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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2011-012383 filed on Jan. 24, 2011, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention
[0003] The present invention relates to a liquid crystal dis-
play device.

[0004] 2. Description of the Related Art

[0005] JP 2007-286627 A discloses a liquid crystal display
device including a direct type back light unit. In the liquid
crystal display device, a plurality of light emitting diodes are
used as light sources of the backlight unit. The light emitting
diodes are disposed in matrix across an entire region of the
backlight unit.

[0006] In the liquid crystal display device described in JP
2007-286627 A, the light emitting diodes are disposed across
the entire region of the backlight unit, and hence the size of a
substrate on which a large number of light emitting diodes are
disposed needs to be large enough to cover the entire region of
the backlight unit. This increases cost for preparing a large
number of light emitting diodes as well as a material cost of
the substrate on which the light emitting diodes are to be
disposed.

[0007] To address the problem, it is conceivable to dispose
the light emitting diodes in a concentrated manner in a region
where the backlight unit is positioned, for example, in the
vicinity of the center of the backlight unit in the short side
direction, along the long side direction of the backlight unit so
that light beams emitted from the light emitting diodes are
reflected and diffused by an appropriate reflection sheet so as
to irradiate an entire image formation region.

[0008] Insuch structure, however, the light emitting diodes
are dispose at high density and the entire image formation
region is irradiated by a small number of the light emitting
diodes, and hence light intensity per light emitting diode
increases. It is therefore expected that the light emitting
diodes and their vicinities experience high temperature due to
heat generated from the light emitting diodes, resulting in a
fear of lowered light emission efficiency, degradation of the
light emitting diodes, and distortion and breakage of the
liquid crystal display device.

SUMMARY OF THE INVENTION

[0009] The present invention has been made in view of the
above-mentioned circumstances, and has an object of diffus-
ing heat generated from light emitting diodes efficiently in a
liquid crystal display device including a backlight unit that
irradiates an entire image formation region with light from the
light emitting diodes that are disposed in a concentrated man-
ner.

[0010] Representative aspects of the invention disclosed
herein are briefly outlined as follows.

[0011] (1) Thereis provided a liquid crystal display device,
including: a liquid crystal panel; and a backlight unit includ-
ing in order from the liquid crystal panel side: a reflection
sheet, which is disposed on a rear surface side of the liquid
crystal panel and is curved so as to have a concave surface

Jul. 26,2012

facing the liquid crystal panel; a light emitting diode substrate
on which a plurality of light emitting diodes are disposed
along a longitudinal direction; and a metal plate to which the
light emitting diode substrate is fixed, in which a length of the
metal plate in a width direction is larger than a length of the
light emitting diode substrate in the width direction.

[0012] (2) In the liquid crystal display device according to
the above-mentioned item (1), the metal plate includes, in a
front surface thereof, a light emitting diode substrate receiv-
ing portion for receiving the light emitting diode substrate.
[0013] (3) In the liquid crystal display device according to
the above-mentioned item (1) or (2), the reflection sheet is
fixed to the metal plate by a reflection sheet fixture in a region
on an outer side of the light emitting diode substrate in the
width direction.

[0014] (4) In the liquid crystal display device according to
the above-mentioned item (3), the metal plate includes, in a
rear surface thereof, a reflection sheet fixture receiving por-
tion for receiving a portion of the reflection sheet fixture
exposed to the rear surface side of the metal plate.

[0015] (5) In the liquid crystal display device according to
any one of the above-mentioned items (1) to (4), the light
emitting diode substrate is fixed to the metal plate by a light
emitting diode substrate fixture, and the light emitting diode
substrate includes a light emitting diode substrate fixture
receiving portion for receiving a portion of the light emitting
diode substrate fixture exposed to a front surface side of the
light emitting diode substrate.

[0016] (6) In the liquid crystal display device according to
any one of the above-mentioned items (1) to (5), the metal
plate is fixed to a housing for receiving the liquid crystal panel
and the backlight unit by a metal plate fixture, and the metal
plate includes, in a front surface thereof, a metal plate fixture
receiving portion for receiving a portion of the metal plate
fixture exposed to the front surface side of the metal plate.
[0017] (7) In the liquid crystal display device according to
the above-mentioned item (3) or (4), a center position of the
reflection sheet fixture in the longitudinal direction is in a
range between two of the plurality of light emitting diodes in
the longitudinal direction that are positioned close to the
reflection sheet fixture.

[0018] (8) In the liquid crystal display device according to
the above-mentioned item (7), the center position of the
reflection sheet fixture is disposed on a perpendicular bisector
to a segment connecting centers of the two of the plurality of
light emitting diodes that are positioned close to the reflection
sheet fixture.

