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57 ABSTRACT

A backlight device includes: a reflection sheet having a
reflection surface which is divided into a plurality of reflec-
tion regions by a plurality of partitions that are each a
ridge-shaped projection; light sources disposed in the
respective reflection regions; a luminance uniformizing
plate that transmits light incident from a first surface
opposed to the reflection surface, and emits the light from
the second surface; and a diffusion plate that diffuses and
emits the light emitted from the second surface. The lumi-
nance uniformizing plate includes a high light-transmittance
region between a region opposed to each of the light sources
and a region opposed to a vertex portion of a corresponding
one of the plurality of partitions, the high light-transmittance
region being higher in light-transmittance per unit area than
the region opposed to the light source and the region
opposed to the vertex portion.
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BACKLIGHT DEVICE AND LIQUID
CRYSTAL DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a U.S. continuation application
of PCT International Patent Application Number PCT/
JP2016/003846 filed on Aug. 24, 2016, claiming the benefit
of priority of Japanese Patent Application Number 2015-
255447 filed on Dec. 25, 2015, the entire contents of which
are hereby incorporated by reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a backlight device
including a plurality of light sources and a liquid crystal
display apparatus equipped with the backlight device.

2. Description of the Related Art

[0003] The liquid crystal display apparatus has features
such as thin-screen, low power consumption, and high
definition, and is prevailing in the field of television receiv-
ers along with increase in the screen size due to development
of manufacturing technology. However, it has been pointed
out that the liquid crystal display has a low contrast (dy-
namic range) of displayed images due to a display method.
For this reason, in recent years, technology related to
improvement in the quality of displayed images is further
along in development.

[0004] A liquid crystal display apparatus used for televi-
sion receivers is equipped with a backlight device that
illuminates the entire display surface from the rear side. A
plurality of granular light-emitting diodes (light-emitting
diode, hereinafter denoted by an LED) arranged on the back
side of a liquid crystal panel are used as light sources of the
backlight device. In order to obtain a uniform luminance
over the entire region illuminated by the plurality of light
sources, a light reflection sheet is provided on the side
opposite to the side in which the liquid crystal panel is
installed, or a light diffusion plate is provided between the
liquid crystal panel and the light sources. Also, as is dis-
closed in Japanese Unexamined Patent Application Publi-
cation No. 2011-151002, the reflection sheet is divided into
a plurality of reflection regions by providing a lattice-shaped
partition on the reflection sheet, the reflection regions are
provided with the above-mentioned respective light sources,
and luminance control reflection region by reflection region
(also called area control or local dimming) is made possible
while the interference from the light sources between the
reflection regions is being reduced by the partition (see PTL
1). Consequently, for instance, when a scene, which is
divided into a bright portion and a dark portion in the screen,
is displayed, the luminance is controlled on a per reflection
region basis according to the brightness of each portion so
that the contrast between the portions is increased.

[0005] In a conventional liquid crystal display apparatus,
mitigation of the effect by the partition on the uniformity of
luminance in each of the reflection regions is insufficient,
and thus undesirable variation in the luminance occurs in
each of the reflection regions. As a result, a problem arises
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in that the contrast between a bright portion and a dark
portion in the screen cannot be sufficiently increased in the
entire backlight device.

SUMMARY

[0006] The present disclosure provides a liquid crystal
display apparatus capable of further reducing such a varia-
tion in the luminance, and displaying a higher contrast on the
entire screen.

[0007] A backlight device according to the present disclo-
sure includes: a reflection sheet having a reflection surface
which is divided into reflection regions by a plurality of
partitions that are each a ridge-shaped projection; light
sources disposed in the respective reflection regions of the
reflection surface; a luminance uniformizing plate that trans-
mits light emitted by the light sources, by receiving the light
with a first surface of the luminance uniformizing plate and
light reflected off from the reflection sheet and emitting the
received light from a second surface of the luminance
uniformizing plate, the first surface being located opposite
the reflection surface, the second surface being located on a
reverse side of the first surface; and a diffusion plate that
diffuses and emits the light emitted from the second surface.
The luminance uniformizing plate includes a high light-
transmittance region between a region opposed to each of
the light sources and a region opposed to a vertex portion of
a corresponding one of the plurality of partitions, the high
light-transmittance region being higher in light-transmit-
tance per unit area than the region opposed to the light
source and the region opposed to the vertex portion.
[0008] In addition, the liquid crystal display apparatus
according to the present disclosure includes a liquid crystal
panel; and the above-described backlight device which is
disposed on a back side of the liquid crystal panel and has
a size corresponding to the liquid crystal panel.

[0009] The backlight device according to the present dis-
closure reduces the variation in the luminance of emission
light, and is effective for implementing a liquid crystal
display apparatus capable of higher contrast presentation
throughout the screen.

BRIEF DESCRIPTION OF DRAWINGS

[0010] These and other objects, advantages and features of
the disclosure will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
present disclosure.

[0011] FIG. 1 is an exploded perspective view illustrating
a schematic configuration of an entire liquid crystal display
apparatus in an embodiment.

[0012] FIG. 2 is a partially enlarged view of a reflection
sheet in the embodiment.

[0013] FIG. 3 is a schematic view illustrating a positional
relationship between a light source, a plurality of partitions,
and a luminance uniformizing plate in the embodiment.
[0014] FIG. 4 is a plan view of an example of the
luminance uniformizing plate in the embodiment.

[0015] FIG. 5is a diagram illustrating an example of a unit
pattern and a light transmittance in the unit pattern of the
luminance uniformizing plate in the embodiment.

[0016] FIG. 6 is a partially enlarged view of a reflection
sheet in a modification of the embodiment.
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DETAILED DESCRIPTION OF THE
EMBODIMENT

[0017] Hereinafter, an embodiment will be described in
detail with reference to the drawings as appropriate. How-
ever, a detailed description more than necessary may be
omitted. For instance, a detailed description of already
well-known matters and a redundant description of substan-
tially the same components may be omitted. This is for the
purpose of avoiding unnecessarily redundant description in
the following and facilitating the understanding of those
skilled in the art.

[0018] It should be noted that the accompanying drawings
and the following description are provided to allow those
skilled in the art to understand the present disclosure suffi-
ciently, and these are not intended to limit the subject matter
recited in the claims.

