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(57) ABSTRACT

The backlight has an anisotropic diffusion sheet disposed
between the reflective polarizing plate and the optical path
converter. The anisotropic diffusion sheet includes a refrac-
tive index anisotropic diffusion sheet stretched in an absorp-
tion axis direction in which a concave-convex portion is
formed on a surface of the reflective polarized plate, and an
isotropic material part laminated on a surface ofthe concave-
convex part. The isotropic material part has an isotropic
reflective index. The refractive index of the isotropic material
partis the same as the refractive index in the transmission axis
direction perpendicular to a stretching direction of the refrac-
tive index anisotropic sheet.
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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP 2010-209028 filed on Sep. 17,
2010, the content of which is hereby incorporated by refer-
ence into this application.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal dis-
play device having a backlight for emitting light from the
back side of a liquid crystal panel.

BACKGROUND OF THE INVENTION

[0003] In the conventional liquid crystal display device
including a backlight for emitting light from the back side of
a liquid crystal panel, an image is displayed on the liquid
crystal panel by the light emitted from the backlight. In such
a liquid crystal display device, the liquid crystal panel
includes a pair of transparent substrates, a liquid crystal mate-
rial interposed between the pair of transparent substrates, and
a pair of polarizing plates provided on the front side and back
side of the liquid crystal panel. The polarization state of the
light incident to the liquid crystal material is changed by the
pair of polarizing plates.

[0004] Inthis configuration, when the light is emitted from
the backlight, linearly polarized light in the absorption axis
direction of the polarizing plate is absorbed by the polarizing
plate on the back of the liquid crystal display panel. Thus, in
order to increase the brightness while reducing power con-
sumption, there has been proposed a technique (see, for
example, JP-A No. 298634/2007) in which a reflective polar-
izing plate is provided between the back-side polarizing plate
and the backlight. The linearly polarized light in the absorp-
tion axis is previously reflected in the direction of the back-
light by the reflective polarizing plate. Then, the reflected
light is reflected again by the liquid crystal panel. In this way,
the linearly polarized light in the absorption axis direction is
reused. Here, the linearly polarized light in the absorption
axis direction is the same meaning as the linearly polarized
light having a vibrating surface in the absorption axis direc-
tion.

[0005] The reflective polarizing plate described in JP-A
No. 298634/2007 has a laminate configuration in which a
light scattering film is laminated on the light incident side of
the reflective polarizer. The light scattering film is laminated
so that the transmission axis of the reflective polarizer is
parallel to a given direction in the film plane of the light
scattering film.

[0006] The polarization component necessary for liquid
display is transmitted through the light scattering film in the
given direction. Then, the polarization component is also
transmitted through the reflective polarizer in the transmis-
sion axis direction.

[0007] On the other hand, of the polarization components
not used for liquid display, the linearly polarized light trans-
mitted in the direction perpendicular to the given direction of
the light scattering film is reflected in the orthogonal direction
of the transmission axis of the reflective polarizer, and is
returned again to the light scattering film. The polarization
component incident again in the X direction of the light
scattering film is scattered backward on the side of the reflec-
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tive polarizer. As a result, the scattered light is depolarized.
Then, the depolarized light is input again to the reflective
polarizer.

[0008] The linearly polarized light in the transmission axis
direction of the reflective polarizing plate is transmitted, and
the linearly polarized light orthogonal to the transmission
axis is reflected again and returned in the direction of the light
scattering film. This process is repeated to increase the
amount of light input to the liquid crystal cell.

[0009] However, in the liquid crystal display device includ-
ing the reflective polarizing plate of JP-A No. 298634/2007,
there is no consideration of the linearly polarized light that is
transmitted through the back-side polarizing plate, and then
reflected in the direction of the backlight by the back side of
the liquid crystal panel, such as the wiring of the liquid crystal
panel. The linearly polarized light even in the transmission
axis direction in the backlight is also depolarized in a similar
way to the linearly polarized light in the absorption direction
that is reflected by the reflective polarizing plate. This reduces
the reuse efficiency of the light reflected by the back side of
the liquid crystal panel. As a result, the power supply must be
increased to increase the brightness.

SUMMARY OF THE INVENTION

[0010] Thepresentinvention addresses the above identified
problems by providing a liquid crystal display device capable
of increasing the brightness while reducing power consump-
tion.

[0011] Inorder to solve the above problem and achieve the
above object, a liquid crystal display device according to the
present invention includes a reflective polarizing plate dis-
posed on a back side of a liquid crystal panel. The reflective
polarizing plate is used to reflect linearly polarized light in an
absorption axis direction of the polarizing plate towards a
direction of the backlight, and transmit linearly polarized
light in a transmission axis direction of the polarizing plate.
The liquid crystal display device according to the present
invention also includes an optical path converter in which a
prism row is formed to direct light output from a light guide
plate towards the liquid crystal panel. The backlight has an
anisotropic diffusion sheet provided between the reflective
polarizing plate and the optical path converter. The anisotro-
pic diffusion sheet has a refractive index anisotropic diffusion
sheet stretched in the absorption axis direction of the back-
side polarizing plate. The refractive index anisotropic diffu-
sion sheet has a concave-convex portion formed in a concave
convex shape on a surface on the side of the reflective polar-
izing plate. Further, the anisotropic diffusion sheet also has an
isotropic material part laminated on a surface of the concave-
convex portion. The isotropic material part has an isotropic
refractive index. The refractive index of the isotropic material
part is the same as a refractive index in the transmission axis
direction perpendicular to a stretching direction of the refrac-
tive index anisotropic sheet.