[0019] According to the above-mentioned invention dis-
closed herein, it is possible to diffuse heat generated from the
light emitting diodes efficiently in the liquid crystal display
device including the backlight unit that irradiates the entire
image formation region with light from the light emitting
diodes that are disposed in a concentrated manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the accompanying drawings:

[0021] FIG. 1 is an exploded perspective view of a liquid
crystal display device according to an exemplary embodi-
ment of the present invention;

[0022] FIG. 2 is a schematic cross-sectional view of the
liquid crystal display device taken along the line II-II of FIG.
1

[0023] FIG. 3isadiagram illustrating a configuration of the
liquid crystal display device;
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[0024] FIG. 4 illustrates a circuit diagram of one pixel
formed in a liquid crystal panel;

[0025] FIG. 5is aview illustrating a reflection sheet, a light
emitting diode substrate, and a radiator plate of the liquid
crystal display device as viewed from the front surface side;
[0026] FIG. 6 is a partial enlarged cross-sectional view
taken along the line VI-VI of FIG. 5;

[0027] FIG. 7 is a partial enlarged cross-sectional view
taken along the line VII-VII of FIG. 5;

[0028] FIG. 8 is a partial enlarged cross-sectional view
taken along the line VIII-VIII of FIG. 5; and

[0029] FIG. 9 is a view illustrating a positional relation
between light emitting diodes and a reflection sheet fixture in
a region encircled by C of FIG. S.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Hereinafter, an exemplary embodiment of the
present invention is described with reference to the accom-
panying drawings.

[0031] FIG. 1 is an exploded perspective view of a liquid
crystal display device 1 according to this embodiment. As
illustrated in FIG. 1, the liquid crystal display device 1 is
assembled by arranging, in order from the front side, an upper
frame 2, a liquid crystal panel 3, an intermediate frame 4, an
optical sheet group 5, a reflection sheet 6, a light emitting
diode substrate 7, a radiator plate 8, and a lower frame 9. Note
that, the optical sheet group 5, the reflection sheet 6, the light
emitting diode substrate 7, and the radiator plate 8 together
constitute a backlight unit 10 that functions as a planar light
source for illuminating the liquid crystal panel 3 from the rear
surface side thereof. FIG. 1 illustrates only structural compo-
nents of the liquid crystal display device 1 and omits other
components, such as a control board and a speaker.

[0032] FIG. 2 is a schematic cross-sectional view of the
liquid crystal display device 1 taken along the line II-II of
FIG. 1. FIG. 2 illustrates a schematic cross-section of the
assembled liquid crystal display device 1. As illustrated in
FIG. 2, the liquid crystal display device 1 is structured to store
the liquid crystal panel 3 and the backlight unit 10 in an outer
frame formed of the upper frame 2 and the lower frame 9. The
intermediate frame 4 is provided between the liquid crystal
panel 3 and the backlight unit 10 so that the liquid crystal
panel 3 and the backlight unit 10 are retained independently.
The left side in FIG. 2 is the side where a user observes an
image, which is hereinafter referred to as front side, and the
surface facing the front side is referred to as front surface. The
opposite side of the front side is referred to as rear surface
side, and the surface facing the rear surface side is referred to
as rear surface.

[0033] Note that, the liquid crystal display device 1 exem-
plified in this embodiment is a television set. Therefore, the
liquid crystal display device 1 includes components for func-
tioning as a television set, such as a speaker 11 illustrated in
FIG. 2. Further, a control board 12 illustrated in FIG. 2
includes a power supply, a control circuit for the liquid crystal
panel 3, and a control circuit for the backlight unit 10, as well
as a circuit such as a tuner for receiving television broadcast.
Note that, the liquid crystal display device 1 is not necessarily
a television set, and may be a computer monitor, for example.
In this case, the liquid crystal display device 1 may omit the
components for functioning as a television set.

[0034] The upper frame 2 and the lower frame 9 constitute
a housing for storing the liquid crystal panel 3 and the back-
light unit 10, and it is preferred that the upper frame 2 and the
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lower frame 9 be formed of a lightweight material having high
rigidity. Examples of the material that maybe used for the
upper frame 2 and the lower frame 9 are metals, such as a steel
plate, an aluminum alloy, and a magnesium alloy, FRP, and
various kinds of synthetic resins. It is particularly preferred
that the lower frame 9 be formed of a material having high
heat conductivity in order to dissipate the heat generated due
to light emission of the light emitting diodes efficiently, which
is conducted from the light emitting diode substrate 7 via the
radiator plate 8. In this embodiment, a steel plate is used. The
material of the upper frame 2 may be the same as that of the
lower frame 9 or may be different, and can be determined as
appropriate considering the size, intended use, appearance,
weight, and other factors of the liquid crystal display device 1.
A buffer 2a is provided on the surface of the upper frame 2
facing the liquid crystal panel 3, so as to mitigate the shock
occurring when the liquid crystal panel 3 swings due to vibra-
tion or the like and comes in contact with the upper frame 2.
As the buffer 24, an appropriate rubber, resin, sponge, or the
like is used. It is to be understood that the support and buffer
structure of the liquid crystal panel 3 described herein is an
example.

