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DIRECT TYPE BACKLIGHT DEVICE AND
LIQUID CRYSTAL DISPLAY USING THE
SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a backlight device
and more particularly, to a direct type backlight device using
Light-Emitting Diodes (LEDs) as its light source, and a Lig-
uid Crystal Display (LCD) using the backlight device.
[0003] 2. Description of the Related Art

[0004] As one use of LEDs, a white LED light source that
emits white light is known, which is formed by combining a
white (W) LED with three color LEDs of red (R), green (G)
and blue (B) colors, or combining a white LED with some
color LEDs other than red, green and blue LEDs. In recent
years, the output power of LEDs has been increased at a high
pace and thus, the applications of white LED light sources of
this type have been becoming broader.

[0005] In particular, applications for illumination devices
necessitating high brightness, light sources for projectors,
and backlight devices for large-sized I.CDs have been dis-
cussed. Since LEDs have the features that environmental load
is small due to their mercury free property, color reproduc-
tivity is good, responsiveness is good, brightness is change-
able, and lifetime is long, white LED light sources are
expected as an alternative white light source to the conven-
tional fluorescent lamps (i.e., hot cathode fluorescent lamps
and cold cathode fluorescent lamps).

[0006] When white LED light sources are used for the
aforementioned applications, i.e., illumination, light sources
for projectors, and backlight devices for large-sized LCDs, a
lot of LEDs each serving as a point light source is necessarily
used in order to achieve required brightness to constitute an
area light source in the present circumstances. Furthermore,
brightness unevenness and chromaticity unevenness in the
overall area light source need to be suppressed within prede-
termined ranges.

[0007] Here, when backlight devices using LEDs (i.e.,
LED backlight devices) are divided according to their struc-
ture, they may be classified into the edge light type and the
direct type. These two types are typical.

[0008] With the edge light type, a light guide plate is dis-
posed adjacent to a set of optical sheets including a diffusion
sheet and a prism sheet, and illumination light emitted from
aligned LEDs is inputted into one end face of the light guide
plate. In this way, the illumination light from the LEDs is
made perpendicular to the direction along which the illumi-
nation light is to be irradiated from the backlight device,
thereby generating an area light source.

[0009] With the direct type, a diffusion plate is disposed
adjacent to the lower surface of a set of optical sheets includ-
ing a diffusion sheet and a prism sheet, and LEDs are arranged
to have a predetermined pattern (which forms an LED array)
directly below the diffusion plate. Illumination light emitted
from the LEDs is inputted into one main surface of the diffu-
sion plate. In this way, the illumination light from the LEDs is
made parallel to the direction along which the illumination
light is to be irradiated from the backlight device, thereby
generating an area light source. It is said that the direct type is
suitable for comparative large-sized backlight devices
because this type has an advantage that brightness can be
raised easily.
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[0010] However, when the thickness of the direct type
backlight device is limited, in other words, when the direct
type backlight device has a thin profile, the optical path length
from the LEDs to the diffusion plate is short and therefore, it
is comparatively difficult to disperse uniformly the light from
the respective color LEDs within the surface. As aresult, there
arises a difficulty that brightness unevenness and chromatic-
ity unevenness are likely to occur. In particular, in the case of
a white LED light source using three-color LEDs of red,
green and blue colors, the arrangement positions of the LEDs
are shifted from desired ones due to the contour size differ-
ence among the LEDs and at the same time, the emission peak
of each color light is shifted from desired ones due to the
arrangement position shifts of the LEDs. Accordingly, in-
plane color unevenness is likely to occur.

[0011] Theaforementioned color unevenness caused by the
aforementioned arrangement position shifts of the three-color
LED:s of red, green, and blue colors in the direct type back-
light device with a thin profile does not occur in the central
part (i.e., the part other than the peripheral part) of the same
backlight device. This is because at any position in the central
part, the light emitted from the LEDs is well mixed with the
light from the surrounding LEDs to result in white light. The
reason why color unevenness occurs in the peripheral part
(i.e., in the neighborhood of the side wall) of the backlight
device of this type is that the total amount of the light from the
LEDs arranged along the side wall of the backlight device
within the LED array (in other words, the LEDs arranged in
the neighborhood of the side wall) is less than the total
amount of the light from the LEDs arranged in the remaining
part and thus, the light are not mixed to white light, resulting
in a biased color of light which corresponds to the emission
color of the LEDs arranged in the neighborhood of the same
side wall.

[0012] Asamethod of improving the aforementioned color
unevenness, Patent Literature 1 discloses a technique for
enhancing color uniformity. In this technique, LEDs arranged
in the neighborhood of a side wall are applied with a driving
current different from that for LEDs arranged in the remain-
ing positions. Thus, brightness of the LEDs in the neighbor-
hood of the side wall is made lower than that of the LEDs in
the remaining positions, thereby enhancing color uniformity.
[0013] The aforementioned technique disclosed in Patent
Literature 1 is explained below with reference to FIGS. 1 and
2. FIG. 1 is a cross-sectional view of the LCD device dis-
closed in Patent Literature 1 along a plane cutting the set of
the LEDs. FIG. 2 is a drawing showing the technique that
attenuates the brightness of the LEDs located at the ends of
each strip in order to enhance color uniformity.

[0014] As shown in FIG. 1, this conventional LCD com-
prises a LCD layer 130 and a backlight device 132. The
backlight device 132 comprises a lower mixing chamber 135,
a diffusion film 101 as a first diffuser 176, an upper mixing
chamber 175, a diffusion film 102 as a second diffuser 180,
and a brightness enhancing film 182. The brightness enhanc-
ing film 182 is attached to the upper surface of an acrylic plate
that constitutes the upper wall of the upper mixing chamber
175. The diffusion film 102 is attached to the lower surface of
the same acrylic plate.

[0015] A predetermined number of three-color LEDs 134
of red, green, and blue colors are mounted on a circuit board
140 to have a predetermined layout in the lower mixing cham-
ber 135. Each of the LEDs 134 comprises a side emission lens
142 and a spot reflector 166. The light emitted from the



US 2013/0188114 Al

respective LEDs 134 is mixed in the lower mixing chamber
135 and diffused in the diffusion film 101 as the first diffuser
176, and thereafter, enters the upper mixing chamber 175 and
mixed furthermore. Moreover, this light is diffused in the
diffusion film 102 as the second diffuser 180 again, and
propagates through the brightness enhancing film 182 placed
on the upper surface of the backlight device 132 (the upper
mixing chamber 175) to be irradiated to the LCD layer 130.

[0016] With the structure of FIG. 1, the color uniformity at
the neighborhood (in the peripheral part) of the side wall 138
of the lower mixing chamber 135 of the backlight device 132
is enhanced by attenuating the optical outputs of some of the
LEDs 134 that are located at the ends of the respective LED
strips. The brightness of one to five LEDs 134 located at the
ends of each LED strip can be attenuated according to the
specific pattern or shape (e.g., the pitch and sequence of the
LEDs 134) of the backlight device 132.

[0017] One of the various methods of attenuating the
brightness of the LEDs 134 located at the ends of each LED
strip is shown in FIG. 2. For simplification of explanation, a
driver 1, a driver 2, and a driver 3 are illustrated to drive
different groups of the LEDs 134 arranged along the LED
strip in FIG. 2, respectively. For example, the driver 1 and 3
supply different electric currents from that supplied by the
driver 2 to the corresponding red, green and blue LEDs 134
arranged along the LED strip in order to achieve desired color
balance of red, green and blue colors with respect to the
designated white point.

