pale black state
at oblique viewing angles becomes conspicuous.

[0080] An example of the experimental results is described
withreference to FIG. 5. FIG. 5(a) is a graph showing actually
measured values of the reflectance for the S-wave and the
P-wave of the moth-eye type antireflection layer. FIG. 5(54)
shows a SEM image of the moth-eye type antireflection layer.
The sample used in the experiment includes an antireflection
layer which was formed of an acrylic UV-curable resin on a
triacetylcellulose (TAC) film using a mold which had a
porous alumina layer which was fabricated according to the
method disclosed in Patent Document 4. The reflectance was
measured by means of reflection spectrum measurement of
specular reflection at the polar angle of 5° using a spectro-
photometer V-550 manufactured by JASCO Corporation,
with a TAC film which was provided with a moth-eye type
antireflection layer as described above being placed over a
black acrylic plate.

[0081] It can be seen that the incidence angle dependence
of the reflectance shown in FIG. 5(a) considerably conforms
with the results which have previously described with refer-
ence to FIG. 4. Comparing quantitatively, the graph of FIG.
5(a) is close to FIG. 4(d). However, as seen from FIG. 5(b),
the height of the raised portions of the antireflection layer
used herein is about 200 nm, which is only about a third of the
height of the raised portions used in the calculation of FIG.
4(d), 600 nm. This inconsistency is probably attributed to the
fact that scattered light affects the measurement of the reflec-
tance of the actual samples.

[0082] Next, an embodiment of the present invention is
described with reference to FIG. 6, using a MVA mode liquid
crystal display panel (Conventional Example I) which has
been currently mass-produced by the applicant.

[0083] FIG. 6 shows graphs for illustrating the relationship
between the arrangement of the transmission axes of the
polarizing plates and the transmittance in the black display
state (black luminance). FIG. 6(a) shows actually measured
values in a case where a moth-eye type antireflection film was
not provided. FIG. 6(b) shows actually measured values in a
case where a moth-eye type antireflection film was provided.
In the liquid crystal display panel of Conventional Example I,
retardation layers are provided between the liquid crystal cell
and two polarizing plates for improving the viewing angle
characteristics. The backlight used was a cold cathode fluo-
rescent lamp (CCFL) backlight.

[0084] In the liquid crystal display panel of Conventional
Example I, the transmission axis of the polarizing plate on the
rear surface side is parallel to the horizontal direction in the
display plane, and the transmission axis of the polarizing
plate on the viewer side is parallel to the vertical direction in
the display plane. In the liquid crystal display panel of Ref-
erence Example II, the arrangement of the transmission axes
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of the polarizing plates is inverse to that of the liquid crystal
display panel of Conventional Example I, the transmission
axis of the polarizing plate on the rear surface side is parallel
to the vertical direction in the display plane, and the trans-
mission axis of the polarizing plate on the viewer side is
parallel to the horizontal direction in the display plane. The
liquid crystal display panel of Comparative Example III is
equivalent to what is obtained by providing a moth-eye type
antireflection layer on the viewer side surface of the liquid
crystal display panel of Conventional Example 1. The liquid
crystal display panel of Inventive Example IV is equivalent to
what is obtained by providing a moth-eye type antireflection
layer on the viewer side surface of the liquid crystal display
panel of Conventional Example I. The configurations of these
examples are shown together in Table 1 below.

TABLE 1

Conventional ~ Reference Comparative Inventive
Example I Example II Example ITT Example IV
— — Moth-eye type Moth-eye type

reflection layer reflection layer
Viewer side Viewer side Viewer side Viewer side
polarizer polarizer polarizer polarizer
(transmission  (transmission (transmission (transmission
axis 90°) axis 0°) axis 90°) axis 0°)
Retardation Retardation Retardation Retardation
layer layer layer layer
(slow axis 90°) (slow axis 0°) (slow axis 90°) (slow axis 0°)
VA liquid VA liquid VA liquid VA liquid
crystal cell crystal cell crystal cell crystal cell
Retardation Retardation Retardation Retardation
layer layer layer layer

(slow axis 0°)  (slow axis 90°) (slow axis 0°) (slow axis 90°)

Rear surface Rear surface Rear surface Rear surface
side polarizer  side polarizer side polarizer side polarizer
(transmission  (transmission (transmission (transmission
axis 0°) axis 90°) axis 0°) axis 90°)
Backlight Backlight Backlight Backlight