[0035] The intermediate frame 4 is a member that retains
the liquid crystal panel 3 and the backlight unit 10 indepen-
dently in a separate manner. On the front surface of the
intermediate frame 4, a buffer 4a is provided so as to mitigate
the shock occurring when the liquid crystal panel 3 swings
and comes in contact with the intermediate frame 4. As the
buffer 4a, an appropriate rubber, resin, sponge, or the like is
used. Note that, the structure of the intermediate frame 4
described herein is an example. The intermediate frame 4 may
employ any structure that appropriately supports the liquid
crystal panel 3 and the backlight unit 10, and may be omitted
as occasion demands.

[0036] The material of the intermediate frame 4 is not par-
ticularly limited, either, but it is preferred to use a synthetic
resin in terms of moldability and cost. In this embodiment,
polycarbonate is used in terms of strength, but the material is
not always limited thereto. As in fiber reinforced plastic
(FRP), a reinforcing material may be mixed into a synthetic
resin. It is also preferred that the intermediate frame 4 have
light blocking effect and therefore be in black or dark color.
The coloring of the intermediate frame 4 may be attained by
a black or dark color material itself or by coating the surface
of the intermediate frame 4. In this embodiment, the interme-
diate frame 4 is obtained by molding polycarbonate that is
colored in black or dark color.

[0037] The backlight unit 10 includes the optical sheet
group 5, the reflection sheet 6, the light emitting diode sub-
strate 7, and the radiator plate 8. The light emitting diode
substrate 7 of this embodiment is an elongated substrate on
which a plurality of light emitting diodes 13 are mounted in
line, and is provided so that a longitudinal direction of the
light emitting diode substrate 7 is aligned with a longitudinal
direction of the liquid crystal display device 1. The light
emitting diode substrate 7 is fixed to the radiator plate 8. The
reflection sheet 6 is a member for reflecting light from the
light emitting diodes 13 to irradiate the rear surface of the
liquid crystal panel 3 with light uniformly. The reflection
sheet 6 has a curved cross-section as illustrated in FIG. 2.
With such shape, light beams from the light emitting diodes
13 enter the optical sheet group 5 directly as indicated by
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arrows 14 of FIG. 2 or enter the optical sheet group 5 after
reflected by the reflection sheet 6 as indicated by arrows 15 of
FIG. 2.

[0038] The reflection sheet 6 and the optical sheet group 5
each have the size corresponding to the liquid crystal panel 3.
Therefore, the liquid crystal panel 3 is illuminated with light
uniformly from the rear surface side thereof. Here, the light
emitting diode 13 includes a light emitting diode element and
a lens which is disposed on the front surface side of the light
emitting diode element. The light emitting diode element of
this embodiment is a so-called light emitting diode package in
which a light emitting diode chip is sealed with a sealing
resin, and is mounted onto the light emitting diode substrate 7.
However, this is not a limitation, and as another example, a
light emitting diode chip may be formed directly on the light
emitting diode substrate 7. The lens is an optical component
for diffusing light beams emitted from the light emitting
diode 13 so as to obtain illumination with uniform brightness
over a display region of the liquid crystal panel 3.

[0039] The reflection sheet 6 has the size corresponding to
the liquid crystal panel 3 as described above, and has a curved
shape to be recessed as viewed from the front surface side.
The reflection sheet 6 is provided with holes at positions at
which the light emitting diodes 13 are disposed, so as to
expose the light emitting diodes 13 to the front surface side of
the reflection sheet 6. The material of the reflection sheet 6 is
not particularly limited, and a white reflection sheet using a
PET resin or the like or a mirror finish reflection sheet maybe
used. In this embodiment, a white reflection sheet is used. The
optical sheet group 5 is a plurality of optical films including a
diffusion sheet for diffusing light entering from the light
emitting diodes 13, a prism sheet for refracting light beams
toward the front surface side, and the like.