Embodiment

[0019] Hereinafter, an embodiment will be described
using FIGS. 1 to 5D.

[0020] FIG. 1 is an exploded perspective view illustrating
a schematic configuration of an entire liquid crystal display
apparatus in an embodiment.

[0021] [1-1. Configuration]

[0022] [1-1-1. Configuration of Liquid Crystal Display
Apparatus]

[0023] As illustrated in FIG. 1, liquid crystal display

apparatus 10 includes liquid crystal panel 11, bezel 12, and
backlight device 20 which is disposed on the back side of
liquid crystal panel 11 and is in a rectangular shape having
a size corresponding to liquid crystal panel 11.

[0024] Liquid crystal panel 11 is a transmissive liquid
crystal panel having a rectangular flat shape, and displays an
image by transmitting or blocking the light emitted from
backlight device 20 located in the back of liquid crystal
panel 11.

[0025] Bezel 12 is a casing of the front surface of liquid
crystal display apparatus 10, and surrounds liquid crystal
panel 11 to protect the peripheral edge portion thereof. From
the viewpoint of design and light weight of the product, a
plastic resin is mainly used as a material of bezel 12.
[0026] [1-1-2. Configuration of Backlight Device]

[0027] Backlight device 20 includes a plurality of printed
substrates 27 in which a plurality of light sources 21 are
installed, chassis 22 that stores the plurality of printed
substrates 27, and optical unit 26, diffusion plate 25, lumi-
nance uniformizing plate 24, and reflection sheet 23 which
are disposed between liquid crystal panel 11 and light
sources 21.

[0028] Printed substrates 27 receive supply of power from
a power supply which is not illustrated, and supplies the
power to light sources 21 as the drive power. Printed
substrates 27 in the present disclosure have a substantially
rectangular shape, and 6 light sources 21 are mounted in a
row in a longitudinal direction. According to FIG. 1, the
plurality of printed substrates 27 are arranged in 7 rowsx2
columns in chassis 22. As a result of this arrangement of
printed substrates 27, the plurality of light sources 21 are
disposed in a matrix form. It is to be noted that the shape,
size, number, and arrangement of printed substrates 27, and
the number of light sources 21 mounted in each printed
substrate 27 are not the gist of the present disclosure, and not
intended to limit the present invention.
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[0029] The plurality of light sources 21 may be each
formed using multiple types of light sources each of which
emits monochromatic light such as red light, blue light, and
green light, or formed using only one light source which
emits white light. For instance, an LED is used as such light
source 21.

[0030] Chassis 22 is also a casing of the back surface of
liquid crystal display apparatus 10. Chassis 22 is composed
of'a component using a material, for instance, plastic, metal
with a highly radioactive ceramic sheet attached to the front
and back, anodized metal in black or the like, or carbon-
black-coated metal. An alloy with a main component, such
as aluminum or iron is used as the metal, for instance.

[0031] Reflection sheet 23 is a component composed of a
substantially flat plate-shaped resin, and the major surface is,
for instance, a white specular surface and reflection sheet 23
efficiently reflects incident light on the major surface. Here-
inafter the major surface is also referred to as the reflection
surface. The reflection surface is divided into a plurality of
reflection regions 232 arranged in a matrix form by a
plurality of ridge-shaped partitions 231 arranged in a lattice
pattern. The term ridge-shaped herein is used to mean a
shape of partitions 231 having a cross section, which is
perpendicular to the extension direction of partitions 231,
tapering toward the vertex portion (in the direction opposite
to the direction in which chassis 22 is present) such as
substantially triangular or substantially trapezoidal.

[0032] The vertical and horizontal pitches of reflection
regions 232 are in common with the vertical and horizontal
pitches of light sources 21 on chassis 22. For instance, when
each of the vertical and horizontal pitches of reflection
regions 232 is 50 mm, light sources 21 are arranged with 50
mm intervals. Also, each of reflection regions 232 includes
opening 233 at substantially the center. FIG. 2 is a partially
enlarged view of a state where reflection sheet 23 is stacked
on chassis 22 in this embodiment. Opening 233 is provided
so that light sources 21 are exposed to the surface of
reflection sheet 23 in this state. Therefore, in liquid crystal
display apparatus 10 in an assembled state, light sources 21
are disposed in respective reflection regions 232. Reflection
sheet 23 reflects the light emitted from light sources 21
toward luminance uniformizing plate 24. Such reflection
sheet 23 is produced by providing projections and depres-
sions in, for instance, a resin flat plate by vacuum molding.
For instance, ridge-shaped partitions 231 are provided so
that the height is 4.5 mm and the pitch is 50 mm. Also,
processing such as drilling is performed as necessary.
[0033] Luminance uniform plate 24 is a plate-shaped
component made of a highly reflective resin material having
translucency (for instance, polyethylene terephthalate).
Luminance uniformizing plate 24 is disposed so that one of
major surfaces (hereinafter also referred to as a first surface)
of luminance uniformizing plate 24 is opposed to the reflec-
tion surface of reflection sheet 23 with a distance in liquid
crystal display apparatus 10 in an assembled state, and
luminance uniformizing plate 24 receives the emission light
from light sources 21 and the reflection light from reflection
sheet 23 by the first surface. Luminance uniform plate 24
transmits these emission light and reflection light, and emits
light with enhanced uniformity of luminance from a second
surface which is the major surface on the opposite side of the
first surface. The configuration of luminance uniformizing
plate 24 for emitting light with enhanced uniformity of
luminance will be described later. Such luminance uni-
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formizing plate 24 is produced by molding the above-
mentioned resin as the material by, for instance, press
working.

[0034] Diffusion plate 25 is a plate-shaped component
having a refractive index higher than air, and is formed with
materials including, for instance, mainly acrylic resins such
as polymethylmethacrylate, or polycarbonate, and further
including fine particles distributed over the entirety. In liquid
crystal display apparatus 10 in an assembled state, diffusion
plate 25 is located on the second surface side of luminance
uniformizing plate 24, diffuses the incident light from one of
the major surfaces, opposed to the second surface of lumi-
nance uniformizing plate 24 by the particles, and emits the
light from the major surface on the opposite side of the one
major surface. Such diffusion plate 25 can be produced, for
instance, by injection molding the above-mentioned mate-
rials.

