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Provided is a liquid crystal display device (1) with increased
light use efficiency and thin frame on the side on which the
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ate frame (9), which includes a plurality of protruding por-
tions that protrude to an exiting surface side of the light guide
(22) Filed: Dec. 21,2011 plate (12); and an end portion reflection sheet (14), which is
disposed on an exiting surface side of the intermediate frame
(9) and adjacent to the plurality of protruding portions,
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includes tongue-shaped portions each extending between
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2010-287202 filed on Dec. 24, 2010, 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 2009-301912 A describes a liquid crystal display

device including a backlight unit that allows light beams from
a light emitting diode light source to enter through the side
surface of a light guide plate and performs optical path con-
version to emit planar illumination light to a liquid crystal
display panel. JP 2009-301912 A illustrates the structure in
which a reflection sheet is disposed over the rear surface of the
light guide plate including the light emitting diode light
source, and a rim sheet having functions of light shielding and
reflection is provided just above the light emitting diode light
source through the intermediation of an optical sheet such as
a prism sheet (FIG. 3).

[0006] Inthe structure of the backlight unit described in JP
2009-301912 A, part of the light emitted from the light emit-
ting diode light source propagates through the optical sheet
rather than the light guide plate, and hence light beams leak
out to cause brightness unevenness or lower light use effi-
ciency. To address the problem, it is conceivable that a sheet
having a reflection function is adhered directly onto the top
surface of an end portion of the light guide plate without the
intermediation of an optical sheet, so as to be positioned just
above the light emitting diode light source.

[0007] However, simply adhering the sheet having the
reflection function onto the top surface of the end portion of
the light guide plate requires a large margin to adhere.
Accordingly, the liquid crystal display device needs a thick
frame on the side on which the light emitting diode light
source is disposed.

SUMMARY OF THE INVENTION

[0008] The present invention has been made in view of the
above-mentioned viewpoint, and has an object of preventing
light leakage from a light emitting diode to increase light use
efficiency in a liquid crystal display device and thinning a
frame of the liquid crystal display device even on the side on
which the light emitting diode is disposed.

[0009] Representative aspects of the invention disclosed
herein are briefly outlined as follows.

[0010] (1) Thereis provided a liquid crystal display device,
including: a liquid crystal panel; a backlight unit including a
light guide plate and light emitting diodes, the light emitting
diodes being opposed to an incident surface of the light guide
plate, which is at least one side surface of the light guide plate,
and being disposed side by side in a longitudinal direction of
the incident surface; an intermediate frame, which includes a
plurality of protruding portions that protrude to an exiting
surface side of the light guide plate, and is disposed between
the liquid crystal panel and the backlight unit; and an end
portion reflection sheet, which is disposed on an exiting sur-
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face side of the intermediate frame and adjacent to the plu-
rality of protruding portions, extends in an array direction of
the light emitting diodes, and includes tongue-shaped por-
tions each extending between adjacent ones of the plurality of
protruding portions.

[0011] (2) In the liquid crystal display device according to
the above-mentioned item (1), the plurality of protruding
portions are arrayed intermittently along the array direction
of the light emitting diodes, and are provided on a light
incident direction side of the incident surface with respect to
the incident surface of the light guide plate.

[0012] (3) The liquid crystal display device according to the
above-mentioned item (1) or (2) further includes shielding
portions for shielding light, each of which is disposed
between the adjacent ones of the plurality of protruding por-
tions in a region on a light incident direction side of the
incident surface.

[0013] (4) In the liquid crystal display device according to
any one of the above-mentioned items (1) to (3), the interme-
diate frame further includes second protruding portions,
which are adapted to contact the light guide plate at positions
corresponding to four corners of the light guide plate, the
second protruding portions being larger in size than the plu-
rality of protruding portions.

[0014] (5) In the liquid crystal display device according to
any one of the above-mentioned items (1) to (4), the end
portion reflection sheet further includes a portion extending
out of the intermediate frame in a direction opposite to a light
incident direction of the incident surface.