[0085] As seen from FIG. 6(a), the difference in black
luminance of the liquid crystal display panel between Con-
ventional Example I and Reference Example II is small, and
the arrangement of the transmission axes of the polarizing
plates has a small effect on the black luminance. On the other
hand, as seen from FIG. 6(5), the black luminance of the
liquid crystal display panel of Inventive Example IV is
smaller than the black luminance of the liquid crystal display
panel of Comparative Example III, and this difference is
particularly conspicuous in a range of large polar angles.
Thus, when a VA mode liquid crystal display panel is pro-
vided with a moth-eye type antireflection layer as described
above, the black luminance at oblique viewing angles largely
varies depending on the arrangement of the transmission axes
of'the polarizing plates. It can be seen that, by employing the
arrangement of the present embodiment, the pale black state
at oblique viewing angles can be prevented.

[0086] We examined the effects of the arrangement of the
transmission axes of the polarizing plates on the display lumi-
nance in liquid crystal display panels which have different
states of surface treatment in the viewer side surface. Next,
the results of the examination are described with reference to
FIG. 7 and FIG. 8. FIG. 7 shows graphs for illustrating the
polar angle dependence of the transmittance in the white
display state (white luminance) of liquid crystal display pan-
els whose viewer side surfaces were in different states of
treatment. FIGS. 7(a) to 7(c) show the relative luminance.
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FIGS. 7(d) to 7(f) show the results normalized with respect to
the white luminance of an untreated liquid crystal display
panel (luminance increase rate). FIG. 8 shows graphs for
illustrating the polar angle dependence of the transmittance in
the black display state (black luminance) of liquid crystal
display panels whose viewer side surfaces were in different
states of treatment. FIGS. 8(a) to 8(c) show the relative lumi-
nance. FIGS. 8(d) to 8(f) show the results normalized with
respect to the black luminance of an untreated liquid crystal
display panel (luminance increase rate). As for the surface
treatment, a plurality of combinations of the antiglare treat-
ment (AG treatment) and the antireflection treatment were
examined. In FIG. 7 and FIG. 8, A to G represent the surface
treatments listed below. The haze ratio was measured using a
haze meter NDH2000 manufactured by NIPPON DEN-
SHOKU INDUSTRIES CO., LTD., with a TAC film includ-
ing a moth-eye type reflection layer being placed over a
transparent glass plate.

[0087] A: Clear (Not treated: No AG treatment, No anti-

reflection treatment)

[0088] B: Low Haze (Haze ratio 8.0%, No antireflection
treatment)
[0089] C: Clear Low Reflection (Haze ratio 0.5%, Low

reflection coating: Reflectance about 1%)
[0090] D:AGLR (Haze ratio 13.0%, Low reflection coat-
ing: Reflectance about 1%)
[0091] E: Clear Moth (Haze ratio 0.5%, Moth-eye type
antireflection layer: Reflectance 0.1% or less)
[0092] F: Low Haze Moth (Haze ratio 1.7%, Moth-eye
type antireflection layer: Reflectance 0.1% or less)
[0093] G: High Haze Moth (Haze ratio 30.0%, Moth-eye
type antireflection layer: Reflectance 0.1% or less)
[0094] The liquid crystal display panel V used herein was a
VA mode liquid crystal display panel which was manufac-
tured using a UV?A technique. The transmission axis of the
polarizing plate on the rear surface side was parallel to the
horizontal direction in the display plane. The transmission
axis of the polarizing plate on the viewer side was parallel to
the vertical direction in the display plane. The backlight used
was a LED backlight. The configuration of this liquid crystal
display panel V is shown in Table 2.