[0035] Optical unit 26 is located between liquid crystal
panel 11 and diffusion plate 25 in liquid crystal display
apparatus 10 in an assembled state, and has a major surface
opposed to the surface of diffusion plate 25, from which
light is emitted. Optical unit 26 has a size corresponding to
liquid crystal panel 11, and includes an optical sheet lami-
nate for further diffusing and focusing the emission light
from diffusion plate 25. The optical sheet laminate includes,
for instance, a prism sheet that focuses the incident light
from diffusion plate 25 in a direction in which liquid crystal
panel 11 is present, a diffusion sheet that further diffuses the
incident light from diffusion plate 25, and a polarization
sheet that transmits light which is of the incident light from
diffusion plate 25 and is in a specific polarization plane
corresponding to a polarization axis of liquid crystal panel
11. The luminance of the light emitted from optical unit 26
is more uniformized than in the light incident, and the
uniformity of the luminance of backlight device 20 serving
as a surface light source of liquid crystal display apparatus
10 is further increased.

[0036] Inbacklight device 20 implemented by assembling
these components, the incident light from light sources 21 on
the first surface of luminance uniformizing plate 24 can be
classified into the following three types with different paths.
One type is the direct light from light source 21. Another
type is the reflection light which is reflected only once by
reflection sheet 23 since emission from light sources 21 and
enters the first surface. Still another type is the reflection
light which is reflected m times by reflection sheet 23, n
times by luminance uniformizing plate 24, and enters the
first surface (m is an integer greater than or equal to 1, n is
an integer greater than or equal to 1, and the sum of m and
n is an integer greater than or equal to 2). The incident light
consisting of these three types of light on luminance uni-
formizing plate 24 is combined in the regions opposed to
reflection regions 232, and after the uniformity of luminance
is increased by the luminance uniformizing plate, the light is
emitted to liquid crystal panel 11. Hereinafter, among these
components, the components for increasing the uniformity
of luminance by luminance uniformizing plate 24 will be
described.

[0037] [1-1-3. Configuration of Luminance Uniformizing
Plate]
[0038] Hereinafter the configuration of luminance uni-

formizing plate 24 for transmitting the incident light on the
first surface to emit light from the second surface with
enhanced uniformity of luminance will be described using

Aug. 23,2018

an example. However, before that, variation in the intensity
of the incident light on luminance uniformizing plate 24
before increase of the uniformity will be described in detail.

[0039] FIG. 3 is a schematic view illustrating a positional
relationship between light source 21 on one reflection region
232, a plurality of partitions 231, and luminance uniformiz-
ing plate 24 in backlight device 20 in this embodiment. (a)
of FIG. 3 is a cross sectional view of reflection sheet 23 and
luminance uniformizing plate 24, and (b) of FIG. 3 is a plan
view of reflection sheet 23 as seen from the side of lumi-
nance uniformizing plate 24. The dashed line indicates the
boundary of reflection region 232 surrounded by four par-
titions 231 (here, in order to distinguish the four partitions
and show a correspondence between (a) and (b), reference
symbols of 231a to 231d are given to the respective parti-
tions), and the boundary of a region, opposed to reflection
region 232, of luminance uniformizing plate 24. Dotted line
arrows L1 to 1.6 each indicate an example of a path of light
to the first surface. It is to be noted that although the contour
of the cross section of partitions 231 in FIG. 3 is formed of
straight lines, the partitions 231 may be shaped to have a
cross section with a contour formed of straight lines, curves,
or both of these. Also, although partitions 231 are each
drawn as a mountain fold portion of reflection sheet 23, the
structure of partitions 231 is not limited to the illustrated
structure as far as each partition 231 is a ridge-shaped
projection on the side of reflection surface of reflection sheet
23.

[0040] The incident light on luminance uniformizing plate
24 attenuates according to a travel distance after emission
from light source 21, or more specifically, attenuates in
inverse proportion to the square of a travel distance. For
instance, the direct light, which is incident light of one of the
above-mentioned three types, attenuates according to the
distance of a path from the emission from light source 21
until the direct light reaches the first surface of luminance
uniformizing plate 24. The lengths of arrow L1 and arrow 1.2
in (a) of FIG. 3 and arrows L5 and 1.6 in (b) of FIG. 3 each
indicate a travel distance of the direct light from light source
21, and the incident light attenuates in correlation with the
travel distance. More specifically, the incident light on
luminance uniformizing plate 24 traveled farther from light
source 21 is weaker. Also, in backlight device 20 in this
embodiment, reflection sheet 23 has partitions 231 that
project toward luminance uniformizing plate 24, and thus
the distance between the reflection surface and the first
surface varies with location (for instance, arrows 1.3 and
L4). Therefore, similarly to the direct light, the degree of
attenuation of the reflection light also varies depending on
where the reflection light is incident. It is to be noted that the
intensity of the reflection light incident on luminance uni-
formizing plate 24 correlates with not only the above-
mentioned travel distance, but also the number of times the
reflection light is reflected off from reflection sheet 23 and
luminance uniformizing plate 24 before incidence. More
accurately, in addition to the travel distance, the reflection
light attenuates in correlation with the m-th power of the
reflectivity of reflection sheet 23 and the n-th power of the
reflectivity of luminance uniformizing plate 24 (m and n are
as mentioned above).

[0041] Like this, the light emitted from light source 21 has
several factors for attenuation before the light enters lumi-
nance uniformizing plate 24, and the degree of attenuation
is different by location in the region, opposed to each
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reflection region 232, of luminance uniformizing plate 24.
Although the above-described comparison is made between
the region opposed to partitions 231 and the other region
(arrows L3 and [.4), the degree of attenuation of the reflec-
tion light is different even within the region opposed to
partitions 231 because of difference in the distance from the
reflection surface. For instance, the reflection light which is
reflected by the highest portion of partition 231 (hereinafter
referred to as a vertex portion of partition 231) and enters the
region opposed to the portion, has the smallest attenuation
due to the travel distance.

[0042] The intensity of such incident light consisting of
the direct light and the reflection light in the entire region of
luminance uniformizing plate 24 opposed to one reflection
region 232 has a distribution such that the intensity is the
highest, for instance, in the region opposed to light source
21, attenuates more with distance from light source 21, and
in the region opposed to partitions 231, the intensity
increases with distance from light source 21, in other words,
as the distance to the vertex portion becomes shorter. How-
ever, in such a distribution, the incident light on the region
of luminance uniformizing plate 24, opposed to the vertex
portions of partitions 231, is weaker than the incident light
on the region opposed to light source 21.