[0040] The light emitting diode substrate 7 is an elongated
substrate on which the plurality of light emitting diodes 13 are
mounted. The plurality of light emitting diodes 13 are dis-
posed along one direction, here, a direction parallel to the
long sides of the liquid crystal display device 1. Note that,
how to array the light emitting diodes 13 is not particularly
limited, but in this embodiment, the light emitting diodes 13
are disposed in two rows in a staggered manner. The details
are described later. As to the size of the light emitting diode
substrate 7, the length in the longitudinal direction thereof is
slightly shorter than the length of the liquid crystal panel 3 in
a corresponding direction, specifically about 70% to 80% in
this embodiment. The length in a width direction thereof
(direction orthogonal to the longitudinal direction) is shorter
than the length of the liquid crystal panel 3 in a corresponding
direction, preferably half the length or less, and about 10% to
20% in this embodiment. Further, the material of the light
emitting diode substrate 7 is not particularly limited as long as
the material is an insulating material, and the light emitting
diode substrate 7 may be formed of an insulating material
such as glass epoxy, paper phenol, and paper epoxy or may be
formed of a metal with insulating coating. Note that, herein-
after, the longitudinal direction of the light emitting diode
substrate 7, namely the direction in which the light emitting
diodes 13 are arrayed, is referred to as longitudinal direction,
and the direction within a plane of the light emitting diode
substrate 7 and orthogonal to the longitudinal direction is
referred to as width direction. Further, the above-mentioned
specific dimensions of the light emitting diode substrate 7 are
an example, and maybe changed as appropriate depending on
design of the liquid crystal display device 1. In this embodi-
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ment, the longitudinal direction is the direction parallel to the
long sides of the liquid crystal display device 1, but instead, a
direction parallel to the short sides of the liquid crystal display
device 1 may be the longitudinal direction.

[0041] Theradiator plate 8 is a metal plate to which the light
emitting diode substrate 7 is mounted and which retains the
reflection sheet 6. The radiator plate 8 itself is fixed to the
lower frame 9. It is preferred that the material of the radiator
plate 8 be high in thermal conductivity, and various kinds of
metal and alloy may be suitable for use. In this embodiment,
aluminum is used. A molding method for the radiator plate 8
is not particularly limited, and any method such as pressing
and cutting may be used. In this embodiment, the radiator
plate 8 is obtained by an extrusion molding method.

[0042] FIG. 3 is a configuration diagram illustrating a con-
figuration of the liquid crystal display device 1. Referring to
FIG. 3, functions of respective members of the liquid crystal
display device 1 are described below.

[0043] The liquid crystal panel 3 has a rectangular shape,
the lengths of which in the lateral direction and the vertical
direction are determined depending on the intended use of the
liquid crystal display device 1. The liquid crystal panel 3 may
have a horizontally-elongated shape (the length in the lateral
direction is longer than the length in the vertical direction) or
avertically-elongated shape (the length in the lateral direction
is shorter than the length in the vertical direction). Alterna-
tively, the lengths in the lateral direction and the vertical
direction may be equal to each other. In this embodiment, the
liquid crystal display device 1 is assumed to be used for a
television set, and hence the liquid crystal panel 3 has a
horizontally-elongated shape.

[0044] The liquid crystal panel 3 includes a pair of trans-
parent substrates. On a TFT substrate as one of the transparent
substrates, a plurality of video signal lines Y and a plurality of
scanning signal lines X are formed. The video signal lines Y
and the scanning signal lines X are provided orthogonal to
each other to form a grid pattern. A region surrounded by
adjacent two video signal lines Y and adjacent two scanning
signal lines X corresponds to one pixel.

[0045] FIG. 4 illustrates a circuit diagram of one pixel
formed in the liquid crystal panel 3. In FIG. 4, a region
surrounded by video signal lines Yn and Yn+1 and scanning
signal lines Xn and Xn+1 corresponds to one pixel. The pixel
focused here is driven by the video signal line Yn and the
scanning signal line Xn. On the TFT substrate side of each of
the pixels, a thin film transistor (TFT) 3a is provided. The
TFT 3a is turned ON by a scanning signal input from the
scanning signal line Xn. The video signal line Yn applies a
voltage (signal representing a gradation value for each pixel)
to a pixel electrode 35 of the pixel via the ON-state TFT 3a.
[0046] On the other hand, a color filter is formed on a color
filter substrate as the other of the transparent substrates and a
liquid crystal 3¢ is sealed between the TFT substrate and the
color filter substrate. Then, a common electrode 34 is formed
so as to form a capacitance with the pixel electrode 35 via the
liquid crystal 3¢. The common electrode 3d is electrically
connected to a common potential. Accordingly, depending on
the voltage applied to the pixel electrode 35, an electric field
between the pixel electrode 35 and the common electrode 34
changes, thereby changing the orientation state of the liquid
crystal 3¢ to control the polarization state of light beams
passing through the liquid crystal panel 3. Polarization filters
are respectively adhered to a display surface of the liquid
crystal panel 3 and a rear surface thereof, which is the oppo-
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site surface of the display surface. With this, each pixel
formed in the liquid crystal panel 3 functions as an element
that controls light transmittance. Then, the light transmittance
of each pixel is controlled in accordance with input image
data, to thereby form an image. Therefore, in the liquid crystal
panel 3, a region in which the pixels are formed is an image
formation region.