[0012] Inthe liquid crystal display device according to the
present invention, it is preferable in this invention that the
anisotropic diffusion sheet is formed such that an absolute
value of a difference between a refractive index in the absorp-
tion axis direction and a refractive index in the thickness
direction is greater than an absolute value of a difference
between the refractive index in the transmission axis direction
and the refractive index in the thickness direction.

[0013] Inthe liquid crystal display device according to the
present invention, it is preferable in this invention that the
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concave-convex portion has a plurality of convex portions
formed in an elliptical shape. The convex portions have a
bottom cross section orthogonal to the thickness direction, in
which a longitudinal direction is the stretching direction of
the refractive index anisotropic sheet.

[0014] In the liquid crystal display device according to the
present invention, it is preferable in this invention that the
concave-convex portion is formed by a hot embossing pro-
cess.

[0015] In the liquid crystal display device according to the
present invention, it is preferable in this invention that the
anisotropic diffusion sheet is formed by laminating a flatten-
ing sheet having a flat surface on a surface of the isotropic
material part.

[0016] In the liquid crystal display device according to the
present invention, it is preferable in this invention that the
anisotropic diffusion sheet is formed by laminating a plurality
of sheets.

[0017] Inthe liquid crystal display device according to the
present invention, it is preferable in this invention that the
concave-convex portion is a diffraction grating formed in a
concave convex shape.

[0018] Further, in order to solve the above problem and
achieve the above object, a liquid crystal display device
according to the present invention includes a reflective polar-
izing plate disposed on a back side of a liquid crystal panel.
The reflective polarizing plate is used to reflect linearly polar-
ized light in an absorption axis direction of the polarizing
plate towards a direction of a backlight, and transmit linearly
polarized light in a transmission axis direction of the polar-
izing plate. Further, the liquid crystal display device accord-
ing to the present invention also includes an optical path
converter in which a prism row is formed to direct light output
from the light guide plate towards the liquid crystal panel. The
backlight has an anisotropic diffusion sheet provided
between the reflective polarizing plate and the optical path
converter. The anisotropic diffusion sheet has a diffraction
grating formed in a concave convex shape on a surface of the
anisotropic diffusion sheet. The anisotropic diffusion sheet is
arranged such that grooves of the diffraction grating are par-
allel to the absorption axis direction.

[0019] In the liquid crystal display device according to the
present invention, the linearly polarized light in the absorp-
tion axis direction that is reflected on the reflective polarizing
plate and returned in the direction of the backlight is scattered
on the surface of the concave-convex portion by the differ-
ence in the refractive index between the isotropic material
part and the refractive index anisotropic sheet. As a result, the
scattered light is depolarized. On the other hand, the linearly
polarized light in the transmission axis direction is transmit-
ted through the polarizing plate on the back side of the liquid
crystal panel, and then reflected in the direction of the back-
light by the back side of the liquid crystal panel such as the
wiring of the liquid crystal panel. In this case, the linearly
polarized light is not scattered because the refractive index in
the transmission axis direction of the refractive index aniso-
tropic sheet is the same as the refractive index of the isotropic
material part. Thus, the linearly polarized light is transmitted
with the polarization kept in the transmission axis direction
through the anisotropic diffusion sheet. This increases the
reuse efficiency of the light reflected on the back side of the
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liquid crystal panel. As a result, it is possible to increase the
brightness while reducing power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic diagram of the general con-
figuration of a liquid crystal display device according to a first
embodiment of the present invention;

[0021] FIG. 2 is a perspective view of the liquid crystal
display device shown in FIG. 1;

[0022] FIG. 3 is a front view of a refractive index anisotro-
pic sheet shown in FIG. 1;

[0023] FIG. 4 is a diagram showing the linearly polarized
light transmitted with the polarization kept in an anisotropic
diffusion sheet, as well as the linearly polarized light scat-
tered and depolarized;

[0024] FIG. 5 is a diagram showing a first modification of
the first embodiment of the present invention;

[0025] FIG. 6 is a diagram showing a second modification
of the first embodiment of the present invention;

[0026] FIG. 7 is a diagram showing a third modification of
the first embodiment of the present invention;

[0027] FIG. 8isadiagram showing a fourth modification of
the first embodiment of the present invention;

[0028] FIG. 9 is a schematic diagram of the general con-
figuration of a liquid crystal display device according to a
second embodiment of the present invention;

[0029] FIG. 10 is a diagram showing the linearly polarized
light transmitted with the polarization kept in the anisotropic
diffusion sheet, as well as the linearly polarized light dif-
fracted and depolarized; and

[0030] FIG. 11 is a diagram showing a modification of the
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Hereinafter, preferred embodiments ofaliquid crys-
tal display device according to the present invention will be
described in detail with reference to the accompanying draw-
ings.

First Embodiment

[0032] FIG. 1 is a schematic diagram of the general con-
figuration of a liquid crystal display device 1 according to a
first embodiment of the present invention. FIG. 2 is a perspec-
tive view of the liquid crystal display device 1 shown in FIG.
1. FIG. 3 is a front view of a refractive index anisotropic sheet
31 shown in FIG. 1. FIG. 4 is a diagram showing a linearly
polarized light R2 transmitted with the polarization kept in an
anisotropic diffusion sheet 30, as well as a linearly polarized
light R3 that is scattered and depolarized. Note that in FIGS.
1 to 4, the transmission axis direction of a back-side polariz-
ing plate 15 is defined as the Y axis, the absorption axis
direction of the back-side polarizing plate 15 is defined as the
X axis, and the normal direction on the XY axis plane is
defined as the Z axis.