[0043] It is to be noted that the positional relationship
between light source 21, the plurality of partitions 231, and
luminance uniformizing plate 24 illustrated in FIG. 3 is in
common with the plurality of reflection regions 232 and the
regions of luminance uniformizing plate 24 opposed to these
regions. Therefore, the above-described distribution of
intensity of incident light is commonly observed in the
region of luminance uniformizing plate 24, opposed to any
of reflection regions 232.

[0044] In the present disclosure, luminance uniformizing
plate 24 is configured to have transmittance to the incident
light (hereinafter simply referred to as light transmittance)
varying in a predetermined pattern in each of the regions
opposed to different reflection regions 232, and thus the
uniformity of luminance of the light emitted from the second
surface in the region is increased. Specifically, the predeter-
mined pattern is such that in the regions, opposed to reflec-
tion regions 232, of luminance uniformizing plate 24, the
distribution of light transmittance of luminance uniformiz-
ing plate 24 has a negative correlation with the intensity
distribution of the incident light on luminance uniformizing
plate 24. The product of the intensity of incident light by the
light transmittance at each location is thereby made closer to
a constant, and thus the uniformity of the luminance of
emission light from luminance uniformizing plate 24 is
increased. As a result, the contrast between a bright portion
and a dark portion in a screen according to an image
displayed on the entire screen is increased. Hereinafter, the
configuration of luminance uniformizing plate 24 that
achieves the predetermined pattern will be described by way
of example when the intensity of the incident light on
luminance uniformizing plate 24 shows the above-described
distribution.

[0045] FIG. 4 is a plan view of an example of luminance
uniformizing plate 24 (partial) in this embodiment. A great
number of circles seen in FIG. 4 indicate through holes 241
that penetrate through between the first surface and the
second surface of luminance uniformizing plate 24. In other
words, luminance uniformizing plate 24 illustrated in FIG. 4
has a plurality of through holes 241 that penetrate through
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luminance uniformizing plate 24 between the first surface
and the second surface. Through holes 241 in this example
have a variation in size (the opening area of each through
hole). These through holes 241 in different sizes are
arranged to form one pattern in the entire region, opposed to
one reflection region 232, of luminance uniformizing plate
24, and the pattern is repeated vertically and horizontally
over entire luminance uniformizing plate 24. It is to be noted
that the plurality of through holes 241 arranged in such a
pattern are formed using a mold including a plurality of
projections which penetrate a flat plate of a resin material,
for instance, in one process in the press working for pro-
ducing luminance uniformizing plate 24 described above.
[0046] The predetermined pattern of the light transmit-
tance is achieved by the pattern (hereinafter referred to as a
unit pattern) over the entire region opposed to one reflection
region 232. Hereinafter, the unit pattern will be described.
[0047] FIG. 5is a diagram illustrating an example of a unit
pattern and the light transmittance of luminance uniformiz-
ing plate 24 in the unit pattern in this embodiment. The unit
pattern is illustrated in (c) of FIG. 5, and the graph in (b) of
FIG. 5 indicates the light transmittance on line A and line B
across luminance uniformizing plate 24 having the unit
pattern in (¢) of FIG. 5. (d) of FIG. 5 is a cross sectional view
illustrating a cut plane obtained by cutting reflection sheet
23 by a plane containing line A in (c¢) of FIG. 5. It is to be
noted that the cross sectional view is basically common with
the cross sectional view illustrated in (a) of FIG. 3, and in
FIG. 5, two partitions 231, between which the reflection
region is interposed, are labeled with respective reference
symbols in common with FIG. 3. (a) is a graph illustrating
the intensity of emission light emitted by luminance uni-
formizing plate 24 having the light transmittance illustrated
in (b) and receiving the incident light in the above-described
intensity distribution. It is to be noted that the horizontal
axes of the graphs in (a) and (b) each correspond to the
position in the crosswise direction of the unit pattern illus-
trated in (c) and the position in the crosswise direction of
reflection sheet 23 illustrated in (d).

[0048] Here, the light transmittance used for description of
the unit pattern refers to light transmittance per unit area.
Specifically, the light transmittance illustrated by the graph
is the ratio of the total of the light passed through hole 241
and emitted through an opening on the side of the second
surface, and the light passed through the resin and appeared
on the side of the second surface with respect to the incident
light on the first surface in a region having a unit area. It is
to be noted that the region having a unit area in the present
disclosure does not fit inside an opening of any one of
through holes 241.

[0049] First, referring to (b) and (c¢) of FIG. 5, the rela-
tionship between the configuration of luminance uniformiz-
ing plate 24 having the unit pattern and the light transmit-
tance will be described.

[0050] As described above, the material itself of lumi-
nance uniformizing plate 24 has translucency but is not
transparent. More specifically, luminance uniformizing plate
24 is a white resinous plate-shaped body having through
holes 241. Therefore, luminance uniformizing plate 24
transmits light to a certain extent in any region even not
including through hole 241. For instance, in the curve
corresponding to line A, a range where the light transmit-
tance is constant near the center of the curve, corresponds to
a region near the center of the unit pattern in (c) where no
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through hole 241 is present. The reason why the light
transmittance is not zero even in this range is due to the
translucency of the material itself of luminance uniformizing
plate 24. In contrast, through holes 241 transmits light from
the first surface to the second surface at a rate (substantially
100%) higher than the rate of the resin which is the material
of luminance uniformizing plate 24. Therefore, in the region
of'the unit area, the greater the opening area of through holes
241 is, the higher the light transmittance of the region is. In
other expressions, the opening area of through holes 241 per
unit area of luminance uniformizing plate 24 and the light
transmittance have a positive correlation with each other.
The variation in the light transmittance in the region,
opposed to one reflection area 232, of luminance uniformiz-
ing plate 24 is achieved by varying the opening area per unit
area (hereinafter referred to as the opening ratio) with
location. In short, the light transmittance is enhanced by
increasing the opening ratio, and the light transmittance is
reduced by decreasing the opening ratio. In the unit pattern
illustrated in (c) of FIG. 5, through holes 241 are arranged
with even intervals to the extent that through holes 241 are
present, and the opening ratio is varied by changing the size
of through holes 241, and thus the variation in the light
transmittance is achieved.