[0047] Note that, the common electrode 3d may be pro-
vided in either the TFT substrate or the color filter substrate.
How to dispose the common electrode 3d depends on the
liquid crystal driving mode. For example, in an in-plane
switching (IPS) mode, the common electrode 3d is provided
on the TFT substrate. In a vertical alignment (VA) mode or a
twisted nematic (TN) mode, the common electrode is pro-
vided on the color filter substrate. This embodiment uses the
IPS mode, where the common electrode 3d is provided on the
TFT substrate. Further, the transparent substrates of this
embodiment are formed of glass, but other materials such as
a resin may be used.

[0048] Returning to FIG. 3, into a control device 16, video
data received by a tuner or an antenna (not shown) or video
data generated in a different device such as a video reproduc-
ing device is input. The control device 16 may be a micro-
computer including a central processing unit (CPU) and a
memory such as a read only memory (ROM) and a random
access memory (RAM). The control device 16 performs vari-
ous types of image processing, such as color adjustment, with
respect to the input video data, and generates a video signal
representing a gradation value for each of the pixels. The
control device 16 outputs the generated video signal to a
video line drive circuit 174. Further, the control device 16
generates, based on the input video data, a timing signal for
synchronizing the video line drive circuit 175, a scanning line
drive circuit 17a, and a backlight drive circuit 18, and outputs
the generated timing signal to the respective drive circuits.
Note that, the present invention is not intended to limit the
form of the control device 16 particularly. For example, the
control device 16 may be constituted by a plurality of large
scale integrations (LSIs) or a single LSI. Further, the control
device 16 may not be configured to synchronize between the
backlight drive circuit 18 and the other circuits.

[0049] The backlight drive circuit 18 is a circuit for supply-
ing a current necessary for the plurality of light emitting
diodes 13 which are light sources of the backlight unit 10. In
this embodiment, the control device 16 generates a signal for
controlling brightness of the light emitting diode 13 based on
input video data, and outputs the generated signal toward the
backlight drive circuit 18. Then, in accordance with the gen-
erated signal, the backlight drive circuit 18 controls an
amount of current flowing through the light emitting diode
and adjust the brightness of the light emitting diode 13. The
brightness of the light emitting diodes 13 may be adjusted for
each of the light emitting diodes 13, or the plurality of light
emitting diodes 13 may be divided into some groups and the
brightness may be adjusted for each of the groups. Note that,
as amethod of controlling the brightness of the light emitting
diode 13, a pulse width modulation (PWM) method may be
employed, in which the brightness is controlled based on a
light emission period with a constant current amount. As an
alternative method, the current amount may be set constant so
as to obtain light with constant light intensity, without con-
trolling the brightness of the light emitting diode 13.

[0050] The scanning line drive circuit 17a is connected to
the scanning signal lines X formed on the TFT substrate. The
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scanning line drive circuit 17a selects one of the scanning
signal lines X in order in response to the timing signal input
from the control device 16, and the selected scanning signal
line X is applied with a voltage. When the voltage is applied
to the scanning signal line X, the TFTs connected to the
scanning signal line X are turned ON.

[0051] The video line drive circuit 175 is connected to the
video signal lines Y formed on the TFT substrate. In confor-
mity to the selection of the scanning signal line X by the
scanning line drive circuit 174, the video line drive circuit 176
applies, to each of the TFTs provided to the selected scanning
signal line X, a voltage corresponding to the video signal
representing the gradation value of each of the pixels.
[0052] Note that, in this embodiment, the control device 16
and the backlight drive circuit 18 illustrated in FIG. 3 are both
formed on the control board 12 of FIG. 2. Further, a liquid
crystal panel drive circuit 17 constituted by the scanning line
drive circuit 17a and the video line drive circuit 175 is formed
on flexible printed circuits (FPCs) electrically connected to
the liquid crystal panel 3 (FIG. 3), or formed on a substrate
constituting the liquid crystal panel 3 (so-called system-on-
glass (SOG)). Note that, the arrangement described above is
an example, and the respective circuits are provided at any
portions.

[0053] FIG.5isaview illustrating the reflection sheet 6, the
light emitting diode substrate 7, and the radiator plate 8 of the
liquid crystal display device 1 as viewed from the front sur-
face side. Note that, in FIG. 5, portions of the light emitting
diode substrate 7 and the radiator plate 8 which are hidden
behind the reflection sheet 6 are illustrated by broken lines.
[0054] On the periphery of the reflection sheet 6, an appro-
priate number of fixing portions 6a protruding in a tongue
shape are provided at appropriate intervals. The fixing por-
tions 6a are used for fixing a peripheral portion of the reflec-
tion sheet 6, and in this embodiment, the fixing portions 6a are
each provided with a hole for hooking therein a protrusion
(not shown) provided to the intermediate frame 4 for fixation.
However, the structure of fixing the peripheral portion of the
reflection sheet 6 may be of any type.