[0018] InFIG. 2, the last three LEDs 134 arranged at each
end part of the LED strip are respectively driven by lower
driving currents than that for the color LEDs 134 arranged at
the remaining positions in the same LED strip. For example,
the brightness of the green LEDs 134 located at the left and
right end positions of the LED strip is set to be approximately
half of the brightness of the green LEDs 134 located in the
middle part of the LED strip. The brightness of the LEDs 134
located inwardly next to the left and right end positions of the
LED strip is set to be approximately 50% to 75% of the
brightness of the same color LEDs 134 located in the middle
part of the LED strip. The brightness of the LEDs 134 located
inwardly next but one to the left and right end positions of the
LED strip is set to be approximately 60% to 90% of the
brightness of the same color LEDs 134 located in the middle
part of the LED strip. In this way, the brightness of the LEDs
134 arranged at the left and right end positions of the LED
strip 1s reduced compared with the brightness of the same
color LEDs 134 arranged at the middle part of the LED strip.
In addition, the specific attenuation quantity of the brightness
level is based on human perception for color uniformity, and
the optimum attenuation quantity can be judged experimen-
tally.

[0019] However, driving the LEDs 134 located in the end
parts of the LED strip and the LEDs 134 located in the middle
part thereof by different drivers similar to the aforementioned
conventional backlight device 132 will induce problems, such
as increase in costs due to increase of the drivers and their
control circuits, and occupation space increase (this leads to
contour change of the LCD).

SUMMARY OF THE INVENTION

[0020] The present invention was created while taking the
above-described problems of the conventional backlight
device 132 shown in FIGS. 1 and 2 into consideration.
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[0021] An object of the present invention is to provide a
directtype LED backlight device that improves coloruneven-
ness on the periphery of the display region without increase of
the driver and its control circuit and change of the contour
(e.g., the width of the picture frame) of a liquid crystal panel,
and a LCD using the backlight device.

[0022] Another object of the present invention is to provide
a direct type LED backlight device that improves brightness
unevenness on the periphery of the display region without
increase of the driver and its control circuit and change of the
contour (e.g., the width of the picture frame) of aliquid crystal
panel, and a LCD using the backlight device.

[0023] The above objects together with others not specifi-
cally mentioned will become clear to those skilled in the art
from the following description.

[0024] According to the first aspect of the present inven-
tion, a direct type LED backlight device is provided, which
comprises:

[0025]

[0026] aset of optical members arranged opposite to an
inner surface of the bottom wall at a predetermined
distance;

[0027] aside wall holding the bottom wall and the set of
optical members at the predetermined distance; and

[0028] LEDs as a light source, fixed to the inner surface
of the bottom wall;

[0029] wherein the side wall comprises a protrusion pro-
truding toward a central portion of a space formed by the
bottom wall, the side wall, and the set of optical mem-
bers; and

[0030] at least part of emission surfaces of the LEDs
arranged at outermost positions are overlapped with the
protrusion and located at such positions as to be invisible
when seen along a direction perpendicular to the set of
optical members.

[0031] With the direct type LED backlight device accord-
ing to the first aspect of the present invention, the side wall
comprises the protrusion protruding toward the central por-
tion of the space which is formed by the bottom wall, the side
wall, and the set of optical members. Moreover, the at least
part of the emission surfaces of the LEDs arranged at the
outermost positions are overlapped with the protrusion and
located at such the positions as to be invisible when seen
along the direction perpendicular to the set of optical mem-
bers. Therefore, part of light emitted from the LEDs, the at
least part of the emission surfaces of which are overlapped
with the protrusion, can be made not to reach the set of optical
members.

[0032] For this reason, color unevenness occurring on the
periphery of the display region of the liquid crystal panel can
be improved only by setting appropriately the protruding
condition of the protrusion and an optical characteristic or
characteristics (e.g., diffuse reflection, specular reflection,
absorption and so on) of an irradiation surface of the protru-
sion to which the light from the LEDs are to be irradiated.
[0033] Furthermore, the driver and its control circuit are not
increased and the contour of a LCD such as the width of the
picture frame is not changed for the aforementioned color
unevenness improvement.

[0034] In this way, with the direct type LED backlight
device according to the first aspect of the present invention,
color unevenness on the periphery of the display region can be

a bottom wall;
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improved without increase of the driver and its control circuit
and change of the contour (e.g., the width of the picture
frame) of a LCD device.

[0035] In a case where the light source is formed by the
white LEDs emitting white light only, brightness unevenness
on the periphery of the display region can be improved with-
outincrease of the driver and its control circuit and change of
the contour (e.g., the width of the picture frame) of a LCD
device.

[0036] In addition, the aforementioned “protrusion”
includes at leasta part that protrudes from an inside of the side
wall toward the central portion of the space formed by the
bottom wall, the side wall, and the set of optical members and
that overlaps with the at least part of the emission surfaces of
the LEDs arranged at the outermost positions. The “protru-
sion” may include a neighboring region or part of this pro-
truding part.

[0037] In a preferred embodiment of the direct type LED
backlight device according to the first aspect of the present
invention, a top end of the protrusion is located at a position
shifted outward along the bottom wall with respect to centers
of the emission surfaces of the LEDs arranged at the outer-
most positions.

[0038] In another preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, the side wall comprises a supporting sur-
face for supporting the set of optical members, and an inter-
section formed by intersecting the supporting surface with an
inner surface of the side wall is located at a position shifted
outward along the bottom wall with respect to the top end of
the protrusion.

[0039] In still another preferred embodiment of the direct
type LED backlight device according to the first aspect of the
present invention, positions of the top end of the protrusion
and the intersection are determined in such a way that an
outermost end of a display region of a liquid crystal panel to
be combined with the backlight device is located between the
top end of the protrusion and the intersection.

[0040] In a further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, the light source has a cluster structure
formed by combination of the LEDs emitting different color
light.

[0041] Ina further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, the light source is formed by the LEDs
emitting white light only.

[0042] Ina further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, the LEDs are arranged on the inner surface
of the bottom wall at constant pitches to form a square
arrangement or a staggered arrangement.

[0043] Ina further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, a region of the side wall that is closer to the
bottom wall than the protrusion has an optically absorbing
surface.

[0044] In a further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, a region of the side wall that is closer to the
bottom wall than the protrusion has a diffuse reflection sur-
face or a specular reflection surface.

[0045] Ina further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
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present invention, a region of the side wall that is closer to the
bottom wall than the protrusion has an optically absorbing
surface and one of a diffuse reflection surface and a specular
reflection surface.
[0046] Ina further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, a cross section of the protrusion is approxi-
mately triangular or rectangular, and the inner surface of the
side wall is a flat surface.
[0047] Ina further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, a cross section of the protrusion is approxi-
mately triangular or rectangular, and the inner surface of the
side wall is a depressed curved surface.
[0048] Ina further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, the protrusion is selectively formed on only
locations overlapped with the LEDs arranged at the outermost
positions, and the protrusion does not exist between the
LEDs.
[0049] In a further preferred embodiment of the direct type
LED backlight device according to the first aspect of the
present invention, the light source comprises bar-shaped LED
sets each of which is formed by aligning the LEDs emitting
different color light along a first direction, and the bar-shaped
LED sets are arranged at constant pitches along a second
direction perpendicular to the first direction; wherein the
protrusion is provided only at two opposite portions of the
side wall, the two opposite portions being adjacent to each
end of the bar-shaped LED sets and extending along the
second direction.
[0050] According to the second aspect of the present inven-
tion, a LCD is provided, which comprises:

[0051] aliquid crystal panel; and

[0052] thedirect type LED backlight device according to

the first aspect of the present invention.