[0051] Next, the variation in the light transmittance of
luminance uniformizing plate 24 in the unit pattern thus
achieved will be described in detail with reference to (a) to
(d) of FIG. 5.

[0052] In this embodiment, as described above, the inten-
sity of incident light in the region, opposed to one reflection
region 232, of luminance uniformizing plate 24 is highest in
the region opposed to light source 21, attenuates with
distance from light source 21, and in the region opposed to
partitions 231, the intensity increases as the distance to the
vertex portion becomes shorter. In other words, in the
region, not opposed to partitions 231, of luminance uni-
formizing plate 24, the intensity of incident light and the
distance from light source 21 have a negative correlation
with each other. In backlight device 20 in this embodiment,
a positive correlation between the distance from light source
21 and the light transmittance of luminance uniformizing
plate 24 is given such that the product of the intensity of
incident light by the light transmittance in the region is made
closer to a constant. Consequently, the luminance of the
emission light from the second surface of luminance uni-
formizing plate 24 in the region can be made more uniform
regardless of the distance from light source 21 as illustrated
in (a) of FIG. 5. In order to achieve the positive correlation,
in the region, not opposed to partitions 231, of luminance
uniformizing plate 24, through holes 241 are provided in
luminance uniformizing plate 24 so that the opening area per
unit area of luminance uniformizing plate 24, and the
distance from light source 21 have a positive correlation
with each other. The region substantially corresponds to the
ranges labeled as Il and IV in (b) of FIG. 5. It is to be noted
that the light transmittance on line A and the light transmit-
tance on line B even at the same crosswise position in (b) of
FIG. 5 are differentiated to reflect the difference in the
degree of attenuation of light due to a difference in the
distance from light source 21.

[0053] It is to be noted that even in the region opposed to
one reflection region 232, the region opposed to light source
21 and its vicinity may include a region where through hole
241 is not provided as in FIG. 5. The region substantially
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corresponds to the range labeled as IV in FIG. 5. A region
where through hole 241 is not provided like this is deter-
mined as appropriate according to, for instance, light distri-
bution of light source 21, and the degree of diffusion of
incident light by luminance uniformizing plate 24 (scattering
of light in luminance uniformizing plate 24).

[0054] In contrast, in the region, opposed to partitions 231,
of luminance uniformizing plate 24, the intensity of incident
light and the distance from partitions 231 have a negative
correlation with each other. In order to emit light with a
uniform luminance from the second surface of luminance
uniformizing plate 24 in the region, in backlight device 20
in this embodiment, a positive correlation is given such that
the product of the intensity of incident light by the light
transmittance is made closer to a constant in the region.
Consequently, the luminance of the emission light from the
second surface of luminance uniformizing plate 24 in the
region can be made more uniform regardless of the distance
from the vertex portion as illustrated in (a) of FIG. 5. In
order to achieve the positive correlation, in the region,
opposed to partitions 231, of luminance uniformizing plate
24, through holes 241 are provided in luminance uniformiz-
ing plate 24 so that a region is present in which the opening
area per unit area of luminance uniformizing plate 24 and the
distance from the vertex portion of partition 231 have a
positive correlation with each other. The region substantially
corresponds to the ranges labeled as I and II in (b) of FIG.
5

[0055] The distribution of the light transmittance of lumi-
nance uniformizing plate 24 provided with through holes
241 in this manner will be described by referring to the
entire region, opposed to one reflection region 232, of
luminance uniformizing plate 24. First, along the boundary
between the region opposed to light source 21 and the region
opposed to the vertex portion of partition 231, there is a
region in which the light transmittance is higher than the
light transmittance in either of these regions. More specifi-
cally, the region may be described as the vicinity of the
boundary of the region, opposed to partitions 231, of lumi-
nance uniformizing plate 24, and the region. Referring to (b)
of FIG. 5, the region corresponds to a range in the vicinity
of'a peak of each curve near the boundary between the range
labeled as II and the range labeled as III. Also, the light
transmittance takes a minimum value in the region opposed
to light source 21. The region is included in the range labeled
as IV in FIG. 5. On the other hand, a maximum value is
observed between the region opposed to light source 21 and
the region opposed to the vertex portion of partition 231. In
(c) of FIG. 5, through holes 241 having the largest opening
area are located in the corners of the region, not opposed to
partitions 231, of luminance uniformizing plate 24, (in other
words, the light transmittance of luminance uniformizing
plate 24 is highest in the corners).

[0056] However, the boundary between these regions is
not strictly determined based on the relationship between
these positions. The boundary between these regions may
vary to some extent by the characteristics of scattering of
light by the reflection surface of reflection sheet 23 and the
diffusion (scattering in luminance uniformizing plate 24) of
incident light by luminance uniformizing plate 24. There-
fore, in the design of luminance uniformizing plate 24, it is
necessary to adjust the distribution of light transmittance as
appropriate in consideration of an effect by these variable
elements.
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[0057] [1-1-4. Modification of Configuration of Lumi-
nance Uniformizing Plate]

[0058] Inthe example of the unit pattern illustrated in FIG.
5, through holes 241 are arranged with even intervals, and
the variation in the opening ratio is achieved by the varied
sizes of through holes 241. However, the configuration of
luminance uniformizing plate 24 in the invention is not
limited to this. Any configuration may be adopted as long as
the above-described light transmittance distribution in the
unit pattern of luminance uniformizing plate 24 is obtained.
[0059] For instance, through holes 241 may each have the
same opening area, and the variation in the opening ratio
may be achieved by changing the number of through holes
241 per unit area, in other words, the density of through
holes 241.

[0060] Also, in the example of the unit pattern illustrated
in FIG. 5, a positive correlation is observed between the
opening area of each through hole 241 in the region not
opposed to partitions 231 and the distance from light source
21. However, the correlation is not a requisite of through
holes 241 having varied opening areas. In other words, it is
sufficient that a positive correlation be established between
the distance from light source 21 and the opening ratio, and
the opening ratio may be achieved by a plurality of through
holes 241 as a whole in a unit area. For instance, in some unit
areas, luminance uniformizing plate 24 may be provided
with through holes 241 having a larger opening area sur-
rounding one through hole 241 having a smaller opening
area. Alternatively, in some unit areas, luminance uniformiz-
ing plate 24 may be provided with through holes 241 having
a smaller opening area surrounding one through hole 241
having a larger opening area.