[0055] Further, in a region of the center portion of the
reflection sheet 6 in the width direction, holes 65 for exposing
the light emitting diodes 13 to the front surface side of the
reflection sheet 6 are provided corresponding to the array of
the light emitting diodes 13. As illustrated in FIG. 5, the light
emitting diodes 13 and the holes 65 are arrayed along the
longitudinal direction. In this embodiment, the light emitting
diodes 13 and the holes 65 are arrayed in two rows in the
width direction, and the light emitting diodes 13 and the holes
65 belonging to different rows are arrayed in a staggered
manner as illustrated in FIG. 5. Further, the array density of
the light emitting diodes 13 is high around the center portion
of the reflection sheet 6 in the longitudinal direction and low
in the vicinity of both end portions thereof. That is, the inter-
val between adjacent light emitting diodes 13 is larger in the
peripheral portion of the image formation region than in the
center portion of the image formation region. Note that, in
FIG. 5, only representative one of the light emitting diodes 13
and only representative one of the holes 65 are denoted by
symbols.

[0056] In this embodiment, the light emitting diode sub-
strate 7 is divided into two at a position corresponding to the
center of the image formation region, and two light emitting
diode substrates 7 having the same shape are disposed at
rotationally symmetric positions by one-eighty. This struc-
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ture reduces the length per light emitting diode substrate 7,
thus enabling the use of a compact apparatus for manufactur-
ing the light emitting diode substrate 7 and a compact
mounter for mounting the light emitting diode 13. However,
dividing the light emitting diode substrate 7 is an option. The
light emitting diode substrate 7 may be a single continuous
substrate without being divided or may be divided into three
or more substrates.

[0057] Thelight emitting diode substrate 7 is fixed onto the
radiator plate 8, the length of which in the width direction is
larger than that of the light emitting diode substrate 7. In the
liquid crystal display device 1 according to this embodiment,
the light emitting diodes 13 are disposed in a concentrated
manner in the vicinity of the center of the liquid crystal
display device 1 in the width direction. The entire image
formation region is irradiated by the light emitting diodes 13
that are disposed in a concentrated manner, and hence light
intensity of each light emitting diode 13 is large. Accordingly,
the amount of generated heat per unit area in the region where
the light emitting diodes 13 are disposed is increased. In order
to dissipate the heat efficiently, the area of the radiator plate 8
having superior heat conductivity is increased to be larger
than that of the light emitting diode substrate 7. The reflection
sheet 6 is fixed to the radiator plate 8 by reflection sheet
fixtures 19 in the vicinity of the center in the width direction.
[0058] FIG. 6 is a partial enlarged cross-sectional view
taken along the line VI-VI of FIG. 5. In FIG. 6, the lower
frame 9 is also illustrated. The left side in FIG. 6 is the front
surface side, and the right side in FIG. 6 is the rear surface
side.

[0059] The radiator plate 8 includes a light emitting diode
substrate receiving portion 8a, which is a recess portion
formed by steps provided to the front surface thereof. The
light emitting diode substrate receiving portion 8a is a recess
for receiving the light emitting diode substrate 7, the length of
which in the width direction is substantially the same as or
slightly larger than the length of the light emitting diode
substrate 7 in the width direction. Further, the depth of the
light emitting diode substrate receiving portion 8a, namely
the height of the steps forming the light emitting diode sub-
strate receiving portion 8a, is substantially equal to the thick-
ness of the light emitting diode substrate 7, preferably within
+0.5 mm with respect to the thickness of the light emitting
diode substrate 7. With this, the front surface of the light
emitting diode substrate 7 is substantially flush with the front
surface of the radiator plate 8 on the outer side of the light
emitting diode substrate 7 in the width direction.

[0060] FIG. 6 also illustrates how the light emitting diode
13 mounted on the light emitting diode substrate 7 passes
through the hole 65 provided in the reflection sheet 6 and is
exposed to the front surface side of the reflection sheet 6. The
reflection sheet 6 is further provided with a fixing hole 6c.
With the reflection sheet fixture 19 passing through the fixing
hole 6¢, the reflection sheet 6 is fixed to the radiator plate 8 in
a region on the outer side of the light emitting diode substrate
7 in the width direction.

[0061] The size of the fixing hole 6¢ is slightly larger than
the cross section of a passing portion of the reflection sheet
fixture 19, in order to allow for a relative change in dimen-
sions of the respective members caused by different linear
expansion coefficients when the light emitting diode 13 gen-
erates heat to undergo thermal expansion. Further, the front
surface of the light emitting diode substrate 7 and the front
surface of the radiator plate 8 are substantially flush with each
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other, and hence, on the front surface side thereof, the reflec-
tion sheet 6 is retained flat without waving.