[0033] The liquid crystal display device 1 is an active
matrix method. The liquid crystal display device 1 includes a
liquid crystal panel 10, a backlight 20, and a control unit not
shown.

[0034] The liquid crystal panel 10 includes a pair of trans-
parent substrates of a first transparent substrate 11 and a
second transparent substrate 12, a liquid crystal material 13
interposed between the pair of transparent substrates, a pair of
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polarizing plates of a front-side polarizing plate 14 and the
back surface polarizing plate 15, and a reflective polarizing
plate 16.

[0035] The first transparent substrate 11 is formed from a
glass material and the like. The first transparent substrate 11
is a plate-like substrate transparent to visible light. In the first
transparent substrate 11, a color filter 17 is formed on the
surface on the side of a liquid crystal material 13. Further, an
oriented film not shown is formed on the surface of the color
filter 17.

[0036] The second transparent substrate 12 is formed from
a glass material and the like. The second transparent substrate
12 is a plate-like substrate transparent to visible light. In the
second transparent substrate 12, electrodes not shown, signal
lines 12a, thin film transistors not shown, and the like, are
formed on the surface on the side of the liquid crystal material
13, to form a plurality of pixels arranged in a matrix form.
Further, the second transparent substrate 12 is formed on the
surface were the oriented film not shown comes into contact
with the liquid crystal material 13.

[0037] The front-side polarizing plate 14 is provided on the
surface opposite to the liquid crystal material 13 of the first
transparent substrate 11. The front-side polarizing plate 14
absorbs linearly polarized light in a given direction, and trans-
mits linearly polarized light having a vibrating surface
orthogonal to the linearly polarized light in the given direc-
tion. In other words, the front-side polarizing plate 14 has the
absorption axis to absorb the linearly polarized light in the
given direction, as well as the transmission axis to transmit
the linearly polarized light whose vibrating surface is
orthogonal to the linearly polarized light to be absorbed.
[0038] The back-side polarizing plate 15 is provided on the
surface of the second transparent substrate 12 that is opposite
to the liquid crystal material 13. In other words, the back-side
polarizing plate 15 is provided on the back side of the liquid
crystal panel 10. The back-side polarizing plate 15 absorbs
linearly polarized light in a given direction, and transmits
linearly polarized light whose vibrating surface is orthogonal
to the linearly polarized light to be absorbed. In other words,
the back-side polarizing plate 15 has the absorption axis to
absorb the linearly polarized light in the given direction, as
well as the transmission axis to transmit the linearly polarized
light whose vibrating surface is orthogonal to the linearly
polarized light to be absorbed. Further, the back-side polar-
izing plate 15 is arranged so that the absorption axis direction
of the back-side polarizing plate 15 is orthogonal to the
absorption axis of the front-side polarizing plate 14. In other
words, the front-side polarizing plate 14 and the back-side
polarizing plate 15 are arranged in a Cross Nicole state.
[0039] The reflective polarizing plate 16 is attached to the
surface of the back-side polarizing plate 15 that is opposite to
the surface of the liquid crystal material 13. The reflective
polarizing plate 16 transmits the linearly polarized light in the
transmission axis direction of the back-side polarizing plate
15, and reflects the linearly polarized light in the absorption
axis direction of the back-side polarizing plate 15.

[0040] The backlight 20 is used to illuminate the display
area of the liquid crystal panel 10. The backlight 20 uses the
edge light method. The backlight 20 includes the anisotropic
diffusion sheet 30, a prism sheet 21, a light guide plate 22, a
reflection sheet 23, and a light source 24.

[0041] The anisotropic diffusion sheet 30 is provided
between the reflective polarizing plate 16 and the prism sheet
21. The anisotropic diffusion sheet 30 includes the refractive
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index anisotropic sheet 31 and an isotropic material part 32.
The refractive index anisotropic sheet 31 is a sheet of uniaxi-
ally-stretched polyethylene terephthalate (PET), which is
stretched in the absorption axis direction of the back-side
polarizing plate 15. Assuming that the refractive indices in the
X,Y, and Z directions are nx, ny, and nz, the refractive index
anisotropic sheet 31 satisfies Inx-nz/>Iny-nz|.

[0042] Note that in the first embodiment of the present
invention, the refractive index anisotropic sheet 31 is a sheet
with uniaxial anisotropy. Thus, the refractive indices nx, ny,
nzinthe X,Y, and Z directions are given by nx=ne, ny—nz=n0.
Here, the refractive index ne represents the extraordinary ray
refractive index, and the refractive index n0 represents the
ordinary ray refractive index. For example, the refractive
index ne and the refractive index n0 are set to n0=1.53 and
ne=1.71, respectively.

[0043] Further, the refractive index anisotropic sheet 31 has
a concave-convex portion 31a. The concave-convex portion
31a is a part formed in a concave convex shape on the surface
of'the refractive index anisotropic sheet 31, in order to scatter
the linearly polarized light reflected from the reflective polar-
izing plate 16. As shown in FIG. 3, the concave-convex por-
tion 31a has a plurality of convex portions formed in an
elliptical shape. The convex portions have a bottom cross
section orthogonal to the thickness direction, in which a lon-
gitudinal direction is the X axis direction. The concave-con-
vex portion 31a is formed by a hot embossing process. Here,
the hot embossing process is the method for pattern transfer
by pressing a heated plate generally called hot emboss against
a resin film.