[0015] According to the above-mentioned invention dis-
closed herein, it is possible to prevent light leakage from the
light emitting diode to increase light use efficiency in the
liquid crystal display device and thin the frame of the liquid
crystal display device even on the side on which the light
emitting diode is disposed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the accompanying drawings:

[0017] FIG. 1 is a diagram illustrating a configuration of a
liquid crystal display device according to a first embodiment
of the present invention;

[0018] FIG. 2 illustrates a circuit diagram of one pixel
formed in a liquid crystal panel;

[0019] FIG. 3is an exploded perspective view of the liquid
crystal display device;

[0020] FIG. 4isa partial enlarged view illustrating an inter-
mediate frame and an end portion reflection sheet adhered to
the intermediate frame as viewed from the direction A illus-
trated in FIG. 3;

[0021] FIG. 5is a cross-sectional view of the liquid crystal
display device taken along the line B-B of FIG. 4;

[0022] FIG. 6 is a cross-sectional view of the liquid crystal
display device taken along the line C-C of FIG. 4;

[0023] FIG. 7 is a view illustrating a positional relation
among the intermediate frame, a light guide plate, and an
optical sheet of the liquid crystal display device in plan view;
[0024] FIG. 8isa partial enlarged view illustrating an inter-
mediate frame and an end portion reflection sheet adhered to
the intermediate frame as viewed from the direction A illus-
trated in FIG. 3 in a liquid crystal display device according to
a second embodiment of the present invention;

[0025] FIG. 9 is a cross-sectional view of the liquid crystal
display device taken along the line C-C of FIG. 8; and
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[0026] FIG. 10 is a cross-sectional view of a liquid crystal
display device according to a third embodiment of the present
invention taken along the line B-B of FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Hereinafter, referring to FIGS. 1 to 7, a first embodi-
ment of the present invention is described.

[0028] FIG. 1 is a diagram illustrating a configuration of a
liquid crystal display device 1 according to the first embodi-
ment of the present invention. As illustrated in FIG. 1, the
liquid crystal display device 1 includes a control device 2, a
liquid crystal panel 3, and a liquid crystal panel drive circuit
4. The liquid crystal panel drive circuit 4 includes a scanning
line drive circuit 4a and a video line drive circuit 4b. Further,
the liquid crystal display device 1 includes a backlight unit 5
and a backlight drive circuit 6.

[0029] 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 may
have a vertically-elongated shape (the length in the lateral
direction is shorter than the length in the vertical direction) or
a horizontally-elongated shape (the length in the lateral direc-
tion is longer than the length in the vertical direction). Alter-
natively, 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.

[0030] 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.

[0031] FIG. 2 illustrates a circuit diagram of one pixel
formed in the liquid crystal panel 3. In FIG. 2, 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.
[0032] 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 3d 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 acommon potential. Accordingly, depending on
the voltage applied to the pixel electrode 35, an electric field
between the pixel electrode 35 and the common electrode 3d
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-
site surface of the display surface. With this, the liquid crystal
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panel 3 functions as a light shutter that controls, for each
pixel, the transmission amount of a light beam passing
through the each pixel.

[0033] 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 34 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.

[0034] Into the control device 2, video data received by a
tuner or an antenna (not shown) or video data generated in a
different device such as a video reproducing device is input.
The control device 2 may be a microcomputer 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 2 performs various types of image pro-
cessing, such as color adjustment, with respect to the input
video data, and generates a video signal representing a gra-
dation value for each of the pixels. The control device 2
outputs the generated video signal to the video line drive
circuit 4b. Further, the control device 2 generates, based on
the input video data, a timing signal for synchronizing the
video line drive circuit 45, the scanning line drive circuit 4a,
and the backlight drive circuit 6, 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 2 particularly. For example, the control device
2 may be constituted by a plurality of LSIs or a single LSI.
Further, the control device 2 may not be configured to syn-
chronize between the backlight drive circuit 6 and the other
circuits.

[0035] As described later, this embodiment uses a plurality
of light emitting diodes as light sources of the backlight unit
5, and the backlight drive circuit 6 is a circuit for supplying a
current necessary for the plurality of light emitting diodes. In
this embodiment, the control device 2 generates a signal for
controlling brightness of the light emitting diode based on
input video data, and outputs the generated signal toward the
backlight drive circuit 6. Then, in accordance with the gen-
erated signal, the backlight drive circuit 6 controls an amount
of current flowing through the light emitting diode and adjust
the brightness of the light emitting diode. Note that, the back-
light drive circuit 6 may supply a constant current to the light
emitting diode all the time.

[0036] Thescanning line drive circuit4a is connected to the
scanning signal lines X formed on the TFT substrate. The
scanning line drive circuit 4a selects one of the scanning
signal lines X in order in response to the timing signal input
from the control device 2, 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.