[0061] In addition, the arrangement of through holes 241
is not limited to the example of the unit pattern illustrated in
FIG. 5. For instance, through holes 241 may be arranged
along the circumference of a concentric circle with the
center at the position immediately above the center of light
source 21. Alternatively, through holes 241 may be arranged
along the radius of a circle with the center at the position.
Alternatively, these arrangements may be applied in com-
bination.

[0062] Also, the shape of through holes 241 is not limited
to the circular shape as illustrated in FIGS. 4 and 5. Also, the
shapes of all through holes 241 are not necessarily congruent
or similar. In other words, through holes 241 may have a
variety of shapes.

[0063] Also, a configuration in which through hole 241 is
not included may be adopted to achieve a negative correla-
tion between the light transmittance of luminance uniformiz-
ing plate 24 and the intensity of light received by the first
surface of luminance uniformizing plate 24. For instance, a
light shielding agent such as paint having a light shielding
effect may be applied onto luminance uniformizing plate 24
in a predetermined pattern so that the variety in the light
transmittance of luminance uniformizing plate 24 may be
achieved. The variety in the light transmittance of luminance
uniformizing plate 24 may be achieved by applying the light
shielding agent with application areas per unit area of
luminance uniformizing plate 24 varied by location, for
instance. In this case, the variety in the light transmittance is
achieved by applying the paint so as to draw dots having
different areas or dots at different densities by location, for
instance. Alternatively, the concentration of the paint may be
changed or paints having different light transmittances may
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be used depending on location. Alternatively, blind holes
may be used instead of through holes 24. In other words, the
variety in the light transmittance of luminance uniformizing
plate 24 may be achieved by varying the average thickness
per unit area of luminance uniformizing plate 24 with
location. Any of the above-described configurations in
which through holes are not included are also applied so that
the light transmittance distribution of luminance uniformiz-
ing plate 24 has the same characteristics described above.

[0064] Alternatively, through holes 241 and the above-
mentioned light shielding agent or blind holes may be used
together.

[0065] [1-2. Other Modification]

[0066] Hereinafter, a modification of the above-described
embodiment will be described, the modification accompa-
nying a change of the configuration of luminance uniformiz-
ing plate 24 and being related to a change of the components
other than luminance uniformizing plate 24.

[0067] FIG. 6 is a partially enlarged view of reflection
sheet 234 in a modification of the embodiment.

[0068] Reflection sheet 23a differs from reflection sheet
23 in that reflection sheet 23a further has supporting pillar
234, which projects to luminance uniformizing plate 24,
above partitions 231 which project in a direction in which
luminance uniformizing plate 24 is present.

[0069] Supporting pillar 234 supports luminance uni-
formizing plate 24 in a state where the tip of supporting
pillar 234 is inserted in a hole in luminance uniformizing
plate 24. Thus, luminance uniformizing plate 24 is prevented
from bending under its own weight. For instance, in liquid
crystal display apparatus 10 having a larger display surface,
a larger luminance uniformizing plate 24 is used to match
the size of the display areca. However, a larger size of
luminance uniformizing plate 24 is more likely to cause
bending under its own weight. When the thickness of
luminance uniformizing plate 24 is increased to prevent such
bending, reduction in the light transmittance due to the
increase in the thickness may cause unfavorable effects such
as insufficient luminance of the emission light to the diffu-
sion plate or necessity for change in the specifications of
luminance uniformizing plate 24 or other components to
avoid such insufficiency of luminance. It is thus not prefer-
able to increase the thickness of luminance uniformizing
plate 24 to prevent bending thereof. Even when liquid
crystal display apparatus 10 is relatively small, luminance
uniformizing plate 24 is likely to bend because of the
plurality of through holes 241 as in the present disclosure.
When luminance uniformizing plate 24 bends, an appropri-
ate positional relationship as described above between light
source 21 in reflection region 232 and partitions 231 is not
established, and thus the uniformity of the luminance cannot
be increased.

[0070] Support pillar 234 described above may be pro-
vided to reduce such effects of bending of luminance uni-
formizing plate 24. It is to be noted that the shape, quantity,
and arrangement of supporting pillar 234 illustrated in FIG.
6 are an example, and is not limited to this. For instance,
only one piece of supporting pillar 234, which projects from
the center of reflection sheet 234 and is inserted in a hole at
the center of luminance uniformizing plate 24, may be
provided. Alternatively, supporting pillars 234 may be dis-
posed at positions where partitions 231 in a lattice pattern
cross each other or at other positions as illustrated in FIG. 6.
Also, the hole of luminance uniformizing plate 24, into
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which the tip of supporting pillar 234 is inserted, is provided
in addition to the holes for imparting a predetermined light
transmittance distribution pattern to luminance uniformizing
plate 24. Such supporting pillar 234 can be produced by
injection molding, for instance, a highly reflective material
such as polycarbonate. The material may be in common with
or different from reflection sheet 23a. Also, supporting pillar
234 may be formed integrally with reflection sheet 234, or
may be produced separately from reflection sheet 234 and
attached onto reflection sheet 23a.

[0071] However, such supporting pillar 234 has an effect
on the intensity of light which reaches the first surface of
luminance uniformizing plate 24 due to a difference from
reflection sheet 234 in material or a difference from sur-
rounding partitions 231 in shape. Due to the effect, the light
reaching the first surface in the surroundings of supporting
pillar 234 may actually be attenuated or amplified. There-
fore, the effect causes undesired variation in the intensity of
incident light on luminance uniformizing plate 24. Lumi-
nance uniformizing plate 24 may have a light transmittance
distribution pattern that reduces such undesired variation in
the intensity of light caused by supporting pillar 234. For
instance, in a region, opposed to the plurality of partitions
231, of luminance uniformizing plate 24 supported by
supporting pillar 234, the opening area per unit area and the
distance from the vertex portion of each of the partitions
may not be positively correlated in the surroundings of
supporting pillar 234. Also, in a region, not opposed to the
partitions, of luminance uniformizing plate 24, the opening
area per unit area and the distance from light source 21 may
not have a positive correlation as mentioned above in the
vicinity of supporting pillar 234.