[0044] The isotropic material part 32 is a layer formed on
the surface of the concave-convex portion 31a of the refrac-
tive index anisotropic sheet 31, to planarize the surface of a
concave convex shape of the concave-convex portion 31a.
The isotropic material part 32 has an isotropic refractive
index nt. The refractive index nt is the same as the refractive
index ny (=refractive index n0) of the refractive index aniso-
tropic sheet 31.

[0045] The prism sheet 21 is provided between the aniso-
tropic diffusion sheet 30 and the light guide plate 22. The
prism sheet 21 serves as an optical path converter for directing
the light output from the light guide plate 22 to the front ofthe
back side of the liquid crystal panel 10. The prism sheet 21
includes a prism row part 21a and a base film part 21c.
[0046] The prism row part 21a is the part in which a plu-
rality of prisms 215 are arranged in a row on the surface of the
base film part 21c. Each prism 215 has a slope S in which a
step is formed. In the prism row part 21q, the prisms 215 are
arranged so that the ridges of the individual prisms 215 extend
along the side of the edge of the light guide plate 22 to which
the light from the light source 24 is incident. In other words,
the prism row part 21a is arranged so that the ridges L of the
individual prisms 215 are aligned in a row parallel to the X
axis direction.

[0047] Theprism 215 is formed so as to deflect the direction
of travel of the light output from the light guide plate 22 and
input to the prism sheet 21 towards the front of the back side
of the liquid crystal panel 10. Since the step is formed on the
slope S of each prism 215, the prism sheet 21 has a function
of reducing the coloring due to scattering of the wavelength
with the refractive index of the prism material.

[0048] The base film part 21¢ is a film which is the base of
the prism sheet 21. This film is formed, for example, from
polyethylene terephthalate (PET). The base film part 21c is
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the film transparent to visible light. The base film part 21¢ is
provided in such a way that the optic axis of the base film part
21c is substantially parallel or substantially perpendicular to
the transmission axis of the back-side polarizing plate 15.
[0049] With such a prism sheet 21, the polarization in the
direction perpendicular to the ridge L. of the prism 215 is
output more strongly. Thus, the ridge L of the prism 215 is
perpendicular to the transmission axis of the back-side polar-
izing plate 15. In this way, it is possible to increase the amount
oflight transmitted through the back-side polarizing plate 15.
In addition, the ridges L are perpendicular or parallel to the
polarization direction (the absorption axis direction or the
transmission axis direction) with a single prism sheet 21.
With this configuration, the polarization reflected and
returned from the back side of the liquid crystal panel 10 is
unlikely to be broken. Note that the number of prism sheets 21
is not limited to one, and a plurality of prism sheets 21 can
also be used. In this case, the prism sheets 21 are arranged so
that the ridges L of the individual prisms 215 are parallel to
each other.

[0050] The light guide plate 22 is used to output the light
that is input from the edge by the light source 24, from the
surface of the light guide plate 22 in a planar fashion. The
light guide plate 22 is provided between the prism sheet 21
and the reflection sheet 23. The light guide plate 22 is formed
from a synthetic resin, and the like, which is a plate-like
member transparent to visible light.

[0051] The reflection sheet 23 is used to reflect the light
output from the light guide plate 22 to return to the light guide
plate 22. The reflection sheet 23 has a reflection surface 23a
with high reflectivity on the surface of the synthetic resin
sheet. For example, the reflection surface 23a is formed by
depositing a metal with high reflectivity, such as silver, on the
surface of the synthetic resin sheet. In the reflection sheet 23,
the reflection surface 23a is provided on the surface of the
light guide plate 22 that is opposite to the side of the liquid
crystal panel 10.

[0052] Forexample, the light source 24 is realized by a light
emitting diode (LED) that emits white light. A plurality of
light sources 24 are mounted on the edge of the light guide
plate 22. Note that the number of light sources 24 can be
adjusted as needed.

[0053] The control unit not shown is realized by a CPU and
the like. The control unit is electrically coupled to the com-
ponents of the liquid crystal display device 1 including the
liquid crystal panel 10 and the backlight 20, to control all of
the operation of the liquid crystal display device 1. In addi-
tion, the control unit has a memory and the like to temporarily
store image data input from an external system.

[0054] With the backlight 20 described above, as shown in
FIG. 4, the linearly polarized light R3 in the X axis direction
that is reflected by the reflective polarizing plate 16 and
returned to the direction of the backlight 20 is input to the
isotropic material part 32. Since the surface of the isotropic
material part 32 is flat, the linearly polarized light R3 is
prevented from being scattered and is input to the isotropic
material part 32.

[0055] Then, the linearly polarized light R3 enters the
boundary between the isotropic material part 32 and the
refractive index anisotropic sheet 31. The linearly polarized
light R3 is scattered on the surface of the concave-convex
portion 31a by the difference Inx-ntl in the refractive index
between the isotropic material part 32 and the refractive index
anisotropic sheet 31. As a result, the scattered light is depo-
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larized. Here, the concave-convex portion 31a has a plurality
of convex portions formed in an elliptical shape. The convex
portions have a bottom cross section orthogonal to the thick-
ness direction, in which the longitudinal direction is the X
axis direction. Thus, the linearly polarized light R3 reflected
from the reflective polarizing plate 16 is scattered more
strongly in the direction perpendicular to the X axis direction.
As in the case of the liquid crystal display device 1 of the first
embodiment, the backlight 20 using the prism sheet 21
reduces the view angle in the direction perpendicular to the
ridges L of the prisms 215. However, the use of the concave-
convex portion 31a increases the view angle by scattering the
light more strongly in the direction perpendicular to the ridge
L of the prism 214.