[0062] The reflection sheet fixture 19 may be of any type
and is not particularly limited. In this embodiment, a fixing
pin having a snap-in mechanism is used as illustrated in FIG.
6, which facilitates fixation of the reflection sheet 6. It is
preferred that the material of the reflection sheet fixture 19 be
the same as that of the reflection sheet 6 or be a similar white
synthetic resin. This minimizes brightness unevenness at the
position where the reflection sheet fixture 19 is disposed.
Further, the height of a portion of the reflection sheet fixture
19 on the front surface side, namely a so-called head portion
of'the fixing pin, is set to be small as much as possible so that
the position of the front surface of the reflection sheet fixture
19 is located on the rear surface side with respect to the
position of the front surface of the light emitting diode 13.
This prevents a shaded region which is not irradiated with
sufficient light from the light emitting diode 13 from being
formed on the outer side of the reflection sheet fixture 19 in
the width direction.

[0063] Theradiatorplate 8 is further provided with a reflec-
tion sheet fixture receiving portion 86 which is a recess por-
tion in the rear surface of the radiator plate 8 at the position
where the reflection sheet fixture 19 is disposed. The reflec-
tion sheet fixture receiving portion 84 is a recess for receiving
a portion of the reflection sheet fixture 19 exposed to the rear
surface side of the radiator plate 8, namely a hook portion of
the snap. Then, the position of a rear-surface side end portion
of the reflection sheet fixture 19 (position indicated by A of
FIG. 6) does not protrude to the rear surface side with respect
to the position of a rear-surface side end portion of the radiator
plate 8 (position indicated by B of FIG. 6), but positioned on
the front surface side. With this, the reflection sheet fixture 19
and the lower frame 9 do not interfere with each other.
[0064] FIG. 7 is a partial enlarged cross-sectional view
taken along the line VII-VII of FIG. 5. The left side in FIG. 7
is the front surface side, and the right side in FIG. 7 is the rear
surface side.

[0065] As illustrated in FIG. 7, the light emitting diode
substrate 7 is fixed to the radiator plate 8 by a light emitting
diode substrate fixture 7a. In this embodiment, the light emit-
ting diode substrate fixture 7a is a screw. Then, in a region in
which the light emitting diode substrate fixture 7a is disposed,
the front surface of the light emitting diode substrate 7 is
provided with a light emitting diode substrate fixture receiv-
ing portion 76 which is a step. The light emitting diode
substrate fixture receiving portion 75 receives a portion of the
light emitting diode substrate fixture 7a exposed toward the
front surface side of the light emitting diode substrate 7. This
enables the position of the front surface of the light emitting
diode substrate fixture 7a to be offset toward the rear surface
side, to thereby reduce the amount by which the light emitting
diode substrate fixture 7a protrudes toward the front surface
side of the light emitting diode substrate 7. With this, the
reflection sheet 6 is prevented from contacting the light emit-
ting diode substrate fixture 7a and thus prevented from wav-
ing.

[0066] FIG. 8 is a partial enlarged cross-sectional view
taken along the line VIII-VIII of FIG. 5. The left side in FIG.
8 is the front surface side, and the right side in FIG. 8 is the
rear surface side.

[0067] As illustrated in FIG. 8, the radiator plate 8 is fixed
to the lower frame 9 by a radiator plate fixture 8c. In this
embodiment, the radiator plate fixture 8¢ is a screw. Then, in
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a region in which the radiator plate fixture 8¢ is disposed, the
front surface of the radiator plate 8 is provided with a radiator
plate fixture receiving portion 84 which is a recess portion.
The radiator plate fixture receiving portion 8d receives a
portion of the radiator plate fixture 8¢ exposed toward the
front surface side of the radiator plate 8. With this, the posi-
tions of the front surface of the radiator plate fixture 8¢ is on
the rear surface side of the position of the front surface of the
radiator plate, and the reflection sheet 6 is prevented from
contacting the radiator plate fixtures 8¢ and thus prevented
from waving.

[0068] Further, in a region of the lower frame 9 correspond-
ing to the light emitting diode substrate 7, a radiator plate
contact portion 9a, which is a convex portion protruding
toward the front surface side, is provided. The radiator plate
contact portion 9a contacts the rear surface of the radiator
plate 8, to thereby diffuse heat generated by the light emitting
diodes 13 to the outside on the rear surface side of the lower
frame 9 by heat transfer. In this embodiment, the heat is
cooled by natural convection.

[0069] Subsequently, a positional relation between the
reflection sheet fixture 19 and the light emitting diodes 13 is
described. FIG. 9 is a view illustrating the positional relation
between the light emitting diodes 13 and the reflection sheet
fixture 19 in a region encircled by C of FIG. 5. FIG. 9 illus-
trates a planar positional relation between the light emitting
diodes 13 and the reflection sheet fixture 19 as viewed from
the front surface side. The lateral direction in FIG. 9 is the
longitudinal direction, and the vertical direction in FIG. 9 is
the width direction.