[0072] Thus, it is possible to reduce undesirable variation
in the luminance of emission light of luminance uniformiz-
ing plate 24 due to presence of supporting pillar 234 and,
uniformity of the luminance is thereby increased.

[0073] [1-3. Operation of Liquid Crystal Display Appara-
tus]
[0074] The operation of liquid crystal display 10 config-

ured in the above manner will be described in the following.
[0075] Each of light sources 21 turns on and off indepen-
dently under control. When light source 21 is turned on, the
light emitted from light source 21 is incident on luminance
uniformizing plate 24 as direct light and as reflection light
which is, after being emitted, reflected by reflection sheet 23
or luminance uniformizing plate 24. At this point, ridge-
shaped partitions 231 surrounding light source 21 of each
reflection region 232 and projecting toward luminance uni-
formizing plate 24 reduces interference from the light emit-
ted by light source 21 with neighboring reflection regions
232.

[0076] Luminosity uniform plate 24 increases the unifor-
mity of the luminance of the incident light and emits the
light. The light emitted from luminance uniformizing plate
24 is then incident onto diffusion plate 25. Here, the incident
light on luminance uniformizing plate 24 attenuates with
travel distance and increase in the number of times the
incident light is reflected after being emitted from light
source 21, and thereby the intensity varies by location.
[0077] In the present disclosure, the light transmittance
distribution of luminance uniformizing plate 24 has a nega-
tive correlation with the variation in the intensity of the
incident light. For instance, the light transmittance per unit
area of luminance uniformizing plate 24 is varied with
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location by providing luminance uniformizing plate 24 with
the openings of through holes 241. More specifically, in a
region where incident light is relatively weak, large through
holes 241 are provided or through holes 241 are provided
with a high density so that the opening ratio is relatively
increased. This is, for instance, the case with a region which
is not opposed to partitions 231 and is away from light
source 21. Also, in the region, opposed to partitions 231, of
luminance uniformizing plate 24, the degree of attenuation
of the reflection light from partitions 231 changes with
distance from partitions 231, for instance, and thus variation
in the intensity of incident light is caused. Therefore, in the
region where the distance from partitions 231 is relatively
short, the opening ratio is relatively decreased, and in the
region where the distance is relatively long, the opening
ratio is relatively increased. Furthermore, in a region which
is opposed to light source 21 and receives intense direct
light, through hole 241 is not provided. Consequently, the
difference in the intensity of incident light with location on
luminance uniformizing plate 24 is absorbed, and the uni-
formity of the luminance of emission light to diffusion plate
25 is increased.

[0078] Also, when supporting pillar 234 as illustrated in
FIG. 6 is provided, a variation in the intensity of incident
light on luminance uniformizing plate 24 occurs due to the
light reflection characteristics of supporting pillar 234. The
variation in the intensity of light is also absorbed by the
variation in the light transmittance per unit area of lumi-
nance uniformizing plate 24 in a region affected by support-
ing pillar 234, for instance, the surroundings of supporting
pillar 234. Consequently, the uniformity of the emission
light of luminance uniformizing plate 24 is increased.

[0079] Diffusion plate 25 diffuses the light having lumi-
nance with uniformity thus increased, thereby further
increasing the uniformity and emitting the light. The light
emitted from diffusion plate 25 is further diffused and
concentrated by optical unit 26, and liquid crystal panel 11
is irradiated with the light.

[0080] [1-4. Advantageous Effects]

[0081] As described above, a backlight device according
to the present disclosure includes: a reflection sheet having
a reflection surface which is divided into reflection regions
by a plurality of partitions that are each a ridge-shaped
projection; light sources disposed in the respective reflection
regions of the reflection surface; a luminance uniformizing
plate that transmits light emitted by the light sources, by
receiving the light with a first surface of the luminance
uniformizing plate and light reflected off from the reflection
sheet and emitting the received light from a second surface
of the luminance uniformizing plate, the first surface being
located opposite the reflection surface, the second surface
being located on a reverse side of the first surface; and a
diffusion plate that diffuses and emits the light emitted from
the second surface. The luminance uniformizing plate
includes a high light-transmittance region between a region
opposed to each of the light sources and a region opposed to
a vertex portion of a corresponding one of the plurality of
partitions, the high light-transmittance region being higher
in light-transmittance per unit area than the region opposed
to the light source and the region opposed to the vertex
portion.

[0082] Thus, luminance uniformizing plate 24 has a light
transmittance distribution which has a negative correlation
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with the intensity of incident light that varies with location,
and emits light with luminance of increased uniformity.

[0083] Also, the luminance uniformizing plate may have a
plurality of through holes that penetrate through the lumi-
nance uniformizing plate between the first surface and the
second surface, and an opening area of the plurality of
through holes per the unit area of the luminance uniformiz-
ing plate and the light transmittance may have a positive
correlation. In a region including an opening has a higher
light transmittance. Also, the light transmittance in the
region including an opening can be varied by changing the
opening area per unit area. Thus, the light transmittance
distribution as mentioned above can be imparted to lumi-
nance uniformizing plate 24, and therefore the uniformity of
the luminance of the light emitted from luminance uni-
formizing plate 24 to diffusion plate 25 is increased.

[0084] Also, in at least part of a region, opposed to the
plurality of partitions, of the luminance uniformizing plate,
the opening area per the unit area and distance from the
vertex portion of each of the plurality of partitions may have
a positive correlation. In this configuration, the light trans-
mittance of luminance uniformizing plate 24 is lower in a
region which receives reflection light with lower attenuation
due to travel distance from reflection sheet 23, and higher in
a region which receives reflection light with higher attenu-
ation due to travel distance from reflection sheet 23. Con-
sequently, the uniformity of the luminance of the light
emitted from luminance uniformizing plate 24 to diffusion
plate 25 is increased.

[0085] Also, in at least part of a region, not opposed to the
plurality of partitions, of the luminance uniformizing plate,
the opening area per the unit area and distance from the
respective light sources may have a positive correlation. In
this configuration, the light transmittance of luminance
uniformizing plate 24 is lower in a region which receives
direct light with lower attenuation due to travel distance
from light source 21, and higher in a region which receives
direct light with higher attenuation due to travel distance
from light source 21, the light transmittance of luminance
uniformizing plate 24 can be increased. Consequently, the
uniformity of the luminance of the light emitted from
luminance uniformizing plate 24 to diffusion plate 25 is
increased.