[0056] Further, the linearly polarized light R2 in the Y axis
direction (the transmission axis direction) is transmitted
through the back-side polarizing plate 15, and then reflected
in the direction of the backlight 20 by the back side of the
liquid crystal panel 10, such as the wiring 12a of the liquid
crystal panel 10. Then, the linearly polarized light R2 is input
to the isotropic material part 32. Since the surface of the
isotropic material part 32 is flat, the linearly polarized light
R2 is prevented from being scattered and is input to the
isotropic material part 32.

[0057] Then, the linearly polarized light R2 enters the
boundary between the isotropic material part 32 and the
refractive index anisotropic sheet 31. At this time, the linearly
polarized light R2 is not scattered because the refractive index
ny in the Y axis direction of the refractive index anisotropic
sheet 31 is the same as the refractive index nt of the isotropic
material part 32. Thus, the linearly polarized light R2 is
transmitted with the polarization kept in the Y axis direction
through the anisotropic diffusion sheet 30. In order to reuse
more of the light that is transmitted through the back-side
polarizing plate 15 and then reflected from the back side of the
liquid crystal panel 10, it is preferable to provide a film with
high reflectivity, such as a metal film, in a non-opening por-
tion.

[0058] When the linearly polarized light is incident to the
backlight 20, the depolarization ratio o is defined as

a=Ie/lp @

where Ip is the brightness of the reflected light with polariza-
tion in the same direction as the incident polarized light, and
Ic is the brightness of the reflected light with polarization in
the direction perpendicular to the incident polarized light. At
this time, it is preferable that the depolarization ratio o of the
linearly polarized light reflected from the reflective polarizing
plate is large, and that the depolarization ratio o of the linearly
polarized light reflected in the direction of the backlight 20 by
the back side of the liquid crystal panel 10 is small. In order to
effectively obtain the effect of reusing light by the reflective
polarizing plate, the depolarization ratio a of the linearly
polarized light reflected from the reflective polarizing plate is
preferably 0.7 or more, and more preferably, 0.8 or more. On
the other hand, in order to effectively reuse the linearly polar-
ized light reflected in the direction of the backlight 20 by the
back side of the liquid crystal panel 10, the depolarization
ratio o of the linearly polarized light in this direction is
preferably 0.5 or less, and more preferably, 0.4 or less.

[0059] Intheliquidcrystal display device 1 according to the
first embodiment of the present invention, the linearly polar-
ized light in the absorption axis direction is reflected by the
reflective polarizing plate 16, and then returned in the direc-
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tion of the backlight 20. In this case, the linearly polarized
light is scattered on the surface of the concave-convex portion
31a by the difference in the refractive index between the
isotropic material part 32 and the refractive index anisotropic
sheet 31. As a result, the scattered light is depolarized. Fur-
ther, the linearly polarized light in the transmission axis direc-
tion is transmitted through the back-side polarizing plate 15
of the liquid crystal panel 10, and then reflected in the direc-
tion of the backlight 20 by the back side of the liquid crystal
panel 10, such as the wiring 12a of the liquid crystal panel 10.
In this case, the linearly polarized light is not scattered
because the refractive index in the transmission axis direction
of the refractive index anisotropic sheet 30 is the same as the
refractive index of the isotropic material part 32. Thus, the
linearly polarized light is transmitted with the polarization
keptinthe transmission axis direction through the anisotropic
diffusion sheet 30. This can increase the efficiency of reuse of
the light reflected on the back side of the liquid crystal panel
10. As aresult, it is possible to increase the brightness while
reducing power consumption.

[0060] Further, in the liquid crystal display device 1 accord-
ing to the first embodiment of the present invention, the
concave-convex portion 31a is formed by the hot embossing
process to scatter light by the concave-convex portion 31a.
The adjustment of the refractive index is easier with this
method than when the light is scattered by a film formed by
stretching a material in which scattering phases, such as fine
particles, are dispersed in a matrix phase. In other words, the
refractive index should be adjusted by taking into account the
uniform scattering of fine particles while preventing aggre-
gation and void.

[0061] Further, according to the first embodiment of the
present invention, the refractive index anisotropic sheet 31
has a plurality of convex portions formed in an elliptical
shape. The convex portions have a bottom cross section
orthogonal to the thickness direction, in which the longitudi-
nal direction is the X axis direction. This makes it possible to
more strongly diffuse the linearly polarized light reflected
from the reflective polarizing plate 16 in the direction perpen-
dicular to the X axis direction. As a result, the view angle can
beincreased also in the case in which the backlight 20 uses the
prism sheet 21 as means of optical path conversion.

[0062] Further, according to the first embodiment of the
present invention, the light emitted to the liquid crystal panel
10 by the anisotropic diffusion sheet 30 is scattered to reduce
the occurrence of moiré caused by the periodicity of the prism
sheet 21.

[0063] Note that in the first embodiment of the present
invention, the concave-convex portion 31a has the convex
portions in an elliptical shape, having a bottom cross section
orthogonal to the thickness direction in which the longitudi-
nal direction is the X axis direction. However, the present
invention is not limited to this example. In other words, the
concave-convex 31qa is formed at least in a concave-convex
shape to be able to scatter light. For example, it is possible to
form concave portions in a hemispherical shape in which the
radius in the X axis direction is the same as the radius in the
Y axis direction, and possible to join them in the X axis
direction.