[0037] The video line drive circuit 45 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 4a, the video line drive circuit 45
applies, to each of the TFT's provided to the selected scanning



US 2012/0162569 Al

signal line X, a voltage corresponding to the video signal
representing the gradation value of each of the pixels.
[0038] The backlight unit 5 is provided on the rear surface
side of the liquid crystal panel 3. The backlight unit 5 also has
a rectangular shape, and the size thereof is set accordingly to
that of the liquid crystal panel 3.

[0039] FIG. 3 is an exploded perspective view of the liquid
crystal display device 1. As illustrated in FIG. 3, the liquid
crystal display device 1 is structured to store the liquid crystal
panel 3 and the backlight unit 5 in an outer frame formed of a
lower frame 7 and an upper frame 8. An intermediate frame 9
is provided between the liquid crystal panel 3 and the back-
light unit 5 so that the liquid crystal panel 3 and the backlight
unit 5 are supported independently.

[0040] The backlight unit 5 includes a light emitting diode
unit 10, a reflection sheet 11, a light guide plate 12, and an
optical sheet 13. In the light emitting diode unit 10 of this
embodiment, a substrate on which a plurality of light emitting
diodes are mounted is fixed onto a radiator plate having an
L-shaped cross section. The light emitting diode unit 10 is
provided along one side of the liquid crystal display device 1
on the near side of FIG. 3. The plurality of light emitting
diodes are disposed side by side in line in the longitudinal
direction of the light emitting diode unit 10. The structure and
arrangement of the light emitting diode unit 10 are described
later. The lower frame 7 is provided with a recess portion 7a
in a region corresponding to the light emitting diode unit 10,
thereby being capable of storing the light emitting diode unit
10 therein. The reflection sheet 11 is a member for increasing
light use efficiency by reflecting light emitted to the rear
surface of the light guide plate 12 so as to allow the light to
reenter the light guide plate 12. As the reflection sheet 11, a
white reflection sheet using a PET resin or the like or a mirror
finish reflection sheet may be used. The light guide plate 12 is
a member for allowing the backlight unit 5 to function as a
planar light source in a manner that light that has been emitted
from the light emitting diode unit 10 and entered an incident
surface of the light guide plate 12, which is at least one side
surface thereof (in this embodiment, the surface facing the
front side of FIG. 3), is caused to exit uniformly from the top
face of the light guide plate 12 (in this embodiment, the
surface facing the upper side of FIG. 3), that is, from an
exiting surface side. The material of the light guide plate 12 is
not particularly limited, but a material having high refractive
index and low light transmission loss is preferred, and a resin
such as polymethyl methacrylate (PMMA) may be used suit-
ably. Further, the structure for scattering the light entering
through the incident surface of the light guide plate 12 toward
the exiting surface side may be any type of structure. For
example, light scattering ink may be applied onto the exiting
surface of the light guide plate 12 or the opposite surface
thereof, or both the surfaces. Alternatively, grooves or
dimples may be formed similarly. The optical sheet 13 is
formed of a single or a plurality of sheets, and is an optical
member for controlling an angle distribution or the like of the
light emitted from the light guide plate 12. The optical sheet
13 may include a diffusion sheet and a prism sheet.

[0041] An end portion reflection sheet 14 is an elongated
sheet, which is adhered to a lower side surface of the inter-
mediate frame 9, and is a member for reflecting the light
emitted from the light emitting diode unit 10 to introduce the
light into an end portion of the light guide plate 12. Similarly
to the reflection sheet 11, the end portion reflection sheet 14
may also be a white reflection sheet or a mirror finish reflec-
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tion sheet. The arrangement and shape of the end portion
reflection sheet 14 are described in detail later.

[0042] Note that, FIG. 3 omits a substrate on which the
control device 2 and the like illustrated in FIG. 1 are mounted.
Further, this embodiment employs the structure in which the
light emitting diode unit 10 is disposed only along one side
corresponding to the long side of the light guide plate 12.
However, the structure is not limited thereto. The light emit-
ting diode unit 10 may be disposed only along one side
corresponding to the short side of the light guide plate 12,
may be disposed along two opposing long or short sides,
respectively, and may be disposed along arbitrary three sides
or all the four sides.