[0053] With the LCD according to the second aspect of the
present invention, the direct type LED backlight device
according to the first aspect of the present invention is
included, the same advantages as those of the direct type LED
backlight device according to the first aspect of the present
invention are obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] In order that the present invention may be readily
carried into effect, it will now be described with reference to
the accompanying drawings.

[0055] FIG. 1 is a cross-sectional explanatory view of a
LCD device using a conventional direct type LED backlight
device.

[0056] FIG. 2 is a conceptual view showing the driving
method of the conventional direct type LED backlight device
shown in FIG. 1.

[0057] FIG. 3 is a cross-sectional view showing the struc-
ture of the main part of a direct type LED backlight device
according to a first embodiment of the present invention.
[0058] FIG. 4isapartial plan view of the LED array used in
the direct type LED backlight device according to the first
embodiment of the present invention, where the LED array is
seen from the display surface side (optical sheet side).
[0059] FIG. Sisacross-sectional view showing the detailed
dimensions of the main part and the positional relationship
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with the liquid crystal panel of the direct type LED backlight
device according to the first embodiment of the present inven-
tion.

[0060] FIG. 6A is a cross-sectional view showing the struc-
ture of the main part of a direct type LED backlight device
whose side wall comprises no protrusion, which corresponds
to the structure obtained by deleting the protrusion P of the
side wall 6 in the direct type LED backlight device according
to the first embodiment of the present invention.

[0061] FIG. 6B is a graph showing the optical characteris-
tics of the direct type LED backlight device having the struc-
ture of FIG. 4A, wherein the graph was obtained by simula-
tion.

[0062] FIG.7A is a cross-sectional view showing the struc-
ture of the main part of the direct type LED backlight device
according to the first embodiment of the present invention.
[0063] FIG. 7B is a graph showing the optical characteris-
tics of the direct type LED backlight device according to the
first embodiment of the present invention, obtained by simu-
lation.

[0064] FIG.8isapartial plan view ofthe LED array used in
a direct type LED backlight device according to a second
embodiment of the present invention, where the LED array is
seen from the display surface side (optical sheet side).
[0065] FIG. 9 is a cross-sectional view showing the struc-
ture of the main part of a direct type LED backlight device
according to a third embodiment of the present invention.
[0066] FIG. 10A is a cross-sectional view showing the
structure of the main part of a direct type LED backlight
device according to a fourth embodiment of the present inven-
tion.

[0067] FIG. 10B is a cross-sectional view showing the
structure of the main part of a direct type LED backlight
device according to a fifth embodiment of the present inven-
tion.

[0068] FIG. 10C is a cross-sectional view showing the
structure of the main part of a direct type LED backlight
device according to a sixth embodiment of the present inven-
tion.

[0069] FIG. 11 is a cross-sectional view showing the struc-
ture of the main part of a direct type LED backlight device
according to a seventh embodiment of the present invention.
[0070] FIG. 12 is a partial plan view of the LED array used
in a direct type LED backlight device according to an eighth
embodiment of the present invention, where the LED array is
seen from the display surface side (optical sheet side).
[0071] FIG. 13 is an explanatory view showing an example
of the structure of the LED array used in a direct type LED
backlight device according to a ninth embodiment of the
present invention.

[0072] FIG. 14 is a plan view of the LED array used in a
direct type LED backlight device according to a tenth
embodiment of the present invention, where the LED array is
seen from the display surface side (optical sheet side).
[0073] FIG. 15 s a partial plan view of the LED array used
in adirect type LED backlight device according to an eleventh
embodiment of the present invention, where the LED array is
seen from the display surface side (optical sheet side).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0074] Preferred embodiments of the present invention will
be described in detail below while referring to the drawings
attached.

Jul. 25,2013

First Embodiment

[0075] A direct type LED backlight device according to a
first embodiment of the present invention is shown in FIGS. 3
and 4.

[0076] As shown in FIG. 3, the direct type LED backlight
device according to the first embodiment of the present inven-
tion comprises a LED array formed by a plurality of LEDs 1,
amounting board 2, a set of optical members 8, a side wall 6,
and a chassis 7.

[0077] The LED array is constituted by combining a plu-
rality of LEDs 1 each emitting red (R), green (G) or blue (B)
light and disposing the LEDs 1 on the inner surface of the
mounting board 2 to have a predetermined layout. The LED
array mixes the red, green, and blue light to generate white
light. Here, each of the LEDs 1 is of the “top-view” type that
which emits red, green, or blue light perpendicular to the
package thereof.

[0078] The concrete structure of the LED array used in the
first embodiment is shown in FIG. 4. As shown in FIG. 4, four
LEDs 1 that emit respectively red, green, green, and blue light
are arranged to form a square, constituting one cluster 1A.
Regarding the arrangement of the LEDs 1, the two LEDs 1
each emitting green light are disposed at each side of the
LEDI emitting red light, and the LED 1 emitting blue light is
placed on a diagonal line of this cluster 1A penetrating
through the LED1 emitting red light. The two LEDs 1 each
emitting green light are placed on the other diagonal line of
this cluster 1A. These LED clusters 1A are arranged at con-
stant pitches to form a matrix on the mounting board 2,
constituting the LED array as a whole. The pitch of the cluster
1A is set at an optimum value according to the necessary
brightness.

[0079] A driver circuit and a controller circuit (both not
shown) are mounted on the mounting board 2 in addition to
the LED array. The mounting board 2 comprises a reflecting
surface 3 for reflecting the light emitted from the LEDs 1. The
reflecting surface 3 is formed on the inner surface of the
mounting board 2 in such a way as to have the areas where the
LEDs 1 are placed open.

[0080] The side wall 6 has a cylindrical shape whose two
opposite ends are open, where the cross section of the cylin-
drical shape is approximately rectangular. The side wall 6 is
fixed to the chassis 7 so as to surround the periphery (all sides)
of the mounting board 2. One of the opening ends (the lower
end in FIG. 3) of the side wall 6 is closed by the chassis 7, and
the other opening end (the upper end in FIG. 3) is closed by
the set of optical members 8. The mounting board 2 is fixed
onto the inner surface of the bottom of the chassis 7. The
chassis 7 is formed to surround both of the mounting board 2
and the side wall 7, resulting in a box-like shape whose upper
surface is open.

[0081] The set of optical members 8 is constituted by a
diffusion plate 4, and a set of optical sheets 5 including a
diffusion sheet, a prism sheet and so on. The diffusion plate 4
is located at the innermost position (i.e., the nearest position
to the mounting board 2). The set of optical sheets 5 is located
outside the diffusion plate 4 and is adjacent to the diffusion
plate 4. The set of optical members 8 is fixed to the opposite
end (theupper end in FIG. 3) of the side wall 6 to the mounting
board 2. In this way, each of the optical members 8 is held at
predetermined distances from the reflecting surface 3.
[0082] The mounting board 2, the side wall 7 and the set of
optical members 8 constitute an “optical mixing space” (opti-
cal mixing cavity) for optically mixing the different color
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light emitted from the LED array placed on the mounting
board 2 with each other to generate white light. The mounting
board 2 forms the bottom (i.e., the bottom wall) of the optical
mixing space; however, the bottom wall of the optical mixing
space may be formed by the bottom of the chassis 7. The set
of optical members 8 forms the top (i.e., the top wall) of the
optical mixing space.