[0064] Next, a first modification of the first embodiment of
the present invention will be described. FIG. 5 is a diagram
showing the first modification of the first embodiment accord-
ing to the present invention. In the first modification of the
first embodiment of the present invention, a flattening sheet
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40 with a flat surface is laminated on the surface of the
isotropic material part 32. Preferably the flattening sheet 40 is
a sheet with an isotropic refractive index. In the case of using
a sheet with an anisotropic refractive index as the flattening
sheet 40, the flattening sheet 40 is provided so that the optic
axis of the flattening sheet 40 is parallel to the optic axis of the
refractive index anisotropic sheet 31. In this way, the flatten-
ing sheet 40 is attached to the surface of the isotropic material
part 32, in order to reduce the thickness of the isotropic
material part 32 while making smoother the surface of the
anisotropic diffusion sheet 30 on the side of the liquid crystal
panel 10. As a result, it is possible to further reduce the
amount of light scattered by the surface.

[0065] Next, a second modification of the first embodiment
ofthe present invention will be described. FIG. 6 is a diagram
showing the second modification of the first embodiment
according to the present invention. In the second modification
of'the first embodiment of the present invention, a plurality of
refractive index anisotropic sheets 31 and a plurality of iso-
tropic material parts 32 are alternately laminated. In other
words, a plurality of anisotropic diffusion sheets 30 are lami-
nated together. In this way, a plurality of anisotropic diffusion
sheets 30 are laminated together to scatter more of the linearly
polarized light reflected by the reflective polarizing plate 16
in the transmission axis direction. As a result, the scattered
light is depolarized.

[0066] Next, athird modification ofthe first embodiment of
the present invention will be described. FIG. 7 is a diagram
showing the third modification of the first embodiment
according to the present invention. In the third modification of
the first embodiment of the present invention, the liquid crys-
tal display device 1 has a reverse prism sheet 50 in place of the
prism sheet 21. The reverse prism sheet 50 is used to totally
reflect the light output from the light guide plate 22 towards
the front of the back side of the liquid crystal panel 10. The
reflected light from the liquid crystal panel 10, namely, the
reflected light from the reflective polarizing plate 16, or the
reflected light from the wiring 12a and the like of the liquid
crystal panel 10 after being transmitted through the back-side
polarizing plate 15, is totally reflected by the reverse prism
sheet 50 and is returned to the light guide plate 22. Thus, it is
possible to reduce the degree of depolarization by the reverse
prism sheet 50 to a smaller value.

[0067] Note that also in the reverse prism sheet 50, simi-
larly to the prism sheet 21, the view angle in the direction
perpendicular to the ridge L of the prism is small, and the
polarization in the direction perpendicular to the ridge L is apt
to be strong. For this reason, it is preferable that the direction
of the transmission axis of the back-side polarizing plate 15
and the direction of the optic axis of the anisotropic diffusion
sheet 30 are set to the same directions as those in the first
embodiment.

[0068] Next, a fourth modification of the first embodiment
of'the present invention will be described. FIG. 8 is a diagram
showing the fourth modification of the first embodiment
according to the present invention. In the fourth modification
of the first embodiment of the present invention, the liquid
crystal display device 1 has a prism sheet 60 in place of the
prism sheet 21. The prism sheet 60 includes a prism row part
60a in which prisms 605 are formed in a row. The prism 605
has a cross section orthogonal to the X axis direction that is a
right triangle with the right angle.

[0069] The diffusion sheet 61 has a function of diffusing
and directing the light to the front of the back side of the liquid
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crystal panel 10. The diffusion sheet 61 is provided between
the prism sheet 60 and the light guide plate 22. The diffusion
sheet 61 is provided in this way to direct the brightness peak
to the front of the back side of the liquid crystal panel 10. In
order to reduce the degree of the depolarization in the diffu-
sionsheet 61, the optic axis of the diffusion sheet 61 is aligned
parallel or perpendicular to the ridges L of the individual
prisms 604 of the prism sheet 60.

[0070] Note that a plurality of prism sheets 60 may also be
used. For example, when two prism sheets 60 are arranged
with the ridges L of the prisms 605 crossing each other, the
ridges L of the prisms 605 are arranged parallel to the trans-
mission axis of the back-side polarizing plate 15 or to the
absorption axis. In this case, itis preferable that the two prism
sheets 60 are arranged so that the rigid L of the prism 605 near
the liquid crystal panel 10 is the absorption axis direction of
the back-side polarizing plate 15, and that the rigid L of the
prism 605 far from the liquid crystal panel 10 is the transmis-
sion axis direction.

Second Embodiment

[0071] Next, a liquid crystal display device of a second
embodiment according to the present invention will be
described. FIG. 9 is a schematic diagram of the general con-
figuration of a liquid crystal display device 2 according to the
second embodiment of the present invention. FIG. 10 is a
diagram showing the linearly polarized light R2 that is trans-
mitted with the polarization kept in an anisotropic diffusion
sheet 70, and the linearly polarized Light R3 that is diffracted
and depolarized.

[0072] Intheliquid crystal display device 1 according to the
first embodiment of the present invention, the light is scat-
tered by the concave-convex portion 31a. As a result, the
scattered light is depolarized. However, in the liquid crystal
display device 2, the light is diffracted and then depolarized.
[0073] The liquid crystal display device 2 has the anisotro-
pic diffusion sheet 70 in place of the anisotropic diffusion
sheet 30 used in the liquid crystal display device 1 of the first
embodiment. The anisotropic diffusion sheet 70 has, instead
of the concave-convex portion 31a, a diffraction grating 70a
formed in a concave convex shape on the refractive index
anisotropic sheet 31. The configuration other than the diffrac-
tion grating 70a is the same as that of the first embodiment, so
that the same components are denoted by the same reference
numerals.