[0043] FIG. 4 is a partial enlarged view illustrating the
intermediate frame 9 and the end portion reflection sheet 14
adhered to the intermediate frame 9 as viewed from the direc-
tion A illustrated in F1G. 3. The left side of FIG. 4 corresponds
to the near side of FIG. 3. The right side of FIG. 4 corresponds
to the far side of FIG. 3 and is a light incident direction of the
incident surface of the light guide plate 12. Further, the ver-
tical direction of FIG. 4 corresponds to the longitudinal direc-
tion of the incident surface of the light guide plate 12. As
illustrated in FIG. 4, the intermediate frame 9 includes pro-
truding portions 9a, which are disposed side by side in the
longitudinal direction of the incident surface of the light guide
plate 12. The end portion reflection sheet 14 has an elongated
shape extending in the longitudinal direction of the incident
surface ofthe light guide plate 12. The edge of the end portion
reflection sheet 14 on the side opposite to the light incident
direction of the incident surface of the light guide plate 12 is
straight, whereas the edge thereof in the light incident direc-
tion of the incident surface of the light guide plate 12 has
tongue-shaped portions 14a, which are provided between
adjacent protruding portions 9a and extend in the light inci-
dent direction of the incident surface.

[0044] FIG. 5 is a cross-sectional view of the liquid crystal
display device 1 taken along the line B-B of FIG. 4. FIG. 5
illustrates the details of the cross-sectional shape of the inter-
mediate frame 9 and the position of the end portion reflection
sheet 14 as well as the cross-sectional shapes of the members
constituting the liquid crystal display device 1 and the posi-
tional relation among the members. The details are described
below.

[0045] The light emitting diode unit 10 is structured by
mounting, on a radiator plate 10a, a substrate 10¢ on which
light emitting diodes 105 are arrayed. The light emitting
diode 105 is a member that is generally called a light emitting
diode package, and is obtained by mounting a light emitting
diode element on a substrate and sealing with a sealing resin.
The light emitting diode 105 may be mounted directly on the
substrate 10c. The light emitting diode 106 may include a lens
for controlling a divergence range of a light beam in front of
the light emitting diode element. The form of the light emit-
ting diode 104 is not particularly limited. The substrate 10c¢ is
an elongated substrate extending in the longitudinal direction
of'an incident surface 124 of the light guide plate 12, and the
plurality of light emitting diodes 105 are disposed on the
substrate 10¢ in line at appropriate intervals in the same
longitudinal direction. The material of the substrate 10c¢ is not
particularly limited, but in this embodiment, a material
obtained by subjecting an aluminum surface to insulating
coating is used in consideration of heat dissipation perfor-
mance for heat generated by the light emitting diode 105. The
radiator plate 10a of this embodiment has an L-shaped cross
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section as illustrated in FIG. 5. The radiator plate 10q is stored
and fixed into the recess portion 7a, which is formed in the
lower frame 7, on a side different from the side along which
the substrate 10c is mounted. A support portion 104 is formed
on another side different from the side on which the substrate
10c¢ is mounted, and is a protrusion for supporting the reflec-
tion sheet 11 and the light guide plate 12. It is preferred that
the radiator plate 10a be formed of a material having high heat
conductivity in order to transfer and dissipate the heat gener-
ated by the light emitting diode 105 efficiently to the lower
frame 7. The suitable material is a metal such as aluminum or
iron. Note that, depending on the degree of heat generation by
the light emitting diode 105, the substrate 10¢ and the radiator
plate 10a are not always necessary to use a material having
high heat conductivity.

[0046] It is preferred that the lower frame 7 and the upper
frame 8 be formed of a lightweight material having high
rigidity. Examples of the material that may be used for the
lower frame 7 and the upper frame 8 are metals, such as a steel
plate, an aluminum alloy, and a magnesium alloy, fiber rein-
forced plastic (FRP), and various kinds of synthetic resins. It
is particularly preferred that the lower frame 7 be formed of a
material having high heat conductivity in order to dissipate
the heat generated from the light emitting diode 105 effi-
ciently, which is conducted via the radiator plate 10a. In this
embodiment, a steel plate is used. The material of the upper
frame 8 may be the same as that of the lower frame 7 or may
be different, and can be determined as appropriate consider-
ing the size, intended use, appearance, weight, and other
factors of the liquid crystal display device 1. A buffer 8a is
provided on the surface of the upper frame 8 facing the liquid
crystal panel 3, so as to mitigate the shock occurring when the
liquid crystal panel 3 swings due to vibration or the like and
comes in contact with the upper frame 8. As the buffer 84, an
appropriate rubber, resin, sponge, or the like is used.