TABLE 2

Liquid Crystal Display Panel V
Surface Treatment

Viewer side polarizer
(transmission axis 90°)
Retardation layer (slow axis 90°)
VA liquid crystal cell
Retardation layer (slow axis 0°)
Rear surface side polarizer
(transmission axis 0°)

Backlight

[0095] FIGS. 7(a) and 7(d) and FIGS. 8(a) and 8(d) show
the polar angle dependence of the luminance or luminance
increase rate in the horizontal direction in the display plane of
the liquid crystal display panel (azimuthal angle) 0°-180°.
FIGS. 7(b) and 7(e) and FIGS. 8(b) and 8(e) show the polar
angle dependence of the luminance or luminance increase
rate in the diagonal 45° direction in the display plane of the
liquid crystal display panel (azimuthal angle 45°-225°).
FIGS. 7(c) and 7(f) and FIGS. 8(c) and 8(f) show the polar
angle dependence of the luminance or luminance increase
rate in the vertical direction in the display plane of the liquid
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crystal display panel (azimuthal angle 90°-270°). That is, in
other words, FIGS. 7(c) and 7(f) and FIGS. 8(¢) and 8(f) show
the viewing angle dependence in the horizontal direction in
the display plane (azimuthal angle 0°-180°) of a liquid crystal
display device which is obtained by inverting the arrangement
of the transmission axes of the polarizing plates of the con-
ventional liquid crystal display device, and E, F, and G of
FIGS. 7(c) and 7(f) and FIGS. 8(c) and 8(f) represent the
viewing angle dependence in the horizontal direction in the
display plane of the liquid crystal display panel of the
embodiment of the present invention.

[0096] As seen from FIGS. 7(a) and 7(d), the white lumi-
nance at oblique viewing angles of each of E, F, and G in
which the moth-eye type antireflection layer was provided
was larger than those of A to D. Also, as seen from the
comparison of FIGS. 7(a) and 7(d) and FIGS. 7(c) and 7(f),
when the arrangement of the transmission axes of the polar-
izing plates was inverse to the conventional arrangement, the
white luminance at oblique viewing angles of E, F, and G in
which the moth-eye type antireflection layer was provided
were reduced. The results of FIGS. 7(4) and 7(e) are in the
middle between the results of FIGS. 7(a) and 7(d) and the
results of FIGS. 7(c) and 7(f).

[0097] As seen from FIGS. 8(a) and 8(4), the black lumi-
nance at oblique viewing angles of E (Clear Moth) in which
the moth-eye type antireflection layer was provided was
larger than those of A to D, F and G. As seen from the
comparison of E with F (Low Haze Moth) and G (High Haze
Moth), the black luminance at oblique viewing angles can be
suppressed by providing an AG property. Note that, it is
appreciated that, G (High Haze Moth) exhibited an increased
black luminance near the front direction, and therefore, the
haze ratio is preferably not excessively high. The black lumi-
nance of B (Low Haze, Haze ratio 8.0%) near the front direc-
tion did not exceed A (Clear), and therefore, it is considered
that the haze ratio only needs to be less than 10%.

[0098] As seen from the comparison of FIGS. 8(a) and 8(d)
and FIGS. 8(c) and 8(f), when the arrangement of the trans-
mission axes of the polarizing plates is inverse to the conven-
tional arrangement, the black luminance at oblique viewing
angles of E (Clear Moth) in which the moth-eye type antire-
flection layer was provided is reduced to, a level which is
lower than the black luminance of A (Clear). Also, the black
luminance at oblique viewing angles of F (Low Haze Moth)
was reduced when the arrangement of the transmission axes
of the polarizing plates was inverse to the conventional
arrangement. The black luminance near the front direction of
G which had a high haze value was larger than that of A
(Clear) even when the arrangement of the transmission axes
of the polarizing plates was inverse to the conventional
arrangement and is therefore not preferred. Thus, from the
viewpoint of the black luminance in the front viewing direc-
tion, the haze ratio is preferably less than 10%. The results of
FIGS. 8(b) and 8(e) are in about the middle between the
results of FIGS. 8(a) and 8(d) and the results of FIGS. 8(c)
and 8(f).

[0099] In the above description, the liquid crystal display
panel V that has a configuration in which linear polarization is
allowed to be incident on the liquid crystal layer has been
exemplified. However, it may have a configuration in which
circular polarization is allowed to be incident on the liquid
crystal layer. The configuration of the liquid crystal display
panel VI that utilizes circular polarization is shown in Table 3.
The polarizing plate and the retardation layer (slow axis 135°)
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on the viewer side in the liquid crystal display panel V are
sometimes collectively referred to as a circular polarizing
plate. As a matter of course, what is simply referred to as
“polarizing plate” in this specification is a linear polarizing
plate. As in the liquid crystal display panel VI, the circular
polarizing plate that is provided on the viewer side of the
liquid crystal cell absorbs internal reflection of the liquid
crystal display panel, and therefore, the display quality can be
improved.