[0083] As shown in FIG. 3, the inner surface 6fof the side
wall 6 protrudes inwardly and obliquely within the range
between the emission surfaces of the LEDs 1 and the inner
surface (i.e., the light incidence surface) of the diffusion plate
4, resulting in a protrusion P on the inside of the side wall 6.
Thus, the side wall 6 is tapered in cross section as a whole. In
other words, the thickness of the side wall 6 increases gradu-
ally (here, approximately uniformly) from the side of the
optical members 8 toward the side of the mounting board 2.
For this reason, the end of the side wall 6 on the side of the
mounting board 2 overlaps with part of the emission surfaces
of the LEDs 1 which are located at the outermost positions in
the LED array (these LEDs 1 will be termed the “outermost
LEDs 17 below), and when a viewer sees the LED array from
the side of the optical members 8 (along the direction perpen-
dicular to the optical members 8), parts of the outermost
LEDs 1 (i.e., the outer parts of the LEDs 1) are invisible. In
other words, the parts of the emission surfaces of the outer-
most LEDs 1 are inserted into the rear of the side wall 6 to
have such a shape as to be covered (or concealed) with the side
wall 6. This state is shown in FIG. 4 more clearly.

[0084] Here, the protrusion P of the side wall 6 protrudes
along a direction approaching the central part of the optical
mixing space or cavity and has a function of blocking part of
the light emitted from the outermost LEDs 1 to reach the set
of optical members 8. The protrusion P includes not only (a)
a part or parts superposed on the outermost LEDs 1 (which
has a function of blocking the light emitted from the outer-
most LEDs 1 directly toward the set of optical members 8 to
reach the optical members 8) but also (b) a part or parts that
is/are located near the outermost LEDs 1 and that has/have a
function of blocking the light emitted outward obliquely from
the outermost LEDs 1 to reach the set of optical members 8.

[0085] Regarding the LEDs 1 aligned along the vertical (up
and down) direction of FIG. 4, the red LED 1 and the green
LED 1 correspond to the outermost LEDs 1; thus, the outer
parts of the emission surfaces of these two LEDs 1 are con-
cealed with (the protrusion P of) the side wall 6. Regarding
the LEDs 1 aligned along the transverse (left and right) direc-
tion of FIG. 4 also, the red LED 1 and the green LED 1
correspond to the outermost LEDs 1 and thus, the outer parts
of the emission surfaces of these two LEDs 1 are concealed
with (the protrusion P of) the side wall 6.

[0086] At the end portion of the side wall 6 on the side of
mounting board 2, a surface 6a which is continuous with the
inner surface 6a and which is approximately parallel to the
reflecting surface 3 is formed, and a surface 65 approximately
perpendicular to the reflecting surface 3 is formed to be con-
tinuous with the surface 6a. The surface 6a is located near the
“emission surfaces” of the outermost LEDs 1 and extended
along these emission surfaces. The surface 65 is located near
the “side faces” of the outermost LEDs 1 and extended along
these side faces to the vicinity of the surface of the mounting
board 2. A minute gap exists between the surface 6a and the
emission surface of each outermost LED 1 and therefore, they
are not in contact with each other. Similarly, a minute gap
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exists between the surface 65 and the side face of each out-
ermost LED 1 and therefore, they are not in contact with each
other.

[0087] At the end portion of the side wall 6 on the side of
optical members 8, a supporting surface 6¢ which is approxi-
mately parallel to the reflecting surface 3 (the mounting board
2) is formed. The diffusion plate 4 is in contact with the
support surface 6¢ and is supported by the same surface 6c¢.
[0088] Since theinner surface 6fof the side wall 6 protrudes
inward and obliquely, the intersection 6e of the surface 6a and
the inner surface 6f of the side wall 6 on the side of the
mounting board 2 is shifted inward along the board 2 with
respect to the intersection 64 of the support surface 6¢ and the
inner surface 6f on the side of the optical members 8. The
intersection 6e forms a top end or tip of the inner surface 6for
the protrusion P.

[0089] As shown in FIG. 6A, an inner surface 6/ of the
conventional side wall 6' which does not have a protrusion
protruding inward is approximately perpendicular to the
reflecting surface 3 within the range between the emission
surfaces of the LEDs 1 and the inner surface of the diffusion
plate 4. Moreover, the thickness of the side wall 6' is uniform
within the range between the emission surfaces of the LEDs
1 and the inner surface of the diffusion plate 4. The conven-
tional side wall 6' is apparently different from the side wall 6
according to the first embodiment of the invention described
here at these points.

[0090] A liquid crystal panel 9 is fitted to the emission
surface side (i.e., in the vicinity of the optical members 8) of
the direct type LED backlight device according to the first
embodiment having the above-described structure, in which
the panel 9 is fixed to be parallel to the optical members 8. In
this way, a liquid crystal display (LCD) according to the first
embodiment is obtained.

[0091] Next, appropriate positional and dimensional rela-
tionships of the respective constituents in the direct type LED
backlight device according to the first embodiment will be
explained below with reference to FIGS. 4 and 5.

[0092] As shown FIG. 4, it is preferred that the pitch of the
clusters 1A constituting the LED array (i.e., the center-to-
center distance between the adjacent clusters 1A) is, for
example, 14 mm (or greater).

[0093] Thered, green or blue LED 1 included in the cluster
1A has a middle power whose forward current is approxi-
mately 100 mA and a package size of a degree of 3 mm to 5
mm. Four of these LEDs 1 are closely disposed together at
intervals of approximately 5 mm to constitute the cluster 1A.
[0094] As shown in FIG. 5, the distance from the reflecting
surface 3 to the inner surface (i.e., the light incidence surface)
of the diffusion plate 4 included in the set of optical members
8is preferably setat 14 mm. As described previously, the side
wall 6 that holds this distance protrudes inward so as to
conceal partially the LEDs 1 along the mounting board 2 ata
height that the side wall 6 does not contact the emission
surfaces of the LEDs 1 at the outermost positions in the LED
array within the range between the emission surfaces of the
LEDs 1 and the inner surface of the diffusion plate 4. The
height of the emission surfaces of the LEDs 1 1s set at approxi-
mately 1 mm from the inner surface of the mounting board 2
(i.e., the reflecting surface 3). The tip of the protruded part
(i.e., the protrusion P) of the side wall 6, in other words, the
intersection 6e of the surface 6a and the inner surface 6/ is
preferably set to be close to the emission surfaces of the LEDs
1 at a height that this tip (i.e., the intersection 6¢) does not
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contact the emission surfaces of the LEDs 1; specifically, the
distance of the tip of the protrusion P (i.e., the intersection 6e)
from the supporting surface 6¢ supporting the diffusion plate
4 is preferably less than 13 mm.

[0095] Preferably, the tip of the protruded part (i.e., the
protrusion P) of the side wall 6, in other words, the intersec-
tion 6e of the surface 6a and the inner surface 6/'is set at a
position where the intersection 6e is shifted by 0.5 mm along
the mounting board 2 from the centers of the emission sur-
faces of the outermost LEDs 1 toward the side wall 6 (i.e.,
outwardly). In this way, such a structure that (the protrusion P
of) the side wall 6 does not conceal the whole emission
surfaces of the outermost LEDs 1 is realized.

[0096] Here, the surface 6a of the side wall 6 which is
parallel to the reflecting surface 3 and the surface 65 which is
continuous with the surface 6a and which is perpendicular to
the reflecting surface 3 have an optical characteristic that does
not reflect light (i.e., non-reflection characteristic), in other
words, an optical characteristic that absorbs light (i.e.,
absorption characteristic). A surface having such the optical
characteristic as described here can be easily realized by, for
example, attaching a known light shielding tape that absorbs
light. The other surfaces except for these two surfaces 6a and
6b are all colored white to have a diffuse reflection charac-
teristic.