[0047] The material of the intermediate frame 9 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 FRP, a reinforcing material
may be mixed into a synthetic resin. It is also preferred that
the intermediate frame 9 have light blocking effect and there-
fore beinblack or dark color. The coloring of the intermediate
frame 9 may be attained by a black or dark color material
itself or by coating the surface of the intermediate frame 9. In
this embodiment, the intermediate frame 9 is obtained by
molding polycarbonate that is colored in black or dark color.

[0048] The cross-section of the intermediate frame 9 is an
L-shape as illustrated in FIG. 5, and the protruding portions
94 are formed, which are brought into contact with an exiting
surface 125 in the vicinity of the incident surface 12a of the
light guide plate 12. As illustrated in FIG. 5, the optical sheet
13 is formed so that its end portion is positioned on the light
incident direction side with respect to the incident surface 12a
ofthe light guide plate 12, and the protruding portions 9a each
face the exiting surface 126 of the light guide plate 12 without
the intermediation of the optical sheet 13. With this structure,
the position of the light guide plate 12 in the thickness direc-
tion is determined accurately, and hence the position of the
optical axis center of the light emitting diode 105 and the
center of the light guide plate 12 in the thickness direction can
be aligned with good accuracy. Note that, the protruding
portions 9a and the exiting surface 1256 are not always
required to be in contact with each other, and may be provided
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at some gaps. In this case, the protruding portions 94 and the
exiting surface 125 are brought into contact with each other
when the light guide plate 12 swings due to vibration or the
like.

[0049] In addition, the intermediate frame 9 has an exten-
sion portion 95 extending in the light incident direction from
the protruding portions 9a. Buffers 9¢ and 94 are provided on
both the upper and lower surfaces of the extension portion 94,
respectively. The buffer 9¢ supports the position of the light
guide plate 12 or the optical sheet 13 when the light guide
plate 12 or the optical sheet 13 swings due to vibration or the
like, to thereby mitigate the shock. The buffer 94 supports the
liquid crystal panel 3 and mitigates the shock due to vibration
or the like. As the buffers 9¢ and 9d, an appropriate rubber,
resin, sponge, or the like is used. Further, the buffer 8a and the
buffers 9¢ and 94 may be provided and may not be provided.
The buffers 9¢ and 94 may be substituted by shaping the
intermediate frame 9.

[0050] A bonding surface 9¢ used for adhering the end
portion reflection sheet 14 is formed beside the protruding
portions 9a of the intermediate frame 9, and the end portion
reflection sheet 14 is adhered onto the bonding surface 9e.
[0051] The end portion reflection sheet 14 is adhered onto
the bonding surface 9¢ of the intermediate frame 9, and is
disposed closer to the exiting surface 125 of the light guide
plate 12 with respect to the light emitting diode 105. The end
portion reflection sheet 14 is shaped to extend in the longitu-
dinal direction of the incident surface 12a of the light guide
plate 12 as described above and therefore covers the exiting
surface 125 side of all the light emitting diodes 105 disposed
in line in the same longitudinal direction.

[0052] The light guide plate 12 is disposed so as to have a
slight gap, in this embodiment a gap of approximately 1 mm,
between the incident surface 124 thereof and the light emit-
ting diodes 105. The light guide plate 12 expands and con-
tracts depending on environments including temperature and
humidity and changes its dimensions, and hence the gap is
provided in order to prevent breakage occurring when the
incident surface 12a and the light emitting diode 1056 are
brought into contact with each other. Note that, specific
dimensions of the gap are designed as appropriate depending
on the size of the light guide plate 12, its possible use envi-
ronments, and the like. On the other hand, the end portions of
the reflection sheet 11 and the end portion reflection sheet 14
are disposed so as to protrude toward the light emitting diode
105 side with respect to the incident surface 12a. With this,
light which has been emitted from the light emitting diode
105 in the upward or downward direction of FIG. 5 (light
which has not traveled toward the incident surface 12a of the
light guide plate 12) is reflected to enter the incident surface
124 of the light guide plate 12. Accordingly, light leakage
from the light emitting diodes 105 is prevented, to thereby
increase light use efficiency.

[0053] Now, the difference in action between the case
where mirror finish reflection sheets are used for the reflec-
tion sheet 11 and the end portion reflection sheet 14 and the
case where white reflection sheets (i.e., scattering reflection
sheets) are used therefor is described.