[0086] Also, the light transmittance in a region, opposed to
each of the reflection regions, of the luminance uniformizing
plate may take a minimum value in a region opposed to a
corresponding one of the light sources, and may take a
maximum value between a region opposed to a correspond-
ing one of the light sources and a vertex portion of a
corresponding one of the plurality of partitions. In short, the
light transmittance of luminance uniformizing plate 24 is
lowest in a region which receives the most intense light in
the region opposed to reflection region 232. Also, the light
transmittance of luminance uniformizing plate 24 is highest
in a region which receives direct light more attenuated than
the most intense light received by the above-mentioned
region and reflection light with relatively large attenuation
after being reflected off from reflection sheet 23. Conse-
quently, the uniformity of the luminance of the light emitted
from luminance uniformizing plate 24 to diffusion plate 25
is increased.
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[0087] Also, the reflection sheet further has a supporting
pillar that projects to the luminance uniformizing plate
above the plurality of partitions and supports the luminance
uniformizing plate, and in a surrounding of the supporting
pillar in the region opposed to the plurality of partitions, the
opening area per the unit area and the distance from the
vertex portion of each of the plurality of partitions are not
positively correlated. Consequently, undesirable variation in
the intensity of light caused by supporting pillar 234 that
supports luminance uniformizing plate 24 is eliminated, and
therefore the uniformity of the luminance of the light
emitted from luminance uniformizing plate 24 to diffusion
plate 25 is increased.

[0088] Also, a liquid crystal display according to the
present disclosure includes: a liquid crystal panel; and one of
the above-described backlight devices, which is disposed on
a back side of the liquid crystal panel and has a size
corresponding to the liquid crystal panel. Consequently
there is provided a liquid crystal display that displays a high
contrast on the entire screen by area control, and the
uniformity of luminance in the area of unit of luminance
control is high.

Other Embodiments

[0089] In the present disclosure, as an exemplary imple-
mentation of the present invention, the embodiment and the
modification have been described as shown above. How-
ever, the present invention is not limited to these, and is
applicable to an embodiment in which change, substitution,
addition, or omission is made as needed. Also, a new
embodiment may be implemented by combining the com-
ponents described in the embodiment and the modification.
[0090] It is to be noted that the shape, size of the compo-
nents and a ratio of sizes between the components in the
present disclosure are an example, and are not limited to this.
For instance, the inclined surfaces of partitions 231 may be
gentler or steeper. Alternatively, the steepness of the inclined
surfaces of partitions 231 may vary with location in reflec-
tion region 232. For instance, the inclined surfaces of
partitions 231 may be gentle in four corners of reflection
region 232 in a plan view, and the inclined surfaces may
extend closer to light source 21 than as illustrated in FIG. 2
and FIG. 3. Also in this case, the opening ratio of luminance
uniformizing plate 24 and the correlation with the distance
from the vertex portion of partition 231 or light source 21 are
as described above.

[0091] Also, a method of producing each component is not
limited to what has been described in the embodiment. For
instance, luminance uniformizing plate 24 can be produced
by injection molding the resin which is the material. Also, in
the method of producing each component, applicable vari-
ous types of processing methods may be used as necessary.
For instance, through holes 241 of luminance uniformizing
plate 24 may be provided by punching in press working, or
provided by hole-making processing with a drill or a laser.
[0092] The present disclosure is generally applicable to a
backlight device, and a liquid crystal display apparatus
including the backlight device.

[0093] Although only some exemplary embodiments of
the present disclosure have been described in detail above,
those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings and
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advantages of the present disclosure. Accordingly, all such
modifications are intended to be included within the scope of
the present disclosure.

1. A backlight device comprising:

a reflection sheet having a reflection surface which is
divided into reflection regions by a plurality of parti-
tions that are each a ridge-shaped projection;

light sources disposed in the respective reflection regions
of the reflection surface;

a luminance uniformizing plate that transmits light emit-
ted by the light sources, by receiving the light with a
first surface of the luminance uniformizing plate and
light reflected off from the reflection sheet and emitting
the received light from a second surface of the lumi-
nance uniformizing plate, the first surface being located
opposite the reflection surface, the second surface
being located on a reverse side of the first surface; and

a diffusion plate that diffuses and emits the light emitted
from the second surface,

wherein the luminance uniformizing plate includes a high
light-transmittance region between a region opposed to
each of the light sources and a region opposed to a
vertex portion of a corresponding one of the plurality of
partitions, the high light-transmittance region being
higher in light-transmittance per unit area than the
region opposed to the light source and the region
opposed to the vertex portion.

2. The backlight device according to claim 1,

wherein the luminance uniformizing plate has a plurality
of through holes that penetrate through the luminance
uniformizing plate between the first surface and the
second surface, and

an opening area of the plurality of through holes per the
unit area of the luminance uniformizing plate and the
light transmittance have a positive correlation.
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3. The backlight device according to claim 2,

wherein in at least part of a region, opposed to the
plurality of partitions, of the luminance uniformizing
plate,

the opening area per the unit area and distance from the
vertex portion of each of the plurality of partitions have
a positive correlation.

4. The backlight device according to claim 2,

wherein in at least part of a region, not opposed to the
plurality of partitions, of the luminance uniformizing
plate,

the opening area per the unit area and distance from the
respective light sources have a positive correlation.

5. The backlight device according to claim 2,

wherein the light transmittance in a region, opposed to
each of the reflection regions, of the luminance uni-
formizing plate takes a minimum value in a region
opposed to a corresponding one of the light sources,
and

takes a maximum value between a region opposed to a
corresponding one of the light sources and a vertex
portion of a corresponding one of the plurality of
partitions.

6. The backlight device according to claim 3,

wherein the reflection sheet further includes a supporting
pillar that projects to the luminance uniformizing plate
above the plurality of partitions and supports the lumi-
nance uniformizing plate, and

in a surrounding of the supporting pillar in the region
opposed to the plurality of partitions,

the opening area per the unit area and the distance from
the vertex portion of each of the plurality of partitions
are not positively correlated.

7. A liquid crystal display apparatus comprising:

a liquid crystal panel; and

the backlight device according to claim 1, which is
disposed on a back side of the liquid crystal panel and
has a size corresponding to the liquid crystal panel.
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