[0070] As described above, the head portion of the reflec-
tion sheet fixture 19 protrudes toward the front surface side
from the reflection sheet 6 (see FIG. 6), and hence, if the
reflection sheet fixture 19 is disposed close to the light emit-
ting diodes 13, a shaded region which is not irradiated with
sufficient light is formed in a region on the opposite side of the
light emitting diodes 13 with respect to the reflection sheet
fixture 19, resulting in a fear that brightness unevenness
occurs. It is therefore desired to dispose the reflection sheet
fixture 19 further from the light emitting diodes 13 as much as
possible in design. In view of the above, in this embodiment,
the position of the reflection sheet fixture 19 in the longitu-
dinal direction is shifted from the position of the light emit-
ting diode 13 in the longitudinal direction so that the position
of the reflection sheet fixture 19 and the position of the light
emitting diode 13 do not overlap each other in the width
direction. To be exact, a center position 194 of the reflection
sheet fixture 19 in the longitudinal direction is in a range
between two light emitting diodes 13 in the longitudinal
direction that are positioned close to the reflection sheet fix-
ture 19. The range between two light emitting diodes 13 in the
longitudinal direction is a range indicated by D of FIG. 9, and
refers to a range between near ends of the two light emitting
diodes in the longitudinal direction. Further, the arrangement
in which the reflection sheet fixture 19 is furthest from the
light emitting diodes 13 is such that the center position 19a of
the reflection sheet fixture 19 is disposed on a perpendicular
bisector F to a segment E connecting the centers of two light
emitting diodes 13 that are present close to the reflection sheet
fixture 19. In this embodiment, the reflection sheet fixture 19
is disposed as described above.
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[0071] Note that, the embodiment described above is a
specific example for describing the present invention, and the
present invention is not intended to be limited to the embodi-
ment.

[0072] For example, in the embodiment, the light emitting
diode 13 includes the lens, but the lens is not always necessary
when light emitted from the light emitting diode element
diffuses sufficiently. Further, in the embodiment, the liquid
crystal display device 1 is structured to have only a single
light emitting diode substrate 7 at the center of the liquid
crystal display device 1 in the width direction, but maybe
structured to have two or more light emitting diode substrates
7 which are disposed side by side in the width direction
thereof. Still further, the number and arrangement of the light
emitting diodes 13 and the number, shape, and arrangement
of other members are not limited to the ones described in the
embodiment, and an appropriate number, shape, and arrange-
ment are intended to be optimized as necessary.

[0073] In other words, while there have been described
what are at present considered to be certain embodiments of
the invention, it will be understood that various modifications
may be made thereto, and it is intended that the appended
claims cover all such modifications as fall within the true
spirit and scope of the invention.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal panel; and

a backlight unit comprising in order from the liquid crystal

panel side:

a reflection sheet, which is disposed on a rear surface
side of the liquid crystal panel and is curved so as to
have a concave surface facing the liquid crystal panel;

a light emitting diode substrate on which a plurality of
light emitting diodes are disposed along a longitudi-
nal direction; and

a metal plate to which the light emitting diode substrate
is fixed,

wherein a length of the metal plate in a width direction is

larger than a length of the light emitting diode substrate

in the width direction.

2. The liquid crystal display device according to claim 1,
wherein the metal plate comprises, in a front surface thereof,
a light emitting diode substrate receiving portion for receiv-
ing the light emitting diode substrate.

3. The liquid crystal display device according to claim 1,
wherein the reflection sheet is fixed to the metal plate by a
reflection sheet fixture in a region on an outer side of the light
emitting diode substrate in the width direction.

4. The liquid crystal display device according to claim 3,
wherein the metal plate comprises, in a rear surface thereof, a
reflection sheet fixture receiving portion for receiving a por-
tion of the reflection sheet fixture exposed to the rear surface
side of the metal plate.

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

the light emitting diode substrate is fixed to the metal plate

by a light emitting diode substrate fixture; and

the light emitting diode substrate comprises a light emit-

ting diode substrate fixture receiving portion for receiv-

ing a portion of the light emitting diode substrate fixture
exposed to a front surface side ofthe light emitting diode
substrate.

6. The liquid crystal display device according to claim 1,
wherein:
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the metal plate is fixed to a housing for receiving the liquid
crystal panel and the backlight unit by a metal plate
fixture; and

the metal plate comprises, in a front surface thereof, a metal
plate fixture receiving portion for receiving a portion of
the metal plate fixture exposed to the front surface side

of the metal plate.
7. The liquid crystal display device according to claim 3,
wherein a center position of the reflection sheet fixture in the
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longitudinal direction is in a range between two of the plu-
rality of light emitting diodes in the longitudinal direction that
are positioned close to the reflection sheet fixture.

8. The liquid crystal display device according to claim 7,
wherein the center position of the reflection sheet fixture is
disposed on a perpendicular bisector to a segment connecting
centers of the two of the plurality of light emitting diodes that
are positioned close to the reflection sheet fixture.
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