[0054] In the case where a mirror finish reflection sheet is
used for the reflection sheet 11 or the end portion reflection
sheet 14, a component of reflected light in the light incident
direction (optical axis direction of the light emitting diode
105) is always constant regardless of the presence or absence
of reflection, and hence light beams that have been reflected
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on the light emitting diode 105 side with respect to the inci-
dent surface 12a of the light guide plate 12 enter the incident
surface 12a efficiently. On the other hand, light beams that
have been reflected on the light incident direction side with
respect to the incident surface 12a of the light guide plate 12,
for example, light beams that have been reflected after enter-
ing the gap between the exiting surface 124 of the light guide
plate 12 and the end portion reflection sheet 14 enter the light
guide plate 12 through the exiting surface 125, and hence a
major part of the reflected light beams is lost as stray light, or
exits from an end portion of an effective display region for
displaying an image because the light beams are not guided
inside the light guide plate, with the result that bright uneven-
ness may occur.

[0055] On the contrary, in the case where a white reflection
sheet is used for the reflection sheet 11 or the end portion
reflection sheet 14, the obtained reflected light is scattered
light, and hence the reflected light does not always travel
toward the incident surface 12a of the light guide plate 12 and
aloss occurs. On the other hand, in the case where light beams
that have been reflected on the light incident direction side
with respect to the incident surface 12a of the light guide plate
12 travel toward the light emitting diode 106 and are then
scattered, the light beams may be reflected on the surface of
the substrate 10¢ and the like and enter the incident surface
12a. Besides, generally, the white reflection sheet has light
beam reflectance of approximately 96% or more, which is
higher than that of the mirror finish reflection sheet.

[0056] Therefore, which of the mirror finish reflection
sheet or the white reflection sheet is to be used for the reflec-
tion sheet 11 and the end portion reflection sheet 14 can be
determined depending on the advantages and disadvantages
in consideration of the above-mentioned circumstances.
[0057] Further, the height of the protruding portion 9a of
the intermediate frame 9, that is, the distance from the bond-
ing surface 9e to the distal end of the protruding portion 9a is
equal to or larger than the thickness of the end portion reflec-
tion sheet 14. With this, the exiting surface 125 of the light
guide plate 12 does not contact the end portion reflection
sheet 14. If the end portion reflection sheet 14 contacts the
exiting surface 125 or is in close contact thereto, the total
reflection condition in the light guide plate 12 is not estab-
lished, and light leakage or a loss may be caused. However, as
the reflection surface of the end portion reflection sheet 14 is
closer to the light guide plate 12, the intensity of light that
enters the gap between the end portion reflection sheet 14 and
the light guide plate 12 reduces more while the intensity of
light that enters the light guide plate 12 increases more. It is
therefore more desired that the distance from the bonding
surface 9e to the distal end of the protruding portion 9a be
equal to the thickness of the end portion reflection sheet 14 or
slightly larger than the thickness of the end portion reflection
sheet 14 (by 0.1 mm or less).

[0058] By the way, in recent years, there has been a strong
demand for narrowing the width of a frame in a liquid crystal
display device (so-called narrow framing). In other words
referring to FIG. 5, it is necessary to reduce the distance from
the light emitting diode 104 to a region that does not function
as an effective display region of the liquid crystal display
device 1, that is, the distance from the light emitting diode 1056
to the distal end of the extension portion 95. In consideration
of strength and dimensional tolerance of each member, how-
ever, the lengths of the protruding portion 9a and the bufter 9¢
as well as the extension portion 956 cannot be changed. As a
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countermeasure, if the width of the bonding surface 9e is
narrowed to, for example, 1 mm or less, a margin to adhere the
end portion reflection sheet 14 becomes insufficient and the
end portion reflection sheet 14 cannot be fixed in a stable
manner. To address the problem, in this embodiment, as illus-
trated in FIG. 4, the protruding portions 9a are disposed side
by side intermittently in the longitudinal direction of the
incident surface 12a of the light guide plate 12, and the
tongue-shaped portions 14a of the end portion reflection
sheet 14 are interposed and adhered between adjacent ones of
the protruding portions 9a. This structure enlarges the margin
to adhere the end portion reflection sheet 14, that is, the
bonding area, thus providing stable fixation.