[0100] We examined the difference in the state of treatment
of the viewer side surface in liquid crystal display panels
which utilize circular polarization. The results of the exami-
nation are described with reference to FIG. 9 and FIG. 10.
FIGS. 9(a) to 9(f) correspond to FIGS. 7(a) to 7(f), and FIGS.
10(a) to 10(f) correspond to FIGS. 8(a) to 8(f).

TABLE 3

Liquid Crystal Display Panel VI
Surface Treatment

Viewer side polarizer
(transmission axis 90°)
Retardation layer (slow axis 135°)
VA liquid crystal cell
Retardation layer (slow axis 45°)
Retardation layer (slow axis 90°)
Rear surface side polarizer
(transmission axis 0°)

Backlight

[0101] As seen from the comparison of FIG. 9 and FIG. 10
with FIG. 7 and FIG. 8, generally the same results are also
obtained from the liquid crystal display panels that utilize
circular polarization. That is, E, F, and G in FIGS. 9(¢) and
9(f) and FIGS. 10(c) and 10(f) represent the viewing angle
dependence in the horizontal direction in the display plane of
the liquid crystal display panel of the embodiment of the
present invention. It can be seen that both the white luminance
and the black luminance at oblique viewing angles are
reduced when the arrangement of the transmission axes of the
polarizing plates is inverse to the conventional arrangement.
Also, from the viewpoint of the black luminance in the front
viewing direction, the haze ratio is preferably less than 10%.

[0102] Here, the VA mode liquid crystal display panel has
been exemplified, although the present invention is not lim-
ited to the exemplified panel. The present invention is widely
applicable to normally-black mode liquid crystal display pan-
els, such as IPS mode and blue phase mode liquid crystal
display panels. Note that the VA mode liquid crystal display
panel and the blue phase mode liquid crystal display panel
particularly have high black display quality, and therefore, the
effects of the present invention are considerably achieved.
The liquid crystal layer of the VA mode liquid crystal display
panel is oriented in the normal direction of the substrate (i.e.,
the normal direction of the display plane) in the absence of an
applied voltage and therefore does not exhibit optical anisot-
ropy for linear polarization which is vertically incident on the
display plane. The blue phase liquid crystal layer has optical
isotropy not only for linear polarization which is vertically
incident on the display plane but also for linear polarization
which is obliquely incident on the display plane in the
absence of an applied voltage and therefore has high black
display quality.
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INDUSTRIAL APPLICABILITY

[0103] The present invention is widely applicable to VA
mode liquid crystal display panels.
REFERENCE SIGNS LIST

[0104] 12 liquid crystal cell

[0105] 14 first polarizing plate

[0106] 16 second polarizing plate

[0107] 18 moth-eye type antireflection layer

[0108] 100 liquid crystal display panel

1. A liquid crystal display panel which is capable of dis-
playing in a normally black mode, comprising:

a liquid crystal cell which includes a liquid crystal layer
and a pair of substrates;

a first polarizing plate provided on a rear surface side of the
liquid crystal cell;

a second polarizing plate provided on a viewer side of the
liquid crystal cell; and

an antireflection layer provided on a viewer side of the
second polarizing plate, the antireflection layer having a
moth-eye structure,
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wherein a transmission axis of the first polarizing plate is
parallel to a vertical direction in a display plane, and a
transmission axis of the second polarizing plate is par-
allel to a horizontal direction in the display plane.

2. The liquid crystal display panel of claim 1, wherein the
liquid crystal display panel is a vertical alignment mode, IPS
mode, or blue phase mode liquid crystal display panel.

3. The liquid crystal display panel of claim 1, wherein a
length of the liquid crystal cell along the horizontal direction
in the display plane is greater than a length of the liquid
crystal cell along the vertical direction in the display plane.

4. The liquid crystal display panel of claim 1, further com-
prising an antiglare layer provided on a viewer side of the
second polarizing plate,

wherein a haze ratio of the antiglare layer is less than 10%.

5. The liquid crystal display panel of claim 4, wherein the
antiglare layer is integral with the antireflection layer.

6. A liquid crystal display device, comprising:

the liquid crystal display panel as set forth in claim 1; and

a backlight unit provided on a rear surface side of the first

polarizing plate.

* * Ed Ed *
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