[0097] The position of each outermost end of the display
region of the liquid crystal panel 9 along a direction parallel to
the mounting board 2 is determined in such a way as to be
located between the intersection line 64 (on the side of the
diffusion plate 4) of the supporting surface 6¢ and the inner
surface 6f and the intersection line 6e (on the side of the
mounting board 2) of the surface 6a and the inner surface 6e.
By disposing each outermost end of the display region of the
panel 9 at such the position as describe here, the picture frame
region that surrounds the display region of the panel 9 does
not increase even if the thickness of the side wall 6 becomes
large due to the protrusion P. For this reason, large brightness
lowering can be prevented from occurring in the periphery of
the display region of the panel 9 and as a result, picture frame
narrowing is made possible.

[0098] Next, the operation of the backlight device accord-
ing to the first embodiment having the aforementioned struc-
ture will be explained below.

[0099] Eachofthe LEDs 1emits red, green or blue light that
has been adjusted to generate desired chromaticity in the
backlight device. The light thus emitted from each LED 1
enters the diffusion plate 4 by way of the inside of the optical
mixing space whose constant distance (height) is held main-
tained by the side wall 6. The light that has reached the inner
surface 6fof the side wall 6 on its way to the diffusion plate 4
is reflected by the inner surface 6f'and sent toward the diffu-
sion plate 4. Part of the light that has gone into the diffusion
plate 4 passes through the set of optical members 8, i.e., the
diffusion plate 4 and the set of optical sheets 5 (e.g., the
diffusion sheet, the prism sheet, and so on), and is emitted
toward the liquid crystal panel 9. The light thus emitted from
the backlight device will go into the liquid crystal panel 9 as
backlight.

[0100] The light that has gone into the diffusion plate 4 but
has not passed through the set of optical members 8 is
reflected or refracted by the diffusion plate 4 and/or the opti-
cal sheets 5 and returned to the inside of the optical mixing
space. Then, this light is reflected by the reflecting surface 3
on the mounting surface 2 and/or the inner surface 6 of the
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side wall 6 and sent toward the diffusion plate 4 again. There-
after, this light passes through the set of optical members 8
and finally, is emitted toward the liquid crystal panel 9. The
light thus emitted from the backlight device in this way also
goes into the panel 9 as backlight.

[0101] Inthe optical mixing space formed by the mounting
board 2, the side wall 6, and the optical members 8, the
emission surfaces of the outermost LEDs 1 are partially con-
cealed with the two surfaces 6a and 65 which are formed on
the protrusion P of the side wall 6. Since both of the surfaces
6a and 65 have a non-reflection characteristic here, part of the
whole luminous flux emitted from the outermost LEDs 1 is
absorbed by the surfaces 6a and 65. As aresult, the amount of
the light emitted from the outermost LEDs 1 is less than that
emitted from the other LEDs 1 adjacent to the outermost
LEDs 1 and therefore, color unevenness occurring on the
periphery of the display region of the liquid crystal panel 9 is
improved.

[0102] With the direct type LED backlight device accord-
ing to the first embodiment of the present invention, as
explained above, the side wall 6 comprises on its inside the
protrusion P protruding toward the central portion of the
optical mixing space which is formed by the mounting board
2 (the bottom wall), the side wall 6, and the set of optical
members 8. Moreover, the at least part of the emission sur-
faces of the outermost LEDs 1 are overlapped with the pro-
trusion P and located at such the positions as to be invisible
when seen along the direction perpendicular to the optical
members 8. Therefore, the light emitted from the outermost
LEDs 1 the at least part of the emission surfaces of which are
overlapped with the protrusion P can be made not to reach the
set of optical members 8 partially.

[0103] For this reason, color unevenness occurring on the
periphery of the display region of the liquid crystal panel 9
can be improved only by setting or adjusting appropriately the
protruding condition of the protrusion P and the color and
quantity of the light that is blocked by the protrusion p,
without taking any measure such as changing the driving
currents as used in the conventional backlight device shown
in FIGS. 1 and 2.

[0104] Furthermore, the driver and its control circuit are not
increased and the contour of a LCD (e.g., the width of the
picture frame) is not changed for color unevenness improve-
ment.

[0105] In this way, the direct type LED backlight device
according to the first embodiment of the present invention has
an advantage that color unevenness on the periphery of the
display region can be improved without increase of the driver
and its control circuit and change of the contour (e.g., the
width of the picture frame) of' a LCD.

[0106] The inventor confirmed the advantage or effect of
the direct type LED backlight device according to the first
embodiment by doing simulations. The result of the simula-
tions will be explained below with reference to FIGS. 6A, 6B,
7A, and 7B.

[0107] FIG. 6A is a cross-sectional view showing the struc-
ture of the main part of a conventional direct type LED back-
light device whose side wall comprises no protrusion. FIG.
6B shows the optical characteristics of the LED backlight
device having the structure of FIG. 6A, which was obtained
by inventor’s simulation. FIG. 7A is a cross-sectional view
showing the structure of the main part of the direct type LED
backlight device according to the first embodiment of the
present invention. FIG. 7B shows the optical characteristics
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of the direct type LED backlight device according to the first
embodiment of the present invention, which was obtained by
inventor’s simulation.

[0108] Generally, with a direct type LED backlight device,
in the central region corresponding to the central part of the
display region of the liquid crystal panel 9, the light emitted
from each LED cluster 1A and the light reflected in the optical
mixing space or cavity to reach the same central region are
mixed to have a desired chromaticity value. In the peripheral
region corresponding to the peripheral part of the display
region of the panel 9, however, the light reflected in the optical
mixing space or cavity to reach the peripheral region is less in
quantity than that to reach the central region. Therefore, an
obtainable chromaticity value in the peripheral part of the
display region is largely dependent on the LED clusters 1A
arranged in the same region. Ina case where the red, green and
blue LEDs 1 are used, since the emission peaks are shifted due
to shift of the arrangement positions of the LEDs 1 of the
respective colors, the emitted light distribution from the out-
ermost LEDs 1 and that from the LEDs 1 which are inwardly
adjacent to the outermost LEDs 1 are different from each
other. For this reason, the values of relative brightness and the
x and y values of chromaticity deviate from their desired
values largely. This is clearly shown in FIG. 6B.

[0109] Specifically, as shown in FIG. 6B, the relative
brightness of green light (G relative brightness) and the rela-
tive brightness of red light (R relative brightness) fluctuate
largely as the distance from the inner surface 6f of the side
wall 6 increases. At the positions nearer to the central portion
of the optical mixing space, G relative brightness is greater
than R relative brightness; however, at the position whose
distance is approximately 6.0 mm from the inner surface 6/, G
relative brightness accords with R relative brightness. At the
positions nearer to the side wall 6, this relationship is turned
upside down and R relative brightness is greater than G rela-
tive brightness.

[0110] Regarding the x and y values of chromaticity, the x
value is larger than the y value, and the difference between the
x and y values increases furthermore in the range whose
distance from the inner surface 6f0fthe side wall 6 is less than
approximately 6.0 mm.,

[0111] As a result, with the backlight device of FIG. 6A
whose side wall 6' comprises no protrusion on its inner sur-
face 6f', since the mixing ratio of the red, green and blue light
in the peripheral part of the optical mixing space is different
from that in the central part of the optical mixing space, the
quantity of the light from the outermost LEDs 1 is relatively
larger. Thus, “color unevenness” occurs on the periphery of
the display region. This phenomenon will be conspicuous if
the cavity thickness (which is 14 mm in this embodiment) of
the backlight device is thinned and/or the arrangement pitch
(which is 5 mm in this embodiment) of the LEDs 1 of the
respective colors in the LED cluster 1A is enlarged.