[0059] FIG. 6 is a cross-sectional view of the liquid crystal
display device 1 taken along the line C-C of FIG. 4, illustrat-
ing how the tongue-shaped portion 14a is adhered to the
intermediate frame 9

[0060] Note that, FIG. 4 illustrates the protruding portions
9a whose planar shape is oval, but the shape is not limited
thereto and any shape may be employed. The tongue-shaped
portion 14a is shaped to protrude like a rectangle, but the
shape is not limited thereto, either, and any shape may be
employed. In the case where stable fixation of the end portion
reflection sheet 14 is attained by the fixation by the tongue-
shaped portions 14a alone, the bonding surface 9¢ may be
omitted. In this embodiment, the tongue-shaped portions 14a
are adhered for every gap between the protruding portions 9a.
This form is preferred because the largest bonding area can be
obtained. However, the present invention is not limited to this
form, and the number and arrangement of the tongue-shaped
portions 14a may be determined as appropriate.

[0061] By the way, in this embodiment, the protruding por-
tions 9a are provided on the light incident direction side with
respect to the incident surface 12a illustrated in FIG. 5. In
other words, the position of the end portion of the protruding
portion 9a on the light emitting diode 104 side is on the light
incident direction side with respect to the incident surface
12a. The reason of this arrangement is as follows. As
described above, the intermediate frame 9 is in black or dark
color and has properties of absorbing light beams, and hence
if the protruding portions 94 are positioned on the light emit-
ting diode 105 side with respect to the incident surface 12a,
the difference in light intensity of light that is reflected by the
end portion reflection sheet 14 to enter the incident surface
124 occurs between the region in which the protruding por-
tion 9a is provided (see FIG. 5) and the region in which the
protruding portion 9a is not provided (see FIG. 6), with the
result that brightness unevenness occurs.

[0062] FIG. 7 is a view illustrating a positional relation
among the intermediate frame 9, the light guide plate 12, and
the optical sheet 13 of the liquid crystal display device 1 in
planview. FIG. 7 is viewed from the exiting surface side of the
light guide plate 12. The intermediate frame 9 is illustrated as
broken lines for convenience of illustration, and members
behind the intermediate frame 9 are seen therethrough. In
FIG. 7, the incident surface 124 of the light guide plate 12 is
illustrated as the lower side.

[0063] At positions corresponding to the four corners of the
light guide plate 12, second protruding portions 9f are illus-
trated, which are provided on the surface of the intermediate
frame 9 on the light guide plate 12 side and are adapted to
contact the light guide plate 12 to support the light guide plate
12. The second protruding portions 9/ are each larger in size
than the protruding portions 9a (see FIGS. 4 and 5) in plan
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view. The protruding portions 9a have a narrow width for
narrow framing described above, and hence the support of the
light guide plate 12 is insufficient. The second protruding
portions 9fare provided for compensating for the insufficient
support. Further, the optical sheet 13 has cutouts 13a formed
therein corresponding to the second protruding portions 9/,
and is prevented from being interposed between the second
protruding portions 9/ and the light guide plate 12.

[0064] Subsequently, a second embodiment of the present
invention is described. This embodiment is the same as the
above-mentioned first embodiment, except for the structure
in the vicinity of the protruding portions 9a of the intermedi-
ate frame 9. Therefore, FIGS. 1 to 3, 5, and 7 illustrating the
liquid crystal display device 1 according to the first embodi-
ment are common to a liquid crystal display device 101
according to this embodiment, and hence the following
description refers to FIGS. 1 to 3, 5, and 7 as the figures
illustrating the liquid crystal display device 101 according to
this embodiment. Further, common members are denoted by
the same reference symbols, and overlapping description is
omitted.

[0065] FIG. 8isa partial enlarged view illustrating an inter-
mediate frame 9 and an end portion reflection sheet 14
adhered to the intermediate frame 9 as viewed in the direction
A illustrated in FIG. 3 in the liquid crystal display device 101
according to this embodiment. As illustrated in FIG. 8, in this
embodiment, as compared to the first embodiment (see FIG.
4), the length of each tongue-shaped portion 144 of the end
portion reflection sheet 14 in the light incident direction is
slightly shorter, and shielding portions 9g are each provided
between adjacent protruding portions 9a of the intermediate
frame 9 in a region on the light incident direction side. More
specifically, the shielding portions 9¢g are each disposed so as
to connect end portions of the adjacent protruding portions 9a
on the light incident direction side to each other.

[0066] The cross section of the liquid crystal display device
101 taken along the line B-B of FIG. 8 is exactly the same as
that of the liquid crystal display device 1 according to the first
embodiment, which is illustrated in FIG. 5. On the other hand,
FIG. 9 is a cross-sectional view of the liquid crystal display
device 101 taken along the line C-C of FIG. 8.