[0074] As shown in FIG. 10, the diffraction grating 70a has
a cross section orthogonal to the X axis direction that is a
triangular shape. The diffraction grating 70a is used to change
the direction of travel oflight by diffracting the polarized light
reflected from the reflective polarizing plate 16.

[0075] In the diffraction grating 70a, the direction of each
grating groove D is arranged in the same direction as the
direction of the ridge L of the prism 214. In this way, the
linearly polarized light reflected by the reflective polarizing
plate 16 is diffracted in the direction perpendicular to the
ridge L of the prism 215. With this arrangement, although the
view angle is small in the direction perpendicular to the ridge
L of the prism 215, the view angle is increased by the diffrac-
tion grating 70a.

[0076] When the diffraction grating 70a is arranged as
described above, the direction of each grating groove D of the
diffraction grating 70a is perpendicular to the transmission
axis of the back-side polarizing plate 15. The linearly polar-
ized light reflected by the reflective polarizing plate 16 is
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input mainly as TE polarization into the diffractive gating
70a. For this reason, the grating constant and the grating
groove depth for the diffraction grating 70a are set to satisfy
the following conditions: the zeroth-order diffraction effi-
ciency of the grating for the TE polarization is low; and the TE
polarization is diffracted into higher orders.

[0077] With the backlight 80 described above, as shown in
FIG. 10, the linearly polarized light R3 in the X axis direction
(the absorption axis direction) that is reflected by the reflec-
tive polarizing plate 16 and then returned in the direction of
the backlight 80 is input to the isotropic material part 32.
Since the surface of the isotropic material part 32 is flat, the
linearly polarized light R3 is prevented from being scattered
and is input to the isotropic material part 32.

[0078] Then, the linearly polarized light R3 enters the
boundary between the isotropic material part 32 and the
refractive index diffusion sheet 31. The linearly polarized
light R3 is diffracted on the surface of the diffraction grating
704 by the difference Inx-ntl in the refractive index between
the isotropic material part 32 and the refractive index diffu-
sionsheet 31. As aresult, the diffracted light is depolarized. In
the diffraction grating 70a, the direction of each grating
groove D of the diffraction grating 70a is aligned with the
direction of the ridge L of the prism 215. With this arrange-
ment, the diffraction grating 70a diffracts the linearly polar-
ized light reflected from the reflective polarization plat 16, to
the direction perpendicular to the X axis direction.

[0079] Further, the linearly polarized light R2 in the Y axis
direction (the transmission axis direction) is transmitted
through the back-side polarizing plate 15, and then reflected
in the direction of the backlight 80 by the back side of the
liquid crystal panel 10, such as the wiring 12a of the liquid
crystal panel 10. The linearly polarized light R2 is input to the
isotropic material part 32. Since the surface of the isotropic
material is flat, the linearly polarized light R2 is prevented
from being scattered and is input to the isotropic material part
32.

[0080] Then, the linearly polarized light R2 enters the
boundary between the isotropic material part 32 and the
refractive index anisotropic sheet 31. At this time, the linearly
polarized light R2 is not diffracted because the refractive
index ny in the Y axis direction of the refractive index aniso-
tropic sheet 31 is the same as the refractive index nt of the
isotropic material part 32. Thus, the linearly polarized light
R2 is transmitted with the polarization kept in the Y axis
direction through the anisotropic diffusion sheet 70.

[0081] In the liquid crystal display device 2 of the second
embodiment of the present invention, the linearly polarized
light in the absorption axis direction that is reflected from the
reflective polarizing plate 16 and then returned in the direc-
tion of the backlight 80 is diffracted on the surface of the
diffraction grating 70a by the difference in the refractive
index between the isotropic material part 32 and the refractive
index anisotropic sheet 31. As a result, the diffracted light is
depolarized. On the other hand, the linearly polarized light in
the transmission axis direction is transmitted through the
back-side polarizing plate 15 of the liquid crystal panel 10,
and then reflected in the direction of the backlight 80 by the
back side of the liquid crystal panel 10, such as the wiring 12a
of the liquid crystal panel 10. At this time, the linearly polar-
ized light is not scattered because the refractive index in the
transmission axis direction of the refractive index anisotropic
sheet 31 is the same as the refractive index of the isotropic
material part 32. Thus, the linearly polarized light is trans-
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mitted with the polarization in the transmission axis direction
through the anisotropic diffusion sheet 70. This can increase
the efficiency of reuse of the light reflected by the back side of
the liquid crystal panel 10. As aresult, itis possibleto increase
the brightness while reducing power consumption.

[0082] Next, a modification of the second embodiment of
the present invention will be described. FIG. 11 is a diagram
showing a modification of the second embodiment according
to the present invention. In the modification of the second
embodiment of the present invention, the anisotropic diffu-
sion sheet 70 does not have the isotropic material part 32. In
other words, it is configured to have an anisotropic diffusion
sheet 90 with only the refractive index anisotropic diffusion
sheet 31 on which the diffraction grating 70q is formed.
[0083] The diffraction efficiency of the diffraction grating
70a varies for TM polarization and TE polarization. For this
reason, the polarization direction, in which the zeroth-order
diffraction efficiency is low and the high-order diffraction
efficiency is high, is aligned with the direction of the polar-
ized light reflected by the reflective polarizing plate 16.
[0084] In the refractive index anisotropic sheet 31, the
delay phase axis or the advance phase axis is perpendicular to
the grooves D of the diffraction grating 70q, in order not to
break the polarization of light diffracted by the diffraction
grating 70a. Note that a sheet with an isotropic refractive
index can also be used as the refractive index anisotropic
sheet 31.