[0112] On the contrary, with the backlight device of FIG.
7A according to the first embodiment of the invention, the
emitted light distribution from the outermost LEDs 1 and that
from the LEDs 1 which are inwardly adjacent to the outer-
most LEDs 1 can be accorded with each other by partially
absorbing the light emitted from the outermost LEDs 1 with
the surfaces 6a and 64 of the protrusion P of the side wall 6.
In this case, the mixing ratio of the respective color light from
the respective LEDs 1 in the peripheral part of the optical
mixing space is equivalent to that in the central part of the
optical mixing space, which means that “color unevenness”
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on the periphery of the display region of the liquid crystal
panel 9 is improved. This appears in FIG. 7B clearly.

[0113] Specifically, as shown in FIG. 7B, G relative bright-
ness and R relative brightness are approximately in accor-
dance with each other over the whole range shown in FIG. 7B.
In addition, G relative brightness and R relative brightness are
approximately in accordance with each other over the whole
range shown in FIG. 7B from the position near the central part
of the optical mixing space to the end of the same space, and
the fluctuation of G and R relative brightness is also small.
Regarding the x and y values of chromaticity, the x value is
slightly larger than the y value, and the difference between the
x and y values is approximately constant over the whole range
shown in FIG. 7B.

[0114] As a result, with the backlight device of FIG. 7A
according to the first embodiment of the present invention, the
mixing ratio of the red, green and blue light in the peripheral
part of the optical mixing space is approximately in accor-
dance with that in the central part of the optical mixing space.
Thus, “color unevenness” does not occur on the periphery of
the display region. This will be the same if the cavity thick-
ness (which is 14 mm in this embodiment) of the backlight
device is thinned and/or the arrangement pitch (which is 5
mm in this embodiment) of the LEDs 1 of the respective
colors in the LED cluster 1A is enlarged.

[0115] In addition, the LED array used in the aforemen-
tioned simulation has the configuration of FIG. 4. Specifi-
cally, as shown in FIG. 4, four LEDs 1 emitting respectively
red, green, green and blue (R, G, G, B) light are arranged to
form a square, constituting one cluster 1A. Regarding the
arrangement of the LEDs 1 in the cluster 1A, two green LEDs
1 are disposed at each side of thered LED 1, and the blue LED
1 is placed on one diagonal line of the cluster 1A penetrating
through the red LED 1. Two green LEDs 1 are placed on the
other diagonal line of the cluster 1A. However, the present
invention is not limited to this arrangement.

[0116] Furthermore, in the first embodiment, each outer-
most end of the display region of the liquid crystal panel 9 is
positioned in such a way as to be located between the corner
(i.e., the intersection line 6d) of the supporting surface 6¢ of
the side wall 6 and the tip (i.e., the intersection line 6¢) of the
protrusion P. However, each outermost end of the display
region may be located at a position superposing on the corner
(i.e., the intersection line 6d) of the supporting surface 6¢ if
the picture frame of the panel 9 has a margin or room. Briefly
speaking, it is sufficient for the present invention that each
outermost end of the display region of the panel 9 is located on
the corner of the supporting surface 6¢ (i.e., the intersection
line 6d) or at any position nearer to the center of the display
region than this corner.

[0117] Since a LCD according to the first embodiment of
the present invention is constituted by combining the afore-
mentioned direct type LED backlight device with the liquid
crystal panel 9, it is apparent that this LCD has the same
advantage as that of this backlight device.

Second Embodiment

[0118] FIG. 8isapartial plan view showing the structure of
the LED array used in a direct type LED backlight device
according to a second embodiment of the present invention,
where the LED array is seen from their emission surface side
(i.e., the side of the optical sheets 8).

[0119] With the second embodiment, as shown in FIG. 8,
the LED clusters 1A have a staggered layout or pattern. The



US 2013/0188114 Al

second embodiment is different from the aforementioned first
embodiment at this point. The other structure of the second
embodiment is the same as the first embodiment.

[0120] Since the LED cluster 1A has a staggered layout, the
distance between the adjoining clusters 1A can be made con-
stant. In addition, since the distance between the clusters 1A
is constant, the respective color light from the respective
LEDs 1 is well mixed with each other to have a good balance
within the overall backlight device according to the second
embodiment. Accordingly, with the backlight device accord-
ing to the second embodiment, color unevenness can be more
reduced than the aforementioned direct type LED backlight
device according to the first embodiment in the entire display
region.

Third Embodiment

[0121] FIG. 9 is a cross-sectional view showing the struc-
ture of the main part of a direct type LED backlight device
according to a third embodiment of the present invention.
[0122] As shown in FIG. 9, in the third embodiment,
although the structure itself of the backlight device is the
same as that of the aforementioned first embodiment, the
optical characteristic of the surfaces 6a and 65 of the side wall
6, which are located on the side of the mounting board 2, is
different. Specifically, in the first embodiment, the surface 6a
which is parallel to the reflecting surface 3 of the side wall 6,
and the surface 65 which is continuous to the surface 6a and
perpendicular to the reflecting surface 3 have a non-reflective
characteristic (i.e., an optical absorption characteristic). On
the contrary, in the third embodiment, the surface 6a has a
reflection characteristic and the surface 65 has an optical
absorption characteristic. The other structure is the same as
the above-described first embodiment.

[0123] The optical characteristic combination of the sur-
faces 6a and 65 is not limited to the one described in the third
embodiment, and any other type of combination may be
adopted. For example, the surface 6a may have an optical
absorption characteristic and the surface 65 may have a
reflection characteristic. Both of the surfaces 64 and 656 may
have a reflection characteristic.

[0124] The characteristic (e.g., optical absorption, reflec-
tion, and so on) itself may be changed. For example, a diffuse
reflection characteristic may be given to the surface(s) 6a
and/or 65 by coloring it/them white, and a specular reflection
characteristic may be given to it/them.

[0125] The direct type LED backlight device according to
the third embodiment has an advantage that even after the side
wall 6 is produced, brightness distribution can be finely
adjusted by adjusting the optical characteristic of the surfaces
6a and 65, in addition to the same advantage as that of the
aforementioned first embodiment.

Fourth to Sixth Embodiments

[0126] FIGS. 10A, 10B and 10C are cross-sectional views
showing the structures of the main parts of direct type LED
backlight devices according to fourth to sixth embodiments of
the present invention, respectively.

[0127] The fourth to sixth embodiments correspond to
variations of the side wall 6 in the aforementioned first
embodiment. It is sufficient for the side wall 6 that the inner
surface 6f includes the protrusion P protruded toward the
central part of the optical mixing space or cavity along the
mounting board 2, and that the at least part of the emission
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surfaces of the outermost LEDs 1 are overlapped with the
protrusion P and located at such positions as to be invisible
when seen along a direction perpendicular to the set of optical
members 8. Therefore, the side wall 6 may have various
profiles in cross section.