[0067] Asillustrated in FIG. 9, in aregion closer to the light
incident direction side with respect to the tongue-shaped por-
tion 14a of the end portion reflection sheet 14, the shielding
portion 9g protrudes toward the exiting surface 126 of the
light guide plate 12. At the position between the protruding
portions 9a (i.e., the position illustrated in FIG. 9), the shield-
ing portion 9g shields light that has been emitted from the
light emitting diode 105 to enter between the end portion
reflection sheet 14 and the exiting surface 124, to thereby
prevent the light from leaking out to the optical sheet 13 side.
In other words, the liquid crystal display device 101 accord-
ing to this embodiment suppresses brightness unevenness
occurring by the light that leaks out from the gap between the
protruding portions 9« in the structure in which the protrud-
ing portions 9a are disposed intermittently.

[0068] Note that, this embodiment has exemplified the
shielding portion 9g, which is formed integrally with the
intermediate frame 9, but the shielding portion 9g is not
limited thereto. Alternatively, for example, in the liquid crys-
tal display device 1 illustrated in the first embodiment, the
shielding portion 9g may be formed by adhering an appropri-
ate shielding member between adjacent protruding portions
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9a or adhering a light shielding sheet on the surface of the
protruding portion 9a on the optical sheet 13 side.

[0069] Subsequently, a third embodiment of the present
invention is described. This embodiment is the same as the
above-mentioned first embodiment, except for the structure
of the extension portion 96 of the intermediate frame 9.
Therefore, FIGS. 1 to 4 illustrating the liquid crystal display
device 1 according to the first embodiment are common to a
liquid crystal display device 201 according to this embodi-
ment, and hence the following description refers to FIGS. 1 to
4 as the figures illustrating the liquid crystal display device
201 according to this embodiment. Further, common mem-
bers are denoted by the same reference symbols, and over-
lapping description thereof is omitted.

[0070] FIG.10isacross-sectional view ofthe liquid crystal
display device 201 taken along the line B-B of FIG. 4. As
illustrated in FIG. 10, no buffer is provided to the extension
portion 95 of the intermediate frame 9, and as an alternative
thereto, support portions 9/ protruding to both sides of the
extension portion 96 are provided. In this embodiment, the
liquid crystal panel 3 and the backlight unit 5 (see FIG. 3) are
supported by the support portions 9%, and the shock due to
vibration or the like is mitigated by elastic distortion of the
extension portion 95 itself and is then absorbed. It is therefore
preferred that the extension portion 95 be narrowed in the
middle as illustrated in FIG. 10 and have such a cross section
that is easily elastically deformed. A buffer may be used for
any one of the support portions 9%.

[0071] Note that, each of the embodiments described above
is a specific example for describing the present invention, and
the present invention is not intended to be limited to the each
of the embodiments. For example, it should be understood
that the shape of each member, including the cross section,
illustrated in the drawings in the each of the embodiments
described above is designed or optimized as appropriate and
necessary as long as the intended functions of the member are
satisfied.

[0072] 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;

a backlight unit comprising a light guide plate and light
emitting diodes, the light emitting diodes being opposed
to an incident surface of the light guide plate, which is at
least one side surface of the light guide plate, and being
disposed side by side in a longitudinal direction of the
incident surface;

an intermediate frame, which comprises a plurality of pro-
truding portions that protrude to an exiting surface side
of the light guide plate, and is disposed between the
liquid crystal panel and the backlight unit; and

an end portion reflection sheet, which is disposed on an
exiting surface side of the intermediate frame and adja-
cent to the plurality of protruding portions, extends in an
array direction of the light emitting diodes, and com-
prises tongue-shaped portions each extending between
adjacent ones of the plurality of protruding portions.

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

wherein the plurality of protruding portions are arrayed inter-
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mittently along the array direction of the light emitting
diodes, and are provided on a light incident direction side of
the incident surface with respect to the incident surface of the
light guide plate.

3. The liquid crystal display device according to claim 1,
further comprising shielding portions for shielding light, each
of which is disposed between the adjacent ones of the plural-
ity of protruding portions in a region on a light incident
direction side of the incident surface.

4. The liquid crystal display device according to claim 1,
wherein the intermediate frame further comprises second
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protruding portions, which are adapted to contact the light
guide plate at positions corresponding to four corners of the
light guide plate, the second protruding portions being larger
in size than the plurality of protruding portions.

5. The liquid crystal display device according to claim 1,
wherein the end portion reflection sheet further comprises a
portion extending out of the intermediate frame in a direction
opposite to a light incident direction of the incident surface.

* * #* ok %
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