[0085] Further, when the grating constant of the diffraction
grating 70a is reduced to a smaller value than the wavelength
of'the light, the high-order diffractive efficiency increases for
the TE polarization of light at a wavelength greater than the
grating constant, and the high-order diffractive efficiency
decreases for the TM polarization thereof. In this case, the
diffraction grating 70a is arranged so that the linearly polar-
ized Light, which is reflected by the reflective polarizing plate
16 in the absorption axis direction, is input as the TE polar-
ization into the diffraction grating 70a. In other words, the
refractive index diffusion sheet 31 is arranged so that the
grooves D of the diffraction grating 70a are parallel to the
absorption axis direction.

[0086] Although the first and second embodiments of the
present invention show that the refractive index anisotropic
sheet 31 is the uniaxially anisotropic sheet, the present inven-
tion is not limited to the particular embodiments. The only
requirement is that the refractive index anisotropic sheet 31
should satisfy the relation [nx-nz|>Iny-nzl, where nx, ny, and
nz are the refractive indices in the X, Y, and Z directions. For
example, the refractive index anisotropic sheet 31 may be a
biaxially anisotropic sheet.

[0087] In the first and second embodiments of the present
invention, the refractive index anisotropic sheet 31 uses the
uniaxially stretched PET. However, the refractive index
anisotropic sheet 31 is not limited to the PET. For example, it
is also possible to use uniaxially stretched polyether nitrile
(PEN). In this case, for example, the refractive index ne and
the refractive index n0 are set to n0=1.56 and ne=1.86, respec-
tively.

[0088] Further, in the first and second embodiments of the
present invention, the transmission axis of the back-side
polarizing plate 15 is the Y axis and the absorption axis of the
back-side polarizing plate 15 is the X axis. It is arranged such
that the X and Y axes are parallel or perpendicular to the side
ofthe edge of the light guide plate 22. However, the back-side
polarizing plate 15 can be tilted to such a degree that the X and
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Y axes are effectively considered to be parallel or perpendicu-
lar to the side of the edge of the light guide plate 22. When the
angle between the X and Y axes relative to the side of the edge
of the light guide plate 22 is greater than 0° and smaller than
15° or 10°, or is smaller than 90° and greater than 75° or 80°,
the X axis and Y axis can be considered to be effectively
parallel or perpendicular to the side of the edge of the light
guide plate 22.

[0089] TItis to be understood that the present invention is not
limited to the first and second embodiments.

What is claimed is:

1. A liquid crystal display device comprising:

a reflective polarizing plate provided on a back side of a
liquid crystal panel, to reflect linearly polarized light in
an absorption axis direction of the polarizing plate
towards a direction of a backlight, and transmit linearly
polarized light in a transmission axis direction of the
polarizing plate; and

an optical path converter in which a prism row is formed to
direct light output from a light guide plate towards the
liquid crystal panel,

wherein the backlight has an anisotropic diffusion sheet
disposed between the reflective polarizing plate and the
optical path converter,

wherein the anisotropic diffusion sheet includes:

a refractive index anisotropic sheet stretched in the abrup-
tion axis direction, in which a concave-convex portion is
formed in a concave convex shape on a surface on the
side of the reflective polarizing plate; and

an isotropic material part laminated on a surface of the
concave-convex portion, having an isotropic refractive
index, and

wherein the refractive index of the isotropic material partis
the same as a refractive index in the transmission axis
direction perpendicular to a stretching direction of the
refractive index anisotropic sheet.

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

wherein the anisotropic diffusion sheet is configured such
that an absolute value of a difference between a refrac-
tive index in the absorption axis direction and a refrac-
tive index in a thickness direction is greater than an
absolute value of a difference between the refractive
index in the transmission axis direction and the refrac-
tive index in the thickness direction.

3. The liquid crystal display device according to claim 1,

wherein the concave-convex portion has a plurality of con-
vex portions formed in an elliptical shape, and

wherein the convex portions have a bottom cross section
orthogonal to the thickness direction, in which a longi-
tudinal direction is the stretching direction of the refrac-
tive index anisotropic sheet.

4. The liquid crystal display device according to claim 1,

wherein the concave-convex portion is formed by a hot
embossing process.

5. The liquid crystal display device according to claim 1,

wherein the anisotropic diffusion sheet is formed by lami-
nating a flattening sheet having a flat surface on a surface
of the isotropic material part.

6. The liquid crystal display device according to claim 1,

wherein the anisotropic diffusion sheet is formed by lami-
nating a plurality of sheets.

7. The liquid crystal display device according to claim 1,

wherein the concave-convex portion is a diffraction grating
formed in a concave convex shape.
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8. A liquid crystal display device comprising:

a reflective polarizing plate provided on a back side of a
liquid crystal panel, to reflect linearly polarized light in
an absorption axis direction of the polarizing plate
towards a direction of a backlight, and transmit linearly
polarized light in a transmission axis direction of the
polarizing plate; and

an optical path converter in which a prism row is formed to
direct light output from a light guide plate towards the
liquid crystal panel,
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wherein the backlight has an anisotropic diffusion sheet
disposed between the reflective polarizing plate and the
optical path converter,

wherein the anisotropic diffusion sheet has a diffraction
grating formed in a concave convex shape on a surface of
the anisotropic diffusion sheet, and

wherein the anisotropic diffusion sheet is arranged so that
a grooves of the diffraction grating are parallel to the
absorption axis direction.

* * * #* 3k
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