[0128] With the direct type LED backlight device accord-
ing to the fourth embodiment, as shown in FIG. 104, the
surface 6a, which is parallel to the mounting board 2 in the
aforementioned first embodiment, is inclined to the emission
surfaces of the LEDs 1 with respect to the mounting board 2.
[0129] With the direct type LED backlight device accord-
ing to the fifth embodiment, as shown in FIG. 10B, the inner
surface 6f, which is entirely inclined with respect to the
mounting board 2 in the aforementioned first embodiment,
comprises the protrusion P having a rectangular cross section.
This protrusion P is selectively formed in the vicinity of the
LED array. and the part of the protrusion P located nearer to
the optical members 8 than the protrusion P is removed. The
cross sectional shape of the protrusion P and the cross sec-
tional shape of the removed part of the protrusion P are
optionally changeable.

[0130] With the direct type LED backlight device accord-
ing to the sixth embodiment, as shown in FIG. 10C, the inner
surface 6f, which is entirely inclined with respect to the
mounting board 2 in the aforementioned first embodiment, is
perpendicular to the mounting board 2. The protrusion P,
which is located nearer to the optical members 8 than the
surface 6a, has the same thickness entirely. When the picture
frame ofthe LCD has a margin or room with respect to the end
position of the display region, the structure shown in FIG.
10C may be taken.

[0131] It is apparent for the direct type LED backlight
devices according to the fourth to sixth embodiments to have
the same advantage as that of the direct type LED backlight
devices according to the aforementioned first embodiment.

Seventh Embodiment

[0132] FIG. 11 is a cross-sectional view showing the struc-
ture of the main part of a direct type LED backlight device
according to a seventh embodiment of the present invention.
[0133] The seventh embodiment has the structure that the
protrusion P of the inner surface 6/0of the side wall 6 is formed
by curved surfaces. This structure corresponds to one
obtained by forming the protrusion P of the direct type LED
backlight device of the fifth embodiment shown in FIG. 10B
with two depressed curved surfaces, and making the top end
of the protrusion P sharp.

[0134] With the backlight device according to the seventh
embodiment, the surface 6a which is parallel to the mounting
board 2 and the surface 65 which is perpendicular to the board
2 in the aforementioned first embodiment are changed to one
depressed curved surface 6g. The inner surface 6f is also
depressed and curved.

[0135] With the direct type LED backlight device accord-
ing to the seventh embodiment also, the same advantage as
that of the aforementioned first embodiment is obtained.
Moreover, in addition to this advantage, there is another
advantage that brightness distribution can be finely adjusted
by changing the curving states of the surfaces 6f and 6g to
thereby adjust the direction of the specular reflection compo-
nent of the light which is diffuse-reflected by the side wall 6.
[0136] The aforementioned shapes of the protrusion P of
the side wall 6 and the aforementioned shapes of the inner
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surfaces thereof in the first to seventh embodiments may be
optionally combined with each other according to the neces-

sity.
Eighth Embodiment

[0137] FIG. 12 is a partial plan view of the LED array used
in a direct type LED backlight device according to an eighth
embodiment of the present invention, where the LED array is
seen from the emission surface side.

[0138] As shown in FIG. 12, the eighth embodiment is
different from the aforementioned first embodiment in that
the side wall 6 is selectively cut away to have a plurality of
cutouts or opening 10, each of which is disposed between the
adjoining LED cluster 1A. The other structure is the same as
the above-described first embodiment.

[0139] In the region between the adjoining LED clusters
1A, the light from the LEDs 1 is difficult to reach the optical
members 8. For this reason, there arises an anxiety that the
light from the outermost LEDs 1 is more difficult to reach the
members 8 because the protrusion P is provided on the side
wall 6. To eliminate such the anxiety, the protrusion P is
selectively cut away to form the cutouts 10 at the respective
positions between the adjoining LED clusters 1A in the
eighth embodiment. Providing the cutouts 10 creates a state
equal to that the protrusion P does not exist in the respective
regions between the adjoining LED clusters 1A and therefore,
the anxiety that the light from the outermost LEDs 1 is diffi-
cult to reach the optical members 8 due to the protrusion P
will not arise.

[0140] With the direct type LED backlight device accord-
ing to the eighth embodiment also, the same advantage as that
of the aforementioned first embodiment is obtained. More-
over, in addition to this advantage, there is another advantage
that color unevenness can be prevented from occurring even
when sufficient margin for brightness unevenness is not
allowable from the viewpoint of the cavity thickness of the
backlight device due to limitation of the pitch between the
LED clusters 1A.

Ninth Embodiment

[0141] FIG. 13 is a plan view showing the structure of the
LED array used in a direct type LED backlight device accord-
ing to a ninth embodiment of the present invention.

[0142] As shown in FIG. 13, in the ninth embodiment,
various combinations of the LEDs 11inthe LED cluster 1A are
possible according to the purpose or use of the display device.
[0143] The combination of (a) is of the RGGB type, and
includes four LEDs 1, wherein one LED emits red light, two
LEDs emit green light, and the remaining one LED emit blue
light. This type is suitable to the purpose necessitating high
brightness and wide range of chromaticity. This combination
is used in the aforementioned first embodiment.

[0144] The combination of (b) is of the RGB type, and
includes three LEDs 1 emitting red, green, and blue light. This
type is suitable to the purpose necessitating low brightness
and wide range of chromaticity.

[0145] The combination of (c) is of the WRGB type, and
includes four LEDs 1 emitting white, red, green, and blue
light. This type is suitable to the purpose necessitating high
efficiency and low power consumption.

[0146] The combination of (d) is of the WGB type, and
includes three LEDs 1 emitting white, green, and blue light.
This type is suitable to the purpose necessitating chromaticity
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adjustment within a specific chromaticity range only, high
efficiency, and low power consumption.

[0147] The combination of (e) is of the WRG type, and
includes three LEDs 1 emitting white, red, and green light.
This type is also suitable to the purpose necessitating chro-
maticity adjustment within a specific chromaticity range
only, high efficiency, and low power consumption.

[0148] In this way, the characteristics of the backlight
device are changed according to the combination of the LEDs
1 in the LED cluster 1A. The invention is not limited to the
RGB typeincluding three LEDs 1 of red, green and blue light.
For example, if a white (W) LED having higher efficiency
than red (R), green (G), and blue (B) LEDs is combined with
R, G, and B LEDs, white point by R, G, and B LEDs can be
made changeable while suppressing power consumption.
Moreover, the WGB or WRG type, which is formed by com-
bining the aforementioned W LED with G and B LEDs (a R
LED is deleted from R, G, and B LEDs) or R and G LED:s (a
BLEDisdeleted from R, G, and B LEDs), may be used. Since
these two three-color combinations (i.e., WGB and WRG) are
less than the four-color combination of W, R, G, and B by one
color, the scale of LED output control when white point is
changeable can be suppressed and the necessary number of
LEDs can be reduced. This contributes to fabrication cost
down of display devices.

[0149] In these combinations described here, the arrange-
ment of the LEDs 1 in the LED cluster 1A is determined in
such a way that chromaticity is optically balanced. For
example, the LED arrangement may have asquare, triangular,
or rhombic pattern.

[0150] The purpose or use described in the ninth embodi-
ment is an example. The present invention is not limited only
to the combination of the LEDs 1 in the cluster 1A. Although
not shown diagrammatically, a LED unit or device having
multi-colored LEDs (LED chips) 1 in its package may be used
for the present invention.

[0151] With the direct type LED backlight device accord-
ing to the ninth embodiment also, the same advantage as that
of the aforementioned first embodiment is obtained. More-
over, in addition to this advantage, there is another advantage
that an optimum characteristic can be provided in accordance
with the purpose or use of a display device.

Tenth Embodiment

[0152] FIG. 14 is a plan view of the LED array used in a
direct type LED backlight device according to a tenth
embodiment of the present invention, where the LED array is
seen from the emission side.

[0153] As shown in FIG. 14, the tenth embodiment is dif-
ferent from the aforementioned first embodiment in that the
LEDs 1 are not combined to form the LED cluster 1A but R,
G, and B LEDs 1 for three color light are arranged linearly in
a predetermined sequence along one direction, forming a
bar-shaped LED row or set 1B. The other structure of the tenth
embodiment is the same as the first embodiment.

[0154] In each of the LED rows or sets 1B, red, green, and
blue LEDs 1 are aligned in a predetermined order at constant
pitches along one direction (i.e., the vertical direction in FIG.
14), forming a bar-shaped configuration. This arrangement
pattern is the same as that for bar-shaped fluorescent lamps. A
plurality of LED rows 1B (in other words, bar-shaped LED
sets) are arranged on the reflecting surface 3 at constant
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pitches along a direction (i.e., the lateral direction in FIG. 14)
perpendicular to the extension direction of the LED rows 1B,
resulting in the LED array.

[0155] In this embodiment, since the LED array is formed
by the combination of the bar-shaped LED sets or rows 1B, it
is sufficient that the protrusion P of the side wall 6 is provided
only at two opposite locations (on the inner surface 6f) where
both ends of each LED row 1B are respectively positioned.
This means that the structure of the side wall 6 is simplified.
For this reason, color unevenness can be improved by provid-
ing the protrusion P on the inner surface 6 of the side wall 6
in such a way as to be placed in the locations where the
outermost LEDs 1 in each LED row 1B are placed. For
example, in FIG. 14, the outermost LEDs 1 in each LED row
1B are located at the upper and lower end positions.

[0156] Furthermore, if the bar-shaped LED rows 1B are
arranged at sufficiently narrow pitches with respect to the
cavity thickness of the backlight device and at the same time,
the LED rows 1B are located sufficiently close to the parts
(i.e., theleft and right ends of the side wall 6 in FIG. 14) of the
sidewall 6 which are parallel to the arrangement direction of
the LED rows 1B (i.e., the lateral direction in FIG. 14), the
protrusion P may be formed at these locations (i.e., the left
and right ends of the side wall 6 in FIG. 14) also. In this case,
there is another advantage that brightness unevenness occur-
ring at the parts of the side wall 6 which are parallel to the
arrangement direction of the LED rows 1B (i.e., the left and
right ends of the side wall 6 in FIG. 14) can be suppressed.

Eleventh Embodiment

[0157] FIG. 15 is a plan view of the LED array used in a
direct type LED backlight device according to an eleventh
embodiment of the present invention, where the LED array is
seen from the emission side.

[0158] As showninFIG. 15, only white LEDs 1 are used as
the light source in the eleventh embodiment. Moreover, simi-
lar to the above-described tenth embodiment, the white LEDs
1 are arranged at sufficient narrow pitches with respect to the
cavity thickness of the backlight device and at the same time,
the outermost LEDs 1 in the LED array are arranged close to
the side wall 6. The protrusion P of the side wall 6 is formed
to partially cover the emission surfaces of the outermost
LEDs 1 like the above-described first embodiment.

[0159] Inthis embodiment, since the distances between the
adjoining white LEDs 1 are constant within the LED array,
brightness unevenness of white light from the LEDs 1 can be
suppressed in the entire backlight device.

Variations

[0160] The above-described first to eleventh embodiments
of are embodied examples of the present invention. There-
fore, it is needless to say that the present invention is not
limited to these embodiments and any other modification is
applicable to these embodiments without departing the spirit
of the present invention.

[0161] For example, the structure of the protrusion P
formed on the inner surface 6fof the side wall 6 is not limited
to ones explained in the aforementioned embodiments but is
changeable voluntarily. Moreover, the layout of the LEDs 1
also is not limited to ones explained in the aforementioned
embodiments but is changeable voluntarily.
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[0162] The present invention is applicable to direct type
LED backlight devices using LEDs as its light source, and
LCD devices using the backlight devices.

What is claimed is:

1. A direct type LED backlight device comprising:

a bottom wall;

a set of optical members arranged opposite to an inner

surface of the bottom wall at a predetermined distance;

a side wall holding the bottom wall and the set of optical

members at the predetermined distance; and

LEDs as a light source, fixed to the inner surface of the

bottom wall;
wherein the side wall comprises a protrusion protruding
toward a central portion of a space formed by the bottom
wall, the side wall, and the set of optical members; and

at least part of emission surfaces of the LEDs arranged at
outermost positions are overlapped with the protrusion
and located at such positions as to be invisible when seen
along a direction perpendicular to the set of optical
members.

2. A direct type LED backlight device according to claim 1,
wherein a top end of the protrusion is located at a position
shifted outward along the bottom wall with respect to centers
of the emission surfaces of the LEDs arranged at the outer-
most positions.

3. A direct type LED backlight device according to claim 1,
wherein the side wall comprises a supporting surface for
supporting the set of optical members, and an intersection
formed by intersecting the supporting surface with an inner
surface of the side wall is located at a position shifted outward
along the bottom wall with respect to the top end of the
protrusion.

4. A direct type LED backlight device according to claim 3,
wherein positions of the top end of the protrusion and the
intersection are determined in such a way that an outermost
end of a display region of a liquid crystal panel to be com-
bined with the backlight device is located between the top end
of the protrusion and the intersection.

5. A direct type LED backlight device according to claim 1,
wherein the light source has a cluster structure formed by
combination of the LEDs emitting different color light.

6. A direct type LED backlight device according to claim 1,
wherein the light source is formed by the LEDs emitting
white light only.

7. A direct type LED backlight device according to claim 1,
wherein the LEDs are arranged on the inner surface of the
bottom wall at constant pitches to form a square arrangement
or staggered arrangement.

8. A direct type LED backlight device according to claim 1,
wherein a region of the side wall that is closer to the bottom
wall than the protrusion has an optically absorbing surface.

9. A direct type LED backlight device according to claim 1,
wherein a region of the side wall that is closer to the bottom
wall than the protrusion has a diffuse reflection surface or a
specular reflection surface.

10. A direct type LED backlight device according to claim
1, wherein a region of the side wall that is closer to the bottom
wall than the protrusion has an optically absorbing surface
and one of a diffuse reflection surface and a specular reflec-
tion surface.

11. A direct type LED backlight device according to claim
1, wherein a cross section of the protrusion is approximately
triangular or rectangular, and the inner surface of the side wall
is a flat surface.
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12. A direct type LED backlight device according to claim
1, wherein a cross section of the protrusion is approximately
triangular or rectangular, and the inner surface of the side wall
is a depressed curved surface.

13. A direct type LED backlight device according to claim
1, wherein the protrusion is selectively formed on only a
location overlapped with the LEDs arranged at the outermost
positions, and the protrusion does not exist between the
LED:s.

14. A direct type LED backlight device according to claim
1, wherein the light source comprises bar-shaped LED sets
each of which is formed by aligning the LEDs emitting dif-
ferent color light along a first direction, and the bar-shaped
LED sets are arranged at constant pitches along a second
direction perpendicular to the first direction; wherein the
protrusion is provided only at two opposite portions of the
side wall, the two opposite portions being adjacent to each
end of the bar-shaped LED sets and extending along the
second direction.

15. A liquid crystal display device comprising:

a liquid crystal panel; and

the direct type LED backlight device according to claim 1.
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